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INTRODUCTION 
The Text Hook of Punjab Agriculture was first published 

in 1921 and written jointly by Mr. O. T. Faulkner, C.l\f.G. 
and myself when we were colleagues at Lyallpur-I as 
Professor of Agriculture and Mr. Faulkner as Associate Pro­
fessor. The book was out of print by 1936 and its revision 
was contemplated and actually started in 1937-38 by myself 
in collaboration with Mr. (now Sir) Herbert Stewart, the 
Director of Agriculture, and Sardar Bahadur S. Kartar Singh, 
Assistant Director of Agriculture. With the incidence of 
the war and later the tmnsfer of Sir Stewart from the Punjab 
and also shortage of paper, the revision was ab.andoned. 
The work W:1' started again in 1944 at the urgent request of 
the publishers. 

The pre.3cnt Book, though based on the original Text 
Book, has been almost completely re-written. There has 
heen vast developmeut in our knowleclge of Punjab Agri­
culture since·1921. New m:1tter has been added in the 
form of general observations. Altogether the book is 
abom 3 times the original in size and contents. As there 
have been much drastic re-writing and mD,ny Bdditions 
sIr. Faulkner kindly agreed thlt his name should not be as­
sociated with the revised book. 1Iost of the drudgery and 
draftiug has been done by Sardar Bahaduf Sarda r Kartar 
.Singa. We threshed out together many points of difference 
and always arrived at an agreed interpretation. 'l'lfe work 
has been a privilege and a great pleasure to me. 

We have freely drawn upon the material published 
by the various sectious of the Punjab Agricultural 
Department in journals, departmental" leaflets, and 
other publicatioI1~. The authors' thanks arcdue to every. 
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section. We are specially indebted to Dr. Arjan Singh, 
Marketing Officer Punjab for collection of numerous data 
and general assistance particularly in correcting proofs and 
preparing the index. The Irrigation Department have 
kindly allowed us to use the Irrigation map facing page 184. 
A comprehensive Text Book of Punjab Irrigation would be 
invaluable for the Punjab student, and we commend the 
idea to the notice of the Department. 

There will no doubt be many mistakes in this Text 
Book-the Authors have done their best to make them 
as few as possible and crave indulgence for what they have 
missed spotting. 

SIR WILLIAM ROBERTS. 



PART I.-General 

CHAPTER I 

GENERAL FEATURES OF THE PROVINCE 

The Punjab isa province in North-West India. comprising 
an area of 138,10;; square miles, of which 39,016 squar., 
miles belong to Indian States. It, thus, forms one tenth of the 
area of the Indian Empire. It lies between 27° 39' and 34.' 
2' N. and 69° 23' and 79° 2' E. The latitude of Gibraltar 
in the south of Spain is 36', or only 2° further north from 
the Equator than Attock in the north of the Punjab and 5' 
further north than Lahore. The Punjab is, however, an 
inland province with its capital, Lahore, 750 miles from the 
sea, and is hence subject to extremes of temperature of the 
continental character. 

The Province falls into five main physical divisions, 
Phy.ic&ldivi.ions. of which two--mz:, the Himalayan ~nd 

the Salt Range and plateau, are less Im­
portant from the agricultural point of view. The remaining 
three are-

(a) The sub-montane, including stations suoh as 
Ambala, Hoshiarpur, Gurdaspur and Sialkot, 
forming the richest part of the Province. 

(b) The Indo-Gangetic Plain West extending east­
ward as far as Lahore. It includes such Districts 
as Shahpur, Jhang, Lyallpur, Montgomery, 
and Ferozepore. 

(c) The south-western arid plains, comprising Mianwali, 
Muzaffargarh, Dera Ghazi Khan and Multan. 

The Ia.st two divisions are of vast extent and depend 
almost entirely on canal irrigation for their prosperity .. 

_ The Punjab, barring the montane and ~ of the sub­
montane tract. is in the main a vast level alluvial plain, 

with a gentle sl~pe .of . . . .. foot .. per mil.e from east tG . 
West. ~. . 

~,~~,~v '.~ 
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The Province is fortunate in having seven large rivers 
passing through it or along its boundaries. These are : 
(I) the Jumna, forming its eastern boundary for 200 mlies 
and flowing into the Bay of Bengal; (2) the Sutlej, which 
enters the plains at Rupar and joins the Beas at Sobraon 
(Ferozepore); (3) the Beas which enters the plains just 
south of the Ravi, and then turns south and joins the Sutlej ; 
(4) the Ravi, which reaches the plains below Dalhousie and 
joins the combined rivers of the' Chenab and Jhelum 
50 miles south of Jhang; (5) the Chenab, which reaches the 
plains east of Jhelum and joins the Jhelum river 225 mlies 
further west; (6) the Jhelum, which enters the Punjab east 
of the Salt Range and joins the Chenab near Jhang ; and (7) 
the Indus, which is the l!lrgest of all, and traverses partly 
through the Province and partly on its boundary. The 
combined Sutlej and Beas join the combined Jhelum, Chenab 
and Ravi at Punjnad, 8 miles north of Uch, and 270 miles 
south-west of Sobraon. The combined five rivers join the 
Indus in the south-west Punjab. 

Of the seven rivers affecting the Punjab, therefore, 
six ultimately join within the Province. Th<ise rivers 
derive their supply of water mainly from melting snow in 
the Himalayas, and are in flood from April to September, 
when they carry enormons volumes of water. Their mini­
mum winter supplies vary from 1,300 cuseCB in the case 
of the Ravi to 18,000 cusecs in the case of the Indus at 
Attock.* 

·Note by Mr. H. M. Nicholson Punjab Irrigation: 
_ ... 1Iotci"" , .. repon.d di&Mtwpu '" ... Punjab Ri.era. 

River. Site. 

-·------1-------·- --c.....,-- -Cuooes--. 

JumD. 
!Mlej 
lle&a 
Bo .. 
Chenab 

Jbolum 
W .. 

.. 'l'ajewala 

.. R_.-
•. NOlVshera 
•• M.dhopur 
•. Kbanki 

Raoul 
., Attock 

2,16'1 2,00,_ 
2,818 2,60,_ 
2,800 3,26,_ 
1.800 2,00,000 
8,8$4 8.00.000 
~1lOO 6.00.000 

18,000 10,00,000 
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Over the greater part of the Punjab, summer tem­
peratures are very high and winter tem­
peratures very low. In December and 

January the temperature at night is often below freeziDg 
point, and crops may be damaged by frost as early as 
20th November or as late as end of February. The day 
temperature in winter seldom rises above 75°F. From 
February onwards the temperature generally rises 10°F 
per mensem until it reaches 115°F to 123°F in June, the 

CUma.te. 

night temperature averaging 81°F. • 

TM Punjab has two well-defined rainy seasons. The 
RaUlfall. BOuth-west monsoon reaches the Punjab 

at the end of June, and most parts only 
get rain about middle of July. Most of the rain falls in the 
submontane and montane areas, and very little generally 
falls in the dry South-West tracts. The summer rains 
generally cease about the middle of September or 
earlier. 

The North-East depression gives rain from December 
to middle of March, and is on the whole much better dis­
tributed than the South-West supply. The total rainfall 
in the winter, however, is generally much smaller than in 
summer. The yearly rainfall decreases rapidly as we J>&B8 
westwards away from the hills. In the Himalayas It is 
nowhere less than 36 inches, and in places like Dharmasala 
may average over 100 inches. The eastern plains from 
Delli to Lahore average 24 inches. West of Lahore the 
rainfall decreases rapidly to 12 inches at Lyallpur, 8 inches 
at Jhang and 5 or 6 inches at Multan and westwards of 
Multan. During the summer season heavy cyclonic storms 
are sometimes experienced with a fall of over 6 inches rainfall 
in 24 hours causing BOme damage to crops. Hailstorms 
do damage occasionally in late summer or in April, but the 
elfect is ~y very locaL Maps A and B show dis1!ri­

. bution of lIummer and winter raiDfall. 

The soil of the Punjab plains,is p:r&etWally all alluvial 
SoiL or. deposited from the rlVerl!. . It f6rm& a. 

. .• .• JlIIoft of the great Indo-Ga.ngetic pWu. In 
ClOD8i8tenoy it 18· generaily a sandy loam. 
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Heavy clay is found in wet rice traots and in a long strip 
reaching from Gurdaspur to Khanewal along the Ravi. 
This latter Boil is called bam or bari, and is barren in 
most cases. In Montgomery District on the Lower Bari 
Doab Canal, it occupies an area of 10,000 acres bara and 
75,000 acres bari land. Very sandy soils are found in 
Mianwali and in parts of the Sind Sagar Doab. 

The Province is divided into five Divisions, each in 
CivH admini,t .. • charge of a Commissioner. Each Civil 

tive ."angements, Division is, fairly distinct agriculturally 
(See Chapter II, statement III). There are six D~ricts in 
each Division, except Jullundur, which has got only five 
Districts. Each District is in the charge of a Deputy 
Commissioner, whose main work is in connection with land 
revenue collection and settling of revenue disputes. Each 
District is divided into Tehsil~ each under a TehsildM. 
The number of Tehsils in each Distridl! varies from 3 to 5, 
excepting Simla, which has got only two Tehsils and Gurgaon 
and Multan each of which has got 6 Tehsik A Tehsil is di­
vided further into Zails each of which has one ]( anungo, 
and 20 to 30 Patwaris. The Zaildar, who is also generally 
a Larrlhardar, helps in the work of running a Zail. A Patwari 
has generally one or two villages in his charge. Each village 
bas one,pr more (depending upon the size of the village), 
Headman or Lambardar, who is generally the most influen­
tial man in t h8 village. The Lambardar assists in the collec­
tion of revenue and is a semi-official. 

There are 202 towns and 35,256 villages in the Punjab. 
The town possesses distinct urban characteristics and its 
population is usually not less than 5,000 inhabitants, while 
the village means a revenue village. Urban and rural. 
population means persons living in towns or villages as 
above defined. Of the total population U"3 per cent. is 
-urban as against 13 in 1931, 10.7 in 1921, and 10'1 in 1911. 
Up to 1921. there was no appreciable increase in the percen­
tage of urban population but since then there has been a 
substantial llH:rease. There are many Yea80DS ' for this 
_,~VY, J increase, ,. The, most im£a;nt of them is industIria-,' , • , 

iIIIMion which tend.sto produce tions. The other 
",' ,"',. ' " . aggrega 
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reasons are the desire ~n the part of retired and leisured 
olasses to live in the towns, in the interest of educating 
their children and for other amenities. Another canse, 
though a minor one, is the anti money-lending legislation, 
which has made things so difficult for the rural bcinia that 
he has realised his outstanding debts as far as he could, 
and moved to the city to take up some other business. 
The increased urbanisation is desirable as it is helpful in 
reducing the heavy pressure on land. The number of 
villages in a district and its area vary considerably. Leaving 
out Simla, J ullundur is the smallest District with an area 
of 1,334 square miles, while Kangra is the biggest with an 
area of 9,979 square miles. 

The number of villages is the smallest in l'l1ianwali-
410, though the total area is 5,401 square miles, while 
Gurdaspur with an area of 1,846 square miles only has got 
the largest number of villages, i.e., 2,229. The density of 
popnlation in each district also varies considerably. It is 
94 per square mile in l'l1rnnwali as against 906 in Amritsar. 

Agricultural Departments in India owe their origin 
Odgin of Agri. to the Famine Commissions of 1880, 1898, 
cultural De~rt. 1901, and the Irrigation Commission of 
menta mInd... 1903. Of these, the Famine Commission of 

1901 was by far the most important, though the necessity 
for bringing ab'out improvement in agricultural methods 
and for agricultural research had been emphasised by 
all these Commissions in order to guard against the dis­
astrous effect of famines. But agricultural research was 
erratic amj. lacked continnity and there was little attempt 
made at building up a scientific department till the begin­
ning of this century when great interest in "cientific agri­
culture was aroused in Great Britain as well as in India. 

In pprsnance of the recommendations of the Famme 
Cormnission of 1901 and the Irrigation Cormnission of 1903, 
a Central.Agricultural Research Institn~ and an Agricultural 
Co~e at, Pusa in the Darohange. District of Bihar was 
estatiIished. To. the establishment of, this station, Lord 
Ounoo devoted a ~ portion of ~. geuemas 40DatloJl . 
of -.000 ~ had, ~ given to him by au. ~ 
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gentleman, Mr. Henry Phipps of Chicago. It waS also 
realised at this time that a central research institute could 
be of ouly limited utility without the development of scien­
tific agriculture in the Provinces. In 1905, therefore, the 
Government of India provided a recurring sum of 
Rs. 20 lakhs per annum which was subsequently increased to 
Rs. 24 lakhs in the development of agricultural research, 
experiment, demonstration, and eaucarion in the provin­
ces. The Punjab province also obtained its due share. In 
pursuance of this scheme, colleges were started or re-orga­
nised at Poona, Cawnpore, Nagpur, Lyallpur, Coimbatore 
and Sabour. The last mentioned college was closed at 
the end of 1921. A separate Department of agnculture 
was constituted in most Provinces and scientific staff was 
appointed. 

In the mean-time the Punjab Government opened a 
56 acre Experimental Farm at Lyallpur in 1901 which was 
staffed by Agricultural Assistants, who had been trained 
at Cawnpore. This farm formed the nucleus of what 
is now the largest and the most progressive Agricultural 
College and Research Institute in India. In 1904, the first 
post of the Deputy Director of Agriculture in the Province 
was sanctioned and the Economic Botanist for work in 
U. P. and Punjab was engagea and stationed at Saharanpur. 
The appointment of a Deputy Director of Agriculture was 
made in 1905 and he was followed in 1907 by an Economic 
Botanist and an Agricultural Chemist for research work in 
the Punjab. 

As the time roffed on, new officers were added for ge­
neral agriculture, research and education, and the progress 
which has been made during the last 40 years can be seen 
from the fact that at present there are 26 Imperial and 
Class I Officers, 89 Provincial Class II Officers, and 1,927 
superior subordinate staff. While the research staff is 
engaged in conducting research on matters eonneeted with 
crop. soil improvement,.~ ,eeats, diIlMses, etc., it is the 
duty of the general agrieu1tura1 staff to show CIIltivators 
~ to improve their methods of cultivation and to ,~ 
~ ~ 'from their lands. :Fot District DemoDa-
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tration and Propaganda, the Province is divided into 8 
circles, each in the charge of a Deputy Director of Agri. 
culture. Uuder him in each District, excepting Simla, an 
Extra-Assistant Director of Agriculture is posted, who along 
with ~cultural Assistants (1 to 2 in each Tehsil) and 
Mukad(J;am,s (2 to 4 in each Tehsil), tour in villages, layout 
demonstration plots to compare the benefits of new seeds 
or new methods as againSt the old practices and customs, 
give lectures to the cultivators, hold shows and exhibitions 
on occasions of large gatherings, arrange for supplies of 
improved seeds, help cultivators to deRtroy pests and 
diseases, and advise them in a number of other ways with 
a view to securing better returns for their labour. 

In 1906-07 the gross expenditure on the Agriculturar 
Department was about half a lakh of rupees. In recent 
years it has increased rather sharply. For the year 194546, 
gross budget provision was Rs. 10,364,700, i.e., over a crore, 
a sum not hitherto provided in the Agricultural Budget 
including Game and Fisheries (omitting livestock) of this 
Province or any other Agricultural Department in India. 
During the year 1945-46, the Budget Estimate of Receipts 
was Rs.- 5,259,700. Thus the net expenditure on the Agricul­
tural Department was only about Rs. 5,105,000 and 
averaged about Re. 0-1-4 per acre over the whole area 
of the Punjab or Re. 0-2-7 over its cultivated area; 
This expenditure of two-and-a half annas per cultivated 
acre cannot be considered high for the improvement of the 
main industry of the Province. 
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CHAPTER U 
AGRICULTURAL STATISTICS 

According to 1941 census, the total area of the British 
Area d I " Punjab is 99,089 square miles with a popu-

on popu •• on, lation of 28,418,819. As regards size, the 
Punjab is the third largest Province in India, the first two 
being Madras (126,166 square miles) and U. P. (106,247 
square miles). In population it is the fifth, the first four be­
ing Bengal (60 million), U. P. (55 million), Mardas (49 mil­
lion), and Bihar including Cbbota Nagpur (36 million). The 
density of population in the British Punjab is 287 per square 
mile as against 248 for the Punjab including Punjab States, 
779 in Bengal, 521 in Bihar, 518 in U. P. and 391 in Madras. 
During the last 30 yejLrs there has been a regular increase 
in the density of population in the Punjab. It was 198 in 
1911, 209 in 1921, and 238 in 1931. 

The table . below shows the classification of the 
area:-
Classifica.tion. (Average of 5 years' period ending 1943-(4). Acru. 

Area. 'aooording to survey 
Area _ording to village papers , , 

Cultivated &!'ell {~:;n~f:nc;::llY sown .. . . 
{ 

Cultura.ble wll.frt;e other the.n fallow .. 
Uo-oultivated Not available for cultivation .. 

, , 61,001,600 
" 60,196,576 
.. 28,OOl.U58 
" 3,639,377 
, , 13,675,212 
" 12,914,534 

Foreat& . . 1,950,690 

It will be noticed that the area according to village 
papers is about,0'8 million acres less than that by professional 
BUrV!lY' This difference may be due to the fact that---

(a) the survey area is calculated in blocks, while the 
lLrea according to village papers is obtained from 
the added totals of field and village areas, and 

(b) the system of inclusion and exclusion of areas not 
available for cultivation is not uniform in the two 
lIUlthods. 

8 
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Ofthetotaiarea., only about 52 per cent is cnltivated, the 
remaining 48 per cen t is either uncultivated or is under forest. 
Of the uncultivated area. a little over half is culturable waste 
other than fallow. This is lying waste either due to lack 
of irrigation facilities or for other defects. During the last 
three decades, there has been considerable change in these 
figures. The cultivated area increased from about 28 million 
acres in 1913-14 to 29 million acres in 1916-17, 30 million 
acres in 1924-25, 31 million acres in 1933-34, and 32 million 
acres in 1942-43. There has been a corresponding fall in 
the uncultivated and forest areas. The forest area. was 
3'3 million acres in 1913-14, 2'2 million acres in 1916-17 and 
1'97 million acres in 1931-32. Since then only a slight fall 
has occurred. A similar decrease occurred in the cultivable 
waste . which was-17 million acres in 1913-14, 16 million 
acres in 1921-22, about 15 million acres in 1929-30, about 
14 million acres in 1938-39, and about 13 million acres 
in 1943-44. There was a slight increase in the area not avail­
able for cultivation. It was 12'3 million acres in 1912-13, 
12'6 million acres in 1928-29 and 13 million acres in 1938-39. 

Forests are a national asset to the country as they are 
F usefulin more than one ways and particularly 

orests. so in the Punjab where the canal irrigation 
is of vital importance to her agricnlture and river BUpplies 
which feed the canals are dependent on the steady flow of 
water from the mountains. The forests not only attract 
rains, but also act as a sponge in receiving water and 
releasing it gradually, thus avoi~ soil denudation at the 
foot of hlIls and reducing damage by Roods in the p"lains 
during heavy rains. 

, ' 

This is why re-afl'or~tiOn and preventing of erosion 
shOuld be a Provincial subject, and subsidized from general 
revenues. The tendency at present is to put the burden· 
on the impoverished residents in hilly tracts, who lml 

often somewhat harshly treated, and 'frequently sacriioed 
in the general interest of the Provinoe. One of our p0st;­
war problems is to WI2k-outa fairlKllioy in this ~ whieh 
would oonunand the support and co-Operation of looar 
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interests and appeal to the sense of justice of the plains 
population. 

The hill forests are a national asset and important both 
for supply of timber and fuel. In the plains the problem is 
one of developing "arboriculture" rather than forests. 
Increase in the fuel supply would release dung for use as 
manure and thus avoid the waste of valuable plant food 
through use of dung-cakes as fi!:el. 

The net area sown in the Punjab in 1943-44 was 

Area. cropped. 
28,543,453 acres but the total area of crops 
sown in that year was 33,002,818 acres. 

This shows that 4'5 million acres were sown more than 
once in the year which is generally known as "double 
cropped." There are great variations in the double-cropped 
area from year to year. In 1939-40, it was ouly 4,202,721 
acres as against 5,373,599 acres in 1942-43 which was a 
comparatively favourable year. 

Of the totalCcropped area about 53 per cent is irrigated 
and the remaining 47 per cent is unirrigated locally known 
as barani. Of the total irrigated area, 70 per cent is 
irrigated by Government canals, 3 per cent by private 
canals, 26 per cent by wells, and 1 per cent by other 
fOurceS. The area irrigated by tanks is ouly about 
41,000 acres. There are two types of wells-masonry and 
non-masonry. Out of a total of 354,000 wells, 334,001} 
were masonry and only 20,000 non-masonry. During the 
last 20 years there has been an increase in the number of 
masonry wells from 2'7 lakhs to 3'3 lakhs, while there was a 
decrease in the non-masonry wells from 23,000 to 20,000. 

There has been a considerable increase in the irrigated 
Ino ...... in irrigated area. It was about 10 million acres in 1910, 
....... 13 million aCres "ill 1920, 15 million acres 

in 1928-29," 16 million acres in 1937-38, 17 niilliQn 
SCr<'B in 1939-40, and 17'6 million acres in 1943-44. This 
increase in the irrigated. area is mostly dUe to increase in 
araa irrigated by Governrilent canals. The area irrigated 
~y Government tJanals was only Ii millimi 8.eres in l~ 
It j;uereased to 8 million acres in 1916-17, 16 milli(ll1 acres 
.1~~ U million acres in .1936-3.7 ad 12" 
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million acres in 1943-44. There has been practioolly no 
change in the area irrigated by private canals and other 
sources. There has been an increase in the area irrigated 
from wells by about 1 million acres during the last two 
decades. Development of Punjab agriculture during the 
mst 50 years may, therefore, be taken to be due mainly to 
the development .of the Government canal irrigation. 

The table below gives the area sown under khan! and 
Pwportion of ram crops for the each of six years ending 
k,",,,,!and rabi. 1943-44 :_ 

.Area i71 tlwfuand acru. 

1938·39 1939-40 1940·41 1941-42 1942.43 1943-44 

------------
T {Irri ... 6.770 6,838 6,916 6.963 8,747 7,263 

otal k4ari/ erops UDwirri. 6,972 6,294 7,421 6,91. 8,017 7,238 
Total •• 12,742 13,062 H,336 13,878 14,764 14,499 

{Irci ... 10,O6() 10,209 10,946 10,942 10,113 10,340 
otal,aW crop' Un~irri. 6,038 6,676 8,221 8,179 10,112 8.l64 

Total .. 18,1/)3 16,884 18,486 18,421 20,_ 18,611' 
T 

-{IrrL .. 17,047 17,160 17,206 
:::~ 16,836 17,603 

otaJ area &own Un-Uri. 12,010 12,_ 15,642 15,094. 111,400 
Toial .. 28,8'5 29,947 32,802 32,299 34,939 33,003 

T 

It will be seen that there are considerable variations in 
the unirrigated sown area due to wide fluctuations in the 
amount and distribution of rainfall. It was as low as 
12 million acres in 1938-39, a famine year and as high as 
lS'1 million acres during 194243, which is considered to be a 
very favourable year. In years of good rainfall, irrigation 
on an extensive scale is not needed, particularly from wells, 
tanks, etc., and, therefore, the area un!ler imgation- from 80_ other than Govemment oonals goes down a little, 
while in y~lIl of deficient rainfall it increases beC8use thi 
cultivator,. in order to maintain himself, has to resort to 
all 8OU1'tleII ·Of irrigation for raising *1'8. 

The .above remarks apply mainly to zones. with ali 
a1lll\lal rainfall above 20 ·iiwhes. For the ~ of the· 
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western' part of the province comprising important Dis­
tricts of Lyallpur, Shahpur, Jhang, Multan, Montgomery, 
Dera Ghazi Khan and Muzaffargarh cultivation depends 
almost entirely on irrigation . 

. From the agricultural point of view there are two main 
seasons in the Punjab-summer and winter. Crops grown 
in summer are called 'kharif' and those in the winter season 
'ram'. The crops grown during autumn are called 'zaid 
kharV', such as loria, and those grown in spring, i.e., between 
'ram and 'kharif' such as tobacco, are called as 'zaid 
rabi.' Of the total area sown, about 14 million acres or 
43 per cent is put under khari! crops and the rest about 
18! million acres or 57 prr c mt is under rabi crops. The area 
under zaid khari! and zaid rabi is not separately recorded. 
It is included in the khari! and ram areas respectively. Half 
of the total area under kharif crops is irrigated and the 
other half is unirrigated. In good years such as 1942-43, 
the proportion of unirrigated area increases while in years 
of poor rainfall, such as 1938-39, it is proportionately Jess. 
(See table for kharif and rabi figures in these two years). 
It may be noted that both in kharif and ram area there is 
very little variation from year to year in the irrigated 
areas. 

Another interesting thing is that the unirrigated area 
in rabi is only slightly more than unirrigated area in kharif, 
the actual ligures being 8'2 million acres and 7'1 million 
acres respectively; while the irrigated is about 50 per cent 
more in ram than in khari!, the actual ligures being 10"2 
million and 6'9 million acres respectively. The reason for 
proportionately large area under irrigated rabi crops is that 
OwIDg to the winter season the crops require less water for 
matUring, thongh the quantity of canal water available for 
iti:igation is less than in the kharif season. In summer 
season, thongh the quantity of canal water a\1a.ilable is 
more, but due to hot season and consequently more 1088 by 
evaporation from Boil surface and crop transpiration more 
1Wet is needed by the crops. The ea.n&ls are in a way 
~, "and" the cultivator has ~""MI his . to tM •• ~ , ' . 1'~ croppmg 
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STATEMENT I. 

ADA 'Ul(D.a J)t]l'J'B&E.T CaoP! IN Tlllli P'oNUB 1'0& TBJII Q~Qtr_lQ~ 
.DDIKO 1943-44. 

Crop. 

\ .t ..... in 000' ....... 

Peroent. 
lrrig&ted Baro"i Total. Irriga-

p_ 
of~ 

cropped ted. 
~J.---C~ere~Qk~Q-.d~P~''''~L~~-- --~ --- --- --- - ..... -._ 

Wheat .. 
Barley .. 
Rice •• 
MGndhal 
Bajra .. 
Jowar •• 
Maize •• 
Ot,her Cereals 
Gram .. 
Hung At"". 
Other puleea _ 

Total 
l/.~Olbu Food O,cpa. 

Sugarcane •• .. 
Vegetables (l:ncluding Potatoes) 
Fruits .. 
Mi&ce11a:oeous 

Total 
111.-0il8Uds. 

Taramira 
Toria .• 
Sar81w/ •• 
Mustard 
Linoeed 
'NJ 
Groundn~'t •• 
Castor and Others •• 

JY.-Ootton. 
Dt,;. •• 
American 

Total 

Total 
Y.-Fodde.r,.. -
, J.-Otlou Oreps. 

Tobacoo •• 
Bk."..,d other drugs 
Oondimento acd 8i'!C08 
BmDp &bd. olrher flblll8 
Indigo and other dyes 
Poppy •• 
Tea ," .. __ ..... tood_ .. 

Total 
Grand Total 

KIotrtiI -

6,827 4,155 9,982 68'4 30'8 
34S 460 808 43 I 2'5 
848 187 1,035 81'9 3'2 

17 11 28 60'7 0'1 
678 3,066 3,744 18'1 11'5 
194 636 830 23'4 2'6 
591 630 1,221 48'4 3'7 
89 86 17. 50'9 0'6 

I'M: 2,;:~ 3.::: ::: If! 
166 562 718 23'1 2'% 

9,971 12,668 22,639 44'0 611'4 

407 78 485 83'9 I" 
148 85 233 63'5 0-7 
62 34 96 64'6 (l'3 
58 50 lOS 53'7 0'3 

675 247 922 . 73'2 ~ 

52 
287 

64 6, 
20 
21 

376 428 12'1 1'3 
22 300 92'9 .1'0 

176 240 26'7 0'7 

I~i J ~ 0'1 
63 64 25'0 (1" 
40 40.. 0'1 

21366-7 .. 

<SIt 694i 1,146 < 39'4 ~ 
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So far only...sown area has been discussed. Owing to 
Variation in total deficient rainfall a considerable part of the 

cropping. sown area fails to mature. The failed area 
is more in years ·of deficient rainfall, and less in favomable 
years, for obvious reasons. The statement below shows the 
failed and matured area for each of the six years ending 
1943-44 ; 

STATEMENT II. 
-

Area in t1wu.&o,n,d acres. 

Particul&rs. 1938·39 1939.40 1940·41 ' 1941.42 1942.431194344 

(1m ... l,286 ----s39 -----s56 ---sii9 685 645 
Total area of crops-\ Un.itri. 4,990 4,799 4.372 4,435 2.610 I 3,142 

f&iled. 'r Total. . 6,276 6,638 6.228 5,034 3,296 3.787 
uri... 15,549 16,208 16.305 16.607 16,174 16,968 

Toala.reaoforoP81 Un.:irri. 1,{}21 8,101 11,269 10,669 15,519 12,258 
maimed. Total .. I 22,570 24,309 27.574 27,266 31,693 29,216 

It will be observed that the area of crops failed was 
only 3'3 million acres in 1942-43 a favourable year, as against 
Ml million acres in 1938-39 a famine year. Most of the 
failed area was unirrigated. 

The actual area under various crops separately for 
imgated and uninigated along with the percentage of each 
crop to the total cropped area for the five years' period 
ending 1943-44 is given in the accompanying table (see 
page 13.) 

'It will be observed that 69'4 per cent. of the cropped 
area is under f~reals and p~15'6 percent. 
llllder fodders which are fed to livestock, 2'8 per cent. 
under other food crops as sugarcane. vegetables and fruits~ 
'thus making a total of 87'8 per cent. under food ana 
fodder crops. Of the remaining 12'2 per cent. cotton 
forms 8 per cent., oil seeds 3'5 per cent., and other crops 
like ·tobacco, condiments, poppy, etc., 0''7 per cent. 

As the cotton crop is two third oil seed and one thlzd 
fibre, it constitutes our most important oil seed, and COh­
tributes with other oil seeds valuable cattle and unman food. 
Il we take the contribution of the cotton crop into the 
~ we may put the oil seeds area as 8'0 per ceut. 
.... ;. addinJ. ~. pm: oeat, from cotton, Thia -v:es 01lly 31 
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per cent of the cropped area devoted to purposes other 
than food for man or beast. 

Wheat is the most important crop occupying about 
31 per cent. of the total cropped area. About 

Crops. 58 per cent of the wheat area is irrigated. 
Bajra and gram are the next two important orops each 
occupying about 11 per cent of the cropped area. In case 
of gram 30 per cent is irrigate as against only 18 per cent 
for bajra. The other foodgrains are of comparatively 
minor importance, each oCQupying about 1 to 4 per ccnt 
of the cropped area. 

Sugarcane is important in the other food crops occupy­
ing 1'5 per cent of the cropped area. About 84 per cent 
of it is irrigated. Vegetables and fruits occupy only about 
0'7 and V3 per cent respectively. 

Oilseeds excluding cotton account for only 3'5 per cent 
of the cropped area. About 40 per cent of this is irrigated. 
The important oilseeds are taramira occupying 1'3 per 
cent, toria 1'0 per cent, and sarson 0'7 per cent. Toria 
is mostly irrigated-93 per cent while taramira is mostly 
barani, only 12 per cent being irrigated. In the case of 
sarson nearly 3/4th is barani. . 

Cotton is an important commerciarcrop in the Punjab 
occupying 8 per cent of the cropped area. It is mostly an 
irrigated crop-94 per cent irrigated. There al;jl two 
varieties of cotton-desi and American. The former 
occupies 3'2 per {lent of the area as against 4'8 per cent 
for the latter. Both the varieties of cotton are mostly 
irrigated, the percentage of irrigated area are being 99 per­
cent' in case of American and 86 per cent in the case of 
desi. The comparative position of cotton has been con­
siderably affected by" Grow More Food" campaign during 
the last three years of war. A part of the area under deii 
cotton has given place to food grains owing to low prices 
of i1esi cotton, on account of heavy accumulation of stocks 
caused by war conditions, and comparatively higher prices 
of fooclgrains. During the last three Yel1'tS, the area under 
desi cotton has gone down to about 1 of the pre-war level. 
From production standpoint the Punjab is the premier . 
cotton province. 
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Fodder crops are quite important in this province, 
occupying about 5 million acres or 15'6 per cent. of the 
<lropped area. This is about 48 per cent. of the total area 
under fodder crops in the whole of British India. The 
srea in Bombay is about 2! million acres, in U. P. II 
million acres and all other Provinces account for only 
about I! million acres. The higher percentage of fodder 
<lrops in the Punjab is perhaps due to a better feeding on 
account of better type of livestock and low quality of 
grazing areas in the plains as a result of severe climate. 
This matter appears to require further study. About 68 
per cent. of the area under fodders is irrigated. 

Among other crops, tobacco and condiments and 
spices occupy 0'2 per cent. each. 

The accompanying Statement III (page Iii) gives the 
Agricultma\ important agricultural statistics along with 

_ .. by the main crops grown in the varioll8 Civil 
-divisions. Divisions of. the Punjab. 

It will be observed that Lahore Division has got the 

PQPula.tion. 
highest population, closely followed by 
Multan. The other three Divisions have got 

-comparatively less population. 
In this respect, Multan with 7 million acres is at the 

Net .re. ",wn. ·top, followed by Ambala, Rawalpindi and 
Lahore Divisions in the order of importanCe. 

In the Jullundur Division, the net area sown is the lowest, 
being only 4'5 million acres. 

In this respect as well, Multan heads the list. This 
Current fallows. may be due to seasonal canals in parts of 

this Division as well as due to scarcity 
<If irrigation supplies in some of the perenuial C6IllIJB. 
Arnbala comes next with 1 million acres. This is 'due 
to scarcity of rainfall and lack of adequate means of 
irrigation. In Rawalpindi Division the area under current 
fallow is only 6 lakk acres. Most of the area in. this 
Division is btwani, but winter rainfall being .betWr in 
this Division than in the rest of the Puniab, the area 
qMer current fallow is less. In Jullundur and Lahore 
.. ~ fallow are&' is about 4llakk and 31 Likk &ereII 
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respectively. As regards percentage of the current fallow 
to total cnltivated area, Ambala comes at the top with about 
15 per cent, closely followed by Mnltan with 14 per cent, 
Rawalpindi 10 per cent, Jullundur 9 per cent, and Lahore 
7 per cent. 

With respect to irrigation, Mnltan has practically got 
ted the whole of the net area sown as irriga-

IITig. .re.. ted, closely followed by Lahore with about 
86 per cent sown area under irrigation. In Rawalpindi and 
Ambala Divisions, the irrigated area forms only 30 per cent 
and 24 per cent respectively of the total area sown. In 
J nllundur the irrigated area is about 55 per cent of th& 
sown area. 

With regard to forests, Rawalpindi is at the top with 
Forests. I million acres, followed by Jnllundur with 

7 lakh acres and Mnltan I lakh acres. 
Lahore is the worst with only 37,000 acres. In Ambala 
the area is only 62,000 acres. 

Mnltan has got the largest area under cnlturable waste, 
OuI'"roble waate. i.e., 7 million acres, .whic~ is )~t equal to 

, the net area sown m this DlVISlon. Next 
comes Rawalpindi with about 3 million acres, followed by 
Am bala and Lahore with 1'5 million acres and 1'2 million 
acres respectively. In J ullundur the cnltivabl.e" waste ia 
the lowest, 'viz., only 91 lakh acres. 

As regards uncnlturable land, Jullnndur comes at th& 
Not availoble for top with 4'8 million acres, followed by 
--.... Rawal indi with 3'5 million acres, Mult&D 

with 2'0 million acre! and Lahore and Ambala with I 
lIlillion_ each. 

Wheat is by far the most important crop in all tha 
Cropa. Divisions, except Ambala, where bajra and 
gram are much more important than wheat. 

Gram comes second in .Ambala and JuDundur DivimOna 
md tliil:d in the other three Divisions. . 

BajnJ is the next Unnn ........ t crop occnpy:~' firsi 
[lOIIition in the Ambala ~~ eecOnd in RaWs. • '" 
[t is CQal~y of lesser import&wle in other Divisious. 
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Rice is important in the Lahore Division occupying the 
second position. It is also grown in Jullundur and Multan 
Divisions to some extent. 

Cotton is an important crop of the Multan DiviSion 
where it is next to wheat. It is also important in Lahore 
and Rawalpindi Divisions where it occupies fourth position. 
In Arubala and J ullundur Divisions also, it is quite an 
important crop. 

Pulses are important in Multan, Rawalpindi and 
Jullundur Divisions. 

Maize is an important crop of the Jullundur Division 
occupying third position. Next comes Lahore. It is also 
grown in Arubala and Rawalpindi to a fair extent. Multan 
Division does not grow much maize. 

Rapeseeds are important in Ambala, Multan, Lahore 
and Rawalpindi Divisions. Jullundur is not of much 
importance for this crop. 

" Sngarcane is mostly concentmted in the Lahore Division 
which grows about 39 per cent of total area under this crop. 
Next come,s Jullundur with 21 per cent followed by Arubala 
18 per cent and Multan 17 per cent. Rawalpindi Division 
does not grow much cane. 

Jowar is important in the Arubala and Multan Divisions. 
It is also grown to a fair extent in Rawalpindi. It is grown 
mainly as a fodder. 

The gross revenue from land and irrigation in 1943-44 
Land Revenue was about 91) crores of rupees. Of this 
and Occupi.,,· 3 '57 crores of rupees or 36 per cent was from 
~ 'the land revenue and Ra. 6'33 cror68 or 64 

pereent from irrigation., The incidence of land revenue per 
acre on the total area fully assessed in 1942-43 was Ra. 1-9-9 
and an the cultivated ,area Rs. 1-15-9. According to sales 
of land, where the right of ownership was transferred, 
permanently, the price per cultivated acre for the year 
IH2:43 was:Rs. 556. This was 313 ,ti):pes the land revenue 
£o.t the year, , The correspondDlg figure was 241 iIi 1934-35, _iJi __ ;s .. nd 13,4 in 1914-16. The incidenCe Of land 
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revenue varies a good deal from district to district, as 
shown in the following figures for some of the districts 
for the year 1939-40: 

District. 

fianwali 
u..a, 
lttock 
'erozepore 
ehlum 
!nzaffarga.rh .. 
)era Gh"i Khan 
~wa.lpindi 
.mbala 
,udhiana 
ullundur 

For totaJ &rea. 1- For cultivated .. rea. 
~:-p.--- KII. &. p. 

00'9 077 

gl~~ I gg: 
01510 134 

gJ:t /1 : H 
I 3 I 1 9 5 
1 15 7 2 1 8 
1 14 2 2 6 7 
2103 359 

The land revenue in the Canal Colonies varies from 
Rs. 2-4 for Class VI of land to Rs. 12 per acre for the town 
lands according to the quality of the land. In the 
ta.:<t 10 years a system of correlating revenue collections' 
With prices has been introduced in Lyallpur and Montgom­
ery. Before this system was enforced, the practice was 
to take the average of the prices of each crop over a period 
of fears to represent :toughly the price that would prevail 
mtil the next settlement. No change was then made in 
Ihe land revenue rates during the'period of settlement, as 
L result of fluctuations in prices. This system works satis­
'actorily 80 long as voilent . changes in prices do not occur. 
[n the case of higher prices the system worked in favour 
)f the revenue payer, bOOause according to the law, Govern­
nent could not inCJ:ease the Land Revenue during the cur­
-ency of a Settlement. In the case of lower prices the land 
'evenue payer found it difficult to 'meet his dues, especially 
n those Districts which had been reassessed dur4Jg the 
100m years. In such ~ Government had to come to their 
lelp by giving liberal :telief at each harvest in the form 
f Special ,remissioll8. It W88, therefore, oo.nsidered eJi:pe­
!ient iii fairn- to the revenue payer, to devise meanS of 
~ Jelief. ~ Yen' carefnl llODSideration the· 
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Punjab Government decided to adopt a system of assess­
ment which will make the demand, each harvest, dependent 
on prices. This system was introduced in the re-assessment 
of the Lower Bari Doab Canal Colony in 1933-34 and later 
in the Lower Chanab Canal Colony in 1936-3,7. Its chief 
features are-

(1) The commutatiop. prices were warked out on the 
average of 20 years, in accordance with the 
Revenue Law. 

(2) Average revenue rates are worked out according 
to those prices to determine the average rate for 
the assessment circle as a whole. 

(3) The revenue rate, as finally announced, represents 
the maxima, which the Government can take in 
any circumstances duri:ng the period of 40 years. 

(4) Government will not take these maxima rates 
unless the prices reach the level given in the 
schedule. 

(5) In case of prices being higher than those given in 
the Schedule the revenue payer will be given 
the full advantage of the excess. 

(6) In case of lower prices remission proportionate to 
the difference will be given in the following year. 

This system WSII.. a revolutionary change in the 
method of assessment, and was considered to be in the 
interests of the land revenue payer and of Govef!l1llent. 

The prices were collected in anllas per maund from 
Prooed leading firms in ceJ:tain mantlis of the tract 

ute. as follows: 
Cotton November to February. 
Ow December to March. 
Toria January to February. 
Wheat May 15 to September 15. 
Gram April 15 to AuguSt 15. 

The CJ:OIIII taken into COD8idemtion OOWlr about '15 
,_per eent. of the total. From the average daily . prioes m 
~. __, Wi_!! be ded1lCted traDsport.llDli!!!!!!lretiag 

.i~~.~,~>!!!I.' 
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lharges, so that the average price will represent the average 
)rice in the village. In calculating the remission the three 
'actors are considered-

(a) The percentage of the total matured area under 
each important crop. 

(b) Average yield per acre in maunds, of each crop. 

(c) The commutation price assumed for each of those 
crops in annas per maund. 

By multiplying these figures an index figure is obtained. 
,upposing the standard index figure at the time of settlement 
~as one thousand and the index figure according to the new 
Jrices is 600, the remission given will be 40 per cent. Each 
Tear a new index figure will be calculated and the amount 
If remission will thus depend on the level of prices during 
.he previous year. "'rhe actual standard index figure was 
13,760"a8 against 33,366 for 1934-35 worked out on the 
Jrices current in 1933-34, i.e., roughly 45 per cent. of the 
:tandard index figure. This means that according to 
lliding Scale System, remission of 55 per cent. would be 
~ven in 1934-35. 

This system has been vigorously criticised by ooono­
Dista, who contend that remission given in a particular 
larvest on the basis of prices alone, does not take into 
ICCOunt all the reduced net assets of the landlord, because 
lOsts of cultivation, which are not quite elastic are not 
'educed in the same proportion as that represented by the 
lifference between the current prices and the commutation 
Jrices. This criticism has Bome force. At least one item. 
If cost that is the abiana charge remains constant. It 
nay be said, however, that the Sliding Scale System is not 
m exact mathematical proposition. All that it postulates 
s the introdQetion of a degree of flexibility in the rigidity 
If the old revenue system. The actual operation of this 
:oale has established ita popularity with the zemindars, who 
!6Cured substantial relief. The system CQuld. perhaps, be 
mproved by calculating ·the demand on the basis of 
:urre~~' say the average of t~e last five rears, and. 
,hen 1~ up and dOWll, 1WC0rding to the nse and fall 
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in prices. But it would have been- very difficult to make 
the cultivator agree to pay in excess of the demand 
announced at settlement. A demand that is liable to 
increase indefinitely is always less aceeptable than a definite 
commitment. This is the main advantage of this system. 
It may also be pointed out that as remission percentage is 
dependent on prices of previous year, some hardship may be 

• felt- in years of sudden fall of prices. This can, however, 
be overcome by delaying the dates of the payment of land 
revenue in the two harvests by about a month, as it will 
then be possible to utilize the prices of the same year for 
working out the remission. 

According to the Sliding Scale System the incidence of 
the demand per matured acre and per cultivated acre in 
Lyallpur District is as follows: 

Assessment circle. 

Jara.nwala 
Lya.Ilpur 
Samundri .. 
Toba Tel< Singh __ 
New extension .. 
Rakh Branch colony cirole 

Cirole rat: per 
matured &ere. 

Re. &. p. 
630 
628 
512 10 
534 
412 5 
577 

Circle l'&te per 
cultiva.ted acre. 

Rt:. &. p. 
6 7 0 
6 6 1 
51410 
5 1 5 
4 6 4 
593 

[LocaJ. rate for District 
CeS3e8 •• i Board .• 121 per cent OD. Land Revenue demand. 

l.La.JN.bordari fee • • {; per oent on Land Revenue demand. 

The land revenue per acre on Sliding Scale basis in the 
Lyallpur District according to class of land is as follows :­

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Town lands (a) 
Town land (b) 
Class I 
Class II 
Class III (a) 
Class TIl (b) 
Class IV (a) 
Class IV (b) 
Class V CG) 
~_V (b)~ •• _ ;U, Qua VI - .. _.'. !y.~ 

. • _ ~;;.-.7f. ~, 

Rs. a. p. 
12 0 0 
900 
780 
612 0 
600 
/)80 
412 0 
440 
a 8 0 
300 
240 
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Half rates axe· allowed for tie'hri lift irrigation . 

GhaM 
Sailabi 
Barani and Alri 

.. s. P-

140 
100 
o 12 0 

.AI; the assessment is on the matured area, kkaraba 
is necessary. The kharaba is given if the crop is less 
than four an.nas of the normal. 

The net revenue direct receipts earned by the pro­
ductive irrigation works during the year 1942-43 amounted 
t,o Rs. 3,29,86,540. Mter deducting from this the interest 
charges for the year amounting to Rs 1,43,67,283 the net 
profit was Rs. 1,86,19,257 or 4'78 per cent on the capital 
outlay of Rs. 38,99;12,893, as against a net profit of 4'44 
per cent. on the capital outlay in the preceding year. There 
are, however, some indirect receipts in the form of a portion 
of land revenue due to canal irrigation. If these were 
included the net profit in the year 1942-43 amounted to 
Rs. 5,16,02,029 or 13'23 per cent. on the capital outlay as 
compaxed with 11.27 per cent. in 1941-42. 

The water rates of various crops commonly known as 
occupiers' rates, vary slightly from canal to canal. The 
rates on the Lower Chenab Canal are as shown below: 

RA.TE PER ACRE. 

Crop. 
Flow. Li!~ 

lis ••• p. 
11 0 0 ~. ;'3' 
9 0 0 4 8 0 
7 S 0 312'.0 
6 8 0 3 4 0 

4 0 3 2 0 
4 0 21.0 0 

%12 0 
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CUu8. Orop. 

VU.A.-Maize .••••• 
VlII.-Oilseeds (exoept raM oilseeds on khari! oh&nnelaJ 
IX.-All rabi orops on Ic/&ariJ channels (including 

ga.rdens, oroha.rde. vegetables and fodders). 
IX.A.-Deleted . • . • 
X.-Ba;ra. gra.m... ma,tUt' a.nd pulses •• . . 
XI.-Jowar. ckeena, grass which has received 2 or more 

w&teringa &oud a.ll foddey crops including 
turnips ..•. 

XI.A.-Paddook areas as sanctioned by Local Govern-
ment " .. 

XII (a) Watering for ploughing not followed by & crop 
in the same or succeeding harvest 

{e) Villa.ge and Distriot Board pl.a.ntatioDa:­
(i) Any Dwnber ofwateIj.ng8 in kharif 

(ii) One watering in rabi •• 
(iii} Two or more waterings in rubi 

(II) GlU!-& single watering in kkarj,! or roo. ., 

RATE PH ACRE, 

Flow. Lift. 

Us. Ii. p. 
4 0 0 
4 4 0 

200 

340 

8 0 

300 

100 

1 0 
1 0 
2 .0 
1 0 

Its. B. p. 
200 
2 2 0 

100 

1 10 0 

4 0 

ISO 

8 () 

o 0 
o 0 
1 0 
o 0 

NoU.----Grasll given two or more waterings faIls under Class II. Hemp. indigo.. 
gvara. a.nd ja'lf,ter ploughed in as green mtLnure before 15th September &ore Dot 
assessed to watering. 

For other canals, the Administration Reports -of the 
Irrigation Department may be consulted. 

According to the 1940 census, there were 4·4 million 
lJrI>ft. 1 working bullocks and male buffaloes 

catt e. in the Punjab. The area sown during 
that year was about. 30 million acres. This comes to about 
14 acres per pair of plough cattle. 

The use of camel for agricultural work is becoming 
quite popular, particularly for the working of persian 
wheels in some Districts, such as Ludhiana, Ferozepur. 
Rohtak, etc. The camel is cheaper to maintain and has 
the advantage of not reqniring any driver when working the 
perSian wheel. 

The male b1!ffuloes are maiuly used as draft animals 
either in the rice tracts, or for carl; wo:rk in the citWil. 

The British Punjab is more or leB8 of the same lUze 113 
CamporiooD with Great Brita.in (England, Wales and Seot­
q..at -- land). It will, therefore, be interest~ to 

ilOlll:ll,"'X.~.~, agricuItw:al ~ of thtl tlro. Statisties 
• <~ -;:""-f,,,,!t# ~ .~, -
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about the Punjab have been given on page 8 those for 
Great Britain are given below:-

Year TotaJ area' Craps a.nd ! Permanent Arable 

_____________ I __ 
8
_' ... _·_I __ 8"_"_· __ I __ la_nd_ •• _ 

(Area in '000 acres). 

]917-18 

1936·37 

1944·45 

31.958 

29.100 

31.007 

17,251 

17.335 

!I,698 

14.607 

1l.78il 

19.369 

It will be seen that the total area of Great Britain 
is similar to that of the British Punjab, being about only 
4 million acres less. Of the area returned as cnlturable in 
Great Britain, exclusive of 16 to 17 million acres under 
rough grazing, more than half is normally under permanent 
grass. In 1944, the area under permanent grass, however, 
formed only 38 per cent. of the total area under crops and 
grass, the decrease being due to increase in the arable land by 
about 7 million acres from 1939 to 1944, as a result of "Dig 
for Victory" Campaign. Of the total area under arable 
land in Great Britain in 1944, wheat occupied about 3!­
million acres, oats 31 million acres, barley 2 million acres, 
and potatoes about Ii million acres, as compared to 10 
millioD..acres of wheat, 800 thousand acres of barley, ~bout 
1 million acre of rice, 3t million acres of bajra, It million 
JJ.Cre8 of maire, 3.z. ~ Jlc;res of gr.tMD m tl!e.PJwj.a..b. 

In the livestock the main difference relates to horses, 
of which there are about 1 million in Great Britain as com· 
pared to about 339,000 in the Punjab. There are also 
about 20 million sheep, 8 million cattle, and 4 million pigs 
as compared to over 5i ~iIlion sheep, 3i· million Koats, and 
15l million cattle in this province. Besides, there are about 
640,000 donkeys and 276,000 camels in this Province. 

The capij;al required to farm in Great Britain is muoo 
bigher than it is in tile PlJDjab. A. rough estimate for 



ncr ,;,,1 times gives the capital required per acre in Great 
Britain as £15 or rupees two hundred per acre, whereas 
in the Punjab the capital required is about 30 rupees an 
acre at the most. Artificial manures are also extensively 
used in Britian for crops and scarcely used at all in the 
Punjab. The main reason is that the value of increase 
obtained is higher· there owing to the higher prices of 
agricultural produce. Besides, the manures are cheaper there 
than in India. It is expected, however, that the use of 
fertilisers will increase in India during the postwar period, 
as it is proposed to manufacture in India 3f la'kh tons of 
ammonium sulphate per annum near Dhanbad (Behar). 
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CHAPTER m 
PHYSIOLOGY OF PLANTS 

The farmer's method of production is by the growing of 
d certain plants, parts of which, such as 

In',o uc'o'y. fruit, stem, leaf or root, as the case may be, 
represent his saleable commodity. The rearing and 
maintaining or fattening of animals and poultry is another 
part of his business, but this aspect is of comparatively 
minor importance in most parts of the Punjab. Animal 
husbandry itself represents but an elaboration of some of 
the "farm products. The growing of plants of some sort 
is, therefore, the most essential part of agriculture; hence 
some knowledge' of the requirements and life processes of 
plants is an essential part of a gricultural science. 

The parts of'a plant which are essential to its life are 
_n'ial parts of the roots, stems and leaves. The most 
plant,. * important function of the roots is the 
absorption of water and certain food substances from the 
scil. This water is conducted throngh the stems 'into the 
leaves, where most of it is transpired into the air. 

The roots take water and dissolved food through the root 
Abso'1'tlon of hairs. The latter are unicellular structures 
w.te, .nd .. It. found just behind the growing tips of the 
f'om the aon. finest rootlets, They can be seen on the 
roots of seedlings germinated on moist blotting paper or 
loose sand. If a plant is pulled up by the roots from the soil, 
the root-hairs, being fragile, are destroyed, but they can 
be Been by the naked eye if the surrounding earth is washed 
away carefully. The root-bairs are closed elongated tubes; 
water and food pass in through the walls by a process 
known as "osmosis." This process may be illustrated by 
the folloWing experiment:-

Take an egg and remove the outer hard shell, leaving 

... Feeding of Crops and Stook H _Hal1 (publi8hed by John Murray, London. pp. 
1-60). • 

"Agrion1tDn\1 Botany" -P.,.iv.1 (published by Duckworth, London, pp. 
177-2tO). . .. ~:3i." -y "-{pnbli.tbed by _Ian, Loudon HOtlDn, n, pp. 

, 29 
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the inner skin or membrane, which encloses the yolk and 
white, intact. This can easily be done if the egg is Pll-t in a 
weak acid, e.g., vinegn.r or hydrochloric acid for some time 
beforehand. Now place the soft egg in a strong solution 
of common salt. This will cause it to shrink, but on being 
taken out and put in pure water it again expands. The 
shrinking or swelling was due to water passing out 
or into the egg according as to whether the solution in 
contact with it was stronger or weaker than that in the egg 
itaelf. A root-hair acts exactly in a similar manner. The 
solution of cell-sap in the root-hair being more concentrated 
than soil water, the latter flows into the root-hair. As the 
root-hairs are in contact with neighbournig cells of the root, 
the process is continued. The solution from the root-hair 
passes to neighbouring cells, which have more concentrated 
solution in them, and hence the process -is continuous. If 
the root-hairs were not in contact with other cells, the con­
tinued passage of soil solution into them would dilute the 

- cell-sap until it was of the same concentration as soil 
water when further movement would cease. Should the 
Boil solution become more concentrated than that of the cell­
sap, the latter would shrink and the plants wither. This is 
the explanation of what happens in kallar or salty soils, 
and is also the reason why in such soils more frequent 
waterings are necessary to keep the concentration of the 
Boil solution down. 

The wall of the cell of the root-hair is lined with a 
Protopl .. m and li ving substance e&lled " protoplasm " • 
... t.hair oen. This substance fuither affects the process 

of absorption in the root-hair as compared to the egg 
membrane, and seems to exert a selective action so that 
the tmll>unt of the different substances absorbed is not in the 
same proportion as they exist in the soil solution. 

The root-hairs can only absorb substances already in 
N_t.Y fur solution in the soil water. This fact is of 
~t food flo be great importance, and, as wilJ. be seen later, 
~- underlies much of our agricultural practice. 

&lid ~_ only be taken in a solu1;l1e statll. 
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The essential chemical elements which the plant obtains 
Chemical elements from the soil are nitrogen, phosphorus, 
in plant food. . potassium, calcium, magnesium, sulphur, 

iron, hydrogen and oxygen. Others not essential for 
healthy growth, but still absorbed in considerable quantities, 
and probably useful, are silicon and chl<Jrine. Of the nine 
essential elemeuts nitrogen and to a less extent phos­
phorus and po~a.ssium, are most important in that con­
siderable quantItIes are taken, and the supply of these 
is apt to be short in the soil. Practically all soils contain 
sufficient of the other essential elements. These three 
elements are the only ones it is necessary to add in manures, 
though lime is sometimes indirectly useful. The relative im­
portance of nitrogen, phosphorus and potassium can be 
demonstrated by growing seedlings in solution, from which 
one or other of them is lacking. 1kr such an experiment the 
water and salts must be pure. Instructions for preparation 
of water cultures of this kind can be had in most Agricul­
tural Chemistry Text Books. 

The percentage of the food substances actually dissolved 
Root. must feed in the soil water is small, so that plants 
ove, .l"'!!" .re •. have to absorb large quantities of water. 

Water moves downwards in the soil fairly rapidly by gravity, 
but the upward movement by surface tension is compara­
tively slow. The roots can only take water in contact 
with them, and hence the deeper and more spreading they 
are, the larger the mass of water they are in contact with. 
This partly explains the benefit of delaying the first water­
ing after sowing so as to encourage the roots to go down. 
Further, one can see there is no advantage in having more 
than a certain number of plants on the ground, i.e., sufficient 
for the roots to make full use of the soil . 

.As pointed out, plant food in the soil can only be 
Form in 1d.ioh absorbed if in solution; Nitrogen and 
plants take phosphorus can only be absorbed in the 
nit-. eto. form of soluble salts as nitrates and 

phosphates of potassium, sodium or calcium. . P6tasb may 
apparently be absorbed in tlle fw:.m • oy iOI:uble salts. ". 
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The very dilute solution of salts in soil water is thus 
V .. cular ti .. ue. absorbed by the root-hairs by "osmoms" 

controlled by the living matter (proto­
plasm) in the cells. By a similar process it passes on to 
adjoining cells of the root until it reaches the woody part 
of the root. This woody part consists of long tubular 
vessels. Apart from its function of giving mechanical 
support, its main purpose is for the conduct of the solution 
absorbed by the roots up to the leaves of the plant. The 
mechanism of this passage is not understood, and still awaits 
a scientific explanation. In the case of some tropical trees 
the water is thus raised two or three hundred feet. There 
is no doubt the solution is carried up, as can be proved by 
simple experiments.* 

Around the wood in such plants as cotton is another 

Bast~ 
structure similar to above called "bast". 
Its function is to conduct food material 

manufactured in the leaves to all other parts of the plant 
where growth is proceeding, or where food is being stored. 

The whole of the carbon which forms the food of the 
Structure of the plant is manufactured into compounds 
leaves. soluble and otherwise in the leaves. The1atter 

possess veins which are visible in most leaves. These veins 
consist of wood and bast cells which connect through the 
leaf-stalk with the wood and bast cells of the stem. The 
raw materials, water and salts, reach the leaf through the 
wood cells, and the manufactured material passes where 
required through the bast cells. 

The leaf has a further structure called "stomata," 
which communicate with the' air and 

Stom.ta. through which the plant obtains oxygen 
a!1d carJ:lon dioxide. This latter sub~ce, though present 
in the rur to the extent of four parts ill ten thoUBand only, 
is practically the sple source of carbon for the plant. 

The main function of the leaves is assimilatIon of carbon 
dioxide, its breaking up and elaboration 
into compounds suitable for the ~uilding 

of the plant. This process of assimilation is c.arried on by 
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the green ma.tter in the leaves, and ca.n only take ~ in 

i
· presenoo of light. All green parts of plants have this power, 
whioh is not possessed by a.nimals, or even by many plants, 

I e.g., mushrooms and most fungoid pests such as "broom-rape" 
of tobacco. If it were not for this power possessed by the 
green matter (chlorophyll) of plants, all life would cease 
in a comparatively short time. The funotion is, therefore, a 
very vital and important one. 

, The foods manufactured in the leaves are of two classes, 
Food manufactur. viz. (a) carbohydrates and (b) proteins. 
ed m the leave.. The fotlner consist of carbon, J. ydrol!en 

and oxygen, e.g., sugar and starch. The green colouring 
matter in the leaves has the power under the infinenoe of 
sunlight of combining water (consisting of hydrogen and 
oxygen) with carbon dioxide gas to form carbohydrates 
with the liberation of some of the oxygen. The energy 
required for this is obtai.ri.ed from sunlight. If two seedlings 
are grown under exactly similar conditions except that one 
is in darkness and the other in the light, it will be seen that 
the former develops no green matter, and growth ceases 
as soon as the food material in the seed is exhausted. The 
formation of starch in the leaves and the necessity of 
light and air for this purpose can be shown by simple ex­
periments. * 

Proteins are a class of compounds consisting essentially 
Prow' of carbon, oxygen, hydrogen and nitrogen 

ms. , together with small quantities of sulphur 
and phosphorus. They are the most important sub­
stances ill the composition of animals and plants. The 
flesh. and blood of animals and the protoplasm of plants 
COIlBlBt mainly of proteins. Very little ia known of the 
manner or place of their formation. It is believed that the 
early stages of their formation take place in the leaves 
b~ a combination of carbohydrates and the nitratea and 
IIlUleral saIts absorbed from the soil. The later stages 
Would ~ppear'~ occur in all living cellS of the plant. It 
iltlems that potash and calcium pial ail essential pan in 
~he prooesa by some form of catalytic action, though these 
!Ilbsta.uCes form. no part of the finished product • 

• s,..1l~u'. ': Feedi»g of C"",. ~ 8toolt." 
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The food manufactured in the leaves is either passed 
8 off d through the bast to parts of the plant 

torage 00. which are growing, and thus helps to form 
new cells, or it may be stored in various parts of the plant. 
Examples of such storage are seen in the case of fruits or 
seeds of all plants and in the swollen stems or roots of such 
plants, as turnips, carrots, bulbs of ouion, or tubers of 
potatoes or sweet potatoes. 

As pointed out above, the mineral solution taken up by 
the roots is very dilute. It is concentrated 
in the plant by the evaporation which takes 

place through the stomata of the leaves. The latter are 
mainly found on the lower sides of the leaf. The plant thus 
transpires several hundred pounds of water for each pound of 
dry matter produced. The transpiration is regulated by 
the stomata, which close if the transpiration is greater than 
the supply from the roots. Some plants have special means 
of checking transpiration, e.g., small hairs on the leaf as in 
the case of gram and lentils. Wan (Salvadma oleoides), 
which grows in dry desert land, has very thick small 
leaves, and kanr (Capparis aphylla) is a desert plant 
still further adapted for minimum transpiration. Both the 
a hove trees are common in dry unirriga ted tracts in the 
Punjab plains. Some trees check transpiration by casting 
their leaves. In the warm summer season plants during 
the middle of the day often assume a wilted appearance, 
even though the soil be thoroughly moist, owing to the 
roots not being able to take up water as fast as it is trans­
pired. Such temporary wiltipg will nM; cause leaves to 
drop. If the soil is dry, however, the plant may drop 
some leaves to save itself. After severe frost also the roots 
may be unable to act until the ground has thawed, while 
the. upper air may be warm and transpiration proceeding. 
Normally, the leavel> transpire as much as the roots absorb 
less the quantity retained by the growing, plant, which is 
considerable, and varies from 80 to 90 per cent. or more of 
its green weight. ' 

Breathing is as necessary to plants as to animals,. though. 
lIeopiraUon in the former the process is masked during 

. ._ daylight by the splittiug up of . .oubon 
dioii8ps ruul freeitig of oxygen. At night, however, only 

Transpiration. 
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breathing can take place. If we take a water weed and put 
it in a test tube full of water, and invert the latter over a 
basin of water in daylight, we find bubbles BOon collect at the 
top of the tube. This gas will cause a glowing taper to burst 
into fiame, and is mostly oxygen. The carbonic acid ~as 
taken from the water has been split up in the formation 
of carbohydrates by the plant and some oxygen set free. 
If the experiment is repeated in the dark, gas collects 
slowly, and on testing will be found to turn lime water 
milky, and is in fact mainly carbon dioxide. 

Respiration in plants takes place all over the growing 
parts, including the roots. In the latter the "root-hairs" 
and growing tips of roots only take in air, and hence far 
healthy growth the roots must be in aerated soil. Fortunately 
very little air is required, and sufficient is present in all 
normal soils. When water stagnates in the soil, however, 
or when a crust forms after rain, the entry and movement 
of air is interfered with and the plant suffers. This is one 
reason why the maintenance of "tilth" and breaking of 
!carand or papi which forms on the surface after 
rain or irrigation is important: this is realized in practice 
by most zemindars. The importance of anhi godi (blind 
hoeing) for sugarcane before the shoots are above ground is 
largely connected with this factor. The reration of the 
soil in case of young rapidly growing plants is very import­
ant. It may be noted that ripe seed respires, as the young 
embryo cannot otherwise live. The germination of old 
seed is proba):lly defective, because part of the food store 
has been exhausted in this way. 

We have now described the ordinary life processes of 
Be rod t· the growing plant which consist in absorb-

p no Ion. ing water and mineral matter from the 
soil, assimilation of carbon dioxide and formation of car­
bohydrates and proteins, and the burning up of a smaIl part 
of the former in respiration. Wh\lD the plant has made 
sufiicient vegetative growth the process' of reprodootion 
starts, and oontinues along with the vegetative growth. 
In plants reproduction may be (a) vegetative or (b) :S6XlIal 
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The process of vegetative reproduction may be illustrated 
in the case of potatoes, where under-ground tubers become 
enlarged and each eye-bud can give rise to a separate plant 
when replanted. Sweet potatoes are reproduoed by 1;lmnting 
the stems. Sugarcane, which seldom :flowers m the 
Punjab, depends entirely on vegetative reproduction. 
Several grasses, e.g., dub, baru, etc., also reproduce them­
selves mainly in this way. Siinilarly onions and turmeric 
form bulbs for reproductive pllrpoS6S. Gardeners repro­
duce roses and many other gard~n plants in this way. In 
vegetative reproduction we are m<\rely expanding or splitting 
up the parent plant into II mnnber of exactly similar ones. 
This is very ili1ferent from the seXl181 reproduction of 
animals and plants. In the latte~ one cell after fertilization 
by another cell, often derived from another individual, 
gives rise to a new animal or plant which may be distinctly 
different fro~ one or both of ita parents. If a :flower be 
carefully examined, it will usually be found to contain inside 
the coloured petals a central female portion surrounded 
by many male portions. The female portion, "pistil", con­
tains one or more egg-cells, which are formed in a similar 
way and serve a similar purpose to the egg-cells of a female 
animal. On the upper part of the pistil will be found 
a surface ("stigma") designed for the reception of the dust 
(or "pollen" grains) formed in the male organs (anthers). 
When one of these pollen grains from the male portion of a 
Hower falls on to this stigma, a tube is formed which 
grows down into the pistil and fertilizes the ovule or "egg" 
in the female part of the :flower. This tube can ouly be seen 
with a microscope. In some :flowers the pollen always, or 
aiJnOBt always, comes from the male part of -the same 
HOwer, e.g., wheat; in others, such as cotton and taramira 
(Eroca sativa), pollen grains in a. considerable proportion 
at any rate, come from other:fiowers or plants. The :fiOlrel'll 
of niBny plants are so constructed as to ensure the certainty 
or ,probability of the pollen coming from another :flower. 
In many cai!es 800h provision is Inade by the stigma and 

• "~ on 'the ,same Hower regularly -ripening at sljghtly 
, ~' In other plants. BUoh as the-date-palm. 

of any Particular tree contain only the female 
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or the male portion of the flower, 88 the case may be. 
When the pollen comes on the stigma from the same 
flower, it is called self-fertilization; if from another Hower. 
cross-fertilization. The transference of the pollen from one 
flower to another in cross-fertilization may be merely dne to 
its falling or being blown by wind; but it is often carried by 
insects, and in many flowers honey is produced, which 
attracts inseots. 

The ovule or egg-cell in the female portion of the seed 
is contained in a skin which eventually becomes the seed-coat. 
After fertilization this seed-coat swells and the fertilized egg­
cell develops into the very small young plant (embryo) which 
can be found in any seed. The last stage of the development 
of the seed consist in the storage in it of ~he food material 
for use in germination, and, lastly, the drying up with a 
diminution in thickness of the seed coat. This food material 
may be stored in the two first formed leaves (cotyledons,) 
which are then more or less thickened, as in the case of 
gram and turnip, etc. " 

These leaves may (as in gram) remain in the seed after 
germination, functioning merely as food Bt<lres, or they may 
be brought above the surface and function for a time like 
ordinary leaves (e.g., turnip.) 

The food in the seed, wherever it may be stored, consists 
of prote~, carbohydrates and fat. Protein is always pre­
sent in oonsiderable proportions, forming more than 10 per 
cent. of wheat and barley grains, and nearly 20 per cent. 
of gram and cotton seeds. The proportions of carbohy­
drates and oil, however, vary greatly in different seeds. 
Thus, in wheat or barley there is only 1 per cent. or 2 per 
cent. of oil and 66 per cent. of carbohydrates, whereas, 
cotton seed contains about 20 per cent. of oil and only BOme 
15 per cent. of carbohydrates. A point !)f BOme imI>C?rtance 
to the farmer is the fact that a large amount of the nltrogeD 
and phosphorus absorbed from the Mil is eventually 
trallBferred to the seed. whereas much of the rotash taken 
from the soil remains in the leaVeB and .lItem pi the p1a.nt. 
Thus by the sale from the $arm of the seeds of crops IIWlh aa . 
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wheat and oil-seeds whilst retaining the remainder of the 
plant, we are parting with much of the phosphorus taken 
from the soil by the crop, but are not losing much of the 
potash. Conversely the manure from animals receiving 
large quantities of cotton seed and gram is much richer in 
nitrogen and phosphorus than that from animals not so well 
fed. This is another of the reasons why phosphatic manures 
are more likely to be needed than potash salts in the course 
of ordinary farming where the stems and leaves of the 
plants are not sold. For the same reason the ashes of wood, 
cotton sticks, etc., must be regarded mainly as potash 
manures. 

It has been shown that the seed consists of the seed­
coat, the young plant (embryo), and a food store. One or 
more of these seeds are enclosed in the female part of 
the flower, which, when ripe, is spoken of as the fruit of 
the plant. The boll of cotton plant, the pods of gram or 
tori.a are examples of fruits in which this structure can be 
plainly seen. When the fruit dries up, it either breaks open 
and liberates the seeds, or the whole fruit falls off the 
plant containing the seed within it. The cotton plant 
affords an example of the former method; the w.heat grain 
which falls out off the straw of wheat is really a fruit 
enclosing one single seed; and oranges and melons are 
examples of fruits containing several seeds. The so-called 
"seed" of the beet-root is also really a fruit containing several 
seeds, as is easily seen if one is cut or broken up. 

In nature these seeds or fruits are spread about more 
or less widely by various agencies, of which animals, birds, 
and the winds are the commonest. The seeds or furits of 
many plants are very obviously and specially adapted for 
being carried by wind, or becoming attached to passing 
animals, or to be attractive food to animals or birds. The 
seeds of pokU (Cartkwmus oxycamka), the seeds of the grass 
called kutta gMs {Cenckrus eckinatus), and the edible grains 
and fruits respectively afford examples of these three differ­
ent adaptations for dispersal. 

~; : W~ wild plants only 80 many of the seeds will .ger­
~.Jitlppell;to'meet with the right oonditioD8. But 
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when a farmer is growing a crop he has to meet the 
expenses of rent and cultivation of the whole of his field. 
If his farming is to be profitable, he must sow his seed so 
that they will germinate in every part of his field. This 
means that he must sow the seeds everywhere under such 
conditions as are necessary for bringing them to active 
growth, 'Or, in other words, for germination. 

The "embryo" in the seed after it is sown exists and 
Ohange audng develops for a time on the store of food 
."min.'ion. material stored in the seed. The seed-coat 

has first to be moistened and softened. Some seed-coats 
are so hard that artificial methods have to be used to acce­
lerate the process, e.g., Java Indigo in Behar is treated with 
weak acid before sowing. After the seed-coat is moistened, 
the food material ferments and becomes soluble and avail­
able for the swelling embryo. All this requires moisture, 
and hence water is the first necessity for germination. 

There is a definite range of tempera1lrre for the ger­
~~':!:~;;, ::~ minatio~ of any particular ~eed. . Rabi 
r;gh' tempera. crops Wlll generally not germmate m the 
'ure. . hot season, whereas kharif crops will not 

germinate in the rabi season. This is a useful provision of 
nature, as it prevents waste through the seed germinating 
at the wrong time of the year, and the young plant 
subsequently dying owing to adverse weather conditions. 
Some seeds will not germinate after they are ripe until they 
have been exposed to certain changes by storing or in 
nature even though moistened and kept at a suitabl\l tem­
perature, e.g., lucerne and clover.* 

Most seeds, however, will germinate as soon as mois-
1m ........ of' tened if kept at the right temperature and 

po au. with fairly free access to air. Air or 
oxygen is the third essential condition for successful· ger­
mination. Air is required for the respiration of the actively 
growing seed and also to facilitate the' change of food 
material into a soluble condition. SffilI,ll seeds are very sen­
~ this respect and if planted too deep often fail to . 

• H Botally for ~ Sw4...t. •• _lWtiD, 1"'1" 68. 



40 

start germinating. Once germination starts the young 
shoot can generally force its way through to the surface, so 
that failure to germinate is not due to mechanical causes 
so much as to insufficiency of air .upply. 

The essential conditions for germination. can be de­
monstrated by simple experiments quoted in various text­
books. Light is not necessary for germination. In 
practice the necessary conditions for germination are pro­
vided by sowing at the right season in moist fine earth which 
is sufficiently pressed down so that the seed is in close 
contact with it. The seed must not be sown too deep, and 
the surface of the soil must not be allowed to get caked. 

In the germination of the seed the softening and swelling 
of the seed-ooat is most prominent at the point where' the 
root emerges (the micropyle). The root on emerging into 
moist soil soon develops root-hairs and small branches, 
and firmly anchors itself in the soil. Water is absorbed 
by the root-hairs to meet the need of the rapidly growing 
plant. By the growing and lengthening of the young stem 
the young plant (plumule) emerges, and on reaching the 
light develops green matter, and is adapted for manufac­
turing its own food, and is, therefore, established in life. 
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CHAPTER IV 
CHEMISTRY OF SOIL 

The soils of the Punjab plains are of alluvial origin. 
i.e., deposited from water. They are coarse and fine accord,. 
ing as the current from which they were deposited was Jlow~ 
ing fast or slow. While the soils are generally speaking very 
uniform, considerable variation OCCUIS even in different 
parts of the same field. The particles of which soil ill 
composed vary in diameter from 2 millimeter in case of 
coarse sand to less than 0.002 millimeter in case of clay. 
Fine sand and silt occupy intermediate positions. The 
surface area of the particles in one cubic foot of ordinary 
light loam is about one acre, and even in coarse soils it 
amounts to i acre. This large surface is being constantly 
exposed to the weathering influence of water and air as 
well as to that of chemical substances such as carbon dioxide 
and organic-acids produced by the activities of plant roots 
and micro-organio population. A cubic foot of dry soil 
weighs from 80 to 110 lbs. depending mainly on whether 
the soil is mostly clay or sand. An average soil may be 
taken to weigh 92 Ibs. per cubic foot. The top mne inches 
of an average soil will, therefore, weigh about 3 million 
Ibs. or 1300 tons per acre. A comparatively small propor­
tion of this mass consists of plant food, as will be seen 
from a study of the soil analysis given below. 

Analysis of hydrochloric acid extract of soil (squa'1'6 
27 Lyallpur Farm) percentage on air-dry soil. 
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As mentioned above Boil consists of weathered rock 
PI.nt food m particles of different sizes, containing a small 
the .. it proportion of orgatiic matter in the form of 

humus. The plants derive their nutrients from the extensive 
surface of these particles by spreading their fine root-hairs 
in intimate contact with them. The bases such as Cl),l­
cium, potassium, magnesium, etc. are absorbed in their 
exchangeable form, while the nitrates and phosphates exist 
in solution. The fertility of soil depends upon its power 
to supply these nutrients in sufficient amounts. It 
does not matter how much total calcium, phosphorus 
or potassium a soil possesses, for, unless they are present 
either in an exchangeable or easily soluble form, they cannot 
support plant growth adequately. In view of these facts 
the usual total chemical analysis of soils finds little use. 
'More useful purpose is served by analysing the soils for their 
exchangeable basis, available nutrients, the amount and kind 
of water soluble salts present and their reaction (pH values). 
Chemical analysis of some representative soils of the Punjab 
is given below. 

" 
C1.emical .A nalyBil oj oIt:nJ'Ie typi.cal Pufljab Mh. 

ExOlLU(GBABLlI: :BABES Anilable 

8cil 
1 __ (lIIlLLI-;-_._]IQ_UlV--:--ALENTS_--;-)· __ I._n_----,· _"_'_I TNtaJ 'pH ~ 

