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INTRODUCTION

The Text Buok of Punjab Agriculture was first published
in 1921 and written jointly by Mr. O. T. Faulkner, C.M.G.
and myself when we were colleagnes 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 8. Kartar Singh,
Assistant Director of Agriculture. With the incidence of
the war and later the transfer of Sir Stewart from the Punjab
and also shortage of paper, the revision was abandoned.
The work was started again in 1944 at the urgent request of
the publishers.

The present Book, though based on the original Text
Book, has been almost completely re-written. There has
heen vast development in our knowledge of Punjab Agri-
culture since -1921. New matter has been added in the
form of general observations. Altogether the book is
about 3 times the original in size and contents. As there
have been much drdstic re-writing and mony additions
Mr. Faulkner kindly agreed that his name should not be as-
sociated with the revised book. Most of the drudgery and
drafting has been done by Sardar Bahadur Sardar Kartar
Singh. We threshed out together many points of difference
and always arrived at an agreed interpretation. The work
has been a privilege and a great pleasure to me.

- We have freely drawn upon the material published
by the various sections of the Punjab Agricnltural
Department in journals, departmenta!’ leaflets, and
other publications. The authors’ thanks are due to every



X

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 WrnLiam ROBERTS.



PART I—General
CHAPTER 1

GENERAL FEATURES OF THE PROVINCE

The Punjab isa province in North-West India comprising
an area of 138,105 square miles, of which 39,016 square
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,
of which two—wviz., the Himalayan and
the Salt Range arid plateau, are less im-
portant from the agricultural point of view. The remaining
three are—

(2) The sub-montane, including stations such 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.

{¢) The south-western arid plains, comprising Mianwali,

Mugaffargarh, Dera Ghazi Khan and Multan.
The last two divisions are of vast extent and depend
almost entirely on canal irrigation for their prosperity.

. The Punjab, barring the montane and parts of the sub-
montane tract, is in the main a vast level alluvial plain,
with a gentle slope.of foot per mile from east ta -
west,. f - :

Physical divisions.
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The Province is fortunate in having seven large rivers
passing through it or along its boundaries. These are :
(1) the Jumna, forming its eastern boundary for 200 miles
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 réaches the plains below Dalhousie and
joing 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 miles
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 largest 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, § 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. These rivers
derive their supply of water mainly from melting snow in
the Himalayas, and are in flood from April to September,
when they carry enormous volumes of water. Their mini--
mum winter supplies vary from 1,300 cusecs in the case
of the Ravi to 18,000 cusecs in the case of the Indus at
Attock.*

*Note by Mr. H. M. Nicholson Pupjab Irrigation:
Statement showing the reported discharges of the Punjab Rivers,

River, Bite, I Minimom. ’ Maximum,
Cusees.
Jumpa, . .. | Tajewsla .. " 2,107 | 2,50,000
Sutlej . .. | Rupar . . 2818 | 260,000
Beas . ++ | Nowshera . . 2,800 | 3,265,000
Revi - Mpdhopur .. . 1,800 | 2,00,000
Chenab . Khanki . . ,884 | 6,00,000
Jhelum .. Basal £ 5,00,000
Indus .. Attock 18,000 X
The maximum flood g to SNy one except the engineors who has

design to that » Which at.the most will only be realised onoein 30 yeaz.
-y, funwhm ly from Apefl to Bep i,
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Over the greater part of the Punjab, summer tem-
) peratures are very high and winter tem-
Climste. peratures very low. In December and
January the temperature at night is often below freezing
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
night temperature averaging 81°F.

Th® Punjab has two well-defined rainy seasons. The
south-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
genlciara]ly cease about the middle of September or
earlier.

Rainfall.

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 pass
westwards away from the hills. In the Himalayas 1t is
nowhere Jess than 36 inches, and in places like Dharmasala
may average over 100 inches. The eastern plains from
Delhi 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 8 inches rainfall
in 24 hours causing some damage to crops. Hailstorms
do damage occasionaily in late sammer or in April, but the
sifect isfgenem]ly very local. Maps A and B show distri~
-bution of summer and winter rainfall.

The soil of the Punjab plains,is pré:etically all allnvial
- Beil, " or. deposited. from the rivers. It forms &
.. .. paxt of the great Tndo-Gengetic plain. Tn -
consistency it s gemerslly a sandy loam.
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Heavy clay is found in wet rice tracts and in a long strip
reaching from Gurdaspur to Khanewal along the Raw.
‘This latter soil is called bara 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
Givil administra. ~ charge of a Commissioner. Each Civil
tive arrangements.  Divigion 1is, fairly distinct agriculturally
(See Chapter II, statement III). There are six Districts 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 Tehsils each under a Tehsildar.
The number of Teksils in each Distric® varies from 3 to 5,
excepting Simla, which has got only two Tehsils and Gurgaon
and Multan each of which has got 6 Tehsils. A Tehsilis di-
vided further into Zasls each of which has one Kanungo,
and 20 to 30 Patwaris. The Zasldar, who is also generally
a Lambardar, helps in the work of running a Zail. A Patwart
has generally one or two villages in his charge. Each village
has one pr more (depending upon the size of the village),
Headman or Lambardar, who is generally the most influen-
tial man in the 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 1s usually ot 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 15°3 per cent. is
aurban as against 13 in 1931, 10.7 in 1921, and 101 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 incresse. There are many reasons for this
‘hedvy increase. The most im; nt of them is industria~
{isation which ténds to produce large aggregations. The other
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reasons are the desire on the part of retired and leisured
clagses to live in the towns, in the interest of educating
their children and for other amenities. Afiother cause,
though a minor one, is the anti money-lending legislation,
which has made things so difficult for the rurgf bania 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 ares vary considerably. Leaving
out Simla, Jullundur 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 Mianwali—
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 rumber of villages, 7.c., 2,229. The density of
population in each district also varies considerably. It is
94 per square mile in Mianwali as against 908 in Lm‘itsar.

Agricultural Departments in India owe their origin
Origin of Agri. Y0 the Famine Commissions of 1880, 1898,
cultural Depart- 1901, and the Irrigation Commission of
meatainIndia. 1903, Of these, the Famine Commission of
1901 was by far the most important, though the necessity
for bringing about improvement in agricultura] methods
and for agricultural research had been emphasised by
all these C%t].;missions in order to guard against the dis-
astrous effect of famines. But agricultural research was
erratic ang lacked continuity and there was liftle attempt
‘made at building up a scientific department till the begin-
ning of this century when great interest in rcientific agri-
culture was aroused in Great Britain as well as in India.

In pursuance of the recommendations of the Famine
Commisaion of 1901 and the Irrigation Commission of 1803,
a Central Agricultural Research Institute and an Agricultural
College at Puss in the Darbhanga District of Bihar was
established. To the embﬁshmmtfof:t}n's st.ahoéx, Lord
Curzon devoted & grester portion of & gencrops donation
of £80,000 which had boen given fo him by sn American
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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 only 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 annwm which was subsequently increased to
Rs. 24 lakhs in the development of agricultural research,
experiment, demonstration, and €ducation 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 agriculture
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 engaged 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 hes been made during the last 40 years can be seen
from the fact that at present there are 28 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 connected with
crop, soil improvement, insect pests, diseases, étc., it is the
duty of the general agrienl staff to show cultivators
how to improve their methods of cultivation and. to secure
‘bétber. yétuzns fromn  their lands. For District Depions-
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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. Under him in each District, excepting Simla, an
Extra-Assistant Director of Agriculture is posted, who alo:
with icultural Assistants (1 to 2 in each Tehsil) n.gg
Muk (2 to 4 in each Tehsil), tour in villages, lay out
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 destroy 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 Agricultural
Department was about half a lakh of rupees. In recent
years it has increased rather sharply. For the year 1945-46,
gross budget provision was Rs. 10,364,700, 4.e., over a crore,
a sum not hitherto provided in the Agricultural Bud.it::
including Game and Fisheries (omitting livestock) of thi
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.

References
(1) Imperial Gazetteer (Punjab).
(2) Note by H. W. Nicholson, Punjab Irrigation
Department, on discharges of the Punjab rivers.
(3) Report of the Royal Commission on Indian Agri-
culture (1928).
(4) Punjab Government Budget (1945-46).
(5) Census of India (1941), part VI, Punjab.



CHAPTER 11
AGRICULTURAL STATISTICS

According to 1941 census, the total area of the British
Aven sad population, L UPJD is 99,089 square miles with a popu-
PORUSHOR: 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 Chhota 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 years 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:—

Classification. (Aversge of 5 years’ period ending 1943-44).  Acres.
Area acoording to survey .. . .. .. 61,001,600
Ares according to village papers .. .- .. 80,198,578
" Net area actually sown .. .. 28,001,558
Cultivated ares | Gyrrent fallows . i, 1 3630371
T 14 a Culturable waste other then fallow .. .. 13,675,212
Not availsble for cultivation .. .. 12,014,534
Forests 1,950,680

It will be noticed that the area according to village
papers is about.08 million acres less than that by professional
gurvey. This difference may be due to the fact that—

(@) the survey area is calculated in blocks, while the
area 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

8
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Of the total area, only about 52 per cent is cultivated, the
remaining 48 per cent is either uncultivated or is under forest.
Of the unculttvated 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 hiis 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 wag=17 million acres in 1913-14, 18 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 1938-38.

Forests are a national asset to the country as they are
useful in more than one ways and particularly
g0 in the Punjab where the ca irrigation
is of vital importance to her agriculture and river supplies
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 a.void.i.u%) soil denudation at the
foo%s and reducing damage by Hoods in the plains
during heavy rains.

Forests,

N
This is why re-affordstation and preventing of erosien
should be a Provincial subject, and subsidized gom eneral
tevenues. The tendency at present is to put the burden
on the impoverished residents in hilly tracts, who are
often somewhat harshly treated, and frequently sacrificed
&e of our post-

which

in the ieneml interest of the Province.
war letns is to werk-out a fair policy in this respect
wi commend the support and co-operation of local
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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 fuel.

The net area sown in the Punjab in 1943-44 was
28,543,453 acres but the total area of crops
gown 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 only 4,202,721
acres as against 5,373,699 acres in 1942-43 which was a
comparatively favourable year.

Of the total«cropped area about 53 per cent is irrigated
and the remaining 47 per cent is unirrigated locelly known
as barami. 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 1irrigated by tanks is only about
41,000 acres. There are two types of wells—masonry and
non-masonry. Out of a total of 354,000 wells, 334,000
were masonry and only 20,000 non-masonry. Du.nng the
last 20 years there has been an increase in the number of
masonry wells from 27 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
Inamse inimigated  aTEA. It was about 10 million acres in 1910,
afes., 13 million acresin 1920, 156 million acres
in 1928-29, "16 ‘million acres in 1937-38, 17 million
acres in 1939-40, and 17°6 Imllmn acres in 1943-44. This
increase in the irrigated.area is mostly due to increase in
area irrigated by Government canals. The ares irrigated
by Government cansls was only & million scres in 1903-04.
It increased to 8 million acres in 1916-17, .10 million acres
Ilm.xbm 1) million acres in .1936-37 and 125

Area cropped.
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million acres in 1943-44. There has been practically 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 I million acres during the last two
decades. Development of Punjab agriculture during the
last 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 kharif and
Proportion of rabi crops for the each of six years ending
kharif and rabi. 1943-44 - —

Area in thousand acres.

1938-39 | 193040 | 1940-41 | 184142

194243 ] 1043-44

. i, .| 6,770 [ 6,838 | 69156 6,063 6,747 | 7263
Total kharif croped Un-irri.| 5,973 | 6,224 | 7421 | 6916 | 8017 | 7,286
Total,, [ 13,742 | 18,062 | 14,336 | 13,878 | 14,764 | 14,490

Ird. .. 10,200 | 10,245 | 10,242 | 10,113 | 10,840
Totalrabi crops < Un-imi. | 6,038 | 6,676 [ 8221 [ 8179 | 10112 [ 8164
Total ..| 16,103 | 16,385 | 15,466 | 19,421 | 30,295 | 15504

T, ..| 16,885 | 17,047 | 17,160 | 17,205 16,33 17,803
Total ares sown { Un.iri. | 12,010 | 12,900 | 15,842 | 15,084 | 18, 15,400
Total ..| 28,845 | 29,847 | 32,802 | 32,209 | 34,980 | 33,00 3

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
18'1 million acres during 1942-43, 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 under irngation: from
sources other than Government canals goes down a little,
while in years of deficient rainfall it incresses because the
cultivator, in order to maintein himself, has to resort to
all sources of irrigation for raising cropa. ‘

The above remarks apply mainly to zones with an
snnual rainfall above 20 -inches. For the whole 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 depeel:Zs
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 sesson
‘rabi’. The crops grown during autumn are called ‘zaeud
kharif’, such as toria, and those grown in spring, .., between
‘rabi’ 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 kharif crops and the rest about
18} million acres or 57 per c:nt is under rabé crops. The area
under zaid kharif and zasd rabi is not separately recorded.
1t is included in the khkarif and rabi areas respectively. Half
of the total area under kkarif 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 less.
(See table for kharif and rabi figures in these two years).
Tt may be noted that both in kkarif and rabi area there is
very listle variation from year to year in the irrigated
areas.

Another interesting thing is that the unirrigated area
in rabs is only slightly more than unirrigated ared in kharsf,
the actual figures béing 82 million acres and 7-1 million
acres respectively ; while the irrigated is about 50 per cent
more in rabi than in kharif, the actual figures being 10-2
million and 69 million acres respectively. The reason for
proportionately large area under Irrigated rabé crops is that
owing to the winter season the crops require less water for
maturing, thongh the quantity of canal water available for
‘irrigation is less than in the kharif season. In summer
season, though the quantity of canal water available is
more, but due t hot season and consequently more loss by
evaporation from soil surface and crop $ranspiration more
water is needed by the crops. Theeans]s.are in? way
&ﬂw@gﬂdmmﬁm has adapted his cropping to
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STATEMENT 1.
AREs vxnln DIrFERENT CBOPS IN THE PUKJAD FOR THE QUINQUENEICM
ERDIXG 1843-44.

Area in 000' acres.

orop. . : erocat. | (ool
lrrigated| Baromi | Total, Irn‘?n- croppad
1.—Cereals and Pulves.
Whest .. .- . 5,827 4,155 9,982 584 308
. 348 460 808 431 25
848 187 1,085 819 32
17 11 28 807 01
678 3,086 3,744 181 s
104 836 830 234 5
581 830 1,221 48-4 87
Other Cerenls 89 86 175 50'9 05
Gram . LI1I2 | 2,540 | 3,852 | 304 112
Mung Mask e - 101 345 4468 226 14
Other pulses . .. 166 862 718 231 2:2
Total 9071 | 12,668 | 22,630 | 440 | 604
11.—Other Food Crops.
Sugarcane 407 78 485 839 13
\regetables (inel udmg Potatoea) 148 85 233 835 o7
. 62 34 06 648 03
Mmoeunneous .. . 58 50 108 537 0-3
Total . 875 247 922 | 732 28
111.—Dilseeds.
Taramira .. . 52 376 428 12:1 13
Toria .. . 287 22 309 929 B
Sarskaf .. . . 64 176 240 267 [
Mustard . . 53 3% 9 6Lk .
Linseed . . 20 13 33| 606 01
e . 21 83 84 250 03
Gmnndnnf. . . 40 40 . o1
Castor and Others .. .. 2 1 3 667 .
Total 4513 694} 1,148 | - 304 35
1¥.—Coiton. .
Desi .. . . 800 144 | 1,044 | 862 32
American . . 1,549 14 1,663 99-1 48
Total . 2,449 158 2,607 939 80
V.—Fodders.. ~ .. .. | 3460 | 1612|5012 | 682 156
V1.—Other Crops.
Tobaceo 60 1 61 983 o2
Blang and other drnga 3 3 1 500 ..
and spices 64 4 [ oL
Hsmp and other fibres 22 25 47 468 (g}
Indigo and other dyu 11 10 21 524 1 01
. - 1 e I 1000
Tea .. - .. 1 5, 9| 444 o1
Miscellansons non.food orops .. 6 8| . 14| 429
Total 168} 534 2221 59 [ %]
Grand Total T | TIn,i75 | 16433 | 82,608 | s34 | 1000
N Khamif o | 8945 j 7163 | 14,108 {7 492" | 433:-
Rabi .4 10230 ] -8210 | 18500 853 | 807
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So far only-sown area has been discussed. Owing to
Varistion 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 favourable
years, for obvious reasons. The statement below shows the
failed and matured area for each of the six years ending

194344
STATEMENT II

Areq in thousand acres.

Particulars. 1938-39 \ 1939-40\ 104041 | 194142 | 194243 ‘ 104344

(T .| L288 839 856 599 685 | 04;

Total on| Cono | 4709 | 4372 | 4435 | 2010 3,14
o aren of craps{, 1ln YT\ G218 | 5638 | 5,228 | 5034 | 3,205 3787
15,549 | 16,208 | 16,305 | 16,607 | 16,174 | 16,068

Total area of orops I{,‘;m 7021 | 801 | 11,269 | 10,650 | 15,510 | 12,258
matured. iTqu;]‘

) 22:5'70 24,308 | 27,574 | 27,266 | 31,693 | 20,218
-1

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

The actual area under various crops separately for
irrigated and unirrigated along with the pementage of sach
crop to the total cropped ares for the five years’ period
ending 1943-44 is given in the accompanying table (see
pa.ge 13.)

~ Tt will be observed that 69-4 per cent. of the cropped
area is under f reals and pulses—15'6 per cent.
under fodders which are fed to livestock, 2'8 per cemt.
under other food crops as sugarcane, v vegetables and fruits
‘thus making a total of 878 per cent. under food
fodder crops. Of the remaining 122 per cent. cotton
forms 8 per cent., oil seeds 3'5 per cent., and other crops
like ‘tobacco, condJments Poppy, etc., 0°T per cenf.

As the cotton crop is two third oil sced and one third
fibre, it constitutes our most important oil seed, and con-
tributes with other oil seeds valuable cattle and haman food.
If we take the contribution of the cotton crop mto the
poture we may put the oil seeds area as 85 per cent.

e, adding 5 per cent. &omoow.m Thmiuves only 37
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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
58 per cent of the wheat area is irrigated.
Bajra and gram are the next two important crops each
occupying about 11 per cent of the cropped area. In case
of gram 30 per cent 1s irrigate as against only 18 per cent
for bajra. The other foodgrains are of comparatively
minor importance, each occupying about 1 to 4 per cent
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 ig irrigated. Vegetables and fruits occupy only about
07 and (-3 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 13 per
cent, foria 10 per cent, and sarson 07 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. i .

Cotton 1s an important commercial crop in the Punjab
occupying 8 per cent of the cropped area. It is mostly an
irrigated crop—94 per cent irrigated. There arp two
varieties of cotton—des; and American, The former
occupies 3'2 per cent 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 dess
cotton has given place to food grains owing to low prices
of desi cotton, on account of heavy accumulation of stocks
caused by war conditions, and comparatively higher prices
of foodgraing. During the last three years, the area under
desi cotton has gone down to about } of the pre-war level.
From production standpoint the Punjab is the premier.
cotton- province.

Crops.
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Fodder crops are quite important in this province,
occupying about 5 million acres or 156 per cent. of the
cropped area. This is about 48 per cent. of the total area
under fodder crops in the whole of British India. The
area in Bombay is about 2} million acres, in U. P. 1}
million acres and all other Provinces account for only
about 1} million acres. The higher percentage of fodder
crops 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 02 per cent. each.

The accompanying Btatement III (page 14) gives the

Agricoltura) important agricultural statistics along with
shaiistios by the main crops grown in the various Civil
tvisions

Divisions of the Punjab.

It will be observed that Lahore Division has got the
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
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 46 million acres.

In this respect as well, Multan heads the list. This
may be due to seasonal canalsin parts of
this Division as well as due to scarcity
of irrigation supplies in some of the perennial canals,
Awnbala. comes next with 1 million acres. This is-due
to scarcity of rsinfall and lack of adequate means of
irrigation. In Rawalpindi Division the avea under current
fallow is only 6 lakh acres. Most of the area in this
Division is berani, but winter rainfall being bebter in
this Division than in the rest of the Punjab, -the area
_ynder current fallow is less. In Jullundur and Lahore
* the current fallow ared is gbout 4} lakh and 33 lakh acres

Population.

Net area sown.

Current fallows.
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respectively. As regards percentage of the current fallow
to total cultivated area, Ambala comes at the top with about
15 per cent, closely followed by Multan with 14 per cent,
Rawalpindi 10 per cent, Jullundur 9 per cent, and Lahore
7 per cent.

With respect to irrigation, Multan has practically got
the whole of the net area sown as_irriga-
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.
Jullundur the irrigated area is about 55 per cent of the
sowWn area.

With regard to forests, Rawalpindi is at the top with
1 million acres, followed by Jullundur with
7 lakh acres and Multan 1 lakh acres.
Lahore is the worst with only 37,000 acres. In Ambala
the area is only 62,000 acres.

Multan has got the largest area under culturable waste,
t.e., 7 million acres, which is just equal to
the net area sown in this Division. Next
comes Rawalpindi with about 8 million acres, followed by
Ambala and Lshore with 1-5 million acres and 1'2 million
acres respectively. In Jullundur the cultivable waste is
the lowest, viz., only 9} lakh acres.

As regards unculturable land, Jullundur comes at the
Not availsble for t0p with 4'8 million acres, followed by

cultivation. Rawalpindi with 3'5 million acres, Multan
with 25 million acres and Lahore and Ambala with I
million acre each.

Wheat is by far the most important crop in all the
Crope. " Divisions, except Ambasla, where bajra and
gram are much more important than wheat.

Gram comes second in Ambala and Jullandur Divisions
ind third in the other three Divisions.: _

Bajra is the next important crop occupying first
position in the Ambala Division andspmndm‘g&yv’?ﬁyyzdm_
[t is comparatively of lesser importance in other Divisions.

Irvigated area.

Forests,

Calturable waste.
~
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Rice is important in the Lahore Division occupying the
second position. Tt 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 Ambala and Jullundur 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

wn in Ambala and Rawalpindi to a fair extent. Multan
ivision does not grow much maize.

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

Sugarcane is mostly concentrated in the Lahore Division
which grows about 39 per cent of total area under this crop.
Next comes Jullundur with 21 per cent followed by Ambala
18 per cent and Multan 17 per cent. Rawalpindi Division
does not grow much cane.

Jowar is important in the Ambala 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
Lepd Revenue Wa8 about 99 crores of rupees. Of this
and Occupiers’  3'57 crores of rupees or 36 per cent was from
‘the land revenue and Rs. 833 crores or 64

per cent from irrigation.. The incidence of land revenue per
acre on the total area fully assessedin 1942-43 was Rs. 1-9-9
and on 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
1p42-43 was Re. 5568. This was 313 times the land revenue
Aoz the year. The corresponding figure was 241 in 183435,
$00 fn ¥624-25 and 134 in 191415, The incidence of Iand
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‘revenue varies a good deal from district to district, as
shown in the following figures for some of the distriots
for the year 1939-40:

INCIDENCE OF LAXD REVENUE Mn
Ad .

District. FULLY ASSESSED AREA PEB

For total area, | _ For cultivated area.
Rs. 8. p. { Rs. 2. p.
Lianwali 0 59 9 77
issar 073 912 6
ittock 012 & 013 6
Terozepors 015 10 1 3 4
ehlum 1 010 | 1 48
fozaffargerh . 0 5 4 1 5 8
Jera Ghazi Khan 015 11 i 80
tawaipindi 131 1 96
.mbala T15 7 218
mdhiana 114 2 267
allundur 210 3 3 5 9

The land revenue in the Canal Colonies varies from
Rs. 24 for Class VI of land to Rs. 12 per acre for the town
lands sccording to the quality of the land. In the
last 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 s period
of years to represent roughly the price that would prevail
wntil the pext settlement. No change was then made in
the land revenue rates during the“period of settlement, as
+ result of fluctuations in prices.” This system works satis-
actorily so long as voilent "changes in prices do not_occur.
[n the case of higher prices the system worked in favour
o the revenue payer, because according to the law, Govern-
nent could not increase the Land Revenue during the cur-
ency of 3 Settlement. Inthe case of lower pricesthe land
evenue payer found it difficult to meet his dues, especially
n those Districts which had been reassessed during the
wom years. In such cases Government had to come to their
ielp by giving liberal relief at each harvest in the form
f special remissions. It was, therefore, considered expe-
lient in fairness to the revenue payer, to devise meand of
%rosient velief. ' After very careful consideration 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 Chenab Canal Colony in 1936-37. Its chief
features are—

(1) The commutation prices were werked 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 during the period of 40 years.

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

(8) 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 weg, a revolutionary change in the
method of assessment, and was considered to be in the
interests of the land revenue payer and of Government.

The prices were collected in annas per maund from
leading firms in certain mandis of the tract

Procedure.
as follows :
Cotton .. November to February.
Gur .. December to March.
Toria .. January to February.
Wheat .. May 15 to September 15.
Gram .. April 15 to August 15.

The orops teken into consideration cower abomt 75
p&romt. of the total. ¥rom the average daily  prices
,madmﬂhedaiuoeedtramportandmmkehng
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sharges, so that the average price will represent the average
srice 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.

{¢) The commutation price assumed for each of those
crops in annas per maund. -

By multiplying these figures an index figure is obtained.
supposing the standard index figure at the time of settlement
vas one thousand and the index figure according to the new
yrices is 600, the remission given will be 40 per cent. Each
rear a new index figure will be calculated and the amount
f remission will thus depend on the level of prices during
he previous year. "The actual standard index figure was
13,760 as against 33,366 for 1934-35 worked out on the
rices current in 1933-34, ¢.e., roughly 45 per cent. of the
tandard index figure. This means that according to
sliding Scale System, remission of 55 per cent. would be
fiven in 1934-35.

This system has been vigorously criticised by econo-
nists, who contend that remission given in a particular
warvest on the basis of prices alone, does not take into
wccount all the reduced net assets of the landlord, because
sosts 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
srices. This eriticism has some force. At least one item
of cost that is the abiana charge remains constant. It
nay be said, hewever, that the Sliding Scale System is not
\n exact mathematical proposition. All that it postulates
8 the introduetion of a degree of flexibility in the rigidity
f the old revenue system. The actual operation of this
icale has established ity popularity with the zemindars, who
secured substantial relief, The system ceuld, perhaps, be
mproved by calculating the demand on the basis of
urrent prices, say the average of the last five years, and
shen mﬁng it up and down, according to the rise 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:

=
. Cirole rate per Circle rate per
Assesament circle. matared nc;,: ouitivated ncp:;a.
Re. a. p. Rs. 2. p.
Jaranwala 6 3 0 870
Lyallpur 6 2 8 6 6 1
Samundri .. 51210 5 14 10
Toba Tek Singh . . 53 4 515
Neow extension .. . 412 5 4 6 4
Rakh Branoh colony cirole 5 77 593
{ Local rate for District
Cesses, . { Board . 12} per cent on Land Revenue demand.
| Lambardari fee . 5 per cent on Land Revenue demand.

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

Rs. a. p.

1. Town lands (&) . 12 0 0
2. Town land () . .. 900
3. Class I = .. .. .. T80
4, Class IT .. 612 0
5. Class III (a) 6 00
6. Class IIT (3) 5 8 0
7. 412 0
8. 4 40
9. 3.8 0
. 10, 3200
-1, 24 0
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Half rateés are allowed for nehri lift irrigation.

Re. a. p.
Chahi . .. .. 1 40
Sailab PR .. .. 1 00
Barani and Abi .. .. 012 0

As the assessment is on the matured area, kharaba
is necessary. The kharaba is given if the crop is less
than four annas of the normal.

The net revenue direct receipts earned by the pro-
ductive irrigation works during the year 1942-43 amounted
to Rs. 3,29,86,540. After deducting from this the interest
charges for the year amounting to Re 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 recelpts 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 a8
compa.red 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 Chensb Cansl are as shown below :

RATE PER ACER.

Class, Crop.
: Flow, Life.
Ba. a. p.| Ba. a ‘};
1.—S8ugarcane (ex kharif channels) 1o o 5 6
H.—Bugarcane on kharif channels - .| 900 4 80
TIL—Water nuts . .o 780 312°0
O1-A—Rice ¢ 8 ¢ 34 4@
1V.—Indigo and other dyes, tobacco, poyyy, spices nnd 6 40 220
Ivv -A.—Cotton . 5 4 0 2100
—Gardens, orchards an bles, exoept tvnmpc’ '
{Garden and ozrehnrze;r half ymr, the mt
paromp) .5 8 0 212 0
VL—-M .

VI-A—Wheat, barley snd oate (qxoeln on Hm[
VH.—MM(MMM mddlunpl :
upedﬁad
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RATE PER ACBE,

Class. Crop.
Flow. Lift.
Rs. a. p. Rs. a. p.
VII.A.—Msize .. . . 400 200
VIII.—Oilseeds (exoept rabi oilseeds on kharif ohannels)) 4 4 0 220
IX.~All robi orops on kharif channels (including
gardens, orchards, vegetables and fodders). 200 1 009
IX-A.—Deleted . . .. .
X.—Bajra, gram, masur and pulses .- . 3 40 110 0
° X1.-—Jowar, cheena, grass whioh has received 2 or more
waterings and all fodder orops includi
turnips .. .. 2 80 1 40
XI.A.~—Paddook areas as sanctioned by Local Govern-
ment . .| 300 180
XII (#) Watering for ploughing not followed by & crop
in the same or succeeding harvest . 100 08 0
{¢} Village and Distriot Board plantations :—
(i) Any number of waterings in kkarif W/ 1l 0ooO 08 0
(%) One watering in rabs .. .| 100 080
(#51) Two or more waterings in rgbi 2 0.0 10¢
{d) Grags—a single watering in kharif or rabi 100 08 0

Note.—(iras3 given two or more waterings falls under Claas II. Homp, indigo,
guara, and janter ploughed in as green manure before 15th September sre not
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
working bullocks and male buffaloes
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 agriculbural 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 requiring any driver when working the

periian wheel.
The male buffaloes are mainly used as draft animals
¢ither in the rice fracts, or for cart work in the cities.
The British Punjab is more or less of the same size a8
Comparioon with  Oreat Britain (England, Wales snd  Seot-
Groat Prisin.  land). It will, therefore, he interesting to
oompare, the agricultural statistics of the two. Btatistics

Draft cattle.
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about the Punjab have been given on page 8 those for
Great Britain are given below:—

Year Totel area] Crops and Permanent Arable
grass. grass, land.
{Area in *000|acres).
1917-18 56,207 31,958 17,251 14,607
1936-37 28,100 17,335 11,785
1944-45 31,067 11,608 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 culturable 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 3} million acres, barley 2 million acres,
and potatoes about 1} million acres, as compared to 10
million acres of wheat, 800 thousand acres of barley, about
1 million acre of rice, 3§ million acres of bagra, 1} million
acres of maize, 33 million scres of graa in the Punjab

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 5} million sheep, 3} million goats, and
15§ million cattle in this province. Besides, there are about
640,000 donkeys and 276,000 camels in this Province.