~~ P:!:"j c~ jl~ P,O, I K,O 
-,------------------1--
Kangra 0.24 0.32 6.02 0.35 0.009 0.017 0.1l0 5.8 0.08 
L,.upur 0.62 0.64 4.52 0.86 0.063 0.041 0.050 . 8.0 • 0.16 
Bam Sell 6.10 0.10 0.65 Nil 0.098 0.061 0.090 10.0 O.tIIi 

~~~~l::: .~ Oil: ~:~ 

. It ~ be seen that the usual amount 2f exchangeab!e 
,~ present in Punjab soils is quite insig:iilli.cant as com-

..",;:r.::::.: v':-"';:' -:= ~-=.!!f ~~..: 

... pH II '" 5, t,-lOOidRy. 
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pared with the total amount, yet they exercise important 
influence on the physical and chemical properties of soil. 
The average Punjab soil contains about 6-10 milli-equivalent 
of these bases per 100 gms. of soil (A milli-equivalent is equal 
to one thousandth part of a gramme equivalent of any chemi­
oal element or compound). In a good fertile soil 75-90 
per cent. of these consist of Calcium and Magnesium. 
There are instances, however, where the major portion is 
formed by sodium e.g., the well-known bari and bara 
soils. These soils are hard and highly impervious and in 
former days they were considered to be sterile. But a true 
understanding of their nature has led to the evolution of 
simple methods whereby they can be partly corrected and 
put under useful crops. In brief these consist in the sub. 
stitution of exchangeable sodium by . calcium either by 
addition of calcium salts like gypsum or indirectly by growing 
of rice and berseem. As regards the available nutrients 
it will be seen that the soils of the plains are low in total 
nitrogen but are well supplied with available phosphorus. 
Hill soils, like Kangra, on the other hand are low in phospho­
rus but are well supplied with total nitrogen. 

The second chemical factor contrnlling the fertility of • 
Punjab Boils is the presence of alkali salts. In the hot 
and dry climate prevailing in the central and western 
part of the Prov:ince, there takes place an accumulation of 
alkali. salts (sodium carbonate, chloride and sulphate), 
and in cases of excessive concentrations (usually 0.2 to 
0.4 per cent.), they reduce the productivity of soils and even 
render them totally infertile. Such soils are generally 
improved by drainage and by growing salt-resistant . 
crops. 

In the canal colonies, particularly Jhang, it is a CQIIl­

mon practice to grow. salt-q~ (AtriJ!?-ez confortifoliGJ. 
commonly known as lam, khar but. IJr 8I1JJI plant, on"aJbli 
soils. These plants remove a fair alIlOllltt of sodium .aaIt; 
and are, thus, considered useful for reclaiming soil. .After 
harvest the plants are burnt in a pit and resultant .... 
are used for washing clothes. . . 
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Besides chemical analysis, the ohemist generally 
.l>hyaical aoaIy. examines the soils physically by dividing it 

lie. into several classes according to the size of 
particles. This is generally done by fust reducing the 
crumb structure of a weighed quantity of soil by treatment 
with an acid which breaks up the cementing agents like 
calcium carbonate, preparing a soil suspension from it, 
and then pippetting out measured amount of samples after 
intervals of time based on the rates of settling of particles 
(If dlll'erent sizes due to gravitation. In this way the 
proportion of sand, fine sand, silt and clay in any particular 
soil is determined. Such examination of the surface soil 
only is not sufficient. It is a recognised fact that plants 
send their roots to the deeper layers also, and, therefore, it is 
essential to have a correct idea of the nature of soil below 
the cultivated horizon. This is called "profile examination." 
It must be admitted, however, that even with a detailed 
examination of this ,kind, not much can be definitely said 
about the fertility or otherwise of a soil. Of course, harmful 
substances, such as an excess of salts can be thus detected. 
H the person analysing the soil has experience of agricultural 
properties of land in the neighbourhood, he can form a much 
better judgment of the fertility than if he relied on analysis 
alone. This is the reason why "soil surveys" are ~o import­
ant and now form an essential preliminary feature of all 
new canal projects, where the canal has to irrigate hitherto 
unbroken land. The Sutlej Valley canals and Lower Barl 
Doab canal provide a good instance where a preliminary 
soil survey could have avoided expensive mistakes. Soils 
having more than 50 per cent clay are considered to be of 
limited use and are generally put under rice. Similarly 
soils with less than 20 per cent. silt and clay are considered 
to be too poor; both as regards their fertility and water­
Jlolding capacity. Both these extreme types of sOils are, 
llowever, uneconomic under average conditions. Simi­
Ja,rly soils whElril the sand layer appears at a sh0:t distance 
£tom the surfa.Qe are co~dered to be UllS1ll;table, :for 
~ dee~ ,~ cropS 'like cotton, II4ld for fruit tIe:es • 
ganeally. 
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As pointed out in & previous chapter the food conati­
Plant food re. tnents which are ..generally deficient for the 
mo. e d by needs of. the plants are nitrogen, phosphorus 
crops. and potash. The amounts of these removed 

by some of the important crops are given below:-

NUTRIENTS REMOVED- PER ACRE. 

Particulars. Nitrog ... Phosphoric 
8.oid Poluh 

Ibs. Ibs. 100. 
Wh~t 15 maulIIh Rf'&ln 19.68 11.52 . '.24 

30 maunM bhUla 14.76 3.16 17.76 
.:L..-.....-

Tot.! 34." 14.68 22.00 

- 2Q ........ grain 25.92 U.I3 8.96 
25 .... ndo fodde< 12.81 7.98 22.89 

Total 38.73 19.11 S1.85 

Sug_ 10 to .. etripped....,. •• 10.80 10.40 12.20 
6 toostopra 17.3 4.90 lUO 

Total 28.1 15.3 2<.30 

Cotton 150 lba. lin. .. 0.32 0.12 1.00 
2901bsoeed 9.50 3.« 3.3< 

5000 Ibs. stiob 30.00 8.60 90.60 

Total 39.82 12.06 94.84 

In the case of wheat and maize it may be noted that 
most of the 'potash is taken in the straw, whereas nitrogen 
and phosphoric acid are maWy in' the grain. In case 
of cotton all the nutrients-N, P, & K are mQ8tly present 
in the sticks. Their return to the soil would, therefore, 
appear very essential. From the amount of available nutri­
ents given in the table (page (2) it can be readily seen that 
even the top 9" layer of Boil which weighs about 3 million 
lbs. pet acre contains enough nitrogen for about 40 crops 
of wheat. Similarly, of available Jlhosphoric acid there 
is enough for 80 crops of wheat, but plants send their 
roots SilVeral feet down and draw rood from lower laye:rs. 
This .~ the case, the question oecurs, why is it that soils 
resp<)nd !!Q' well to lllIUluring and. why do snch fIIIIAll 
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dressings of manure, which often only increase the trltrogen 
of the Boil by one to three per cent resnlt in Buch increase 
of yield. The answer is apparently that the plant food in 
manures is very easily available- and the quantity given, 
though only a small proportion of the total present in 
the soil, is generally more than what one crop takes. 

The soil gets some nitrogen from the air in the form of 
,Nlt'ogen fin. nitric oxides after electrical storms through 

tion. the subsequent rains or dew. The amount of 
nitrogen the soil gains in this way naturally depends upon 
rainfall and prevalence of electrical storms and is generally 
not moce than 6 Ibs. per acre, or '/.th of what a wheat 
crop requires. 

There are two other natural sources, both dependent 
upon bacteria, for the replenishment of nitrogen supply in 
the soil. It has been known for almost a celltury that 
plants of the' leguminosae' order ordinarily have colonies 
of bacteria living on their roots, which fix nitrogen from 
the air and thus render it ultimately available to the crops. 
The roots of the crops like gram, peas, guaTa, etc., if examined 
during growth will be found to have excrescenses, warts, or 
nodnles sometimes as large as an eight-anna piece. These 
nodules are made by bacteria and their presence is very 
beneficial both to the parent leguminous plants and to the 
subsequent !)rops, which benefit from the nitrogen 'fixed 
during the life of the leguminous crop. Farmers have a 
practice of sowing legume-cereal mixtures in very light 
soils, which lack nitrogen. This has been found to have a 
scientific basis, because the leguminous plants obtain 
their nitrogen supply with the help of the nodnles in 
bacteria a.nd are able to tra.nsfer a portion of it to the cereal 
plants .. growing in association. 

The second source of gain of nitrogen is from the 
action of bacteria living in the soil independent of crops. 
All healthy fertile soils have a large ninnber of different 
kinds of bacteria living on the organic matter in the BOil. 
Some of these add a considerable quantity 01 nitrogen to the 
soil)ly fixing it from tHe air and.forming compounds, which 
nltimat.elY _ transformed· into nitrates· for the use ot 
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plants. The factors controlling this fixation are noj; well 
understood but it would appear that the process is very 
active in the summer and more so in dry years than in wet 
years. This point requires' further investigation. It is 
known that in wet or water logged soils the opposite 
process, viz., denitrification, is active. The figures given 
below show results of two cases studied by Mr. Wilsdon. 

FALLOW 

\ 

GRUlf MuruB."& 
EVEBlHEN7'. 

ParticulBI'$. 

May October May October 

---- -.--
Nitrogen. 

I. (a) Peroentage .. -- .0362 .0375 .0314 .0331 

(b) Ib .. per acre .. .. 1086 1125 942 993 

(e) Addition .. .. .. 39 -- 61 

n. (a) Percentage .. .. .0261 .0282 l ~~: .0262 

(6) Ibs. pel' acre .. .. 753 846 786 

(e) Addition .. .. .. 93 lOS 

It will be seen that in No. II the addition is more than 
twice that in No. 1. Even the lowest figure of 39 lbs. is 
equivalent to the total nitrogen content of a crop of guara 
weighing 240 maunds per acre when cut. If this crop were 
ploughed into the soil instead of being cut and used else­
where the addition to the soil nitrogen is about 40 lbs. per 
acre only. Nitrogen fixation appears to be much more 
active in the Punjab than in Britain. This probably 
accounts for the remarkable fertility of some of the soils of 
the Punjab though receiving no manure. The treatment 
of the soil during fallow must have a 'very marked effect 
on the fixation process, but as so little is known of the 
controlling factors very little can be said at' present. 
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Work done on rice by Harrison showed that crops 
gain appreciable quantities of nitrogen, either in the way 
described above, or by association with algae growing in the 
water round the plants. 

This matter has been briefly dealt with in chapter III. 
Form in which It is necessary to emphasise in the case of 
pl.~t food ia nitrogen that plants are almost invariably 
... d.ble. able to take this element in the form of nitrates 

only. The change from complicated organic compounds 
into nitrates is mainly carried out by bacteria. These are 
quite distinct from the bacteria referred to above as effecting 
fixation of nitrogen in the soiL Good cultivation facilitates 
the process of 1 trifying whereas under unfavourable con­
ditions, such as with water-logging or poor cultivation, the 
process is hindred, or in some cases tbe reverse, viz., deni­
trification takes place. 
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CHAPTER V 

PHYSICAL NATURE OF THE THE SOIL AND 
CULTIVATION. 

The ability of a soil to yield good crops depends very 
ImpDrIan.. Df largely on its physical conditiw or "tilth". 
tilth. This mnst be distinguished from the "physical 
nature" of the soil which generally depends on the propor­
tion of sand and clay in it. Other factors controlling the 
yield, such as "plant food" and water, are affectsd by the· 
tilth, aud hence this matter is of great importance. It 
cannot be said that we know definitely what constitutes 
good tilth, nor have we any means o(measuring this property 
exactly. We do know, however, what influences the· 
physical condition beneficially or deleteriously. 

It is prol?able that an essential feature of a soil in· 
'" good physical condition is what is termed a 

nGlinit;DD. "crumb" condition.* This means that 
the individual particles of which it is composed are largely 
aggregated together. This aggregation enables the Boil 
to hold more water and leaves more surface for the root 
hairs of the plants to spread over as well as, allowing bigger' 
spaces for storage and move~ent of air in the' soil. 
The latter is now regarded as an essential condition of 
fertility. t 

Whatever constitutes good tilth, there is no doubt 
about its immense importance, and good crops of high 
quality ,cannot be obtained in a soil in poor tilth even if 
farge quantities of plant food are added in the form of 
manures and the water supply is abundant. On t~ other 
hand, a good crop can be obtained from a soil in good tilth 
without any manuring and With a minimum amount of 
water. 

*King's U Phyaics of .AgrjcuJtnre," page J08~ 
t HowanI, F ..... Bulletins No. 6L of 1916, 
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The physical nature of the soil or its "texture" depend­
Distinction be. ing, as it does, on the proportion of stones, 
~ween textu,. gravel, sand, silt and clay in it, is permanent, 
,and t>lth. and cannot be varied appreciably by ordinary 

farming practices. These physical constituents can be 
separated in the laboratory, and will be found to be constant 
for any particular soil whatever processes of cultivation are 
employed. The physical condition of the soil or its "tilth" 
depends, however, on the way in which these particles are 
-arranged. Tilth is, thus, a temporary condition and is 
'liable to be affected by every in1luence acting on the soil, 
·as, for instance, cultivation, watering or drying. It is, 
-therefore, at present impossible to measure or even define 
,exactly what "tilth" means. 

Again the roots of plants penetrate down into the soil to 
Condition of a depth of several feet; in the case of cotton 

sub·soiL the roots have been traced at Lyallpur to 15 
,feet depth. It is evident, therefore, that the physical con­
dition of the soil below the top 6 or 9 inches, which is 

,cultivated, affects the crop. The main agent in loosening 
.the soil below the first 6 or 8 inches is the roots, 
"themselves. The roots force their way in all directions 
;a.nd when they decay they leave open spaces for air and 
.water, and the organic matter left serves to manure 
the sub-soil in the same way as dung or leaves do the 
-;surface soil. 

It is proba.bly d.ue to the la.ct that the lower soil has 
Case of new not been properly opened up that the first 

aoils. _ crop or two on new land is inferior -and apt 
·-to disappoint the inexperienced. The same soils after a 
. couple, of crops yield very heavily as a rule. 

One of the advantages of rotation of crops also lies in 
Rot&tion. the fact that deep rooting crops such ~ 

cotton, gram, etc., opE!n out· the soil 
. excellently for the succeeding wheat crop. At Lyailpur 
wheat following cotton has given 10 per cent. higher yield 
.-'8. p;1!Qnber of Ye&JS than wheat following wheat. • 



The drying of the soil, which occurs to a depth of 2 or 3= 
Othor agenci.. feet after prolonged drought, must exert an 
.~ 10_ influence on the sub-soil also. We know soils. 
Jayers of soil. expand when wet and contract and crack on 

drying. Ordinarily every soil is moist below the top few 
inches, but after a prolonged drought the soil seems to· 
get dry to a greater depth. It has been found at Lyall­
pur that summer fallow cultivation with a minimum of 
rain or watering has a better effect on the succeeding, 
wheat crop than when water is applied or a wet year ensues. 
This loosening of the sub-soil by means of deep-rooted 
crops or by drying seems to suit crops like wheat and 
barley especially. The roots of these crops spread freely 
to a depth of 5 or 6 feet at least in such a soil, whereas they 
are unable to do so in hard sub-soil. Cotton is better able­
to force its way down into hard soil, and the conditioili 
of the sub-soil in its case would not appear to be so important. 
Maize and sugarcane, which are shallow-rooted, do not seem 
to be affected by the condition of the soil below top 2 feet 
or so. 

The relative iniportance for various crops of loosening 
Imporlance of the sub-soil has been discussed above, but the 
top layer condition of the surface 6 or 9 inches is of 

vital importance to all crops. All crops are sown in this 
surface layer and draw their entire mineral nourishment 
from this source during the first few weeks of their existence. 
Pests, unfavourable weather and other adverse factors' 
are most potent at this stage in the life of the crop, so that 
its future is very largely dependent on its condition in the­
early stages of its growth. Again, most crops have 80 per­
cent. of their roots in the first 12 inches of soil. The tilth. 
of the surfBCe soil is very largely in the power of the farmer. 
It is the difference in the physical condition of this surface' 
layer which is responsible for the good yields on well­
farmed so] as compared to simils.r land indifferently 
cultivated. This is especially true for the Punjab, where 
manuring is comparatively rare except fO]: certain crops_ 
This emphasises the importance of cultivation as the only 
practical means of improving tilth that is within the:reach 
of the fal'mer here. First class crops cab be obtained on' 
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the alluvial soil of the Punjab with good cultivation and 
:sufficient water without any manuring. 

Tillage operations may be divided into three classes-the 
'Tillage opera. fallow or preliminary cultivation, the opera-

';0.8. tions connected with the sowing of the crop, 
:8J1d the after cultivation or intertillage of the growing crop. 

Fallow cultivation means the cultivation of land when 
it is resting. It should usually begin as soon as possible 
.after the harvesting of the previous crop, and may be 
·considered as ending when we start to prepare the seed bed. 
·On irrigated land the beginning and ending of this 
period are generally sharply defined by two waterings. 
After the removal of the previous crop a watering called 
wahn is commonly applied in order to make it possible 
to plough it, and thus start the fallow cultivation; shortly 
!before sowing another watering is applied called rauni 
.and after this the soil is prepared for sowing without any 
further watering. If timely rain falls, the wahn irrigation 
.is unn~cessary. 

The second class includes the preparation of the Boil for 
:sowing, and the sowing and covering of the seed. This 
-operation may be regarded as ending when the young crop 
<emerges from the soil. 

Intertillage means the cultivation given to the crop 
:after germination and during the growth of the crop. 
'This is facilitated if crops are sown in lines some distance 
.apart. 

The cultivation of the soil in which the crop is growing 
is usually possible with suitable implements, and ill very 
p:(Ofitable provided that too much of it does not have 
;to be done by hand labour. 

For all these varions operations the Punjab farmer 
_, ordinarily, only implements drawn by a pair of bnllooks, 
th, e country plough and sohaga supylemented by"severai 

. bnd tools. For fulfilling, a large vl\rlety of :fwt~ these 
~tB ·'are UIlquestionably very emman!;" especil'lly' 

-~_~ tlIII.lUl OO!!t (a few mJl!l6B each) is considered.-aII 
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well 38 the fact that very little iron is used in their con· 
struction; for until recent year~ iron was too dear in India to 
be used profitably in such things as agricultural implements. 
But naturally an implement, which is used for a variety 
of purposes, cannot perform each of them so efficiently 
as an implement designed for that special purpose. Hence, 
so long as the limit at which the interest on capital expend­
ed becomes too great is not reached. it is profitable to 
employ a number of different cultivating implements, such 
as ploughs, harrows, and hoes. Each of these implements 
is designed for only a very limited function, but will per­
form that function very efficiently and cheaply. 

As has already been explained, land from which one 
crop has been harvested, and which is resting until the 
sowing of the next crop, is Called fallow land. The changes 
in the store of plant food in the soil which take place during 
such a fallow are discussed elsewhere. The objects of cul­
tivating the soil during such a period are to facilitate these 
chemical changes, to improve the physical condition of the 
soil, and to free it from weeds. In English agriculture the 
cleaning of the soil from weeds is the most important reason 
for fallowing. But in the Punjab, where weeds only grow 
freely when the soil is watered, or during the short rainy 
season, the fallow, though still important as an opportunity 
for cleaning the land, is more a means of storing up fertility 
rather than a necessity for the control of weeds. The fallow 
period may be extended for a whole year, as is the case in 
many districts on barani 'lands, where wheat is followed 
by a summer lCharif crop snch' as mash, mu'fI!/ or 
motb. The land in this case is fallow for Over a year 
until' the' next wheat crop is sown. In irrigated land 
the fallow is generally short, e.g., only a few weeks in case 
of cotton following loria, gram or sugarcane. Even in 
irrigated land wheat follows a fallow of some months, and 
is very rarely sown after a khan] crop. Gram, on the 
other hand, often follows summer fodder crops such as 
aiari, or guara. 

, l"allow cultivation is generally done in the summer 
either after rain or with irrigation. Very little .Ia.nd ,JIIi .a. . 
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rule is vacant during the winter, especially in irrigated 
areas. In barani areas some winter fallow cultivation 
may be done if rains are good. 

Fallow cultivation consists generally in ploughing the 
What fallow surface soil so as to expose as much as possi-
oulti~.tion ble of it to the weathering influence of sun, 
00....... of. air and wind. If the desi plough is used" 

this means two or three ploughings, one of which will be 
crosswise. With the iron plough one ploughing is sufficient 
as a preliminary measure. The land is often left in fairly 
rough condition, but it should not be in big lumps or clods 
if this can be avoided. Afte~ the preliminary ploughings the 
land is stirred periodically either by a native plough, or by a 
harrow if it is available. The latter is preferable. The 
object is to bring the soil into a fairly level and fine con­
dition tefore final preparation for sowing takes place. 
Fallow land should always be stirred after rain, as otherwise 
the surface hardens and big clods may be formed. Owing to 
its slowness the plongh is obviously not the best implement 
for this work, for a harrow doing 3 or 4 acres a day can 
easily cover the ground before the surface soil gets too hard. 

By using the iron plough in the first breaking up of 
Advantage, of the fallow land the soil is t~ed Over and . s~b­
iron plou~h for bles as well as weeds buned, thus enrIching 
fallow cultlv&tiun the soil. The munak tends to collect 

stubble 1 on the surfaee, and thus depletes the soil of fer-
, tilizing matter. Again the munak owiD.g to its shape 

cuts a V-shaped furrow and leaves a considerable amount 
'of soil untouched. This is why several ploughings witb_ the 
munak are necessary where one with the iron plough 
suffices at this period. Again, apart from its inefficiency 
in ,burying organic matter the munak penetrates hard 
soil with difficulty, and when strong weeds are encounter­
.ed, the draft is excessive. 

Weeds such as kaki, bam, fIWtka, and even 
dub,'" tend to spread if ouly the desi plough is used. 
The exposure resulting from inversion by the iron plough 
!"o1llll',8 the roots to dry and tends to nI"",. thA land of 1I7..Ma 

~~ __ ""pterOll_. 
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This aspect was very clearly noticeable when comparing 
two series of plots at Gurdaspur Government Farm. The 
only difference in the treatment of these plots was that 
in one the iron plough was used for the beginning of the 
fallow cultivation and the munah in the other. The 
latter plots were often full with baru and dub grasses, 
whereas the former were quite clean and free from weeds. 

Again, owing to the iron plough cutting through the 
soil instead of tearing through it, it is possible to plough 
to the proper depth from the first, whereas with the 
munah the required depth of 5! inches or so is often 
properly attained only by the third ploughing. 

As pointed out above, it' is not necessary for the soil 
to be in a fine state at the beginning of a fallow. Clods 
upto 3 or 4 inches across may be safely left, for they will 
mostly break down in the subsequent cultivation and by 
weathering. If too big, however, they harden and '!fe very 
difficult to break up again if this is not done at once by 
means of the 8ohaga. If the sohaga is used. it is 
necessary to plough again at once in order to open the. soil. 
It is very common in the canal colonies to see fallow 
fields with big clods of this kind, as the farmer has neglected 
for some reason to sohaga and plough again at the 
proper time. Such land requires very heavy rauni 
waterings, and its tilth is never ideal at seed-time. The 
mould-board of the iron plough has a pulverising action, 
and large clods are rarely left after its use if the land was 
anywhere near the right condition (patat·*) at plough­
ing time. Subsequent to ploughing either with a munak 
or iron plough, if an implement like the spring-tined­
harrow or tha horse-hoe is used, the clods can be easily 
broken at very little cost as compared to frequent 
plougmngs. ' 

The subsequent tillage of fallow land depends largely 
on rain. It should be, as pointed out above, broken up 
always after rain and before the surface liardens. This is 
easiest done with a haJ:row which can do 3.or 4 acres a day. 

*Lu1d js saW to- be in U .",.Jill''' w~ it i.e in.& fit oonditioD for pbJghing after 
irrigatiou.. and will break: up easily when. im:plemenfA are ueed 0V{Ir i~~ 
afthia time 'fvosla.bour and trouble &t'tenn.rdB. 
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IT no rain falls, harrowing once every three weeks or a month 
is sufficient cultivation, and this tends to help the weather­
ing and levels the soil prior to Nuni. Before 'applying 
.. auni it is advisable to use the 80haga to level the 
soil and assist the flow of water, thus, getting a more even 
distribution and economising water. 

The above description applies in the main to irrigat­
ed and barani fallow cultivation. In the latter, how­
ever, the preservation of moisture is of primary importance. 
Hence, cultivation after rain to preserve moisture is most 
essential. The ideal thing in barani land would be to 
break the soil before rain, but this can, generally, only be 
done by a disc plough or disc harrow, and the cost of these 
is prohibitive for general UBe. 

If ouly indigenous implements afe used, every rain 
must be taken full advantage of and the land ploughed as 
deep as possible. As a rule, subsequent rains enable the 
proper depth to be reached by the second or third plough­
ing. The clods should be broken up by 80haga towards the 
end of the period, but it is inadvisable to have the surface 
fine and smooth, as in that condition rain destroys tilth 
easily. Attention to summer fallow cultivation at the 
Gurdsspur Government Farm accounts for the generally 
much better yields obtained there as compared to surround­
ing barani fields of similar quality. Recently, very 
comprehensive research into the methods of Dry Farming 
has been conducted at the Rohtak Agricultural Farm, and 
very valuable results have been achieved. The results are 
brie1ly given below·. 

(1) Contour levelling.-The land should be levelled as 
much as possible. 

(2) The kiara 8y8tem.~It should be adopted because 
in practice it has been found that' buruh (9 to 12 
inches high) bcith at the boundaries and across fields 
under barani. cultivation are as important as they 
are in irrigated fields. Temporary bunJa can be 
made eaIli!y with a Hindoustan plough. 

...._.-=~_~ ... .-. 1m, .. lalI_BoHln. 160. 
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(3) Weeding and interttuIture.-No weeds should be 
allowed to grow in fields lying fallow or in standing 
crops because weeds remove water from the soil. 
Occasional harrowing with a blade harrow or 
Lyallpur hoe will suffice for the purpose. A blade 
harrow costs Rs. 5 only and can be prepared by a 
~illage carpenter. 

(4) Area equally divided between kharif and rabi, 
. crops.-The land should be divided into two parts, 
in one only kharif crops should be grown while 
the second portion should be kept for rabi crops. 
In this way if the crop fails in one season a return 
may be obtained in the other. 

(5) Fallowing.-In certain years it so happens that 
the annual rainfall of a locality is so low that it is 
not possible to raise a crop every successive year, 
due to lack of adequate moisture. By keeping the 
land fallow it is possible to carry over the moisture 
from one year to another and raise a successful .crop 
of bajra and guara on the combined rainfall of 
two years, if it is conserved carefully by keeping the 
land free from weeds during the "fallow" year. 

As the rainfall in b~rani areas is very uncertain, and 
insurance against entire famine will be provided if 
each year a small portion of a holding, say, one or 
two acres is kept altogether uncropped but conti­
nually stirred and cultivated. This small area will 
produce a successful crop of bajra and guara 
during kharif of the next year, even though the 
summer rainfall may be very light. 

(6) Rotati!m of crops.-There should be a definite 
rotation of crops; cereals and millets may follow 
leguminous crops and vice versa. For instance, iuaT 
and hajra may be rotated with gram, w.hile wheat 
and barley in the rabi may be followed hy guara 
and moth in khan! . 

(7) Timely seed-bed preparati!m.-In September, 
deep and fine seed beds should be prepared for the . 
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'fam crops. For this purpose the desi plough is 
quite efficient. If its use can be combined with an 
harrow there is nothing better. 

(8) ClYTIServatWn of farm yard manure.-Poor soils 
which ordinarily cannot produce a normal crop 
under favourable soil moisture conditions should 
be manured with fann yard manure at 5 tons per 
acre or at the rate of two carts per mglw. 

There is undoubtedly a large scope for the introduction 
of more suitable implements on baran i tracts so as to 
make full use of the draft power available. 

The'implements which would appear to be most useful 
Impl,,",nt,,uit. for barani tracts are horse-hoe and spring­
ablefodallow tined harrow. They are rather expensive. 
cultwatwn. Disc-harrows, though still more suitable, 

especially for heavy land, are too expensive to recommend. 
The two implements will cover from 3 to 5 acres a day, and 
their work resembles that of the munah in that they 
stir the soil without inverting it. They enable the cul­
tivator to cover his whole fallow area quickly, and thus, 
in case of only light preliminary rains, the subsequent 
ploughing is easier. If early rains are sufficient, they 
enable the soil to be put in a condition which conserves 
the moisture through the surface mulch. The land can be 
then ploughed at leisure. It will be seen that harrowing 
in barani land is of great importance, but ploughing should 
also be done as early as possible in the following season, and 
for this the furrow-turning iron plough is recommended. 

The practice in irrigated land of giving a rauni water­
ing, even if the rains have been fairly good and the 
soil contains fair moisture, is general. One of the reasons 
for this is that rauni does not destroy tilth as the soil 
is cultivated afterwards when in vatar. The giving of 
a watering .may help to delay the date of kor or first water­
ing after sowing, and this is everyWhere regarded as being 
~ood practice. There is no doubt that once kor watering 
l!! given the presence of the gJ:owing wheat crop prevents 
ib.uch .~ done by tillage to keep the land in tilth. 
~ by means of the bar-barrow does some good, 
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but to be really deep enough to get perfect tilth would cause 
injury to the young roots of the crop. Thus, once a 
thickly growing crop like wheat is sown, very little can be 
done by way of effective after-cultivation. 

After rauni irrigation the land is in vatar and 
Period between ready for sowing in the hot season after 2 
,"u.' and or 3 days in the case of light land, and 3 or 
,owing. 4 in case of heavy land. In October, or at the 
beginning of the rabi sowing season, the period is about 
.5 or6 days, and later 10 to 12 days. As a rule, sowing should 
be done as soon as land is in vatar, and this is especially so 
in case of shallow sown crops like toria and cotton. While 
at the beginning of the wheat sowing season it is advisable 
to sow as soon as the plough can be used on the land, i.e., 
in 5 or 6 days after ra'lmi, later on in November, when 
the land may take 8 to 10 days to come to vatar, it is a 
common practice to do dab. This consists in giving the 
Jand two or three ploughings at intervals of 4 or I) days 
between time of vatar and sowing. This undoubtedly 
causes some loss of moisture, but is very useful in cleaning 
land, as weeds, such as piazi, which germinate at this 
period, are effectively destroyed by the cultivation given. 
Pohli, which germinates later, is not affected. This process 
is only advised in case of weedy soils and where western 
implements are not available. 

In irrigated land the surface should be as level as pos­
Condition of .eed. sible to facilitate even distribution of water 
bed for various during irrigation. Generally the soil should 
crops. be uniformly fine and soft for the reception of 

the seed. It is not advisable to have too great a depth of 
loose soil, as otherwise the passage of moisture upwards is 
retarded. To compact the seed bed somewhat, the sohaga 
is used in ordinary practice. If hecessary it is weighted 
by two men standing on it. After this compaction the 
actual surface may be harrowed to a suitable depth, thus 
forming a mulch for preservation of moisture. Even in 
case of toria a shallow mulch -of 1 inch depth appears 
advisable. Cotton ean do with 2 inches and wheat with 
even :I inches. The mulch must not be deeper than the 
depth at which the seed is. SOWJ)· 
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In the case of some crops, e.g., gram the surface 
is often left irregular with even small Inmps or olods of 
earth. This crop is generally sown deep in light soil, and 
if thus sown after the plough, it is generally not subjected 
to sohaga, as that might obstruct the passage of the 
young shoots above ground, and also mainly as it would 
make the soil less open for air. Throughout the treat­
ment of the seed -bed it is necessary to keep the moisture 
fairly near the surface, as once it dries by being left long in a 
loose condition, it is difficult to get the moisture up again. 
This point is of great importance with summer crops when 
land dries very quickly, and where in consequence the right 
condition for sowing is_more difficult to attain and keep up. 
The seed itself must be deposited in moist, fairly compact 
soil in all cases. The bar-harrow is extremely useful in 
connection with the formation of a surface mulch after 
sowing. 

In the work of preparing the seed bed the country 
Adva.ntage. of plough has an advantage over the iron plough 

oountry plough. in that it does not spoil the level of the field. 
And as the soil at this stage is usually already soft and loose, 
the country plough and sohaga will do quite good work. 
The 80haga is used after each ploughing to break the soft 
olods thrown up by the plough, and wifr give a :finishing 
tonoh to the levelling if this is needed. In parts of the 
districts of Multan, Muzaffargarh and Jhang, and also in 
Rohtak and Karnal, a wooden roller is used instead of the 
8oh'11Ja. As explained elsewhere (Chapter VI), the roller 
is more efficient in the breaking of clods; and the compress­
ing effect of the roller goes deeper and compacts the soil 
into the sub-soil. It is. thus, more effective in bringing 
the moisture to the surface than is the 80haga, the effect 
of which is more superficial. The roller may be necessary 
in those parts where the soil is heavy and the inundation 
canals close early. It would, sometimes, be useful in other 
parts also. But it is believed that it would not be advant­
age<lllil generally to replace the /IOhaga by the roller ~ 
!rrigated land, as the levelling effect of the former is 80 
Ba~. A. rolhIr should only exceptionally be :ne6ded 
W,cluilClushing on irrigated land under good ~, 
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bnd with perennial irrigation a perfectly moist seed-bed can 
be ensured with little difficulty. 

Genera.lly the country plough is advised for operations. 
ea .. wh .... !roo just before sowing in preference to the iron 
plough is ".ed. plough except when no fallow period is 

available. Thus, when sowing cotton after wheat or 
gram, it is best to use the iron plough to bury the stubble. 
It must, however, be followed by the sohaga and 
harrowing in order to ensure the land being level before 
sowing. ' 

The process is similar to that on irrigated land except 
Seed.bed in that the preservation of moisture and of a 
b.,a.; l>.nd moist seed-bed is more vital. The former is 

attained by repeatedly working the sohaga. It has been 
suggested that the roller might be used with advantage_ 
The matter i& one worthy of careful study. The main 
difficulty is an economic one, and it might be difficult to 
recommend an implement which in some years of good 
rainfall may not be required. There are, however, prob­
ably several tracts where the use of the roller could be 
extended with profit. 

In sowing we have to ensure not only plentiful and 

Sowing. 
regular germination, but the thriving of the 
young plant during the first few weeks of 

its growth. The conditions necessary for germination are 
given in Chapter III.. The three essentials are air, mois­
ture and the right temperature. To ensure air the seed 
would be best deposited in loose soil near the surface. 
In this case, however, with the dry climate of the 
Punjab, the moisturQ supply would be inadequate and 
the seed, even if it germinated, might wither up. To. 
ensure moisture, therefore, the seed must be in compact 
soil in touch with the reserves of water below. If plant­
ed too deep, the air supply may be deficient and 
the young plant may find it physically impossible to force 
its way through. This, probably, accountldor the practioo 
refened to above 88 common in bm-tmi land to 'sow wheat 
and graui by 'P'JI'a, and leaving the Iield open without 
using a 801iaga. The seed is thus left in totroh with moist 
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-fum soil with quite loose soil above, and can thus on ger­
mination force its leaves above surface easily_ In irrigated 
land, where optimum conditions of moisture are more easily 
attained, seed is sown usually much shallower than under 
,barani conditions. Irregular germination of seed means 
a loss of yield even if actnally a sufficient number of plants 
eventually germinate. The late plants never thrive as well 
as others, and thus start with a -handicap. When the ger­
mination is so faulty as to leave blanks or patches of soil 
without plants, the loss in yield is considerable. It is es­
timated that from this cause alone cotton and tOM in the 
-oolonies suffer to the extent of at least 10 per cent. 

As regards temperature, the question mainly affects 
Tem ratu,e. rabi crop~. Early so~ ~he~t, if the soil is 

pe not cool, IS often lacking In VIgOur and very 
liable to attack by white-ants, or to suffer from early 
frosts. Again very late sown wheats are so backward that 
the yield is depressed often 30 per cent. or more. In 
irrigated land the sowing is determined by the supply of 
water, and necessarily extends over 6 weeks or 2 
months. In this respect barani land has an advantage 
as date of sowing there is governed mostly by labour 
'available. In irrigated land, sometimes, in order to 
avoid waiting for the land to dry sufficiently for sowing 
-after rauni the seed of late sown wheat is put in before 
rauni in dry soil. In such cases it is very advisable to 
harrow when the land is in vatar or when the young crop 
is a couple of inches above ground_ • 

In the Punjab there are three methods of BOwing com-
Methods of monly used for neld crops-dikatta or broad 
.• ewing. cast sowing, kera or dropping seed in the 
furrow behind the plough, and JIO'TU. In the last method 
the plough is used as a one-row drill by tying a tube 
behind it. 

The well-known proverb JIO'TU badshah kera wa2'lir 
te chhatta Jaktr-would suggest that Pora was in­

- variably the best under all' cireumstanees. As &pplied to 
.1lfOJ1"~ wlleat ~d gr&m, it is prolmbly in the main trUe, 
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particularly, under barani conditions. For small seeded 
crops, however, broadoast sowing is essentiaL The machines 
used in the West for such seeds are essentially mechanical 
broadcast distributors. Even in ,the best farming districts in 
Great Britain, broadcast sowing by hand is still common. 
The two main defects of broadcast sowing are (1) uneven 
distribution and (2) irregular depth of burying the seed. 
The latter is a question of good management and cultivation, 
and is not generally serious. The former, however, is 
important. A great deal depends on the skill and patience 
of the sower. A good practice is to go over the land two· 
or three times, i.e., dividing the seed into two or three lots 
and sowing two or three times, as the case may be. Also 
if the seed rate is small and the seed of small size, it is 
advisable to mix it with dry earth, and. thus, get a bulk 
more easy to distribute evenly. Broadcast sowing is eminently 
adapted for such crops as lOria, sarson, senji, shaftal, etc. 

In the simplest form of broadcast sowing, the land 
is watered (rauni), the seed is scattered on the level 
ground as soon as it is dry enough. The seed is then covered 
by giving one ploughing, followed or not according to cir­
cumstances by the sohaga. In fact, in the case of 
senji, when sown, 'ItS it usually is between the plants of 
ripenings ",rops of cotton or maize, the seed is simply scat­
tered on the soil whilst it is still very wet, and buried by 
making the water muddy with the bare feet. 

Ordinarily, however, the soil is allowed to come into· 
a suitable condition for ploughing before the seed is scattered, 
and the land is ploughed directly after the sowing. It will 
be (fuserved that in these cases the seed-bed is not prepared 
at all, and the only cultivation the soil receives is this one 
ploughing. This is the roughest, cheapest and quickest 
method of sowing possible.. It is useful in the case of crops. 
Which are able to establish themselves in. a rough seed-bed, 
and which are 80 uncertain, or give such a comparatively 
small return that the faI'Dler' 8 profit is likely to depend 
more on the reduction 'of tlie cost of cultivation than . on. 
ensuring a maximum return. It is such reasons that. 
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justify this method for sowing gram, especially in the 
wadk of another crop such as chari or for sowing 
kkarif crops on barani land. The promptness with which 
considerable areas can be sown as soon as the soil is 
cleared of another crop, or as soon as it is dry enough after 
rain or watering, is another advantage of this method, 
and.. sometimes a matter of considerable importance. 
This also helps to justify the use of this rough and ready 
method in the two cases already illstanced and also in the 
sowing of cotton on wheat stubbles. At the best, however, 
this is a very crude way of doing broadcast sowing, for the 
soil is left very rough, the seed is very irregularly covered, 
and much of it cannot be properly brought into contact 
with fine earth. It is a rough method, which is never 
really good, and would be fatal with crops that were not 
very hardy. Okkatta system is more common in Sialkot 
and Gujranwala districts even with wheat. 

Ordinarily the seed bed is more thoroughly prepared 
by some degree of cultivation, and using the sokaga to 
get the soil level and compact. The depth of sowing is 
regulated by the kind of surface on which the seed is 
sown and by the method of " covering. For very shallow 
sowiug, the seed, when sown on land after the sokaga 
has levelled it, is covered by dra~ a bushy branch of 
the kiktw tree over the land. Toria and sarson are 
often sown on land left rough after" the native plough and the 
seed is covered by levelling with.., the soluJga. Again the 
soil may be levelled with the sokaga, seed sown,. land 
ploughed and gone over with sokaga,. afterwards. This 
tends to get the seed deeper than is suitable for toria. 
The deepest sowing is done by sowing on a rough surface 
a£ter ploughing, pl,Oughing again, and using the so/iaga. 

There is little doubt that if harrows come into general 
lISe, a great improvement can be made in this method of 
sowing, for with harrows it is possible to control more 
aeeurately the depth at which the seed is covered, and, 
besides, they cover thr\le or four times the ground done by 
the IIlUna/t. The 8Qhaga 01: some similar implement 

. ..a, ~ver., ul)eCl to be used ~eB with harrows so as to 
..._,._, ~ faidy compact. 
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Kera is used generally on irrigated land, where the 

Kera sowing. seed-bed has been brought to some degree of 
fineness. It consists in a boy or woman fol­

lowing the plough and dropping the seed in the furrow a few 
yards behind the ploughman. The next furrow throws an 
Inch or two of soil over this, and by the subsequent use of 
the sohaga the seed is covered 3! inches or so deep. TAis 
oethod is much in vogue in the canal colonies for wheat, 
and to some extent for cotton. The depth of sowing by 
this method is not very flexible, and it is unsnitable for 
that reason for use with small seeds. Much skill is not 
required, as in the case of pora, and the ·method is there­
fore very. common in irrigated and to a less . extent in 
barani land. The land in irrigated tracts has to be level­
led with the 80haga to facilitate subsequent watering. 

In sowing with the per a seed tube (por or nali) 
Pora. 

is attached to the plough in such a· way 
that the seed drops just behind the clww 

in the munah, and under it in the case of the hal as in 
the latter it passes through a hole in the kur. The seed Is 
thus deposited right on solid earth at the botttom of the 
V -shaped furrow, and is partly covered by soil falling back 
behind the plough. The next furrow adds still more soiL 
Usually the sohaga is not used after por sowing, as the 
seed would thus be too deeply covered. In this method 
the plonghman drops the seed into the funnel-shaped 
mouth of the tube. As some blanks are apt to occur in 
turnings, it is a common practice to sow a few rows dia­
gonally across the fields after finishing in the ordinary way. 
Shallower sowirig can be done, if necessary, by taking. the 
por higher and further from the clww '80 as to imitate 
kera. This is not common, but is sometimes done on 
well-irrigated land. The pera system is generally used 
on barani lands . 

.By sowiug witp drills (see Chapter VI) the. seed is 
dropped in much the same way as by per, except that 
the quantity is :reI(Ulated by a number of tubes. There 
are two tIlhes in tIte case of khaNf drills and three in raM 
drills. The most important advantage of using drills io1I 
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that it facilitates after-cultivation in case of liharif crops. 
In the case of rabi crops, time is saved. .With drills it is 
possible to see at a glance when blanks occur after the crop 
germinates; whereas in broadcast sowing such blanks are 
not easily noticed and hence the chance of resowing blank!> 
is missed until it is too late. 

In irrigated land, as poi,nted out above, the passing 
U.. of h&<row of the sohaga over the land after sowing 

after .owing." is the final operation. As this implement 
is apt to leave the surface somewhat hard and shiny, it is 
very advisable to harrow lightly afterwards. For this 
the bar-harrow is eminently suitable. The light harrowing 
improves germination very visibly and prevents caking of 
the surface in case of subsequent showers of rain. The use 
of the harrow in this way for cotton is becoming widely 
appreciated in canal areas. Such harrowing only costs 
4 to 6 annas an acre. This process is recommended parti­
cularly for general use in the case of cotton, and also for 
toria, wheat, and even sugarcane. 

Unless rain falls, when it may be advisable to harrow, 
After lIlti t' nothing further is usually done until the seed 

o "'lOn. has germinated and has 'about two leaves 
above ground in addition to the "cotyledon" leaves. Subse­
quent operations are described in the chapters dealing with 
the various crops. The main advantages of such" after­
cultivation or intercnlture (vernacular' godi kama) is 
that it tends to maintain tilth. This tilth is obtained with 
great labour during the fallow and sowing time operations, 
and should be maintained as long as possible for the growing 
orop. Irrigation or rain tends to destroy it; also the lack 
of .humus in the soil in "the Punjab plains renders loss of 
tilth easy. By stirring the soil and breaking the crust 
after irrigation more air can also enter the soil, thus, 
helping in the formation of plant food and keeping the 
roots healthy. This int:erculture is especially necessary 
in the 088e of cotton, for which prelimin&ry oultivation, 
aB"com.pared_to wheat, is gene~lly very b.1U'ried. and short. 
~, the lnt.Ilch formed by mtercult1lre pteveats exces­
sive ~on ~ moisture and saves watering, or 
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enables the farmer to delay watering without injuring thtt 
crop. Delaying the first watering is often very important 
as by this means the roots are encouraged to go deep into 
the 80il instead of concentrating at the surface. Once the 
roots get well down the crop is protected to a large extent 
from suffering by subsequent drought. 

Another great advantage of interculture is that it 
helps to keep down weeds, espeoially in the summer 
season. A crop like cotton is particularly sensitive in this 
respect, and wherever much grass, such as dub, is allowed 
to grow with it, the yield suffers very seriously. The condi­
tion of some of the cotton fields, particularly in parts of the 
colonies, shows what a large field for improvement there 
is in this direction. Hand labour is too expensive, and 
reliance must be placed on bullock power, for the use of 
which sowing in lines is a necessary preliminary. 

After-cultivation may consist of harrowing, whereby the 

H"rrowing, 
whole field is covered irrespective of the 
position of the plants. This is only feasible 

with smaH plants or in the younger stages of ths; growth of 
plants like cotton. Wheat, sugarcane and maize can general­
ly be harrowed till the plants are from 6 inches to a foot 
above ground. Harrowing can be done in broadcast as 
well as line-sown field~. In the case of crops sown' some 
distance apart. e.g., cotton, sugarcane, maize, etc., the 
after-cnltivation in later stages is done by implements 
drawn between the lines. Such implements are the "horse­
hoe" and "Lyallpur hoe", the use of whioh is spreading 
satisfactorily. Hand implements used for this purpose 
are the khurpa. kasola and the baguri. Sometimes the 
country plough is also used (see Chapter VI). 

References. 
(1) "Physics of Agriculture ", by King. 
(2) Pusa Bulletin No. 51 of 1916, by. Howard. 
(3) D~partment of Agriculture, Punjab, Leaflet 

No. 160. 



CHAPTER VI 

AGRICULTURAL IMPLEMENTS AND 
MACHINERY 

The working of different implements is explained in the 
Costa of bullook chapter on cultivation. In addition, if we 
and manualoul. are to study methods of cultivation intelli­
ti •• iion. gently we must first arrive at some basis for 

ascertaining the costs of different operations as well as, 
the cost of the implements used. The cost of purchasing 
implements is not in danger of being overlooked in India, 
but it is sometimes suggested that it is not necessary to 
pay much attention to the cost of carrying out the various 
operations, since wages are very seldom paid; or when 
given are not paid in money and very little cattle food is 
bought by the farmer. Unless, however, some definite 
and fairly accurate figure is used as the price of a day's 
work by bullocks or men, it is impossible to proceed far in 
the systematic study of Agriculture. How are we to esti­
mate the advantages or otherwise of using a bullock-drawn 
implement as compared to using manual labour for the 
same work or compare the relative advantages or disadvan­
tages of two implements designed for carrying out the same 
operation 1 How are we to compare the relative profits 
from different crops unless we can put in figures- not only 
the respective returns from their sale but also the relative 
amounts of labour; material, water and cash expended 
in their production. The gross returns from an average 
acre of sugarcane may be Rs. 300 per acre and of wheat 
Rs. 100 per acre. But it would not be true to state that 
sngaroane is thrice as profitable as wheat. Much more 
labour, both manual and bullock, more manure and more 
water' have to be expended to produce sugarcane than 
wheat. Besides, sugarcane occupies the land longer, 
requires more fertile soil and bears a. higher wa.ter rate. 
The making of gur takes nearly all labour ava.ilable in 
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December and January. It is, therefore, only by expressing 
all these factors in figures that we can hope to be able to 
compute the cost of growing crops and thus lay the 
foundation for the comparison of relative profits or 
advantages of various crops. 

It is exceedingly difficult to fix accurately the cost to 
Diffi,ultyof e,ti- the farmer of a day's work by his pair of 
mating. bnllocks. Practically every figure used in the 

calculation has to be estimated. The bullocks are probably 
homebre<l. not bought; they may live a comparatively long 
life or die young from accident or disease; the food is gener­
ally home produced by use of his bullock labour on his own 
land. Again, the value of fodders in a village depends on 
its situation, for fodder near a town and on a main road is 
more valuable than fodder at a distance from. town or road. 
The value of the dung is difficult to estimate as it depends 
on the food consumed, the age of the animal and on the 
location as in the case of fodders. Moreover, practically, 
all these figures vary not only from place to place but from 
se'lson to season and year to year. A similar difficulty 
is experienced in fixing the sum for the daily wage of a man. 
It depends on the time of year and the location. Again, 
the majority of farmers in the Punjab perform their own 
farm work and do not engage hired labour. We have to 
adoru; a figure for genera:! use based on all the facts as we 
knoW" them. Taking all these factors into consideration 
we may assume, that prior to 1939 the charges for a pair 
of bullocks for a day at Re. 1/- is fairly satisfactory a~d 5 
annas as the wages. of a day's labour whether by a hired 
man or the tenant. T~ese figures have to be modified for 
special purposes as, for instance, in harvesting wheat when 
labour is .scarce, or in sngarcane crushing when there is' 
little other work available for bullocks, or near large towns 
where labour and bullocks call find other outlets. ;For­
tunately, as we are mainly interested in comparisons and 
not so much in "absolutes, the variations do not matter so 
much. If the li.gureIi adopted are nearly correct and the 
same figures aN used on both sides of the comparison, 11.0· 
great error in conclusions need be feared. It is, however, . 
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easy to criticise these figures and, therefore, the source and 
basis from which they are drawn will be given below. 

Based on actual records, cost account of 144 
holdings in three districts of the Punjab were maintained 
for 3 years (1933-34 to 1935-36) and were published in a 
report by the Imperial Council of Agricultural Research 
in 1938. 

Figures given in this publication show that the cost 
of a pair of hullocks per working day was Rs. 1-0~6 for 
holdings in the Lyallpur District and Rs. 1-2-0, and Re. 0-14-9 
for J uIIuudur and Gurdaspur districts respectively. As an 
average figure we have, therefore, adopted Re. 1 as the price 
of a pair of bullocks per working day. Similarly, for manual 
labour the prevailing rate of agricultural wages for perma­
nent labourers as shown in. this report varies from 
Re. 0-3-0 to Re. 0-5-6 per man per day. In Farm Account 
1936-37* wages of the permanent hired labourers and the 
earnings of the tenants at the Risalewala Farm during the 
decennium ending 1936-37, are shown as under:-

1927.28 
1928·29 
1929·30 
1~30-31 
1931-32 
19:\.2·33 
1933·34 
11134-35 
1985-36 
1936-37 

Year 

PER DAY. 

Wages of the hired 
labour 

Rs~ a. p. 
0.5 U 
059 
o ~ 6 
036 
o 4, 2 " 
o 4: 10 
o 3 11 
o 311 
o 4 n 
048 

Earnings of a farmer's 
I family member 

" 

Rs. &. p. 
o 6 8 
o 8 10 
o 5" 9 
009 
030 
o 5 5 
o 3 7 
o 5 2 
o 6 7 
o 5 1 

The average of these figures for the period of 10 years 
comes to Re. 0-4-7 and Re. 0-5-1 respectively. Accordingly 
we have adopted five annas as the average wage rate .. 

~~Pagel1. 
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We can now proceed to discuss the implements 
themselves.- Various agricultural imple­
ments and L achinery may be studied in 

C'!a!lsmcation. 

the following order : 

(1) Ploughs. 
(2) Cultivators, horse hoes, and harrows. 
(3) Sohagas, rollers, and karah. 
(4) Drills. 
(5) Reapers and binders. 
(6) Threshers and winnowers. 
(7) Fodder cutters. 
(8) Cane crushers 
(9) Tractor and tractor implements. 

(10) Carts. 
(11) Yokes. 
(12) Hand tools. 

Persian wheel and other devices for lifting water 
from subsoil for irrigation purposes will be dealt with in 
chapter on "irrigation". 

The most important agricultural implement is generally' 
The Plough. the plough and it will be convenient first 

to consider the country munah and hal 
(see figures 1 & 2) since these words are generally translated 
into English as 'plongh'. And it is from somewhat similar 
wooden 'plough' used with bullocks that the modern 
horse-drawn Western ploughs have developed, though the 
Western plough as now known (see fig. 3) is very different. 
In fact, the Western heavy harrow or 'cultivator' does work 
more resembling that of the munah or hal. 

The functions of the modern plough, which are generally 
Funotion, of • regarded as the most essential, are cutting 
plough. off the layer of soil from the subsoil below, 

inverting it so as to bring the lower part to the top. 
Although- some modem ploughs (such as introduced into this 
country) do also break the soil to some extent; this is not 
always the case and this is not regarded as an essential. 
part of too duties of the plough. Moreover, tho~ the 
depth- can be varied to some extent, the iron plough IS used 
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to cut down to full depth at <mce and not adapted to work 
very shallow, if the soil is hard. Harrows and cultivators 
can be used for shallow work if necessary and the sti,ring 
and breaking up of the soil are their most important (unc­
tions; they are not so efficient in cutting off the soil com­
pletely from the lower layers or in turning it over. The 
country plough is most efficient for stirring the soil and 
breaking it up; it is not very effective in cutting the top 
layer of the soil and it does not entirely invert all the 
soil it loosens. It can be used to scratch tD a small depth 
a soil which is too hard to plough properly. 

. The essential part of the native plough (chow in munah; 
Wo,k of Indi. kur in hal) consists of a tapering triangular 
genousp!oughs. block of hard wood (commonly kikar wood) 

with the base of the triangle uppermost. The point at 
the forward end is protected by a pointed iron "share" 
known as phalla (see figs. 1 and 2). In the case of the 
plough used in the Ambala District (known as Nag hal) 
chow is protected by. iron pieces and in place of phala 
a long pointed iron bar is fitted so that it can be pushed for­
ward if desired. 

CR~ 
MUNAPLOUGH 

Ftc. 1. 
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As the plough moves forward, the chow being in­
clined downward, is forced into the soil and tears out a 
V-shaped groove or furrow in much the same way as a wedge 
cuts into a plank. The expandiug sides behind the point 
partially turn the loosened soil over and also break the 
earth at the sides. Earth being friable, the furrow is not 
cut exactly in a V shape but is broken to some distance 
on both sides of the furrow. Bnt, as the Chow is narrower 
below than above, some earth is always .left untouched 
between the furrows, so that if the loosened earth is swept 
off, the surface of the hard earth beneath is corrugated or 
wavy. The other parts of the plough in the case of muna'" 
are:-

Hals ............ or 
Munah ............ or 
.Hathi ............ or 

and Og or phana .... or 

............ beam; 

............ body; 

............ handle; 

............ wedge. 

The country plough is usually worked 'from ri~ht 
to left and the stirriug of a field is accomplished by taking 
small strips of land called rahals. On an average the 
bullocks and the ploughman travel over a distance of about 
12 miles in order to plough an acre of land. 

HAL 
FI&'. 2. 
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It will thus be seen that the function of the share is to 
cut off the "furrow slice" of the soil by a horizontal and a 
vertical. cut, and that it is so shaI;'ed as to do this as easily 
as possIble. The' mould-board turns over the slice so 
cut to the right and in so doing also shifts it to the right. 
The 'mould-board' and 'share" are always made as two 
separate parts; this is because the 'share', doing the 
cutting work, gets worn out much more rapidly than the 
'mould' board' and requires to be replaced oftener than 
the latter. For the same reason the point of the 'share' 
is also frequently made separate from the 'remainder, so 
that the whole share need not be replaced when the point 
has worn out. 

The other parts of the plongh serve, as it were, as a 
Other parte of frame to hold the share and mould board so 
the iron that it can be pulled by bullocks. The lower 
plough. surface of the landslide known as the sole 

(fig. 3) serves to support the plough horizontally on the 
ground and its side takes the pressure against the unplonghed 
earth. The functions of the body, beam, and handles are 
obvious. The nozzle and hake serve to regulate the depth 
and width of the furrow by altering the point of attach­
ment of the draft chain. Raising the point of attachment 
in the nozzle, tilts the front of the plongh down into the 
soil and makes it run deeper while lowering it makes it run 
shallow; shifting attachment in the hake in the same way 
alters the direction in the horizontal plane; moving the 
at1ltchment to the right, points the plough to the left, 
making it cut a wider furrow while moving it to the left 
has exactly the opposite effect. The change in the width 
oftlte furrow can also be made by adjusting the beam on 
the beam stay. If the beam is moved towards the right 
hand handle, the width of the furrow is decreased, whereas. 
if it is moved towards the left side, the width is increased. 
The function of the wheel is not that of regulating the 
depth of the furrow as is commonly understood, but it is 
adjusted according to the depth of the furrow as arranged 
"Dr ll?zzle and other adjustments, so as to stabilize the 
p~~d keep th6<depth, uniform, throughout the field. 
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The average comparative drafts of three most impor-
Draft of 'he tant or popular iron ploughs and mUnM 

plougb.. are given below :-

Plough 

I t 

I Fu"ow i Total d ... ft.! 
Draft per 

Rquare inch 
of the cross 

1,lOctiqn of the 
furrow. 

Rajah 

Hindustan 

1-/1

- 1::--/ 
.. : 6"x9' 170 

6"x9" 153 

:.1 5'X7.-1 120 I 

Jhs . 
315 

2'83 

3'20 }Ie"ton 

~:runah .. j 'l'x9' I 130 I 6'42 

It will be observed from these figures that the total 
draft of munak is less than that of Rajah or Hindustan, 
but its draft per square inch of the cross section of the furrow 
is more than double of what. it is in the case of any of the 
furrow turning ploughs. The higher efficiency of the iron 
ploughs is due to the smoothness and sharpness of iron. 
It may also be no1{ed. that these figv.res relate to soil in 
vatar condition, but as th~ soil dries, the draft in­
creases. In the case of desi plough, however, the draft 
increases much more rapidly than with the, iron plough. 
This is as expected, for the cutting aotion of the latter 
faoilitates ploughing in hard soil. . 

There are four main advl!-ntages of furrow turning 
~~:..":'~ plough.'! :-
ploughs. 

(I) They cut rectangular ·furrows and thus leave 
no land uncut between 'the adjacent furrows 
as is the case with indigenous ploughs. Thus, 
land, when ploughed once with a furrow turning 
plough, is prepared much better than with one 
ploughiug by munak or desi hal. 
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(2) These ploughs cut and invert the soil, thus bring­
ing the lower layer of the soil up and taking the 
top portion down, which is not possible in case 
of desi ploughs. Inversion of the soil also brings 
up the grubs of insects which are eaten up by 
birds. 

(3) They pulverize the soil to a greater extent than 
desi plough does. 

(4) Iron ploughs are very useful in weedy lands, for 
they uproot and bury the weeds in the soil which 
ultimately decay. They are particularly helpful 
in the eradication of deep-rooted weeds such as 
kaM, baru, etc., which of course must be 
removed and dried; otherwise they are likely to 
establish again. 

In the first place the iron plough with short beam as 
Diffi.ult;e. w;th the Rajah is not so easy .to control in 
;'00 ,Iongl"'. some respects as the munah. The cattle 

are farther away from the ploughman and reins as well as 
long stick is necessary when working with them. 

Secondly, owing to an open furrow being left at the end 
of ploughing the land is apt to get unlevel, a very important 
objection in irrigated land. This can be corrected to some 
extent. by ploughing alternatively from the sides and the 
oentre of the field. When starting from the centre it is 
useful to make an opening. In order to do this, at first a 
shallow furrow is made in the middle of the field. By 
t~ the bullocks to the lift the second furrow slice is 
out at a distance of about It feet from the first furrow. 
The uncut portion between the two furrows is then cut by 
two more furrows. The four furrows when finished. leave 
a shallow ditch with two furrow slices on each side. These 
are then turned ·in towards. the ditch by working the 
b~ocks from left to right. The depth is then increased 
and plo~ proceeds .In the ordinary way. By following 
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this method, there should be no high land in the 
middle. There will, however, be furrows at the two 
sides of the field and these can be filled by sokaga when 
levelling. . . 

Thirdly, the initial cost and upkeep of an iron plough 
is higher than that of munah. Rajah No. 1 is not now 
available in the market. But Rajah No.2 can be had in its 
place. It costs Rs. 33. The share costs Rs. 1-7 and the 
point Re. 0-7-0. The point wears out after doing 10 to 12 
acres in sandy soil, share 25 to 30 acres and the mould board 
250 to 300 acres. In the case of loamy soils the life is 
longer. 

Fourthly, various adjustments of an iron plough are 
a bit complicated. But they are Dot beyond the under­
standing of the ordinary ploughman. 

There are two types of iron plough-one having a 
Iron ploughs short beam and the other a long beam. The 
r'",ommended short beam plough, have a short beam and 
i::::e!~ni.b a land whee~. Impor_tant plonghs of this 

type are, RaJah, PunJab and Chhatanoga . 
. These ploughs were intrwuced into the Punjab by the 
Agricultural Department about 40 years ago and were 
recommended for those possessing 50 acres or more. Mainly 
on account of their high cost, system of hitching the bullocks 
to them by means of ·chains, complicated nature of the 
method of regulating the depth and width of furrows, 
and difficulty in their repairs ~nd securing spare parts, 
they never became popular in this province except in a 
few places where fields were infested with dab grass as in 
the case of certain parts of Gujranwala District. The 
second type of ploughs Mve it long beam and no wheel. 
Bullocks are yoked to them as in case of munak;. 
conaeqnently they can be eaaily controlled by the ploughman 
and are henoo becoming very PoPular in, the PunJab .. · These 
ploughs, . however, do not run so steady as the wheeled 
ploughs. Thel. can be further snWivided into two classes 
-heavy and light. The heavy type includes Hindusta.n 
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MOULD BOA""" 

"'t':t"i'~=:;---;TIP;:;' SBARE 

HlNDUSTAN PLOIJGH 
Fig. 4. 

(Fig. 4) and Avery Hindustan .. The former can be had for 
Rs. 17-8 and the latter for Rs. 14 (iron parts). The light 
type longbeam ploughs are like heavy type but are smaller 
in size, lighter in weight and hence .do not go so deep as 
the latter type. They are suitable for light lands and small 
Dullocks. This type is popu1ar1y known as Meston p10ugh. 
(Fi_~. 5). Many local aI:tisans also make ploughs of this 
type, but the imported ploughs are better in workinanship 
and material and are consequently cheaper in the long run 
for they last much longer than those made locally. The price 
of the iron parts of the foreign Meston plough is Rs. 6-4, 
whilst 'the weoden beams and handle can be made locally. 
I$8 share costli8 a.nnas only and has to be replaced generally 
..b._~ ~M_ ,,' 
_WI' ~.15 acres .. .. 
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MESTON PLOUGH 
Fi, .. S. 

Cultivators, horse hoes, and harrows of various sortS' 
C"ltivalo," ho ... e are implements with several or a number of 
hoe,. • and teeth or tines affixed below Borne kind of 
harcow,. frame intended for stirring the soil after 

first ploughing, breaking surface after rains, covering small 
seeds after sowing, and interculturing crops. They may 
primarily be divided into two classes -(a) heavier (b) 
lighter. The heavier implements work down to a cOnsider­
able depth and have fairly broad points; they tear through 
considerable obstructions and can thus only be used on 
fallow land or between the rows of a crop. The lighter 
harrows, on the other hand, have many fine points. Owing 
to their light weight, they can be used on many crops (after 
they have been sown) without dislodging the seed or tearing 
up the plants. 

The "horse hoes" recommended to farmers in the 
Cultivators and Punjab are adapted for use either on fallow 
"ho, .. hoes." land' or between the plants of a crop sown 

in straight lines fairly wide apart; they are very useful for 
intercnlturing cotton sown in Jines. Two men and a pair of 
bullocks can thus hoe 3 acres in .a day. The width· 
of the "horse hoe" can be varied from 18 inches to nearly 
3 feet; and it can be adjusted fairly accurately according 
to the distance. ~ween the lines. These implements can 
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.also be fitted up as ridgers and used for making ridges. 
Two men and a pair of bullocks can ridge two acres in a day. 
(Jrops sown on ridges can also be intercultured with culti­
vators or hoes. When used on fallow lands or for after 
cultivation, a cultivator can stir 3 acres per day, which is 
three times the work of a desi plough. 

BOlUlBBOB 
Pk.6. 

There are two makes of this implement available in 
the market at present: (1) The Planet Junior, and (2) The 
International Harvester Co. Cultivator. There are many 
types of these, but Planet Junior Plain Cultivator No. 101 
and International Cultivator No. 53 are very suitable for a 
small farmer. The former costs Rs. 35 and the latter 
Rs.30. 

The spring-tined harrows which have-been recomm~ed 
lll>rinl!-t in. d for use in the Punjab; are intended omy 

harr.'w. for use on land on which no crop is growing. 
They cannot be used for cultivating between the pla.nts 
.of a. wide-sown crop, for they cannot be direoted with B1l1Ii­
eient accuracy to avoid the plants and are also too wide. 
The springiness of the points is helpful, because when 
serious obetruotism is encountered by one ill the points '()"f 
"tines", this one will bend without throwing. the whol6 00-
pl~nt off i~ level and. without breaking. The eontinual, 
Yibtation qf the tines also helps in breaking up the clods. 

. r\{;.,' ,. -
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Sl'RING TJNI!D IIAltROW 
Irk. ,. 

But the necessity for making the springs of good steel renders 
the. implement distinctly expensive, and the expense of 
sprmgs hardly appears necessary in the Punjab, where fields 
are commonly free from stones, rocks, roots of trees or other 
obstructions. Moreover, . the springiness of the tines, 
prevents them from satisfactory tearing up a grass.like 
du_b which grows in matted patches on the surface of the 
SOlI. There are two kinds of this implement sold in India: 
one with 5 tines and the other with 7 tines. The former 
can be had for &s. 55-8 and the latter for Rs. 64-8. 

This implement consists of a frame carrying a number 
Disc barrow. of saucer-shaped discs. The whole weight of 

the implement rests on these sharpened discs 
which cut throngh the soil, at the same time lifting and 
looseuing it. For pnlveriZing plonghed land containing 
coarse stubbles like those of sugarcane, there is no more 
efficient implement than ,this. Its cost is, however, very 
high, viz., Rs. 161. ' 

This is commonly used in U.S.A. The implement is 
Peg-tooth lever wholly made of iron and strongly.constructed. 
hanow. . Its pegs, can be sloped in any desired 



direction causing them to run deep or shallow. When the 
tines are pointing forward, it goes deep, loosens the soil and 
collects the weeds. When the tines are pointing backwards, 
it does not attain much depth but the soil is pulverized. 
In: this position it is used for interculturing crops like wheat. 
The International peg-tooth harrow with 30 teeth costs 
Rs. 35. 

This is a light harrow with 17 iron points, attached to 

B:H barrow. 
a triangular wooden or iron frame. It was 
designed to replace the lever harrow just 

described. A similar implement is in common use in Madras 
and was adapted for the Punjab by one of the authors 
in 1918. The t,ines are made to point slightly backwards 
to avoid uprooting young growing plant~ as far as possible. 
Its width is 4 feet and it can cover 4 to 5 acres in a day of 
8 hours. A piece of wood weighing about 12 seers is used 
to add extra weight whenever necessary. Bar Harrow is 

,!,eful for harrowing any crop in its early stages, particularly 
wheat, CQItton, roria, , sugarcane, for breaking the 1 crust 
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after showers of rain and for producing a fine mulch imme­
diately after sowing. In harrowing success depends largely 
on its being done at the right time, i.e., as soon as the wheat 
is big enough or as soon as the soil is dry enough. as the 
case may be. It is usually better not to harrow whilst dew 
is still on the plants as wheat is then more liable to be 
uprooted. When harrowing after irrigation weight will 
be necessary. but for harrowing crops in early stages, 
immediately after sowing and breaking crust, weight need 
not be used. This implement can be obtained for Rs. 10-8 
from the local officials of the Agricultural Department. 

This is a three-tined country-made hoe evolved at the 
Lyallpur Agricultural Farm. 'It has got a 

LYAllpur. hoe. long beam ,and is pulled like desi hal. It 

2'~ 
l'I6. 9. 

can be.used for the interculture of cotton sown in lines, a~d 
for breaking tb,e crust which forms in fallow ,lan~ after ram 
and irrigation. It can be had from the distnct staff of 
the Agricultural Department. Its iron parts cost Rs. 4, 
\Yhereas C9mplete hoe can be had. for Rs. 5-2. 

It will be readily seen that it is much quicker and 
Advantages of cui. Cheaper to work over ~ field with one. of these 

tiv..... and implements than With a country p~. 
harrow.. the saving being proportional to the width 
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. of soil covered at a time by the implement. Thus if it 
costs Rs. 1-5 to plough an acte with the country plough 
taking .. 9-inch furrow, it will cost only about 7 annas to 
cultivate or harrow with an implement 21 feet wide or if in 
hoeing cotton, it is necessary to pass the country plo~h two 
or three times between the lines of the plants, this will cost 
two or three times as much as hoeing with an implement 
which is wide enough to cover the whole area between the 
rows at one time. These implements obviously cannot be 
worked to such a great depth in a hard soil as can the country 
plough since they cover a much greater width. Nor do they, 
perhaps, turn the soil over or crumble it up so much as the 
country plough. But as will be seen in the next chapter, 
there are many occasions when the soil is not very hard, and 
it is not necessary to work wiry deep or to turn the 
soil over, and it is only necessary to loosen the soil, 
stir it and break down the soft clods. In such cases the horse 
hoe or heavy harrow can be used with great economy. An 
instance of this is after the use of the iron plough. Once 
ploughing moist land with an iron plough and two stirrings 
with a cultivator or heavy harrow will leave it in a much 
better condition than three ploughings with a country 
plough, and the cost will be considerably less. Again when 
a considerable area of land has been irrigated or rain has 
fallen, it is often very important to break-up the surface of 
the soil quickly before it hardens again; it does not matter 
much if the work done is not very deep; the important 
point is that the whole area should be covered quickly. 
In such circumstances the profit from the use of a cultivator 
or heavy harrow may be considerable. 

A 5-tined cultivator on an average stirs the soil up to 
a depth of 3 to 4 inches and in loamy soil its draft is it to It 
cwts. 

For breaking clods both sohagas and roners are used; 
Sohaga 0 n d _ but it is n!lCessary to distinguish clearly 
roll..... between _their effects, for- there are very im-

portant ~ in the -actioo of these implements~ If the 
work of a rQller-lit observed, it will be seen that it com­
pree8eII th(! ,_ and ·cmtIbes any clods on it. This it does 
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very effectively, for it is heavy and the weight all acts 
-downwards on the small area of soil touching the bottom of 
the roller. But it does not, to any appreciable extent, shift 
any earth from one place to another. In so far as it levels 
the soil at all, it only does so by oompressing the high parts 
more than the low and somewhat flatiening out any 
elevations. 

If the action of a sohaga be observed, it will be seen 
Wo,k of tho that it crushes clods to some extent, especially 
,ohog.. if weighted by labourers standing on it. This 

work, however, it does not do so efficiently as a roller. 
This is because the weight of the 80lutga is spread over a 
large surface, and the pressure per square inch is, therefore, 
small. Thus a 80lutga weighing 200 Ibs. and with two· 
men weighing 125 Ibs. each on it, i.e., 450 Ibs. in all, exerts 
a pressure of 0·35Ib. per square inch only if the length is 9 feet 
and breadth 1 foot. In the case of a roller weighing 450 Ibs. 
the surface in touch with the soil being much less than above 
pressure per square inch will be much more. On the other 
hand, the solutga does what the roller does not, i.e., 
levelling to a certain extent; for it definitely drags soil off 
the high parts of the land and leaves it in the lower 
parts. This action is very important on irrigated land 
which must be made as level as J?Ossible to allow of even 
irrigation; it also renders the 80haga a useful implement 
for covering seeds. It is not, however, so effective in breaking 
clods as the roller; also it ahonld be noted that owing to its 
being dragged straight forw~rd instead of rolling, the 
80lutga coUld not be used if it were as heavy as a roller 
and thus the effect of the solutga in compressing the soil 
is not seen far below' the surface as in the case of roller. 
Rolled land will be more solid below than similar land on 
which sohaga has been used. 

-
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There I>re two main types of 8ohaga. One of them 
consists of a thi<lk wooden plank measuring 9' xl' X l' and 
weighing about 2·i maund. and the other of 3 or 4 pieces 
of wood joined together with cross bars. The latter type 
is especially usefal for breaking crust formed after rains 
and the clods. ~ in some- districts ef the province lappas 
aTe futeii I\t the \>.\",<;1.,,~w..~l'>t <1,1.'.<;1. Q{ ~o~(J, 'I1itn. tb.eir 
edges a bit protruding. This arrangement is very helpful 
in breaking clods. A small-sized 80haga known as 
sokagi is very commonly used in the Punjab. It 
weighs about If maunds, measures 6' X 10" X 5" and is 
worked with one pair of bullocks. A sohagi can cover 4 
acres of land in a day as against 8 acres with sokaga. 
Their costs are :Es. 5-8 and Rs. 7 respectively. _ 

In the Punjab, roller is used ouly in a few districts, 
viz" Karnal, Rohtak, Muzaffargarh and D.G. 

Roll.,. :Khan; where rainfall or irrigation wftter 
supply is insufficient or inadequate. In such areas, some­
times, it is necessary to compress the soil surface so as to 
draw up the soil moisture from below. 

ltOLLD 
FI&". 11. 

The roller t)Bed in Our province is entirely made of 
wood. It leaves the surface of soil smooth after it has 
been taken over it. In order to overcome this drawback 
there are several other forms of rollers too. Out of them 
Cambridge .f:?llet. is' th~. best (Fig. 11.) 
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In the working of rollers it must be kept in mind 
that their efficiency depends not only on their weight, length 
and diameter, but also on the condition of soil. If various 
tillage operations are carried out at proper time, the effi­
ciency of the rollers is considerably increased. Once the 
clods have been formed in a soil, it should not be stirred 
again by a cultivator or country plough before irrigation, 
unless the .clods have been crushed by roller. Otherwise 
the clods will be buried into the eoft portion of the soil 
without breaking. In such cases it is only after giving 
another irrigation to land and by carrying out various 
tillage operations at the proper time that the texture of the 
soil can be improved. 

This implement simply consists of a wooden plank with 
K h adequate aq:augement for hitching it be-

a'. . hind the bullocks and for holding it by the 
workers. It is used for the levelling of uneven fields, 
especially when new land has been brought under 
cultivation or the level of fields has been very much 
disturbed. Like sohaga there are. two types of karah. 
One is bigger and the other is small. The former is 

K1UWI 
Fig·n. 

worked' by two' pairs of bullocks, whilst the latter by 
one pair of bullocks. While working it is kept in an upright 
position so that earth is dragged from. the higher level to 
the lower places or depressions; when going. back ~ 
higher places it is kept in such a position that no earth 18 

scrapped and' carried with it. 
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"Drills" for sowing seed in two or more rows at a time 

Drills. 
were until recently unknoWn in the Punjab, 

. though simple forms of drills have been 
used for centuries in some parts of India. Sowing by drills 
has many advantages. It saves time; in sowing wheat with 
drill having :I tines, one man and a pair of bullocks can 
finish three acres in a day, whereas, by para three times 
this labour is necessary. Through the saving of time the 
best use of the available moisture can be made. Another 
great advantage of the drills is that some of the crops like 
cotton and maize can be sown in lines with them. This 
makes it possible to carry out the interculturing operations 
properly by bullock"drawn implements. This again saves 
labour, time and moisture. 

From time to time automatic seed drills have been 
imported and tried for sowing various crops, particularly 
wheat and cottQn. All of these had complicated mechan­
ism and were very expensive. For· this reason the Depart­
ment .of Agrioulture at Lyallpur has evolved a number 
of simple drills for sowing most of the crops in the Pnnjab. 
They are briefly discussed below. 

The "khwrif' drill is suitable for sowing cotton. It 
KhtJTi/drill. 

differs from those used in other parts 
of India in the following respects :-

(a) metal tubes are used instead of bamboo an<_! this 
applies also to ram drill, 

(b) metal cups are used instead of a wooden cup for 
the seed. 

(0) A marker is attached to show the position Qf the 
next )ine: 
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As a rule a long yoke (8 feet) is employed for the 
intercaltare of crops sown in lines with this· drill. Such 
yokes are commonly used in Western India .. The drill 
can be arranged to sow two lines at a time either two feet 
apart for desi cotton or 3 feet apart for American cotton. 
A marker is attached to the drill to mark a line where 'the 
next row is .to be sown. The depth of sowing is controlled 
by the angle at which the tines are inclined to the soil, 
and this can be adjusted by altering the point of attachment 
on the pole or by means of wedges fitting the tines into the 
beam. When the bullocks are trained to the work, one 
man is only needed to drop the seed and to control the 
bullocks. In the beginning, however, two men are usually 
employed, one to drop the seed and the other to drive the 
bullocks. For this very reason, this drill has not become 
very popular among the farmers. 

The drill should be worked straight up and down 
the fields and not round and round as is usual when sowing 
with the country plough. It is adviSable to examine the 
bottom of the tubes at the end of the rows in the first few 
turns and occasionally afterwards, so as to see that tabes are 
not choked. In Case of cotton the seed should be 
well rubbed over a munj charpai or hard floor and 
then leeped with moist soil or dung and dried before sowing. 

The sowing of cotton in lines is to be strongly recom­
mended. For, as will be seen later, cotton is a crop in 
which it is important to cultivate the land between the 
growing plants for several months. If the crop is sown 
broadcast, as is generally done in the Punjab, most of this 
work must be performed by hand labour at great expense; 
often it is not done at all. The seed can be distributed 
much more evenly and at a more regular depth by means 
of these drills than is at all possible by broadcast 
sowing in the case of thinly-sown crop like cotton. 

This drill is mee.nt for sowing·,alIi <ll'Ops like wheat, 
BoW dr'lL baIley or gram. It sows three lines 9 inches 

• apatt at a time and 3 to 4 acres can be sown 
in a day_ The seed iii dropped by hand into It wQOden 
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bowl from where it passes into the soil through 3 tubes. 
It can be used to sow any kind of seed the grain of 
which is not very large. But the seed must be oI~ned of 
ghundis and straw specially in the case of gram. 1"ince 
three rows are resown at a time, care should be taken that 
three times the amount of seed is' used when sowiug with 
the plough is dropped in the bowl. 

RARl DRn.L 

FIg. l4. 

Both Rabi and Kharif drills are cheap and simple in 
construction. They can be easily made by any ordinary 
artisan and sample implements can be purchased from the 
local Agricultural Assistants or staff at Rs. 7·8 each. 

The cost of sowing an acre by these drills, if two men 
are 'employed; may be reckoned at about 6 or 7 annas in the 
case of desi cotton or robi crops. 

The 'Department of Agriculture has recently evolved a 
13in~1e "' .. cotton' ~le row cotton drill ~hich is essenisllr 

drill. BlInllar to munaTl fitted wdJi par. Its cost 18 

Rs. .. only, !!'lld on aoeount of its easy handling and low 



SINGLE ROW COTTON DRILL 
(PORE HAL). 

Fi,. 1S. 

price it has boon readily taken up by farmers in canal colo­
nies and area. under cotton sown in lines .has colllliderably 
increased. This drill is now being manufactured locally 
as well as in several villages. 

A single row hand drill for BOwing cotton was evolved 
H d D 'll at the Lyallpur Farm. It is pulled by one 

an ". man, while another controls it and drops the 
seed down the pipe into the soil. Germination obtained in 
the case of crop sown by this drill is much better than 
that by any -other method of sowing. Though very 
eminently su.itable for sowing small plots, it can be used on 
a. field scale as well. But the only obje('1;ion against the UIIe 
of this drill is that of the substitution of bullock labour 
by manual labour. Its oost is Rs. '" only. 

It was designed by Mr. Johnston, late Deputy Director 
.\.10 ... 11. ",bi of Agriculture and has found limited success 
Drill. in the Province. This drill is su.itable for the 

sowing of wheat and' other similar-sized grains such as 
clut.ri, massar, barley, etc. It is m.aiulY,constructed from 
wood and is 80 simple to work that any farmer can learn 
to use it in a short time. Besides beam and tines, ita 
important parts are seed box, telescopic pipes, eeed wheels,· 
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clutch-nut, axle-holder and driving wheels. Seed is put 
into the seed box from which it passes down through the 
telescopic pipes the length of which regulates the rate of 
Bowing, into the lower box. When the pipes are shortened, 
more seed will enter into the lower box and the seed rate 
will be increased. There are two holes in the lower and upper 
pipe of the telescopic tubes. When these are opposite each 
other the drill will sow wheat at the rate of 24 seers per 
acre. From the lower box the seed wheels having notches 
bring up the seed and delivers it into tubes. Motion to 
the seed wheels is given by land wheels which roll on the 
soil as the bullocks move forward. The drill can be put 
:nto gear by means of clutch nut. If it is fixed on the 
axle, the seed wheels will work and if it is not fitted with 
the axle no motion will be transferred to the sowing 
mechanism. A device that prevents the axle from moving 
when the clutch is out of action is known as axle-holder. 
Th.is should be used only when th" drill is out of gear. 

'ft$'.". 

AUTOMATIC RABI DRn.L 
Fig. 16. 

-

The drill sows four lines 8 inches apart at a time and 
a pair of bullocks can easily pull it. Only one man is 
req1l-iroo to operate it and 4 to 5 acres can be sown in a day. 
The oost of this drill is R'S. 37 and it can be obtained from 
the loeal agricultural officials. 

In addition to these drills, crops can be sown in lines 
Pl.ugh .I!.d at equal distance by uaing a "marker" 
. marbr. on the ,rIunan or luil (see fig. 1). This 
:lI).ethod is recommended for those working on land not 
propedy olWed" or where the labourers and cattle a,re 
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untrained. The marker is easy to attach to munah and can 
be had from the local agricultural staff. 

Owing to large area under wheat, labour during itS har­
Reapers. 

vesting season is much in demand and wages 
run higher than at any other time of the year. 

For this reason the Department of Agriculture has been try­
ing to find and introduce into the province some economical 
methods of harvesting wheat or labour-saving harvesting 
machinery. The datri or sickle is almost invariably 
used for harvesting wheat throughout India. As long as 
labour is abundant and cheap this implement is very 
efficient. In Europe, the corresponding implement dis­
appeared long ago. An effort was made to introduce scythe 
on the Lyallpur Farm, but it did not meet with any 
success (see chapter on wheat). 

The first bullock-power reaper for cutting standing 
wheat, barley, and oats was obtained at the Lyallpur Farm 
in 1900. It never became popular with the farmers on 
account of its high price. Since then many other makes of 
reapers have been tried. Of these Hornsby No. 10 is con­
sidered to be the best. It has got a floating knife-bar, . a 
feature that enables the reaper to pass over bunds or 
other obstructions easily. The price of reaper is Rs. 395. 

UAI'BJt 
'Fla-. 11. 

A strong pair of bullocks is required to .work this 
machine since its draft is about 270 lbs. Owing to heavy 
draft ~ent change of bnllocks is also necessary. Eight; 
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mert and two pairs of bullocks can cut 5 to 8 acres in a day. 
Of these, one man is required to control the bullocks,' one 
man for raking, and the remaining six labourers remove 
the harvested crop froin the path of the reaper, tie it into 
bundles and stack it. To start work a 5-feet wide path must 
be cut round the field by hand labour. During work, oiling 
of the machinll and sharpening of the knives by carborun­
dum file must be attended to regularly and frequently. This 
will also help in avoiding the choking of the machine which 
is likely to be caused by moist straw in the morning or 
heavy crop. Large farmers having 5 or more squares of 
land can economically cut their wheat with this machine. 
A number of small farmers can also work them on co­
operative lines. 

Self-delivery reapers differ from the manual delivery 
S.lf.deliwy ma?hines in that they ~ollect, size a~d 

MacCormic dehver the crop automatICally. The mam 
reap". advantage of this type of reaper is that· it 

discharges the harvested crop away from the path where 
bullocks are to come next time, so that the machine may 
continue working until the whole field is cut. With the 
ordinary reaper four men are required to clear the cut crop 
from the path of the machine so as to enable it to continue 
working. But the drawback of the self-delivery reaper is 
that it is more complicated. It is also not very flexible and 
requires much exertion to haul it over irrigation '&unds. 
Its sizing and sweeping arrangement very often gives 
trouble. 

This machine can be obtained for Rs. 452. 

This machine cu"ts the crop, collects it,. compresses it 
Self. binding into bundles and ties them in one opemtion. 

",ape', It would require 3 pairs of bullocks to pull 
it but since such a team would be very unwieldy to manage, 
it' is worked by a tractor. Self-binder can most successfully 
be worked on large farms with fields above 5 acres. It caD 

harvest one acre in one hour without difficulty: 

. Tht! mechanism of this machine is quite simple.' The. 
~"~. by knife and the harvested ~rop fa~ on the 
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horizontal canvas platform. The canvas moves towards 
the centre of the machine carrying crop with it which is 
taken in by the two elevating canvasses. The crop is then 
left on the deck, where it slides down. Its downward 
movement is, however, checked by a lever, which does not 
release it unless the sheaf has achieved a proper weight 
and knot has been tied. A sheaf carrier may also be 
attached to collect it number of sheaves before they are 
finally delivered. 

For harvesting wheat by manual labour five men are 
c' r h t required to finish an acre iIi a day. Usually 
;,;,1 ;;h .. :",e~; they are paid in kind at the rate of one 
~:,~" ond by bundle each which yields about 16 seers 

grain and 28 seers lihusa. Thus, in all, 2 
maunds of grain and 3! maunds of bhusa are paid for 
harveting an acre of wheat. At the rates of Rs. 2-8 and 
Rs. C-8-0 per maund for grain and bhusa respectively 
the total~cost by hand comes to Rs. 6-12. 

By manual delivery reaper the cost will be as follows:-

Interest on Rs. 395 at 8 per cent. 
Depreciation on Rs. 395 at 15 per cent 
Repairs and oil " 

Labour:-

Rs. a. p. 
31 10 0 
59 4 0 
31 2 0 

Bullocks-2 pairs @ Re. 1 each for 14 
days 28 0 0 
~:fen- 8 @ Re. I each for 14 
days 112 0 0 

Total 262 0 0 

Assuming 70 acres are cut in a season, the cost pei acre 
comes to about Re. 3-12. This means that by harveSting 
wheat with :reaper, saving. can.be alIe~ !"> an ~t qf 
Rs. a per acre. The oosi by self-delivery 16 about Rs.. /.l 
per~ w~ that by scythe may be taken to. hi! a~ 
Rs. ,!-12 ,an<l by self-binder about Rs. 8. 
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Wheat is almost invariably threshed in the Punjab 
Tbreshers. by the process of trampling by bullocks with 

phalla which is either made up of cotton 
sticks or shisham branches or phalahi sticks weighted 
with straw. But the pkala made up of phalahi is the 
best because it is very efficient in rendering the straw into 
fine condition. Since the process of threshing by bullocks 
is very slow and tedious and it falls at the hottest and one 
of the busiest periods of the year, if some more speedy 
and economical method is found it will bring untold benefit 
to the farmers of the province. Moreover, the work of 
separating grain from bkusa may be held up due to absence 
of winds and threshed grain may be at the mercy of nature 
for days and even weeks. This is especially dangerous if 
the rains are early. 

In order to evolve some suitable threshing machinery, 
the Punjab Agricultural Department has been carrying out 
some eltperiments on wheat threshing since 1907. About 
a dozen threshers have been tried but none of them has been 
found to be entirelY' suitable. Our experience here has 
shown that the problem of threshing wheat by machinery 
in the Punjab is not as easy as elsewhere. At the 
harvesting and threshing time the temperature is very 
high and weather dry; this causes the straw to become very 
brittle. When such stuff is fed into the thresher, it gets 
broken into fine pieces and chokes up the riddles of the 
machine thus reducing the output of the machine and 
making it uneconomicaL The threshers also break a small 
percentage of grains specially in the moz:nng which makes 
them more susceptible to attack of msectpests than 
otherwise Our problem is, therefore, to get over these 
difficulties and also thresh the crop satisfactorily, separate 
grain from straw, and make the straw into fine bkusa. The 
estimated cost of threshing wheat by bullocks and cleaning 
by hand at Lyallpur as shown later on under wheat is 6 annas 
per maund. If a machine could be obtained which would 
thresh at this rate or even It little higher, it would mean a 
lFeat saving for large holdings. Small farmers cannot take 
UI'1lwre tbieBhers unless they are worked on oo-operative 
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basis. If collective fofllPng is to be developed on Russian 
or other lines then this q1'restion will become a very live one. 

So far four types of threshers have been tried: simple 
drum threshers; threshers containing drum and shakers; 
simple iinis~ threshers; and simple threshers with a 
device for making straw into bhusa. Of these only the 
fourth type fnlfils the requirements of the Punjab farmer. 
The first type only extracts the grain from the ears. It is 
neither useful nor economical. The second type is a slight 
improvement over the first, but is not satisfactory. ,The 
third type, i.e., simple finishing thresher is more successfuJ. 
It separates the grain from straw and cleans the grain 
fairly well, but does not make bhusa and the output is low, 
about 6 to 8 maunds per hour. The low output is due to 
choking which could not be rem.oved even after making 
structural alterations in the machines tried. Of the fourth 
type 2 makes were tried and their working was described 
in the Agricultural Journal of India, Vol. X, Part III, July 
1915. The output of the 30"-wide machine. was 4'62' 
,naunds, whereas that of 48" -machine 12'74 maunds per hour. 
The quality of bhusa was good and the percentage of 
damaged grain was 2 to 5. These machines were not econo­
mical and lot of difficulty was experienced in moving them 
from place to Place. 

The evolution of a winnower suitable for separatihg 
W' grain from bhusa is of considerlble importance 

umowers. to the province. The ordinary chhaj which 
is commonly used is quite suitable for the purpose, but 
when winds fail it is of no use. With a view to designing 
a suitable winnower, some experimental work has been done 
at Lyallpur. It seems that a machine containing fan and a 
few riddles shonld serve the purpose well. Since wood doea 
not stand our hot climatic conditions, the Agricultural 
Engineer constructed a' machine mainly made of iron, bu$ 
this was fonnd to be too heavy. (See Wheat for further 
details).· _ 

Several types of the ordinary winnowers for giving a 
final cleaning to grain have ~ed at the Lyallpur F~ 
All of these worked qujll&~y .. ~nd are recommended' 
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to fanners. Their price is rather. high. The "Zamindar" 
winnowing machine cost4 Rs. 215: 

Of all the improved implem~nts introduced into the 
Fodd.,Outt.,. province, none has become so popular as the 

fodder cutter. It is due to the usefulness of 
the machine as against the drudgery of cutting fodder by a 
hand-toka that it has been readily taken up by farmers. 
It is no exaggeration to say that more than 100,000 fodder 
cutters are in use at present in this Province. The use of 
fodder cutter not only saves labour but also economises fodder 
as there is less wastage in feeding finely-cut fodder. The 
work that can be doue by a good hand-driven fodder 
cutter is equal to three times that of a haud -taka. Fodder 
cutters worked by bullocks are also available; they can 
chaff from 20 to 40 maun ts of green fodder per hour. Those 
driven by mechanical power (oil engine or electricity) cut 
from 30 to 150 maunds per hour. 
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The first chaff cutter introduced was "Rajah" costing 
Rs. 64_ Owing to its high price it did not become popular. 
The usefulness of suqh machines was, however, realized 
by everybody. This led many manufacturers to make 
cheap fodder cutters locally. They have been readily 
taken up by farmers and at present a very large number of 
them ara being manufactured. in the Punjab, especially 
at Batala, Goraya, Okara and Lyallpur. These machines 
do equally good work as the imported ones, but their ma­
terial and workmanship require improvement. The output 
of hand machines varies from ~ to 8 maunds per hour. 
A list of those recommended is given in the "Punjab 
Farmer". Their output, prices and agents or 
manufacturers are also shown in the list in a tabular 
form. 

The belna or cane-crushing mill is used to extract 
Cane ",ushe... juice from canes. In early days it consisted 

mainly of wooden rollers, but now it has 
given place to iron rollers. From the katha cane the 
old wooden belna-extracted juice only to an extent of 
40 per cent. of cane weight, the modern iron cane mills 
give an extraction of 50 to 65 'per cent. 

There are several types of iron mills on the market. 
Broadly speaking they can all be divided into two 
classes: (1) bullock-driven mills; and (2) power-driven 
mills. Of the bullock-driven mills tried so far the 
Nahan Sultan has been found to be the most efficient 
and the best constructed. It consists of three rollers 
grooVed.. vertically ~nd gives an extraction of 56 to 65 
peroent. ltsoutput~~t,~.~ndsofcaneper hoUr! 
It cp •. be ~ for Re_ 130:. 
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Cheap types of bullock-driven mills are also manu­
factured at Batala. Their price varies from Rs. 50 to 
Rs. 80, output is abont 3 maunds per hour and extraction 
is 53 to 60 per cent. 

Of the power-driven mills only Chattanooga No. 192 
and Massey 14" X 10' have been tried at Ly.allpur. Both of 
tb.ese mills. gave. the same output viz., about 80 mounds 
canes. per "hour and ~re quite satisfactory. They are 
~ to flJ.rm-. Both ~ them require. a' driviiig 
~'mnn 10-15 H. P. Partieulars for VatlOllS-cane-



103 

crushing mills, as regards weight of juice extracted per 100 
mau'lfls of cane, output, price, etc. are given below; 

I Weight of I 

\ 

J~;~~~~' 
per 100 
md::i.ot 

(lane. 

-----i 
lfds. 

Nahan Sultan 50-65 

Hatala 53-.60 

El'phant I 51-56 

Chattanooga bullock· I 59--":"(};} 
driven. No. 112. I 

Chattanooga. bullock· 53-60 
driven No. 122 

6 H. P. Chattanooga, 55-64 
No. 144. 

10 H. P. Chattanooga, 60-64 
No. 145. 

1;3 H.l>. Chattanooga, GO 
No. 192. 

Belt Powera.ttachment 
for No. 122 ballock· 
driven Mill. 

Bagasse. Carrier for 
No. 192, 

J wee Pump for No. ) 92 
Bagasse Carrier for 

No. 14:5. 
JuioeplUllp for No. 145 

Looal (;;a.ne 'MiU8 

"Ma~y"10"'-14"'. 
Cane Crushing Mill. 

Karamat Sugarcane 
Crusher. 

Output 
of cane 

per 
hour. 

Mds. 

2.4 to 4. 

2.4 to 3.6 

1.8 to 2.0 

3 to 6. 

3.2 to 3.7 

D.5 to 12.4 

20 to 25 

25 to 28 

25 to 30 

2.95 to 5 

Pri{'!.'. 

R,. a, 
135 0 

{50 0 
to 

80 0 
120 0 

197 0 

262 8 

681 12 

914 0 

1.464 0 

224 0 

101 0 

157 
7S 

142 0 

{~O 
80 0 

1.700 0 

190 0 

Agents. 

p, 
0 Nahan Foun.dry 

District Amhe.t.. 
0 BataIa. District 

Gurdaspur. 
0 
0 '~Ies~rs. Burn and 

Company, HOWTab. 
0 Messrs. Yolkart 

Bros., Lahore and 
Karachi. 

j) do. 

do, 

0 do, 

do. 

0 Messrs. Volkart 
Bros .. La-hote. 

0 do. 

do, 
do, 

0 do. 
0 Lahore. LyaUpur 

tl.nd&'""k... 
0 
o Empire Engineering 

Co,.Ca~. 

0/14 ... ". 'dash, Broe .• Ltd., Kir· 
l08kar Vadi, Dis. 
trict Satara. 

The Department of Agriculture; Punjab, has 'been 
Th<lton conducting investigations, on tractors and 

. tractor implements at Lyallpur for over 
two decades. In 19.20 two motor tractors were ~ 
chai!ed--an AlIBtin and a Cletrae, aach 19·.20 lL,P. 'l'hfl' 
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first one was of the ordinary wheeled type, whilst the 
second was of the caterpillar type: The working and 
1ltJ8~8 of pe~VftrioU8 {lperetions by these machines 
wer~ studied thoroughly. Neither of them was found to 
be reliable because they continually developed mechanica.l 
troubles of various types. Their chief drawback was that 
they had not got sufficient power to pull a 3-furrow plough 
and ran hot for greater part of the year. Excessive wear 
and tear resulted from their continued overheating and 
other causes. In the case of Austin, the cost of spare parts 
worked out to Rs. 2-1-6 per hour, whereas, in the case of 
Cletrac, owing to high wear and tear of the chain track, it 
was Rs. 5-12. They were, therefore, discarded. Of these 
two types, Cletrac was more suitable for cultivation as it 
can be easily manipulated and turn in its own length. Its 
chain track gives a better grip, but the position of its 
pulley renders it unsuitable for stationary work. 

As a result of experience with these machines, high 
powered tractors were tried viz., 18-32 H. P .. ease and 65 
H. P. Sentinel Steam Tractor. The latter was bought with 
the idea that steam engine might prove more reliable 
and less troublesome than internal combustIon engine. 
The "Case" proved to be more reliable and economical 
than other tractors. When it had finished 1,133 hours 
work, its running cost per hour was Rs. 1-13. The Sentinel 
Tractor was of unusual type. It had caterpillar driving 
tracks behind, steering wheels and boiler in front~ and 
propelling mechanism behind. The steam pressure was 
very difficult to maintain, steering was unsatisfactory and 
the time required to refuel and secure water was UJlecono­

. ~cal and it was, therefore, discarded. 

In 1928 a MacCormick Deering 15-30 H. P. WiS ob­
tained. This proved to be the most reliable and. econo­
mical tractor. J):xpenditure on j ts spare parts for the 
first 934 hours, work amounted to only 8 pies per hour. 

The fOlegoing 8.000unt of the trials of tractors In the 
P\nj~p }~patell that early experience with tractms Watl 
~Mtoey 'iIS the traetors then &vaila.bl.e, in the 
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market were light powered and not of desirable type. 
The same was the experience in the W esttlrn ~colUl~_ 
tries. The tendency nowadays is to use high-powered 
tractors (25 to 95 draw-bar Horse Power). 

There are two different types of tractors: (al wheeled 
tractors; and (b) caterpillar, crawler or track tractors. 
Wheeled types with steel whlltills and spuds a re suited 
for heavy field work such as ploughing, heavy harrowing 
and other slow speed farm operations and with pneumatic 
tyres for lighter farm operations such as sowing, light 
cultivation work, light inter-culture work and farm haul­
age. They are also very well suited for stationary work. 
The caterpillar type develop great draw-bar pulls requir­
ed for deep tillage in difficult soils. They are like-.yise 
capable of operating in loose and moist soils successfully 
when wheeled types are unable to work on account of 
slipping. On large farms where more than one trac­
tor is needed a cbmbination of wheeled and caterpillar 
types is useful, so as to use each for only those operations 
for which it is most suited, in order to secure maximum 
efficiency. 

Other points that should be considered while pur­
chasing a tractor are reliability and low working cost. 
Tractors run'" on petrol and kerosine oil prove rather 
expensive, while those run on Deisel oil are less expensive. 
The latter should, therefore, be preferred. It is always 
advi~aple to deal with some reliable firms of long-standing 
wmcn s'noula be able to pro viae spare8, ana repair facilities 
at conveuient pla.ces. 

The idea that tractors can replace bullocks entirely 
l'o ... bilili.. {or is 'Wrong, for they are neither as reliable 

hac,", ".ultiVI<- nor as economical ae" bullocks, on the 
I,on. ordinary cultivators' holdings. However, 
for initial breaking up of la,nds, for 'ploughing waf1tfi 
lands infested with weecilr like kaM Om-u, dub, etc., Em 
preliminary miltivation where labour ilf scarce, as a etand­
by o~ 'Iaitge farms for ali~enting the allilDal power in busy 
sea~;'a1id for dri'lling tturohiltilry, stroh ae fOd_-el'Itters, 
tJrteii!he~, grinding ma.clriIres, ·"etc!, they ate very. useful. 
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Further, tractor ploughing is an economic proposition 
only when prices of agricultural produce are high and 
nelds are fairly large sized. With wheat over Rs. 4 and 
cotton over Rs. 12 per maund, the use of tractors is mol,'e 
paying than bullocks. The length of field should pre­
ferably be not less than 1000 feet because longer the furrow 
better it is, since, time wasJted on turning the tractor at 
the head of each furrow is reduced. 

In some foreign countries such as Great Britain, 
U.S.A., Canada and Australia, tractors are being used on 
agricultural farms in thousands. Since the outbr'lak of 
war, to meet the scarcity of human labour, the use of 
tractors .there has become quite common, and their num­
ber·has increased considerably. 

The estimated number of tractors in use in Great 
Britain in 1944 in comparison with that in 1942 is shown 
below: 

'l'Tactor 1942 1944 

Tl'aok LayiDg-
6.730 Agricultural 4.505 

Market garden type 1.086 2.016 
Three and four wheeled 104,780 153.086 
Two-wheeled o.A55 10._ 

Total 116.820 172.770 

It may be observed from this table that the number 
of tractorS in Great Britain is very large and that this 
number is on the increase. In the Punjab, with about 
.the same area, the number of tractors used for agricul­
tural p~ is negligible .. It is, however, e:qJeCted 
that WIth high agricultural prices in this country tractors 
will become more p(jpular. In fact, tractors are already 
in. great demand, but due to war conditions, export 
restrictions in U.S.A., and import restrictions in India, 
tractors Ql'e not easy to get these days. But under the 
~-Lee.ee ~uune some tractors are·' being im­
~'!J~~try. in connection with 'Grow.¥ore 
... ~~ ·IIl' order to get a tractor, therE!fore. 
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the prospective purchasers are advised to get in touch 
with some reliable firms* dealing in tractors for, forward 
delivery. After the import licensing authorities in Indja 
and the allocation authorities in U.S.A. have been satisfied 
that ,the equipment to be imported is absolutely essential 
the arrangement for the supply of tractors is made. At 
present Bome tractors under this arrangement have 
already been imported into this country and are being 
worked for agricultural purposes, In U.P. the Depart­
ment of Agriculture is letting out two caterpillar 
Deisel tractors, to landholders for the cultivation of 
their lands, mostly Jor breaking up virgin lands. The 
charges, including cost of material, wages of the staff, 
depreciation and repairs and interest on the capital cost 
of machinery are worked out in each case, since they are 
liable to vary with the type of soil and depth of ploughing. 
On an average, they may be taken, as follows: 

Operation. 

Ploughing 1.2" -doop in .. )loIR" .. infested 
ha.rdsoil .... 

Ploughing 6'"'·8'" deep (bGnjar) or cultivated 
land 

Harrowing 

Work done 
pel'all1'e 

IOhoUl'B. 

aCre!! 

3.5 

5.0 
17.1 

Cost per 
.ero 

nowadays. 

R,. .. p. 

25 0 0 

1412 
4 5 

Cost per a_ 
before war. 

Rs. &. p. 

1513 6 

9 6 0 
2 12 0 

On sugar factory farms, the cost works out to be 
Rs. 11-2-6 to R8. 11-10-3, as against pre-war cost of 
Rs. 6-14 to Rs. 7-3-9. Similarly, in 8indh the charges 
fixed for tractor ploughing are Rs. 12-8 per acre. 

Besides type of work and type of soil, the o~rating 
costs of tractors are liable to variation according to their 
type and power. Taking 10,000 hours as the working life 
of a tractor, the total expenses (out of pocket and over'head 
costs) varr. from Rs. 3-8 to Rs. 11-8 .. for caterpillar Deisel 
tractors with draw-bar Horse P~wer ranging from 25 to IllS. 'l'_ u.otMn. andt2} »_a; 00. 
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It is quite possible that in the past trials, the trac-
Prospect of low tars were given tasks that were too severe 
~r tracto.... for them.' In the United Kingdom since 
the war a low-powered tractor, such as the "Trusty" 
of only 6 H. P. has become very popular. Such a tmctor 
should only be used for one furrow plough and with small 
harrows and disc harrows. It would only be suitable for 

• iJsb and leans eradication with special light implements. 
The small Tractor of 6 H. P. would' be suitable for 
an area of 2 squares or 50 acres, and could be used 
for driving fodder-cutters, cane-crushers, pumping, 
haulage (1i tons only) and various similar jobs. The 
initial cost is low and mauipulation easy. Very little 
is' known in India of the work of these small tractors, 
but there appears to be a good future for them. 

When the tractor cultivation was first started at 
Tractor impl.· Lyallpur, a certain number of implements 
mente. were purchased on the recommendation 

of the agents or manufacturers. Since then they have 
been thoroughly tried and many others besides. The 
working of various tractor implements is given 
below: 

There are two kinds of ploughs: mould board and disc. 
The former is older and is only an enlarged 

Traotor plough'. form of a furrow turning plough such as 
Rajah plough. Instead of one share, two, three or four 
!!hares are fitted on a frame, and the whole is pulled as a 
unit. The number of shares a plough should have depends 
upon the power of the tractor and type of soil. For most 
Punjab soils three-furrow plough is quite mUtable. The 
disc plough instead of shaTeS has two to four saucer-shaped 
dpl<ls each about 24" in diameter. It disturbs the level 
of land more than mould-hoard plough, but· pulverizes 
the ,soil better and is more suited to rough land . aD<} 
stiff soil. 
. . For tractor work a plough should he of the 8elf.Jift 

type, as it'Saves the lMoUr of one _no PloUghs 'Of tIHB 
t1Pl! can be worked hy the man driving the .tr~_ . 8. lowered in~ or raised fIwt the groUild lWitho'ut 
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stopping the tractor. Three ploughs of self-lift type have 
been found to be quite suitable for the Punjab soils. 
One is three-furrow plough of American origin. Another 
is the two-furrow plough; manufactured in the United 
Kingdom. It can plough O' 57 acres as against 0.8 acres per 
hour with three-furrow plough. The third is the fWe­
disc plough. 

These implements have 10 to 20 tines and the work 
Teactor cultiva· done much resembles that of a "desi hal". 

toe. It is an economical implement for stirring 
up fallow lands. A Ransome cultivator with 11 tines can 
be had for Rs. 510. It can cover about two acres of land in 
an hour. 

These are of two types, some having only one row of 
Tr"tor disc discs and others having two rows. In the 

h"TOWs. case of two-rowed disc harrow, the front 
row disturbs the level and the second row counteracts it. 
Disc harrows should, therefore, be of the second type, i.e., 
with two rows of discs. They are very useful on heavy 
lands or on those infested with weeds. It is the most 
effective pulverizing implement yet introduced. Tandem 
Disc Harrow (32 discs) can be had for Rs. 556-12. It can 
stir soil at the rate of 2 acres per hour. 

These are very economical particularly on light soils 
Tn.tor spring and are useful for breaking down lumps 

tooth ~,rroWlJ. of soils to get a fine tilth. Their use is 
strongly recommended. By combining' several bullock 
spring-tined harrows their size cail. be made to suit trac­
tors of any power. 

Carts are very extensively used in the Punjab for 
Carta. transporting agricultural. produce fr!,m 

rural areas to markets and for cartIng 
manure. Their greatest number is found in Ferozepore 
and South Eastern districts of the Punjab. In the 
North-Western p8.rts tile number is v6!Y Small because 
of the lack . of roads. .. In these tyacts eamels and 
~Onkey8.1ml used. The COl\t of transport by camelli 
IS nearly twi{le the cost by bullocks. In 1940 there. were-
329.320 carts in the Puniab, whereas, in 1909 the number 
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was only 281,000. The rise in the number of carts indi­
cates a tendency to abandon pack 'animals for carts. 
This is largely due to steady increase in the mileage of 
roads. 

Essentially a cart consiilts of wooden framework 
S1Ipported on two wheels (see fig. 20). The frame is 
broad at the back and narrow in front. In order to 
prevent the material transported from falling off the cart, 
various forms of devices are used. The weight of a cart 
is about 14 maunds and its price about Rs. 80. 

CART 
FIg. BO. 

'Since the' ca,rt is the principal means of transport 
with the G,ultivator, efforts have been made to.improve 
it by fitting it with pneumatic tyres. Tests made at Pusa 
showed that carts with Dunlop equipment were able to 
,c;arry 55 maunds of sugarca.ue as against 25 maunds pos­
sible with ordinary countrycarts. Further, it is claimed 
these carts are 15 to 20 per cent. faster than the ordinary 
cart and they do much less damage to the road surface. 
It has been estimated by the Central P.W.D: that destruc­
tive effect ot ordinary cart on roads· amounts to Rs. 228 
per year. There Beemll to be every reason, therefore, to 
m~nraREi too use of carts fitted wit.h nn<>nm"ti" 
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The diameter of the wheel is of special importance 
in the cart. The larger the diameter tlie lower the draft 
and ~ice versa. Other factors, such as strength, sturdi· 
ness and cost limit the size. It must also be noted that 
for a cart fairly tall and heavy bullocks are preferable, 
for light bullocks cannot pull it efficiently. An average 
pair of bullocks can draw a weight of about 30 to 35 
maunds on kach'1 roads and about 40 to 45 maunds on 
pucca roads. 

Panjali is used in nearly every fa~ .operation when 
Pa"ioli O'Yoke. bullocks are used. It consists of .iula, 

phat, mutkw8 and arlies. J ula rests on the 
necks of bullocks, muthias connect the jula and phat and 
arlis prevent the bullocks from getting out of the panjali. 
In various parts of the Punjab the size and form of too 

AIILI 

/UIA OR YOK£ 

PAN.rMJ 
FIe. 21. 

panjali used are different. According to size they can be 
divided into three types : 

(1) Slum panjali.-It is about· 5 spans in ~ength, 
i.e., 3 feet 9 inches and is meant for !J}tarsa and CIrCular 
track work such as persian-wheel, cane· crushing mill, 
kkarru etc. It is of a smaller size so as to reduce the 
di1I'erenoo between the distances travelled by the right and 
lett bullocks. 
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(2) Ordinary panjali.-It is 7 spans or 5 feet and 
3 inches in length and is used for ordinary work like 
plonghing. 

(3) L<mg panjali.-It is 8 feet in length and is used 
for hoeing cotton sown in lines. 

The pa1ljali of Hariana tract is merely a jula 
with small muthias and arlis. Leather straps or 
jots are used while working. The panjali of hilly 
tracts is also of this type, but thinner and smaller in 
length and size .. 

There are numerous hand tools used by a Punjab 

Ha.nd tools. 
farmer. To describe all of them in 
detail will occupy much space, accordingly 

only special points for important tools are shown in the 
following table. 



HAND TOOLS 

KBURPA 

SPADE 

G;;=&.!m;;::: .. ~ 
GANDALA 

MGURI KASOLA AXE 



HAND TOOL~ (""",.Iud .. ) 

SICKLE 

~ 'Ef'W4 'in It 
PILCBBI DAftJ 
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CHAPTER VB 

FALLOWING, ROTATION, AND MANURING 

It has been mentioned in Chapter IV that though crops 
remove fairly large quantities of nitrogen, phosphoric acid 
and potash, yet there is an abundance of these materials 
present in the soil to produce a large number of crops. As 
comparatively small proportion of these substances is in 
the available form, the yield of crops from soil, which is 
continuously cropped,. decreases, and ultimately becomes 
uneconomical. It is, therefore, necessary that in order to 
maintain the yield, either the drain 'on the soil should be 
reduced by keeping it fallow and following proper rotatIOns, 
or plant food to the soil in the form of manure should be 
added. All these three processes, i.e., fallowing, rotation 
and manuring, being interconnected are difficult to discuss 
completely apart from one another, or from the main cha­
raoter of the agriculture of the tract, i.e .. whether 'Mhri 
(canal) chahi (well) or barani (rain-fed) cultivation is pre­
valent. For the sake of clearness, however, it is necessary 
to attempt to discuss them separately. 

Fallow is a word of Saxon origin, meaning pale-yellow, 

F&Uowing. 
and, therefore, when applied to farming 
snggests bare ground. * In the ordinary sense 

it means to leave the soil unoropped for some time so as 
to recoup its fertility by giving rest to the soil and by 
accumulating some nitrogen from the air. This becomes, 
t.herJ>.ful"e., l}Mtly a substitution for man~ The fallnw 
may be long as in the case of barani areas and short 
as in the case of irrigated areas. Long fallowing on' barani 
lands is essential because manuring is little favoured in 
such areas on account of lack of adequaj;e moisture required 
for the decomposition of organic matter. 

'1laiUiere', I;.'~" o/sei.mijic A.gr_. Vol. I, p. 293. 
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In sharp contrast to growing the same crop year after 
. year rotation means the system of raising 

.Rotation. crops from a piece of land in such an order 
or succession that the fertility of'land suffers the least and 
farmers' profits out of land are also not reduced. This 
'System has been practised in India from times immemorial 
and every cultivator is quite familiar with it.,./ The main 
advantages of a scientific rotation are. 

ll\ Kv"rotating crops of different seasons it is easy to 
<Jontiilrthe . weeds. Some weeds are much more trouble­
some in summer than in winter and can be suppressed 
by growing ram crops after summer fallowing. Similarly 
some crops like potatoes, fodders, when included in the 
rotation exert a useful weed-smothering influence. 

(2) By planned and careful succession of crops' it is 
easy to keep under control plant diseases and insect pests. 
It is a well-known fact that some fungi and insectpests 
attack only particular genera or orders of crops and become 
very troublesome in case such crops are grown on the same 
land year after year. Rotation, therefore, offers an easy 
means to keep such pests under check. 

(3) By growing proper crops in suitable order it is 
possible to maintain the fertility of land on account of the 
following reasons;-

(a) As different crops remove different plant nutrients 
in different quantities from the soil, proper balance 
of the Ilutrients cannot be maintained if the same 
crop is grown year after year 011 the same land. 
Some Ilutrients, which are removed in lar~e 
quantities will be' exha1ll\ted and the land. will 
not be able to produce a decent crop, though there 
may be plenty of other food nutrients in the soil 
suitable to grow other Cl6ps' '. 

(b) Owing to difference in the root system of various 
crops, shallow-rooted erops remove more plallt 
food from the surface, whilst the deep-rooted 
crops OpeD up the s11hAnil JU>tl + ....... £.viii. iTnm +.h .. 
lower layers also .. 
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(e) Leguminous crops have got the property of fixing 
atmospheric nitrogen with the help of bacteria 
present in the nodules of their roots.. Their 
inclusion in the rotation is, therefore, very helpful 
in the upkeep of fertility. 

(d) The fertility of soil is closely linked up with the 
humus content of the soil. This is of greatest im­
portance in the hot climate and is of special value 
in the case of extreme types of soils such as sands 
and clays. By the inclusion of green manuring 
in the rotations at regular intervals the humn> 
content of the soil can be kept up. 

(4) By growing a variety of crops with di:IIerent sowing 
and harvesting periods it enables the cultivator to distri­
bute farm labour force (manual and bullock) more evenly. 
It also ensures return on capital at differrent times of the 
year. 

In view of the above advantages the main points that 
should be kept in mind when planning a rotation are :-

fi) Crops of the same natural order should not follow 
each other. 

(ii) Crops of the same type of root system (shallow 
or deep) should not follow each other. 

(iii) Leguminous crops should be included in the 
rotation. 

(iv) Green n:uinuring and forage crops should be given 
a place in the rotation at regular intervals. 

\'[1, '0tup;i 1!Tlt!n 11.'!! ~, ~e, m., -reqri.o'mg 
more thorough cultivation than others, ,should be 
inCluded in the rotation as their !mltivation means 
a very good preparation for the fOnowing crop. 

Ex~ept near large towns, where inteDl!i,ve farming 
{vegetables and foddem) ia followed on a limited,scale, the 
ge,l neral"type of farming is very, uniform all over the Punjab. 
The main differe~ues that are found are:Jn the iwiin connect­
oct With ','th!I ' '. I ,4, #8:ter. Other f~ '~bh as 
.. ~~;i1C9J1Aiti~ ofthe soil. ' ) 

J~l'reValence of weeds. 
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(0) Supply of plant food, and 
(d) Economic and political conditions 

though very important in themselves are of secondary 
importance. The rotations, therefore, differ largely accord­
ingly to the supply of irrigation water. 

Even on the perennial canals the croppiug varies a 
c.nal b.ota. good deal as shown below:-

LOWERBARI 
Low .... LoWER 

PAKPA1'TAN 
CnENA.h JXELUM. DoABCA.NAL. 
CANAL. CAN"-L, 

CANAL. 

Crop. 

§ r~ j 
§ .. .,; § -] § ] ] " . . ~d' :s ~ os' ~ ~ "s • .2 !I, .... e .£ ci!;:p i ~ s ~.l!' . ~ ~.!p . ~ sh e~ $o~~ <~ ~.,.!::l ~ ~h h ., "" ~ Q":: -< ~ -------_-_ 

Wheat .. 389131.0 892 36·0 SOB 33'9 212 320{) 

Cotton .. ,:r: .97 20>0 186/20" 235 35'5 

Toria .. 101 4'1 20 2'2 I 17 2"6 

Sugarcane .. 15 1'2 54 2'2 :/ 1'1 3 0"5 

Gram .. 4.1) 3·6 64 2·6 2'6 13 20 

Maize .. 37 3O!l 113 4'6 291 3'2 5 0'7 

---_ 
ToW .. 1,255 67 2,417 69'5 909 1 63'4 662 73"3 

It will be observed that -the area under wheat is pro­
portionately less on the Lower Bari Doab Canal while the 
area under cotton is high. Whilst the highest percentage 
of area under wheat is on the Lower Chenab canal, the 
highest for cotton is on the Pakpattan canal. Toria, sugar­
cane and maize are more important on the Lower Chenab 
Canal, and gr8.lP on Lower Bari Doa.b Canal. Due to better 
winter supply of water on the Lower Chenab Canal the area 
under wheat, toria and sugarcane, is the hisdlest. On the 
Pakpattan ~nal the winter supply of water is1ow. For this 
reaI!OJi the'~nta.ge or'whe&t, sugarCane tmd torf.a. grown 
is comparatively low. In lrJiM-if Ile&liOn on this ~na.l the 
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water supply is high and the area under cotton is, therefore, 
the highest of all the canal systems noted above. TJle area 
under m'lize and sugarcane, which require larger quantities 
of water, is low but this is accounted for by the fact that 
the area put under cotton is high. 

On the Lower Chenab Canal the most important crop 
is wheat, which occupies about 36 per cent. of the total 
area put under crops. Maize, sugarcane and toria occupy 
4"6 pel' cent. 2'2 per cent. and 4'1 per cent. respectively. 
Cotton accounts for about 20 per cent. of the area cropped 
and gram about 2'6 per cent. The balance is made up of 
khari! and rabi fodders and miscellaneous crops. On a 
square of laud the area put Ullder rarious crops is some­
what as follows :-

Wheat 10 to 12 acres. 
Gram 2 to 3 acres. 
Toria 21 to 3 acres. 
Cotton 4 to 5 acres. 
Maize about 1 acre. 
Sugarcane 1 to 1 acre. 
Chari-guara 2! acres. 
Turnips-se""i about 2 acres. 

241 to 291 acres. 

This gives an intensity of cropping of about 100 per 
cent. slightly less in some cases, which is actually the case 
I}U tb.e ave~a.ge fo~ the whole ,of the Lowe. Chenab. With 
the above cropping the various rotations followed are:-

1. Wheat, toria, cotton. Three crops in three 
years. 

2. Wheat, whellt, loria, cotton. Four crops in 
four years. 

3. Wheat, maize, sen}i, cotton. Four crops' in 
three years. 

4. Maize; 8enji, cotton. Three crops in two years. 
5. Wheat, maize. se-nji, ~ugarcane" Fl,lDr crops in 
.~y~. 
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6. Chari-guam, gram, cotton. Three crops in 
two years. '" 

7. Wheat, cotton. Two crops in two years. 

8. Gram and wheat. Two crops in two years. 

Wheat, which occupies the largest area, finds a place 
in practically every rotation. Toria, which usually follows 
wheat after a fallow of four or five months, is itself followed 
invariably by cotton, though this is not considered a good 
rotation. As the area under cotton is greater 
than that of toria, some of the cotton is also sown after 
other crops, such as gram or senji sown in maize. Some 
cotton also follows wheat, though, this is known to be a 
bad practice, because there is very little time left for culti­
vation ; the wheat is harvested in latter half of April and 
cotton is sown by the end of May a~ the first half of June. 
Gram is sown on high and light lands, where, owiug to the 
difficulty of watering, a crop is required which can thrive 
on ahnost one watering; it is also sown after chari with very 
little preparation of the soil. Where much gram is sown it; 
is generally an indication of poor water supply or a high 
proportion of light land. 

8enji is often sown in standing cotton or maize at 
the end of September or early October. It thus benefits 
frolll late waterings of these crops, and is regarded when 
sown in maize as a good preparation for sugarcane. The 
preceding maize is heavily manured in such cases, as sugar­
cane is rarely directly manured. In villages where the 
water supply is very good, cotton often follows sugarcane, 
but this is not common, as the preparation of the land after 
cane is laborious, and the stumps and toots of cane tate a 
good while to decay. " 

it will be seen that the whole of the farm is never under 
the same simple rotation. Any such· general rotation is 
practically impossible on account of the- small area under 
summer crops and the neceasity for keeping part of the land .. 
always in biglf «On<?tion for these. crops. T1ris can only be, 
done by concentrating all the available :manure on the area. 
where these are grown. But some of the fields are kept more 
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or less permanently under one rotation 'and others under 
another, the rotations being dictated by the times of sowing 
and the condition in which the soil needs to be for the differ­
ent crops. 

The whole system in the main is adapted to suit the 
water supply from the canal. The local climate and the 
relative profitableness of the various crops have a secondary 
influence only. It is, therefore, questionable whether 
the rotational experiments conducted on some experimental 
fann. with a few crops for a number of years have any 
practical importance. They may, like the Rothamstead 
rotations, provide valuable scientific data for·future. 

In the Lower Jhelum Oolony the crops and rotations 
are more or less similar to those of the Lower Ohenab though 
the intensity of cropping is on the whole less than that on 
Lower Ohenab canal. • 

*The utilized supply of the Lower Jhelum Oanal and 
the Lower Ohenab Oanal for khari! and rabi are 1 : 1'1 and 

,1 : 1'3 respectively. In the Lower Bari Doab Oanal the 
proportion is still wider, i.e., the proportion of cotton on 
this canal is, therefore, high, being often 8 acres per 
rectaugle, though the average comes to 6 acres. Owing to 
short supplies in rabi comparatively little toria is grown 
on this Oanal, the actual area being about 2' per cent. 

The 'lFDpping practice on this canal is usually as follows :-
Wheat 7i acres. 
Ootton 7i acres. 
Gram 2i acres. 
Fodders 2t acres. 
Green Manuring 21 acres. 
Fallow 2i acres. 

,The rotations followed are:-
1. Wheat, cotton, fodders. 
2. Wheat, cotton, gram. 
3; W;heat, cotton, green manuring or fallow • ... 

'~il»"lL W.·~ a JA of" Pun;,,1> ~Coai8n .. _ 
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These rotations were originally evolved at the RC.G.A. 
Farm at Khanewal and have been followed to a more or less 
extent according to the water supply available by oultivators 
in L.B.D.C. and Nili Bar Colonies. 

In the Nili Bar Colony the proportion between khariJ 
and rabi is still wider and there is proportionately large 
area under kharij crops, particularly cotton, and compara· 
tively less in ram. 

As the great bulk of the rain comes between July and 
Barani t,.cts. September, one would expect kharij crops to 

"""'be mostly grown in barani tracts. This, 
however, is not the case. A rabi crop, such as wheat, 
can be matured on about 2!3rd or half of the water 
required for say cotton, and hence the kharij rains, if con­
served in the upper soil by cultivation, are more certain of 
producing a rabi crop sown in the following autumn than 
of producing a kharif crop. Summer crops require water 
more frequently, and are less able to withstand drought 
owing to the rate of transpiration being more rapid than 
is the case with ram crops. Again, it should be noted that 
the Punjab gets some winter rains, which rarely fail from 
December to February, which thus help in maturing the 
ram crops. It is essentially a question of .Jlem¢.ty, there­
fore, that influences the Punjab farmer to prefer ram crops 
to kharif crops. It should also be Roted that the ram 
crops have got a wider market and are better money crops 
than the kharij with the exoeption of cotton. As regards 
the latter, it should be observed that as the rains come 
very late and stop somewhat early in September, the season 
is too short for cotton in these tracts. This accounts for 
the fact that only 15 per cent. of the Punjab cotton 
crop is grown under barani conditions. 

It may be well to correct any possible misinterpretation 
Economy of. of t!te abov~ remarks as .indicatin~ that ~he 

rabi oeaaan rabi season IS a more efficient grOWIng penod 
"my appa.-ent. than the khari! This is .mr frol_ll being th~ 
_. '. *MeIl.SllMDents of the transpiration ratiO of . ~f 



crops such as maize or millets, and rabi crops such as 
wheat indicate that the former produce a pound of dry 
matter with much less expenditure of water. Leather in 
Memoir No.8, Vo!' I. page 179, from work at Pusa, 
shows that wheat transpired from 1i50 to 850 lbs. of water 
for every pound of dry matter produced, whereas maize 
transpired from 3.30 to 450 lbs. and juar (chari) 400 lbs. 
only. As a practical instance it may be noted that an 
acre of chari-guara mixture grown as fodder and sown 
at Lyallpur in July and harvested 10 weeks later, though 
only receiviug 4 irrigations, may produce 10 tons, of 
green fodder, whereas senji, which occupies the ground 
from October to ~larch, i.e., 5 months, and receives five or 
six waterings only produces on the average 6 tons. There 
is no doubt that the khariJ season is an extremely active 
growing period, and only the supply of water available in 
canals (not rivers) limits its more extensive use for crop 
growing. 

A common practice in barani tracts is to grow arabi 
Rotation in crop followed immediately by a khariJ, and 
baran' t ... ct.. then one year's fallow. The reverse viz., grow-

iug a khariJ crop followed by a rabi, would be impracticable, 
as will be clear from a study of the principle enunciated 
above. This latter practice is, however, rather prevalent 
in irrigated tracts with only a khari! supply, as the 
succeeding ram, can generally be matured on the first 
watering given at the end of the khari! either after or before 
the harvesting of the khari! crop. It is interestinp; to note 
that cultivators on kharif channels frequently c1aim that 
no charge should be made for rabi wate!: in such cases, as 
no actual irrigation is done in that season. The .fact, 
however, that this practice is only possible when khari! 
irrigation is available, and that it is not possible in purely 
barani tracts, is a sufficient answer to the' claim. 

Wheat, gram or barley in the ram,. followed in the 
Co"""'n 6uooeeding khari! with chari, mcJti, 
=!!(£.:d. _alt, - 'ti_t 0; cotton a~ to tile 
, , _, type of soil With a year'ttfallow, 18a common 
,. .• ial baran' m.cts. Again, B?metUnes, a lc1iafiJ crop 
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is grown and. the land left fallow for the succeeding rabi, and 
then cropped again in the kharif. This is not so com­
mon as growing rabi crops only with a kharif fallow. 
The latter practice is sound in that a kharif fallow enables 
the soil to recover much m<>re quickly than in a similar 
length of fallows in the rabi. As labour is one of the main 
considerations for a farmer, it is necessary that he should 
arrange his cropping to provide work, as far as possible, for 
the whole year, and hence a system of kharif cropping only 
or rabi cropping only wonld be uneconomical from that 
point of view. A feature of all barani land is that the 
farming is always extensive, and cropping rarely attains 
100 per cent., and very seldom exceeds this. In call1\ls the 
farming is a mixture of intensive farming on a small area 
and extensive cultivation in the main as the supply of water 
allotted prevents anything else. On wells, on the other 
hand, an intensive system of frequent cropping 'is common. 
As the rapid cultivation of land after rain is desirable, es­
pecially in barani tracts, there would appear to be a 
great future for implements like the bar-harrow and cul­
tivators, which cover three or four times as much land as 
the desi plough, and thus conserve the vital soil moisture 
so essential to success in barani cultivation. 

In addition to rotating crops, the practice of growing 
Mix " mixtures" is prevalent throughout the 

t.,.. Punjab, especially in "barani tracts. Common 
mixtures sown are the following ;-

Barley and gram (called goji), wheat and gram 
(called berra) wheat and barley, sarson and wheat, 
tMia and gram, til and cotton, moth and cotton, 
melons and cotton, senji and cotton, juar (chari) and 
guara, chari and moth, maize and senji etc. In 
the main, the reason fop such mixtures is that they form a 
kind of insurance against the vagaries of the season. Thus 
gram and wheat are typical example of .such a mixture. 
If the season is fayourab~ as regards mOIsture, the wheat 
which is more valuable will prod~ a.,gOod crop, whereas, 
in a dry yell!: the gram, though less valuable, may, at least, 
be expected to give a fair yield. This mixture has the. 
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additional advanta.ge of having a legume in it (gram) and 
thus enriching the soil in nitrogen. A similar reason 
accounts for barley and gram, though barley is fairly drought 
resisting. It is interesting to note that these two mixtures are 
now rarely seen in canal lands, where such insurance is not 
necessary, and the extra lab<,lUr involved in separating the 
grains after threshing would be a serious factor. Even in 
canal land partial mixtures are, however, common. 
Thus a sprinkliug of 8arson is often grown in wheat, the 
former being removed in January or early February for 
fodder before the wheat has reached the stage of its maxi­
mum demands on the soil. Similarly, melons and moth 
are grown with cotton and removed from May to.July before 
the cotton shades the ground. In the former case the land 
is also heavily manured. Not more than 10 per cent. of the 
<lotton grown by good cultivators has these two mixtures 
in, as they interfere with interculture and are not looked 
upon with favour. Again, the Bowing of senji in the 
growing cotton or in maize in early October is a common 
practice in canal colonies and applies to a third or so of the 
ootton and maize area.' The senji is protected in the 
carly stages by the shade of the parent crop, and the water 
it receives helps in the maturing of the cotton or maize. 
Another mixture which has become very common of late is 
guara and chari. The fprmer alone does not make 
a good fodder, but mixed with chari it not only enriches 
the land, but as a rule very heavy crops are obtained in this 
way without unduly impoverishing the soil, as would be 
the case if chari alone were grown.. The mix.tw:es til 
and cotton, and chari and moth are generally Been only 
in barani tracts. 

As in canal and barani lands, water is th~ goyerning 
factor here also. It is, however, the COiIt (If 

Wen lando. water that tells in well cultivation. A wellll5 
feet d~p, and giving on!Henth of a cusec of water, will 
irrigate an acre 2 inch_es deep in "0 days of 10 hOlll'S each lIoi 
a <lOSt of Re. 3. Watel'J.l1l8 are more frequent mer -Wen cul­
tiwation than on <l"nal land, ~h the quantity given per 
,~iIi.. H~, Wheat on well. land ~ 4'01' :5irric 
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gations at a total cost, allowing for repairs and depreciation, 
of about Rs. 16 as compared to Rs. 4 charged in canal area8'. 
This fact accounts for the high intensity of cultivation in 
well land as by having crops near the well there is less loss 
bv evaporation and percolation. Ram crops are favoured, as 
more can be kept going with the limited supply of water than 
in the kkarif. Where a town is near vegetables are favoured, 
and follow one another in rapid succession on the same land. 
Manure is given in plenty if available, as fallowing, except 
for very short periods, is impracticable. 

Manures are of two types: organic, such as farm yard 

~laDuring. 
manure, compost, oil cake and green 
manuring, and inorganic, like ammonium 

sulphate, sodium nitrate, etc. Whilst organic manures sup­
ply organic matter to the soil to improve its physical 
condition, as well as plant food, the latter are sources of 
plant food only. 

This is the term applied to the ordinary rubbish 
Farm Yard collected near the steading, consisting of 
Manure. cattle dropping, waste straw, ashes from the 

fire, etc. Till recently this was the only form of manure 
known in the Punjab, though in various parts of the country 
other manures were occasionally used. 

The table below gives the analysis of common farm 
yard :manure as done by Mr. Wilsdon at Lyallpur. 

Constituents. 

Water 
Loss en ignition 
A,h 
Total nitrogen 

i~~.<a 
AvaiIa.bJe PI 011 
AvailAble K, 0 

Percentage. 

70 per oent. 
15 per cent. 
15 per cent. 

0.,4 per cent. 
0.25 per cent. 
0.15 per cent. 
0.13 per cent. 
0.13 per oont. 

Ibs. per ton. 

9' 
6 
at 
3 
3 

As compared with this an English farm yard manure 
COll~ about II to. 15 Ibs. nitrogen, 4 to II lbs. phos-
phorus and 9 to 15 !bs. potash per ton. . 
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It will be seen that potash is lower in India. The 
reason probably is that very little, if any, bedding is used 
here. Further, dung, which is the basis of farm yard 
manure, is used largely as fuel here in the form of dung 
cakes. The method of storing farm yard manure is also 
defective. The common method is to collect it in the form 
of a heap on any piece of land easily available. Being thus 
exposed to the sun, rain and dry winds a good deal of useful 
material is lost. It should, therefore, be stored in pits pre· 
ferably under shade and protected from winds. A cheap 
shallow earthen pit about 3' deep is good enongh. It will 
then be possible to collect leaves and other rubbish which are 
otherwise wasted. The manure should be well pressed and 
covered with a thin layer of soil at the top when the pit is 
completely filled. 

Very little information is available as to the quantity, 
of farm yard manure produced by a farmer in the year. An 
attempt, therefore, is made here to estimate it. Assuming 
ten cattle per rectangle of 25 acres and taking that 
each animal excretes 30 Ibs. per day, the total manure 
will be 365 x 300 Ibs. or 49 tons per year. Assuming that 
2.3rd ofthe dung is used as fuel it leaves only 16 tons for use. 
An ellual amount may, however, be added in the form of 
sweepIng, straw, ashes, etc. The total manure thus avail­
able in the year is about 32 tons or 40 cartloads of 
about 22 maunds each. This quantity is sufficient only to 
manure 3 out of 25 acres in the year. The cultivator has, 
therefore, to select the crops which should be manured. His 
first choice is 1 acre of maize as it does not give good yield 
without it. Next is vegetables and melon but the area under 
them is not much. Cotton (2 acres) being a valuable crop 

, in the colonies is the next choice. It thus takes about 8 
years to cover the tOtal area of 25 acres in turn. 

In barani tracts, where rainfall is low, little manure 
is used, as it does not rot well in the absence of suffi­
cient moisture. It is said to dry the land. Where rainfall 
is fairly ~, as in J;Ilountain and lIubcmontane tracts or 
where iz:rigation is practised, as in well-irrigated areas or 
~ colonies, man~ is e~ntial a~d every care is taken 
,_~ as.mnc1t of It as 18 practicable_ 
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Besides water, air, living organisms, and mineral matter 
a soil contains organic matter which is 
derived from the remains of plants, animals 

and soil organisms. When organic matter, such as stubbles 
and roots of crops, green manure, etc., is added to soil, it is 
decomposed by the activity of soil organisms into humus. 
The benefits, which humus confers on the soil are very great 
indeed and need no elaboration. The making of compost 
from such wastes like weeds, stalks of cotton, bhusa 
of crops like toria not needed for feeding the cattle, 
sugarcane trash, sugarcane stubbIes, uneaten fodder resi­
due, ashes, rubbish, house sweeping, etc., can, therefore, be 
recommended to the farmers. Recently the attention of 
Agricultural Department has been concentrated on the 
utilisation of urban and village waste in connection with 
"Grow More Food Campaign". The city wastes consist 
mostly of night soil, frnit and vegetable refuse and liquid 
dirt. The latter after passing through city drains and 
sullage works is used to irrigate crops and vegetable areas. 
The arrangements for dealinl!: with night soil are, however, 
unhygienic and wasteful. . Putting the night soil and 
ordinary soil in trenches in alternative layers and leaving 
them alone for sometime has proved to be highly satisfactory. 
With the help of bacterial activity the mass decomposes 
and a rich odourless manure is obtained. By this method 
not only the useful iDgredients of night soil are conserved 
but it is also more satisfactory as regards its comparative 
cleanliness. A properly-prepared compost from town 
wastes bulk for bulk is two to three times as rich as the 
avera~e farm yard manure. 

011 se«ds residues, especially toria cake, groundnut 
cake, mohwu cake, castor cake and rape cake are also used 
as fertilisers. These nsoolly contain about 4 to 5 per cent. 
nitrogen. 

In this connection· China offers a good example to 
follow as the Chinese farmer makes the best use of all the, 
possible sources of manure, specially of oil cakes, night soil, 
and compost. * ' 

, d 
--. "t *T_ !'tom the unpubtiahed .. port OIl ChI.- Agricul_ by __ or 
S. Kartu,l!iDgII ~ to _ All« hia_to0h;rJ611l lIa,.1lIU. 

Compost. 
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The table below gives an estimate of the total pro-
. duction of various cakes aud the quantity 

0>1 Cake.. used as fertilisers in Ch·na :-

I PRODUCTION. 
USED AS 

CAKJD. 

]\[;)lion cattis. Million Cl&ttis.* 
---~ 

1. Soya.bea.n calm 42 II 
2. Ra.peseed cake 3. 33 
3. Peanut oake 27 19 
4. Cotton seed cake 21 20 
5. Ttu:lg seed oake 13 13 
6. Seaa.mum cake 8 8 
7. Others 15 13 

160 117 

"'One Ca.tti=1.1Ibs. 

It will be observed that nearly 73 per cent. of the total 
production of all types of cakes is used as fertilisers. In 
India large quantities of oil s~ds are produced and exported. 
Even cakes in substantial quantities (4,47,()()() tons in 1938-39) 
are annually exported. During the last 50 or 60 years it 
has been, incessantly, stressed that all the oil seeds slwuld 
be pressed in the country instead of being exported, so as to 
Conserve and utilise all manurial resources of the country, 
but so far nothing tangible has been done. What is possible 
in China could be ~ually possible in India. 

This is the second important source of manure, which 

Night son. is either wasted or not fully ultised in India. 
In China, both in the rural and urban areas, 

almost every house and institution has got a latrine, which 
is often combined with Of is located riear the pig sty, where 
.Jlig manure and human excreta are stored together in a 
small pacca tank. From there excreta is removed to· a . 
small tank in the field either daily or after some days, depend­
ing on the amount collected. It is diluted with water 
(3 to 4 times its own bulk) and then allowed to ferment 
for 10 days in a cool plaoe under sha,de and well protected 
from wind. It is estimated that 50 per cent. of its nitro­
sen is lost" under ordinary storage conditions but this loss is mm:$O 3() pe): ~n.t. if it is stored without stirring in: ~ 
~,~ und~ shade and well protected from wind. . 

" . 
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On the average its production per annum may be taken 
Production. 

to be about 10 picule_s (1 picule-112 lb8.) 
per head or 50 picules (70 maunds) per 

family of 5 members (husband, wife and three children 
12 years of age or over). As one family cultivates about 
20 mows (3 acres) of land, the human excreta produced 
by the family is enough to manure 1/3 to 1/2 of the 
holding, the remaining area being manured with pig 
manure, ashes, compost, etc. The value of human 
excreta before the wa:r varied from 10 to 30 cents per. 
picule depending on the locality. In May, 1944 the 
price had gone up 1,000 times, the price of solid excreta 
being 250 cents and of liquid 50 cents per picule. In towns 
there are big oontractors who buy the night soil from big 
institutions aud store in pacca cemented tanks, separating 
the solid from liquid faeces. 

In case of rice it is applied just before transplanting 
A I' t' by sprinkling the liquid in standing water. 

pp ". >on, In case of sorghum (jowar) it is applied 
after transplanting to each plant separately, It is also 
applied to the crops like wheat, barley, rapeseed, corn, 
Irish potatoes and sweet potatoes. 

Another interesting feature that came to our notice 
wheu touring in the country was that young boys were 
seen with a ladle in their hand and a basket under their 
arm picking up small pieces of manure found scattered on 
the roads or any other places. This keeps the roads clean, 
as well as adds, to the manurial resources of the country. 

From the above-given account of manurial resources 
of China it will be observed that every possible BOurne of 
manure is utilised and that the use of oil cake amI human 
excreta is the outstanding feature of Chinese agriculture. 

This consist~ in growing a green crop, preferably and 
G M' generally a legrone, and ploughing it in the 

reen .nunng. field, when in flowers. This has been prac-
tised in India from ancient times. The crops most commonly 
used are san-hemp and guara. The former is preferred in. 
Bubmontane tracts as guam does nov grow well ,there. In 
other parts, specially caJl&l cOlonies early guam is pref~ed. 
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Though this practice has been recommended.by the Agricul­
tural Department for the last 30 years but it has not been 
taken up by the farmers to any appreciable extent. In 
spite of the fact that no water-rate is charged by the Irriga­
tion Department for crop so grown; the total area green 
manured till 1945 did not exceed 30,000 acres per year. 
The probable reason is that water supply on these canals 
is only sufficient under optimum condition for 100 per cent. 
intensity of cultivation and the cultivator does not feel 
inclined to sacrifice a crop by ploughing it in. It must be 
remembered that a crop of guara is worth at least Rs. 40 
an acre as fodder (tnd ploughing it in means an expenditure 
of Rs. 40 per acre and not Rs. 3 the cost of seed and one 
ploughing, as is commonly believed. * 

During 1945 under "Gro'Y More Food Campaign", seed 
for such crops has been supplied free of cost and it is ex­
pected that one lac acres will be grown for this purpose. 
It should be noted that in order to take advantage of this 
concession the cultivator will have to buy an iron plough 
worth Rs. 20 for the purpose. It remains to be seen how 
far the Department succeeds in pushing on the practice of 
green manuring. 

The method of green manuring is as follows:-

A heavy sohaga is run over the crop in the direction 
along which ploughing !s to be don~. When the crop is thns 
laid flat a furrow turmng plough IS used to bury the crop. 
If the latter is not available desi plough may be used, but 
in this QSse there should be a few men to assist in putting 
the stalks in the furrows by hand, so that the soil moved by 
the plough in making the next furrow may cover them pro­
perly. The field may then be left after going over it with 
the 80haga imtil the green manure has decayed to .some 
extent. It is advieable to water the field a few days before 
ploughing in the crop. Four to five weeks after the burying 
of the crop the cultivation required for th& su~ mlii 

. may be 1Hlgun. 



133 

The green manure has been found to be very useful 
in sandy soils as it has a binding effect on such soils. 

Artificial fertilisers provide plant food in the available 
Mtjfidalo, form. Broadly speaking they are of three 
ioo'ganic types: nitrogenous fertilisers, phosphatic 
mom""'. fertilisers and potash fertilisers. There are 

four principal nitrogenous fertilisers, viz., nitrate of soda, 
sulphate of ammonia, nitrate of lime, and calcium 
cynamide. Of these the .first two are by far most common 
in this country and nitrate of soda is probably the most 
valuable of the sources of active nitrogen in common use. 
It is obtained from the Chillian saltpeter mines by a 
process of crystallisat,ion. The commercial product usually 
contains 95 per cent. pure sodium nitrate with 151 per 
cent. nitrogen. It also contains a trace of iodine, which 
is considered to be of great importance in the nutrition 
of animals, as the iodine content of a c,op is dependent 
upon the iodine content of the soil. Since nitrate of soda 
is highly soluble in, water and is directly available to' the 
growing plant, it is usually applied in the form of top 
dressing to the crop. Sulphate of ammonia is more 
popular than nitrate of soda nowadays. It is manufactured 
largely as a product of coal gas and coke industry. It 
contains about 20 per cent. nitrogen. Since sulphate of 
ammonia is not available immediately to the plant it is 
more suitable for use at the sowing time, though top 
dressing like sodium nitrate can also be. done: ' 

Commercial nitrate of lime contains about 13 per cent. 
nitrogen. Broadly speaking it has the same advantages 
as nitrate of soda. It is, however, more hygroscopic than 
nitrate of soda and is, therefore, not very JX?pnlar. 

·Calcium cynamide is manufactured from atmospheric 
nitrogen by combining nitrogen with calcium carbide by 
IWlallll of electric process. This prodllct mainly contains 
abom 19 per cent. nitrogen. Like sulphate of 
ammonia it undergoes nitrification before plants are able to 
use it. It shOuld, therefore, be applied at t'4e soWing 
time, or at least a weak or two before planting. 
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Besides these there are other nitrogenous manures 
such as dried blood (10 per cent. nitrogen), horn and hoof 
meal (12 to 14 per cent. nitrogen), tannery waste (5 to 10 
per cent. nitrogen), hair waste (8 to 10 per cent. nitro­
gen), shoddy (14 to 15 per cent. nitrogen), etc. 

These fertilisers contain phosphoric acid combined with 
Ph08Sh.tic lime in greater or less proportion. Most im-
ferti i,ere. portant of these are mineral or rock phos-

phates, super-phosphates, basic, slag and bone fertilisers. The 
mineral phosphates are found in natural deposits in some 
parts of the world but most of it is used for conversion into 
popular superphosphate with sulphuric acid. By this 
process the tricalcic phosphate is turned into mono-calcic 
phosphate. Another product in the reaction is sulphate of 
lime or gypsum. The superphosphate usually contains 30 
to 35 per cent. phosphate of lime (13l to 16 per cent. 
phosphoric acid). 

Basic slag is the product of bessemer process of steel 
manufacture resulting from the removal of phosphorus 
from iron by means of lime. It contains about 40 per cent. 
phosphate of lime or 18 per cent. phosphoric acid. Basic 
slags of lower grade are also available. 

Bone fertilisers besides containing phosphoric acid also 
contain small amounts of nitrogen. These fetilisers are 
produced from bones left over after the manufacture of 
greese, gelatine and glue. In some cases the raw bones 
may also be crushed, but usually fat which is very valuable 
commercially is removed. before the bones are crushed into 
meal. The degreased bone meal usually contains 45 per 
e,ent. phosphate of lime (20 per cent_ phosphoric acid) - and 
31 per cent. nitrogen. The bone meal flour contains about 

- 60 per cent. phosphate of lime (27 per cent. phosphoric 
acid and generally about I per cent. of nitrogen). Some 
grades of dissolved. bones are also used as fertilisers. 

Number of dllierent salts a;re obtained. mainly from mines 
. 11- in Gemui.ny and Alsace-Lorraine. Potash 
" . ..,~.. sslts are also ?btained ~m Spain. The most 
~. 9f these aT1 munate (chlonde) of potash (50 to 
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53 per cent. potash), the sulphate of potash ("'8 to 51 per 
cent. potash). Some lower grade salts, such as kIIinite 
(121 per cent. potash), etc., are also available. Of all 
these manures, however, the muriate of . potash, which 
contains some amount of common salt as well, is by 
far the most important. Wood ashes are also fairly good 
sources of potash. 

The nitrogenous fertilisers stimulate above ground 
parts of the plant. Excessive nitrogen, however, exaggera­
tes these effects and retards ripening. The plants are more 
susceptible to attacks of fungus diseases if excessive quantity 
of nitrogen is applied. In the case of grain crops it may 
cause lodging. Inadequacy of nitrogen on the other hand 
may result in stunted growth of the plants and result in poor 
yield. 

Phosphoric acid encourages the development of grain 
and promotes early ripening. It also stimulates root 
development. It is, therefore, valuable on barani lands. 
It is specially valuable for legumes particularly berseem' 
(see last para. of this chapter.) 

The potassic fertilisers are closely associated with the 
production of carbo-hydrates (sugar and starch) in plants. 
This is af great importance for crops like potatoes, sugar 
beet, etc. 

As regards the manurial requirements, the Province 
Manur;.1 may be divided into two regions. The first 
requ;re"!ents . of region comprises the central and western 
the Punjab '0>18. plains area. Here the climate is hot and 

generally dry. Under these conditions the soil organic 
matter is rapidly oxidized and therefore, there, is no accumu­
lation of organic matter. This type of soil, therefore, responds 
to application of both nitrogen (ammonium sulphate) 
and organic manures, like farmyard manure and green 
manures. 

The second region comprises too montane and sub­
montane &re8.8. The climate varies from humid to subb.u­
mid and, therefore, the soil is oomparatively better 8llpplied 
'With nitrogen and organic matter. However, both Iabota-
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and field experiments have shown that these soils 
are deficient in phosphorus and therefore respond to 
phosphatic manures. Potassic manures have shown no 
response anywhere. Investigations for finding out the 
manurial requirements of different crops under different 
climatic conditions on an economic basis are in progress 
and at this stage it is not possible to give any precise infor­
mation on this aspect of the problem. 

In recent years it has been found in some of .the Wes-
tern countries that minor and trace elements 

Rare elements. such as Boron, Magnesium, Manganese, Zinc, 
etc., exert great influence on the yield and quality of crops. 
In India very little attention has been paid to this important 
problem. It is, however, of utmost importance in· order 
to make full use of the manures. No doubt, it is admitted 
that the study·o£ inJ:l.uence of such elements on the crops 
is not simple and easy because of the lack of knowledge 
with regard to their requirements and the danger of toxicity 
of excessive quantities of elements, etc., yet no progress 
can be made in the absence of any experimental work. 

A passing reference to the advantages of including 
Place ofl.gume, l~ous. crops in t~e rotations in o~~er 
in the Ponjab to mamtam or even unprove the fertility 
agrioulture. of land has already been made. Great 

importance of this subject, however, deserves special 
attention. 

Most of the common crops which are grown in this 
province, such as wheat, maize, cOOri, sngarcane, tona, 
cotton, etc., are very exhaustive. The inclusion of legumes 
BUch as s6l'f.ii, metha, berseem, lucern, gram, moIh, mung, 
mask, eto., which have the characteristic of fixing atmos­
pheric nitrogen with the help of bacteria in the nodules on 
their roots, is very helpful. Moreover, on account of being 
rich in protein their mixture with cereal yields a nutritious 
and palatable fodder. The capacity for fixing nitrogeI! 
js, however, different in different leguminous crops. 
For instance, crops like berseem which give more thaIl one 
,~ fix ~ amount of nitrogen than others like 86tIjj 
~ ~~ which giv.e o~y one cutting. This seelDll to be 

. ';."t5f!"",,.,·I. 
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due to the fact that by repeated cutting, the roots get sti­
mulated and their active period for fixing nitrogen is pro­
longed. 

Let us examine the position of Punjab in this respect. 
The area under leguminous crops together with the total 
area cropped under different conditions of farming, viz., 
canal irrigation, barani and well irrigation combined is given 
below:-

Type of Area. 
Area under 
leguminou8 

crops. 

Aores. 

Total area 
cropped. 

Acres 

Peroent-.,ge 
of legumes to 

total. 

Ca.na.l irriga.ted 1,348,889 12,219,754: 11 

Barani and well-irrigated •• 1 __ 6:.:,9_1:._7,:._58_5 __ 1 __ ::.20.:,,44.,:.1:.:,246_:__1 ____ 3_4 __ 

Total 8,266,474 32,661,000 25 

It will be observed that the position is not bad for the 
cropped area as a whole, while it is good for the barani 
and well-irrigated areas taken together where le!;(umes 
form about 34 per cent. of the total area cropped. . In the 
canal-irrigated area, however, the position is very bad, the 
average figure being 11 per cent. only. So far as individual 
canals are concerned the percentage of legumes to total area 
cropped varies considerably. For instance, it is 25 per cent. 
on Ghaggar canals, 18 per cent. on Western Jumna, 17 per 
cent. on Sirhind on the one hand and only 2 per cent. on 
Eastern canals, 9 per cent. on Upper Chenab canal, and 10 
per cent. on Lower Chenab Canal on the other. Other 
canals occupy intermediate position. 

It may also be noted that it is in canal-irrigated areas 
that legumes are needed most as the' yields are high and 
crops are more or less sure, whereas in baroni areas reverse 
is the case, i.e., yields are low and due to erratic'moilsOon,' 
crops are not reaped \ every year. 
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A comparison with Egypt where canal irrigation is 
llxtensively practised and where high yields of cotton have 
been obtained for a very long period may be made here: 

Wheat 
Maize 
Great Millet 
Barley 
Rice .. 
Ootton 
Sugarcane 
Other non-leguminous crops 

Total of non-leguminous crops 

Berseem 
Leguminous Food crops 
Other leguminous crops 

Total of leguminous crops 

Area in Hectares 
(2.47 acres). 

594,962 
628,896 
163,654 
110,808 
200,149 
749,386 

28,656 
41,425 

2,517,936 

739,995 
239,488 

15,620 

995,103 

Total area cropped 3,513,039· 

These figures show that the percentage of leguminous 
crops to .total area cropped is about 28. Incidentally 
it may be mentioned that by putting proportionately more 
area under berseem it has been possible for Egypt to 
attain average intensity of cropping 88 high as 160 per eent. 
Here is a lesson to be learned from the Egyptian agriculture, 
i.e., we should encourage the growing of leguminous crops 
~cularly those like berseem. which.give severa.! cuttings 
hi. the canal irrigated tracts. The difficulty of procuring 
good reliable seed at reasonable cost is there but the 
Agricultural Department is doing all it can to solve it. 

*Further it has been observed that the application 
of superphosphate to the ber8eem crop at sowing time 
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increases the yield by 100 to over 150 per cent. and the 
phosphate content of the berseem plant by 250 to over 400 
per cent. In the case of cowpeas following the lll&nured 
crop of berseem the yield of fodder was not increased very 
much, but there was a 200 per cent. increase in the phos­
phate content of the plant. There is aJso a considerable 
variation in the capacity of various legumes to respond 
to the application of phosphates. The application 
of phosphates also stimulates nitrogen fixation. The 
amount of nitrogen fixed by legumes from the atmosphere 
is in proportion to the yield and vigour of the legume crop. 
The application of phosphatic manures to those legumes, 
which respond better, offers an effective means of adding 
nitrogen to the soil, and at the same time increased produc­
tion of the fodder and increased soil fertility for the succeed­
ing cereal crop. 
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CHAPTER vm 
IRRIGATION. 

A study of maps A and B in Chapter I shows 
clearly the uneven distribution of rainfall in the Punjab 
from June to September and from October to May respective­
ly. Ouly parts of the Districts of Ambala, Hoshiar­
pur, Gurdaspur, Sialkot and Rawalpindi and the whole of 
Kangra and Simla get over 25 inches in the summer months. 
West of a line passing from Rawalpindi throngh Gujrat, 
Amritsar, Karnal and Gurgaon get less than 20 inches 
When we get as far West as Zone 3, the rainfall is between 
10 inches and 5 inches and Zone 2 and 1 get under 5 
inches. The picture for the winter months in Map B is 
still more sombre. There are only two Districts in the 
whole Province which get over 10 inches in Winter. Not 
only is the rainfall inadequate but it is often irregular and 
uncertain and sometimes can do more harm than good. 

These maps however show clearly the wonderful position 
Import.Doe of of the pro.vince as regards rivers. With the 
irrigation. Indus on Its Northern boundary and Jnmna 

on its South Eastern boundary and five 
rivers, viz., the Jhelum, Chenab, Ravi, Beas and Sutlej 
inside, the land of the five rivers is indeed blessed. 

From what has been said above the snpreme importance 
of irrigation in the Punjab can be realised. 

The large canals constructed by damming of the great 
Souro., of irri· rivers of the province are the main sources. 
g~tion. Out of a total cropped area of 33 million 

acres, 17 million acres or 52 per cent. is irrigated and 77 per 
cent. of this is by canals. In other words 13 million acres 
or about 40 per cent. of the total cropped area of the 
province is iuigated from canals. Only 41,000 acres are 
irrigated from tanks. The balance representing about 25 
per cent. of the irrigated crops is irrigated fronI wells. 

140 
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Irrigation from wells has proceeded from times immemo-
w.n.. rial. It is estimated that there are 329,3~ 

masonry and 17,592 non-masonry wells, In 
the province. * Masonry wells are important mostly in 
Jullundur, Multan, Muzaffargarh, Sialkot and Ludhiana, 
whilst the non-masonry wells are mostly popular in the 
districts of Multan, Hoshiarpur, Dera Ghazi Khan, Muzaffar­
garh and Gurdaspur. It will be observed that wells are 
mostly found in' khadir areas, i.e. areas adjacent to rivers 
and sub-montane districts where canal irrigation is not 
possible, spring level is high and sub-soil water is fit for . 
irrigationt. In some places such as parts ofMultan, Amritsar, 
Ludhiana, etc., where canal water is available in summer 
season only, wells are used in winter se&son to supplement 
the canal supply. 

During the last three-and-a-half decades there has been 
an increase in the number of wells as well as in the well 
irrigated area. In 1909-10, there were 273,988 wells and 
area irrigated by them was 2,985,574 acres whereas in 1943-44 
the corresponding figures were 346,912 and 4,216,056 rea­
pectively . 

.A well with water level at 25 feet from the surface and 
sunk further 10 feet in the water cost before the war about 
Rs. 800. The capital value of all the wells at the above cost 
of Rs. 800 for each well is, therefore, about 25 crores of 
rupees, as against about 34i crores as the direct and indirect 
capital outlay up to 1937-38 for major or productive works 
of Punjab canals. There appears to be no reason why 
state effort need be restricted only to the construction of 
canals and tanks and why Govermnent should not construct 
wells on the same analogy. The capital involved is heavy-
25 crores against 34 crores on canals and the area irrigated 
is over 4 million acres. If this is done the resources of the 
cultivator will be fully employed on actual cnltivation, 
manuring and growing of crops. The Govermnent will be 

._ and Grope Report. 1114344. • 
tWater conta.miDg more- t.ha.n 1 part or mmeral salts in 1.000 is considered to be 

unilt tor Yrrigatioo. pttl'POIMlL TIre presenoo of somtml salt;;., especi&Uy &Odium ,cu­
b ....... i ...... id.red to be highly lnjwio1H. 
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justified in charging a small tax along with land revenue 
for the amenity. In order to encourage well sinking the 
Government should also help by giving correct and free 
advice about locating sites with a dependable supply of water 
and insurance against failure in addition to giving financial 
help*. At present all that the government is doing in 
connection with well irrigation is to arrange for the boring 
of wells for augmenting the water supply on payment 
or takavi loans for sinking of wells. As a rule well irriga­
tion is not practised where the depth of water is much 
over 35 feet as the cost of lifting water beyond that depth 
is excessive in comparison with the value of crops thus 
raised. In tracts like Gurgaon, however, the wells are 
generally 50 to 60 feet deep and are extensively used for 
rabi waterings because that tract has a fairly secure rainfall 
and wells merely supplement the rain and crops generally 
get two irrigations as compared to 4 or 5 in districts like 
Jullundur and Sialkot. Under such circumstance, it pays 
to lift water even from greater depth than is usually con­
sidered profitable, as otherwise the crop will altogether 
fail. 

Water from canals usually flows into the fields by force 
W.rer Lift,. of gravity, but in. ease' of wells and tanks., 

water has to be lifted up to the surface 
before it can be applied to crops. Sometimes, when land 
is situated at a higher level, water from canal has also to 
be lifted to the level' of fields. Various contrivances used 
for lifting water are discussed below:-

(i) Persian Wheel.-Irrigation from wells is in the 
main carried out by means of the Persian wheel (rahat). 
It 'COnsists of a large drum (bair), over which passes an 
endless rope or iron ladder (maltl) with buckets attached 
to it at distances Of one or two feet. The ladder wit1t buckets 
reaches below the surface of the water in th~ well. The 
drum with the buckets is revolved by means of a §imple 

.
round-about gear worked {ly a pair of bullooks. . The lever 
to whleh the-bullocb are yoked gives motion to. a horizontal 

"N~cIlon &lid '«'oU Irrigatioo." by.s. ~..w.. 
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toothed disc (chaTok), which through the medium of a cog­
wheel (chakli & lath) turns the drum. The buckets are 
either earthenware vessels holding from I! to 2 seers of 
water or are made of iron holding 3 to 6 seers of water. 
Some simple mechanical deductions as regards the output 
and work are given below:-

(a) Increase in the size and number of buckets in­
creases draft and discharge. 

(b) Increasing the size of the bair increases the ve­
locity of chain draft and output; whereas decrease 
in size has the reverse effect. 

(c) Altering the relative gears of the ehakla and 
chakli affects output and draft. Increase in 
number of teeth in the chakla increases draft 
and output and vice versa. • 

(d) The larger the circle through which the bullocks 
move the less the draft and the output. 

It will be seen from above that the persian wheel is 
very flexible and, therefore, adapted for varying water 
level depths. In the common form of persian wheel the 
bullock track is on one side of the well, as in the case of 
jhala,. used for lifting water from streams and tanks but 
sometimes it is round the well also. 

The persian wheel varies in detail from place to place. 
With regard to the material used for construction they 
may be divided into two types, 1Jiz., (i) wooden: and (2) Iron . 

. In a typical wooden persian wheel the mahl is generally 
made from hemp, buckets are earthen and other parts 
are made ot wood. Sometimes the. mahl is made of 
date-palm fibre. A typical iron persian wheel is wholly 
made of iron. Iron persian wheels are a comparatively new 
introduction, and are gradually replacing wooden machines. 
But in certain tracts due to lack of initiative, capital and 
facilities, people are still sticking to tlj.e 019. type of machine. 
A study of the mechanical efficiency of the two types of 
machines has shown that iron persian wheels are on an 
average 28 per cent. more efficient than wo~en pers~n 
Wheels. The lower efficiency of the latter IS to a grest 
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extent due to low discharge caused by' excessive breakage 
of earthen buckets. Perhaps for this very reason in several 
places persian wheels are partly made of iron and partly of 
wood, chakla and chakli being of wood and bair, 
mahl and buckets of iron. In such places the cultivators 
also believe that the draft of such machines is less than that 
of those wholly made of iron. An improved persian wheel 
has also been evolved by the Department of Agriculture. 
Through the use of roller and ball bearings, reversible chakla 
and chakli and proper attachment of buckets to chain, 
its efficiency has been considerably improved. Its price is, 
however, much higher than that of an ordinary iron Persian 
Wheel, viz., Rs. 250 as against Rs. 125 and 100 (pre-war 
prices) for iron and wooden types respectively, and for this 
reason it has not found favour with cultivators. 

Persian wheels are usually worked by draft animals, 
but there are a few machines in the Province worked by 
electricity and oil engines also. On an average the draft 
of an iron persian wheel is about IJp cwts. and with bullocks 
a discharge of about 1 17th cnsec from a depth of about 25 feet 
is obtained. One man or a boy is required to drive the 
bullocks and another to control water. But the former 
can be dispensed with if bullocks are blind folded and the 
man controlling water is near the well to give an occasional 
shout to the animals. 

(ii) Oharsa or Ramiokos.- This is perhaps the 
second commonest water lift in the Province. Some 20 
years back it was very common but now it has been mrgely 
repla,ced by persian wheels. Its use is mostly confined to 
the tracts where the water table is rather low and rainfall 
on the whole good, so that only a few irrigations are needed 
to mature crops, e.g., certain parts of Gurgaon. and Delhi. 
In some districts like Ludhiana, this water lift has been 
almost entirely repmced by persian wheel 

Charsa consists of a whole bullock hide, with the corners 
cut off and tied by leather throngs to an iron ring 18 to 24 
inches in diameter. It .holds from 24-42 gallons of water. 
'The bag is· pulled up by a pair of oxen by means of a rope 
~ . over a pull~ at the top of the w.eU and attached to 
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the bucket and to the yoke of the oxen. The cattle walk 
down an inclined plane. On: the bag reaching the level of the 
discharging trough, it is emptied by an attendant stationed 
there for the purpose. The emptying of the bag is faci­
litated by the driver jerking the rope on receiving a signal 
from the man at the well. The toggle or ki!i attachiug the 
rope to the yoke, is detached and the bag thrown into the 
well, where it descends by its own weight but controlled 
by the attendant on the well. The bullocks turn round 
and walk up the incline for the next load. The inclined­
plane tends to even the work for the cattle as they take 
advantage of their weight when going down land and they 
climb up without load on their return journey. Though 
one pair of bullocks and two men can work a charsa but 
two pairs and three men work it more conveniently as it 
helps in regularizing the work since when one pair is going 
down, the other is coming up. The average discharge 
of a charsa worked by two pairs of bullocks may be 
taken to be about 1/6th CUBOO. 

(iii) Dkenkli or counterpoise lift.-Dhenkli is a poor 
man's water lift. It consists of a bucket made of iron or 
leather, suspended by a rope to the end of a pole, which is 
carried and eVellJy balanced by a counter-weight on a stout 
upright support, on which it works in a see-saw fashion. 
The lift is worked by manual labour and the counterpoise 
is of such weight that no great exertion is required to de­
preas the lift when empty or raise it when full. 

This device is used for Jifting water from taw or wells 
5 or 6 feet deep. It is usually worked by one man, but there 
are some forms which require more than one .man. This 
lift is used in the Punjab on holdings which are too small 
for economical use of bullocks and the sub-soil water is not 
very deep. 

(w) Swing basket (jhatta).-This consists of a basket 
or a shovel like scoop and is swung by two men, one standing 
on eit,ber side holding the ropes. It is suitable only for 
low lil'ts. Each swing catches some water and Jifts it, say, 
I to 3 ree~ high to an upper channel. Sometimes the basket 
is suspended from a tripod but this is not _tiaJ. . 
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(v) Pumps.-Centrifugal pumps are usually worked 
by electric motors or oil engines. Small pumps drawing as 
much water as the ordinary persian wheel or a little more 
may be installed on the ordinary wells, but for large pumps 
wells must be capable of giving at least t cusec or 
about 11,000 gallons per hour. Most wells in the Punjab 
would suffer from "blowing" if water were pumped to this 
extent from them. To remove this defect, the wells may 
be bored or "Tube Well" may be installed. 

It simply means the boring of a hole in the well and 
B . putting in of a plain or better still a Tube 

o'mg. Well pipe in the bore in order to utilise 
the water in the lower water-bearing strata which rises to 
the previous water-table or higher by its own pressure. In 
the Punjab, this method has been followed for nearly 30 
years and in many parts of the Eastern Districts it. has 
proved to be very successful. At some places Artesian wells 
have been discovered and probably many more could be 
discovered if experiments were systematically conducted. 
Some such wells near Rawalpindi give water-supply above 
soil surface level from bores over 200 feet deep. 

The Well Boring Section of the Punjab Agricultural 
Departmental • Department, undertakes the boring of wells 

wo,k, extent used for agricultural purposes with the object 
;:':~e~:'!.. of increasing their yield. Trial Bores are also 

sunk at the site of proposed wells to aacertain 
the suitability or otherwise of the sub-soil conditions. 
The standard size of casing tube used in Bu'!h borings is 7 
inches, and the usual maximum depth to w.hich such bores 
are sunk does not exceed 300 feet. Provided the well owner 
supplies a regular and necessary daily labour and the surface 
strata are not unusually hard, the well borers can bore down 
to this depth with the ordinary standard hand boring plant 
used by them. An estimate to cover the cost of :pipes, 
strainers and other materials to be used in the well, together 
with overhead charges (during War overhead 
9.harg~ arenot levi~), 'the .borer's foota~ a.n0~c:e and 

. 11!Specijion ~ if any, will be supplied m Wl'lting by 
thi '\(~Supe:rvisor- direct or through the well-borer to 
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the well owner. In the three years ending 1948-44, 540 
wells were bored annually in the Punjab" and 81 per 
cent. of these bores turned out to be successful. Those 
who are interested in having their wells bored for increasing 
the water supply, should give a written application for boring 
to the local Tehsildar or to the Well-supervisor of their 
ilaqa. For details please consult the Department of Agri­
culture Punjab, leaflet No. 84. . 

The tube-well consists essentially of a strainer which 
T b lis is inserted in the soil so as to reach several 

u .·we. feet below soil water level. The upper part 
of the tube consists of a plain iron pipe. With a tube­
well, supplies up to 3 cuseCB Of even more can be obtained 
by having a sufficiently large pipe put into the requisite 
depth of water-bearing strata. . A fairly large number of 
tub-wells have been put up during the last few years, 
especially in the United Provinces. In the Punjab, tube­
wells have been used in suitable sites mostly on the farms of 
the Agricultural Department or by the Public Health and 
Railway Departments. Some wells have also been sunk by 
large land-owners for irrigation purposes. More recently 
two irrigation schemes have been brought into effect by the 
Punjab Government. One of them is known as the Qadian 
Scheme and the other as Karol (Lahore) Project. The 
former started with 3 tube-wells, but one of the tube-wells 
has been abandoned, so the scheme is now confined to two 
tube-wells only. The Karol Project has been prepared to 
irrigate a tract of land of 30 square miles lying between the 
left bank of the Ravi River, and the right irrigation bound­
ary of the Shalamar distributory, and contemplates to sink 
and operate 30 tube-wells which have been sunk in this 
area and are working satisfactorily. 

I~ has been observed in the Punjab that in the majority 
of tube-wells the yield begins to fall after sometime. The 
reasons for this fall have been investigated and found to be 
partly mechanical and partly chemical. In the case of 
former choking of strainer is caused sy the deposition of 
small particles of soil or defl.oceulated clay and In the case 
of latter it is due to the chemical action of the salts in the 
sub-soil water OIl the strainer. . 
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Complete failure of the tube well may also occur in 
another way. The water-bearing strata of sand contain a 
certain percentage of fine soil particles. If the velocity of 
pnmping is high enough to remove these fme particles, pro­
longed pumping will result in the cavitation of the sourround­
ing sub-soil which ultimately may cause collapse. To 
exceed limiting velocity is, therefore, highly dangerous. 
As a matter of fact, the velocity should be kept at the lowest 
economic limit, for this is helpful in avoiding the chemical 
choking as well. When the sub-soil water contains calcium 
bicarbonate, with the reduction of pressure of such water 
the carbonic acid gas is liberated and the calcium carbonate 
is precipitated on the strainer. 

In order to avoid choking the slot area should be as 
large as possible and the strainer should not be made up 
of such metals as mild steel, cast iron, zinc, aluminium and 
copper which are liable to be attacked by sodium salts_ 
Brass is not readily attacked by salts normally present 
in soils while cadmium is non-corrodible under ordinary 
conditions. If strainer is sufficiently corroded complete 
collapse will follow and the well will fail. 

In order to avoid corroding and choking, many types 
of strainers have been evolved and put on the market by 
various people. Of these Brownlie Slip Strainer, Improved 
Pottery Strainer and Ess-Bee Strainer are worth mention­
ing. The first two were designed by Mr. T. A. Miller 
Brownlie, Agricultural Engineer to Government, Punjab, 
for many years. The Pottery Strainer which is an advance 
on the Slip Strainer consists of pottery sections. Re­
cently the pottery has been replaced by'a composition similar 
to that of the quadrants of Slip Strainer which were made 
up of asbestos bound with pitch and other agents. The 
Esg-Bee Strainer consists of coir cord wound on a steel frame 
of horiwntal strips. It is claimed to be free from clogging 
and corrosion. Experiments carried out in the Irrigation 
Laboratory tend to bear out this claim. But this strainer 
is very deljcate and requires careful handling. Moreover, 

. flOir taints the water and, therefore, it renders, the water 
~e for driBking purposes. Slip Strainer can. ~ 
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obtained from Ishwar Pottery Works, Delhi, Improved 
Pottery Strainer from M. Mohd. Snbhan, Proprietor Kashmir 
Pottery Works, Sialkot and the Ess-Bee Strainer from 
;\lessrs. Sarup and Bansi Lal, Lahore. 

It has been found that the great majority of areas in the 
Punjab are unsuitable for a large scale project on account 
of the nncertain geology of the sub-soil. There are numerous 
instances of brackish sub-soil water entirely unfit for irri­
gation although there are many wells where the water is 
good. It is, therefore essential to carry out proper exami­
nation of every single site before the well is sunk. In the 
U. P., the conditions are very favourable for Tube-Well 
Irrigation. There, the sub-soil is light in texture, uniform 
in quality and free from salts and the Bub-soil water stream 
flows parallel to the crusted warpings. Consequently there is 
uniformity in respect of water-table below soil surface. 
Such conditions lend themselves to standardisation of plants 
and methods. Besides, in the U. P., the entire water-table 
is inter-connected and the whole system contributes to the 
discharge of the tube-well system, but in the Punjab the 
sub-soil water-stream does not run parallel to the crusted 
warpings and there are sheets or beds of clay which cut off 
the main sub-soil stream resulting in pockets of water 
in some cases. If a pump is, by chance sunk in one of these, 
the discharge is likely to cease abruptly {!.fter a short time. 
However, in areas adjacent to rivers where the spring­
level is high, sub-soil water is sweet and plenty of it IS 

available, tube-wells are likely to prove of highest benefit. 
Those, who are interested in tnbe-wells, should apply to 

Dopanmenl'.adrisory the Agricultural Engineer to Government 
"o,k.. Punjab, Lyallpur, who after inspecting 

the site, will supply the estimates for sinking the tuhe-well. 
For any other detail Agricultural Engineer to Government, 
Punjab, Lyallpnr, may be consulted. 

The lifts described so far are met with in the Punjab. 
Lifts used in other There are however, some more lifts which 
provinces are used in other Pi:ovinces and it is 

poSBible they may have some scope here -also. These are, 
therefore, briefly described below:-
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. (i) The Self-Delivery or Sundio KOB.-This is a self­
di:scharging charsa. It consists of an ordinary charsa 
WIth a leather tube varying in length from 6 to 10 feet at 
the bottom. A strong rope is attached to the main Ducket. 
The other end of this rope is passed over a pulley fixed 
almost directly above the lip of the receiving trough and 
about 4 feet above the top of the well. A second thinner 
rope is fastened to the smaller mouth of the leather bucket 
or the tube in a manner which will not obstruct the flow of 
water through the small mouth. The other end of the thin 
rope is passed over a roller which works on the lip of the 

S_Kos. 
J.I'Ia".25. 

receiving trough. These two ropes are attached to the 
yoke of a pair of bullocks, and their lengths are adjuSted so 
that the· narrow half of the bucket or tube doubles up along­
side the broad half of eharsa and the two mouths of the 
leather-bucket are level with each other as the bucket 
ascends or descends in the well. When the bucket reaches 
the top of the well, the narrow mouth follows its own rope 
over the roller and delivers the. water into a receiving trough 
1:Vhilst the broad mouth is by means of its rope carried to 
the pulley four feet higher up. This ensures that the bag is 
completely emptied of water. Bullocks walk down an 
incline as in the RamiokoB"but instead of being detached 
they back to point of starting instead of turning ronnd. 
For this work good moving active bullocks are used; heavy 
animals are unsuitable. -The outlet from the receiving trough 
is autliciently Iafge to allow the trough to empty itseIf.as 
fast ~i.t is filled, avd small enough to keep up a continuous 
ilMr"m'thechannel which it feeds. 
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This lift is unknown in the Punjab, but is extensively 
used in Western India. It has the advantage of saving 
labour of one man, and is very suitable where depth does • 
not exceed 30 to 35 feet. 

(ii) The Double Mote.-Bullocks walk in a circle. 
Two bags are attached by a winding rope to a drum, one 
unwinds while the other winds up. 

The drum is on a vertical axis, and ropes pass OTer 
pulleys on the rim of the well. The cattle walk on a level 
and get no benefit from their weight as they do in the case 
of ordinary charsa when walking down an inclined plane. 
This lift is not in general use anywhere in India. 

(iii) Baldeo Balti.-This is an ingenious device for 
lifting water up to 5 feet. It consists of two large boat­
shaped buckets of iron, hinged on to a piece of wood on the 
edge of a water-tank or channel. These buckets are raised 
alternately by means of strings or ropes attached to the 

B.ldeo Balti 
Fig. 26. 

yoke-pole turned round by a bullock or a pair of bullocks, 
so that when one of the buckets goes down ind gets filled 
with water, the other comes up and discharges the water. 
The arrangement of the ropes is rather complicated. .In 
one case it is attached directly to the yoke-pole after passmg 
OVllr a pulley and in case of the _<1 bucket it passes 
over two pulleys, one of which ia :fixed on the top of another 
post. 
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(iv) Egyptian Jhallar.-This is a low-lift jhallar obtained 
from Egypt and tried at Tarnab Agricultural Farm, Pesha-

'war. The practicable maximum lift in this case is 5 feet. 
The lift at Tarnab is only 2'-8". It is worked by a single 
bullock and delivers 1.5 cusecs which can irrigate 1 acre 
in 1 hour 20 minutes. Its draft is 120 Ibs. and its efficiency 
about 76 per cent. The main point in its mechanism is 
that the water lifted is delivered almost at the ground-level 
unlike that of Persian wheel or local jhallar where water is 
delivered about 4 feet above ground leveL This is a sheer 
waste of energy which is proportionately very high in 
case of low lifts. The cost of this jhallar is about 
Rs. 380 and it is anticipated that there is a good scope for 
this sort of lift in some parts "f the Province. 

(v) Egyptian &rew.~ This is largely used by the "Fellah" 
or Egyptian cultivator. It consists of a cylinder of wood 
about 12" to 24" in diameter and 3 to 9 feet long, inside which 
is a series of planks arranged in the form of a screw. At 
each end of the cylinder is an axle and this rests on two sup· 
ports, one in the water and the other by the delivery trough. 
The cylinder is turned round like a turbine, and the water 
rushes throngh. A slope of 350 to 450 is generally employed 
for the cylinder to facilitate the raising of water. This 
is useful for more shallow depths, up to 4 feet. It Can 
be made for about Rs. 30. A 6-feet machine, 15 inches in 
diameter, can be easily worked by one man and can discharge 
about 200 to 300 gallons of water per minute from a depth 
of about It feet. 

(vi) Chain Pump.-This is worked somewhat on the 
same principle as the Persian wheel. A pulley is keyed on 
to a shaft which gets motion, either by handle, when mannal 
labour is employed, or by a round-about gear, when bullock 
power is used. This pulley carries on it an endless chain, 
which having discs on it at intervals of a foot, is made 
to ascend thro~ a tube which descends from the top of 
the well to 2 feet below the surface of water. The discs 
am about the same diameter as the tube. In the improved 
~.leather-washers strengthened by iron discs are QSed. 
.• ~ Dfnter lifted is proportionate to the ~fthe 
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tube. The discs on the chain fit into corresponding notches 
on the pulley; therefore it does not slip back. Two or more 
tubes could be put on the same shaft. A chain pump with 
4-inches pipe will lift 2,500 gallons per hour from a depth 
of 20 feet. At depths over 20 feet this pump does not work 
well because of the increase of friction and 1088 of water by 
drainage along edges of discs. 

~PaIP 
Ii'Icano n. 

A somewhat similar contrivance" IS m use in China. 
for lifting water from small depths. . 1'Jris is an inclined 
Wooden trough with a wooden endless chain fitted with. 
wooden discs. As bamboo is easily available there, it is aU: 
made of bamboo wood. The endless chain is moved by 
means of paddies worked by man power and wooden 
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<l1o""CS moving up the inclined pla~e carry water to the top. 
It may be worked by one or two persons a.ccort:ling to the 
height to which it is to be lifted. In the case 01 higher 
lifts, these machines are fitted at various levels and are 
worked in conjunction with each other. A cheaper con­
trivance, all made of bamboos, is also used for lifting water 
from deep running streams. No external power is used for 
working it. The running stream moves the drum carrying 
small bamboo buckets. 

The cost of lifting or pumping water by various de­
CO" of lifting water. vices varies a good deal from yea: ~ year 

and place to place, because conditlOns a~ 
regards prices, water supply, depth of water-table, etc., do 
not remain the same in different years and different areas. To 
give only one figure for the whole of the province, is there­
fore, not likely to represent true conditions. However, in 
order to give only a rough idea of the costs and show the 
method of arriving at these figures some information is given 
in the following pages. Since, along. with the money costs 
the quantitative data (as far as possible) are also given here, 
an estimate of costs for a particular time and locality can 
also be made by the application of local agricultural and 
econoIQic conditions to these figures. 

The cost of lift irrigation may be divided into three 
majn heads: (1) overhead charges; (2) power costs; and (3) 
m1nual labour charges. The overhead charges consist of 
capital cost of sinking the well, installation of the lift, con­
struction of necessary buildings as in the case of tube-well, 
and expenditure incurred in cOllllootion with repairs and 
skilled attendance to the well and lift. The capital cost of the 
_ll and the lift includes the interest and depreciation on 
their initial cost, interest at the rate of 4 per cent and 
depreciation according to expected life. In order to deter­
mine these charges per acre. the total expenses under this 
head have been divided by the total area irrigated. which 
depends upon several 4ctors, such as the ~ual rainfaJ.I. 
the depth of water-tahle, supply of wII-ter jn the well, and 
~..9f crops, groWn. The power (l()sts oonsist of the 
_~ in the case of Dull~-wOl'ke(llifts. *t of 
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electricity in the electrically-driven lifts, and of fuel, oils, etc., 
in the case of water lifts worked by oil engines. The manual 
labour charges are those for the labour required for driving 
bullocks and controlling or directing water in the fields. 
This labour has been charged at the rate of five annas per 
man per day of 8 hours. In the case of Persian wheel a boy 
will do for driving the bullocks, his charges have, therefore, 
been calculated at the rate of 3 annas per day. 

Gost oj lifting water by &ullock-driven Persian wheel jrfim 
open well.-Information on the cost of irrigation by Persian 
wheel bas been published regularly every year in "Farm 
Accounts" since 1928-29. For detailed information readers 
are referred to these publications of the Boa.rd of Economic 
Inquiry. But as a typical case the fpllowing figures are 
given:-

(1) OfJef'heGti cAarqp,8-
(a) WeU-Capital cost Rs. SOO 

Interest .at 4 per cent. 
Depreciation at 3 per cent. 

(b) Persian wheel-capita.l cost &8. 120 

Re. 

32.00 
24.00 

Interest at· 4, per cent. . . 4.80 
Depreciation at 25% on Us. 4Q (chain) . . 10.00 

Re. 

56.00 

Depreciation at 10 per cent. on Re. SO remainder 8.00 22.80 

(c) Bepai1'8 and replacements 4.00 
{d) Oil for lubrication 2.00 

Area. cropped-25 acres. 
Number of acre irriga.tione-l25. 

Total 84.80 

Overhead charges per acre irrigatJon 0.68 
(2) Bullock /4bour-

Aversge time taken to irrigate an acre with an 

~"Z~hi::;~7:;::;_~i. 
Therefore cost of bullock labour per awe irri~ 

gotion 2.31 
(3, j(ontlGl L:Ibou1'-

Aman&t5cm~anda boy at3 aAnG6p6r da.y 
for 2.31 days 1.16-

Total 4.16 

Excluding manual labour the total cost per acre irriga­
tion comes to Rs. 2.99.. Sin~ the average depth of _teriug .. 
under well irrigation is· about 2.64 inches, the cost per acre 
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inch irrigation calculates to Rs. 1.13 and Rs. 1.57 excluding 
and including manual labour respectively. 

On this ba.s.is the average cost per acre of brin"aing to 
maturity some important crops is as follows:-

COST OF MA.TltRING AN ACRl!l. 

Crop. 
"'A.cl"age No. of 

irrigations 
1928.29 to Including Excluding 
1937-3S. manual labour. manualla.bour. 

-----------------------1------
R,. R,. 

-COtoon '.9 20.34 14.65 

Maize (for Grain) 3.9 16.19 11.66 

Sugarcane 9.8 40.67 29.30 

Whea.t 3.5 14.53 10.47 

Khanl foddetB 3.6 14.94 10.76 

Bao. fodders 6.4 26.56 19.14 

Cost oj lifting water by electrically-driven Persian 
wheel from open well. Data about the working of two 
electrically-driven Persian Wheels installed at t.he Ludhiana 
and Jullundur Agricultural Farms are available. The 
Ludhiana Persian wheel was set up at a cost of Rs. 500 in 
1936. Its average discharge during 1937-38 was 55 gallons 
per minute, depth of water level from ground surface being 
39 feet. Detailed cost of lifting water by this lift in 1937-38 
is shown below:-

(1) 0"""",," ... 'V,.-
(0) Well (same as iQ bullockoodriven persian wheeJ) 
(6) Pe.rlian wheel; Ca.pita.J OO8t Re. 500 

Interest &t 4 ~r C6Dt. .. . . . • 
Depreciation at 25 per oent. on Rs. 60 (chain) 
Depreci&tion at 10 per oent. on :Rs. 440 (re-

mainder) 

(e) Repairs. lubrication, etc. 
Repalls .. 
Lubrica.tioD (grease) .. 

Total overhead ohargeo 

g=~~:-~ _1 t,~ ~ " .~ .\000".", fns·~ "'1937038. 

RB. 

20.00 
15.00 

44.00 

48.02 
8.31 

Ra. 

56.00 

79.00 

51.33 

186.83 

1.08 
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(2) MoIi .. P,,_. 
Total UDita _ed-2,487. 
Total oost of eleotrioity a.t of Re. -/116 per unit 
Meter rent at Aa. 12 per men8em .. 

Cost pel' acre irrig&tion 
(3) M anwU labour-

Total banta worked-·2.111.82 
Therefore. time required to irrigate one acre--

15.75 bol;J.f8 or 1.97 days 
Cost a.t As. 6 per day 

Tota.l ooet per acre irrigation 

lis: 
233.15 

9.00 

242.15 
1.41 

0.61 

3.10 

The average depth of irrigation for this persian wheel 
was 2.29 inches. Therefore, cost per acre inch irrigation 
works out to B.s. 1.09 and Rs. 1.3 j excluding and ihcluding 
manual labour respectively. . 

The Jullundur persian wheel was installed in 1934. 
For the period 1934-35 to 1937-38 its average discharge was 
49 gallons per minute and its total average cost was Rs. 3.24 
excluding manual labour and Rs. 4.67 including manual 
labour. The average depth of irrigation was 3.01 inches. 
Thlls, corresponding figures per acre inch irrigation were 
Rs. 1.08 aud Rs. 1.55 respectively. 

Cost of lifting water by electricaUy;-worked pump frmn 
open well.-As already noted, ouly small pumps can be put 
up on ordinary wells. One such pump was installed at the 
Jullundur Agricultural Farm in 1929 at a cost of Rs. 900. 
Its average discharge during the year 1937-38 was 81.6 
gallons per minute and cost of irrigation was as follows-

(1) Overhead clmrge&- R,. Ro. Ra.. 
(a) weU (sameasinordinary bullook Driven. 

Persian wheel) 56.00 
(b) Mackinet'1l (motor, pump. pipes. etc.) 

Present vaJue-RB. 322.15. 
Interest at " per cent. 12.89 
Depreciation at 7 per cent. 22.55 35.44 

(e) ~ hWri<:aIion ••• Ie. 
74.25 

LUbrioa.tion 3.81 

Total 169.50 

Number of acre irrig.tion .. 177.49 
Ov_ oharp per1"""irritsation 0.96 
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IS) C ... DJ "'",," 
Current consumed-7.SSS unita 
Cost a.t R8, ./116 per unit •• 
Cost per a.cre irrigation 

(3) M.1W6l1alHnu 

Total hoUI'B worked-2,526.31 
Time required to irrigate an ~ 

14.23 hours or 1.78 days 
Cost of manua-lla.bour &t As. 5 per day 

Total COit per irrigation 

0.51; 

5.64 

The average depth of irrigation in this case was 3.1 
inches. Thus, cost per acre inch irrigation was Rs. 1. 64 
and Rs. -1.82 excluding and including manual labour res­
pectively. 

Oost of pumping water by electrically worked tube-wel1.­
lnfonnation collected from a private tube-well at Nankana 
Sahib for the year 1938-39 is given below:-

Worked by 7f B. H. P. electric motor 

19 feet 
Strainer tube 60' X 7· 
Water-table below ground Jevel 
Disch&rge 
Total ... or~ng time 
T()ta.l energy consumed 

400 gallons per lllinute 
3.647 h~ 

• • 20,060 units 
Ate. eropped •. 163.40 ..... 
ND.ofa.cre~tions .• 939.6 &Crea 
Av~num.ber ofirriga.tions 

CosT 0-, mmOA.TIOlf : 

(I) O<"~tad cluvgu 

(aJ TtUJe-wdl,pumpand tnfUORrywori: 
Capital ooet-Re. 4,667.2li 
Interest a.t 4 per cent. •• •• 
Depreciation at 7 per cent. on Rs. 4,037.2ti 

(tube-wen and pump) .• •• 

D.S 

DtoplOciotion .t Ii per cent. on Re. 63Q (1IWlOJIrY 
wotk) 

(6) RepoJra 
(c)Lu_ 
(dl by of tOO driver (Driver attends to 2 _po _ 

. _paidRa.20per_""') •• •• 

R •• 
186.69 

282.61 

U5 

.78.75 

Nil 
1.00 

Il1O.00 

ToW •• 600.76 

Bs. 

0'" 
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(2) C~t i:;;"~ha.lges at the averag$ rate of 11.4 
piea per t1Dit for 20.960 unite 

Merez.renf; 
1.194.38 

12.00 

Total •. 1,206.38 

Cost of current per aere irriga.tion 
(3) Man"", "'boor 

Time taken to irriga.te Q.n acre once 3.9 hours or 9.49 
days; cost of2 men at As. 5 each .. .. 

Tolal 

us 

0.30 

2.22 

The average discharge of the pump was 1.07 cusecs and 
the average depth of irrigation was 4.17 inches. On this 
basis the cost of irrigation per acre inch comes to Rs. 0.46 
when manual labour is excluded and Rs. 0.53 when it is 
included. 

Cost of pumping water by tube-well worked by oil engine.­
An account of an oil-engine driven tube-well at the Attari 
Agricultural Farm (District Amritsar) for the year 1940-41 
is given below:-

Worked by a.n 8fl0~B.H.P. Oil-engine. "Pattin," 
Date ()f insta.llation· .. Februory 1938. 

18 feet. Depth to water 
Total hours workoo. 
Average discha.rge 
Number of acre.irrigations 

.. 1,515. 

.. 0.982 "CIlS6CS." 

.. 893.50. 
Ro. I. Overhead Charges. 

1. Tube-well, pump and masonry work (Rs. 4,786.25). 
Internat @ 4: % .. .. .. .• 191.45 
Depreciation a.t-

5 % on .Ra. 2.M7. 73 (t.ube-well) 
7 % on Rs. 1,132.52 (pump) 

Ii % on Rs. 706 (masonry) 

2. Repairs •• 
3'. Pay of driv6l' 

Cost per a.ore-irrigation, 791.65 
393.50 

To"'l 

ToW 

n. Consumption of Oa., .... 
Dieoel, 720.50 goUoa. @ RI. 0.61 (approx.) 
Mobile, 47.88 golJooo @ Ba. 2.00 (a_x.) 
Korooue, 10.39 golJooo @ RI. 1.12 (a_To.) 

Total 

147·.39 
79.28 
10.59 

428.71 

70.53 
298.31 

797.55 

439.42 
95.73 
11.64 

15411.81 

!.OO 

1.111 
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m. Xltnua.I'Labour. 

Time required per acre-irrigation, 1.515 
393.50= 

3.8.') houl'B=0.48 daya. 
Wages of one ma.n @ Rs. 0.27 per da.y, 

O.48XO.27 . 
. '.Total cost per Bt'lte.irrigation: 
I. Overhead oh&!9:es 

1,1. Consumption of oils 
In. Ma.nual Labour 

Depth of irrigation 

Totnl 

R •• 
2.03 
1.39 
0.13 

'-a.55 

It. 

0.13 

--a.75 
iriohes 

Thus, the cost per acre inch irrigation is Rs. 0.95 when 
excluding manual labour and Rs. 0.91 when including it. 

Cost of lifting water by Charsa.-The following figures 
of cost collected from a holding in the Nawanshehr Tehsil 
of Jullundur District will give an idea of the cost of irrigation 
by this Jift:-

A. Oharaa worked by two pairs of bullocks: 
water·table 27 ft. 

Depth of R •. R •. 

(0) Ovtrkead c1w:rges 
CiJ Wen Capita) cost-RB. 700 

Interest a.t 4 per cent. 28.00 
Deprecia.tion at 3 per cent. 21.00 49.00· 

(ii' O/wrsa and other equipment 
Inte~t a.t 4 per cent. on &s. 51 2.04 

Depreciation at:-
3 per cent. on Re. 33 (trough) 0.99 
200 per cent. on Rs. 10 (eharsa) 20.00 
20 per cent. on Rs. 2 (puIJey) O.(() 
2(}peTeent. on Re. 1 (a.:ril) •. 0.20 
.20 per cent. on Re. 1/8 (stand) 0.30 
100 per cent. on Rs. 2{4 (Rope) 2.25 
20 per cent. on Re. 1/4 (Othe",) 0.25 26.43 

(iii} Repairs. etc. 4.00 
Total ~ 

Tot;.a.J number of acre irrigations 90 
Cost per a.cre per irrigation 0.88 

(b) BulIoU Iobmu 
Number of pairs WJed ~r day .... 2 
Coot of upkeep of. pair of bullocks per day 0.68 
Coot of supply of 2 paUs • . • • 1.36 
Day>lrequired to ~ ........ 2 
Colt per &el'e per irrigation 2.72 

(c~ ":\0;;' ~~en for two days 2.48 

Total -vi8 
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Taking depth of irrigation as 2.64 inches the' cost per 
acre inch calculates to Rs. 2.30 including and Re. 1.36 ex­
cluding manual labour 

Cost of lifting water by dhingli.-In this connection the 
following figures were collected from Ludhiana:-

(a) Overhead charg'A 
(i) Well. capital COi!t-RB. 125 

Interest at 4 per cent. per annum 
Depreciation a.t 3 per cent. pt'f annum 

(ii) DhiRgli. capital OORt--Rs. 6/7 
Interest at " per cent. 

Depreciation at:-
3 per cent. on &S. 3 (trough) 
10 per cent. on Re. 1/4 (DlIingU) 
100 per cent. on As. 5 (Supports) 
33 pel' cent. on As. 8 (Rope) .. 
5 per cent. on Re. 1/6 (Buckets and chain) 

Ro. 

5.00 
3.75 

0.26 

0.09 
0.12 
0.31 
0.17 
0.07 

Ro. 

8.73 

1.02 

(Ui) Repain and Rep]acementS . . lJSO 

Tot&! 11..27 

Number of acre irrigation-5l. 
Therefore, cost per a.cre per irriga.tion .• 0.22 

{b) Nanuallabour 
Wages of one man per day. . 1.00 
Wages of one boy per day .. 0.20 

Total 1.20 

Da.ys required to irrigate an acre-'. 
Cost per acre irrigation 4.80 

Total 5.02 

From the figures given above, it will be observed that 
the tube-wells and electrically-driven Persian wheels are the 
cheapest lifts. Next comes the ordinary Persian wheel. 
AIl other lifts are dearer than the Persian wheel worked 
by bullocks. But in the case of electrically-worked lifts 
it mllBt be bome in mind that these' figUres do not 
include the cost of transmission line which is very heavy. 
Since it varies with the distance of the well from the 
supply poles, it is very difficult to give an average figpre 
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for his purpose. However, the rateS at which the Punjab 
P. W.D. (Hydro-Electric, BraIWh) charges for the 
transmission line are given belovv:*-

For samet line upto 1,500' 
&I1d of oapacity 

Above 
(i) O.K.W. 
(ii) 5K.W. 

(iii) 15K.W. 
('v) 20K.W. 

M onllllll relU4l for Uf'tItct lint per It. "'_ 
.ptt) P~9 

5K.W. It 
15K.W. Ii 
2OK.W. 2 

30K.W. 2t 
For service line above 1,500 ft. in length (i) Cost including departmental 

and/or of ca.pacity above 30 K.W. charges of Service line Or 

(ii) A monthly rental of Ii pies per 
month per rupee of estima.ted 
COBt 8xclu.ding departmoDtlU 
charges of service line. l 

From these charges it is obvious that the cost of trans­
mission line even for a moderate length, will wipe out the 
advantage in favour of the electricity worked lifts. It is, 
therefore, of utmost importance that these charges as well 
the rates for the current used on agricultural holdings should 
be reduced as far as possible. Failing that, the use of elec­
tricity for agricultural purposes is not likely to find much 
favour with farmers. 

The Government Canals, irrigate 13 million acres 
C 1·· t· annually-(see page 139.) 

ana nT'sa >on. The most important canal irrigated Dist-
ricts are-

(1) Lyallp1Jr with 95% oroppe« &rea c a.nal irtigatOO.. 
(2) Mult&n with8S0/0 do. 
(3) Montgt)mery with 86% 
(4) Lab .... with 70% do. 
(6) MnaaJfargarh with 67% do. 
(6) Sheikhupura. with 68% do. 
(1) Sh&hPllr with 57% do. 
(8) Jbaog With 56% do. 

Besides the state-owned canals there are some private­
owned. canals, notably in Shahpur, Fetozepur, Kanial and 
Kangra Districts. The total area irrigated from Private­
owned canals in. 1943-44 was 4,94,865 acres. 

~ ..... _ for ~ iJ!daVialSapplyofQumDt. 

• 
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The chief canal systems in the Province are as follows:­

(1) The Western Jumna Oanal.-li was opened in 1826. 
It irrigated 1,144,355 acres (British territory 1,056,950 acres 
and Patiala State 87,405 acres)*, an average for three years, 
ending 1940-41. The culturable commanded area was 
2,278,008 acres in 1941-42. It takes off from Jumna at 
Tajewala and irrigates a tract comprising parts of Ambala, . 
Karnal, Rohtak and Delhi in the British territory. 

(2) Sirhind Oanal.-It was opened in 1883. It irriga­
ted 2,101,018 acres (1,384,6(31 acres in British territory and 
716,357 acres in Patiaia, Nabha and Jind States) in the three 
years, ending 1940-41. The culturable commanded area 
in the British territory was 2,090,278 acres and in the Indian 
States 1,629,000 acres in 1941-42. It takes from Sutlej at 
Rupar, and irrigates parts of districts of Ludhiana, FerOZ6-
pore, besides Indian States of Patiala, Nabha and Jind. 

(3) Sutlej Valley Oanals.-These canals were designed 
to cover a gross area of 1,006,000 acres perenniel and 2,582,000 
acres non-perenniel in Lahore, F.erozepore, Montgomery 
and Multan districts of the Punjab and certain areas of 
Bahawalpur and Bikaner States. The construction was 
started in 1921-22 and completed in 1933. 

In order to make certain improvements in these canals 
a feeder canal, known as Montgomery-Pakpattan link was 
subsequently added. 

(4) Upper Bari Doah Oanal.-It was opened in 1860-61 
as compared to 1820 for the Western Jnmna Canal. It 
irrigated 1,293,320 acres, an average of three years, ending 
1941-42. The culturable commanded area is 1,445,797 acres, 
and it irrigates parts of Gnrdaspnr, Amritsar and Lahore. 
This ia the second oldest perennial canal in the Province. 

(5) L<Ywer Bari Doab Oanal.-It was opened in 1913-14-
and commanded 18 Jakh acres of grOS5 area and 1,438,1Q6 
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acres of culturable area in 1941-42. It takes from river 
Ravi at Balloki. 

(6) Upper Ohenab Oanal.-It was opened in 1913. It 
takes from the Chenab at Marala and commanded 1,533,852 
acres of gross area and 1,444,992 acres cf culturable area in 
1941-42. It irrigates portions of Sialkot, Gujranwala and 
Lahore and delivers its main supply of II,770 cusecs to the 
Ravi at Balloki, the water being used for the Lo_ Bari 
Doab Canal. • 

(7) Lower Ohenab Canal.-It was finished in 1891 and 
irrigates the Doab between the Ravi and Chenab comprising 
a gross area of 3,671,267 acres, of which culturable com­
manded area is 2,872,985 acres. It takes from Chenah 
river at Khanki. It irrigates parts of Gujranwala, Sheikhu­
pura, .Jhang and Lyallpur district. 

(8) Haveli Oanals.-These canals came into operation 
in 1939. The main canal is cement lined. It was constructed 
with the object of transferring the water of rivers Jhelum 
and Chenab into Ra vi near Sidnai, by constructing a barrage 
at Trimmu. These canals were designed to safeguard the 
then existing irrigation from inundation canals on the 
Chenab, particularly the Sidnai canal. This project was 
framed to cover a gross area of 700,000 acreS of perennial 
and 8! lakh acres of non-perennial. 

(9) Upper Jhelum Canal.-It was opened in 1916. It 
commanded an area of 502,292 acres only in 1941-42. It 
takes from Jhelum at l\Iangla. After irrigating a part of 
Gujrat district it delivers its remaining supply of 10 thousand 
cusecs to the Chenab river above Khanki. 

. (10) Lower Jhelum Canal.-It was opened in l00J 
It commanded culturable area of 1,239,597 aCres in 19414! 
It irrigates the Doab comprising Shahpur district and parts 
of Gujrat and Jhang. It takes from Jhelum at Rasul. 

It is intereating to note that the Upper Jhelum, Upper 
. Chenab and Lower Bari Doab canals were constructed as &. • 

~l!e. F,x-ojoot. These three canals are linked with the 
~ ... ~ and 'Lower Chenab ~nd aU five are worked 
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as a unit and supplies apportioned by the Irrigation Secre­
tariat at Lahore. In practice the Upper Jhelum Canal 
delivers water now to the Lower Chenab in winter, whereas 
the Upper Chenab carries water to the Lower Bari Doab, 
as the Ravi is a very uncertain winter river, with little water 
to spare after meeting the demands of the Upper Bari Doab 
Canal. Further details regarding any particular canal 
can be had from the Annual Administration Reports of the 
Irrigation Departmeut. In general the perennial canals 
take off from the rivers which will give ample command 
over the area to be irrigated. The main canal and the 
larger branches follow the. ridges or high ground as far as 
possible. During the summer season the canals generally 
run full, but in winter, owing to shortage of supply, various. 
branches and distributaries run in rotation. 

The adjustment of supplies in the five linked cauals, viz., 
Pl&nning the Upper and Lower Jhelum, Upper and 
,o .. tio... Lower Chenab and the Lower Bari Doab, is 

made by the Chief Engineers in consultation with the 
Superintending Engineers. The latter arrange the supplies 
of the branches and distributaries of their respective canals 
in consultation with the Executive Engineers. 

In the Canal Colonies generally the land is divided 
Block system into squares as in Lower Jhelum and 
of land. Lower Chenab canals, or rectangles, as in 

Lower Bari Doab canal containing 25 units, which is 
a Killa (l.l acres approximately) in case of a square and 
an acre in the case of a rectangle. A square thus measures 
27.8 acres 01\ the Lower Jhelum and Lower Chenab canaJa 
and a rectangle 25 acres on the Lower Bari Doab canal. A 
\lumber of squares or rectangles varying from 30 to 70 or 
say 750 to 1,750 acres form what is known as a chak. 
Usually a separate outlet is given for an area of . 20-30 
squares. Thus a chak has often 2 or more outlets. :with 
supplies varying from lito 3 CUBecs.. A discharge of one 
<lUBeC (one cubic foot per second) controlled on an average 
367 acres in 1941-42, 123 acres in khari! and 244 acres in 
rabi. This corresponds to about 13 squares. or 15 rect­
an~l~ of land. There are, however, considerable variations 
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in the area controlled by a cUJ!OO from canal to ~nal as 
ihown below: 

·Canal. 

Western Jumna, 
Sirhind (BritiBh) 
Upper Bari Doab 
Lower Bad Doab 
Upper Chenab 
Lower Chenab 
Upper Jhelum 
Lower Jhelum 
Pakpa:ttan 
Dipalpur 
Eastern 
Ifailsi 
Baveli 
Rangpur 

At"erage (weighted) .. \ 

ARBA IBJUGATED PEll CU@;l:O AT DI$'1'&I­
IlUTA1U' HBA.D. AORBS. -

Kharif Rabi Total 

153 30S 481 
175 277 452 
143 !H4 457 
116 168 284-
107 299 406 
135 219 354 
124- 294 418 
162 246 408 
108 169 277 
92 1,199 1,291 
63 1.IH4 I,m 85 1.271 1,356 
89 177 266 
51 405 456 ----

123 244 367 

In the case of the first three canals and of the Upper 
Chenab and Upper Jhelum the duty is high because of good 
rainfall supplementing irrigation, It is hard to give a good 
reason for Lower Jhelum being distinctly better than the 
Lower. Chenab, especially as the proportion of rabi and 
kharif crops is 1.6 to 1 in Lower Chenab and only 1.5 to 1 
in Lower Jhelum, The comparatively poor sowing of the 
Lower Bari Doab Canal is not explained by proportion of 
rabi to kharif which is the same as on the Lower Jhelum 
canaL The Lower Bari Doab Canal area, however, gets 
very little rainfall except in the upper reaches-being Jess 
than 12" per annum west of Montgomery and as low as 5" 
iIi . KhanewaJ. In case of the Haveli canals the irrigation 
is not yet fully developed, as the duty is low, but the 
present proportion of rabi and kharif' indicates better 
winter supply, than on the Lower Chenab canal, Lower 
Ban Doab canal or Lower Jhelum. As regards Dipalpur, 
Eastern and Mailsi canals. the winter well irrigation supple­
~e~ting raufli accounts for the very high rabi and apparent 
.t.Iigll d\1ty. . 
~ lI<pnrt of~be P,W.D. Irrigation Br&nch.1941-42, _ 11. 
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These canals mainly run in the wriJ only. They 
Inundation have no masonry head works as a rule and 
ca.w.. no weir. Hence they depend for supplies OD 

floods in the river. These canals sre mainly on the Sutlej 
add along the lower reaches of the Chenab and the 
Indus and irrigate a total area of about 11 million acres 
chiefly in D. G. Khan, Muzaffargarh and Shahpurdistricts. 

In addition to canal and well irrigation a small area is 
Saila.b land. flooded by the rivers annually while in flood. 

This land is sown after the rivers recede, 
and receives as a rule, very little preliminary cultivation. 

The management of water after it leaves· the distribu­
Wote, tary into the zamindara watercourse is in 
management. the hands of the . village authorities or 

farmers. Each square or rectangle gets so many pahaTs 
(3 hours supply of water) as will enable the turn or wari to 
be finished in 10 to 14 days. If the supply is say 2 cusecs 
for 20 squares or rectangles, then each unit can get 4 
pahars in every turn or wari after 10 days or six pahars 
if the wan is to be had after 15 days. 

To facilitate distribution and economise water, each 
killa or acre is divided into a number of compartments' 
(kiarili). According to Canal Regulations this number 
is supposed to be"!!. As one cusec will irrigate !1n acre in one 
pahar each kiari takes between 20 and 25 minutes. 
With a supply of two cusecs the time is halved, and it is in 
that case difficult to control the water if 8 kiaris are 
maintained. The zamindar usually arranges matters, sO 
that he has 20 minutes to half an hour for each kiari, 
This figure of 8 kiaris per killa is, therefore, suitable for 
supplies below 11 cusecs; above that a smaller number 
should Buffice. It must be remembered that the cutting of 
the 'bank, of the watercourse in 8 dlfferent places to irrigate 
an acre entails much labour, and tends to weaken the banks. 
and cause lea1rings, especially when tne supply is consider~ . 
able. The plan of a square and its watercourses is shQWll ill 
Fig. 28 (as on page 168.) .. , 
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If water comes from direction A B, the first kiUa 
to be irrigated would be No. 21 and after that 22, 23, 24, 25 
and then 20, 19, etc., the last to be watered being No.5, 
if the whole Bouare is to bp. ;muated. It will be seen from 
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ficure 28. Plan of. ,quare iD the C •• al ColoDi •. 

the above diagram that the watercourse traverses the 
middle of each killa. If 8 kiaris are made in each 
killa, there will be 4 on each side of the watercourse. 
Kt"lla No.1 has been divided accordingly. Frequently, 
while conforining to regulation as regards number of )awris 

. the zamindars irrigate one from the other, and may for 
instance only make two openings from each bank instead of 
four. This is much more wasteful of water than if only '" 
kiaris or plots of 2 kanals each had been made from the 
very beginning and irrigated separately. The kiari bunds 
are.made as a rule after BOwing by means of the jtmilm 
(see figure 23) for which two men are employed. 

Ordinarily very few cultivators follow this method 
of layout. Usually there is only one watercourse for two 
lines of killas. Thus if a farmer owns two squares of land 
situated side by side, he makes only 5 watercourses. But 
when a farmer owns only one square he has to make 3 water­
OOW8eB iB this piece of land. The arrangement of the water­
~._ modified tiooording to the. contour of land. 
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Water is charged for on an acreage basis. A schedule 
Cost ofirrigl\lion of rates is fixed for each class of crops. Ten 
by .. nal to twelve classes or schedules of rates are 

generally in force on each canal for flow and lift irrigation 
separately. These rates vary slightly from canal to canal. 
The rates for some important crops on the Lower Chenab 
Canal are as follows:-

Wheat 
Oilseeds 
Cotton 
Maize 
Sugarcane .. 
Gram 
Fodders 

Crop. Rate. 
Rs. a.. 

4. 4. 
4. 4 
5 4 
4. 0 

11 0 
'3 4 

2 8 
For details and rates prevalent on different canais, the 

Administration Reports of the Irrigation Department may 
be consulted. 

With a flow of 1 i cusecs of water the time required to 
irrigate one acre comes to about 3 hours for rauni, and 
2 hours for each of the subsequent waterings. Usually two 
men are required to attend to the application of water. 
Including the cost of manual labour at Rs. 0.31 per man per 
day the cost of irrigation of the above crops works out· as 
follows:-

Coat ofirri-
gation per a.cre Cost of Coot inoludinf! 

Crop excluding manual manualla.bour. ma.nuallaboar. 
labour 

fu. Rs. n.. 
Wheat 4.25 0.62 4.87 
Poria 4.25 O.6t 4.8~ 
Cot_ 5.25 1.06 6.S1 
JoIaise t.OO 1.02 5.02 
Sugarcane 11.00 2.12 lUI 
Gram 3.25 0.47 3.72 

1=-~' 2.5() 0.84 3.3. 
2.50 1.4' 3.n 
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A comparison with figurea given for lifts will reveal that 
canal irrigation is much cheaper than any other source of 
irrigation. The:actual charge is so small compared to the 
value of the crop that this factor has practically no influence 
on the cropping followed. Not only that, it is also admitted 
that canal irrigation has increased the yield of crops on 
already cultivated areas and has made it possible to bring 
under cultivation new lands which were so far lying waste for 
want of irrigation water. But one of the greatest shortcom­
ings of the canal irrigation is that water caunot be had when­
ever needed. Often, duriug the critical periods, as is the case 
in autumn, when for cotton and wheat demand for water is 
high, the supply available is low and canal closures are 
frequent. For this reason whenever a farmer gets his water 
turn, he tries to use as much of it as possible. This results 
in considerable waste of valuable water. Besides this, it 
tends to lower the nutritive value of produce and brings 
about deterioration of soil through accumulation of salts 
(lr water-logging. 

The question of proper use of water has exercised the 
Volumetrio minds of those interested in irrigation im-
supply. provement for many years. The Irrigation 

Commission of 1901-03 drew particular attention to the sup­
ply of water on volumetric basis and laid stress on the impOl:­
tance of evolving a reliable "module" for this purpose. Since 
then, a number of modules and semi-modules have been 
~olved and of these the Kennedy's Ga~.e-Outlet, Gibb's 
Module and the Harvey and Stoddart's Standing-Wave-Outlet 
have received most attention. The Gibb's Module was design­
ed to give a constant discharge with varying head within a 
~ertain minimum and maximum and was partly indepen­
dent· (If the downstream level. In the latter respect the 
three types were fairly satisfactory and no increased 
supply could be obtained by silt clearing in the water­
course as is the case with an ordinary outlet. But in order to 
increase the discharge the farmers adopted other ways, such 
as plogging of the module at· the top. The Kennedy and 
Harvey types Q,imed at giVing a proportional discharge and 
-te. thus_ llOOli-modules. The actual discharge passing 
~ a:er of' these modules could be ascettaiiied by 
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reading Ii calibre gauge at the mouth. The Harvey type 
can be made into a constant supply outlet. Mr. Crump at 
Balloki made important improvements in it. 

If water was paid for by volume, the zamindar has 
Advantages of 
payment by 
volume to the 
zantindar. 

every inducement to make the water go as 
far as possible and to use it in any way he 
finds most profitable. It is true that the 
charge of water is so low in comparison to 

the value of crop that in general an effort is made to sow a8 
large a.n area. as possible. Supposing, however, that with a 
certain definite supply a zemindar ordinarily sows 11 acres 
of wheat per square from which he gets an average yield of 
15 maunds. Now if he sows 12 acres, the average yield may 
go down to 14 maunds, i.e., his total yield is 168 maunds 
as compared to 165 on II acres. In other words he gets 
only 3 maunds on the extra acre and yet on acreage basis 
he pays water-rate and land revenue on that acre at the 
same rate as for others. Hence beyond a certain point 
there is no strong inducement to economy by keeping to 
the present system, whereas if paying on a volumetric 
or contract basis the charge would be the same whether 
II acres of wheat are grown or 12. 

Again payment by volume would give the farmer a 
freer hand' in utilising the water on his best land and thus 
getting a high return per unit of water. Another advantage 
of the volumetric sale of water would be that of getting rld 
of the patwari and his exactions. 

In order to encourage taking of water by volume, the 
rates charged per cusec per day should be such that the 
totli;l charge is not more than ordinarily paid at present. 
To begin with i.e., in 1918-19, these rates were Rs. 6 and 
Rs. 3 for ram and kharif respectively, but later on in" 
1920-21 they were reduced to Rs. 5 and Rs. 2-8 respectively. 
But even at this rate many did not take volumetric supply, 
for there were many difficulties involved. In the first place. 
when supplies are liberal, a diiltnlmtary often carries more' 
than the designed discharge and· the ordinary outlet benefits 
accordingly, whereas if water is taken by a module. this bene" 
lit eannot be availed of for the supply remains constant. 
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Again remission (kharaba) is given on a fairly liberal_Ie 
if the crop is poor or a failure but is not given in case of 
volumetric supply. These disadvantages, combined with the 
fact that the rate is comparatively high, especially for rahi, 
militates against the extension of this reform. Thus only 
a few large estates got water on this basis. One such farm 
is at Iqbalnagar (Montgomery District) which took 9 
cusecs of water in kharif (1st May to 30th September) 
and not more than 7 in rabi (1st October to 30th April) 
on volumetric basis from 1918 to 1936. Barring a 
few years in the beginning, the rates of payment were 
Rs. 2.8 (Rs. 2-12-9) and Rs. 4.28 (Rs. 4-4-6) per cusec per 
day of 24 hours for kharif and ram seasons respectively. 
Since 1936 this farm has been taking water on contract 
system at the rate of Rs. 450 per cusec per season. The 
amounts paid according to these two systems in comparison 
with that of the ordinary system are shown below; 

Zamindara Volumetrio Contract 
system system system 

R •• .. p. Ra. .. po &S. a • p. 

KluJriJ1935 .. 3.438 2 0 3,349 14 0 

Babi 1935·36 .. 3.397 1 0 3.413 6 6 

Tot&11935.36 .. 6.835 3 0 6.763 4 6 

KltariJ 1938 .. 4.702 3 0 '.050 0 0 

ll<Jbi 1938-39 .. 3.774 14 0 3.150 0 0 

.. Tot.1193S·S9 .• S.477 1 0 7.200 0 0 

It will be seen from these figures that to take w;ater 
either on contract or on volumetric basis is cheaper than 
the ordinary method of water-rate assessment. Water on 
contract has also been taken by a few Government Agri­
eulWt'al faqps; their rates for the years, 19113-44 and 11144-45 
"'_; .. ii,· 



Farm 
KAari/ RaU 

---
R,. R,. 

~isalcwala. 1,527 1,485 

,iultan 2,098 

~ala Shah Kaku 
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TOtal 

---
R,. 

3,012 

2,098 

4,039 

DIS­
(lHJ.ltGB. 

CUS6C8 

---

2.2 

4.04 

8.80 

RA.'rB l>BB CUSBO. 

Kllari! Rabi Tota.l 

---------
R •. Re. Re. 

694 675 1,369 

520 520 

454 

It will be observed from these figures, that the water­
rate per cWlec differs considerably from canal to canal. No 
standard rate has been fixed for the whole of the Province, 
because it is calculated every 6 months on the earnings of 
the different. canals. As such the rates vary not only from 
division to division but also from canal to canal in the 
same division. 

Excepting the main canal of the Haveli Project, all 
Silt in .'nal other canals of the Punjab are mostly 

wateT. unlined. Owing to the velocity of the 
water they carry fairly coarse silt. They are designed at 
s~ch a slope that they silt slightly in the kharif when the 
rIvers are in flood and scour to some extent in the winter. 
They are, therefore, largely self-cleaning. 

Owing to percolation through the coarse silt at the 
I.oa~ .. by perco- bottom of canal beds and through the sides 
lat>on. a considerable proportion of the water taken 

at the head of a canal is lost. This indeed is a very serious 
problem, because the water lost being valuable could be 
used for the extension of irrigated areas. Moreover, losses 
by seepage bring about water-Ioggiug and concentration 
of salts in. areas lying near the main canals and branches, 
especially where the branches take off from the main canal. 
The amount of this loss has been estimated by various 
officers of the Irrigation Department from time to time. 
On the Upper Bari Doab Canal, Mr. Kennedy estimated 
this loss at 15 per cent. fPI main canal and 6 per cent. for . 
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minors and distributaries. On the Sirhind, Mr. Nicholson 
confirmed this in general and put the loss at 8 cusecs per 
million square feet of wetted perimeter. In 1938 on the 
Lower Kasur Branch the seepage lOBS was estimated to be 
about 101 cusecs per million square feet of wetted surface. 
On the Lower Chenab Canal total losses were estimated 
to be about 33 per cent. To save these losses some of the 
newly constructed canals have been cemented or lined with 
brick masonry. But this is very costly. 

Afore recently the Punjab Irrigation Research Laboratory 
at Lahore has found that these losses can be considerably 
reduced by treating the canal beds with sodium carbonate 
so as to convert the clay in the bed into soda clay. This 
method does not involve high expenses. In 1938, 565,870 
square feet bed of the Awagat Distributary of the Lower 
Chenab Canal was treated with the material at a total cost 
of Rs. 8,000 or Rs. 71 per foot of bed width per mile of 
lehgth. The results of this experiment have been very 
encouraging. Observation of the distribution showed that 
immediately after the treatment there was a saving of 2.3 
cusecs of water. Taking the rate at Rs. 1,400 per CUBee 
per annum the total saving in a year may be taken to be 
Rs. 3,220 nearly. 

Another evil caused by percolation is that of raising 
Wa .. ,.logging. of the water-table. In early years of colo· 

nization the rate of rise was very high. In 
1927 Mr. Lindley examined the rate of the rise of water tables 
in the Rechna and Chaj Doaha (Punjab Irrigation Branch 
Paper No. 3I-A) and predicted that· by 1937 Borne areas 
would be water-logged if the same rate of rise continued. 
But actually water-logged areas .were considerably smaller 
than those forecasts because the rate of rise did not remain 
constant; on the other hand it decreased. The factor 
responsible' for this decrease is the depth of soil crust. It 
has been shown by the Irrigation Research Institute that 
as the water-table approaches the soil crust, the rate of 
rise decreases and when contact is established with the 
lIQil l,ll"W!t the rise ceases. The results also indicate that 
~1ogging is"Unlikely when soil crnst is mQre than 10' 
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in thickness, it rna y occur if the crust is between 10' and 6' 
and it is probable with a crust less than 6 feet. Thus water­
logging occurs only in those areas where the soil crust is less 
than 10 feet in thickness. Even in areas affected by water­
logging, portions having soil crust deeper than 10' stand out 
like islands. 

Another source of water that causes rise in water-table 
is the rainfall. On account of the coIllltruction of field 
bunds and the blocking of natural drain monsoon rains 
remain on the soil snrface and cause water-Iog~ng in low 
lying areas. This question has been discnssed III detail in 
the Section on " causes of rise of water-table in dry canal 
tracts" of this chapter. 

It is interesting to note that in U.P. where the canal 
system is considerably developed, no water-logging has 
been noticed. This is ascribed to the fact that the under­
ground rock ridge rnns parallel to the direction of the flow 
of rivers and thus does not check the natural drainage, 
whereas in the Pnnjab the same rock ridge as shown by a 
Geodetic Survey of the Province runs across the Proviuce 
at right angles to the direction of the flow of riYers. This 
ridge thus divides the Punjab intp two parts. Upstream. 
of this rock ridge the water table has approached the soil 
surface and thus caused water-logging whereas downstream 
of the rock there is no such danger. 

Drainage has been advocated as a cure for water-logging 
n . and nntil recently anti-water-logging meas-

- ures in the Punjab were alinost entirely 
confined to open drainage. This has proved to be. effective 
in checking the damage. It can be safely said that mainly 
due to maintenance and working extensive systems of drains, 
.sem area in the Punjab has not increased to the same 
extent as was anticipated in the absence of drains. But 
it must be realised that while drainage is helpful in combating 
water-logging, it does not do much towards the reclamation 
of land, affected by tkur. . 

In' this respect construction of drains has the same 
effect as other remedial measures, such as tube-well pumping 
and Iinin$ of (lanais.' . 
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Another point worth remembering about the draillil 
is that for the rapid and efficient removal of surface water 
due to rains and other causes, all the drainage lines (field 
collecting and other drains) must be kept quite clear of 
weeds and other obstructions. If the drains get choked 
with weeds, maximum benefit cannot be gained. 

Drains lower the water level in the soil only to a small 
extent becanse free water in the soil moves by gravity and 
its natural direction is downwards. In a field with drains 
at a depth of say 3 feet, and a water-table at 4 feet depth, 
no drainage will occur. If water is added on the surface, 
the water-table rises until it is at the height of the drains, 
when water will begin to flow into them and drainage occurs. 
If the field drains are 40 feet apart, the water table in 
between the drains will be 1 i-2 feet only from the surface 
when the drains practically stop running. If the drains are 
in working order the water-table remains in motion which 
in turn provides the amount of oxygen required by the 
roots of crop and the crops can thus be successfnlly grown. 

With the development of drainage system in the 
Punjab, the question . of the disposal of drainage waters 
has arisen. With this end in view the examination of 
waters from the Major Drainage Systems of the Ghaj and 
Rachna Doabs has been made. In most cases it has been 
found that the waters have high Mit contents and are, 
therefore, entirely unsuitable to be used as irrigation water. 
In some cases, however, such as Wan Drainage System 
and Vagh Naja, water is considered to be quite safe for 
irrigation. Wherever possible, these waters have been 
pumped into canals and· the ruixed waters have been fouud 

.' to be suitable for irrigation. 

The earlier soil surveys were all :made in areas of high 
KaU.'M 'hr. water-table as it was there that the thur 

problem became acute. It was, therefore, 
believed that the source of the salt responsible for the 
formation of thur was the water-table and that salts appear­
ed 88 a, resnlt of the evaporation of water that is drawn 
froIn_ the water-table to the surface. In subsequent soil 

. ~ wirich were carried out in the 1llIirrig9.ted tracts of 
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south-west Punjab and the irrigated tracts of the Lyallpur 
district it was noticed that extensive areas of salt land;; 
existed even when the water-table was as much as 65 to 7{)­
feet from the natural surface. These observations led to 
further investigations which have now 'conclusively proved 
that the formation of salt at the soil surface is due to the 
presence of salts in the soil crust of first 10 feet from the 
natural surface and their movements towards the surface· 
when conditions permit these movements. The presence of a 
high water-table very near the surface accelerates the upward 
movement of salts to natural surface. Soil surveys have also 
shown that in the irrigated areas of the Triple Canal Project, 
the Sutlej Valley and the Haveli Canals there are no less than 
2 million acres of land affected by salts in one form or the 
other and that every year due to the upward movement 
of salts from the soil crust approxinlately 30,000 acres of 
cultivated land become thuT. The districts in which ex­
tell8ive damage has taken place- are Sheikhupura, Gujran­
wala, Lyallpur, Montgomery, Multan and Jhang. 

Depending upon the nature and amount of salta 
Reclam&t·oo present and the condition' of the clay in the 
of /rolla: soil the deteriorated lands have been classed 
land,_ into two main types-

(i) thur. 

(ii) rakkar. 

In the thur type are included those lands where the salt­
content is high but the process of alkalisation has not pro­
gressed very far. The rakkar types are those in which. 
the salt content mayor may not be very high but the degree 
of alkalisation is considerably high. In this type of land 
the clay in the soil is extremely alkaline. This type of soil 
is hard and intractible and more or less impervious to, water. 
Bam and bari soils of the Montgomery colony are examples 
of this type. 

The essentials of land reclamation ~re-
(4) The reduction of the salt content of the soil to­

that conSidered suitable fot normal cultivation: 
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(b) Breaking of soil alkalinity and its reduction to 
that considered suitable for normal cropping. 

The reduction of the salt content in the soil profile is 
cachieved in a field by leaching under heavy irrigation. On 
account of more frequent irrigations the salts are washed 
down to 'depths from where they are unable to rise again to 
the natural surface. 

At a certain stage of leaching rice seedlings are trans­
planted and the experience shows thaf1- rice makes quite a 
-good growth. The introduction of rice during the leaching 
period is helpful in two ways-

(i) Rice roots generate carbon dioxide which in turn 
helps in breaking the soil alkalinity. 

(ii) It givtS an income to the zemindar during the 
process of reclamation. 

After rice, gram or bers~em are sown during the rabi 
following rice. In areas where rabi water is available and 
berseem fodder cap be profitably consumed, berseem should 
always be given preference over gram. Wherever it is not 
possible to sow berseem, gram should be sown in wadh­
waltar of rice and matured without any subsequent irriga­
tion. Gram and berseem are leguminous crops. They 
fix nitrogen in the soil and thus restore the nitrogen balance 
which is upset during the period of leaching. 

The process of reclamation of rakkar lands is essentially 
the same as that described above. The most recent technique 
developed by the Land Reclamation Department for this 
type of land is a series of shallow irrigations and shallow 

'ploughings in the initial stage of reclamation. These 
,shallow irrigations and shallow ploughings help in bringing 
·about the upward movement of the salt and its accumu­
lation at the soil surface. With a concentrated salt solution 
the hard intractible impervious soil assumes a crumby 
structure which helps in further leaching of the salts, thus 
bringing about sub-soil drainage and heip in the growth 
of:ri,ce. The number of leaching 'Periods and the rice crops 
~ !Dr oompiete. .reclam~tion depends. upon the stage 
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of deterioration of the soil. When rice yields are normaf 
and berseem and gram after rice give good yields, it is 
considered that the land is sufficiently reclaimed. A soil 
analysis, however, is a sure test. After reclamation sugar­
cane, cotton and any other crop can be introduced with 
confidence. 

In certain tracts, however, and that in very small 
areas applications of gypsum have been found to be bene­
ficial. In considering this it is emphasised that gypsum 
is unable to react And bring about any results unless and 
until the excess of salt in the soil has been first removed. 
For determining the gypsum requirements it is always 
advisable to get the soils chemically examined and seek the 
advice of a soil expert. 

It is difficult to determine exactly the relative effect of 
percolation from rivers, canal beds and water- . 
courses on the rise of sub-soil water as com­
pared to irrigation in the field and rainfall. 

. Only a brief discussion is possible. The lirst 
investigation into the effect of depth of irrigation and 
rainfall on the rise of water-table was inade by Messrs. 
Wilsdon and Smithy*. These authorities arrived at the 
conclusion that irrigation affected the. water-table since. 
irrigation and rainfall taken together showed definite corre­
lation with the latter. For this reason canal closures were 
suggested as a means of controlling water table rise. But in 
view of the fact that irrigation and rainfall represent two 
different sources of water, the validity of results was 
questioned and it was decided by the Irrigation Research 
Institute to carry out a more exhaustive study of the problem 
which is of immense agricultural importance to this ProviQ£e. 
Accordingly investigation into the rise of water-table in 
the Upper Chenab Canal area was taken in hand. In the 
Rachna Doab the depths of water surface in a large number 
of wells have been regularly observed in June and October 
every year and this record kept since 1.907. An examination 
of these :figures show that there is a vdy close association 
between variations in apnnal rainfall and variations in. 

Ca UI~es of ri~e 
of water.table 
iu drYe&Da.1 
tracts. 

OPlUljab ~Ion BOae.nIo _ .... VoL i. Nof land 2. 
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·water-table. Rainfall, therefore, is the dominant factor 
'in the rise of the water-table. This fact is also borne out 
'by the following figures. * 
1. Gross commanded area 

'2. Total canal discharge utilized 
in Jnly, August and Sep-
tember, 
1929 
1930 

2. Mean daily canal discharge 
utilized in July, August and 
September, 
1929 
1930 

4. One inch of rainfall over gross 
area commanded equals 

li. Mean total rainfall over the 
circle in July, August, and 
September, (Average 1907-31) 

06. Rainfall expressed as mean 
daily discharge for the 
period July, August and 
September 

1,537,658 acres 

375,737 cuscc days 
381,625 do. 

4,084 cusecs 
4,148 do. 

64,603 cusecs. 

14.80 inches 

10,393 cusecs. 

In comparison with the irrigation which has often been 
'Considered as the main cause of water-table rise the im­
portance of monsoon rainfall is apparent. There is another 
oaspect of the question as well. While irrigation is applied 
mlloinly to cultivated area only, the rain falls on all lands, 
whether cultivated or uncultivated. A part of the rain 
runs off or evaporates and a part is added to water-table 
depending upon the contour and nature of land. Evaporat­
ion is responsible for the disposal of only a small quantity 
·of rain water. It has .also been shown that water that 
'goes to a depth of 10 feet in the soil does not return to the 
surface. Thus the amount of rain water that is added to 

.~ _an:ll I..wtutePublicauans, Vol. I, No. 4. 
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the sub-soil water, depends to a large extent on the run. 
off. It is, therefore important that the run off should be 
increased as far as possible. Most of our canals run along. 
the slopes of aaabs, but some of them run across the rloabs. 
The latter along with roads and railways cause obstruction 
to surface drainage of rain water and reduce the run off to' 
a great extent. In order to reduce the effect of rainfall on 
the sub-soil water, it is of great importance that rain water 
must be removed as rapidly as possible. This can only 
be brought about if storm drains are constructed. 

Taking the Lower Chenab Canal and assuming an 
p",olation" • over all loss by percolation of 20 per cent. 
hetm in rl,. only it means that 2,000 CUSMS are constan­
of w ... ,·table. tly being added to the sub-soil water. Two< 

thousand cusecs OVer a commanded area of three million 
acres for say 300 days per annum means. 4ft. of water. ~f 
there was no flow from the sub-soil this would be sufficient 
in itself to saturate about 16 feet of soil, if we assume 
25 per cent. of the volume of soil is available for water per­
colation. The authors doubt if this simple factor has been 
weighed sufficiently by investigators. It is a common obser­
vation that water logging generally starts near big channels. 

As far as irrigation is concerned, crop itself is an im­
portant factor responsible for the disposal of water. A crop, 
like wheat gets about 10-12 inches of water. A considerable 
portion of it, especially from the raoni and kor waterings, 
evaporates from the soil without passing throu~h the 
pfant at afC Assuming this as 25 per cent. or 3. mcnes,. 
we have 7 to 9 inches left for actual transpiration through· 
the plants. A large number of pot cultures and other tests­
made at Pusa (India) and in America and elsewhere sh()w 
that wheat requires from 350 to 700 Ibs. of water to pass 
through the leaves for each pound of dry matter produced. 
Taking 500 pounds as a conservative figUre for a dry plaCl 
like that of the Punjab, and a yield,of 16 maunds .gran 
and 28 maunds bhusa we have a total yield of 44 inaunds 
Deductipg 10 per cent. for moisture, we have roughl) 
39} maunds of dry matter requiring 39} X 500 maunds 9' 
72:1 tons of water which is equal to a little more than/ ~ 
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inches of water per acre. It must be remembered that crops 
~f wheat of 20-30 maunds grain are common. Thus 
-even if allowance is made for rain received in winter, there 
,does not seem to be much room for losses by percolation to 
the water·table from irrigation applied to crops. 

From what has been said above, it will be seen that the 
'construction of storm-water drains, for rapid removal of 
'monsoon rains and checking the seepage of water from 
-canals and their branches appear to be the possible cure of 
Tise of sub-soil water and water logging. 

Most of the perennial canals are designed for 50-75 
Intemltyof per cent. intensity of cultivation. T1,e 

cropping farmer can clainI this much intensity as a 
matter of right or hag under normal conditions. In 
1942-43 on the Lower Chenab Canal the area proposjld to 
be irrigated was fixed at 1,873,378 acres as against 2,870,394 
acres of cultivable area commanded. This gives an inten· 
sity of about 65 per cent. only. The actual irrigation 

,done is, however, generally 100 per cent. and the zemin­
dar is very much dis satisfied if he cannot reach that 
figure, which after all only means one crop per annum on 
his whole area. 

The fixing of a low haq not only protects Govern­
ment against failure to fulfil expectations but has in the 
past undoubtedly acted as an incentive to economy of water 
through the desire of the zemindar to grow at least one crop 
per acre per annum. This result has, however, not been 
,obtained merely by econpmy, for supplies are liberal during 
the early years of a new canal when all the land has not been 
brought under cultivation and the percentage of cultivation 
is approxinIately 100 from the start, though later this per­
.centage is maintained on a smaller supply of water. Successful 
colonization would be a difficult matter if the designed per­
centage of irrigation had been adhered to from thll very 
beginIring. Sindh offers a good illustration of this. In 

"that Province the so-called "fallow rules" lay it down that 
limd should be cropped only once in 3 years. In the Jamrao 

.-canal tbe a(ltual irrigation done. is only about 45 per cent. 
"rho ~ency there is to leave a part Of the holding 
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permanently fallow and uncultivated, &S it would take too. 
much labour to keep it in a clean condition. Weeds flourish 
iu consequence, and the standard of cultivation and of pros­
perity is very much lower than in the Punjab canals. Aa 
intensity of 50 per cent. has been kept on Sukkur Barrage 
which makes its chances better than that of Jamrao. In 
Sindh oultivators prefer kharif or Bummer crops but the 
tendency with low intensity is to go in for rabi cropping!> 
as in the Punjab canal colonies. 

In Egypt an intensity of about 160 per cent. is generally 
P 'bin f obtained and that country has the highest 
i':o':'.:/o£ record in the world as regards average yield 
inte~ity of of cotton. But such a high intensity is 
croppmg. possible only where among other things abun-

dant water is available for irrigation throughout the year. 
On some vegetable growing farms of the Punjab even all. 
intensity of 300 per cent. is obtained. But under general 
system of farming as is done in the Canal Colonies with 
the present water supply, an .average intensity of more 
than 100 per cent. is not easy to attain. There is also no 
possibility of its improvement in the near future. In the 
winter season there is not enough water in our rivers and 
with the opening up of the ThaI Irrigation Project nearly 
all our resources of gravitational water in winter will be 
exhausted. We may then turn to storing of water and in­
creased irrigation from sub-soil water. But such schemes. 
will again be utilized to supply water to those areas which 
are at present subject to. frequent droughts and famines. 
rather than to increase water supply of the existing canal 
systems. • 

In summer, river water is abundant but in this part of 
the year the quantity of water 'required to mature a crop­
is nearly double of what it is for winter crops. Thus, if &. 

canal is large en~h to take the entire winter water of rivers. 
the ratio of khaN! crops to rabi crops will be about 1: 2. 
TItis may be taken to be the natural crop ratio for the 
canal irrigated areas Df the Punjab. But as a matter of 
fact we have not stopped at tills limit ; for many past year5-
extensions and enlargements of canals have proceeded' 
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'Veyond the winter-supply point. This means that in winter 
various canals cannot run full and continuously. Either they 
must be run partly full or full in rotations. The latter pro­
·cedure being better, is followed here. This also giVlls time 
for carrying out necessary improvements and repairs. 

Of all the perennial ~nals, the Pakpattan canal is 
worthy of special mention in this connection. Owing to its 
'small share of winter-supply it had been built unusually 
large to encourage increased use of summer water to make 
up for small rabi irrigation. But this did not prove to be 
,a success, and its winter supply had to be increased via 
Montgomery-Pakpattan link. For happy balance of 
.cultivation, Khanf and Rabi crops should be kept in pro­
portion. Where well-irrigation is resorted to in winter the 
percentage of summer crop can be higher. 

It may also be noted here that increasing the intensity 
<of cropping through increased kharif supplies, will inevit­
.ably tend to increase fodder (particularly leguminous) grow­
iing. This is clearly shown in the following rotations wbich 
have been tried at the Lyallpur Agricultural Farm ;-

Serial I nte:nsity RotatitYlt. 
No. Percent. 

1 66 
2 100 
3 133 

4 166 

Wheat-fallow-cottOn. 
Wheat-gram-cotton. 
Wheat--toria--cotton-guara 

(green manured}. 
Wheat-fodder chari-gram 

cotton-fodder senji. 

All the above rotations are three-year rotations. In 
No. 4 there are 2 fodder crops. Increasing ,tile intensity 
-6f cropping will inevitably. tend to increase fDlMer growing 
"i.Ild thus lead to more cattle being kept and hence more 
-manure being available. . 

The following new irrigation works are under consi-

New Projects 
deration. - .. 



~ 
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.lmost completed. It will command an area ,of over two 
million acres. The first portion of this r.roject under con­
ltruction is Khizar branch and its tnbutaries, and will 
~over 495,000 acres gross ar~,a. It will commence m. Kharif 
1946. Much of this area already yields rain-fed crops in 
, year of good rainfall.' 

(2) Rasul Hydel Tube-well Pr£dect.-This is designed 
.0 irrigate annually about 7 lakhs of acres. 

(3) Jumna Basin. 

(i) Gurgtion Pr£dect.-This canal will take off from tail 
,f Western Jumna canal Delhi Branch, and 'will irrigate 
.ver 4 lakhs of acres. Gross commanded area is 418,000 
nth an annual irrigation of 122,000 acres in Delhi Province 
nd Gurgaon district. 

(ii) Kishau Dam Pr£dect.-The dam will be a concrete 
structure on the Tons river, partly in Sirmour State and 
partly in United Provinces. It will be 730 feet high and 
will, therefore, be abput the highest dam in the world. Its 
live storage capacity will be 1.4 million foot acres. The 
stored supplies will be shared between the Punjab and the 
U. P. in the ratio of 2:1. The hydro-electric power will 
also be generated to the extent of 120,000 kilowatts, and will 
be shared equally between Punjab and U.P. This scheme 
will provide irrigation facilities to the famine stricken area 
of Gurgaon, Rohtak and Hissar districts. The cheap hydro­
electric power will be used for supplementing irrigation sup­
plies from tube-wells in the upper reaches of the canal, for 
developing local industries and for rural electrification. 
The perennial irrigation will be extended to the following 
area in the Punjab:-

Area 

1. Western Jumna Canal 
extensiollJ! (existing) 

2., Gurgaon Canal 
,3 •. Barwala ExtensiollJ!. 

Gross area 
acres 

384,O:(}J _ 

418,1)()0 
270,000 

Annual 
irrigation, acres 

115,000 

122,1JOO 
97,000 
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(iii) Girl Dam Project.-This will be constructed in 
Sirmour State at Chanruu on the Giri tributary of the J umna 
river. The height of the dam will be 500 feet. It will have 
live storage capacity of 0.S5 million foot acres. The object 
of this scheme is to supplement supplies for the annual 
irrigation of two lakhs of acres in Gurgaon, Rohtak and His· 
sar districts. The hydro-electric power about 30,000 kilo­
watts will also be produced. The stored supplies as well as 
hydel power will be jointly utilised by the Punjab and the 
U. P. in the same proportion as given for Kishau Dam. 

(4) Sutlej Basin. 

(i) Bist Doab Oana! Pr0ect.-This scheme comprises 
two earthen dams to be built on the Sirsa and Snan tribu· 
taries of Sutlej. The dam on the Sirsa tributary would be 
126 feet high with a live storage capacity of 246,000 foot 
acres, and that on the Suan will be 70 feet high with a live 
storage capacity of lS0,000 foot acres. The canal will 
take off from the right bank of Sutlej at Rupar and will 
irrigate areas in Hoshiarpur and J ullundur districts, where 
the sub-soil water table has been falling for some years past, 
and lifting of water from the wells has consequently become 
e:s:pensive. It will cover a gross area of 500,000 acres with 
annual irrigation of IS0,000 acres. .0 -

o(ii) Bhakhra Dam Projecl.-This dam will be located 
partly in Bilaspur State and partly in Kangra district. It 
will be 500 feet high with a live storage capacity of 4 million 
foot acres. The irrigation water will be utilised in Rohtak, 
Hissar and Kamal districts of the Punjab, and portions of 
Patiala, Faridkot, Nabha, Jind and Bikaner States. The 
gross commanded area will be 4.7 million acres, a/4th of 
which will be given perennial and 1/4oth non-perennial sup­
plies. Annual irrigation is e:s:pected to be 1.5 million acreS". 
200,000 kilowatts of firm power will be ('roduced for deve­
lopment of industries and rural electrification. 

(IS) Oherlab «nd Linked Basins. 
(i) Tie ~h Dam-tJtml-Marku Ttmfl8l~­

TA,J JliiiIIia.-This will be 8 concrete dam, 730 feet in heiglat, 
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with a live storage capacity of 2.5 million foot acres of water. 
It will also generate about 260,000 Kilowatts of firm power. 
The object of this project in conjunction with the Marhu 
tunnel is to increase intensity of irrigation on the five linked 
canals and extend irrigation to new areas in the Punjab and 
to some areas in Jammu and Kashmir State, and also to 
supplement supplies of the Sutlej Valley canals. By read­
justment of supplies this scheme lllay assist the ThaI project 
in critical periods. Cheap power (250,000 Kilowatts) for 
rural electrification and industrial development will also be 
made available in addition. 

(ii) The Dltiangark-eum-Marku Tunnel Project.­
The Tunnel.-This will be located in Chamba State, and will 
divert about 20,000 cusecs from Chenab into the Ravi river. 
The diverted supplies will be used for irrigation on Upper 
Bari Doab Canal and to give relief to the Sutlej Valley 
Canals during rabi and during p~riods of shortage in early 
and J8,te kltarif. This is a most attractive. project. In 
conjunction with the Dhiangarh Dam it has great irrigation 
and power possibilities. 

(iii) Madlwpur-Beas Link.-This project provides for. 
the construction of the channel from above Madhopur Head­
works and the Beas, utilising the existing channel of the 
Chakki torrents as far as possible. It will supplement sup­
plies of the Sutlej Valley Canals and will thus benefit Punjab, 
and Banawalpur and Bikaner States. 

(iv) BaUoki-Sulemanki Link.-The project comprises 
a construction of a link from the Ravi to the Sutlej to sup­
plement supplies of the Sutlej Valley Canals in early and late 
Kltarif. The quantity of water available in the Ravi 
during periods of shortage in the Sutlej Valley Canals is 
small, but witll tlle construction of Dhiangarh Dam-cum­
Marhll Tunnel the surplus supplies at Dhiangarh can be 
transferred to this link, through the Upper Chenab Canal 
and through the link to the Sutlej Valley Canals, and 
will thus benefit Punjab and 13ahawalpur and ~ikanel 
States. 
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(6) Beas Basin. 
(i) The Larji Dam-cum-Rohtang Tunnel Project.-

The Dam.-This will be located in Kangra district and 
Mandi State. It may be constructed as an alternative or 
in addition to DhiangaTh Dam. It will be a concrete dam 
730 feet high with a live storage capacity of 1.7 million fool 
al:res. It will also generate 100,000 K.W. of firm power. 
The main object of this scheme is to supplement the supplies 
ill Sutlej Valley Canals, as they generally suffer from acute 
shortage of supplies in kharif sowing period, and to a lesser 
e ~tent in the kharif maturing period, and will thus benefit 
Punjab and Bahawalpur and Bikaner States. 

(ii) The Tunnel.-This tunnel will be located under 
the Rohtang pass in the Kangra district, to divert 10,000 
Cilsecs from Chandra arm of the Chenab river into Beas 
river. A dam about 100 feet high will be necessary 
for the diversion of supply. The object is to suppij,ment 
supplies in the Sutlej Valley Canals during sowing and 
waturing of kharif crops, and will benefit the Punjab and 
l1ahawalpur and Bikaner States. 

(7) The Rohtas Reservoir Scheme.-Under this scheme 
an earthen dam about 80 feet high is pro'{losed to be con­
structed on the river Kahn, a tributary of flver Jhelum, and 
1I'ill impound 300,000 foot acres of water. The run off of 
the river Kahn is not enough for contemplated storage. It 
will have to be supplemented by means of a feeder canal 
about 10 miles long taken off from the river Jhelum at 
Mangla. The object of this scheme is to provide irrigation 
t,) Jalalpur area or alternatively for increasing the intensity 
of the five linked canals.' It would irrigate 170,000 acres. 

(8) The Tunnel Hydro-electric Project.-It will be 
lucated on Tons tributary of the J urnna river about 40 miles 
fi:om Dehra Dun, partly in U. P. and partly in Sinnour 
State. The main object of this project is to generate hydro­
electric power. I_t does not provide for irrigatiou directly, 

Null.-Tb.Srst two projects. t~e.. ThaJ and Rasul Hyde} Tu»e..well have been .anetioDtd. The remaining si:J: ha.ve not yet beau. even aanotioned. The'figute8 of 
CJU~ ~ ,!ommanded apa. given are provisional. The electric power given ill at. 
va .... "iidt.load faotor. . . 
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but the energy (140,000 kilowatts firm power) produced may 
he used for irrigation by pumping from tube-wells. Thill 
scheme is meant to supplement, the power development at 
the Tons and Giri. dams if and when the load exceeds the 
total output of the latter two stations. 

In addition Government subsidized the construction of 
5,000 new wells in 1945 at the rate of 20 per cent of cost 
or Rs. 300 whiche\'er was less per well. Efforts are also 
being made in increasing tube-well development and boring 
of wells. 

References 
(1) Season and (rop' repolts of the Punjab. 
(2) 'Food production and Well Irrigation' by S. K. Joshi 
(3) Handbook of Indian Agricultnr? by Mukerji. 
(4) Reports on the Operations of the Department of 

Agriculture, Punjab. 
(5) Administration Reports of the P.W.D. (Irrigation 

Branch). 
(6) A note on Chinese Agriculture by Sardsr Bahadur 

S. Kartar Singh. 
(7) Farm Accounts in the Funjsb, 1928-29 to 193i-38, 

Board of Economic Inquiry publications. 
(8) Annual Reports of the Punjab Irrigation Research 

Laboratories, Lahore. 
(9) Punjab Irrigation Branch, paper No. 31-A. 

(IQ) Punjab Irrigation Research Memoirs, Vol. J, Nos. 1, 
2 and 4. 

(11) Punjab Government answers to questionnaire of the 
Frunine Enquiry Commission and Annexure, 1944. 

(12) Irrigation by R. Cecil Wood, Department of 
Agriculture, Madras, Vol. IV, Bulletin 71 (1917). 

(13) Punjab Engineering Congress 1917-Lining of 
Canals by Mr. T .. \. Curry. 

(14) Punjab Engineering Congress Report 1918. (Paper 
by W. Roberts.) . 

(I5) Depart.ment of Agr;clllture, Punjab l.eaflets No. 84 
and 151. 



CHAPTER IX 
CAPITAL REQUIRED FOR FARMING A~j) 

RETURNS. 
The capital required for farming and the returns re­

ceived will depend on the size of holding and the system of 
farming as to whether it is barani, well-irrigated or canal­
irrigated. It will also depend on the intensity of cropping. 

The most common unit in the Punjab for a self contained 
holding is the area which one plough (a pair of bullocks 
and 2 men) can manage. In case of barani area, one plough 
can control 20-30 acres according to the amount and 
frequency of rainfall about half of which will be grown under 
khari! crops and the other half under rabi. On well-irrigated 
land as water has also to be lifted in addition to cultivation 
of the land one pair can control only 5 to 8 acres depending 
on the depth of water table. The common practice in most of 
the well-irrigated areas, however, is to cultivate a combined 
holding, i.e., a part is well-irrigated and a part barani. One 
pair usually manages 2--3 acres on well and 12-15 acres 
barani according to rainfall and depth of water table. 
Under canal irrigation the area controlled by one pair of 
bullocks depends on the water supply. In case of Lower 
Chenab Canal where water is supplied for 75 per cent 
of the area though actually the entire area is cultivated, 
one pair can control 10-14 acres, while on Lower 
Ban Doab Canal where water supply is only for 
lie per cent of area and the intensity of oropping is only 
about 80-90 per cent of the cultivated area, one pair can 
oontrol 12-16 acres. In case of Nili Bar, the water supply 
being still less the intensity of cropping is only 80 per cent 
or even less and one pair often manages one rectangle 
(25 acres). It must, however, be noted that in case of larger 
units where 2 or 3 ploughs are jointly working, as is actually 
the case in several large holdings, larger area can be 
oontrolledbya pair. On one square holding 2 ploughs are 
req~d but if 2 squares are cultivated as one holding, 3 

J90 
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pairs can manage it well. Thus there is a saving of one pair 
in case of a bigger holding. In case of one plough holding, 
2 permanent men are required but in case of two ploughs 
3 men will he enough. Of course, casual labour has to be 
employed in rush of work such as harvesting and threshing 
season, sowing time, aud for picking cotton. 

The bullocks and implements required for 12-14 acres 
or half a rectangle or square in canal areas and their esti­
mated cost on the average is given below:-

One pair bullocks _. 
One yoke panjali 
Two tying chains (rope:;) 
Two chains for karana and !So}wga 
Desi _elough .. 
Two Jhuls 
Daronti (2) @ anna. 8 e30ch 
Khurpas (2) @: annas 8 each 
Kasi (2) @ Rs. 1-8 eaeh 
Karah. 
Trangli 
Sanga 
Phalla 
Ohhaj (2) 
Sohaga 
Phaora 
Kulhari 
JaniJJra 
Toka 
Baskets (2) 
Ohhiklis (2) 
Gandala (1) 
Balti (1) 
Tanga'l' (1) 
Kasola (1) 
BiJguri (1) 

Total 

Rs. 3. 

300 0 
2 0 
I 0 
1 0 
4 S 
4 O. 
1 0 
1 0 
3 0 
3 0 
1 8 
1 0 
() S 
() 12 
4 0 
o 6 
o 12 
1 0 
1 0 
o 8 
o 12 
012 
1 4 
2 0 
012 
610 

__ 338 0 



In addition to above the cultivator would require one 
milch animal with one or two young stocks. valued at Rs.150. 
Thus t.he total capital requir~,d is about Rs. 488. Some build­
ing will also be needed for housingt.h(, cultivator's family, his 
livestock and dead stock. TheRe n.re I!enerally made locally 
and may be taken to cost about Rs. 250 as eultiyatol' himself 
supplies the labour. On newh' (:ultiY8.ted land "'here "'ood 
is available, the cost may be less. Besides some household 
articles will also be needed for domestic needs. These are 
spinning wheel, hand gin, utensils, boxes for stores, etc., 
costing in all about Rs. 50. 

Further, some money will be required for the mainte­
nance of bullocks and the family before the first crop is 
gathered. This may be taken at Rs. 200. 

The total capital required for starting cultivation 
for a one plough-holding on canal colony will thus 
amountto:-

Rs. 
(1) Bullocks and implements 338 
(2) :Milch animals •• 150 

(3) Buildings 250 
(4) Household articles 50 
(5) For maintenance till first crop is secured 200 

Total 988 

Or say about .. 1,000 

In case of two plough-holding cultivating a square Of 

rectangle, some extra impJements will be needed. These 
are:-

part 
Chaff-cutter 

Total 

Rs. 
100 

40 

140 
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These are not absolutely essential at first,. 

For well-irrigated area the foJlowin~ additional capital 
is required :-

Cost of well (Depth-25 feet) 
Cost of Persian wheel 
Extra pair of bulloe ks 
Two more yokes: I for well and I for plough 
One large sohaga .. 
One plough 
Two more jhuls 
Two more chains 

lts. a. 

750 0 
120 0 
300 0 

4 0 
7 0 
4 S 

4 0 
0 

Total .. 1,190 8 

OJ' Say .. 1,200 0 

For baroni area the capital required is about the same 
as on canal-irrigated land but one plo~h can manage 20-30 
acres as already stated according to mtensity of cropping 
which depends on rainfall. 

The usual cropping under different conditions of 
G", .. returns, ~armiug are give';! in Chapter VII. The gross 

expenditure, mcome, expenditure and net returns for 
and net some important types of arable farming is 
retu"". given below. It m11llt be stated that in these 

oCalculations, average yields have been taken into accollllt 
but a good farmer is not satisfied with avera~e yield and 
expects much higher yields. Under stich conditions profits 
increase very much because there is not proportional 
increase in expenses. 
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(I). Income and expenditure of a one·square farm in 
the Lower Chenab Canal Colony 

Area. held-28 &cres 
Jatentity of cropping-91 p&f' oent. 
Perm.Dent fa.milT workers-2 
Hired worker-I. 

GROSS RETCr.,.; 

, " 

I I Yie1rl i Total Pricl" 
! Area I l'roduct, 3.1~.:.~ i yield I 11~1~'h!~ \ Ya,lut) 

\-I--I'--I-!--:----
\ 

AcN's I I .JJIds. i Mds. Its. a. ill B.s. &. p. 

11-0 Grain I 1:1·6' 14!j'6 3Ha 7 
Bh1i811 ~l'O 23i-(} 0 7 ! 101 I) 

Urop 

Wheat 

i \' Cotton American .. I 4'0 ~~~: 6·2 

I ],0 

2-!'S 

I " 

230 1:1 
• U 0 

Cotton J}€~i 

Sugarctlue 

Maize 

Turiu 

Gram 001 

Xl4rif foddl.'fli .• 

Rabi fodders 

1·0 

1,0 

2'5 

2·0 

2·0 

Kapo8 
.stkk~ 

Gil) 

Grain 
Stalks 

Se~d 

Grain 
Bhu8(/ 

!joO 

26-9 

8'7 
{I-O 

!YO s ~ , (, 

pel' ll.erc 

:2 s. 

i pe1~ ac~c 
1&03 I 
~~~ i ~ 6 

I
! 3" 0 

00 " 

I 

48 lj 0 
I 0 (} 

139 8 s 

" <>. 

., 
tis 1 0; 

41 r; 2 
36 0 o· 

so 0 0 

. " I : 
~ _. -.-. - --.. - -.-. - --.-. -1~250 8 i 
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}eXPEND1TURE 

R.e. 1\. V. RII. a. p. Re. IL. "'-
'll. l.rtl'fillallahmtr ii) hi,retl_ 

f>ermanent-()ne Itt the foliowin~ rer 
aIUtIlID-

('6sb B.s. ;) pt"f men'lem 60 Q 0 

ODiC' 11J.(1IL1Ul wheat per lllt'IlSPUl fIJi" 

meals--o-12 Ilf.'!ltMls ai, RH. :!'~If· lwr 
I/t'wN,l 3012 (l 

(i) Hllrresting wheat. 
4 a(:res at 4 bundles per Acrt' 

= 16 bUhdles. 

Each bundle: 
Grain 16 ~eer.,! at Rs. 2'9,'. P"'l' 

fllwSJa 24 9f:'e'fS atAs.7 -per IWL'mJ •. 

I \.)5 

042 

Total 1 4: 7 

V lIlue of 16 biJlldJl"s 20 9 4: 

(ii) Winnowing wheat 13;) mdt. 
At 2 seers permd=6.75 mda. 17 4 
At Rs. 2/9/- permaund 

{iti) Cotton picking at l/lQth of the total 
produce-. 

American Kal'fl.4f 2.5 md,. 23 4: «) 
@ Ra. 9/fj!- per mn¥nd 
Delli kapa8 0,6 rads. at Rs. 8;2/- lX't .. 1. 0 

maund ---- 28 
.(iv) Suga.roa.ne: Qur to Jlwka at 1 beer 

per 7Mf.(ltd= 27 86era at Re. 6/3 J_ per 
tnuimd 3 8 

(v) Mi~eel1aneous 4 0 

&.. Bullock CaOOftf'-
Reughages consumed by all 6t-od; 
Green fodders 

Rlnt6a 150 rods. gt All. 7 fWT tnauJld 

Ma..ize stalks 

160 0 0 

6li lit 0 
3 0 0 

Total .. 22;8 10 0 

~o 12 0 

78 8 , 



Total stock on tile farm R 
Bul10cks 4 
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Bullocks' share ofrough&ge~ ! ,. 
Concentrates 15 mds. a.t Rs.!{ per md. 
Salt 20 semJ at Rs. 2/fI,/. per mattnd 
Miscellaneous feeds .. 
Interest at 4 per cent. and depreciation 

a.t 12 pE"r cent on Re. 300 
Miscenane(lull e~pen8es 

Wheat 
Cotton Aweril"lln 
Cotton flesi 
HUj;\'arcHlle 
Mai7.(," 
Torill 
Gram 
Khor~f {oddl'l.~ 
Rnhi foddf'f'; 

5. Implemf'llil'-

Depreciation at 10 per cent. on cart=-
Rs.lOO " 

:W per cent. on fodder <'utter"'-' R8. 40 
Inu-rebt at 4 per cent" on Rs. 140 
Rent of cane crusher 
MisC'ellaneolls repairs and replaeement 

6. .tI.rtiSQ11B (CHl"pf'nter lind Blacksmith). 

,,'}wat. bundles 4 at Re. 1/4/7 each .. 
'''heat 1 maund at Rs. 2/9/- per mauna 
Maize hundles 2 at As. 10 ea.ch 
Maize 11llaund at Rs. 2/8/- per maund 
0111' 4lieertJ at Rfl. 5/3/- per maund " 
C.otton 4 Beers at Rs. 8{2! - per m.aund 
Fodders t:i bundles at As. 3 each 

7. Walerratea-

Rs, II, p. 

114 ;i {I 

45 (I 0 
1 • 0 
4 0 \) 

48 0 (I 
10 (I (I 

" I 
(} 

S 
() S HI 
(l}0 6 
~ I) I) 

:1 l~ {J 

H 0 (; 

1(1 {I 

R 0 
9 
o 0 

o " 

2 4 

" 0 . (} 
8 II 

084 
(} 13 0 
I 2 (} 

It, &. "PI 

40 $ I 

33 a l' 

116 6 0 

135 0 0 

Total .. 726 311 

SUMMARY 

Toloj 
&. .. p. 

1,200 8 7 
'1!8 3 11 
621. 4 8 

per acre" 
Ita. a. P' .. 
HI0 'I' 
2515 .. 
IS II ,. 



19i 

(:::). Income a.nd Expenditure of one rectangle farm 
m the Lower Bari Doab Canal Colony. 

ATea laeld 
Intensity of cropping 
l'ermallel1t fa.milv workers 
Pt'rnlllBel'lt hired-workeI~ 

GROSS I~COl>lE 

i I 
!~-\;ea Product I Y;~d Total 
I i acre yield 

Crop 

•• :;!oacres. . . 9; yml' cent. 

Priae 
per 

mau"" 
Yalue 

I i I 
------I--!---I-----------

iii 
Wbf'at 

I Acee' I ! Md,. 

S'O Grain I 12·6 
BhU>Ja I 19-0 

, I 
Cotton Ameri'~an •• 6") \ KapalJ I 8'7 

Sticks 

-f.f.lttQD Di]/Ji 0'. 

Sugarcane 0-5 

M~i'ie l-6 

Poria i'O 

Gram 2'0 

£4a'l'jj fodders " 2'0 

llU/;i, fodders 2-0 

--
Total .. 23'0 

I 
KapaA I ;·;l 
Sti(lks 

au, 2.1,.,') 

Grain 8'7 
8t,aik>l 

Grain .'i-3 

Gra.in 8'3 
Bkuaa 8,0 

------

Mds. 

100'8 
la2-0 

12'S 

8'7 

ij-3 

16'S 
16'0 

--

" 1 0 

S 2 
I 0 

per .. ere 

per acre 

4 2 

32 0 
per &cre 

40 0 
per acre 

Re. &. p... 

4-86 1 10 
ti I' I) 

30 
o 

M 6 

21 12 
3 0 

5 

0 

" 
21 13 10 

3" 610 
0 0 

64 0 0 

80 0 0 

IJOS U , 



(I) M ... allalHwr­
(II) Perma.nent-
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EXPENDITURE 

Theaame 8-8 in the case of L. C. C. C. 
(6) Casual--

(i) Harveating wheat 2 acres 6&O'b. at 4 bund.l6s per 
aore-8 bundlea at Re. 1/'11 each .. 

(") Winnowing wheat 92 "Ult,"", at 2 8ur. per 
maund=4.6 mtU. at Re. 2/9{- per maund .. 

(iii) Cotton pioking IJIOth share. 

R8. iI. p. 

10 4 S 

11 12 7 

American Kapal< 5.2 maund$ at Ra. 9/5/_ per md. 
Dui lcapaa 0.4 maufUl a.t Rs. 8/2/- per mo"ud •• 

(iv) Sugarcane Gur to Jkota at 1 seer per mallnd 
=138U'T8 at Rs. S/S{. per mauM 

OS 610 

(,,) Miscellaneous 

J. BoIIock la6our-· 
Roughages cOllBumoo. by all stock : 

Green fodders .. 
Bh'U8a 145 'IJ'lds. at As. 7 per mau?~d 
Maize stalks .. 

Total 

Total stock on the farm-8 .. 
Bullocks 4 . 

3 4 

1 II 
4 

144 0 0 
63 0 

:3 0 (I 
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0 

0 

0 
0 

Bullock's ahare of roughages! . . 1()5 G 
Conoentrates 15 md&. at &S. 3 per m<ltutd 45 0 
Salt 20 aeers at R9. 2/8/- per maund 1 (I 
Miscella.neous feeds . 4 0 
Interest a~ 4 per cent. and depreciation at 

12 per cent. on Re. 300 48 
Miscellaneous expenses 10 

I. 8~ 
Wheat 
Cotton American 
CottonDMi 
Suga.rcane 
Maize 
Poria 
Grs.m 

~::i{~~:r1J 

... Implements: The same as in the Lnwer Chenah Ca.nal 
Colony except tha.t the rent of the cant! crusher 
will be Ro. 2 _ofRo. 4 .. .. 

6. AriiBani the same as in the 0&8(> of Lo-wer Chenab Canal 
Colony 

6.- Wa.ter ratee 
T. ~~Reveaue 

13 3 ~ 
1 1210 
o 1. 7 
4 0 0 
o 810 
o • 3 
200 
300 
6 0 0 

R><. e. ,. 
!lO 12 0 

79 7 1 

213 7 6 

30 I. 8 

31 9 7 

13 14 8 
9810 0 
92 0 0 

" TolaJ •• 6110 II 6 



Gross Income 
Expenditure 
Net Incosne 
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SVMMARY 

Tots) Per Acre 

Rs. a. p. 
1.145 14 9 

f)j() 11 6 
495 3 3 

R6. B. fl. 
45 13 ;! 
2fi () 6 
1912 II 

(3) ,Income and expenditure of a 01uzhi·cum-barani 
farm in the Jnllnndur District. 

Area held 16 Rert'S 

Permanent workers 

J\\'ellir~igated =~ ncre!!!. 

llJal'o)/~ =S8CI'l'8. 

{

J<"'amiJY •• 

Hired .. Nil. 

GROSS Io;CO:Illo. 

I A
·o. . Yield I Total I Pd,. I 

Crop L'- Product per yield per Value 
acre mattnd ,-----1 ------------

Well irrigated- I AereS) .l.1Id&. jlds. I Rfl. It, IRs. R. Jr. 
Cotton De-si ) O'S Kapas 8-4 4'2 7 () I 29 6 S 

M.i" .. III 1-@11:t::::lH17.[IP":''':'i.:::O 
Stalks fi 0 (; 0 

I per acre 
Sugal'cane .' I J.@ G'llr 36'.) 36-5 [) ,~) 193 14 6 

, I 
l,"heat l' 4'0 I) (~raEn 14',. ,"i8 it I) 2 11 J), 14 (J 

Bhu8U 12"0 :osg U (I 10 '>J 0 () 

:";~::'I ::I~~-~-J _~I~::~I ::;,;, 
B" •• i_

Tot
.
l 

. ·I-~':...I--':':'-- _:..-1----1---~-!~ 
Wheat •• 3-0 I Gram 7 7 I ~3 I I ~ 11 I 1)2 1 4 

I Bhusu lOt) ·:tOO 0 JIJ I ]~ 12 0 

I _ I I _! 
Chari (Fodder) I ,,0 I.. " I " I 1" (I 1 7.3 0 0 

Tot.l .. Is.ol---:-:- ---:~-I--:~ -~:~"~i lj;; 13 ~ 
G'andTot.l .. I]i":5I--'-"-l--.. -i--"-I-~-i 776 ~ 8 



1. M Bnualla.boul'~ 
(II) Permanent. hired-nil. 
(b) Casu.l 

(') Harvesting wheat. 
I"';gakd areo-
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EXPENDITURE 

4 hundles each valued &8 follows :-
Wheat grain 16 seer. a.t R8. 2fllf· per maurul •• 
Wheat bhu8f1 24 seers at Re. -/10/- per maund 

Total 
ValuE' of 4 bundles 

U11irrigated area-
4 bundles each valued at Rs. If7/2 each 

(ii) Winnowing wheat, 
Irrigated area. 

2'6 mde. wheat at Bs. 2/11/- per ma'~lld 
Unirri~ntRd ar('lQ. 

0'85 ma.und8 wheat at Re. 2/11/. per mautld 
(iii) Cotton picking (irrigated). 

l,llOth share=O'4 mda. at Re. 7 per maunil 
(IV) Sugarcane (irrigated). 

(itn to Jho1ca, at 1 8eer per maund=37 .teet'S at 
R.lol. 5-j5J- per moll1ld 

(v) Miscellaneous. 
Rs. a. p. 

.. 2 0 0 

.. 1 0 0 

I 2 
o 0 
1 7 2 
5 12 

5 12 

6 15 10 

2 4 7 

2 12 10 

4 14 8 

300 
Irrigated area 
Unirrigated area 

-------- 31 g 3 
t. BuIlc<k kWuu,,_ 

.. 

Roughages consumed by all stock on the farm. 
Green fodder .. 
Rhusa 118 nul •. at As. 10 per md. 
Maize stalks •• 

'fotal stock-S'O animals. 
BuUocks-4'O animaJs. 
Bullocks'share ofroughagest .. 
Concentrates 24 m4s. at Rs. 3 per 11Ul'IM 

Salt 20 aeera at Rs. 2/8/- per mallM 

.. 210 0 0 
73 12 0 
6 0 0 

289 12 0 

•• 144 14 0 
72 0 0 

1 4 0 
400 Miscell..aneous feeds . . . . . . 

Interest at 4 pel' cent. and depl'e(Jiation at 12% on 
Rs.300 

Miscellaneous ex.penses 

8eedr-
Irrigated 

Cotton 
Maize 
Sugarcane 
Wheat 
Kllari! Fodders 
.R4bi Fodders 

Unirrigale:d-
\Vheat 
Ohui 

0 1 
0 6 
8 0 0 
7 3 2 
2 4 0 
4 5 0 

5 6 5 
, __!_,JL 

~ 

48 0 0 
10 0 0 

22 4 4 

1214 6 

280 2 • 

35 • 



201 

4. ImpkmentB- R$ .... p. Rl'I. &. p. 
Depreciation at 10 per cent. on cart worth Rs. 100. 10 0 0 
DeprociatiGD at 20 per oent. OD fodder cutter worth 

&8.40 ., 
Interest at 4 per cent. on &s. l40 
Hire of cane crusher f) 

Repairs et~. 0 

5. Arti.!a'1ls-

6. 

Whea.t I fflrwnd at Rs. 2/H/- per maund 
Maize ] 'J11.allnd at B.s. 2J9/~ per m,a'IJ.nn 
Wbeat, bundles 4 at RH. 1/7/2 each 
Maize bundles 4 at As. 10 f'ach 
Gllr 4 seer13 at Ra. 5/51- per mallnd 
Cotton 4l1eers at Rs. 7/4/- per mllunti 
Fodder bundles 8 at As. 3 each 

Well and Persian Wheel-
Deprooiation at 3 per cent. on weH worth Rs. 750 .. 
25 per cent. on chain of Persian Wheel worth Reo 40 
10 per cent. on other parts of Persian Wheel wort}] 

Ra.80 " 
Interest at 4 per cent. on Rs. 870 
Rf'pail"8 and replacem£'.nts •. 
Oil for lubrication 

Land Revenue--­
Irrigated area. 
Unirrigated area 

TOTAL 

ANALYSIS OF EXPENDITURE 

TOTAL 
Item 

~ 11 
2 fi 
5 12 
~ R 

" . 1111 
1 8 

'")') S () 
10 0 0 

S 0 (J 

:-)4 12 10 
20(1 
6 0 {I 

32 0 n 
16 0 0 

PER ACRE 

33 9 7 

}6 4 Q 

83 4 10 

48 0 0 

528 I 2 

Un- I I Un-TotAJ Irrigated irrigated _:~IIn;gated _::: 
_-----

Rs. a.p. Rs. a. p. Rs. a. 11. Ra. ft. p. Ra. n. p. Rs. &. p. 
.M:a.nual Labour 31 9 3 2280913 1 15 7 2 13 0 1 2 2 

(hlrod) 
Bullock labour 280 2 0210 1 6 70 0 6 17 8 I 26' 42 8 12 1 

Seed .. 352 9 22 4 4 12 14 5 2 3 2 2 126 I 9 8 

Implements .. 339 71 25 3 2 8 6 5 2 I 7 3 25 I 01 o 
0 " ArtIsani'! .. l 16 -t 9! 12.· • 4 1 .! I I 0 4 I iii 60S 2 

W~::e~ Persian ~I 83 4, 101\ 83 4 10i " .. "!. 5;.{ 4 10 6 8 .. 

Labd Revenue l~~~~~'\~~ ~I_:.:!_ -~_:_~..! 
Total .' \328 1 2407 9 ~ 120 7 9 33 0 50 15 2 15 1 0 
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SUMMARY 

Total Per acre 

I, I' -
Total IIrl,jgated i ~~nirri. TIltaJ Irriga.ted, Unit'ri. 

-----1---- I gat('d I gated 

Rs. a.. p. ~;\ R'!. a. p. Rs. a.. p. R;.-a~l! Rs. a. p 
Gtoealncome .776 9 81620 I:! 4- i1G5 13 4148 8 7 77 D 6 19 7 8 

&penditure .. G28 1 21407 9 j 1'120 "; 9133 0 1 5015 :! 15 1 0 

N.U •• .,..,., 248 8 6 i213 2 11 I 3,; 5 7 15 8 6 26 10 41 4 6 8 

(4) Accounts of a barani Farm in the Hissar District. 
Area held 30 acres. 
Intensity of cropping 100 per cent. 
Permanent workers, Family-2. 

GROSS I~COME 

i [ i 1 •• Id I Total 
Price 

Crop I 
Mea I rrodu('e per 1 Value I : :c;: YIeld maund ' 

I I ! -------_----

I 
_'CTe'1 : ~1.f ds. Md8. R8. a. p. R,. a. p. 

0 .. ,. :?·O Grain 3'0 6'0 2 4 0 13 s 0 
li/tr1811 3-0 6-0 0 4 0 1 S <) 

Motl and Blljra 

\ 

3-0 

\ 

J[ afh grain i (1,.) 1-;3 2 4 0 " .; ., 
Bajra grain I :.!'O 
St;dk'! and I fj·O 6'0 2 S 0 I:;: ') <) 

i BII,lsa. boO 0 4 " 4 , 
" 

GIlQ.f'a (fodder) 

I 
3·0 ;) 0 (J " " " Per acl'(:' 

Jt)IDGT (foddel') 

I 
4'0 • 0 () ! 16 tl 0 

G~m 
Per act{· i 

3'0 :;'3 l.,)'!) 2 12 " H]j 
[',3 l.j'!j 0 4 tI 3 13 

Wl!eat lJ'(/ Gr"ln '-".) 33,0 2 15 n i % 1'} " Bli'!8·t ,,:! 43·J 0 " IS 14 

Taramira 2'0 Seed ::;.Q 6·0 2 0 0 I:! <) <) 

Gram-barley 7'0 (:rhin ,)·8 40·6 R 0 1nt 0 
L{,';~'(/ (j'5 45'5 0 6 <) 17 " ----

Ii , T()~nl 300 !{62. 15 7 
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EXPENDITURE 

L M a.nnallabour (hired)­
Casual 

2. Bullock lahout-
Totallive.stook on the farm-4'O animals. 
ROUghagtl8 fed to all stock. 

Guara okuBO. 
.. lfoth bajra stalks and bhu~a· 
Gram bhusa 
Wheat bku8a 
(iram barley bhTl8a 
Oreen fodder 

Rs. a, p. 
1 S u 
• 8 
3 If) 

IS 14 
17 1 
31 0 

Total 76 15 (I 

-So. of working a.nimala-Bullocks-2. 
'Vorking animals' share of roughage a i .. 
Concentra.tea 7 maunda at Rs. 3 per maund 
Halt 10 BeeTS at &8. 2/8/. per mau1"ld • . . . 
Interest at 4 pel' cent. and depreciation at 12 per cctJt. 

on Ks. 150 ..... . 

3. Seed­

GuoTa 
Motl!, 
Bajra 
.!OWQJ' 

Gram 
Wheat 
TaJ"amira 
Barley 

;{tl 7 6 
:n 0 
o 10 

~4 0 0 
----84,16 

4 S (I 
4 () 

" 11 
(i 0 () 
757 

11 11 2 
(I 5 5 
5 8 2 

---- 364'3 
4. Implements-Repairs.. 1 4 0 

5. ArlisanJl-
Guara 2 seer8 at &S. 2/4/- per maund 
Bajra 2 seCT8 at Ea. 2/8/- per maund ., 
Gram barley l-maund at R8. 2/81- per maund 
Fodder 2 bundles at As. 3 each 

6.. Land. Revtn:ue--

SUMMARY 

0 
0 
2 
0 

Total 

1 10 
2 0 
8 0 
6 0 

3 
7 

.. 135 

T~tal Per acre 

Groaa Income 
E~itut8 
Neti(ncotne 

:RB. a.. p. 
362 15 7 
136 3 7 
227120 

R" 
12 

• 7 

p. 

110 

8 0 

3 7 
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(j) Income and Expenditure of a one rectangle farm 
in the ~ili Bar Canal Colony. 

Area held 
Intensity of cropping 
Permltnent family workers 
Permanent hired workers 

25 acres. 
72 percent. 
2 
Nil. 

GROSS IXCOME 

Yalue 
i acre MaUnd 

I i Ii Yield ! Total Price I 
Crop _I' AI't'& ,.;proollct per I yil"}d per 

______ 1 i I ___ _ 

I 
Am'" j--- .'IId,. I MM. Ro. &. P'I' 

Wheat g·O I Grain I!!"9 1 100-8 2 9 0 

I 

I BhllM 19·0 15~·O 0 7 0 

Cotton American. 5'':; j ~~pa8 8·7 4''H~ 1);:) 0 1 i"Wk' .. .. I" 0 I 
Cotton desi .. ! 0".1 1~~r.;: "3 3'7 ~ I 

Khar,! Fodders .. ~ 2'0 ~ 32 0 0 j 

Babi FGdders .. i 2·0 40 0 o! 
Total .. 1 1$00 

EXPENDITURE 

Rs. a. p. 
2:'iK 4 10 
66 S 0 

4-41) 1 1 
s () 

30 1 0 
I) S (f 

64 0 I) 

950 14 11 

Be. ... p. R.,>. a... po 
1. llanuallabour hired­

(c) Permanent-nil. 

. (b) Casual-

ll&~:~e:.l~:~t 6b:d~e ~; its~~/tJ;S ~ ~. 
l\Tinnowing 92 maltnde whea.t aJ;.2 <feer pe-rflUJUN = 

4.6 tHa.1!Rd~ at Rs. 2/9/. per tMttnd .. 

Cotton picking l/lOth share American kapol 4:·8 
ma1tllds at R.s. 915}. per mauna .. •• 

De8i kopcJ8 0'4 maunds at Rs. 8/2/- peT maund 
Miscellaneous 

s. B.uocl: labour-
Roughages oomumed by aU stook-
Wheat blU3cJ. 130 msU1l.M at As. 7 per mau.Ni 
Gftldl fodde1'8 

Total 

30 14 6 

11 12 7 

42 10 7 

4114 6 
3 4 6 
2 0 0 

:8913 1 

64> 14 0 
1" 0 0 

lIIIO 14 0 
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Tota! stock on the fa;rm=6 
Bullocks =2 " 
Bullocks' sha.re of roughages i 
ConL'entrates 10 maUI&M Qt RI!. :1 per 1I!nl1nd 
SnIt; 10 ,aMra at Rs. 218/~ per maund .. 
Miscellaneous f_ . . . . 
hterelt at 4 per oeut. and depreoiation at 12 per 

cent. on Ra. 150 •• •• 
1rlisoellanecms~ 

3. 1Ia48-
Wheat 
Cotton Am.erlCUl 
Cottondui 
KTtIJ"fllJdden 
Rabifodden 

.. Impleml'nts-
Depreciation at 10 per cent. (}n cart=Rs. 100 
_U 20 per eent. on fodder cutter=Rs. 40 
Interest at 4 per cent. on Rs. 140 .. 
MisceUaneous repairs and replacements 

:i. ArtitaM (Carpenter and Blacksmith) 
Wheat hundlefJ 6 at Re. 1/4/7 each .• 
Wheat 2 maunda a.t Ks. 2/9(· per mlJ,1tM 

notton 4 Beers at &8. 8/2f- per maund .• 
}'odder 6 hundles at As. 3 each 

ii. JJ'ataR(/lfS-

'7. Land Re.t"enue-

Total 

SUMMARY 

'rotal 
:&S. a. p. 

Gross Income 

Expenditure 
XetJncome 

950 14 II 
41. S 8 
536 II 3 

References 

Per Acre 

Eo. p. 
3S 0 7 

16 1 
21 7 6 

1. Farm Aooonllts in the Pnnjab-B )ard of Economic 
Inquiry Publications. ' 



CHAPTER X 
WEEDS 

A plant out of its proper place ll1a y he technioally called 
,. weed, but from the farmer's point of view only that plant 
is a weed which is injurious to crops, or is unsigh~ly ",nd, 
troublesome in agricultural, opera~lons. 

Annual losses due to the occurrence of pemieious weeds 
upon faml lands, though acknowledged in a general way, 
are far greater than arc realised, The figures would be 
alarming if these losses be interpreted in terms of money for 
the whole country, The extent of their occurrence may 
be judged from the fact that as many as 30 different weeds 
have been recorded in one crop. The weeds are hannful 
to crops in several ways as shown below:-

(1) They rob the soil of plant food and moisture. 
(2) Being hardier than many of the garden and field 

crops, the'> crowd out the useful plants. 
(3) Work in their eradication increases the cost of 

cultivation, 
(4) Weeds like pohli and kanrZiari, in wheat, cause 

harvesting difficulties. Some tenancious weeds like 
baru and..kahi get such a firm hold on the soil 
that cultivation on them becomes impossible, 

(5) Weeds harbour insect and fungus pests which 
attack the crops. 

(6) The presence of weed seedS' in agricuLturaL produce 
reduces its market value. 

These losses can be considerably lessened by treatment 
based on the accurate knowledge o£ the nature, habit of 
growth a.nd modes of dissemination·o()f each weed. 

In eradica.tion of weeds' it is important to know the 
I class to which a certain weed belongs, for in 

=~ of case of annual and biennial weed~ the treat-
eradication of ment is usually to prevent them from seeding, 
.......w.. while in case of perennial weeds the for-

206 
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mation of new leaves and roots and underground stems 
;s also to be restricted and if possible stopped. It is, 
thus, essential to l:now the habit of growth, 808 well as, time 
.of germination and ripening. Specific treatment for 
<lradication of important weeds will be given along with 
their description. The general principles are, however, 
o;iven below:-

(I) Never allow weeds to ripen seeds, for we know: 
"One year's seeding, seven years' weeding". 

Weeds produce large number of seeds as shown 
below:-

(i) Conyza (daryai buti) 
(ii) Corchorus (jangli jut) 

(iii) Sida (bala) 
(iv) Solanum nigrum (makoh) 
(v) Cleome sp. (hulhul) 

Over 54,000 
12,000 
12,000 
10,000 
13,000 

(2) All weeds bearing mature seeds should be burnt 
or thrown in places from which they cannot be 
carried easily to fields by wind, water or animals. 
Sometimes, such weeds are fed to cattle and the 
refuse is taken to the manure heaps, from where 
they find their way to the fields. Manure con­
taining such weed seeds should never be applied 
fresh. 

{3) Be always on the alert to prevent new weeds from 
becUIfling Bstabli"nBu. 

(4) Use always clean seed-this is very important. 

{5) Efforts for eradication of perennial weeds should 
be persistently made. Imperfect treatment 
such as a single ploughing may do harm instead 
of good by breaking underground stems and sti­
mulating their growth. The - best method of 
removing them is to plough the land deeply in 
Slimmer and expose the underground parts to 
the sun. It will also be useful to collect and 
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burn them. Hoeing and interculture during 
the growth of the crop is very helpful in keeping 
down weeds. These operatioIlJ! are facilitated 
if crops are sown in lines. 

(6) Waste places, borders of fields and water channels 
should be kept clear of weeds to prevent conta­
mination of the cultivated areas. 

(7) In the case of some weeds like piazi, usit 
and such other annuals, which come up quickly, 
the practice called dab is very effective. Thi, 
consists in preparing the land for sowing and leav­
ing it for sometime before it is actually sown. 
The weed seeds will germinate during this inter­
val and are uprooted during sowing operations. 

In some foreign countries chemicals are being used as 
weed killers. In India they must be employed with care 
as some of them are poisonous, and are not safe in the hands 
of the ordinary illiterate farmers .. Moreover, they are very 
expensive. The most important of them are:-

Common salt (sodium 5 per cent. solution of it in 
chloride) water destroys small weeds. 

Copper sulphate 3 per cent. solution. 
Iron sulphate 15-20 per cent. solution. 
Sodium chlorate 10 per cent. solution. 
Sodium arsenite 1 lb. white arsenic in a solution 

of 1 lb. washing soda in 3 
gallons of water. 

Premex, a patent preparation, has been found very 
effective against leafy weeds; 2 per cent. solution is sufficient 
to kill them. 

Some weeds can also' be controlled by insects and fun~s 
pest.s. Cochineal insect (Dactylopiu.s tlYlnentosu.s) whlOh 
lives on prickly pear-a cactus, has been found to be very 
~ffectiye in controlling this plant at Jullundur. 

,In some countries, destruction of weeds has been 
""~pnl.8ory by legislation and failure to eradicate them 
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is punished with a fine or imprisonment. There is such, 
legislation in Madras and Baroda against insect and fungus 
pests. A bill on the same lines both for weeds as well as 
msect and fungus pests is under the consideration of the' 
Punjab Government. 

Cl ... ifi.,.ti.n.f (a) According to the length of time they 
wood,. live, weeds are divided into three c1asses:-

(1) Annual weeds which live for one year only, as 
pohli, piazi, and bathu. 

(2) Biennial weeds which live for two years. There 
is no typical example of these weeds in the Punjab. 

(3) Perennial weeds which live for more than two' 
years, as dub, baru, dabh grasses, lehli, 
nwtha, and leh.. Thev are difficult to eradicate. 
Besides producing' seeds. they possess thick 
underground parts from which they grow again, 
after the aerial parts die iu winter. 

(b) According to the season in which they grow, the' 
weeds are known as khari! weeds and rabi weeds :-

L Kharif weeds are those that grow during summer, 
i.e., from April to September, e.g., mOlha, bam 
and kutta grass. 

2. Rabi weeds are those the growing period of which 
extends from September to April, i.e., during 
winter as piazi, bathu and poh.li. 

KhariJ...oo.. 
L Dub or Khabbal, Talla (Cynodon' 
dactylon).-

Natural Order-Graminere. 

Dub grasa is found in all BOils excepting very light 
ones. In rich soils, however, its growth is very luxuriant. 
Its presence generally indicateR that the soil on which it iE. 
growing is good. It is considered to be the best fodder' 
grass for all class of domestic animals, specially for horses. 
When made into hay it keeps well and is a good fodder. It ie. 
perennial but growth ceases in seve~e wintex months. 
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Jlethod of eradication.-Land badly infested with this 
_~ass should be put under wheat for a year or more. Cul­
tivation required for wheat will destroy dub grass. 
Furrow turning ploughs are more effective for this purpose 
than desi plough. They should not be worked deeper 
than 4 inches, so that the roots may be exposed and not 
buried in the soil. If possible uprooted grass should be 

-t.aken out of the soil by hand or by use of harrows. This 
weed or grass is extensively used for grass lawns. 

:2. Bam grass (Sorghum halepense).-Perennial. 
~atural Order-Graminere. 

It is a tall perennial grass with creeping rhizomes which 
-throw up many shoots. Its growth is checked in winter. 
It is found on both light and heavy, and on cultivated and 
uncultivated soils. It is used as a fodder for cattle, but is 
Raid too be poisonous when quite young, or, if subjected to 
drought, on account of the presence of hydrocyanic acid . 
. No sllch injurious effects are, however, reported from 
Australia or United States of America, where it is also used 
as a fodder. 

Etadication.-On account of its vigorous underground 
stems (rhizomes) it is a very hard weed to eradicate. A 
single ploughing will stimulate its growth by breaking 
underground .stems, and, thus, increasing the number <?f 
plants. PerSIstent efforts should be made to combat thIS 
pernicious weed. Iron ploughs should be worked as deep 
as possible. The spade will have to be used in some cases. 
All the underground stems brought _up by cultivation 
should be collected and burnt when dry, otherwise some of 
.them are likely to strike roots again. Its above ground 
stems should not be allowed to mature seed even if the 
destruction of under ground parts cannot be _ taken up at 
once. This will check its further spreading by seed. 

Eradication of baru should be taken up at its first 
appearance. It requires a lot of labour and time to era­
dicate if baru is allowed to establish itself on the land. 
Effoxtls at eradication must be continued persistently until 

·t.be- land is quite ·clean. 
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3. Dabh or kusso gras, (Eragrostis cyn08UTO'ides).­
Perennial. 

Natural Order-Graminele. 

It is a perennial grass with thick rhizomes. It is abun­
dant in all kinds of Boils, and especially in low lying usar 
lands, or bet and hithar lands near the rivers. It is 
not liked by cattle except when it is very young. In time 
of famine, however, it gives some relief as a fodder, as it is 
a very hardy grass and resists drought more than many 
other ordinary grasses. 

Sometimes its growth is so dense that the desi plough 
cannot enter the land, and no cultivation is possible. 
Examples of such lands are to be found in the hithar tracts 
of Chunian and Kasur and in the Ferozepur district. Kussa 
grass is hpld sacred by the Hindus. 

Eradicatian.-The bes(method of cleaml1g lands infested 
with dabh is to plough them with inverting ploughs as 
deep as possible and to take out the underground stems thus 
brought up. This treatment should be continued until 
the land is quite cl~an of this weed. 

Another perennial grass with extensive creeping roots· 
is also known as dabh or kussa grass (I mperata 
drundinacea). It is widely dispersed in hills and plains, 
especially in clayey soils where free water is near the surface. 
Methods of eradication are similar to those in case of Era­
[postis cynosUl"oides. 

4. Dila or moth« (Cyperus Totunders Linn).-PerenriiaL 

Natural Order-Cypera{j()(JJ. 

Dila, though a perennial plant, grows only in summer. 
It is generally found in sugarcane, maize and cotton fields 
which are watered in the hot months. It has ~ot under ground 
black tubers from which shoots come up the IOllowingyear. It 
also propagates from seed. It is a very'luick growing plant, 
and sprouts even one day after it is cut with a kh'l/;!'p«. 
It is considered to be 1L poor fodder, but its value is appre­
ciated in May and June, when other grasses are scarce ari.d. 
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Ipe<'plc frequently brinf.( it from cane fields, which are watered 
':n tho<l> munths, lr is chopped and mixPd with Ih"s(/, 
Afr,er the rai~s lwg:in and other gl'as~'f'fo.l (~Olne up, d£la 

:gets out of favour. 

Eradication.-Sugarcane fields should not be followed 
Iby a khan! crop next year on lands where dila is very 
,troublesome. Sugarcane should be followed (as is generally 
.done) by wheat, for which land should receive cultivation 
'in May and June, so that the tubers of dila may be killed. 
'This weed is not vet so serious in the canal colonies as in the 
-cane growing suhmontane Districts. 

5. ltsit (Boerhaavia diffusa) and (Trianthima pen­
(tandra).-These two plants are known as itsit in Punjabi. 
Itsit is a common weed in the rains, especially in manured 
'land and on waste lands, where dung cakes are made. It is 
·cut or browsed on by animals, before seed formation. Old 
'foots after deep ploughing should be brought out and 
'burnt. 

6. Tandla (Digera a,rvensis) is a common khaTif 
weed in the Punjab plains. It is used as a pot-herb by the 
poor, and is also used as fodder. It is an annual plant, and 
,is not hard to eradicate. 

7. Jangli Jut (Oorclwrus tridens Linn).-(Annual). 

Farnily-Tiliacem. 

It is a weed of the kkarif crops and propagates from 
'i!eed. The best method to control is to remove the plant 
llefore flowering. In case of heavy infestation the land 
-should be ploughed and left fallow for some time. 

S. Hazaraana Mdhak-(EuphorlYia pilulifera Linn) . 

. Dodhak-{Euplwrbia heliescopia Linn). 
Kanoi or Richni-(Euplwrbia dracu-.doides) • 
.Dudhir:-(EupharlYia tkymifQlia Burm) • 
.J;ol DviJ.4i-{Euphorbia Jll"QstrGta Ait). 

, ":Vairilly-Eup~. 
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These plants contain milky juice and product' num­
erous seeds from August to September, which are easily 
dispersed by wind and water. They giye rise to fresh plant" . 
in March-April. In order to control, the plant Rhould be 
persistently cut down hefore flowering takes place. Lal' 
Dudhi is a very troublesome weed of grass lawns in the canal 
irrigated areas. After cutting down the grass and allowing 
the ground to drr well, Ii per cent. Rolution of common salt 
can be spread with advantage on a dry day between 10 a.m. 
and 2 p.m. The red weed will be found to wither up in a few 
hours after the application of salt solutiou, while grass will' 
be fouud unharmed. Irrigation ma~' be applied to land 
after 8 to 10 days. Uare should be taken that the solution' 
of the right strength is used aud there is no dew on tI,e' 
ground when the solution is spread. 

9. Khumb (Orabanche cer>!Ha Orobanche nicotianaf 

Wight).-(Allnnal). 

Family -Orobanchac<p. 

This is a flowel·jng parasite and lives on the host b)· 
attaching itself to its roots by suckers and absorbs food .. 
There are two types of this weed found in the Punjab---­
Orobanche cernua on sar80n and Orobanche nicotianae 
found on tobacco aud brinials. In Hazro (Campbellpur 
district) it causes serious damage to tobacco crop. The 
plant propagates from seed which grows only wheu in close 
proximity of a host plant, to which it attaches itself at once. 
It usually appears above ground in April and flowers in May 
and produces abundant minute seeds which are scattered 
by wind all over the field. . Sometimes the parasite grows 
vigorously, and the damage is 80 serious, when the crop is 
poor, that the whole of it withers away within a few days. 
The most effective remedy is to cut off the plants as Boon as 
they appear and thus prevent the formation of seed, and' 
infected fields should be heavily man\ITed so as to enable' 
the tobacco plants to he strong and resist the attack of the­
parasite. Moreover, tobacco should not he grown in the' 
same fields year after year, and the nursery should be groWl!> 
in beds free of seed ()f orobarw1le. ~ 
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10. Dhau~phuli (Striga densijlora Benih). 
(Striga lutea, Lau-r). 
(Striga Euphrasioides Ben/h). 

Family.-Scrophulariacea. 
These plants are root parasites ou sugarcane ami jowar 

'in most. parts of the Punjab and cause considerable damage 
-to them. Striga has been reported also on baj,.«, maize 
and Sudan grass. The roots are closely connected with 
those of host plants and by means of these suck up food from 
·them. It propagates from the seed thus left in the field, 
which germinates, in the presence of the host plant only, 
during July-August. To control it the parasite should be 
cut down as soon as it appears, to prevent seed formation. 
Subsequently new shoots should be removed. Badly in­
fected fields should be left fallow for sometime and then 
sOWn with leguminous fodder instead of jowar or sugar­
cane. 

11. Bhakhra (Tribulus terrestris). -(Annual). 
Family-Zygophylacero. 
It is found growing in almost all khari! crops and on 

dry waste places. On account of its hardy nature it can 
spread very quickly over larger area'. It produces flowers 
and fruits from June to September. The seeds are protected 
by the hard covering of fruits which keep them viable for 
a long time. The spines help in the dispersal of seed by 
getting attached to feet of cattle and human dress. In 
order to control, it should be cut at the ground level fre­

. quently before llowering. 
12. Many other kharij weeds, such as chulai (Ama­

rantus blitum Linn and Amarantus viridis. Linn), daryai 
buti ({Jleome strictu Wild), bauphali (Oorchorus anti­
ch&rU8 Rou.--Jem's Mellow), - oont katara (Heliotro­
pium supinum), lunule (Portulaca oieracea), jangli 
pakik. (Rumex acutus), and annual grasses such as jangli 
sawank (Panicum colonum), lnadhana (Eleusille egyp­
tiacum), pAulan, lanb ghas (Eragrostis sp.), bunin and 
bAy,. (Cenchrus catharticus) or (Cenchrus echinatus), 
.et6., ~ among crops and on water channels and bare lands. 
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!llost of these weeds and grasses can be easily eradicated by' 
cutting down the plants before flowering. Some of the 
grasses, such as sawank and madhana are believed 
to be good fodder grasses, while others have little nutl'itive 
value. All these grasses can be eradicated from crops by 
interculture and from fallow fields by cultivation. Once 
they are uprooted most of them do not sprout again. They 
should not, however, be allowed to mature seeds. The grain 
of wild Sawan~k (Panicum co/anum) is eaten by Hindus on 
fast days. 

Rubi weedil. 
1. Piazi or bhughat (Asphodelusfistulosus).­
Annual. 

Natural Order-Liliacere. 

A very common weed in the rabi season, but ordinarily 
of no use as a fodder or a pot-herb. Seed germinates in 
October and November, and flowers are formed in March. 
Seed ripens along with wheat. 

E,·adication.-In canal irrigated tracts, fields watered 
and prepared for wheat should be left for about a week. 
Piazi seeds will during this time germinate. The young 
seedlings will be destroyed when the fields are ploughed 
for sowing wheat. This process is called dab. Dab 
is not possible for very late sowings. The bar harrow if used 
on young wheat also eradicates to some extent the young 
seedlings of piazi. In all other cases plants should be 
cut below the crown of leaves before the seed is ripe. Use 
always seed free from pia~i seed. 

2, Bathu (Chenopodium album).-Annual. 
Natural Order-Salsolacem. 
Bathu is one of the most troublesome weeds in 

wheat and winter garden crops. It is used as a pot-herb 
by the poor alid also as a fodder. Seed of bathu ripens 
earlier than lVhe&t. 

El'adication.-It ripens. its seed much earlier than is 
generally realised. The whole plants and spikes are quite· 
green when !!Eled is quite ri.pe. If the plants are fed to cattle 
at this stage, some, seed is s~e to find its way to the fields 
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t,hrough the manure. Snch plants should not be fed to 
,cattle, and, if done, the refuse should not be taken to the 
manure heap, especially if it is soon to be carted to the 
fields. Such plants should not also be allowed to remain in 
the field after being cut. Bathu plants sprout again if cut 
above ground. They should, therefore, always be cut with 
a lckurpa a little below the surface of the ground. 

Batku seed germinates slowly. Therefore dab is 
not so useful for it as for piazi (A_spkodelus fistulosus). 
Very young batku plants can be eradicated to some extent 
:if a bar harrow or a peg tooth harrow is worked in the field. 

Seeds of all the ram field crops (wheat, oats, gram, 
'barley, etc.) should be passed through a winnower should 
-they contain weed seeds. Seeds of many weeds such as 
bathu, piazi, lehli (bind weed) and dokan (LaJhyrus 

'upkaca), etc., will mostly be removed in this way. 
They can be partly removed also by women using the 
,chhaj and separating by hand. 

a. Pokli (Carthamus oxyacantha).-AnnllaL 

,::'oratnral Order-Gompositw. 

The plant has no spines when young. It is used as a 
tfodder, and sometimes as a pot-herb by the poor at this 
-stage. The seed is roasted and eaten by poor people. The 
seed is ripe in May. An edible oil is also extracted from 

·the seeds, which is said to be used for adulterating gllee. 

Eradication.-It is a very bad weed if once established. 
:Some lands in the Ferozepur District are so much infested 
"with it that ram cro~s cannot be harvested conveniently if 
sown there. Early actIon should be taken if this weed seems 

-;to be increasing year by year. Seed ripens in May. All the 
plants should, therefore, be cut down along with crop if not 
taken out while young. Ordinary reaping by daramis often 
mean leaving all pohli uncnt. A reaper can be used with 
,:advantage for this purpose. All people aft"ected should take 
11lp QOncerted action, otherwise seed will be blown from 
~~'l!ring fields to thoB& from '!V'hich plants 

'ilave b~n removed. In recent years cODSlderable success 
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haf' been achie\-eu by organizing regular campaigns for tho 
<lrauication of this weed by the Agricultural Department. 

4. Lch (Oir,,;um arvense).-Annnal. 
::'iIatural Order-Oomposita;. 
It is commonly fonnd in cet lands and also in some 

other places. It 'is of no use to man or cattle. Seeds 
have got hairy appendages by which they can be easily 
hlown away by wind. Plants should be cut or ploughed up 
with an iron plough before the seed is l'ipe. The desi 
plough is not u'leful for this purpose, as the roots of this 
plant are very deep and cannot be broken with it. 

5. ,Lehli, bakar bel or verlti (OonvoMntlus arvensis).­
PerenmaI. 

::'iIaturaIOrder-Oonvol·vulacea;. 

Leltli IS a common weed in the Punjab. It is perennial 
<Lnd deep rooting with extensive creeping cord-like fleshy root­
stocks. These root-stocks throw np slender stems, which 
twist around the stems of crops, using them as supports, 
.and partly choking them. It grows throughout the year, 
though growth is much more active in winter, Lehli 
weed is a good fodder for cattle, sheep and goats. 

Its propagation is both by seed and running root-stocks, 
-every portion of which will give rise to a new plant if broken 
by the plough in moist soil. Though growing throughout 
the year, its seed ripens in April and May. 

It is exceedingly hard to eradicate owing to the vitality 
of the fleshy root-stocks. Care should be taken that seeds 
of winter crops do not contain lehli seed. The plants Qf 
lehli should he cut with /churpa or tlmnti -persistently 
duriug its growth. In fallow fields the persistent use of 
panjrlanta with broad khurpa like scrapers has proved 
very useful in eradicating lehli. Second crop of this weed 
should not be allowed to manufactrire sufficient food to 
'IIourish the underground root-stocks, after the first one has 
been destroyed. This is one of our worst Punjab weeds. 

6. MaiM (Medicago denticulata).-Annual. 
Natural Order-LegumiMBIll. 
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Maina is an annual weed growing in winter. It is & 

leguminous plant and is used as a fodder for cattle. It i~ 
said to cause colic in horses. Sometimes its seed is sown 
in toria and cotton fields in October. After the main 
crop is removed ffl2ina is irrigated. Maina should be 
fed before its stems, which are win', hecome too hard and 
the pods are ripe. . 

Poor people use it as a pot-herb. Maina becomes a 
serious weed in the submontane tracts only in those years 
when it rains too much in winter. Maina is found generally 
on heavy and loam soils. It is not a common weed on light 
lands. 

Eradication.-Cut it and use it as a fodder before its seed 
is ripe. Being a leguminous plant it enriches the soil if 
ploughed iu with an iron plough on fallow lands. Winter 
crop seeds should not contain maina seed. 

7. Maini (Trigo'Mlla polyserrata).-Annual. 
Natural Order-Legumino8«. 
Mo.in; has a darker colour than mo.ina. Its pods 

are straight, whilst those of maina are curled. The latter is 
more spreading in habit than maini, the leaves of which are 
dented and are sometimes used as a pot-herb. Maini 
grows on light lands where maina is not so common. It 
is said to cause tympanitis occasionally when fed to 
cattle. Methods of eradication are similar to -those in 
case of maina. 

8. Takla or cow cockle (Sayonaria vaccaria).­
Annual. 

Natural Order-Caryophyllacew. 
It is an annual weed with pink flowers frequently met 

with in wheat fields. Its seed is round and full black in 
colour about lil2th inch in diameter. It not only robs the 
plant food and moisture, but its seed forms an objectionable 
impurity in commercial wheat. 

Eradiaation.-Use pure seed and pnll out all the plants 
of takla before its seed is ripe. 

It. Rari or rewati (Vioia sativa).-Annual. 
Natural Ord~!-Leguminosre. 
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It, i~ an anllnallegmnillolls winter weed and is used Uf; a.. 
fOlldor. 

Eradication. -Use pure seed' and ("<It the weed plants 
l)o["o1'p its "ppd is ripe and usc as fodder. 