. . The capital required to farm in Great Britain is much
higher than it is in the Punjab. A rough estimate for
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ner ial times gives the capital required per acre in Grest
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 13 proposed to manufacture in India 3} lakk tons of
ammonium sulphate per annum near Dhanbad (Behar).
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CHAPTER Il
PHYSIOLOGY OF PLANTS

The farmer’s method of production is by the growing of
certain plants, parts of which, such as
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 agrienltural science.

The parts of'a plant which are essential to its life are
Hssentinl parts of the T0OtS, stems and leaves. The most
plants. * important function of the roots is the
absorption of water and certain food substances from the
soll. This water is conducted through the stems into the
leaves, where most of it is transpired into the air.

The roots take water and dissolved food through the root
Absorption  of  Dairs. The latter are unicellular structures
water and salts  found just behind the growing tips of the
from the il finest rootlets. They can be seen on the
roots of seedlings germinated on moist blotting paper or
loose sand.  If a plant is pulled np by the roots from the soil,
the root-hairs, being fragile, are destroyed, but they can
be seen by the nsked eye if the surrounding earth is washed
away carefully. The root-hairs are closed elongated tubes;
water and food pass in through the walls by a process
Imown as “osmosis.” This process may be illustrated by
the following experiment :—

Take an egg and remove the outer hard shell, leaving

Introductery.

o — .
® % Feoding of Crops and Stock —Hall {published by John Murray, London, pp.

— 50}, .
« Agrioultnral Botany "—Percival (published by Duckworth, London, pp.

177 -240),
“ s Botagy " —{published by Macmillan, London sectio: )
171-323). 7 4 = 1L
) 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 pyt ina
weak acid, e.g., vinegar 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

" itself. 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
soil solution become more concentrated than that of the cell-
8ap, the latter would shrink and the plants wither. This is
the explanation of what happens in kaller or salty soils,
and is also the reason why in such soils more frequent
waterings are necessary to keep the concentration of the
soil solution down.

The wall of the cell of the root-hair is lined with a
Puwtoplem _and  living substsnoe called - ¢ protoplasm .
w00t-hair cell. This substance further 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 amount of the different substances absorbed isnot in the

same proportion as they exist in the soil solution.

The root-hairs can only absorb substances already in
Necesity  fur Solution in the soil water. This fact 18 of
pleot food to be  great importance, and, as will be seen later,
in solution. underlies much of oar agricaltural practice.

Selid food.can only be taken in a soluble state,
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The essential chemical elements which the plant obtains
Chomical clements from the 8oil are nitrogen, phosphorus,
inplantfood-.  potaggium, caleium, magnesium, sulphur,

jron, hydrogen and oxygen. Others not essential for
bealthy growth, but still absorbed in considerable quantities,
and probably useful, are silicon and chlarine. Of the nine
essential elements nitrogen and to a less extent phos-
phorus and potassium, 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. For 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-
tura] Chemistry Text Books.

The percentage of the food substances actually dissolved
Roots most feed 1D the soil water is small, so that plants
over » large ares. have o 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, .., sufficient
for the roots to make use of the soil. .

As pointed out, plant food in the soil can only be
Form in whin 8bsorbed if in solution: Nitrogen and
plents take  phosphorus can only be absorbed in the
g, oo form of soluble sals 43 nitrates and
phosphates of potassinm, sodium or caleinm. Potash may
apparently be absorbed in the form ef any soluble salts.
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The very dilute solution of salts in eoil water is thus
absorbed by the root-hairs by * osmosis”
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
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. The Jatter
possess veins which are visible in most leaves. These veins
consist of wood and bast cells which connect through the
Jeaf-stalk with the wood and bast cells of the stem. The
raw materials, water and salts, reach the Jeaf through the
wood cells, and the manufactured material passes where
required through the bast cells.

The leaf has a further structure called ‘‘stomata,”
which commumnicate with the: air and
through which the plant obtains oxygen
and carbon dioxide. This latter substance, though present
in the air to the extent of four parts in ten thousand 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 building
of the plant. This process of assimilation is carried on by

*goo Bostival's # Agrioultuval Botany,” page 100,

Vascular tissue.

Bast.

Stomata,

Assgimilatior.
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the green matber in the leaves, and can only take plgoe in
| presence of light. All green parts of plants have this power,
which is not possessed by ammals, or even by many plants,
I e.g., mushrooms and most fungoid pests such as “broom-rape”
of tobacco. 1If it were not for this power possessed by the
green matter (chlorophyll) of plants, all life would cease
In & comparatively short time. The function is, therefore, 2
very vital and important one. .
The foods manufactured in the leaves are of two classes,
Feod manufastur- ¥i2. (@) carbohydrates and (b) proteins.
olinthelssves. The fosmer consist of carbon, 1ydropen
and oxygen, e.q., sugar and starch. The green colouring
matter in the leaves has the power under the influence of
sunlight of combining water (consisting of hydrogen and
oxygen) with carbon dioxide gas to form carbohydrates
with the liberation of some o% the oxygen. The energy
required for this is obtairied from sunlight. If two seedlings
are grown under exactly similar conditions except that one
i8 in darlmess 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
Proteins, of carbon, oxygen, hydrogen and nitrogen
"% together with small guantities of sulphur
and phosphorus.” They are the most important sub-
stances in  the composition of animals and plants. The
flesh and blood of animals and the protoplasm of plants
congist mainly of proteins. Very little is known of the
manner or place of their formation. It is believed that the
early stages of their formation take place in the leaves
by a combination of carbohydrates and the nitrates and
Mineral salts absorbed from the soil. The later stages
would appear ‘to occur in all living cells of the plant. It
eems that and calcium play afi essential pars in
the process by some form of catalytic action, though these
mbstanices form no part of the finished product.
* Boo Hall’s *t Feoding of Crops snd 8 tock.”
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The food mﬁi\ufa(ﬁturﬁd l.ll: the leaves is either passed
through the bast to parts of the plant
Storoge of food. whichgare growing, mdlghus helps to I;'orm
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 onion, or tubers of
potatoes or sweet potatoes.
As pointed out above, the mineral solution taken up by
Teanspization the roots is very dilute. It is concentrated
P " intheplant 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 (Salvadora olevides),
which grows in dry desert land, has very thick smalt
leaves, and karir (Capporis aphylla) is a desert plant
still further adapted for minimum transpiration. Both the
above trees are common in dry unirrigated 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 wilting will net 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 proceed.i.n%
Normally, the leaves transpire as much as the roots absor|
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
Reagiretion in the former the process is masked during
S daylight by the splitting of - carbon
Jdioxide gas and freeifig of oxygen. At night, however, only
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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 s
basin of water in daylight, we find bubbles soon collect at the
top of the tube. This gas will canse a glowing taper to burst
into flame, and is mostly oxygen. The carbonic acid gas
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
parte, including the roots. In the latter the “root-hairs”
and growing tips of roots only take in air, and hence for
bealthy growth the rootsmust be in aerated soil. Fortunately
very httle 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
karand or papri which forms on the surface after
rain or irrigation is important: this is realized in practice
by most zemindars. The importance of anhi godr (blind
hoeing) for sugarcane before the shoots are above ground is
largely connected with this factor. The wration 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 probaply defective, because part of the food store
has been exhausted in this way.

‘We have now described the ordinary life processes gf
) the growi lant which consist in absor

Reprodustion. ing g;a;?.gagd mineral matter from the
soll, assimilation of carbon dioxide and formation of car-
bohydrates and proteins, and the burning up of a small part
of the former in respiration. When the plant has made
sufficient vegetative growth the process’ of repreduction
starts, and centinues along with the vegetative growth.
In plants repreduction maynﬁne {a) vegetative or (b) sexnal. .
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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. Bweet potatoes are reproduced by planting
the stems. Sugarcane, which seldom flowers in the
Punjab, depends entirely on vegetative reproduction.
Several grasses, e.g., dub, bary, etc., also reproduce them-
selves mainly in this way. Similarly onions and turmeric
form bulbs for reproductive purposes. Gardeners repro-
duce roses and many other garden plants in this way. In
vegetative reproduction we are merely expanding or splitting
up the parent plant into a number of exactly similar ones,
This is very different from the sexual reproduction of
animals and plants. In the latter 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 from one or both of its 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
flower 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 only be seen
with a microscope. In some flowers the pollen always, or
almost always, comes from the male part of “the same
flower, eg., wheat; in others, such as cotton and taramire
(Eruca sativa), pollen grains in a considerable proportion
at any rate, come from other flowers or plants. The flowers
of many plants are so constructed as to ensure the certainty
or probagﬂlty of the pollen coming from another flower.
n many cases such provision is made by the stigma and
~aiithers on ‘the same flower regulssly ripening at slightly
diffetens fimes. ' In other plants, such as the date-palm,
the’ #oWers of any ‘particulsr tree contain only the fomsle
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or the male portion of the flower, as the case may be.
When the pollen comes on the stigma from the same
flower, it is called self-fertilization ; if from another flower,
cross-fertilization. The transference of the pollen from one
flower to another in cross-fertilization may be merely due to
its falling or being blown by wind; but it is often carried by
insects, and in many flowers honey is produced, which
attracts insects.

The ovule or egg-cell in the fermale portion of the seed
is contained in & 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 the 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, ete.

These leaves may (as in gram) remain in the seed after

%ermination, functioning merely as food stares, or they may

e brought above the surface and function for a time Lke
ordinary leaves (eg., turnip.)

The food in the seed, wherever it may be stored, consists
of proteigs, carbohydrates and fat. Protein is always pre-
sent in considerable proportions, forming more than 10 per
cent. of wheat and barley grains, and npearly 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 some
15 per cent. of carbohydrates.  A.point of some importance
to the farmer is the fact that a large amonnt of the nitrogen
and phosphorus absorbed from the soil is eventually
transferred to the seed. whereas much of the potash takenm
from the soil remains in the leaves and stem of the plant.
Thus by the sale from the farm of the seeds of crops such as
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wheat and oil-seeds whilst retaining the rémainder 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
toria 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 wheat 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
“geed’” of the beet-root is also really a fruit contaiming several
seeds, as 18 easily seen if one is cut or broken up.

In pature 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 pohli (Carthamus oxycantha), the seeds of the grass
called kutta ghas (Cenchrus echinatus), and the edible grains
and fruits respectively afford examples of these three differ-
ent adaptations for dispersal.
<.~ With wild plants only 8o many of the sceds will ger-

4o ﬂhpmomeet with the right conditions. Bub
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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 sach
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
Change during develops for a time on the store of food
germination. material stored in the seed. The seed-coat
has first to be moistened and softened. Some seed-coats
are 50 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 fange of temperature for the ger-
N;zﬁ::ity for mination of any particular seed. Rabi
Tight  tompera. CTOps Will generally not germinate in the

ure. . hot season, whereas kharif crops will not
germinate in the rabi season. This is a useful provision of
hature, 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 2 suitable tem-
perature, e.g., lucerne and clover.*

Most seeds, however, will germinate as soon as mois-
tened if kept at the right temperature and
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. Small seeds are very sen-
sitive in this respect and if planted too deep often fail to_

Importance of air.

* % Botany for Agrioultural Students "—Martin, pege 68.
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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 supply.

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-coat 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
pﬂ.ﬂt. 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.

References
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CHAPTER IV
CHEMISTRY OF SOIL

The soils of the Punjab plains are of alluvial origin,
s.e., deposited from water. They are coarse and fine accord-
ing as the current from which they were deposited was flow-
ing fast or slow. While the soils are generally speaking very
uniform, considerable variation occurs even in different
parts of the same field. The particles of which soil is
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 16
amounts to } acre. This large surface is being constantly
cxposed ‘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-organic 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 lbs. per cubic foot. The top mine inches
of an average soil will, therefore, weigh about 3 million
Ibs. or 1300 tons per aecre. 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 hydrockloric acid extract of soil (square

27 Lydllpur Farm) percentage on air-dry soil,

. . Total
*#Organio | Nitrogen | Potash Lime
matter, ’ X, Ph"“l”’l,‘ o K0 a0
Highest: . 0R2 | 0.052 0.21 1.30 3.22
Lowgst . 0.14 0.026 0.14 0.7 082
Average . 0.48 0.041 0.16 1.06 |- 167
Or in round figures . 0.50 0.040 0.15 1.00 150
Per acrolba. mtop 9° ..| 15,000 1,200 4,500 30,000 45,000
Per acre in tons . 8.7 0.5 - 20 13 )
*The of organic matter given i this table is 1/6th of that shown ' in

& similar table on page 23 of the lat edition of the book. This marked difference is
dus to change in tha snalytical method. The figures.given in the Hest edition were
e & by igniting the sample in the muffle furnace. This method is not com-
siderod aconrate now.a-days, because most of the cdrbonates in the soil get broken
up  doring ignition and are counted ss organic matter. The modern
method is to estimate the percentage of organic matter by oxidiaing the soil salivple,”
mwﬁdhgmbmkhguyofmﬁmtis. : "
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As mentioned above Boil consists of weathered rock
Plant foodim particles of different sizes, contammg a small
the soil. proportion of organic 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 ecal-
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.
hd

Chemical Analysis of some typical Punjab soils.

'EXCHANGEABLE BASES Availablo
{MmLI-BQUIV. ients. Total | H Tota)
Soil N | B |eakta.
So- |Potas-| Cal- | &5 | P04 | K40
dium | sium | cium 5_5
]
Kangra 024 [ 032 | 502 035 0.000 | 0.017 | 0.110 | 5.8 0.08
Lysllpur 0.62 | 0.64 | 4.52 | 0.86 | 0.083 | 0.041 [ 0.050 | . 8.0 |"0.15
Bara Boil &.. 10 0 10 | 0.86 | Nil | 0.098 | 0,081 | 0.030 ( 10.0 | 0.65
Average for Punjab .. .. |00e2|0022 (o004 .. | .
Peracre—9”inba, | .. . - .. |'L,200| 600 | 1,200 ..

It w111 be seen that the usual amount pf exchangeable
bues Ppresent in I—‘un;ab soils is qu.lte insignificant as com-

. *pH nnmoflmva and ﬁemd
vnl. und.ll;y ahhmty pBTh
Hﬂeﬂ&wm’
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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 hases per 100 gms. of soil (A milli-equivalent is equal
to one thousandth part of 2 gramme equivalent of any chemi-
cal 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 bart 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 caleium 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 contrelling the fertility of
Punjab soils is the presence of alkali salts. In the hot
and dry climate prevailing in the central and western
part of the Province, 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 totelly infertile. Such soils are generslly

improved by drainage and by growing salt-resistant.

crops.

In the canal colonies, particularly Jhang, it is a cem-
mon practice to grow salt-hush (dtripler confortifolia)
commonly known as Jani, khar buti or sejji plant, on ‘alkali
soils. These plants remove a fair amount of sodinm salts
and are, thus, considered useful for reclaiming soil. After
harvest the plants are burnt in a pit and resultant ashes
are used for washing clothes. o

-
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Besides chemical analysis, the chemist generally
ph,.im amaly.  examines the soils physically by d1v1d1ng it
into several classes according to the size of
putlcles This is generally done by first 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
of different 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.
If the person analysing the soil has experience of agricultural
roperties of land in the neighbourhood, he can form a much
. better judgment of the fertility than if he rehed on analysis
alone. This is the reason why “soil surveys” are so 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 Bari
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-
holding capacity. Both these extreme types of soils are,
hiowever, uneconomic under average conditions, Simi-
larly soils where the sand layer appears at a ghort distance
from the surface are congidered to be unsuitable “for
growing deep Togted crops “Tike cotton, and for fruit trees .
geanerally.
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As pointed out in a previous chapter the food consti-
Pt food ro. bUents which are generally deficient for the
moved by needs of the plants are nitrogen, phosphorus
i and potash. The anjounts of these removed

by some of the important crops are given below:—

NUTRIENTS REMOVED-PER ACRE.

Pasticulsrs. Nitrogen | PAOSBROTiC | potay
1bs, lha. Iba,
Wheat 15 maunds grain ’e .. 19.68 11.52 ' 424
30 maunds bhusa . . 14.76 3.18 N 17.78
Total - 34.44 14.68 22.00
Maize 20 maunds grain . . 25.92 1113 8.96
25 maunds fodder . . 12.81 7.98 22.89
Total . 38.73 19.11 31.85
Sogarcane 10 tons etripped cans .. .. 10.80 10.40 12.20
8 tons taps ve . 17.3 4.90 12.10
Total . 28.1 153 24,30
Cotton 150 Ibs, lint . . 0.32 0.12 1.00
290 1bs seed . . 9.50 34 3.34
5000 1ba, aticks . .e 30.00 8.60 80.50
Total = .. 39.82| 12.06 94.8¢4

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 maifily in the grain. In case
of cotton all the nutrients—N, P, & K are mostly 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 42) it can be readily seen that
even the top 9” Iayer of soil which weighs about 3 million
Tbs. per acre contains enough pitrogen for about 40 crops
of wheat, Similarly, of available phosphoric acid there
is enough for 80 crops of wheat, but plants send their
roota several feet down and draw food from lower layers,
This bejng the case, the question occurs, why is it that soils
respond ‘89 well to manuring and. why do such small
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dressings of manure, which often only increase the nitrogen
of the soil by one to three per cent result in such 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
.Nitrogen fixe. Ditric 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 18 generally
not mere than 6 lbs. 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 century that
plants of the ‘ legumirosae’ 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, guara, ete., if examined
during growth will be found to bave excrescenses, warts, or
nodules 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 crops, 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 nodules in
bacteria and are able to transfer a portion of it to the cereal
plants.growing in association. -

The second source of gain of nitrogen is from the
sction of bacteria living in the soil independent of crops.
Al healthy fertile soils have a large number of different
kinds of bacteria living on the organic matter in the soil
Some of these add a considerable quantity of nitrogen to the
soil by fixing it from tlie air and forming compounds, which
ultimately are transformed into nitrates for the use of
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plants. The factors controlling this fixation are not 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.

FaLvow Greex Miwvre
EXPEBIMENT.
Particulars,
May October May | October
Nitrogen.

1. (@) Percentage .. .. 0362 0375 0314 .0331
(b) 1bs peracre .. .. 1086 1125 942 993
(¢} Addition . . . 30 .. 118

II. (a) Percentage . . 0251 0282 | 0226 .0262
(b) 1bs.peracre .. - 753 848 478 86
{0) Addition . o . 23 . 108

It will be seen that in No. II the addition is more than
twice that in No. I. 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 Esrgg were
ploughed into the soil instead of being cut and 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

g:scﬁbed above, or by association with algae growing in the
water round the plants.

This matter has been briefly dealt with in chapter TIL
Form in whion 1018 mecessary to emphasise in the case of
plant food i nitrogen that plants are almost invariably
available. 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 the 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
Importsnee of largely on its physical condition or “tilth”.
tilth. This must 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 affected by the
tilth, and hence this ‘matter is of great importance. It
cannot be said that we know definitely what constitutes-
good tilth, nor have we any means of measuring this property
exactly. We do know, however, what influences the-
physical condition beneficially or deleteriously.

It is probable that an essential feature of a soil in
Sifinition. good physical condition is what is termed a
“crumb” condition.*  This means that
the individual particles of which it is composed are largely
aggregated together. This aggregation enables the soil
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 movement of air fn 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 the other
hand, a good crop can be obtained from a soil in good tilth
without any manuring and with a minjimum amount of
water., .

*King's “ Physics of Agriculture,” page 108,
1 Howard, Pz:ln Bnﬂng);s No. 61. o};al%!le
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The physical nature of the soil or its “texture” depend-
Distinction be. 1Dg, a8 it does, on the proportion of stones,
tween  texture gravel, sand, silt and clay in it, is permanent,
and tilth. 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 influence acting on the soil,
-a8, 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. Tt 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,
vthemselves. The roots force their way in all directions
and 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.

Tt is probably due to the fact that the lower soil has

Case of new DOt been properly opened up that the first

soils. 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
the fact that deep rooting crops such as
cotton, gram, etc.,, open out - the soil
-excellently for the suecceeding wheat crop. At Lyallpur
-wheat following cotton has given 10 per cent. higher yield
«over & pamber of years than wheat following wheat. -

Rotation,
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The drying of the soil, which occurs to a depth of 2 or 3
other agencios 1e€t after prolonged drought, must exert an
o tower  influence on the sub-soil slso. We know soils
lsyersofsoll  oxnand when wet and contract and crack on
. 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 bard sub-soil. Cotton is better able
to force its way down into hard soil, and the condition:
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 importance for various crops of loosening
Importance 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 surface 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 =0il as compared to similar land indifferently
cultivated. This is especially true for the Punjab, where
Manuring is comparatively rare except for certain crops.
This emlphamses the importance of cultivation as the only
Practical means of improving tilth that is within the reach
of the fa¥mer here. First class crops can be obtained on

v
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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. Iallow or preliminary cultivation, the opera-
tions. tions connected with the sowing of the crop,
:and 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 wakn irrigation
ds unnecessary.

The second class includes the preparation of the soil 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 15 very

- profitable provided that too much of it does not have
to be done by hand labour.

For all these various operations the Punjab farmer
nuses, ordinarily, only implements drawn by a pair of bullocks,
#the country plo and sohaga supplemented by several
“shand tools. For ing .& h;xige vmetyﬂt;f.funm'nqs these
dmplements -are unquestionably very efficient,. especially-

- swheé Sheir small cost. (a few rupecs each) ip considered, a8
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well as the fact that very little iron is used in their con-
struction; for untii recent years 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. Henoce,
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 #he 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 barans -lands, where wheat is followed
by a summer kharif crop such'at smash, mung or
moth. 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 torée, gram or sugarcane. Even in
irrigated land wheat follows a fallow of some months, and
is very rarely sown after a kharif crop. Gram, on the
other hand, often follows summer fodder crops such as
chary_or guara. o
. Fallow cultivation is generally done in' the symmer
either after rain or with irrigation. Very little land as 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-
cultivation ble of it to the weathering influence of sun,
consists 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. After 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 Before final preparation for sowing takes place.
Fallow land should dlways be stirred after rain, as otherwise
the surface hardens and big clods may be formed. Owing to
its slowness the plough 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
Advantages of the (8110w land the soil is turned Gver and stub-
iron plough for bles as well as weeds buried, thus enriching
falloweultivation  ho  goil, The munsh tends to collect
stubble; on the surface, and thus depletes the soil of fer-
. tilizing matter. Again the munah owing to its shape
cuts a V-shaped furrow and leaves a considerable amount
“of soil untouched. This is why several ploughings with the
munah are necessary where one wiﬂ? 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 kahi, baru, motha, and even
dub* tend to spread if only the desi plough is used.
The exposure resulting from Inversion by the iron plough
oauses thq roots to dryand tends to nlear tha land of weada

“Foe bopmicel !;mla;ohphrmnadl.
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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 munakh 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, 1t is posstble 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 38 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 are very
difficult to break up again if this is not done at once by
means of the sohaga. If the sohaga is used. it 18
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 raun¢
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 (patar*®) at plough-
ing time. Subsequent to ploughing either with a munah
or iron plough, if an implement like the spring-tined-
harrow or the horse-hoe is used, the clods can be easily
broken at very little cost as compared to frequent
ploughings. .

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 hardens. This is
easiest done with a harrow which can do 3.or 4 acres a day.
i!ﬁgshl';:d:dmw?ﬂ‘%:kmnp v::i;y :ixh:: iﬁ;:;:;i: md‘u:slux m
afthis time gaves labour and trouhls sfierwards.
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If no rain falls, harrowing once every three weeks or 8 month
is sufficient cultlvatlon, and this tends to help the weather-
ing and levels the soil prior to reuni. Before applying
raunt it is advisable to use the sohagas 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 baran: 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 wuse.

If only indigenous implements are used, every rain
must be taken full advantage of and the land ploughed as
deep as possible. As a rule, subsequent rains emable the
proper depth to be reached by the second or third plough-
ing. The clods should be broken up by sohaga towards the
end of the period, but it is inadvisable to have the surface
fine and smooth, as in that condition rain destroys tilth
eagily. Attention to summer fallow cultivation at the
Gurdaspur Government Farm accounts for the generally
much better yields obtained there as compared to surround-
ing barant 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
briefly given below*.

(1) Contour levelling.—The land should be levelled as

‘much as possible.
2) The kiara system.—It should be adopted because
ractice it has been found that bunds (9 to 12
inches high) both at the boundaries and across fields
under barani. cultivation are as important as they
are in irrigated fields. Terhporary bunds can be
made essily with a Hindustan plough. -

e
mmﬂ Teafiot- Ho. 160,
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(3) Weeding and interculture.—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
village 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 careful}y by keepmg the
land free from weeds during the “fallow” year.

As the rainfall in barant 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 bajre and guare
during kharif of the next year, even though the
swmnmer rainfall may be very light.

(6) Rotation of crops.—There should be a definite
rotation of crops; cereals and millets may follow
leguminous crops and vice versa. For instance, juar
and bajra may be rotated with -gram, while wheat
and barley in the rabi may be followed by gmam
and moth in kRarif.

- A7) T4 seed-bed son.—In  September,
dee’gdan fine seed bedseps?xr:fﬂd be prepared for the .
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rabi crops. For this purpose the des¢ plough is
quite efficient. If its nse can be combined with an
harrow there is nothing better.

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

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

The implements which would appear to be most useful
Implementssuit. 10T barant tracts are horse-hoe and spring-
sbie for fallow  tined harrow. They are rather expensive.
cultivation. 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 barant 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 wvafar. 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
good practice. There is no doubt that once kor watering
15 given the presence of the growing wheat crop prevents
thach done by tillage to keep the land in tilth.
Harsowing vy means of the bar-harrow 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 raunt irrigation the land is in watar and
Period between  T€2dY Tor sowing in the hot season after 2
rauni  and or 3 days in the case of light land, and 3 or
sowing, 4 in case of heavy land. In October, or at the
beginning of the radi sowing season, the period is about
5 or 6days, and later 10 to 12days. Asa rule,  sowing should
be done as soon as land is in vater, and thisis especially so
in case of shallow sown crops like toriz 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 rauns, 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
land two or three ploughings at intervals of 4 or 5 days
between time of wvatar 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.
Poklz, 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 seca. SiDle to facilitate even distribution of water

bed for variows  during irrigation. Generally the soil should
Srops- be umformly 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. Tocompact the seed bed somewhat, the sokage
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 foria a shallow mulch of 1 inch depth appears
advisable. Cotton can do with 2 inches and wheat with
even 3 inches. The mulch must not be deeper than the
depth at which the seed is sowp-
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In the case of some crops, e.g., gram the surface
is often left irregular with even small lumps or clods 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. i

In the work of preparing the seed bed the country
Advantages of plough has an advantage over the iron plough

oountry plough. jy) 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 sohaga is used after each ploughing to break the soft
clods thrown up by the plough, and wilt give a finishi
touch 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
sohaga. 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 sohaga, 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-
ageous gemerally to replace the sohaga by the roller on
irrigated land, as the levelling effect of the former is so
smportant. A roller should only exceptionally be needed
for.clod orushing on irriguted land under good management,

©
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wnd with perennial irrigation a perfectly moist seed-bed can
be ensured with little difficulty.

Generally the country plough is advised for operations
Case where iron  JUSt before sowing in preference to the iron
plongh ismed- ploygh 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
barrowing 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
barani lsnd 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 is 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
Sowi regular germination, but the thriving of the
wing. .

young plant during the first few weeks of

its growth. The conditions necessary for germination are
givenin 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 moisture supply would be inadequate and
the seed, even if it germinated, might wither up. To
ensure maoisture, 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 snd
the young plant may find it physically impossible to force
its way throngh. This, probably, accounts'for the practice
-gram a, 8 ing the . open without .
uging g;nanalhagz Ponfe seed is tl‘;;.;slefb in touchpzth moist
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firm 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 actually 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 forta in the
-colonies suffer to the extent of at least 10 per cent.

As regards temperature, the question mainly affects
rabi crops. Early sown wheat, if the soil is
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 barant 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 raunt 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 vater or when the young crop
is a couple of inches above ground.

’

Temperature.

-

In the Punjab there are three methods of sowing com-

Methods of monly ueed for field crops—chhatta or broad

, sowing. cast sowing, kera or dropping seed in the

furrow behind the plough, and pore. In the last method

the plough is used as a one-row drill by tying a tube
behind it. )

The well-known proverb pora badshah, kera wagzir

te chhatta fakir—would suggest that pore was in-

. yariably the best under all circumstances. As applied to

amikg ‘wheat and gram, it is probably in the main trye,
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particularly, under barani conditions, For small seeded
crops, however, broadcast 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, 1.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 foria, sarson, sengt, shaftal, ete.

In the simplest form of broadcast sowing, the land
is watered (rauns), 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 sokage. In fact, in the case of
senji, when sown, as it usually is between the plants of
ripenings erops 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 Sbserved 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 so uncertain, or give such s comparatively
small retwrn that the farmer’s profit is likely to depend
more on the reduction of the cost of -cultivation then .on
ensuring s maximum return. It is such reasons that
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justify this method for sowing gram, especially in the
wadh of another crop such as chari or for sowing
kharif crops on berani land. The promptness with which
considerable areas can be sown as Boon as the soil 1is
cleared of another crop, or as soon as it is dry enough after
rain or watering, is another advantage of this method,
and sometimes & matter of considerable importance.
This also helps to justify the use of this rough and ready
method in the two cases already instanced 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 méthod, which is never
really good, and would be fatal with crops that were not
very hardy. Chhatia 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 sohaga 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
sowing, the seed, when sown on land after the
has lovelled it, is covered by dragging a bushy branch of
the kikar tree over the land. Toria and saorson are
often sown on land left rough after the native plough and the
seed is covered by levelling withy the sohaga. Again the
soil may be levelled with the sohaga, seed sown, land
ploughed and gone over with sohaga,. afterwards. This
tends to get the seed deeper than is suitable for toria.
The decpest sowing is done by gowing on a rough surface
after ploughing, ploughing again, and using the sziaga.
There is little doubt that if harrows come into eneral
use, & great improvement can be made in this method of
sowing, for with harrows it is possible to control more
acourately the depth at which the seed is covered, and,
_besides, they cover three or four times the ground done by
_ the munah. The sohaga or some similar implement
‘vvlm.hgyevat,ﬂe_edbobeusedﬁen with harrows so as to



65

Kera is used generally on irrigated land, where the
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. This
raethod 18 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 18 unsuitable 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
barant land. The land in irrigated tracts has to be level-
led with the sokaga to facilitate subsequent watering.

Kera sowing.

In sowing with the por a seed tube (por or nald)
is attached to the plough in such a way
that the seed drops just behind the chow
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 ploughman 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 chow €o as to imitate
kera. This is not common, but is sometimes done on
well-irrigated land. The pora system is generally used
on barani lands. )

By sowing with drills {see Chapter VI) the seed is
dropped in mueh the same way as by por, except that
the quantity is ted by & number of tubes. There
are two tubes in the case of kharif drills and three in rabi-.
drills. The most important advantage of using drills s

Pora.
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that it facilitates after-cultivation in case of kharif 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 blanks
is missed until it is too late.

In irrigated land, as pointed out above, the passing
Uso of harow Of the sokaga over the land after sowing
sfter sowing. 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,
nothing further is usually done until the seed
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 interculture (vernacular® godi karna) 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
crop. Irrigation or rain tends to destroy it; also the lack
of humus 1n the Soil in the Punjab plains renders loss of
titth 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 interculture is especially necessary
in the case of cotton, for which preliminary cultivation,
as compared t0 wheat, is generally very hurried and short.
Further, the mulch fi by interculture pfevents exces-
sive ewaboration of moisture and saves watering, or

Afier oultivation.
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enables the farmer to delay watering without injuring the'
crop. Delaying the first watering is often very important
as by this means the roots are encouraged to go deep into
the soil 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, especially in the summer
season. A crop like cotton is particularly sensitive in this
respect, and wherever much grass, such as dub, is allowed
o 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
i8 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 & necessary preliminary.

After-cultivation may consist of harrowing, whereby the
whole field is covered irrespective of the
position of the plants. This 1s only feasible
with small plants or in the younger stages of the 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 broadeast as
well as line-sown fields. In the case of crops SOWN BOme
distance apart, e.g., cotton, sugarcane, maize, etc., the
after-cultivation in later stages is dome by implements
drawn Letween the lines. Such impléments are the ‘“‘horse-
hoe” and “Lyallpur hoe”, the use of whioh is spreading
satisfactozily. =~ Hand implements used for this purpose
are the khurpa, kasola and the baguri. Sometimes the
country plough is also used (see Chapter VI).

Harrowing,

querences
(1) “Physics of Agriculture”, by King.
(2) Pusa Bulletin No. 51 of 1916, by Howard.
3) D;gartment of Agriculture, Punjab, Leaflet
0. 160.



CHAPTER VI

AGRICULTURAL IMPLEMENTS AND
MACHINERY

The working of different implements is explained in the

Costs of bollock  ChAPYer on cultivation. In additiom, if we
and menuslenl- are to study methods of cultivation intelli-

tvation. 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 1t 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 ? 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
sugarcane 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 water rate.
The making of gur takes nearly all labour available 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
Diffenlty of esti. the farmer of a day’s work by his pair of
mating. bullocks. Practically every figure used in the
calculation has to be estimated. The bullocks are probably
homebred 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 & 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
season 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
adopy a figure for general 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/- ig fairly satisfactory and 5
annas as the wages. of a day’s labour whether by a hired
man or the tenant. These figures have to be modified for
special purposes as, for instance, in harvesting wheat when -
abour is scarce, or in sugarcane crushing when there is’
little other work available for bullocks, or near large towns
where labour and bullocks cam 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 figures adopted are nearly correct and the
same figures are used on both sides of the comparison, tno-
great error in conclusions need be feared. It is, however, "
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easy to criticise these figures and, therefore, the source and
bagis 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. o .

Figures given in this publication show that the cost
of a pair of bullocks 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 Jullundur 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. InFarm 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 :—

PER Davy.
Year
Wages of the hired Earnings of a farmer's
Jabour + family member
‘ Rs. a. p. Rs. &. p.
192728 0,511 068
1928.29 05 6 0 810
1929-30 085 6 0 59
1030-31 03 6 009
1931-82 0 4 2 03 0
1932-33 o 410 05 5
1933-3¢ 0311 03 7-
1834 35 o311 05 2
1985-36 040 08 7
1036.87 04 8. 05 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. -

%10 100-Cite Poge 17,
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We can now proceed to discuss the implements
themselves- Various agricultural imple-
ments and ;. achinery may be studied in
the following order :

(1) Ploughs. ‘

(2) Cultivators, horse hoes, and harrows.
(3) Sohkagas, 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”.

(lassification,

The most important agricultural implement is generally’
the plough and it will be convenient first
to consider the country munoh and hal
{see figures 1 & 2) since these words are generally translated
into English as ‘plough’. And it is from somewhat similar
wooden ‘plough’ used with bullocks that the modern
horse-diawn Western ploughs have developed, though the -
Western plough as now known (se¢ fig. 3)is very different.
In fact, the Western heavy harrow or ‘cultivator’ does work
more resembling that of the munah or hal.

The Plough.

The functions of the modern plough, which are generally
Functions of a  Tegarded as the most essemtial, are cutting
plough. off the layer of soil from the subscil below,
inverting it so as to bring the lower part to the top.
Although some modern 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 essental .
part of the duties of the plough. Moreover, though the -
depth- can be varied to some extent, the iron plongh 1s used
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to cut down to full depth at ance and not adapted to work
very shallow, if the soil iz hard. Harrows and cultivators
can be used for shallow work if necessary and the stirring
and breaking up of the soil are their most important func-
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 stirnng 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 to a small depth
a soil which is too hard to plough properly.

The essential part of the native plough (chow in munah;
Work of Indi. Aur in hal) consists of a tapering triangular
genousploughs.  plock 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 phalle (see figs. 1 and 2). In the casé 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. .
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As the plough moves forward, the chow being in-
clined downward, is forced into the soil and tearsout a
V-shaped groove or furrow in much the same way as a wedge
cuts into a plank. The expanding 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 i1s broken to some distance
on both sides of the furrow. But, 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 munah
are :i— :

Hals ............ OF  vevrnurvnnns beam;
Munah ............ [ S body;
Hathi  ............ <) handle;
and Og or phana LOT e wedge

The country plough is usually worked from right
to left and the stirring of a field is accomplished by taking
small strips of land called rakals. On an average the
bullocks and the ploughman travel over a distance of about
12 miles in order to plough an acre of land.
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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 horizontel and a
vertical cut, and that it is so shaped 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 plough serve, as it were, as a
Other parts of  1Tamne 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 plough 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
attachment 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
of the 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
by nozzle and other adjustments, so as to stabilize the
plough and keep the-depth uniform, throughout the field.
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The average comparative drafts of three most impor-

Draft of the tant or popular iron ploughs and munka _
ploughs. are given below :—
: J Draft per
, aquare inch
Plough [ Furrow | Total draft. of the crosa
1 seetion of the
| . furrow.
|
!
| Ibs, Jbs,
Rajsh | 6"x9” 170 315
Hindustan I oo 153 283
Megton 1 X7 120 320
Munah o .. I prET e 130 | 642

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 turping ploughs. The higher efficiency of the iron
ploughs is due to the smoothness and sharpness of irom.
It may also be noted that these figyres relate to soil in
vatar condition, but as the soil dries, the draft in-
creages. In the case of desi plough, however, the draft
increases much more rapidly than with the iron plough.
This is as expected, for the outting action of the latter
facilitates ploughing in hard soil.

s ‘There are four main advantages of furrow turning
rasgret - ploughs :—
ploughs,

(1) 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 on

ploughing by munah 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.

. (8) They pulverize the soil to a greater extent than
desy 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
kahs, 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
Diffienltien with  the Rajah 1s not so easy to control in
iron gloughs.  some respects as the munak. 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
centre of the field. When starting from the centre it is
useful to make an opening. In order to do this, at first 4
shallow furrow is made in the middle of the feld. By
turning the bullocks to the lgft the second furrow slice is
out at a distance of about 1} feet from the first farrow.
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 diteh by working the
bullocks from left to right. The depth is then -increased
and ploughing 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 sokage when

levelling.

Thirdly, the initial cost and upkeep of an iron plough
is higher than that of munah. Rajaeh 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 adjustinents of an iron plough are
a bit complicated. But they are not beyond the under-
standing of ‘the ordinary ploughman. .

There are two types of iron plough—one having a

Tron ploaghs short beam and the other a long beam. The
recommeaded  ShoTt beam ploughs have a short beam and
ppihePuniah .5 land wheel. Tmportent ploughs of this-
srmer. type are, Rajah, Punjab and Chhatanoga.

- These ploughs were introduced into the Punjab by the
Agricultura]l 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 and 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 have a long beam and no wheel.
Bullocks  ‘are yoked to them as in case of munah;
consequently they can be easily controlled by the ploughman
and are hence becoming very popular in the Punjab. These
ploaghs, - however, do not run so steady as the wheeled
ploughs. They can be further sub-divided into two classes
—heavy and fight. The heavy type includes Hindustan
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MOULD BOARD

HINDUSTAN PLOUGH
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
‘bullocks. This type is popularly known as Meston ploﬁgh.
(Fiz. 5). Many local artisans also make ploughs of this
type, but the imported ploughs are better in workmanship
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 inade locally.
Tts share costs B annas only and has to be replaced generally
after doigg 16 dcrés.
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MESTON PLOUGH
Fig. 5,

Cultivators, horse hoes, and harrows of various sorts
Cultivators, hose T€ iMplements with several or a number of
hoes, and teeth or tines affixed below some kind of
Barrows. frame intended for stirring the soil after
first ploughing, breaking surface aftér rains, covering small
seeds after sowing, and interculturing crops. They may
rimarily be divided into two classes —(a) heavier (b)
ighter. 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
“horse hoes.”  land’ or between the plants of a crop sown
in straight lines fairly wide apart; they are very useful for
inberculfuring cotton sown in hnes. Two men and a pair of

bullocks can thus hoe 3 acres in & 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 between 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.
Crops 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 dest plough.

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 recommended
Springtined  for usein the Punjab, are intended only
harraw. for use on land on which no crop is growing.
They cannot be used for cultivating between the plants
of a wide-sown crop, for they eannot be directed with suffi-
cient accuracy to avoid the plants and are algo too wide.
The springiness of the points is helpful, because when
serious obstruction is encountered by one of the points or
“tines”, this ene will bend without throwing the whole im- -
plement off its level and without breaking. The continnal
vibration of the tines also helps in breaking up - the clods..



But the necessity for making the springs of good steel renders
the implement distinctly expensive, and the expense of
springs 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
dub which grows in matted patches on the gurface of the
soil. 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 Rs. 55-8 and the latter for Rs. 64-8.

This implement consists of a frame carrying a number
" Diso harrow, * of saucer-shaped disce. The whole weight of
. the implement rests on these sharpened dises
which cut through the soil, at the same time lifting and
loosening it. For pulverizing ploughed 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. i
This is commonly used in U.8.A. The implement is
Peg.tooth lever Wholly made of iron and strongly constructed.
harrow. Tts pegs can be sloped in amy desired



> 84

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.
It this position it is used for interculturing crops like wheat.
The International peg-tooth lharrow with 30 teeth costs
Rs. 35. .

This is a light harrow with 17 iron points, attached to
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 tines are made to point slightly backwards
to avoid uprooting young growing plants 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

Bar barrow.

BAR HARROW
" Fig. 8

«yseful for harrowing any crbp in its early stages, particularly
wheat, cotton, toria, sugarcane, for breaking the} 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, .., 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
long beam and is pulled like desi hal, It

Lyalipur hoe.

can be.used for the interculture of cotton sown in lines, and
for breaking the crust, which forms in fallow land after rain
and irrigation. It can be had from the district staff of
the Agricultural Department. Its iron parts cost Rs. 4,
Whereas complete hoe can be had for Rs. 5-2.

It will be readily seen that it is much quicker and
Advintagesofoul.  Cheaper to work over a field with one of these
tvstors and implements than with a country plough,
hareowa, the saving being proportional to the width
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-of goil covered at a time by the implement. Thus if it
costs Rs. 1-5 to plongh an acre with the country plough
taking a 9-inch furrow, it will cost only about 7 annas to
cultivaté or harrow with an implement 2} feet wide or if in
hoeing cotton, it is necessary to pass the country plough 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 sail as can the country
plough since they cover a much greater width. Nor do they,
perhaps, turn the soil over or crumble it upso much as the
country plough. Buf as will be seen in the next chapter,
there are many occasions when the soil is not very hard, and
it 1s not necessary to work very 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 2 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 cavered quickly.
In such circumstances the profit from the use of a cultivator -
or heavy harrow may be considerable.

" A 5-tined eultivator on an average stirs the soil up to .
a depth of 3 to 4 inches and in loamy soil its draft is 13 to 13
cwts.

For breaking clods both sohagas and rollers- are used;
Sohags  and . but it is- necessary to distinguish clearly
rollers.  between their effects, for there are very im-

portant differenced in the -action of these implements. If the
_ work of a roller ig observed, it will -be seen that it com-
pressen ‘the #oil and crushes 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 asit levels
the soil at all, it only does so by compressing the high parts
more than the low and somewhat flatéening out any
elevations. - )

If the action of a sohaga be observed, it will be seen
Work of the that it crushes clods to some extent, especially
aohaga, if weighted by labourers standing on 1. This
work, however, it does not do so efficiently as a roller.
This is because the weight of the sokaga is spread over a
large surface, and the pressure per square inch is, therefore,
small. Thus a sokaga weighing 200 lbs. and with two.
men weighing 125 1bs. each on it, 5.e., 450 lbs. in all, exerts
apressure of 0-351b. 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 sohage 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 possible to allow of even
irrigation; it also renders the sohaga a useful implement
for covering seeds. It is not, however, 8o effective in breaking
clods as the roller ; also it should be noted that owing to its
being ed straight forward .instead of rolling, the
sohaga could not be used if it were as heavy as a roller
and thus the effect of the sohaga 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 sokagz has been used.
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There are two main types of sokaga. One of them
consists of a thick wooden plank measuring 9’ X1’ X}’ and
weighing about 2§ maunds end the other of 3 or 4 pieces
of wood joined together with cross bars. The latter type
is especially useful for breaking crust formed after rains
and the clods. - In some- districts of the province lappas
are fxed ab the Sindermost end  of sohage with thei
edges a bit protruding. This arrangement is very helpful
in breaking clods. A small-sized sohaga known as
sohagi is very commonly used in the Punjab. It
weighs about 1} maunds, measures 6’x107x5" and is

~ worked with one pair of bullocks. A sokagi can cover 4
acres of land in @ day as against 8 acres with sohaga.
Their costs are Bs. 5-8 and Rs. 7 respectively.

In the Punjab, roller is used only ina few districts,
viz,, Karnal, Rohtak, Muzaffargarh and D.G.
Khan; where rainfall or irrigation water
supply is insufficient or inadequate. In such areas, some-
times, it is necessary to compress the soil surface 50 as to
draw up the soil moisture from below.

Roller.

Fig. 11. :

The roller ysed 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 #oller is the, 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. Onece 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 soft 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
adequate arrangement for hitching it be-
hind the bullocks and for holding 1t by the
workers. It is used for the levelling of wuneven fields,
especially when mnew land has been brought under
cultivation or the level of fields has been very much
. disturbed. Like sokaga there are two types of karah.
One is bigger and the other is small. The former is

Korah.

Fig. 12.
worked by two' pairs of bullocks, whilst the latter by
one pair of bullocks. While working it is kept in an npright
position so that earth is dragged from the higher level to -
the lower places or depressions; when going back to
higher places it is kept in such a position that no earth is

scrapped and carried with if.
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“Drills” for sowing seed in two or more rows at a time
were until recently unknown in the Punjsb,
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 3 tines, one man and a pair of bullocks can
finish three acres in a day, whereas, by pora three times
this labour is necessary. Through the saving of time the
best use of the available moisture can be madé. Another
great advantage of the drills is that some of the crops hike
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 cotton. All of these had complicated mechan-
- ism and were very expensive. For® this reason the Depart-
ment of Agriculture at Lyallpur has evolved a number
of simple drills for sowing most of the crops in the Punjab.
They are briefty discussed below.

The “kharf” drill is suiteble for sowing cotton. It
differs from those used in other parts
of India in the following respects :-—

(@) metal tubes are used instead of bamboo and this

applies also to rab: drill,

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

the seed.

(c) A marker is attached to show the position of the

next line:

Drills.

Kharif drill.
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As a rule a long yoke (8 feet)is employed for the
interculture 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 1s 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 tubes are
not choked. In case of cotbon the seed should be
well rubbed over a munj cherpa: 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 meant for sowing rabi crops like wheat,
Rabi doi. bailey or gram. Tt sows three lines 9 inches -
! apert at & time and 3 to 4 acres can be sown
in a day. The seed is dropped by hand into a weoden
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bow! 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 ' cleaned of
ghundis and straw specially in the case of gram. Fince
three rows are resown at a time, cire should be taken that
three times the amount of seed is'used when sowing with
the plough is dropped in the bowl.

RABI DRILL
Fig. 14.

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 8 or 7 annas in the
case of dest cotton or rabi crops.

The 'Departm'ent of Agriculture has recently evolved a
‘Single row cotton SiNglé TOW cotton drill which is essenially
drill. similar to munah fitted with por. Its cost 1s
Rs. 4 only, and on account of its easy handling and low



SINGLE ROW COTTON DRILL
{(PORE HAL).
Fig. 15.

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

A single row hand drill for sowing cotton was evolved
at the Lyallpur Farm. Itis pulled by one
man, while another controls it and drops the
seed down the pipe into the soill. Germination obtained in
the case of crop sown by this drill i& much better than
that by any other method of sowing. Though very
eminently suitable for sowing small plots, it can be used on
a field scale as well. But the only objection against the use
of this drill is that of the substitution of bullock labour
by manual labour. Its cost is Rs. 4 only.
It was designed by Mr. Johnston, late Deputy Director
Antomatio rati O Agriculture and has found limited success
Drilt. in the Province. This drill is suitable for the
sowing of wheat and’other similar-sized grains such as
chari, wrasser, barley, etc. It is mainly constructed from
wood and is 8o dimple to work that any farmer can learn
to use it in a short time. Besides besm and tines, its
important parts are seed box, telescopic pipes, seed wheels,-

Hand Drill.
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olutoh-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
sowing, 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.
This should be used only when the drill is out of gear.

AUTOMATIC RABI DRILL
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
required to operate it and 4 to 5 atres can be sown in a day.
The oost of this drill is Rs. 37 and it can be obtained from
the loeal agricultural officials.

In addition to these drills, crops can be sown in lines
Plough and at equal distance by using a ‘ marker”
marker, on the munak or hal (see fig. 1). This
method is reoommended for those working on land not
propesly cleared, or where the labourers and caftle are



95

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-
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 implementis 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 1906. It never became popular with the farmers on
account of its high price. Bince 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.

Renpers.

‘Fig. 11,

A strong pair of bullocks is required to work this
machine since its draft is about 270 bs. Owing to heavy
draft frequent change of bullocks is also necessary. Eight
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men 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 from 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 machine and sharpening of the knives by carborun-
dum file must be attended to regularly and frequently. This
will also help in avoiding the c%oking 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 c¢an 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
Self-delivery machines in that they collect, size and
MacCormic deliver the crop automatically. The main
feaper. 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 1s more complicated. It is also not very flexibie and
requires much exertion to baul it over irrigation bunds.
Its sizing and sweeping arrangement very often gives
trouble. :

This machine can be obtained for Ra. 452. .

This machine cuts the crop, collects it, compresses it
Self-binding into bundles and ties them in one operation.
reaper. 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 can
harvest one acre in one. hour without difficulty:

". .. The mechanism of this machine is quite simple. The
mﬁmby knife and the harvested erop falls 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 sides 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
attached to collect 2 number of sheaves before they are
finally delivered.

For harvesting wheat by manual labour five men are
Cost of harvest- required to finish an acre in a day. Usually
ing  whest by they are paid in kind at the rate of ome
hand aad by bundle each which yields about 16 seers
Teapers: grain and 28 seers bhusg. 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. 8-12. .

By mannal delivery reaper the cost will be as follows:—

Rs. a. p.
Interest on Rs. 395 at 8 per cent. .. 3110 ©
Depreciation on Rs. 395 at 15 per cent .. 59 4 0O
Repairs and oil .. .. 381 2 0

Labour:—
Bullocks—2 pairs @ Re. 1 each for 14
days

vs . 28 0 0

Men— 8 @ Re. I each for 14

days .12 00
Total .. 22 0 0

Assuming 70 acres are cut in a season, the cost per acre
comes to about Rs, 3-12. This means that by harvesting
wheat. with reaper, saving-can be affected to an extent of
Rs, 3 per acre. The cost by self-delivery is about RBs. 4
per acre, whereas that by scythe maybetakentobeabout
Bs. 512 and by self- bmder about Rs. 8.
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Wheat is almost invariably threshed in the Punjab
by the process of trampling by bullocks with
phalle which is either made up of cotton
sticks or shisham branches or phalahi sticks weighted
with straw.. But the phale 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 6Ausa may be held up due to absence
of winds and threshed grain may be at the merey of nature
for days and even weeks. This is especially dangerous if
the rains are early.

Threshers,

In order to evolve some suitable threshing machinery,
the Punjab Agricultural Department has been carrying out
some experiments on wheat threshing since 1907. About
8 dozen threshers have been tried but none of them has been
found to be entirely suitable. Qur experience here has
ghown that the problem of threshing wheat by machinery
in the Punjab 1s nob 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 morning which makes
them more susceptible to attack of insectpests than
otherwise ~ Our problem is, therefore, to get over these
difficulties and also thresh the crop satisfactorily, separate
grain from straw, and malke the straw into fine bhusa. 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 a little higher, it would mean a
great saving for large holdings. Bmall farmers carmot take
upJarge threshers unless they are worked on co-operative
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basis. If collective forging is to be developed on Russian
or other lines then this qliestion will become a very live one.

So far four types of threshers have been tried: simple
drum threshers; threshers containing drum and shakers;
simple finishing threshers; and simple threshers with a
device for making straw into bhusa. Of these only the
fourth type fulfils 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, s.e., simple finishing thresher is more successful.
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 removed 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 462
maunds, 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

Winnowers, 87811 from bhusa is of considerpble importance
" 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 should serve the purpose well. Since wood doea
not stand our hot climatic conditions, the Agricultural
Engineer constructed a- machine mainly made of iron, but
this was fonnd to be too heavy. (See Wheat for further
details). ' .

Several t of the ordinary winnowers for giving a
final cleaning f?eg.;a.m have ben:gxled at the Ly\sd.lpﬁgrl vl;{‘ugm
All of these worked quibe satisfustorily and are recommended
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to farmers. Their price is rather high. The “Zamindar”
winnowing machine costs Rs. 2157 .

Of all the improved implements introduced into the
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.
1t 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 hand-foka. Fodder
cutters worked by bullocks are also available; they can
chaff from 20 to 40 maun1s of green fodder per hour. Those
driven by mechanical power (oil engine or electricity) cut
from 30 to 150 maunds per hour.

Fodder Cutter.
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The first chaff cutter introduced was “Rajah” costing
Rs. 84. Owing to its high price it did not become popular.
The usefulness of sugh 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
themn are 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
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.

Cane orushers,

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 and gives an extraction of 56 to 65
per cent. Its output is abopt 33 maunds of cane per hour,
It can.be.had for Bs,135.
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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 about 3 maunds per hour and extractlon

is 53 to 60 per cent.

Of the power-driven mills only Chattanooga No. 192
and Massey 14" x 10" have been tried at Lyallpur. Both of
these mills gave. the same output viz., about 30 maunds
eanes_ per “hour and are quite satlsfactory They are

e to farmers. Both of them require & drivitig
from 1015 H. P. Particalars for -various-vane-
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crushing mills, as regards weight of juice extracted per 100
maunds of cane, output, price, etc. are given below :

) Weight of
4 juice ex- Output
Name :;c'ﬁ;do Df;::e Price. Agents.
mds. of hour.
- oane. \
Mds. Mds.
Rs. a. p.
Nahan Sultan 50--63 24t04. 135 0 O | Nahan Foundry
District Ambgla,
50 0 0 | Batala, District
Batala - 5360 2.4 to 3.6 to Gurdaspur,
80 0 0
Elephant 51--56 1.8 to 2.0 120 0 0 | Messrs. Burn and
Company, Howrsh,

Chattanooga bullock-| 58—63 3to6. 197 0 0 | Messrs. Volkart

driven, No. 112. Bros., Lahore and
Karachi.

Chattanooga bullock-; 53—60 3.2t03.7 262 8 O do.
driven No. 122

6 H. P. Chattancoga, | 865--64 8.5 to 12.4 68112 ¢ do.

No. 144,

10 H. P. Chattanooga,| 6064 20 to 25 914 0 O do,
No. 145, -

15 H. P, Chattanooge,| G0 25 to 28 1464 0 O do,
No. 192,

Belt Powerattachment 224 O 0 | Messrs.  Volkart
for No. 122 ballock- Bros,, Lahore.
driven Mill.

Bagasse. Carrier for . 01 0 O do.

No. 192,

Juice Pump for No. 192 157 0 0 do.

Bagasse Carrier for 73 0 0 do.
No. 145,

Juice pump for No. 145 . - 142 0 0 do.

50 0 ¢ | Lahore, Lyslipur

Local Cane Mills o and Batala,

80 0 0
“ Massey ** 10”147, 25 to 30 1,700 0 0 | Empire Enginsering
. Cane Crushing Mill. Co., CawnK};ore.

Karamat, Bugarcane e 295 t0 56 180 0 O | Messra. irloakar

Crusher. Bros., Ltd., Kir-
loskar Vadi, Dis-
trict Satara.

]

The Department of Agriculture, Punjab, bas been

Tmotora,

conducting investigations on tractors and

. tragtor implements at Lysllpur for over

two decades.

In 1920 two motor ftractors were
chased—an Austin and -a Cletrac, sach 19-20 H.. P.

T
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first one was of the ordinary wheeled type, whilst the
second was of the caterpilar type. The working and

ing-verious operations by these machines
were studied thoroughly. Neither of them was found to
be reliable because they continually developed mechanical
troubles of various types. Their chief drawback was that
they had not got suﬂgcgent power to puil 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. TIts
chain track gives a better grip, but the position of its
pulley renders it unsuitable for stationary work.

As & result of experience with these machines, high
powered tractors were tried viz., 18—32 H. P. Case 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 coet per hour was Ra. 1-13. The Sentinel
Tractor was of unusual type. It had caterpdlar drivin
tracks behind, steering wheels and boiler in front; an
propelling mechanism behind. The steam pressure was
very difficult to maintain, steering was unsatisfactory and
the time required to refuel and secure water was unecono-
‘mical and it was, therefore, discarded.

&

In 1928 a MacCormick Deering 15-30 H. P. wgs ob-
tained. This proved to be the most reliable and econo-
mical tractor. Expenditure on its spare parts for the
first 934 hours, work amounted to only 8 pies per hour.

The foregoing acosunt of the trials of tractors in the
Pinjab indicates that early experience with tractots was
£ ‘Wbtory ‘as the tractors then  available.in the
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market were light powered and not of desirable type.
The same was the experience in the Westarn coun-
tries. The tendency nowadays is to use high-powered
tractors (25 to 95 draw-bar Horse Power).

There are two different types of tractors : (¢) wheeled
tractors; and (b) caterpillar, crawler or track tractors.
Wheeled types with steel wheels and spuds are 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 likewise
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 i8 needed a dombination of wheeled and caterpillar
tvpes 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
advigable to deal with some relisble firms of long-standing
which snould e able to provide spares, and repair facilities
at convenient places.

The idea that tractors can replace bullocks entirely
Possibitities for 18 'Wromg, for they are neither as reliable
trastor ~oultiva- mor a8 ecomomical as. bullocks, on the
o ordinary -cultivators’ holdings. However,
for imjtial breaking up  of lands, for ‘ploughing waste
lands ‘infested with weeds like kahe Daru, dub, etc., for
preliminary cultivation where labour it scarce, as a staud-
by on Is#ge farms for augimenting the animal power in: basy
seasbn,"und for driving machinery such as fodder-cutters,
threshers, grinding machines, “efo;, they ere very usbful.
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Further, tractor ploughing is an economic proposition
only when prices of agricultural produce are high and
fields are fairly large sized. With wheat over Rs. 4 and
cotton over Rs. 12 per maund, the use of tractorsis more
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 wasted on turning the tractor at
the head of each furrow is reduced.

In some foreign countries such as Great Britain,
U.8.A., Canada and Australia, tractors are being used on
agricultural farms in thousands. Since the outbreak 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 :

Tractor 1542 1944
Track Laying— N
Agricultura] .. . . 4,506 6,730
Market garden type .- .- . 1,086 2,016
Three and four wheeled . . . 104,780 153,085
Two-wheeled . . . 8455 10,940
Total . 116,826 172,770

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 agticul-
tural p ‘is negligible, It is, however, expected
that with i: h agricultural prices in this country tractors
will become more popular. In fact, tractors are already
in: grest démand, but due to war conditions, export
restrictions in U.S.A., and import restrictions in India,
tiactors are not easy to get these days. But under the
Lend-Lease umme some tractors ave.  bemg Im-
ik into. this gountry in connection with ‘Grow More
campaign. “In: order to get a tractor, therefore,
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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 some 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 for breaking up virgin lands. The
charges, including cost of material, wages of the staff, -
depreciation and repairs and interest on the capital cos
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:

Work done Cost per Cost per
Operzation. per sore acre aare
10 hours. nowadays. | before war.

acres Rs. a. p. Rs. a. p.
Ploughing 12"-dsep in *‘ Kane’* infested
hard soit

80i. . P 35 25 0 0 1513 6
Ploughing 6*-8” deep (danjar) or cultivated

land . . 5.0 1412 © 9 6 0

Harrowing - . 17.1 450 212 o

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

Besides type of work and type of soil, the operating
costs of tractors are liable to variation according to their
type and power. Taking 10,000 hours as the working life
of & tractor, the total expenses (out of pocket and overhead
costs) vary from Rs. 3-8 to Rs. 11-8 .for caterpillar Deisel
tractors with draw-bar Horse Power ranging from 26 to 95,

#Velkegs Brothers, ead (2) Buokwell & Co,
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It is quite possible that in the past trials, the trac-
Prospect of low HOT8 were given tasks that were too severe
power tractars. 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 trector
should only be used for one furrow plough and with small
harrows and disc harrows. It would only be suitable for
dab and kans 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 (1} tons only) and various similar jobs. The
initial cost is low and manipulation 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 imple-  Liyallpur, 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 disec.
The former is older and is only an enlarged
form of & furrow turning plough such as
Rajah plough. Instead of one share, two, three or four
shares 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 suitable. The
disc plough instead of shares has two to four saucer-shaped
discs each about 24" in diameter. It disturbs the level
of land more than mould-board plough, but. pulverizes
the soil better and is more suited to rough land .and

Tractor ploughs.

stiff soil. , . o
“For -tractor work a plough should be of the selflift
type, as it saves the labodr of one man. Ploughs of this
type can be worked by the man driving the traeter-and -
aanhe Jowered into or raised from the grosnd without



109

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 0°57 acres as against 0.8 acres per
hour with three-furrow plough. The third is the fige-
disc plough. -
These implements have 10 to 20 tines and the work
Tractor cultiva- dome much resembles that of a “dest hal”.
tor. Itisan 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
Tractor diss  discs and others having two rows. In the
barrows. 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, ¢.e.,
with two rows of discs. They are very useful on heavy
lands or on those infested with weeds. It i 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
Tracter spring and are useful for breaking down lumps
tooth harrows, of soils to get a fine tilth, Their use is
strongly recommended. By combining “several bullock
spring-tined harrows their size can be made to suit trac-
tors of any power.

Carts are very extensively used in the Punjab for
transporting agricultural produce from
rural areas to markets and for carting
manure. Their greatest number is found in Ferozepors
and South Eastern districts of the Punjab. In’ the
North-Western parts the number is very small because
of the lack of roads. .In these tracts eamels and
donkeys are used. The cost of transport by camels
is nearly twice the cost by bullocks. In 1940 there were
329,320 carts in the Puniab, whereas, in 1909 the number

Carta,
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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 consists of wooden framework
supported 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.