]0. Al,asbel Or Dodder (Cuscuta 1"rfle.m Roxb).-·Perennial 
Famil.r-( 'oIl1){}hwlace<x. 
It is comntonlc' found growing on b", (.Jujube) and 

·other trees and hedges of d""anta and sanotha. It 
propagates from seed as well as vegetatively from the stem. 
The seed germinate,.; in the soil, producing a colourless, thread­
like stalk which on coming ill contact mth a suitable host 
hecomes attached to it, ,sends sucking roots into its tissue, 
and 80\'erl< its eonnection with the soil. Broken pieces of 
the parasite on coming in contact with the host also grow 
on the plants. The growth of the host plant is first checked 
but it is ultimately killed if the parasite is allowed to grow. 
All infected branches should be cut and burnt to prevent 
further infection by seeds or pieces of stem. In a severe 
attack the host plant should be cut near the ground level. 
This unsightly parasite is spreading rather seriously in 
the Punjab, 

11. Many other annual weeds are met with in winter, 
such as shaktara (Fumaria parvijfma), kurund (Oheno­
podium murale), dhabbar or clwnidni (AnagaUis aR'"VIm8i8). 
Jarid buti (Farsetia Edgewo-rthii), kaslli or chicory 
(Ckiclwrium Intyvus), etc., excepting Ohicery which is 
a very serious weed in berseem. Generally these weeds are 
not so troublesome as those already mentioned and can be 
kept in check if they are not allowed to ripen the seed. The 
best method to deal with chicory is to sow pure Berseem 
seed after cleaning it thoroughly. Chicory seed being 
lighter than the Berseclll, floats on the water when. put in 
it (see Ohapter on Fodders) and can thus be easily removed. 
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PART ll.-CROPS 

CHAPTER XI 
FOODGRAINS-CEREALS 

WHEAT 
Natural Order-Graminanceae, Tribe-Hordeae. 
Botanical Name-Triticum Sativttm. 
Vernacular name-Kanak. 
Wheat is the most important crop in the Province, 

both as regards area and value. It constitutes about half 
of the food consumed by Punjabi .. though in the south-east 
the proportion of wheat in the diet is less. It is higher than 
50 per cent in Districts like Amritsar, Lahore, Gujranwala, 
Lyallpur. The Zemindaj' relies largely on his surplus 
wheat to pay land revenue and water-rate, amounting to, 
about 4 crores for the j'abi seaRon. Taking production at 
3.75 million tons and value Rs. 5 per maund the Pnnjab. 
crop is worth HR. 52 crores and at Rs. 10 it is worth 
Rs. 104 crores. 

The Punjab has 28 percent of the wheat area of India. 

Area. 
The ten million acres grown consist of 55 per 
cent. irrigated wheat and 45 per cent. barani 

(rain grown). The irrigated area is gradually increasing, 
wlJP.res.s,. the M[rfUli v.ariP.s .8o{'4'.ru'iliIw to min:faJl.,. .80 that 
sometimes the total area may be 10.5 million acres or as 
low as 9.0 million. Actual area for the quinquennium 

. ending 1943-44 was 9,982,000 acres. The Punjab with 28 per 
cent. and U.P. with 23 per cent. constitute between them 51 
per oent. of the total wheat area of India, but the surplus for 
export in the Punjab is often a million tons, whereas the 
U. P. is often a deficit Province. As regards world pro­
duction India comes third after U.S.S.R. and U.S.A. with 
Canada being the fourth. 

220 
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Comparative yields 
Yield. below:-

in various Countries. are given 

Oountry. 

Denmark 
England 
Germany 
Egypt 
U.S.A. 
British India 
Punjab 

Yield in flllWndB 
per acre. 

301 
24 
22! 
19 
10 

71 
10 

On irrigated land in the Punjab the yield is 11 to 13 
maunas and 5 to 7 mauna .. on unirrigated. Assured supply 
of water and newer land account for the greater yield in 
irrigated areas. Even Punjab yields are low compared to 
other countries (see statement above). At Lyallpur Agri­
cultural . Station a yield of 56! maunas per acre was 
obtained in 1938-39 on an area of i, th acre and this 
shows the enormous scope for improvement. The new 
varieties such as SA, C 518 and C 591 introduced by the 
Agricultural Department and which now occupy 75 per­
cent of the wheat area, give an increased yield of I to 3 
maunds per acre. 

The average total production of Punjab wheat is 3.75 
Total product;,n million tons a.s compared to 91 million tons 
and utilization. for India. 

The statement below gives usual disposal. 

Large power roller mills .. 
Ohakkis driven by electricity or oil 

engines .. .. 
Gharats or water driven chakkis 
Hand chakkis or khaf'fU! 

Total 
Required for seed 
Stock feeding .• 

Total 
·U. S. A., Agrlo. StatiltiOlJ. 

Tons. 
275,000 

900,000 
5Q,000 

1,250,000 
2,475,000 

265,ootl 
3O,ilOf) 
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. This leaves about one million tons available for export. 
The export margin is affected by the yield and price of 
alternative foods such as bajra, maize, pulses etc. Increase 
of population in the last 20 years has decrea~ed the m~rgjn 
for export. During 1942-43 the exportable surplus exceeded 
12 lakh tons. 

Large mills and chakkis driven by oil engines or 
electricity function in towns and· gh2rats, k.bra oes 
and chakkis are used mostly in rural areas and turn 
out ata (wholemeal flour). The larger mills turn out 
maida (flour), suji (coarse semolina), rawa (fine 
Semolina) and ala and bran. A common percentage before 
1940 was maida 27 perc ent, suji and rawa 18 per cent, 
ata 40 per cent, and bran 15 per cent. From wholemeal ala, 
the coarsest bran only say I to 3 per cent. is removed 
by hand sieve before making chapatis-(unleavened 
bread). Wholemeal ala is more nutritious than the mill 
product. * It is also believed to contain more vitamins. 
It is believed, oil driven chakkis by causing heating result 
in some loss of Vitamins B and in oxidation of calcium and 
phosphorous salts. Careful scientific work is still required 
to prove this theory, but it may be of interest to note that 
kharas ata fetches from 5 to 8 annas a maund higher 
than other ala. 

Wheat products are also used for dahal roli (bread), 
aewyan, halwa, and sweetmeats of various kinds. 
Some maida is nsed also in soap manufacture and wheat 
starch is much prized for sizing cotton cloth. 

There are three species of wheat in the Punjab, 
namely T. Durum (Wadanak or Macardni. 
wheats) T. Oompactum (Dwarf wheat) and 

the common T. Vulgare. Howard's classification of Punjab 
wheats in 1911 gave 25 varieties and since then the 
Agricultural Department have isolated a total of 
over .40 • 

ClaaBificatioD. 

.. .• ~oi, _ -keima Report. 1.-
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Three varieties have been isolated; all have bearded 
"Wadaoak ears and tall strong straw. They require 
whea"'" good land and copious water supply and are 

mostly grown under well-irrigation or in sub-montane 
districts. NO.1 is grown largely in Sialkot and Gujranwala 
districts. The grains are long and unsuitable for modem 
mills, hut the flour is prized for macaroni, semolina, and 
sweetmeats, and fetches a premium in consequence, 2 to 4 
annas a maund. These wheats do not lodge easily. Wada­
nak wheats occupy a strictly limited area. 

Four tyPes have been isolated of which one is half-
bearded, the other three beardless. The 

C.mpao'um wheats. heads are short and dense and the 
straw short and stiff. The grain is round and small 
and for this reason unsuitable for modern mills or export. 
They were commonly grown in south-western districts as 
they ripen well in hotter climates, but their cultivation has 
practically ceased. 

The bulk of the Punjab wheat come under this class. 
Vulga,. wheal.. Originally 18 types were isolated by Howard 

but the number has since increased to 33. 
The grains are of medium size, white, amber or red in colour 
and in structure the endosperm may range from soft to 
hard. • 

The hard and semi-hard wheats known as sharbati­
are most popular and are spreading all over the province­
particularly in the canal colonies where C 591 is now exten­
sively grown. Red wheat, though originally grown in nearly 
all districts and predominant in some, is loosing ground. On 
unirrigated land and many well irrigated areas tyPes 13, 14, 
and 15--the former with red chaff and the latter two with 
white-are most important. Red wheats are still important 
in the north-west in Attock, Rawalpindi and Jhelum and 
in the suuth-east in Hissar, Rohtak and Gurgaon, but' eV6l\ 
here, the change has definitely set in. Red wheats some~ 
time fetch a small.premium as the ala is believed to·~ 
better with gram flour. ' 
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The Botanical surveys showed that local _wheat was 
I ed t everywhere a mixture of. types-viz., n, 
mprov ype.. 13,14,16, 17, 24, 25 as classified by 

Howard and others since isolated. Economic improvement 
started with the distribution of No. 11 (Lal kasaruali) 
bearded white wheat with smooth red chaff. Punjab 17 
a beardless white hard wheat also found favour with some 
cultivators on account of its chapati making qualities. 
In barani areas type 14-a bearded soft red wheat had 
some success. But type 11 enjoyed the greatest popularity 
from 1913 to 1925. Thereafter type 8A, isolated subse­
quently to Howard's classification, rapidly replaced it as is 
shown below;-

Area under improved wheat in the Punjab 
(Thousands of acres). 

8A No. 11 Others TotaZ 
1925-26 834 625 10 1,469 

- 1928-29 1,752 252 93 2,100 
1933-34 2,805 41 89 2,935 
1936-37 3,300 21 703 4,024 

In 1932, 9D a fully-bearded type with white awns, 
white felted chaff and amber grains, was found particularly 
suited for barani tracts and late sowings in irrigated 
tracts. Its susceptibility to rust in humid areas has 
restricted its expansion in Rawalpindi and Gurdaspur. 
A type known as C 217 is finding favour in Rawalpindi. 

In 1934, two more hard white wheats C 518 and C 591-
both hybrids-were distributed for general cultivation. 
Owss 51S is reputed to yield 3 maunds more than SA. It is 
a fully-bearded, short-awned amber-~ed wheat with 
short stifi straw. It is especially SUlted for rich irrigated 
I&nds and has yielded occasionally over 50 mavnds per acre. 
Cross 591 is also fully bearded with slightly greyish a\Vnfl 
and tall straw, though fairly stiff. The grain is the most 
attnotive of all·lndian wheats and excellent for cMpauill. 
1t~a ~QBl of 2 to 4annas a matmd over the heat 
,._\_ the mark6t and yields one_~ ..-,than 8A 
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and beats even 9D under late sown conditions. It has 
made rapid strides. 

These have been frequently tried in the province, but 
Pus h 18 they do not come up to C 518, though 

• w'" . better than SA, under humid conditions. 
One Pusa wheat 80·5 is popular in Simla and Kulu. 

Wheat is grown everywhere, except on very light un-
Soil irrigated high land. A medium loam suits 

. wheat best in the dry climate of the Punjab. 
In the western canal colonies wheat generally occupies 35 
to 45 per cent. of the total area cropped. The highest 
yields are obtained on well lands of the central districts, 
as wells are on selected and well-manured soil. It is not a 
question of difference in nature of water supply. 

Sowing takes place from mid-October to end of Novem­
ber but may continue through December 
and even as late as early January. Late­

BOwn wheat yields less than early sown. Harvesting starts 
from loth April to 20th April, except in the south-east, 
where it is 10 days earlier. Wheat is generally cut by end 
of April. 

Wheat likes to come after fallow-better a long than 
FaUow.""d a short fallow. On irrigated lands the long 
r<>tations. period crops, cotton and sugarcane, are 

generally followed by wheat. Early summer fodders 
also sometimes precede wheat and in most districts there 
are areas where wheat follows wheat. Maize, which is 
manured, is sometimes followed by wheat, but it is not a 
good rotation from point of view of yield. In barani land 
wheat follows a previous winter crop or a summer crop of 
the 'Previous year. 

Early winter fodder such as Barson is sometimes mixed 
JIlxtureo. with wheat but ime. bulk en the crop on 

irrigated areas is grown pure. In bdnJftii 
_s wheat and gram are generally sown mixed 1-
Chap. Vll). :Most wheat contains OIlS (!t two per ceDt. 
of barley, and 2 po! oent barley and Ii per cent dirt ii., 



basis of the Standard Export Karachi Contract as against 
local Karachi Contract of 5 percent· barley and 3 per cent 
dirt. 

In many parts of the province there is often admixture 
Bodey mixed in of barley in the wheat fields. For this there 
wheat. seems no justification, for such an admix­

ture can have no value for an insurance agailL,t the vagaries 
of season and the buyers in such'cases pay for the barley at 
only half of the wheat price. This impurity certainly entails 
loss to the grower. In the canal colonies especially the 
Lower Chenab and Lower Bari Doab canal colonies, the 
purity of wheat has been greatly improved as a result 
of the work of the Agricultural Department, which di»­
tributes yearly several thousand tons of pure seed. To 
ensure pure wheat in the colony markets, it is desirable 
that the prices should be calculated on the assumption that 
the wheat will be pure. At present the rates are generally 
quoted in the markets for wheat containing 2 per cent 
barley; and though it is true that a bonus is given for 
purity above this basis, snch a bonus will seldom reach a 
small grower. If market rates were calculated on pure 
wheat basis, with mutual terms of contract, there would 
certainly be further improvement in the freedom of wheats 
from barley. 

The importance of cultivation of the soil before sowing 
Preliminary culti· is generally well realised-as the prime 
vation. factor in securing a good yield. In barani 

tracts the soil may be ploughed with the desi plough 
as many as 20 times and in general 8 to 10 ploughiugs is the 
custom. Even on irrigated land 5 to 6 ploughings are given, 
of which one or two may be with a furrow-turning plough. 
Cl9ds are broken by taking the sohaga over the land after 
ploughing. If manure is available it may be given, but 
generally speaking wheat is not directly manured. 

The uSllal rate is 24 seers but in Kamal and Rohtak as 

Soed ... te. 
much as 40 seers is used. In some colony 
lands as little as 16 seers is sometimes used. 

, Late sown wheat requires a higher seed-rate as is the case 
;With ~ and many other crops. The reason for the high 
~ in Karaal:and Rohtak is ~ot known_ 
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On barani lands, the seed-rate is sometimes higher 
and sometimes less than on irrigated land. Low seed-rate 
is probably ~ed in some ca:ses due to deficient m~isture to 
support a thick crop. Agam some wheats "tiller" well and 
that means a lower seed-rate. It may be of interest to note 
that a head of wheat generally contains 19 to 20 spikelets 
with a minimum of 3 and sometimes 4 or 5 grains. Each 
grain that germinates and persists gives an average of say 
4 shoots, so that the number of grains from one seed may be 
240. If every grain sown were fully successful, a seed-rate 
of 20 seers ought to give 120 tnaunds. 

Sowing methods have been described in Ohapter V. 

Bowing. 
Recently on irrigated land a new method 
has been evolved. When water is short 

the last few acres in a holding may not have been sown till 
December. If the seed is sown on dry land and water applied 
afterwards the cultivator saves 6 or 7 days of waiting for the 
land to be in vattar before sowing. Germination is 
earlier and better by this method and it is believed better 
yields also result. 

On irrigated lands the soil is usually run over with 
Ha' the sohaga after sowing. This leaves the 

nowmg. surface smooth and ideal for evaporation 
of water. Such a soil can lose more water by evaporation 
than a free water surface. By running a bar harrow. 
introduced by the Agricultural Department, over the soil,. 
a light mulch is left which protects the soil from excessive 
loss of m!listure and enables subsequent harrowings to 
be more effective. 

Usually little is done. In all cases if rain falls shortly 
Afte, cultivation. after sowing ~ light harrowing . wo~ 

be very benefiCIal, even after germmatlon 
has occurred. In Europe it is a common practice to harro..1f 
the young crop and in dry laIld. to 'pass the ron~r 
over it also. There is no doubt harrowmg checks weed 
IIeedlings such as piazi (wild onion), rewan a.nd 
bath",- It checks white-ant damage also and shOUld 
help to delay the first watering after sowing. Ih sorne 
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districts wheat is hand-hoed usually once and sometimes 
twice and this is a sound practice, but expensive compared 
to harrowing. 

A large number of experiments in India and elsewhere 

Irrigation. 
have shown that under best conditions 
a yield of 40 maunds can be obtained with 

12" of irrigation water on a field scale. This means three 
irrigations after sowing and one before (rauni). Allowing 
for evaporation it appears, therefore, that 10 or II inches 
of water is transpired through the plants. 

To achieve such a high "duty" the losses from the soil by 
evaporation must be kept as low as possible. Other facton> 
IJ,re good cultivation and if possible manuring. Experiments 
in Pusa by Leather and in the U.S.A. have shown 
that a pound of dry matter is produced with less water 
in manured and well-prepared soil than when the reverse is 
the case. General experience also shows that the same 
amount of water in poor soil may give less than half 
the crop in a good soil. As water is the limiting factor in 
canal areas, it would be well if we could think of yields 
per unit of water, rather than of land. This might open 
up new vistas both for the farmer and the irrigation engi­
neer. If water is given in small quantities at a time as in 
well-irrigation there is a tendency for excessive evaporation. 
In comparing "duties" for well irrigation and canals, it must 
be remembered that canal "duties" are calculated on 
water measured at heads of distributaries. Often the loss 
'from Head to the field is considerable (See Chapter VIII). 

The ordinary practice in Canal Colonies agrees fairly 
well with these figures. Usually one irrigation is given in 

.!lummer for soil preparation (called wahn). If rains are 
timely this is omitted. Most of this is lost by evaporation 
before the rauni or pre-sowing water. After sowing 2 or 3 
~tionsare given-usuall,y of3 inches or less each, the 1"11_ 
wa,tering being generally 4 Inches, malcing a total if we omit 
"wahn" of 10 or 13 iAches. At Lyallpur good crops.of 
~ to 30 maunds according to the season, have been repeatedly 
~ with.' . two .wa. t¢ngs after sowing. This makes a 

" __ ~tjty' ~lu.qing. ralnWl 0; 12 inch~ 
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Farmers know exoellent crops can be grown with two 
waterings after sowing, if all conditions are favourable and 
the waterings can be given at the proper time. A delay of 
a week in the March irrigation may often cause very seriouS 
loss in yield. Three irrigations after sowing are, therefore, 
generally necessary. It will be noticed that in case only 
two are given there is an interval of 3 months between 
rauni and kor. This is impossible in salty land or in 
soil of poor condition or for early sown wheat, without 
a serious drop in yield. Early sown wheat should receive 
kor irrigation in December. The "duty" in the Punjab 
is up to the standard of the best American experiments and 
higher than is obtained in general practice anywhere eliMl 
in the world. 

The best irrigation practice for salt or kallar soils, 
Neoo.,ity f", in. poor soils and good soils still needs a good 
... tig"'ion, deal of investigation. Work on this and 

other allied problems is already in progress in the Research 
Station at Lyallpur. 

These attack the young plants in light dry soils 
P b'te t and often do serious damage. Harrowing 
est.: w, an, helps but irrigation (kor) is the only 

certain cure. 

This is the second most serious' pest of wheat. Three 
R t kinds of rust are prevalent viz. (Puccinia U. , graminis) black rust, (Puccinia glumarum) 

yellow rust and (Puccinia triticina) orange rust. Yellow 
rust is most common. The attack may occur in December 
or as late as February or March. In some years rust 
spreads rapidly. It is undoubtedly the biggest factor in 
affecting yields, but the December rust is more serious than 
late rust as latter generally only affects late sown crops. 
Rust may affect the yield up to 20 per cent. Some of the 
local varieties are partly immune, but so far we have:Qat 
evolved a first class wheat which is completely immu:o.e-
that remains to be done for the future. ' 
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Loose smut of wheat (U stilago Tritici) commonly known 
s as lcangiari cim be very destructive, even 

m u t. 10 per cent in some fields, but for the pro-
vince as a whole does not exceed 1 per cent. The disease 
is transmitted by affected seed which cannot be distinguished 
at sowing time. The treatment is simple, viz., soaking in 
water for 4 hours and then exposure in the sun for four 
hours on a sunny day. The best precaution is to use seed 
from a healthy aud high yielding field. 

Ouly late frost, say in early February, can do any real 
F damage. Quite severe ground frosts in 

ro.t. December and early January have littlil 
or no effect. 

If the weather at the end of March and first half of 
Hot wind,. April is hot and windy shrivelling of the 

grain takes place and yields and quality are 
I1ffected. Mild damp weather before harvest which is rare 
may cause some increase in rust, but generally results in well­
filled bold grains. 

Heavy wind after watering often causes lodging and 
Storms and bail. shrivelled grain. Rats. a.lso sometimes 

damage lodged wheat. Hail 18 also common 
ill end of March and early April. It is local in its attacks 
and generally in strips of a couple of miles wide. In 1937 
about a lakh of acres were almost completely destroyed by 
hail or seriously damaged in Multan and Montgomery Dis­
tricts. One Chak on B.C.G.A. Farm in Khanewal has had 
its crop destroyed 3 times in 22 years. Rain at flowering 
time, i.e., end of February or early March may cause poor' 
fertilization of flowers resulting in many spikelets having 
only 2 grains instead of 3 or more, and the lowest spikelets 
may be empty. 

This begins about miq.-April and as the wheat ripens 
rapidly and sheds when ripe the harvesting 
should be as quick as possible. Some 

,beardless w~ts shed readily, besides being more liable to 
~J~k....;.pa.rtic,lllarly by migratory starlings .• If the area 
iil'lItiiIl the farmer cuts the wheat himself, but ill the caJml 

Harveating. 
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colonies where more area is grown he has to rely largely 
on hired labour. Usually local labour is insufficient and 
special labour comes in for the harvest from the south­
east and from dry tracts. 

Wheat is cut by hand, very low by means of a small 
saw-toothed sickle (dranti). After cutting it is either 
stacked loose in stacks known as mandlis or tied into 
bundles or sheaves, usually as much as a man can carry 
and then stacked to a height of 6 or 7 feet. Five men usually 
suffice to cut and stack an acre per day. They are usually 
paid in kind-one bundle out of 20 and each bundle weighs 
a maund. The cost comes to Rs. 6-12.* In south-east 
Punjab a bundle or sheaf is only 4 or 5 seers. Sometimes 
the work is contracted out at Rs. 5 per acre based on pre­
war figures. 

This has replaced the sickle in Europe, as a- man with it 

Scythe. 
can cut up to an acre a day. In the Punjab 
the cutting has to be done in very warm 

weather and 'n trials at Lyallpur it was hoped at least half 
an acre a day could be cut. The straw, however, is slippery, 
the men dislike the upstanding position and a neat job could 
not be achieved. Further it is impossible with a scythe 
to cut as close to the ground as with it sickle. The ex­
periment though persisted in for two or three years was 
abandoned. 

Reapers drawn by cattle have been tried since 1909. 
Reaping machines. They are only suitable for irrigate.d ru:eas 

"'m'l~ Mlk 'l.m, 'It. lp..w. ®Po.- W-,J;.~ VA ¥J3R.,. 

The Hornsby No. 10 with floating bar suitable for going 
and cutting over irrigation ridges has given most satisfaction. 
Their use spread during 1916 to 1920 but only 58 machines 
were sold from 1917-18 to 1934-35. Their use is confined 
now to large holdings and some big estates. The draft of 
the reaper is heavy, 240 Ibs. and bullocks have to walk a 
bit faster than during ploughing.- In consequence two· 
pairs at least must be used per day in turn. They cut 8 acres 
a day though 6 is more common. Cost of reaping by reaper 
after allowing for depreciation, and interest is Re. ~ IliI" per • 
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aore.* The high price of reapers about Rs. 400* militates 
agaiust their success. If tractors ceme into more general 
use then there would be more scope for reapers. Two 
men generally work a reaper and six men oollect and tie 
the sheaves. Self delivery aOcd self-binding reapers have 
also been tried. 

The machines are oomplicated and require two or three 
pairs of bullocks. Their use is only feasible with tractors. 

This is carried out in most places by bullocks dragging 

Threshing. 
a sort of hurdle known as phalla over 
the wheat spread on a hard earth which 

is sometimes carefully prepared beforehand. When a 
plialla is not used the operation is slow, 80 except on very 
small holdings it is customary to use phalla. 

In the canal colonies the threshing fioor is selected 
in the field and ploughed up again in the usual way when 
the rest of the field is being cultivated. In old districts, 
however, the village common (shamlat) is generally used. 
Such sites serve as recreation grounds and are not commonly 
cultivated. Generally only a little cleaning suffices to pre­
pare a threshing fioor, though some water the ground to 
make it compact and avoid dust and earth in the grain. It 
is generally hot and dry during the threshing season and this 
is ideal. Occasionally, however, rain and heavy wind do 
some damage. The straw on the threshing floor is repeatedly 
shaken up with a two or five pronged fork (trangli). 
The grain naturally falls to the bottom. On completion of 
threshing the threslled mixture is generally heaped in t~e 
middle to await winnowing. 

. Threshing is generally carried out by the farmer himself 
and his family. Three meJl and two pairs of bullocks can 
thresh the produce of an acre in a day. The cost works out 
at Rs. 4, per acre or 4, anna8 a· maund.* 

Winnowing is commonly carried out by casual laboUJ 
w. or menials, who also carry and stack the 

lnno_. bh_. They are paid in kind-generall.y 
·I{OOth Gr lIlLy 2 a_ if price of wheat is Rs. 2-61. Total 

$ silts; '4,,~, ~ 
...... ' __ OD. _war Ipnto. 
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cost of threshing and winnowing thus oomes to 6 annas 
per maund.* The actual process of winnowing is done by 
(1) tossing the grain and chaff in the air by means ofa pitch­
fork and (2) winnowing from a flat basket (cllhodj) 
held hlgh over the head in a tilting position. In most parta 
the person winnowing stands on the ground, in others, not­
ably south eastern Punjab, he works from a platform. 

As winds necessary for winnowing often fail and the 
Pow., Thresh.". threshed crop is sometimes liable to heavy 

losses from rain or storms the Agricultural 
Department has tried power threshers worked by steam 
or tractors. A dozen threshers were tried-none was 
found to be suitable. The problem of threshing in the 
Punjab is more difficult than in the Western Countries. 
The straw here becomes brittle and chokes up the riddles 
and this reduces output and increases costs. Other 
main defects were (I) greater breakage of grain than in 
the country method and (2) inability to produce bhusa. ·If 
threshers are to succeed it will probably be wiser to evolve 
threshers which make bhusa. Bhusa or bruised and crushed 
straw as obtained from bullock threshing is a very valuable 
feeding stuff, and it would be necessary to prepare it se­
parately rather than use half broken straw. Again, broken 
grain increases weevil attack and affects keeping qualities, 
Except on one or two Military Farms no power threshers 
are in use in the Punjab. 

The evolution of It sim~e and cheap winnower which 
WinnoWll"'. may be w?r ed by hand or bulloc~ is one 

of our Vltal needs. Some expenmental 
work has been done. A machine containing a fan and 
large riddles evolved by the Agri~ultural Engineer lit 
Lyallpur has been oonstruated. A prize of Rs .. 3,000 was 
reoontly awm;ded for the best winnowing ~e ~~ the 
~h {)f the ordintny fanner. ieveral mteresting ideas 
evolved but even the best submitted requires much further 
work to be of praetielll impoltance. 
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Wheat grain is stored by farmers in a variety of ways, 
a . f . e.g., loose or in bags in rooms, in mud bins, 

toruli 0 gr""" either box-shaped or cylindrical (called kothis 
and b/w;rolas respectively). The latter two methods are 
useful for small quantities for home consumption but 
not practical for large quantities intended for sale. Some­
times a corner of a room is selected and two mud walls 
erected at right angles forming a receptacle known as 
bukhari. This method is common in Central Punjab 
and especially among Jat Sikhs. 

Circular or conical structures made of sarkarida or 
matting of plaited date-palm leaves, locally known as 
pallis are common in Dera Ghazi Khan and l\luzaffargarh 
district. PaUis may be inside the house or in the open air 
close to the house. In south-eastern districts, particularly 
Rohtak and Kamal, tall cylindrical structures of closely­
woven hemp cloth or gunny bags open at both ends are 
common. The lower end rests on a raised mud platform 
and the upper is tied by ropes to the roof. These are called 
thekas and are generally erected in the house. In some 
villages situated near the United Provinces, mud-plastered 
pits known as khattis with an opening at the top large 
enongh for a man to pass through, are common. The 
capacity is generally about 300 ma'U'Rlis. 

In the mandis or grain markets, the grain is stored 
generally in godowns or kothas, either in bulk or in bags. 
At Okara in Montgomery District, a few underground cellars 
have been constructed for storing grain. 

Considerable losses are sustained due to rodents, insects 
and moisture with the present method of 

Looseo. storage. It is estimated . that the annual 
loss in storage from all these sources in the case of wheat 
comes to ;I per cent. of the total production. Taking the 
totp.l production of wheat in the Punjab at 3t million tons, 
this means a loss -of 112,500 tons and valuing the wheat at 
Bs, 5 per,_nd the annual loBS is worth a.bout It IJf'OrU 

of ~pqes. TM Imperial Council of Agri~t~l ~h~ 
~'thestorage losses to be aOOut3.amillioD. tons,~'.e., 
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5 per cent. of all food grains in India. Mr. F. P. Coyne 
estimates the total loss for all food grains in India at 3 
million tons. 

Transport difficulties necessitating longer storage 
and the large importation of wheat during the war has made 
the problem of storage much more important than usual. 
The Government of India are, therefore, taking steps to 
reduce this heavy loss by constructing improved stores and 
encouraging private enterprise in that direction. In the 
"Principles of Cereal Storage by F.P. Coyne" published by 
the Department of Food, New Delhi, it is shown that tem­
perature and humidity are the two important factors con­
trolling storage losses. Extremes of temperature, above 
100°F and below 55°F., large diurnal variations and low 
humidity are not favourable for insects. The moisture 
content of wheat grains, which is at equilibrium with air 
at 75°F and 75 per cent relative humidity is approximately 
14 per cent -and for any long term storage of grain its 
moisture content should not exceed this limit. 

Wheat in the Punjab is harvested at the hottest and 
driest time of the year with a moisture content of 8-11 per 
cent. Below 8 per cent. moisture in grain there is little 
risk of insect attack. Insect life is likely to be destroyed as 
the grain lies in the hot sun during the threshing period. 
Such grain, if taken into the insect and moisture-proof store, 
would keep for years without any trouble. During mon­
soons, however, the relative humidity rises rapidly, the tem' 
perature goes down a little and the grain, if kept exposed to 
the atmosphere, will absorb some moisture from the moist 
air and will thus be more sllSceptible to insect attack. 
During winter from November onwards there is considerable 
fall in temperature and the grain is fairly safe from insect 
attack. It will thus be seen that in the Punjab the climatic 
conditions are not very favourable for the development of 
insects for the greater part of the year. The Punjab is,: 
therefore, more suitable for the storing of wheat and other 
grains than the big consuming centres like Karachi, Bombay, 
lfIld Calcutta, where the conditions are ideal for 'insect 
aevelopment. 
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For details regarding the construction of stores and 
oontrol measures against insects and rodents Mr. F. P. 
Coyne's book may be seen. 

The ordinary farmer recognises two types of insect 
_ D damage of stored grain, viz., khapra and 

amage. stl8f'i but in reality the damage is done by 
one insect in case of khapra and two insects in case of 
8Vlri. 

This is mote acclimatised to conditions of higher tem-
1!/tspN (Trago. perature and lower humidity than other 
- graaaria.) grain insects. So it flourishes in the Punjab. 
The main damage is done by the larvlll, which is most 
active in the hot weather. Its presence is always evident 
from the cast skins, which result from the moulting of the 
larvae. The grain is attacked at any part but very fre­
quently the embryo is selected and germination of grain 
may be affected long before any serious quantitative damage 
has occurred. 

Its attack is confined to the top layer-rarely as deep 
as six inches in wheat stored in bulk. A high room or deep 
pit thus reduces damage. ' 

The latter of 'these two varieties of 8U81'i is smaller 
s-; (Oolendra than the former. In both cases the eggs are 
o..,._... laid on the grain, and then the aperture is 
::!,;""I/"rtha sealed; so no attack is noticed. The larvm 

...... ) spend their whole life inside the seed and 
emerge only after pupation. Holes in the grain are emergency 
holes and not entrance holes as is commonly believed. 
The actual damage is greater than it appears to.be. The 
adults also feed on the grain. A large amount of floury 
matter is left mixed with the wheat. 

The loeses sustained throngh these insects can be 
JIomecIial considerably reduced, if wheat is taken from 
_..... the field to a perfectly clean store. Care 

must be taken not to allow infection from old gunny bags 
.. hom an fufooted store. The store which is known to 
lie ~ must be, thoroughly cleaned and ean then be 
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rendered safe by burning charcoal at the rate of 7 seers 
per 1,000 cubic feet and sealing the room for 48 hours. 
In this way a temperature of 150°F is reached. Infeoted. 
gunny bags if turned inside out and left in the room can 
also be freed of insects in this way. "Seed Wheat" if 
taken straight from the field and put into mud kothiB 
which are new, or free from weevil and sealed up with mud 
is safe from weevil. Larger quantities of seed can be 
partially protected by distributing naphthalene balls in 
muslin bags throughout and at the top layer at the rate 
of 8 lbs. per 100 maunds. Leaves of neem tree when 
obtainable are believed by farmers to be useful in the 
same way. Storage in or under Musa of gram (misa 
bhusa) also tends to protect the wheat. Concrete under­
ground godowns like those in use in Muzaffarnagar grain 
market in the U. P. are very suitable for storiug wheat 
in bulk. They can be kept easily free of rats' and are 
easy to clean. Damage by damp in such stores is negligible. 
Total damage is said to be not more than 1 per cent. in 
such stores as compared to 4.5 per cent. in kacha khattis. 
Such wheat also fetches a premium over wheat stored in 
kacM khattis of half an anna to two annas a _nd.· 
Though these concrete khattis cost Rs. 350 for .capacity 
of 500 maunds, the cost of storage per month comes to 
2'9 pies per _nd as compared to 1'4 pies in case of 
kotkas. 

The Grain Elevator at Lyallpnr referred to elsewhere 
in this chapter originally* used to charge 0'2 pies pIlr 
mauna per day for storage up to 15th July and thereafter 
0'3 pies. This works to 6 and 9 pies per maund per month 
and was 3 to 4 times the cost of storage in kllaui,s. The 
elevator is not used at present. 

Bkusa in this Province is stored either in small conical 
Stori or Bh stacks thatched with straw, in low circular 

"II ..... stacks roofed with mud, or in low-peaked 
heaps 'COvered with mud and looking exactly like the English 
root "Clamp". These are _!mown ie_spectively ~ kup. 
palla and Oihar.· The first method IS common ill .. the 
wetter parts of the submontane tracts; the palla in the 

• _1oIarbting Boporl, Pllniab-~ 172. 
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north-west districts; the dhar is suited only to the driest 
tracts. There is less wastage and damage from rain in the 
lcup than in the others. The door is the worst in both 
respects, but it is easiest to make. A certain amount of 
skill is required for the putting up of a palla as the bh'U8(J; 
has to be tightly packed inside a barricade made of ordi­
nary bedsteads set up on ends. The proportion between 
the yiled of straw and grain in the Punjab varies from 2 of 
straw to one of grain, to Ii of straw to one of grain. But in 
the case of bhusa the variation in the proportion of bhusa 
to grain is about 1.1 to 1.7 to 1. The yield of bhusa per 
unit of grain is less, because a part of the straw is lost in the 
process of threshing and winnowing. On the dry and 
unirrigated areas this proportion is low, whereas on the irri­
gated areas it is high, Bhusa is a valuable farm product 
for the cultivator, because it forms the basis of bulky food 
for cattle during almost the whole of the year mixed with 
Buch chaffed green fodder as is available. It will be readily 
understood that the breaking and bruising of the straw in 
threshing under bullocks and palla greatly increases its 
value as a cattle food. This is due to the great reduction 
effected in the expenditure of energy necessary to break it 
up by chewing. Thus in a rough experiment at Lyallpur, 
in which cattle fed on whole straw were compared with those 
fed on bhusa, both groups doing light work and receiving 
no other food, those fed ou bhusa lost in weight on the 
average about 1 lb. per day whilst those fed on long straw 
lost weight at the rate of about 3 lbs. per day. 

Recent researches in the Chemical Section of the Punjab 
Agricultural College, Lyallpur, have also shown that 
wheat-bhusa varies in its composition from year to year and 
place to place and is not a. maintenance ration. The defi­
ciency, however, can be made good by supplementing it 
with leguminous green fodder. . 

Imports of wheat and wheat-Hour into the Punjab 
Wheat trade. Trade Block are small, but the export 

. _ trade is considerable, the average annual 
~of wheat and wheat-Hour for the four years' period 
~.1936-37 being about 41a.kh tons. Nearly half of this 
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was consigned to Karachi, wherefrom it was shipped 8S 

"Choice White Karachi". Another 28 per cent found Its way 
to Calcutta and Bombay. AnIong the Provinces and States, 
the U. P. and Rajputana were the most important destina­
tions. During the 20 years before 1939 when the second 
world war started the Punjab lost Hyderabad (Deccan), 
C. P. and Berar and Sindh as markets but gained Bihar, 
Orissa and Madras. During the war to date, the Punjab has 
virtually been the granary of India. In 1942, it supplied 
over 90 per cent of the total exported from all provinces and 
in 1943 exported a total of 12 lakk of tons of wheat and 
wheat products in addition to 4 lakk tons of other grains. 

Owing to expansion of sugarcane cultivation in U. P. 
Future market.. and Behar, the area under whea~ has ten-

ded to decrease, and they pronnse to re­
main important markets for Punjab wheat. The import­
ation of Australian wheat before the war was a serious 
problem. The cost of transport of Punjab wheat to 
Oalcutta by rail before the war was over Re. 1 a maund-a 
very serious handicap as compared to sea transport from 
Australilt. 

The Punjab being a land-locked Province, its surplus 
Railway freight. produce has to move long distances before 

it reaches ports for export or consumption 
centres elsewhere. The railway freight from Lyallpur 
to Calcutta was before the war Rs. 1-0-4 and to Bombay 
Re. 1-4-0 as compared to 7 annas per maund sea freight 
from Australia. Iuland freight in Australia to port is only 
Re. 0-4-6 so that the total transport cost to Calcutta 
does not exceed Re. 0-12-0 per maund. This latter figure 
happens to be the freight from Lyallpur to Karachi also. 
From 1929 to 1939 the price of wheat at Lyallpur ranged 
between Rs. 1-8 and Rs. 3-8, so it will be realized that 
freight represents a very considerable percentage of cost at 
Calcutta or Bombay. . 

Wheat sent from the Punjab to Calcutta gets a concession 
Fzoight fot mill of Re. 0-3-5 in freight, whereas wheat-tioUr 
~ pays the full rates. This has put our flour­

mil):' industry at a disadvantage in competition with 
CaIcntt8 lniIIs. ' 
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This in the past was dealt with by a few firms of inter-
E national repute such as RalliB, Louis Dreyfus. 

xpoR" etc. Since 1928-29 the amount exported 
out of India has been inconsiderable, and the wheat firms 
have largely ceased to keep their own ageucies and sub­
agencies in the wheat surplus areas. Now the business 
is done largely through pucca a'l'liatyas and "guarantee 
brokers". A deposit is generally taken from the "guarantee 
brokers" as security for fulfilment of contracts made on 
behalf of exporting firms. The "Karachi Pass" cOntract 
is often utilized for ready purchases. Wheat sold under 
this system is booked by the seller to the buyer at 
Karachi. He receives 90 per cent against railway receipt 
and the balance after deductions or in some cases 
additions made in Karachi for dirt, barley, weevilled grain, 
immature grain, ete. The standard export contract is 
II per cent barley and I! per cent dirt but the local Karachi 
contract is often based on 5 per cent barley and 3 per cent 
dirt. The existence of such local contract terms has 
tended in the past to greater adulteration. An enquiry 
conducted in respect of an important market showed 
that adulteration took place at various stages in the trade 
channel. An All India Standard Contract has now 
been drawn up as a result of repeated Conferences and 
discussions with the Marketing Officers of the Government 
ofIndia. Up to now Indian wheat has not been tenderable 
against the Future Contract in Liverpool-mainly owing 
to differences in quality. It is expected that this difficnlty 
will be removed as improved varieties and standardisation 
of wheat are tending to bring Indian wheat up to the required 
standard. 

In 1931, an import duty of Rs. 2 and Rs. 2-8 per cent 
was levied respectively on wheat and 

Protection. wheat-Hour from other countries, parti­
cularly Australia, which, as poiuted out above, can land 
wheat in Calcutta at muah less CQllt tha,n the bnjab 
whest. The.duty was ~uced to Rs. 1-8 in ~935 alld tp 
Re. l.in lQU lind abolished in ~h 1937. Its abolition 

. led tod1!lXl~and it was :J;tl-imposed .from 7th ~~ 
1$II.8/at Rs. 1-8 pet cwt. The dUty was a:"aID redUljllCi.to 
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Re. ()-2-0 in September, 1941, and finally abolished in Decem 
ber, 1941, as price of wheat in the Punjab had risen owing to 
the war. There is little doubt that in post-war years this 
question will again come into prominence, if and when. 
wheat prices fall to a serious extent. 

Wheat export from the Punjab is a parcel trade. The 
Wh t 1 wheat is sent in gunny bags. In other 

e. 66V.tor. countries notably Canada and the U.S.A., 
wheat is handled in bulk and stored in elevators prior to 
shipment. It is carried on the railways in bulk and shipped 
in bulk through elevators at the ports. This undoubtedly 
reduces handling charges but entails a large initial cost. 
An experimental elevator with 32 bins and cleaning machi­
nery was erected at Lyallpur and started work in June, 
1920. It was worked for 6 years and has since been idle. 
It had no real chance of success, without a complete change 
in transport methods generally aud the erection of similar 
elevators at ports. It is doubtful in view of the decrease 
in exports, whether this reform will ever be practical in India. 

'There are 22 roller flour mills in the Punjab and they 
Fl . d grind about 275,000 tons of wheat per 

our ill uatry. annum (see page 221). Flour mill ata is not 
wholemeal ala and before the war generally sold below 
the price of wheat, whereas Chakki ata used to fetch 
from Re. 0-2-0 to Re. 0-6-0 above wheat prices. The actual 
cost of milling in the Punjab before the present war 
was about Re. ()-4-6 per maund. Before the war maida, 
stlji and mwa fetched generally from Re. 0-4-:) to C-6-0 above 
wheat prices, but during the war a: premium of upwards 
of two rupees per maund was easily obtainable. It will 
probably be necessary to standardize "extraction" and 
quality in the future to eliminate some of the pre-war 
abuses. 

As wheat is used mainly for breau-making, the value 
Quality,.<j1Iiro- depends on 'the amount of flour which can 
men~ . be ext1'4cted and the quality of loaf wlili!h 
~, ~ .b&ked from a ~ven Ql!8ntity of flput. . 
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This is oRen referred to as "strength" of the wheat. 
There is now at Lyallpur a Model Milling and Baking Plant 
which is used for classifying wheats and carrying out milling 
tests. Indian wheats are generally of medium strength 
while Canadian wheats are in general hard and strong and 
Australian wheats soft and white. Only for biscuit-making 
and pastry is soft wheat preferred-though some mills mix 
soft and strong wheats as soft wheats give a whiter Hour. 

Improvement work has been in progress since 1907. 
Selection and The wheats were first separated and tested 

breeding wo,k. for yield against one another. Replacement 
of mixtures by high-yielding pure types was the first bIg 
line of advance. In deciding which type to put out 
yield was the main criterion and quality very secondary. 
Both No. 11 and. No. 8A are not particnlarly high­
quality wheats, but in yielding power and profit per acre 
they represented a very substantial gain to the grower. 
The next stage after exhausting selection possibilities, 
was breeding by crossing high quality wheats with 
high-yielding wheats. No. C 518 and C 591 were obtained 
by crossing. In order to hasten the work of breeding the 
seed obtained in Lyallpur in May was sent to Lahanl in the 
Kangra District and grown as a summer crop there. The 
crop matured in time to be brought to Lyallpur for winter 
sowing--so that we get two crops a year. Lately the sum­
mer crop has been raised in Murree Hills. The growing 
of two crops of wheat per annum has greatly increased the 
rapidity with which new types can be evolved and tested. 
A similar plan is possible for cotton, by sending seed to 
Madras but the Indian Central Cotton Committee were a bit 
doubtful, owing to risk of introducing new pests-a some­
what exaggerated danger. 

The fixed or stable types secured by breeding are then 
tested for yields, rust resistance, tiIlering power, relative time 
of ea,ring, size and weight of heads, shape, size and uniformity 
of grains, ete. Those showing promise are selected and given 
trisJs under. field scale conditions. Milling, baking and 
~ tests are also canied out. When final selections are 
~iithese a're. thited in Government farms and tested 



against standard varieties such as C 591. With application of 
modern statistical methods the reliability of results obtained 
by these experiments has been considerably increased. 

The next step is large-scale testing with selected growers', 
who undertake to keep all the seed for sowing or sell it to the' 
Department of Agriculture. As an instance of the quantity 
of wheat-seed sold by the Department it may be mentioned 
that in 1944, a total of 164,800 maunds was distributed 
sufficient to sow 275,000 acres. 

As most varieties of wheat suffer from loose smut and 

Seed nucleus. 
as natural crossing is apt to take place in 
the zemindar's fields a scheme is in opera­

tion whereby small quantities of absolutely pure seed free 
from smut are issued from Lyallpur every year (Risalewala 
Seed Farm) for further multiplication. Great care is 
taken in keeping up purity and health of seed. Hot water 
treatment and sunning and the roguing of crops are essential 
features of the scheme, 

The farmer is naturally concerned with the efficient 
Cost of produoing production of crops. Without a knowledge 

whe.t. of costs it is impossible to know to what 
extent efficiency can be introduced. Cost studies also­
show the profit or loss position. An inquiry into cost of 
production of crops was first started at Lyallpur (Risalewala) 
from 1927-28 to 1931-32:-The average figures arc given 
below:-* 

Manual Labour 
Bullock Labour 
Wat3r-rates 
Seed 
Manure 
Implements 
Kamins 
Harvesting 
'\Yinnowing 

Total 

Rs. a. p. 
540 

15 0 I 
540 
2 5 3; 
o 13 8 
4 2 5 
o 10 S. 
1 15 3 
234 

-37T08 
*The punjab Board of Economio Inquiry, Publica.tiQD No. 33 by 8. S. S. Ka.rte.r 

Singh, page 18. 



The average yield was 19 mauMs 3 seers 7 cAattalcs 
'so the cost per mauna comes to Re. 1-3"8, after deducting 
Re. 0-14-4 as the value of bhusa. The cartage was 7 pies 
and marketing charges Re. 0-1-3. Deducting the total cost 
of Rs. 1-5-6 from the price per mauna of Rs. 3-1-2, there was 
a profit of Rs. 1-11-8 per mauna or Rs. 33-0-1 per acre. 
During the depression years from 1929 to 1938, the price of 
wheat atonetime fell as low as Rs.1-8. With a price of 
Rs. 2-2 per maund the net gain is only Re. 0-12-6. If net 
rent of land and land revenue, which of course have to be 
paid, are added there is a serious loss of Rs. 14 per acre. 

An inquiry by the Imperial Council of Agricultur&1 
Research (1933 to 1936) showed the following average 
figures for wheat in the Punjab:-

Hem. LyaUpur. Jull1lndur. Gurdasp'Ur. 

R •. a. p. Rs. a. p. Rs. &. p. 

Tot",l east per acre .. <3 2 1 66 4 0 30 6 2 

~per mavnd .. 2 1 10 3 6 2 1 9 8 

:Market price of wheat .. 2 0 6 2 1 41 2 0 4i 

In Jullundur the cost is high owing to the high cost of 
iirrigation. 

Natural order 
:Botanical name 

. Vernacular name 

BARLEY 
Gramineoo 

.. Hordeum Vulgare 

., Jau 

The world's crop of barley is estimated to be about 
1/3rd the weight of the world's wheat crop. But the acreage 
of barley in the world is only about one-quarter of that of 
wheat. In some places (e.g., England) it can command a 
high price fo.r malting in the preparation of alcoholic drinks 
pa.rticul!i,r .. Iy beer; in others a large area is grown because 
•. ~tio and soil conditions are not favourable to the 
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growth of other cereals. Where neither of these causes. 
comes into play the area of barley is generally bnt a small 
proportion of the cereal area and much smaller than the 
area of wheat. 

In the whole of India the barley crop usually occupies 
about six million acres as against about 33 
million acres of wheat. Most of this 

barley is grown in the United Provinces where the area of 
barley is nearly as great as that of wheat. The Punjab 
occupies a position of somewhat minor importance, the 
area in this province be~ about 808,000 acres or 13.5 per­
cent. of the total acreage ill British India and S percent 
of the Punjab wheat area. . 

Area. 

Barley in the Punjab occupies 4.3 per cent. of the total 
area under rabi (winter crops) and 2.5 per cent. of the total 
cropped area. Before the first war period 1914-18 and up 
to 1930-31, the barley area used to be round about one 
million acres. Since then there has been a more or less 
permanent drop due mainly to an increase in the gram 
area. 

Nearly 2!3rds of the total acreage under barley in the 
province is unirrigated and rest irrigated. Small areas are 
grown in most districts but Gurgaon, Hissar, and Ferozpure 
are the chief ba'dey-growing Districts which account for 4& 
per cent of the total area. Gurgaon barley is . much prized 
for its malting qualities-Farrukhnagar and Rewari being 
two important markets. The Districts of Kangra, Sialkot, 
Gurgaon, Mnza:ffargarh and Rohtak are next in impor­
tance. Olimatic conditions govern distribution. Barley has 
the shortest growing period of any rabi cereal. 

Broadly speaking the Punjab barleys can be divided 
.. into two classes: (1) husked barley; and 

Classification. (2) huskle88 barley. These can further be 
divided into sub-c~ according to tb,e number of rows of' 
8J?ikelets in the ear and th~ colour of grains. Of these aiJe­
;rQwed husked barleys are most coDlIllonly grown in. the­
l'unjab thoI1Sh in aome. areas both husked and h~, 
barley ,.y be grown. 
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The huskless barleys are neither grown nor marketed 
-on any considerable scale anywhere in the Punjab. Only 
isolated fields are met with in the Province and the produce 
is locally consumed as a poor man's wheat. These barleys 
give low yield and are unfit for malting purposes. 

Of the husked varieties, only six-rowed sorts are com­
monly grown in the Punjab. The two-rowed barleys give 
bold and plump grains, but their yield is not as high as that 
-of the six-rowed varieties. 

Of the husked barleys, type Nos. 4 (Rewari) and 5 
'(Lyallpur, E) are being recommended by the Department of 
Agriculture for cultivation in the Punjab. Both of these 
are pure-line selections from local mixtures and their various 
.characteristics are given below:-

Type No. 4.-It is a six-rowed husked type with ears 
long and lax, kernels plump and heavy, husk yellowish and 
.aleurone layer amber. It is very early in maturity, possesses 
.a weak straw and long and broad leaves and i~ suitable for 
,poor soils or for late sowings. It is very good for malting 
and brewing. 

Type No. 5.-It is also a six-rowed husked type with 
short and compact ears, plump roundish and mediumly 
heavy kernels, husk brightly coloured and aleurone layer 
blue. Its leaves are dark green, long and mediumly broad, 
-early habit of growth, semi-prostrate and straw thick, 
.stiff and resistant to lodging and also to hails. It is late in 
maturity and is suitable for rich soils as it does not easily 
lodge. It is also fairly good for malting and brewing. 

Type 5 is a heavier yielder than type 4 since it possesses 
a stiff straw and is resistant to lodging. In 1928-29 it yielded 
.at the rate of 34 maunds per acre from an area of 
.l) acres. Type 4 too yields well, provided lodging does not 
.take place; 

, Recently the manufacture of "Pearl Barley" has been 
-taken up at Amritsar .. For this purpose type I56-B and 
fJIMlclal two-rowed are considered. better than the other 
.. ~ and it is possible that with the development of 
-1iMrling industiy these types lnay gain ground. 
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Barley is everywhere regarded as a crop for light soils. 
Condition. In the Punjab it will grow well on soil that 
wbe .. grown. is too light for wheat and it will also give a 

crop where the soil moisture would be quite inadequate 
for wheat. It is thus mostly grown on light unirrigated 
land or on land which the farmer mayor may not irrigate 
according to circumstances. 

Barley is a ram crop and it can be sown at the same time 
Se_n. or even earlier than wheat, but it is usually 

sown later. In parts of the province where 
only small areas of barley are grown, it is sown chielly on 
fields which are too late for wheat to be sown with good 
prospects. It is, thus, often sown as late as December or 
early January. 

Barley is a much hardier crop than wheat and requires 
much less time for maturing. It ripens earlier than wheat 
and in most parts of the Province it is cut in the first days. 
of April. 

The seed-rate of barley should be heavier than for 
Feed rate. wheat; in most districts it is 28 or 30 seers 

per acre. Since age impairs the germina­
tion, the seed used should not be old. The grain must also 
be well-developed and free from insect attack. 

In the chief barley-growing tracts of the Province, it 
Mixtnre.. is usually grown mixed with gram on light 

soils. On the heavier land to a very limit­
ed extent, barley is also sown mixed with wheat. These 
mixtures are favoured from the point of view of insurance 
against vagaries of weather; for gram will succeed where­
barley will practically fail for want of water and barley 
occupies much the same position in regard to wheat. The 
question of the soundness of the practice of growing these 
mixtures needs local experimental investigation. There is 
little doubt that many farmers have a Vl'ry exaggerated idea 
of the increased yield obtained by this practice of growing: 
one acre of mixture as against growing half an acre of each 
crop. And it must be remembered that when. the grains 
are net separated by the farmer, .but are sold in a mix~ 
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funerals. An estimate of quantities used for various pur-
poses is given below:- • 

(1) Malting in the Punjab by the Murree Maunds. 
Brewery 15,470* 

(2) Pearling 200t 
(3) Seed 405,070 
(4) Net exports 267,500 
(5) Feeding horses at Military stations. . 218,140 

TOTAL 906,380 

After deducting this from the total production, the net 
balance of 3,666,170 maunds represents the quantity used 
for human consumption in the form of ohapatis, sattu, 
ghat, cattle feeding and mixing with wheat in flour 
mills or mandis, etc. 

In the process of malting the barley is caused to sprout 
!! I . slightly, during which process the starch 

• tmg. in the grain is changed into sugar. By 
subsequently fermenting the "malt" of sprouted grains 
the sugar is further changed and alcohol is produced. In 
malting, it would thus be obvious that the first requirement 
of grain is that it should have a very high "germinating 
capacity" (i.e., a high proportion of living seeds capable of 
sprouting) and that the grains after moistening should all 
germinate equally rapidly. Assuming equal germinating 
capacities, the relative values of two samples of barley are 
usually considered in proportion to the relative contents of 
starch. Ordinarily, buyers are guided by the appearance 
of grain for this purpose, it having been found that a plump 
grain with thin transversely wrinkled skin, floury interior 
and bright yellow colour is the most suitable for malting. 
Shrivelled and discoloured grains affect adversely the quality 
and quantity of the finished product. A sample having 
500 grains to an. oz. is preferred by the. Murree 
.~rewery. The usual percentages of moisture and total 

,,~~.~ bJ' &jon Br......-y is not included 8ince lt i. outside l'uDj •. b. 
, f~'_1'uIijob (Hmmn State) ... not boeB includsd.· 
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nitrogen in the Punjab barleys are 10 and I·S respectively. 
But in dry season the nitrogen is somewhat higher, whilst 
in wet season it may fall to a little above 1 per cent. Barley, 
with such a low nitrogen content, is difficult to malt because 
low nitrogen means low yeast feeding property. 

Barley suitable for malting can be sold in England at a 
price almost equal to that of wheat, and sometimes higher. 
The suitability of Punjab barley for malting is thus a matter 
of great importance. Punjab barley has not the appear­
ance which is favoured in England for malting, but on the 
other hand it has a high germinating capacity and has good 
reputation among Indian brewers. Type Nos. 4 and 5 
which are now recommended by the Agricultural Depart­
ment are reported to be very good for malting and brewing 
by the London Institute of Brewing. In order to carry out 
further investigation into the malting and brewing qualities 
of the. Punjab barleys a scheme of the Imperial Council 
of Agricultural Research has been in force for the last several 
years at Lyallpur. 

Pearl barley is nothing more than the barley seeds 
without husk. The machine employed for husking works 
exactly on the same principle as the ordinary rice hulling 
machine, the only difference being that in the case of rice 
the material is passed through the machine 1 to 4 or 5 times 
whereas in the case of barley the material is passed 11 times 
throngh the machine in order to accomplish complete re­
moval of the husk. For pearling a barley that has strong 
well developed, sound and whitish coloured grains with high 
nitrogen content is preferred. Weak grains are lia£l.e 
to breakage during the process of manufacture and the yellow 
or dark colour of the grain affects the quality of the pearl 
barley adversely. A concern at Amritsar known as Indo­
Chemical Works Punjab, manufactured pearl barley, but the 
product was not as attractive in appearance as the foreign 
(Morton's etc.) Pearl barleys. Another Firm at Jammu 
(Kashmir' Sta~) is manufacturing fairly large quantity of 
good quality barley powder and pearl barley. A mauwj 
of barley yields IS to 22 8eers of pearl. barley: ~ 
is a wastage of 1 _ per maund, the balauce beillg huSk 
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and barley flour. The price of Pearl Barley sold loose be· 
fore the war was about Rs. 10 per maund whereas that of 
the husk and flour Rs. 1-8 per maund. 

The relative feeding value of barley for animals is not 
greatly different to that of gram or cotton seed. But it 
differs from these in being more starchy in nature and in this 
respect more nearly resembles maize. It is thus more suit­
able for working cattle than for cows or buffaloes or growing 
animals, thongh there is no objection to its use for any of 
these. As a food it is believed to have a cooling effect, both 
on human beings and livestock. Crushed barley in the 
Punjab often forms the basis of the ration of grain for full 
grown horses, other grains being mixed with it according to 
circumstances. The barley fed to horses at Military stations 
is crushed at Moghulpura and Rawalpindi from where it is 
distributed among other cantonments. In Western coun­
tries barley is fed chiefly to fattening pigs and cattle. 

Barley is everywhere regarded inferior to wheat as a 
food for human beings. This is due chiefly to the fact that 
barley-flour cannot be made into bread though a compara­
tively small proportion of barley-flour can be mixM. with 
wheat-flour for bread making. Recent experiments coIiduct­
ed at Lyallpur have shown that IO-IS per cent barley can 
be mixed for bread and 15-25 per cent for chapatti making 
without any appreciable effect on taste. This finding was very 
helpful in taking short supplies of wheat during war a little 
furthe.r. In some European countries this has always been 
common practice. It is not a common practice in the Punjab. 
For flour making there is It further disadvantage attaching 
to barley in that it is more difficult to separate the 1Iour 
from the husk and the amount of bran is higher. In some 
flour mills, however, barley is mixed with wheat for the 
whiteness of the flour. 

A fairly large quantity of barley is also utilized in the 
form of gMt and saMu. The former is prepared by 

y r08l!iling the moist grains tmd then remOTing the 
, '&JIIi~~ or ricehusking_hine. A __ 

}iiMs aWuli ~ 'l!eers of.,.; ,The 1II#tu' am . 
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prepared by parching the under-ripe grains of barley and 
then grinding them in a mill; they are consumed by putting 
in water sweatened with sugar to taste. The wholesale 
prices of ghat and sattu before war was about Rs. 6 and 
Rs. 4-8 per mannd respectively when the barley was selling 
at Rs. 2 per maund. 

Cost (in "bamni" areas) per acre 

Preparation of land 
Seed 

for sowing 

Harvesting 
Threshing 
""'innowing 
Land reyenu{' 
Net rent 

Total 
IncO'Ine 
6 maunds .grains @ Rs. 2 per md. 
8 maunds bhusa @ Re. 0-6-0 per md. 

Total 
N~t :profit per acre 

RICE 
Natural order-Gram~neae 

Botanical name--Oryza Sativa 

Vernacular name-Dhan, Chawal 

Rs. a'. 
3 0 
1 4 
I 8 
2 0 
0 9 
1 8 
5 0 

14 13 

12 0 
3 0 

15 0 

0 3 

This crop with an area of 80'5 million acres occupies 30 
per cent. of the cropped area ·or 38 per cent. 

A , e n. of the area under food grains in India. 
In the Punjab rice is generally unimportant occupying only 
1 million acres or a little over 1 per cent. of rice acreage in 
India or 3 per cent. of the total cropped !.trea of the Punjab. 
Of the total area under rice in this Pmvince, 82 per cent. 
is irrigated and the rest is unirrigated. During the· war. 
y8lm! the area has risen to 1'2 million acres and the PunjaR 
in 1944 exported 150,000 taus. . . 
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In the P~jab, rice is mainly grown in Gujranwala, 
Sheikhupura and Kangra districts, which grow about 43 per 
cent. of the total rice in the Province. Karnal, Gurdaspur, 
Ambala, Sialkot and Dera Ghazi Khan grow another 
32 per cent. The other districts that grow rice are 
Amritsar, Hoshiarpur, Lahore, Multan, Muzaffargarh and 
Montgomery. 

The average yield of paddy is about 14 maunds per acre, 
. the average for irrigated areas being about 

Y.eld. 16 maunds and that for unirrigated lands 
about 7 maunds. The maximum yield so far obtained is 60.7 
maunds per acre from Jkana 349 on 9/2oth of an acre and 
39·5 maunds from Mushkan No.7 on ird of an acre at Kala 
Shah Kaku Rice Farm in 1938. This gives an indication of 
the scope for improvement. The outturn varies consid­
erably from place to place and year to year. It is lower in 
the case of broadcasted crop than the transplanted one. 

The total production of rice also varieS' considerably 
from year to year. During the quinquennium ending 1934-35 
the average production in the Punjab was 465,000 tons. In 
1944 the production rose to 654,000 tons. 

The Irrigation Department have been recommending 
u.. of rice. in rice a~ a very suitable crop ~ aid. in re­
tecla_tion of clamatlOn of kallar land. It 18 estimated 
eaJt lando. that 13 lakhs of acres are under 

kaUar in the Punjab and that the area is increasing by 
25 000 acres per annum. During the war large schemes 
~nsored by the Irrigation Department have been in 
progress, for recl.a.m.ation, where extra water is supplied 
for the purpose.. This has led ~ a 8Ubsta~tial. increase in 
the irrigated nee area. In this process nee 1S followed 
by berseem or gram. 

There are many varieties of rice grown. in the Punjab 
and there is a good deal of oonfttsion as 

~ regards their nomen~lature. But b~y 
~jthey _y aJl be grouped mto three classes, ~ .• 
~~ and coarse. 
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Fine rices.-Basmoti, Mushkan, Hansraj or B_ 
are included in this class. The kernels of these 
varieties are long and fine and elongate considerably on 
cooking withont bnrsting of jackets. Individnal kernels 
remains separate and there is a good deal of swelling in 
volume. On .account of these reasons, these rices are high 
priced and are mostly consumed in cities by well-to-do 
people, particularly on ceremonial functions. They are also 
exported in appreciable quantities to cities like Bombay, 
Calcutta, Karachi, Hyderabad (Deccan) and Madras. They 
are commercially known as Basmati, "Basmati Debra 
Dun", "Amritsari" or "'Peshawari" rice. Bas'nUlti rice was 
originally grown in Debra Dun and it is for this reason that 
Dehra Dun rice has become famous all over India. The 
average yield of these rices is about 14 maunds. The Pnnjab 
Basmati No. 370 evolved at Kala Shah Kaku Farm is 
claimed to be superior to Dehra Dun Basmati in all res­
pects. 

Medium quality rices.-This group includes Palma! 
and Berne varieties of rice. Of these the former possesses 
long slender and very attractive kernel, whereas the latter 
has comparatively small kernel. They are cheaper than 
Basmati but possess quite good cooking qualities. They 
are, therefore, consumed mostly by the middle class people. 

Ooarse rices.-These rices include Jhona varieties and 
are the cheapest rices in the Punjab. The kernels of these 
varieties swell considerably on cooking and thus produce the 
largest volume, which quality is greatly appreciated by poor 
class of people with whom quantity is often a greater con-
sideration than quality. ' , 

Improoed Varieties.-Work on the improvement of rice 
was started in 1926 at the Rice Farm, Kala Shah Kakn. As 
a result of selective breeding, the following improved, varie­
ties are recommended:-

, 370 Basmati.-It is the best coolaM rice with white, 
long and slender graiI¥;. It responds well to manure and 
fertile, soils, but is rather. a ,Ia,te ,ripener ,and req~ 
a good supply of water. It 1S easy ·to thresh, yet doeS ~ 



shed in the field. It breaks considerably in husking. It is 
recommended for all places growing fine rice. The paddy 
fetches a premium of 2-3 annas per maund over local Bas­
mati. 

41 and 7 muskkans.-These varieties are liked for their 
flavour and sweetness. They are called Lal Basnwtis, 
i.e., red huskeu Basmatis. As a class they are less fine 
than Basmatis, but 41 mushkan owing to its long grain 
and good cooking qualitites fetches a good price. This 
variety is rather late, has a long transplanting season and 
has a tendency to lodge in rich, hea,'y and well manured 
soils. But it does not shed in the field and can withsta,nd 
adverse climatic conditions and attack of rice leaf hopper 
better than other ftne varieties, which Iador is serving as 
a great impetus for the spread of its cultivation in place of 
basmati varieties in Sheikhupura and Glljranwala. The 7 
M ushkan, though not so good in quality, is a better yielder 
than 41 Mushkan. 

349 Jhona.-It is a coarse and heavy yielding variety. 
Its grain is fairly long and of good quality. It gives best 
results when transplanted early, i.e., about the middle 
of June and does best in medium soils because in heavy and 
fertile soils it is liable to lodge. Its threshing is easy, but it 
is likely to shed in the field if harvesting is delayed after 
ripening. It is recommended for all districts except hills and 
inundation canal areas where water supply runs short early 
in the ripening season. Its paddy fetches a premium of 1-2 
a!lnas per maund over common Jhona in the market. 

278 Sathra.-It is an early maturing variety taking 
82-85 days in the field after transplanting. Hence it is 
recommended for growing in the inundation canal areas 
of the south~we8tem districts of the Punjab. It is also 
'l'!IP.Qrted to,' be less liable to attack by the rice stem herer 
9~a;regul&r pe,st in these areas. It gives 3-5 maUIlM 
uiatflffe' n lOcal varieties. 
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There are a few more varieties as well, which are show­
ing great promise. Of these 246 Suffaida belonging to 
Palrnal group deserves a special mention. 

Rice requires heavy soil and plenty of water for its 

Soil. 
growth. The koJ.lar soil which will not 
grow other crops with advantage, will 

give a good crop of rice. For coarse varieties the soil need 
not be fertile, but the richness of soil is an important con­
sideration for fine varieties like Basmati, 

The sowing and planting of rice in the Punjab extends 

Season. 
over more than three months. The seed 
is sown in nursery in May and June and 

seedlings are ready for transplanting from early June to 
middle of August. But the best time of planting is mid­
.June. Early plantings are good because there is a distinct 
increase in the length of the growing period. In the case of 
late sown crop, there is a marked decrease in yield. The 
·crop is ready for harvest in the third week of September and 
continues up to the end of November. In the case of early 
sown crops, say in the first week of May, the haL vest may 
start even at the end of August. 

Recently the Department of Agriculture has evolved 
some varieties which ripen in July. It is, thus, now poss~ble 
to grow one crop of rice from wla y to July and another from 
.July to October, of course, on different pieces of land, in the 
rice growing tracts, irrigated by canals. With this arrange­
ment on certain canals the area under rice can be doubled 
by utilizing the surplus summer water. There is, however, a 
risk of rice stem borer which may develop into an epidemic 
form and may ruin the second crop which is tIle main crop 
grown on a mud larger area. 

Largely rice is grown on tIle same land year after year. 
Rota .' It seems these lands arB able to keep ,il~ 

twns. their fertility provided tIle :water .lI1ipply ~ 
adequate aDd unlike most of the 'other crops, fluite good 
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crops of rice can be raised continuously without any 
addition of manure. 

Sometimes rice is followed by a leguminous fodder crop, 
such as berseem or gram. 

Rice does not require much of a fallow cultivation as is 
Prelimin.ry necessary for wheat. All over the Punjab 
cnl'ivation' in the rice growing tracts it is believed, 

and rightly 80, that fallow cultivation of rice land is harmful­
for the crop. At the Kala Shah Kaku Farm it has been ob­
served that fallow cultivation depresses the outturn of rice 
by about 30 per cent. The reason for this decrease in yield 
appears to be the washing away of nitrates which are formed 
in fallow cultivation, thus, leaving this land comparatively 
poorer than the land receiving no such tillage. An addition 
of farm-yard manure at the rate of about 240 maunds per 
acre, to the fallow cultivated land has, however, been found 
to make good this loss. More work needs to be done in the 
study of nitrogen reqnirements of rice. 

Preliminary cultivation of rice crop is thus maiuly 
done in the standing water. The common practice with the 
farmers is to irrigate the land heavily, plough it up when it 
comes in vattar, flood the land again and leave it as 
such for about a week after which it is plonghed again and 
pegged sohaga or dandal is run in water. Just before 
planting a few more stirrings are given so that the rice field 
18 thoroughly puddled and mire is as fine a~ possible. 

Four to six ploughings and cross ploughings followed 
each time by daOOal are considered to be sufficient for 
bririging the land to suitable condition for sowing. 

There are two methods of sowing rioe,-viz., broad-
_ rate casting and transplanting seedlings grown 

. in the nursery. In the case of former the 
~ mteis about 10-12 8eers, but in the case ofla1iter method 
wlUch is considel:ed to be superior and is generally pmctised 
ill tlut ~ 2l-6 ~II of seed sown in 2-4 marlall give 
eJlO\'f8h~ for. ODe acre. In Kangra Distriet where it 
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is sown by broadcast, the seed rate goes even to one maun 
per acre. 

There are two methods of raising rice nurseries in the 
RAising Punjab (I) dry method and (2) wet method. 
_dling,. In the first case the seed is scattered at 

the rate of one seer per marla on a sufficiently manured and 
well prepared piece of land. The seed is covered with a fine 
dressing of farmyard manure and water is applied gently. 
Later on water is given whenever necessary, taking care that 
the plot is neither too wet nor too dry. The seedlings are 
ready for transplanting in about 5-6 weeks' time when they 
are about 10-12" high. In the case of wet nursery a well 
levelled piece of land is hea 'ily irrigated. When the land is 
still wet it is ploughed and water is applied again to cover 
the soil. surface 80 as to kill the weeds. Later on at short 
intervals 5-6 ploughings and 3 sohagas are given in the 
standing water and fine puddle is produced. Then the seed 
is sown by broadcast method in the seed-bed covered with a 
fine film of water. This water is, however, drained off in the 
evening and next mo~ water is again applied. This pro­
cess of draining off water ill the evening and applying fresh 
water in the morning is continued for a week or so. By this 
time seedlings attain a height of about 2" and water is then. 
allowed to stand constantly in the field. The seedlings get 
ready for transplanting in about 3-4 weeks' time. In the 
case of wet nursery nearly always sprouted seed is used_ 
For this purpose it is soaked in water for 24 hours, and then 
covered over in a heap with wet gunny bags under shade for 
about 36-40 hours. 

Dry nursery requires a lot of manure and takes longer 
to grow. Wet nursery gets ready in much leBS time, i.e., 
about 15-20 days earlier than the dry nursery. 

Seedlings are transplanted singly in the standing water 
T!oaspIantiBg. at a distance of about 9 inches from plant to 

. plant. Usually hired ~bour is employed 
for this purpose at the rate of &. 2-8 per acre when 
seedlings are lying in. the field. If removal and transport 
of seedling is to be done, Re. ()..l2-0 more are needed. :our.. 
ing the War t~ rates increased to &. 10 per acre. 
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Rice is a semi-aquatic plant; practically water should 
Ini .tiOD. always.be kept standing !n the crop. Timely 

g refreshtng of water l~, bowever, veT,'" 
necessary and aftel' abont 40 days from transplanting 
the rice field should be kept drained for about 5-7 days. 
This is very beneficial because lodging is eonsiderablr 
reduced. Then again in order to facilitate the harvestin!! 
of crop water should be drained off about· a fortnight before 
ripening. The total requirement of water Illav be taken 
to be about 60" or 20 irrigations. But the quantit), of 
water required depends upon the soil conditiou.' and 
variet~· of rice grown. 

One t.o two weeding. should b" done to keep down the 
,,",eiling. rank growth of we,'d~. ' 

The most serious pest. of this C"rop is riee stem borer. 

Pe!lt~. 
It causes he,HT Iossp~ PH'l'V year particu­
lar!)- in ]\[lIzriftargarh and Dera Hhazi 

Khall di"triets. The dan,"w' dow' is most in casf' of late 
varietie., when' in some fields even 87 per cent. of the crop 
is affeehsl. In order to control this pest effectively, early 
ripening varieties should be grown and late sowiUl(s should 
be a voided. Io\ince the caterpillars of this pest hibernate in 
the rice stubbles during the winter season, they shoul,! be 
uproot.ed before th .. month of ~Iarch, carefully collected and 
burnt. 

The harvesting is almost exclusively done by manual 
I!.<rv",t;ng "'Hi labour. The crop is cut by sickle as in the 

th,,·,h;ng. case of wheat. It is then collected in 
a cOll\'enient place in the field and is immediately beaten 
out by striking the sheaves against a Small mud bund 
erected for this purpose. Harvested crop should not be left 
in ·the field over night because dew is said to have a deterio­
rating effect on the grain and increases its liability to break 
during subsequent operations. In the Kangra district 
tlmlshing is done by means of bullocks. The straw, however. 
does npt", break up into bhWla like wheat or barley. It is 
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used mainly for arumal feeding and bedding, and as packing 
material. The stfltW would perhaps be pnt to better Ul!6 
hy making baRkets and hats, as is ,lone in China and 
.lapan. 

Winnowing is done by means of chlwj in the same 
malllwr as described under wheat. 

IIarvestil\l(. threshin~ and dr.aning of riee is usually 
,jone on contract in kind which varies from 3 HeerR to 3 seers 
6 "hhuttanks I",r mHunll ,l('cording t.o easy or difficult 
t hreRhinp;. 

P(l.<ldy ennti}'ins a. ('on-;idpr,11Jit.-'. amount or moisture 
after it has he"" gat.iwrmj ;Lnd has t.o be 
.irie,i hefon' it is fit for hnski~. The ,lrv­

in_!{ iF. dOll(' hy "qm:>l](ljn,!{ jt Oil floor anli e:q)()~ing it, t,o the 
~nn for about (i-In day:-; in wint,er <iependiuj.! upon the 
"ariety of parld.,- alld seasoll. and freqlHmtly Mirred to en­
,nre uniform dr~·ing. In the (,Vf'nin~ the paddy mllst he 
collected into a heap and covel",1 with t.hick doth or tirpal 
and next. morning spread al(<lin. If allowed to remain ex­
posed at night there is a eonsi(l~rahlc hreaka~e during husk-
ln~. 

The dryi'Ig is uOllally done by Kashmiri labourer. who' 
are paid at the rate of Re. 1 to B.s. 1-4 per 100 ba~". During 
war these wages have increased t.hree times. 

After threshing the husk remains attached t{) the 

Hulling. grain. It is separated by means of hulling 
ma.ehines driven by oil or steam engine or 

dectric motor. Before the introduction of these machines 
paddy was hulled by pounding with a pe,stle in a mortar 
(ukhli, mohla) as is commonly done even now in the rural 
,1reas of Kangra and some parts of Kamal and Ambala 
districts. At some places husking is. done by means of 
special hand-driven ritakkis. The food values of the home-
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pounded and milled rices, as given in Health Bulletin No. 23, 
are given below:-

Particulal'fl 
Home-

pounded 

Moilture peI'('{'ntag(' 12·2 

Protein percentilgt' 8'5 

Fat percentagp 0'6 

Minern-I matt£'r percentagt" 0·7 

CarbohydratR petce~tage .. 78-0 

Ca. peroentage 0'01 

P. peroentage 0'11 

Iron (mga.) peroent~ 2,2 

Oa.totene (Intema.tional Vito 
A units per 100 gnns.) .. 

Vito B. (Interna.tional units 
Q-4 

per 100 grms.) 60 

i Milled I HQme- i Milled 
I pounded I 

1

'---1---1---
13·0 I 12·6 I ;3'3 

I 
6·9 i 8-5 I 6-4 

I 004 I 0·6 D·. 

i 

I 
i 
I 
I 

0'5 

79·2 

(JoOl 

O'll 

20 

0·9 o·g 
77·4 79·1 

0·01 0.01 

0'15 

2'8 

15-0 {) 

60 

It will be observed from these figures that the parboiled 
rice is much richer in mineral matter, P, Iron, Carotene 

'and Vito E contents than the raw rice, and the hand-pounded 
rioe, whether parboiled or raw, has got a higher feeding value 
than the milled rioes. 

About 60-70 Ibs. of grain is obtained from 100 Ibs. of 
unhusked rice, but this ratio varies with the variety. In 
the case of coarse varieties, about 26 seef'S of rice (including 
broken rice) are obtained from one maund of paddy, whereas 
in the case of fine varieties like Basmati the yield is about 
25 seers. The remaining portion, i.e., husk is commonly 
called phak. It is sometimes graded into classes and sold 
at varying rates. But the usual rate is about Re. -/3/- per 
maund for mixed stuff. 

The parboiling in rice is done in almost all important 
Parboiled rice. places in the rice growing tracts. But in 

( .. <Howl). tbe Gujranwala and Sialkot districts the 
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; parboiled rice is prepared from fine· and medium varieties. 
,.whereas in the south-western districts coarse varieties are 
•. used for its manufacture. There is a general prejudice 
. amongst Hindus against the use of 8ela. because they do 
:llot eat anything which has been cooked previously by 
unknown person. It appears, however, that this prejudice 
is disappearing gradually. 

The methods employed vary from place to place. but 
broadly speaking they can be divided into three classes. In 
the ~luzaffargarh and Dera Ghazi Khan districts the paddy 
is put along with water in big earthen pots placed on a thick 
layer of rice hru;k set on fire. The heating is continued for 
about 24 hours after which the paddy is removed and roasted 
in sand over an iron pan for about 5 minutes. The roasted 
stuff is then spread to cool and subsequently husked. Since, 
this process i8 laborious, it is usually done by hired labourers 
who charge at the rate of Re. 0-2-0 per maund of paddy 
(pre-war) for all this work. In Sialkot, Dina Nagar, and 
:\Inkerian the paddy is soaked in big iron tanks for 48 hours 
after which it is roasted and spread to cool. At Akalgarh 
and Kamoke the paddy is soaked in iron tanks and heating 
done by means of steam for 24 hours. Mter this the hot 
water is drained off and paddy is taken to small tanks where 
it is dried again by steam. 

The first method is rather crude, but the rice obtained 
is of excellent quality, it does not give bad smell when cooked 
and kept for some time, which is the common drawback 
in the parboiled rices. Of the other two methods, the one 
in which the paddy is roasted in iron pan, does not give 
uniformly heated rice. 

Paddy is not stored for long or in large quantities in 
:>to the villages and earthen pots are generally 
c mge. used for storing the requisite small quan-
tities. Nearly 83 per cent. of the total production is sold by 
the cultivators within the first four months of harvesting. 

In the markets paddy is generally stored in bags, thongh 
rarely it may be stored in bulk in the ordjnary houses "having 
pa.cca floors. Great care is, however. necessary in this caae 
as exposure to elements increases the liability of grains to 
breakage. . 
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Rice improve" in quality with age. It is generally 

believed that this improvement is continnous np to 4 years 
or so and it is for thIS reason that old rice sells dearer than 
the new rice. Before the war the price of new rice was 
Rs. 4-I4-0 per mauna; whereas that of a year old rice was 
Rs. 5-S-0 as against RH. 6 and Hs. 6-;-0 per m(Ju"d for 
two and three years old rices respecti,-ely. 

Rice is mainly used for co~kin!( purposes hut a fair 
amount is also pat·en in tlw form of roasted 
products lih 1n(Jrunda. phulliatl, chirva 

etc. lllo,t.ly in t·owns and cities. A considerable quantity 
of hroken riec j, aIM used in laundering. 

The Punin b in pre-war period was ('nly a slightly surplus 
T,adc. area. but there was " considerable exchange 

of rice with other pro,-inces. During the 
year 1938-39, the export.s from the Punjab Trade Block 
amounted to 1'63 million maund, wh~rea' the imports were 
1.34 million maunds. The exports main!.\' consisted of fine 
rices which go mostly to U. P. and Rajputana which absorh 
nearly 2!3rds of the total exports. Some goes as far as 
Hyderabad and Madras. The best. rice is, how~wr, sent 
mostly to hig cities as mentioned before. The imports 
mainly come from Sindh, British Baluchistan, U. P. and 
Bengal. 8ir.ce the loss of Burma rice in 1942 the exports 
from the Punjab have risen steadily to over 150,000 tons 
per annum. No imports were allowed during the war. 

The intra-provincial movement of rice also takes place 
on a fairly large scale. Gujranwala, Sheikhupura and 
Sialkot are the chief exporting districts, whereas Jnllundur, 
Ludhiana and south-eastern and north-western districts of 
the Punjab are solely the importing areas. 

In order to find out the cost of production of an acre 
(""" of of rice, the cost of raising nursery must be 
~ulti .. tiou. estimated. Accordingly an estimate of 

raising one kanal of nursery hy wet method is given below ;-
Preparation of land-6 ploughings and Hs. a. 

B{)haglUl 1 8 
Seed 20 seers at Rs. 3 per 1n(Jund 1 8 
Sprouting of seed and broadcasting 0 3 
Water, draining and care of nursery, etc. 0 9 

Total ~ ----



This works out to R.,. 0-3-0 per marla. 
The cost of cultivation of an nCr<> of transplanted rice is 

e,timated a~ follows>-

Preparation of land --f; pl()!I~hin)!.< anri 
8ohaga.' 

Stff"nit.}l('ning' of (m/lds. t't{', 

Cost ~f;') marl(J,~ of nni· .... t~rv at I{~~. I'-;{-'I ywr In.arla 
Pulling oat of ~!Wdrl11Q~ . 
Tr<fnsi)Jnnt.in,U. :; tllt'J) in OlH' d .. l.\· 
\\~at.,'ring a!v\ (training {I lll<lll ~lt i{s. l~ 

P<'l' month fl)f :~~ m\)nt,h~ to ('olltl'ol 
20-2.5 m'1'~","") 

H(H\·(lsting. thl'i".;hing .wd dt>aninp: at .) 
seers pt~r mO 1111t! 

Uarta,~.!,"(' 
'Vater Hat!· 
Land Rpv(.>nUt· 
Net rent or rental \ ,due of land 

Total 

Rs. a. 

12 0 
1 0 
o 15 
I 0 
:l 4 

2 0 

:J 12 
I 0 
6 S 
3 0 
7 0 

41 7 

Taking averagt· olltturn of rice on irrigated lands as 16 
maunas. the gro<s income at the present rate comeR to Rs. 48 
per acre. To this if IVe add Rs. 2 a .• the value of straw, the 
total income amounts to R,. 50 thll~ giving a net profit oC 
about Rs. 8-9 per acr,', 

MAIZE, JUAR AND BAJRA 

These three crops fulfil similar fnnctions in the various 
n;,kibQt;on. districts where they are grown, and 

are, therefore, grouped together. Maize 
is grown where rainfall or irrigation is plentiful; bajra in 
the dry parts of the Ambala and Rawalpindi Divisions, 
where it is a very important crop; jUM occupies an inter­
mediate position, being less drought resistant than bufra, 
but much more 80 than maize. All three can be grown either 
for grain or for fodder; in the latter case they are sown niota 
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thickly, though in dry years crops grown for grain are often 
uaed as fodder. The stalks of these crops obtained as a 
by-product in the production of grain are also used as fodder. 
Of these j'UOA" stalks are considered to be the best and 
those of hajra the worst, maize stalks coming in between 
the two. Joor stalks can be stacked and stored a8 kaTbi 
for several years. The bajra stalks are sometimes used 
even as fuel in times of scarcity. In the Canal Colonies, 
maize is chiefly grown for grain, whereas juar is almost 
exclusively grown for fodder (chari) generally as a mixture 
with guara. 

MAIZE 

Natural Order-Grarnineae. 
Botanical Name-Zea Mays. 
Vernacular Name--Makai. 

Maize is a kharif cereaL The origin&! home of this 
crop seems to be tropical America. When it was brought 
to the Old World is not definitely known. 

:l;laize is extensively grown in tropical and subtropical 
I);. 'b . regions of the world. The United States 

tri .t,oo. of America is the biggest grower of inaize, 
having about 91 million acres under it. Next comes Rumania 
with 12 millions, and Argentina with 11 millions. India 
along with South Africa comes 4th. In respect of yield, 
however, India and Africa occupy the lowermost position 
with about 9 maunds per acre, as against 27 maunds in 
Egypt, 22 in Italy, 21 in Hungary, 20 in Argentina and 16 
in United States of America. As India was a big importer 
of corn products before the war, it is desirable that yield 
of maize in India should be increased. The scope for in­
creasing the yield lies in the evolution of new varieties by 
scientific breeding as described later pn. 

In India maize is mainly grown in the United Provinces, 
Biliar and Orissa, Punjab, Hyderabad State and N.W.F.P. 
The Punjab grows '1-bout 17 per cent 0{ the total area 
i..,·India. 
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The DiBtricts of Kangra, Hoshiarpur, J ulIundur. Am~ 
Gurdaspur and LUdhiallll are the chief maize producing 
districts in the Punjab, mentioned in the order of their 
importance. Other Districts where maize is of some import­
ance are Rawalpindi, Amritsar. Kamal, Lyallpur and 
Ferozepore. The chi • .[ markets for maize are J agraon, 
Ludhiana and Moga. 

The total maize acroa!!" in India is about 6-:J million 
acres (1936-37 to 1940-41' average). Of 
this about )'1 million acres, i.e., 17 per 

cent. are grown in th" Punjab. About 52 pcr cent. of the 
area in this pro,ince is unirrigated and the remaining 48 per 
cent. irrigated. 

Arc. 

Maize covers about 4 per cent. of the area of crops 
sown in the Punjab. Like sugarcane, however, maize is more 
important than this figure appears to indicate, especially 
for some districts where it is chiefly grown. Maize is a 
popular and profirnble crop in places where it can be grown 
without irrigation. Excepting some river beds. this is 
possible only where the monsoon is fairly early and reliable. 
ThllR in districts such as Kangra, Hoshiarpur and Ambala 
considerable areas of maize are grown without irrigation or 
manure. In such circumstances the crop is profitable even 
if the yield per acre is not high. But if the crop has to be 
irrigated, it is grown only where irrigation water is available 
fairly cheaply and the standard of farming is fairly high. 
ThllR, maize is regularly grown on small areas in districts 
like Jullundur and Lyallpur, where the yield is commonly 
upwards of20 maunds per acre. Outside the areas mentioned 
already maize is of little importance. In many districts 
the crop is hardly to be seen at all. 

Cotton is the chief crop in Canal Colonies with which 
Compotin c maize has to compete for area. Although 

g toP"" sugarcane is also a heavily manured crop, 
there is practically no competition' between sugarcane and 
maize, because sugarcane is seldom manured directly. The 
latter is usually grown on land which has just produced a 
heavily manured crop, residW!.l manure being considered 
better for sugarcane than direct manuring. Maize ill • 
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particularly suitable crop to precede sugarcane in the 
rotation. These two crops do not compete unduly for water 
supply as well. Sugarcane needs more water from May to 
July, while maize requires most water duriug the later 
months, i.e., from July to October. 

Where cotton does not do well before sugarcane then 
maize is the most profitable kharif crop, provided, of course, 
the land is good and water supply sufficient and regular for 
its growth. Cotton yields well only in the comparatively low 
rainfall districts. In such places maize has to be irrigat"d. 
Under such conditions the relative prices of cotton and 
maize influence the relative area of these two crops. 

There arl' two main varieties of maize-vellow and 
Variet.ie~ 

white. Out of these the former' is grown 
to a much greater extent in this province 

than the latter. The yenow type is predominant in the 
Eastern. Central and Canal Colony districts, while the white 
type is important in the western districts adjoining the N.W. 
F.P., where it. is the dominant type. Yellow maize is com­
monlv said to be sweeter and more tasteful than white, but 
the latter is preferred for roasting, popping and manufact1ll'8 
of starch. White type is said to be more drought resistant 
and ripens earlier. 

A garden variety has been developed in America which 

Sweet Corn. 
is much prized when roasted and served 
in hotels and .private houses as a savoury 

with butter and condiments. This variety can often be 
bought in Simla and in the private gardens of American 
Missionaries. It is "ery profitable when a good market is 
available. Its yield per acre is low compared to the 
domestic types. 

The soil is usually thoroughly prepared for maize by 
P,::i":!\~n of several ploughings. 

Maize prefers a heavy or heavy loam soil. It is pmc-
Soil. tically never grown on sandy soils. 

When grown for fodder the crop may· be sown as early 
'sowin _on. ~ March or April and the !odder i~ ready 
• . g 11I I t to 2 month~. The gram crop 18 sown 
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ill late June or early Jnl\, in the central districts. In the 
ltills it is somet.ime. sown' as early as May and in the ca.nal 
ooOolonies as late as August. When sown for the sale of cobs 
in the towns, sowings may be done from March to August, 
1be months of J nly and August being most important. 

In the plaius, maize is commonly rotated with sugarcane, 
110 Gotton or wheat. It is followed bv wheat 

tati'}Jls. only on land irrigated bv wells, wh~re it is 
sown carly, and very rarely in the canal <,olonie,;. The rabi 
·crops, which are lIlost often sown after maize are senji on 
irrigated laud and lentils (lIIas"ar) on unirrigated lands. 
Th,' next khaM! erop Ill"." he "ither eotton or sugarcane. 
In the hills and some submontallc placeR maize is often 
rotated with potatoos. 

Irriga.ted lands TPKt'fy{'(1 for l!rnin erop an' he.uyily 

:' ~laDUrin)!. 
Inanured, thp ~eneral practict> heing to put 
20 to 30 or f'ven nlore earUmHl., pf"r acre, 

.'"specially if maize is to he followed hI' sugarranp . 

• The usual seed rate of maize i. () seer.' per acre Jor the 

f'ee<l Ratio. 
grain crop and 12 .yee" for fodder. Tltere 
is, however, a eonsidcrahle variation frOlll 

thi~ figure in eertain localit,i~s. 
In higher altitudes and oubmontallt' ,\istl'icts where 

Yothod ",".,wing. tlte!:rop is usually grown without irrigation, 
it is generally sown hroadcast. On irri­

gated lands the grain crop is usually sown by I.:eta, i.e" 
by dropping seed behind the plough. :Even in these tracts, 
however, the fodder crop is sown broadcast. When grown 
for the production of grain, maize must be well spaced, as 
this ensures good development of cobs. 

The first watering after ~wing should be delayed "8 

Watt-ring. 
much as possihle. In the absence of raiu 
maize may need irrigatioll as frequently 

·as every 10 days during the 6 weeks of its most rapid growth. 
'Vhen very young, or when almost ripe the crop require.~ 
less frequent irrigation. 

The grain crop usually receives three or four 
_l oterculture. hoeings. 
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The most important pest of the crop is the stem borer 
P"".ndd... The damage done by this pest in certain 
.-. localities, such as Montgomery and Multan 

is so severe that the zemindars have given up growing maize 
fodder. There are three distinct species of borers, but the 
most important of these, and the one mainly responsible 
for the damage is Chill> ZcmeUus. The insect is directly 
harmful in its caterpillar stage, when it eats leaves and bores 
into the mid-rib of leaves and into stems, tassels and eVen 
cobs. The most serious damage is inflicted upon the 
young crop. The fact that these insects make their winter 
abode in the stubbles, which are left in the field after the 
crop is cut, suggests a most effective method of combating 
these borers. If the stubbles harbouring the hibernating 
borers are destroyed, the pest will be lnlled. All remnants 
of last year's crop of maize, jowar, bajra, sugarcane. 
baru grass, etc., which harbour the pest, should, therefore, 
be completely destroyed. This should be carried out collec­
tively over large areas, and fields ploughed and cleaned 
before the middle of March. Cultivators sometimes collect 
Buch stubbles and heap them in their fields. This practice' is 
of no use as the hibernating caterpillars remain alive. On 
emergence the moths lay eggs which on hatching start their 
work of devastation. 

The maize crop ripens in about 3! to 4 months. The 
H. harvesting takes place in the second half 

", •• "mg. of September in the bills, in October in 
the central districts, and as late as N ovembey in the canal 
colonies. The crop meant for the sale of cobs is used about 
a month earlier. 

Maize is harvested when ripe, i.e., when the cob-sheaths 
turn brownish, and the grain is fairly hard. After harvest­
iIIg the plants are left lying in the fields for two to three days, 
before they are stacked. The crop remains in the stacka 
(called muharas or munaras in the vernacular) for about 
two to aix weeks. During this period unripe cobs get a 
ehanoo to further ripen, and the grains lose their excesasive 
moisture. Cobs are then separated from the plants 
and Bpread out in the aun to dry up. The grains are sepa­
rated fu,lm the cobs by beating. 
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Maize seed for the next year's crop is invariably kept 
in the form of cobs. Grain from these cobs is not beaten 
_t for sowing purposes, but is removed by hand just before 
1IOwing. Beating is said to injure the embryos and impair 
<the germination capacity. 

When irrigated and manured the yield of an average 
y' ld crop is about 24 maunds per acre. Under 

Ie . especially favourable conditions, i.e., when 
-the crop is heavily manured and amply watered aud other 
~uditions are also suitable, as much as 40 maunds per acre 
may be obtained. The unirrigat"d crop which is usually 
.also unmanured, on a fairly good field may be taken to yield 
10 to 12 maunds of grain per acre. The average yield in the 
Punjab, as judged from the statistics of Ctop returns, is 9'9 
maunds per acre ("'36-37 to 1940-41 average), as against 
11'4 maund. per acre for the whole of India and 21'2 maunds 
for U.S.A. (1939 to 1942). 

The Punjab produces about 457 thousand tons of 

Ma.rkeling. 
maize annually (1939-40 to 1943-44 aver­
age). It has been estimated that about 

,g5 per cent. of the maize produced is retained in the villages 
·for seed, human consumption and feeding to livestock, and 
-only 15 per cent. is sold out. Practically the whole of the 
IlIll'Jllus is marketed within 5 months of the harvest, i.e., 
·from October to February. Very small quantities of maize 
are carried over from one year to another, most of the pro­
-<luction of a harvest being consumed in the winter season. 
Long storage in the case of maize is not desirable, as the 
quality of grain deteriorates after a short time. The colour 
-of the grain gets dull and the taste is spoilt. 

The Punjab is, on the whole, a net importer of maize .. 
The net imports were estimated during the year 1935-36 to 
be 54 thousand maunds grain, 7 thousand maunds flour and 
-25 thousand maunds starch. The chief sources of imports 
o()f grain were found to be the N.W.F.P., and Malerkotla, 
Patiala and Kapurthala States. Small quantities exported 
from the province go mainly to U. P. and Bilaspur, Poonch 
and Mandi States. Since the war up to 8,000 tons are 
<>ecasionally exported. 
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Bv far the largest amount of maize crop is consumed 
p""" as hnman food, This is chiefly done after 

converting it into flour and making cJwpatis 
out of the flour, To some extent it is also consnmed as 
roasted and pOPP"<1 grain. ~ome percentage of maize crop 
is Ilsed as poultr." Hnd liyestock feeeL and for the manufac­
tun· of stureh n'quired for use in the textile mills, paper 
mill, and other inelui'tries. White maize is preferred for 
stawh manufacture, In F.S.A., starch is made out of 
maiz,. for industrial purposes. and large quantities of it are 
imported into India, Starch and corn flour manufacture 
has recently been tahu up in India also. There is one mill 
in Jagadhri working for the past several years, One 113' 
recently been start,ecl in Faridkote State. one in Patiala 
State and one I'h K"purthala State. _ 

The grincling of maize is considered to be more difficult 
than that of wheat or granl. The grincling charges for maize 
are, therefore, about I! times of those for wheat or gram. 

The demand for maize is considerably inflncnced by the 
comparative prices for maize and other cereals. particnlarly 
wheat. 

:\Iaize is to some extent used for fodder. In this respect 
it is especially usefnl for sowing iu the early 
part of the kharif season, as at, this time of 

the year it grows quicker than chari. It is thus sown in 
late March or April nsually mixed with swank and moth_ 
Cowpeas also form a good mixture with matze, 
As fodder, it is sown broadcast. Later in the season it is 
sometime~ sown mixed with chwri. 

Even in the case of maize grown for the production of 
grain, the stalks are fed to cattle. 

As stated earlier, maize plant is subject to extensive 
'\!,tbod of seed cross-pollination. Mass selection has, 
",Ic.,ion therefore, been practised since earliest 

tinles. The farmers can, however, do much to keep the seed 
up to the standard and even improve it by proper selection 
of seed. The method that can be recommended to the 
fanners is mass selection. This method consists in picking 
ont c<obs having desirable characteristics for seed purposes. 



This can best be done while the crop is standing ill the field. 
When selecting cobs faT sRed til(, followinlZ points should be 
kept in mind:-

(1) Plant.s IZl'Owing tmder nOl'lllal ('onditions of com­
petition should be selected. Plants along the 
borders and water channels should be rejected. 

(2) Plants in the vicinitv of diseased plants should 
not be selected. 

(3) Plants bearing mor(' than OlW good cob should be 
preferred. 

(4) Ears t.hat are not ouly thor()ughl~' mature, but 
also ripen at the same tiulP should be selected. 
This will tend to bring about uniformity in the 
ripening time of the next cmp. 

(5) It is desirable to collect car, from plants b~aring 
them at a height of about :l to 4 feet. If placed 
higher the plants are liable to be damaged by 
stonn, while if placed too low wild animaL, like 
jackals will cause havoc. 

(6) The cobs should be long and cylindrical with 
butts and tips well filled in. Uniformity of size 
and colour of the cobs and eompaetness of grain 
on cobs should be preferred. 

(7) In baf'ani areas narrow leaved plants should be 
preferred while for irrigated conditions broad 
leaved varieties should be selected as they usually 
give higher yields under these conditions. 

(8) About two to three times the quantity of cobs 
required for seed should be selected to al\ow 
discarding of diseased and defective ears. 

(9) Soon after collection the ears should be cured 
properly, i.e., dried in a single layer. Heaping 
of the ears even for a short while should be avoided, 
as this practice lowers the germination capaei~y 
of the seed. 
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It is highly desirable that selection of cobs shonld be 
-made from the standing crop, but if this is not done, selection 
<)f cobs maybe made from the harvested crop as a less desir­
able alternative. 

Another method of breeding practised on this crop has 
'been what is known as ear to row selection. It aims at 
estimating the potentiality of each parent plant. The re­
,suIts of this method practised for a long period have been 
rather disappointing. With the advance in genetical 
,knowledge of the maize plaut a new method has been adopted 
which attempts to rebnild the constitution of the plant, 
so aR to incorporate a majority of the desirable factors from 
the best material available. This is affected by (a) inbreed­
.in g and, (b) recombining the products. The method consists 
in controlled self-pollination of maize plant for 5-7 genera­
tions followed by selection among the resulting inbred lines 
and thereafter hybridisation between them for determining 
,the most productive FI combination and production and use 
of those combinations year after year for the production of 
commercial crops. Following this method in United States 
of America the hybrid corn has definitely established its 
superiority. 

The improvement of maize crop in India by the 
method discussed above has been taken up under a Scheme 
jointly financed by the Punjab Government and the Im­
perial Council of Agricultural Research at Lvallpur under 
the immediate supervision of the Cerealist. " 

An estimate of the cost of cultivation per acre of 
·Coot of maize on a well-irrigated holding is given 

production. below:-

1. Ploughings 4 @ Rs. 1-8 each 
2. Sohaging 2 @ Re. 0-6-0 each .. 
3. Sowing with /cera I man @ Re. 0-8-:) 

per day (Ploughing included above). 
4. Seed: 6 seers @ Rs. 3 per maund .. 
,5. Bundmaking 1 man @ Re. 0-8-0 each 
06. Waterings;; @ Rs. 3-4 each 

Rs. a. p. 

600 
o 12 0 
080 

072 
080 

16 4 0 



275 

7. Hoeings 3 at 4 men per hoeing @ 
Re. 0-8-0 per dav each .. . . 

8. Harvesting: 3 m,m @ Re. o-s·o each 
9. Plucking cobs 3 men @ Re. 0-8-0 

each 
10. Threshing 3 men @ Re. 9-8-0 each 
11. Manuring 10 cartloads utilised (the 

total being 20) @ Re. 1 pef cart 
load 

12. Land Revenue 
13. Rent 

Total 

Income.-
Grain 20 maunds @ Rs. 2-8-0 
Stalks 20 mannds @ Re. 0-8-0 per 

maund 

Total 

Net Income 

roAR 
Natural Order-Gramineal. 

Rs. a. p. 
6 0 0 

8 0 

S 0 
8 0 

10 0 0 
3 0 0 

12 0 0 

59 15 2 

50 0 0 

10 0 0 

60 0 0 

o 0 10 

Botanical Name-Andropollan sorllhum. 
English Name-Great Millet. 

Juar is extensively grown in Bombay, Madras, C.P., 
Diotr.b ,. Berar, and U. P. noted in the order of their 

, o 'on. importance. The Punjab occupies the fifth 
position. In Western India both kharif and ram types 
?f juar are grown, but in the Punjab only kharif juar 
IS known. For grain purposes the crop is mainly, more 
than three-fourths of the total area, grown under barani 
conditions. The total area during the last decade has been 
generally between 8 and 9 lakh acres, thongh in some earlier 
years the area under the crop was even above It million 
acres. Wide fluctuations in area are.. mainly due to 
seasonal variations from year to year. 

The largest area under juar is grown in the districts 
of Dera Ghazi Khan, Rohtak, Hissar, Kamal and Gurgaon, . 
in the order mentioned. The other districts where it is. 



::70 

grown to a lesser extent are :llultan, Rawalpindi, Attock, 
:lIianwali, Jhang, Ferozepur and :lIuzaffargarh. For fodder 
p'lll'oses in the (lanaI colonies, juar is generally' mixed 

. ,,oth quam. 

For grain about S seers and for fodder 24 seers per acre 
.'ief'd Rate. are gmwrally :-;O\\"'ll. 

Two to foul' plou~hings are given as a rule. The eulti· 

('UJtiVlltioll. 
Y<[lioll ill not as thorough as for maize. It 
is g(,llemlly sown broadcast, and is onen 

mixed with qunra, Iiloth, mash, n,ung, labia or til. The 
,'ommon rotation") Hl'e:-(l) cotton-,juar, (2) ,,,heat-
juar. (:1) l'otton~j"([r-sann ploughed in wheat, and 
(4) gram:juar. -

It would t1ms he "len that j wu' generally follow., 
cott,on. whf'at 0]' g-nnu. 

For grain the ITOP is sown with the outbreak of mon­
~oon rain:-;. The llornlal tinw is f1'0111 
middl .. of June to mid,lIe of J ulv. If rains 

"re lat", it maY 1)[' smm pyen up to middle of August. For 
1'oddP]' purposes it ('all b,' sown as early as the end of .:Ilarch 

,01' April. J",1i' takes about 2t to 3 months for ripening. 
In the south-eastern tracts it ripens :l little earlier. 

Start, from th,' end of September and continues up to 

Harwsting. 
the end of XOYelllber. Harvesting is done 
with sickle, and the plants are aflowed to 

remain on the land in the form of sheaves for a few days. 
After tying into bundles they are put in stacks. The 
plucking of heads is done mainly with the help of female 
family labour at leisure. If hired labourers are engaged 
they are paid in kind. Usually 5 to 6 labourers are 
sufficient to finish an acre in a day. The grain is then 
threshed out of the heads by means of the bnllocks. If 
the quantity t<) be threshed is small the grain may be beaten 
·out by means of sticks. Three men and three bullocks are 
requh'ed for threshing a normal acre crop. The winnowing 
work is similar to that of wheat. A steady wind affair 
~t~h is hest for winnowing. 
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The average yield on barani lands where jva" is 

Yield. 
generally sown is about 5 mawnds, whereas, 
under the irrigated conditions 8-10 rlUZUnM 

per acre are obtained. The maximum yields on irrigated 
areas are obtained in Rohtak and .JhelUln district. and in 
barani areas in Gurgaon and Gujrat. 

Based 011 the colour of grain, three types are reeog-
Y,del'''. nized by the farmers and the trade: --1. 

red, 2. sharbati, and 3 white. White juar 
always brings premium oYer the other two. These types 
can further be divided into small and bold grains. 

The grain is sometimes extensively damaged by smut 
or bunt as in the case of oats. Treatment 
of seed with copper sulphate solution, t per 

cent. strength is effective in preventing the appearance of 
smut. Striga root parasite also causes considerable damage 
to juar crop in some districts, particularly Gurdaspur 
and Gujranwala. Sometimes with untimely rain, seed 
formation is affected adversely in the Punjab and seed for 
the following season is expensive and difficult to secure, except 
by importing in large quantities from other areas, especially 
Central India and Sind. Within the Province D.G. Khan can 
supply good quantities of juar seed but the trasnport is 
rather difficult, due to lack of good communications. 

The juar grains are mainly used as seed for the 

C"se" 
raising of fodder or grain crops, though in 
districts of Dera Ghazi Khan and some 

north-western districts it is used for human consumption. 
When wheat sells at a higher price, the ala made from 
whit.e juar grain is used for the adulteration of wheat 
ata. J uar grains are also commonly used after roasting 
or popping. The food value of juar may be seen from 
the following table:-

CrOp. Protein. Oil or Jat. 

-----I----I·--·-~- -------
Per cent. 

9-3 
7'3 

13'5 
3-l 

Per cent. 
72-3 
78'3 -00-;) 

Per cent. 
2-() 

0"" 1,2 
.. 3 
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Research work for the improvement of millets was 
RO'N"h Wo,k. started at Lyallp_ur in 1927 when. a special 

officer was appomted. He contmued to 
work at Lyallput up to 11134 when his work was shifted to 
SirSIt (Hissar). Later on, in March 1940, his headquarters 
were transferred to F erozep.ore to carryon the work under 
barani conditions. The most important variety evolved 
is J-8. It is a dual purpose type, good for both grain and 
fodder. It possesses lax heads of medium size borne on 
straight peduncles. The grain is of an attractive creamy 
white colour and of medium size. The glumes are slightly 
purplish at the base and possess very short awns. The crop 
grows to the height of 8 to 10 feet depending upon the ferti­
lity of the soil. The stem is thin and juicy. The leaves 
have yellowish green mid-rib; a character correlated with 
the sweetness of the stem. The crop remains green for a 
fairly long time even after grains have matured. It yields 
15 to 18 maunds of grain with lOO~125 mds. of karbi or 
about 400 maunds of green fodder per acre. 

Since the crop is cross-pollinated, the seed should be 
selected from year to year by the mass selection method. 
This is a simple method and can be practised by ordinary 
cultivators. The points to be borne in mind are (1) select 
normal heads which ripen uniformly from the healthy stand­
ing crop and avoid the plants growing at more favourable 
places; (2) select heads which are well developed, well filled 
and dense with bold and round grains; (3) avoid diseased 
plants and also plants in the vicinity of dis~ plants. 

BAJRA 
Natural Order-Graminew. 
Botanical Name~Pennisetum Typlwideum. 
English Name-Bulrush (}T Spiked Millet. 

Bajra is extensively grown in Bombay, Punjab 
Diotrlbution. ~8, and U. ~. Il8.II';'-ed in the . order of 

nnportance. Bll()ra IS more nnportant 
_crop in the I\mjab than' jvar. The area fluctuates enor­
,lnOUIlly nom year to year, being.1IoS high as 4.4 !akA a.eres in 
_'I!()1llfI ,_ and only 11 lakh acres or so in years of poer . 
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rainfall. Since it is practically a barani crop, season from' 
year to year affects its sowings considerably. 

The important districts growing bajra are HiBsar, 
Gurgaon, Rohtak, Attock, Jhelum and Gujrat in the order­
named. The other districts where it is grown to a fair extent 
are Ferozepur, Shahpur, Rawalpindi, Karnal, Mianwali, 
Sialkot, Dera Ghazi Khan, Gujranwala, Multan, Lahore 
and Jhang. Very little is grown in districts of Jullundur, 
Ludhiana and Lyallpur. 

Soil. 

Seed. 

Bajra will grow on poor sandy soils whereas juar 
requires a stiff loam. Maize will do well 
on good stiff loams. 

The seed rate is two to four Beers per acre. 

As in the case of juar the sowing season, depends 
Sowing .nd h". upon the outbreak of monsoon. The sow­

.esting ..... n ings generally commence from early June 
and continue upto the end of July or at the latest begin­
ning of August. Harvesting of bajra begins from middle' 
of September and continues up to early November. 

Cultivation of bajra is similar to that of juar, but' 
Cultivation. it can stand rough conditions better than. 

juar as it is a very hardy crop. 
The average yield on the unirrigated area is four to 

y' Id five maunds per acre, and that on irrigated 
,0 . areas six: to ten maunds. Highest yields 

are obtained in Jhelnm district. 

Two main types are cultivated ~ the Province, small 
~ . Ii seeded or bajti and bold seeded or 

ane ... bajra. The former is considered superior 
for human consumption but the latter gives ~her yield. 
Bajra is mainly grown under baram conditions but 
where there is enongh water supply, bold grained type may' 
be cultiva.ted. 

As a result of experiments condll6ted by tlie Millet 
Bota.nist, following varieties of bajra are recommended: 
to the cultivators:-
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(J) A 1.:3.-1t has dense ears and the grains are fairly 
Lold, roundish and slate coloured, and are con­
",gnently much liked. Its yield is 18-20 mauntk 
per acre. The variety does well in Rawalpindi, 
\iurdaspm, Multan, Jullundur and Lyallpur dis­
tricts. 

(1) G 61 ;21. -it. ha:; delBC and hairy ears which possess 
hristles. Ureatcst advantages in growing this 
type i" 1 hat it is wry little damaged by birds. 
Its "it"ld is 15-18 maunds per acre. It does well 
unrler fair ra.infall or good irrigation. 

Lib> .iura nne] maize, bajm is also cross-pollinat­
·.,tI. Tbe method for selecting seed is, therefore, more or 
less the same as already discussed under juar. The chief 
point in case of bajrn i.s t.hat. long well filled dense earS 
should be given preference when selecting for seed. 

Bajra grain is ground into ata and consumed by people 
of the t.racts where it is grown. It may 
<Liso be used for making a special 

preparation called rabari, i.e., bajra ata mixed with 
buttBr milk. which ma.y be fresh or stale and cooked in the 
eycuing on the lit·,· atter adding necessary salts and spices. 
Bajra may also be used in the prepara.tion of khichri of 
mung, moth or rice, and is yery much relished in south­
eastern districts ami parts of Ferozepore. Sma.ll quantities 
of bajTa are also consumed in the form of dalia and for 
feeding liyestock. 

INFERIOR MILLETS 
Natural order-(ffaminew. 

Verna.cular name 

1. Bagi or Jf andal 
2. Kongani. 
3.. Oada 
4. 8tDtJtU: 
5. JCoinJ, 

English name 

Finger Millet 
ltalia.n}l~ 
Commoo Millet 
Little Millet 

Botanical Dawe 

Average &rei 
for the 

quinqnenniun 
ending 194(l.4;] 

Acres 

21,000 
9,J;00 

30,000 
26.000 

800 
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These millets are mainly grown on poor soils. A major 
port.ion of the area under these millets is fed to livestock as 
.~reen fodder. Though used as food by certain number of 
})f'opje of the hilly distriets a.nd also by some in the plains, 
:the grains of inf~rjor millets are not considered as wholesome 
article of'diet. The composition of different millets ~s COlll" 

.:pared with other food grains. as given in the "Food Grains 
of India" by A. H. Church i.e reproduced below:-

-_. ~ i I 1- : i i 
X:tlll(' of .1 Watf'r !Albumi- i. f.itareh I Oil I Fibre I' Ash /Nutritin:' X\ltrient 

bod gTu.in I 0;' :noids.r)~: "~ I' I;;' I ~;" '?() Ratio I \Tldue 

---:-_:--:--1--1--[--1---+--
Cllt'''IW l~'o I 1::!';': 1:'~'4- i :H): 1.1) I ] . .1. 1 1: (j i "{H) 

8mllld' ~ l::!.(j !Jo(i U·a,: {Hi i i..' i :!.(j i I: l:'J! ",:;·0 

Ka"{pi """! '1)·8 7N "." i J..' i J'~ I J, ,·4 i ''''0 

Jlagi l:!·."; j iHI a·6 n.t:' I 3.(/ I :'"11 1 : !:1 ~a·o 
Korlra ll-j I /.() 7i·~ ·'·l' 07 l-::! I: Il-I! ,..:;11,0 

72-3 ~.o I 2:21 .../o/J}(lr j'j! s1'}·(] 
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I I ,·,1 1'7 i 

:::; I 
68-41 J" I J : J'~ :-;4,'6 

70·0 I 1'31 :!.6 i 
2-l1 1, 6'31 84'5 

I I 
905 I 76-7

1 3'6 2.0 I 1-7 1,8'3 ,~8'5 

I I 

Wbeat 

From these. figures it will be observed that these millet .• 
are not inferior to other food grains as far as their nutrient 
value i.s concerned. Even in nutritive ratio these millets 
excepting ragi and kodra compare favourably with 
maize, wheat and barley. 

Thls is principally grown in the hills and some of the 
1. lIWJi or sub-montaneous districts. It is an important 
HaMal. food grain in Simla and Kangra districts. 

Apart from Kangra which grows about 8,000 acres, large 
a~eas in the plains occur in Multan, Jhang, Muzaffargarh, 
S18lkot and Kamal districts. It is commog,iy grown on 
light, poor or alkaline soils and its cultivatiorl is similar to 
jrlwar, bajrn or cheerVJ. Only 1/4th to 1!3rd of area 
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is irrigated, the rest is all baroni. The seed rate is 
5 seers per acre. It is generally sown broadcast, but when 
sown in nursery, seedlings are, raised in a shady place and 
transplanted as in the case of rice. 

It is sown in nursery from May to July and transplanted 
in July and August. The crop receives 2 to 3 weedings and 
is often top-dressed with manure after the first weeding. 
It suffers from excessive rain. A good year for rice is bad for 
mandai. It is haryested in October-Noyember, and 
yield, about 10 to 12 maunds of grain and 30 rnaunds of 
straw per acre. When grown for green fodder it gives about 
three cuttings and yields about 150 1naunds of green 'fodder 
per acre. 

The grain is eaten by poor classes as a staple foiili in 
the hills. It has excellent storing properties being free from 
insect attacks and not liable to become mouldy. For this 
reason it has been used for stor!lge against scarcity and 
famine. 

There !Ire two types generally grown- black grained and 
white grained. White grained type is preferred to the 
other when grain is to be utilized for human consumption 
but for obtaining fodder both are equally good. 

It is largely grown in Kangra and Karnal, though small 
2. Kangni. areas are found in Gurdaspur, Montgomery, 

Rawalpindi and Lahore districts also. It has 
a wider range as regards season than other millets and is 
often grown after famines when quick retutn is required. 

The crop is often sown on manured lands near the 
villages in hill valleys in May-June. The seed rate is 3 to 4 
seers per acre. Kangni is of two types-red and white. 

, Birds are very fond of the seed and do much damage to the 
ripening crop. 

The season for harvesting is September-October, a.nd 
the yield is about 5 to 6 maunds of grain per acre. It is also 
grown as an early fodder crop. For thiS purpose it is sown 
in March and'Is ready for feeding in May_ It gives lOO-ISO 
-n4s of green fodder. 
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Unlike <>ther inferior millets, its grain is very little 
used as human food. The grain is generally fed to poultry 
and cage birds. Whenever taken as human food it is boiled 
like rice. As an article of food it is sometimes objected to 
en account of its heating properties and when taken as a sole 
food it is said to be sometimes apt to produce diarrhcea. 
fWhen boiled with milk it forms a light and pleasant meal for 
invalids. Yfedicinally it is said to act as diuretic and 
!astringent and is sometimes nsed externally in the case of 
;rheumatism. 

; This is of little economic importance except as an 
early fodder or grain crop. For this purpose 
it is sown in March at the rate of 5 seers per 

>acre and is ready for green fodder in the month of April. 
:The fodder is relished by cattle and horses. For grain the 
, crop is har"ested in May and June, and its yield is about 
4-6 maunds per acre. It is considered to be nutritious and in 
many places it is eaten after cooking like rice or taken with 
lassi, the preparation being called Mat. Round about 
Simla it is sometimes used in the form of chapatiB. It is 
also fed with kangni to cage birds. 

Chana. 

This is the quickest growing plant of all the millets 

4. Swank. 
and is supposed to ripen within six weeks to 
two months after sowing. It is found wild 

in most parts of the Province, but large areas under this 
crop are found in Dera Ghazi Khan, Gurdaspur, Multan, 
Montgomery, Jhang, Hoshiarpur and Muzaffargarh Districts. 
Two types of swank are recognised by farmerB--'-broad 
leaved and narrow leaved, but there is not much difference 
in their seeds. The former grows taller and gives better and 
more fodder than the latter. 

The usual seed rate is about 4-5 seers of grain per acre. 
It is usually sown broadcast and is often grown for green 
fodder, or cheap grain in August and September before 
bajra is ready. An ordinary crop yields about 4-6_nd8 
of grain or a.bout 100 to 150 maunds of green fodder per acre. 

The grain is chiefly consumed by poorer cla.saes of people. 
Hindus coDBider it to be a very sacred grain and it is pte. 
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ferred by them for religious offerings. 'On lkadshi festival 
it is taken by them in different ways and forms. At Lokri 
festival ,,1<0, thev start and break the fast with this sacred 
food. . 

It is not an important crop in this Province. It is 

5. Kodm. 
only grown in Rimla district and that too, 
to a small extent. The seed rate is about 4 

scer.-; and is ~own broaclcm:t. Its cultivation is similaI' to 
that of other inferior millets. There are two types of 
it-bali and rlesi. The iormer has got light red coloured 
grains, sweet in taste and the latter possesses dark grey 
seeds of bitter taste. lJesi variety grows taller and is 
cultivated on higher hills, while bali varieties are usually 
grown on comparatively lower altitudes. It is preferred 
both by zemiudars :1nd traders and fetches a premium 
of about l'1.e. 1 PCl" maund over desi varieties. 

These inferior millets, particularly kangni and to a 
Imp",t,mcc' less extent cltee'fW, and sUiank play an 

on new important part in breaking up new land or in 
colonization. reeoyery after famine. '\Then the cultivator 

with his ,'attic ret.m:ns to his homestead after a famine or 
enters a new area for colonization, he can only carry a 
limited amount. of foodstuffs and fodder with him. He 
must therefore produce both grain and fodder as quickly 
as possible in the new area. If his entry is in an irrigated 
tract in March-April he sows kangni or cneena if later, 
SUJ(lnk. Generally these millets produce a crop in 60 
or 70 days--a very important economic consideration. 

This is not a millet as it belongs to a different Natural 
6. Buck If."". Order, but it is mentioned here because this 

(;..;z:r:::.~' grain is used like inferior millets in the hilly 
Pok'!f(lonaca.) area8. 

This crop is extensively cultivated in the Himalayas, 
between 4,(j()() and 10,(j()() feet heights. It is a rainy season 
crop being sown in July and reaped in October. The forms 
met at lower elevation a]"e stunted and have thick swollen 
stems of a red shiny colour with pink flowers. It is chiefly 
grown as a vegetable, the leaves and tender shoots being 
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ed as pot herb. The grain as a human food does not hold 
high place as it is hard, bitter, and rather unpalatable 
td is said to have a heating effect on the human body. 
L the Plains it is sold only by pansaris or drug"crists and not 
, general grain dealers, and is used by orthodox Hindus as 
special food on religious occasions, such as fast days. 

In England buck wheat is mainly used for feeding 
teasants and poultry. 
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CHAPTER xu 
FOODGRAINS-PULSES 

Nat. Order-Leguminosw. 
Pulses have been used as' an article of diet in India from 

times immemorial. For the health and wellbeing of the 
people who are mainly vegetarian, pulses take a very high 
place in the diet because of their high contents of protein, 
mineral matter and vitamin B. They may be described 
as poor man's meat, and are often used in conjunction with 
other. foods rich in starch, '._g., rice or wheat. Pulses are 
often consumed after being cooked whole or in the form of 
MI, i.e., split pulse with or without husk. The prepared 
product may be dry or in the form of soup. Different 
pnlses may be cooked separately or mixed together to make 
a more balanced and palatable dish. Mixture of pulses of 
mash and gram. mash and mung. and tnassar 
and mU>1g are qnite common. Dais arl' also commonly 
cooked with rice which is known as khichri and which 
is considered to be light and good for invalids. Usually mung 
is preferred for this purpose. Moth and bajra are also 
quite commonly used to make khichri in the South· 
Eastern tracts. Special preparations such as papara, 
varis, pinnis, etc. are also prepared from the various 
pulses. The nutritive values of important pnlses are shown 
in the following table;-

I
) ·"H118/t 1 -,MUN} I tMolh. 1·,MoIU.t<lrl·A.ria,. tOrot.t 

(omurepercent --:-.- --w:u ~ -u:21l2.4----rrr---ro:s 
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It would be observed that mash dal is the richest in 
phosphorus and iron contents and contains fair amounts 
of Vitamin B, and B,. It is, however, difficult to digest 
and causes flatulence unless eaten with asafoetida. Mung 
dal contains comparatively large amount of fibre but 
it is richest of all dais in Vitamin B, . It aho contains 
fair amounts of Vitamins A and B2 • It is a dal which is 
easily digested and agrees even with the weakest constitu­
tion. It is usually prescribed by doctors as well as hakims 
for invalids, etc. Massar rial is richest in Vitamin A. 
It is supposed to have a heating effect on the human 
system. It is, however, considered to be useful in cases of 
constipation and other intestinal affections. 

The area and production of various pulses in the Punjab 
are shown below :-

Mung 
,Vlash 
Other kIm rif pulses mostly moth 
Massar 
Gram 

Area Production 
'(Acres) (Tons) 
248,000 32,200 
216,000 32,000 
325,000 48,000 
215,000 40,000 

3,600,000 757,000 

These pulses will now be discussed separately. 

MUNG 
Natural Order-Legunminosa;, 
Botanical Name-Phaseolus mungo. 
Verna.cular Name-Mung. 

Mung is largely a barani crop; only 20 per cent area 
being irrigated and 80 per cant unirrigated. Most important 
districts where this crop is extensively grown are Rawalpindi, 
Hissar,Jhelum, Ferozepur, Attock, Multan, Montgomery and 
Ludhiana. It is commonly sown as a subordinate crop with 
maize juaf' and' sometimes bajra. It does best on 
medi~ loamy soils. It is more drought resistaut than 
mash but cannot stand as dry conditions as moth. 
Mung is sown from the middle of June to end of July 
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depending upon the monsoon. The preparatory tillage 
is the same as that for juar, maize and bajra. When 
grown alone, the preparatory tillage is meagre. Two plongh­
ings are considered to be quite sufficient. The seed rate 
when sown alone is about 5 seers but when sown with juar 
or bajra 3 to 4 seers is considered to be sufficient. The 
crop is ready for harvest from end of September to the middle 
of Novemb~r. On the basis of time of ripening two varie­
ties are recognized by the farmers-one Bhadwari 
mung and the other Katki mung, the former being ready 
for harvest in September and the latter in October-Novem­
ber. These varieties cannot be recognised from their grains. 
Their early and late characters are known only to the farmers 
who grow them. The earlier types are believed to produce 
poor quality of grains containing a greater percentage of 
hard seeds which do not soften on cooking. Late varieties 
are known to yield superior quality of grain. They also 
yield more foliage. On the basis of colour three types are 
recognized by trade-green, black and yellow. Green-seeded 
type is, by far, the most common and is sown through­
out the province. The cultivation of the other two varie­
ties is restricted to special tracts such as Sialkot and Gur­
daspur and in south-western parts of the province, e.g., 
Dera Ghazi Khan and MuzafIargarh districts. Yellow and 
black mung are inferior to green mung in yield 
as well as in edible qualities. Therefore, they have not 
assumed much importance in trade. An extra bold variety 
of dull green colour known as cheena mung is also some­
times sold in the bamr but this is imported from outside 
the province and not produced locally. 

On an average three men are required to harvest an 
acre .of crop. After collecting on the threshing floor the 
crop is threshed by means of bullocks. Three bullocks­
and two men can finish the job in a day. The winnowing 
is done by means of a chJwd. An average crop of mung 
may yield 6 to 8 maunils grain and 12 to 15 maunds of 
bkusa. The bhusa is valued for feeding cattle, espe­
ci_ally in the rll.iny season. In the official estimates, however, 
}'leld of mung is shown to be only 3! maunds per acre for 
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the yeal' 1944-45. Heavy or untimely rains, especially a 
flowering time, damage the crop considerably. At thi, 
time even damp winds blowing from the East i.e., Pun 
interefere with the fertilization of flowers and reduce th( 
,'ield considerably. 

MASH 
Natural Order-Leguminos<E. 
Botauical Nanw-Phaseolus radiatus. 
Vernacular Name--Mash. 

Of the total area under mash, nearly 33 per cent is irrigat­
ed and the rest is sown ba'rani. The most important Districts 
for mash nre Gurdaspur, Kangra, Montgomery, Ambala, 
:\lultan and Ferozepur. The cultivation of this crop is 
similar to that of mung. It is, however, mostly grown as 
subordinate crop with maize and requires stiff loamy soil and 
a good water supply. It is sown at the end of June or early 
.T ulv with the outbreak of monsoons. When sown alone, 
only a meagre preparatory tillage is required. No inter­
culture or weeding is generally done. "s is clear from the fol­
lowing Punjabi proverb ;-

Jat kijane Tan--chhola ki jane wah-Mann lei ja'M 
,qkan, i.e., the farmer does not care for a regular 
path, whilst gram call do well without any pre­
paratory tillage and mash does not mind the 
weeds. 

The crop is generally ready by the end of September to 
beginning of November, and 6 to 8 maunds of gram and 
20 maunds of bliusa can be obtained from an average crop. 
In the official forecast the yield is shown ouly 4 maunds for 
the year 1944-45. It appears to be rather underestimated. 

Generally two types are recognised both by zamind?-rs 
and by traders~en mask and bJack mask. Unlike 
mU1If}, black seeded type is by rar the most common, and 
is considered to be superior in edible qualities to green mash. 
Black mash is grown in b-ubmontane districts of the pro-

vince e.g., Gurdaspur and Kangra, whilst green type is 
OOInlllonly grown in drier parts of the South-Western Punjab 
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, Multan. Generally speaking, green rtlash ripens ear­
,than black-seeded type. The grains of the black mash 
, also usually bolder thau those of the green mash 
'ugh this is not always strictly true. Mash grown in 
mid regions and at higher altitudes is of better cooking 
alit,y than that grown in the plains. Mash varieties 
Iwn in Kulu, Simla and parts of Gurdaspur and Sialkot 
:trict are considered to be the best of all types of mash 
md in the Province. Mash from"the hills have got 
, property of cooking easily. Apart from the locally grown 
pes, a 8pecial type of mash known as Kurrum mash 
th extra bold grains is found in the markets. This is 
ported from Kurrum Valley, in the N.W.F.P., and sold 
the bazar. 

MOTH 
~atural Order-Legumino8m. 
Botanical Name-Phaseolus aconitifolius. 
Vernacular Name-Moth. 

The area under moth sepa1:ately is not available. It 
is, however, the most important pulse included in the "other 
khan! pulses", for which area is available in the Season and 
Crops Report, Punjab. It is mostly grown under dry con­
ditions and is an important crop in the Districts of Gujrat, 
Ferozepur, Hissar, Ludhiana, Rawalpindi, Attock and 
Jbelnm. The total area is estimated to be about 3 la.kh 
acres. The crop is, however, frequently grown for fodder 
mixed with juar or bajra. In the canal or irrigated 
tracts, it is often grown mixed with early fodders and also 
with cotton. In the latter case it is removed in AugIlSt, 
and used as green fodder. Only a small part of the total crop 
is grown for seed purposes. It is generally grown on light 
sandy Boils under baf'ani conditions, auP. is the most drouglit 
resistant of the three pulses discussed above. Its cultiva­
tion is similar to that of the other pulses. The seed rate is 
about 8 8eers when sown alone and 4 to (i Beers when mixed 
with other crops. The sowing time i~from middle of.JllUe 
to end of July and harvesting time from the beginning'of 
October to first half of November. The average crop yields 
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about 5-6 maunds of grain and about 10 to 12 maunds of 
Musa. Two main types are recognized in the trade: 
(I) black moth (also known as kali mungi in Gujrat) 
and (2) gom or whitish green moth. The latter type is 
COlllmoner of the two. Black typP is grown to a leSHer extent, 
mostly in Gurgaon and Gujrat districts. For culinary 
purposes moth IS regarded as inferior to mUrig and mash 
for human beings. Dislike of a person is sometimes expressed 
tlms: He is Ilk. moth in your dul. 

LENTa 
Natural Order-Leguminos<1? 
Botanical name-Lens esculenta. 
Yernacular Name-Massar. 

This pulse is grown to a limited exteut all over the pro­
vince. The most important districts, however, are Sialkot 
and Gurdaspur. The other districts of lesser importance 
are 1Ifontgomery. Ambala and Karna!. It is mostly 
grown on sailaba lands, and generally the first crop sown on 
new alluvial soils recovered from the rivers. It is generally 
sown alone, but is sometinws sown mixed with barley 
in Hoshiarpur district. It is rarely sown on land which has 
been fallow the previous !:hariJ, and hence it is a suitable 
crop to follow juar, rice, etc. 

The cultivation given is nlf'agre, and consists of one or 
two ploughings only. It is sown broadcast at the rate of 
12 to 16 see;rs per acre. 

Sowing time is October-November along with other 
1Y1~ crops. It can, however, be sown very late, even upto 
January. The average yield is about 6 maunds grain and 
12 maunds bhusa. It is subject to the same diseases 
and pests as gram. 'llhe young green pod, as in the case of 
gram, is used as a vegetable. 

There are two types recognised by the trade. The bold 
seeded types are known as massar while the small grain 
varieties are denominated as masri. On the basis of 
colour these types oon be further divided into two sub­
tyfes; 1'IIICl oolonred and dark reddish colo[;red. The bold 
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¥"'lin variety of the red coloured type is quite popular in the 
province. It is known as malka massar, and is mostly 
produced in the Dera Ghazi Khan district. 

PIGEON PEA 
Natural Order-Legumino8113. 
Botanical Natne-Oajanus indicus. 
Vernacular Name-ArhaT. 

ArhaT is an imporbnt pdse crop in lndi" 
but it is not cultivated to any great extent in 
this province, the total area being only 3 to 4 
thousand acres. Of this nearly 4/5th is grown in Gurgaon, 
1/12th in Kangra district, and the rest in the districts of 
Multan, Jhang, Gurdaspur, Montgomery and Hissar. 

Arha,. is grown mostly as a subordinate crop along 
with juar, bajra but it is also, though to a very small 
extent, grown by itself. When cnltivated as a mixed crop, 
the soil on which it is grown is the same as that for 
juar, bajra and cotton, but when sown alone it prefers 
moist sandy loams. In the Punjab it may be met with as 
a border crop sown around sugarcane and cotton. In the 
latter case it protects the crop considerably from hot and 
dessicating winds. 

About 6 seers of seed are required per acre if sown 
singly, but when sown with other crops, 2 seers of seed is 
suilicient. The seed may be sown by broadcast or by ke:ra, 
i.e., by dropping seeds behind the plough. Sowing ofarhar 
is usually done with the commencement of monsoon rains. 
It receives the same operations as the other crops with 
which it is sown. According to the time of maturity, there 
are two varieties-an early variety which ripens in No­
vember-December and the late variety which ripens in 
March-April. The late variety is liable to be adverself 
affected by frost. A single cold night may utterly ruin the 
crop. The crop when ready is cut and stacked on the 
threshing floor. The leaves and pods are first of all stripped 
off the stems and heaped together and then the grain is 
threshed out either by bullock treading or by beating it out 
with a stick. 
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The average outturn when grown alone is about 7 
maunds of grain and 16 maunds of bhusa per acre. 
When grown alon!l with other crops the yield may be 1 to 
5 tnaunds dependmg upon the intensity of sowing. 

On the basis of colour of the grain. two varieties are 
recognized in the trade-s.,ifaid" arhar and red arhar. 
The latter type is the commoner of the two in the Punjab, 
and comprises the bulk of the crop in the Gurgaon district. 
This pulse is not liked so much by the Punjabis-It is, how­
ever, highly esteemed by people in other parts of India. 

SOYA BEAN 
NaturaIOrder-Legwnin08fB. 
Botanical Name-Glgeine hispida. 

Soya Bean is a native of Eastern China. China, Korea, 
Manchuria, Ylongolia and Japan are its ancient homes, 
but the cultivation of this bean has now been extended 
to almost all other countries. It is said that long before the 
dawn of civilisation primitive man subsisted on wild soya 
bean. Soya bean has been for over 7,000 years the chief 
article of diet in China where 13 million acres are annually 
grown under it. There are 1,400 varieties. The U.S.A. 
began to explore the possibilities of growing soya bean 
in 1920. In 1930 the area was 4! million acres and rose to 
9 million acres in 1944. This indicates the rapid progress 
made by U.S.A in the cultivation of soya bean. It thus 
appears that there is a need for more thorough research in 
India on this crop. It is both a legume and an oilseed and 
is the foundation crop in the agriculture of China and Korea. 

It grows in nearly all types of soils but the best results 

Cultivation. 
are obtained in sandy and loam soils. The 
crop is snited to warm temperatures or 

temperate zones. Very gevere winter and excessive heat are 
detrimental to its growth. The best time for planting is the 
rainy season. It should be planted with the break of monsoon .• 
It is sown in rows.2 to 3 feet apart according to the fertility of 
the soil. The distance between the plants may be 3 to 4 inches. 
The seed ~te per acre is 16 to 20 pounds when grown for 
seed. 1.!'or peen manuring or fodder purposes seed rate may 
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be double this amount. Too deep planting is not good for 
seed crop. The depth should not exceed 2 inches. Usually 
one inch depth gives 'the maximum germination results. 
Farmyard manure at the rate of about 12 cartloads per 
acre may be applied to get good yields. The croJi ma­
tures within 90 days. During the early stage of growth 
thorough interculture should be given so as to keep down 
the weeds. In India average yield of about 800 pounds 
per acre is considered fairly good, though in Manchuria 
yields upto double this amount are commonly obtained. It 
has been tried in the Punjab very successfully on experimen­
tal farms of the Agricultural Department. A yield of aliout 
12 to 16 maunas of grain per acre has been obtained. Two 
varieties namely "Chocolate" and "Yellow" have been 
successfully cultivated. Unfortunately there is no market 
for the crop. Those, who grew it, were compelled to feed the 
produce to the cattle. There is a good Bcope for the 
mtroduction of this crop if a market can be found for the sale 
of the produce at reasonable rates. 

The table below gives the composition of soya bean 
and some other legumes and wheat:-

Legume I Protein Fat 
! Nitrogen 

I Fibre I A,h 
i I ex~rre:ct 
, ------

Pe, cent. 1 Per cent:-I Per cent. per cent. Per cent. 
Soya. Bean .. 36.5 17.5 26.5 4.3 5.3 

Field Pea. 22.9 1.1 57.8 5.6 3.~ 

Cowpea. 23.6 1.5 53.8 4.1 3.4 

Garden pea. 25.6 1.6 53.6 4.4 3.0 

Orom 19.0 4.3 54.0 2.8 

M .. " 23.96 1.26 56.69 4.1 3.67 

Wh .. t 12.0 1.7 73.7 1.0 

The perrentage of moisture has not been included iu 
the above 1igu:res. 
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It will be observed that the composition of soya bean 
differ" widely from other legumes. . The chief di.fference lies 
in the amount of proteins, oil content, the mtrogen free 
&tract and mineral matter. The fat and proteins are found 
in much larger quantities than in other legume seeds, while 
nitrogen free extract is very much less than in other legumes. 
The difference lies not only in the quantity, but also in the 
quality of its nutrients. It has been seen that the proteins 
of soya. bean are alkalising in their effect, while the pro­
teins from mea t and fish, as well as. from eggs and grain 
are acid producing. This fact makes soya bean a desirable 
substitute a8 human food. 

Further the soya bean is free from nucleo proteins, 
and, therefore, it does not form uric acid and in consequence 
does not encourage gout. Gout is unknown in China, which 
is the home of soya bean. It contains suffieient amount 
of fat soluble vitamins A and D and water soluble vitamins 
B. Dark and brown seeded varieties have practieally no 
starch, while yellow seeded variety shows a little trace of 
starch. The soya bean is, therefore, an excellent food 
for those suffering from diabetes. Soya bean is also rich 
in lime. 

The soya bean has got many industrial uses. A very 
large num ber of Indian and European dishes can be prepared 
from soya bean. A large number of recipes for 
preparing different types of dishes are given in the book 
Soya Bean by F. S. Kale. 

GRAM 
Natural order~Legumino8ce 
Botanical name~Oicer Arietinum. 
V ernilcular name~Chana. 

Gram iR a leguminous ram crop. It is probably in­
digenous to South-eastern Europe or South-western Asia. 
Its cultimtion in India is ancient, as its Sanskrit name 
chana indicates. The Romans called it "Cicer". It is 
called Arietinum from the resemblance of the seed to the 
head of a lam. 
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Gram is an important crop in India in the upper basins 
Di""bution. of the Gan~es and the Indus. The tracts 

north of a Ime from Bombay to Patna con· 
stitutes the gram producing areas, its chief centre being the 
province of Agra. In the Punjab gram is mainly grown in 
the Districts of Hissar, Ferozepur, Rohtak, Mianwali, 
Karnal, Gurgaon and Shahpur named in order of their im­
portance. In other words the south-eastern areas princi­
pally Itnd small block of area in the western corner of the 
province are the chief concentrated areas of production. 

The total gram area in India is about 15 million acres. 

Area. 
Of this, the area grown in the Punjab on the 
average of 4 years ending 1943-44 is about 4 

million acres. But fluctuations from year to year are 
considerable; in some years the total area may be even less 
than 3 and in others it may go over 6 million acres. The 
variations are particularly pronounced in the case of barani 
crop which forms nearly 76 per cent. of the total area under 
gram. This is but natural as the barani sowings are 
dependent upon rainfall. If timely raius are received, the 
area sown is high, but if rains fail the area sown is very 
low. Before 1921-22 the area under gram was usually under 
4 million acres, but since then, barring the effect of the 
climatic conditions at the sowing time, the area has gone 
up by about 1 million acres. The increase has taken place 
both in irrigated, as well as unirrigated areas, but the former, 
which has almost doubled itself due to new canals, is the 
most important. In recent years the increase in area under 
gram has also taken place at the expense of barley. 

The crop, as generally grown by zemindars, consists of a 
Varieties. number of varieties. Of. these ~ types 

ouly are generally recOgnIzed, 'II'IZ., t,he 
small and large Kabuli and the black, brown and yellow 
seeded common variety. Kalndi gram is also known as 
white gram. Its seed coat is cream coloured. The a1'e8. 
under Kahuli types is negligible and comparatively small 
quantities enter into trade channels. The dark coloured 
varieties are moat commonly met with in 'the western Punjab, 
whilst yellow variety is mostly cultivated in the Ferozepur 
district and Faridkot State (Kot Kapura). . . 
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Out of the local varieties the Punjab Agricultural De­
partment has isolated various types. Some of them yield 
more than the usual mixture grown. The characteristic of 
a few promising types are given below :-

Type No. I.-It is a Kabuli type. ItR grain is bold 
almost eqnal to 3 grains of ordinary gram and 
cream coloured. It is mostly used for culinary 
purposes and commands a much higher price per 
maund than the ordinary type. Unfortunately. 
its yield per acre is low if the ordinary seed rate 
of 16 seers is used. But with 40 seers seed rate it 
compares quite favourably with the Department 
beRt selection type 7. 

Type No. 7.-This type has an attractive brownish 
yellow grain and possesses vigorous habit of 
growth. It does very well in many parts of the 
province. 

Type 17.-This type possesses dusky brown grains. 
It has more grains per pod than many other varie­
ties. Its yield is nearly as good as that of type 
No. 7 in favourable circumstances, but it seIls at 
a slightly lower prices. 

In the Sargodha colony type No. 15, a yellow coloured 
type, has fared very well. A new type which bears two 
fruita on one peduncle instead of the usual one fruit has also 
been evolved and is under trial. 

Since all Punjl'b types of gram are highly susceptible 
to gram-blight, attention is now being concentrated on 
certain imported types. Of these types, :I French varieties 
have· been found to be resistent to this disease. These are 
F. 8, F. 9 and F. 10 of which F. 8 is at present the best, but 
it is highly susceptible to gram wilt. Ita yield is also low. 
Further breeding work is in progress with a view to 
evolving a variety which is resistant to blight and is also 
a high yielder. So far the variety 12/34 seems to be 
promising. 
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Gram is sown on all soils from the heaviest clay loama 

Soil. 
to the lightest sandy loam; but it is on the 
former class of soil that it yields best pro­

vided it is not too damp. This crop grows better than any 
other crop on the lightest soils of the Province. Since gram 
is a leguminous crop it tends to improve soil by adding nitro­
gen. If a gram plant is pulled up carefully the large wart 
like growth on the roots-sometimes larger than eight-anna 
piece, can be plainly seen. These are formed by nitrogen 
fixing bacteria. 

Gram is the earliest sown of the rabi crops, sowings 
beginning as early as September. By the 
end of October the sowings are almost 

finished. Within these limits the time of sowing is deter­
mined by the occurrence \)f rainfall. The harvesting starts 
a fortnight or three weeks before wheat. In the eastern 
Punjab the seeding and harvesting begin about a fort­
night earlier as compared with the northeru and western 
districts. 

The seed rate in the Punjab is generally from 12 to 16 

Seed 1'aOO. 
seers as compared with 40 or 50 seers in 
the Central Provinces. In the case of 

bold-seeded varieties, however, a high seed rate should be 
used, for otherwise the stand of the crop is likely to be 
poor and yield low. 

Gram is generally sown on lands which lie fallow in the 

Cultiva.tion. 
khMij, but it is also often grown after early 
fodder orops Buoh as cluwi, maize and 

g'tlM"a. The seed bed is generally roughly prepared, but 
a deep tilth is favourable, though the soil need not be 
pulverized as in the case of wheat. In the aailaba Jands 
it is often sown broadcast without any previous cultivation 
and merely covered by ploughing once or twice. 

Gram is generally sown by the :Fora system. It i'; 
often sown mixed with wheat, barley, linseed, taramira, _'00 or peas. Should rains be favourable, wheat Dr 
barley, etc. gives a good yield whereas gram lIUbeist 
best When raiillall is low. b,t the irrigated lands one or tw;o 
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waterings after sowing may be given, but the preservation 
of a loose open soil is important for this crop and harrowing 
in early stages of growth is beneficial. Since gram is a deep­
rooted crop the application of irrigation during the early 
stages of growth is injurious. The crop is rarely weeded_ 
Sheep and goats are sometimes allowed to nip off the top 
shoots just before flowering in cases of luxuriant growth in 
order to encourage branching. 

The gram crop is harvested just before it is dead ripe 
Harve,ti".. and the harvesting is. us~ally done by means 

- of hand SIckle. Ordmanly three to four men 
can harvest an acre of average crop in a day. 

In some places the uprooting of the whole plant is also 
resorted to. The cut crop is taken to threshing floor ~h­
out tying iuto bundles, where it is fully dried before thresh­
ing which is usually accomplished by mehr system. The 
bullocks are driven round and round over the crop in order 
to thresh out the grains and break the plants into pieces. 
Three bullocks and two men can deal with an acre of irrigated 
or two acres of unirrigated crop in a day. In some districts 
e.g., Ludhiana and Ferozepore, the dry crop is shaken and 
the stems of the plant are separated from the grain bearing 
pods by means of trangli. The grains are then extracted 
out of pods by means of treading by bullocks. Small lots 
of crop may be threshed with a stick. Winnowing is done 
by means of chhaj. This operation, like others, is chiefly 
done by the farmer and his family, but when hired labour is 
employed, it is paid at the rate of 11 to 2 seers per maund of 
gram winnowed. 

Gram is damaged by white ants to some extent and 
I'.,ts .nd suffers also from a caterpillar Jmown as sundi 
<li ..... ,. or bahaduri. Frost does considerable 

damage in some years, mostly at the end of January 
and early February. But the most dangerous enemy of 
this crop is "gram-blight." Almost complete destruction 
may result in cases of serious attack. In the Attock and 
adjoining districts of Rawalpindi, Jhelum and Mianwali 
gram crop has been a complete' for a number of years 
on account f)f this disea . disease has also 

·oaV; 
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been observed in Gujrat, Lyallpur and Gurdaspur Distriots 
but the damage done has not been serious, probably, due to 
climatic conditions. This disease is caused by a fungus 
which affects all parts of the plant above ground. Concentric 
brown spots varying in size appear all over the surface of 
plants. These spots are especially prominent on the pods. 
The various parts of plants above ground wilt and become 
withered. As a result of experiments it has been found that 
the soil does not harbour the disease; it is carried by the 
seed. Since the disease is produced by sowing infected seed, 
it is necessary to use disease-free seed imported from plaoes 

'where the disease does not occur. Secondary, infection also 
brings about a large peroentage of disease. For this 
reason, it is essential to carry out other control measures as 
well, on an extensive soale. The debris of the diseased plant 
which carries the disease from one season to another should 
either be collected and burnt or buried in the soil with a furro w 
turning plough. Throwing the debris on the manure heap 
also helps in the destruction of the disease. Besides, this 
mixed cropping should also be encouraged, since incideno e 
of the disease is diminished when gram is SOwn mixed with 
wheat or barley. The best remedy is to grow the disease­
resistant varieties mentioned before. 

Gram wilt is also a serious disease of this crop in the 
oentral as well as south-eastern Punjab. The best remedy 
in this oase also is to grow a disease-resistant variety. 
Type No. 7 is fairly resistant to this disease but work has 
reoently been started at the Ferozepore farm to evolve a 
still better wilt-resistant variety. ' 

The methods of storing gram are similar to those of 
Storage. wheat whioh have already been described. 

The produoe is stored either in bags or ,in 
bulk. The former method is usually followed in deficit or' 
importing areas and the latter in surplus areas especially, 
in south-east. When stored in bulk a layer ~f bhusa is 
spread at the bottom of the floor and another layer at the 
top. In the Hissar Distriot sand to an extent of 50 to 60 per 
cent of the weight of gram is mixed and it is olaimed that 
damage is considerably reduced. At some places tobaoco 
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and taramira dust is also used at times. In Leiah gram 
stored in dark rooms with about 5 per cent dust is said to 
stand storage better. 

The cost of storage on the producer's holding is practi­
cally nil as no cash or kind payment is made. But in markets 
the cost works out to about Re. 1 per 100 bags per month 
when stored in bags and about 1 pie per maund per month 
when stored in bulk in godowns or kotluts. 

The yield of gram ranges from 5 to 20 maunds or even 

Yield. 
more per acre, depending upon the amount of 
rainfall, soil conditions, cultural practices, I 

attack of disease. etc. 

The average yield for the whole province may be taken 
to be about 6 maunds the average for the irrigated and 
unirrigated areas being 8 and 5 maunds respectively. 

Since area and yield of gram are liable to considerable 
Total variation from year to year, one year's figures 
~~~d~~:~~ti'm. cannot possibly give an accurate idea of the 

volume of the Punjab crop. The average of 
the 5-year period may be taken to present a better idea 
than the annual production. During the five-year period 
ending 1943-44, the average annual production was about! 
million tons, i.e., about Ij5th of wheat. 

It is estimated that in areas of surplus production about 
50 per cent. of the total production is retained in the villages 
and in areas of smaller production 60 to 70 per cent. and 
sometimes even 85 -to 90 per cent. of the crop is retained. 
Soon after harvest the produce is rushed to the market and 
by the middle of June nearly 80 per cent of the saleable 
produce finds its way into the market. 

Taken as a whole, the Punjab is an area of surplus pro­
duction. It exports gram and its products to U.P., Madras, 
Sind, N.W.F.P., Deihl, Bombay, Mysore, Baluchistan, C.P., 
Jammu and Kashmir, Bengal, and many other places of 
minor importance. From the neighbouring states particu­
cularly from Patiala and Faridkot a small amount is also 
importeiL During the year 1935-36 the net export of gram 
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.nd its products (daZ, basin and crushed gram, husk) 
vas about 3,081,762 maunds or 113,217 tons. The total 
,roductionin 1934-35 was 798,300 tons. Thus the net avail­
.ble supply for consumption in 1935-36 was 685,083 tons. 

Dal is the most important of the gram products from 
,he point of view of export. A large share of the total 
'xports originates from Hissar and Ferozpore districts, and 
,he lion's share of these exports goes to the Madras and 
Bombay Presidencies. 

Gram is used in the Punjab mainly for human consump­
;ion, stock feeding and sowing the next crop. During the 
,ear 1935-36 the net available supply utilised under these 
leads was as follows ;-

(i) Seed 
(ii) Human consumption 
(iii) Stock feeding 

Maunds 

1,647,768 
8,500,098 
8,500,098 

For human consumption gram is mainly used in the form 
)f meal mixed with wheat flour (missi Tati) pulse, and 
parched grains. An appreciable amonnt, though small in 
~omparison with the above three uses, is used in various 
)ther ways as well. For instance, basin is utilised in the 
Dreparation of numerous sweetmeats, pakauras, etc. 
[abuli gram is used for culinary purposes. Cooked 
'1abuli gram, fried grains and dal, etc. are sold as such 
n towns and cities. 

Gram is a very favourite stuff for the feeding of livestock 
in the Punjab and is an excellent concentrated food. Gram 
meal and husk are fed to milch cattle. Crushed gram is the· 
staple concentrate fed to bullocks, horses and mules. For 
this reason Military Department purchase large quantities 
in the Punjab. 

The price of gram on the whole moves along with that 
of wheat. Usually it is less by about 20 per cent. but in some 
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years gram prices have equalled, and even exceeded, those 
of wheat. This is due to low production of gram in relation 
to its demand and also because the price of wheat is governed 
by the world market, whereas that of gram only by local 
demand and supply. 

Among the other uses of gram, it may also be mentioned, 
that the green shoots and pods are eaten raw or cooked, 
to a large extent, in several areas. The chaff or missa 
bhusa is also relished by stock. It is highly valued in the 
south-eastern tracts where it is carefully prepared. But in 
other places it is not considered to be of much use and is fed 
mostly to donkeys. 

An estimate of the cost of cultivation of gram in 
Co", of ouIHv.. the barani areas of the Punjab is given 

tion and income. below:-

Ploughing 1@ Rs. 1-8 
Seed 15 Brs. @ Rs. 3 per maund 
Sowing 
Reaping 3 men .. 
Threshing (3 bullocks and 2 men can 

thresh two acres of barani crop in 
a day) 

Winnowing 2 seers per maund 10 seers 
Land revenue 
Net rent 

Income--

5 maunds grain @ Rs. 3 per maund .. 
6 maunds bhusa @ Re. 0-8-0 per maund 

Rs. a. 
1 8 
1 2 
1 0 
1 8 

1 4 
o 12 
1 8 
6 0 

14 10 

15 0 
3 0 

18 0 

Net profit 3 6 
In the irrigated areas the cost of production will be 

about ~s. 25 per acre and the net profit will amount to 
about Ri. 5 per acre. . 
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CHAPTER xm 
OTHER FOOD CROPS 

SUGARCANE 
Natural Order-Graminere. 
Botanical Name-Saccharum Officinarum. 
Vernacular Nome-Ganna, Kamail, Ikh. 

Roughly 63 per cent of the world's sugar is produoed 
from cane and 37 from sugar-beet. India, Cuba and Java 
are the most important sngarcane prodncers, while Ger­
many, U.S.A. and Rnssia are the chief sugar-beet producers. 
India occupies the first position in the world in cane pro­
duction. 

India grows annually four million acres, of which the 
Punjab share is about half a million, though 
in 1944-45 the area had gone a little over 6 

lakh acres. Although it comes second in India as regards 
area (U.P. being first) the yield per acre in the Punjab is 
low, being 8f tons on irrigated land and 5 tons on barani 
land, as compared to 15 tons in the U.P. and 25 to 28 tons 
in Bombay and llIadras. Though the area of cane repre­
sents only 1tper cent of the cropped area of the Punjab, the 
crop is important because it gives a high return per acre and 
requires far more labour, manure and water than most 
other crops. 

Area. 

The district of Gurdaspur followed by Lyallpur, Sial­
kot, Jullundur and Rohtak claim 40 per cent of the 
Cane-area of the province. If we take in Kamal, Amritsar, 
Hoshiarpur, Gujranwala and Ambala, we account for an­
other 30 per cent or, say 70 per cent of the area from 
these ten districts. The irrigated area comprises 83 per 
·cent and the unirrigated 17 per cent. The latter is mostly 
grown in Ambala, Gurdaspur and Hoshiarpur-all possessing 
a rainfall of over 30 inches. 

The yield per acre of cane for all India is 15 tons as 

Yield per aore. compared to 21! tons in South Africa, 27j 
tons in Japan and Formosa, 311 tons in 

Egypt, 54tons in Java and 62 tons in Hawaii. The maximum 

306 
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yield "0 fa.r obta.ined in the Punjab is 63 tons of cane with 
7 tons of ,gUT at the Lyallpur Sugareane Research Station 
(Risalewala), in 1940-41 from I.,th acre as "gainst an average 
yield of only I ton of gur for the Punjab, i,e" 1/7 of the 
record yield, This shows the vast scope for improvement, 

The quinqnenninm ending 1943-44 produced an awrage 
P<odnct;on, of 442,000 tons of g-ur from 484,000 acres 
(a) G,,,, under Cane, In calculating the yield of gu. 

the area recorded by the revenue. officials is multiplied by 
the average yield, All cane is not, however, converted into 
!tIlr ae; the following table shows :--

Pel' cent 
(I) Harvesting waites, village functionarieH 

and manufacturers of !lUl' " 

(2) For chewing and juice 8 
(3) For feeding to cattle 12 
(4) Used for seed 5 
(5) Made into sugar 3 
(6) Converted into gWf 70 

Thus only 70 per cent is converted into gUT and 3 per 
cent only into sugar. 

This is prepared in three ways in the Punjab, viz., 
(b) s by kkanchis, open pan and vacuum pan 

ug.,. factories. In 1936-37 the vacuum pan fac-
tories produced 16,631 tons as compared to 196 tons by 
kkanchis and 110 tons by centrifugalB. There are only 
two vacuum pan factories in British Punjab, viz., at Rahwali 
and Abdullapur (Jagadhari). The other two are in Kapur­
thala State at Harnira and Phagwara. The production of 
kkanchi sugar is confined to Jullundur and Ludhiana, whil.e 
open pans are worked in Hissar, Rohtak, Jullundur, 
H08hiarpur, Ludhlana and Ambala. 

On the average of two years 1937-38.and 1938-390.ver 
Trade 134,000 tons of gUT and molasses were lUl-

. ported annually, of which 80 per cent came 
from the U.P. Exports were under 6,000 tons annually' 
in the ,same period. 
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In the same period the Punjab Trade Block area 
imported 176,800 tons of sugar-again mostly from the D.P. 
Exports amounted to 3,600 tons only. 

Supply and demand positions of gUT and sugar in 
Uti!i .. tion, British Punjab are given below: . __ 

Supply 

(i) Gur-Production 1936-37 
Share of net imports 

11937·38) 

Total. . 

(ii) Sugar-Production 
11936·37) 

Share of net importl 

Total .. 
Less npt e::c:pOl't:ll in th~ 

form of murabba6. etc. 

Tons De1n4nd 

325,900 Human consumption 
.89,123 Ca.ttle feeding 

Distilleries 

.. 356,449 
58.570 

4 

415,023 Total .• 415,023 

By commercial oonoerns-
16,631 Syrups 7,339 

137,264 Desi murabbas 3,669 
Confectionery .. 734 

153.895 Fruit products,like jams, 
jellies, etc. 330 

257 Domestic consumption .. 138,630 
Balanoe as increase in stock .. 2,936 

Total. 153,638 Total. . 153,638 

Per capita consumption m the Punjab (in lbs.) :-

___ y_W_' _________ GU_' __ ir' __ s_.uu_a_'_+ __ T_"'_al_ 

1935-36 29'3 15'2 44· .. 5 
1936-37 30'9 18'1 49'0 
1937·38 36'4 I 13'2 49'6 

Three main classes of cane are grown, viz. (1) panda 
(for chewing), (2) desi, consisting mostly 
of katka, kaku, dhaulu, suretha and 

Varieties. 

laW, (3) Improved Coimbatore varieties. Prior to 1918, 
only the first two classes were grown. The Coimbatore 
varieties soon showed their superiority and in 1943-44 occu­
pied at least 4' 5 lakh acres or 82 per cent of the cane 
area. Desi varieties except katha have practically ceased 
to be cultivated. Ponda, occupies about 3 per cent of the 
cane area. Coimbatore canes give a.bout 80 per cent greater 
yield than desi varieties. The most important are Co. 
No. 285, Co. 396, Co. 313, Co. 312 and Co. 421 in order, 
.of impo,I't&nce. More recent promising varieties are Co. 
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L.5 (late) and Co. L.9 (early). Comparative yields of some 
of these at Lyallpur are given below :-

I. EARLY VARIETIES 

Average for 
------Variet!1 

1940-41 to 1943-44 ! 1944-45 
------ ~I Cane Cane GUT 

MM. Mds. I Mds. Mds. 
Co. :\]3 91n lOr, 85:1 93 
Co. :19fi ROo! 92 
Co. LA 98:: 109 1,102 122 
Co. L.9 1,112 12(1 1,071 12, 
Co. L.I~ 942 123 

2. LATE VARIETIES. 

Variety 

Co. 312 
Co. 421 
Co. 285 
Co. L.5 

Average for 
1941-42 to 1943-44 

Cane GUT 

Mds. Mds. 
1,395 144 
1,211 135 
1,078 117 
1,314 148 

Among the early varieties Co. 313 has so far been issued 
extensively to cultivators. It is obvious from the trials 
that L.4 and L.9 show great promise. 

Among the late varieties Co. 312 and Co. 421 are popular 
with cultivators but L.5 has recently shown good promise. 

The results of similar trials at Jullundur for 1943-44 are 
as follows:-

l. EARLY VARIETIES 

Yield per acre 
Variety 

Co. 313 
Co. L.4 
Co. L.9 

in mawnds. 
Cane . 

1,054'12 
1,080'37 
1,023'37 

GUT 

97'12 
92'60 
94'87 
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1. LATE VARIETIES. 

Yield per acre in maunds. 

Variety. Cane. Gur. 

Co. 312 1,075'40 83'00 
Co. 421 1,013'50 84'00 
Co. 453 1,157'00 108'00 
Co. L.5 1,001'50 83'90 

Here Co. 453 in late varieties is more promising than 
Co. L.5. 

The~e used to be prejudice against Coimbatore 
canes in that they are late in ripening and if crushed or used 
for chewing at the same time as the desi varieties, give poor 
gUT, or produ?e ill effects. Co. 313, how~wer, and some others 
ripen early III fact as early as des~ katha. The early 
ripeners are Co. 313, Co. L.4 and Co. L.9, medium ripeners, 
Co. 285 and Co. 313 and late ripeners Co. 312, Co. 421, 
Co. 285 and Co. L.5. By combining these the crushing 
period can be lengthened. 

The AU-India Station for breeding work on sugarcane 
is at Coimbatore (South India) where cane freely flowers. 
The cane rarely flowers in the Punjab. In order to evolve 
varieties suitable for the Punjab the cane breeders at Co­
imbatore are requested to cross the desirable parents and 
send the seed (Fluff) to Lyallpur, where the seedlings are 
raised and selections made. It takes about three to four 
yeats for these canes to ~ included in field trials. The va­
rieties of cane bred at Connbatore are known as "Co." while 
those raised at Lyallpur are called "Co. L." 

Except in some of the eastern districts, the rainfall 
. is insufficient to grow cane. It is, therefore, 

Soil. mostly grown under irrigation, except IIoS in 
river b<ildII,' where it can draw on underground water. It 
must· ~ . heavy soil for the best results. 
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Cane is usnally planted in February-March, being 
. genprally planted earlier in the eastern 

,,,"on. ilistri('ts. Planting in Septim:ber was tried 
at Gurdaspur and in 1933-;)4 gave 1,195 maunds ae> 
compared to 704 man nels for Mareh planting. 

These re8ults were confirmed in subsequent years, but 
similar tests at RiMlewala were not so encouraging and again 
at Jllllundur and Multan the autumn-sown cane gave poorer 
yieJds than the spring SOWIl. Olle objection to S"{ltember­
planting is that the farmer loses a crop of senji by this prac­
tice, if his rotation is maize, senji, sugarcane, but the gain 
at Gurdaspur more than makes up for the loss of the senji 
crop. 

The cane-land requires a lot of presowing preparation. 
Cultivation. When. it comes. after fallow,. about 10 

ploughlngs are gIVen. In case It follows 
seriF there is not much time for cultivation and very 
intensive and thorough cultivation is done to prepare the 
field satisfactorily for the sowing of Cane. 

The commonest is maize, senji, sugarcane followed 

RotatioDl~. 
by either wheat or cotton. 

Manure is rarely applied direct to the cane crop; it is 
M nsual to manure the previous crop. Freshly-

'nure. applied J:ll8nure attracts white ants which 
daJ:ll8ge the young cane. It also tends to delay ripening. 
The previous maize crop, therefore, generally gets all 
the manure intended for sugarcane. The senji residue 
also adds nitrogen to the soil. The sugarcane crop is 
regarded as exhausting for the soil. When any farmyard 
manure is to be given ilirect and that is somewhat rare, 
it is applied in the winter months at least 2 months, prefer-
ably more, before planting. ' 

In the case of ponda cane, used for chewing, a top­
dressing of well-rotted manure is sometimes given to the 
young crop. 
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The amount of farmyard manure available is,very 
M.nu,;.] eEpe';. limited and thlB is often a limiting factor in 

ment,. the spread of cane cultivation. Experiments 
were, therefore, laid out in 1934 at Lyallpur (Risalewala), to 
test the effect of ammonium sulphate and toria cake as 
supplements to farmyard manure. The results for 5 years 
ending 1938-39 are given below;-

Treatment (doses po:>t' UCft:') 

Yield 
ofgllr 

per acre. 

Value of 
qltr per 

Price of Our leBs 
value of 
manure. 

Profit(+) 
or loss 

(-)over 
control, 

-------1---------------
Md.'!, It,. a. R,. a. Rs. a. Rs. a. 

1- Control 140 IL8. X in 
F.Y.M. 88'0 351 5 24 13 326 8 

2. 70 Ibs. N in F.Y.M. 
& 70 Ibl>. in Am. 
Sulph. 99'8 396 10 30 15 365 11 39 3 

3. 70 Ihs. N in F.Y.M. &) 
70 Ibs. N in Toria 
Cake " lOS'S 417 15 39 11 378 4 51 12 

It will be seen that replacement of half the farmyard 
manure by ammonium sulphate or toris. cake giving the 
same nirtogen supply show a substantial profit. Note the 
comparatively high yields. Observation shows that torm 
<lake generally gives better results than ammonium sul­
phate. The use of cake tends to assist the oil-crushing 
industry, for which a bright future is in store. The com­
parative value of different cakes as maunure and their 
optinIum doses from economic point of view is under 
investigation. 

. The experiments had been made with phosphatic and 
potassic manures alone and in combination with nitrogen 
in varying doses but there was no response to phosphate or 
potash both at J'ullundur and Risalewala. 

The seed of cane consists of short sections of the 
. stem or tops containing usually two nodes 

Pro_'_. or joints and buds. In the case of the thin 
indigelro1J8 O&Iles the sets are thus about a foot long. 
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Treatment of sets varies considerably. In Borne parts 
the cane reserved for seed is left standing lmtil required. In 
others, whole canes are buried in the ground in late Novem­
ber or early December until needed; sometimes the upper 
parts of the cane are taken out every day when the crop is 
bcmg harvested and these are buried for use as "ets. The 
tops make good sets and produce strong plants. The pro­
portion of sugar in the tops is less so that the pmctice 
is economical from that point of view. It is commonly 
believed that cane grown from tops is late ripening-this 
has still to be proved. The object of burying sets is to 
protect them from frost, which in some years is very des­
tructive to sugarcane. It causes inversion in the jnice­
sucrose is changed into glucose and quality of gur conse­
quently deteriorates. The frost also kills the buds and ren­
ders them unfit for seed. The damage from frost can be 
greatly mitigated by securing thick stand of the crop, vigo­
rous growth by adequate manuring and watering and by 
preventing lodging of cane. 

In the case of the thin Punjab canes, which tIller 
Quantity reB'''''. well, only I-20th or [; per cent of the area of 
.d fM seed. cane needs to be reserved for sets where the 

whole cane is used. In the case of Coimbatore canes, the 
tillering is less and ten per cent. of the crop has to be 
reserved for seed. 

The stand of the cane-cfop is often poor in cultivator's 
fields and this is due to insufficient seed Of sets with dead 
buds being planted. For a good stand it is necessary to 
have 40,000 healthy sets per acre. The sets should be 
planted end to end and not 6 or more inches apart as is 
often done by cultivators. • 

The land is irrigated and ploughed and then levelled 
& . once or twice. The land must be exactly 

wmg. right as regards moisture at the time of 
planting. The sets axe placed by hand ~ furrows made 
by the country plough. The furrows axe one foot apart. 
In rich soils it has been found best to sow cane two feet 
apart in trenches or on fiat. The subsequent earthing up is. 
completed before the rains and is usually done in two 
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or three operations; this prevents lodging. A further advan­
tage of this method is that interculture with bullock-drawn 
implements is possible and thus a larger area can be 
managed. On poor soils, closer planting, say 12 inches to 
14 inches, has been found to produce higher yields. 

The crop is hoed frequ~ntly. The first hoeing is often 
Hoeing and done before the crop is visible and before the 
Weeding. first irrigation. It is subrequently hoed after 
each irrigation. The total hoeings are six or seven and 
never 1,,88 than three. The first hoeing is done with a 
special implement called baguri, others with kasola; 
the last hoeing is deep and is preferably done with a kahi. 

First watering may be delayed for two weeks but after 

'Va.tering. 
that the cane crop requires watering every ten 
day6 up to early July. The subsequent water­

ingsare done every 14 days and later every twenty days. This 
is the practice in the absence of any rain. In such years the 
cane requires about 20 waterings. Nonnally rain replaces 
some of the waterings. The total quantity of water used is 
probably from 50 to 60 inches. Thick cane requires even 
more and often consumes as much as 70 or 80 inches. 

Irrigation experiments at Lyallpur (Risalewala), have 
shown that frequent waterings after 10-12 days are better 
than those after 15-18 days. The yield and sucrose content 
is also enhanced by frequent waterings. Exact measure­
meuts of the water required by the cane crop are being 
worked out. 

The interior of canes suffering from this disease becomes 
Dis..,., and pests. red. Red rot affects thick canes mostly and 
lied Rot. attacks thin canes only to a small extent. 
The disease is nearly always carried through sets from a 
diseased plant. Consequently· care should be taken to 
plant healthy sets. 

This is a fairly BeriQ~S disease of sugarcane both in 
s t desi and improved canes. The affected. 

lOU. . plants can be noticed from a distance as 
they p Qut ~ black whip-like shoot. It is carried through 
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>ane sets from a di~eased plant. The remedy, therefore, is 
,0 plant healthy sets. The degree of further infection can 
)e rednced if the diseased plants are completely rogued 
mt and bnrnt. 

Striga is a flowering plant and grows as a parasite on 

St.rig&. 
the roots of sugarcane and jOUJal'. It has 
been noticed in the districts of Ludhianu, 

Jurdaspur, Gujranwala and Shahpur. It sucks up the food 
naterial from the host plant which cOMequcntly suffers 
md in some cases may be killed. It is propagated by 
neans of seeds. The flowers come ont in September and 
,eeds mature in December. The striga plants should be 
,onstantly weeded out before the appearance of flowers. 
rhe affected field should be kept fallow or an immune crop 
:hould be grown after sugarcane. 

There are two types of borers-top borers and stem 
borers. The general symptoms of attack 

Sugar,an. bo"'''' and methods of control of both are almost 
:imilar. These borers are a serious pest of sugarcane. 
Jrdinarily 12 to 24 per cent. of the plants may be 
lamaged but when the attack is severe as many as 75 
ler cent. of the canes may be affected. The moths emerge 
'rom the stubbles of the previous crop in case of stem borer 
.nd from tops of standing crop in top borer and lay eggs 
n clnsters on the tender lea ves. Young caterpillars on 
latching bore into the cane shoots. The central teaf is 
tilled. It withers np and produces a 'dead heart. The 
~owth of the attacked plants is retarded, and they produce 
~condary shoots and thus develop 'bunchy' tops.' The 
.ttack of the borers weakeus the plants and reduces the 
,agar content. 

Th~ cheapest and the most effective and practicaQle 
nethod of control for stem borer is the safe disposal of 
Itnbbles. These should be collected and burnt or buried 
leep 80 tha.t the moths are dootroyed $nd are unable to 
)reed further. 

As the eggs are laid in clusters and are conspicnous on 
,he leaves, they can be easily collected and destroyed. ' 
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As soon as the 'dead hearts' are noticed the,' should 
be regularly cut and destroyed. In case the 'dead hearts' 
are only pulled out, the sanitary fluid should subsequently 
be pomeo into the holes by means of small oiling cans. 

The moths are attracted to light. Advantage can be 
taken of this fact and light traps employed with advantage. 
One lamp is cnoul!h for 5 acres. 

Some pam"it.eR have been noticed to de"troY the eggs 
of hOTel'S. As far as possihle. these should be encouraged. 

t;llgareane P.vrilla is also known by the name of Sugar-
Pvdl\.. cane Fly o.r Sugarcane Leaf Hopper. I~ 
. v('rnacuiar It IS commonly known as . ghora. 

It is " Yen' seriollS pest and in certain years has done 
considerabk harm particuh1Tly to the soft varieties having 
broad and succulent leaves. 

The adult is a winged insect with a protruding head. 
The eggs are laid in clnsters usually ou the underside of the 
leayes. The nymphs and the adults suck juice and exude 
thick transparent liquid popularly known as 'Honey-dew.' 
The presence of this material on the leaves gives rise to a 
black fungus which interferes with the proper functioning 
of these leaves. The vitality of the plant suffers both on 
account of the sap being sucked by the insects and the detri­
mental effect of the fungus. The adults can be collected 
by means of hand nets. This operation should be performed 
during the latter part of April and early May. Hand­
netting should be done in the morning because the adults 
are sluggish and inactive in the early hours. 

Tlw. eggs being laid in clusters are easily noticeable and 
can easily be destroyed by rubbing the clusters between the 
thumb and the forefinger early in the season. 

A new type of borer has lately been noticed. It is 
prevalent in Gurdaspur and Hoshiarpur. 

Pyrillid Eo",. Like stem borer, it hibernates in cane 
stubbles. The moths on emergenoe lay eggs on tender 
leaves and caterpillars make a spiral cut in the cane. 
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The first brood begins attack in J une-J uly. The only 
remedy so far ~ is to remove the effected shoots 81ld 
bury them deep ill the ground. 

The cutting and stnppmg of cane is generally done 
H.,...ootin by family. labour supplemented by casual 

g labour. whICh is recompensed by the value 
for fodder of the tops and upper leaves which the cutters 
are allowed to take away. Generally speaking the ratio of 
tops to stnpped canes is about I to 3 in the case of Co. 
varieties and slightly more in desi types. 

The Coimbatore canes can be stripped more easily thlW 
the desi varieties. A man can harvest and strip about It 
maunds of Co. canes per hour as against only 20 to 30 seerB 
in the case of des,: types and the harvesters obtain about 
2 to 3 times as much tops in the fanner case than in the 
latter. 

The crushing and boiling is carried out by the farmers 
Crushing and themselves, and it occupies most of their 
boiling. time as a rule during the months of 
December and January. The furnace feeder is invariably 
hired. In south-eastern Punjab the cultivators do not make 
gur themselves and engage jhiwars from U.P. for this 
purpose. 

The cane crushing mills used are small iron ones with 
vertical rollers and worked by bullocks. The old wooden 
mill is now seeu very rarely. Of the many types, the 
Hatala mill and the Nahan mill are the most common. The 
former costs about Rs. 50 to Rs. 80 and the latter about 
Re. 135. As regards the percentage of juice expressed, 
Nahan mill is 8upenO! to Batala trpe, the percentages being 

61 and 57 respectively. It will, thus, be seen that about 4 
per cent of juice is lost by the use of Batala mills. The 
cane crushers are invariably owned by the cultivators except 
in the south-eastern Punjab where the usual custom is to 
hire a mill along with pans jointly each Beason and a1; 
exomitant rates. 

The juice after extzaction is boiled down in a IIlWID 
shaDow pan about 4! feet in diamete!: and costing about 
Rs. 15. It usually holds thxee earthen fIIfI4 or' ker0seD6 
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tins full of juice, each having about 21 seers. A boiling pan 
contains, therefore, about 62 to 63 seers of juice. From 12 
to 16 boilings a day of 24 honrs can be done with one furnace. 
Three to four men are required to do the crushing and 
boiling. In the eastern Punjab, boiling is done in two or 
three pans at a time. During boiling, the scum which 
collects on the surface is periodically removed with a long 
handled sieve. In Jullundur and Hoshiarpllr, the people 
often nBe the extract of the bark of a plant called suklai 
(Kydia calycina, Rox) for clarifying the juice. In Gurdaspur, 
if the season has been wet and the cane not properly ripe, 
lime is often used for clarifying. Sometimes soda-bicarbonate 
and decoction prepared from bhindi bark are also ntilized. 
Experiments have shown that best results axe obtamed by 
a combination of suklai decoction and some minerals. 
Five secrs of suklai rubbed in 2 maundi of water are enough 
for clarifying 100 maund. of juice. After the addition of 
suklai deeoction half a lb. of solution at soda ash 1 lb. and 
soda-sulphate 2 ounces in 20 seers of water is added. 
Activated carbon has also been tried with good results. It 
can be obtained from Calcutta at Re. 0-2-0 per seer F.O.R. 
Calcutta. By the use of clarifiers a better-coloured gur is 
obtained. 

When the boiling juice becomes somewhat thick in con­
sistency it is stirred vigorously with a wooden .qadou. 
After sometime when about four-fifths of the original juice 
is evaporated the contents are poured into a fiat earthen 
cnculs:r pan termed as gand and is allowed to c()<)l. It is 
again stirred with khurpa and is finally allowed to set. 

When the prodnct is still warm, it is made into 
lumps. In JuIIundur and Hoshiarpur dis­

-. tricts, gur is made into small cakes known 
a8 pesis weighing from one chhatak to four chhataks. 
In other parts of the province, lumps vaxying from abont 
2 Ibs. to 10 1b8. in weight are put on the market. In Gnr­
daspur, Gujranwala and Sialkot districts, small b~is (roris) 
weighing abont one to two 8eers are in vogne_ In Ambala 
and Kamal districts, the bkeli usually weighs three seers 
and' ~:M is known. as tmsera. In the 80uth-eaatem 
distriCts like Rohtak and Gurgaon, the lklis weigh four 
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and five 8 __ each; and the gur is known as cha!l8era and 
pansera respectively. 

In the Punjab, only eating gur is made, and the re~ 
fineries whenever they work, have to import large quantities 
from U.P. and Bihar. The recovery of sugar from imported 
refining gur is said to be higher than that from the local • 
eating gur. This is due to the fact that the eating gWl" is 
pr~pared at comparatively high temperature and some 
sugar is lost due to charring and carmelization. The refm­
ing rrUT on the other hand, is struck at a lower temperature, 
i.e., at 114°e or 115°e as against Usoe in the case of eating 
.f/ur. As an experimental measure, refining gUT was prepared 
at the Jullundur Agricultural Farm, and the tests carried 
out. at Sonepat Sugar Factory (now defunct) showed that 
this gur compared favourably with the imported quality. 

Out of the various types of imported eating gur, 
pansera, chaku, barji and kuldu are the important ones 
from U.P. Pansera gUT is in the form of lumps each weigh­
ing 5 seers. Chaku gUT is in the form of slabs with three or 
four layers which can be separated with a sharp-edW'.! 
weapon like a knife. Barji gur resembles chaku gur but is 
single layered. Laddu gur is in the form of small balls 
weighing about one or two chhataks. The imports from 
North-Western-Frontier Proviuce consist almost entirely of 
laddu gur. 

Besides this, appreciable quantities of minja are 
imported from U.P. Minja is more crystalline than sluikkar 
but resembles it in colour. Some poor people UBe it in 
place of sugar. It is also fed to cattle in small quantities 
in certain tracts for increasing milk yield particularly to 
freshly calved animals. 

For making shakkar the juice is boiled louger than 
~ ka when making gWl" and a 10118 of 5-10 percent. 

S k r. or !IO in weight results. After coolinlZ. the 
mass is broken up into small pieces, by rubbing with hands. 

Generally one hundred maunds of striJ)ped cane will 
give 56 to 65 maunds of juice with Nahan mID and this will 
yield 10 to II mauMs of gur, and 9 to 10 ~ of 
~hakkar. " 
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Ro1:J is manufactured in the province on a very .small 
scale. It is mainly med for the production of 

IlOO indigeno1L~ sugar in khandsari, though small 
quantities are utilized for eating purposes also. The 
method of ma.king Tab is the same as for the production of 
gur except that the juice is boiled to a lesser consistency. 
The outturn of ra', from juice is, therefore, higher than that 
of gUT by about fifteen to twenty percent. 

There are two types of khxnrJsa.i sugars; one made 
KIwMWi Sugar from khanChi and the second prepared with 

open pan. 
(a) Kharwhi. A khanchi 61'x31'x4l' can hold about 

200 maunM of Tab. Temporary ch&nnels for the flow of 
mGlasses are made on the floor by placing bricks and an 
outlet for molasses is made in the kharwhi. A layer of 
cotton-sticks is placed on the bricks and a thick cloth 
UlIUally kkaddar is spread over it. The walls are lined on 
all aides with matting. Roh is put on the cloth. After 
about ten days one inch layer of jala (Hydrilla verti­
cill4.ta) is put on the rab and weight is placed over it. 
The layer of jala is renewed occasionally. Jala serves 
as a bleaching agent. Sugar is taken out of the khanchi in 
about a dozen inst;alments. The average recovery of sugar 
from 'Tab is about 29 percent. 

(b) Oentri:fugals. &'> is allowed to rest ~disturbed 
for a period of about 10 days in order to allow for proper 
orystallisa.tion. Subsequently it is well rub bed and the 
lumps are broken. Roh is then put into & centrifugal 
which may either be worked by hand or mechanical power. 
When about three-fourth of the molasses has been removed 
washing with a syringe containing hot water is given. With 
more washing, the sugar produced is of whiter colour but 
the crystals are of "inalkr size and vi,ce «rsa. Under 
ordinaTy eonditioaa of working the recovery of sugar from 
mb i& abnost the same as in tbe case of k"-ckis. 

The _tial dih_ between the V&CII.1lDl pan aKd 
v_ ..... poD .open pan systems is that in the former juice 
......... is hoW in a vaeunm 80 that boiliDg takes .... ~ .w-~atw:e than the OpeD pan system. 

'rhua the oba.rriDg . of su_ is eliminated and ll'IIlOvery 
_I an .... is lDQl'e.. 
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The Government of India converted the revenfle duty 
Import daty on on sugar into a protective duty from 1st 

•• ga, April, 1932. With the grant of protection, 
the sugar industry made a miraculous progress and from 
32 cane crushing factories in 1931-32 the numoor jumped 
to 151 in 1943-44. The total Indian production of sugar 
fr()m all sources increased from 3,10,918 tons in 1929-30 
to 13,26,400 tons in 1943-44. This resulted in a large 
diminution of imports. The volume of imports at its 
maximum, prior to the imposition of duty was about 
one million tons. In 1937-38, however, the figurt\ wa. 
only 9.000 tons and in 1942-43 only 563 tons. As a result 
of the protective duty India has now attained a position 
of self-sufficiency. The history of the import duty is set 
out below in chronological order. 

J;;"..ri8f Duty and Import Duty on Sll!1ar, Sugar CaJU},Y" and ~l1nla~8e8 i" India. 

:p_;vej I 
Import Duty .4.dditiona,1 &!\-'enue J)uty i'1'ot&l Import 

---------, :':~tp I ____ p_e.' __ 'w_t_. ---li-:-.·-:~-.pe-. P_'._ 

Period 

Ytom lst April, 1932 to 3igt I Re'\"enu(' surooarge at 2S 

MM'ch, 1934, ··1 7 4, I) ~~y c::.\.l~Op~iV'~. 9 1 0 

From lst April. 1934 to :!7dl! 7 12 (J Equiva.Jent es:cise dutyl 
February, 1931 ' (As. S being Rs. '·.')..0 .' 9 1 0 
(&8. l-S-tt Ex<:if!e Duty on 1 additkJaaJ 
clolOOBtie productioo of nutrgin). 
f&ctory IlUglll'). 

:hom 28tb J'ebruary, 193'i. 7 4 0 
(&s. 2 Excise Duty on 
4amestie production 
foeIm:Y_rj. 

_lB' April, 1939. (Rs. 2 612 0 
'8II!IiIe Duty on dome:atie 

~~~(l:!3 
_Dttt>yondotn_ 6120 
~;"n of f..wry _j. .. 

_ 1" April, 11M!. (Ro. S 
_ DUyoo_c 

pndQCt;ond_ry ongar). 6 12 ot 

F~triva.leDt ueiroe duty 
Bit.::. 9 4- 0 

E4tuivalent excise dutyRs. 2 8 12 0 

EquWalent Exeiee . duty 
lis. 3. D 12 0 
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~om 1st A~ril, 1934, however, excise duty on inter' 
"«i •• dut na production was levied at Re. 1-5-0 a~d 

y Re. 0-10-0 per cwt. on sugar prodnced :m 
vacuum pan sugaJ' mills and open pan khandsari estab· 
lishments respectively. This excise duty was further 
enhanced to Rs. 2 per cwt. and Re. 1 per cwt. on sugar 
produced from sugar mills and open pan factories respec­
tively from 28th February, 1937. This had an adverse 
effect upon the sugar industry of the province and nine 
of the sugar mills and refineries were closed down. The 
num~.l' of open pan factories using centrifugals also went 
down from 84 in 1932-33 to 14 in 1937. 

With effect from 28th February, 1939, the Excise Duty 
on khandsari sugar was reduced from Re. 1 to ./S/. per ewt. 
and that on. factory sugar was increased to Rs. 3 per cwv. 
from 1-3-40. In November, 1943, and in October, 1944 
special additional excise dnties at the rate of Re. -/13/· 
and Re. 1 '7:'- per maund respectively were also imposed on 
all sugar produced in any factory in British India before 
the commencement of these orders and owned and possessed 
at the commencement of these orders by owner of factory 
or by a wholesale dealer. The rate of this special duty for 
khandsari sugar was Re. 1 per maund in 1944. 

With the introduction of improved Coimbatore varie­

Furnaces 
ties which are more juicy than the desi types, 
it was found that the local furnace could 

not boil the juice with the available begasse and trash and 
t.lurt, good deal of au.m fupJ w.as .needed. It. w.as also fOllDd 
that the output of the local furnace was far below the capacity 
of the iron mill crushing Coimbatore varieties. The primi­
tive indigenous furnaces besides. having a low boiling 
capacity and a high fuel consumption are defective in that 
it is difficult to prepare gttr of good and uniform quality on 
them. The boiliDg pan is quite often fixed and the finish­
ed product has to be ladled out. As the pan remains on 
the fire all this time, the quality of the gur obtained is ad-' 
versely l\Ifooted due to burning and charring. 
,~,_:~ to remove these defects several improved fur.. 

DMeII such ~ Julbindur special, Sardar furnaoo, etc. have 
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been evolved. These.furnaces not only boil more juice per 
hour but oonsume smaller quantity of fuel. For instance 
the Jullundur special can dispose of 2'75 mauntU of juice 
per hour as against I' 2 maunds in the case of desi furnace. 
The fu~l oonsumed per 100 maunds of juice is 36' 3:~ tnaunM 
in the case of former as against li5' 00 maunds in the case 
cf lattel". 

The following table gives the average annual prices of 
Relation of first quality sugar ex-mill Cawnpore and gur 
B~ar a.nd G" quoted in the Lyallpur market from 1935 to 
pn.... 1943. 

Average annual price of 

Year. 

Sugar GUf 

-- ~--------

Rs. A. P. Rs. A. P. 

1985 9 0 0 5 0 

1936 8 4 0 3 15 6 

1937 7 0 0 2 12 6 

1938 8 8 0 3 5 9 

1939 10 12 0 5 II 5 

1940 10 8 0 5 13 11 

1941 II 0 0 3 1 0 

1942 13 0 0 3 14 

1943 15 (} 0 9 210 

Since April, 1942, the prioe and distribution of sugar 
has been controned by the Government of India. 



The summary of average cost of production of 
CQ', of ,qltiv.tion sugarcane at RiBalewala Farm* for the 
~;:;~ ~~d .~~ g';,'; five years (ending 1931-32) is given 

below:-sugarcane crop.. 

Manual labonr (106' 9 days) 
Bullock labonr (29'9 days) 
Water rates 
Seed 
Mannre 
Implements 
Kamins 
Jhoka 

Value of juice 
Cost of gur 
Gross iucome 
Balance 
Yield per acre in mds. 
Cost per maund of gur 

Total 

Rs. A. P. 
33- 6 5 
43 2 l() 
12 0 0 
15 8 I> 
14 15 7 
11 7 10 
092 
7 11 7 

__ 138 13 11 

4 9 It} 
134 4 1 
211 9 9 

72 11 10 
•.• 50 10 1 

210 9 

In the above figures, wages for hane-sting sugarcane 
have not been included in the cost nor the yalui' of tops in 
the income. Land Revenue and cesses which together 
amouBt to Rs. 7-0-9 per acre have also been excluded. The 
rental value (excluding the amount of land revenue) which 
worked out at Rs. 29-1-2 per acre on the average has also 
been left out as an item of cost. Family human-labour 
was charged @ Re. -'5/- per day of 8 hoars each. 

The cost of production of sugarcane as arrived at in the­
cost of cultivation of crops. enquiry coDducted from 1933-
340 to 1935-36 under the aegis of the Imperisl Council of 
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:\~<lultnml Researoh and Indian Central Cotton Committee, 
18 gtven below:-

Rat<> PI",," SUg&rc&b9 
iJen. 

Sugarcane 
Volmbatore. 

--------- -----Rs. .. p. & .. P. 
Cost per acre LyaUpur 101 9 2 113 1& 2 

JuUundur 159 S • 200 6 • 
GUMa:spur JO" l2 2 

Coit per ,"'!llMd Lyallpur J 2 4 • I; , 
Julhmdur " I 9 .') 14 • 
Gurdaspur ,j I.} • 

Gur prices Lya.1lpur • I 0 • - " 
JlIlll.l1ldur • S 6 3 13 • 
Gurdllspur 3 Ij " ---------------------------------

The cost of production given above includes land re-
venue, rental value (minus land revenue) other cesse.s, 
interest on working capital besides other items of expendi­
ture. In working out the cost per maund, allowance 
has been made for the value of by-products. 
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CHAPTER XIV 
OTHER FOOD CROPS 

FRUITS AND VEGETABLES 
Up to about 2'! years ago it was customary to regard 

Main food protems, carbohydrates and fats as the only "" ... it..... vital and important constituents of food, 
Proteins, in which such foods as eggs, red meat or lean 
meat and pulses are rich, constitute the.fiesh-forming element 
in foods. Carbohydrates and fats supply energy and heat 
to the system. These constitute the three main elements 
of foods and it is to the percentages of these in foods we 
look to see their relative values. Minerals, which supply 
no energy are amo essential in food, particularly for bone 
formation and, therefore are an important constituent for 
foods for the young-whether human or animaL Fnrits and 
vegetables contain sufficient mineral matter, and are valu­
able for that reason j,S well as for the carbohydrates and 
sugars which they ~ontain. ' , 

It is in respect of vitamins however, tha.t fruit 
and vegetables are particularly important. The vitamins 
were ;80lated and studied only a quarter of a century ago. 
They exist in minute quantities and are unstable in com­
position and, easily destroyed. Carrots which are rich in 
vitamin A only, contain 2020 International units per hundred 
grams. A brief summary of our present knowledge about 
them is given below: 

Besides the above main factors many vegetables and 
Other "';"'bIo Irnit. contain organic acids, which impart 
r.ctoro in fruita flavour and makes food palatable. Some are 
ODd ..... tahloo. also important sources of proteins and ~~-

bohydrates. Glucose and sugar present also can be al!8ltIU­
lated direct int,o the blood stream and therefore, provide 
readily available energy. Cellulose and pectic substances 
stimulate peristaltic movements of the lower intestine and 
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tend to keep the digestion in smooth working order. N, a. 
source of roughage also giving the necessary bulk to our 
food both vegetables a.nd fruit perform a useful function. 

(Vita means life, i.e., life-giving substances). Although 

Vitamins. 
vitamins occur in very minute quantities in 
foods and their chemical composition and 

quantitive differentiations are not fully known, yet their 
presence or absence are known to produce marked and 
specific effects on the human body. Like the ignition 
spark of an automobile or what is known as a catalytic 
agent in chemical reactions, their presence makes it possible 
to make the best use of foodstuffs and promote normal 
growth and maintenance of good health and reproduction. 
In the case of some deficiency diseases each vitamin has 
a specific preventive and curative action. So far seven 
vitamins have been clearly differentiated. They are A, 
B, C, D, E, G, and H. If any of these vitamins is 
totally absent from the food for a long time, death 
results. One vitamin cannot replace the other. Cooking, 
drying and preservation of foods has parmful effect upon 
most of the vitamius. Very few foods contain an the 
vitamins. 

As vittlmins are found in very minute quantities, 
special units called the International units have to be used 
for their measurement. These units vary with each vitamin 
as shown below. 

Vitamin A.--One Inte.rnational unit of vitamin A i& 
equal to O· 6 micromilligram of International standard of B. 
Carotene. 

Vitamin B.-One International unit of vita~in II 
is equal to O· 01 gUl. of t,hiamin. 

Vwmi .. C.·-One International unit of vitamin C is 
equal to 0:05 mgm. of ascorhic acid. 