~Since the cart is the principal means of transport
with the cultivator, 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
carry 55 maunds of sugarcane as against 25 maunds pos-
gible 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 of ordinary cart on roads amounts to Rs. 228
per year. There seems to be every reason, therefore, to
tnconrage the use of carts fitted with pnenmatin
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The diameter of the wheel is of special importance
in the cart. The larger the diameter the lower the draft-
and vice 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
mounds on kache roads and about 40 to 45 maunds on
pucea roads.

Lo . - .
Pangali iz used in nearly every farm .operation when
bullocks are used. It consists of jula,
phat, muthias and arlies. Jula rests on the
necks of bullocks, muthias connect the jule and phat and
arlis prevent the bullocks from getting out of the panjali.
In various parts of the Punjab the size and form of the

Panjali or Yoke.

PANJALL
Fig. 21.

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

(1) Short panjali—It is about "5 spans-in length,
i.e., 3 feet 9 inches and is meant for charse and circular
track: work such as persian-wheel, cane-crushing mill,
kharas etc. It is of a smaller size so as to reduce the
difference between the distances travelled by the right and
left “bullocks.
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(2) Ordinary panjeli.—It is 7 spans or 5 feet and
8 inches in length and is used for ordinary work like
ploughing.

(8) Long panjali.—It is 8 feet in length and is used:
for hoeing cotton sown in lines.

The panjali of Hariana tract is merely a gula
with small muthias and arlis. Leather straps or
gots 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
farmer. To  describe all of them in
detail will oeccupy much space, accordingly
only special {) ints for important tools are shown in the
following table.

Hand tools.






HAND TOOLS (concluded)
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CHAPTER VII
FALLOWING, ROTATION, AND MANURING

1t 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 Totations,
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 fromn one another, or from the main cha-
racter of the agriculture of the‘tract, i.e.. whether nehre
(canal) chahi (well) or barans (rain-fed) cultivation is pre-
valent. For the sake of clearness, however, it is necessary
to attempt to discuss them separately.

Fallow is & word of Saxon origin, meaning pale-yellow,
Fallowi and, therefore, when applied to farming
sroming: suggests bare ground.* In the ordinary sense
it.means to leave the soil uncropped 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,
therafore, partly a substitution for manuring, The fallow
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 18 little favoured in
such areas on account of lack of adequate moisture required
for the decomposition of organic matter.
* Bailliere's Bucpeloperdia of Scientific Agriculture, Vol. 1, p. 263.
116
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In sharp contrast to growing the same crop year after
year rotation means the system of raising
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.

Q}/By/ rotating crops of different seasons it is easy to
control the weeds. Some weeds are much more trouble-

some in summer than in winter and can be suppressed
by growing rabi crops after summer fallowing. Simiiarly
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 disesses and insectpests.
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.

Rotation.

(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 nutrients cannot be maintained if the same
crop is grown year after year on the same land.
Some nutrients, which are removed in large
quantities will be exhausted and the land will
not; be able to produce a decent crop, though there
may be plenty of other food nutrients in the soil

. suifable to grow other crdps| ! )

{8) Owing to difference in the root system of various
crope, shallow-rooted crops remove more plant
food from the surface, whilst the deep-rooted
crops open up the snhanil and taka fadd fram thi

lower layers also. .
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(¢} Leguminous crops have got the property of fixing
atmospheric nitrogen with the help of bacteria
present in the nodules of their roots.  Their
nclusion 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 humus
content of the soil can be kept up.

(4) By growing a variety of crops with different 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 :—

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

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

(##%) Leguminous crops should be included in the
rotation,,

(2v) Green manuring and forage crops should be given
a place in the rotation at regular intervals.

o) Crups wodh us potsEioes, sogmreRne, Y., TeQITmy
more thorough cultivation thaw others, should be
included in the rotation as their cultivation means

- a very good preparation for the following crop.
Except near large towns, where intengive farming
(vegetables and fodders) is followed on a limited. scale, the
eneral type of farming is very uniform all over the Punjab.
.gi'_be main differepoes that, are found are;in the main connect-
ed with the supply of water. Other factops such as
Physieal copdition of the sail

“W'Prevalenoe of ‘weeds.
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(¢} Supply of plant food, and
(d) Economic and political conditions

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

Even on the perennial canals the cropping varies a

Canal traots. good deal as shown below :—
Lowns Lowzn
LD?)Y:E(')?;E CuENan JarLon PA&;A:;MN
. CaNaL. Caxwar, -
R EREE R
£3 §E§E§ g§§£§ aig, EE' Sgg,
Qg B REE 8L 2 RE
gs |EsE| £3 & 52 .
BS |%58| B¥|55F 231255 £ 1285
Wheat .. 389 [ 310 892 | 360 308 ; 335 212 | 320
Cotton ..o 827 261 | 497 | 200 186 | 2014 | 235 | 255
Toria . 26 21 101 441 20 2:2 17 26
Sugarcane . 15 12 54 22 10 11 3 3
Gram . 45 36 64 26 24 26 13 20
Maize .. 37 0 113 48 29 32 3 07
Total .. | 1,258 67 | 2,477 695 | 809 ‘ 6834 662 | 733

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 gram on- Lower Bari Doab Canal. Due to better
winter supply of water on the Lower Chenab Canal the area
under wﬁe&t, toria and sugarcane, is the highest. On the
Pakpattan Canal the winter supply of water is low. For this
reason the percentage of whest, sugarcine snd forda grown
is comparatively low. In kharif season on this canal 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. The area
under maize and sugarcane, which require lirger 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 foria occupy
46 per cent. 22 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
kharif and rabi fodders and miscellaneous crops. On a
square of land the ares put under various crops is some-
what as follows :—

Wheat 10 to 12 acres.
Gram 2 to 3 acres.

Toria 2 to 3 acres.

Cotton 4 to 5 acres.

Maize about 1 acre.
Sugarcane 4 to 1 acre.
Chari-gquara 2} acres.
Turnips-senjt about 2 acres.

24% to 294 acres.

This gives an intensity of cropping of about 100 per
cent. slightly less in some cases, which 1s actually the case
on the average for the whole of the Lower Chenab. With
the above cropping the various rotations followed are :—

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

. years.

2. Wheat, wheat, foriz, cotton. Four crops in
four years. R

3. Wheat, maize, senji, cotton. Four crops’ in
three years.

4. Maize, smjw',’ cotton, Three crops in two yeats.
5. Wheat, maige, senji, sugarcane, Four crops in
;threa years.
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6. Chari-guara, 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. Torie, 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 wundsr cotton is greater
than that of foria, 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 bea
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 ang the first half of June.
Gram is sown on high and light lands, where, owing to the
difficulty of watering, a crop is required which can thrive
on almost one watering ; it is also sown after chart 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.

Senji is often sown in standiug cotton or maize at
the end of September or early October. It thus benefits
from late waterings of these crops, and is regarded when
sown in maize as a good preparation for sugarcame. 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 roots of cane take 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
sumrer crops and the necessity for keeping of the land .
always in gl condition for these crops. This 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
farms 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 Colony the crops and rotations
are more or less similar to those of the Lower Chenab though
the intensity of cropping is on the whole less than that on
Lower Chenab canal. ®

*The utilized supply of the Lower Jhelum Canal and
the Lower Chenab Canal for kkarif and rabi are 1: 1°1 and
+1: 13 respectively. In the Lower Bari Doab Canal the
proportion is still wider, t.e., the proportion of cotton on
this canal is, therefore, high, being often 8 acres per
rectangle, though the average comes to 6 acres. Owing to
short supplies in rabi comparatively little toria is grown
on this Canal, the actual area being about 2 per cemt.

The gropping practice on this canal is usually as follows : —

Wheat .. -7} acres.
Cotton .. 74 acres.
Gram .. 2} acres.
Fodders .. 2} acres.
Green Manuring .. 21 acres.
Fallow 2} acres.

" The rotations followed are :—

1. Wheat, cotton, fodders.
2. . Wheat, cotton, gram.
3. . Wheat, cotbon, green msnunng or fallow

ylw,mnkd-m_u.!ﬂnf“ PnnubEnmmtﬂcmhnu Report
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‘These rotations were originally evolved at the B.C.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 kharif
and rabi is still wider and there is proportionately large
ares under kharif crops, particularly cotton, and compara-
tively less in rabi.

As the great bulk of the rain comes between July and
September, one would expect kkarif 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 kharif rains, if con-
served in the upper soil by cultivation, are more certain of
producing a rabds crop sown in the following autumn than
of producing a khkaryf 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 rabs 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
rabi crops. It is essentially a question of security, there-
fore, that influences the Punjabqfarmer to prefer rabi crops
to kharif crops. It should also be moted that the rabs
crops have got a wider market and are better money crops
than the kharif with the exception 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 cemt. of the Punjab ‘cotton
crop is grown under barani conditions. :

Barani tracts.

Tt may be well to correct any possible misinterpretation *
Eoonomyof . Of the above remarks as indicating that the
rabi scasan - yghi season is a more efficient growing period
ouly spparent.  ¢yan the khardf. This is far from beinib;ixie
eage, ~ *Mensurements of the tral_ispimtion ratio of 4 Y f

" ¥Ses Kings Books and Leather Memoirs.
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crops such as maize or millets, end 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, Vol. I. page 179, from work at Pusa,
shows that wheat transpired from 550 to 850 lbs. of water
for every pound of dry matter produced, whereas maize
transpired from 330 to 450 Ibs. and juar (chars) 400 Ibs.
only. As a practical instanceit may be noted that an
acre of chari-guare mixture grown as fodder and sown
at Lyallpur in July and harvested 10 weeks later, though
only receiving 4 irrigations, may produce 10 tons, of
green fodder, whereas senji, which occupies the ground
from October to March, ¢.e., 5 months, and receives five or
six waterings only produces on the average 6 tons.  There
is no doubt that the kharif 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 a rabi
Rotation in crop followed immediately by a kkarif, and
barani tracts,  then one year’s fallow. The reverse viz., grow-

ing a kharif 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 kharif supply, as the
succeeding rabi \can generally be matured on the first
watering given at the end of the kharif either after or before
the harvesting of the kharif crop. It is inberesﬁnim note
that cultivators on Xherif channels frequently claim that
no charge should be made for rabi water in such cases, as
no actual irrigation is done in that season. The -fact,
liowever, that this practice is only possible when kharif
irrigation is available, and that it is not possible in purely
barans tracts, is a sufficient answer to the- claim.

Wheat, gram or barley in the rabs, followed in the
succ:egiingl kharif with chers, moth,
, motatinon  omash,” 4l or cotton according to the

M’“ Lnd. type of soil with a year’s fallow, is a common
in bamm» tescts. Again, sometimes, & khanif crop
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is grown and the land left fallow for the succeeding rabs, and
then cropped again in the kharif. This is not so com-
mon as growing rebi crops only with a kharif fallow.
The latter practice is sound in that a kharif fallow enables
the soil to recover much more quickly than in a similar
length of fallows in the rabi. Aslabour is one of the main
considerations for a farmer, it is necessaty 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 rebi cropping only would be uneconomical from that
point of view. A feature of all bareni land is that the
farming is always extemsive, and cropping rarely attains
100 per cent., and very seldom exceeds this. Incanals 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 berant 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 dest plough, and thus conserve the vital soil moisture
50 essential to success in barani cultivation.

In addition to rotating crops, the practice of growing
* mixtures ”* i3 prevalent throughout the
Punjab, especially in ‘barant tracts. Common
mixtures sown are the following :—’

Mixtnre.

Barley and gram (called goj¢), wheat and am
(called berra) wheat and barley, serson and wheat,
toria and gram, #i and cotton, moth and cotton,
melons and cotton, senji and cotton, juar (chart) and
guara, chart and moth, maize and senjr etc. In
the main, the reason for such mixtures is that they form a
kind of insurance against the vagaties of the season. Thus
gram and wheat are typical example of such a mixture.
If the season is favourablg, as regards moisture, the wheat
which is more valuable ‘.K;]l produge & good crop, whereas,
in a dry year the gram, though less valuable, may, at least,
be expected to give & fair yield. This mixture has the,
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additional advantage 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 mixturesare
now rarely seen in canal lands, where such insurance is not
necessary, and the extra labour involved in separating the
grains after threshing would be a serious factor. Even in
canal land partial mixtures are, however, common.
Thus a sprinkling of sarson is often grown in wheat, the
former being removed in January or early February for
fodder before the wheat hasreached 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
cotton grown by good cultivators has these two mixtures
in, as they interfere with interculture and are not looked
upon with favour. Again, the sowing 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
cotton and maize area.- The sengi is protected in the
early 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 chkari. The former alone does not make
a good fodder, but mixed with ckari 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 mixtures 1l
and cotton, and chari and moth are generally seen only
in barani tracts,

As in canal and barans lands, water is the governing

1 fands. factor here also. It is, however, the cost of

Well land water that tells in well cultivation. = A well 85
feet deep, and giving one-tenth of a cusec of water, will
irrigate an acre 2 inches deep in #¥o days of 10 hours each as
8 post of Re. 3. 'Waterings are more frequent under ‘well cul-
tiyation then on canal land, though the quantity given per
Sreigtion is Tess, Hence, wheat on well land pots 4 'of 5irri-
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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 areas.
This faet accounts for the high intensity of cultivation in
well land as by having crops near the well there is less loss
by evaporation and percolation. Rabs crops are favoured, as
more can be kept going with the limited supply of water than
in the kharif. 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
manure, compost, oil cake and green
manuring, and inorganic, like ammonium
sulphate, sodiun nitrate, etc. Whilst organic manures sup-
ply organic matter to the soil to improve its physical
condition, as well asplant 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
Mepure. cattle dropping, waste straw, ashes from the
fire, ete. 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.

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

Manuring.

Constituents. Percontage. Ibs. per ton.

Water - 70 per cent.

Loss en ignition .. 15 per cent.

Ash . 15 per cent. —
Total nitrogen - 0.4 per cent. 9

Tatal P, 0, e 0,25 per cent. 6

Total K, . 0.15 per cent. 34
Asailable P, 05 . 0.13 per ceat. 3
Available K, O .. 0.13 per cent. 3,

As compared with this an English farm yard manure
contains about 9 to 15 lbs. nitrogen, 4 to9 Ibs. phos-
phorus and ¢ to 15 ibs. 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, i3 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 emough. It wil
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 X300 Ibs. or 49 tons per year. Assuming that
23rd of the dung is used as fuel it leaves only 16 tons for use.
An equal 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 bareni 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 high, as in mountain and sub-montane tracts or
where ‘irrigation is practised, as in well-irrigated areas or

) colomes, manuring is essential and evéry care is taken
“épllect as much of 1t as is 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 stubbles, 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, fruit 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 dealing with night soil are, however,
unhygienic and wasteful. - Putting the night soil and
ordinary soil in trenches in alternative layers and leavi
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 ingredients of night soil are conserved
but it 18 also more satisfactory as regards ite comparative
cleanliness. A properly-prepared compost from town
wastes bulk for bulk 1s two to three times as rich as the
average farm yard manure.

O1l seeds residues, especially toria cake, groundnut
cake, mohwu cake, castor cake and rape cake are also used
as fertilisers. These usually contain about 4 to 5 per cent,
nitrogen. .

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.* i ' _

*Taken Wml on Chinese A \] by Sardar Bahad
8, Kartar Singh %o Govi: ater ks visit to Ohina i Mey 1984,

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

il Cakes, arious cates &b
il Cakes used as fertilisers in Ch'na :—
USED as
PropucTIoN. I
Cakx.

Million oattis. { Million cattia.*
1. Soyabean cake 42 11
2. Rapeseed onke 34 33
3. Peanunt cake 27 19
4, Cotton seed oake 21 20
5. Tung seed cake 13 13
6. Sesamum cake 8 8
7. Others 15 13
160 117

*One Catti==1.1 Ibs.
1t will be ohserved that nearly 73 per cent. of the total
froduction of all types of cakes is nsed as fertilisers. In
ndia large quantities of oil séeds are produced and exported.
Even cakes in substantial quantities (4,47,000 tons in 1938-39)
are annually exported. During the last 50 or 60 years it
has been, incessantly, stressed that all the oil seeds should
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 possi{){e
in China could be equally possible in India.

This is the second important source of manure, which
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 or is located near the pig sty, where
pig 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 daysin a cool place under shade and well protected
from wind. It is estipated that 50 per cent. of its nitro-
gen is lost’ under ordinary storage conditions but this loss is
3 4o 30 per gent. if it is stored without stirring in & -
under shade and well protected from wind. -

Night sofl.
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On the average its production per annum may be taken
to be about 10 picules (1 picule-112 lbs.)
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 war 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 contractors who buy the night soil from big
institutions and store in pacca cemented tanks, separating
the solid from liquid faeces.

In case of rice it is applied just before transplanting
by sprinkling the liquid in standing water.
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
when 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.

Production.

Application.

From the above-given account of manurial resources
of China it will be observed that every possible source of
manure is utilised and that the use of 0il cake ard human
excreta is the outstanding feature of Chinese agriculture.

This consists in gttﬁwing a green crop, preferably aﬁd

. enerally a legume, and ploughing it in the

Green Manuring. geld, wg’en ingtlll::vers. Tpius has been prac-
tised in India from ancient times. The crops most commonly
used are san-hemp and guara. The former is preferred in
submontane tracts as guara does not grow well there. In
other parts, specially canal colonies early guara is preferred.
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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. Tt must be
remembered that a crop of guara is worth at least Rs. 40
an acre as fodder and ploughing it in means an expenditure
of Rs. 40 per acre and not Rs. 3 the cost of seed and ome
ploughing, as is commonly believed.*

During 1945 under “Grow 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.
1t should be noted timat 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 is to be done. When the crop is thus
laid Aat a furrow turning plough is used to bury the crop.
If the latter is not available desi plough may be used, but
in this case 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 sohaga until the green manure has decayed to some
extent. It is advisable 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 the succeeding rabs

_may be begun.
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The greer 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

Artjficial or form. Broadly speaking they are of three
inorganic types: mitrogenous fertilisers, phosphatic
anores. 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 {rom the Chillian saltpeter mines by a
process of crystallisation. The commercial product usually
contains 95 per cent. pure sodium nitrate with 15} 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 crop is dependent
upon the jodine content of the soil. Since nitrate of soda
is highly soluble in water and is directly available t6 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 popular. :

-Caleium cynamide is manufactured from atmospheric
nitrogen by combining pitrogen with calcium carbide by
means of electric process. This product mainly contams
about 19 per cent. nitrogen. Like sulphate of
ammonie it undergoes nitrification before plants are able fo
use it, It should, therefore, be applied at the 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
mea) (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. itrogen), etc.

These fertilisers contain phosphoric acid combined with
Phosphatic lime in greater or less proportion. Most im-
fertilisers. 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
hosphate. Another product in the reaction is sulphate of
]I.)ime or gypsum. The superphosphate usually contains 30
to 35 per cent. phosphate of lime (133 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
gent. phosphate of lime (20 per cent. phosphoric acid)-and
33 per cent. nitrogen. The bone meal flour contains about
60 per cent. phosphate of lime (27 per cent. phosphoric
acid and generally about 1 per cent. of nitrogen). Some
grades of dissolved bones are also used as fertilisers.

Number of different salts are obtained mainly from mines
. Potesh  in Germany and Alsace-Lorraine. Potash
‘rtilaers. salts are also obtained from Spain. The most.
npartesi of these 'alre’ mauriate (chloride) of potash (50 to

%
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53 per cent. potash), the sulphate of potash (38 to 51 per -
cent. potash). Some lower grade salts, such as kainite
(12} 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 ef great importance for crops like potatoes, sugar
beet, etc.

As regards the manurial requirements, the Province
Manurisl may be divided into two regions. The first
requirements of Teglon comprises the central and western
the Punjeb soils.  ylaing area. Here the climate is hot and

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

The second region comprises the montane and sub- -
montane areas. The climate varies from humid to subhu-
mid and, therefore, the soil is comparatively better supplied
with mitrogen and organic matter. However, both labota-
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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
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 1s admitted
that the study *of influence of such elements on the crops
is not simple and easy because of the lack of lmowledge
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 passmg teference to the advantages of including
Place of logumes  16gUIMInNONS crops in the rotations in order
“in the Panjeb to maintain or even improve the fertility
agrioulture, of land has already been made. Great
importance of this subject, however, deserves special
attention.

Most of the cormon crops which are grown in this
province, such as wheat, maize, chari, sugarcane, toris,
cotton, etc., aTe very exhaustive, The inclusion of legumes
such as senji, metha, berseem, lucern, gram, moth, mung,
mash, etc., 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 bemg
nch in protein their mixture with cereal yields a nutritious

atable fodder. The capacity for fixing nitrogen
Js, owever, different in different leguminous crops.
For instance, crops like berscem which give more than one
»rmrﬁangﬁxhrgetamountofmtrogenthmothersl:ke sehfi
and sphe which gma only one cutting. This seems to be

Rare elements,
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due to the fact that by repeated cutting, the roots get sti-
inulated and their active period for fixing nitrogen is pro-
onged.

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, wiz.,
ca.rllal irrigation, barant and well irrigation combined is given
below:—

Ares under Total area Peroentage
Type of Area. * leguminous cropped. of legumes to
crops. total.
Acres. Acres
Canal irrigated . 1,348,889 12,219,754 1
Barani and well-irrigated .. 6,917,585 20,441,246 34
Total . 8,266,474 32,861,000 25

Tt will be observed that the position is not bad for the
cropped area as a whole, while it is good for the baram
and well-irrigated areas taken together where es
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
eropped 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 Chensab 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 ng Aress roverse
is the cass, ¢.c., yields are low and due to erratic monsoon,”
crops are not reaped  every year.
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A comparison with Egypt where canal irrigation is
extensively practised and where high yields of cotton have
been obtained for a very long period may be made here:

Area in Hectares

(2.47 acres).
Wheat .. .. .. 594,962
Maize .. .. .. 628,896
Great Millet . .. .. 163,654
Barley .. .. e 110,808
Rice .. .. .. . 200,149
Cotton .. e . 749,386
Sugarcane .. .. 28,656
Other non-leguminous crops .. 41,425
Total of non-leguminous crops .. 2,517,936
Berseem .. L e .. 739,995
Leguminous Food crops .. .. 239,488
Other leguminous crops .. . 15,620
Total of leguminous crops . 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
ares under berseem it has been possible for Egypt to
attain sverage intensity of cropping as high as 160 per eent.
Here is a lesson to be learned from the Egyptian agriculture,
é.¢., we should encourage the growing of leguminous crops
particularly those like berseem. wh.igl:éive several cuttings
in 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 berseem crop at sowing time

- wee uring of * by Parr and Bose. “Indian Fueming,”
Vol W e b, 1044, and VooV, Now By 1045, .

«
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increases the yield by 100 to over 150 per cent. and the
phospbate content of the berseem plant by 250 to over 400
per cent. In the case of cowpeas following the manured
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 also 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.
References

1) Ba.illieie’s Encyclopaedia of Scientific Agriculture,
Vol. 1 ’

(2) Administration Reports of the P.W.D. Irrigation
Branch.

(4) Note by H.W. Nicholson: Punjab Engineering Con-
ference, 1918.

(5) Memoir No. 8, Vol. I by Leather.

(6) Unpublished Report on Chinese Agriculture by
8.B.S. Kartar Singh submitted to Govt. after his
visit to China in 1944.

(7) Cost of green manuring by W. Roberts.

(8) Season and Crop Reports of the Punjab.

(9) Phosphate Manuring of Legumes by Parr and
Bose—Indian Forming Vol. 'V, No. 4, 1944 and
Vol. VI, No. 5, 1845.

(10) Place of Legumes in Punjab Agriculture by 8.B.S.
Kartar Singh—Seasonal Notes, April 1940.

{(11) Green Manuring and hot Weather Cultivation in
the Punjab by W. Roberts—Agricultural Journal of
India, 1913.

(12) Manures in the Punjab by W.-Roberts.

(13) Estate Farming in India by W. Roberts—Indiaan

Farming, April 1942, -



CHAPTER VI
IRRIGATION.

A study of maps A and B in Chapter T shows
clearly the uneven distribution of rainfall in the Punjab
from June to September and from October to May respective-
ly. Only 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 through 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
Importonce of Of fhe province as regards rivers. With the
Treigation, Indus on its Northern boundary and Jumns

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

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

The large canals constructed by damming of the great .
Sources of imri- Iivers of the province are the main sources.
gation. Out of a total cropped area of 33 million
acres, 17 million acres or 52 per cent. is irrigated and 77 per
ocent. of this is by canals. In other words 13 million acres

or about 40 per cent. of the total cropped area of the

provinee is irrigated from canals. Only 41,000 acres are

irrigated from tanks, The balance representing about 25

per cent. of the irrigated crops is irrigated from wells.
ST . 140
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Irrigation from wells has proceeded from times immemo-
rial. It is estimated that there are 329,320
masonry and 17,502 non-masonry wells, in
the province.* Masonry wells are important mostly in
Juilundur, Multan, Muzaffargarh, Sialkot and Ludhians,
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, .. 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 of Multan, Amritsar,
Ludhiana, etc., where canal water is available in summer
season only, wells are used in winter season 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 corrésponding figures were 346,912 and 4,216,056 res-
pectively. .

A well with water level at 25 feot 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 34} crores as the direct and indirect
capital outlay up to 1937-38 for major or praductive works
of Punjab capals. There appears to beno reason why
state effort need be restricted only to the comstruction of
canals and tanks and why Government 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 cultivation,
manuring and growing of crops. The Government will be

Wella,

*Beason and Crops Report, 1843-44. . ot

$Wader containing more then 1 part of mineral galts in 1.000 is considered to be
unfit for Frrigation p The p of sodium palts, especially sodium cax-
bonate i idered to be highly injuri
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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
i8 excessive in comparison with the value of crops thus
raised. In tracts ltke 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 geperally
§et two irrigations as compared to 4 or 5 in districts like
ullundur and Sialkot. Under such circumstance, it pays
to lift water even from greater depth than is usually con-
;i«_ilered profitable, as otherwise the crop will altogether
ail.

Water from canals usually flows into the fields by force

. of gravity, but in dase of wells and tanks

Water Lifie watg hasy 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:—

(¢) 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, )1, over which passes an
endless rope or iron ladder (mahl) with buckets attached
to it at distances of one or two feet. The ladder with buckets
reaches below the surface of the water in the well. The
drum with the buckets is revolved by means of a Simple
round-about gear worked by a pair of bullecks. The lever
to wlnch the bullocks are yoked gives motion to a horizontal

vu\_dWeIl sgati »* by 8. Joahi.
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toothed disc (chakla), which through the medium of a cog-
wheel (chokli & lath) turns the drum. The buckets are
either earthenware vessels holding from 1} 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:—

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

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

(¢) Altering the relative gears of the chakla and
chakly affects output and draft. Increase in
number of teeth in the chakle increases draft
and output and wice 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 ome side of the well, as in the case of
jhalar 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, viz., (1) 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 of wood. Sometimes the. maehl 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 graduaily replacing wooden machines.
But in certain tracts due to lack of initiative, capital and
facilities, people aze still sticking to the old type of machine.
A study of the mechanical efficiency of the two types of
machines has shown that iron persian wheels sre on an
average 28 per cent. more efficient than wooden persian
wheels. The lower efficiency of the latter is to a great
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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 chakly 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 1} cwts. and with bullocks
a discharge of about 1/7th cusec from a depth of about 25 feet
i8 obtained. One man or a boy is requred 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. i

(#3). Charsa 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 largely
replaced 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
t0 mature crops, e.g., certain parts of Gurgaon, and Delhi.
In some districts like Ludhiana, this water lift has been
almost entirely replaced 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
‘passing over a pulley 8t the top of the well 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 kili_attaching the
rope to the yoke, is detached and the bag thrown into the
well, where 1t 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 charse but
two pairs and three men work it more conveniently as it
helps in regularizing the work since when one pair 1s going
down, the other is coming up. The average discharge
of a charsa worked by two pairs of bullocks may be
taken t0 be about 1/6th cusec.

(¢35) Dhenkli or counterpoise lifs.—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 evenly balanced by a counter-weight on a stout
upright sepport, 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-
press the lift when empty or raise it when full.

This device is used for lifting water from tanks 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
Lft is used in the Punjab on holdings which are too small
for economieal 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 either side holding the ropes. Tt is suitable only for
low lifts. Each swing catches some water and lifts it, say,
1 to 3 feet high to an upper channel. Sometimes the basket
is suspended from a tripod but this is not essential. -
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(v) Pumps.—Centrifugal pumps are ussally 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 } 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
Bori putting in of a plain or better still a Tube
orin: 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
Do *  Department, undertakes the boring of wells
partmentel < A .
work,extent  Used for agricultural purposes with the object
of it and of increasing their yield. Trial Bores are also -
procedure. sunk at the site of proposed wells to ascertain
the suitability or otherwise of the sub-soil conditions.
The standard size of casing tube used in such borings is 7
inches, and the usual maximum depth to which 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 borérs 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 (duri War  overhead
charges are not levied), 'the borer’s ootage allowance and
mspe%mn o} if any, will be suppled in writing by
the Welk-Supervisor direct or through the well-borer to
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the well owner. In the three years ending 194344, 540
wells were bored annuslly 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
slaga. For details please consult the Department of Agri-
culture Punjab, leaflet No. 84. )

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

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 cusecs or 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 & tube-wells, but one of the tube-wells
bas 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.

It 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 by the deposition of
small particles of soil or deflocculated clay and in the casé
of latter it is dne to the chemical action of the salts in the
sub-sail water on the strainer. :

Tube-wells.
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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
pumping is high enough to remove these fine particles, pro-
1onged 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 carhonic 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 stramer 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 Ship 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
Ess-Bee Strainer consists of coir cord wound on a steel frame
of horizontal 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 delicate and requires carefol handling. Moreover,
) ﬂm: ta.mt-s the water and, therefore, it renders-the water

efordx‘inkmgpurposea Slip Strainer can be
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obtained from Ishwar Pottery Works, Delhi, Improved
Pottery Strainer from M. Mohd. Subban, Proprietar Kashmir
Pottery Works, Sialkot and the Ess Bee Strainer from
Messrs. 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 uncertain 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 18 light in texture, uniform
in quality and free from salts and the sub-soil water stream
flows parallel to the crusted warpings. Consequently there is
uniformity in respect of water-table below soil surface.
Such eonditions 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 after a short tlme
However, in areas adjacent to rivers where the spri
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 tube-wells, should apply to
Department's advisory  the AgriculturalEngineer to Government

works. Punjab, Lyallpur, who after inspecti
the site, will supply the estimates for sinking the tube-well.
For any other detail Agricuitural Engineer to Government,
Punjab, Lyallpur, may be consulted.

The lifts described so far are met with in the Panjab,
Lifts used in other Lhele are however, some more lifts which
provinces are used in other Provinces. and it is

possible they may have some scope here mlso. These xue,
therefore, briefly descnbed below:—
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(3) The Self-Delivery or Sundio Kos.—This is a self-
ischarging charsa. It consists of an ordinary charsa
with a leather tube varying in length from 8 to 10 feet at
the bottom. A strong rope is attached to the main bucket.
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 throngh the small mouth. The other end of the thin
Tope is passed over a roller which works on the lip of the

Sundio Kos.
Fig. 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
whilst 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 Ramiokos,~but instead of being detached
they back to point of starting instead of turning round.
For this work good moving active bullocks are used, heavy
animals are unsuitable. “The outlet from the receiving trough
is sufficiently Iafge to allow the trough to empty itself as
fast.agit is filled, apd small enough to keep up a continuous
flow"ifi the channel 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.