Vitamin D.-One Int~ational unit is tbe activity of 
1 mgm. . --of iITadiated Ergosterol in olive oil kept at the 
National Ifnatitute of Medical Research_ 
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Is fat soluble and is generally found in animal fats. 
except lard. Cod liver oil, other fish oils, 

~~~n~; whole milk, curd, butter, unadulterated ghee 
and egg yolk contain appreciable quantities of this vitamin. 
Vegetables generally do not contain this vitamin but the 
pigment carotene, which is present in many vegetables, 
snch as carrots, spinach. lettuce, cabbage, coriander, 
tomatoes, etc., and ripe fruits, such as mangoes, papayas, 
etc., appears to fulfil the function of vitamin A. An 
absence of this vitamin increases the incidence of catarrhal 
diseases and xerophthalmia (an eye disease), night blindness, 
formation of kidney and bladder stones, dryness, pimples, 
roughness and eruptIOns of slon and brittkness of teeth, 
etc. 

This is a water soluble vitamin and is composed of B t 

Vi t. min B,. and B,. Vitamin B,:is antineuiotic or anti-
(Thi.min~ beri-beri and is commonly called vitamin Bt 

while B. also known as vitamin G promotes growth. Vitam­
in Bt is found in unmilled cereals, pulses, eggs, fruits, nuts, 
most vegetables, glandular organs, such as liver and to 
some extent in muscle meat and milk. The absence of Bl 
gives rise to beri-beri, a disease charapterised by chauges 
in the nervous system, loss of sensitivity of skin, paralysis 
legs, and infiltration of fluid into arms and legs and 
eD.largement of the heart, loss of appetite, and weight and 
fall in body temperature. 

This :is water-soluble and is generally present in fresh 
Vi t. mi. C. fruits, especially citrus fruits and raw vege­

(Moo<bic acid). tables. Leafy vegetables are the best sources 
of this vitamin. When such vegeta;bl'es become d'ry and 
stale tlris vitamin is destroyed-pulBeB and cereals in ol'di­
nary state have no vitamin C; but when they are allowed 
to sprout it is fonnd in the green growing sp:ronts. Orang.,.. 
lemons, tomatoes, ca:rrots, apples, bananas and mw milk 
contain appreciable quantity of vitamin C. Dri<ld fruit> 
dried vegetabes, and! milk heated' fora long time, ~abh!a. 
cooked with soda, turnip and beetroot' do not eontailt ~ 
vitmnin. . Wlrile slow cookiDfl: at a rel'ailNely Ibw teJl!pei!S" 
tum- destroys vitamin C, :rapid cookingatahigher~ 
tme dbes not destroy it. The absence of this ~ iii' 
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responsible for Rell'YY disease of the whole system character­
ised b,' pains in the joints, swelling of limbs and bleeding 
of gmns under the skin. It is also responsible for the pre­
valence of tooth decav, rheumatism in children and adults. 
The breath becomes • offensive and teeth spongy and loo.se. 
The disease can be cured by just taking fresh fruits and 
lemon juice. 

Is fat soluhle and its absence causes rickets, a disease of 

Vitamin D. 
bones, caused by upsetting of the balance of 
calcium and phosphorus in the blood. Rickety 

children suffer from convulsions, bow-Ieggedness and are 
very easily susceptible to broncho-pneumonia. Vitamin 
D is found in liver and liver oils, egg yolk and in milk and 
milk fat. Vegetable oils and vanaspati ghee and oils do 
not contain this vitamin. Vitamin D is also formed in the 
skin by the action of sunlight. Rickets are, therefore, com­
monly found in infants and women kept in dark houses or 
pu,dak. The cheapest SOll'ce of this vitamin is, therefore, 
exposure of body to the sunlight. 

Is fat-soluble and promotes fertility. It is generally 
present in whole wheat, egg yolk, liver, leafy 
vegetables like cabbage, lettuce, and vege­

table oils. Cod liver oil, lard and milk do not contain this 
vitamin. Absence of this vitamin affects the reproductive 
organs and causes sterility. 

YitnminE. 

This is a growth-promoting water Boluble vitamin. All . 
V;tamin G. {B,l. cereal foods are poor sources of it, milled rice 
(rubobrin). being the poorest. Some of the common 

pulses, SlJ.ch as gram however, contain a fair amount. Green 
leafy vegetables and seme roots and tubers are fairly rioh • 

. but fruits in general do not contain much of this vitamin. 
The richest seurces are yeast, milk products (including 
skimmed milk, butter milk, curd and cheese) lean meat, 
liver, eggs. pulses and green vegetables. Deficiency of this 
vitamin causes 10&8 of appetite o;nd weight, BOre mouth and 
development of cata.mot and. swollen nose. It is essential 
for growth Mid ~th of the skin. 
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Its chemical nature has SO far not been elucidated. 

Vitamin H (B,) It has, however, been proved to be essential 
0' (Y). for the growth and health of the skin in rats. 

Lack of this vitamin causes actual inflammation of the 
paws, nose and ears in the rat. 

Elements such a" c,tleiuID, phosphorus and iron are 
Mine,.1 element. required by the human body in large quan-

tities and some vegetables and fruits are an 
important source of all these elements. In addition, iodine, 
though present in minute quantities, is also obtained from 
vegetables and is of special importance. These minerals are 
helpful to the body in building of tissues and also in regulating 
the various body activities, such as those of nerves, glanda 
and muscles. Calcium is essential for the control of contrac­
tibility of muscles, particularly of the beating of the heart. 
Phosphorus is necessary for all active tissues of the body, 
being required for the cell multiplication of bones and soft 
tissues. It is also required for the regulation of the neu­
trality of the blood. The red colour of the blood cannot be 
fonned without iron salts. Iodine. though required in very 
minute quantity, is very essential for the functioning of 
thyhroid gland and for normal growth and good health. 
Deficiency of iodine in Kangra is one of the main causea for 
'prevalence of goitre. Many other salta are also essential for 
regulating the work of different organs. But all these salts 
will be sufficiently provided to the body in case variety of 
food is taken. Leafy vegetables such as spinach, cabbage, 
coriander and mint are a rich source of vitamins and' 
minerals. 

The accompanying table shows the mineral and -rita­
min oontents of vegetables and fruits-page 332 to 335.­
(Adapted from "Health Bulletin", No., 23). 
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It will be observed that green leafy vegetables are an 
important Bource of vitamin A and vitamin C. They also 
provide a considerable quantity of vitamin E, of iron and 
calcium. The orange or yellow coloured vegetables are an 
important source of carotene. Tomato is a well-known 
source of vitamin C. It also contains carotene and some of 
the B vitamins. Fruits in i(eneral are good sourceS of 
vitamin C especially the citrus fruits. Vitamin B, is pre­
sent in apples, bananas, dates, pears (English), grape 
fruit and manges. It will further be observed that tropical 
fruits are richer in their vitamin content,s than those grown 
in the temperate regions. Since mangoes and citrus 
fruit predominate in thA fruit industry of this province, 
our position is enviable in this respect. 

Many of the vitamins are now available in the market in 
1:.bloid vi t.· powder or tablet forms. Since the exact 

mi1l8. vita.min requirements for man are not known, 
the use of synthetic products available in the form of pills, 
for the purpose of making up nutritional deficiencies is hazar­
dous. It is, therefore, a sound principal to provide vitamins 
from natural somces in preference to synthetic products. 
As vegetable ghee lacks vitamins-particularly A and D, 
their introduction into the product should be mad" 
compulsory by law. 

FRUIT 

Fruit-growing is a special art. It is so diversified and 
widespread in nature that in the limited spooe that can be 
allotted to it in a book on gfl1leral agrlcultme, it is impos­
sible to cover all aspecta of it. . An attempt is, therefi>~ 
made oaly to IJin intpoltant features of this indnsky. 
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Fruit growing is an ancient prltctice and has been' 
Position of the largely the hobby of the rich. Scientific 
fruit indn",y. work on this industry was started in this, 

province iu 1926, when a fruit section, in the Punjab Agri­
cultural Department was established. Siuce then fruit­
growing has made considerable progress and most of the 
old pleasure gardens are giving place to commercial orchards 
planter] on modern lines. 

In 1928 the area under all kinds of fruits in regular 
orchards was estimated by the Fruit Section 

Area. 
with the help of district revenue officers 

at 49,323 acres only. In 1933 it increased to 61,700 acres, 
representing an increase of about 25 per cent. over the 1928 
figures. Regular annual official returns with area UlIder 
fruits began to be separately recorded in the Season and 
Crop Reports from the year 1939-40. The figures up-to­
date are given below: 

Year Total area under 
fruits in acres 

1939-40 93,261 

1940-41 86,199 

1941---42 100,339 

1942--43 96,021 
1943--44 103,983 

1944---45 110,396 

It will be observed from these tigules that the area during 
the last six years has vaned widely from year to year. In­
~ in one year has usually been fonowed -by decrease in 
tb.& f~nowing year. except in the Jast two years when steady 
increase:totlk p1a.ee. 'i'!:te,g_l tendency for the acreage, ' 



338 

however, is to go up. The area in 1944-45 is nearly double 
the 1933 area. The latter, however, is only 0.3 per 
{',cnt. of the cultiyated area of the Pnnjab. Owing to lack of 
detailed statisticg, area under different fruits is not available. 
The marketing survey of fruits in 1935, however, revealed 
.the position of the main fruits as follows: 

Fruit. E.stimated Percentage of 
a·rea. total area. 

I. )tlangoes 32,238 52.3 

2. Citrus fruits 17,151 27.8 

3. Stone-fruits 10,022 4.9 

4. Pome-fruits 2,683 4.4 

If. Othe" 6,606 10.6 

Total 68,700 100.0 

tt will be obsen-ed that mangoes and citrus-fruits are 
by far the most important fruits grown in this province 
accounting for nearly 70 per cent. of the total area. Although 
mango trees are grown here and there, aU over the pro­
vince, yet their production is largely centralised in the 
submontane districts of Ambala, Hoshiarpur, Gurdaspur, 
Kangra, Karnal and the south-western districts of Multan 
and Muzaffargarh. Most of the area is put under seedling 
mangoes of the sucldng type, thongh grafted varieties are 
also slowly beooming popular. In the matter of citrus 
fruit the province ranks third in the country, being only 
below Madras and C.P., which occupy first and second 
positions in Indis. The quality and type of sweet-oranges 
(mal'tas) grown here are, however, superior to those found 
in any of the other citrus-growing traots of the country. 
Canal colonieS, comprising the distriots of Shahpur, Mont­
~omery, Ly&llpur and Sheikhupura are important for 

producing· cltrl!!i fruits, speCialty, riIaltas and gape fruit. 
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The loose-skinned oranges or aangtraa are mainly grown 
in the districts of Lahore, Hoshiarpur, Gurdaspur and 
Kangra. The grape fruit and lemons are of recent intro­
duction in the Punjab, and the area under these fruits is 
comparatively small. 

Apples are mainly grown in Kulu valley and Simla 
district, though a small beginning has been made in lIIurree 
hills as well. Transport, however, presents a serious 
difficulty in these areas. The commercial centres of pro­
duction for local pears, loquats, plums and peaches are 
Amritsar, Lahore and Gurdaspur. Amritsar is also import­
ant for the production of guava and plwlsa fruits. 

The production and yield statistics of fruit are entirely 
Prod' lacking. The figures collected during the 

net,on. course of marketing survey of fruits in 1935, 
however, show that the production of various fruits is 
inadequate to meet the local requirements, except in 
the case of sweet oranges (maltas), grape fruits and 
crab-apples. For this reason enormous quantities (about 
7. lakhs maunds in 1935) of dlfIerent kmds of fruIts, 
especlJilly banaJl1l,B, mangoes, apples oranges, grapes, 
sangtraa, pears, plums and apricots are imported mto 
this province every year. Small quantities of malta oran­
ges, grape fruit, crab-apples, pears and peaches are. 
however, exported to markets like calcutta, Karachi, Delhi 
and neighbouring Punjab States during the main 8888On. 
Some quantities of sangtra oranges, apples, grapes, 
pears, b&naJl1l,S and mangoes are also re-exported to the 
adjoining Punjab States and provinces after importing 
them from the surplus provinces. The imports, however, 
outweigh the exports and the province is thus deficit to 
the extent of 7t lalih maunds. BaJl1l,Jl1l,S are chiefly imported . 
from Bombay, Madras and C.P., apples and pears from 
Kashmir State, sangtra oranges from Q.P., Bombay, 
N.-W.F.P. and Patiala State, the first being the most im­
portant of all; grapes and apricots from Baluchistan and 
N.-W.F. Province and plums from N.-W.F.P. and Kashmir. 
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The productIOn, imports, exports and net available 
-aupply for this provinoe for the year 193~-31'i is tabnlated 
below: 

.,Kind of fruit 
i 

Eiitimated i 
! product.tQn ! 

I 
I Net r ::-Jet 

Imports I Exports 1 imports (..L ) I M aila.ble 
and or exports .upply for 

1

1'6-exports.

l

, (-) Iconsumption 

I' I ------T---l-------
I
----I---

i .Jld8. I .Jld8. _.tlfd4. I Allh. /' .lid., 

Sweet Limes 

Lime. 

Bananas 

'Gr&p« 

Apricota 

~Grape frnit 

'-Citron 

··1 
.. 1 

.. 1 

.. 1 

I ___ I __ I~-I--
.. J 4.757_ Total 

4,128 

fIM.7.&1 

MangOO8 .. I .2.356.872 I 239.,U3 i8,027 (+ )UU.386 2,538.268 

.Apples I' 31,S.)[i i 166.681 90.432 (+ )76.249 j 108,104: 

IPearil :!71,967IL 73.233 30,064 (+)43,171 I 315,13(1 

:Loqu&ts .. I 104 .. 70::! i 3,637 200 (+ )3,437 I 108,139 

:pC1"'um"-,apPlell II 31,520 II S35 I <,M7 <-)3.
622

1 ::":1
9
8
8 

69,017 18,1.23 1,522 (+)16.601 ! ~ ... 

! 324,660 II 9.891 3.367 (-j-) 6.i=!4 ! 
52'.200 3.620 1.3,172 (-) 1:!,162 i :;12,104 

711.271 I 86,377 20.:!97 (+ )e6,080 I 
136,811 I 2.815 978 (+) 1.837 I 

:00.001 5,922 28. <+) 5,_1 
1.160 <+)900.!8f

1 

301,422 

2.877 {+ ) 62,256 65,133 

<+)10,Il<10 I 10,_ 

<-) .. 615/ ~: 
+380 4tl 81 

307,59ll 7.311 

~)7~729 5.4:'13 

10,600 

10 626 

aoo 120 I 

777,351 

138,6<8 

100.629 

+758,112 
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On the basis of these figures per capita consumption in! 
this province compares with that of the United Kingdom. 
as follows: 

Kind of fruit 

Per capita consump·· 
lion (in pounds) 

United 
Punjab Kingdom. 
1934-35 1925 

Apples 0.37 31.1 

Pears 1.09 1.7 

Plums 
0.27 3.4 

Citrus fruits 3.50 27.0' 

Peaches 1.30 

Grapes 0.25 

Bans-nas 1.04 

Loquats ., 0.37 

Apricots 
0.05 

Crab apples 0.08 

Cherries 
0.001 1.3 

0.9 
Ourrants 
Strawberries 

2.1 

Gooseberries 
1.7 

Mangoes 
8.10 

Total 16'421 69.2 

From these figures it is evident that the per capita 
consumption in United Kmgdom is more than four times· 
that of this province. Altliongh during the last decade 
area under fruit has gone up by abont 50 per cent. yet per 
ClIipita consumption has not mCreased in the same propor­
t~on becallllll tile popnla.tion has also increased by about 20-
per cent. H we base our present consumptioa on IIt36 ~ 
fi.gIlres the per capita consumption would not be more than 
~ pounds. Even in the case of citrus for which this pro­
vince is surplus, the per capita COU51lBlption. is ~ WW ,in. 



342 

oomparison with other cit11lB-producing countries of the 
world as is clear from the following figures: 

Oountry 

Palestine 
Spain 
U.S.A. 
llrazil 
";gypt 
ltaly 
Japan 
Union of S. Africa 
India 
Punjab 

Per cap1i;a consump­
tion in pounds 

222 
85 
54.3 
53.9 
30.7 
23.9 
15.0 
10.4 
3.2 
3.5 

The low f4,:ures of per capita consumption of various 
fruits suggest tliat the production should increase consider­
a hly, so as to bring the fruits within easy reach of the general, 
pOp'ulation. In a well-balanced diet, an adult requires 
.Judy two ounces of fruit. * On this basis the total require­
ments of fruits work out to 15 million maunds.' To make 
provision for this 1,50,000 additional acres are required. In 
other words the present area should be increased by 150 per 
<lent. 

Fruit-growing being a long term investment owing to 
Establishing of the life of trees being somewhat long, careful 

o<oh • ..ds. planning of the garden is very essential. The 
mistakes committed in planning not only prove a net 
economic loss to the grower, but are costly to rectify in 
later stages. Some of the points which should be considered 
when plimning a garden are given below: 

According to climatic requirements fruits can be divided 
Climate and Soil into two classes; (1) th~~ which can be grown 

under temperate conditions, such as apples, 
pee.r8, peaches, plums, apricots, etc., and (2) those whioh oan 
be Al'own under tropical conditions, such as citrus fruits, 
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mangoes, loquats, dates, guava, figs, bananas, Iiehls, 
custard apple, papaya, pine-apple, pomegranate, jujube. 

Since the roots of fruit trees go deep in the soil, the 
nature and character of sub-soil are of special importance and 
mm;t be examined before the trees are planted. This can 
be done by digging holes at random at different places of the 
field to a de?th of 6 to 8 feet. Sub-soil underlaid by gravel, 
course sand, hard pan of Clay or other impervious strata and 
alkaline are unsuitable for fruit growing. Swampy and 
water-logged soils should also be avoided. Water table 
within 6 to 10 feet range of root growth, especially if it 
varies in depth according to season, is also undesirable. 

The soil requirements of various fruit trees are some­
what as follows: 

K irul of fruit. 
}Iango and 
Haman 

2. Oitrns fruit 

3. Pears 

4. Loquats 
5. Apple 

6. Peach 

7. Guava 

Soil requirements. 
Deep, well-drained loamy soil 

retentive of moisture. 
Deep, well-drained sandy loam with 
good amount of organic matter. 

Can grow on a variety of soils, but 
usually clay loams are preferred: 
on sandy loam soils trees are apt 
to make rapid growth aud are 
short-lived .. 

Good, well-drained right loam soil. 
Deep rich, well-drained calcareo~ 
loamy soil. 

Varying with stock used for budding, 
peach stock would do well on liglit 
warm sandy loam soils while plum 
stock may thrive on heavy and 
moist soils. 

.. Deep sandy loam. 
.. Well-drained, dry light, but warm 

soil with good depth is preferred. 
9. Apricot and plum. Varying with the stock!llled. Fot' 

peach stock light, dry, warm sandy 
loam soils are required while apricot 

8. Almond 



10. Grapes 

Ii. Pomegranate 
'12. Fig 

13. Date 

14. Cherries 

: 15. Strawberry 

.16. Papaya 
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stock can stand heavier and moist 
!!Oils as compared with peach. 
Plum stock can tolerate even hea-
vier soils than the apricot stock. 

Sandy loam soil not retentive of 
too much moisture preferred. 

Deep ealcareous soiL 
Any well-drained soil. 

Sandy to thiclj: clay, can stand 
considerable accumulation of al­
kali in the soil. 

Deep sandy loam soil of alluvial 
natltre. 

Sandy loam, but rich in organic 
matter. 

Sandy loam to loam preferred. 

Great care should be exercised in selecting the site for 
. o' an orchard. The following points may be 

,re. taken into consideration with advantage: 
1. A careful study of the place should be made before 

planting the garden. Areas, where fruits are not being 
·grown or have not been tried or where their cultivation has 
been discontinued, are open to considerable risk. 

2. The site should preferably be in a section where 
fruits are already grown, as this would be helpful in the 
.sale of the produce. l\Ioreover, it would reduce the risk of 
·-theft, which is common in isolated orchards. However, 
where planting is to be done on a large scale the sectional 
preference can be overlooked. 

3. The site shOUld be as near the market as possible. 
4. The garden should be near a. good metalled road or 

:railway station to facilitate transport to markets. 
5. A post office, within ~ reach, is always an addi­

"tiona! bIessDtg. 
6. G:ooil ,;".,.;-+.:.." facilities 8l"e essential for succesaful 

produotIoa of~-
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The land which, is already under the farm crops 
P"pa",';on 0{ needs no special preparation. In the case 
l&nd. of newly-opened land, especially wooded 
"ith trees, it is exceedingly important to prepare the land 
thoroughly before laying out the orchards. The old trees 
should be dug out by the roots to a depth of several feet, 
ensuring that all the large roots are removed. After 
clearing the land. it should be levelled to facilitate 
ilTigation. It should then be prepared thoroughly by plough­
ing and eros~ ploughing and brought to a fine tilth which 
ma~' be improved by growing and burying leguminous crops 
should the soil be poor. 

There are three common methods of planting the Of­

Metbod oipl&ating chalds. 

These are: (a) A square or rectangular system, 

(b) quincunx, and 

(e) equilateral or hexagonal; as shown in the 
diagram (Figure 29 page 345). 

Square or rectangular system is most commonly used, 
though the choice depends upon the nature and kind of fruit 
to be grown. The main draw-back of the system is that 
trees cannot be equidistant from each other in all directions, 
a portion of the soil in the centre of the square or rectangle 
remains unused. This system is recommended when the 
distance between the trees is 20 feet or less. 

Quincunx system is designed to overcome the defect 
in square system by planting a fifth tree in the centre of the 
squal'll. This system is useful in cases, where short-lived 
trees like peaches, grapes, or guavas are planted temporarily 
(as fillers), among the trees occupymg the field permane:nJ;ly. 
The fillers of course should be removed as Boon as they are 
found· to be interfering with the growth of permanent fruit 
trees. I 

In the equilateral or hexagonal system the trees are 
e~ .• each other in every directio~ and about 
15 pez eenI. m~ trees are p!anted on the same land than 
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by square. system. The following table shows the number 
of trees that can be planted per acre at various distances by 
square or hexagonal 9Ystem:-

Distance between 
rows of trees (in 

feet) 

System of planting and No. of trees 
per acre. 

Square system I' Hexagonal system 
(trees) (trees) 

---------------------
IO 435 500 

12 302 347 

15 193 222 

18 134 154 

20 109 125 

22 90 103 

25 69 80 

30 48 54 

35 35 40 

40 27 31 

The distances for planting various kinds of fruit trees 
depend upon the available moisture supply and growing 
habits of particular species of variety. Stocks uJ?<>u whioh 
proper kinds of fruit trees are budded also plaX an nnportant 
part. For instance mohri and mi;tha stocks Lave a dw~ 
effect on mUtaa, grape fruits an. sangtJ:aa, while ~ 
khata stock has an outatanding character of invigorating 
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these fruits. However, the following distances would 
serve as a rOllg:h gllide to the fruit growers:-

• 
Kind of fruit 

1. Apple. apricot and cheITY 
2. Banana. gupe a1l<1 papay.> 
3. .1lalta 
4. Sangtra, pear. ?tUlnl, swept lemon, 

lime & plum" 
5. Date:; 

6. ,Taman. be,. seedling", jujube 
7. ~l"ngo seedling, figs & walnllt~ 
8. Ponwgmnate 
!l. Mango Ilrflfted 

10. Litchi & loquats 
II. Peach 
12. Mulberry 

Distance in feet 

20 to 25 
10 
18 to 20 

20 to 25 
15 to 20 
30 to 35 
35 to 40 
15 

30 

25 
20 
25 to 30 

The selection of the right type of plants and the right 
St>lection of lants var~et,i{'s is the. fou~dat~on of .sll?eessful gar ... 

P delling. The high-peldmg YanetIC:; of known" 
parentage, which have proved a success under· local condi-· 
tions and for which there is a demand in the market, 
should be selected for planting. If there is no local or' 
nearby market, it may not be desirable to grow soft fruits· 
like kiquats, peaches and strawberries which cannot stand 
shipment over long distances. Citrus fruits, apples, pears, 
walnuts, etc, would not do well under such circumstances •. 
The plants should be purchased from a reliable nurseryman, 
near to the place of planting, avoid damages in transit­
and subsequent IIlOrtality in the garden. The plants should! 
be vi8orons, _n-shaped and uniform in size. .Medium­
siBed plante 'Of QIle yearage, budded or grafted at about· 
a ~ of 12' iBelres from'the ground lewl are eonsidlmld! 
beIIt~ . 
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There are two distinct seasons of planting fruit trees in 
PI.nting. this Province. 

1. Spring.-From the end of January to the middle of 
March. 

2. Monsoon.-Middle of July to the end of September. 

The latter is suitable for planting evergreen plants like 
citrus fruit trees and mangoes. while the former is considered 
best for planting both evergreen and deciduous trees 
(peaches, plums, apples, apricots, cherries, pears and grapes) 
which shed their leaves in winter. There is less mortality 
among plants, planted in spring as compared to August, 
September. 

After the laying out of the orchard. well before 'the 
pktnts are to be set in the field, round pits with three feet 
diameter should be dug at proper places. The size of the 
pits would, however, depend upon the nature of the soil, 
the rule being that harder the soil the bigger the pits. They 
should be allowed to remain open for a week or ten days, 
and then filled with silt and well decayed farmyard manure 
with which the top foot soil taken out of the pit is mixed, so 
as to allow a crown of 4 inches above the soil surface. Soon 
after filling, the field should be irrigated. The plants shonld 
be set in with the help of a planting-board after the soil is in 
a workable (waUar) condition. It is important to set the 
plants at precisely the same height, as they Were in the nur­
aerv. The soil around the plant must always be well-pressed, 
so as to enable the piant to come in firm contact with the 
soil to stand heavy winds. After setting the trees, irriga­
tion should be given. 

It is customary with progressive nurserymen to cut 
back the deciduous trees like peaches, plums, apricots, 
apples, peaIl! etc., to a height of 18 to 24 inches, and the 
grape vines to about 6 inches, to regulate the shape and to 
compensate for the lollS of roots. In case it is not done before 
planting, it shonld be carried out immediately: after the 
plants b&ve been set in the field. A citrus fruit plant re­
<juires comparatively less heading back. The grafted ~ 
plants :ra.is6d in pots tequire no heading back, the plantU3g 
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being done without disturbing the root system. The system 
of raising grafted mango-plants in pots, however, is tedious 
and uneconomical, involving risks of death of plants in 
transit, as also after planting in the field. To a void these 
difficulties, the newly-discovered method of budding in 
.itu rna v be followed with advantage. According to this 
system the stones of heavy-yielding sGeding mangoes or 
seedlings raised from them may be planted 30 feet apart in 
permanent places. To ensure germination, there should 
be two stones in one pit. When the plants are about 3 years 
old they should be budded over with desirable grafted variety 
by "1" or Shield method, ordinarily followed in the case 
of citrus fruit plants. Care should be taken that the bud 
is S<lcured from the stock which is equal in thickness and age 
to that of the shoot to be budded. The unbudded shoots 
of the seedling stock shonld be removed from the point of 
origin and only the scion shoots shonld be allowed to grow. 

For the first one or two years, it is desirable to protect 
the evergreen fruit trees like mangoes, citrus fruits, 
lichis etc .. from sun and frost. Whitewashing the trunks 
is a good device to save the plants from sun. Fortv pounds of 
slaked lime in ahout 12 gallona of hot water diluted, if ne­
cessary, with cold water, to secure easy flow would make 
ideal whitewash. For protection against frost, temporary 
thatching may be erected all round the plant from the 
ground to a foot or two above the plant head. 

The number of irrigations wonld depend upon the 
amount of rainfall, type of soil, other climatic 

Irrig.tioD. conditions and the age and kind of fruit trees. 
Generally speaking, deciduous fruits require about 30 inches 
of rainfall or irrigation. The citrus fruit trees being ever­
green require larger amount of water, 35 inches to 40 inches. 
Since the rainfall in the plains of the Punjab is comparatively 
low, artificial irrigation is necessary for the successfnl growth 
of fruit trees. In 8ubmontane districts the trees require 
less irrigation water than in other districts. 

After the plants are set and firat irrigation given, basins 
about twO feet wide and three inches deep at the exterior 
'bou,hd8Iy VIith an upward slope towards the trunk ahonld be 
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made around the plants to facilitate irrigation. These basins 
will, therefore, be about 4 feet in diameter. The ba8ma may 
be connected by a subsidiary water channel running in be­
tween the rows of trees. The second irrigation may prefer­
ably be given a day or two after the first one and thereafter 
at intervals of a week or ten days in summer and about two 
to three week~ in winter. The size of basins is increased 
with the increase in the spread of the trees. This system 
of irrigation may be adopted for the first four to five years, 
but later on, flood system may be followed as the feeding 
root zone extends far away from the base of the trees. 

For the proper growth and production of crop, the 

Manuring. 
fmit trees must be supplied with adequate 
plant food. Often it has been noticed that 

orchards become unprofitable after reaching the age of 
10 to 15 years for want of adequate nourishment. In 
order to avoid this, the fertility of the soil should be main­
tained, by the application of farmyard manure and artificial 
fertilisers. In actual practice, the necessity for the appli­
cation of manure and fertilisers will not be felt till after the 
first year of planting. 

The varieties of important fruits which are recommended 
Vaei"ie, by the Punjab Agricnltural Department, are 
recommended. given below :--

Citrus. (1) Malta. 
(i) Excellencis, 

(ii) Vaniella, 
(iii) Musambi, 
(iv) Seville, 
(v) Pineapple, 

(vi) Valencia late, 
(vii) Dulcis, 

(viii) Jaffa, and 
(ix) Blood red. 

(2) Grape-fruit 
(i) Marsh's seedless, 
(ii) Foster, and 
(iii) Duncan. 
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(3) LemoUB. 
(i) Eureka. 

(ii) Villa. Franca. 

Mangoes. (i) Langra. 
(ii) Dusehri. 

Apples (i) Cox's Orange Pippin. 
(ii) Newton Pippin. 

(iii) American Mother. 
(iv) Blenheim Orange. 
(,,) Red Delicious. 

(vi) Baldwin. 
(vii) Golden DeliciolL~. • 

(viii) Stamford Pippin. 
(ix) Autumn King Pippin, or King of Pippin. 
(x) Granny Smith. 

Pears. WilliallL~ 

Dates. (i) Hillawi, and 
(ii) Khudrawi. 

The natural habitat of the date-palm is the vicinity of 
D te- 1 ,,'ater supply in a dry-parched desert with 
(h!:,:' scorching summer heat. Though acclimatized 
dactylife".) to intense heat, yet it is able to bear moderate 

cold. An extremely dry atmosphere, high temperature and 
plenty of water, are, therefore, essential for its sucessful 
cultivation. Rains during the fruiting period affect both 
the quality and quantity of fruit. A locality subject to 
excessive rains during this period, therefore, is unsuitable 
for date-palm cultivation. Practically any soil on which 
ordinary farm crops can be grown is suitable for this tree, 
but sandy looms are the best. 

Although date-palm trees are found growing here and 
there in almost every district in the plains of the province 
yet the production is centralised in the riverain tracts of 
Muzaffargarh, Dera Ghazi Khan, Multan, and Jhang dis­
tricts. Some plantations also exist in Lahore and 8hahpnr 
distri®ll. ~Throughout the province, mostly inferior varie­
ties gIOWll from seeds instead of sWlkers are met with. 
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The total number of date-pahn tree. for the entire 
province is not known. In the important date-palm-growing 
districts of Muzaffargarh, Dera Gh.azi Khan, Multan and 
Jhang the number of trees is about 4 millions. Of this, only 
about I i million trees bear fruit, as shown helow :-

Dilltrict 

Muzaffargarh 
Ders. Gha'ti Khan 
Mult;.a.n 
Jhang 

Total 

No. OF' TREES IN THOUSANDS (1937). 

I I Bearing 
Noo·Jx...aring 

{Including male 
tret'''1 

Total 

I 794 \ 625 1,419 
411 I "66 1,277 i r~! I ;~~ ~~ 

\-1-,74-1 ---I-~-----;:940 
No accurate information regarding yield is available. 

A full-grown tree yields from 10 to 40 seers of fruit. Taking 
20 seers as the average yield per tree, the total production' 
of dates in the province works out to 870,000 maundsina 
year. Apart 'from local production, dates are also imported 
from Persia, etc. Before the war, the value of theBe imports 
aggregated to over half a crore of rupees. There is thus 
a great scope for the extension and improvement of date­
palm cultivation in the Punjab. ' 

The tr~es should be raised from suckers instead of seed 
which may be planted either in September or in February. 
Each sucker should preferably weigh about 3 seers because 
offshoots weighing less than this are apt to die when limns­
planted. The leaves should be trimmed before suckers are 
detached from the parent trees. Three to four years old 
suckers are most suitable for planting. The suckers may be 
set in a. field from 15 to 20 feet apart. Manuring of the 
suckers at the time of planting is inadvisable and may pre­
fatably be deferred till they are well-established in the soil 
and have started new growth. A moderate quantity of 
well-rotten farmyard manure spread rourid t!J_e plant and 
mixed with the soil would give mV01ll'&ble results. To the 
full grown trees, about 25 seers of man1ll'e may be a.pplied 
every year. 
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The suckers should be irrigated soon after planting, 
taking care, however, that irrigation water does not enter 
the crown of the sucker for if thi, happens the sucker will 
die, on account of thp decay of the terminal bud. As a 
matter of fact, water ehould not come in direct coutact with 
the sucker. 

For the first 40 days after planting, the suckers may be 
watered daily aud in the next 40 da.'-s the water may be given 
after every 2 days. After growth has started the irrigation 
mar be dou(' after ever.' 4 t.o 5 days, depeuding upon the 
rain, character of Hoil, climate etc. 

The trees of Basrah varieties generally bear fruit in. the 
fourth year after transplanting, but since they are also 
producing snckers, the fmits generally shrivel. At the 
frniting time, therefore, the plants should be well-manured 
with farmyard manure and supplipd with sufficient water. 

With a view to improving the date culture in this pro­
vince, the Punjab Agricultural Department imported several 
varieties of dates trom Mesopotamia in 1910. Since then 
snckers of these varictie, are being supplied to the public 
at a nominal cost. There are, however, two handicaps: (i) 
the date-palm trees are raised from suckers which the 
parent trees produce only for the first 5 to 20 years of their 
life, and (2) the principal date-growing countries of the 
world have prohibited the export of suckers of high quality 
varieties. These factors have, therefore, been responsible 
for the slow progress. However, about 15,000 suckers of 
Hillawi and Khu.drawi varieties, which have given pro­
mising results both in respect of quality and yield, have 
recently been imported from Persia and planted at the Jhang 
Agricultural Farm for further multiplication. In due 
course, suckers of these varieties will be distributed on a 
large scale. The average yield of these varieties under Lyall­
pur conditions is about 32 seers, though some trees have 
yielded as much as 149 seers of fruit. Taking the average 
yield under field conditions to be only about 20 seers, a gross 
mcome of Rs; ,2,000 can be expected from an acre planted 
under the ~palm trees. By equilateral triangle system, 



355 

192 trees can be planted in an acre, which would yield about 
100 maunds of dolca fruits. The aver!t!(e pri"e of this fruit 
may be taken to be Rs. 20 per maund. 

From the second year onwards, till' fmit-trees require 
regular application of manures and fertilisers. From second 
to third year about 10 seers of well-decayed farmyard 
manure or a quarter pound of ammonium sulphate or 
Nitrate of Soda mav he ltpplied to each plant, during the 
latter half of January. From fourth year to sixth year the 
dose of farmyard manItre may be increased to 30 seers, and 
that of the artificial fertilisers to one pound. Thereafter 
one to It maund, of fannyard manure or q. to 2 pounds 
of ammonium sulph::lte or soda nitrate per tree should be 
applied every Y"::Ir. The ammonium sulphate may be ap­
plied three w~eks before blossoming,. while .nitrate of soda 
may be applied 15 days before this penod. Farmyard 
manure should be worked well in the soil by means of spade, 
taking care that no manure is applied to the It feet soil 
round the trunk of the trees. 

There are a number of pests which attack fruit plants. 
In.oc' pest,. The important ones which attack the citrus 

fmit trees in the Punjab are white fly, citrus 
psylla, leaf minor, leaf butterfly and scale insects. 

The white flies suck the cell sap of leaves, fruits and 
shoots and lower the vitality of the tree. To prevent the 
attack, it is demable to give proper spacing to the trees 
and do away with the citrus hedges which serve as a breed­
ing place, spraying with rosin compound (1:5) during 
September effectively controls this pest. 

Citrus psylla is a small-sized winged insect which rests 
On the underside of leaves and branches. It can also be 'con­
trolled by spraying the trees with rosin compound (1: 5) 
and tobacco decoction (1 : 6) during febrwuy and March. 

The leaf minor feeds on the cell sap afOOr entering the 
tissues of the leaves. The attack starts in Febrwuy aDd 
becomes very severe in March to May and September to 
November. It can be controlled by spraying the plants 
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thrice at intervals of 10 to 14 davs with tobacco decoction 
during April-Mayor September-October. 

The scale insects and mealy bugs attack all parts of 
the trees and feed on the sap of the leaves, twigs, fruit, 
trunks etc. Oil emulsion (1: 40) sprayed during September 
to February is an effective remedy for the red scale. 

The most common and destructive insects of the mango 
tree are mango hopper and mango mealy bug. These 
cause damage by sucking the juice. They mostly attack 
flowering stalks and terminal portions of tender shoots, 
which wither and dry and the fruit does not set. Rosin 
wash and crude oil emulsion should be sprayed in winter 
during morniug hours. Mango mealy bug can be controlled 
by banding the trees in the end of December with cotton­
wool or sa·n hemp rope or thick munj rope soaked in a mix­
ture prepared from equal amount of coaltar and crude oil 
emulsion or in rosin dissolved in rapeseed oil (3: 1). The 
band is put round the trunk of the tree 3 to 4 feet above the 
ground and is about 9 inches thick. It should be kept on the 
tree till the end of May. The nymphs and females collect­
ed on these bands should be killed by brushing them 
into a vessel containing water with a film of kerosene oil 
on the surface. The rubbish and .scrapings underneath 
the trees should be completely destroyed, and the top 4'-6" 
soil should be scraped off to destroy the eggs. The heavily 
infested trees should be sprayed with fish oil rosin soap 
prepared by dissolving 12 chhatak8 of the soap in four 
gallons of water. 

In Simla hills and Kulu Valley, San Jose scale is a serious 
pest of apples, pears, plmns, apricots, walnuts, cherries 
and peach trees. It lives on the sap of the host pla!l.t 
which in many cases may dry up. It may attack fruits as 
well, thus rendering it unmarketable. The insect is spread 
throngh infected n1ll'8el'J plants bud or graft wood. To pre­
vent further spreading, it is, therefore, desirable to fumigate 
th!l n-ursery stock. ft can be controlled by spraying the 
infest.ed ~ts with lime sulphur emulsion or diesel oil 
em~:~ winter ·aeasoD. 
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There are numerous diseases of fruit trees. For want of 
Diseases space only a brief reference to the diseasea 

which damage citrus fruit trees, apples etc., 
is made here. The common diseases of citrus fruit plants 
are citrus wither-tip, citrus canker, citrus wilt and alter-
naria rot of citrus fruits. . 

Citrus Wither Tip is more common in maltas, sangtras 
and Limes. It is a fungus disease and attacks leaves, 
branches, flowers, flower buds and fruits. Withering of the 
ti;ps of young shoots is a characteristic symptom of this 
disease. If the attack is very severe the entire tree may 
be killed. Weak plants are more susceptible to this disease. 
It can be controlled by regular pruning of trees every year 
and spraying the trees with Bordeaux mixture (5: 5 : 5) 
compound or preferably rosin Bordeaux mixture after prun­
ing in January-February before blossoms appear on the buds. 
Second spraying may be done in August. Manuring and 
intercropping the garden with leguminous crops also helps 
in building up the vitality of the plants. 

Citrus Canket- is a very common disease in this 
Province. It is a bacterial disease caused by the 
Pseudomonas Citri and attacks leaves, twigs and fruits. 
The affected fruits may drop prematurely and spoil the ap­
pearance, thus lowering their marketable value. It can be 
controlled by spraying the trees with Bordeaux mixture 
(5 : 5 : 5) or preferably Bordeaux rosin mixture thrice a 
year, first from January to middle of February, second in 
July and third in September. 

Citrus Wilt is cansed by Fusarium C<BrUlum and 
is particulsrly harmful to young stock in the nursery. The 
organism attacks the roots of seedlings, causing drooping 
down of uppermost leaves which finally turn dark brown. 
Gradually, the lower leaves are also involved, thus result­
ing in the death of the plant seedling. The disease may 
be controlled by treating the nursery beds with Bordeaux 
mixture (2 +2: 5) and growing of shady plaotJ!! like Jamar 
along the beds to keep the temperature of the soil down. 
The seeds for raising the seedlings shonld also be staiIised 
with formalin (1: 320). 
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The Alternaria Rot of citrus fruits is caused by " Al­
ternaria Citri" and mainly attacks fruits. The attacked 
fruits b~eak open with slightest pressure, though the fruit 
may appear BOund in appearance. The lack of moisture 
in the Boil or air, high temperature, age of fruit, sun and frost 
injury, which affect the eondition of fruit tissue favour the 
development of the disease. For controlling the disease, 
the trees should be sprayed with Bordeaux mixture 
(5 : 5: 50) in September and the diseased fruit should be 
buried deep. Holding of fruits too long on the trees should 
also be avoided. 

The most common disease of apple trees are Scab, 
Powdry Mildew and Brown Rot. 

Scab mainly attacks the fruits though leaves and 
young wood may also be involved. The badly-affected 
leaves dry and ran prematurely resulting in the loss of vigour 
of trees and reduced yield. Bordeaux mixture (4: 4: 50) 
and lime sulphur are effective sprays. The spraying should 
be done thrice, first before the buds open, second after the 
fan of petals and third about three weeks later. 

Mildew attacks both leaves and flowers. It can be 
controlled by pruning and spraying the trees with lime 
sulphur solution (1: 19), shortly after the blossoms set. 
In spring and summer again the affected shoots should be 
removed and burnt. . 

Brown Rot is responsible for soft brown patches on 
the fruit. The infected fruit in a severe case may shrink in 
size and drop from the tree. The infected fruits from the 
trees lying abont in the garden should be removed and 
buried deep. The infected branches should also be cut away 
and burnt. 

VEGETABLES 

The total area under vegetables duriug 19<1-1-42 
was about three lakhs of acres. Since then 
there has been some decrease. Most of the 

vegetable . area is irrigated and a comparatively small 
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proportion .is unirrigated. The important d.istricts growing 
vegetables are Ambala, Hoshiarpur, Ferozepur, Lahore, 
Jullundur, Amritsar, Gurdaspur, Sialkot and Multan. 

Vegetables are generally grown in the immed.iste vicinity 
of cities and large towns to save transport and affect early 
delivery, as there i8 a ready maJ'ket fox the produce at hand. 
In the case of early vegetables which are produced in laJ'ge 
quantities in Ambala, Julhmdur and Sialkot the vegetables 
are transported by means of motor lorries and railways even 
to a distance of 200 to 300 miles. Vegetables produced in 
Multan are at times sent as far as Lahore and Rawalpindi. 
Often the sewage water of a city is used for the produetion 
of theBe vegetables, and the vegetables may thu.s sometimes 
constitute a real danger to the health of the consumer. In 
some municipalities, however, salad crops, such as lettuce, 
celery, onion, heet, etc., which are taken raw, are not 
allowed to he grown, owing to danger of typhu.s infection. 
If, however, sullage water is properly treated there is no 
danger oi infection from its use. 

The supply of good dependable seed is very essential 

Seed Supply 
for successful vegetable growing. The sepd 
should be viable, dean, free from disease aud 

insect injury, and true to its name and kind. The Govern­
ment must, therefore, for the present, aJ'range for seed 
control laboratories, where the seeds could he tested for 
viability and purit,y. Snitable laws should also he passed in 
order to protect the grower. 

The limit of time for which seeds may be stored 
The J.i{" of Seod without losing their germination power 

varies with the kind of vegetable. Seeds 
of cucumber, musk melon and lettuce retain their 
viability longer than that of CaJ'l'ot, onion and celery. 
Climate also plays an inaportant part. In tropical and snb­
tropical countries due to high temperature coupled with 
hlgh humidity seeds kept under ordinary conditions lose 
their viability much faster than they would do in tempel'8.te 
regions. The hest way to store vegetable seedi!, therefore, 
is to keep them in cold store or to put them in sealed earthen 
pots or stopperedj 'l.rs, or i ~ boxes sealed with paraffin and 
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a package of fused calcium chloride or lump of quick lime 
to keep it dry. 

As most of the common vegetable crops aTe normally 
_ . cross-pollinated, it is not very easy to pro-

productW. duce pure vegetable seeds. It is, therefore, 
advisable for small growers particularly, to purcbase their 
seed requirements from a reliable seed fum rather than 
to produce themselves. There is no difficulty in the 
production of seed from the common vegetables in 
the plains, but some of the vegetables such as cabbage, 
kohl rabi, English carrot and English turnip do not mature 
their seeds in the plains. The seeds of these vegetables, 
therefore, used to be imported in the pre-war days, from 
Europe and America. Due to transportation difficulties 
during the war these imports were stopped during 1942, 
1943 and 1944 and arrangements were, therefore, made for 
their production in hilly tracts like Kashmir, Quetta, and 
Kulu valley at an elevation of about 5,000 feet. For the 
purposes of seed production these vegetables should be sown 
in Jul.v and August and the full-grown plants taken up for 
transplanting during November-December. Seed is ready 
for harvest next J une-J uly. Insect pests are very harmful 
and in order to achieve success it is necessary to control them 
oompletely. Aphids and butterfly caterpillars are the most 
dangerous and should be controlled by spraying with a soap 
solution and picking by hand respectively. The stock ~ds 
for multiplication and for the production of vegetables can 
be had from the Vegetable Specialist, Punjab Agricultural 
College, LyaUpur and also from various Deputy Directors 
of Agriculture. 

CAULIFLOWER 
Natural order-OrooiJerae. 
Botanical name-Brassica oleracea. 
Var.-Botrytis. 
Vernacular Name-Phul Gobhi. 

Medium and heavy soils are most suitable for Cauli­
flower growint:. Of all the vegetable crops, caulifiower and 
c a~ reqmre most manuring. Experience has shown 
thai; the .IaoiMf nitrogen limits the growth of the caulii!ower 
plant. J't is, liherefore, advisable to apply ammouinm 
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sulphate at the rate of 2 maunds per acre as a top dressing. 
The seed rate per acre varies from i to t pound, aocording to 
the time of sowing, in one to two marlas of land. For early 
sowing greater quantity of seed is required due to high 
mortality rate of seedlings. The sowings made during 
September do well. The seed is sown, broadcast and covered 
with fine soil or decayed leaf mould, and watered with a 
sprinkling can. Shade should be provided to early 80wings 
for a few hours during the hottest part of the day. They 
should also be protected with a covering device during heavy 
rains. The seedlings are ready for transplanting in about 
six weeks' time. The seedlings are planted on both sides of 
raised beds which are 2 feet wide and 2 feet apart at a dis­
tance of I'-I!' feet from plant to plant. In the early stage 
cauliflower requires irrigation every week, but later on 
every two weeks will be enough. Thorough tillage should 
be given to keep down the weeds, and plants should be 
earthed up about 4 to 5 weeks after transplanting. It is 
ready for harvest when the heads have attained the proper 
size and are at right stage of maturity. It is available for 
the market from November to March according to the variety 
grown. The choice of a variety is very imfOrtant tor 8UCcellS­

ful cauliflower production. Early VarIeties if grown late 
will head prematurely, and produce small heads when still 
young. Late varieties if sown early do not produce good 
big heads. A few good varieties, such as C. F. 26 and C.F.21 
have been selected at the Lyallpur Agricultural Research 
Institute and their seeds are available for sale at Rs. 24 per 
seer. .An acre of oauliflolVer yields about 5,000 heads or 
2t maunds of,.seed with an income of about Rs. 1,000. 

CABBAGE 
Natural Order--Cruciferea. 
Botanical IJJJJ.D.e-Bi'aasica oleracea. 
Var.-Bullata Oapitata. 
Vernacular Name-Band Gobhi. 

This is a very popular vegetable with the European 
community though Indians do not seem to relish it and prefer 
cauliflower. The soil and manurial requirements are the 
same as for cauliflower. One pound of Beed is sufficient to 
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produr,e seedling" for an acre. The seedlings are trans­
planted from the beginning of .il'Iarch to the end of July in 
the hills and during September and October in the plains. 
Small varieties are spaced about 15 inches from plant to 
plant and It feet from row to row,whereas the large varieties 
may be spaced 18 inches from plant to plant and 2 feet 
from row to row. There are several varieties of cabbage, 
the seed of whi('h is imported from Europe and America. 
The most important of these are Dwarf, Early Whites, Dwarf 
Savoys, Large Late Drumheads and Red Cabbage. 

KNOL KHOL OR KOHL RABI 
Natuml Order~ruciferae. 
Botanical Name-Brassica oleracea. 
Var.-Gongyloiles or Oaulorapa. 
Vernacular Name-Ganilh Gobhi. 

It is a cool season crop and thrives on rich soils. It 
responds well to liberal application of manure. It requires 
the same cultural treatment as that for cauliflower, Brussel's 
sprouts and cabbage. The distance between the rows is 
IS" and between plants 9'. Abont 3 pounds of seed are 
sufficient for an acre. Kohl Rabi is harvested when the 
fleshy stem is about 2f to 3" in diameter. If it is allowed 
to grow large it becomes woody. 

BRUSSEL'S SPROUTS 
Natural Order-Oruciferae 
Botanical name-Brassica oleracea. 
Var--{]emenifera. 
Vernacular Name-Guncha Gobhi. 

In the plains it is sown from September" to the end of 
October, Its soil requirementa and manuring are just like 
cabbage. The seed is sown in a well-prepared nursery bed. 
Twelve ounces. of seed will give sufficient seedlings to plant 
an acre. This is sown in 3 marlae of land by broadcasting 
and covering with 1" of fine soil. When plants are 5' to 
6' high they should be planted in fields in rows 2' apart 
and IS' from plant to plant. When plants are half grown 
earthing np should be done. Irrigation is required 'every 
8 to 10 ~,It ~uces heads after about :I months. 
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BROCCOU 

Natural Order-Cruciferae. 
Botanical name-Brassica oleracea. 
Var.-Botrytis or Italica. 
Vernacular Name-Sabaz Gobhi. 

It is merely a late variety of caullilower which produces 
heads in Spring. It should be sown late in October-Novem­
ber because it cannot stand hot weather. The cultural 
requirements are essentially the same as those for the ordi­
nary caullilower. Green sprouting broccoli have been 
grown at Lyallpur for the last few years. The plant produces 
a head somewhat similar to the cau1ifiower except that it is 
green. Mter the removal of the central head the plant pro­
duces smsll heads on the side shoots. Thus the heads are 
available continuously for home use or the msrket for several 
weeks. 

PEAS 
Natural Order-Leguminosae. 
Botanical Name-Pisum sativum. 
Vernacular Name-Matar. 

The garden pea is an important vegetable crop in the 
Punjab. In plains and lower hills peas are sown in October 
and November and grow during winter months while in the 
hills peas are sown from the middle of March to the end of 
May, and grow during the summer. Peas can be grown on a 
variety of soils from light sandy loams to heavy clays, but 
it gives higher yield on heavier types of soils. Manure 
is usually applied to the preceding crop, but there is no harm 
in applying, directly, if the msnure is thoroughly de­
composed. 

Peas are sown on raised beds, 2f to Ii feet wide with fu:t... 
rows between them for irrigation. The seeds are sown near 
the edge of the bed abont one inch deep. For tall varieties 
the bed should not be less than five feet and that for dwarf 
21 feet. About 20-24 seers of seed is sufficient to plant an 
acre. The seed should be sown 1 to l! inch apart in the rows 
and irrigation applied immediately after sowing. When the 
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plantB arc about six inches high the tall-growing variety 
should be sta.ked with tree branches or cotton sticks. A 
sill):(le row of sticks fixed in the middle of a bed will support 
both the row, of each bed. The plant should be helped 
towards the stakes and induced to grow away from the irri­
gation furrows by placing earth around the plants. Peas 
grown for home use as well as for the market are picked by 
hand. Picking should be done when the pods are well filled 
with young tender peas. In order to have a regular supply 
of peas during the season early, medium and late varieties 
have beNl separated at the Lyallpur Agricultural Research 
Institute, and are available for sale to the public. 

The following varieties are recommended: 
P .I.D. -This is an early selection from a country variety 

of dwarf pea, grown locally in Hoshiarpur. It can be sown 
in the first week of September and is ready for consumption 
after about one month and a half. It yields 30-40 mauM" 
of green pods per acre. 

P.8.-This is also an early type taking about two 
months to mature. Its seed was originally obtained from 
U.S.A. It yields 80 to 100 maunds of pods per acre and is 
the heaviest. yielder amongst the early varieties. 

P. 35.-This is a mid-season variety and takes about a 
little over three months to mature. This was also originally 
obtained from U.S.A. It yields 90 to 110 maunds of pods 
per acre. This h8.8 been found to be excellent for canning, 
with a very heavy yield. 

The yield from an ordinary crop is about 50 mau'llds 
with an income of about Rs. 350. When matured for seed 
ita yield is about 6 mauMs per acre. At the rate of Rs. 2-8 
per seer, the income comes to Rs. 600 per acre. 

TURNIPS. 
Natural Order-Orucijerea. 
Botanical name--Bra8.nca r«pa. 
V&rnaCular Nam&-Sh4lgkam. 

Turnip is sown in the plains from the end of July to 
end of November. It can be grown on all ~ of !!Oils, but 
does beet on.~~ mih loam. A light application of farm· 
ylIId. _ *the late of 8 to l() cartloads per SOle may be. 
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made. It is preferable to sow the crop on ridges as it pro. 
vides for better root development and drainage. Ridges 
are made Ii feet apart and 6 to 9 inches high and the seed is 
sown on the top of the ridge. Irrigation is applied immediate. 
ly after so~. Seed rate is I to Ii seers per acre for desi 
varieties and t seer for imported varieties. Two acclima­
tized varieties are recommended, viz., Turnil?8 Red and Tur­
nips White. Both of these varieties are h1gh yielders and 
mild in taste. The yield per acre of fresh roots is 220 !MUndS. 
If matured for seed it yields 6 to 7 ma·unds per acre. 

SWEDES 

Natural Order.-Cruciferae. 
Botanical Name-Brassica napohrassice. 

This provides a much more palatable vegetable than 
turnips. Its cultivation is similar to turnips. 

CARROTS 
Natural Order-Umbelliferea. 
Botanical Name-Daucus carota. 
Vernacular Name -Gajar. 

The carrot is grown in all parts of the Punjab both 
for forage and for human consumption. It does best in 
cool weather. In hills it is sown from the beginning of March 
to the end of May and in the plains from the middle of August 
to the end of November. Imported seeds should be sown 
in Octolier-November. Carrot does best on well-drained 
loamy soils manured with farmyard manure. Fine tilth of 
the seed-bed is very important for carrots. Muriate of 
potash at the rate of 2 maunds per acre should also be 
applied in order to obtain a heavy yield. The seed rate 
is about 8 seers per acre. The carrot can be sown either on 
ridges It feet apart or on flat. Irrigation is given immediately 
after sowing, followed by another irrigation after 6 to 3 days. 
The seedlings should be thinned to stand 2 inches to 3 inches 
from plant to plant. The crop should be kept clean of weeds. 
Watering may be done weekly when the weather is dry and 
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fortnightly during winter. Oarrots if over-watered remain 
watery and insipid. Towards the later period of growth the 
crop should be watered sparingly. The crop when grown on 
ridges may be harvested by pulling out the roots, but when 
sown on flat it has got to be dug out with a spade. Mauy 
kinds of varieties are met with, white, yellow, orange, light 
purple, deep purple, but orange coloured are more popular 
than others. Yield of fresh carrots is about 220 maunds 
per acre, and that of seed 8 to 10 maunds. 

RADISH 
Natural Order-Crucife1'ea. 
Botanical Name-Raphanus sativus. 
Vernacular Name-MuZi. 

It is an important crop grown all over the Province. 
It is grown for fleshy root and green pods called moon­
gras. In the latter case a type of rat-tailed radish called 
Soongra is 'exclusively grown for its long pods. The fleshy 
root is taken either raw in salad form or cooked as vegetable. 
In the plains it is sown from the middle of June to the end of 
January, but the main crop is sown from beginning of 
September to end of October. It can be sown on all kinds 
of soils but loamy Boils are the best. It can be sown on 
ridges 1 t feet apart and 9 inches high like carrots. Seed rate 
is 4 to 5 seers per acre. Irrigation is given immediately after 
Bowing. Seed germinates in 3 to 4 days. Irrigation may 
be given once every week. The most important variety 
is a local white. Of the imported varieties, 'Scarlet gobe> 
and 'Icicle' have been found to be suitable for production 
:in tlJ,e plains. 

BEET 
Natural Order-Ohenopodiaceae. 
Botanical Name.-Beta 'lJUlgUNs. 
Vernacular Name"" Ohaqandar. 

It is an unimportant vegetable crop grown:in the Punjab. 
Its s~ ooason is August to November :in the plains. It 
tlirlvu \lilIIIl ooedeep loa.my soils. It is tolerant to acid soils 
but· develops ,best on soils tbat are somewbat alkal:ine or 
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salil';e. Seed rate is 6 seers per acre. It is sown I!" deep 
on rIdges!, apart and 6 to 9" high. Water is applied imme­
diately after sowing. When plants grow about 2" tall they 
may be thinned 3 to 4." apart. Watering should be done 
every 4. to 5 days after sowing. After the crop has germina­
ted irrigation may be given every 10 to 14 days: Early 
crop IS ready for use in November and supply eontinues till 
end of March. Two types are met with: round rooted and 
long rooted. Round rooted varieties are earlier and better 
adapted to production on shallow 80ils, than long rooted 
ones. 

ONION. 

Natural Order-Liliaceae. 
Botanical Name-Allium cepa. 
Vernacular Name-Piaz. 

This is a hardy crop and thrives best in relatively cool 
season. It is grown both for its mature and irrnimture 
bulbs. The mature _bulbs are used throughout the year. 
It is used either raw or cooked by almost all classes of 
people and is thus in demand throughout· the year. It is 
considered to be 'appetising and healthful. 

Onion is grown on almost all types of BOils from sandy 
loam to heavy loam, but loam BOils are generally preferred. 
It is said to tolerate a certain amount of alkalinity in the 
soil and can, therefore, be grown on slightly alkaline soils. 
The crop requires heavy manuring. About 24 cartloads of 
manure per acre may be applied. If there is a shortage of 
farmyard manure it may be supplemented with super­
phosphate and ammonium sulphate, at the rate of about one 
maund of each per acre. 

In the plains onion seed is sown from middle of October 
to middle of November, and in hills from the beginning of 
March to the end of May for nursery seedlings. About 
four seer8 of seed sown in abont 5 marlas of land is sufficient 
to produce seedlings for one acre. The seed is sown broad­
cast in a thoroughly prepared bed, which has been enriched 
with ample supply of wen rotten farmyard ma.nure. The 
seed is then covered with lin& ~oil a.nd water is applied with 
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a sprinkling can, so as to soak the soil well. The irrigation 
should be repeated every 3rd or 4th day till the plants are 
well established. The seedlings are ready for transplanting 
in eight to ten weeks and are planted in middle of January 
in plains. The field, where seedlings are to be transplanted, 
should be divided into small plots of convenient size for 
irrigation and marked in rows 9 inches apart, and seedlings 
planted 3 to 4 inches apart in the rows. Irrigation is then 
applied immediately after transplanting. 

OniOllB require steady moisture supply and irrigation 
should, therefore, be applied once every two weeks. When 
the crop is nearing maturity it may be watered sparingly. 
When the tops start falling over, irrigation shonId be stopped 
altogether. During the growing period two or three hoeings 
may be given in order to keep control over weeds. 

The crop is ready for harvest about the end of May. 
The harvesting is done by pulling out the bulbs by hand. 
The yield of onions per acre is 100-150 maunds. As Boon 
as the crop has been removed from the field it should be 
taken to a shady place and tops cut ofl'. The onions should 
then be spread over the floor of a room in a thin layer, and 
should be left there for about a week 'Or ten days. The 
onions can then be collected and stored in kups made of 
straw or sarkanila in an airy and shady place. 

Two types of onions-white skinned and red skinned 
are usually grown, though at times yellow skinned are aJgo 
noticed but these are not liked. The white and yellow 
skinned varieties are mild and of good flavour, while the red 
variety is more pungent, but it keeps better in storage than 
the ,white ones. 

For this purpose the dry bulbs of small size are 
Seed Produntion. selected and planted in a small bed in the 

end of October or November, 2 ft. row to 
row and 1 foot plant to plant. The large bulbs can alB<> 
be used by cutting them into three or four pieces each, 
taking care that eaoh piece has a portion of "Stem plate" 
(root zon~) with it. The seed rate is about 12 maunds per 
_. '-., seed is ready for harvesting in April-May. 
Aboot 8 ~ of seed:an be obta.ined from an acre. 
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The green onions or Gandhel, as they are called, are 
grown for selling in the green stage. For this purpose 
the small bulbs from the previous crop are planted in 
September-October. These are ready for consumption as 
green onions in about four to five weeks after planting. 

GARLIC. 
NaturaIOrder-Liliaceae. 
Bot. Name-Allium satiwtn. 
Vernacular Name--Lassan. 

This is much more strongly flavoured than onions. 
Garlic can be grown on the same type of Boil as onions but 
it requires richer soil than onions for best yields, and it 
should, therefore, be more heavily manured. It is pro­
pagated from cloves which are planted 3 to 4 inches 
apart in rows about 9 inches apart. It requires about 
6 to 7 maunds of bulbs to plant an acre. The irrigation 
and hoeing and harvesting is just the same as in onions. It 
is ready for harvesting about the beginning of May. 

BRINJAL OR EGG PLANT. 
Natural Order-SolonacM.€. 
Bot. Name-Solanum malongena. 
Vernacular Name~Baingan. 

Brinial resembles tomatoes in its cultural requirements 
but requires higher temperature for growth. In the plains 
three sowings are made during the year. First is made 
from middle of February to middle of March, and the seed­
lings put out in the field before the end of April. The 
Sirhindi type of egg plant is sown at this time. The second 
BOwing·is made from middle of May to middle of July. 
Large round purple and large long purple fruited types are 
grown at this time. The third sowing &tarts towards the 
end of October and the seedlings allowed to remain in the 
seed-bed during winter till all danger of frOO is over. The 
seedlings are, of C01USe, protected with a covering of straw 
or Barlcanila during the period of frost, and are transplanted 
about the fust or second week of February. Round small 
purple fruit types are grown. at this time. 
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Egg plant can be grown on all kinds of soils, but does 
best on ~heavy typ~$ of soils. Well-rott,en farmyard m8Jlure 
should be applied to the land at the rate of 20 to 25 Cart­
loads per acre. For raising nursery the seed is sown in 
the nurserY bed in the same manner as in the case of toma­
toes. About i t,o i lb. of "Md grown on about 4 to 6 
mnrla' of land yields sufficient seedlings to plant an acre. 
Seedlings arc transplantcd when they are about 4" to 5" 
high. The plant should be removed from the seed-beds 
with earth sticking to the roots and planted in tbe fields 
in TOWS 3' apart at a distance of 18" from plant to plant. 
The crop is generally planted on the flat ground but may be 
grown on ridges or raised beds also. During hot weather 
irrigation should be given every week and in cool weather 
every two weeks. The fruit of egg plant is used in immature 
condition. If allowed to ripen it becomes hard and tongh. 
The harvesting of the spring-sown crop begins in last part 
d May and continues till December when the plants are 
killed by frost. The plants arc then cut back to about a 
foot and the stems are covered with dry grass or dry sugar­
cane leaves. In spring: when weather warms up, llew shoots 
come up and bearing starts about the middle of March and 
continues through the rainy season. The plants ahonld 
then be dug out, as the strands are thin and exhausted. The 
hearing of the third crop, i.e., of the crop transplanted in 
February starts towards the end of March and continues to 
furnish supplies up to beginning of rains. The second 
aowing begins to bear fruits towards the close of rains and 
lasts till December. 

TOMATOES. 
Natural Order-Sownacere. 
Bot. Name-Lycopflrswum esculentum. 
Vernacular Name--Tamatar. 

This is a warm-season crop and does not tolerate f'rost_ 
In recent years its production in the Punjab has increased 
oonlli~, and the fruit is available in the market prac­
tically .a ,\e year rouM. In the hills it ill sown from 
middle of MarIlh to the middle of May, while in the plains 
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three crops are produced, namely two early crops and one 
main crop. Seedlings are ready in 3-4 weeks' time. For 
the earliest crop sowing is done about the middle of June 
to the middle of July. This erop is over before frosty 
weather. The second early crop is grown from the middle of 
August to the middle of October. This crop bears twice, 
once in December to March and second time in May-June. 
For the third crop, the seedlings are transplanted in 
February and the crop gives fruit from May to the end 
of July. 

Two ounces of seed give sufficient seedlingB for one acre. 
Owing to high mortality in summer in case of early sowings 
about eight ounces of seed are usually sown to get seedlings 
for an acre, but for late sowings 4 to 5 ounces of seed are 
enough after allowing for all losses. It may be noted that 
an ounce of tomato seed contains about eight to nine thou­
sa'l.d seeds. One marla of seed.bed is enough for 2 to 3 
ounces of seed. For hot weather sowings it is necessary 
to shade the bed till the seedlings are well established. The 
seedlings also require protection from heavy rains. The 
plants are ready for transplanting when six weeks old. The 
seedlings are planted 2 to 2, feet apart and 1, to 2 feet from 
plant to plant. Staking may be done when the plants are 
about 9 to 12 inches high. For the winter crop the spacing 
is 15 to 18 inches from plant to plant and 3 to 4 feet between 
each row. Protection against frost by covering with grallS 
is necessary. During the periods of frost, irrigation is re­
commended as it prevents the temperature from going too 
low, and thus the danger of frost is minimised. As fully­
npened fruit does not stand handling. and hauling and 
quickly deteriorates it is advisable to pick the fruit just 
when it is turning colour, a8 it will then reach the consumer 
in better condition. For home use, however, the fruit may 
be &!lowed to ripen on the plant. Sometimes the growers 
pick the green fruit at the time when frost occurs and 
heap it up outdoors under a tree for ripening. The fruit, 
as it ripeDB, is sorted out for being sent to the market. 
Yield per acre is 150 matmds. 
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Val"ieties.-The following varieties have been selected 
at the Agricultural College Research Institute, Lyallpur, 
and the seed is available for sale to the public: • 

T.13. (Large red).-It is a midoooason variety taking 
little over four months to mature. This is suitable for both 
autumn and spring crops and is fairly resistant to frost. 

T. 29. (Best of ali). This is also a mid-season variety 
taking about four months to mature. 

T. 22. (Bony Best). This is also a mid-season variety 
taking about four months t,o mature. This is suitable for 
botll autumn and spring crops, particularly the former bnt 
is very susceptible to frost. 

CHILLIES OR RED PEPPER 

Natural ()Tder-Solanaceae. 
Bot. Name-Capsicum annum. 
Vernacular Name--Mireh surk.? 

Chillies are grown more or less all over the Punjab 
but their production on extensive scale is carried on chiefly 
in Karnal and Rohtak districts where Panipat, Gharunda, 
Murthal, and Sonepat are big markets. It is grown in 
Jullundur and Ferozepur districts also. In the plains it 
is sown from the middle of March to the end of April for 
the production of dry chillies and in October for the produc­
tion of green chillies during early summer. In the latter 
{ljlse the seedlings are protected from frost during winter 
.and transplanted in February when all danger of frost is 
over. . In the hills, chillies are sown from the middle of 
April to the end of May. Heavy loams are considered 
most sui~ble for obtaining high yields. The land also re­
quires heavy manuring at the rate of about 40 cartloads 
of well rotten farmyard manure per acre. Care should be 
taken not to apply f:reah manure as it attracts white ants, 
whklh is a serious pest of chillies. It is, therefore, advis­
able to .• pplprumure to the previous crop instead of apply­
ing it ~ 1.. top dmlsing of ammonium sulphate at 
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the rate of It maunas per acre at the time of fruiting is 
Ver, useful. 

There are two methods of sowing :-

(1) Seeds are sown directly on tops of ridges 2i 
to 3 feet apart and about 9 inches high. When 
the plants are well established they are thinned 
8 to 9 inches apart. 

(2) Seeds are sown in the nursery in :March-ApriI 
at the rate of i to ! seer of seed for producing 
seedlings for an acre. 

The seedlings are ready for transplanting in May and 
June. and are sown in rows about 2i feet apart and plants 
in the rows 9 inches apart. Irrigation is applied imme­
diately after transplanting. Ohillies are ready for picking 
in tlw beginning of September and last till the end of Decem­
ber. For dry chillies, fully ripe and coloured fruits 
are picked and placed on the flat roofs of houses or in the 
Op~l1 in a thin layer for drying and curing. Care should 
be taken not to heap up freshly-harvested erop for a long 
time, as the fruit is. liable to rot. Yield per acre is about 
40 maunas of fresh green chillies and 10 maunas of dry 
chillies. 

There are thre-e varieties of chillies: (I) Patua, (2) 
khopra and lwkla, and (3) lamba phal. No. 1 is a late 
variety. Its fruit is long, thin and pungent, and possesses 
high keeping quality. No.2 is rather short and thick and 
comparatively less pungent. It is an early variety and its 
yield is more than that of Patna. No.3 is largely grown 
near abont Smalkha. Its fruit is long and less pungent. 
It is also an early variety. Another variety known as 
nakli palma is also grown in the Panipat area. It is 
also long and thin but its colour is not so red as thst of 
the Patna variety. Its keeping quality is also low. In 
Simla Hills an imported variety of pepper known as Simla 
miroh is also grown. It is used for salad and as vegetable. 
It is probably imported from U.S.A. and is referred to as 
Capsicum. 
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LADY'S FINGER 

Natural Order-Malvaceae. 
Bot. Name-Hibiscus esculentus. 
Vernacular Name-Okra or Bhindi. 

Two crops are raised in the plains, early and late. 
Early is sown from middle of February to middle of April 
and the late is sown durinp: July. Bhindi thrives best on 
all kinds of soils provided they are well manured, four to 
5 seers of seed per acre are required. It should be sown on 
ridges 2t to 3' apart. For continuous growth and pod 
formation, the crop should he irrigated after every 5th or 
ilth day in hot weather and every 10 to 14 days in cool 
season. Inter-culture is necessary four or five times to keep 
down weeds. Broadly speaking there are two types or 
varieties of this crop: early dwarf and tall. The former 
is preferred over the latter, as it begins to bear fruit earlier 
Whell the mal'ket prices are high. Some varieties have also 
been eVDlvi'd at L.vallpur which heal' fruit for picking 40 days 
after sowing. and whose pods are fro,', from "piny hairs. 

BOTILE GOURD 
NaturaIOrder-Oucurbitaceae. 
Bot. Name·-Lagenaria vulgaris. 
Vernacular Name--Ghaya Kaddu. 

It. ig an important vegetable in the Province and is 
availahle in the mm'ket from March to November. It 
grows best in humid climate. It is planted from the begin­
ning of l\{arch to middle of July in the plains and in some 
localities even in October for early production. The vines 
are protected in this Case from frost by a sarkanda thatch. 
It thrives best on heavily-manured loamy soil. Fonr to 
five ploughings are necessary to prepare the land. It can 
be sown on raised seed beds. The seed rate is 2 seers per 
acre. During dry weather, irrigation is required every 4th 
to 5th day. In rainy season, it is watered less frequently. 
The fruit sh9uld be harvested while it is still tender. Round 
varietiell ~ Wlually grown for the early crop and long 
fruited ones caned louki for the late crop. 
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RED GOURD 
Natural Order-Oucurbitacelll. 
Bot. Name-Oucurbita maxine,a. 
Vernacular Name--Halwa Kaddu. 

It is also grown all over the province for fleshy fruit 
which is used as vegetable both in the irrunat,ure and mature 
stages. It grows well in regions with comparatively lower 
temperature and higher humidity. Two crops are taken 
in the plains: early and late. Early crop is sown in the 
beginning of February to end of March and the late from 
middle of Jlme to end of .Tuly. It can be grown on all types 
of well-drained and well-manured soils. It is sown on 
raised beds 8' wide. 

ASH GOURD OR WHITE GOURD OR WAX 
GOURD 

Natural Order-Oucurbitaceae. 
Bot. Name-Benincasa cerifera. 
Vernacular Name-Petlla. 

It is commonly called petka. As a commercial 
crop it is grown in dry river beds. The immature fruit is 
cooked as vegetable but when ripe it is used for making 
sweetmeats. It prefers a warm climate. Like water­
melons, two crops can be grown: early and late. Early 
crop is sown from the beginning of February to end of March 
and late from beginning of Jffile to end of July. It does 
well on light sandy soils. Fruit intended for storage should 
be harvested after it is fully ripe. Fruit is harvested in 
September-October and is sold during winter. 

BITI'ER GOURD. 
Natural Order-Oucurbitaceae. 
Bot. Name-2Ilomordica charantia. 
Varnacular Name-Karola. 

It is grown almost in all parts of the province. It is 
sown in. the plains from middle of March to end of April for 
early crop and from middle of JWle to end of July for late 
crop. Cultural requirements for bitter gourd are the same 
as detailed for linda, except that soil should be given 
heavy application of Inanure in this case. 
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LUFFA OR SPONGE GOURD 
Natural Order-CucurbitacelB. 
Bot. Name-LufJa acutingula and LufJa aegyptiaca. 

Vernacula.r Name-Ghiya wri. 
The Sponge gourd or wri is grown on a small scale in 

the plains for its tender fruit. Two types of tori are grown: 
kali tori which is club-shaped and sharply ribbed, and 
ghiya wri which is smooth and cylindrical. It thrives 
best in humid regions. Two crops: one early and the other 
late are sown. Early is sown from middle of February to 
~nd of March and the crop is ready for use from middle of 
August. Late is sown from middle of June to end of July 
and crop in this case provides fruit from September to 
middle of December. The crop can be sown on raised 
beds 8 feet wide with furrows for irrigation between the 
beds. Two seers of seed is required per acre. 

TINDA GOURD 
Natural Order-CucurbitaceOl. 
Bot. Name-C,itrullus. "Vulgaris "Var, Fistulosus 
Verna.cular Name-T.nda. 

It is one of the most popular vegetables grown in the 
punjab. Two crops are raised in the plains. One is sown 
from middle of February to end of April and the other from 
middle of June to end of July. Sandy loams or silt loamB 
are most suited to its production. Well-rotten farmyard 
mauure at the rate of 16 cartloads per acre may be added. 
Seed rate is about 2 seers per acre. It can be sown on 
raised beds 4 to 5 feet wide with two feet wide irrigation 
furrows. About 3 to 6 seeds are sown 1" deep in each hole. 
Irrigation is given immediately after sowing, and is followed 
by another irrigation 8 to 10 days later. Seed germinates 
within 5 to 14 days. In some areas, seed is sown broadcast 
in a well-prepared moist soil. The field is ridged into beds 
to facilitate irrigation. Early crop requires Uequent 
irrigationS. Late crop is often grown in rain-fed regions 
'Wh:e1!&~ b:reaks out early and rainfall is fairly certain. 
In d'r1 regions, it should be watered at least once every 
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two weeks. Tinda is extensively grown in certain loe&l.­
ities such as Pathankot and Amhala. Two varieties are 
met with: green and pale green. 

CUCUMBER 
Natural Order-Cucurbitaceae. 
Bot. Name-Cucumis sativus 
Vernacular Name--Kheera. 

It is grown for its fruit, which is taken raw with salt 
and pepper. Immature fruit is slightly bitter. A small 
portion from the stem end of the fruit is cut cross-wise and 
cut surfaces are rubbed together to remove the white 
froth that comes out. This is supposed to render the fruit 
more palatable, and remove its bitternel!S. The fruit is 
then peeled and sliced without removing the seed for table 
purposes. It is grown on all varieties of soils but loamy 
is the best. Land may be ploughed twice or thrice and man­
ure worked in before making tbe seed bed. Ammonium 
sulphate may also be applied as a top dressing at the rate of 
) t to 2 maunds per acre when plants have started· fruiting. 
Seed rate is I t to 2 lJeers per acre. 

ARUM 
Natural Order-Aroideae. 
Bot. Name-Colocasia antiquerum. 
Vernacular Name-Am. 

It is a common vegetable in the Punjab and is grown 
extensively in the lower hills and sub-montane tracts, 
€Specially round large cities. The thickened underground 
portion which bears small tubers known as am is called 
kachalu. Street hawkers in large cities and towns carry 
boiled kachalu for sale and they are served aiter peeling, 
slicing and wetting with a solution prepared from chillies, 
salt and tamarind. Am is cooked as a vegetable. It pre­
fers warm climate with abundance of moisture. It is sown 
from middle of Febrnary to end of April and does best on 
well manured loamy soils. Medium sized tubers are usually 
selected for sowing. Twelve to 15 11IGU1IdII of seeds are re­
quired to plant an acre. The seed is sown on ridges 2!' apart. 
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In Borne localities art>i is grown along with bitter gourd, long 
melons and onions. Beds about 2 feet wide are made with 
furrows between the beds. Onions and bitter gourds OJ: 

JonI' melons are sown on one side of the bed and arm on the 
other taking care to keep the same order of sowing in each 
hI"]. Onions are pulled green for market by the end of 
April but !(ourd and melons are allowed to remain as they 
oontiuue bearing till about the beginning of June. First 
irrigation is given immediately, after sowing. Subsequent 
irrigation may be given after every 4, to 5 days till the (lTOP 
germinates and plants arc well established. Two to three 
hor.lng' are neOOSS:1ry to keep the field free of weeds. The 
crop is ready for harvest 5 to 6 months after sowing when 
the leaves begin to turn yellowish. The tubers are dug 
out with a spade and kachalu and arm are sorted out for 
disposal in the market. Average rieJd is 150 to 200 
mn1tnds per acre. 

GINGER 
Natural Order-Scitamineae 
Bot. Name-Zingiber officinale. 
Vernacular Name-·Adrak. 

It. doe~ best in hmnid climate. In the Punjab, it can 
be grown more successfully in lower hills and sub-montane 
districts. It is planted iIi the months of March and April 
in plains and during May in hills. It prefers light type 
of Roil rich in organic matter. Ten to twelve maunds 
of sets are reqnired to plant an acre. The sets used for sood 
are ke.pt from previous year's crop in a cool place, covered 
with moist sand. Sprouted sets with 2 to 3 buds on each 
should be planted, since they give better germination than 
unsprouted ones. The seed pieces are cut about 2 oz. each 
in weight and covered with fresh dung}o! about 24 hours 
previous to planting. The application of dung in this man­
ner is said to protect the seeds from rotting and stimulate 
germination. The sets are planted about 2" to 3" deep in. 
rows about 1 foot apart. After planting the surface of the 
seed· bed. ~, mulched with a thick layer of tree leaves to 
prev6lJt. Seed-bed from being washed away and drying 
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hard when there are heavy showers of rain. It also prevents 
excessive loss of moisture through evaporation. In about 
a month's time, when leaves begin to decay and the germina­
tion of the crop has been completed the mulch is hoed in. 
In August fresh dung is applied as a top dressing. In the 
8ub-montane tract it can be sown on ridges about I!, apart 
with a distance of about 10 to 12", between sets. Irrigation 
should be applied Boon after sowing. Inter-culture should 
be done to eradicate weeds whenever necessary. The crop 
is ready for harvest in November-December, and average 
yield is 100 to 150 maunas per acre according to locality. 

SWEET POTATOES 
Natural Order-Oonvolvulaceae. 
Bot. Name-Ipomaea batatas. 
Vernacular Name -Shakar Qanai. 

This is grown more or less in all parts of the Punjab 
plains, where it is planted from the middle of March to the 
end of April. In the hills planting may be done from the 
beginning of April to the end of May. It can be grown on a 
wide variety of soil but a well-drained sandy loam is con­
sidered to be the best. The land should not be cultivated 
deeper than six to eight inches, because the roots in that case 
tend to be long and slender and are also diffcult to dig. 
No manure is usually applied to this crop, though it has a 
beneficial effect on the yield. The farmyard manure may, 
therefore, be applied at the rate of eight cartloads per acre, 
special' on light sandy soils. The crop ·8 usually propagat­
ed by means of cuttings of the vines. It can also be 
grown from plants or slips produced from roots, but vine 
cuttings are cheaper and produce roots more uniform in size 
and shape. Where the growing season is short, the vines 
cannot be over wintered as in higher hills, plants may be 
grown from roots for transplanting. Cuttings about I to 
1 f feet long are taken and transplanted in the field on 
ridges I f to 2 feet apart and I to 1 f toot from plant to plant. 
The sweet potato is said to be drought-resistant and suffers 
little permanent injury when exposed to prolonged period 
of water deficiency. The irrigation should, therefore, be 
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given from transplanting till the vines cover the ground. 
After that only oceasional watering is needed. The crop' 
is ready for harvesting in the beginning of December and 
should be harvested about the time the frost occurs and 
before the vines are killed by frost. There are two types 
of sweet potatoes commonly grown-one is red skinned and 
the other white skinned. The latter is sweeter than the 
former, and is, therefore, generally preferred. The yield 
per acre is about 175 maundB. 

INDIAN SPINACH 
Natural Order-Chenopodiaceae 
Bot.. Name- Beta Bengalensis. 
Vernacular Name---Palak. 

It is grown for green leaves to be used as pot herb. It 
can be sown early in the season to furnish. "green" in Sep­
tember-October. It can be sown from Illiddle of June to 
middle of November on the plains and from middle of March 
to end of Mav in the hills. The usual seed rate is about 16-
seers per acre. It yields best on heavy looms. Three to 
fOllr ploughings are necessary to prepare the land. The 
seeAi after broadcasting is lightly covered by raking the 
surface of the seed bed cross-wise. Water is applied immedi­
ately after. Spinach does not grow well unless it has 

,abundanoo of moisture, The crop should be irrigated 
after every 8 to 10 days in summer and after about every 
fortnight in winter. About 3 to 4 cuttings can be obtained 
in a season. 

Spinach or Kandairi palak and Nllwzealand spinach 
are 'alSo grown like Indian palak. 

CORIANDER 
Natural Order-Umbelliferae. 
Botanical Name-Coriandrum sativum. 
Vernacular NaI'll_D1l1lnga. 

. ~ is grown on a very small scale almost aD 
OVlll''&'piovince, tMugh in some part&, especially in south· 
~, aucll as MuitaII. it is grown 'On a commercial scale 

~\-. 
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as well. Coriander requires a good loamy soil. The land 
should he thoroughly prepared before seeding. It can he 
sown from September to November and harvested in April 
and May for seed. The vegetative part is, however, used as a. 
condiment even If to 2 months after planting. The seed 
rate is about 8 to 12 seers per acre. It can be sown broad­
cast. The seed should, however, be thoroughly rubbed so 
ap, to open the fruit walls before sowing. Unrubbed seed 
either does not germinate at all or gives very poor germina­
tion. Two to three hoeings are considered to be sufficient 
to keep the crop free from weeds, and 5 to 6 irrigations are 
necessary. The yield is about 8 to 12 maunds per acre. 
The price during 1944-45 varied from Rs. 20 to Rs. 35 per 
maund. 

MINT 
Natural Order---,Labiateae. 
Bot. Nam~-·Menlha Sp. 

:Vernacular Name--Podina. 

Mint or spear mint is grown in the gardens for its green 
lea.ves, especially for chutney preparation. It has abundant 
mineral elements and vitamins. Of all the leafy vegetables 
mint leaves are the richest in iron. It thrives best on loamy 
soils. Its propagation is usually carried on by planting 
divisions of old plants in ,rows 1 foot apart and 6 inches from 
plant to plant during the months of October, November, 
January and February. Once plantation has started !t will 
continue to r.roduce leaves for a number of years If the 
~ollnd is liberally manured. It requires freqnent 
Irrigation, once or twice a week when the weather is dry. 

LETTUCE 
Natural Order-Compoaitae. 
Bot. Name-Lactuca Satit·a. 
Vernacular Name-SaW. 

Lettuce'is generally eaten raw and js very much 
appreciated by Westerners on account of its dietetic value. 
In the plains it is grown in winter; and does not grow in hot 
weather. Lettuce .seed should be sown in the nelds, on both 
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sides of the raised beds about 2 feet apart. The 
lettuce seed is very small and should be sown as shallow a8 
possible, covering over with not more than 1" of Boil. 
Irrigation should be given immediately after sowing. 211bs. 
of seed is sufficient to plant an acre. Lettuce seedlings can 
be raised in a nursery bed and planted in the field when 
about 6 weeks old. The planting distance is 15" between 
rows and 12" from plant to plant. In hot weather lettuce 
requires waterings every 4 to 5 days but in winter season 
it need not be watered so otten. The heads when they attain 
full size and feel hard when pressed should be cut for use. 
Outer leaves of the heads should be trimmed. 

CELERY 
Bot. ~ame-Apium. lfTeveolens. 
Vernacular Name--Salakri. 

It is an nnimportant crop in the Punjah, hut in recent 
years its production has been taken up round about Amritsar 
and Ambala for its seed which is sent to U.S.A. Celery 
for table use is uni"llown in the Punjah except among the 
European population. The fleshy leaves stalks of the plant 
after being hlanehed are taken raw as salad and are cooked 
for making sonp. In the plains it is grown only in winter. 
In colder regions it is biennis1 crop', i.e., it produces vegeta­
tive part in the first year of its sowing and seed in the second 
rear. In the plains it hecomes annual. In the hills, seed 
18 sown in March-April and transplanting is done in May. 
The crop is ready for use in November and December. In 
the plains, seed is sown from middle of September to end 
of Gctober. Transplanting of seedlings is done in January 
and the crop is ready in middle of May for harvest. It 
can he grown successfully on sandy loams after ploughing for 
5 to 6 times. The field should he well manured. The 
dressing of annnonium sulphate or nitrate of soda. is also 
useful. The seed-rate is about! to 1 pounds per acre. It 
may be mixed with dust or sand and then sown broadcast 
in a wellcJl.repared seed bed. It should be covered with 
line _~ '.l'h!.l water .mould be applied soon after with a 
8prinkling Can. As the seed takes about 10 to 14 days to 
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germinate the bed should be covered with pieces of burlap 
to keep it moist. Celery plant should be about I' in 
diameter at the Crown when ready for transplanting. 
For seed production plants are set in rows 2 to 21 feet 
apart. For table purposes they should be set in rows 4 
feet apart and 6 to 8" between the plants. Celery requires 
regular irrigation. During warm season watering should 
be done <,verv week and in cold w{,,atber everv 10 to 
14 days. For weed control inter-culture should "be done 
throughout the growin!! season. The harvesting is dOM 
by reaping ffith a sickle. The plants when cut are left in 

the fields to dry for two to three days. Threshing is done 
by beating out the seeds which after winnowing are passed 
through sieves for purposes of grading. The average 
yield is 8 to 9 maunds of seed per acre: 

To secure early crop in the plains it is customary 
to bring plants ready for transplanting from the hills. They 
thus mature in December and January. The plants are 
covered with earthen pots to secure bleaching. Frost is 
n{'.cessary to produce a tender stem for table purposes. 

During the main fruiting season there is glut in 
Dehyd,.'ion of the mar~et and prices are c0nst;quently low, 
f r u it, and whereas ill the oir-season, the pnces are very 
vegetabl",. high. The inferior quality produce, such as 

under-sized or injured fruits, which are more or less 
ll1l8alable in the market go to waste or are sold 
at a very low price. In some parts of the province 
wnere means of communication are not fully developed, 
surplus fruit cannot be taken to the market and is liable 
to rot. In order to improve the conditions, the fruit and 
vegetable preservation and dehydration industry requires 
considerable attention. Although preservation of fruits 
and vegetables has been known all over the world for 
a long time, yet it has been taken up on a commercial 
scale in this country only recently as a result of war. 
The question of economy of shipping space -and difficulty 
in tmnsporting' the bulky but protective food articles to 
the front lines gave impetus to the ~ industry. parti­
cularly the v{'getable dehydration industry. In waml 
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climate. the fruit juices have a definite place in cold drinks. 
In the Punjab these juices can be consumed in major portion 
of the vear but this industry did not make much progress 
in this country on accOlmt of competition from the imported 
stuff. Moreover, some of the manufacturers in this country 
resorted to using artificial flavours and colours and saccha­
rine in place of 8U?:ar. The curtailment of imports from 
overseas as a result of war stimulated this industrY to a 
conside.rable extent. The A~ricultural Marketing De.part­
me,nt. al"o unae-rtook the. standardisation of these products, 
and nowadays tbe Punjab Provine,e is leading in tbe wbole 
of Inaia in the manufacture of citrus fruit products. Tbe 
total quantity of fruit juices prepared annually in the 
Punjab and put i~ the Indian market is in the ne~hbourhood 
of 15 lakh hottle-so The juices now available are of much 
higher qualitv than we used to have some years back and 
in the coming years, i.e., after the war, it is hoped that this 
industrv will maintain its position in this country. If need 
arises it sbould be afforded adequate protection. 

Tlw d"hydration or drying industry has received im­
petus from the Supply Department, Government of India, 
which selected dehydrating contractors and contracted 
with them for the manufacture of definite quarttiti~s of 
dehydrated potatoes and vegetables for the armed forces. 
These contractors were required to purchase these ve"e­
tables from the open market subject to the ceiling pri~es 
fixed by the ProYlllcial Ceiling Price Fixation Committees 
and dehydrat~ ~he v"!\etables according to the specifica­
tions and conditlOns lald down by the Food Department. 
The. drying, over-aU ratios, and costs of manufacture for 
various vegetables were fixed. 

In order to study the problem of dehydration of fruits 
and vegetables in this country a special scheme financed 
by the Imperial Council of Agricultural Research was 
started in LyaUpur in June 1941 to meet the army require­
ments. The work was mainly carried on in vegetables. 
and c~ of (a) standardisation of a tnimel·dehydrator 
(~~) and (o) ~kin?: out the methods and costs 
of aehyantiltn of all kinds of vegetables. As a result of 
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investigations a standardised dehydrator consisting of a 
drying chamber (J3'x5'x6') and a multiblade blower type 
fan (20' diameter with 12 blades) in the jim chaniber 
(2fx5'x7') for blowing the air over the heating coils, was 
evolved. The hot air after passing through the tunnel in 
which trays containing the vegetables were placed is sucked 
by the fan at the other end and re-circulated. During the 
process of drying, the temperature and humidity are con­
trolled. The method. of dehydration of various vegetablea 
were alRO standardised. The important information with 
regard to various vegetables is given in the table attached 
herewith (Page 38(;). 

Although the dehydration of vegetables made much 
progress d uring th~ war, it is yet to be seen if this industry 
will stay in this proviuce. At present, the civil population 
is more oj· less unacquainted with the factory-dehydrated 
frnits and vegetables. Of course in their own homes a part 
of the population have been sun-drying some of the vege­
tables. In order to keep this industry alive il; will be 
essential to stimulate the demand bf these products in this 
country. 
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CHAPTER XV-OlLSEEDS 
Oilseed. are valued for oil and oil cake. The harden­

ing of oils hy hydrogenation haR extended their use very 
considerahly. Vegetable oils or fats are very vital in peace 
time and especially so in war time. Their chief economic 
importance lies in their use as a foodstuff for man "nd as 
an industrial article. For industrial purposes, wiletable 
oils ar~ largely used as lubricants, and in the manufacture 
of soaps, varnishes. paints, etc. To some extent the v€ge­
table oils are also used for lighting purposes especially in 
the rural areas. Some of the oils are also used for the 
manufacture of sweetmeats. The oil cakes and meals left 
after the expression or extraction of oils and fats from the 
oilseeds constitute a product of great importance for feeding 
cattle. It is also used as a fertilizer. Besides this. some of 
the oilseeds are consumed by human being", and animals 
as such. For instance, coconut, gJ'oundnut aud sesamum 
are directly used by the human beings, whereas cottonseed 
constitutes an important feeding stuff for cattle. 

The chemical composition of various oilseeds and oil­
cakes are given below:-

Oilsc('d or Oilcah ~ I ~ I " '1.: l· '1' >, /.: f ~ I "'" Ii :i ~ ~~ l] E~~ g~ ~~~j"ga ~ 
_________ __::_~, <.- !:§_~!!_~J£~~ ~lf) I_i__ 

% ~ol%\%I% %1% 
7.38 3R~21 19.06

1 
23.2

1

15.06 4.14 2.94 3.29 Taria 
Sa.rson 

Oilseed. 

(Black) 
•• (YeUow) 

Tara.mini. 
Mustard 
Til (Bla('k) 

H (Whitt) 
S.mower 
Groundnuj; 
Linseed 
Cottanset'd 

Oilcake. 
Tori&.· 
Taramira 
MUBtMd 
Til Punjab 
Saffiowet' 
Groundnut .. 
Lin.eed 
Cottoll,BOOd •• 

7.J5 33.87 25.89,22.04 6.414.30 0.35 4.14 

6.15 41.37 23.€1! 22.25 i 2.97j 3.40 0.2513.76 
6.50 33.45 24.88\ 24,211 4.:!9,4.02 2.65 4.23 
8.35 41.84 18.57 22.29, 4.26 4.32 0.38 3.23 
5.57 52.27 17.94 13.261 3.87 6.58 0.51 a.Of). 
5,53 48.53 2-1.37 13.961 3.56 6.56 0.49 3.M 
6.23 29.33 11.37 22.97 28.08 0.68 1.34 1.87 
4.51 50.72 27.0.1 14.38 1.29 2.01 0.06 4.00 

1
6.62 4:L16 15.00 26.01 4.94 3.67 0.60 2.67 
6.41 13.6~ 13.12 38034! 24,59 3.79 0.07 2.«' 

7.40 11.34 27.88 36,42 8.32 6.44 2.20 4~7fi. 
9.44 8.33 36.00 28.48 6.86 5.52 4.87 5-.76 
8.33 1,0.9] 24.]2 33.36 5.34: 7.06 0.88 6.46 
6,95 8.08 31.31 29.80 3.6711.59 2.60 6.29 

.. 12.00 3.78 16.91 4-1.48 H,L4. 4.36 2.071 .... 
7.47 11.78 43.91 27.65 3.04 4.40 1.75 '7.33 

.. 10.45 9.42 26.69 40.26 6.32 5.47 1.39 4.35-
9.67 '1.25 18.37 39.97 17.36 5.340 2.04 I 3.29-
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Oilseed" grown in the Punjab are Ioria. sarson, taramira, 
mustard, jinjily or til, safflower, groundnut, linseed and, 
(If course, cottQll as a bye-product of cotton production. 
The area and production of these oil seeds in the Punjab 
for the quinquennium ending 1943-44 are shown below:-

Name of oilseed Area in Prodttetion 
ncres in tOM 

Toria 309,000 67,000 
8anwn :!40.ooo 
Tarnmir({ 428,000 73,000 
}Iustanj !l.Ooo 
Til "4.IJoo !'I,ooO 
'lirouudntlt -to.oon !1,(J()0 
Linseed 33.000 :1,000 
~ :otton.;('", 1 .. :!,o07,0(J() :)90.000' 

It wuuld Le oh.:;.crved tlwt wn are mosth· iH1i'rft~ted in 
cottonseed and rapeseeds, chiefly toria. TI;" I'unjah nor­
mally produces about II lakh bales of cotton or 11 million 
maunds of cottonseed, though in good years even a total of 
15 lath bales of cotton and 15 million maunds of cottonseed 
are obtained. Of this, only 6 or 7 per cent. has so far 
been crushed for the extraction of oil and even this indnstry 
is only six or seyen years old. Cottonseed contains from 
16 to '18 per cent. of ~il but extraetion by expellers without 
decorticating the seed takes out about 12.5 per cent. of oil 
Of 5 seers per maund of cottonseed. Howard says, that 
cottonseed fed raw to cattle is often so badly digested that 
cotton plants can be raised from the seed recovered from the 
dung. There is, thug, a big scope for eliminating thi. econo­
mic wast<' and turning it into useful indnstries. }fost of the 
cottonseed oil is used at present for soap making but it 
e.an be used effectively for the production of vegeta\'l~ ghee. 

D.rring the five-year period ending 1943·44. the pro­
duction of tOf"ia and rapeseeds averaged 140 th.'usand tons 

• It b&8 been worked out from the total prodtiCtion of bpast.. ing, one.third . 
lint a.nd two.tbird cottonseed. 
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or 3.8 million maunds, whilst the production of other 
seeds viz., til, groundnut and linseed aggregated to only 
about 20 thousand tons. In the four-year period ending 
1943-44, the net exports of taria and rapeseeds from the Pun. 
jab Trade Block were 71lakh maunds. On the other hand 
a quarter of a million maunds of oils and 1 million maunds 
of oilcakes were imported into the Punjab. If the oil­
crushing industry is developed in this province and oilseeds 
instead of being exported were crushed here, unnecessary 
transport of oilseeds to outside areas and of importing oil 
and about half of oilcakes could be avoided. In order to 
produce within the province all the cake that is required for 
meeting the entire demand for feeding to cattle, the produc­
tion of oilseeds shall have to be increased. During the 
last 3 years of war, a considerable decrease in the produc­
tion of oilseeds, as shown in thetablebelow,hastaken pla.ce:-

I 1940-41 1 1941-42 1942-43 1943·44 19"·46 

Ba~{Aro& (Ac .... ) .. /1 1,334,670 II,Q22,99,; 874,027 ~~,~ ~ 
tOM. Produot.ion (Tons) I 176,600 157,300 133.300 85.000 129,600 

I ' 

It would be observed that the production during 1943-44 
was about half of what it was in 1940-41. With such a low 
production even if all this was crushed in this province, the 
need for oil and oilca.kes could not be met. It is, there­
fore, necessary that this province should make every effort 
to stimulate the production of rapeseeds, not only to the 
pra-war level but even more than that, if it desires to become 
I!elf-sufficient in respect of vegetable oils and oilcakes, espe­
oia.lly the latter. The crushing of cottonseed should also be 
encouraged in every way because, besides augmenting our 
supplies of oil, it would provide oilca.kes for feeding to 
cattle. in place of whole cottonseed. 

TORlA 
Natural Order-Oruciferae. 
Botanical Nam_Brasssioa napw Var. tlichotomn,. 
English '!'ram_Indian rape. 
Toria is an important cash crop to the farmers in the 
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canal colonies, because it brings them ready cash at the 
time when they need money for paying revenue instalm&n.ts 
in January. It is almost invariably grown alone and with 
irrigation. The most important districts growing toria 
are Lyallpur, Lahore, Sheikhupura, Multan, Amritsar and 
Montgomery . 

It can be grown Oil alnlO't, all common type. of soiL. 
excepting those of vory sandy IULture. The hest yields 
are, however, obtained on a faidr rich loam soil. A fine 
tilth of soil being conducive to hh:h yield., it is necessary 
to prepare the land thoroughly before sowing. The desired 
degree of fineness of tilth can he secured by giving 3 to 4 
ploughings followed by a 80haga to pulverise the clods. 
I! toria i, BOwn on land of average feriility, it i. not neces­
sary to add any ma.nure to the soil, apart from what has 
been applied to any previous crop in the rotation. But in 
case it lacks in noo4>SSary plant food an applieation of farm­
yard manure at the rate of about 10 cart-loads per aCTe 
would prove advantageous. 

A seed rate of about 2* seers per acre is sufficient. The 
seed may be broadcast on a moist seed-bed and covered 
by a light tillage with a desi plough followed by a light 
sQhaga. The seed may also be sown on a rough seed-bed 
after ploughing and covered by running the 80haga after­
wards. It is very difficult to get even germination in this 
crop, and patches of bare soil are frequent, and consequ­
ently the yield is reduced considerably. To obtain satis­
factory germination the seed-bed should be well prepared, 
taking care that enough moisture is available in the soil at 
the time of sowing. Should there be a deficiency of ' 
moisture the seed should be kept on damp earth the night 
before sowing. To ensure uniform distribution the seed 
should be mixed with an equa.! amount of moist earth taksn 
from the field, and should then be broadcast going over 
the field at least three times. The seed should in no case 
be buried deep nor should the surface be heavily.pressed. 
after sowing. Bar harrow should be run over the field 
after sowing to prevent the formation of crust, which is 
likely to be formed when $ohaga is used. As far as possible 
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sowing should he done in early morning or in the evening. 
One main reason for low yield in taria ii! that ripening of 
the crop is not uniform as is generally noticed in the cul­
tivator's fields. Good caJ'e ,hould, therefore, be taken in 
selecting ,Md from a standing crop which ripens at one and 
the same time. 

As " result of the rese:1rch work done in the Oilseeds 
Section at L~'"lIpllr, it, has been fonnd that toria Selection 
~A' gjycs one or two nwunds per acre more seed than the 
unselected lo('al strains. The oil content of this strain is 
also higher. 

The first irrigation ,hould he delayed as much as possible. 
Ordinaril~' t,h,· second watering should he given when the 
flowering has proceeded about half way. Experience has 
shown that the appli(,!,tion of water at a later period, when 
most, of the pods have j\lll~' developed, tends to bring about 
lodging, whieh interferes with proper pod development and 
reduces th'-, ~·ield. R"c{'ntl~' experiments on the water re­
-quirements of crops conducted at Lya.llpur indicated that 
a good crop of taria can be raised without anv irrigation 
.after sowing, provided heavy rauni has been doD:e. L 

The crop is J'ead~' for hal've,t in December and January, 
mostly during the latter month. The plants after cutting 
are left in the field in li[(ht sheaves for a variable period of 
time depending upon the individual choice oIthe farmer and 
weather. The crop is then collected in a heap on a threshing 
iloor. Threshing is then done by trampling with bullocks. 
The coarse straw is separated from the grain and fine straw 
by sanga before grain is separated hy winnowing. The 
straw is used as fnel for boiling juice, but intelligent culti­
vators nre cOll\'erting it into compost by mixing it with 
Jll!Ill ure. 

The crop is peculiarly liable to the attack of aphis, 
which in damp season attacks flowers and shoots and 
causes extensive damage. It is also liable to suffer from 
cold and frost. Consequently it is sown earlier than other 
rahi oilseeds. 
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The average yield is about six maunds as against the 
record yield of 17:89 mau.nds per acre ohtained from a 
plot of 2\th acre at th~ Lyallpur Agricultural Farm in 
1943-44. The total production in the Punjab comes to 
about 67,()OO tons. 

SARSON. 
Natural Order·--Cruciferae 
Botanica] Nam,o-Brassica ralllJlGs!ris VaT. Gla"ca. 
and Barson. 

Engli'h N"mp-Indian colza. 
This crop, whpn grown for Recd, is ROWll gencrally' 

mixed with otlwr rabi crops. such "" p:arn, harley or wheat. 
It is mostl,- grown on Ilnirrigaj,cd lAnd, in October-Novem­
ber along with the above. crops, in furrow,; 4 to 6 feet apart. 
The important districts, when, it is grown are Gurgaon, 
Ferozepur, Karnal, Hiss"r and Roht"k. In some districts 
particularlv Sialkot and Gurdaspur it is extensively sown 
mixed with whea,t and is removed for fodder in JanUJ1ry and 
February. 

Wbcn sown pure a seed rate of aboat 2t seers per acre 
is sufficient but when p:own with other crops in furrows, 
as described already, half a seer t,{) one ReeT of seed depen(ling 
upon the di~tance of the fnrrows is required. The !\Ccd is 
usually sown by means of par when grown with other 
C~Op8. 

During winter season, tend"r shoots of sarson are ex­
tensively used in the rural areas as a vegetable (sag). It 
is especially relished with maize ckapatis. The crop is 
ready for harvest in the month of March, and is usually 
harvested before harvesting of wheat starts. The threshing 
and winnowing operations are similar to those of toria. 
Seven to 8 maund8 of seed per acre is a rair average yield. 

Sarson like toria is normally a cross-pollinated plant. 
_ .. reb WOT:, Evolution of im~roved varieties is, therefore, 

on 8ar_. rather a difficult Job. However, brown sarson 
Selection A and yellow sarson Selection A 

'have been found to be successful in Districts of Jullnndur, 
Hoshiarpur, Ludhiana and Ferl)~epur. Of these, brown 
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Mrson Selection A is decidedly a higher yielder, but y.illow 
.arson Selection A has a special advantage of being self· 
fertile and also of containing higher oil contents. 

Two varieties of Japan rape: one black· leaved and the 
other white·leaved, have also been found qnite useful 
for providing green fodder at the time of scarcity. These 
have been discussed under fodders. 

TARAMIRA 
Natural Order-Crucif!!rae 
Botanical Name--Eruca sativa. 
English Name-Rochet. 

Tararnira is generally considered to be a crop snited to 
extremely dry regions, and it is almost entirely grown as 
a barani crop. In these conditions it will give some pro· 
duce whereas other crops might fail. The important dis· 
tricts where taramira is grown are Hissar, Mianwali, 
Attock, Dera Ghazi Khan, Shahpur, Jhelum, Multan and 
Muzaffargarh. Its cultivation is similar to that of sarson. 
About 2 seers of seed is required for an acre. It m8.¥ be grown 
either pure or with other crops in furrows. When grown 
in furrows :l to f seer of seed per acre is needed. The aver­
age yield is reckoned to be four to five maunds per acre. 
As a green fodder, it is considered a valuable fodder for 
camels. Its oil, when used for .massage, is considered very 
useful against skin diseases. It is, however, elightly irritant. 
Taramira cake or oil, when fed to cattle, is considered to have 
a cooling effect and also keeps off the ticks. Dhanni cattle 
breeders roundabout Gujarkhan (Rawalpindi) value it 
much for cattle. 

MUSTARD 
Natural Order-Oruciferae 
Botanical Name--Brassica juncea. 
Vernacular Name--Rai 

It is comparatively unimportant oilseed crop in the 
province with an !'Tea of tiliout 7,000 acres, half of which is 
~ted and the other half is unirrigated. Its cultivation 
is aimilar to that of sarson and taramira. A seed. rate of 
about 2 to 21 8_8 per acre is 81lfticient. It is sown in the 



397 

month of October-November, and is ready for harvest in 
March. Yield per acre is about 4 to 5 maunas. 

SESAMUM 
Natural Order:-Pedalineae. 

Botanical Name:-Sesamum in4icum. 

Vernacular N8.IIle:-TiJ or gingelly 

Til grows wild in Java and Central Asia. It is supposed 
to have been introduced in India from Afriea before the Aryan 
invasion. It is grown all over India, the chief provinces 
being Madras and C.P. In the Punjab the area under this 
crop is only about 84,000 acres. It is sown either as a pure 
{]rop or mixed with other crops, particuarly cotton, juar, 
bajra, moth and mash. The chlef districts where it is 
grown are Gurdaspur and Kangra, though it is grown to Borne 
extent in Multan district as well, and to a limited extent all 
over the province. It is very little grown in canal colonies. 

Sesamum is an annual herbaceous plant growing 
Gena,.1 about 4 feet hlgh. The stems, are generally 

eh.""teri.ti"". erect, but branch freely if thinly sown. 
The fruit consists of a four-celled capsule of oblong shape. 
whlch opens at the top when ripe. The seed is smaller 
than that of linseed, and is :flat in shape, and may be 
either white or dark. 

Sesamum in the Punjab is a kharif crop only, and is 
sown in June or July, and harvested in October or Novem­
ber. It grows best ou light soils. 

Two to three rough ploughings are sufficient to 
OuItiv&tion and prepare the land for sowing sesamum. 

paId. When sown alone two to three seers of seed 
are enough for an acre. In Madras, even one seer is 
considered enough. It is often grown mixed with cotton 
in alternate rows and in paTanel lines across the field. 
It is also, sometimes, grown with maize or kangni on 
the borders of fields. The seed is generally sown broad­
cast. Heavy rain after sowing is ll81lally disastrous and 
cloudy _iher, rain or storm at the flowering time often 
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result in complete failure of the crop. The yield when 
. grown alone is about 5 maunds per acre. 

Some of the earlier varieties take about three months 

Ha.rvesting. 
to ripen. I~~t" "urieties may take even 5 or 
6 months. The crop is generall~ cnt when. 

the seed in the top fruit" turns brown. If not dead . 
rip" it. can bp earried straight to the threshing Hoor 
and stacked upright. ff some of the porb aT" rip~, 
the plants should [lI' stub,,, over a cloth carried with the 
han·ester. Whftl seed from the capsules that are ripe will 
drop on the cloth. .Hr,,·r cutting. the plants al'e generally 
tied iuto sTIl,ll 1"'11;)1,,; ,m,) star:ked on the, threshing Hoor 
for a f,·w d'1Y-' till t.h" r:apsules rip, en and open und tll" seed 
will fall out if the plants aN held top dmnnvard, 11'1'1 shaken. 
This may have to be repeated if all the capsules are not 
open. The seed is cleaned by winnowing with chhaj. 

Uses. 

The oil extracted from the seed is valuable for 
human consnmption. Two varieties are 
recognized by the trade. white and black. 

Of these, the white variety til is preferred as it yields more 
oil than the black type. The white variety ripens earlier 
than the black. This province is rather deficit in til or 
gingelly, and imports about half a lakh maunr/s every 
year. Til seeds are also used for the preparation of rewaris 
etc. In the villages during the winter season til is 
pounded with gur and is consumed on special occasions. 

Til seed generally fetches a higher price per maund 
than even linseed. 

CASTOR 
Natural Order-Euphorbiaceae. 
Botanical name-Ricinus oommunis. 
Vernacnlar name-ATirnl. 

In India, the cultivation of castor as an :independent 
crop is very limited. It is generally grown mixed with 
other crops like sugarcane, juar, cotton, til. chillies, etc., 
particularly along the borders of the fields to serve as a 
wind-break or as a p:rotective green hedge. Although 
some castor plants may be found growing here and there all 
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·over India, the crop is of some importance only in parts of 
Madras and Bombay, and t,o a nllwh Iel!8er extent in C.P., 
D.P. and Bihar. In the Punjab, only a few hundred acres 
'are ~own m,,,tl .. in Gurgaon district. Iu other dist.rict,H, 
onl,\~ iIot,ray- plant~ are nlet with lw}'(' and dw'l'(', The eaHtor. 
plant i, Wr\' hardv and ('un withstand clroll!(ht, to a re­
markable <legT''''. It is, ho\\'en-r, lia hie t,u ,([l/1"r from 
frost, and faib in cold countries. Very ofulll' the plant 
fails to ripen its seed in the Punjab. 

Two Yariet,ieg are ('ommonh- cultivated: (a) Im'ge 

Yarietics, 
.,,'oded perennial \'Hri{'j;~' awl (b) slllall ""cded 
annual varietv. The oil obtained from t,he 

former is utilized for lllbricatinf,(, lightiIli\, ete., and that 
,obtained from latter is used for medicinal p<l1'p08e8. 

Castor do~s Lest in free \\ UJ'killg r'oils. If, is 

So i i. 
not likelv to be a profitable crop on rich 
Koils. Its cultivation is, thel'"for{', recom­

mended on]\' on horders of fields or on 'tlch lands as "annot 
be profita1>1)' utilize(j for raiHing tOlnlllOll erops. 

Two to three ploughings are (mough for sowing. 
Preparatioll of Farm ~'c1Td manure at the rate of ] 0 to 15 

\]and:wd _tlwnuI'JIlC' (,~lJ't-lond,.; per (l('1'f> 1l1ll,r 1u~ :lpp)i(~{l 1,rith 
advant.age, pal'ti('uhnly. in the ('a<>f~ of pen'nuia.! \'H,rit,t,jcK. 

The ('rop is sown in .lilly-August. and is ]'{·acly for 
G,ow;nc "e,c",,,. ]UtJ,\,('"t in ::\ia]'eh-April. TIle ]lO'('llnial van­

t't,\" !21Yt',S ~I f;~ir ('/OP l(_,:r .3 lfJ Ij ~,em';·; under 
favourable ('ouditions, but maxiIllum yields aTe u",ally 
-obt"ined in the second or third year after sowing. 

Healthy and well-filled seed should he selected for 

See d. 
~OWjllg. Roaking t.he [OWN] in wat.er for about 
1:2 hom's before sowin{! improYf's gf'rmination. 

The usual seed rate is .3 to 6 .<eer., pel' Rere. The "f'",1 is ,own 
in moist seed-bed either by /cera, i.e" behind the J>loUifh or 
by dibbling when the area to be sown is ~IllaIL Litter (In, 
plants should be thinned, so that, distance betw('.{m lines is 
.') to 6 feet and from plant to plant 5 feet. In the case of 
.annual varieties, the distance should be·three feet and I! to 
2 feet respectively. 
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Crop can be inter-cultured by rlllllllng the country 
10te,.,ul,u" and plough or any other suitable cultivating 

iniga';on. implement between the lines. The crop is 
fairly drought-resistant, but in the absence of rains two 
to three irrigations may be required. Irrigation during 
flowering and fruiting promotes development of the seed. 

The harvesting of cagtor is a tedious process, as all 
1I",v",tin" and capsules on th" plant do not rip<en at the 

y;old. same time and they have to be gathered every 
now and then. If ripe capsules are allowed to remain on 
the plants for even a few days they shed their seeds. Further 
the quality of the seed is adversely affected, particularly. if 
they are wetted by rains before being gathered. It is, 
therefore, a decided advantage to pluck the ripe capsul .. ..s 
before they shed their seoo. The capsules, after harvesting, 
should be dried in the sun for a few days, and the seeds 
should then be lightly beaten out by the sticks. 

An average crop may be expected to yield about 10 to 
12 maunds of seed per acre. 

Several insects attack the crop. Of these white fly, 

Pes t s. 
jassid, and hairy caterpillar axe the 
most serious pests. Spraying with • rosin 

soa.p, in the case of the former, and lead arsenate and lime. in 
the case of the latter, help in checking their attack. 

SAFFLOWER 
Natural Order-Compositae. 

Botanical Name-Oarthamus tinetoNm. 

Vernacular Name-KtlSumbha O'T Kusum. 

It is not an important oilseed crop in India being 
grown only in a few tracts here and there in the plains. 
In the Punjab only 187 acres are shown to have been grown 
on the Upper Jhelum Canal ·in the year 1941-42. FOmlerly 
it was grown both as a d~ and an oilseed crop, but its ·use 
as dye has declined due to other synthetic dyes having 
BIlppianted it. It is~1iOW ... wn as an oilseed or 
fodder crop. The v· .. odder are less spiny. 

- ~ _. t ~_ 
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Saffiower is usually grown along with other rain crops 
sooh as gram or wheat. It is sometim~.s grown mixed with 
cc,tton also. When grown on the horden, of oth~r crops it 
serves as a good fence against stray cattle. The crop sllcceeds 
well on light loam soils with a fair alllount of moisture. It 
prefers low lands and does not flourish on high lands unless 
there are good showers of rain. If sown alone "bout 8 seers 
of seed is required. The flowers appear in January-Febnmry, 
when they should be plucked for dye. They are, generally, 
picked at once when in full bloom so that thev may not 
lose the colour when exposed to the sun. A clo,idy weather 
at the flowering season is very harmful. The petals arc then 
dried and beaten into powder for the market. The yellow 
dye can also be extracted by washing the petals in water, 
but the red colouring matter is extracted with alkaline 
solution. Cheap dyes prepared from coaltar have practically 
killed this industry, though owing to its association with 
marriage ceremonies the dye is still extracted and used 
locally on a small scale in many parts of India. The seed 
ripens in April. The plants when ready are reaped and 
corrected into heaps in the fields with clods of earth put on 
each heap to prevent its being blown about by wind. When 
plmts are qnite dry, the seed is beaten out with sticks and 
then winnowed. The outturn per acre is usually reckoned 
at about 1 maund of dry florets for dye and about 4 maunda 
of seed per acre. 

GROUNDNUT 
Natural Order-Legumirw/l(8. 

Botanical Nam_Arachis hypog(J!(J. 

Vernacular Name-Mung POOli. 

The cultivation of groundnut on a. field Beale in the 
Punjab is of a recent origin. Prior to 1913 it ueed to be 
cultivated only as a garden crop on a very small scale. It 
was in that year that Mr. Charanjit Singh, of village Takhran, 
t.ehsil Samrala, district Ludhlana. conceived the idea of 
growing groundnut on a field scale. From 1913 to 1930 
tohe crop was grown intermittently. During 1930 about 
1,2 acres were put under groundnut. This was a great succeS1l. 
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Since then the grOlmdnut cultivation has been increasing 
1'apidly from year to year as shown by the figures given 

~>elow : 
1932 

274 acres. 

1933 985 

1934 3,300 

1935 12,000 

1938-39 30,000 

1 \141-42 42,000 

61,000 1944-45 
iLudhia,lUL i, by far the most important groundnut 

-gTowing di,triet in the }'unjab, growing about 80 per cent . 
.of the total are" mIder this crop. Amb"la grows "bout 
16 per cent. "wI Jullundur abont 4 per cent. Duraha in 
-the Patial" t:\tate and Khanna in the Ludhiana. district are 
,the import"nt markets for gronnclnllt. Comparatively small 
.quantities are also av"ih,ble in the Llldhiana, Samral" and 
~achhiwata lll"rkets. 

Grollndnut prefers a sandy soil but it does best where 
there if' a t,wo to three inch layer of sand overlying a hard 
.clay loam. ",R i, the case in bamni areas of Ludhiana, where 
.this crop is mostly grown at present. The top layer of 
sand acts as a mulch, while the lower lavers of hard soil are 
rich in ph'nt food ancl are retentive o(moisture. The top 
lawr of smd facilitates the penetration of groundnut 
pegs (gynophores) and reduces the cost of digging the nuts. 

There are two v,uic:ties of groundnuts: (a) spread­
ing, and (b) erect growmg. As a result of research 
made on a large number of varieties obtained from 
many pl"o.e8 the following varieties of the crop, namely, 1<.., 
D. and B, among the spreading varieties a.nd A, and E 4. 
_among the erect growing varieties have been evolved and 
,,,iVell out to the cultivators. Erect varieties, as a rule, 
~re earlier in maturity, give -more unifo_rmly llliJ.tured pro­
,duee and are easily harvested, than the spreading types, 
but they are more susceptible to diseases and are low yielders. 
They are not, therefore, likely to be very popular. The main 
JIOiut$ ior the selection of varieties are high :-"ields, high: 
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oil content and percentage of shell to kernel and uniform, 
maturity of pods, 

The monsoon breaks by the middlp or third week of 
June in Ludhiana district. TIl<' soil is opened first by means 
of country plough before th,· rains. Deep ploughing is 
harmful for the crop because the peg; in that case pen<'trate 
deep into the soil, thereby n",king th" digging out of pods 
difficult at the time of harvest. After the first good shower 
of monsoon rain the land is p\otlghcd again and worked with 
sohapa. The grollndnut i" then sown hy d copping tl", sMd 
in t 11(" fnrrowR Inade b,v t}w country plough. About 28 POlUHis 
of kdrnel8 are used fOT sowing an aCTc. The groundnuts, 
to be used for seed are handshelled, a day or two before 
BOWing. All shrivelled and damaged seeds should be re­
jected. Sometimes the pods are wetted before shel4ng, 
with a view to facilitate shelling, which is a lahoriou8 and 
tedious task. Wetting the groundnut seeds and pods im­
proves and accelerates germination. Houghly 50 pounds 
of groundnuts give the requisite quantity of kernels for 
sowing an acre. It takes about 10 persolls to shell this 
amount in a day, which shows that halldshelling of pods is 
quite an expensive item in the cultiYatioll of f,'rOlllldnut. 
In 1935 a Kirlosker decortieator costing about Its. 185 was 
tried for shelling glOunduuts. It, wa.; 80,'ll that tlli,.; maehine 
requires only four men to work it, and j, capilble of shelling 
two maunds of pods in an haul'. In case larg<' areas arc to 
be grown under the crop, this machine (lan be profitably 
used. The seed germinates in three-four days' time 
and the plants begin to flower about three weeks later. The 
'pegs' protruding from the base of the flowers start cntermg 
the soil, where the development of the pods takeR place. 
The pegs formed after the month of August do not form pods, 
presumably, because, they are unable to enter the 80il on 
account of their origin higber up on the plant. Early mon­
soon is welcomed by the farmers, as it makes it possible to 
sow the crop early and obtain higher yields, A good rain­
fall during July, August and first half of September-about 
18 inches is very beneficial for the crop. Occasional light 
showers in October are also appreciated but heavy rain 
during this month is coDSidered deiinitely harmfuL Heavy 
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rain in November is regarded &8 a cala.uiity, a.s it (al C8.WleS 

some seeds to germinate in situ, (b) adds to the expense 
of harvesting due to the soil becoming hard, and (e) affects 
quality of the produce adversely, as the pods a.ssUIUe a dull 
appearanC<l, some of them turning black Such discoloured 
pods fetch lesser price, 

It is essential to keep the groundnut crop clean of weed., 
'Two we~.dings, therefore, are necessary: one in Angust and 
second in September. Ordinarily four persons are reqnired 
to weed one acre. 

The crop is rco,dv for harvest ill the middle of Novem­
be,r. The lea,ves get:' somewhat cmmpled and tUIll yellow. 
The harvest should, therefore, be deferred till these symp­
toms appear. The prices during October are usually higher 
than in November. The cultivator is, therefore, tempted 
to harvest the crop early. This is not, however, desirable, 
because the harvesting of the premature crop results in dis­
colourisation and shrivelling of the pods and consequently 
low price. It. is conside~ed desirable that the government 
should legislate that no grower should harvest his crop 
before a certain date fixed each year by the Agricultural 
Department, if other means of persuasion fail. Due to the 
sandy nature of the soil the harvesting is qnite easy. The 
soil is loosened by means of a khuTpa round about the top 
root where most of the pods are formed. A deeper and har­
der dig to cut the main root is given and the plant along with 
the pods is pulled out. On an average soil four persons can 
harvest an acre in a day. After harvesting the plants are 
left, in the field for four or five days to dry and then collected 
in a heap at a oonvenient place for tbrearung. The pods are 
taken off the plants by means of a pitch-fork into a heap, 
and a few pods that remain attached to the plants are later 
picked out by hand. The beap of pods is then winnowed to 
dean the produce. Two men are required for threshing 
and two for winnowing the produce of an acre in a day. It 
is, generally, believed by the farmers that groundnut kernels 
.eaten at the time of harvesting, when they are freshly dng 
and are not quite dry, cause a most seriOtl8 type of constipa­
tion, w~ch may prove fatal in some cases. The bhUila 
.()~ed after winnowing is ool"ll1idered a noomhing feed fer 
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cattle, because, groundnut is a leguminoWl crop. It is con. 
sidered to 00 hMting, and therefore, it is not fed to milch 
animals. If fed to horses it is apt to cause colic. After win­
nowing the produce may 00 dried for five to six days oofore 

. it is stored or marketed. The dryin!,! before storing is ne­
cessary as there is, otherwise, a risk of th .. produce getting 
mouldy soon after storing or marketing particularly if the 
proper drying has been ignored during the post-harvesting 
period. 

Cost of cultivation 
1. Preparatory tillage 
2. Sowing (two men and a pair of bullocks 

and a plough) 
3. Seed (25 .,eer., of kernels at RK. 3-8 a 

maund) .. 
4. Ten persons for handshelling, at eight 

annas a day 
5. Weeding (8 men at eight anna" a 

day) .. 
6. Harvesting (4 men) 
7. Threshing 
8. Winnowing 
9. Rent including revenue 

Rs. a. p. 
1 8 0 

2 4 0 

2 3 (} 

5 0 (} 

4 (} (} 

2 0 (} 

1 0 0 
! 0 0 
7 8 0 

Total .. 26 7 0 

Income 
1. Thirteen maunds of groundnut at Rs. 3 

per maund . . . . 39 0 0 
2. Ten maunds of bh'U8a at 12 amlM a 

_und 7 8 (} 

Gross income 46 8 0 

Net income 20 o 

It would be inter<lsting to compare the income from 
groundnut with the income of those crops which it has re­
placed. The crop usually sown in the type of soil where 
groundnut is grown generally was moth. The cost of 
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~ultivatioll in this case is Rs. 15-4 per acre against an income 
.of Rs. 16-8, leaving a net income of Rs. 1-4 against R •. 2Q 
·from groundnut. The substantial differenoo in the net in­
·come obt"ined fTOm the two crops is responsible for the 
'rapid replapement of moth by graundnut in this part uf the 
province. The total area under groundnut during- ) 943-44 
being 48,600 a"r~s t,lle additional income that accrued to 

'the groundnut grower., in the pro\'in~,e by growing ground nut 
in place of moth, as calculated at the pre-war rates, 
.amounts to Rs. 9,00,000. 

Kernels "ro consumed either in the form of roosted 
U 'e , . 1mb or theY are eaten raw, but roasted nuts 

are preierre<J, though in the south-western 
,districts raw nuts "'re consumed in large qllantities. The 
varietie, having large well filled kernels are preferred 
for eating. The demand for groundnllt for eating purposes 
is entirely confined to the winter mon~hs, as it is eon­
..sidered t~ be heating a.nd drY food. The kernels are 
..&Iso used iu small quantities by confectioners. by adding 
,the groundnllt kernel a.R such to some sweets in plaoo of 
.",Imon(] or otlwr expensive nut.s. The groundnut oil is 
.used a,s a ('ookin\( medilll". for adulteration with ghe,e a.nd 
for tile mH.nUfa.('tllTe of veg-etable ghee, but the bulk of it 
.is used for manufaeturing vegetable ghee, There are two 
veg<ttable ghee facto)'ie,: one at LyallpllT and the other at 
Begamabad in c.P. on the border of the PWljab. The 
groundnnt cake is used for feeding of cattle, though in 

. other province.s it is used as manure also, Wherever 
gronndnut cannot be successfnlly grown there appears to 
be a scope. for So)'s Bean which is also a leguminous 

. oilseed. 

LINSEED 
Natural Order-Lineae. 

Botanical Name-Linum usitatissimum. 

Vernacular Name-Alsi. 

The total area under linseed is 33,000 anTes. This 
-makes about V) per oont. of the total &rea grown undeT 
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linseed in India. It is mostly grown in C.P., Bihar, ane. 
United Provinces. In the Punjab it is chielly ~wn in 
Rangra, Gllroasp"x, Hoshia:rpuT and Sialkot districts. 
In India it is grown for seed. while in Europe and Amtlric.[l 
it. ig mainly grown as a fibre crop. Efforts to grow linseed' 
for fibre in Tndia ha \'0 "" faT T('$ultOO in failure. A per­
sistent effort Wlt' l1lad~ in thi, directioll in Bihar from 
1907 to 1910 when a Belgian "XPf'rt was im!(aged but the 
roou!ts obtained were not. eneout<1ging. The experiment 
was tried at the Agricllltur<1! Fan"" LY"llpur and Ludhiaru)' 
in the Punjah ,>Iso a, earl,· ii' lflOo hv obtaining seed of 
Russian flax from tIl(' Dirp.('tor of AI-,'l'ieulturH. Bengal. 
The yield of ":l,nOll' prmhwt,., per a.ere vms as follows: 

Seed 
Fibre 
Straw 

205 pounds 
127 pounds 

1,754 po\mds 

As the process of " retting" '1'8.' far too difficult for 
an average cultivator, thp. work was stopped. Thp. 
experiment wa,. again t,;,'<1 in 1921 by obtailling Reed from 
Cawnpon,. Half of the <TOp WiI.' lJarvested before the "ced 
was ripe, wlUle the otlwr h,df wah ddayed till the sood was 
mature. Result, af<' giwn helow: 

Harvested Harvested 
,,,hen seed was when seed 'was, 

unripe. 
Lbs. 

Tite. 
L s. 

1. Seed Nil. 555 
2. Fibre 1160 860 
9 v. Tow B30 340 

It ,,~ll be observed that in "",urin!! the high rield of 
fibre the seed has to he sacrificed. The fibre sent to I1'eland 
for opinion was reported to be dry and harsh and wa, con­
sidered equivalent in quality and value to third-grade Irish 
flax. It appears that a flax which produces poor oilBeed 
produces a good fibre. Attention shOUld, therefore, be· 
ooncontmted on obtaining one product only. The trials. 
so far made suggest that much more systematic and~ 
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sustained experimental work regarding a(Jclimatiaation, 
selection and breeding of suitable strains, methods of 
cultivation, retting and scutching is required, if it is expected 
to grow flax for fibre in the Punjab. For flax purposes the 
plants should not branch too neely, and the selection 
should, therefore, be done on that basis, though branching 
"an he con.iderably decreased by thick sowing. The types 
grown in India, as trw crop is cultivated mostly for seed 
purposes, branch freely. Types Nos. 5, 23 and 31 evolved 
at LyaUpur give higher yields than the other varieties. 
These types can be successfully grown in Jullundur Division. 
At present. the entire crop of linseed grown in the Punja.b 
i, for seed production only. The seed is mostly used for 
feeding the cattle. It is first ground coarsely into a meal 
and then mixed with wheat flour in equal or double the 
quantity by weight. A small quantity of gUT is added to 
sweeten it, before giving to the animals. 

The linseed crop is grown by itself in Kangra, while 
in Sialkot, Gurdaspur and Hoshiarpur districts it is gener­
ally grown on the borders of the fields around the principal 
('rop like wheat, to prevent damage to the wheat crop nom 
the passing animals, particularly goats. The young plants 
of linseed before flowering have a poisonous effect when 
taken by goats. The poisonous effect, however, disappears 
after flowering. 

It prefers heavy soil. The seed rate per acre is six to 
eight seers. It is "own in October and November and ripens 
in March and April. As shedding of seed occurs freely when 
the crop is ripe, the crop should be removed to the threshing 
floor as soon as harvested. After drying it is generally 
threshed by manual labour. In Ka.ngra, however where 
it is grown on a field scale it js threshed by bnllocks. Some­
times it is grown mixed with peas. In this case the two 
crops are harvested and threshed together. The winnow­
ing is done just like wheat. .The linseed bkus~ is used as & 

fuel, or for making in mud plaster for increasing the binding 
effect. During the crushing of oilseeds the telis often ,mix 
it with the seed in order to secure & biading efiOO\ on the 
meal. 
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Tho yield per acre is about three maunU. ... 
rather low. and is due to the fact that most of the !in_ 
grown in the Kangra district, where tIle usual practice is i. 
sow linsood in the standing crop of rice, and the averag& 
yield there is only It maunrls per acr!'. Thi, low vield of 
Kan".ora district brill{rs the avera~e for the J'unjnh down. 
In other di,'tricts such :1S GUl'd"'pur. "i"lku1. and 01ljrat 
the yield io about 4} maund" per a('re. When cru~l",d in 
the country kohlu it gi"es about 25 per {'cnt. oil. The 
cake is hil"hlv valued as a cattle feod. The cake is 
obtainable from Calcutta. 

There are two types of linfl<',;d : the small seeded and 
the bold seeded. In .I'unj>lb generally the small seed is 
Bown as it suits tho dimati" condition., best. It, is late in 
flowering and flower, more profusely tll1m the bold seeded 
variety. As winter is more Revere'in Kan,,"1'l1 district the 
small seeded variety flowers a.t a time when severe winter 
is over and cOllsequently escapes damage from S(lYero cold. 
The bold seeded \'ariei y on account of iis earliness is evi­
dently at a disadvantage. In Kallgra linseed is generally 
sown broadcast in sfunding rice and no effort is made to 
cover the seed with soil. Under these conditions the small 
seeds we said to strike roots more readily a.nd give a better 
germination than the bold seeds. The yield of oil per 
maund of small seeded variety is II seers and 12 ckal4k8 
per maund, while that of bold seeded is 13 seers 
and 14 chatak .... per maund. It will be seen that in case 
of bold seeded variety the percentage of oil is about 33 
per cent. a.e against 29 per r"nt. in the case of small Reeded. 

Lin."OOd oil is used for manufacture (,f soap, paints 
and varnish, sports goods, mediciMl uses and edihle 
purpose.s, but the hulk of it, i.e., 90 to 95 per cent. is used 
for soap manufacture. 
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CHAPTER XVI 
FIBRE CROPS 

COrrON 
Natural Order-MalvaceOJ. 
Botanieal Name-Gossypium herbaceum. 
Vernacular Nam&-Kapas. 

Cotton is the world's most import.ant plant fibre. It is 
'W'own o\'(\r" large part of the world between latitndes 430 

Nand 33°~. ,\lth()ll~h the' bulk of ('"Uon area is eonfinoo 
t.o tIl(' r.f'.A.. Inflin. Rg-ypt, nllssi,". and China, it i. culti­
vated in a, large llumber of oth~l" ('ount,rieR as well, such as 
Indo-China. ~iam. East Indies, ~"\lt,hel1l Europe, Anglo­
Egyptian Sudan, Brazil. )lexi"o. l'eru, W cst Indi"-,,, etc. 
The tot,,1 area under eotton in th,. 1I"0rld for the four-year 
period. endin!! 194Z, was about 73 million acres with 8 

production of about 29 million h",les of j(jO pounds each 
(478 pounds net-American standard). The average srp,3 
and production in the important eotton-l!Towing countnlJ3 
art~ f,ho,vn below; 

Area Produc- Yield 
(million tion p«acre 
acre..). (minion 

bales) 
(ba.l<>.s), 

U.S.A. 23' I) 12'0 1)"52 
India Zz· 0 4'0 o-2(J 

*China 5'7 2-2 0'40 
*Russia 5'0 3'5 0'70 
Egypt 1 '4 }'6 1'20 

It will be observed that the total area under cotton 
in India is about the same as that in u.S.A. but the 
production is only about one-third. In other wordl', the 
yield per acre is only one-third. of that. in U.S.A. Very 

.The tlgurt!B for Chiua are for three yean endiQg 1941 aad thaw for Rulli& .... _ ,_. ...w.g 1940. 

411 
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hlgh yield per acre in Egypt, i.e., six times the yield in 
India, is noteworthy. 

India which enjoys the distinction of being the birth-
A place of cotton had about 23' .5 million acres 
.... under cotton for the quinquennium ending 

1941-42 with a production of .5'.5 million bales of 400 pounds 
pA>ch (net weight 392 pounds). The area and production 
for the important cotton-growing Provinces and States is 
shown below :-

Area Production Yield per 
(million (million acre (balef) 
acres). bales). 

*Bombay 5'S 1.1 '2 
C.P. & Berar 3'7 0'76 '2 

"Punjab 3'6 1'5 '4 
Hyderabad 3'4 0'5 '15 

"Madras 2'3 0'0 '21 
"Sind 1· {_) 0'4 '4 
Centr",1 India. 1'1 0'2 '2 

The yield per acre. in Punjab and Sind is the highest­
double that of Bombay, C.P. and Berar, Madras and Central 
India, and about three times .that of Hyderabad. 

The area in the British Punjab for the quinquennium 
ending 1943-44 was about 2' 6 million acres. This is about 
8'5percentofthetotal cotton area in India, but the total 
production was 11 lakh bales, i.e., 20 per cent of the total 
cotton outturn of India. This is due to the high yield 
obtained in the Punjab, as shown in the above statement. 
The Punjab is in most years the most important cotton­
producing province in India. (BOO statement above). In 
recent years due to "Grow :More Food Campaign" and com­
paratively low prioe of desi cotton, with the outbreak of 
hostilities with Japan the total area under cotton has come 
down to 21 million acres. . The area under desi cotton has 
decreased by o· .5 miJ.!ion acres, while that under American 
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cotton has increased by 0'3 million acres. Even unde: 
war conditions the Punjab haa retained its position as the 
premier cotton province both as regards staple and gross 
production. 

Excepting the moutau{' and "ubmontane areas cotton 
T be Jrrlgah·d is grOVw'll whe-r(,ypr irrip;at.iOll is possible and 

.ndb"'."'ootton. the land not excessively sandy. In the 
Punjab cotton is almost exclusivd.," an irrigated crop. Nine­
tenth, of the crop is normally irrigated and it is only in the 
extreme Routh-East, of th" Proyine" that a moderate yield 
is sometimes obtained without irrigl1tion. The season in 
the Punjab is shorter than in otlwr l'ro\-inces on account of 
cold winter temperatures. mId unless the crop is sown before 
the monsoon and by means of irri!(l1tion, the crop cannot 
yield well. The best yields are obtained in the canal colo­
nies and the South-Eastern Districts of Hissar and Rohtak. 
etc. 

ThJ average for the provin(,e may be taken at 7 mauwh 

Yield. 
of !capas (seed cotton) per acre which when 
ginned will yield about one-third of lint or 

fibre and two-thirds of seed. For the canal colonies the 
average yield is about 8 maund., of !capas (seed cotton) 
per acre. The average yield of American cotton is higher 
than that of desi cotton by about one maund per acre as it 
is usually sown on better type of soil under adequate water 
supply. 

It may be noted that the maximum yields so far obtained 
in the Punjab are 44 maunds per acre for desi cotton "Molli­
BOni 39" from an experimental plot of 1/40th of an acre ill 
1940-41 and 37'26 maunds per acre for American cotton 
(I99F) from an experimental plot 1 (36th of an acre in 1942-43 
at B.C.G.A. Farm, Khanewal. These yields are 6 to 7 times 
the average yields. This indicates the scope for improvement. 

According to official statistics, the Punjab produced 
about 3 lakh bales of cotton of 4()() Ibs. each 

Total production. in 1906-07, which gra.d1lJl.lly rose to about 
five lakh bales in 1 ~20-2L A large bulk of 

cotton till then was desi. The production after dropping 
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to less than 3 lakh bales in 1921-22 due to partial failure 
of Punjab American cotton rose again and ftuctuated bet­
ween 5 and 8 lakh bales till 1932-33. It rose to over 12 
la.kh bales in 1935-36 and oYer 12 ~ lakh b~les in 1936-37. 
Since then the production has been ftuctuating between 10 
and 12lakh bales. It must be remembeTed that the official 
figures of production are somewhat undel·-estimated. An 
enquir~' made by the Indian Central Cotton Committee in 
1933-34 revealed that the per capita consllInption of desi 
cotton lint in rural area' was 3·7Ib5. in major cotton-growing 
tracts, 2'98 Ibs. in minor cotton-growing tracts and 2'35 
Ibs. in the non-cotton growing traets. TJie average for the 
ent,ire province worked out to abuut 3 Ibs. lint per capita. 
The consmnption of Amcrimn cotton was only 0'27 Ibs. 
peT head pCI' annum, because AmericK1n cotton besides being 
morc vahlUble, is ditficult to spin Oil the hand-wneel (charkha). 
On t.he basis of 3.27 lbs. p('r head the consumption of cotton 
in the TlrrJJ areaS of the Ptm,iab ,mrks out to ",bout 2 lakh 
bales. In addition ",bout 25 thousand bales arc useel in the 
urb,m urC,1S. If these figuIi'-s were added to the cotton 
pres"ec] in the fadorie" the total yidel in the Province is 
not less than 12 lakh bales. The amonnt withheld from 
the general market varies greatly from year to year accord­
ing to fluctuations in the prices of eotton and also of piece­
goods. Although the area. of cown in the province is pro­
portionately not great (only about 8 per cent. of the cropped 
area), yet economically from the point of view of income 
derived from it, by the growers and those connected with 
the handling of the produce, this crop is second in importance 
only to wheat crop. Taking Rs. 10 p<ll' maund as the average 
price of kapas, the value of cotton crop in the Pnnjab is not 
less than 18 crores of rupees as against 52 crores from wheat 
valued at Rs. 5 per maund. 

Cotton does not do well on very sandy soil, but it can 

Boim suitable. 
be grown on any class of soil, excepting only 
the very lightest. It is a crop which gives 

& good :retu:m for manuring, or rather if grown on manured 
land. The cotton crop is very seldom manured directly, but 
is often grown on land which has received a Leavy dressing 
of fa:rmyard manure for some previous crop. This seems 
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to be the better method. An average crop on unmanured 
la.nd may be about 5 to 6 mautlcls per acre. 

The yield from cotton on land previously manured for 
Yield on J(ood maize. or sugarcane may he twiee or more 

ooi". than twie,' th". ahow amount, but such a 
heavy crop can hardly be obtailwd hy direct manuring. 
The reason for this nec<·ssity for maJluring the. cotton 
indirectlr is not very ohvious, but tI,,' ,·xplanation probably 
lies in tIll' fact that during ;)'fa)", ,1 un,', July and in a dry 
year, enm ill August too, the soil in " cotton field is much 
expo&'d t,o the sun and irrigated onl~' at long intervals, 
so that .. in th,. dry lJOt weather which prevaiL, during these 
months, tlw upper soil hecome,; extremely dry. 'These 
are the ideal condition, undpr which farmyard manure 
can be ra pidly wasted or 'burnt; out of the soil (by oxidation 
and denitrification). Cotton is generally manured direct 
only when it followR th" wheat crop. Such cotton is alwa.ys 
at a disadvantage, for it is la.t.. sown, t,)wre is not mueh time 
for thorough preparation of soil, and it is Oil temporarily 
exhausted soil. The only hope of getting any good return 
from such cottOIl is to mallure it, and to water it more fre­
quently during its early !!rov.-th. It must not be thought 
from the above that the cotton crop is always grown on rich 
soil. It generally is whell grown on land irrigated from wells, 
but in the canal colonies rotton i.~ often sown on land which 
has not been manured at all, or not manured for several 
years. 

One of the reasons why cotton responds so well to tht> 
_DS f 0, effect of any manurial residues in the soil is 

",,'ton requiring the fact that it is almost invariably sown in 
lan'i . in good land which has been fallow for bnt a few weeks 
con tion. at the most. Cotton does best when it is 
sown after senji or berseem following maize. The 8e'llji is 
removed in the latter part of February or in March.. Both 
on canal land and land irrigated from wells, cotton is 
sometimes sown after sugarC3ne, and wherever a rela­
tively large area. of cotton is sown" some of it will usually 
have to be sown after wheat. 
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In the canal colonies specially LyallpUX a great deal of 
cotton follows toria, in fact when torila 

.!~:it:~~o: .. .'b' is fetchin!_!; a good pri?" more than ha~ of the 
cotton wIll follow this crop. There IS, how-

ever, a general impression among practical farmers that 
cotton after toria does not yield well. Sugarcane is re­
moved from the soil chiefly;n January and February, 
toria in January and the wheat and gram harvest starts 
in April. Since the cotton mu~t .be sown in Mayor June, 
it is evident tl",t none of the soli IS fallow for a long time 
before the eotton crop is sown, and when cotton follows 
wheat or gram it has to be sown soon after the field has been 
cleared. Cotton does better after gram than after wheat, 
provided, of course, that the soil on which the gram waS 
sown is suitable for cotton, whieh it generally is not, since 
on irrigated land it is only profitable to grow gram on land 
which is too sandy to carry wheat. Desi cotton can tolerate 
and grow well on soils which are of medium fertility but it is 
very essential to sow American cottons on rich and fertile 
lands. Fallow lands and lands, which were previously under 
summer or winter fodders, gram or sugarcane, should be 
preferred for American cotton. There is also some evid­
ence that cotton would do well after mash, mot]", 
lobia or guara sown as a catch crop and ploughed in May. 
Round about Okara it is a well-established practice to sow 
cotton on land green manured with guara in the previous 
summer and left fallow duxing winter. 

The land on which cotton is to be sown seldom receives 
N u m be' of more than foux ploughings, and often only 

ploughing" one or two. The only exception is when 
cotton follows sugarcane. In this case the soil has to be 
ploughed all:d broken with the harrow to disintegrate the 
~cane smunps. 

Generally no direct manuxing is given to the cottoB 
crop as previously mentioned. In the cen-

_.... tral districts, where area under cotton is 
small, people sometimes apply Hi to 20 cart­

loads per'acre .• In the snb-montane districts, where cotton 
is sown along with vegetables, it usually receives a heavy 
d.oae of farmyard manure. It is, however, desirable to 



417 

manure the cotton crop, partioularly American variety, 
following exhaustive crops. like wheat and wria. with 
.ammonium sulphate at the rate of 2t maund., per Bcre 
just before the plants start flowering. 

In the South-Eastern diatricts sowing starts in the 
Th' tim' 0 f middle of April, depending upon the '''pply 

lOwing. of water in the Western .lamuna and Rirhilld 
Canals and continues upto the end of ){ay. Bm'alli crop 
in Ambala, Gurda"pur and Hoshiarpur distri('t. is sown 
by the middle of June depending upon the first shower. In 
Ludhiana and .TlIlIundu)', where lIlost. of the (TU!' i. irri­
gated by means of wells, sowing is ('ither done as "",.ly as 
March or as late as .Julle. In eanal co]oniei.. ~(Iwing is 
usually done from the lwginllini! of :\lay to t,fll' llIid,Ue of 
June. III the South-Western dist.riets of Mult",). :\IuzaffM­
garh and Dera Ghazi Khan, where cotton "owiugs (lepend 
upon the inundation canals, it is usually sown in tIl(' heginning 
of June 

Experiments have revealed that optimum time of 
Bowing cotton crop in the central canal eolon,\' diHtricts 
is from 15th ~fay to 15th J lIlIe, while ill dry and arid districts 
of South-Western Punjah, late sowing from end of ;\fay to 
end of .June may be practised with impunity. It should 
be noted that in the previous edition of this book, published 
in 1921 We recommended sowing American Cotton ill April 
in the canal colonies. The incidence of tirak, however, 
has tended to delay sowing dates as given above. 

Cottonseed has to be prepared for sowing by leeping 
it. This is done by rubbing the seed either 

~tio~ of on the wet ground Of in cowdung or in moist 
... d '::,t:="!' earth. The object of thitl is to remove 

or paste down the fibres remaining on the 
seed, and thus allow the seed to be separated from one 
another at the time of BOwing_ Sood from the first and late 
picking is not used, as it is liable to be UllllOund and poorly 
developed. The best cottonseed has usually a germination 
capacity of only about 70 per cent. The usual seed-rate is 
4 to 5 _s. The experienCe has, huwever, showtl: that " _8 of seed-rate for de8i cotton, 6 _s Cor naked or partly-
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naked seed of Punjab Americans such as 4F and L.S.S., 
and 8 to 10 seers for fuzzy seeded Punjab Americans such 
as 289F, 289F43 and 289-K25, gives a very good stand, 
but requires thinning. In the {lase of large seeded thick 
fuzzy varieties and the late sowing higher seed rate is 
very essential. The seed rate should also be slightly increased 
if there is reason to believe that seed is inferior in germinating 
capacity. Soaking of seed in water-overnight prior to sowing 
is also recommended as this practice will greatly minimise 
the danger of poor germination. The soaked seed should 
be mixed with drr soil just before sowing so that the seeds 
become sepamte and can then be smID easily. The soaked 
seed should be handled very gently. 

The land is always irrigated before sowing. If the 

Sowing. 
seed is to be sown broadcast (chhatta), the 
lana is ploughed once with country plough, 

as soon as it is dry enough. The seed ill broadcast after this 
ploughing and the land again ploughed and levelled with 
sohaga. The second ploughing may be omitted or more 
commonly, if time presses, the Beed is first broadcast, and 
the land then ploughed and levelled with sohaga. Before 
sowing the soil should be allowed to dry no more than is 
neoo&'\ary to enable the bullocks to get on to it for ploughing. 
The delay of even a few hours in sowing may cause less 
satisfactory germination. 

In the Punjab, cotton is largely sown broadcast. Only 
a small number of farmers have taken up sowing in line at 
the instance of the Agricultural Department. There is 
probably no great objection to sowing by broadcast on 
well-irrigated lands. For, there the size of fields is so small 
a,nd these are further sub-divided into very small compart­
ments (kiaris) for irrigation, that the subsequent hoeing must 
be done by hand. On the well lands, the soil is, moreove~t 
generally, maintained in very good phj'ilical condition au 
the time. The cultivators in the canal colonies still follow 
their old methods of cultivation they practised in old 
districts, although it. is unsnited to the new conditions. 
The cu1tiYator on the canal land sows larger area of cotton. 
•. .lIe sows it as ha3 already h~en seen, on ·the land from 
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which previous crop has very recently been removed and 
which is thus often in a very poor condition. If the crop is 
;sown broadcast it can only be effectively inter-cultured by 
hand which is avery expensive method. In point of fact 
it is never inter-cultured effectively and the yield suffers in 
consequenc<l. 

In the canal colonies cotton sown by broadcuHt is often 
partially inter-cultured by ploughing between plants with 
desi hal as well; as this can be done without unduly 
injuring the pla.nts. This is not done until the plants are 
quite big, usually in July. This does not cost much and 
does a certain amount of good, but it cannot be done 
often enough or well enough to be really effective in cultivat­
ing the soil and avoiding any eXC(lsruve amOlmt of damage 
to the plants. 

Sometimes, in the ordi.nal'_\, pr"ctice. cotton fields are 
Th, "" of hand-hoed once. This is effective so far as 

inter.culture Ii ~f jt goe~, but thi~ orx-ration iF> expensiyc, the 
broadcast el. average cost bpjng upward of Rs. 3 per aere. 
As it takes one man upwards of five days to hand-hoe 
one acre "ith khurpa., veT}' few fields are ('yer hoed 
more than once. 

If, on the othoor hand, cotton is sown in lincs, it can be 
frequently and effectively inter-cultured at 

~:r:~~~:~~e~ and a very low .cost. The plots sown ill lines 
are hoed WIth a bullock-drawn hoc at least 

once after each rain or irrigation, until the plants are too 
big for it to be possible. This will he until about the middle 
of August as a rule. The number of hoeings will be about 
six on an average, though sometimes it may be even more. 
A man and a pair of bullocks can inter-culture four acres 
of cotton in a day, so that, the cost of six hoeings with a 
bullock-drawn hoe is less than that of one hand-hoeing 
with khurpa. 

Under the average conditions of Boil fertility and when 
Distan.,. bet· the crop is sown at the optimum time, the' 

""en lines. most appropriate spaGing in Arnerie&n cotton 
is 3 feet between rows and 15 inches between plants, while 



in ae8i cotton best outtums are obtained by spacing the 
rows and plants at 2t feet and 12 inches respectively. 
In tho case of low fertility of the soil, or when sowing is 
late, it is important that the distances between rows and 
plants should be progressively decreased. On very good 
soils the distance can be increased even to four feet in 
the case of American cotton. 

Cotton can be sown in lines either by kera behind the 
country plough, as is commonly done with 

.~;!':d of lme. wheat, or by means of kharij-drill, hand-drill 
or por-hal. The kharij-drill, the use of 

which has been described in a previous chapter, sows two rows 
at a time. Recently it has been found that single row cotton 
drill evolved at Lyallpur Agricultural Station has proved 
most efficient for line-sowing, and it is very popular with the 
cultivators. Sowing in lines insures much greater and 
more even germination than is possible with the broadcasting 
method. It also permits of the use of less costly bullock 
power in the hoeing of crop.· 

A frequent cause of poor germination or failure of ger­
mination in cotton is the thin ernst formed as 

.!':~"'~r~fte, a result of the light showers of rain which often 
banefioi"l. occur at this time of the year. Practically 

every year a certain percentage of the cotton 
area has to be resown on this account. This means waste 
of water at a time when it is badly needed, as well as, 
making the crop late. Very little resowing need be done 
by a farmer who possesses a light harrow, such as the bar 
harrow introduced by the Agricultural Department and uses 
it just after sowing. The showers which occur at the cotton­
sowing period are usually quite light, and would not be suffi­
cient to caUBe a troublesome crust to form, if it were not that 
the surface of the soil is already much compacted by sQhaga_ 
Experience at LyaJIpur has shown that any crusting which 
occurs on harrowed land is generally insufficient to do any 
harm whilst adjoining fields left withont harrowing are so 
badly cmsted that .a zamindar with only the ordinary 
implemaats would have to t6-sow them. When a crust fotmll 
•• IlOil imm~tely after sowing, and if the rain is very 
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light, so that the soil dxies very quickly, BOMga used very 
"lightly and tilted upwards will break the crust without 
doing any great damage. If, however, the plants have 
started to germinate, sOhaga cannot be used and the 
{)rdinary farmer is helpless. 

The harrow should be used directly ai'ter sohaga ; 
U ... of the bar it should not be used instead of 80haga 

harrow for oo.to.. for covering the seed, because sohaga 
fulfils an important function in levelling the soil; and also 
the use of the two implements leaves a much better surface. 
'The extra cost is not much as an a.cre can be ha.rrowed in a 
couple of hours. The harrow should also be used to break 
the crust if a.ny is lormed. It can be used before th6 sood 
germinates, or as soon as the plants are a couple of inches 
high. It is only when the ma.jority of thi'> plants are just 
appearing above ground that the harrow will do any serious 
damage. It can thus often be used when the sokaga 
cannot, and it always does better work. If there are any 
weeds appearing, or if the crop is irrigated, the field 
can be harrowed again until the plants are nearly six 
inches high without their suffering any appreciable damage. 

It is difficult to give precise and simple instructions for 
the watering of cotton owing to great variation 

",,"V{;,t;:ing • f in the amount of rainfall from year to year 
and also to the difference between the water­

holding capacities of the different types of soils on which 
it is grown. The following account will, however, give an 
indication of what appears to be the best practice on 
average soils in the complete ab$ence of any rain. 

If the germination of the seed is very poot, it may 
be necessary to irrigate only a week or two after sowing, 
in order to allow of the gaps being resown. This should 
not be done if it can be avoided, 1),8, apart from the resowing 
it appears to do no good. Otherwise, American cotton 
sown in May will need about two waterings by the' end of 
,July, i.e., it needs waterings at intervals of four or fiv!} 
weeks. Experiments at Lyallpur t.end to show that about 
two waterings before mid-July are ample. During the next 



7 or 8 weeks, in the absence of rain, at least three wateriJJg& 
may be given with advnntage BIt intervals of 14 to 18 days. 
This carries the crop on to about the middle of September. 
After about another month a last watering appears to im­
prove the quality of the fibre of the last pickings, even if it 
does not greatly affect the yield. Desi cotton will receive 
jnst about the same irrigations, excepting that the last 
watering is less necessary, but in this case it is usually 
given for sowing of se:nji. With either kind of cotton 
slightly longel: intervals are p<lrmissible during the early 
part of the season if the crop is in lines and frequently 
inter-cultured. 

Naturally any of these irrigations may be replaced by 
rain; and on good soil the crop will not suffer greatly, per­
haps not at all, from a further extension of the intervals 
between irrigatiop.s. On the other hand, if cotton is sown 
on light soil, it will not do well unless irrigated more often 
than suggested here. A crop directly manured is said to 
need a greater number of waterings. Irrigations after 
20th October, do not materially benefit the crop, excepting 
in the late varieties, which may be given one watering in 
November. The reason that moTe frequent irrigation is 
advantageous during August, September and earlier part 
of October is that this is the time when flowers appes,!. 
For a lArge number of flowers to be formed growth must 
continue steadily and rather rapidly during the flowering 
period. Primarily the final yield depends on the number 
of flowers which set, so that sufficient water must be given 
for the steady and rapid growth necessary for the production 
and setting of a large number of flowers. 

It will be interesting· to note that cotton plant bears a 
very large number of flower buds, but all of them do· 
1'I0t open into flowers, majority of them dropping before 
formation of flowers. It has been calculated that not more 
than 25-30 per cent. buds open into fiowel's. Again all 
these flowers do not produce bolls. Experiments cond\lcted 
at Lyallpur show that in the case of 4-F 61 per cent. and in 
the case of 39 Mollisoni 65 per cent. flowers fall without 
mUing bolls. Further, aU the bolls set do not open and 
tllMlrnlmte to the yield of kapas. Some of them may drop. 



while others may not open due to severe oold. EltJl.ct in­
formation on this point is not available. It has also been 
found out that it takes 324 bolls in the case of Molli80ni 
and 270 bolls in the case of 4-F to produce 1 lb. of kapas. 

From the information given above we can work out the 
number of bolls required per plant to produce a certain 
quantity of kapas per acre. Taking the total number of 
plants to be 9,680 per acre in the case of American 4-F, and 
14,000 for desi Mollisoni only 18 and 15 bolls per plant 
respectively are required to produce 8 maunds of kapas 
per acre. It will, thus be soen that the number of buds, 
flowers and even boll" borne on a plant are not necessarily 
an indication of the yield of kapas. It also indicates that 
there is a tremendous waste of plant energy in producing 
larger number of buds and flowers which Hever set and if 
set do not open to produce kapas. It is evident that there 
is a great soope for research on this important point either 
by way of evolving varieties or by finding out cultural, 
hydraulic and manuring practices, so as to reduce the shed­
ding of buds, flowers and bolls. By increasing the number 
of bolls that open on the plants, surely the }ield can be 
considera.bly increased. It would also be interesting and 
ad,isable to investigate the shedding percentage of buds, 
flowers and bolls in those places or plots where high yields 
of over 30 or even 40 maunds of kapas are obtained, so as 
to find out the factoTs which contribute towards the high 
yield. When this has been done, it should not be difficult 
to produce such favourable conditions in other places as well. 

Picking of cotton starts from the end of August or 
beginning of September in the case of d(:,$i 
and early strains of the Punjab Americ~ 

cotton, from middle at October in the case of 4-F and end of 
October or beginning of November in the case of 289/F and 
L.S.S. The date of first picking may fluctuate within 
a fortnight, from season to season depending upon the 
weather conditions. In wet years there is exoessh,e vege­
tative growth which makes the crop late. In years of 
<fronght the crop may be ready earlier than the norma! 
time. In the South·Eastern trac1> picking staTts about '" 
fortnight earlier than in the ronal colonies. 
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The pickings of American cotton go on until last bolla 
artI killed by 1rost in January. With a heavy crop of 
country cotton the pickings go on almost as long; in a poor 
year the pickings finish in December. 

In all the different tracts the first picking is small but 
after 15 or 20 days rush starts and the bulk of the crop is 
removed in S to 10 weeks after the first picking. 

The picking is done chiefty by women, children and 
Method of menials, who pluck the seed cotton from open 

picking. bolls. In some parts round about Khanewal, 
particularly in the Jangli villages the pickers remove 
complete bolls from the plant and pick out kapas at 
leisure in some corner of the field. The crop is picked 
at very ShOlt intervals of not more than 10 days, especially 
in the case of desi cotton and at larger intervals in case of 
American, when the bolls are opening in the greatest num­
ber. The total number of pickings is as large as 8 to 12 
in the case of desi and 4 to 6 in that of American cotton. 
Desi cotton has a tendency to drop the kapas when picking 
is unduly delayed. This accounts for more frequent pick­
ings in this case. 

The pickers are paid by a share of their picking. The 
Cost of picking. share given, depends on the amount of cotton 

on the plants ready for picking at the time. 
In the case of the first or the last picking when there is not 
much to be got off an acre, the proportion paid may be 
as high as a quarter or even sometimes a half. During 
the middle of the season the proportion is Ijl2th or even 
1/6Ith. The proportion of the whole crop given to the 
pickers is reckoned to be about I/lOth and is probably 
often as much as I/8th. The cost of picking comes to about 
2!3rds of what is paid in Texas in the United States of 
America. One labourer can pick about 15 seers of kapaa 
in about 6.hours. 

Owing to the dry atmosphere during the picking season 
Leaf in picked and later (after November 15th) owing to _n. night frosts the leaves become brittle .. Early 

pickings up to the end of November are much cleaner than 
... ones. They contain only small parts o£ red leaf. 
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Later, after mid-November if ground frosts have been heavy 
the bract leaves which are black in colour are more apt to 
be present in the cotton. It is only in case of' Jangli villages 
where the whole boll is picked that excessive amount of' 
'bracteoles may be present. On the whole the picking 
is done cleanly and carefully. In the U.S.A., picking is 
on the whole cleaner because the leaves are green during the 
picking season. The actual picking in the U.S.A. is muoh 
rougher, but American cleaning ll\I1chinery in the ginneries 
can deal with even boll locks. 

There is, however, some carelessness in the matter of 
mixing with the clean cotton the stsined locks off the 
ground or off the plant, and improvement in this respect is 
possible. 

The question of clean picking has been receiving the 
Expe,iment, in attention of the Indian Central Cotton 

clean picking. Committee. An experiment conducted in 
1923 showed that the extra cost involved in clean picking 
was Rs. 1/8/- for desi and Rs. 1/4/- for American per 100 
Ib8. of cotton, besides loss in weight involved. Since the 
trade did not o:fkr enough premium to cover the extra 
cost of picking clean cotton the farmers had no induce­
ment to do it. These results were subsequently confirmed 
by experiments conducted in this province in 1934, when 
it was ascertained that the additional cost per maund of 
clean picked kapas was Re. -/3/4 in the case of 4-F and Re. 
-/5/2 for desi cotton. This comes to 13 annas and Rs. 114/­
respectively per 100 pounds of cotton (lint). In addition 
there was a loss on the value of stained kapas which 
was removed. during picking. No premium was actually 
obtained for the clean picked kapaa, but buyers estimated 
that it was worth annas two llo annas 4 per maund molf. 
than the kapas picked in the ordinary way. 

In the later part of the season some seed cotton is 
Jl& • l:a brought into the markets containing more 

mpmg 'P"', moisture than it should. It is often said 
that cotton in the villages is. placed in watercourses or 
in damp rooms deliberately, so that it may absorb 
moisture. This, possibly does 1>Ccur. but it is cextainly 
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not very common. For one thing, it is unnecessary. In 
the later part of the cotton picking season the dew is hea.vy 
in this Province, a.nd the pickers generalJy do not sta.rt work 
until late in the day in order that th~ ootton may dry before 
being picked. If it is desired to have the cotton moist, it 
is only necessary to start picking a little earlier. There is, 
undoubtedly, carelessness in not drying cotton after picking, 
and this is the chief cause of the damp cotton, or cotton 
deteriorated by damp 1It0rage, which is found in some 
markets. In some parts of the canal colonies inhabited 
by Janglis, however, the practice of damping cotton does 
exist. Besides picking cotton early in the morning when 
-the dew is still on, the kapaa is placed in wet watercourses 
so as to absorb moisture, and cousequent increase in weight. 
Those who indulge in this practice little know the harm 
tkey are doing to cotton and the trade in that particular 
tract. The lint is fine and silky but deteriorates on storing 
as it is liable to ravages of moulds, bacteria and other de­
composing organisms. The cotton beoomes badly stained 
and its strength is considerably reduced. Such cotton 
will give higher waste loss in the form of "fly" and the yarn 
spun from it will be comparatively weak and gives 
trouble in the dyeing and finishing process. Dampness 
also spoils the germinating power of the seed. 

The bulk of the seed cotton coming into most of the 
ltespcn'ibilityof Punjab markets is in a very fair condition, and 
the huyer,. the remedy for any carelessness lies in the 

hands of the bnyers, as they can differentiate fairly between 
lots of varying cleanliness. Actually deductions from the 
price, on account of dirt or damp are commonly made by 
the ginners who buy seed cotton; but in many places these 
deductions are not in very strict relation to the quality of 
the different lots, so that they have little educative effect. 
If prices are falling, allowances are inclined to be substantial, 
whereas in a rising market the bnyer takes without 
allowance !capas which is not up to standard. 

With the exce.ption of a few large esta.tes and a number 
&1. of ""p4' of bIg landlords who can afford to withhold 
~ .,"!on. part of their surplus produ('.tl in the hope of 
~ better prices, later, most of the cultivators dispose 



of their marketable produce as soon as the bulk of it has 
ooen gathered. Nearly60 per ceut of the marketable cotton 
is Bold during November. December and January, as·the 
cultivators have to pay land revenue and water rates which 
are due in December and January. About M to 98 per 
oent of the crop is sold by the end of Ma.rch. 

Almost the whole of the seed cotton is bought by the 
owners of the local ginning factories who sell the lint after 
ginning, either to the local represeutatives of the exporting 
firms or mill owners or in Bombay through brokers. 
Factories work at full swing during November, December, 
January and February. Local sales of cotton are made on 
basis of unpressed cotton with a fixed pressing charge 
added. This latter is nowadays ten rupees a bale. 

The fanner on reaching the market hands over the 
Jcapas to the arhatiya who is respon­
sible for the completion of the sale and 

protecting the interests of the seller. A numoor of unfair 
deductions are sometimes made by the buyer-especially 
in case of carts where the quality inside cannot he easily 
examined until delivery is being taken. Itis then difficult 
for the seller to reload his goods and he is sometimes penal 
lised unfairly in consequence. On the other hand some sma.ll 
dealers deliberately put mixed or desi cotton in the middle 
of cartloads and the buyer must protect himself. Since 
1941 the Agricultural Produce Marketing Act has been in 
operation and charges are fixed in all markets by Markej;ing 
Committees. Malpractices are gradually disappearing in 
consequence. 

There are two main types of gins which are used for 
G' • f rot'" ginning cotton-(1) ha.nd gins, a.nd (2) 

lDllUlg 0 .. power gins. The hand gin is the oldest type 
of device used for separating fibre from cotton seed. It 
is made of wood and has two rollers set close to each 
other. The npper roller is an iron bar and the lower is 
made of wood. In the older types both the rollers were 
made of wood. Hand gin is usually employed for ginning 
small quantities of kapas for g.omestic purposes orily; 
Before ginning. kapas is dried in the sun and opened up by 



428 

beating with a stick. A woman on an· average can gin 
about 7 seers of kapaa per day. The '11y' 1088 in this ca86 
is small, only about {; per cent. 

The power gin machines are of two types, viz. single 
and double roller gins and saw gins. The gins most 
oommonly used in this province are single roller gins, manu­
factured by Platt Brothers, Manchester. In a large factory 
a battery of 20 gins usually forms a set planted on two sides 
of the passage in the upper storey of the building. The 
seeds are dropped in the room below. The kapas to be 
ginned is placed on the platform and fed into the machine 
by the labourers (generally women). Before bringing it to 
the platform, kapas is usually passed through an opener, 
where a good deal of dust and dirt is removed and the kapaa 
becomes 11uffy. The usual capacity of the machine is Ii 
maunda to 2! maunris of kapas per hour depending upon the 
variety, and condition of the kapaa. Larger quantity of 
desi kapaa and of smooth seeded American is ginned per 
hour than of fuzzy seeded American, Buch as 289/F. 

Double roller gins are found mostly in South-East 
Punjab. The capacity of a double roller gin is about Ii 
times that of the single roller gin and not double as is some­
times considered. There is, thus, a savingof labour. The 
kapas in the double roller gin gets such a shaking during 
the process of ginning that dust and dirt are removed and 
the lint is, therefore, comparatively cleaner. A double 
roller gin, however, requires a better fitter to look after it 
than a single roller. In practice, however, very few double 
roller gins are now installed. 

With the growth of American cotton the 1186 of 
Sa . • saw gins has also increased in this province. 

"'glnnmg.. They are used for ginning either pure Punjab 
American kapas or its various mixtures with ded. Pure 
desi kapas is rarely ginned on these ma.chines. The output 
of a. 'saw gin' with 80 saws of 12" diameter varies from 15 to 
20 ~unda. of r.a pas p_er h. our or about ten times as much as 
... e roller ,machine would do. In other words one 
• p equals eight saws. The saw gins Me becoming 



429 

verr popula.r on account of their large output and great 
EaVJDg of labour. Some of the macrunes are fitted with 
self-lifting and self-feeding arrangement which further 
reduces the cost. The 'fiy' loss is , however, larger than in 
the case of roller gins. Some lint is left on the cotton seed. 
On an average a maund of American.cotton ginned by roller 
gin might give 13 seers 4 chhataks of lint and by saw ""in 
12 seers 12 chhataks a loss of 8 chhataks. The premIUm 
for saw gin cotton must be enough to cover this loss. 

In 1921, when the first edition of this book appeared 
IIiatory of in"o- ther~ was only OnEl saw .g!n plant in the 

duction of,.w Punjab. It had been ongmally bought by 
gin.. Sir Ganga Ram at the request of one of the 
authors in 1917-18 and later sold to Ralli Bros., and in­
stalled at Khanewal. One of us erected the second saw gin 
in Khanewal in 1924 and since then over 30 plants have 
been erected in the province and more than two-thirds of 
American Cotton is now saw-ginned. In the next 20 years 
saw gins will spread further in the Punjab, Bahawalpur and 
Sind because they clean the cotton better and actual 
ginning is cheaper by saw gin than by roller gins. 

It is interesting to note that the only other part of 
India where saw gins are found is Dharwar-the original 
home of introduced American Cotton. 

The cotton press in this province is generally worked 
Cost of gimting in conjunction with the ginning factories, 

and p_ing and most of the expenses such as those for 
"",ton. coal, water, miscellaneous stores, engineer's 
services, etc., are common to both ginning and pressing. 
The factory owners generally allocate one-third of the 
total cost of ginning and pressing for pressing alone. The 
cost of ginning and pressing varies a good deal depending 
upon the number of working days in the season, capital 
eost of the factory, its working cost and the number of 
bales ginned and pressed. I.?' t~e·marketing. surveys on 
cotton in 1938-39, the cost of guuung and pressmg per bale 
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for the year 1935-39 was worked out to be about Rs. 6. The" 
details are given below:-

Rs. A. P. 

Steam o 12 0 
Lubrioants 0 3 0 
Leather belting .. 0 6 0 
Hoop o 10 0 
Hessian 0 5 6 
Misc. stores 0 6 3 
Engineering 0 6 3 
Labour 0 6 0 
Pressing 
Misc. charges, such as water, 

0 2 0 

insurance etc. 0 3 0 
Interest on capita! 1 3 3 
Depreciation 1 0 0 

Total 5 15 3 or say Rs. 6 

In 1939-40 when the war started, it was worked out 
to be Rs. S per bale. During 1944, it was about Rs. 20;-. 

The Indian bale weighs 400 1bs. inclusive of tare 
The IndiAn bale. (sackin~ and iron bands). The average 

dimenslOns are about 4S" xIS" xIS", and 
has a density of 45 Ibs. per cubic foot as compared to 23 lhB. 
for U.S.A., and 35 Ibs. for Egypt. The sacking and iron 
straps weigh 7 or S Ibs., and, therefore, the nett weight of 
the lint is on an average 392 lbs. Most of the presses are 
of the above standard although recently a few have been 
installed which turn out bales of 27" x27" x27", but weigh-

. ing about 400 1bs. The press at Mela Ram Cloth Mill, 
Lahore prepares bales of 246 Ibs. only, but these bales are 
not for export purposes. In case of saw-ginned cotton 
there is some difficulty in pressing as the lint is very fluffy. 
When the lint is filled in was it is allowed to rest for 24 
hours. It is slightly moistened also by sprinldillg water 
on the outside hessian or in the ground before pressing. 
EV611 then it weighs only 372 Ibs. as against 392 Ibs. in the _of roller-ginned cotton. 
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The delinting machines are of recent growth in the 
lDelintin machines. l'unjab. As mentioned. earlier. the cotton 

g seed produced by saw gIllS carnes a small 
amount of lint on it and sells in the market at a discount 
of Re. -j-/6 to -/2/- per maund. To remove this disability, 
the delinting machines were introduced in the province. 
The delinting machine works on the same principle as 
the saw gins. It consists of a series of fine circular saws 
set close together ou a rapidly revolving shaft. At the back 
of these saws, very close to these runs a long cylindrical 
brush which catches the fibre oX linters and passes them on 
a reel at the back. The linters are collected on the reel 
into a compact felt. The cost of delinting varied from 
Re. -/11- to -il/3'per maund before the War. Linters are used 
for stuffing kullahs and saddlery and also locally by the 
poorer classes of people for quality purposes. Dealers in 
Sukkur buy most of linter for sale in Quetta. In the United 
States of America and Germany linters are put to a 
variety of uses such as the preparation of artificial silk and 
yarn, paper, lining of coats, gun cotton etc. There is, thus, 
a scope for the use of linter,; in India for these pnrposes. 

Cotton in Bombay is' sold on the basis of a candy 
S.le in Bombay. of 784 lbs. The Bombay candy is based 

on the Bombay ma;und of 28 lbs. and is 
28 such maunrls or two bales of 392 Ibs. net. The cost 
incurred in ginning, pressing and seuding the bales to 
Bombay and selling there are somewhat difficult to 
~stimate, for some itelllS are reckoned as a percentage on 
the price, and, therefore, vary with the fluctuations in price. 
The following will indicate approximately the scale of these 
charges as they were in 1944 : Rs. As. Ps. 

(p Freight to Bombay per candy 40 0 0 
(2) Pressing charges for two bales 20 0 0 
(3) Insurance, brokerllge, commission, 

carting at rail heads, etc. 10 9 0 

Total charges on lint per candy 70 0 0 
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One candy is practically 9i maunds 80 that the local 
price for loose lint corresponding to the Bombay price for 
the pressed lint can be calculated by deducting Rs. 70 and 
dividing by 9i. 

Thus, if lint wefe worth Rs. 500 per candy at Bombay, 
the corresponding price per maund of lint in a Punjab 
market should be (5°~f!O!~43~;2or about ~s. 45-4-0. 

The proportion between lint and seed in the seed cotton 
is abont 1 : 2, so by dividing the local price of lint by 3 to 
get the price of 'seed cotton' per mallnd we must deduct the 
cost of ginning 3 maunds of 'seed cotton' and add the value 
of 2 mauruls of cotton seed. In 1944, the rate for ginning 
3 maunds came to about Rs. 6-8-0 and the value of the 
cotton seed to Rs. 8-8-0 so that Rs. 2 had to he added to 
the local price of the lint. If the local price of lint is Rs. 45-4 
per maund, to get the price of seed cotton corresponding to 
this, on the hasis given above, we have to add Rs. 2 and 
divide by 3: this gives ns the local rate of seed cotton to be 
R,. ~;.<.o=Rs. 15-12-0. 

A small part of the crop is bought in the form of seed 
cotton by exportiug firms or mill owners who hire a 
ginning factory for ginning. The bnlk of it is purohased 
by the ginning factory owners who sell the lint, usually 
immediately, either locally or in Bombay. As the freight on 
loose seed cotton is high and it is a material which is liable 
to damage in transit by rail, the gin owners at any parti­
cular station have a decided advantage over any other 
buyers in the market for seed cotton in their neighbourhood. 
They have not really a monopoly, for, if the price in any 
particular station is depressed beyond a certain ,degree, 
many sellers take their cotton by road to a better market. 
If kapas prices are 4 annas per maund lower in Khanewaf 
than in Mian Channu which is 25 miles away, buyers from 
the latter place can afford to buy at Khanewal and 
transport the kapru to Mian Channu. Moreover, the ginners. 
have never been able to combine to cut prices to any 

.. , pat extent., thoud "pools" are o~en formed. 
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This is one of the biggest abuses in connection with 
the marketing of American cotton. The­

.::::,"} 01:""1.; relatiye price. to-day (1945) of desi and 
ginningfaotorie.. AmerIcan 4F IS say, Rs. 10-8-0 and B.s. 

18-0-0. A mixture of 5 or 10 or 15 per cent, 
of deai /capas in American /capas, when ginned, gives· 
cotton, which can scarcely be detected as a mixture, and 
it is certainly impossible to distinguish between 5 per cent. 
or 10 per cent. or 15 per cent. mixtures. A 15 per cent. 
admixture at above prices, if it can be passed as pure, 
would give the factory owner an extra profit of about 
&S. 16 a bale or Rs. 32 a candy. It is sometimes 
advocated that in order to get pure cotton the mills. 
and exporters should have their own ginning factories. 
This would be uneconomic as their overhead expenses would 
make their purchases dear as compared to the local factory 
owners, whose turnover would be greater.' A cotton mill' 
of 25,000 spindles and five hundred looms will consume about 
10,000 bales of cottou altogether in a year and generally 
its requirements of anyone type such as 4F or 289F will' 
only be two thousand bales. Also, if a mill leases a factory. 
it is confined to that station for its supplies, whereas often 
cheaper and better cotton in any particular year can be 
had in other stations. A local factory owner clainIS that 
he mixes American and deai because buyers require mixtures. 
A mill or an exporting firm wishing to buy 20 per cent. 
mixture, as the sample submitted has been approved by 
either the mill or the customer or the exporter, can, by buying 
locally, secure exactly what he wants. It is easy by 'seed 
analysis' to detect exact percentage of deai, whereas in the 
cotton itself the percentage is almost impossible to define 
or judge accurately. The only safe procedure is for any 
mixing to be declared illegal aud for ginuing and pressing 
factories to he licensed and compelled to gin only pure 
cotton. The spinning millS can then do their own mixing 
and know that they are dealing with pure cotton. Some­
times the quality of the last one picking, which is often 
termed third picking in American, is inferior and a lot of 
American is often condemned 808 mixoo, which mar be pure, 
but which contains third pickings. All this complicates the 
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·problem. It is, however, vital to tackle and solve it, in the 
interests of American cotton growers and our customers. 

The first attempt to introduce American cotton in India 
Hi,to,. of the was made in 1840, when a dozen American 

-,nt,oduetion of planters from the U.S.A., were settled in 
Amerlcan ootton. various parts of the country. The only place 
where they succeeded was Dharwar in the South of Bombay. 
IncidentaUy, it was only at Dharwar that saw gins were 
introduced successfully up to the second decade of this 
century. Only half a million acres and about one lakh 
bales are grown at Dharwar. Later came Combodia ootton 
in Madras early in the Century. In the Punjab, Mr. Francis 
(a Deputy Commissioner) tried to introdnce American cotton 
in 1880. Scattered plants of American persisted in the fields 
and were common when a government farm was first started 
at Lyallpur in 1902. The firm of Mela Ram & SOllS 
(Hon'ble Ram Saran Dass, C.I.E.) offered rewards for the 
growers of narma (American cotton). It Was only after 
agricultural officers were recruited in 1906, that any real 
progress waS made. Mr. Dobbs, the first principal of the Agri­
cultural College, Lyallpur, made many selections and these 
were handed oVer to Mr. Milne in 1908 and the work of selec­
-tion from then onward was in the hands of the Economic 
Botanist. Large-scale tests were made by the Professor 

·of Agriculture and 4F was put out in 1913 and 1914. 
The difference in price between 4F and desi during 
the last war led to rapid extension of American cotton. 
The basi<l condition for success was canal irrigation which 
bad made great strides with the opening of the Lower 
Jhelum and Lower Chenab Canals in 1902 and 1891 respec­
tively.* 

The credit for the introduction of American cotton in the 
Credit fo, intm. Punjab is entirely due to Government action 

duction of Ameri_ through the Agricultural Department. The 
.an .otton. creation of-the big perennial canals by the 
Irrigation Department made. a large area of the country 
suitable for thIS crop. The Agncultural Department fostered 
and advocated the growth of this crop in faCfl of cOllSiderable 
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dilIiculties, until it now constitutes the bulk of the cottom 
crop in the western canal colonies (which afford the most· 
favourable conditions for the growing of this cotton), and 
is spreading into other districts. In 1945, it constituted 
70 per cent. of the total crop. The growth of American in 
BahawaJpur and Sindh also owes a good deal to the Punjab. 
Even now seed and varieties in these two tracts emanate' 
largely from the Punjab. 

Two definite lines of action were immediately initiated:. 
Seleotion and These were the testing of the different strains 

distribution of found in the seed collected from the stray 
lIDported eeed. plants in the local crops, and at the same 
time the popularisation of the crop by the distribution of 
imported seed, and, above all, by the organization of the sale' 
of the produce, so as to obtain for it the premium over 
countrv cotton which it deserved. At first various methods 
were tried without much success, though by the organized 
sale some premium was always obtained, whereas, none was. 
obtainable in the open. market. 

Finally auction sales were organzied by the Agricultural" 

Auotion sales. 
Department. Still great difficulty was· 
experienced, for few buyers were interested, 

and those who were, found themselves hampered by the 
UIlSlltisfactory state of affairs in regard to ginning, already 
described. However, the growing of this cotton gradually 
spread; it received a distinct impetus in one or two years, 
when the des! crop was badly attacked by bollworm 
or damaged by heavy rain, from which American 
cotton suffers less than the country variety. By 1919 the 
auctions had become an important factor. In 1913 the 
area of American cotton in the province was estimated at 
30,000 acres ouly but by 1919 the arett had reached 350,000' 
acres. 

There is no doubt that early progress was greatly 
Importance of hindered by the practice of importing seed 

ueing looo.l ... d. from Bombay (Dharwar) instead of distribut­
ing local aeed; for plants from the imported seed were not. 
hardy under Punjab conditions. Actually most of the area 
referred to above, was grown from seed kept by the farmers. 
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<thelllflelve8 from year to year; the chief reason why progress 
was slow, was the fact that no important premium could 
be obtained for the produce. 

In 1913, the seed of a sefection,4F, from the original 
,.1' Ameri_ Punjab stray plants was distributed. This, 

<otton. being a pure line selection, naturally carried 
more uniform fibre, and it is a hardy heavy-yielding strain. 
The Great War No.1, sta.."1;ing just before the cotton 
season of 1914, removed the difficulties in comlllltnding 
an important premium for this cotton. In the selling season 
of 1914 the price of country cotton was below Rs. 4, due 
largely to the fact that this cotton was then chiefly used 
on the Continent in Germany, Austria, Italy and Belgium, 
and due to War these markets were lost. There was, 
chowever, Bome demand for the American cotton for use 
in Indian mills, and thus it fetched Rs. 6 to Rs. 7, a very 
important relative difference. Thus, in 1915, although the 
area of all cottons sown was naturally at a minimum, yet 
the proportion of American was much higher. Since that 
date the very high prices commanded by the American 
lint, for which there is a keen demand both in India and 
abroad, has caused the area to increase very rapidly. 

The area under American cotton was negligible in the 
Rise in aI'" of early part of this century and it was not 

Amerioan cotton. recorded separately in the Season and Crop 
reports till 1921 when it was reported to be 401,386 acres. 
In 1925-26 and 1926-27 it went above I million acres as a 
result of high prices, but due to partial failure its area went 
down again and remained between 7 and 8 lakh acres from 
1927-28 to 1934-35. In 1935-36, it rose to l' 3 million 
acres, and since then it has been more or less I! million 
acres. In 1943-44, the area was 1 . 8 million acres. 

With a view to bringing about improvement and 
Indian Contra! development of cotton in this country, the 

Cotton Commit· Indian Central Cotton Committee was estab­
.... lished in 1921. This Cornnlittee was financed 
by levying a cess of Re. 0-2"() on every bale of Indian cotton 
-exported from India or consunied in mills in this country. 
Its chief functions are: (1) to advise the Central and Local 
tG<iv~elits on all questions pertaining to cotton, 



437 

(2) to finance and direct research on problema conneoted 
with the improvement of Indian cotton, (3) to finance 
achemes for the exteIlBion of long and medium staple 
cottoIIB and of improved varieties and their marketing, and 
(5) by the enactment and enforcement of various legislatiollll 
Buch as the Cotton Transport Act, and the Cotton Ginning 
and PreBBing Factories Act, to maintain the standard of 
quality of cotton grown, to prevent adulteration with 
inferior types, and to discourage the various malpractices 
which occur in a certain number of ginning and pressing 
factories. The Committee has also directed its efforts 
towards the ensuring of greater accuracy in cotton statistics, 
but above all, the Committee has conducted various scienti­
fic enquiries and practical researches on the improvement of 
Indian cotton by judicious hybridisation of existing strains, 
the acclimatization of imported ones, the eradication of 
undesirable ones, the control of cotton diseases and pests, 
and the prevention of bol! weevil by the fumigation of 
American cotton before entry at Bombay. Technological 
research essential to securing authoritative valuation of 
spinning qualities of cotton and to carrying out funda­
mental researches on the physical and chemical properties 
of cotton fibres is carried out at the Technological Laboratory 
of the Committee at Matunga. Simultaneously the Com­
mittee populariseB the use of improved varieties of Indian 
cotton both here and abroad in co-operation with the­
Empire Cotton Growing Corporation, the British Cotton 
Industry Research Association, the Lancashire Indian· 
Cotton Committee, the British Cotton Growing Association 
and 'similar other bodies. The Central Cotton Committee 
has also been examining the possibilities of diverting short 
staple cotton which is produced in exceBB of local require­
ments for purposes other than the production of textiles, 
such as making of cotton belting, artificisl leather, cotton 
cloth for road cOIlBtruction, cotton cloth for use in place of 
hessian and cotton bags for sugar, flour and cereals. 

With the increase in the production of Indian mills and­
Consumption of the difficulty in importing cotton these days, 

lDdi&n cotton. considerable increase -in consumption or 
Indian cotton has taken place. The consumption of cotton 
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in 12 months ending August 1943 was about 43 laid! bales 
against 40 lalch in 1941-42, 35 lakh in 1940-41, and. about 
22 lakh bales in early thirties. The Indian cotton consum­
ed by mills in 1942-43 represented about 88 pef cent. of the 
total crop in Ind.ia as compared with about 44 per cent. in 
1930-31. 

As a result of War and "Grow More Food" efforts, 
c tt f d the proportion of improved varieties to total 

o on un. cotton has changed a good deal. In this con­
nection, the Government of India created a special flllld 
known as Cotton Fund by the levy of an additional dnty of 
Re. 0-1-0 per lb. with effect from April 1942 on all imported 
cotton, for the purpose of steadying the market. The 
fund was used also for purchases of raw cotton and for 
assisting the cultiyator.3 to change over from short staple 
cotton to food crops. 

This Act was enfcrced with a view to providing for 

The Cotton Gin­
·ning and Pres­
sing Factories 
Act, 1925. 

better regulation of 'cotton ginning' and 
'cotton pressing factories.' Under this legisla­
tion, the owner of every cotton ginning 
factory in India has to maintain a record 

of all cotton ginned and pressed, in a prescribed fOIm, 
and submit weekly returns, showing the total number 
of bales of cotton pressed during the week and from 
the commencement of the season to end of that week 
to the Director of Agriculture. Special marks are 
allotted to each factory consisting of a letter denoting the 
province in which the factory is situated together with 
a. nlunber denoting the factory. Every bale of cotton 
pressed in a cotton pressing factory is marked with a special 
mark denoting the number of the factory and the serial 
number. The serial number consists of two parts; the first 
part of two numerals representing the two integers of the 
"calendar year in which the cotton year has commenced and 
the second part the running number of bale according to 
press factory register. A new series of running numbers is 
started at the commencement of the each cotton year from 
1st September. Any bale' of Indian cotton can thus be 
tra,ced to the factory of origin. Thus, a bale ma.rked P125-
"41)..,-5600 would be 5600th bale pressed in 1940 ill B.O.G.A. 
Factory, Khanewal. 
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Under this Act., the control is also exercised on the Con­
struction and alterations in the structure of the factories 
in accordance with the plans and specifications approved 
by the Director of Agriculture. The Director of Agricul­
ture, the Cotton Research Botanist, Deputy Directors of 
Agriculture, and Extra Assistant Directors of Agriculture are 
empowered to enter and inspect the premises, machinery 
and registers of the cotton ginning and pressing factories 
in the usual working hours. 

There are two main classes of cotton grown in this 
V.,.j,bc, of cotton province: (1) the ilesi (country cotton) which 

g,own. is itself a mixture of varieties, and (2) 
American. These varieties are very different in appearance, 
the American being a bushy plant, whilst Indian cotton 
plant is tall and slender. 

The country cotton of the Punjab is a mixture of 
C1aBBmc.tjon of several varieties classified by Mr. Gammie 

oountry cotton. as follows:-
The stems and the veins of leaves are deeply tinged 

Go" y P i u m with red colouring matter. The flowers are 
.anguineum. pink or deep reddish purple in colour. There 
are varieties with leaves having narrow' lobes and also 
varieties with broad-lobed leaves. This cotton is apparently 
very hardy and can withstand a hot dry climate. It forms 
an important part of the mixtures of country cotton grown 
in Multan, Jhang, and the neighbouring country. Th(: 
cotton from this part of the province enjoys a high reputa­
tion on account of its bright colour. Some strains at least 
of this red flowered cotton have as long lint as 4F American 
cotton in the Punjab. The average length of the best 
strains is at least o· 8 inch. The fibre, however, is coarse 
and will not spin above 16 counts. 

This is devoid of the red colouring matter, and has 
Go •• yp; um comparatively broad-I<)bed leaves and yellow. 

indicum. flowers. It constitut~s the chief component 
in the mixture in Lahore, Anrritsa.r, and the canal colonies. 



It is known to local farmers as desi cotton. It yields, 
perhaps, the longest and finest lint of any of the Punjab 
'local varieties; but neither the colour nor the ginning 
outturn (/CPn or proportion of lint in the seed cotton) 
is very good. The latter is seldom much over 32 per cent. 
and in some years falls to 30 per cent. 

The plant is similar to the last mentioned variety, 
G088yp;um ;". but has white flowers. The lint, however, is 

d;cum; hr. very different, being short, hard, coarse and 
l\!o]J;som. rough. The ginning outtUTll is high, fre-
quently approaching 35 or even 40 per cent. 

With narrow-lobed leaves and yellow flowers. This 
Gosyp;um Neg. does not constitute any very large part of 

·Iectum. the mixture in any part of the province. 

Similar to the last, but having white flowers. 'l'his is the 
G""yp;um Neg. most i;uportant constituent of the mi~ure 

leot"m; \'a<. grown III the South-east of the provrnce, 
Roo.um. and is often called Hansi cotton. The lint is 

similar to that of the other white-flowered variety 
(mollisoni), and, like that variety, it yields a very high 
proportion of lint, viz., 37 per cent. in ginning. 

It has now been established beyond any doubt, that 
V.riet;esof cotoou a single va~ety, wheth~r of.Ame!ican or tkai 

recommended by cottons, wIll not ordmanly gIve the best 
·,the Agdculturo\ results underall climatic and agricultural 
Department. conditions. The department has, therefore, 
evolved varieties best snited to different ecological regions. 
The following is a brief description of the varieties at 
present recommended:-

,~A).-Desi Cotwns. 

(i) 39-Mollisoni. ThiB variety is best suited for 
,-cultivation in all the canal colonies of the Punjab and there 
48 no variety of ilesi cotton which could rowell this strain in 
yield in these regions. It has besides a. high ginning out­
-.m (35 per !lent) and on thifl account it is favoured hy the 
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ginners also. American cottons have largely displaced it 
except in the Eastern part of the canal golonies. 

(ii) Mollisoni-60-A-2. This variety is very well adapted 
to whole of the Sonth -eastern tract, constituting the 
districts of Hissar, Rohtak, Kamal, Ambala and Gurgaon. 
Its ginning outturn is very high (38-40 per cent.) and on this 
account its kapaa sells at a premium over other desi strains. 
The Southeastern tract is not suitable for Americans . . 

(iii) 119-Sanguineum. This variety is recommended 
for cultivation in the districts of Multan, Muzaffargarh and 
Dera Ghazi Khan, where, on acconnt of its earliness and . 
drought-resistance, it gives a higher yield than all mixtures 
of Multan co_ttons commonly grown by the cultivators. 
Its ginning outturn is 35-36 per cent. The Multan District 
grows only 3 per cent. desi and 97 per cent. American. 

(iv) 12-Sanguineum. This variety has been found to 
be best suited for the rain-fed areas of Rawalpindi and 
Jhelum districts. Its ginning outturn is 33 per cent., but the 
lint is very fine and on this score it commands a premium in 
the market. 

(B).-American Oottons. 

(i) 4-F. This variety was given out in 1914, as a 
general purpose cottou for all the American cotton tracts. 
It is capable of giving a very good yield, but its main defects 
are that it is only medium stapled, and is very prone to the 
attack of tirak. The cnltivator wonld be well advised to 
replace this variety, as far as possible, by the under-men­
tioned new strains which are not only better suited to 
different tracts but also possess much superior fibre proper­
ties. It must, however, be added that any vanety of 
An,lerican cotton will be liable to bad opening under the 
tirak promoting conditions. 

(ii) L.S.S. This variety is specially suited for cultiva­
tion in Lyallpur, Sheikhupura and parts of Sargodha and. 
Jhang districts. Its ginning outtum is 32 per cent. and on 
account of semi-naked seed and goOd. fibre qualities, it 
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always sells at a premium as compared to 4-F. In the· 
tracts where it is .sown, its yield is better than 4-F and it 
also suffers leSB ITOlll tirak. This variety was a lucky find 
of Sardar Sahib S. Labh Singh, Professor of Agriculture, 
Lyallpur. 

(iii) 289-F-43. This variety is suitable for cultivation 
in the Lower Bari Doab Canal Colony (except Khanewal 
Snb-Division), Nili Bar and the inundation canal tracts of 
South-western Punjab. The most noteworthy features or 
this cotton, besides high yield, are its tolerance to shortage 
of water and early maturing habit on account of which it 
may give the first picking along with desi cottons. Its low 
ginning percentage (kan) 29-30 per cent. makes it very 
unpopular with ginners. On account of prejudice against 
its large and fuzzy seed for feeding, however, its price in 
the market is less thau that of L.S.S. This variety will 
probably not be heard of in five years time. 

(iv) 289-F -124. This variety has been very recently 
evolved and is considered to be the best variety for cul­
tivation in the whole of South-western tract,' including 
districts of Multan, Muzaffargarh and Dera Ghazi Khan 
and parts of Montgomery. It is somewhat susceptible to 
the attack of jassids in Lower Chenab Canal, Colony districts 
and consequently it is advisable not to grow this variety in 
these districts. The ginning outturn of this cotton is 34-35 
per cent. The quality of lint is also very good. 

(v) 289-F-K-25. This variety suits best Khanewal 
Sub-Division and the adjoining parts of Lower Bari Doab 
Canal Colony and Multan districts. In the Central Canal 
Colonies, it is very prone to the attack of jassids, and should 
not, therefore, be grown there. Its ginning outturn is high 
(34-35 per cent.) and on this account it commands a premium 
in the market 9ver all other American varieties. This 
variety was seleQted at Khanewal on tne B.C.G.A. Estate 
and has' been distributed since 1932 It is the main crop of 
~g..F .in the province up to now. 
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The following table shows receipt of foreign cotton 
Cotton b"",ding (Raw) at mills in *Indis in ThoUBaDd of 

jpo)icy. bales of 400 lbs. each. 

Varieties. ~-:~.~-~J.~.:~I~:~.~_J 1941-42 1942-43 ~ ~ 
~~~~~~:~: : : I ~~ I :~ l!~ ll~ 2~ 29! 3()~ 
Efl,st Africans .. ! 246 250 242 334 118 202 181 

"Others: (Sudan, I 72 72 165 195 }02 119 120 
Burma, etc.) 