(16} 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 over
pulleys on the xim 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.

(27} Baldeo Balii.—Tbis is an ingenious device for
lifting watef up to 5 feet. It consists of two large boat-
shaped buckets of iron, hinged on to a piece of wood on the
cdge of a water-tank or channel. These buckets are raised
alternately by means of strings or ropes attached to the

Bgl}ﬂeo zBﬁ.lti

ig. 26.

yoke-pole turned round by a bullock or a pair of bullocks,
80 that when one of the buckets goes down and gets filled
with water, the other comes up and discharges the water.
The arrangement of the ropes is rather complicated. In
one case it 1s attached directly to the yoke-pole after passing
over a pulley and in case of the second bucket it passes
over two pulleys, one‘of which ia fixed on the top of another-
post.



162

(tv) Egyption Jhallar —This is a low-lift jhaller obtained
from Egypt and tried at Tarnab Agricultural Farm, Pesha--
s 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 1s
that the water lifted is delivered almost at the ground-level
unlike that of Persian wheel or local jhaller 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 1ift in some parts of the Province,

(v} Egyptian Screw.—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 & 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 through. A slope of 35° to 46° 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 1% 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 manual
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 through a tube which descends from the top of
the well to 2 feet below the surface of water. The discs

- are about the same diameter as the tube. In the improved
jpatiern, leather-washers strengthened by iron discs are used.
Phevshume of water lifted is proportionate to the sizeof the

'
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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 loss of water by
drainage along edges of discs.

A somewhat similar contrivance is in use in China
for lifting water from small depths. ® This is ar inclined
wooden trough with a wooden endless chain fitted with
wooden discs. As bamboo is easily available there, it is alt
wade of bamboo wood. The endless chain. is moved by
means of paddlés worked by man power and wooden
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aises moving up the inclined plane carry water to the top.
It may be worked by one or two persons according to the
height to which it is to be lifted. In the case of 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-
vices varies a good deal from year to year
and place to place, because conditions as
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
econorpic conditions to these figures.

The cost of lift irrigation may be divided into three
main heads: (1) overhead charges; (2) power costs; and (3)
mhnual labour charges. The overhead charges censist 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 comnection with repairs and
skilled attendance to the well and lift. The capital cost of the
well and the lift includes the interest and depreciation on
their initial cost, interest at the rate of 4 per cemt 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 factors, such as the annual rainfall,

. the depth of water-table, supply of water in the well, and
-mattre .of crops. grown. The power costs consist of the
owb i bullocks in the case of bullack-worked lifts, that of

Cost of lifting water.
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electricity in the electrically-driven lifts, and of fuel, oils, ete.,
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.

Cost of lifting water by bullock-driven Persian wheel from
open well.—Information on the cost of irrigation by Persian
wheel has been published regularly every year in “Farm
Accounts” since 1928-20. For detailed information readers
are referred to these publications of the Board of Economic
Inquiry. But as a typical case the fpllowing figures are
given:—

(1) Overhead charges— Ras. Rs.
{a) Well—Capital cost Re. 800 -
Interest at 4 per cent. .. v 32.00
Depreciation at 3 per cent. . e 24.00 56.00
(b) Persian wheel-~capital cost Re, 120
Interest at 4 per cent. .. . 4.80
Depreciation at 25%, on Ra, 40 (chain) .. 10.00
Depreciation at 10 per cent. on Ra. 80 remainder 8.00 22.80
(¢) Repairs and replacements 4.00
{d) Oil for lubrication 2.00
Total .. 84.80
Area cropped—25 acres.
Number of acre irrigations—125.
Overhead charges per acre irrigakion . 0.68
(2) Bullock labour—
Average time taken to irrigate an acre with an
avengandimhnrge of 1/7 cusec—2.31 days.
Cost of Buliock labour per working day—Rs. 1.
Therefore cost of ballock labour per acre irri-
gation o s . 2.31
{3) Manual labour—
Amanet5arnasenda boy et dsrnas per day
for 2.31 days .. Do 116
Total o 415

Ezcluding manual labour the total cost per acre irriga-
tion comes to Rs. 2.99. Binge the average depth of watering..
under well irrigation is about 2.84 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 basis the average cost per acre of bringing to
maturity some important crops is as follows:—

COST OF MATURING AN ACRE.
*Average No. of
Crop. irrigations

1928-29 to Tncluding Excluding

1937-38. manual labour. | manuat labour,
Rs. Rs.
Cotton 4.9 20.34 14.865
Maize (for Grain) 3.9 16.19 11.66
Sugarcane 9.8 40.67 29.30
‘Wheat 3.5 14.53 10.47
Kharif fodders 3.8 14.94 10.76
Rabs fodders 6.4 26.66 19.14

Cost of lifting water by elecirically-driven Persian
wheel from open well. Data about the working of two
electrically-driven Persian Wheels installed at the Ludhiana
and Jullundur Agricultural Farms are available. The
Ludbiana Persian wheel wassetupat 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 E;' this lift in 1937-38
is shown below:—

(1) Overhead charges— . ) Rs. Ra.
{a) Well (same as in bullook-driven persian wheel)
{b) Persian whecl: Capital cost Rs. 500 56,00

Interest at 4 per cent. .. .. . 20.4
Depreciation at 25 per cent. on Rs. 60 (chain) 15.00
Depreciation at 10 per cent. on Rs. 440 (re-

mainder) .o e 4400 79.00
{c) Repairs, lubrication, ete.
Repai - . . 43.02
Lubrication (grease) .. . . 8.91 51.33
Total overhead charges e 186.88
Number of sore irtigations—172.19
Qverhead charges per acre jrrigation .. . 1.08
—m—

from “ Fanp Acoounte ', [928-20 $o 1937-38.
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{2) Motive Power s

Total units consumed-——: Ra. Ra.
Total oost of electricity n of Re +{1/6 per unit 233.18
Meter rent at As. 12 per mensem .. 8.00
242.15

Cost per acre irrigation . . 141

(3) Manual labour—
Total hours worked—.2,711.82
Therefore, time mquu-ed to irrigate one acre—
15.75 hours or 1.97 daye

Cost at As. 5 per day . . 0.61
Total cost per acre irrigation . . s.10

The average depth of irrigation for this persian wheel
was 2.29 inches. Therefore, cost per acre inch irrigation
works out to Rs. 1.09 and Rs. 1.35 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. 3.2¢
excluding manual labour and Rs. 4.67 including manual
labour. ~ The average depth of irrigation was 3.01 inches.
Thus, corresponding figures per acre inch irrigation were
Rs. 1.08 and Rs. 1.55 respectively.

Cost of lifting water by electrically-worked pump from
open well.—As already noted, only 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 charges— Rs. Ra. Ra.
{a) Well (samsaain ordinary bullock Driven
Persian wheel) 56.00

(b} Machirery (motor, pnmp, plpeﬁ, etc.)
Present valuo—Rs. 322,

Interest at 4 per cent. . 1289

Depreciation at 7 per cent. e 2255 35.44
(¢) Repairs hubrication, elc. ’
irs N . . 74.25
Lubrication . . N 3.81
Total .. 169.50
Nnnher of sore irrigation .. . 177.48
d charges per gore irrig, . . 0.85
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{2) Cost of current Ra. RBa,
Current consumed-—7,833 unite
Cost at Ra. -/1/8 per unit .. . T34
Cost per acre irrigation . . 414
{3} Manval labour X
Total hours worked—2,526.31

Time required to irrigate sn atre—
14.23 hours or 1.78 days

Cost of manuel labour at As. 5 per day 0.55
Total cost per irrigation v 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.

"~ Cost of pumping waier by electrically worked tube-well.—
Information collected from a private tube-well at Nankana
8abib for the year 1938-39 is given below:—

Waorked by 7§ B. H. P. electric mator
Strainer tube 60'x 7”

Water-table below ground level . 19 feet
Discharge . .. 400 gallons per minuts
Total working time ‘e <. 3,647 hours
Total energy consumed .. v 20,060 unita
Ares oropped . .. 16340 aores
No, of acre irrigations . +. 9308 acres
Avernge number of irrigations . 5.8
Cosr oF IBRIGATION &
€1) Oreshead charges
{a) Tubevell, pump and masonry work
Capital cost—Rs. 4,867.25 Rs.
Taterest at ¢ per cent. . . 186.68
Depreciation st 7 per cent. on Ra, 4,037.28
282.61

(tube-well and pump) .. Re, 630
Depreciation at 1} per cent. on Ra, (magonry
‘work) .- . . 8,45

478.75

(5) Repairs “ . . . N
(¢) Labrication .. . .. . 200
d) Fay of the driver (Driver attends to 2 and

O o o B 30 pos meme) L0 PR 00

- Total .. 600,76
“Dverbesdl charges por acro irrigation .. . o
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{2) Coat of current Re, Re
nergy chargea at the average rate of 11.4
pies per unit for 20,060 units 1,104.38
Meter rent . .. . o 12,00

Total .. 1,208.38

Cost of ourrent per acre irrigation - . 128
{3) Mannal labour
Time taken to irrigate an acre once 3.9 hours or 8.49

days; cost of 2 men at As. 5 each .. e 0.30
Total . 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 exciuded 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
Agricaltural Farm (District Amritsar) for the year 1940-41

is given below:—
Worked by an 8/10-B.H.P. Oil-engine, “Pettin.”

Date of installation - .. February 1938.
Depth to water .. 18 feet,
Total hours worked .. 1,515
Average discharge .. 0.982 “ousoecs.”
Number of acre-itrigations .. 888.50.

1. Overhead Charges. Rs. Ra.

1. Tube-well, pump and masonry work (Rs. 4,786.25).

Intereat @ 4 % . 101.45
Depreciation at—
5 9 on Ra. 2,647.73 {tube-well) .. .. 141,39
7 9% on Ras. 1,132.52 (pump) . . 79.28
1} 9% on Rs. T06 {masonry) . . 10.59
Total e 428.71
2. Repairs .. . . 70.53
3. Pay of driver . . . 208.31
Total P 797.65
Cost per acre-icrigation, 797.55 . . 2,03
393.50 s
. Consumption of Oils, efe. . -
Diege T20.50 gallons @ Ra. 0.61 (approx.) . 439.42
Mobile, 47.88 gallons @ Rs. 2.00 (approx.) .. 95,78
, 10.30 gallons @ Rs. 1.12 (sppror) ..  11.64
Total . 548.81
Cout por acro-irrigation, 548.81 . . 1.89
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HI, Manual"Labour.

Time required per acro-irrigation, 1,516 _
393.50 Ra
3.85 hours=0.48 days.
Wages of one man @ Rs. 0.27 per day,
0.48%0.27. .. . 0.13
. Total cost per acre-irrigation : Rs. -
1. Overhead oharges . 2.03
II. Consumption of oils .e 1.39
110, Manus) Labour . 0.13
Toal ..  3.55
Depth of irrigation . . . 3.7
inches

" 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 glve an idea of the cost of irrigation

by this kft:—
A. Charae worked by two pairs of bullocks: Depth of Rs. Ra.
water-table 27 {t.

(@) Overhead charges -
(i} Well Capital cost—Ra, 700

Interest at 4 per oent. . . o 28.00
Depreciation at 3 per cent. . . 2L00 49.00 -
(u) Charsg and other equipment
Interest at 4 per cent. on Ra. 51 . v 2.04
Depmclatmn abi—
3 per cent. on Rs. 33 (trough) o . 0.09
200 per cent. on Rs. 10 {charaa) . - 2000
20 per cent. on Ra. 2 (pulley} . . 040
20 per cent. on Re. 1 (axil) .. . . 0.20
20 per cent. on Re. 1/8 {(stand) o . 0.30
100 per oent. on Rs. 2/4 (Rope) . . 2.25 .
20 per cent. on Re. 1/4 (Others) - .. 025 26.43
(i3} Repairs, eto. .. . . . 4.00
Total .. 17943
Total number of aore irrigations . ve 90
Cost per aore per irrigation .« . 0.88
{b) Bullock labour
Number of pairs used per day . 2
Uuetufnykeepufnpawofbullochpa'day . 0.68
Cutofsupply of 2 pairs .. . . 138
Days required to u-ngwa an acre . . 2
Cost peu' acre per irrigation . . 2.72
) “%v
. “Wnges oi 4 meu for two days . . 248
: Total .. 0.08
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Taking depth of irrigation as 2.64 inches the cost per
acre inch calculates to Rs. 2.30 including and Rs. 1.36 ex-
cluding manual labour

Cost of lifting water by dhingli.—In this connection the
following figures were collected from Ludhiana:—

{a) Overhead charges Rs. Ra,
(#) Well, capital cost—Ra. 125
Interest at 4 per cent. per annum . . 5.00
Depreciation at 3 per cent. per annum .. 3.75 876
{i%) Dhingli, capital cost—Ra. 6/7
Interest at 4 per cent. . 0.26
Depreciation ati—
3 per cent. on Rs. 3 (trongh) . . 0.09
10 per cent. on Re. 1/4 (Dhingls) . .. Q12
100 per cent. on As. 5 (Supporta) . . 0.31
33 per cent. on As. 8 (Rope) .- . 0.17
& per cent. on Ra. 1/6 (Buckets and chain) . 0.07 102
(#i4) Repairs and Replacements . 1.50
* Total .. 127
Number of acre irrigation—51.
Therefore, cost per acre per irrigation .. o 0.22
{b) Marual lobour
‘Wages of one man per day .. 1.00
Wages of one boy per day .. .. . 0.20
Total . 1.20
Days required to irrigate an acre—4,
Cost per acre irrigation . . 4.80
- Total .. §.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.
All other lifts are dearer than the Persian wheel worked
by bullocks. But in the case of electrically-worked lifts .
it must be borne in mind that these figures do not
include the cost of transmission line which is very heavy.
Bince it wvaries with the distance of the well from the -
supply poles, it is very difficult to give an average fignre
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for his purpose. However, the rates at which the Punjab
P.W.D. (Hydro-Electric, Branch) charges for the
transmission line are given below:*—

Length and capacily of service Monthly rental for service line per ft. run
Above upto Piss
For gervice line upto 1,500°  (5) 0.K.W. 5K.W. I}
and of capacity () BEW. = 13EW. 14
(is) 15 KW, 20K.W. 2
(i) 20K.W. 30 EK.W. 23

For service line above 1,500 ft. in length {5} Cost including departmental

and/or of capacity above 30 K.W. charges of Service line or
{5} A monthly rental of 1} pies per
month per rupee of estimated
cost oxcluding dopartments}

charges of service line.
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
bq ;educed 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
A annually—(see page 139.)

1 . 5 . .

Caal frigation: o most important canal irrigated Dist-

ricts are—
(1) Lyallpur with 95%, cropped area canal irrigated.
(2) Multan with B8% do.
(3) Montgomery with 88% o.
{4) Lahore with 709%, do.
{5) Muzaffargarh with 87% do.
(6) Sheikhupura with 58% do.
(7) Shahpur with 579%, do.
(8) Jhang * with 509 do.

Besides the state-owned canals there are some private-
owned canals, -notabliein Shahpur, Ferozepur, Karnal and
Kangra Districts. The total area irrigated from Private-
.owned canals in 1943-44 was 404,865 acres.

¢, ‘#iged from Porm for the industrial Sapply of Curcent.
. .8 v
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The chief canal systems in the Province are as follows:—

(1) The Western Jumna Canal.—It was opened in 1820.
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) Sirkind Canal—It was opened in 1883. It irriga-
ted 2,101,018 acres (1,384,661 acres in British territory and
716,357 acres in Patiala, 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, Feroze-
pore, besides Indian States of Patisla, Nabhs and Jind.

(3) Sutlej Valley Canals.—These canals were designed
to cover a gross area of 1,008,000 acres perenniel and 2,582,000
acres non-perenniel in Lahore, Ferozepore, 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 Doab Canal—It was opened in 1860-61
as compared to 1820 for the Western Jumna Canal. It
irrigated 1,203,320 acres, an average of three years, ending
1941-42. The culturable commanded area is 1,445,797 acres,
and it irrigates parts of Gurdaspur, Amritsar and Lahore.
This is the second oldest perennial canal in the Province.

(5) Lower Bari Doab Canal.—It was opened in 1913-14
and commanded 18 lakh acres of gross area and 1,438,166

L

. *Figures for the capals are taken from the Administration Beport of the Panjab
Irrigation Depastment, 1041-42.
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acres of culturable area in 1941-42, It takes from river
Ravi at Balloki.

(6) Upper Chenab Canal.—1t 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
1841-42. It irrigates portions of Sialkot, Gujranwala and
Lahore and delivers its main supply of 11,770 cusecs to the
Ravi at Balloki, the water being used for the Lowsr Bari
Doab Canal. ‘

(7) Lower Chenab 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 Chenab
river at Khanki. It irrigates parts of Gujranwala, Sheikhu-
pura, Jhang and Lyallpur district.

(8) Haveli Canals.—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 Cheuab into Ravi 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 Mangla. 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 l!)_;)é
Tt commanded culturable area of 1,239,597 acres in 1941-42,
It irrigates the Doab comprising Shahpur district and parts
of Gujrat and Jhang. It takes from Jhelum at Rasul.

Tt is interesting to nate that the Upper Jhelum, Upper
- Chenab and Lower Bari Doab canals were constructed as a.
joct. These three canals are linked with the

Triple Proj
Tower-Fhelam and Lower Chenab and all five are worked

%
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a8 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 Department. 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 canals, vz.,
Planning the Upper and Lower Jhelum, Upper and
rotations. Lower Chenab and the Lower Bar 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  IDto squares a8 in Lower Jhelum and
of land. Lower Chenab canals, or rectangles, as in
Lower Bari Doab canal containing 25 units, whichis
a Killa (1.1 acres approximately) in case of a square and
an acre in the case of a rectangle. A square thus measures
27.8 acres on, the Lower Jhelum and Lower Chenab canals
and a rectangle 25 acres on the Lower Bari Doab canal. A

pumber of squares or rectangles varying from 30 to 70 or
say 750 to 1,750 acres form what is known as a chak.
Usnally 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 1} to 3 cusecs.. A discharge of one -
cusec (one cubic foot per second) controlled on an average
367 acres in 1941-42, 123 acresin kharif and 244 acres in
rabi. This corresponds to about 13 squares or 15 rect-
angles of land. There are, however, considerable variations
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in the area controlled by & cusec from canal to canal as
shown below: .

AREA TBRIGATED PER CUS2Z0 AT DISTRI-

*Canal. BUTARY HEAD. ACHES.
Kharif Rabi Total
‘Western Jumna . . 153 308 481
Sirhind, (British) . - 175 271 452
Upper Bari Doab .. - 143 314 457
Lower Bari Doab . . 118 168 284
Upper Chenab - L 107 299 406
Lower Chenab .. . 135 . 219 354
Eé)per Jhelum . . 124 204 IS 418
wer Jhelum . - 162 246 408
Pakpattan - o 108 169 217
Dipalpur . . 92 1,199 1,291
Eastern o . 63 1,164 1,227
ilsi . . 85 1,271 1,356
Haveli .. .- 89 177 266
Rangpur . . 51 405 456
Average (weighted) o 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 rabt 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 less
than 12" per annum west of Montgomery and as low as 57
in'Khanewal. In case of the Haveli canals the irrigation
is not yet fully developed, as the dutyis low, but the
present proportion of rabi and kharif indicates better
winter supply, than on the Lower Chenab canal, Lower
Bari Doab canal or Lower Jhelum. Asregards Dipalpur,
Eastern and Mailsi canals the winter well irrigation supple-
ﬁ;ﬁﬁng muns accounts for the very high rabx and apparent

igh d ) .

0

n Repnrt of the P.W.D. Irrigaticn Branch, 194142, page 1%
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These canals mainly run in the kharif only. They
Isundation have no masonry head works as a rule and
canale no weir. Hence they depend for supplies on
floods in the river. These canals are mainly onthe Sutlej
afd along the lower reaches of the Chenab and the
Indus and irrigate a total area of about 1} million acres
chiefly in' D. G. Khan, Muzaffargarh and Shahpur districts,

In addition to canal and well jrrigation a small area is
Saileh land flooded by the zivers annually while m 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-
Water tary into the zamindara watercourse is in
mansgement.  the bhands of the village authorities or
farmers. Each square or rectangle gets so many pahars
(8 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 wart after 10 days or six pahars
if the wart is to be had after 15 days.

To facilitate distribution and economise water, each
killa or acre is divided into a number of compartments-
(ktaris). According to Canal Regulations this number
1s supposed to be'8.  As one cusec will irrigate an acre in one
pahar each kiari takes between 20 and 25 minutes,
With a supply of two cusecs the time is halved, ard it is in
that case difficult to control the water if 8 kioris are
maintained. The zamindar usually arranges matters, so
that he has 20 minutes to half an hour for each Kiars.
This figure of 8 kiaris per killa is, therefore, suitable for
supplies below 1} cusecs ; above that a smaller number
should suffice. It must be remembered that the cutting of
the bank.of the watercourse in 8 different places to irrigate
an acre entails much labour, and tends to weaken the banks -
and cause ledkings, especially when the supply is consider-
able. The plan of a square and its watercourses is shown ih
Fig. 28 (aa on page 168.) " ‘
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If water comes from direction A B, the first killa,
to be irrigated would be No. 21 and after that 22, 23, 24, 25

and then 20, 19, etc., the last to be watered bemg No. 5,
if the whole sauare is to bp irrigated. It will be seen from
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Figure 28. Plan of a square in the Canal Colonies.

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.
Killa No. 1 has been divided accordingly. Frequently,
while conforming to regulation as regards number of kiaris
- the zamindars irrigate one from the othér, and may for
instance only make two openings from each bank instead of
four, This 158 much more wasteful of water than if only 4
kiaris or plots of 2 kanals each had been made from the
very beginning and irrigated separately. The kiari bunds
are-made 85 2 rule after sowing by means of the jandra

(see figure 23) for which two men are employed.
Ordinarily very few cultivators follow this method
of layout. Ususlly there is only one watercourse for two
lines of killas. Thusif a farmer owns two sguares of land
gituated side by side, he makes only 5 watercourses. - But
when a farmer owns only one square he has to make 3 water-
cougses in this piece of land. The arrangement of the water-

- oouzees is modified according to the. contour of land.
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Water is charged for on an acreage basis. A schedule

Cost of irrigation  Of Tates is fixed for each class of crops. Tem

by cansl 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:—

Crop. Rate.

Rs. a.
Wheat 4 4
Oilseeds 4 4
Cotton 5 ¢4
Maize 4 0
Sugarcane .. 1o
Gram .. .. .. .. '3 4
Fodders .. .. . .. 2 8

For details and rates prevalent on different canals, the
Administration Reports of the Irrigation Department may
be consulted.

With a flow of 14 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
jL.iauy the cost of irrigation of the above crops works out-as
ollows:—

Cost of irri- Coot uluding
gation per acre Cost of t inoludis
Crop excluding manuall manual iabour. [ manual lsbour,
labour
Rs. Rs. Ra,
‘Wheat 4.26 0.62 4.87
Toria 4.25 0.64 4.80
Cotton 5.25 1.08 6.31
i 4.00 1.02 5.02
Sugarcane 11.00 212 13.12
Gram 3.25 0.47 3.72
Kiarif fodders 2.50 0.84 3.3¢
Babs 2.30 145 3.95
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A comparison with figures given for lifts will reveal that
canal irrigation is much cheaper than any other source of
irrigation. Theactual charge 1s 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 cannot be had when-
ever needed. Often, during the critical periods, as is the case
in autumn, when for cotton and wheat demand for watet 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
or 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 impor-
tance of evolving a reliable “module” for this purpose. Since
then, a number of modules and semi-modules have been
evolved and of these the Kennedy’s Gauge-Outlet, Gibb’s
Moduleand 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
certain minimum and maximum and was partly indepen-
dent. of 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 ontlet. But in order to
increase the discharge the farmers adopted other ways, such
as plugging of the module at' the top. The Kennedy and
Harvey types aimed at giving a proportional discharge and
wete thus_ semi-modules. The actual discharge passid
throigh. either of these modnles could be ascertained by -
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reading & 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
Advatageror  SVOIY inducement to make the water go as
payment by far as possible and to use it in any way he
volumetothe  finds most profitable. It is true that the
zamindar. p . .

charge of water is so low in comparison to
the value of crop that in general an effort is made to sow as
large an 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 ma
go down to 14 maunds, %.e., his total yield is 168 maun
as compared to 165 on 11 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
11 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 rid
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
total charge is not more than ordinarily paid at present.
To begin with 4.e., in 1918-19, these rates were Rs. 6 and
Rs. 3 for rabi 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 distributary often carries more’
than the designed discharge and-the ordinary outlet benefits
accordingly, whereas if water is taken by a module, this bene-
fit cannot be availed of for the supply remains constant.
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‘Again remission (kharaba) is given on a fairly liberal scale
if the cropis 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 rabi,
militates against the extension of this reform. Thus only
a few large estates got water on this basis. One such farm
is at Igbalnagar (Montgomery District) which took 9
cusecs of water in kkarif (1st May to 30th September)
and not more than 7 inrabi (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 rabi 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 Contraet
system syatem system

Rs. a. p. Ra, a. p. BRs. a. p.
Kkarif 1935 . 3,438 2 0 3340 14 0
Babi 1935-38 .. 3,307 1 0 3413 6 6
Total 1935-36 .. 6,835 3 0 6,763 4 6

Kharif 1938 .- 4,702 3 0 4,050 0 0

Rabi 1038-39 . 3,774 14 . 0 3,130 0 O

@ Totallo3830 .. | 8477 1 0 7,200 0 0

It will be seen from these figures that to take water
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-
cultural farms; their rates for the years, 194344 and 1944-45
were:. ; -
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TaTAL CHABGE “Iﬁ:;‘ . RATE PRE COSEC.
Farm T
Kharif | Radi | Total | Cusecs | KAarif| Rabi | Total
Rs. Rs. Re. Rs. Res. Rs.
salowals 1,527 | 1,485 | 3,012 2.2 694 675 1,369
fultan 2,098 . 2,008 4.04 520 . 520
{ala Shah Kaku . . 4,039 8.80 454

It will be observed from these figures, that the water-
rate per cusec 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

St in canal oOther canals of the Punjab are mostly

water. unlined. Owing to the velocity of the

water they carry fairly coarse silt. They are designed at

such 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
Losses by perca- bottom of canal beds and through the sides
Intion. 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 valusble could be
used for the extension of irrigated areas. Moreover, losses
by seepage bring about water-logging and concentration
of salts in areas lying mear 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. for main canal and 8 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 loss was estimated to be
about 104 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.

More 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
80 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
lehigth. 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 cusec
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
Wator-loggi of the water-table. In early years of colo-

*erBERE:  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 Doabs (Punjab Irrigation Branch
Paper No. 31-A) and predicted that- by 1937 some 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
soil crust the rise ceases. The results also indicate that
mder-logging is- énlikely when soil crust is more than 10"
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in thickness, it may 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 comstruction of field
bunds and the blocking of natural drain monsoon rains
remain on the soil surface and cause water-logging in low
lying areas. This question has been discussed in 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 runs parallel to the direction of the flow
of rivers and thus does not check the natural drainage,
whereas in the Punjab the same rock ridge as shown by a
Geodetic Survey of the Province runs across the Province
ab right angles to the direction of the fiow of rivers.” This
ridge thus divides the Punjab into 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
Trat and until recently anti-water-logging meas-

reinggs, . d -

ures in the Punjab were almost 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 ares in the Punjab has not increased to the same
extent as was anticipated in the absence of drains. Butb
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 thur. -

In’ this tespect construction of drains has the same
effect as other remedial measures, such as tube-well pumping

and lining of canals.
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Another point worth remembering about the drains
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 because 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 occars.
If the field drains are 40 feet apart, the water table in
between the drains will be 13-2 feet only from the surface
when the drains practically stop running. If the drains are
in working order the water-table remams in motion which
in turn provides the amount of oxygen required by the
roots of crop and the crops can thus be successfully 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 exammation of
waters from the Major Drainage Systems of the Chaj and
Rachna Doabs has been made. In most cases it has been
found that the waters have high salt contents and are,
therefore, entirely unsuitable t¢ be used as irrigation water.
In some cases, however, such as Wan Drainage System
and Vagh Nala, water is considered to be quite safe for
irrigation. Wherever possible, these waters have been
pumped into canals and: the mixed waters have been found
_to be suitable for irrigation.
The earlier soil surveys were all made in areas of high
Kollaror e, WoTET-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_result of the evaporation of water that is drawn
from_the water-table to the surface. In subsequent soil
Bpreeys whwh were camed out in the unirrigated tmct.s of
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south-west Punjab and the irrigated tracts of the Lyallpur
district it was noticed that extensive areas of salt lands
existed even when the water-table was as much as 65 to 70
feet from the patural 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 approximately 30,000 acres of
cultivated land become thur. The districts in which ex-
tensive damage has taken place are Sheikhupura, Gujran-
wala, Lyallpur, Montgomery, Multan and Jhang.

Depending upon the nature and amount of salts.
Reclamation present and the condition of the clay in the
of kallar soil the deteriorated lands have been classed
tands. into two main types—

() thur.
(%) rakkar.

In the thur type are included those Jands 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 may or 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
15 hard and intractible and more or less impervious to water.
Barn and bars soils of the Montgomery colony are examples.
of this type. '

The essentials of land reclamation are—

(@) The reduction of the salt content of the soil to
: that considered suitable for normal cultivation.
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(b) Breaking of soil alkalinity and its reduction to
that considered suitablefor normal cropping.

The reduction of the salt contentin the soil profile is !
achieved 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 that rice makes quite a
good growth. The mtroduction of rice during the leaching
period is helpful in two ways—

() Rice roots generate carbon dioxide which in turn
helps in breaking the soil alkalinity. ’

(#5) It gives an income to the zemindar during the
process of reclamation.

After rice, gram or berseem are sown during the rabi
following rice. In areas where rabs 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-
wattar 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. Thé most recent technique
developed by the Land Reclamation Department for this
type of land is a series of shallow irrigations snd 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 sarface. 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 vica. The number of leaching periods and the rice crops
seguiead for complete reclamation depends upon the stage

a
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of deterioration of the soil. When rice yields are normal
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 4nd 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 soii chemically examined and seek the
advice of a soil expert.

It is difficult to determine exactly the relative effect of
G £ ria percolation from rivers, canal beds and water-
of water-table  cOUTSes on the rise of sub-soil water as com-
fa &yeasal  pared to irrigation in the field and rainfall
’ . Only a brief discussion is possible, The first
investigation into the effect of depth of irrigation and
rainfall on the rise of water-table was made by Messrs,
Wilsdon and Smithy*. These authorities arrived at the-
conclusion that irrigation affected the. water-table since-
jrrigation 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 Provinge.
Accordingly investigation into the rise of water-table in
the Upper Chenab Canal area was taken in hand. In the
Rackna 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 1907. An exarmination
of t?ese figures show that there is a vefy close association
between variations in apnoal rainfall and variations in

*Panjah rrigation Research Memoties, Vol. I, Nof L and 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 .. 1,537,658 acres

2. Total canal discharge utilized
in July, August and Sep-

tember,
1929 . 375,737 cusec days
1930 ve 381,625 do.

3. Mean daily canal discharge
utilized in July, August and

September, :

1929 .. 4,084 cusecs

1930 .. 4,148 do.
4, Oneé inch of rainfall over gross

area commanded equals .. 64,603 cusecs.

B. Mean total rainfall over the
circle in July, August, and
September, (Average 1907-31) 14.80 inches

8. Rainfall expressed as mean
daily discharge for the
period July, August and
September .. 10,393 cusecs.

In comparison with the irrigation which hasoften been
considered as the main cause of water-table rise the im-
portance of monsoon rainfall is apparent. There is another
aspect of the question as well. While irrigation is applied
mainly to cultivated area only, the rain falls on all lands,
‘whether cultivated or uncultivated. A part of the rain
runs off or evaporates and & part is added to water<table
depending upon the contour and nature of land. Evaporat-
jon 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

Stivigation R h Institute Publications, ¥ol. I, No. 4.
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the sub-soil water, depends to a large extent on the rum
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 doabs, but some of them run across the doabs.
The latter along with roads and railways cause obstruction
to surface drainage of rain water and reduce the run off to-
agreat 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
Percolationass  OVET all loss by percolation of 20 per cent,
fastorinrise  only it means that 2,000 cusecs are constan-
of water-table. 19 heing 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. If’
there was no flow from the sub-soil this would be sufficient
in itself to saturate about 16 feet of soil, if we agsume
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 through the
plant at all. Assuming this as 25 per cent. or 3 inches,.
we have 7 to 9 inches left for actua? transpiration through:
the plants. A large number of pot cultures and other tests-
made at Pusa (India) and in America and elsewhere show
that wheat requires from 350 to 700 lbs. of water to pass
through the leaves for each pound of dry matter produced.
Taking 500 pounds as a conservative figure for a dry plaec
like that of the Punjab, and a yield of 16 maunds grair
and 28 maunds bhusa we have a total yield of 44 maunds
Deducting 10 per cent. for moisture, we have roughly
39} maunds of dry matter requiring 394 %500 maunds
727 tons of water which is equal to a httle more than}
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inches of water peracre. It must be remembered that crops
of 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 t]%e possible cure of
rise of sub-soil water and water logging.

Most of the perennial canals are designed for 50—75
Intensity of per cent. intensity of cultivation. The

cropping farmer can claim this much intensity as a
matter of right or hag under normal conditions. In
1942-43 on the Lower Chenab Canal the area propossd 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 hag not only protects Govern-
ment against failure to fulfil expectations but has in the

ast undoubtedly acted as an incentive to economy of water
‘through the desire of the zemindar to grow at least one crop
per acre per anoum. This result has, however, not been
.obtained merely by economy, 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 approximately 100 from the start, though later this per-
-oentage 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 the very
beginning. Sindh offers a good illustration of this. In
-that Province the so-called “fallow rules” lay it down that
1and should be cropped only once in 3 years. In the Jamrao

cansl the actual irrigation done is only about 45 per cent.
“The tendency there is to leave a 'part of the holding
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permanently fallow and uncultivated, as it would take too
much labour to keep it in a clean condition. Weeds flourish
in consequence, and the standard of cultivation and of pros-
perity is very much lower than in the Punjab canals. An
intensity of 50 per cent. has been kept on Sukkur Barra,
which makes its chances better than that of Jamrao. In
Sindh oultivators prefer kharif or summer crops but the
tendency with low intensity is to go in for rabs croppings
4s in the Punjab canal colonies.

In Egypt an intensity of about 160 per cent. is generally
Possitility of  OPBined and that country has the highest:
noroaze” of record in the world as regards average yield
intensity of of cotton, But such a high intensity is.
oroppine: 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 an
intensity of 30D per cent. is obtained. But under general
system of farming as is donme 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 Thal 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 utilizéd 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
systermns. )

In summer, river water is abundant but in this part of”
the year the quantity of water Yequired to mature a crop
is nearly double of what it is for winter crops, Thus, if a.
canal is large enough to take the entire winter water of rivers-
the ratio of kharif crops to rabs crops will be about 1: 2.
This may be taken to be the natural vrop ratio for the
canal irmgated areas of the Punjab. But as a matter of
fact we have not stopped at this limit ; for many past years.
extensions- and enlargements of canals have proceeded



184

beyond 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 gives time
for carrying out necessary improvements and repairs.

Of all the perennial canals, the Pakpattan canal is
-‘worthy of special mention 10 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
- success, and its winter supply had to be increased via
Montgomery—Pakpattan link. For happy balance of
-cultivation, Kharif 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-

ing. This is clearly shown in the following rotations which
have been tried at the Lyallpur Agricultural Farm :—

Serial ~ Intensity Rotation.
No. Percent. i
1 66 ‘Wheat—fallow—cotton.
2 100 ‘Wheat—gram—cotton.
3 133 Wheat—oria—ocotton—guara
(green manured).
4 166 Wheat—fodder chari—gram

cotton—fodder sempi.

All the above rotations are three-year rotations. In
No. 4 there are 2 fodder crops. Increasing the intensity
©f cropping will inevitably, tend to increase fodder growing
and thus lead to more cattle being kept and hemee more
‘manure being available,

The following new irrigation works are under consi-

ion.— ~
Now Projoots deration.

.. (1) Thal Project.—This is & big schems,’ The head-
" weorke..are ab Kalabagh on Indus river, and have been
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ilmost completed. It will command an area of over two
million acres, The first portion of this project under con-
struction is Khizar branch and its tnbutaries, and will
sover 495,000 acres gross area. It will commence in Kharif
1946. Much of this area already yields rain-fed crops in
v year of good rainfall.-

(2) Rasul Hydel Tube-well Project—This is designed
o irrigate annually about 7 lakhs of acres.

(3) Jumna Basin.

(1) Gurgaon Project.—This canal will take off from tail
f Western Jumna canal Delhi Branch, and will irrigate
wver 4 lakhs of acres. Gross commanded area is 418,000
7ith an annusl irrigation of 122,000 acres in Delhi Province
nd Gurgaon district.

(1) Kishaw Dam Project.—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 about 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 irrigatiot 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 Gross area Annual
‘ acres | irrigation. acres
1. Western Jumna Canal 384,000 _ 115,000
extensions (existing)
2., Gurgaon Canal 418,900 | 122,000

3. Barwals Extensions. 270,000 7,000
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(+#43) Giri Dam Project—This will be constructed in
Sirmour State at Chandzi on the Giri tributary of the Jumna
siver. The height of the dam will be 500 feet. It will have
live storage capacity of 0.85 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 Kishan Dam.

(4) Sutlej Basin.

() Bist Doab Canal Project.—This scheme comprises
two earthen dams to be built on the Sirsa and Suan 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 & live
storage capacity of 180,000 foot acres. The canal will
take off from the right bank of Sutlej at Rupar and will
irrigate areas in Hoshiarpur and Jullundur districts, where
the sub-soil water table has been falling for some years past,
and lifting of water from the wells has consequently become
expensive. It will cover a gross area of 500,000 acres with
annual irrigation of 180,000 acres. -

-(3) Bhakhra Dam Project—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 Kam%stricts of the Punjab, and portions of
Patiala, Faridkot, Nabha, Jind and Bikaner States.. The
gross commanded area will be 4.7 million acres, 3/4th of
which will be given perennial and 1/4th non-perennial sup-
plies. Annualirrigation is expected to be 1.5 million acres.
200,000 kilowatts of firm power will be produced for deve-
lopment of industries and rural electrification.

(5) Chenab and Linked Basins. v

(8) The Dhiangarh Dam-oum-Marhu Tunnel Project.—
mm-’['hm be a concrete dam, 730 feet m height,
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with a live storage capacity of 2.5 million foot acres of water.
It will also generate about 250,000 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 may assist the Thal project
n critical periods. Cheap power (250,000 Kilowatts) for
rura] electrification and industrial development will also be
made available in addition.

(it} The Dhiangark-cum-Marky 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 rabsi and during periods of shortage in early
and late kharif. This is a most attractive project. In
conjunction with the Dhiangarh Dam it has great itrigation
and power possibilities.

(i4t) Madhopur-Beas Link.—This project provides for
the construction of the channel fram 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 Canalsand will thus benefit Punjab,
and Bghawalpur and Bikaner States.

(iv) Balloki-Sulemanki Link.—The project comprises
a construction of a link from the Ravi to the Sutlej to sup-
plement supplies of the Sutlej Valley Capals in early and late
EKharif. The quantity of water available in the Ravi
during periods of shortage in the Sutlej Valley Canals is
gmall, but with the construction of Dhiangarh Dam-cum-
Marhu Tunnel the surplus supplies at' Dhiangarh can be
transferred to this link, through the Upper Chenab Canal
and through the link to the Sutlej Xyalley Canals, and
swtiil thus benefit Punjab and Bahawalpur and Bikaner
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(8) Beas Basin.
(¢) 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 Dhiangarh Dam. It will be a concrete dam
730 feet high with a live storage capacity of 1.7 million foot
avres. It will also generate 100,000 K.W. of firm power,
'The main object of this scheme is to supplement the supplies
in Sutlej Valley Canals, as they generally suffer from acute
shortage of supplies in kharif sowing period, and to a lesser
ectent in the kharif maturing period, and will thus benefit
Punjab and Bahawalpur and Bikaner States.

(#%) The Tunmnel.—This tunnel will be located under
tlie Rohtang pass in the Kangra district, to divert 10,000
cusecs 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 supplgment
supplies in the Sutlej Valley Canals during sowing and
maturing of kkarif crops, and will benefit the Punjab and
BRahawalpur and Bikaner States.

(7) The Rohtas Reservoir Scheme.—Under this scheme
an earthen dam about 80 feet high is proposed to be con-
structed on the river Kahn, a tributary of river Jhelum, and
will 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
tn Jalalpur area or alternatively for increasing the intensity
of the five linked canals.” It would irrigate 170,000 acres.

(8) The - Tumnel Hydro-electric Project.—1It- will be
located on Tons tributary of the Jumna river about 40 miles
from Dehra Dun, partly in U. P. and partly in Sirmour
State. The main object of this project is to generate hydro-
electric power. 1t does not provide for irrigation directly,
. Nole,—The first two projects, V.e., Thal and Rasul Hydel Tubs-well have been
sanetioned. The remaining six have not yet been even sanctioned. The figures of
qulturpbie commended sfea given ere provisional. The electric power given is at
%3 pes-oith. load factor. .



189

but the energy (140,000 kilowstts firm power) produced may
be used for irrigation by pumping from tube-wells. This
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 whichever was less per well. Efforts are also
being made in increasing tube-well development and boring
of wells.
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CHAPTER IX

CAPITAL REQUIRED FOR FARMING AND
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
kharif 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 2 combined
holding, i.e., a part is well-irrigated and 2 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 cuitivated,
one pair can control 10—14 acres, while on Lower
Bari Doab Canal where water supply is only for
66 per cent of area and the intensity of cropping is only
about 80—90 per cent of the cultivated area, one pair can
control 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 actwﬁly
the case in several large holdings, larger area can be
controlled by a pair. On one square holding 2 ploughs are
required but if 2 squares are cultivated as one holding, 3
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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 holdimg,
2 permanent men are required but in case of two ploughs
3 men will be enough. Of course, casual labour has to be
employed in rush of work such as harvesting and threshing
season, sowing time, and 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:—

i

@oto'-c::oo'—-ooAoé-t—wwuu»»»—i—-wa~

One pair bullocks .. .. .. 3
One yoke pangali . .
Two tying chains (ropes) .
Two chains for karaha and Sohag J(l
Desi plough

Two Jhuls .. ..
Daranti (2) @ annas 8 each ..
Khurpas (2) @ annas 8 each ..
Kasi (2) @ Rs. 1-8 each

Karah .

_Trangh

Senga

Phalla

ccooorwocoo ¥

-

ChRNRPOORNPORN®D®

Toka .. o
Baskets (2) .. I
Chhiklis (2) .. ..
Gandala (1)

Balti (1)

Tangar (1)

Kazgla (1)

Baguri (1)

=

e
oW

Total

N
I
©
x

<o

|
|
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In addition to above the cultivator would require one
milch animal with one or two young stocks. valued at Rs.150.
Thus the total capital required is about Rs. 488. Some build-
ing will also be needed for housing the cultivator's family, his
livestock and dead stock. These are generally made locally
and may be taken to cost about Re. 250 as cultivator himself
supplies the labour. On newly cultivated land where wood
ig 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, ete.,
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 Re. 200,

The total capital required for starting cultivation
for a one plough-holding on canal colony will thus
amount to :—

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 & square or
rectangle, some extrs implements will be needed. These

are:-—
Rs.

Cart .. .. . .. 100
Chaff-cutte! .. .. .. 40

L : Total .. 140
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These are not absolutely essential at first,

For well-irrigated area the following additional capital
is required :—

Rs. a.

Cost of well (Depth—25 feet) .. 150 0
Cost of Persian wheel .. .. 120 0
Extra pair of bullocks .. .. 300 0
Two more yokes: 1 for well and 1 for plough 4 0
One large sohaga . . .. .. 70
One plough 4 8
Two more ghuls .. .. 4 0
Two more chains 10
Total .. 1,190 8

or Say .. 1,200 0O

For bareni area the capital required is about the same
a8 on canal-irrigated land but one plough can manage 20—30
acres as already stated according to intensity of cropping
which depends on rainfall.

The usual cropping under different conditions of
farming are given in Chapter VII. The gross

G::g:;fm income, expenditure and net returns for
a1d ot some important types of arable farmiu%ui:
rerarms. given below. It must be stated that in t!

caleulations, average yields have been taken into account
but a good farmer is not satisfied with average yield and
expects much higher yields. Under such conditions profits
increase very much because there is mot proportiomal
mcrease in expenses. L
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(1). Income and expenditure of a one-square farm in
the Lower Chenab Canal Colony
Area held—28 acres
Intensity of eropping—97 per cent.
Permanent family workers—2
Hired worker—1.
GROSS RETURY -
) i . \ J
! Yield | Total : Price |
Crop | Area | Troduct per | yield | per | Value
: | acre | | mawnd
{ I | i |
! |
} N i
! i |
H I
Acres AMds ! Mds. | Rs.a | Bs. a p
| |
Wheat 10 | Grain 136 | 14961 2 9 | 383 § 7
! Bhnsu 200 | o230 6 7 L1001 0
| |
Cotton American .. | 40 | Kapas 62 | 208 | v o5 23015 2
Sticks . P 10 4+ v 0
[ per acre
Cotton lexi 10 | Kapas 60 60 | 5 2 48120
Sticks . . Lo 100
| peracre
Sugarcane 10 | Gw 269 20 | 505 113 8 %
Maize 1-0 Grain 134 134 2 08 1 83 8 @
. Stalks .. . 30| 300
per acre
Tovia 25 | Seed 66 | 165 42 6810
Gram 20 | Grain &7 [ 174 26 | &4 5 ¢
: Bhusa @0 | 180 20 1 3 00
Kharif fodders 25 32 0 | 80 0 o
Rabi fodders .. 2:0 .. .. . 4 6 | 80 00
. . +
N 1
“Fotal .. | 270 . . . .. [|rnesos 7
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LXPENDITURE

Permenent—one at the following per

anpum-—
(‘ash Rs. 5 per

Tensen

One maund wheat per mensem for
meals =12 maunads al Ra. 2191 per

wechd

{4} Casucd—

(i) Harvesting wheat.

4 acres at 4 bundles per acre
=16 bundtes.

Fach bundle:

Grain 16 acers at Ks.

mannd

219 per

Bharsa 24 seers atAs.7 per ma. mJ

Value of 16 b

‘Total

andles

{ii) Winnowing wheat 133 mds.
At

2 seers
At Rs. 2/9/-

per md=6.75 mds.

per maund

(i) Cottor picking at 1/10th of the total

prodnece

American kapu 2.5 mds.
@ Ra. 9/5/- per maynd
Desi kapas 0.6 mds, st Rs, 8;2/- per

maund
{fv} Sugarcane :

maund
(v) Miseellaneous

& Bullock lubour—

Roughages consumed by all stock

Green fodders

Gur to Jhoka at 1 reer
per mannd = 27 eeera at Re. 5/3 - per

Bhuss 150 mds, at As. 7 per maund

Maize stalks

Tota)

414

Re. a.

60 0

3012

o =
-

23 4

™

0

o

w @

[}
(1}

Re.

17

w©
]

P

Re. a.

P

#9012 0

78
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Total stock on the farm R Rs. a,
Bullocks
RBullocks' share ofmughagu i o114 05
Concentrates 15 mds. at Rs. 3 permd. 45 0
Salt 20 seers at Rs. 2/8/- per mound 14
Miscellaneous feeds 40
Interest at 4 per cent. and deprematlor
at 12 per cent on Ra. 300 . 48 0
MisceRaneous expenaes P L)
4. Seeds—
Wheat - I8 2
Cotton American . I 3
Cotton Desi . G 3
Sugarcane .. 80
Maize - 0 8
Toric . 0 10
Gram o 20
Khorif fodders .81
Rabi fodders - 6 0
5. Implementa—
I)eprecmnon at 10 per cent. on cart=
8- 100 10 0
“0 pcr cent. on fodder cutter= Re. 40 8 0
Interest at 4 per cent. on Rs. 140 .. 309
Rent of cane orusher 4 0
Miscellaneous repairs and replac ement G 0
8, Artisans (Carpenter and Blacksmith).
Wheat bundles ¢ st Re. 1/4/1 each .. 5 2
Wheat 1 maund at Rs. 2/9/- per maund 2 9
Maize bundles 2 at As. 10 each 1 4
Msize 1 maund at Rs. 2/8/- per maund 2 8
ur 4 seers at Rs. 6/3/- per maund .. 0 8
Cotton 4 seers at Re. 8/2/. per maund 013
Fodders 6 bundles at As. 3 each . 2
1. Water rates— . .
8. Land Revenue— . .
SUMMARY
Tota]
Rs. & p.
Groas itivomo .. 1,250 8 7 e
. ‘ee 126 311 .
ingoroe © .. 5% 408 .-

cose

G
“

cea=o

SORTODR

Total

490 8 I

39T

1314 &

. 116 6 0

. 135 0 0
- 726 313

e 1811 T
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in the Lower Bari Doab Canal Colony.

Area beld

Intensity of cropping
Permanent fomily workers
Permanent hived workers

rectangle farm

«o 25 aores.
92 por cent.
2

GROSS INCOME
. |
i )
| : | Yield Price |
Crop {Area : Produot | per Total per Valae
| | acre yield muund
i | \
1
] |
! i
Lo | l |
| Acres | Mds. Mds, | Rs. a.! Ra s po
{ ]
Wheat P 80 Grain | 12 100-8 | 2 9' 258 410
Bhusa 190 20 ; 6T 66 8 0
i
Cotion American .. 69 Kapas 87 522 { 4 5 438 1 10
i Sticks .. - 10 8 0 0
] ] Bel acre
€otion Desi L os | Ropas |73 37 | s 2] 301
Sticks . 10 9 8 0
per acre
Sugarcane .. | 05 Gur 255 12:8 53 66 6 5
Majze . 16 Grain 87 87 28 2112 O
Btaiks .. . 30 30 4
per acre
Toria . | 20 Grain 53 33 4 2 211319
Gram | 20 Grain 83 166 2 6 39 610
Blusa 80 160 b 2 200
£harif fodders .| 20 . . . 32 0 64 0 0
per acre
Hede fodders - | 20 . . . 40 0 80 0 0
per acre
Total . | 230 . . .- . 145 14 @
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EXPENDITURE

(1} Monual ladour~
{a) Permansnt—

The same as in the case of L. C. C. (. .

(%) Casual—
(s} Harvesting wheat 2 acres eaok at 4 bundles per
acre—S8 bundles at Re. 1{4/7 each

({0} Wmnowing wheat 92 maunds at 2 sesrs per

maund==4.6 mds. at Rs, 2/9/- per maund
(#is) Cotton picking 1/10th share.
American Kapas 5.2 maunds at Ra. 9/5/- per md.
Desi kapas 0.4 maund at Rs. 8/2/ per mawud
(iv) Sugarcane Gur to Jhoka at 1 seer per maund
==13 sesrs at Rs. 5/8/. per mau-mi
(») Migoellaneous .

2. Bullock labour—-

Roughages consumed by all stock :
Green fodders o 144
Bhusa 145 mds. at As. 7 per matnd . 63
Maize stalks .. 3

Total .. 210

Rs. a. p.

10 4 8
naz v
48 610

e
=S

-
=y

Suae
=¥

@

Total stock on the farm—8
Bullooks 4 P
Bullook’s share of roughages ; U 51
Concentrates 16 mds. st Ra. 3 per maund 45
Salt 20 seers at Rs. 2{8/- per maund .. 1
Miscellaneous feeds . 4
Interest at 4 per cent. and deprecmtmn at

12 per cent. on Rs. 300 . 48
Misoellaneous expenses . . 10

co ewmcw
eo coco

3. BSeed—
‘Wheat .

Cofton American . ‘
Desi .

n T . .-
Sugarcane -
Maize ..

Toria = o o

Gram .
Kharif fodders .- .
Rabi fodders o . .

4. Impiements: The same as in the Lower Chenab Canal
Colony except that the rent of the cane crusher

Rs, 2 instead of Ra. 4
5. Artisans the same g in the case of Lower Chensb Canal

Colony . .

6. Water rates .- . .
1. Land Revenue . . .

swpcopc~G
-

-

COOR PO
cocwSeoulSe

B o p

9012 0

%71

213 7 &
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) " SUMMARY
Total Per Acre
Re. a. p. Re a. p.
Gross Income .. Liss 14 9§ 4513 o
Expenditure .. 65011 6 26 0 6
Net Income .. 485 3 3 1331211

(3) Income and expenditure of a Chahi-cum-barans

farm in the Jullundur District.

Area held 16 acres

{\\'ell irrigated =¥ acres.

Barani ==§ acres.

Family .. 2
Permanent workers
Hired .. Nil

GROSS INCOME,

> ¥ield ) Total Prico
Crop Area | Product per yield per Value
acre meund
Well irrigated—— !
Aeres AMds. Hds. J Rs. a. @
Cotton Desi .. | 05| Kapns 84 42 29 6 5
Sticks | 1090
Maize 1 16| Grem T a g
Stalks .. I 600
per acre ‘
Bugarcane B 10 | Gur 36°5 36:3 Fa ]
|
Wheat .| 40 Grain 145 380 211 3
Bhusa 224 884 010 | 4]
Kharif Fodders FO T N VR
1
Rabi Fodders .. 04 700
* per acre |
e e |
Totsa) . { 62012 4
Barani— {
Wheat . 211 J 62 4
010 . oI%12 0
1
Chari (Fodder) ol 100
per acre |
Total .. : .. 13513 4
Grand Total 76 9 8
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EXPENDITURE
1. Manugl labour— Rs. . p. Ra a.p
{a) Permanent hired—nil.
(b) Casual
(§) Harvesting wheat.
Irrigated area—
4 bundles each valued as follows :—
Wheat grain 16 seers at Ra. 2/11/. per maund 11 2
‘Wheat bhusa 24 seers st Re. -[10/- per mound . 06 0
Total .. 17 2
Value of 4 bundles . . o 512 8
Unirrigated area—
4 bundles each valued at Rs. 1/7/2 each 512 8
(#) Winnowing wheat,
Irrigated area.
2:8 mds. wheat at Re. 2/11/- per mannd . 6 15 10
Unirrigated area.
085 maunds wheat at Rs. 2/11/- per maund . 2 47
(] Cohton pchmg (irrigated).
h share=0-4 mds. at Rs. 7 per maund . 21210

[{{)] Suga.rcnne (irrigated).
ur to Jhoka at 1 seer per maund=37 seers at

Ra. 5/5/- por maund .. B 414 8
{v) Miscellaneous.

Trrigatoed area ..
Unirrigated area

(4
——— 31 9 3

2. Bullock labour—
Ronghages consumed by all stock on the farm.

Green fodder .. 210 0 0
Bhusa 118 mds. at As, 10 per md. - . 7312 0
Maize stalke . . .- 6 00
28912 0
"Total stock—8-0 animals,
Bullocks—4+0 animals.
Bullocks’ share of roughages 3 .. 14414 O
Concentrates 24 mds. at Rs. 3 per mand . 7200
Salt 20 seers at Rs. 2/8/- per maund .. .. 140
Miscellaneous feeds 4 00
Interest at 4 per cent. and deprecmtmn at 129, on
Ra. 300 48 0 O
Miscellaneous eXpenses . .- .. 1000
280 2 o
Seed—
Irrigated
Cotton . 01 7
Maize . 0 6 7
BSugarcane . 8 00
Wheat . 73 2
Kharif Fodders . 2 40
Rabi Fodders . 4580
22 4 4
Unirrigated—
‘Wheat 5 6 5
Okari . 7 8.0

. 1214 & 3% 29
1Y
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4. Implements—

Rs. 8. p. Rs. 8. p.
Depreciation at 10 per cent. on oart worth Rs. 100. 10 0
Deprociation at 20 per cent. on iodder cutter worth
Rs. 40 8 00
Interest at 4 per cont. on Rs. (40 5987
Hire of eane crusher . 4 00
Repairs etc. & 00
————— 33 9 7
5. Arlisans—
Wheat 1 maund at Re. 2/11/. per maund 211 0
Maize 1 mgund at Rs. 2/9/- per maund 290
Wheat bundles 4 at Rs. 1/7/2 each 512 &
Maize bundles 4 at As. 10 each 2 8 0
Gur 4 geers at Rs. 5/5/- per mauad 69 8 6
Cotton 4 seers 8t Ra. 7/4/- per mavnd . 017
Fodder bundles 8 at As. 3 each . 1 80
——————— 16 4 @
6. Well and Persian Wheel—
Depreciation at 3 per cent. on woll worth Rs. 760.. 22 § 0
25 per cent. on chein of Persian Wheel worth Re. 40 10 0 0
10 per cent. on other parts of Persisn Wheel worth
Rs. 80 .. . 8 00
Interest at 4 per cent, on Ra. 870 34 12 10
Repairs andxeplacemem,s . . 200
0il for lubrication . . 6 00
T e 83 410
Land Revenie—
Trrigated ares .. 32 00
Unirrigated area . 16 0 0 48 0 0O
Torar 528 1 2
ANALYSIS OF EXPENDITURE
ToraL Pyr Acre
Ttem
7
Un- Un.
Total | Icrigated | irrigated Total Irrigated) irrigated
Rs. a.p.|Re. & p. |Rs. 8. p.|Rs. « p. Rs.a p|Re & p.
Manual Labour | 319 3 8 0 ¢ 13 115 7 2130 1 22
{hired
Bullock labour [280 2 01210 1 8/ 70 0 ¢ | 178 1 (264 42 8 12 1
Soed ..|8 2 9] 22 4 4{1214 5| 23 2| 2126 1 B @
Implements 3390 71253 2) 8 65| 21 7| 3 25 1 010
Artisans 1164')}’3741'2 10 4 1 85 0 8 2
Well and Porsian | 82 4 10| 83 4 10 s a0 68
‘Whee! A :
Layd Revenue‘l4800320 016 00; 30 0 400 2 00
Total . 1528 1 21407 9 5120 791330 1|50152(15 10




SUMMARY
Total TPer acre
, - :
Total | Irvigated | Unirri- | Total | Irrigated | Unitei-
l gated [ gated
Rs. & p.|Bs. o p. | R Re. & p.| Ro. a p| Bs. ap
Gross Income..|776 9 o2 L 48 8 777 0 6|19 78
Expenditure ..[628 1 2 |40 3301|515 2|15 1 0
|
Net Income. ... [248 § 6 213 158 6210 4 4 6 8

}(4) Accounts of a barani Farm in the Hissar District.

Area held

Intensity of cropping

Permanent workers, Family—2.

GROSS INCOME

30 acres.
100 per cent.

‘ ‘ |
| Vield
Crop Aren Produce ; per 3]»‘331
acre -
| !
Acres | Mds. | Mds.
Guara 20 Grain ;30 6-0
| Bhusa 50 60
Moth and Bujra .. 3«)} Motk grain! 65 15
| | Baojragrain' 20
| { Stalks am};‘ 60 G0
| Bhesa 1:0
Guara (fodder) 30 ! !
.. |
Jowar (fodder) 140 !
: (
Gram 30 Crain P53 159
. - Biasan ] 158
Wheat 60 | Grain : 33-0
v Biinse ! 432
1
Teramire 20 Reed 5 G0
Giam-barley Q Grsin . 38 406
0o Lofoisa }’ 5 453
6o 300 ’ I

Price S

per | Value

maund !

Be.a.p. | Rsoaope

24 0] 1350

0+0’ 10

24 0: 360

28 01 1300

04 0 &80

30 0 13 0 o

Per acre

4.0 0f 160 0

Per acre |

212 o #1107

0 4 v, 315 7
;

215 0 9515 0

070 1814 5

200 12009

280 08 9

e 6 ¢ 171 49
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EXPENDITURE
1. Manual labour (hired)— Ra. 8, g
Casual 3 0
2. Bullock labour—
Totallive-stock on the farm—34-0 animals.
Roughages fed to all stock. Rs. a. p.
Guara bhusa o . 1 84
Moth bajra stalks and bhusa . .. 4 8 0
Grom bhusa . . 316 %
Wheat bkusa .- - .- 1814 5
Gram barley bhusa .. . . 17 1 0
(reen fodder . .. . 31 00
Total 76156 ©
No. of working animals—Bullocks—2.
Working animals’ share of roughages § .. s 38 7 6
Concentrates 7 maunds at Re. 3 per maund .. 21 0 ©
Salt 10 seers at Rs. 2/8/- per maund 010 0
Interest at 4 per cent. and depmcmtmn at12 per cent.
on Rs. 150 . 24 0 0
————— 84 1 6
3. Seed—
Guara - v .. .- 4 8 0
Moth . . .o . 0 4 0
Bajra . .. . .. R
Jowar - .- . o 6 0 ¢
Gram o .. .. P 785 7
‘Wheat . - .- .. 11 2
Taramira . .- . .- 0 5 5
Barley . .. . .. 58 2
————— 36 43
4. I'mplements—Repairs .. . v . 140
5. Artisgna—
Guara 2 seers at Ra. 2/4/- per maund . 0 110 1
Bajra 2 seers at Rs. 2(8/- per maund . 0 20
Gram harley 1 maund at Ro. 2/8/- per maund 280
Fodder 2 bundles at As.$ each . 06 0
3 110
6. Land Revenue— 780
Total .. 136 3 7
SUMMARY
Total Per acre :
. Rs. & P. Rs. 8. p.
Groes Income .. . 3682156 7 12 1 7
Expenditare . . 138 8 7 4 8 1
Net Tncome s . 22712 © 798
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(5) Income and Expenditure of a one rectangle farm

in the Nili Bar Canal Colony.