Total "i~l~I-575 1---;S1~-618-6i9-

It will be seen from the above table that India has been 
'importing about 6 lakh bale., of foreign cotton in recent 
years. All this cot.ton is long stapled--gencrally 1:. inch 
or better in case of East Africans and I t inch or better in 
case of Egyptians and Sudan cottons. There is a good hope 
of replacing East Mricn,n cottons by introducing cottons 
of the type of 199·F and various other crosses. The work is 
now in progress in Bind and the Punjab to test the possibi. 
lities of producing cottons of even Egyptian staple. 

Diagram No. I shows clearly by means of "Haloes" 
how from the originaI4-F, we have already arrived at types 
like 199-F, with a ginning percentage of abont 34 and staple 
of fully 1 inch. 

Diagram No. II gives an indication of the work in 
'progreM on desi cottons. It shows how from the original 
Mollis.ni, and Sa,nguineum, new strains, which are good 
yielders in the field, and have a high ginning percentage 

.and a staple which compares fav.()urably with best 4-F 
American selections, have been evolved. 

Some of the American cotton varieties snch as 289-F-il3 
F d and 289-F-Kc25 have got fuzzy seed. There 

uzzy Bee . is a widespread belief that snch seeds· when 
. fed to cattle are harmful. It is owing to this ~lief tluit 

·Indian, ~etlt:~&I CoUou_ Committee.~ S~tistical Leaftet No., 3" of each ye~. 



such seeds fetch lower price in the market. After actual 
feeding trials it has definitely been established that there 
is no foundation for this prejudice against such seeds. In 
8pite of this, fuzzy seed sells at present at Ra. 5, whereas, 
4-F sells at Rs. 8 per maund. 

It is this low price of the fuzzy cottonseed that has 
stimulated the cottonseed-crushing industry in the Punjab 
round about Khanewal, where most of this sort of seed is 
produced. In spring 1945, about 50 oil expellers were 
crushing cottonseed in this tract. Most of these expellers 
were working independently, a few working in conjunction 
with cotton ginning factories. It is estimated that the 
total amount of cottonseed crushed in the year 1945 was 
about 10 lakk maunas. The price of fuzzy cottonseed was 
Rs. 5 per maund and that of refined cottonseed oil Rs. 39 
to Rs. 39-S per maund. Cottonseed cake was selling at 
Rs. 3-14 per mauna at Khanewal. Due to transport diffi­
culties large stocks of cottonseed cake had accumulated. 
The fuzzy cottonseed when purchased as such gives less 
outturn of oil because the small fibre on the seed absorbs 
some of the oil. It has, therefore, to be delinted. The 
percentage of linters removed from 2S9-F varies from 1 to 2! 
per cent. The price of linters varies from Rs. 10-S a mauna 
to Rs. 11-8 a maund according to the percentage of linters 
removed from the seed-the higher the percentage removed 
the less is the price and vice versa. The percentage of linters 
removed in America was reported to be 5 per cent. in 
1933-34, while in 1934-35 it was o! per cent. The high 
percentage in America seems to be due to very rough,ginning 
in small ginning factories. 

The p9rcentage of crude oil obtained from these expel-
C seed '[ lers is about 11 per cent. The crude oil 

otton 01 • has to be refined before it is sold. During 
refining about 5 per qent. is lost, which is thrown away 
as waste. This varies with the age of the seed. In Novem­
ber, wh~n the seed is fresh, waste is only 3! per cent., 
while in July and August, it gOO8 up to I) per cent., which is 
said to be due to the development of acidity. Ii the refin­
ing is done in two ~ta~es the waste produced in the second 
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!operation is utilised for the manufacture of soap. The 
Nfined cotton seed oil is mostly used for soap making in 
Amritsar, and Sargodha, but can also be used for vegetable 
ghee by hydrogenation. 

In India, aesi cotton from the Pmljab is used for 
Uses of Indi.n spinning, though it will spin only a very 

, ""ton" coarse thread about 6 to 10 "counts". It is 
also used for mixing with finer cottons, which, if spun 
alone, make a thread too weak for weaving in this country. 
It is yery suitable for this purpose on account of its 
roughness or curl. The country"cotton from the Punjab, 
when exported from India, used to go chiefly to the 
continent of Europe, United Kingdom, and Japan. In 
Europe, this cotton was apparently not used for spinning 
alone, but was mixed with wool in the manufacture 
~f cheap cloth and blankets, or used for the manufacture 

,:Of felted goods, padding, etc., and also in the making 
4If gun-cotton. For this purpose kaparOr-a mixture of 
white-flowered 'cotton grown round about Giddarbaha 
(Ferozepore district)-is especially valued, as it mixes best 
with wool, being very rough and curly. 

The long staple American cottons grown in the Punjab 
have fibres practically an inch in length. The fibre is fine 
hut not very strong. This cotton is worth one penny or 
!ilore over middling American in Liverpool. Very little 
~9-F, however, leaves India--exports of American are 
confined to the shorter staple 4-F . 

• 
Of all the insect pests which attack the cotton crop, 

l' the most rmportant are bollworm, jassid, 
est,. white-fly and taka. A brief description of 

these rests together with the effective methods of their 
contro are given below:-

(a) BoUworm.-There are two distinct types of this 
insect, (i) spotted, and (ii) pink. These types ean be easily 
-iistinguished in the caterpillar stage, the former by the 
Jresenoo of dark brown spots on the upper side of the entire 
Jody and the latter by its pink colour. 
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The most effective control measures in the case of 
the spotted type is to prevent the carry-over of the pest 
from one cotton season to another. This can be accomplished 
by s1;arving caterpillars of food during the period between 
two consecutive cotton seasons, by the adoption of the 
following measures on a co-operative basis:-

(i) Beheading the cotton sticks 2-3 inches below the 
surface of the ground during January to March with the 
help of an implement known as kudali So as to prevent 
stumps from sprouting, which provide food during the off 
cot&on season. The new sprouts that may appear after 
this operation should be destroyed in April. 

(ii) Eradication of the alternative host plants, which 
provide food during the off cotton season-January to April 
such as kanghi booti, gulkhera, sankukra, sonchal, vilayati 
kanghi and kulehri, etc. 

(iii) Prevention of cultivation of bhiw:Zi and early 
cotton. 

The simplest way to de!>l with pink bollwarm is also 
to preven~ its moths .fr.om app~aring :rear after .ye~r and 
this can be done by kiIlmg all hIbernating larvae mSlde the 
seed by exposing the latter in thin layers to direct rays of 
sun during April, May and first half of June for one or two 
days. Further, every effort should be made to burn all 
cotton sticks by the middle of June, so that the larvae 
resting in the unpicked bo1]s on these sticks are also 
destroyed. 

(b) Jassids.-This is a serious pest of American 
cottons only and its intensity is the highest in humid, wet 
years. This pest is not amenable to control by any of the 
known curative methods, and the only way of coping with 
this pest is to grow such varieties as ha.ve the capacity to 
withstand its attack. Usually varieties with rough leaves 
due to heirs on them are resistant to jassid attack. The 
American varieties, 4-F, L 8.8., and 289-F-43, being distri­
buted by the Department, llossess in them. this invalu­
able merit, though 289-F-43 18 partly susceptible. 
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(e) White-ily (tela).-This pest attacks American and 

desi varieties alike, its attack being most severe in the drier 
i~rt.s of the province. The attack is Bevere in dry season 
and disappears wjth the rains., Most effective control 
measure for this pest is spraying wjth rosin compound 
during the months of July and August, when the attack 
of this insect is at its peak. In sprayinll:' care should 
be taken to spray the underside of leaves from where the 
iP.sects usually suck their food. 

(d) Toka.-In South-Western districts and parti. 
cularly in Dera Ghazi Khan, toka and tidda are very serious 
pests. Thp.se insects cut the seedlings and the attack is so 
.were in some years, that re-sowing has to be done a number 
(If times. 

" The pest naturally decreases after the first week of June, 
,owing should, th~refore,. be done ~~ter tha;t. . 
~o Bran mash With sodium fluosilicate In the followmg 
:'Proportions has proved very effective. The cost does not 
~ceed 2 annas per acre. 

Sodium fluosilicate 
Wheat bran or rice husk 
Treacle 
Water 

1 lb. 
20 lb. 

2 lb. 
Sufficient to mix 

these properly. 

This :tttracts the insects and poisons them. 

Of the various fungal diseases attacking cotton plant, 
lliJe the one of the greatest importance to the far-

a_. mer is root-rot, which lays bare large patches 
~ crop, both of American and dMi varieties. A concentrated 
ltudy of the methods for counteracting this menace has 
·lihown that the damage resulting from root-rot can be 
~ectiveJy controlled by the following methods:-

. (i) Sowing the crop in the end of June, by which time 
~e aggressiveness of the causal fungus definitely declines. 
This practice can be adopted in the south-western Punjab, 
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where a~ noted hefore, sowings till end of June cltn be 
. practised with impunity.' • 

(ii) In those places, where early sowings in May have 
to be practised, the mortality of the plants can be consider­
ably reduced by intercropping cotton with moth and some 
other spreading fodder crop. Moth should be sown a.long 
with cotton and sufficient seed rate should be used ,,0 that 
moth completely cover" the soil. By following this practice 
t,he cotton yields are not, likely to be very high, but since 
the cultivator can expect some yield from the root-rot­
affe,cted area as compared to no yield at all, there seems every 
justification for its adoption. In order tha.t the yield of the 
cott,on crop is not too adversely affected, is it necessary 
that the intercrop should be removed by middle of August. 
Rxperiments have shown that any time from 1st to middle 
of August is the best for removal of the intercrop. 

This is a physiological derangement of the cotton plant, 
. causing premature opening of bolls which 

'1'>,ak. possess immature lint and ·seeds and is the 
outcome of either deficiency of nitrogen in the soil, or 
concentration of sodium salts (kaUar) in the sub-soil, or 
both. Towards the fruiting stage, the plants on light sandy 
or nitrogen deficient soils show yellowing and reddening of 
leaves, while those growing on soils with saline sub-soil 
are characterized by withering of leaves a few days hefore 
irrigation. The remedies suggested for counteracting this 
trouble are as follow8:-

(i) On light sandy soils, deficient in nitrogen, an 
a.pplication of sulphate of ammonia in August will remedy 
'iTak to a very great extent, provided there is no kallar in 

the Iffib-soil. 
(ii) On soils with kallar in the lower strata, the hest 

method so far discovered to control tirak is late sowing of 
erop. Mid-June sowings have generally proved most 
efficacious for this and the farmer is advised to adopt this 
sowing time so f8J as his agricultural conditions permit. In 
ls.te sowing, however, it is of paramount importance that 
the dijlta,nee between rows and plants should he reduced 
llnd a ~ IIt!ed rate used. The spacing will depend upon 
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the date of sowing. For this purpose a schedule of sowing 
dates along with the spacing and the seed rate required, as 
"Worked out from the experiments conducted in this connec­
tion, is given below for the !(uidance of the cotton growers. 

---- ~--~----
I I 

I $c-cu rat(' DistltllCI'! m.t.-not, 
pf'r !HII'{'. het\\"(>{·llrowl.' botWf'eJl Dnt{" of soW-In!!. 

I I pia.nts. 
____________ l __ ~ _______ 1 __ _ 

:::; 10 31 )Iay 

1 to 7 ,Junf" 

16 to 23 ,June 

!!4 tn 30 June 

I ._\1 ;:eers 2i --:1 ft. ! I! ft.. 

IS-1 o ",,,, 

I }1)-..--Ut\Ct'r8 

i 
> H-l-t-I!oecrR 

i j4-1(;.~e('rs 
i 

:'1--:1 fro 

:!-3ft. 

2-:\ fl. 

' •. _" ft. 

J! rt. 

'1ft. 
J ft. 

" in. 

The behaviour of different varieties to the different dates 
of sowing was another important feature of this ill\'€stiga­
tion. The following schedule based on th~ results of 
experiments gj,-es an idea of the optimum sowing periods for 
different varieties in different districts. 

District. 

Sargodha. and Sbeikhupnra 

Lyallpur. Jbang a.nd wet· part!! of •• 
:!\lont,gomery 

Jlontgomery 

J4u1tan 

Be,t ,owing pe,iod. \ \" aciety. 

25~!aytoI5Jun. II L.S.S. 

25 )lay to 20 June L.S.S and 4F.28911'1 
43 if sown !Should 
he completed be­
fore 15 ,hM. 

25 May to 25 June I 289F/K25 and m 
F/43. K 2,~) ahouJcl 

I 
not be sown a.fter 

-15 June. 

1 June to 5 JuJy 289F/K25 and 2891 I F/124. 
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The cotton crop is alao very liable to damage 
Bail from rain or hail at certain stages of its 

. .... growth. At the sowing time the seed may be 
prevented from germinating or very young plants may be 
killed by rain or hail, as already described. This often 
happens in 8ub-mountane districts in years of good monsoon. 
At the time of floweriug, heavy rain always results in the 
shedding of a certain number of flowers every day through­
out the flowering season; rain at intervals does not do such 
serious damage even though it may be very heayy. A long 
spell of rainy weather results in a considerable diminution 
of the yield. 

It is also said that very hot dry weather during the 
Dry th periods of preliminary growth or during 

we. e,. the period of flowering lessons the yield. 
This is certainly true of the province as a whole in 
practice, for in such a :vear, many fields cannot receive as 
much irrigation as the~- need. Whether it is actually 
true that some rainy or cloudy weather is necessary for a 
cotton field to give the maximum yield in this province, 
however much irrigation be given, is by no means so certain. 
In years like 1919 and 1920, when the rains stopped early 
and the proportion of cotton sown was high in irrigated 
tracts, a good deal of damage resulted through the bolls 
failing to open properly, and a large proportion of immature 
seed appeared in the:first pickings. Where the water 
8uppl:v is ample, the damage is negligible, though it is 
undoubtedly fairly serious for the canal areas as a whole. 
In thi, respect, American cotton being later, Buffers worse 
than desi. The most probable explanation of bad open­
ing in a dr~- season is salt aeeumulation in the soil. In this 
connection Some ver." useful work has been done by the 
Land Reclamation Department of the Irrigation Branch in 
different canal colonies and their method is to plough the 
80il during April-May and give heavy irrigation so as to 
leech out the salt and then sow rice crop, which is foll<'Jwed 
by berseem or gram according to the water supply available 
in the rabi season. Depending upon the concentration 
of salts m .. the soil it takes one to three years to remove the 
t!XOOSII Wte. It has been observed that after this treatmenio 
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the cotton opens welL It seems that this wonld be a more 
permanent remedy against tirak. 

Rain, or worse still hail, late i.n the season when the 
EIf'ct of l.t. bolls are opening naturally damages or des­

I'&~ OIl ~('rmin. t.roys the ripe or nearly ripe holls. It also 
.twn of ,",cd. seems to result in a failure, of much of the 
aeed to mature and fill properly, so in the season follow­
ing year of late rain it must always be expected that the 
germination of the seed will be poor. From all these 
calamaties due to the weather, except early ce~sation of 
rain, the American cotton enjoys some d",gree of immunity 
as compared to the country cotton. This is due to the 
fact, that the season during which t.he American cotton is 
producing flowers plentifullv, lasts much longer than 
the corresponding season in the case of the countr~' cotton. 

Frost seldom does much damage to Indian cotton, but 

Frost.. 
it always results in the deteriomtion of the 
quality of the last pickings of American, and 

there are usually a certain number of bolls which are killed 
by the cold without opening at all. It makes a difference of 
quarter of a maund., perhaps even sometimes half a mauna, 
in the yield of American cotton if the winter is mild and 
late. 

The average cost of producing cotton at Risalewala 
::::' ;!..fil'i'fr!:n for the five year sending 1931-32 was worked 
.. >ore of cotton. out as follows:-

Manual labour (12.7 days) 
Bullock labour (4.3 days) 
Water rates 
Seed 
Manure 
Implements 
Kamins 
Picking 

Total 

Rs. a. p. 
3 15 8 
7 6 4 
640 
o 14 9 
259 
I 0 10 
o 10 11 
685 

29 2 8 
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If land revenue at the rate of Rs. 7-0-9 were added, the 
total cost of growing cotton comes to Rs. 36-3-5. With an 
average yield of 7 maund,s 37 seers and 15 chhataks, the 
cost works out to Rs. 4-8-11 per maund. The carting 
charges to the market being Re. 0-}-6 per m.aund and 
marketing expenses Re. 1'-6-1 per m.aund, the total comes 
to Rs. 5-0-6 per maund in the market. As the average 
price per maund of cotton was Rs. 11-4-6 a net profit 
of Rs. 6-4 per maund was realized. 

An enquiry into the cost of production of crops in the 
principal sugarcane and Cotton growing Tracts in India 
under the aegis of the Imperial Council of Agricultural 
Research from 193a for three years ga ye the following 
fignres:-

Pa.rti~ular",. 

-_ ---~- ------ • 't 

Total ('0:01 pt:"J' ;tC'rt' 

Cost pt·r TlHnmd 

Price !WI' !!l(lund 

I Lyallpnr .Julln.nduf (-:urda~p\lr 
I 

I P....;. R,,_ R~. 

i 3& 11 0 1 G, 1 4 I 31 10 3 

I 4 I:! 4.\ 7 11 1 1:'1 a 11 

I 5 (J 0 i 4 5 0 I 4 IZ (I 

.. I 8 rods. !7.69md'l. i 3.41 rods 

In the Jullundur district, the cost is high on account 
of high irrigation cost, whereas, in Gurdaspur the cost per 
maund is high due to low yield of cotton. 

SAN.HEMP 

Natural Order-Leguminosrl'. 

Botan.ical name-C1"Otalaria juncea. 

Vernaoula- Name-&nn. 

This crop is grown in small patches aU over the province, 
the total area being about· 45 thousand acres. Of this about 
2.i thousand acres are irrigated and the rest is barani. 
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he important districts, where sa"" is grown are: Gurdaa­
~r, Hoshiarpur, Rohtak, SiaJkot, Jullundur, Ferozeput 
~d LUdhiana. 

8ann is mainly grown for the supply of fibre, the ropes 
~m which are useful in many ways to the zemindars. 
c is also grown to Borne e}"'i;ent for use as green manure. 
Vhen grown both for fibre and for green manure it is sown 
~ickly, the seed rate being about 25 seers per acre or even 
lore. It can grow on various types of soils but loamy 
oil is c,onsidered to be the best. To secure good crop, the 
md should be thoroughly prepared. About throo plough­
ogs are considered to be quite sufficient. J t is sown as a 
:lwrif crop, usuallv about the commencement of rains. 
Inder suit,able conditions, the plant reaches the height of 
, to 7 feet or even more. The crop is allowed to grow 
ill nearly ripe, i.e., for about 4 months, It is then cut 
.ith a sickle clobe to the ground or pulled up by the roots 
md left exposed to the sun for 2 or 3 days, so as to allow 
,he leaves to fall off naturally. The upper portions bearing 
.he seed pods are also cut. The plants are then tied into 
,onvenient bundles containing about 100 plants and steeped 
n water. The bundles are laid down length-wise in the 
;vater and kept submerged by being weighted with stones. 
3ometimes, in order to give more time for the retting of thick 
bark at the butt end of the stalks, the lower parts of the 
bundles are kept in water for a number of days before steep­
ing the whole pJant in water. The length of period for 
which the plants are kept in water depends upon the 
reason. In hot and damp weather, 3 to 4 days are suflicent 
but in cool and dry weather I to 2 weeks are required. The 
main object is to keep the plants in water till the bark will 
leparate easily from the stem. In order to preserve 
colour and lustre of the fibre, it is important that the water 
of the pool or pond should be quite clear and not very muddy. 
[t has been found that small and shallow pools well exposed 
to the sun seem to be best suited for steeping because heat 
ilastens maceration, and consequently preserv'l the strength 
of the fibres. Deep water being cooler requires more time 
ror retting. In the same way running water, although re­
lommended by some, \vould seem to be objectionable, owing 
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to the longer time neceSsary for the degeneration of';connect­
ing tissues. The plants, after having been steeped to the 
desired degree, are taken out and dried. Fibre from each 
plant is extracted by hand. This is rather a very tedious 
process and is generally done at odd times or on rainy days 
m winter. A suitable machine for extracting the fibre 
is badly needed. 

On an average the yield of fibre is a bout 8 '!Munds from 
irrigated and ahout 6 mtllUnds from uuirrigated fieIcls. 
This crop drops its leaves during growth and being legumin­
ous just like guam its roots add a store of nitrogen to the 
soil. 

SANKUKRA OR PATSAN 
Natural Order-Malvacew. 
Botanical Name-Hibiscus camnabinus. 

_ English Name-Deccan Hemp. 

In the Punjab, this crop is grown only to a very amaH 
extent and mostly as a border crop to the fields of sngarcane 
and cotton. Its cultivation follows that of the major crops 
in which it is grown. It does well on loamy soils. If grown 
alone 10 to 15 seers of seed are sown in June or .July and the 
plants harvested in Octoher and November. After drying 
in the sun, the seed is separated by beating the plants on a 
piece of wood. The stalks after retting yield a useful fibre 
which is, however, not so strong as the sann fibre, hence 
unsnitable for use as strong ropes. The seed is sometimes 
used as a cattle feed or oj] may be extrac.t.ed from it. These 
have been frequently sent from India to England and yield 
from 15-20 per cent. oil. The oil is clear and limpid 
and forms a good lubricating and illuminating material. 
The seeds are also employed externally as a poultice for pains 
and bruises. 

If sown alone, the total yield would be about 25-30 
maunds of fibre and about 250--300 maunds of fuel. When 
the plants are ripe they should be cut quite close to the 
ground or pulled up from the roots. It is important that 
tAle lower parts of the stems should not be lost because 
they IXIBtaju the best portion of fibre. 



456 

Reference 

(I) Cotton-Encyolopalilia Britannica. 

(2) United States Department of Agricultun.-Agricul-
ral Statistics, 1943. , 

(3) Estimates of Area and Yield of Crops in India, 
141-42. 

(4) Report on the Season and Crops of the Punjab. 

(5) Department of Agriculture, Punjab's Leaflets NOB. 
17, 25, 26, 27, 122, 133, 136, 138, 139, 141, 147, 152, 159, 

i5, 166, 169, 173, 174, 176, 187 and 193. 

(6) Report on tlle Marketing of Cotton in the Punjab 
lIlpublished). 

(7) Annual Reports of the Indian Central Cotton Com­
uttee. 

(8) Cotton Ginning ruid Pressing Factories Act, 1925. 
(9) Studies in the Cost of Production of Crops in the 

'unjab by S. B. Kartar Singh (1934) Board of Economic 
nquiry Publication No. 33. 

(10) Report on the Cost of Production of Crops in the 
,rincipal Sugarcane and Cotton tracts in India-Vol. I 
-The Punjab 1938-Imperial Council of Agricultural 
:tesearch. 

(H) Auction Sales by W. Roberts-Indian Agricultural 
TouruaI, (1918). 

(12) Introduction of American Cotton in the Punjab 
:19l8). 

(13) Dictionary of Economic Products by Watt. 



CHAPTER XVI. 
FODDER CROPS. 

Cultivated fodder crops are the most important source 
of fodder for livestock. The total area in the Punjab for 
the quinquennium ending 1943·44 waS a little over 5 million 
acres. Of this about 3t million acres were unirrigated. Fur· 
ther irds of the total fodller area is under kharij and ouly 
lrd under rabi fodder crops. 

n is interesting to note that large areas of fodder are 
grown in Montgomery, Multan, Lyallpur, Lahore and Shah· 
pur districts under irrigation, while very small fodder areas 
are grown in Kangra, Jhelum, Rawalpindi, Attock and 
D. G. Khan, as shown by the figures for 1943-44 given 
below. 

District 

Montgomery 
Multan 
Lyallpur 
Lahore 
Shahpur 
Kangra 
Jhelum 
Rawalpindi 
Attock 
D. G. Khan 

Area under fodder crops 
Acres. 

449,393 
381,384 
377,010 
338,979 
292,528 

64Q 

44,947 
38,270 
64,390 
58,286 

In South-East Punjab most of the fodder area is balrani. 
Apart from grasses there are about 18 different fodder crops 
cultivated in the Punjab but only those which are more 
important are discussed below. Swank, maize,· moth and 
8ar8on are also grown for fodder. These have been discussed 
earlier in this book. 

456 
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JUAR OR CHARI 
Kat ural Order-Graminru:elE. 
Botanical Name--Andropogon Sorghum. 
English Name-Great !IiUet. 

This may be sown separately or in mixture with 
legumes, such as guam, moth or mung. The total area is 
"a.bout 1 '715 million acres. 

Research work so rar carried out has produced two 
superior strains-J. S. Nos. 20 and 2l. 

This is a tall growing non-sweet type, having a closed 
J S "'0 head with red or purple grain. It is leIIS 
. . - . attacked by borer and fungus diseases. In 

trials it yielded as high as 503 maunds of green fodder. 
This selection stands storag<l weU. 

This has a loose head with creamy whit'l plump grain 
J S 21 and is very sweet and ilPcy. This is the 
. . . highest yielder and has given 10·30 per cent. 

higher yield than other jowars already in cultivation. One 
drawback is that being very sweet it cannot be stored for 
long periods. 

The soil requirements and cultivation methods are the 
same as already given under jowar for grain except that 
for fodder purposes the common seed rate is 20-24 seers, but 
iu ('.ase of improved strains a very good crop can be raised 
with about 16 seers per acre. For a seed crop about 8 seers 
per acre are enongh and yield per acre varies from 8 to Hi 
maunds of grain. The stem borer at times is a serious pest 
and causes great damage to the crop. Juar is also subject 
to two fungus diseases, viz., smut and red leaf spot. 

GUARA 
Natural Order-Leguminosre. 
Botanical Nllme--Gyamopsis psoralicidea. 
English Name--Oluster Bean. 

This is a hardy khan! crop grown all over the province 
mainly for fodder purposes, though sometimes it is grown 
for seed as well, especially in the districts of Hissar and 
Ferozepur. It is also grown for green manuring in the canal 
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irrigated areas. The total area. under this crop is about 8 
lakk acres. 

This is a very useful and heavy yieldine: fodder crop. 
Crops 5 foot high can often be seen in the canal tracts, where 
it is generally grown mixed with juar or chari in various 
proportions. The operations performed with regard to 
J;>reparatory tillage and sowing are the same as those for 
Juar. Sometimes it is grown alone, mainly on light loamy 
Boils. One to two ploughings are sufficient before Bowing. 
Its sowing Beason extends from April to the month of June. 
The seed rate is about 8 seers when sown for seed, about 
16 seers when grown for fodder and 18 seers when grown 
for green manuring. Higher seed rate is used for the last 
mentioned purpose, for, thick ~owing does not allow the 
stalks to become too woody which are difficult to plough 
and do not rot speedily. The Beed is usually broadcasted 
on a moist seed-bed after ploughing and covered with 
sokaga. In baraniareas it is sown by means of por. 

The crop is ready in about two months' time after sow­
ing and gives a yield of about 225 maunds of green fodder 
per aere under irrigation and about 125 maunda in barani 
areas, or about 8 to 10 maunds of grain, if matured for seed. 
The green fodder has a high nutritive value and is relished 
by cattle. The stalks are, however, very woody when the 
crop is ripe, and if fed to cattle it often causes tympanitis. 
As the crop matures the leaves dry and drop on the ground 
thus adding a good deal of vegetable matter to the Bail. 

This is a most successful crop for green manuring being 
in this respect superior to sann-hemp. When grown for 
green manure it should be sown rather early and should be 
ploughed in the land in July and August. 

'-- The pods of fJuara when green are sometimes cooked as 
vegetable. The seed is highly valued'in the South-Eastern 
Districts for the fattening of cattle. For this purpose it is 
first made into dal and boiled in a pan and then rubbed and 
worked about with hand till froth appears on the mass.. 
A Jittle mustal'd-seed oil is also added before feeding to the 
cattle. 
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TURNIPS 
NatlU'a1 Order-Crueijerre. 
Botanical Name-Brassica rapa. 
Vernacular Name-Skalgam. 

The total area is about 4 lakk acres. This is culti­
vated as fodder mostly in the Western districts of Multan, 
i{ontgomery, Jhang, Lyallpur and Shahpur. In the rest 
~f the Punjab it is mostly grown as vegetable. 

It requires a heavily manured soil to give good and 
economical yield. For fodder it is sown on flat by broad­
casting the seed but higher yields ean be obtained if crop 
is sown on ridges 18-24 inches apart; 2i-3 seers of seed are 
required for an acre. The crop is sown in September­
October by broadcasting the seed on moist seed-bed which 
has been well prepared. In all 4-5 irrigations are enough. 
It is ready for feeding in 2i-3 months after sowing and fodder 
is available from December to February. A good crop yields 
350-4()() maunds per acre. The roots are fed whole or 
after chopping up into sma.ll pieces. It is believed to have 
a good effect on milk yield. 

This is a variety of shalgam very commouly grown in 
Swede.. the United Kingdom and in Northern Europe. 

It is regarded as a better yielder than 
turnips in Europe. It was introduced as a vegetable at 
Lyallpur at the Students' Farm. It is extremely palatable 
and very superior to skaJgam for human consumption. 
There is Yery considerable scope for increasing the area. 
under this vegetable. Seed is obtainable from Suttons. 

OATS 
Natural Order--Grominacea;. 
Botanical Name-Avena sativa and avena Of"ienuilia. 
Vernacular Name-cJavi. 

The indigenous oat plant is found growing in wheat and 
other rabi crops and is treated as a weed but it is extensively 
grown in temperate regions for grain and fodder. Its cul­
tivation &8 a fodder crop was taken up in India by the military 
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farms first and later spread in the country, though to a 
limited extent only round about cities and towns. 

Soil requirements and cnltivation are similar to those 
for wheat. The seed rate per acre varies from 24 to 32 seers. 
The local types of oats are very susceptible to smut. To 
protect the crop from this disease the seed should be steeped 
in formaline for 2-5 minutes. One chhatak of formaline 
mixed with 20 seers of water in a tub is sufficient to treat 
one maund of seed. The grain after treatment should be 
put in a heap and kept undisturbed for about 4 hours. 
It shonld then be dried and used for sowing as soon as pos­
sible. 

There are several varieties of oats but they . can be 
divided into two groups-early maturing and late maturing. 
The fonner type ripens along with wheat and the latter keeps 
green till the middle or even the end of May according to 
the season. 

The early maturing type requires 2-3 irrigations while 
the late types require one more irrigation, if sown for grain 
and 2-3 more irrigations during April and May, if sown for 
fodder. Early type can give 2 cuttings one in January and 
second in March. There are 3 varieties of late oats re­
commended by the Agricultural Department. 

French husked.-It has a thick straw and a broad and 
course leaf. It is the last to mature. It has given best 
results in Lyallpur and Gurdaspur. It gives heavier yield 
than the other two but ouly when the season remains com­
paratively cool in March and April and plentiful irrigation 
is available. 

Algerian & F. O. S. 1(29.-These two are very fine in 
their straw and leaf, which makes them very desirable from 
the hay point of view as well. They have a higher tillering 
capacity and are more drought resistant than the French 
oats, and, therefore, do well even under barani conditions, 
or where moisture is restricted. The Algerian oats have 
given; the best results at Montgomery and Jullundur, while 
F.O.S. 1/29 has beaten all other· types at Rawalpindi.' Under 
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favourable conditions yields as high a8 500 _mlB par 
acre have been obtained from these varieties. 

Oats can be converted into very good silage, either alone 
{)r in mixture with berseem. When matured for seed the 
local type ripens along with wheat. The late oats, when 
sown in the beginning of October, ripen in the end of April 
if no cutting is taken, when sown from the middle of Nov­
ember to middle of December it ripens in the end of May. 
The yield of grain in case of French oats is lower, as it is 
affected much by the hot winds. The other two varieties 
of late oats, namely Algerian and F.O.S. 1 are not affected 
much and yield about the same as wheat. If the land is 
rich it is possible to obtain seed after taking one cutting for 
green fodder in January. The maturity in this Case is 
delayed and the yield of grain is lower than the normal crop. 
The grain of oats is very nutritious and can be used as a 
eoncentrate for all kinds of livestock, specially for horses, 
while green oats converted into hay provide richest food for 
ca.ttle. 

INDIAN CLOVER. 
Natural Order-Leguminosai. 
Botanical Name-Melilotus parvijlora. 
Vernacular Name--Senj-i. 

Senji is a leguminons fodder grown from ancient times 
in the province. Although it is being replaced by berseem 
and to some extent by shaftal, yet it occupies fairly large 
area.s. Its cultivation has probably suffered less in sugar­
cane growing tracts. Sugarcane is commonly grown after 
senji and in this respeet shaftal and berseem cannot 
replace it as they occupy the field for a much longer period. 
It is usually sown in the standing maize or cotton during 
the later stages of their growth. The water given to it also 
assists the outgoing crops which might-otherwise be grudged 
the later watering. Like other leguminous crops it enriches 
the soil. The area under senji iii estimated to be about 5 
la.kh acres. 

Sowin~ takes place in September ~nd October. The 
.seed rate IS from 20 to 25 seers per acre of husked seed. 
In or,der to help germination the seed is beaten lightly before 
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IlOwing. The seed is either broadcasted in standing water or 
in dry Boil. In the latter case it is immediately irrigated. 

The first irrigation after BOWing is generally given within 
ten days, and afterwards water is applied as requried, 
generally every 15 or 20 days. 

The following are the common rotations in which it 
enterg:-

Maize-Senji-Sugarcane-wheat or cotton. 
Maize--Senji-Cotton-Wheat. 
Cotton-Senji-Wheat-Toria. 

As appreciable quantities of farmyard manure are 
applied to the preceding maize or cotton, senji needs no more 
manure. 

The crop is ready for cutting when in full flower and after 
seed formation has started. The green fodder is available 
in January, February and March. It forms an excellent 
fodder for draught cattle and milch cows, bnt should be 
chaffed and fed mixed with bhusa, or some other dry fodder, 
as otherwise it is apt to cause tympamtis. It yields about 
250 maunds of green fodder per acre. When matured for 
seed the yield is about 8 mallnds per acre. Its price is same 
as that of wheat. 

A new selection known as Fo. S. I. has recently been 
evolved in the Punjab. It gives a more uIDform stand and 
a higher yield than the existing crop. 

There is another species of senji (MeUilotus alba) 
which i. grown in some places as a late crop. It is white­
flowered. It can provide green fodder as late as April but 

. is slightly bitter. Its yield per acre is generally less than 
tha.t of common senji. 

ME11JA 
Natural Order-Leguminosw. 
Botanical Name----rTigonella joenum-!JYaceum. 
English Name--F'enugreek. 

M~ is one of the leguininous Tam fodders. It is more 
d~ht :resistant than senji, berseem, etc. and can, therefore. 
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be grown under restricted conditions ot izrigation. Its 
fodder is nutritious but is collllidered to reduce the milk 
yield when fed to milch cattle in large quantities. It is 
ehielly grown in Ludhiana and Ferozepur districts in stand­
ing crops of cotton just like senji. It is not fastidious in 
its Boil requirements and can be grown on all types of soils 
but like most other crops does well in rich loams. The 
total area. under this crop is estimated to be about one lakh 
acres. 

Seed is broacicasted and covered by a khurpa hoeing 
if it is sown in vattar in standing crop, otherwise broad­
ca.sting is followed by irrigation like senji. The seed rate is 
16-20 seers per acre. Sowing time extends from October 
up to mid-November. 

It is ready for feeding in a.bout 3 to 4 months after 
Bowing i.e., in February, March. Ordinarily it gives only 
one cutting. Its yield is a.bout 250 maunds of green fodder 
per acre. 

If kept for seed it is harvested in April and gives an 
average outturn of 6 to 8 maunds per acre. The seed sets 
well and there is no difficulty in its production. The seed is 
used as a medicine besides being used in the preparation 
of pickles. 

BERSEEM 
Natural Order-Legumiuostll. 
Botanical Name-Trifolium ale:wndrinum. 
English Name-Egyptian clotJer. 

Berseem. apart from American cotton is probably the 
<lnly recent exotic introduction into the husbandry of the 
province that has become very popular with the cultivators. 
It is known as Egyptian- clover because it is extensively 
I¥0wn in Egypt, where out of a cultivated area of three mil­
lion acres one million is returned as berseem. In India it 
was first introduced in Sind. It flourishes there well and 
~onsidera.ble area.s are grown, notably at Mirpurkhas and 
Hyderabad. From Sind it was brouglit to the. Punjab 
where after nume.rous trials for several years it ltas recom­
mended to the cultivators. It esta.blished its worth very 
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soon a.nd ita· cultivation spread very fast. It is estimated 
that within a decade of its introduction with the zamindats 
it has come to occupy an area of about one lakh acres. 

Like senji it is leguminous and enriches the soil. The 
very high yield per acre of Egyptian cotton is said to be 
largely due to the fertilising properties of berseem. It has 
tende~ succulent leaves and is highly relished by all kinds 
of livestock. It is especially suited to milch cattle because it 
is believed to improve their milk yield. The fodder is very 
rich in protein. Its yield also is higher than senji. In 
comparative trials it has given three times the yield obtained 
from senji. The average yield of green fodder is about 500 
to 600 maunds per acre but in very rich soils yields of the 
order of 1,000 maunds per acre have been obtained. In short 
both from the points of view of quality and quantity of 
fodder it is superior to senji and indeed most other rabi 
fodders which therefore it is replacing at a fairly rapid rate. 
Berseem can replace senji in the ordinary rotation of 
crops except that sugarcane cannot be grown after it, because 
it occupies a field for a longer period than 8enji. It can 
be succe&$fully grown year after year in the same land but 
usually it follows cotton and maize. 

It vields 3 to 5 cuttings and provides a regular supply 
of green fodder from December to May. Thus it helps to 
tide over to a certain extent the two periods of scarcity of 
green fodder during the year (December and April-May). 

It does well in most soils provided they are retentive 
Soil .ad culti. of moisture. Rich loam soil is, however, the 

.. tion. best. In order to get good results a fine seed 
bed ah auld be prepared. 

The Sowing of berseem usually commences from the 
Time and middle of September and continues up to 

method of sowing. the middle of November. In hotter parts of 
the province sowing should be delayed np to the end of 
September as in the case of earlier sowings the tender 
seedlings get killed by the intense heat. Probably one of 
the reasons for sowing beraeem in cotton and maJZe cropB 
is t~t their plants provide shade to the young seedl.iDgs 
liIl'OWlllf 1ID.derneaih. 
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The seed is soaked in water for about 10-12 hours and' 
then broadcasted on a moist seed-bed. Harrow and 8ohaga' 
are subsequently used for covering the seed. The seed 
may also be broadcasted in a dry seed-bed which may be 
watered after harrowing. But the best results are obtained 
by broadcasting seed in standing water like senji. Bw-sMm 
seed often contains kas1Ii (chicory) but it can easily 
be separated from it. The mixed see-d is put in five per cent. 
salt solution aud berseem seed being heavier settles down 
while kasni being lighter floats on the surface. It can then 
be easily removed. 

Eight-ten seers is quite sufficient for an acre. When sown 
S d to alone the first cutting gives low yield. Senji 

ee .ra . or oats are, therefore, usually mixed with it 
to increase the yield of the first cutting. In this case 5 
to 6 seers of bW'seem with 20-24 seers of senji or oats 
are sown. 

Like other leguminous crops Mseem can fix atmos­
pheric nitrogen through the agency of a cer­
tain type of bacteria which form nodules on 

the roots. If these bacteria are absent from the soil little 
nitrogen is assimilated and the plants remain stunted and 
sickly. Berseem, therefore, generally does not do well 
when sown in a field for the first time on account of 
the absence of these bacteria. This handicap can be 
removed by the inoculation of the soil with the required 
bacteria and there are two ways of doing this. Firstly, 
soil (taken after removing the top three inches) from a 
field which has already borne this crop may be broad­
casted in the neld at the rate of 2 to 4 maunds per acre. 
Secondly, specially prepared culture for this purpose may be 
utilized. These cultures are obtainable in three sizes 
from the Agricultural Chemist, Lyallpur. Their present 
prices are given below:-' . 

InOCUlation. 

Fnll size 
Half siZe 
Quarter size 

B.s. a. p. 
I 0 0, 

011 0 
o 8 ().. 
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One full size culture is II1lfficient to inocula.te seed for 
'(lne acre. This culture is mixed. with about ha.lf a see:r of 
10 per cent. sngar or guT solution. The liquid is then sprinkl­
ed over seed heaped. on a gunny bag or on a clean floor and 
mixed. with it thoroughly. The seed is then dried. in a thin 
'layer in shade. The treated. seed. should not be kept for 
more than 24 hours before sowing as drying lowers the via­
bility of the bacteria which may ultimately be killed. if seed 
is not sown for an Ullduly long period. The BUll is also very 
harmful to them and the treated. seed should, therefore, be 
sown either in the evening or on a cloudy day. 

Experiments conducted with the sowing of inoculated 
aud uuinoculated seed showed. that the former vielded. about 
86 per cent. more foddeT than the latter. Ther~ is no need of 
inoculating a field where berseem has once been grown. 
Similarly, a field which has borne shaJta! need not be 
inoculated as the organism connected with it is capable 

of benefiting berseem also. 
A light irrigation should be given about a week after 

. . sowing iu order to ensure satisfactory ger-
'lmg.t<on. mination and to give the crop a good start. 
Thereafter irrigations may be given whenever required­
usually after an interval of a fortnight. During winter 
the interval may be prolonged., while in April-May it has 
to be reduced. on accoUllt of heat. Frequent irrigations are 
given to the crop reserved for seed during the flowering and 
Seeding stages. 

The first cutting can be obtained late in December or 
. . early in January and subsequent cuttings 

"Time of cutting. at monthly intervals. ' 

The main obstacles in the spreading of the berseem in 
this province is the difficulty in secur­

.seed production. ing its seed. The local production is ratheJ 
small and the seed requirements are at preseni 
.chiefly obtained. from the North-Western Frontier Province 
In recent years, however, the demand has been so great thai 
it has not been possible to meet it fully. Attempts are nov 
'bei:ng''Q1&de, therefore, to encourage its production locally 
'When seed is required not more than two or three cutting 



467 

should be taken. In any case no cutting should be taken· 
after the middle of March, otherwise the seed produced­
will be poor and the yield low. Good seed should be bright 
yellow and plump, free from all weed seeds, the commonest 
of which is kasni (chicory). To keep out kasni seed roguing 
of this weed plant should be scrupulously done. The crop 
reserved for seed is ready for harvesting about the end 
of Mayor early June. The seeds are borne in thick set 
inflorescences. When the amount of seed to be produced 
is small the inflorescences may be pieked with hand and the 
seed beaten out. But when these operations are to be 
carried out on a larger scale harvesting may be done by 
means of a sickle and the threshing by bullock labour. .An 
acre yields about 4 maunds of seed. The price of seed was 
Rs. 20 per mawnd before War. During 1944 it rose to Rs. 60 
pel maund. Plots reserved for seed should be preferably 
selected in a sheltered place to afford protection from hot 
winds when setting of seed is in progress. 

Much useful work has been done at Lyallpur in connec­
tion with the production of sound seed with good germinating 
capacity. An analysis of several samples commonly used 
for sowing has shown that the berseemseed is of three colours, 
yellow, red and brown. Fully-matured seed is yellowish 
in colour with germinating capacity of over 80 per cent. 
as against 50 and 25 for red and brown seeds respectively. 
With a view to ascertain the effect of different number or 
cuttings on the yield of seed and the colour of seed the ex­
periments were conducted at Lyallpur. The results are 
given below:-

Yield per Acre. Ip6~n. Percentage of seed af 
tag~ ger~ different colours. 

Sample. nun ... 
tion or 

Md. Sr. mixed 
seed. Yellow. Red. Brown. 

----------
No Clltting taken 4 29 91'0 ~S·O 17'0 5'0 
One outtmg " 3 12 82·0 72'0 20'0 8'0 
7'lto outt.ings .. I 2 61'0 63'0 21'0 16'0 
Three ClItting8 0 36 29'0 38'0 30'0 32'0 
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,cuttings can be obtained during a year. All kinds of 
'livestock take it with avidity but it is specially valued as 
a green fodder for horses and is, therefore, grown largely 
near cantonments and remount depots. The total area 

. in the Punjab under Lucerne is about 42,000 acres. 

It can be grown on all types of soils free from water­
.logging, but it does best in well drained loams. 

Seed is sown at the rate of four to six seers per acre 
at any time during the cold weather but the best time is 
from middle of October to middle of November. It is 
rather difficult to get reliable seed. Good seed should be 
plump, glossy and rich brown in colour. It is, however, 
advisable to conduct germination test to ascertain the 
reliability of the seed. A well-prepared fine seed bed is 
,essential to obtain good yields. Several methods of sowing 
are in vogue, the most common being broadcasting seed 
on a moist seed bed. The seed mav also be drilled in lines 
.one foot a.part. It has, however; been discovered that 
sowing on ridges 1 t feet to 2 feet apart gives best results. 
In this maImer water can also be economised and hoeing 
facilitated. When sown on fiat, the crop sometimes gets 
killed in low lying spots where water stagnates. Thus 
bald patches appear in the field. These can be removed 
by resowing seed in the patches. The crop should be hoed 
:frequently to keep down weeds. 

The first irrigation should be given about three weeks 
. after sowing and regularly at similar intervals subsequently 
.also during the winter. During summer, however, the 
interval should be reduced to a fortnight. 

It is advisable to a.pply well-rotted farm yard manure 
.at the rate of 10-15 cartloads per acre about a month be­
fore sowing. To keep up good yields throughout, applica­
"tion of manure is essential, probably, after every third 
. cutting. 

About 600 mauMs of green fodder is generally 
,~ J?:lX annum. The yield deteriorates after the 
dirat year If manuring and hoeing is not dODe. 
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Seed is best produced in the spring season. No­
cutting is taken after February from the plot reserved 
for seed. To encourage seed formation, water is sparingly 
applied and withheld altogether as seed ripens. The· 
crop is ready for harvesting at the end of April. Only 
about 2 to 3 maund8 of seed per care may be expected. 
Seed production in the case of lucerne is even more difficult 
than in the case of berseem. It is available from Messrs. 
Nathu Ram and Sons, Neemuch, Central India, and Messrs. 
P. Pocha, Poona. 

TEOSINTE. 
NaturaIOrder-Graminace<B. 
Botanical Name-Euchlaooa mexicana. 
Vernacular Name-Makchari 

Some botanists consider teonsinte to be the wild 
ancestor of :maize. Like maize, it favours a hot and humid 
climate and does well under conditions of good rainfall or 
liberal watering. The soil must also be rich and well: 
manured. If sown in March or April, on such soil two to· 
three cuttings of green fodder can be obtained starting 
from Mayor June depending upon the time of sowing. If, 
however, it is sown late in July-August, the crop gives only 
one cutting and is ready in October-November, when there 
is scarcity of fodder. Twelve to 16 seers of seed are required 
to sow an acre. The sowing may be done either by broad­
casting the seed and plonghing it in, or by lct?;ra. It can 
also be sown mixed with leguminous crops like beans and 
peas. The crop is seldom given any inter-culture. Three· 
to four irrigations are supplied. The plants tiller profusely 
and give rise to a number of sboots forming a thick clump. 
Under favourable conditions the height may reach up to 
12 feet. Yields of 400 maunds and above have bool1 obtain­
ed. The fodder is succulent aud nutritious and is relished. 
by all kinds of cattle. The seed ripens in November. Unlike­
maize where a compact cob is produced, the fema.le inflore­
scence in this crop consists of a number of strings of seed8 
covered by glumes and borne at the nodes. The harvested 
seed is allowed to dry for a fortnight or so before threshing. 
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A good crop may yield up to 15 maunM of seed per acre. 
The "olom of the ripe seed varies from creamy white to 

. dark brown. Immature seeds, although of normal Biz<; are, 
white in colour and mnch lighter. So far teosinte has not 
been observed to have been attacked by borer or any 
fungus disease.. In this respect it is superior to maize and 
juar. This crop ha.~ been recently introduced in the 
Jullundur Division. 

COWPEAS. 
NatnraIOrder-LeguminostE. 

Botanical Name-Vigna sinensis. Endlicher. 

Yernacular-Rawan. 

The cowpea is not a pea but a bean commonly cultivated 
'for hUlllan food. It. is also a valuable fodder crop. It is 
adapted to almost the same climatic conditions as maize 
but requires slightly warmcr climate and is a little more 
drought resistant. It does as wel! on sandy soil as on 
heavy clay, and can withstand moderate shade, and, there­
fore, does well when grown in mixtnre with tall plants like 
maize. . 

The best time for sowing is the middle of March though 
it can be sown later also, some-time even up to the end of 
July. The seed-rate is 20 to 25 seers per acre when broad­
(lasted. When sown in rows 5 to 10 seers and by kera 12 to 
15 seers are sufficient. The first irrigation is given three 
weeks after sowing when germination is complete. After 
the sooond irrigation, which is given about two months 

· after sowing, the crop is ready for feeding. Average yield 
· of fodder per acre is 250 to 300 maunM. For the production 
.of seed the crop should be sown in July. Normal yield 
· is 5 to 7 maunM per acre. The pods of cowpea can also be 
used as green vegetable for human beings. Out of the 

'varieties tried in the Punjab cowpea. F.O.S. No_ 1 ha.s 
· proved to be the best. It matures its first pods in 70 days. 
It is .;). half bnshy and winy plant with straw-<)Oloured pods 
e.na IIIo6dB covered with minute blue Bpecks. 
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VELVET BEANS. 
Natural Order-Leguminos<lJ. 

'Botanical Name-BtizoWbium deef'ingianum. 

Vernacular Name-lIIakkmali Bem. 

It requires medium to light loamy soils. As the seed 
is very big and hard it requires a little more moisture for 
germination than other legumes. Twenty seers of seed will 
be enough for an acre, but care should be taken that seed 
is not buried very deep, otherwise, the cultivation is similar 
to that of cowpeas, except that the yield of grain is heavier, 
i.e., 15 maunds per acre. The seed from unxipe green pods 
is used as vegetable. It forms a very good mixture with 
teosinte. Eight to 10 seers of each gives good results. 

SOYABEANS 
Natural Order-Leguminosa? 

Botanical Name-Glycine kispida. 

The cultivation is similar to that for cowpeas. The 
seed rate is 12 to 15 seers. A moist climate is more suitable 
for soyabean but crops can be grown in drier parts under 
irrigation. Three to four irrigations must be given before 
the crop is ready. A crop will yield 200 maunds of fodder 
per acre when sown alone. In case of mixture higher 
yield is obtained. When matured for seed, yield is about 
-eight maunds per acre. 

JAPAN RAPE 
Natural Order-CrutYijerfI!. 

Botanical Name-Brassica napus. 

Vernacular Name-Japan sarscm. 

. Japau rape, as a green fodder, is ~()wn where either 
no irrigation can be given or only a limited water supply 
is available. It can be grown on all types of soils but the 
best results are obtained on good loamy Boils. It is sown 
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in September-October, the early 80winga being best for 
barani areas. Rate for fodder is about three seers per 
acre. Otherwise the cultivation is similar to that of loria. 
The crop is ready for feeding in the middle of December 
and can be fed up to the beginning of February, when it 
flowers profusely. Out of all the rape varieties, white-leaved 
Japan rape gives the highest yield of fodder and also of 
seed with high oil content, on all types of soils. It is 
called white leaved because the colour of the leaves is much 
lighter than the other Japanese variety, which is called 
black leaved. The second best of all the rapes as regards 
fodder yields is raya. Average yield of green fodder per 
acre may be taken at 300 maunds though yields up to 400 
maunds have been recorded. Its flowering stalks provide 
a very palatable vegetabl~ (sag), which is very much enjoyed 
during winter. When mature for seed it ripens about 
the middle of March and gives eight to ten maunds of 
seed per acre. At Sirsa an outturn of 17 maunds per acre 
has been obtained. 

GUINEA GRASS 
Natural Order-Graminacem. 
Botanical Name-Panicum maximum. 

It is a perennial plant and continues to give greel 
fodder for many years. It is finer leaved and morl 
nutritious than Napier grass and also more palatable. II 
does best under warm and moist climate. In the Punjab 
therefore, it is grown where plentiful irrigation supply if 
available. It is generally grown near the main water courses, 
as it is easy to water under such conditions. 

Guinea grass ears normally in the Punjab but the seed 
Pro ,. does not ripen properly and its viability i£ 

pogo .. n. extremely poor. It is, therefore, propagated 
by planting root stocks, which are broken up into indio 
vidual units, each of which is capable of giving rise 
to a new plant. The sets are planted at a distance of 2 tc 
21 feet each way and 7,000 to 10,000 units will be required 
to plant an aore. The field is irrigated immediately aftez 
plan~. To complete sprouting, second irrigation should 
be applied alter two to three weeks. Subsequent irrigations 
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IDay be given as required. The best time for planting 
is the beginning of spring, i.e., the fixst fortnight of Feb­
ruary. In order to get good yield the field should be 
kept clean of weeds by occasional hoeing. 

The first c~tting is taken 21 months after planting, and 
subsequent cuttings can be had after about every two months 
throughout Bummer. The interval will, of course, vary with 
the fertility of soil and irrigation available. About five cut­
tings can be taken during the year, giving a total yield of 
.about 500 maunds per acre. Guinea grass would give good 
outturn for about six years if adequate manuring and inter­
culture are given. 

RHODES GRASS 
Botanical Name-Ohloris gayana. 

This is also a perennial plant and continues to give 
good yield for three years after which it requires a change of 
.. oil. It does best in hot and moist climates. Rhodes grass 
ears normally but seed does not ripen at one time. The 
collection of seed is, therefore, a very laborious process, be­
cause the ripe seed sheds immediately after ripening. Its 
viability is also very low. It is, therefore, advisable to 
propagate it vege~tively from root stocks, which are 
planted II to two feet each way. 10,000 to 15,000 stools are 
required for an acre. Planting can be done any time during 
the year but February plantings give the best results. The 
grass is ready for feeding two months after planting. Snb­
sequent cuttings can be taken after about every month until 
severe cold sets in. Seven to eight cuttings in all can be 
obtained giving a total yield of 400 maunds per acre. The 
growth is very luxuriant during the rainy season. 

ANIAK GRASS 
Botanical Name-Pennisetum Oenchroides and 

OenchrU6 Biflorm, 

There is a. very large number of pasture grasses in the 
Punjab. Out of all these Anjan or Dhaman grass has done· 
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best under cultivated conditions. There are two species, 
each species having two varieties differing in the colour 
of seed as given below. 

'J. White hairy Anjan }p. h . 
Z. Purple hairy Anjan enn~etum cene raides. 

3. White non-ha~ Anj~ tCenchrus Bijlorus. 
4. Purple non-hairy AnJan f 

Of these No. 1 has done best as regards yield and its 
ability to give early herbage in spring. 

The chemical analysis has shown that. green Anjan 
grass is the most nutritious of all the Punjab grasses. 
Provid"d the soil is suitable it produces fair crop even with 
a rainfall of 14 inches and it does well v.-ith 20 inches rainfall. 
Under irrigation it is sown in March-April but under barani 
conditions the seed should be broadcasted with the break 
of monsoon. Eight to ten seers of seed are enough for an 
acre. Seed is set throughout the year but best seed is pro­
duced after the rainy season-September to October. Under 
favourable conditions two to three maunas of seed per acre 
is produced. It gives good yield for two years. Like other 
grasses it is ready for cutting every month in the rainy 
season. 

The total area under different beans for fodder is about 
15 thousand aeres. The area under different types of 
rapes grown for fodder is 150,000 acres. 

SUDAN GRASS. 
Botanical Name-Andropogon sorghum Vat'. 

Suilanesis Piper 
Sudan grass is an annual plant elosely related to 

common juar. The panicle is, however, loose and open, 
glumes are awned and flowers are often purple in colour. 
Tke colour usually fades to pale yellow when ripe and the 
awns are broken during threshing, so that cleaned seed 
rarely has awns. It tillers profusely, 100 stalks arising 
out of one crown being not uncommon. It does well in 
warm climates and can produce fair crops in regiollil of 
low rainfall. It does best on rich loom. No manure is 
required when soil is reasonably good. On alkali BOils yield 
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is reduced markedly. It can be grown mixed with cowpeas. 
80vabeans and other legumes. The best time for sowing 
is' middle of March. It can be sown either by broadC38t 
or by kera. Ten to 12 seers of seeds per acre is su16.cient. 
Usually the first cutting is ready in seyen to ten weeks, 
depending upon soil and moisture and subsequent cutting 
can be had on an a yerage after eyery 1 t month. In aU 
four cuttings yielding 400 to 600 maund. of green fodder can 
be obtained. On account of slender leafy stems and sweetish 
taste, it is relished by cattle, horses and sheep. It can also 
be dried as hay. For seed the crop when ripe may be har­
vested and stacked in small bundles, from which penicles 
when dry may be cut and threshed. Under fayourable con­
ditions three to fise maunds of seed lllaY be obtained from 
an acre, As sudan grass crosses freely with other sorghums, 
it would be advisable either to grow a plot specially meant 
for seed in a place where there is no juar field nearby or to 
produce it from the ratoon crop maturing seed in April 
and May, because no other sorghum flowers at this time. 
Sudan grass is Bubject to the same pests and diseases as 
.illar. 

NAPIER (ELEPHANT) GRASS 
Botanical Name-Pennisetum purpureum. 
Vernacular Name-Hathigbas. 

It is a perennial grass which gives very high yield of 
fodder. It does best in hot and moist climates though fair 
crop can be raised under dry farming conditions as well. 
It can be grown on all kinds of soils, provided they are well 
drained, but best results are obtained on fertile loatns. It 
needs no manuring in the beginning, but when it has been 
on the field for more than a year and a number of cut­
tiugs have been taken farmyard manure should be added. 
Napier grass does not set seed in the Punjab, though it 
flowers quite freely. The canes and rootstocks· of the plants 
are, therefore, used for planting. The cuttings can be 
planted in two ways. The sets may either be 80wn in 
~oist land like sugarcane in furrows 2r to' 3' part with 
sunilar distance between sets in furrows or stuck into the 
field thoroughly prepared and levelled at an angle of 46° 
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or so at distances of 2! to 3 feet from plant to plant and row 
to row, so that one bud is above the ground and the other 
buried in the soil. In t~e latter case field should be irrigated 
immediately, whereas m the case of former no immediate 
irrigation is to be applied but the field should be irrigated 
10 to 15 days after sowing when young shoots appear above 
ground. In case root stocks are to be planted, they aT" 
broken into small lumps and dibbled into seed-bed at 
distances mentioned above. In irrigated lands the best 
time for planting is middle of ~February and in barani areas 
with the outbreak of monsoons. 7,000 cuttings or root· 
stocks are required to plant an acre if distance between 
plants and rO,":8 is 2! feej;. T.he. number of cuttings required 
would be less If the distance IS mcreased. The first cuttinu 
is ready within three months and then at intervals of J t 
to 2! months depending upon time of sowing, fertility of 
soil and irrigation water. The canes should not be allowed 
to grow coarse and thick, otherwise cattle would leave 
large amount of wastage. It can give four to six cuttings 
in a year yieding 600 to 1,000 maunds of green fodder, 
though yields as high as 1,500 maunds has been obtained. 

Napier grass is somewhat fibrous and is, therefore, 
not such a good fodder as some other fodder crops and 
grasses are. No pest or disease has so far been found to 
attack this grass though it is very susceptible to frost. 
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CHAPTER xvm 
MISCELLANEOUS CROPS 

TOBACCO 
Natural order-Solanacem. 

Botanical name-Sic,otiana tabacum. Nicotiana rUBtica. 

Yernacular name ~-Tambal,u. 
Tobacco is an annual cultivated plant, excepting, in. 

Mexico and tropical countries, where it is perennial. It 
can he grown in almost all kiwi, of climate. In the cold 
and temperate regions. it is grown as a slimmer crop and 
in other countries as a spring crop. In India, tobacco 
appears to have been introduced in the reign of Akbar, by 
Europeans who visited his court. 

For the quiquennium ending 1942-43 the total 
A area under this crop was 71,1l5 acres, which 
".. constituted oulyabout 0.23 per cent. of the 

t,otal area sown in the Punjab. Of this nearly 98 per cent. 
or 69,743 acres was irrigated and the rest unirrigated. 
During 1943-44 there were ouly 32,745 acreS under tobacco. 
This huge reduction in tobacco area was due to the imposi­
tion of excise duty at the rate of one anna per lb. from 1st 
April, 1943, on hukka tobacco. Th" duty was increased 
to three annas per lb. from March 1944. This resulted in 
the sharp rise of prices. The wholesale harvest price in 
HI4J-42 was Rs. 8-12-0 a maund. In 1942-43, it rose to 
Rs. 19-1-0 and in 1943-44 it went up to Ra. 42-1-0. With 
the rise in prices it is expected that there will be an appreci­
able increase in the area which may reach the normal figure 
or even exceed it. * 

The most important districts growing tobacco in this 
province are Jullundur, Attock, Sialkot, Sheikhupura, 
Gujranwala, Gujrat, Montgomery, Lyallpur and Jhang, 
~ grow'l\ on a small scale by Muslim and Hindu 

Since the above was written, the figures for 194445 is available, which is 
13,352 acres. 
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cultivators almost all over the Province. During 1943-44&her6 
were only four important districts, viz., Lyallpur, Multan, 
Jhang and Attock growing a little over 2,000 acres each. 

The classification of tobacco is based on the uses to 

Classification. 
which it is put,viz., fa) hukka tobacco, grown 
for smoking in hukb, (h) cigar wrappers, the 

outer leaves of cigar, (e) cigar fillers, leaves placed in the 
interior of cigars, (d) pipe tobacco, (e) che\\'ing tobacco, 
(j) plug tobaeco, (g) cigarette 10bacco and (h) snuft: 
tobacco. In the Punjab mainly huklca and snuff tobaccos 
are grown. 

There are several varieties of them. Broadly speaking 
they can all be divided into two classes: (1) Nicotiana 
Tobacum or desi (2) Nicotiana Rustica or gohhi or halkhi. 
The first class includes a large number of desi types, 
and is characterised by medium height, medium thickness 
of the main stem and long and tapering leaves. All of them 
can further be classified into 4 groups: noki, kakkar 
ghhora and gidri. ' 

In the case of gobhi types, the plants are again of 
medium height, but their stem is thin, leaves are orbicular 
with highly puckered surface, inflorescence is compact, 
flowers are yellow and the capsules are small and round. 
There are two sub-types of it : gobhi and Oalcuttia. 

Desi tobaccos are all used for smoking in hukkG 
whilst those in the second class, i.e., gobhi type for botb 
hukka and snuff, as they are considered to be more strong 
and pungent than those belonging to the first group. Re· 
centlya start has been made with the cultivation of cigarette 
tobacco 88 well. 

Tobaeco ca,n be grown on almost all types oj 
. Boil. But for successful cultivation it requires 

a well drained loamy soil containing a fair 
amount of organic matter and rich in mineral matter, 
IlBpecially potash. On heavy soils or heavily manured 
Ands, heavier yields are obtained, but the leaves become 
oarse n.nd inferior in quality. Light soils rich in organiC 

Soil. 
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matter and retentive of moisture produce better tobacco 
for making cigars or cigarettes. 

The land for planting tobacco should be thoroughly 
p"p"ation of cultivated by giving 4 to 6 ploughings in 

land. order to obtain fine tilth. A month 
before planting, about 40·50 cartloads of farm yard manure 
per acre should be thoroughly mixed in the soil. Where 
sufficient amount of farm yard manure is not available, 
sheep folding may be done with great advantage. In 
connection with manuring it must be remembered, that 
heavy application of manure gives excellent results in the 
ease of hukka tobacco, but in the ease of cigarette tobacco 
manuring must not be heavy, for othenvise the quality of 
leaves will be affected. It has been observed that about 
8 tons or 10 cartloads of farm yard manure are quite 
sufficient. In addition 150 Ibs. of potash and 100 Ibs. of 
superphosphate may be applied. This will improve the 
growth of the plant as well as the flavour and burning 
qualities of the leaves. 

Tobacco seed is sown in nursery in October and No-
N vember. The seed bed is very carefully 
. ""'ry. prepared and manured. The seed mixed 
with dry earth in order to ensure uniform distribution, 
is then scattered over the bed and lightly covered up with 
earth. Since the seed is very small, it should not be sown 
deep. About one chhatak of seed sown in half a marla 
of land is quite sufficient for raising seedlings for one acre. 
After sowing the nursery beds are carefully irrigated. 

When the seedlings are about 4-5 inches high they are 
T I tin tra1l8planted into the field prepared for this 
'"nap an g. crop. It is important to irrigate the nursery 

beds 8-10 hours before removing the seedlings for 
transplanting as it will facilitate the removal of seed­
lings withoui damaging their roots. The aeedlings are 
planted in rows 3 ft. apart in the case of cigarette tobacco 
and It ft. apart for hukka tobacco with distance from 
plant to plant as 2' and It' respectively. The field should 
be watered innnediately after transplanting and again in 
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well areas on the following afternoon. The transplantino 
should be done in the afternoon, because by doing so th~ 
plants will get the ad mntage of high humidity and low rate 
for tanspiration during night. In the central districts or 
~he Punjab, it has been found that early March is the best 
time for transplanting. 

Weeding and hoeing are very essential for this crop so 
Interculture. a~ ~o (,ollB~rve soil moisture and create. con· 

dltlOns slUtable fOl' the easy penetratIOn of 
young and delicate roots. Since tobacco has its main 
feeding roots fairly close. to the soil surface,,it is essential 
that the first two hoeings should be shallow and carefully 
done. 'Yeeding. may be done whenever necessary. 

In plains generally 7-10 light irrigations are generally 

Irrigation. 
applied. The crop "honld be irrigated when 
there is positive need fOf water, the best time 

for which is eonsidered to be when wilting of plants is obsery· 
ed in the forenoon. If there is no wilting the soil moisture 
conditions may be considered to be good. Excess,,-e irriga­
tion will cause the Jea ves to become eoarse and poor in 
aroma and flByonr. 

When flowers begin to appear, it is necessary to cut off 
T . the tops especially in the Case of hukka 

oppmg. tobacco. It will enable the plant to devote 
all its energy to the development of leaves and give 
"strength" to them. Topping is done 3-4 times at inter­
vals, depending upon the character of soil, manuring and 
variety. In the case of cigarette tobacco, topping shonld 
be done only wheu the leaves are veri thin. If, however, 
the growth is· excessive and the leaves have a tendency 
to become coarse and dark green in colour the plants may 
be allowed to develop flowers. The idea in doing this is to 
allow the plants to divert some of the food material to the 
flowers and k~p the leaves thin and pale green. 

The crop transplanted in early March will be ready 

Harvesting. 
for harvest by about the end of May. The 
maturity and condition of the leafis, however, 

the beat guide for the correct time of the harvest. When .. 
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the crop approaches maturity the leaves become thick and 
brown flecks appear on the surface. When harvested at 
the proper time the woody portion of the stem at the cut 
cncl will be brown. 

In the case of cigarette tobacco, harvesting of leaves 
at the correct stage ot ripeness is of special importance fOT 

otherwise the quabty will be impaired. If the leaf i. unripe, 
it will retain itc green colour, whilst overripe leaf will turn 
yellow during early stages ot curing ;Lnd finally twn brown. 
The correct time for harvesting is when the leaf is just 
turning :,;el1owish green. 

As the tobacco leaves ripen one 1)\' O!H) in a regular 
order starting from the lowest to those near the top, 
the picker must go over the field from time to time. 
Piekiug of leaves must be done in the later afternoon when 
the temperature has fallen or ",arly in the morning before 
it gets hot. The leaves shonld be handled carefullv to 
avoid breakage arid should be placell under "hade. . 

In the case of hukka tobacco, the leaves are left 

Curing. in the field for drying. They are turned 
next morning when the leaves are slightly 

flacid. Drying is carried on for two to three days. For 
curing the plants are collected in the morning and are heaped 
on a pucea floor or in a pit lined with straw 'on sides and 
~ottom. The heap is covered with old gunny sheets and 
IS kept as such ior about a week or ten days. The com­
pletion of the process ot curing is indicated by a particuiar 
smell.. The leaves are then taken ont of the pit and made 
into ropes which are afterwards dried in shade. 

In the case of cigarette tobacco, curing must be done 
in properly-constructed barns nnder controlled conditions 
of humidity and temperature. This is called fine curing 
method and !dves leaves of good colour and quality. The 
c?l'ed leaves ~y then be graded according ,to colour and 
SIze and and made into "hanks" which are bulked on wooden 
platforms for fermentation. Thi3 develops the character­
istic odour and aroma of a good tobacco. 



484 

Yields vary considerably from district to district. The 
Y' I highest yield is obtained in Attock-30 

,. d. maunds ~r acre while lowest yield is obtained 
in Muzaffargarh where It is only 61 maunds per acre. The 
average yield of hukka tobacco in the Punjab may be 
taken to be about 12 maunds, though nnder favourable con· 
ditions it may give even 30 maunds per acre. In the case 
of cigarette tobacco, the average outturn is about 15 maunas 
per acre. 

The average total production of tobacco in this province 
is about 11 lakh maunds. Of this about 20 per cent. i, 
retained by the growers for home consumption. About 
50,000 maunds are used in the manufacture of snuff amount· 
ing to about 35,500 maunds. This valued at Rs. 20 per 
maund gives a little over seven lakh of rupees. The balance 
of the crop is sold in the market. 

The total crop of the province is not enough to meet 
the needs of the proTInce and about 286,000 maunas are, 
therefore, imported every year. Of the total imports about 
1/3rd comes from N.W.F.P. and Delhi and the remaining 
2·3rd from other places. These imports include a bout 
6,200 'Munds of tobacco valued at Rs. 43,700 required for 
the manufacture of cigarettes. The annual production 
of cigarettes in the Province is about 5,000 maunas valued 
at Rs. 3,06,000. It may be mentioned that the cigarettes 
produced are only of cheap quality manufactured from 
low quality tobacc? In addition to this about 37,000 
maunds (correspondIng to 26,000 maunds net) of manufac­
tured tobacco are imported. Of this, 81 per cent. are 
cigarettes, 12 per cent. biris, 4 per cent chewing tobacco, 
2 per cent. pipe and cut tobacco and 1 per cent. cigars and 
"cheroots". About 50 per cent. of these imports are receiv­
ed by Shahdara Imperial Tobacco Co. for distribution. The 
hukka type tobacco is imported from N.W.F.P., U. P., 
Bombay and Sind, while the cigarette tobacco is all im· 
ported from Guntur (Madras Presidency). Bms are 
mOlitly imported from Delhi and :Madras, while chewing 
tobacco is obtained from Rampur State, Lucknow, Morad­
abad, Cawnpore and Benares. Cheroots are obtained 
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from Trichinopoly in )Iadras Presidency, pipe and cut 
tobacco from Bombay and Karachi, and cigarettes from 
Bombay, Calcutta, Delhi and Karachi. 

The total exports of hukka tobacco amount to 
96,000 ifl,aunds. Of the cigarettes manufactured locally 
"bout oOper cent. valned D,t Rs. 1,70,000 are exported mostly 
to D.P. and a little to Punjab States and the remaining 
jO per cent. is consumed locally. Similarly, 50 per cent. 
of the snuff manufactured is also exported, mostly to Sind 
and a little to U.P.. Bahawalpur and Kashmir States, 
"alued at Rs, 3,50,000. 

Snuff is mOBtly UBe"l by the low class illiterate people. 
It is made 01 different colours. Yellow colour is preferred 
iu the Punjab while green, yellow and black are more popular 
in Sind. 

(I) Cigarettes-For a desired blend, definite proportions 
Manufa"m,. of different grades of tobacco leaf are mixed. 

All then are chopped very fine and mixed 
thoronghly. The following ingredients are further added. 
The recipe followed by one factory is given below :-

(I) Tobacco mixture I maund 
(2) C\1:olasses 4 seers 
(3) Malathi 1;; seer 
(4) Common salt ! seer 

In the case of high-quality cigarettes molasses are 
replaced by glycerine. 

(2) Hukka Tobacco.-The dry leaves are beaten with 
wooden pestle and sitted through a very coarse sieve. To 
this, varying quantities of adulte:rants such as common 
earth imported from Ifazro, and other ingredients such as 
molasses etc. are added. Though the recipe varies with 
each manufacturer yet the following recipes of karwa 
tobacco will give a rough idea of the ingredients UBed and 
their amounts:-

(I) Tobacco stalks crushed.. _ .. 1 maund 
(2) Common earth imported from Ifazro 2 maunds 
(3) Sajji . . . . ., 2! seets 
(4) Molasses .•• 1 maund 



486 

In case of desi tobacco common earth and other adult­
erants are not used, but onl, tobacco leaves are used. For 
instanee, (1) Powdered desi tobacco 1 maund, and (2) 
Molasses 30 seers. The prices of various tobaccos are:­
kala karwa Rs. 4 per maund, and desi Rs. 5 per 
maund. 

(3) SnuJf.·-The tobacco plants are dried and lcaws ar" 
separated from the stalks. The leaves are then crumbled into 
small pieces and ground into powder by a power-driven 
mill. This powder is then soaked in water for about 15 days, 
during which time it ferments. The fermented stuff is 
called khamir, which when dry is ground with a wooden 
pestle and mortar, and then sifted through cheese-cloth. 
To this powder, certain inr;redients are added and thoroughly 
mixed. After this, required quantity of lime solution is 
added. The whole mass is then ground again and sifted 
through cheese-cloth. This grinding and siftiug is repeated 
till the product attains the desired stage of fineness. It. 
is then packed in tins and is ready for the market. The 
formulae and the recipes for makiug bnuff vary with the 
manufacturers and are kept secret. The recipe used b,' 
one manufacturer in Hazro is given below :-

(1) Khamir (fermented tobacco flour) .. 1 maurul 
(2) Slaked lime .. 2 seers 
(3) Butter t seer 
(4) Almond Kernels t Seer 
(5) Black pepper t seer 
(6) J aifal t seer 
(7) Ammonium chloride 1 chhtk. 
(8) Red pepper. . .. t chhtk. 
(9) Perfume, rose or keora .. 2 ozs. 

(10) Dye or desired colour .. According to 
requirements. 

The chief snuff-manufacturing places are Hazro (Attock 
di~trict) and AJipur (Muzaffargarh district) in order of merit, 
while small quantities are also manufactured at Multan, 
Rawalpindi and Dera Ghazi Khan. 
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With a view to selecting high-yielding varieties of hukka 
I tobacco and exploring the possibilities of 

RMll'tirC 1. growing cigarette tobaccos in the province, 
research work was started by the Pnnjab A,,<>ricultural Ik,part­
ment in 193L Since then, experiments on various strains of 
tobacco, both imported and indigenous, have been carried 
<Jut, Out of the several hukka tohacco strains so far tried, 
type ::-<0, 12 has heen selerte<L Similarly, of the cigarette 
variet:e" type No, 57 has given excellent results, The 
,'csults of curing experiments on this type show that a good 
quality eigarette tobacco can be produced in the Pun,jab, 
The problem of curing is also receiving due attention, 
For this purpo"e two flue curing b,tr", had been erected at 
Lyitllpur and Jllllllndur, 

In 1944, an Indian Central Tobacco Committee was 
formed on the lines of Indian Central Cotton Committee 
to deal with the improvement of tobacco crop, It is expected 
that comprehensive research schemes will soon be started 
on tobacco, 

The cost of production of a good crop of hukka tobacco 
c,),;t of production. is given below:-

Rs. A, P. 
Preparatory tillage , , 9 0 0 
Farm Yard manure (45 cartloads) 50 22 8 0 

per cent. ' 
Seedlings I 8 0 
Transplanting I 8 0 
Hoeings and weeding .. 6 0 0 
Watering (8 @ Rs, 3 per irrigation) 24 0 0 
Toppings (4 @ Rs.2-8 each) 10 0 0 
Harvesting 2 8 0 
Rent 15 0 0 
Land Revenue 3 8 0 

Total 95 8 0 
Gross income:-

Tobacco 30 maunds @ R~. 4 per maund 120 0 0 
Stalks 30 maunds @ 0-4-0 per maund . 7 8 0 

Total 127 8 0 
Net income .. 32 0 0 
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The cigarette tobacco sells at the ra'ie of Rs. 20 to 30 
per maund, and gives a gross return of about R~. 350 per 
acre. Since the cost of curing comes to about R... 125, the 
net income in this case would be about Rs. 130 per acre. 
This means a net gain of about Rs. 100 per acre in growing 
cigarette tobacco as compared with hukka tobacco. 

In recent years, the export of Virginia tobacco from 
India to the United Kingdom has considerably increased. 
In 1934-35 these exports amounted to 9-3 million pounds 
and in 1937-38 these figures were more than doubled. It 
is hoped that as a result of research to be shortly under· 
taken under the Indian Central Tobacco Committee, Punjab 
will begin to grow Virginia tobacco and will then take i1;.3 
due share in the exports. 

INDIGO 
Natural Order-Leguminosre. 

Botanical Name-Indigofera tinetoria. 

Vernacular Name-Nil. 

Indigo is grown for the sake of the dye which is 
extracted from its leaves and branches. Its cultivation 
in the Punjab is limited to only a few South-Western 
districts such as Multan, Muzaffargarh,. and Dera Ghazi 
Khan, though a few odd acres are also met with here and 
there in other districts, particularly in Ambala, Karna] 
Hoshlarpur, Jullundur, Lahore, Gurdaspur, Gujrat 
Montgomery and Lyallpur. The manufacture of arti­
ficial dye has almost completely killed this industry. Before 
the 1st Great War, the area under this crop fiuctuated 
between 20,193 acres and 66,802 acres. During the war 
it attained the peak figure of 90,837 acres in 1917-18. 
After the war it fell precipitately, varying in twenties 
between 6,440 acres and 50,492 acres. In thirties it never 
:ose above 11,332 acres and in fact in one year (1934-35) 
It was as low as 2,999 acres. The area in 1943-44 was onlv 
4,392 acres. Of this 4,270 acres were irrigated. The crop 
is largely grown on the inundation canals :in the khari! 
season. 



489 

The seed is generally sown in March-April, though it 
is sometimes sown in the rains also. In the latter case it 
is left to give a ratoon crop the following summer. The 
March-April crop is cut in August. If the land is not 
ploughed up. new shoots appear and a crop of seed is 
obtained in December. As a rule a rabi crop follows the 
indigo and the latter being a legume improves the soil. 

Indigo requires loam to heavy loam soil. Generally 
no manure is applied and 2 to 3 ploughings are sufficient 
to prepare the land for sowing. Seed is sown broadcast 
at the rate of two to three seers on a moist seed bed and 
covered by a sohaga. It is importafit to keep the crop 
free of weeds. Generally two weedings are given and three 
to four irrigations are sufficient. 

Generally two cuttings are taken and for the e:>ctrac­
tion of dye the plants are fermented in vats. The process 
of dye manufacture followed in the South-Western districts 
is somewhat as follows*;-

The crop is usually harvested in the morning and 
put into a couple of water tanks in the afternoon. Each 
tank contains about four maunds of green plants which 
are weighed down with a heavy weight so that they 
are completely immersed under water, where they are 
kept for about twelve hours or so when they begin 
to produce a peculiar sound known only to the experts. 
This denotes that the dye has been dissolved out from the 
plants, which are then taken ont of the water. The greenish 
water left contains the dye for the precipitation of which 
the water is vigorously stirred for about three hours with 
the wooden rake. It is then allowed to settle and water 
is drained off. To remove the water completely the dye 
is first taken to a small trough where it is kept for 24 hours 
and the water taken off; then it is put on a piece of khaddar 
cloth spread over a layer of sand which serves as an absorb­
ent of moisture. The mass thus produced is then thor­
oughly dried in the sun for about two days and sold in the 
bazaar in small lots. 

The yield of dye is about 30-40 seers per acre. 

*F&f'Dl Acoouuts in the Punjab 1931.1932 by R Ka.rt&r Singh lind S. Arj .. 
Singh-Publication No. 32 of Board of Economio Inqoiry. Punjab. 
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TEA 
Natural Order-Ternstroem'iacere. 

Botanical Name-Oamelia Tltea. 

Vernacular Name-Ohai. 

Tea is the most widely used h€verage in the world. 
It is taken ouly as a stimulant, as it eOll.tains negligible 
food valne. Tne stimulating propert,ies of tea are due to 
the presence of caffeine. Dry tea lea,y~, contain on an 
average 3' 5 per cent of caffeine. In addition to caffeine, tea 
oontains about 12 110 15 per cent. Tannin.which gives tea 
its colour and is respoI1,ible for the taste and astringency. 
Thongh China is the oldest tea-producing conntry and 
cultivated the tea plant for centuries together before any 
country had even knowledge of it, yet a.s te", h"'8 been found 
growing wild in Assam, the general opinion is that India 
i., the original hOlll" of tea. 

The cultivation of tea in India was tn.ken up in 183:{ 
in Assam and first coneiglllwnt of Indian tea was put for 
public sale in London in 1839. From Assam the tea 
graduaUy spreaa to other suitable "I'm" in India. In tile 
Punjab, it was grown for the first tillle in the Kangra hills 
in 1849. As the tract selected was \"en' Hllitable for tea 
planting the area rapidly increased to l,254 acres in l854, 
7,266 acres in l881 and 9,537 acres in 1892. Since then 
the area has remained more or less the same, the figure for 
1943-44 being 9,183 acres. 

As the life of tea plant is OVer 100 years, the proper 
Climate and Soil. ~lection of planting sitei:, of paramount 

lIIlportance. The first oollSlderatlOll. for the 
selection of site is the climate. Tea requires warm and 
moist climate, with plenty of rainfall well distributed 
thrbughout the year. Long droughts and heavy frosts 
are dangerous for the tea plant. In the Kangra valley, 
average annna! rainfall in the tea-bearing tract is about 
100'. The second factor which should be considered in es­
tablishing a tea plantation is that of soil. Light, rich, 
friable and weJl-drained soil is the best. A light soil i, 
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to be preferred to the clayey one. The sub-soil is also of 
great importance as it affects proper drainage and the 
development of tap roots. Water-logging has ruinous effect 
on the plant. 

There are two methods of sowing tea :-

Sowing. 
I. Sowing the seed in the nursery and then 
transplanting. 

2. Sowing seed in ~itu. 

For nurserv the seed is sown on beds 6 to 9 inches 
apart in the spring. It germinates after a month or so. It 
remains in the nursery for about 15 mOI\ths. Then it is 
transplanted to the permanent places during rains. In 
the case of sowing in situ, seeds are directly sown in the 
permanent places. Of the two systems of planting the 
nursery system is considered to be better, as it affords 
a chance of selecting good plants. The distance between 
plants varies from 3 feet to 5 foot. The field is laid out 
before planting and small pits 1 X Il feet are made at places 
where the plants are to be planted and filled with some 
manure and earth. Tea is generally grown on slopes. 
The slopes are terraced to stop erosion. 

The tea plant comes to bearing 3 years after transplant­
ing. During this period it receives manure and cultivation. 
Once the plant is established it does not require any 
watering. 

The yearly programme of work of a tea garden is as 
under:-

November t() January 
February to March 
April to Oct()ber 

Pruning. 
Manuring. 
Plucking and Manu­

facture. 

Pruning is the prooess of cutting those lea vas a.nd 
branches which are not required for the 
proper yield of tea leaves If these are not 

removed then the plant runs to seed, and the outpui 
of leaf decreases. The plants should receive the first 

Proning. 
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pruning when they are two to three years old. This should 
be cut as far back as 10 to 12 inches from the ground leaving 
only the main stem and a few shoots as breathers. Next 
year the bush is pruned about 8 inches above the previous 
<lut and so on till the bush attains a decent siz~ (not over 
2! ft. in Kangra) and healthy growth. It is to be seen that 
the bush develops a broad 1Iat surface, so that the plucking 
of leaves can be done easily. 

As tea is a leaf crop, it requires large dressings of 
:u.nu,]n". ni~rogenous manures for rapid growth. A 

o mixture of farm yard manure and sulphate 
(If ammonia is ideal for tea crop. 

The nature of plucking depends upon the quality of tea 
Pluck;ng 0 f that is to be manufactured from the leaves. For 

j""ve.. making hif(h-grade tea, only the finest shoots 
<lonsisting of the bud and two leaves are plucked. Pluching i, 
done by hand and a labourer can pluck 10 to 12 Ibs. of leaf 
in a day. The plucking starts from about the month of 
April. This is the first flush and gives the finest tea. With 
each successive flush, the quality of tea falls off. There 
are 4 to 5 flushes in all in the season. Close and hard pluck· 
ing are to be avoided. Close plucking means early removal 
of every leaf that can possibly be plucked. Thi, is some· 
times done to increase the outturn at the sacrifice of quality, 
but it is not good for the bush itself. The leaves after 
plucking should be collected in the basket and kept in the 
shade. If exposed to sun or coUected in a heap, fermenta· 
tion would start. The leaves should be carried to the 
factory as soon as possible. 

Two kinds of tea are made from the leaves: (I) green 
T •• mannf... and (2) black. In the case of green tea, the 
t~. leaf is immediately heated in iron pans for 3 

to 5 minutes, but in the case of black tea, the leaf is spread 
out on withering racks. The leaves are then taken to the 
rolling machines for rolling. The object of this process is 
to bruise the withered leaves, so as to enable the cell 
juices to become mixed and also to give a curl-like twist 
to the leaves. As old leaves do not get the proper 
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twist in rolling; these should, therefore, not be plucked if 
hlgh grade tes is to be made. This rolling is common to 
the manufacture of both kinds of tea. In the case of green 
tea the leaf after rolling is finally dried quickly, but for 
manufacturing black tea the rolled leaf is allowed to ferment 
for 3 hours in a dark cool place. During this process some 
of the tannin is oxidised and gives the black tea its dark 
brown colour. The leaves are then brought to the drying 
machine in which hot air circulates. Drying stops the 
process of fermentation. It should be completed qnickly, 
otherwise the tea would develop a bad smell due to over­
fermentation. The tea is then cleaned of all foreign matter, 
which may have got in during process of manufacture and 
graded by means of sieves. It is then carefully packed 
so as to leave no scope for tea to absorb moisture from 
atmosphere. On smaller estates, where proper drying 
machinery cannot be used, all these processes are done by 
hand, by drying the leaves in the open pans placed on fire. 

The yield pel; acre of manufactured tea was only 

Yield. 168 lbs. At present it varies in Kangra 
between 200 and 300 pounds, as against 750 

pounds of North-east India. 

Kangra tea being poor in quality has never been well 

Market. received at Calcutta auction, as it cannot 
stand competition with Assam tea. For this 

reason mostly green tea is produced in Kangra. The plan­
ters here sell all their tea to the dealers in Amritsar, who 
export it to Kashmir, Afghanistan, Persia and Central Asia. 
The gerneral rate before the War was only six annas per 
pound. Now-a-days it is about twelve annas per pound. 

The chief tea-producing countries in the world are 
India, Ceylon, Netherland East Indies, British East Africa, 
China, Japan and Formosa. In the pre-war years the 
exportable surplus of tea from the different tea-producing 
countries was 1,105 million pounds. Pre-war consump­
tion of tea in the important countries was 890 million 
pounds; the excess being 215 million pounds. The result 
was that the prices began to fall and huge Burplus stocks 
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b .. <ran to accumulate in all countries. The potential exec" 
of "production over consumption necessitated some sort of 
control in regard to this commodity. An international 
agreement was concluded in 1933 between India, Cevlon 
and Dutch East Indies. Under this agreement these 
countries decided to restrict the export of tea to aboui 
66 per cent of their average production. 

Within India. e"ery tea estate is awarded yearh­
export quota rights b"sed on the production of that e"tate 
by the Indian '1'"" LicenBing Committee, constitnted under 
section 3 of the India Tea Control Act of 1933. If a tea 
producer sells his tea l{l('all,· and does not export it, he can 
sell his exporting right to another producer. There is /, 
regular market for the export licences. As the Kangra tea 
pl~nters are not exporters of tea, they sell their export 
licences. The income from the sale of these lioonces has 
helped tea industr~· considerably. This scheme has proyed 
very beneficial in raising price of tea in the markets of 
world, which had fallen from Re. -jllj4 .per pound in 1928·29 
to Re. ·/5/2 per pound in 1932·33. After the international 
agreement came into operation in 1933 the price rose to 
Re. - 9/7 per pound in 1933·34, and Re. -/11/5 in 1939·40. A, 
against this the a yerage price of tea for internal consnmp' 
tion was Re. -/4/4 per pound. 

The Agricultural Department started a Tea Experi­
Work done by mental Farm at Palampur in. 1939.. The 
theAgri,ultural mam Jme of work was the rejuvenation of 
Department. deteriorated tea plants and their upkeep. 

The deteriorated plants were givell proper' manurillg. 
pruIling and plucking on scientific lines. Results 
obtained from these experiments show that the yield 
of tea from the rejuvenated plants can go up to 600 pounds 
pep acre. The results of these experiments are now being 
tollowed by most of the tea gardens in the Kangra valley. 
There is a great scope for improvement in the manufacture 
of tea as the correct method of mallufacture of tea in 
Kangra is very little understood at preB<lllt. It is, there­
fore, suggested that the Agricultural Department should 
set up a small experimental plant for finding out the most 
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economical and efficient method of manufacturing illgh 
quality tea. 

MEHNDI 
Natural Order-Lytkrecerx. 

Botanical Name-Lawsonia alba. 

English Name-JI'yrtle or Henna. 

Not very long ago mehndi like Indigo wa.s an important 
money crop in the Punjab, particularly in Gurgaon district. 
Owing to the production of chemical dyes, however, 
indiao industry has almost disappeared, but mehndi cul­
tivation still persists, and is an important money crop in 
Gurgaon District. especially round about Faridabad. 

It grows in almost all type3 of soils ranging from 
light loam to clay loa.m. It can tolerate even 
a little of alkalinity in the soil, but it does 

best on heavy s"ils, which are retentive of moisture. 

Soil. 

Five seers of seed is required to plant an acre. The 
lctual method of soaking the seed in Faridabad is as 
follows:-

About three seers of washed and cleaned mehndi seed 
j, put in all earthen pot. An equal amount of water is 
,dded to it. At the bott?m of ~ach pot a hole is provided, 
.villch is loosely closed With a pIece of wood, so that water 
nay slowly tickle down through this opening. The seed 
.s shaken every morning and fresh water is added to fill 
,he pot. Tills process is continued for 10 to 15 days till 
,he seed sprouts. This soaking of seed is done from early 
.Iarch to the end of April. 

The sprouted seed is sprinkled on the nursery beds. 
"hich have been well prepared by plougillng and adding 
.ell-rotted farm yard manure at the rate of 300 maunds 
ter acre. These beds are irrigated befora seed is sown. 
~he seed is then covered with powdered dung to avoid 
.ama"e from sun, etc. The seedlings are fit for transplant­
ag ~ July, when they are pulled out of the-nursery and 
,lanted in the field after cutting out the tiny roots and 
hoots, so that the plant may remain erect at the time of 
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transplanting. The distance from plant to plant is about 
1 foot. Transplanting i, not done in regular rows. The 
plants can also be raiRed from cuttings. Waterings are 
given according to the needs. In a year of normal rainfall 
which is about 25 inches in Gurgaon district, 4 to 5 water­
jngs-2 to 3 in Bummer and 1 to 2 in winter are enough 
for the whole year. 

The crop requires occasional hoeing and weeding. 
It. is harvested twice a year. The first cutting of leaves 

and branches is taken in October, and the vield 
isabout 15 maunds of dry leaves per acre. 'This 

is the major crop. A nominal cutting is taken in January 
when onlv tiny shoots. which would otherwise be killed bv 
frost, an; remo\'ed. The second cutting is taken in the 
month of May. This is not as heavy as the October harvest, 
and the yield is only 4 to 5 maunds per acre. Thus, the 
total annual average yield is about 20 maunds. 

During the first two to three years after planting the 
yields are light and '-ar}" from 2 to 10 maunds per acre. 
The crop has got a Yer:- long life and lasts for years. There 
are fields, which had been planted over 100 years back, 
and are still giving good outturn, as they have been well 
attended to. 

The powdered leayes of mehndi (henna) are URed for 
dyeing hair by men and staining hands, feet, fingers 
and nails by women. Henna is also used in colouring 
leather and in making other dyes, and extensively employed 
as a medicine. Its leaves form a valuable external applica­
tion in the case of burns, scalds, skin diseases, prickly heat, 
etc., and the bark is given in jaundice and spleen enlarge­
ment. Decoction of leaves is used as an astringent. The 
adulteration of mehndi is quite common, the usual adul­
terant being sand ground with green dye and mustard oil. 
It can, however, be easily detected by dissolving the stuff 
offered for sale in water. If sand has been mixed it will 
settle down and oil would give an oily appearance to 
water. Sometimes leaves of other shrubs are also ground 
with the mehndi leaves. In that case detection of 
adulteration is rather difficult. 
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Mehndi is exported from Faridabad to nearly alr 
important towns and cities of India, especially those in 
Ajmer Marwar. Small quantities are also exported to the 
adjoining countries as well as to the United States of America 
and the Continent of Europe, where it is usOO in the pre­
paration of dyes and toilet articles. 

According to pre-war rates, the non-recurring expendi­
Co,t of cultivation. ~ure per ac~e is a~out Rs. 185, while recu;r-

lng expendIture IS about Rs. 70. Taking 
the life of the crop to be 10 years, the total cost in the 
whole of this period comes to Rs. 185 plus Rs. 630, i.e., 
Rs. 815, or Rs. 80 per acre per year. Income on the basis of 
20 mauna8 of dry leaves per aqre at Rs. 6 per maund, comes 
to Rq. 120. This leaves a net income of Rs. 40 per acre, 
which is quite high, particularly in comparison with that 
for other crops. Some farmers also obtain additional in­
come by planting lemon and mango plants in the mehnai 
fields. 

MUSHROOM. 
~atural Order-Agarcacew, 

Botanical Name-Agaricus campestris. 

Vernacular Name-Khurnb. 

Mushroom is frequently met with in many parts of India,. 
In the Punjab it appears after the rains in some fields and the 
desert areas of the central and Southern districts. It is 
frequently eaten after cooking as a vegetable and is also 
extensively dried for future cousUUlption. In the West, 
mushroom culture has attained great importance. In the 
U.S.A. alone, about 17 million Ib8. are produced annually. 
It is extensively usOO in the manufacture of ketchups, 
gravies and curries. Since mushroom provides an excel-~ 
lent nutritive food it is also quite common there to give it 
to convalescents. There is a considerable scope for the 
developing of this industry in the Punjab ftnd Bahawalpur 
State. Trade between the Punjab and the Western 
countries could also be easily developed in case high quality­
mushroOlUS are grown on a large scale in this province. 
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Some varieties of muslrroom commonly called a, 
"' toadstool" are poisonous and if eaten may 'cause death. 
Very great care is, therefore, needed for gathering mush· 
rooms from the open fields. Although the distinction of 
poisonous from non-poisonous fruits is not an easy bsk 
and can best be done only by experienced persons, yet it 
c<tn be stated that the best forms of edible fungi are those. 
whi('h when young are like round white buttons and wheu 
they open Ol~t. are like umbrellas with gills (underside) of 
<lelicf1te pink colour. Poisonous t.vpes are likel~' to turn 
yellow when cooked. Fungi having slimy skin or when 
broken or bruised show an intense blue colour, should be 
avoided. 

Although mushrooms are met with in the open fields 
quite eommonly in some seasons of the year, yet it is not 
easy to produce them successfully in the fields on a COlll­
mercial scale. ::I!usl,roollls are verv sensitive to conditions 
of temperature, moisture in the soil and humidity. 
Absence of sufficient rains, unexpected cold or high tem­
perature may altogether kill the crop. It is for this reason 
that in ~W estern countries, mushroom is gro,,'n under 
. controlled conditions in lllushroom houses, cellars and 
caves. In the East, Burma was the first to introduce the 
artificial cultivation, as it is possible to produce mushroom 
~there throughout the year, provided the minimum tem­
'Perature does not go below 70°F, though in some of the 
~Western countries, the most favourable temperature is 
considered to be MOF with a range of 50°F to 60°F. The 
culture used in Blinna took 15 to 17 days to mature. ' Madras 
,has reduced the period from 13 to 15 days. Artificial 
mushroom is grown there on the paddy etraw, though horse­
·dung in alternate layers with good friable soil upto a depth 
of 3 ft. can be also used for this purpose. In the case' of 
paddy small bundles of paddy straw weighing about three 
pounds each, 3l to 4 feet flat and 10 inches in diameter, 
are taken. These bundles are soaked in clean water and 
kept under water for 24 hours. Four straw -bundles are 
kl!pt side by side over a raised platform of bricks or planks 
'with the loose end towards one side and another four bundles 
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are placed similarly, but with the loose end towards· 
the opposite side. The;;e eight bundles form one layer ()[ 
the bed. Pure nnlture bottle spawns of r' to I" thickness 
each, arc placed on the bed four to five inches from the 
ed~e all round, 4 inches apart and I inch deep, and a dessert 
spoon of powdered red gram dal is sprinkled on the spawn 
(the vegetative stage of the fungus in a suitable substratum 
such as rich earth, horse dung, moist leaves of trees, etc.) 
Powdered gram husk, containing broken bits of dal, will 
also serve the purpose. The reason for using dal powder 
is that the fungus having no green colour called chlorophyll 
i, unable. to synthesise carbohydrated food and so ready­
made foo<1 is provided to give it a start. A second, third 
and fonrt,h layer may he formed in a similar wav. The 
wllOle bed is' pressed to make it compant and 'watered 
immediately with a rose-can and kept just moist. It is 
watered once a day and mushrooms begin to appear in 
about 13 to 15 days after spawning and continue for ahout 
4 to 5 days. A second crop lilay be expected after a week. 
The total yield varies from pix to ten pounds of mushroom 
per hed. These mushrooms can he ~own at home handy 
for some delicious dishes. Th€' bottle spawn can be had 
from the Government Mycologist, Coimbatore, at a nominaf 
price. The Governmeut Mycologist, Pnnjab Agricnltural 
College; Lyallpur can also supply spawn and full 
directions to those interested. In the Punjab climate they 
should be kept in air-tight tins in a cool place. The 
imported mUBhrooms can be cultivated even in the hilly 
districts. 

poppy. 

Natural Order-Papavaracw. 

Botanical Name-Papavar somniferum, 

Vernacular Name-Post. 

Poppy is grown only to a small extent in a few districts­
of the Punjab, Before the 1st Great War, the area under 
this crop ranged between 2,000 and 9,000 acres. In the-
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year 1943-44, it was only 1,113 acres. Of this 44+ acres 
were grown in Hoshiarpur and the rest in Jullundur. 

Poppy plant requires a rich loamy soil with abundance 
of moisture. Usually 3 to 4 ploughings are sufficient for 
the preparation of land. The land should also be well 
manured at the rate of about 16 cart-loads per acre. The 
crop is usually sown in the month of October or beginning 
of November. The seed rate is about i to 1 seer per acre 
which is sown broadcaat on a moist seed bed. For even 
distribution of the seed it will be better to mix an equal 
quantity of sand with the seed before broadcasting. About 
two to three weedings ale quite sufficient. Water should 
be applied as and when needed. Light irrigations after 
about every 2 to 3 weeks would be necessary in the growing 
period. The capsules begin to swell in MMch and towards 
the end of the month an estimate of the probable yield 
can be framed. The traders come forward for buying the 
standing crop at this time. The crude opium is obtained 
by making vertical incisions on the capsules about i" in 
length. These incisions afe given 3 to 4 times on each 
capsule, and the operation extends over a fortnight or so. 
The incisions are usually given in the middle of the day so 
that heat may assist the exudation of the juice and the 
following morning the crude opium is collected. About 

·ten men are necessary to incise the capsules and collect the 
jnice from an acre of land in a day. Since this is carried 
on for 3 to 4 times, this operation is quite expensive. The 
produce obtained from an acre varies from 4 to 10 SeeTS. 

The average may be taken to be 6 seers per acre. 

Poppy cannot be grown by a farmer without obtaining 
. a licence from the Government. While opium is used as 
narcotic, its seeds are extensively used by sweet-meat 
ma.kers or in the ma.nufacture of certain curries. Tbe oil 

. obtained from the seed is also largely eaten or used for 
culinary purposes. The best seed is obtained when the 
the capsules have not been incised for the extraction of 
. opium. In some parts t ~. _ ._ !2s and the petals of flowers 
,of young plants are s . ~ salad. 

:Ill' r. ~~ v ~~ 
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INDIAN HEMP. 
Natural Order-Urticacea.e. 

Botanical Order-Cannabis sativa. 

Vernacular Name-Bhang. 

Bhang grows wild in many parts of the plains of India. 
In the Punjab, it is largely met with in the lower hills and' 
sub-montane districts under wild conditions though it is. 
grown on a small scale as a cultivated crop in Dera Ghazi 
Khan and Jhang. The total area under cultivated crop· 
wag only 27 acres in 1942-43 and 17 acres in 1943-44. 

The Indian hemp plant is valued for charas, ganja 
and bhang. Whilst charas is manufactured largely 
in Nepal, Kashmir, Ladakh. Mghanistan and ganJa in 
Bengal, C.P. and Bombay, bhang is largely derived from 
wild plants in the Punjab, N.-W.F.P., and Madras. In 
Europe, particularly in the central and southern Europe, 
the plant is cultivated for fibre and seeds are eaten or' 
crushed for oil. In the mountains of upper India, though 
fibre is sometimes obtained from this plant and used for 
weaving into garments or twisted into ropes, the chief use 
to which this plant is put to is that of obtaining charas 
or resinous substance exuded by the plant after spontane­
ous rupture of the bark just before the maturing of flowers. 
This is also found on the young leaves, flowers and fruits. 
In the plains the plant is found not to exude the resin in 
this way, but instead the narcotic goes into young female· 
flowers and twigs. These constitute the ganJa. If male 
plants are allowed to remain in the field the female flowers 
get fertilized and the ganja is destroyed, and the narcotic 
properties not developed until fruit is fully matured. 
Leaves at this stage a.Iong with the fruit constitute blvPng. 
It is thus obvious that climate, soil and mode of cultiva­
tion affect the plant and its properties to yield different 
types of Indian hemp produots. 

The cultural practices di1f'er greatly according to the­
uses to which the plant is put. In the case of cultivatioa 
for narcotics, rich friable lO!ml is selected in a moist but. 
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not shady plaee. About 4 to 10 ploughings are neceRs,,-rv 
for the preparation of seed bed. The preparation for 
raising nursery generally coml11enees with the fir;-)t ~hower 
of rain and is eontinued till about the end of August. The 
seed is then sown by broadcast and when the seedlings are 
about 6" to 12" high they are rea.d~· for transpli: ntation. 
The seedlings are transplanted 6" to 8" apart. In November 
the lower hmnehef\ of the plants should be trimmed so that. 
the upward growth of the plant is stimulated. "'hen the 
plants begin to come in fioweri', services of an ""pert are 
c.alled in who cuts down the male plants. Even a. few nHle 
plants left in the field may injure the entire crop because 
they will run into seed and ga1l.ja yielded will be of inferior 
quality. Of com"" for the preparation of bhang, the 
plants are allowed to get fertilized and much care is not 
needed. 

For the production of fibre, which is not a comlllon 
practice in India the seed rate is usually high. The 
grmyth of better fibre is promoted by thick sowing. For 
this purpose, after preparing the land, the seed is sown in 
November and Gut by the end of March. Clay soils are 
considered to be the best. The plants when ready are 
harvested and are retted under water and fibre is extracted 
like sann hemp. 

TUNG. 
Botanical Name-Aleurites ccndata. 

Tung oil being an excellent drying oil is an important 
ingradient of paints and varnishes. At one time China. 
had a monopoly of this oil, with U.S.A. as the chief importer. 
DuriBg the last 20 years, however, the latter has been able 
to grow this plant qnite successfully, though even now 
she imports about I! miIlion maunds of this oil from China 
out of a total production of 3£ million rnaunds. The 
world consnmption of tung oil is about 10 million 
rnaunds. 

In view of. grea.t importance of tung oil, eft'orts have 
:boon made by the Punjab Agricultural Department to 
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grow this plant in Kan,.,ura district where the climate is 
suitable for it. In 1938, one pound seed of Montana and 
one pound of Fordii varieties was obtained from the Chief 
&ientific Officer of the Indian Tea Association, Assam. 
It was planted at Tea Farm Palampur in January ] 939. 
The plants raised were transplanted in the Farm in January 
]n40. Five pounds of seed were obtained in February 
1940 and 185 plants raised from this seed were distributed 
to five tea estates near Palampur. The plants in the· 
Tea Farm began fruiting in 1943, i.e. in the 4th year from 
transplanting. Montana variety did well, the others failed. 
Some of the fruit on the chemical test was found to eontain 
68.32 per cent. of oil on dry basis in the kernel which is 
('on,idered to be very satisfactory. 

Plants given to the Tea Estates began fruiting in 1944. 
Yield per plant in the Tea Farm in the 5th year from trans­
planting is two pounds per plant, but is expected to go ul" 
to ten pounds or even more as the plants grow. 

All the seed produced in ]943 at the farm was used 
for multiplication. In addition, Dharamsala Tea Estates 
obtained "om" seed on tbeir own account and started 
sowing it. The total number of plants distributed by them 
and the seed from which is bei.ng utilized at present for 
further multiplication is about 1,300. 

Tung prefers a loose soil, the type found round khad. 
which is not fit for any other crop and is generally classed 
as waste land. There i.~ plenty of such land in Kangra 
district, hence a great scope for the extension of its cul­
tivation. Moreover, Tung does not require any elaborate 
care. 

The plantations under way would be ptoducing about 
500 maunds of fruit by 1950 even at a conservative estimate 
of 10 pounds per tree which should be possible for ihe, 
industry to utifue in the Punjab. 
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CHAPTER XIX 

GENERAL OBSERVATIONS. 

So far in this book we have discnssed the technical 
"ide of agricultlU'e, mentioning the present methods of 
<Jultivation with iluggestions for improvement, with a view 
to increase the net iucome of the cultivator, either by 
improving the quality or the yield or both, of the produce, 
or by reducing the cost of cultivation by nsing improved 
methods. It is felt that by tenchnical imprOVements, as 
mentioned above, agricultural production can be increased 
possibly by 25 per cent. This is, however, not possible 
because all the technical improvements cannot be introduced 
to theb: best advantage, unless some other drawbacks, 
which stand in the way of introduction of improvements, 
are removed. It is proposed to discuss these points in 
this chapter as these could not be conveniently discussed 
elsewhere. 

The population of India in 1941 was 389 milliOllll. It 
P .... sure of is increasing at the rate of 1.5 per cent per 
popnl.tion on annum which would give a population of 
l&nd. about 564 millions in 1971. 

In British India the area under cultivation is 259 
Land per per· million acres. Add to this the culturable 
.on. waste other than fallow-92 million a.cres. 
This gives only 1.1 acre per adult person on the basis 
of present (1946) adult population of 313 million. In 
1971 with adult population of 423 million it will be 
only 0.8 acres per person. The population of British 
Punjab was 28i million in 1941. The area. under 
cultivation is 31 million acres. Adding 14 million 
acres of cultivable waste other than fallow it comes to 1.44 
acres per person on the ba.sis of present (1946) population 
Qr31! inillions and 1.91 acres per a.dult person. The problem 
is, thus, not so urgent in the Punja.b as in India. as a whole 
though, the high~ rate of increase in the Punjab so far i~ 
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half" million a year, i.e. 2 per ceg.t per annum indicates 
that it will soon be on a level with the rest of India. It 
mlL~t be remembered that the so-called cultivable wast.e is 
largely useless unless irrigation and other amenities are 
provided. This will Mtumlly take eonsidemble time even 
if it is at all feasible in some areas. American workers 
c,.lculate that 1 .2 acres per head are required for emergency 
restricted diet and 3.1 arres to provide a liberal diet. It 
is not. therefore. surprising if Indian nutrition experts 
estimate that 30 per cent. of India's population is underfed 
quite ap.1rt fTom ron,ideratioll of quality. Dr. Akyroid 
e,timftte.< that India on the whole requires 20 per cent 
more calories chietl.~- from grains, 15--20 per cent more 
pulses, 10--20 per cent more sugar, lOOper cent more 
'-egetables and 200 per ('ent more vegetable fats and oils. 

In the face of ali this the war policy of the Govern-
ment of India whereby every effort is to be 

War policy. made to increase the milk and ghee supplies 
BOOms to ignore fundamental facts. It is a scientifically 
e.stablished fact that an arre of irrigated land grown with 
grains and vegetables ean support larger popnlation tlum 
when it is devoted to milk production. The table below 
gives the iood units per acre when different commodities 
are grown. 

Com.parative calorific value pet acre of staple food, veletable and oil 
seed crops aad milk. 

Crop 

Wh6&t (whole) excluding 
&traw 

Potato 

Cabbage 

I(ustard seeds ("'"") 

&,,- fodder .oed for 
.. ilk produetiQa. 

Yield per acre in pounds 
(Edible portion) 

1,316'6 

9,051'1 

16,457-1 

658'3 

~9,200.0 prodttoing 4,820 
lbo. of milk. 

G&'LORI;FIC v-ALUE. 

P., 
pound 

1,566'7 

450'4 

152-{) 

2,421'5 

314-0 

----
2,062,71711 

4.076,7.00<6-

2,5()1,479'2 

1,613,624-9 

1,M4,880-O 
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Yield per acre taken at:-

(1) Wheat 16 ma.unds 
(2) PGtato 110 maunds 

(3) Ca.bbage ::WO m.auncls 
(4) Mustard seed (loria) .. 8 maunds 
(5) Ber8eem used for 600 maunds 

milk production 

Note: One pound=453'6 graUUI:.es. 

Calorific value per 
lOOgrammes 

345.4-
99.3 
33.5 

540.4 

66.S 
IO(U 

As regards milk the food units eonsumed before the 
"OW is in milk, i.e., up to 3 years of age must be takf'Jl. 
into account. If we deduct this, the nett gain may ba 
about 1 million calories. Berseem, of course, will requir<l 
much more water than wheat. 

This very point is cl<larly made out in the table below 
which gives the food consumption and land required for 
producing it in Gennany and Great Britain before the 
war. 

Article of food. 

Bread. and flour- .. 
Potatoes .. 
Suga.r .. 
Beef and vea.l .. 
Pork .. 
Mutton a.nd other IQeat .. 
All meat .. 
.IliIk (g&llona) .. 
Butter .. 
lfargarine .. 
Ch_ .. 

\ 

FOOD CONSUMPTION 
'POUNDS PER HEAD PER 
ANNUM (Po LA.MA..8TINE 

YATES). 

Gre&t 
Britain I ~rll1any 

197 222 
210 398 
109 56 
66 3' 
48 65 
29 

14a 100 
20 21 
22 16.4 

S 15.5 
9.5 12.6 

Other food!! 

Percentage of sufficiency 

I 

LAND BEQUnU:D I'OB­
PRODUCTION OF 

BarrISH LEVELS OP 
YIELD ACRES. 

Great Germany 
Britain 

0.15 0.16 
0.015 0.03 
0.04 0.02 
O.iO 0.31 
0.18 0.25 
0.26 
1.04 

I 
0.56 

0.06 Q.06 
0.18 0.14 

0.02 0.03 

1.50 1.00 

0.1 0.05 

1.60 I.oa 

40 or_ 84. 



508 

The main theme is that Germany using potatoes 39~ 
lbs. (compared to 210 in United Kingdom), half the sugar, 100 
lbs. of meat, of which 65 per cent is pork as compared to 
143 in United Kingdom, can support one human being on 
1 acre whereas United Kingdom required 1.6 acres. The 
fi!'(ure,~ are for 1937. "The ideal dietary for a policy 
of self-sufficiency must be physiologically adequate and 
require the minimum of land for its production.!" One 
acre of potatoes produces at least twice as much food as 
one acre of wheat. 

Beef as produced in United Kingdom takes 12 Ibs. of 
dry matter to make one pound of meat and is, therefore, 
very wasteful. It is usuallJ- estimated that milk produc­
tion secures one pound of dry matter from 5i pounds of 
food, This indicates milk production also is wasteful, 
though twice as economical of land or of food as meat. 
Russel states further that it is dangerous to produce vitamin,; 
where calories are deficient. 

Until India is producing enough calories to feed the 
population the agricultural effort should be concentrated 
on production of grain. potatoes or similar products supple­
mented by vegetables for the nece&&ary vitamin snpply. 
It mnst be recognised that milk prodnction is wastefnl 
thongh more efficient than meat production. It is only 
when sufficient calories are being produced for human 
consumption that our surplus should be devoted to highly 
processed foods such as meat and milk. 

An all-India policy may not, and in fact often does 
not, suit individual farmer but should be based on a. 
sound scientific basis for the country as a whole. 

Until, therefore, the main food producing problems. 
are solved, it would seem wise to concentrate on (a) vege­
tables, (b) grains (e) pulses and (a) oilseeds. Considered 
from this point of view milk and ghee are luxuries which 
India as a whole can ill a.fford. The relative price of milk 

1. PafeI')y Dr. E. J. RU8lel (Chemistry and IBdu8trie8 Jour'lUll JODe 5tht l~~ 
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compared to other food is far too low if the ooat of produo-­
tion is borne in mind, except, perhaps, in places specially 
favollt'llble for milk production, Buch as, river belas, vast' 
areas of uncultivated land as in Karnsl district, and big 
forest areas. Besides, crop famung on the whole gives 
higher profits than milk production as shown from the data. 
given in the a.ppendix. 

Another characteristic feat,U"e of the Indian population 
i3, tha.t a major portion of it is rural, ma.inly depending on 
land for subsistence. According to 1941 census, 87 per 
cent of the population was rural and only 13 per cent 
urban. The corresponding figures, for the British Punjab 
were 85 and 15 per cent. respectively. The proportion of 
urban to total population in some other countries is as 
foUows :-

United Kingdom 1931 80 per cent. 

Netherland 1930 48 per cent. 

France 1926 48 per cent. 

f820 
7 per cent. 

U.S.A. .. 1870 26 per cent. 
1930 56 per cent. 

The heavy pressure of population on land, naturally, 
results in low income per capita for the rural population. 

Findlay Shirras in 1921-22 estimated total income from 
agriculture to be at Rs. 226.3 crores for the Punjab and 
Total inoome Delhi. Professor Brij Narain gives a figure 

f1'OO1 Ag<iQu). of Rs. 131.4 crores in 1925-26. The Board of 
tnre. Economic Inquiry Punjab-Publication No. 

52 gives a figure of Rs. 96.23 crores. A rough estima.te for 
1940-41 given below gives a total of Rs. 101 croTes:-
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Value of Agricultural produce in the British Punjab, 
during the year 1940-41 :-

Crop 

ESTIIIlATXD 
t)lJTTUR~ 

'000 ton .. 

HARVEST PRlCES 

Poe 
ton 

'l'OT .. U 

VALUE 

---------------- ------

I 
I R, .•. p. 

RiC{' 

Barl{'y 

Jotror 

Bajra 

Maize 

Gra.m 

SeSfl.mum 

Cotton (Desi) 

Cotton (American) 

Tobacco 

Other Millets 

Groundnut 

Fruits and Vegetables 

Hemp 

Fodders {green) bhusa. and 
stalks 

462'7 I 2 7 0 

"13,388'9 i 300 

::!I9'3 'I J 0 

I 

j 

98'1 

477'4 

447'8 

699'7 

176'6 

470-4 

318'2 

350'3 

24-1 

30'0 

225'0 

1400() 

14'4 

2 11 0 

2 9 0 

9 0 

300 

400 

7 0 0 

350 

540 

7 2 0 

7 9 0 

2 S 0 

5 0 0 

380 

8 0 0 

R,. 
66'4 

81'8 

.'56'2 

73'3 

69'8 

69'S 

81'S 

1090() 

190'8 

90'3 

143'1 

194'2 

55-4 

136'3 

95'4 

218'0 

'000 R!l. 
30,723.28 

273,122.02 

12,324.66 

7,190.73 

33.3:!:LJ2 

31,256.44 

57,235.46 

19,249-40 

1,3:j4.ti'4 

42,477.12 

45,.334.42 

68,026.26 

4,967.01 

1,662.00 

30,667.50 

1,3.35.60 

32,822.90 

3,139.20 

314,014.94 

TO'l'AL •• 1,010.428.14 

Taking 100 IJrMes as 'a safe figure and the total rural 
popul.a.tion at 24' 7 millions this gives an income per person 
Of ~ ~s-o only. This is well below the average for India 
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given by economists as Rs. 65 per capita. In recent years, 
owing to war-prices, the average income in say 1944-45 is 
estimated as about Rs. 100 per rura.] inhabitant. This 
figure is much below what iudustrialists in cities like Bombay 
conceive as the Punjab income. As buyers of our surplus 
foodstu:ll's they imagine the pro\'ince to be Tolling in 
WP-3lth. 

The Jaw of inlleritance requires eqnal partition of 
r .. g<nent.twn ancestral property among male heirs. Owing 
of boldmg'. to the difference in the quality of the. land it 

often leads to the diyision of each field, so that say 
fOUT brothers inheriting after a father who owned 5 
fields may each have 5 small fields inst_d of Ii each. Bnch 
fragmentation leads to great inefficiency. There is enor· 
mons waste of labour, both hnman and bnllock in reaching 
the various fields. More land is wasted under field embank· 
ments which have necessaril\' to be made round the fields. 
It also stands in the way of sinking wells for irrigation and 
koops back cultivators from living on the land, which 
results natnrally in lower yields. Consolidation of holdings 
h"" been attempted in 14 districts by the Cooperative 
Department since 1920 on voluntra y basis. The total area 
('ollsolidated is 1.5 million acres. This work is also being 
<lone by the Revenne Department under the Consolidation 
of Holdings Act passed in 1936, which is applicable to 8 
districts. The area consolidated is 3 lakh acres. It is 
proposed to extend its application to other districts as well. 
It is hoped to expand this work and thllR increase the pace 
under the post· war development plan. Under the existing 
Act consent of 66 per cent of land-owners is necessary to 
start operations in a village. It should accelerate the 
pace of consolidation if this is reduced to 50 per cent. It 
is, however, felt that the progress will be slow, and can only 
be a palliative until the law of inheritance is changed. 

The term "holding" has been very niUCD. m.isunderstood 
Si.. and diotri. and has, therefore, given rise to much con­

buiion of hold. fused think:idg. An attempt is, therefore; 
Juga. made here to describe it more clearlY. 
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There are three different types of holdings: (1) owner's 
holding, (2) cultivator's holdings, (3) one-plough holding. 

The land is generally held by a body of yillage 
Owner', hold. proprietors whose shares are detennined 
;ng'. by ancestral relationships. According to 

rule of inheritance ellen son usualJ:' gets an equal share. 
Mr. Calvert was the first in this province to study this 
point and the results of this inquiry were published in 
1925. The tllble below gives the detailed figures. 

Table showing number of owners' holdings according to 
area of cultivated land owned :-

SIZE 

Under 1 acre 

1-3acHls 

3-5 ..... 

5-10&01'88 

10-15aores 

16-20a.ereB 

2Q-25aerea 

25-50actes 

Over 50 acree 

HOLDINGS 

Percent· 
a.ge to 

Number. the 
total. 

625.400 17-9 

908,400 25-5 

520,000 14-9 

630,600 18'0 

288,300 8'2 

lSO,loo 4-3 

94,000 2-7 

168,700 4-8 

120,900 3'3 

3.506,400 9911 

AREA 

'~I-No. of of total 
a.cres. area 

oultiva.ted. 