Area held .. .. .. 25 acres.
Intensity of eropping .. .. 72 per cent.
Permanent family workers .. .02
Permanent hired workers .. .. Nil
GROSE IXCOME
| y
J Yield Total Price
Crop | Area  Product per yield per YValue
‘ 4 acre maund
I |
Acres | | Mas | Mas [Ra s p Bs o g
Whest .| 89 |Grain 179 1006 | 2 8 0 258 410
| Bhusa 190 1520 | 0 7 0| 6 5 O
Cottop American ..| 53 *xnpas 87 479 950 1 46 1 )
|Sticks .. 10 OJ 58 0
Cotton desi | o8 lKapan [ 37 [ 82 0] 3 14
! |Sticks ] . .. 100 z 08 H
| i
Kharif Fodders .| 20 | | 3200 61009
| : |
Rabi Fodders [ 20 J . (000 s 00
Total .| 150 ; ‘ 950 14 11
I
EXPENDITURE
Ba. a. p. Bs. a p.
1. Manual labour hired—
(a) Permanent—nil.
t tasual—
o ('I;.;rwsdn wheat 6 acres at 4 bundles per aere=:
94 bundles, each bundle at Rs. 1/4/7 each - 3014 6
Winnowing 92 maunds whest at 2 scer por maund =
46 maunds at Re. 2/9/- per mawnd .. .. nmiz 7
4210 7
Cotton picking 1/10th share American kapas 4-8
s at Re. 9]0/ per ma - . 4 e
Desi kapas 04 maunds at Re, 8/2/- per maund .. 3 4 0
Miscellaneous . . P 200
8913 1
o Bullock labour—
Roughages consumed by all stock—
‘Wheat bhusa 130 maunds at As. 7 per maund .. bb14 0O
Green fodders . . .. 144 0 O
E Total .. 20014 O
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Total slock on the farm=86
Bullocks =

Builooks’ share of rou 66 15 4
Concentrates 10 maunda st Ra. 3 per mannd 800 0
Salt 10 seers at Rs. 2/3/- per maiund BN
llaneous feeds . 20 0
Interest at 4 paz cent, and dlpremahm at12 per 24 0 0
cent, on Rs. 1 . .
Misvellaneous expenses P v - 500
— 128 8 ¢
Seeds—
Wheat . . - 133 2
Cotton American . . . 110 5
Cotton desi . . . o1 7
Kharif fodders . . .. 300
Rabi fodders . . . 6 0 0
2315 2
Implemente—
Depreciation at 10 per cent. on cart=Rs. 100 10 0 0
At 20 per cent. on fodder cutter=Rs. 40 . 8 00
Interesh &t 4 per cent. on Rs. 140 .- .- 5 8 7
repairs snd repl it 600
2 9 97
Avrtisans (Carpenter snd Blacksmith)
Wheat bundies 6 at Re. 1/4/7 each . . 711 6
Whest 2 maunds at Rs. 2/9/- per mauud .- 5 2 0
Clotton 4 seers at Ra. 8/2/- per maund .. . 013 0
Fodder 6 bundies at As. 3 each . rze
e 1412 6
Watcr Ratrs— . .. . 55 8 0
Land Revenue— . . . 200
Total - 414 3 8
SUMMARY .
Total Per Acre
Bs. a. p- Rs. a. p.
Gross Income . e 950 1411 38 0 7
Expenditure .. . 414 3 8 16 9 I
XNet Income . .. D361l 3 21 716
References

1. Farm Accounts in the Pnnjab—Bard of Economic
Inquiry Publications. ‘



CHAPTER X
WEEDS

A plant out of its proper place may be technically called
a weed, but from the farmer’s point of view only that plant
is a weed which is injurious to crops, or is unsightly and.
troublesome in agricultural operations.

Annual losses due to the occurrence of pernicious weeds
upon farm lands, though acknowledged in a general way,
are far greater than are reahsed. 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 harmful
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, they crowd out the useful plants.

(8) Work in their eradication increases the cost of
cultivation.

(4) Weeds like pohli and kandiari, in wheat, cause
barvesting difficulties. Spme 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 agricuftural produce
reduces its market value.

These losses can be considerably lessened by treatment
based on the accurate kmowledge of the nature, habit of
growth and modes of dissemination-of each weed.

In eradication of weeds 'it is imiportant to know the
Gongral class to which a certain weed belongs, for in
principles of case of annual and biennial weeds the treat-
m"“ﬁ“ of  ment is usually to prevent them from seeding,

while in case of perennial weeds the for-

206
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mation of new leaves and roots and underground stems
is also to be restricted and if possible stopped. It is,
thus, essential to know the habit of growth, as well as, time
©of germination and ripening. Specific treatment for
eradication of important weeds will be given along with
their description. The general principles are, however,
siven below:—

(1) 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:—
(7) Conyza (daryai butt) .. Over 54,000
(1t) Corchorus (gangli jut) ,» 12,000
(ii2) Sida (bala) , 12,000
(?v) Solanum mgrum (makok) .. ,, 10,000
(v) Cleome sp. (hulhul) .. 18,000

{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
vevuning estavlished. ‘

(4) Use always clean seed—this is very important.

{3) 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
summer and expose the undergronnd parts to
the sun, It will also be nseful 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 operations are facilitated
if erops ate 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, dtsit
and such other annuals, which come up quickly,
the practice called dab is very effective. This
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 ot 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 Ib. white arsenic in a solution

of 1 Ib. 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 fungus

ests. Cochineal insect {Dactylopius tomentosus) which

Eves on prickly pear—a cactus, has been found to be very
effective in controlling this plant at Jullundur.

.In some countries, destruction of weeds has been
made compulsory by legiclation 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.

Classification of () According to the length of time they
weeds. live, weeds are divided into three classes:-—

(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, lehls,
motha, and leh. They are difficult to eradicate.

" Besides producing seeds, they possess thick
underground parts from which thev grow again,
after the aerial parts die in winter.

(b) According to the season in which they grow, the-
weeds are known as kharif weeds and rab: weeds :—

1. Kbharif weeds are those that grow during summer,
i.e., from April to September, e.g., motha, baru
and kulle grass.

2. Rabi weeds are those the growing period of which
extends from September to April, i.e., during
winter as piazi, bathu and po&i.

1. Dub or Khabbal, Talla {(Cynodon
dactylon).—
Natural Order—Graminec.

Kharif weeds,

Dub grass 13 found in all soils excepting very light
ones. In rich soils, however, its growth is very luxuriant.
Its presence generally indicates that the soil on which it is.
growin.% is good. It is considered te 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 i«
perennial but growth ceases in severe winter months.
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Method of eradication.—YL.and badly infested with this
«grass 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
‘taken out of the soil by hand or by use of harrows. This
weed or grass is extensively used for grass lawns.

2. Baru grass (Sorghum halepense).-—Perennial.
Natural Order—Graminece.

It 1s a tall perennial grass with creeping rhizomes which
‘throw up many shoots. Its growth is checked in winter.
It 1s found on both light and heavy, and on cultivated and
uncultivated soils. It is used as a fodder for cattle, but is
said to be poisonous when quite young, or, if subjected to
-drought, on account of the presence of hydrocyanic acid.
No such injurious effects are, however, reported from
Australia or United States of America, where it is also used
as a fodder.

Eradication.—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 of
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
shem 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 bary 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.
Efforts at eradication must be continued persistently until
-the- lahd is quite clean.
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3. Dabh or kussa grass (Eragrostis cynosurotdes).—
Perennial.

Natural Order—Graminece.

1t 15 a perennial grass with thick rhizomes. 1t is abun-
dant in all kinds of soils, 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 dest plough
cannot enter the land, and no cultivation is possible.
Examples of such lands are to be found in the hsthar tracts
of Chunian and Kasur and in the Ferozepur district. Kussa
grass is held sacred by the Hindus.

Eradication.—The best_ method of cleaning lands infested
with dabk is to plough them with inverting ploughs as
deep as possible and to take out the underground stems thus
bronght up. This treatment should be continued until
the land is quite clean of this weed.

Another perennial grass with extensive creeping roots:
is also known as dabh or hussa grass (Imperata
drundinacea). 1t 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-
grostis cynosuroides.

4. Dila or motha (Cyperus rotunders Linn).—Petenuial.

Natural Order—Cyperacee.

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. Ithas got under ground
black tubers from which shoots come up the following year. It
also propagates from seed. It is a very quick growing plant,
and sprouts even one day after it is cut with a khurpa.
It is considered to be a poor fodder, but its value is appre-
ciated in May and June, when other grasses are scarce and.
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speople frequently bring it from cane fields, whicl are watered
“n those months. 1t i chopped and mixed with ¢hwusa.
After the rains begin and  other grasses come up, dila
:gets out of favour.

Eradication.—Sugarcane fields should not be followed
‘by & kharif 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 Kkilled.
‘This weed is not yet so serious in the canal colonies as in the
-cane growing submontane Districts.

5. Itsit (Boerhaavia diffusa) and (Trianthima pen-
itandra).—These two plants are known as #si¢ in Punjabi.
Itsit is a common weed in the rains, especially in manured
Jand and on waste lands, where dung cakes are made. It is
.cut or browsed on by animals, before seed formation. Old
‘roots after deep ploughing should be brought out and
burnt.

6. Tandla (Digera arvensis) is a common kharif
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
ns not hard to eradicate.

7. Jangli Jut (Corchorus tridens Linn).—(Annual).

Family—Tiliacee.

It is & weed of the kkarif crops and propagates from
-seed. The best method to control is to remove the plant
“before flowering. In case of heavy infestation the land
-should be ploughed and left fallow for some time.

8. Hazardana dodhak—(Euphorbia pilulifera Linn).
Dodhak—(Euphorbia heliescopia Linn).

Kangi or Richni—(Euphorbia dracunculoides).
Dudki—(Euphorbia thymifolia Burm).

Lal Dudhi—Euphorbia prodrala As).

" Retgmily— Euphorbiacee.
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These plants contain milky juice and produce num-
erous seeds from August to September, which are easily
dispersed by wind and water. They give rise to fresh plants-
in March-April. In order to control, the plant should be
persistently cut down before flowering takes place. Lal’
Dudhi is a very troublesome weed of grass lawns 1n the canal
irrigated areas. After cutting down the grass and allowing
the ground to dry well, 5 per cent. solution of commion 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 upina few
hours after the application of salt solution, while grass will!
be found unharmed. Irrigation may be applied to land
after 8 to 10 days. Care should be taken that the solution:
of the right strength is used and there is no dew on the-
ground when the solution is spread.

9. Khumb (Orabanche cernua Orobanche wicotianae
Wight).—(Annual).
Family—Orobanchace.

This is a flowering parasite and lives on the host by
attaching itself to its roots by suckers and absorbs food..
There are two types of this weed found in the Punjab—
Orobanche cernua on  sarson and Orobanche nicotianae
found on tobacco and brinjals. In Hazro (Campbellpur
district) it causes serious damage to tobacco crop. The
plant propagates from seed which grows only when in elose
proximity of a host plant, to which 1t 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 so serious, when the crop is-
poor, that the whole of it withers away within a few days.
The most effective remedy is to ent off the plants as soon as
they appear and thus prevent the formation of seed, and:
infected fields should be heavily manyred so as to enable- .
the tobacco plants to be strong and resist the attack of the-
parasite. Moreover, tobacco should not be grown in the-
same fields year after year, and the nursery should be growm
in beds free of seed of orobanche. )
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10. Dhaulphuli (Striga densifiora Benth).
(Striga lutea, Laur).
(Strige Euphrasioides Benth).

Family . —Scrophulariacee.

These plants are Toot parasites on sugarcane and gowar
in most parts of the Punjab and cause considerable damage
‘to them. Striga has been reported also on bajre, muize
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—Zygophylacee.

Itis found growing in almost all kherif crops and on
dry waste places. On account of its hardy nature it can
spread very quickly over larger areas. It produces flowers
and fruits from June to September. The seeds are protected
by the hard covering of fruits which keep them viable for
2 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 flowering. i

12. Many other kharif weeds, such as chulai (Ama-
Jrantus blitum Linn and Amarantus viridis Lihn), daryat
buts  (Cleome stricta Wild), beuphali (Corchorus anti-
chorus  Row.—Jem’s Mellow),* oot katara (Heliotro-
pium  supinum), lunak (Portulaca oleracea), jangli
palak. (Rumez acutus), apd annual grasses such as jangls
sawank  (Panicum colonwm), madhana (Bleusine eqyp-
tiacum), phulan, lanb ghas (Eragrostis sp.), bumin and
bhurat  (Cenchrus catharticus) or ~ (Cenchrus echinatus),
-et6:, gfow among cfops and on water channels and bare lands.
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Most of these weeds and grasses can be easily eradicated by
cutting down the plants before flowering. Some of the
grasses, such as sawank and maedhana are believed
to be good fodder grasses, while others have little nutritive
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. Theyv
should not, however, be allowed to mature seeds. The grain
of wild Sawanak (Panicum colonum) is eaten by Hindus on
fast days. o

‘1. Piazi or bhughat ( Asphodelus fistulosus).—

Rabi weeds.
Annual.

Natural Order— Liliacec.

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.

Eradication.—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 prozi seed.

2. Bathu (Chenopodium album).—Annual.

Natural Order—Salsolacee. .

Bathu is one of the most troublesome weeds in
wheat and winter garden crops. Itisused as a pot-herb
by the poorand also as a fodder. Seed of bathu ripens.
earlier than wheat.

Eradication.—1It ripens. its seed mueh earlier than is
generally realised. The whole plants and spikes are quite-
green when seed is quite ripe. If the plants are fed to cattle-
at this stage, some seed is sure to find its way to the fields
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‘through the manure.  Such 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 cat. Bathu plants sprout again if cut
above ground. They should, therefore, always be cut with
a khurpa a little below the surface of the ground.

Bathu seed germinates slowly. Therefore dab is
not so useful for it as for piazi (Asphodelus fistulosus).
‘Very young bathu 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 rabi field crops (wheat, oats, gram,
‘barley, etc.) should be passed through a winnower should
‘they contain weed seeds. Seeds of many weeds such as
ba'thu, piazi, lehli (bind weed) and dokan (Lathyrus
‘aphaca), etc., will mostly be removed in this way.
They can be partly removed also by women using the
.chhaj and separating by hand.

3. Pokli (Carthamus oxyacanthe).—Annual.
Natural Order—Composile.

The plant has no spines when young. It is used as a
fodder, and sometimes as & 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 1s said to be used for adulterating ghee.

Eradication.—1t is a very bad weed if once established.
:Some lands in the Ferozepur District are so much infested
“with it that rabi crops cennot 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 cat down along with crop if not
‘taken out while young. Ordinary reaping by daranéis often
mmean leaving all pohli uncut. A reaper can be used with
.advantage for this purpose. All people affected should take
rap concerted action, otherwise seed will be blown from
‘peighbopring  fields to those from which  plants
thave been removed. In recent years considerable success
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has been achieved by organizing regular campaigns for the
cradication of this weed by the Agricuitural Department.

4. Leh (Cirsium arvense).—Annual.

Nataral Order—Composite.

It is commonly found in et lands and also in some
other places. It is of no use to man or cattle. Seeds
have got hairy appendages by whieh they can be easily
blown away by wind. Plants should be cut or ploughed up
with an iron plough before the seed is ripe. The des?
plough is not useful for this purpose, as the roots of this
plant are very deep and cannot be broken with if.

5. Lehli, bakar bel or verhi (Convolwulus arvensis).—
Perennial.

Natural Order—Convolvulacee.

Lekli 1s a common weed in the Punjab. Itis perennial
and deep rooting with extensive creeping cord-likefleshy root-
stocks. These root-stocks throw up 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. Lehl:
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 plongh 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 of
dehli should be cut with khurpe or dranii -persistently
during its growth. In fallow fields the persistent use of
panjdanta with broad khurpe like scrapers has proved
very useful in eradicating lekli. Second crop of this weed
should not be allowed to manufacture suflicient food to
nourish the underground root-stocks, after the first one has
been destroyed. This is one of our worst Punjab weeds.

6. Maine (Medicago denticulata).—Annual.
Natural Order—Leguminose.
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Muainag is an annual weed growing in winter. It is a
leguminous plant and is used as a fodder for cattle. It is
said to cause colic in horses. Sometimes its seed is sown
in toria and cotton fields in October. After the main
crop is removed maing is irrigated. Maina should be
fed before its stems, which are wiry, become too hard and
the pods are ripe.

Poor people use it as a pot-herb. Maina becomes a
serious weed 1n the submontane tracts only in those years
when it rains too much in winter. Mainais 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 in with an iron plough on fallow lands. Winter
crop seeds should not contain maing seed.

7. Muaint (Trigonella polyserrata).—Annual.

Natural Order—Legumanosc.

Maini has o darker colour than maing. 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
1s 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 (Saponaria wvaccaria).—
Anpual

Natural Order—Canpphylhcew

It is an annual weed with pink flowers frequently met
with in wheat fields. Its seed is round and full black in
colour about 1/12th inch in digmeter. It not only robs the
plant food and moisture, but its seed forms an objectionable
impurity in commercial wheat.

Eradication.—Use pure seed and pull out all the plants
of takla before its seed is ripe.

9. Rari or rewari (Vicia saitva)—Annual.

Nafmml Order— Lequminose:
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1t 1s an annual leguminous winter weed and is used as a.
fodder.

Eradication.—Use pure seed and cut the weed plants
hefore its seed is ripe and use as fodder.

10. Akasbel or Dodder (Cuscuta reflexra Rozb).—Perennial
Family—('onvoleulacee.

It is commonly found growing on ber (Jujube) and
other trees and hedges of duranta and sanotha. 1t
propagates from seed as well as vegetatively from the stem.
The seed germinates in the soil, producing a colourless, thread-
like stalk which on coming in contact with a suitable host
becontes attached to it, sends sucking roots into its tissue,
and severs its connection 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 1s 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 shehtara (Fumaria parmﬁom), kusund (Cheno-
podium murale), dhabbar or ch (Anagallis arvensis),
Jarid buti  (Farsetia  Edgeworthii), kasii or chicory
(Chichorium [ntyvus), etc., excepting Chicery 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 chicoryis to sow pure Berseem
séed after cleaning it thoroughly. Chicory seed being
lighter than the Berseem, floats on the water when put in
it (see Chapter on Fodders) and can thus be easily removed.

References.
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PART IL—CROPS
CHAPTER XI
FOODGRAINS—CEREALS
WHEAT

Natural Order—Graminanceae, Tribe-—Hordeae.

Botanical Name—T'riticum Sattvum.

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 Punjabis 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 Zemindar relies largely on his surplus
wheat to pay land revenue and water-rate, amounting to
about 4 crores for the 7abi season. Taking production at
3.75 million tons and value Rs. 5 per maund the Punjab
crop is worth Rs. 52 crores aud at Rs. 10 it is worth
Rs. 104 croves.

The Punjab has 28 percent of the wheat area of India.
Ares The ten million acres grown consist of 55 per

' cent, irrigated wheat and 45 per cent, barans
(rain grown). The irrigated area is gradually increasing,
wheress, the harens vsries according to rainfall, so that
sometimes the total area may be 10.5 million acres or as
low as 9.0 million. Actual area for the quinquenmum

- ending 194344 was 9,982,000 acres. The Punjab with 28 per
cent. and U.P. with 23 per cent. constitute between them 51
per cent. 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 in various Countries* are given
Yield. below:—

Country. Yield in maunds
per acre.

Denmark .. 30%
England .. .. 4
Germany .. .. . 22}
Egypt . - .

UgSY% . . 10

British India .. . 73
Punjab .. 10

On irrigated land in the Pun]ab the y1e1d is 11 to 13
maunds and 5 to 7 maunds 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 yvield of 56} maunds per acre was
obtained in 1938-39 on an area of 5th acre and this
shows the enormous scope for improvement. The new
varieties such as 8A, C 518 and C 591 introduced by the
Agricultural Department and which now oceupy 75 per-
cent of the wheat area, give an increased yield of 1 to 3
maunds per acre.

The average total production of Punjab wheat is 3.75

Total production  Inillion tons as compared to 9} million tons
and utilization.  for India.

The statement below gives usual disposal.

Tons.
power roller mills . .. 275,000
Cha%ckas driven by electncmy oroil
engines .. 900,000
Gharats or water dnven cha]c.kw .. 50,000
Hand chokkis or kharas .. .. 1,250,000
Total .. 2,475,000
Required for seed oo .. 205,000
Stock feeding .. .. .. 30,000
Total .. 2,710,000 .

*V. 8. A., Agrio, Biatiatics.
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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 decreased the margin
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 - gharats, khara:es
and chakkis are used mostly in rural areas and turn
out ate {wholemeal flour). The larger mills turn out
maide (four), suji (coarse semolina), rawa (fine
Semolina) and ate 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 ata,
the coarsest bran only say 1 to 3 per cent. is removed
by hand sieve before making chapatis—(unleavened
bread). Wholemeal ata is more nutritious than the mill

roduct.®* It is also believed to contain more vitamins.
1t 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 atz fetches from 5 to 8 annas a maund higher
than other ata. -

‘Wheat products are also used for dabal roti (bread),
sewyan, alwa, and sweetmeats of various kinds.
Some maida is used also in soap manufacture and wheat
stareh is much prized for sizing cotton cloth.

There are three species of wheat in the Punjab,
L namely 7. Durum (Wadanak or Macaromi
Glasmification- wheats) T. Compactum (Dwarf wheat) and
the common 7. 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.

mxummg Report, 1040,



223

Three varieties have been isolated; all have bearded
«Wadsnak ears and tall strong straw. They require
wheats.” 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 medern
mills, but the flour is prized for macaroni, semolina, and
sweetmeats, and fetches a premium in consequence, 2 to 4
annas & maund. These wheats do not lodge easily. Wada-
nak wheats occupy a strictly limited area.

Four types have been isolated of which oneis half-
Compastuz wheats bearded, the other three beardless. The

P " 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.
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
inddin structure the endosperm may range from soft to
ard. .

Vulgare wheats,

The hard and semi-hard wheats Lmown 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, 1s loosing ground. On
unirrigated tand 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 south-east in Hissar, Rohtak and Gurgaon, but’ even
here, the change has definitely set in. Red wheats some-
time fetch a small premium as the ale is believed to mixz
better with gram flour. co
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The Botanical surveys showed that local wheat was
everywhere a mixture of types—wviz., 11,
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 chapait 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-
g:ently to Howard’s classification, rapidly replaced it as is
own below:—

Improved types.

Area under smproved wheat in the Punjab
(Thousands of acres).

84 No. 11 Others Total

1925-26 834 625 10 1,469
-~ 1928-29 1,752 252 93 2,100
1933-34 2,805 41 89 2,085
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.

Cross 518 is reputed to yield 3 maunds more than 8A. Itis
s fully-bearded, short-awned amber-grained wheat with
short stiff straw. It is especially swited for rich irrigated
lands and has yielded occasionally over 50 maunds per acre.

Cross 691 is also fully bearded with slightly greyish awns
and tall straw, though fairly stiff. The grain is the most
. attractive of all Indian wheats and excellent for chapattss.
% & preminm of 2 to 4 annas a mawnd over the best
-wbgsbijn the market and yields one mannd more than 84

"
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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
Pass wheata they do not come up to C 518, though
’ better than 8A, under humid conditions.

One Pusa wheat 80-5 is popular in Simla and Kulu.

Wheat is grown everywhere, except on very light un-

Soil rrigated high land. A medium loam suits

) wheat best 1n 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-
Soaso ber but may continue through December

™ and even as late as early January. Late-
sown wheat yields less than early sown. Harvesting starts
from 10th 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
Fsllows and a short fallow. On irrigated lands the long
rotations. 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

manaured, is sometimes followed by wheat, but it is not a
good rotatien from point of view of yield. Inbarens land
wheat follows a previous winter crop or a summer crép of
the previous year. ) :

Early winter fodder suck as sarson is sometimes mixed

. with wheat but the bulk of the crop on

: irrigated areas is grown pure. In baromi

" areas wheat and gram are generslly sown mixed {see
Chap. VII). Most wheat contains ons .or twog cant.

of barley, and 2 per cent barley and 1} per cent dirt is the
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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 provinee there is often admixture
Barley mized 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 against 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 bas been greatly improved as a result
of the work of the Agricultural Department, which dis-
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, such 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- 18 generally well realised——as the prime
vation. factor in securing a good yield. In bdarani

tracts the soil may be ploughed with the desi plough
a8 many as 20 times and in general 8 to 10 ploughings 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.
Clods 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 usual rate is 24 seers but in Karnal and Rohtak as

" Sood rato much as 40 seers is used. In some colony
§ " . lands as little as 16 seers is sometimes used.

. Iate sown wheat requires a higher seed-rate as is the case
Awith gotton and many other crops. The reason for the high
wbedidtss in Karnal’and Rohtak is not known.
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On barani lands, the seed-rate is sometimes higher
and sometimes less than on irrigated land. Low seed-Tate
is probably used in some cases due to deficient moisture to
support a thick crop. Again 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 18 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 maunds.

Sowing methods have been described in Chapter V.
Sowing 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 wvaftar before sowing. Germination is
earlier and better by this method and 1t is believed better
yields also result.

On irrigated lands the soil is usually Tun over with
the sohaga after sowing. This leaves the
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,
& light mulch is left which protects the soil from excessive
loss of moisture and enables subsequent harrowings to
be more effective.

Harrowing.

Usually little is done. In all cases if rain fails shortly
after sowing a light harrowing would
be very beneficial, even after germination
has oconrred. 1In Europe it is a common practice to harrow
the young crop and in dry land. to pass the roller-
over it also. There is no doubt harrowing checks weed
seedlings such as piazi (wild onion), 7ewaeri. and
‘bathu. It checks white-ant damage also and should
help to delay the first watering after sowing. T some

i

After cultivation.
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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
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 11 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 factors
are 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 m
well-irrigation there is a tendency for excessive evaporation.
In comparing “duties” for well irrigation and canals, it mush
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 VIIT).

Trrigation.

’ The ordinary practice in Canal Colonies agrees fairly
well with these figures. Usually one irrigation 1s given in
.summer for soil preparation (called wahn). If rains are
timely this is omitted. Most of this is lost by evaporation
before the rauni or pre-sewing water. After sowing 2 or 3
irrigationsare given—usually of 3 inches or less each, the rauns
watering being generally 4 mches, making a total if we omit
“wahn” of 10 or 13 inches. At Lyallpur good crops of
. 25to 30 maunds according to the season, have been repeatedly
. with two watgrings after sowing. This makes. a
Aglel guantity including rainfall of 12 inches,
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Yarmers know excellent 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 delsy 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 elsg
in the world.

The best irrigation practice for salt or kaller soils,
Necessity for in.  pooT s0ils and good soils still needs a good
vestigation. 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
and often do serious damage. Harrowing
helps but irrigation (kor) is the only

Pests ; white ant.

certain cure.

This is the second most serious pest of wheat. Three
kinds of rust are prevalent viz. (Puccinic
graminis) black rust, (Puccinia glumarum)
yellow rust and (Puccinia triticing) orange rust. Yellow
rTust is most common. The attack may occur in December
or as late as Webruary 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 vareties are partly immune, but so far we have not
evolved a first class wheat which is completely immune—
that pemains to be done for the future. s

Rust.



230

Loose smut of wheat (Ustilago Tritict) commonly known

kangmn can be very destructive, even
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., sonking 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 and high yielding field.

Smut.

Only late frost, say in early February, can do any real
Frost damage Quite severe ground frosts in
" December and early January have little
or no effect.

If the weather at the end of March and first half of
April is hot and windy shrivelling of the
grain takes place and yields and quality are
affected. Mild damp weather before harvest which is rare

may cause some increase in rust, but generally results in well-
filled bold grains.

Hot winds.

Heavy wind after watering often causes lodging and
shrivelled grain. Rats also sometimes
damage lodged wheat. Hail is also common
in 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, 1., end of February or early March may cause poor
fertxhzatlon of flowers resulting in many spikelets having
only 2 grains instead of 3 or more, and the gowest spikelets
may be empty.

Storms and hail.

This begins about mid-April and as the wheat ripens

Harveati rapidly and sheds when ripe the harvesting
arveating.

should be as quick: as pessible. Some

heardless wheats shed readily, besides being more liable to

~hird shtack—particylarly by migratory starlings. If the area

i the farmer cuts the wheat limself, but in the canal

o
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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 southe
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 au 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 &~ man with it
can cut up to an acrea 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 a sickle. The ex-
periment though persisted in for two or three years was
abandoned.

Reapers drawn by cattle have been tried since 1909.
. . They are only suitable for irrigated areas
Beepingmachines. b rne, felda, 2xe ok lonsh ome sene in 2ize.
The Hornsby No. 10 with floating bar suitable for going
and cutting over irrigation ridges hasgiven 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 allowingfor depreciation, and interest is Rs.-8-12-pex.-

*This is baeed on pre-war figares.

Scythe.
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acre.* The high price of reapers about Rs. 400* militates
sgainst their success. If tractors come into more general
use then there would be more scope for reapers. Two
men generally work a reaper and six men collect and tie
the sheaves. Self delivery and self-binding reapers have
also been tried.

The machines are complicated 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
a sort of hurdle known as phalla over
the wheat spread on a hard earth which
is sometimes carefully prepared beforchand. When a
phalla is not used the operation is slow, so except on very
small holdings it is customary to use phalla.

Threshing.

In the canal colonies the threshing floor is selected

in the field and ploughed up again in the usual way when
the rest of the Eeld 15 being cultivated. In old districts,
however, the village common (shamiat) 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 floor, though some water the ground to
meke it compact and avoid dust and earth in the grain. It
is generally hot and dry during the threshing season and this
is 1deal. 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
throshing the threshed mixture is generally heaped in the
middle to await winnowing.
. Threshing is generally carried out by the farmer himself
arid his family. Three men and two pairs of bullocks can
thresh the produce of an acre in a day. The cost works oub
at Rs. 4 per acre or 4 annas a- maund.*

Winnowing is commonly carried out by casual laboar
Winnowd or menials, who also carry and stack the

Shind bhusa. They are paid in kind—generally
~1{20th er say 2 anmas if price of wheat is Rs. 2-8. Totel

. #Phesé'are baned on pro-war Sgures.

o
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cost of threshing and winnowing thus comes to 6 annas
per maund.* The actual process of winnowing is done by
(1) tossing the grain and chaff in the air by means of a pitch-
fork and (2) winnowing from a flat basket (cghagj)
held high over the head in a tilting position. In most parts
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
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 (1) 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. .

Power Threshers.

The evolution of a simg:e and cheap winnower which
may be worked by hand or bullocks is one

of our vital needs. Some experimental
work has been done. A machine containing a fan and
large riddles evolved by the Agricultural Engineer at
Lyallpur has been construated. A prize of Rs. 3,000 was
recently awarded for the best winnowing machine within the
reach of the ordinary farmer. Several interesting ideas
evolved but even the hest submitted requires much furthez
wazk to be of practioal importance. :

“#7hifa 1a hasod o pre-war Sgures.

‘Winnowers.
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Wheat grain is stored by farmers in a variety of ways,
Stosing of geain. 9% loose or in bags in rooms, in mud bins,
o8 SR either box-shaped or cylindrical (called kothis
and bharolas 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 sarkanda or
matting of plaited date-palm leaves, locally known as
pallis are common in Dera Ghazi Khan and Muzaffargarh
district. Pallis may be inside the house or in the open air
close to the house. In south-eastern districts, particularly
Rohtak and Karnal, 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 ropestotheroof. These are called
thekas and are generally erected in the house. In some
villages situated near the United Provinces, mud-plastered
pits known as kkattés with an opening at the top large
enough for a man to pass through, are common. The
capacity is generally about 300 maunds.