! 
313,00 I 1-0 

126,800 4"4 

1,935,000 6'6 

4,400,000 15·1 

3,353,000 11'5 

2,444:,000 8'4 

1,967,000 6'8 

5,887,000 21N 

7,452,000 25'7 

27,877,800 l1li'9 

It will be observed that 17,9 percent of owners own 
less than 1 acre each and the total area owned is only 1 per 
cent of total; 40,4 per cent of own(ll8 own OV6I 1 acre 
and less tha.u 5 acres and the area owned is only 11 percent 
or. the .. ~~, Three fonrths of the total number of owners 
poiIIM!ia'l'inI~ 10 lIocres each and Ith or the total cultivated 
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area, whereas the remaining !th is owned by lth of the 
owners. The percentage owning over 25 acres is 8.1 
only and accounts for 46.1 per cent of the area. Only 
:1.3 per cent owners own over 50 acres each hut this accounts 
for about 25.7 per cent of the area. Only one person out 
of every eight owns any land at all. For the province 
as a whole, the average size of owner's holding iR 8 
acres. This is reduced to 4.6 acres if owners holding· 
over 25 acres are left; out. For the sake of comparison the 
sizes of holdings in some other countries are given below :-

u. s. A. 140 acres 
Canada Over 100 acres 
Great Britain 64.1 acres 
France 28.8 acres 
Denmark 38.5 acres 
Germany 24.1 8.f!re8 
Czechoslovakia 20.0 acres 
Italy 15.4 MIres 
Rumania 14-.9 aores 
Netherlands 14.3 acres 
BelgRl'ia 13 • .3 &Cre8 

Yugosla'\'ia • 13.0 acres 

A similar inquiry was conducted by the Board of 
Economic Inquiry Punjab in 1939 to see if any change 
had occurred during the 15 years period. The results are 
reproduced below:-

Size of holding 
Percentage of 

owners 
Percenta.ge of 

land 

From Q to 1 acre .. 20'2 0'8 
From 1 to 3 aores .. 28'6 5'2 
From 3 to ;') &ere8 .. 14'9 "2 
From 5to 1Oa.cres 16'9 13'1 
From 10 to 15 acres 7-3 9'1 
From 15 to 20 acres 3'. 7'2 
From 20 to 25 acrea 2'2 511 
From 25 to 50 acres 3'9 14'8 
)Prom 50 aCleS and over 2'4 38'0 

T~.u. 100'0 10(}-0 

It shows that the size of holding in case of small owners 
has further decreased while the holdings of big owners have 
increased. As pointed out earlier, only one person out of 
eight in the provin.ce owns any land at all, though over 
80 per cent are dependent on agricnlture, The study by 
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the Economic Board in 1939 is somewhat disquieting as 
it shows a definite increase in the area owned by owners of 
over 50 acres at the expense of almost every other class of 
owner. The fa.ct that income-tax is not levied on agri. 
cultural income may be a major cause of this tendency. 
This requires further study, as it may be an unhealthy 
tendency. 

The holdings less than one acre in area deserve special 
mention. A la.rge number of these may be mere allotments 
owned by- labourers or petty grants made for a religious pur­
pose hut the inquiries definitely revealed that fully half the 
owner., of these plots were agriculturists. It would, there­
fore. be interesting to know how these plots are cultivated, 
what is the economic position of their petty owners and 
what other source of income they have got. The number 
of sudl holdings is very large in five districts: Rawalpindi 
32 per cent, Kangra 31.8 per cent, Simla 30.7 per cent, 
Muzaffargarh 30.4 per cent and Dera Gh~zi Khan 30.2 
per cent. 

Here the ownership and tenancy are ignored and 
the whole area cultivated by the cultivator whether as 
Cultivato,,' OWller or tenant is taken into consideration. 

holding'. This inquiry was also conducted by Mr. 
Dalvert and results were published in 1928. The table 
below gives the detailed figures:-

CULTIVATORS. 
Per cent. of 

Sux cultivated 
Number Per cent 

1 acre or less 904,000 22'5 J-5 
1-5 acres 1,332,000 33'3 12-1 
5-10 acres 848,000 2()05 20'6 

10-1oa.cres 410,000 10'2 17'4 
15-20&orea 212,000 5-'3 12-3 
20-25acrea 128,000 3-1 9-1 
Z6--5O acres 164,000 4'2 18'. 

Above 50 &ereI 20,000 0'9 a 

T .... L 4,018,000 100-0 99'4 
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The average area cultivated by a cultivator :s about 
7.2 acres and the total number of cultivators according 
to tbis inquiry is 4,031,137, i.e., about 14 per cent higher 
than the owners. The difference is due to the fact that 
the number of landless tenants is larger than the non­
cultivating owners. It will be seen that 904,000, i.e., 
22.5 per cent of the cultivators cultivate one acre or less 
though this land is ouly 1 .5 per cent of the whole and 33.:i 
per cent cultivate 1-5 acres and the land is 12.1 per cent. 
About 50 per cent of the land is cultivated in holdings of 
from 5-20 acres by about 36 per cent of the cultivators. 
Combining the first two groups the following districts sh9W 
over 50 per cent of their cultivators cultivating 2i acres or 
less: Simla 90.8, Kangra 8?:4, Hosh}arpnr 74.5, Rawalpindi 
64.4, Jullundur 56.2 and SIalkot 5".6. How such a large 
number of these small plots are cultivated requires further 
study.-

So far we have discussed the size of owners' holding and 
Size of holding cultivator's holding but the size of holding 
p" plough. controlled by a pair of oxen. usually called 

"one plough ", is quite different. For the Punjab, as 
a whole, a pair of bullocks controls about 14 acres, 
though there are considerable variations from place to 
place according to the size and quality of bullocks and 
local agricultural conditions. Under canal irrigation, as in 
Lyallpur, there are 14 acres to a pair, in Jullundur and 
Hosbiarpur, where wells are to be worked for lifting water, 
there are only 8 acres'to a plough, Kaiigra has got 4, acres 
and Simla ouly 3 acres to a plough. Tbis is probably due 
to small size and poor quality of bullocks, small holdings 
and also because some extra animals are kept as reserve. 
Rohtak has got 22 acres and Attock 27 acres. 

Another effect of tbis· unequal ownersbip of the land is 
L d T • that it leads to tenant farming. Taking 10 

an enure. acres'to be the size of the holding managed 
by one pair of bullocks, it will be seen that 80.6 per cent 
of the owners own less than 10 'acres. In order to make it 
into an economic holding this class of owners feel the 
necessity to take some more land into their holding if it is 
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available or give their land to neighbours and theIDilelves 
work purely as tenants on bigger holdings. 

It is for this reason that about 50 per cent. of the area 
is cultivated by tenants at will. The table below gives the, 
percentage of total cultivated land held by tenants paying 
rent in some districts-

District 

Kaugra. 
~walpindi 
Ambala 
Roshiarpur 
.JuUundur 
Ludhiana 
Ferozepur 
Lahol't' 
_4.mritsar 
Montgomery 
Multan 

Proportion of total cultivated land held by 
tenants paying rent. 

35'4 
38·S 
42'0 
63'3 
44'9 
42-4 
53'9 
55-7 
5~'6 
79'3 
7404 

The iir3t six districts showing lower proportion of 
land cultivated by tenants have got larger proportion of 
land held by small owners, while Montgomery and Multan 
Districts with high proportion of land cultivated by tenants 
have got a larger number of big owners. 

The usual practice is to divide the gross produce into 
half and half between the landlord and the tenants, but in 
case of good land o~n a higher share is, by agreement taken 
by the landlord. The tenant \ has practically no 
security of tenure beyond his claim to harvest the crops he 
has sown, though no landlord will eject a satisfactory tenant, 
mce he is hard to replace. Legally he can be ejected by 
serving a notice to this effect before the 15th November 
preceding. He has no claim to the residual value of manure. 
The only claim recognised by law is to the val~ of unout 
orop sown by him and the cost of preparation of land which 
he is not able to sow due to ejectment. lIe is also entitled to 
oompensaticm for disturbance in certain oircumstances and 
for imw:o~ts made by him. In the interest of agri­
~'improv_t our objective should be greater 



517 

security of tenure for tenants with compensation for dis­
placement which may be equal to at least one vear's rent. 
In addition, permanent improvements such as "sinking of 
wells, planting of trees and gardens should be paid for in 
full. The landlord would have to be notified before such 
improvements are undertaken. Another reform that is 
needed i8 to make it necessary to register tenancy agree­
ments fixmg the share of landlord and tenant. Once fixed, 
.such division should not be liable to frequent changes. 

Smaller family is of course the firRt and the most direct 
R,medi" fo, remedy. The rec?nt iliscovery of methods 

~~~~ popul.. ~~:Sib;::s ~~e~o:su~e::~ffo~e~~od~c~~; 
and this may lead us to modify our views regarding the 
urgency of limitation of families. 

Comparatively little is possible except in settling new 
E. .' irrigated areas and even for that the outlook 

m,S'atwn. is not too promising. Reclamation of vast 
areas of eroded la.nd locally known as darrar in submon1iane 
district is another possibility. 

This is very necessary in the Punjab to balance Ago 
Indnstdalisa- riculture and enable some of the rural people 

tion. to earn both from agriculture and industry. 
We should in the Punjab spread our industries as far as 
possible, with this object in view. Such industries as oil­
pressing, rice-hullillg, vegetable ghee manufacture, cotton­
spinrUng and woaving, wool-weaving, tanning, etc., are in­
stances which oirer scope for elqlansion. 

In the canal colonies an average farmer is workini 
su~.idiary 166 days a year only. In well-irrigated-
.,cup.tiona. cnm-barani tracts, the working days 

are 230. The corresponding figures for bullocks are 
112 and 160 respectively. There is, therefore, a big 
surplus of partially idle labour. The subJ!idiary industries 
suggested are silk-_worrn rearing, e~broidery, ~ma~, 
spinning, toy-making, poultry keeprng, bee-keeprng, drury­
lng, sheep-keeping, fruit and vegetable-growing and , 
<Janning. (See Chapter .XX)_ 
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TlriB has been dealt with elsewhere in this book. One 
Improvement of of our big needs is improvement in marketing 
ogdenl...... and storage facilities. Some steps are being 

taken regarding these matters and especially in making 
market praotices and weights uniform and in reducing the 
number of trade allowances or deductions under the 'Market· 
ing Act. Constant progress should be aimed at along these 
lines. 

For many years before the War India was an importer 
lne""", in of foodgrains; I! million tons of rice Ul!ed to 

p,oduction. be imported annually from Burma, Siam etc. 
There is also very great demand for foodgrains in Japan 
and Europe. Further, there will be increased demand for 
other crops, like cotton and oilseeds, owing to greater need 
for consumption goods. This all·round demand can be met 
only by increasing production in all directions. There are 
various means for increasing production but the following 
three are important :- ' 

It is well known that yields on irrigated lands are certain 

L Irrigation. 
and higher but at present only 25 per cent. 
of the cultivated area. is irrigated in India. 

The remaining 75 per cent. has to depend on rainfall which 
may be sufficient in quantity in some parts but may not be 
timely. There are vast areas where it is insufficient and 
erratic. Artificial irrigation is, therefore, necessary to insure 
production. Every effort should, therefore, be made to 
develop canal irrigation and well irrigation, wherever 
possible. In the remaining area dry farming methods 
should be followed to make the best use of the available 
moisture. 

'It is admitted that our indigenous implements are very 
2. Bet"" inefficient and their output is very small. 

cultivation. There is thus an urgent need for improving 
them. Improved implem'ents, such as furrow turning 
ploughs, chaff cutters, automatic drills, hoes and harrows 
have been introduced to a certain extent but, much more re· 
mains to be done both in making more widespread use of the 
above ~ments and by improving others. Cheap and 
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efficient water lifts, threshers and carts are an urgent 
necessity. 

The most spectacular improvement made in the West 
:I. n,. of by the application of scienee to a![riculture 
.,tifi6al is the use of artifieial manures. In cIndia at 
manu'''. present very small quantities are used. The 

Punjab hardly uses 1,000 tons of ammonium wlphate per 
annum and practically nothing of phosphate, pota,h and 
lime. There is, thus, a great scope for theiI extensive use. 
These artificials are at present ,,11 imported "nd t.heiI price 
is consequently high. The Fertiliser Conunission recommen­
ded the establishment of one bctorY "t Sindri near 
Dh".nbad for the manufacture of aIDJJ10mnm snlphate. It 
is hoped it will start working shortly. There is need for one 
in the Punjab as gypsum a major ingredient in the manu­
facture of ammonium sulphate is available here in large 

quantities. 

Improved seeds are also helpful in increasing yield to 
a certain extent but better cultivation and manuring are 
necessary to maintain high yields of better varieties. 

The timber and fuel resources of the province are 
F"""t •• nd managed by the Forest Department controlled 
.rborioultu.... by a Chief Conservator and a number of 

assistants. The pre-war expenditure of the 
department was approximately 27 lakhs and their receipts 
about 23 lakhs of rupees. Reclamation and prevention of 
erosion is carried out by a special officer. Excellent work 
has been done by the department in the past in the face of 
many difficulties and some ml'popularity. Its general 
or<ranization, however, will need to be kept intact, but 
po~sibly on a different basis. Our capital in the form of 
timber has been sadly depleted during the war and heavy 
expenditure on renovation and replanting will now be 
necessary. A provincial policy needs to be worked out to 
deal with (a) hill.f,?rests (b) reclamation and prevention 
ot ~osion (e) Working out a sound programme for the plalll8-
both in barani and ITrigated tracts. . 
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As regards (a) above no suggestions are offered but 
presumably the department's proposals for post-war deve­
lopment will receive serious consideration. We deal below 
with (b) and (0). 

This means the removal of the surface soil thereby 

Soil·erosion. 

or water. 

making good fertile soil barren and un -cul­
turable. Erosion may be caused by wind 

Wind-borne erosion occurs in the desert tract of South­
east Puujab and ThaI tract in Mianwali District. The 
movement of wind blown sand can be controlled by plant­
ing wind breaks and shelter belts in the desert fringe 
districts of Gurgaon, Hissar and Mian wali. 

The erosion caused by fast-flowing water in higher 
hills is more dangerous and the damage done to the Punjab 
soils is enormous. The fast flowing water washes away 
the top fertile soil in high hills and th s makes them poor. 
Further, the coarse sand thus washed away is often 
deposited on top of good soil in the sub-montane area by 
Ohos iu Hoshiarpur District. Another kind of damage 
done Oil steep soils is by sheet erosion due to heavy rain. 
This results in poor soil-badly cut up by deep ravines­
locally known as darrar lands. The erosion in high 
hills and foothills is due largely to indiscriminate cutting 
down of trees and uncontrolled grazing which results in 
fast flowing rain water coming down the hills. This can, 
therefore, be checked by strictly controlled felling of trees 
and of grazing in higher hills. In the submontane area 
gully plugging and building of small dams and the planta­
tion of shrubs and trees has been found to be of great help. 
The prevention of erosion"'will thus not only conserve fertile 
land but will also save valuable water which will be avail­
able for irrigation. The work so far done by the Co-opera­
tive and Forest Departments has shown that very large 
blocks of darrar lands can be saved by terracing and 
contour bunding tmder proper guidance and co-ordination of 
work. This can now be done mote easily and quickly as heavy 
earth-moving equipment, consisting of "bull.dozers, terra­
cera, subsoilers, etc., will be available from the army as 
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surplus war materiaL Under the Post-war Development 
Scheme it is proposed to reclaim 150,000 acres of now useless 
darrar land and to increase the productivity of 350,000 
acres of poor and unterraced land already threatened with 
erosion. This will also provide employment to demobi­
lized soldiers, as a lot of manual labour will be needed to 
complete this work. Fortunately, most of the land to be 
thus reclaimed lies in those districts which have supplied 
the largest number ot recruits to the army-Attock., 
Rawalpindi, Jhelum, Gujrat, HoshiarplU' and Ambala. 

Another line of work is the reclamation and improvement 
of waste lands, 80 as to make them more productive for 
timber, firewood, fodder grass, thatching grass, resin and 
gum extraction. 'there is plenty of such land along the 
bed of every torrent, small stream and large rivers through-

. out the Province, particularly below HoshiarplU' and Ambala 
Siwaliks. With controlled grazing and energetic planting 
programme they are capable of producing abundant timber 
and firewood. Similarly Thur and water-logged areas can 
be reclaimed for tree planting. 

The work in the foot hills is a. matter of vital interest 
for the province as a whole as it tends to preserve river 
supplies, by regulating sub-soil absorption, avoiding dis­
astrous floods and tending to raise sub-soil water in districts, 
such as Jullundur, where it is now getting lower year by year. 
The province as a whole, therefore, should subsidize this work 
and thus relieve loca.l interests from having to bear the 
greater part of the burden. 

The spread of canal irrigation has caused large areas 
PI&ma llcy of waste land producing a certain amount 

po. of fuel and managed by the departmeni, 
to disappear. Some irriga.ted plantations ha va been 
started, to partly redress the balance. The most 
important of these ale at Pirowala (19,281 acres,) probably 
the largest irrigated forest in the world and a.t Chichawa.tni 
(11,494 a.cres) a.nd Chhangamanga (10,Ft45 acres) on the 
Lower Bari Doab Canal a.nd Arifwala (i,519 acres) on the 
Sutlej Va.lley Project. The great shortage of fuel during 
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the war has demonstrated the inadequacy of . our present 
fuel resources. The spread of cultivation in Sind and 
Bahawalpur will, in future further reduce our imports 
both of fuel and charcoal. It is imperative, therefore, that 
steps be taken to increase our fuel resources. 

In spite of what has been stated above it must be 
Irrig.ted plan· admitted that these irrigated plantations give 

tation.. a monetary return to the country of probably 
less than half of what could be obtained by cultivation of 
crops. 

Again, though these forest plantations received water in 
summer only-April 1st to October 1st-one would have 
expected them to be started as far as possible at the heads 
of canals, so as to a ,"oid distant carrying of a seasonal 
supply. The Pirowala Forest is 130 miles from the head 
of the L. E. D. C. and is possibly the worst case of wrong 
siting. 

It is probably in systematic arboriculture that a 

Arbori.cult,urc. 
prmiuce-wide effort is most needed. Indivi­
dual trees scattered over cultivated areas are a 

very expensive luxury as they cause much damage to crops 
through excessive shade and roots iuterfering with cultiva­
tion. On the E.C.G.A. farm at Khanewal an effort has 
been made to keep a right balance by having a plantation 
of ! acre in the centre of every hundred acres and 73 such 
plantations exist on the farm. It is in the villages in the 
plains, particularly in irrigated tracts, that most room 
for tree planting exists. A very determined and' consistent 
polic~ is essential if trees are to be grown and protected 
froIl!;;livestock in their early years, in the ~illages. The 
Kashmir Government has tried to solve this difficulty by 
creating an 'Arboriculture day' thronghout the state and 
a fair amount of success has been achieved. There is, 
certainly, evidence everywhere of definite efforts being 
made. The Forest Department in the Punjab could assist 
by giving free, sm.all sapling~ of kikar and ShisMm at 
convenient centres. Trees iii our village sites do not interfere 
with crops.. give shade ta men and beasts and serve partly 
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as tuel reserves, thus saving =ure having to be convert;Qd 
to dung cakes. A survey of possibilities in this direction 
would clear the deck for further action. 

Pioneer work has been done in this direction by 
Vmage &menl· Mr. F. L. Brayne in his village uplift work. 
ties. < Oareful study and planning would avoid much 

of wasted effort in early 'uplift work'. Discouragement 
only will ensue if too rapid a chauge is pressed ou the villages. 
Villages should be plsnned with wide central roads copiously 
plsnted with trees. The well should be near the centre 
of the village and arranged so that water raised by either a 
persian-wheal or a. pump should be passed on to a. clO8ed 
tank from which various communities can have separate 
taps. Places of worship and the village post office a.nd the 
school should be situated as near the centre as possible 
and an open place left for social or other gatherings. 
There should be an enylosure and a house allotted for 
each square held by a tenant. 

A pucca brick washing plstform should be arranged­
either on the irrigation channel or attached to the well 
tank. The use of cement for this and similar structures 
should be encouraged. Villagers ought to be encouraged 
to burn their own bricks. 

At least once in ten years fish should be introduced 

Village pond. 
into village tanks. They help to keep down 
mosqnitoes and add to the variety in diet. 

It would be interesting to note that recent work done in 
U.S.A. shows that a one-acre pond produces more animal 
proteins through fish than can be produced through any 
other animal ClOp. 

An effort should be made to provide shelters and 
1IaD.", ."d encourage the habit of defecating in the 
human ........ fields--or over manure pits, so that as in 

China, no waste takes place. 
This should be encouraged to become the centre 

S.hool. 
pf social life in the village. Books and 
pamphlets on rural reconstruction should 

be available with the school master, who ought to be 
the natural leader in ameliorating village life. To get &ll 
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this going it is desirable to have a. oontral department 
for rural reconstruction. This need not be expensive 
and top-heavy. The head of it should preferably be an 
agricultural graduate who has studied village life in China. 
and Europe. 

Litigation caused by village factions is very rife 
Villa • f •• tionl. in the Punjab a~d waste~ the . cultivator's 

g substance and tIme. A sImple difference of 
opinion can often be fanned into a serious quarrel­
often encouraged by interest ed parties or petty officials. 
This tends to keep educated officials from settling in 
villages and thus deprives the villages, of informed leader­
ship. One of the great needs of our villages is good leader­
ship. The village lambardars and zaildars, as they derive 
their position largely by inheritance are often nnsuitable 
as leaders-being more dependent on government than 
on the people. Under such conditions corruption and 
bribery flourish. 

With a view to reducing litigation and fostering 

Panchayat& 
rural reconstruction, panchayats have 
recently been started. In 1944 they num­

bered 7,000 and are expected utlimately to number 
20,600. The present staff consists of 37 Plmcha yat Officers 
a.nd 121 Assistants, later to be increased 300 per cent. A 
large number of village and other supervisory staff will 
also be needed. The usefulness of these panchayats would 
possibly be enlIa.nced if they held their position really 
by election. 

The Pnnjab. has Primary Co-operative Societies, 
Central Co-operative Banks and one Pro­
vincial Co-operative Union. Though greQt 

work has been done in the past in bringing ohoo p oredit 
to the cultivators, there is still an enormous field open 
for further development. We need oo-operation in all 
village activities, in buying, selling, purohase of the 
more expensive implements, road-making, tree-plant~, 
well-sinking and innumerable other <fuootions. If this 
spirit; ¢9J.d be developed further it may be pomble to 

Oo-operation. 
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.start collective farming and other organized developments, 
which would raise the general standard of village life. 

In addition to weaving, leather work, oil seed pressing, 
:r.u..,.n ..... ' flour-milling of maize, wheat, gram. etc., which· 
industri... could be introduced in almost every large 

village, there is room also for developing silk culture (in 
sub-montane and some plains districts) and bee-culture 
(for honey production) in fa ,"ourable areas. 

With the development of hydro-electirc power the 
whole Eastern Punjab will, before long, be able to instal 
small motors which could be used for (a) flour-milling 
(b) water-pumping and (e) chatl'-cutting. In the Western 
Punjab small crude oil engines ought to become popular 
.after the war and they can be used in the same way as 
electric power. 

Another Industry that has never been developed in 
Mushroom India is mushroom-growing. There are edible 
growing. mushrooms indigenous to the Punjab and 

Bahawalpur. These have never been studied by the Agricul­
tural Department as yet. Mushroom, as served in European 
hotels, costs over Rs. 5 a pound and are all imported. Field 
and jungle mushrooms are common in Kashmir and since 
the war are being exported in considera.ble quantity a.s dried 
mushrooms to the plains. Mushroom can be cultivated 
artificially, and spawn can now be had from the Agricul­
tural Department in Madras and shortly from Lyallpur. 
Successful rearing of rice-stra. w mushrooms from Coimbatore 
spawn were made at Khanewal this autumn. Much work 
requires to be done in this line. 

There is room in India for IIll>ny new crops. Here 

New crops. 
in the Punjab the most obvious new orops 
required are the following:-

(a) A rapidly-maturing zaid rabi crop which co~ld 
be sown in tha middle of March aRd would get Its 
last wa.teting in middle of May in canal irrigated 
tracts in Western Punjab. Experiments at Lyallpur 
have shown that whe:\t does not require irrigation 
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after 7th or loth Ma.rch and cotton-sowing is 
now done after 15th May_pecially American 
cotton. Except for small areas of cane and earl,. 
green manure crops there is no demand for water 
at that time. The canal can run full as a rule 
after early March, so there is a big gap here not 
yet fully exploited. Canal a nthorities claim 

there is no demand for wawr on account of 
harvesting in April and often adopt a month or 
longer closures for annual repairs at this period. 
As the canals are in any case run in rotation 
from October to February there is plenty of 
time usually for repairs during the winter seasoc. 
and no closure is essential in April-May. 

(b) A leguminous oilseed, such as the soya bean to 
partly replace wheat or tom. Thongh soya bean 
is normally a summer crop there are varieties 
suitable for winter growth. We have too lUuch 
wheat in the Punjab, and it exhausts the soil, where· 
as, soya boon would add nitrogen to it and improve 
our weak oilseed position. The soya bean is 
the basis of the agriculture of North China, 
Manchuria, etc., and has in recent years spread 
largely in the U.S.A. 

( c) A fibre crop in kkarif as a substitute for cotton 
and an insurance against low cotton prices. At 
present no suitable fibre crop is avruJable in the 
province. 

If suitable tractors become available after the war 
Power rarming. there may be room for much development 

in power farming. One big result of using 
mechanical power would be reduction of the fodder ares 
-which amounts to 15 per cent of tbe cropped area, a 
good portion of whicb is required for working buUockll. 

. Problems connected with conso.lid&tion and amalga-
rnati~ of holdings to secure a larger. economic unit of 
1ani\'WltId a.lso a.riIIe. 
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Some of the advantages of large scale farming are 
Collective f.,m.. S~ in a publica;tion b:y one of us. 

Much saVlng of water IS possIble by large­
scale farming in the canal colonies. 

To clear the ground for further progress in agrieulture 
Le islation it may be necessary in future for government 

g • to take power to do the following :-

(a) A law to prevent division of land below a certain 
£xed mininIum area.-possibly 12 or 14 acres in perennial 
ca.nal areas and about 20 or 25 aeros in some barani tracts, 
·e g., Ambala., Hissar, etc., and 8 or 10 in others, such as, 
,Tullundur, Gurdaspur. 

(b) To facilitate consolidation, power should be given 
to government to make this compulsory on the advice of 
a non-official district committee backed by provincial 
board. 

(e) The right must be t"ken by the state to expro­
priate both a tenant or a landlord, who will not cultivat<l 
or develop his holding efficiently. Safeguards must be 
devised to avoid tyranny and unfairness or political animo­
sities affecting the issue. 

(d) Right of the state to amalgamate areas and compel 
collective farming in the national interest. 

(e) Efforts so far made by the Agricultural Department 
to control abnoxious weeds, insect pests and diseases and 
wild aninIals have not proved very fruitful. Legislation 
.seems to be the only remedy. 

The most common unit of farming is a 'one plough hol-
Large ,.rue ding' cultivating about 6 acres in case of well 

fanning irrigation, 12 to 14 acres in ca.na.l areas and 25 
acres or so in barani areas. The individual cultivation of such 
tlIIlall holdings is considered defective in . more than one 
way. In the first pla.ce it is very difficult to introduce 
improved seeds due to a number of crops being grown on 
small areas. Seoon.dly it is not possible to use labour­
saving inqiWments 800h as fu:aow turning plonghs, hor8& 
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hoes, etc. Thirdly, there is great waste of water which 
is very precious in the Punjab. Further, no systematic 
plan for growing trees for timber or fire wood can be 
practised. In order to remove all these dra. whacks it 
has been suggested that large-scale farming is essential 
for efl'ecting any substantial improvement. 

Large-scale farming can be of two types--in one case 
the land is cultivated bv tenants on the usual share system, 
locally known as lxrtai 'but the managing agency controll­
ing large area, is in a better position to hring about 
impTOYements. Most ot the big estates in Western 
districts of Shahpur, Multan and Dera Ghazi Khan are 
cultivated under this system. Some of the big seed farms, 
where land has been granted by the Government on certain 
tenus, a-Te also cultivated on these lines. The advantages 
of a large-scale control, as achievoo on the B.C.G.A. Estate 
at Khanewal, are mentioned below. 

(a) At the centre of every 4 squares or 100 acres a 
small plantation of ! acre is planted under treee. Tenants 
are encouraged to keep their cattle in these enclosures and 
thus ensure most of the manure returning to the land. Trees 
scattered over fields cause much damage to crops and are 
uneconomical and wasteful if so grown. The villages 
which cater for two chaks or say 2,000 acres can also be 
organized more cheaply for arboriculture if control is in 
the hands of one authority. 

(b) Good selected seed can be provided more easily 
for large areas than for scattered holdings. 

(c) Good land will produce double the yield of poor 
land with same expenditure of water and by having 'Control 
of large areas it is p<>ssible often to avoid wasting water 
on poorer portions of an area. This cannot be rigidly 
applied for reasons connected with rotation pIan. By 
adopting uniform crop rotation the water channels can 
be kept running in the CT()P only and not over uncultivated 
or fallow areas. 

(d) A consistent p<>licy for green manuring can be 
more !l!IBily followed in large estates than in small ones. 

;':" 
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(e) Cultivation and interculturo can be levelled up to· 
• hlgh standard by adopting a uniform policy, and by 
oIlcouraging all to work according to plan. 

(f) Implements which the one square or even two 
quare 11IIUl cannot afford can be easily supplied on share 
)asis of expenses a.cceptable to tenant, e.g., reapers, thre­
hers, etc. 

(g) Repair and upkeep of implements is much more sa.tis­
actory when arranged on a large scale. It is also much easier 
o Rooure essential items such as stool, cloth and other neces­
ities. 

(h) Herassing by petty officials can 'be largely obli­
eJ·a.ted. Care, of course, has to be taken that one's own em­
)loyoos do not take their place as extortioners. A further 
)ig advantage is keeping the police out of the area and 
ettling disputes by pancha yats in which the lam bardars or 
,eadmen take a prominent part. The chief defect of the 
ystem is that the tenant does not benefit to the extent he 
hould as the landlord gets his share of all increases. The 
eduction of fodder prices is one way in which a good 
enant is encouraged, though here again some abuses may 
reep in and a careful watch has to be kept that favouritism 
nd corruption are eliminated. There is no doubt, however, 
hat the total production of a large area controlled by one 
.uthority is far higher than the sum-total of small indi­
'idual and unorganized holding,. 

Another type of large-scale farming is where oultivation 
, £. is done by tractors in place of bullocks. It 
. ower .rmmg is admitted, small-scale farming by bullocks 
ives generally a small return to the cultivator and is com­
'aratively expensive and may in some cases not be able to 
ompete with produce raised by mechanized methods' else­
.here. In the Punjab on basis of 12 acres per plough, 
here is a surplus of workers of 343,000 representing a popu­
~tion of 2 million or 8 per cent. of the total population.* 
/or British India, as a whole, the figures are still more dis­
~uieting, viz., 1St million surplus representing-a population . 

• Pooerty dM Social Change, by Tarlok Singh. 
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, of 7ll million or 28 per cent. of the population. Mechani~ 
agriculture llIlIy accentuate this suxplus, but it must 
rememboced that a portion of the displaced persons WOll 

find employment in i~dustry. The ultimate. objective mig] 
00 60 per cent. agrICulture, 25 per cent. Industry and I 
per cent. s<;!vices, If mechanized farming results in great 
prodllCtion of food and other commodities at less cost 'to tl 
<Jommllnity, it must make headway, particularly in I'an 
"'reas. The great saving in elimiuating most of the 15 p 
ceut. area now devoterI to fodders, is a big factor in tl 
situation. 

Both the al:thors have had experience of China an 
L.,wn, f,om one of them visited Schezwan in April aI, 
China' May, 1944 only. Chief points of interest t 

India we wish to note are-

1. Only a third of the draught animal population c 
India is used in China and their number per unit of area i 
ouly about one-half. The other one-hali of the work i 
clone by manual labour. In Japan also a similar state 0 

affairs exists. On the other hand a very large population 0 

slllllller animals, such as pigs poultry, ducks and fish whic) 
mostly live on by-products, but produce a large quantity 01 
food for man, are kept. This arangement has been forcei 
on China due largely to pressure of population, the aver 
age area per person being less than half of what it is in India. 

2. All the oilseed, including tung and soyabean, are 
crushed in the country and suxplus oil is exported, but no 
oilcake is sent out of the country. ~1ost of it is used as manUle. 

3. The use of manure, particularly human excreta, is 
'v<;ry highly developed. It is reckoned that one-third of the 
holding (ab?ut 6 &cres) is manured yearly from excret8 
of the family. 

4. Soyab,wi is a very popular crop. It is both an 
-oilseed anda pulse. It is a rich food and has many uses in 
China. It has also spread in America and now occupies over 
'9 milJ,ion·acres. Practically none was grown in U.S.A. in 
'1_:' -
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5. Tung tree. On the slopes of hills, which cannot be· 
otherwise U86d profitably, tung trees are grown. 

6. The country system of organisation for rural 
ievelopments is very instructive. The use of well· 
)rgaJrised bagar or compulsory labour for road·making 
,nO. community purposes is worth emulating in India. 

As the problems in India and China. are more or less of 
,he same type it is suggested that India might send at least 
,dozen stndents to China vearly to study rural development 
mn. a.gricnlture, particularly, manurial practices, as there 
s much to learn from there. 

Referenc?s. 

1. Size and Distribution of Agricultural Holdings in 
,he Punjab, by H. Calvert (Board of Economic Inquiry 
Publication, No.4). 

2. Size and Distribution of Oultivators' Holdings in 
;he Punjab, by H. Calvert (Board of Economic Inquiry Pub­
ication, No. 11). 

3. Proprietary Holdings in the Punjab-Their Size 
tud Distribution, (Summary). 

4. Population and Agriculture, with special reference 
;0 Agricultural Over-Population. (League of Nations 
[)ocument, No. 1.). 

5. Indian Rural Problems, by Sir Mani Lal Nanawati 
llld Anjaria. 

6. Poverty and Socia! Change by S. Tirlok Singh, 
:.C.S. 

7. Reports of the Forest Department. 

S. Estate Farming in India, III (British Cotton­
}rowing Association, Kllanewal), by Sir William Roberts. 

Indian Farming, Vol. III, No.4. April:1942. 

9. Excerpts from the Address by Mr. Harry 
!erguson at the International Food Conference, June 1943. 



534 

countrv. It is, also, ;,ometimes used as a preseryative fOI 
fruits .. 

In the Punjab honey is produced as a wild, as woll 
as, home product. The most important areas of pro· 
duction are Kangra District, especially Kulu Sub­
Division. Dalhousie area of the Pathankot Tehsil. Simtl 
District,' Una Tehsil of the Hoshiarpur District, and :llurre, 
Tehsil of the Rawalpindi District. It is estimated th"l 
:the total productiou of the jungle or wild hone) 
is about 5i thousand rna!lnds and that of the dome,sti, 
honey abont I! thousand ma!ll!ds. The total productiOJI 
is in the neighbourhood of 7 thousand' ma!ln(L,. Apart 
Trom this about 2,500 rnaunds are imported from th, 
adjoiuing hill states and N.-W.F.P., the most impOlt"nt 
being the Kangra and Simla Hill States and Jammn and 
Kashmir States, which account for nearly three-fourth 
of the total imports. Thus, the total available supply for 
consumption in this province is about 9,500 ma!lnds. 

Wbile the", are the figUJ'es of total available supply 
of boney in this province, the quantities marketed are 
much less than this. It has been estimated that nearly 
60 per cent of the honey produced in this province' is con­
sumed by the producers themselves and the total snpplies, 
including imports, handled in the organized trade channels 
is about 5 thousand maunds. :lIost important assembling 
markets are Kulu Sultanpur, Dharamsala, Kangra 
Nagrota, Simla and Murree, while the distributing markets 
are Amritsar, Lahore, Rawalpindi, Hoshiarpur, Multan, 
Jullundur, Sialkot, I,udhiana, Ambala, and Jhelum, men­
tioned in the order of importance. Two varieties of honey 
are recognized by the trade-(a) white, and (b) amber or 
dark-brown. Wbite hOlley, which is chiefly obtained 
from Kulu (autumn crop), Chamba and Kashmir States 
fetches a higher price than the coloured honey which is 
obtained from the spring crop of Kangra Valley, sub­
montane districts and the Punjab plains. The other 
factors which affect the price of honey are the method of 
emaction and cleanlineas, consistency or stage of ripeness, 
~. from adulteration, taste, flavour and aroma. 
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loney obtained by squeezing method often contaiJl.l!o 
mpurities like wax, pollen, carcases and juice of crushed' 
)008, dust, dried leaves, etc, Extracted honey is generally 
Tee from these impurities. Thick consistency is considered' 
;0 be better as thin honey is liable to fermentation. Wild' 
leeS usually yield honey' of thin consistency and poor 
keeping quality. It. therefore. sells at a discount. 
Similarly, honey liable to granulation is considered as an 
inferior product b.l' the trade, hut in hill~' areas and among 
smM consumer" thi, is not considered "" a disadvantage. 
The chief adulterants uRed are sugar, syrups, and mOMS"",. 
The adulteration is mostl~' done in the plains. The flavour 
of the honey depends upon the flora system from which 
t,ke bee.< gather the nectar. Honey prodnced by bees fed 
on clovers and soapnut trees is generally mild-flavoured,. 
while honey gathere(i from shisham, barberry and buck· 
wheat is "enerally strong fia voured. 

Though the cmlture of bees in indigenous hives in 
[ntMluotinn and ~~e P~njab is as old as ro~tory, yet ~he 

improvement of lIutratmg of modern d0I!J:(ls~lC bee-keepmg 
dom .. ti, bee· dates back to only eightIes of the last 
keepmg. century, when (Sir) Louis Dane kept bees 

in Kulu in movable frame roves. It was he who as Lieut. 
Governor of the Punjab aroused interest in the industry in 
1908 and himself experimented with swarms of bees. Since 
then many attempts were made to take to bee-keeping on 
modern lines but they all resulted in failure and much 
progress was not made till a Punjab Government research 
scholar returned from U.S.A. after receiving training in 
agricultUl'e and started work first at Raison and then at 
Katrain in 1939. Research work on bee-culture in the 
province has proved that besides hills, bees can be kept 
even in the Punjab plains. At Nagrota, in favourable 
years, a yield of 56 1bs. from a colony has been obtained. 
Similarly, in Katrain Farm, the maximum yield attained 
has been 97 Ibs. and that from LyaUpur F*m 60 lb8. 2 OZS. 

There are three kinds of bees in the' 
Punjab:- , 

l. The Giant honey-bee (Dwmna or Bltand4ur-

1tind.!lof' bees. 
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Apis dorsata F.) It is found in the lower hills and sub. 
montane districts. It builds a single large comb, generally 
on tall trees. which may yield as much as 80 Ibs. of honev 
in a year. It has a ferocious temperament and is prone 

1;0 migrate and is, therefore, unsuitable for modern hive,. 

2. The little honey-bee (Chhoti Makhi: Apis 
fiorea F.) This is common in the Punjab plains. It builds 
a single small comb among bushes and hedges whieh giyes 
1 to 2 Ibs. of honey in a year. It does not live in cd.ptivity 
and, therefore, it cannot be Irept in modern hives. 

3. The Indian honey-bee (Darohla or Jlalll-ll!: 
Apis indica F.) It is nsnally found in hilly tract, of the 
Punjab. It builds parallel combs in the cavities of tree 
trunks. Under domestication it is kept in special "wall-
16OOllses". A single colony yields on an average 8 lbs. of 
honey in a year. It is best adapted for modern bee-hives 
and responds well to better management. 

A bee colony comists of a queen, workers, and drones. 

There is usually only one queen in a colony. She has 
a well-developed sting which is used to kill 
other queens. She lives on an average for 

. 2 to 3 years, and her function is to lay eggs which may 
be as many as 1,500 per day in the active season. The 
eggs are of 2 kinds-(a) fertilized eggs which produce 
workers or queens, and (b) unfertilized eggs which produce 
only drones (males). She leaves the colony only for mating 
or when swarming. The young one destined to become 
a queen is reared in a. special cell and is fed on • a richer 
and more nourishing food called "Roya.l Jelly", specially 
manufactured for her by the workers. 

Bee colony. 

Each colony has a number of drones. They have no 
sting and are usually fed by workers. Their only duty is 
1;0 mate with the queens. Their normal life is about 2 
months but axe usually killed before monsoon and winter • 

.. 1M"jWwkers ~ imperfectly d~veloped females which 
.,usuany do ~ lay eggs, and may be 'as. many as 20,000 or 
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more in a colony and form the m .• in strength of the 
colony. They do a.ll the work pertaining to the well­
being of the uolony. Normally they live for 6 weeks, but 
in winter they may live as long as 6 months. 

The nest is built in the form of a series of parallel 
combs in the cells of which the brood is reared and pollen 
and honey stored. The filled cells are provided with a cap 
-worker brood cells have fiat capping, drone brood cells 
have bulged capping with a hole in the centre and honey 
·cells have fiat air-tight eappings. 

The queen begins to lay eggs with the advent of spring. 
The egg stage lasts ouly for 3 days, larval stage for about 
6 days, and pupal stage 71 days in case of queen, and 12 
and 14i days for workers and drones respectively. When 
the new queen is ready to emerge, the old queen along with 
.a large majority of workers, who have filled themselves 
with honey, leaves the nest on a warm day to start a new 
colony. The whole swarm moves within 2 to 48 hours. 
After swarming fever is over, the bees in the 'parent colony' 
settle down to their work of gathering nectar and pollen 
from flowers. 

During April and May, there is a honey-flow in several 
localities in the Punjab. The colonies should be strong 
just before that. At the end of flow, honey should be 
.extracted leaving 15 lbs. of honey per hive for the bees to 
pass the summer. During summer and monsoon there is 
no honey-flow. The queen lays fewer eggs. Enemies of 
the boos such as wasps and wax-moths become active and 
weather conditions are unfavourable. If there is not enough 
honey in the hive, bees should be fed on sugar and each 
colony should get enongh of it to ma.ke up 15 Ib8. of storc. 
They should also be protected from heat, rain, ants and 
'enemies, otherwise the boos may abscond. 

In some localities such as Kulu Valley and Lyallpur, 
1hete is & second honey-How during Septe!Dber-October. 

In the winter lIOOBon colonies should be protected in 
lrills by packing. Only strong colonies with plenty of 
:honey stores (20 to 25 Ibs.) and a good queen should be 
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allowed to winter over. Weak colonies should be united 
with strong ones. 

When honey-flow has stopped and more than !' to ! 
Honoyex".c'ion. of the honey cells have ~ capped they 

should be taken out and cleaned of the' bees 
with smoke and green grass. Uncap the combs with a hot 
uncapping knife, put two uncapped frames in the extractor 
and revolve it first slowly and then briskly. Honey will 
be thrown onto Reverse the frames and revolve a&;ain. The 
honey should then he allowed to settle down for 3 to 5 
dap' before bottling it. The wet comhs should be given 
back to the bees for removing the residual honey. 

The important plants which provide nectar and pollen 
Pian'" for the production of honey in the hills are-

(a) Plants supplying nectar: shain (Pleatranth1l8 
rugosus): polygonum, sp.: strobilanthes sp. ; 
bhres (fagopyrun sp.); sarson (brassica SP.)1 
kasmal (berberis sp.); tun (Cadrela toona); 
soapnut (8apindus detergens); shisham (Dalbergia 
8i800); puna (Ehretia acuminata); jaman 
(Eugenia sp.); plums; pears; apricots; apples; 
kainth (pyrus sp.); and citrus. 

(b) Plants supplying pollen: maize; sarson, wild 
pom&granate; isapgo! (Plantago sp.); kasma! 
(Berberis sp.); citrus; and wild rose. 

In the plains the important plants are almost all £mit 
trees, vegetables, specially cucurbitaceae, oilseeds, like toria 
and sarson and leguminous fodders, like lucern, berseem, 
senji, etc. 

The natural enemies of the bees are: The wax-moth, 

Enemies. 
wasps, hlack ants, and bee-eater bird (smw 
chiri). 

The caterpillars of the wax-moth feed npon the bees­
wax by making silken tunnels in the combs. To control 
the pest the silken t1lIlIlels and caterpillars should be re­

, moved as often as possible from the combs during monsoon 
and flljlligate' the combs in store with ca.Tbon bisulpliid& 
«~fumes. 
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The wasp can be killed with fly-flapper at the entrance 
<JT by fumigating their nests with calcium cyanide. 

The black ants take away honey, brood and pollen. 
They fight with bees and when infestation is high the bees 
abscond. They can be controlled by placing the bee-hives 
on wooden sta.nds with their legs in earthen cups contain­
ing water. Destroy ant nests in and around the apiary 
by pouring in a solution of potassium cyanide (highly 
poisonous to huma.n beings also) prepared by disaolving 
I oz. of potassium cyanide in 4 gallons of water. After 
pouring in the solution the entrance should be closed with 
mud. 

Bee·ea.ter (sone-chiri) is a migratory bird which arrives 
in the Punjab (Lyallpur) towards the end of February and 
leaves in October. It should be controlled by shooting. 

It is suggested that one should make a start with 1 

How to sta.rt. to 5 colonies and the number can be increa.seIi 
gradually with experience. The hive should 

be located in a place which has plenty ot wild and 
cultivated nectar plants within a radius of 1 to 2 miles. 
It should be protected from wind and should have a 
.good water supply. The hive should be placed 6" to 9" 
above ground and its back should be one inch higher than 
the front. It should face eastward and the distance bet­
ween· the two hives should be 6 teet and the ground round 
.about free of weeds. 

The cost of the total equipment for starting one colony 
is about Rs. 22 and for 5 colonies it comes to about Rs. 94. 
The comb foundation is available with the Entomologillt, 
Punjab Agricultural College, Lyallpur at the sale rate of 
Rs. 3-15-0 peT lb. or As. 9 per sheet. The charges for 
,converting bees-wax into comb foundation are As. 13 
per lb. with an additional requirement of 15 per cent more 
bees-wax tha.n the weight 01 the comb foundation supplied 
in retum. 

The beginners in bee-kooping are advised to get 
practical training at one of th 3 Government Farms-
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The total quantity required is about 230 tnau1id&, 
which can be obtained from 25 full-grown mulberry trees. 
Looves should be collected twice a day-in the morning 
at about 10 and in the evening before sunset. The leaves 
collected in the morning are used for mid-day and the even· 
ing meal and those collected in the evening for night and 
the morning meals. Upto second stage an extra meal 
may he given, while in the last stage only 3 meals are 
sufficient. Each time the worms moult the meals should 
be small and frequent. No food should be given in the 
moulting stage to avoid disturbance. It is eSB6I1tial that 
the refuse leaves and the excreta are removed aIld racks 
kept clean during each stage. 

T:ill recently silkworm-rearing was confined to 4 dis­
tricts of Gurdaspur, Hoshiarpnr, Kangra and Rawalpindi 
and seed used to be imported from France and Italy. In 
1939-40 the production of disease free seed on scientific 
lines was taken up at ·Palampnr. As the demand for seed 
increase,d owing to expansion of silk-rearing to 16 districts 
a second 'grainage' was established at Dalhousie in 1942·43. 
The table below shows the quantity of seed produced, 
number of rearers and the number of villages where rearing is 
done:-

Yea, Quantity of No. of No. of 
seed produced villageo 

1941 . .tJ! 1,554oz8. 1,042 365 

194243 1,959 ~a. 1.297 364 

1943·« 2.313 ()Z8. 1.941 469 

The rearers have now begun to reel the cocoon 
themselves before BIllling 38 they find iii 
remunerative. 150 domestic reeling plants 

are at preRent working in the rural areas where silk 
worms are reared. 

ReeJiJ>g. 

In the case of successful rearing an oz. of ~ 
~" I'rodu!,eB about 14 IIOOJ'S of dry OOCOOQ8. Ali 

the rate of Rs. 30 per _,. which ..... $he 
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rate in 1945 this means a gross income of Rs. 420 in 
about two-month p('riod, which is a good financial helpto 
a small peasant. 

LAC 
Lac is a resinous incrustation produced as a protective 

coating by an inseot known as "Laceifer laoca" which 
feeds on the juice of such trees as be:r, dhak, cMitMra 
or palas, pipal, fig, etc. In purified form this substance 
is known as shellac and is very extensively employed in 
the manufacture of varnishes, polishes and paints, _ling 
wax, bangles, gramophone records, jewelltll'Y and for 
colouring skins, etc. The value of this material is enhanced 
by the fact that no artificial product is known which can 
replaoe it. India holds a virtual monopoly for lac, account­
ing for nearly 85 per cen't of the total world production. 

For successful cultivation of lac equitable climate 
with a rainfall of about 30" is necessary. Lac is, tllerefore, 
mainly produced in the sub-montane districts of Hoshiar­
pur, Kangra, Ambala and Gurdaspur in the Punjab. Una 
teshil of Hoshiarpur district is by far the most important. 
As a whole, however, this province occupies a minor position 
in India, producing only about 200 tons of lac, out of a 
total production of about 48,000 tons for the country. Near­
ly the whole of it is exported, mainly to the United Kingdom 
and United States of America. Besides India's own 
production, until recently the bulk of stick lac (6,000 tons) 
production in Burma, Siam and Straits Settlements found 
its way to India. After meeting the export requirements, 
India on an average, used only 4,000 tons of lac annually, 
'but since the outbreak of war the quantity oonsumed in 
India has increased considerably. 

The cultivation of lac is carried on by the inoculation 
of host plants and cutting the branches on which the lac 
encI'lll!iiations have been formed. The lac insect proiuces 
two generations in a year. During the 'months Of June­
July the new brood appears and begins to crawl on the 
'bmnches of the host trees. M soon as.the insect find8.a 
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succulent twig it punctures h with its proboscis and settles 
down. It sucks the sap of (;he troo and exudes resinous 
material from the pores of its back. Thus each insect 
forms around itself a coveling independent' of others. 
From outside, however, the incrustation gets mixed up to 
such an extent that it looks like one continuous layer. 
After a period of two months the male insect emerges from 
its cell, fertiliZ6.~ the females and dies. The females after 
fertilization grow and exude lac at an accelerated pace 
while eggs ripen in their bodies. During October-November 
the second brood appears and the life-cycle is repeated. 
Each female lays numerous eggs and the insects swarm 
in hundreds of thousands, i.e., lakhs, thus giving the product 
the name of lakh or lac. 

Infection is ca.rri6il out in two ways, i.e., artificiaJly 
and naturally. In the case of first method, a few sticks 
of brood lac, ·i.e., lac from which larvae are about to emerge, 
are tied to the host tree suitably pruned, before hand. 
For October-November inoculation, her trees should be 
pruned in June. When swarming has finished, the brood 
lac sticks should be removed from the tree and lac 
scraped off. For natura.! infection, all or a part of the lac 
enorustation on the host plant is left on branches and 
larvre ai'ter swarming settle down on new shoots and 
branches. 

There are two crops of lac in the Punjab-Katki and 
Hari. In the case of former trees are infected during 
June-July while in the case of latter in October-November. 
Harvesting is done in summer from :first June to 16th July 
and in winter from 1st Ootober to 15th January. After the 
lac-bearing twigs and branches have boon cut from the trees, 
lac is scraped from them and sold as stick lac. After dry­
ing for a few days, the freshly-scrapped lac is winnowed to 
separate pieces of bark, w~ and o~her extraneous matter. 
It is then passed through sleves of dlfferent meshes so as to 
grM&.it. The cJoo.ned lac is then washed by sprink:lillg water 
~_ it :and working the material vigorously :mdar the feet. 
Lar 01(; mere water is added and ai'ter Working it is allowed 
to sIiiiDlI. i ·'rhe gra.inS of lac settle down and impurities float 
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on water. The water is then strained and pana (seed) lac 
is obtained. After one washing, however, grains still contain 
some colouring matter and to get rid of this, second washing 
is necessary. In this case sometimes sokaga, (Borax), saji 
or soda ash is also added in small quantity. The pana 
after this washing is spread out to dry. Med lac is about 
66 per cent. of the weight of stick lac. 

In aider to prepare shellac the resin is extracted from 
th~ seed lac either bv mea.ns of suita.ble solvents in a factorv, 
or by melting the sOOd lac filled in long cloth bags over fir~. 
The lac oozes out after melting and is removed with a blunt 
knife on to a fiat smooth stone slab moistenod with water. 
The molten resin is stretched into a thin sheet which 
after cooling is broken into small pieces. For manufactur­
ing button lac the stretching proooss is dispensed with and 
molten lac is shaped into circular button-shaped cakes. 
Resin and orpiment are added for preparing various grades 
of shellac. 

The yield of crude lac' varies with the type of tree. 
I Ber tree might give only about 8 seers, while 
ocame. pipal tree as much as 20 seers. On an 

average, however, a yield of lO seers per troo can be safely 
expected. Taking the price at Re. 60 per maund, a tree 
would giV{l a gross return of Rs. 15 per annum. . If a 
zamindar owns about 20 trees, his gross return would be 
somewhere near Re. 300. This is practically his net income, 
because, the cost of lac cultivation to an ordinary farmer own­
ing 10 to 20 trees and possessing his own brood lac is prac­
tically nothing. Pruning and inoculation of trees can be 
easily attended to by the cultivator himself with the help 
of his family members. 

DAIRY FARMING 

Milk contains in a highly digestible form all the_ essen-
)lilk Food tial constituents of food-proteins, carbohy-

.. . drates, fat, mineral :matter and vitamins, 
required for the growth and maintenanoe of the body, It 
is, thus. Ii comphlte food far children and an excellent 
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complementary food for all ages and conditions of life, 
especially for the old, invalids and pregnant and suckling 
women. 

The following figures give the amount of milk consumed 
in India and some of the other advanced countries of the 
world:-

t:ountrJ Milk consum.ed per head per day 

Finland 
Newzealaud 
AustraJia 

63 
66 
45 

Great Brjrnin 39 
R&~ M 
Germany 35 

India 

If the above countries were our only standards then 
India comes off very badly. The figures for China. and Japan 
are not easily available, but in the latter country though 
highly industrialized the consumption of milk is very sma.ll. 
As explained elsewhere in this book we advocate grain and 
vegetable production as priority No. I for India. 

In spite of this India noods to be more efficient as a milk 
producer. "India has as many milch cattle as Europe includ­
ing Russia "but the production of milk is only 20 per cent of 
that of Europe. Both, the type of animal kept is poor and 
the feeding unsatisfactory. Milking capacity is de"termined 
by inheritance. Selective brooding gives the beilI; results 
combined with proper feeding. 

The following figures relate to pre-War ool'1ditions:-

Milk yield. per animal C08t of Overhead ec.t per 
. per day Feeding <>Iuuges see,. 

.-----
Seers R .. :,..p- '~.a..p. Rs. a. p. 

0 7 3 0 3 0 0 ., 0 

10 0 9 S 

I 
0 3 0 0 I 3 

li 0.,12 0 0 11 0 0 I 0 

iJt/··,: .. ;. 01. '1) 3 0 0 o 10 

;hl !!mt~i '. 
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It would be observed that higher the milk yield per 
animal, the lower is the cost of production per seer. The 
improvement in the milking capacity of our animals calls 
for a country-wide campaign in favour of systematic breeding 
and feeding on improved lines. In this connection it would 
be interesting and inRtruetive to show the improvement 
made in the Lrallpux College Dairy herd during the last 30 
years:-

_____ 1_·,_,_' _____ lyIELD rEB. DAY 'PER A"NllItAL (1:S rOUND') 

I COW$ ! Buffaloes 
1914-1;') 
1919-20 
1924-2.') 
19ZH·3(1 
1934-3.5 
193,).46 
194-4--45 
1945·46 

::! ~:: 
I 9.()!l 

::.[ 11.4 
}t>.53 

::1 ~~:~: 
16,04 

12.fi9 
Iv.52 
I2.37 

Buffaloes give milk with 50 per cent more rat than 
cows and have for generations been SUbjected to selective 
breeding. The average standard in the case of buffaloes is 
much higher than in that of cows. 

There is much room f(¥J improvement here*. One 
of the first reforms must be elimination of 

Milk marketing. cows and buffaloes keeping in town areas. At 
present more than half the milk consumed in our towns is 
produced on the spot. We need more distributiou centres, 
better trallBport arrangements and a law to penalize water­
ing and adulteration. As milk will remain a very vital and 
important food for towns the reorganization contemplated 
here is long overdue. 

POULTRY KEEPING 

The total numoor of poultry birds in the Punjab 
during the year 1944-45 was estimated 3.7 million. Of 
this about 1. 7 millions were hens, 0.4, million cocks and 
1.6 millions chickens. The numoor . of ducks, drakes 

.86$ Report on Milk Marketing in India &nd Burma. COl' further details. 
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and ducklings is less than 50,000. In spite of such a large 
number of birds, the production of eggs is low, viz., only 94 
million eggs. Throughout the province, mostly desi hens 
of mongrel type are kept, which produce annually about 55 
eggs each. Production is very low in compa.rison with other 
countries, as shown below:-

Country Average numher of eggs pl'oou{'ed pr-r hen 

:SetherJands 
Northern Irela.nd .• 
Irish Free Sta.te .. 
England and Wales 

Scotland 

Belgium 
Estonia 

Japan 
India 

per annum. 
125 

12:': 
121 
12(t 

llB 
llS 
108 
103 
50 (Delli hens only). 

The important districts where poultry is kept in the 
Punjab are Rawalpindi, Jhelum, Attock, Gujrat, Multan, 
Dera Ghazi Khan, etc. From some of these towns, large 
number of eggs and birds are sent to large cities and towns, 
such as Lahore, Delhi, Karachi, Bombay, etc. It is, how­
ever, a well-known fact that the quality of our eggs and 
poultry is low and tha vast majority of poultry is kept by 
the lower classes of people and not by cultivators as in China. 
Even these classes of people do not purdue this occupation 
as their main occupation, but practise it as a subsidiary 
industry and this is probably sound. The majority of far­
mers regard poultry-keeping below their dignity and others 
avoid it on .:religious grounds. 

. Poultry-keeping is, thus, in a sadly neglected and back-
ward condition. The main reasons for this are:-

(I) defecti,'e feeding and keeping conditions, 
(2) lack of well-defined breeds of poultry, 
(3) diseases, and 
(4) defective marketing practices. 
~tiva housing, feeding and breeding are also 

l'eII~ for the low qualities of poultry birds in the 
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Pllnjab. The ordinary poultry house.or khudda in a village 
i~ nothing short of a death trap. The poultry house 
(khwlda) is seldom cleaned and is, therefore, a veritable 
store house of diseases. Tokras and chhikus are also used. 
Thongh better than khuddas, they expose the birds to 
enemies and rigours of the elements. Essential principles 
of housing in the case of fowls are dryness, protection from 
eu.emies and natural elements, ventilation, freedom from 
parasites, ease of disinfection and economy. A simple 
house, made of iron aud cement, will meet all these require­
ments. In order to a void the extremes of heat or cold, a 
thatch-covering should be provided. It should be able 
to accommodate oue cook and 12 heus. 

The general sy&'tem in the villages is to let the fowls 
food for themselves ou whatever they can pick up from 
the kitchen refuse, the village dust heap or the cattle yards. 
Young chickens are given some grains for feeding, but as 
soon as they are big enough to roam about they are left to 
eke out their sustenance for theIllJ!Clves. Without. proper 
feeding it is impossible to improve the poultry. 

The common fowl, met with in the village is mongrel, 
which answers to no single description and possesses no 
definite qualities or characteristics. The only redeeming 
feature of this fowl is its hardiness to withstand diseases 
as compared with the imprOVed foreign breeds. 'rhe main 
task of poultry breeding research in the Punjab, therefore, 
is to select fowls of promising traits and hy careful breeding 
and continuous selection evolve distinct breed or breeds. 
which will answer to definite points of quality and utility. 
Two such breeds, namely the Punjab Black and the Punjab. 
Brown have been evolved at the Gurdaspur Poultry 
Farm. The improved Punjab Black is essentially an 
egg-laying strain; though its body weight is also somewhat 
heavier than the average village Mongrel. This type of 
fowl gives an annual production of 81 eggs against 46..\lggs 
from the village Mongrel. The average weight of egg is 
also slightly higher. Average body weight of male is 5 lha. 
2 ozs. &8 against 4 lbs. 4 ozs. of a Mongrel. The improved 
Punjab (Reddish) Brown is essentis.lly a ;able fowl though 
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its egg laying capacity is also wtter than DeBi hen-68 
"8 against 46 eggs. Average egg weight and bodv weight 
are also higher. . 

Although these strains have been evolved, yet they 
have not attained any commercial importance in thi, 
province. The famous "fighting cock", Asil, is found ill 
scattered mannel' in some di.,tricts of the Punja.b, especially 
those in the South·West suc,h as Multan, Muzafrargarh, 
Dera Ghaz; Khan, Mianwali, etc. This breed is kept mainly 
for its fighting quality. It also forms a superb table fowl. 
Asil hens lay very few eggs (only 35 per annum) and are 
inclined to excessive broodiness, but they are good for 
hatching purposes. The Chittagongs have also been 
introduced in this province. Their nnmher is. however, 
small. It is a dual purpose breed. The size of egg is, 
however, smaller than that in the case of desi hen. 

'l'he four breeds of foreign origin found in the Punjab, 
viz., the W11ite L<lghorn, the Black Minorca, the Rhode 
Island Red and the Light Sussex, have no commercial 
impOltance at present , though SOUle poultry keepers keep 
these breeds. Under better housing and feeding conditions 
these breeds lay a larger nnmber of eggs than the 
desi fowl, and some of them, viz" the Rhode Island Red 
.'lnd the Light Susse« form superb table fowls. They, 
however, cannot withstand the severe local conditions to 
the same extent as desi fowl. They are also more prone to 
diseases. While Black Minorca is noted only for large size 
<Jf eggs, the White Leghorn also lays higher number of eggs. 
The latter is also a hardier breed and can stand village 
'eonditions comparatively better. Pure white colour of 
the chicks is, howevoc, a great attraction to t:D.e kites, 
hawks, and crows and unless the young ones are protected, 
losses from this source are likely to be heavy. 

The incidence of disease constitutes another "hie! 
factor responsible for. the poor oondition of the Punjal 
fowl. The ~dication of di_ from the poultry popula 
~i!8 !»;Ie'o~ the outstandirig proble~ that await solution 
"Boouli'het" IS tJie most dangerous disease. Fortunawly 
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inoculation has recently been discovered which is said to 
00 very effective. 

The marketing of poultry and eggs is very ·defective. 
The produce is marketed in dirty condition. In the egg 
trade, ordinary tokri made up of pikhhi, mulberry 
sticks or bamboo, is the chief container used even for export 
and import. Eggs are put in the baskets without any 
stuffing material. This results in hea "y losses in 
transit. The agencies in the system of distribution are 
also very expensive with the result that the producer gats 
" low share of the consumer's rupee. There are no recog­
nized market standards for sale with the results that the 
quality fetches little or no premium. With a view to 
improving the conditions of the poultry industry, it is 
essential to put the trade on sound lines. 

A large amount of food goes to waste in all parts of 
Futu,e Policy. the province where poultry are not . kept. 

On the other hand if large numbers are 
kept by the individual and, regular feeding given, the 
cost and incidence of disease is high. The best policy 
is, therefore, to aim at each cultivator keeping from 6 
to 12 birds only. Some form of moveable coops, whereby 
gleaning after harvesting could be partly left to fowls, is 
needed. Then again in areas where poultry keeping is an 
important industry we need to develop artificial incubation 
of eggs. In China as many as 3,000 eggs are hatched: at 
one time in low-roofed huts with charcoal or kerosene as 
~he. only heating ,mechanism. The chicks are sold for 
rearing by farmers. There is muoh scope in the Punjab 
ror development along :he.se lines. 

SHEEP AND GOATS 
Sheep and goats form an integral part of the rural 

economy of the Punjab, as is elear from the fact that their 
number constitutes about one-third of the total liV1lStock 
population of the province and they form the second 
biggest group after the bovines. Accordirig to 1940 Census 
there were 8.8 million sheep and goats in the Punjab, the 
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number for the sheep being 5.3 million and that for goats 
3.5 millions. Though these animals are found in every 
part of the province, yet from the point of view of density 
in relation to human population and area they are con­
centrated more in the North and South-Western portion 
of the Punjab than in other areas of the province. Their 
ntlmber. is lowest in the Central Punjab districts, whilst 
the Hariana and Malwa tracts occupy an intermediate 
position. The provision of meat (mutton and goat flesh) 
for human consumption constitutes the most important 
aspect of the bovine industry in the Province. This is, 
however, most expensive, as nearly one-third of the total 
population of sheep and goats are killed every year for this 
pnrpose and the heavy drain is made good partly by imports 
from the neighbouring territories of the North-Western 
Province and partly from large number of births. Goats 
arc also valuable milk yielding animals. Their milk con­
tains about 4.5 per cent fat and it is stated that its casein 
is digested in one-third time required for the digestion of 
cow's milk and that on the addition of five per cent sugar 
it becomes identical with the human milk. Its ,fat globules 
are also smaller than those in the cow or buffalo's milk and 
are, therefore, much more easily digested. Goat's milk has 
also an alkaline reaction during digestion, which is not 
true of other milks. This is a valuable property, for it 
helps to kill germs found in such diseases as common colds, 
influenza, etc. Goats eat a variety of food which imparts 
valuable properties to their milk. It is very rare indeed 
that goats are affected by tuberculosis. TheSe factors 
increase the value of goat's milk a good deal which is thus 
highly suited for children, invalids and aged people. Apart 
from meat and milk, sheep and ~oa.ts provide valuable 
manure, wool, hair, skins and guts. 

Sheep and goats are largely kept by poor and illiterate 
class of people. The higher classes of zamindars consider 
it below their dignity to own these animals. They are 
also very destructive to the ordinary farm crops, small 
tT!les and ,shrubs, if allowed to roam at large. Besides, 
these ~ especially sheep, are very susceptible to 
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diseases and require special care. For these reasons they 
are not generally popular with the ordinary farmer. How­
ever, some of the nomadic graziers and gujjars in the 
towns possess sheep and goats of high quality. The 
BiJcaneri sheep pOSSOOled by the wandering tribe of Ods 
in the Malwa tract and Gaddi sheeps by Gaddis of Kangra 
hills are notable examples. The Bikaneri sheep yields 
large quantity of wool and the Gaddi sheep produces best 
quality wool which is used for the manufacture of the 
famous Kulu whis and pattis. The chief wool market 
for Bikaneri wool is Fazilka. During the war the blanket 
industry has developed a good deal at Panipat, with the 
result that this has also become an important wool market 
now. The system of wool marketing, however, requires 
considerable improvement. At present wool of various 
colours clipped from different parts of the body is mixed 
togeth,r and sold in the market. If, however, wool of 
different colours is kept separate and is removed from the 
body of the animal after washing it, it would bring better 
return to the wool prodncers. Further, the wool from 
lambs should be kept separate from that of full-groWIl 
sheep. The body wool should also be kept separate from 
that obtained from other parts of the body such as legs 
and head which is courser and shorter. 

" There are several kinds of goats in the hills and in the 
Punjab plains. Of these, Betal or Jamna Pari is the most 
important. The hill goats give low milk yields but their 
hair is valued for making ropes, bags, mattresses, etc. 
The Betal or Jamna Pari breed of goat is mostly kept for 
milk production. Its hair is short. The colour is genera.lly 
red tan and black. - It gives two to four pounds of milk 
daily. At the Hissar Cattle Farm the Jamna Pari goats 
are also being kept for purposes of breeding and research. 

With a view to supplying good rams for the improve­
ment of village flocks the Punjab Government have evolved 
a breed known as Hissar dale by crossing the imported 
Merino rams with the loc.a.l Bikaneri and Bagri ewes, 
These are being distributed in the Punjab to bona-fide 
breeders at special rates. Besides this, about 158 sheep . 
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breeding units, each consisting of 50 ewes and one ram of 
improved type have been distributed to the bona-fide sheep 
breeders in the province on a system by which a proportion 
of the young become the property of the breeders. In 
order to bring about rapid improvement in the sheep and 
goat keeping it is, however, essential to intensify the work 
further. 

Large flocks of sheep are moved during the summer 
Fntm" po"ibiH. to graze in the Himala. yas in Ka.ngra and 

Ii.,. Kulu, etc., to utilize pasture which would 
otherwise be wasted. In the autumn these are brought 
down to the· Punjab plains. If we could develop 
a cold storage and export business for frozen mutton 
and lamb there would be a good scope for stall feeding 
sheep in the plains. The sheep would he bought in October 
in Kangra and railed to the colonies and stall fed. It takes 
10 Ib8. of dry matter to get one pound of muttilll----Ao this 
processing would reduce the exportable surplus of say 
gram and convert it into much more valuable and concent­
rated food in the form of meat. An export trade is essentisl 
to evolve such an industry to stabilize itself and progress 
normally. A very much larger number of sheep could be 
grazed in the Himalayas if there was a regular outlet 
for the sheep for winter feeding in the plains. 



APPENDIX 
ESTIMATED INCOME AND EXPENDITURE FROM DAIRY 

FARMING FROM ONE SQUARE OF LAND. 

Assumptions-
1. Land is owned and canal irrigated. 
2. Distance-7 miles from a town where milk i~ to 

be sold. 
3. Young stock not to be reared. Replacement tl> 

be made by purchase. 
4. Only green fodder to be raised from land, other 

feeding stufrs to be purchased. 
Land-
One square (28 acres) 
Area under roads and buildings 
Area under fodders 
Intelll!ity of cropping 

Avera.ge yield of fodder crops (All 
crops cOll8idered) 

Total area. of fodder grown 

3 acres. 
25 acres. 
120 per cent (on 
the ba.sis of fodder 
area. of college 
dairy, though under 
zamindara condi­
tions it is less). 

350 mds. per acre 
(on the basis or 
fodder area. of col­
lege wiry). 

25X120 
100 is equal to 

30 acres. 
Total yield of fodder .. 30 X 350=10,500 md3. 

. say 10,00Q md3. 
Fodder required for one head of cattle daily 25 seers. 

IO,QOOx40 
The No. of cattle that c8.n be fed . . 25 X 365 =43. 

555 
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The details of d aimal& are give" bel IW:-

Cows 35 
Bullocks 6 
Bull I 
Tonga. pony 1 

The youn,; stock is not inclnded 
because it has to be disposed of a.s 
soon as weaned at birth if possible 
or at the age of six months at the 
most. 

Total 43 

J",itial.6xpenditure- Rs, 5. Rs. &. 

(1) Livestock: 35 cows at &8, 300 each .. .. 10,500 0 
6 bullocks, at &8.400 each 
1 bull. at. Rs. 500 ea.cil _ . 
1 Tonga-pony. at &8.300 each 

(2) Buildings (K~ha building with pa-Ma ftoon). 
Cow sbed for winter 1?:6' X 16' (3' manger, 5' stand-

ingp1s(IfI, Ii' gutter, at' pa$88ge. 3' waJls) Rs. 2 
per squa.re foot 

Winter sbed for bulloob and pony-
15' x 31' at Re. 2 per square foot. .. 

Bull shed (roofed portion) 15' X 10' at Rs. 2 per sq. 
ft. .. .. .. 

Milk recording room (kacha, pa-coa) 12'x 12~. at 
&8, 5 per sq. ft. . . 

Wa.shing room, (kaoha, paeca) 12' X 12'. at R8. 5 
persg. ft. 
Enol()Sure walls, etc. 
Two BWre,g 18' x 18' each at Rs. 2 per sq: ft. 

{3) Cultivation ma.chinery and implements, etc. 
3 Desi pl()ughs~ 4 yokes. 1 Hindust&n plough, 

2 LyaUpur hoes. 1 bar ha.rrow. 1 Sokaga. a.nd 
1 karah 

2 Carts at &8. 400 each 
1 bullock gear chafi'·cutter 
1 tonga. 
HandtooIs 

(.4) C:;~:J:~~:n~~~h::c~quipment-
20 buokets a.t B.s. 6 each 
3 milking pails a.t Re. 15 each 
1 D&iry herd recorder at Rs. 90 
1 stl'a.iner at &S. 50 . . . . 
10 Milk cans of various oapaoities at Rs. 40 each ., 
1 tatooing set .. 
Ropes. bags. a.nd other miscellaneous goods 
6 wooden mangers at Rs. 50 eaoh 

2,400 0 
500 0 
300 0 13,700 0 

4,032 0 

930 0 

300 

720 0 

720 
500 

1,296 8,498 0 

200 0 
800 0 
600 0 
600 0 
100 0 2,300 0 

350 0 
12{) 0 
45 0 
90 0 
50 0 

400 0 
100 0 
300 O· 
300 0 1,755 0 

TotM .. 26,253 0 
or Say: 26,500 0 
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.r~ptMifu,e Per A"' • .....-
(I) Interest on RI. H,MO at , pet cent. 

(2) Depreeia.tion: 
12 per cent, on &.13,700 (HV68tock) .. 
61 per cent. on Re, 8.498 (Buildings) .. 
20 per cent. on Rs. 1)0 (ploughs, yoke!il. 8ohaga) 
]0 per cent. on kB, 2.110 (otherimplementJI) .. 
10 per cent. on RB. 685 (pails. ca.ns, tataoing set 

Btre.iner .. nd dairy herd reeorderJ . . . . 
20 per cent. on B.s. 300 (wooden mangers) 

(3) Ft.t.diW; StU!!B : 
(i) Green fodder 

Waterra.tes 

lis, as. 

1,644 0 
566 0 

18 0 
211 0 

68 
60 

R., 
75 0 

ao 0 Revenue at lb. 5 per acre 
Seed at Rs. 8 per &ere 240 0 ----

Iii) Concentrates 800 rnds. at Rs. 6.8 per Old. 
(iii) Bku8lJ at 4 seers per animal dally 

1,570 mds. at Ra. 1·8 pt:ll' maund .. 
(iv) Common plt 25 mds. at Rs. 2·10 per maund .. 
('1) MedicineA, etc. 

e') Labour-
S milkera. 2 men for (lultivati()Q, 3 men for fodders 

s.t Rs. 30 pel' mouth ea.ch 
2 sweepers at RI. 25 per month each .. 
I delivery ma.n at Rs. 80 
Caaua.118,bour 
1 munllhi at &s. 3D 

(5) M .,uUanwua Expe1&lu 

6,200 0 

2,355 0 
66 0 

100 D 

~.880 0 
600 0 
360 0 
150 0 
420 0 

~:~;'5 ::~. c::~. ~:~gotools. ~8~k6~'8 ) 575 0 
Soda. Fue). Stationery. Soap. Kerosene oil. t 
RII.40 Rs. 150 Re.20 Ril. 10 Rs. 7(l , 
Repairs to buildinglJ. Implements. 2;')0 0 
Rs. 200 R.!I. 50 

R" 
1,060 

2,567 8 

435 0 

7,721 0 

MID 0 

Other misoeU&neOUII expenses 100 0 925 

Total: 
Total Erpenditure. Or S$.y: 

lnrome Per Annum-
3,000 lbs. milk per oow per year in addition to tha.t 8uckl;!d by 

the calf, •• Re. ·/2/3 ""rib. . .. 
25 ca.lvea at RII. 10 each (manure ill to be &dded to 

lioldB.) 

Balanct-
Income 
EXJl"nditare 
Ne.tlon 

Toto! ,. 

Re. a. 
" 15,016 0 
" 17,200 0 

2,184 0 

17,138 8 
17,200 0 

Re. a. 
14,766 0 

2500 

15,018 0 
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Income and Expenditure from arable farming in one 
square canal irrigated land under direct cultivation, 

Eguipm.ent requi,.ed : 
(I) Liveatock: 

4 bullocks at Re. 400 each 
(2) Dead stock Implements; 

,: {Hindustan plough 

~:~ ~::l~~~:!!~:~ilJ 
! Lyallpur hoe. 2 at R$, 12/8/. 

1
Mu •• a plough., 2 .t Its, I. 

~ Panjalies, 2 at Rs. 8-8 
o Karah 1. at Es. 20 
~ Sohaga 1 
~ Fodder outter at Rs. 40 
~ Bar-harrow 1 

One big Panjali 

~ ~ w{Cane orusher 
r$:&t ,s Pan and grating 

Hand tools 

_Crop. A .... 
(acres) 

---
Sugarcane 

Maize-
Grain 
St&lks 

DmCotton • Amerie&n Cotton 4. 
Co't'tonaticKS 

Khan! fodder 2t 

Wbo4t-
Gmn 12 
Bhus& 

Gram.-
Groin 
Bhus. 

Poria 2~ 
Rabifodder 2" 

YIeld 
por 

acre. 
(Md.,) 

40 

20 

16 
24 

12 
12 

R., ., R., ., 
1,6000 

25 0 
400 0 

12 0 
25 0 4<12 0 

28 0 
17 0 
20 0 
20 0 
40 0 
23 0 
14 0 167 0 

~ 
60 0 460 0 

211 12 

Tota.l 2.900 12 

INCOME 

Total I YIeld. Rate Tot.l J 
permd. amount 

(~fda ) 

-_- ------------
Rs. a. Rs, ., R., ., 

40 9 0 360 0 

20 6 0 120 0 
25 0 

3t II 0 38 8 
31

1 \ 
16 0 ,50' 0 
10 0 ,,0 0 

per acre 
15 0 300 

per kanal 

192 1,632 
288 432 

24 156 0 
24 24 0 

22! 14 0 316 0 I 250 4000 
per koxall--- 4.366 

Oraay •• 360 



EXPENDITURE 

(1) MlI.nuall&bour-
(a) Permanent B men 110 year @Rs. 360/. each 
(b) Casua.J (Payment in Jdnd) .. .. 

Whea.t-
16 bundles, Gra.in 6 mils •• ]6 JrJ, a.t RB. 8.8 pt't maund 

Bhuss.-
9 m.d.t. 24 4r1. at Rs. 1·8·0 

Pioking of ootton 1/10 lihare , . , . 
Winnowing of wheat a.t 2 lira. per md .. (9 mfb. 24 8r8. at 

R,.8·8) 
Gur to Jhoka-

It Br. pe' .. d. (11 .. d.) 

(2) Upkeep of Bullock&-
Interest a.nd depreoia.tion lot 16 pel' oent. Rs. 1,600 
Conoentratell at 2 Bra. per bullock per day (for 120 days 

24 mdl\. at as. 8) . . . . 

~::! f~~:'r ~rkb:ll:a:~ (fi'o 8;:a~~~ ;:.iLs) 
Miscellaneous (salt. medil)ines, etc.) 
Interest on bullock.shed 61 per cent. 

(3) Im:plement.s a.nd han<l toola- . 
Depreoiation on Rs, 462 at 10 per oent. 
Depreciation on &s, 167 at 20 pel" cent. 
Deprecia.tion on cane oruliher at 10 per oent ... Rs. 40 
Grating and pan a.t 20 per (lent. . . Rs. 12 

Ea. 62'" 

-Thill is to be divided by f) !loS one orusher can crush 5 a.cres 
orop in It Beason 

Rs ..... 

M 6 

14 
44 

81 10 

12 0 

256 0 

192 0 
320 0 
165 0 

20 0 
51 • 
46 3 
33 6 

10 6 

r .... """ 52 0 

all. a. 

1.080 

216 II 

1,004 5 

Bepair.$ and replacements 20 0 161 16 

(f) Seed-
Whflat 8 md.oJ. 16 "e.erll at Re. 8 a. mtlund' 
Gram 32 ItelW8 at Re. 6 per maunQ 
Suga.reane 16 mar-las •• 
Cotton Beed 1 md. a.t Re. 8 per t'1t!JUM 
Maize 8 8eers at Re. 5-8 per mat£nd 
Chari Ii '?1ti. At Rs. 8 per mtJuncl .. 
Gua.ra. 20 geerq at Rs. 8 per matmd 
TOM. 6,. 8efJ"" at Rs. 14- a maund 
Be1'8oom. 16 Burs at Rs. 1-8 per .seer 

to} Village a.rtisan. 
(6) Water rates 
{7) Land revenue and CeB8eS 

Balanu­
Gl'OPInoollle 
Ol'08S ExpenditUre 
Not Income 

67 0 
5 0 

32 0 
8 0 
I 0 

12· 0 

" 0 
2 3 

2f 0 ---- 155 3 
40 9 

121 10 
140 0 "_._--

Total .. 2,91912 
!:!!.!!:L.:.:.. 2.112f) 0 

.. 4,380 Ii 
•• 2,930 Ii 

.. ~ 
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GLOSSARY OF VERNACULAR 
TERMS 

Abi-Land watered by lifts from 
tanks, pools, marshes or 
fltreams. 

Abiana- Water rates. 
Adrak--Ginger (Page 31"). 
Akasbel-Cuscuta (Cuscuta reftexa). 
Anhi Godi-Blilld hoeing. A 

hoeing (generally given to 
sugarcaue) befor~ the hoots 
appear above ground . 

.dIlJan~ A nutritious grass (Page 
415). 

Anna-One sixteenth of 
Rupee. 

..4"har~Pigeon pea (Cojanu8 
lnaicus) (Page 293). 

Arhiya-A commission agent 
in a market. 

Arli·-Wooden or iron pin in a 
yoke to prevent bullocks fr~ml 
getting unyoked (Page 111). 

Arvi-Arum (Page 377). 
A,i!-A breed of fowls well 

known for its fighting qualities. 
.Ata-Wheat or any other grain 

Hour. 
Baa.hah-A king. 
Bugri-A type of sheep (Lit. 

¥i;:namllg to 'B'iI:~a1, 'a ttaiC't. 
bordering on Bikaner). 

Baguri - A hand hoe for blind 
hoeing sugarcane (Page !lS). 

Bahadu,i- Gram caterpiller (Page 
3(0). 

Baingan-Brinjals (page 369). 
Bair-(Also . B",k). A drum in 

persiah wheel carrymg the 
maid, i. e., bucket chain (Page 
142). 

&jra--BulrUEh or spiked millet 
(p...m..eum tlfphoideum) (Page 
.278). 
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Bajri-Small seeded bajr •. 
Bakarbe!-Lehli, a weed (Page 

217). 
Ba!i--A type of Kodra (Page 

284l. 
Balkhi Tambaku-A type of 

tobacco (Page 480). The s.me 
aa Gobhi tambaku. 

Balii- Bucket .. 
Banaspati Gnee-GhE''' prepared 

artificially by th e hydrogenation 
of vegetable oils. 

Bana Gobki--Cabbage (Page 361). 
Bania--A caste of Hindus usually 

doing business. A villase shop­
keeper or a money~]ender. 

Banjar-Uncultivated land. 
Bar-An arid trBct. 
Bara (Rice)-T.be l3ame 8S 

Hammj. 
E&ra (Soil)-A hard type of 

lH nvy alkaline Eojl, V€lY 

impervious \0 water (Page 42). 
Barani-Dependent on rain . 

Unirrigated. 
Bari (soill-Soil similar to bara 

but less hard. 
Barfi---Gur in the form of 81. be in 

".mg\e \o.-yet \~"ge ?l~). 
Baru-A weed (p ge 210). 
Basin---Gram 60ur. 
Bmmati-A fine variety of lice 

(Page 255). 
Batai--The system of farming 

where the rent is a. cert:lin 
proportion of the produce, c. f. 
Metayey system. 

Bathu-A weed (Page 215). 
Bauplwli-A we<d (Page 214). 
Begar-Compulsoty labour. 
Bela (Riverl-Uncultivated piec •• 

of land lying in river bed.. ' 
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Bekha-A type of spede (Page 
113). 

Belna-Caoe cMlShing mill (Page 
102). 

Bengals--Commercial name (f & 

low grade Indian Cotton. 
Ber-Zizyphus Jujuba. 
BeTh-See Bair. 
Berrara-Wheat and gram mixture. 
Berseem-Egyptian Clo,"er, a 

fodder crop (Trifolium alexandri 
num) (Page 463). 

Bet-Riverain tract. 
Betal-A type of goat (Page 553). 
Bhadwari-Pertaining to Bhadon, 

a month in Indian Calendar 
comprising later half of August 
and earlier half of September. 

Bhalcra-A weed (Page 214). 
Bhandaur-The giant honey bee 

(Page 536). 
Bhang-Indian hemp (Page 501). 
Bhari-A bundle. 
Bharola.-A cylindrical mud·bin 

used for storing grain. 
Bheli-A lump of gar (Page 318). 
1ihindi-Lady's finger (Page 374). 
Bhres-(iFygopyrom sp.) 
Bhugat-A weed (Page 215). 
Bhurat-A weed (Page 214). 
Bhma-Straw crushed ani 

broken into short lengths bv 
trampling with bullOCkS during 
the process of threshing. 

Bhusa missa-Crushed gram stIlLW 
after threshing. 

Bilmneri-A breed of sheep. 
Biri-A type of cigarette in 

which tohacco is wrapped in 
a leaf. 

1Jora-A large-sized bag used for 
transporting cotton, etc. (Page 
430). 

B"khari-A store made· by 
canstr Jeting two mud-walls 
in .. oomer of a room. for 
.~ grain. 
~. earlih ridge dividing 

tlV9 D<l!~ or irrigation beds 
>. 

(Kiaras or kiaris). 
Buin-A weed (Page 214)., 
Oandy-The Bombay candy of 

cotton is 784 Ibs or 9! mds. 
of lint OT two bales net. 

Ohai-Tea (Page 490). 
Cho.hi-WeU-irrigated. 
Cl.et-15th of March to 15th of 

April. Name of an Indian 
month. 

Ohak-A group of rectangles or 
squares in Canal Colorues: 
practically equivalent to 
village. 

Ohakki-Grinding mill. 
Chakla-Horizontal gear wheel 

in persian-wheel (Page 142). 
Ohakli-Vertical gear wheel in 

persian wbeel (Page 142). 
Ohaku,-A form of gur in the 

form of r:;labs with three or 
four layers which ca:p. be 
separated with • sharp-edged 
knife. 

Ohana-Gram (Page 296). 
Chandni-A weed (Page 219). 
Ohapati-A thin unleavened cake 

prepared from wheat or other 
type of flour. 

Ohagander-Beet (Page 366). 
Charas-A resinous substance 

exuded by Indian hemp (bhang) 
after spontaneous rupture of 
the bark just before the 
maturing of ~ ftowers.. It is. 
smoked as a narcotic. 

Charkha-A spinning wheel. 
Ch'q"a-A leather bucket used 

for lifting water for irrigation 
purposes (Page 150). 

Chawal-Rice (Page 253). 
Chau,sera-A form ofgur in b~ 

of four seers each (Page 319). 
Oheena-·Poni,um miliaceuin (Page 

283). 
Ckhaj-A special type of haslret 

us:d for winnowing. 
Ohh.u,-Method of .owing by 

broaJc ... tiag the sead. 
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CMikku-A kind of basket. 
Chhiklis-BuUoek muzzles. 
Chirwa-A preparation in which 

rice is boiled in water, sub­
sequently left in thi, water for 3 
or 4: days and then pressed Hat 
by means of a pestle. 

Chow- Wooden breast or 
mouldboard of munah plough 
(Page 72). 

Chhoti makhi-The little honey 
bee (Page 539). 

Chuha-ramha-A hand tool for 
digging holes in the gronnd. 

Presidenc.'io' growing American 
Cotton ,ince 1860, (P. 132). 

Dhaulu-A loral type of sugar­
cane (Page 308). 

Dhaulp"uZi-A weed (Page 214). 
Dhenkli-(Also Dhingli A water 

lift. Counter poise lift (Page 145). 
Dila-A weed (Page 213). 
Doab- A tract of land between 

two rivers. 
Dodder-A weed (Page 219). 
Dodhak-A weed (Page 212). 
Doka-Fresh dates (Page 355). 
Dora-A ladel used for transferring 

sugarcane juice from oue pan 
to the other (Page 1!.4). 

Chuiai- A weed (Page 214). 
Cusee-Cubic foot of water per 

second. Dranti-A1so datri or dati, Bickle. 
of Dub-A weed (Page 2(9). DaMal ROli-English type 

bread. 
Dab-System practised in con-

nection with seed-bed pre-
paration of wheat for 
controlling early rOOi weedR 
(Page 59). 

Dabh-A weed (Page 211). 
DaJ-Split pulse with or without 

husk (Page 287). 
Dalia-Crushed grains for gruel 

or pudding. 
Dandalr--A pegged sohaga. 
Darohla-The Indian honey bee 

(Page 536). 
Daryai bootir-A weed (Page 213). 
Dati } 
Datri See dronti. 
Daranti 
Da'I'Tar-La.nd rendered unfit for 

cultivation by deep gnlly 
erosion. 

D""__IndigenoUl! (Lit. pertaining 
to country). 

Dhabhar-A weed (Page 2U). 
Dkaman-The same as .il.njwn 

(Page 475). 
Dhan-Unhnsked rice. 
Dhanya-Coriander (Page 380). 
Dhar-Long low heap of otcred 

bhusa covered with mud. 
Dharwar-Part 6f Bombay 

Dudhir-A weed (Page 212). 
Dumna-The giant honey bee 

(Page 535). 
Dussehri (Mangol-A type of Mango 

(Page 352). 
Dmy-A technical irrigation term te 

express relation between area. 
irrigated and water used, usually 
a. cusec. 

Fakir-A beggar. 
Falsa-Greu,ia asialica. (Page 339). 
Faria buti-A weed (Page 219). 
Fellah-Egyptian cultivater. 
Gad!1i-A tribe of shepherds 

belonging te Kang'" Distt. Also 
breed of sheep kept by the same. 

Gadoa-A wooden stirrer uaed for 
stirring boiling sugarcane juice. 

Gainli-A pick axe (Page US). 
Gajar-Carrot (Page 365). 
Gand-Gur making circular pan 

usually made of earth or wood. 
Gandah-See chuha-ramba (Paga 

113). 
Gandasa-Hand chopJ.ll'r., Also 

called 'Taka. (Page 113). 
Gand. Gobki-Knol Rhol (Page3lll.l) 
Gania-YoUng female Howe", 'i! 

Indian hemp (bhang). It _ 
smoked &8 a narcotic. 

O"tI,..._Sngare .... (Page 3(6). 
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Gkanwan-A hand tool for stirring 
Buga feane i uice in the boiling 
pan (Page 114). 

Ghamr-A water mill. 
Gha/,~A pre,?aration from barley 

for which barJey i'3 moistened, 
heaped as such for a night, 
rQa;;ted next morning and 
hu,ked. 

Ghay' Kaddu-Bottle gourd (Page 
374). 

Gk'1!Fl Tori - Lufl'a or sp )nge grJund 
(Page 376). 

Ghora-i:5ugarcane Pyrilla (Page 
316). 

Ghwuli ~~SlUall pieces of hard 
stems of gram. 

Gobhi-Cauliflower, cabb.,;e and 
knol kho!. 

Godi-Interculture. 
Goji-Gram and barley mixture. 
GQra-Whitish. 
G",ra-Cluster bean (Page 457). 
Guncha Gobhi-Brussel's sprout 

(Page 302). 
Gur-R'lw sugar in lumps. 
Hflkirn-A phyBician practising in 

Iudia.n system of medicine. 
Bal-A form of indigenous plolgh, 

also caned desi plough. 
Hills-Beam of an indigenous 

plougb, i. e., munah or desi hal 
(Page 72). 

Halw:J-A preparation in which 
wheat flour is fried in ghee and 
then sweetened with solution of 

• BUgaJ'. 
Halu'a Kaddu-Red gourd (Page 

375). 
H ansraj-A nne variety of rice 

(Page 255). 
Hathi-Handle of. plougb (Page 

72). 
Bathi Gka.-Elephant grass, (Page 

~77). . 
H. Q9~Bight, generally percentage 
~':<il irrigation ·'guarant""d. 

HazarilaM. , A weed' (page 212). 

~ .. 

Bitkar-Low-lying land. 
BiUawi-A variety of dates. 
Bukka-Iudi,n smoking pipe. 
Bulhul-Gleome sp. (Page 207), a 

weed. 
lkadshi-Eleventh day of each half 

of the Indian lunar' month. 
Ikh-Sugarcane (Page 306). 
lsapghol-Plantago. 
Itsit-A we·d (Page 212) 
Jala-Hydri!/a verticilla/.a (Page 

320). 
JaJn,zIt-Eu.qen~·a Sp. 
JamnfJ, pari-A breed of goats 

(Page 553). 
Jandra-A hand tool used for 

making bunds (ridges) (page 114). 
Jangli-Wild. Au original inhabitant 

of canal colony trll,ct. 
Jangli jut-A weed (Page 212). 
Jangli Palak-A weed (Page 214). 
Jangli Swank-A weed (Page 214), 
J au-Barley (Page 253). 
Javi-Oats (Page 459). 
Jhallar-Form of persian· wheel used 

for lifting water from shallow­
depth. (Page 141). 

JhiUJar-'N ater C3l'iier caste. 
Jhoka-Fireman. 
Jhon(J,-A coarse variety of rice. 
Jhul-Rough covering for buHocks 

to protect them from cold in 
winter. 

Jowar 1 Andropoga-n 
Juar (Page 275). 

Borgha", 

JulQ-The yoke of the cart (Page 
nO). 

Jungle-A forest . 
Kabuli-Pert.ining to Kabul in 

Afghanistan. 
Kab"li Ghana-A bold type of gram. 
Kaclwha-Unripe; Unbumt; made 

of mud i unmetallei. 
Kahi-A spade (Page 113). Also 

calJ?d kasi. 
Kahu-A local type of Bugarcane 

(Pap 3(8) 
Kainth-Py",' 8p. 
Kala karwa-A type of Bulcka 



tobacco. 
Eali-Black. 
KaUar-Also reh or usar: alkaline, 

incrustation on soil. Also alkaline 
soil. 

Kalrathi-Heavy alkaline Boil. 
Kam:.lf{-Sugarcane (Page 306). 
Kamin-A village menial. 
Kan-An accessory part of a caIt 

(Page 110). 
Knn-Prjportion of lint in seed· 

cott)n. 
Kanak-Wheat (Page 220). 
Kanal-I/8th of an acre. 
Kangni-Setaria iialioo (Page 282). 
Kanu '!go-A revenue officer super· 

vising the work of patwaris. 
Kapara-A mixture of white flower­

ed indigenou3 cotton grown in 
the sourthern portion of the 
Fero2;epur distt. and adjoining 
areas of the States. 

Kapas-Seed cotton. 
Karaha-Au implement worked by 

two pairs of bullocks and used 
for leveUing land (Page 89). 

Karahi-A "maller karaha worked 
by one pair of buHocks. 

Karan4-Also caHed papri, hard 
crust formed on the surface of 
soil after rain or irrigation. 

Earela-Bitter gourd (Page 375). 
Karbi-Dry jowar stalks after the 

removal of ears. 
Karir.....(Japparis aphylla. A bushy 

plant found in arid tracts. 
Kaahmiri-Pertaining to Kashmir. 
Kasi--See Kahi. 
Kasnwl--BerberiB Sp. 
Kasni-Chicory (Cicharium imybus). 
Ka8ola-A hand tool used far hoeing 

(Pug.lJ3). 
K.."li-A smaHKa"la (Page 113). 
Katha-A local variety of sugarcane 

(Page 3OS). 
Katki-Pertainiug to Katak, a 

month in Indian Calendar, .com­
prising 1 October and j 
Novembt:r. 
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Kera-A method of sowing in which 
seed is dropped by a. sepa.rate 
man behind the plough. 

Khaddar-Coars€ cloth manufactur­
ed from home spun yam. 

K~ir-Low.l.\·ing tract near a 
fiver. 

Kkal-A water channel. 
Khanchis-A tank used for mann­

facturin{r white sugsr on a small 
Bcale. (Page 320). 

Khandsari-Manufacturing of white 
sugar ou a sman scale (Page 320), 
by open Pa 1 system. 

Khapra-Larya of Trogoderma 
khapr. (Page 236). 

Kharaba-Remissiou of land revenue 
and water r ttes. 

Kharas-A bullock·worked grinding 
milt. 

Khar buti-See I.ni. 
Kharif~Monsoon or summer crop. 
Khatti-An underground or above 
ground or partially abo: e ground 
store for grain 5. 

Eheera--Cucumbcr (Page 377). 
Khichri-A pudding prepared by 

boiling together rice and pulses, 
in water and sea~oning with salt. 
a.nd spices. 

Khuiklur-A poultry house. 
KhudrGwi-A variety of dates. 
Kk"mb-Mw;hrooro (Page 497). 
Khumb-A weed (Page 213). 
Kkurpa-Also ramba: hand·hoe 

(Page 113). 
Kiara--A lompartment of a field 

for irrigation purposes. 
Kiari-A smaller kiara. 
K ikar -Acacia arabica. 
Killa-l/25tl of a square or 

rectangle. In Lower Chenab 
Canal Colony = 1.1 aeres. In 
Lower Bari Do.b Canaf 00lony= 
1 acre" 

Killi-Toggte or wooden pin (Page 
lll). 

Kodra-Pa8paium .crobiculatum 
(Page 284.) 
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Koklu-Bullock-mill for crushing 
oil~eeds. 

Kar (~atering)-First ... "wring .fter 
sowmg. 

Kotka-A large room used for 
storing wheat or other grains. 

Eothi-A rectllngular mud~bin for 
st.oring grain. 

Kudali-A hand tool used for 
harvesting cottonsticks, etc. 

Kulahara-A large-sized axe. 
Kulhari-An axe (Page ll3). 
Kup-Also can~d musal, a conical 

stack of storei bbusa generally 
thatched with straw. 

Kur-Shore of the desi plough 
(Page 73). 

Kurrum mash-lrIash grown in 
Kurrum valley N.-W.F.P. (Page 
291). 

Kurund-A weed (Page 219). 
Husum-Rruse it. 
Kusumbha-Saffiower (400). 
[(uUn Ghas-Cenchrtl8 echinatus 
J...addu-Gul' in the form of small 

balls weighing about one or 
two chhataks. 

Lakh-One hundred thousand. 
Lal Basmati-The same as M uskha .. 

rice. 
Lal Dudhi-A weed (Page 212). 
Lal Ko.amali-Bearded red-awned 

wheat. 
Lalri-A local type of sugarcane 

(Page 308). 
Lamhardar-A viUage headman. 
Lanb-A weed (Page 214). 
L·1t't,gra-A 'ariety of mangoes. 
Lani-.4triplex co"jortiolia (Page 

43). 
Lappas-A strip of iron a wood 

fixed hehind the sohaga to help 
in breaking clod·. 

Lassa .. -Garlic (Page 369). ' 
Lam-Bntt,r milk. 

~bbing oVer with cow 
dung : cotton ... d is thll£l treated 

i!tt. 

befoN sowing. 
Leh-A weed (Page 217). 
Lehli--A weed (Page 217). 
Lobia-A type of beans. 
Lohri- A Hindu festival in the 

month of January. 
Lunak-A weed (Page 214). 
Lusan-Lucern or alfalfa (Page 469). 
Madhana-A weed (Page 214). 
MaltZ-Bucket chain of a persian 

wheal (Page 142). 
Mahun-The Indian honey bee 

(page 536). 
JJlaida-A fraction of wheat flonr. 
Maina-A weed (Page 218). 
Maini-A weed (Page 218). 
",lla£t'a-Sandv soil. 
Mahai-Maiz~ (Page 266). 
Mokchari-Teosinw (Page 471). 
Makhmali Sem-Velvet beans 

(Page 473). 
Makch-A type of weed (Page 207)_ 
Malha-Bold red variety of lentil 

grown mostly in D. G. Khan 
district. 

M aUa--A type of orange. 
Mandi-A . market. 
Maadhal-Ekusina cryracana (Page 

281). 
Mandli-Loose stacks into whlca 

wheat crop:is stacked after 
harvesting (Page 231). 

M arla-l/20th of a kanal or 1/160 
of an acre. 

Marunda-A preparation in which 
'boiled, husked and roaswd rice 
is mixed with !JUT syrup, and 
rolled into balls. 

Ma.sh-Phaseolus ,adiatus (Page 
290). 

Ma.sh dal--Split mash grains. 
Masri-Small seeded type of lentil 

(Page 292). 
Massar-Lens •• culenta (Page 292). 
MaJ.-A larg' earth"" pitcher. 
Malar-Pis"", sati ... m (page 363). 
Y" .. nd-82 2/7 Ibs. or oW '"""'" 
MehMt-Myrtle or henna (Pag' 

41)5). . 
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Mthr-Three or four bullocks tied 
.breast for thresbing crops by 
trampling. 

Melka I Fenugreek. A fodder crop 
MaMa (Page 462). 
Minja -A typo of brown sugar 

more crystalline than shakkar. 
Mirek Surkk-Chillies (Page 372). 
Nissa-Mixed. 
"Missa-bhusa-Gram bhusa. 
Missi roti-Chapati made from 

wheat a.nd gram flour mixture. 
M itha-A type of citrus fruit. 
M Qhla-Pestle. 
Mote-See charsa. 
Moth-Phaseo!us aronitifolius (Page 

291). 
Motha-A weed (Page 211). 
Muhara8~M.ize stacks (Page 210 ). 
M'Ukaddam-A subordinate officer 

in the Agrieultural Df':partment. 
Muli-Radish (Page 366). 
Munaras-The 8)me as mUMra3. 
Munah (plough)-A form of native 

plough in use in the Punjab 
(Page 72). 

Mung-Phaseolu8 mu"9o (Page 288), 
Mungphali-Grounduut (Page 401), 
Munj-Fibre derived from the 

leaf-sheath of top node of .arkanda. 
Murabba-A square of land measur~ 

ing 25 kiUas or acres as the cas: 
·may be. 

M usal-See k.p, 
M""kkan--A fIDe variety of rice, 
M_A larg, earthen pitcher, also 

written as a mat. 
¥ulkia-A part of a yoke (Page 

111). 
Muqculda_T h e sam e as 

Mukaddam. 
Nag hal-A type of indigenous 

plough in which the share 
eonBisto of $ long iron bar and 
the chow is protected on sid .. by 
strips of iron. 

NtzJ4.-A pipe. See also por. 
N __ Me!wazadinrohta. 

Nehri-Canal inigat~d. 
Nil-Indigo!et'a tinctoria, Indigo 

(Page 488). 
N iii Bar - A tract in the Montgo­

mery and Multan districts. 
Okru-Plough running on ita tip 

(Page 14), 
Okra-Lady'. Finger (Page 374), 
Oomras~Commercial name of a 

central Indian Cotton of medium 
staple. 

Oonl Katara-A weed (Page 214). 
Paha:r-A division of time into 

which a day is divided; equal 
to 3 hours. Turn of water of 3 
hours. 

Pahaura-See Phaura. 
Pakauros-A fried preparation from 

gram flour. 
Pakka urtya-A ,?ommis8ion agent 

purchasing produce from the lo~al 
market on behalf of outside 
concerns, or helping in such 
purchases. 

Palak-Beta be"f}aknsis (Page 380). 
PaUa - A cylindrical stack or stored 

bhusa thatched with mud, 
PaUi-Circular or conical structures 

made of Sark«nda 01" matting of 
plaited date palm leaves for 
storing grai o • 

Panjrdi-A yoke (Page 111), 
Panjdantta,-A horse· hoe or culti­

vator with 5 t·ines (Page 81). 
Pansari-A druggist. 
Pansera-A form of gur in aMlis of 

five seer. each (Page 319). 
Papri-The same as karand. 
Pat-Sugarcane jabe boiled at a 

time for pIfparing guT. 
PatVHJf'i-Village revenue or irriga.-

tion BubordinateJ" a village 
a.cconntant or registrar. 

P ....... SmalJ ake. of ..,. (Page 318). 
PetAa-Ash gourd (Page 375). 
P]Jak-Husk separat d from ri,. at 

the time of husking. 
Phal,,_See phalJg,. 
Phala-Sh ne of a plough (Page .72 



P "!alai-Acacia moiesta.. 
PlwU·,-A hurdle dragged by 

bullock,; in wh at-threshing. 
Phalsa-Grewia asiatica (Page 339). 
Phana-A wedg~ in a plough (Page 

73). 
Phat~A part of a yoke (Pago Ul). 
Phaura-A hand tool used for 

coliecting dung or grains on the 
threshing floor (Page ll3). 

Phaur'i-A similar hand tool used 
for levelling beds at the time of 
rauni and making W.iter muddy 
for sowing senji. 

Pkulan ghas-A weed (Pag' 214). 
Phulian-A preparation in which 

paddy 13 soaked in hot water, 
subsequently p'.lt in ba.gs for a. 
night, next day while still wet 
roaated till the seeds swell up, 
,and then husked. 

Ph ... 1 gobhi-Caulifiower (Page 360). 
Piaz~Onion (Page 361). 
Piazi-A weed (Page 215). 
Pikhhi datri-A sickle without teetb 

used for stripping sugarca.ne 
(Page 114). 

Pip.I-Ficus religiosa. 
Podina-Mint (381). 
PaMi-A weed (Page 216). 
Ponda-A thick variety of 8ugar~ 

cane used for chewing mainly. 
Poni...,..A kind of sieve provided 

with a handle used for removing 
scum from Bugarcane juice when 
boiling. 

Por~A.lso called noli. A seed tube 
with funnel·shaped mouth attach­
ed behind the plough for sowing. 

Pora-Bowing with the par. In 
pora method of sowing the """'. 
man controls the ploJgh and 
dr ops the seed. 

P.r lwl--Single row cotton drill. 
Post-Poppy (Page 499). 
Pwca-Masona_ry: Metalled: n»e. 
~Puno-Ehrelia ..".".._. 
p~.' ;~." to the Punjab. 
p. , 'c" - wi:d from'the East. 
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Purdah--Seclusion from pUblic 
view. 

Rab~ Partly boiled and conoen­
trated cane juice fit for making 
sugar (Page 320). 

Rabi-W mter crops. 
Rabri-A preparation made .from 

bajr 1 flour and lassi (butter milk). 
(Page 280). 

Ragi-Eleusina Coraeano (Page 281). 
Raloah-Divisions of a field for 

ploughing with an indigeno1I8 
plough (Page 73). 

Rakat~See rekat. 
JJajbalw-Canal distributory. 
Rakkar-Soils with high alkalinity, 

but .salt content not nece.s.sarily 
high. 

Ramba-See Khurpa. 
Bamio kos-Conunon charsa. 
Rauni-Watering applied shortly 
before sowing. 

Rawa-A grade (f wheat flour. 
Rawan-Cowpeas (Page 472). 
Reh-See kallar. 
NeW-Persian·wheel (Page 142). 
Rewari-A weed (Page 218). 
Rewaris-A sweet prepared from 

sesa.mum seeds and sugar lumps. 
Richni-A weed (Paga 212). 
Raris-Small lumps of gUT weighing 
about one to two chhataks (Page 

318). 
Sabaz Gobki-Broccoli (Page aw). 
Sag-Pat-herb. . 
&iI4h, Sailaba, SaiWln-Land 

subject to periodical or annual 
Jloods. 

Sojji-Ashes of lan' contaIDiug. 
high percentage of sodium salts, 
used for washing clothes (Page. 
43). 

Salad-Lettuce (Page 381). 
Salahri-Celery (Page 382). 
800ga-Wooden fork: a hand tool 

(Page 114). , 
Soogtr<>--A kind of oitra. fruit. 
Sanhr>-Front part o.f the beaIII 

of a ~ with hoI .. (pages 72, 13). 
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Sallkukra-Deccan hemp (Page 
4M). 

SaTson-Indian coiza (Page 395). 
Salkra----A coarse variety of rice. 
Sattu-A preparation from barley 

for which slightly under4ripe ears 
of barley are plucked and grains 
a.re then roasted a.nd ground. 

Seer-l/4Oth of a maund, appton­
mately=2 Ibs. 

Sela (Rice)-Parboiled rice (Page 
262). 

Sem-Water·logging. 
S""ji-Indian cloTer (Page 461). 
Sewyan-A kind of macaroni. 
Shaftal-Persian Clover (Page 468). 
ShalUra-A weed (Page 219). 
S/oai,,-PCeatranthus r"908u8. 
Shakkar-Ra w sugar in powdery 

form. 
Shalgham-Turnips (Page 364). 
Shamlat-Village common land. 
Sharbati-Amber. 
Shaqar qandi-Sweet potato (Page 

379). 
Shi.Mm-Dalhergi. 8isoo. 
Sida-A weed (Page 207). 
Sohaga--W coden beam worked by 

2 pairs of bullocke, used for 
breaking clods and covering 
seed (Page 87). 

Sohagi-Smaller aohaga worked by 
1 pair of bullocke. ' 

Bohaging-Running a .ohaga. 
Sokru-A plough running too 

shallow (Page 74). 
BaIlCMl-Malva parviftora; a weed. 
Bane-A coarse variety of rice. 
S""" ""iri-Bee-ea .. r bird (Page 

538). 
&JaiIl-White. 
S . A variety of rice beloug­

palnwl group. 
fraction of wheat flour. 

BUftdi-Larval stage of certain in­
sects. 

St.mdW kar-SeJf delivery char.a 
(page 150). 

Buretha-A Joe&! type of sugarcane 

(Page 308). 
Susri-lUIY small beetle attacking 

stored grain, e.g., CalendTa oryzae 
and RkizQpertka dominica. 

Swank-Panicum cokmum (Page 
283). 

Tahsil-A 8uh-d:vision of 
district, charge of Tahsildar. 

Tak8ildar-An executive officflr in­
cha.rge of a TahsiL 

Takavi-Loan granted by Govern­
ment to land~owner for a.gri­
cultural purposes. 

Talla-A weed (Page 209). 
Tamatar-Tomatoes (Page 370). 
Tambaku-Tobacco (Page 479). 
Tandla-A weed (Page 212). 
Tangar-A sheet usually of hesian 

cloth meant for carrying bhusa. 
Taramira-Rocket (Page 396). 
Tarpha!i-See Tirpha!i. 
Tehsil-"See Tah8il. 
Tehsildar-See Tah8ildar. 
Telar--A small sucking insect, e. g., 

aphis. 
Thapi-A hand tool for stirring a 

pat in a gand. 
Theka-A bin made of saclring 

for storing grain. 
Thur-Lond where salt content is 

high but the process of .lkalisa· 
tioa has not proceeded very far. 

Tidda-A pest of cotton. 
Til-Sesamum (Page 397). 
Tinda--(JitrnUu8 Vulga.... Var, 

FiBtulorus. 
Tirneri-A bheli of gur weighing 

3 .eers (Page 318). 
Tirak-A disease of cotton in which 

the leaves turn reddish and the 
bolls fail to open out. 

Tirpal--Tarpaulin. 
Tirphali~A three-tined itoe (Pagl> 

85). , 
Toka-Han<l chopper. 
Tokra-A ba.eket. 
Taria-Indian rape (Page 392). 
Trangli-A'5 to 7 pronged i:ron.fo~k 
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with & wooden handle (Page 114). 
Tun -Gadf.La tuna. 
Turi-Wheat bh".a. 
Ukhli-Mortar. 
U88ar-See kallaI'. 
Vanaspal; gkee-See bana.pati gkee. 
Van-Turn for irrigation. Also 

written a.s War-i. 
Vattar-Right condition of land 

for ploughing after rain or 
inigation. 

Vehri-A weed (Page 217). 
·Wadanak-Maca.oni wheat (Triticum 

durum). 
Wadh-Btubble. 
Wadh Watt.r-A crop sown in the 

moisture left by the last irrigation 
to the previous crop, e.g_, gra.m 
sown after chari or rief'. 

·Wahn (Watering)-Watering ap· 
plied to a field to enable it to b. 

ploughed. 
Wan-Salvadora O!eo1des. A tree 

f01lIld in arid tracts. 
Wari-Turn of irrigation. Also 

written a.s oori. 
Wot-.Alao band, imgation ridgN. 
Wallar-Bee ,YJttar. 
Wazir-A minister. 
ZlIid-khariJ-Grops o( the season 

midway between khariJ and ... IIi, 
a.utumn crops, e.g., tofia. 

Zaid-rabi-Crops of the season 
midway between rabi and kharif; 
spring crops, e.g., melons. 

Zail-One of the Bub-division of 
a tehsil comprising of a number 
of villages. 

Zaildar-A non-official helping in 
the work of running a .ail. 

Ze.m.indar-A farmer, may be a 
tenant or an (,wner~ 
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Administration, Punjab 
AJrak (Ginger) 
Agricultural Department, 

INDEX 

Page 
4 

378 

5 
527 

cotton, fodder 
Arkar (pigeon pea) 
Arind (Castor) 
Artificial fertilizers 
--- manures, uses of, 

Pags 
13 

293 
398 
133 Punjab 

---- legislation 
Agriculture, improvement of, 

and over popu~ 
lation .. 518 

----, income from 509 

and over· population 
Arum fArvi) 
Ash Gourd 
Assimilation of Carbon 

519 
.. 377 

375 
32 

----, scope of improve-
ment in 505 B 

Air, importance of, for 
germination 39 Baguri 

Akasbel or Dodder .. 219 Bajra 
Alfalfa 469 -- A·l!3 
Alwi (Linseed) 409 -- cultivation of 
AUernaria Rot (of citrus) 358 -- distribution of 
Amenities for villages 523 -- G·61/21 
Analysis, physical (soil) 44 -- juar 'and maize 
Anjan grass 475 -- seed mte of 
Apiculture (Bee·keeping) 533 -- seed selection of 
Arable farming, income and -- sowing and harvesting 

expe.nc.lituxe hom 558 seasons, and soil 
Arboriculture 5211 -- uses of 
---- and faresta 519 -- varieties and yield 
Area oontrolled per cusoo •. 166 Bakarlxd (weed) 
- cropped, Punjab 10 Ba1deo BaUi (water lift) 
- Kharif 11 BalIoki Sulemanki Link 
-- per plougb 190 Bat"ani areas, bar barrow for •• 
-- Punjab 1 -- areas, seedhbed in .. 
-- Punjab, Classification -- Income and expendi· 

of 8 ture 
-- .abi 11 -- tracta 
-- under different crops 13 -- tracts, rotation in ., 
-- under fruita 337 Bar harrow 
-- under riee 253 ---- and .,ed·bed .. 
-- under Bl.l.g.&rcane 306 ____ for ool'G'1li a.reas 
-- under vegetables 358 ---.- us .. of, for cotton 
-- under wheat 220 Barley (JauJ 
-- under wheat, sugarcane, ---, area 

vegetables, fruit.o, oiloeeds~, .s food 

AT.. .... "\111'~ 

lIS 
278 
280 
279 
278 
280 
265 
279 
280 

279 
280 
279 
217 
151 
187 
125 
61 

202 
123 
12& 
~ 
00 

125 
421 
244 
245 
252 
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Page 
--, classification of 245 
--, conditions where 

grown 
--, cost of production .. 
--, field opera tions for .. 
--, flour, mixing of with 

wheat flour 
--, importance 
---, malting 
--, mixtures 
--,outtum 
--, Pearl 
--, production 
--, BeagOn for 
--, seed ratf of 
--, types 
--, utiliza.tion 
--, wheat mixture 
Baru 
Basket 
Bast 
Bathu 
Bauphali 

252 
244 
250 
247 
249 
246 
249 
247 
247 

245, 246 
249 
226 
210 
114 
32 

215 
214 

Beans Velvet (Makhmali 
Rawan) .' 473 

Beas Basin projects 187 
Bee-keeping (Apiculture) 533 
---- Domestic, Intro-

duction and 
improvement 
of 

---- how to start 
Beet (Ohaqandar) 
ner,eem (Egyptian clover) 
--- inoculation 
--- irriga.tion 
--. --, manuring experi-

ments on. 
--- seed local and im-

ported 
--- -- production 
--- -- rate 
--- -- yellow, red 

and brown 
. compared .. 

-_--. ,'SOil) cultivation, and 
., :'"Z",t.f;:::time and methods of 

sowing 
", 

535 
539 
366 

,463 
465 
466 

468 

468 
466 
465 

467 

--- time of cutting 
Bkandaur or Dumna (giant 

honey bee) 
Bk,ng (Indian Hemp) 
Bkakkra (weed) 
Bhakra Dam Project 
Bhindi or Okra (Lady's 

Filiger) 
Bhu8d 'as a feed 
--- storing of 
Bhugat or Piazi 
Bn.urat (weed) 
Bist Doab Oanal Project 
Bitter Gourd (Karela) 
Block system of land 

Page 
466 

535 
501 
214 
186 

374 
.. 238 
.. 237 

215 
214 
186 

.. 375 
165 

Bolls of cotton, percentage of 
buds maturing into 422 

Borers of sugarcane ., 315 
Bottle Gourd (Ghoy" Kaddu) 374 
Brinjal 369 
Broadcast. (chhatta) 63 
Broccoli (Sabz GaMi) . . 363 
Brown Rot (on fruit) .. 358 
Brussel's sprout (Guncha 

Gobhi) 362 
Buckwheat 284 
Bullock and manua.l, 

cost of 
Bunin (weed) 

C 

cultiva.tion, 
6S 

" 214 

Oabbage (Band GO/;~i) 361 
Canals, inundation 167 
Canal irrigation, cost of 169 
_____ , percentage 

area irrigated in important 
districts 162 

__ tracts, cropping schemes ~ 

in .. 119 
__ rotations, planning of 165 
__ systems, chier . . 163 
__ water, silt in ., 173 
Cane crushers, agents for, 

prices and output 101, 103 
Capital required for weU-irigat-

• cd areas .. 193 



Page 
required I)er half a 
square 

Carhon assimilation 
Carrots (Gajar) 
Carts 
-- improved 
Castor (Arind) 
--, growing season of 
--, interculture, harvest-

ing irrigation, and 
pests 

--, seed, soi) for and 

191 
32 

365 
109 
110 
398 
399 

4')1) 

399 varieties 
--, yield of 
Cattle-dr.ft 
Cauliflower (Phul Gobhi) 
Celery (Salahri) 

.. 400 
26 

360 
382 

Ckahi-cum barani farm in the 
Jullundur district, Jneome 
and e:x:.penditure of 

Chain pump 
Chagandar (Beet) 
Chandn; or Dhabhar 
Chari " 
Charsa-<oost of lifting water by 
-- or Ramiokos 

199 
152 
366 
219 
457 
160 
144 

Chawal, Dhan (Rice) 
Cheeno 
Chemical elements in 

253 
280,283 

plant 
food 

Chemical weed-killers 
Chenab and linked basins, 

projects 
Chhaj (Rand winnower) 
Chhatta, i. e., broadcast 
Chief canal systems 
Chillies or Red Pepper 

(Mirch Burka) 
China, oilcakes and l1ightsoil 

used as manure in 
Chulai (weed) 
Citrus Canker. citrus fruit 

diseases 
-- psyll& .. 
--whither tip, citrus wilt 
Climst •. , Punjab 

31 
208 

186 
114 

63 
163 

372 

130 
214 

357 
355 
357 

3 
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Page 
Compactum (wheat) 223 
Compost . . 128 
Coriander . . 380 
Cost of cultivation, difficulties 

in estimating 69 
- ----- of harley 253 

----- of cotton 451 
----- of gram. 304 
----- of grnuud-

nut 4-05 
------ of maize 274-

----- of rice " 264 
----- of sugarcane 324 

-- ----- of wheat 243 
-~ iuterculture of cDtton .• 419 
-- irrigation by canal 169 
-- ------ dhingli 161 
_ ~---- lifts 154 
- - ----- persian 

wheel 
(bullock) 155 

_- ------ perSIan 
wheel 
(electric) 156 

----pump 
(electric) 
from open 
well 157 

-_ ----- tube-well 
pump .. 158 

-- transmission 1ine 161 
-- working t1'3ctors 107 
Cotton (Kapas) 411 
___ American, rise in 

area 436 
__ ---, credit for 

and history of intro~ 
duction in the 
Punjab 431 

_- area, comparison 
with other countries. . 411 

____ in Indis and 
provinces 412 

__ auction sales 435 
__ barani production 

and yield • • 412 
_. __ bale. Indian • • 430 
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Page 

~- bolls, number mak-
ing, I lb. of Kopas.. 423 

~- boll worm 445 
-- breeding policy 443 
-- buds, percentage 

matuaing into bolls.. '422 
--- committee the, India.n 

central .' 436 
-- cost of interculture, 

broadcaste field . . 419 
_,-- cultivation practice) 

canal colonies .. 416 
--, damping of kapaa .. 425 
--, delinting machines .. 431 
--- deM, classification, 439 
--- dui, consumption 431 
--- diseases .. 447 
--, dry weather on 450 
-- fund 438 
~=- fuzzy seed 443 
- -- ginners as buyers 432 
-_- ginning .' .. 427 
-- -- (saw\ 428,429 
---- and pressing 

cost 429 

factories' Act 438 
---, hail on., 450 
- -- harrowing, USM, 

after BOWing • • 420 
-- importance in the 

world .. 411 
-- interculture .. 419 
- -, introduction of 4 F .. 436 
--.---, irrigated, produc-

~i",,:, yield 
--l-d ,. 
-- ine sowing 
---, maJp.ractice~ 
-- mixing of Americao 

412 
446 

.. 419 
427 

"nd .D.8' 433 
-- pests and picking .• ' 423 
-, .-- piekin~, cost and 
'",~ ... 
~'~g c)""n, , 

'8¥pef.1ments 425 

-- picking, leaf in 
picked cotton 

--- price of Kapa8 in 
Punjab on the basi. 
Bombay price 

-- production. compari-
son with other 
countries .. 

--- production and yield .. 
----. rea.sons for requiring 

soil in good con­
dition 

- -- research, hints for .. 
-- sales of Kapaa and 

cotton 

in 

Page 

424 

431 

411 
412 

415 
423 

426 

Bombay ,. 431 
-- saw ginning, history 

of introduction .. 429 
-- seed germination 

and late rain 
-- seed, importance 

of ulling local 
-- seed, preparation 

for sowing and seed 
ta.te .. 

--" seed oil .. 
-- seed selection and 

distribution of im­
ported seed 

--' soil suitable for 
--.....:.. sowing .. .. 
-- --- distance be-

tween line~ .. 
--' -- method of 

line sawing .. 
----time 
--- taka .. 
-~ UBes of bar barrow 

451 

435 

411 
444 

435 
414 
418 

419 

420 
411 
441 

for ' 421 
-~. uses of rndian' . 

. 'cotton 
-- varieties gtOl'VV 

---- ---- recom-

445 
439 

mended 440 
-- lVatering 421 
-- white fly.. 4£7 
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Page 
-- yield. comparison 

with o.ther countries 411 
-- yield on good soil 415 
Cow cockle 0, Takla 218 
Cow pea. 472 
Cropped area Punjab 10 
Crop mixtures 125 
Cropping, intensity of 182 
--- Bcheme in canal 

tracts 119 
---, variation in total 14 
--- weUlands 126 
Crops and subsoil , , 51 
Crops, plant food .emoved by 45 
Cilcumber (kheera) " 377 
Cultivation, after 68 
---- costs of bullock 

and manual 
l.bour for 68 

---- difficultv in esti· 
matin"g cost of 69 

---fallow 54 
---- -- implements for 58 
Cultivato", 81 
----, advantages of .. 85 
----, draft of 86 
-' ---, tractor 106 

D 

Dabh or Kussa grass 211 
Dab system 59 
Dodder or Akasbel 219 
Dairy farroing 545 
Dai, y farming, estimated in· 

come and expenditure from 555 
Darohla or Mahun (Indian 

Loney bee) 536 
Drya; Buti, 214 
Da5e Palm 352 
Datri Pilchi. 114 
Deccan Hemp 454 
Dehydration of fruits and 

vegetables 383 
~-----".egetab!es, 

methods of 386 
Dapartment, Agricultural, 

Punjab 5 

Page' 
Des; plough and seed·bed 61)· 
Dhabhar or Chandni 219 
lJhan, OMwai (Rice) 258 
Dhaulph1<li . . 214 
Dhiangarh Dam-curo-Marhu 

Tunnel Project 1B6 
DMngli-cost of lifting water 

bv 161 
--- (or Dhenkli) 145 
Diagrams of orchard layout 345 
Dila or moth. 211 
Disc harrow 83 
Dispersal of seed: 38 
Divisional statistics 16,17,18 
Divisions, physical, Punjab .. 1 
Dodhak 212 
Dora 114 
Double mot 151 
Draft cattle 26 
-- of a. cultiva.tor 86 
Drainage 175 
Drill, automatic rabi 93 
-- kharif 90 
-_ rain 91 
Drills 90 
--, single row cotton 92 
Dry farming methods 56 
Dub or Khabbal or TaJIa 209 
Duilki 212 
Dumna or, Rhanda"r (Giant 

honey bee) 535 
Durum (Wada1lGk) wheat 223 
Duty, protective on wheat .. 240 

--, excise on suga.r 322' 

E 
Egyptian Jh~llar 
--- Screw 
Egypt, legume-area in .. 
Electrically worked liflAI. cost 

of tritnamis~ion line . 
for 

Elements, rare, in soil 
Elephant or Napier 

(HathigM<l 
Elevator, wheat 

grass 

152 
152 
13& 

161 
135 

477 
2U 
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Page Page 
30 Emigration (to remedy over-

population) 517 
Eradication of weeJs, general 

principals of 206 
Erosiol'l, soil 520 
Excreta, huma.n and manure 523 
Expenditure (See cost) 
Export of fruits .. 340 
Extraction percentage (sugar-

cane) 103 

F 

Factious in a village 
Fallow cultivation 

and iron 

524 
54 

plough 54 
:implements 
for 58 

Fallowin:j 
Families-smaller 
Farid Buti 
Farming by power 
-- large scale 
Farms, collective 
Farm-yard manure 

53 
517 
249 
526 
529 
527 
127 

Features general, Punjab 
Fenugreek (met'ra) 
Fertilizers, artificial 
--- nitrogenous 

1 
462 

.. 133 
'133 

--- ---, effect 
on plants 

--- phosphatic 
--'-- ---- effect 

on plants 
--- potash 
~ ---, effect 011 

plants 
Fibre crOp3 
Fixation of nitrogen 
Fodder, area. 
--- C1iOpS~ a.rea and 

135 
134 

135 
134 

135 
411 

46 
13 

distribution of 456 
--- cutter • 100 
]toad, Area required to produo, 
. il)..~.Britain and GerllUlnr 507 

~',' ekk~;;";\_'oo;nparAtive "'calorific 
- TlIlue per acr. .0 506 

.. '~ 

--- h seeds 
---. plant, manufactUl'ed 

inlea.ves 
--- .storage in plants .• 
Forest policy :in plains 
Forests and arboriculture 
---, Punjab 
Freight railway fDr wheat 

33 
34 

521 
519 

8 

mill products 239 
Frost and cotton 451 
-- and wheat . • 230 
-- protection of fruit trees 

from .. 350 
Fruit· Industry-position of .. 337 
-- plants, Eelection of 348 
Fruit, 836 
-- and vegetables 321 
--- -- --as sources 

of vitamins 
and minetals 831 

-- - -- Dehydxa-
tion of.. 383 

-- -- --- main food 
constituents 

of .. 327 
-- area .. 15,331 
-- composition of (table) 334 
--, consUlllption in other 

C.J lntri ~s M2 
-- ---per capita, in 

Punjab and 
-United king­

dom .. 341 
--, import and export .• 340 
---1 in the Punjab, net 

available supply 340 
--- production of 339 
-- trees, irrigation of " 350 
-- --, manuring of •• 31>1 
-- -- planting distancel 

for .. 348 
-- --, pt6nting of • . 34!1 
-- --protection from frost 

and sun 305 
--._ varieties recommended 351 
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Page 

G. 
Gajar (carrots) 365 
GamJo,W, . . 113 

Page 

Great Britain and Germany, • 
area. required to produce 
food in 507 
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