In the mandis or grain markets, the grain is stored

erally in godowns or kothas, either in bulk or in bags.

t 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
Losces. storage. It is estimated that the annual
loss in storage from all these sources in the case of wheat
comes to 3 per cent. of the total production. Taking the
total production of wheat in the Punjab at 3§ million tous,
this means a loss of 112,500 tons and valuing the wheat at
Rs. 5 per mound the annual loss is worth about 1} crores
of rupees. The Tmperial Council of Agricultural Research
estimmted the storage losses to be about 3.3 million tons, d.e.,

.
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5 per cent. of all food grainsin 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 tém-.
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 susceptible to insect attack.
During winter from November onwards there is considerable
fall in temperature and the grain is fairly safe from insect.
attack. Tt 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,
and Calcutta, where the conditions are ideal for “insect
development. o .
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For details regarding the construction of stores and
control measures against insects and rodents Mr. F. P.
Coyne’s book may be seen.

The ordmary farmer recognises two types of insect

Tnsect D of stored grain, viz., khapra and

o fut in reality “the d&mage is done by

one insect in case of khapra and two insects in case of
susrs.

This is more acclimatised to conditions of higher tem-
Khapra (Trogo-  perature and lower humidity than other
derma graoaria.)  grain insects. So it flourishes in the Punjab.
The main damage is dome by the larves, which is most
active in the hot weather. Its presenceis always evident
from the cast skins, which result from the moulting of the
larvae. The grain is attacked at any part but very fre-
guently 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
a8 six inches in wheat stored in bulk. A high room or deep
pit thus reduces damage.

The latter of these two varieties of susri is smaller
than the former. In both cases the eggs are

w&‘ 1aid on the grain, and then the aperture is
m:?' sealed; so no attack is noticed. e larve

spend their whole life inside the sced and
emerge only after pupation. Holes in the grain are emergency
holes and not entrance holes as is commonly beheved.
The actusl 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 losses sustained through these insects can be
Remedial considerably reduced, if wheat is taken from
massures, the field to a perfectl clean store. Care
must be taken not to allow infection from old gunny bags
ar from an infected store. The store which is known to
be i d must be  thoroughly cleaned and can 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. Infected
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 kotkis
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 bkusa of gram (mesa
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 storing 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 kacka khatlis.
Such wheat also fetches a premium over wheat stored in
kacha khattis of half an anna to two annas a maund.’
Though these concrete khattis cost Rs. 350 for capacity
of 500 maunds, the cost of storage per month comes to
29 pies per maund as compared to 1'4 pies in case of

The Grain Elevator at Lyallpur referred to elsewhera
in this chapter originally* used to charge 02 pies per
maund per day for storage up to 15th July and thereaf}::.r
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 khatits. The
elevator is not used at present. -

Bhusg in this Province is stored either in small conical
stacks thatched with straw, in low circular
stacks roofed with mud, or in low-peaked
heaps covered with mud and looking exactly like the English .
root “Clamp”. These are known respectively as kup,
polla and dhar. The first method is common in the
wetter parts of the submontane tracts; the palla in the

% Wheat Marketing Beperl, Punjab—Page 172.

Storing of Bhusas
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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
kup than in the others. The dhar 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 palle as the bhuse
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 1} 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
such chaffed green fodder as is available. It will be readily
understood that the breaking and bruising of the straw in
threshing under bullocks and palle 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 siraw were compared with those
fed on bhusa, both groups doing light work and receiving
no other food, those fed on bhusa lost in weight on the
average about 1 Ib. per day whilst those fed on long straw
lost weight at the rate of about 3 Ibs. 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-flour into the Punjab
Trade Block are small, but the export
trade is considerable, the average annual

.of wheat and wheat-flour for the four years’ period
endibl1936-37 being about 4 lakh tons.. Nearly half of this

Wheat trade.
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was consigned to Karachi, wherefrom it was shipped as
“Choice White Karachi”. Another 28 per cent found 1ts way
to Calcutta and Bombay. Among 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 sterted 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.
Futar markets. and Behar, the area under wheat has ten-
" ded to decrease, and they promise 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
Calcutta by rail before the war was over Re. 1 a maund—a
very serious handicap as compared to sea transport from
Australiz.
The Punjab being a land-locked Province, its surplus
Reilway freighs,  PrOduce has to move long distances before
7 it reaches ports for export or comsumption
centres elsewhere. The railway freight from Lyalipur
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. Inland 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 Caleutta gets a concession -
Foight for mill of Re. 0-3-5 in freight, whereas wheat-flour
- pays the full rates. This has put our flour-
© mill: industry at s disadvantage in competition with
Calcatta mills, i



240

This in the past was dealt with by a few firms of inter-

B national repute such as Rallis, Louis Dreyfus,
xports. .

etc. Since 1928-20 the amount exported
out of India has been inconsiderable, and the wheat firms
have largely ceased to keep their own agencies and sub-
agencies in the wheat surplus areas. Now the business
is done largely through pucca arhatyes 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, etc. The standard export contract is
2 per cent barley and 14 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
of India. Up to now Indian wheat has not been tenderable
against the Future Contract in Liverpool—mainly owing
to differences in quality. Itis expectel:-iP that this difficulty
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 Re. 2-8 per cent
was levied respectively on wheat and
wheat-flour from other countries, parti-

cularly Australia, which, as pointed out above, can land
wheat in Caleutta at much less cost than the Punjab
wheat., The.duty was reduced to Rs. 1-8 in 1935 apd to
Re. 1 in-1936 snd abolished in March 1837. Tts abolition
* led to dumping and it was re-imy from 7th December,
1988 'at Rs, 1-8 per cwt. The duty was a.sin reduged to

Protestion.
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Re. 0-2-0 in September, 1941, and finally abolished in Decenx
ber, 1841, 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 & parcel trade. The
wheat is eent in gunny bags. In other
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 handhng 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 and 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.

Wheat elevator.

“There are 22 roller flour mills in the Punjab and they
grind about 275,000 tons of wheat per
annum (see page 221). Flour mill ate is not
wholemeal atz and before the war generally sold below
the price of wheat, whereas Chakki atz used to fetch
from Re. 0-2-0 to Re. 0-6-0 above wheat prices. The actual
cast of milling in the Punjab before the present war
was about Re. 0-4-8 per maund. Before the war maida,
suji and rawa fetched generally from Re. 0-4-3 to €-6-0 above
wheat prices, but during the war a premium of upwards
of two rupees per maound 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 bread-making, the value

Quality require-  depends on the amount of flour which can

menta be extracted and the quality of loaf which
can e baked from a given quantity of flour,

Flowr industzy.
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This is often 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 flour.

Improvement work has been in progress since 1907.
Selection and [he wheats were first separated and tested
breeding work- - 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 particularly 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 Lahaul 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, tillering power, relative time
of earing, size and weight of heads, shape, size and uniformity
of grains, ete. Those showing promise are selected and given
. trials under field scale conditions. Milling, baking and

_chapaits tests ate also carried out, When final selections are
ithese are tésted in Government farms and tested
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against standard varieties such as C 581. 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
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 producing  production of crops. Without a knowledge
wheat. of costs it is impossible to kmow 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:-—*

Seed nucleus.

- Rs. a. p.

Manual Labour .. .. 5 40
Bullock Labour .e .. 18 01
Wat r-rates .. 5 40
Seed . 2 6 3
Manure .. .. .. 013 8
Implements .. .. .. 4 2 &
Kamins . . . 010 8
Harvesting 115 3
Winnowing .. .o .. 23 4
) Total .. 3710 8

*The Punjab Board of Economic Inquiry, Publicstion No. 33 by 8. 8. 8. Kartar
Bingh, page 18.
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The average yield was 19 maunds 3 seers 7 chatiaks
50 the cost per maund comes to Rs. 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 maund of Rs.3-1-2, there was
a profit of Rs. 1-11-8 per mound or Rs. 33-0-1 per acre.
During the depression years from 1929 to 1938, the price of
wheat atonetime fellaslow 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 thereisa serious loss of Rs. 14 per acre.

An inquiry by the Imperial Council of Agricultural

Research (1933 to 1936) showed the following average
figures for wheat in the Punjab:—

Ttem. Lyalipur. Jullundur. Gurdaspur.
Ra. a. p. (Rs, a. p. Rs. a. p.
“Total cost per acre . 43 2 1 6 4 0 30 8 2
*Cost per maunrd - 2110 3 6 2 1 88
Market price of wheat . 208 2 1 4 2 0 4

In Jullundur the cost is high owing to the high cost of
iirrigation.

) BARLEY
Natural order s+ Gramineae
Botanical name .. Hordeum Vulgare
- Vernacular name .. 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.., England) it can command s
high price for malting in the preparation of sleoholic drinks
xﬁmul&rly beer; in others a large area is grown because

4 -climatic and soil conditions are pot 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 but 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 being about 808,000 acres or 13.5 per-

cent. of the total acreage in British India and 8 percent
of the Punjab wheat area. :

Area,

Barley in the Punjab occupies 4.3 per cent. of the total
area under rab: (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 barley-growing Districts which account for 46
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, Muzaffargarh and Rohtak are next in impor-
tance. Climatic conditions govern distribution. Barley has
the shortest growing pe og of any rabt cereal. :

Broadly speaking the Punjab barleys can be divided

I into two classes: (1) husked barley; and
Olaseification. (o) huskless barley. “These can further be
divided into sub-classes according to the number of rows of ~
spikelets in the ear and the colour of grains, Of these gix-
rowed husked barleys are mast commor;.g' grown in. the
Punjab thov:ﬁin some aress both husked and huskléss.

barley may be grown.
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The huskless barleys are neither grown nor marketed
on any considerable scale anywhere in the Punjab. Only
dsolated 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.—1t 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 is suitable for
jpoor 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
3 stiff straw and is resistant to lodging. In 1928-29 it yielded
at the rate of 34 maunds per acre from an area of
5 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 155-B and
. gpecial two-rowed are considered better than the other
warigties and it is possible that with the development of
s pedrling industry these types may gain ground.
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Barley is everywhere regarded as a crop for light soils.
Conditions In the Punjab it will grow well on soil that
where grown- g t00 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 may or may not irngate
according to circumstances.

Barley is a rabi crop and it can be sown at the same time
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 chiefly 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.

Season.

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
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
Mixturos is usually grown mixed with gram on light

e 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 very 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 not separated by the farmer, but are sold in & mixed

Feed rate.
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funerals. An estimate of quantltles used for various pur-
Pposes is given below:—

(1) Malting in the Punjab by the Murree Maunds.

Brewery .. .. 15,470*

(2) Pearling .. .. .. 200F
(3) Seed . .. .. 405,070
(4) Net exports 267,500
(5) Feeding horses at Mlhtary statlons 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 chapatis, saftu,
ghat, cattle feeding and mixing with wheat in flour
mills or mandss, etc.

In the process of malting the barley is caused to sprout
slightly, during which process the starch
in the grain 1s 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 %ermmatmg
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 & 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 guahty
and quantity of the finished product. A sample

500 grains to an oz. is preferred by the Mm'ree
Brewery The usual percentages of moisture and total

Malting.

by Badon Brmry is not inoluded since it is outeide Punjab.
Punjsb (Jammu State) bes not been included.”
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mitrogen in the Punjab barleys are 10 and 1'8 respectively.
But 1n dry season the nitrogen is sorhewhat 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 18 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
through 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 _h'fh
nitrogen content is preferred. Weak grains are liable
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, 8tc.,) Pearl barleys. Another Firm at Jammu
(Kashmir State) is manufacturing fairly large quantity of
good quality barley powder and pearl barley. A maund
of ba.;‘}ey yields 18 to 22 seers of pearl. barley. . There
is & wastage of 1 seer per maund, the balance being 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, though 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
circamstances. 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-fiour can be mixed with
wheat-flour for bread making. Recent experiments eofiduct-
ed at Lyallpur have shown that 1015 per cent barley can
be mixed for bread and 15—25 per cent for chepatts making
without any appreciable effect on taste. This finding was very
helpful in taking short supplies of wheat during war a little
further. In some European countries this has always been

_eommon practice. Itis not a common practice in the Punjab.

- For flour making there is 4 further disadvantage attaching
to barley in that it is more difficult to separate the flour
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 ghat and sa#y. The former is prepared by
) ghly roadting the moist grains and then remoying the
and mortar or rice husking machine. . A mound

yiélds about 30 scers “of ghat. The - saitys are
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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 maund respectively when the barley was selling
at Rs. 2 per maund.

Cost (in “barant” areas) per acre

Rs. a.
Preparation of land for sowing 3 0
Seed 1 4
Harvesting . .. .. 1 8
Threshing .. .. .. 20
Winnowing 09
Land revenue 1 8
Net rent .. .. 5 0
Total .. 14 13

Income
6 maunds _grains @ Rs. 2 per md. .. 12 0
8 maunds bhusa @ Re. 0-6-0 per md. .. 3 0
Total i 15 0
Net profit per acre . .. 0 3

RICE

Natural order—Gramineae
Botanical name—Oryza Sativa
‘Vernacular name—Dhan, Chawal

This crop with an area of 805 million acres occupies 30
per cent. of the cropped area-or 38 per cent.
of the area under food grains in Indid.
In the Punjab rice is generally unimportant ocenpying only
1 million acres or a little over 1 per cent. of rice acreage in
India or 3 per cent. of the total cropped grea of the Punjab.
Of the total area under rice in this Provinee, 82 per cent.
is irrigated and the rest is unirrigated. - During the war.
years the area has risen to 1'2 million acres and the Punjab
in 1944 exported 150,000 tops - o

Areon.
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In the Punjab, rice is mainly grown in Gujranwala,
Bheikhupura 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
82 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
ield. 16 mounds and that for unirrigated lands
about 7 maunds. The maximum yield so far obtained is 60.7
maunds per acre from Jhona 349 on 9/20th of an acre and
395 maunds from Mushkan No. 7 on £rd 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. 1t 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 TIrrigation Department have been recommending
Tm of rice.in rice as a very suitable crop to aid in re-
Teiomstion of clamation of keller land. 1t is estimated
salt lands. that 13 lakhs of acres are wunder
kallar in the Punjab and that the area is increasing by
25,000 acres per annum. During the war large schemes
sponsored by the Irrigation Department bave been in
rogress, for reclamation, where extra water is supplied
or the purpose. This has led to a substantial increase in
the irrigated rice area. In this process rice is followed

by berseem or gram.

There sre many varieties of rice grown in the Punjab

. and there is a good deal of confusion aa
Olsaifiontion. . yooprds their nomenclature. But broadly
i#¥hey may all be grouped into three classes, viz.

fine, medium and coatse.

¢
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Fine rices.—Basmati, Mushkan, Hansraj or Bara
are included in this class. The kernels of these
varieties are long and fine and elongate considerably on
cooking without bursting of jackets. Individual 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, “Basmai; Dehra
Dun”, “Amritsari” or “Peshawari’ rice. Basmat{ rice was
originally grown in Dehra Dun and it is for this reason that
Dehra Dun rice has become famous all over India. The
average vield of these rices is about 14 maunds. The Punjab
Basmati No. 370 evolved at Kala Shah Kaku Farm is
claimed to be superior to Dehra Dun Basmat: in all res-
pects.

Medium quality rices—This group includes Palmal
and Sone 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.

Coarse 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 greagy appreciated by poor
class of people with whom quantity is often a greater con-
gideration than quality. ' o

Improved Varieties—Work on the improvement of rice
was started in 1926 at the Rice Farm, Kala Shah Kaku. As
a result of selective breeding, the following improved, varie-
ties are recommended:—

. 870 Bosmatt.—It is the best cooking rice with white,
long and slender grains. It responds well to manure and
fertile soils, but is rather a late Tipemer and requirds
a good supply of water. Itis easy to thresh, yet does it
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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-
maty, N

41 and 7 mushkans.—These varieties are liked for their
flavour and sweetness. They are called Lal Basmatis,
t.e., red husked Basmatis. As a class they are less fine
than Basmatis, but 41 mushkan owing to its long grain
and good cooking qualitites fetches a2 good price. This
variety is rather late, has a long transplanting season and
has a tendency to lodge in rich, heavy and well manured
soils. But it does not shed in the field and can withstand
adverse climatic conditions and attack eof rice leaf hopper
better than other fine varieties, which factor is serving as
a great impetus for the spread of its cultivation in place of
basmati varieties in Sheikhupura and Gujranwala. The 7
Mushkan, though not so good 1n quality, is a better yielder
than 41 Mushkan.

349 Jhone.—It is a coarse and heavy yielding variety.
Its grain is fairly long and of good quahty. 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 districis except hills and
inundation canal areas where water supply runs short early
in the ripening season. Its paddy fetches a premium of 1-2
annas per maund over common Jhona in the market.

278 Sathra—It is an esrly 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-western districts of the Punjab. It is also
‘reparted to be less liable to attack by the rice stem borer
ﬁiqg%sngtﬂm pest in these areas. It gives 3-5 maunds
mathore i local varieties.
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There are a few more varieties as well, which are show-
ing great promise. Of these 246 Suffaide belonging to
Palmal group deserves a special mention.

Rice requires heavy soil and plenty of water for its
growth. The kallar soil which will not
grow otker crops with advantage, wil

give a good crop of rice. For coarse varieties the soil need

not be fertile, but the richness of soil is an important oon-
sideration for fine varieties like Basmati.

Soil.

The sowing and planting of rice in the Punjab extends
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 distinet
increase in the length of the growing period. In the case of
late sown crop, there is a marked decrease in yield. The
ccrop is ready for harvest in the third week of September and
continues up to the end of November. Inthe case of early
sown crops, say in the first week of May, the harvest may
start even at the end of August.

Season.

Recently the Department of Agriculture has evolved
some varieties which ripen in July. It is, thus, now possible
to grow one crop of rice from May 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, &
sk of rice stem borer which may develop into an epidemic
form and may ruin the second crop which is the main crop .
grown on a mucl larger area.

Largely rice is grown on' the same land year after year.
Rotations, it seems these lands are able to keep up
' their fertility provided the water:supply is-
adequate and unlike most of the other crops, quite 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
Preliminary pecessary for wheat. All over the Punjab
oultivation’ in the rice growing tracts it is believed,
and rightly so, 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 requirements of rice.

Preliminary cultivation of rice crop is thus mainly
done in the standing water. The common practice with the
farmers is to irrigate the land heavily, plough it up when it
comes in wvattar, flood the land again and leave it as
such for about a week after which it 18 ploughed 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 as possible.

Four to six ploughings and cross ploughings followed
each time by dandal are considered to be sufficient for
bringing the land to suitable condition for sowing.

There are two methods of sowing rioe,—-:m'z., broad-

Soed rate. casting and tmnsp]nnt:mg seedlings grown
in the nursery. In thé case of former the

soed rate is about 10-12 seers, but in the case of latter method
which is considered to be superior and is generally practised
in the Punjab, 2}-8 seers of seed sown in 24 marlas give
enough-séedlings for one acre. In Kangra Distriet where it



259

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 (1) dry method and (2) wet method.
seedlings. 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
dressmg 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 heavily irrigated. When the land is
still wet it is ploughed and water is applied again to cover
the soil , surface 8o as to kill the weeds. Later on at short
intervals 5-6 ploughings and 3 sokagas 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 morning water is again applied. This pro-
cess of draining off water m 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 them
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 18 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 less time, ..,
about 15-20 days earlier than the dry numsery.

Seedlings are transplanted singly in the standi!ga:ata
g, at a distance of about 9 inches from t to
¥ plant. Usually hired labour is employed
for this purpose at the rate of Rs. 2-8 per acre W
ings are lying in the field. If removal and traum
of ing is to be done, Re. 0-12-0 more are needed,
ing the war the rates increased to Rs. 10 per acre.
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Rice is a semi-aquatic plant; practically water should

alwaysle kept standing in the crop. Timely
refreshing of water is, however, very
necessary and after about 40 days from tvransplanting
the rice field should be kept drained for about 5-7 days.
This is very beneficial because lodging is considerably
reduced. Then again in order to facilitate the harvesting
of crop water should be drained off about a fortnight before
ripening. The total requirement of water may be taken
to be about 60" or 20 irrigations. But the quantity of
water required depends upon the soil conditions and
variety of rice grown.

Irrigation.

One to two weedings should be done to keep dox\n the
Weeding. rank grmvth of “eedk

The most serious pest of this crop Is rice stem borer.
It causes heavy losses everv vear particu-
larlv in Muzaffargarh and Dera  Ghazi

Khan districts. The damage done is most in case of late
varieties where in some fields even 87 per cent. of the crop
is affected. In order to control this pest effectively, early
ripening varieties should be grown and late sowings should
be avoided. Since the caterplllam of this pest hibernate in
the rice stubbles during the winter season, they should be
uprooted before the month of March, carefully collected and
burnt.

Pesty.

The barvesting is almost exclusively done by manual
Huvesting and  Jabour.  The crop is cut by sickle as in the
threshing. case of wheat. It is then collected in
a convenient place in the field and 1s 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
daring subsequent operations. In the Kangra district
threshing is done by means of bullocks. The straw, however,
does not break up into bhusa like wheat or batley. It is
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used mainly for animnal feeding and bedding, and as packing
material. The straw would perhaps be put to better use
by making baskets and hats, as is done in China and
Japan. )

Winnowing is done by means of chhaj in the same
manner as described under wheat.

Harvesting. threshing and cleaning of rice is usually
done on contract in kind which varies from 3 seers to 3 socers
6 chhattanks per maund according to easy or difficult
threshing.

Paddy contains a considerable amount of moisture
after it has heen gathered and has to he
dried before it ix fit for husking. The dry-
g s doue by spreading it on floor and exposing it to the
sun for about 6-10 days in winter depending upon the
variety of paddy and season. and {requently stirred to en-
sure uniform drving. In the evening the paddy must be
collected into a heap and covered with thick cloth or tirpal
and next morning spread again. 1f allowed to remain ex-
posed at night there is a considerable breakage during husk-
ng.

Dryvang.

The drying is usually done by Kashmiri labourers who
are paid at the rate of Re. 1 to Rs. 1-4 per 100 bags. During
war these wages have increased three times.

After threshing the husk remains attached to the
grain. It is separated by means of hulling
machines driven by oil or steam engine or
electric motor. Before the introduction of these machines
paddy was hulled by pounding with a pestle in a mortar
(ukhli, mohla) as is commonly done even now in the rural
areas of Kangra and some parts of Karnal and Ambals
districts. At some places husking is.done by means of -
special hand-driven dkakkis. The food values of the home-

Hulling.
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pounded and milled rices, as given in Health Bulletin No. 23,
are given below:—

RICE, Raw l RICE, PARBOILED
Particulars ' i
Home. | Milled f Home- | Milled
pounded pounded I
1 ! i
! .
Moisture percentage . 12:2 130 | 126 | 133
Protein percentage .. 83 69 | 85 64
Fat percentage ol o | os 04
Mineral matter percentage o7 | [ 09 0-8
Carbohydrate percentage .. 780 79-2 l 774 791
Ca. percentage .. 0-01 (10} i 001 0.01
P. percentage .. 017 o1 | 28 015
Iron (mgs.) percentage .. 22 11 I 2-8 22
Carotene {International Vit. (
A units per 100 grms.) .. | 04 | 0 150 0
Vit, B. (Internstional units
per 100 grms.) .- 60 | 20 } 60

t ¢ {

Tt will be observed from these figures that the parboiled
rice is much richer in mineral matter, P, Iron, Carotene
*and Vit. E contents than the raw rice, and the hand-pounded
rice, whether parboiled or raw, has got a higher feeding value
than the milled rices.

About 60-70 Ibs. of grain is obtained from 100 lbs. of
unhusked rice, but this ratio varies with the variety. In
the case of coarse varieties, about 26 seers 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
Parboled rice laces in the rice growing tracts. But in
(84 ddewsl).  the Gujranwala and Sialkot districts the



S
s parboiled rice is prepared from fine’ and medium varieties,
 Whereas in the south-western districts coarse varieties are
~used for its manufacture. There is & general prejudice
. amongst Hindus against the use of sela because they do
.not eat anything whick 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 Muzaffargarh and Dera Ghazi Khan districts the paddy
is put along with water in big earthen pots placed on a thick
layer of rice husk 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 3 minutes. The roasted
stuff is then spread to cool and subsequently husked. Since,
this process is laborious, it is usually done by bired 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
Mukerian 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. After 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 oms
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
the villages and earthen pots are generally
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, though
rarely it may be stored in bulk in the ordinary houses having
pacca floors. Great care is, however, necessary in this case
as exposure to elements increases the liability of grains to
breakage. .

Storage.
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Rice improves in quality with age. It is generally
believed that this improvement is continuous up to 4 years
or 80 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. 4-14-0 per maund whereas that of a vear old rice was
Rs. 5-8-0 as against Rs. 6 and Rs. 6-7-0 per mawnd for
two and three years old rices respectively.

Rice is mainly used for cooking purposes but a fair
amount is also eaten in the form of roasted
products hke marunda, phullian, chirva

etc. mostly in towns and cities. A considerable quantity

of broken rice is also used in laundering.

The Punjab in pre-war period was only a slightly surplus
aTea, but there was a considerable exchange
of rice with other provinces. During the
year 193%-39, the exports from the Punjab Trade Block
amounted to 1'63 million maunds whereas the imports were
1.34 million maunds. The exports mainly consisted of fine
rices which go mostly to U. P. and Rajputana which absorb
nearly 2/3rds of the total exports. Some goes as far as
Hyderabad and Madras. The best rice ig, however sent
mostly to big cities as mentioned before. The imports
mainly come from Sindh, British Baluchistan, U. P. and
Bengal. Since 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. Gujranwals, Sheikhupura and
Sialkot are the chief exporting districts, whereas Jullundur,
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

TCaos,

Trade.

Cost of of rice, the cost of raising nursery must be
cultivation. estimated. Accordingly an estimate of
raising one kanal of nursery by wet method is given below :—
Preparation of land—6 ploughings and Bs. a.
sphagas . 1 8
Seed 20 seers at Rs. 3 per maund . 1 8
routing of seed and broadcasting .. 03
“?ater, draining and care of nursery, etc. .. 0 9
Total .. 312




265

This works out to Rs. 0-3-0 per marla.
The cost of cultivation of an acre of transplanted rice ls
estimated as follows:—

Rs, a.
Preparation of land —~6 plonghings and
sohagas .. .. 12 0
Strengthening of imnds [ IO 1 0
Cost of 5 marlas of nurserv at Re. o8- por “marla 0 15
Pulling out of secdlings . .. 1 0
Transplanting. 5 men in one <Ln .. 3 4
Watering and draining (1 man a{ Rs. 12
per month for 34 months to  control
20-25 a0res) .. .. 2 0
Harvesting. Hum}.mg and  cleaning at 3
seers per maand 312
Cartage .. 10
Water Rate 6 8
Land Revenue .. 3 0
Net rent or rental value of land 7 0
Total .. 41 7

Taking average outturn of rice on irrigated lands as 16
maunds, the gross income at the present rate comes to Rs. 48
per acre. To this if we add Rs. 2 as the value of straw, the
total income amounts to Rs. 50 thus giving a net proﬁt of
about Rs. 8-9 per acre.

MAIZE, JUAR AND BAJRA

These three crops fulfil similar functions in the various
districts where they are grown, and
are, therefore, grouped together. Maize
ie grown where rainfall or irrigation is plentiful; bajra in
the dry parts of the Ambala and Rawalpindi Divisions,
where 1t 18 8 very lmportaut crop, Juer occnples an inter-
mediate position, being less drought resistant than bajra,
but much more so than maize. Al three can be grown either
for grain or for fodder; in the latter case they are sown mote

Distribution.
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thickly, though in dry years crops grown for grain are often
used as fodder. The stalks of these crops obtained as a
by-product in the production of grain are also used as fodder.
Of these juar stalks are considered to be the best and
those of bajra the worst, maize stalks coming in between
the two. Juor stalks can be stacked and stored as karby
for several years. The bajra stalks are sometimes used
even as fuel in times of scarcity. In the Canal Colonies,
wmaize is chiefly grown for grain, whereas juar is almost
exclusively grown for fodder {char:) generally as a mixture
with guara.

MAIZE

Natural Order—Gramineae.
Botanical Name—Zea Mays.
Vernacular Name—Makas.

Maize i8 & Kkharif cereal. The original bome of this
crop seems to be tropical America. When it was brought
to the Old World is not definitely known.

Maize is extensively grown in tropical and subtropical
regions of the world. The United States
of Awmerica is the biggest grower of imaize,
having about 91 million acres under 1t. 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 Ttaly, 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,
Bikar and Orissa, Punjab, Hyderabad State and N.W.F.P.
The Punjab grows about 17 per cent of the total area
in: India,

Distribution.
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The Districts of Kangra, Hosharpur, Jullundur, Ambalas,
Gurdaspur and Ludhiana sre 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, Karnsl, Lyallpur and
Ferozepore. The chief markets for maize are Jagraon,
Ludhiana and Moga.

The total maize acreage in India is about 6-3 million
acres (1936-37 to 1940-41 - average). Of
this about 11 omillion acres, i.e., 17 per

cent. are grown in the Punjab. About 52 per cent. of the

area In this province is unirrigated and the remaining 48 per
cent. irrigated.

Arcs.

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 1s chiefly grown. Maize is a
popular and profitable crop in places where it can be grown
without irrigation. Excepting some river beds, this is

ossible only where the monsoon is fairly early and reliable.

hus 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 1s grown only where irrigation water is available
fairly cheaply and the standard of farming is fairly high.
Thus, maize is regularly grown on small areas in districts
like Jullundur and Lyallpur, where the yield is commonly
upwards of 20 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 chilt‘af crop in Canal t(}olonies with which
. maize has to compete for area. Altho

Compoting Crops. sugarcane is also el\)e heavily manured crl:)ﬁ
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, residual manure being considered
better for sugarcane than direct manuring. Maize is &
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particularly suitable crop to precede sugarcame in the
rotation. These two crops do not compete unduly for water
supply as well. Sugarcane needs more water from Mgy to
July, while maize requires most water during 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 irrigated.
Under such conditions the relative prices of cotton and
maize influence the relative area of these two crops.

There are two main varieties of maize—vellow and
white. Out of these the former is grown
to a much greater extent in this province
than the latter. The yellow type is predominant in the
Rastern. 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-
monly said to be sweeter and more tasteful than white, but
the latter is preferred for roasting, popping and manufacture
of starch. White type is said to be more drought resistant
and ripens earlier.

A garden variety has been developed in America which
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 very profitable when a good market is
available. TIts yield per acre is low compared to the
domestic types.

The soil is usually thoroughly prepared for maize by
Proparationol  several ploughings.

Varieties.

Sweet Corn.

Msige prefers a heavy or heavy loam soil. It is prac-
Seil. tically never grown on sandy soils.
- When grown for fodder the crop may-be sown as early
as March or April and the fodder is ready
in 1} to 2 months. The grain crop is sown

:Sowing BeRIORN.
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§h late June or early July in the central districts. In the
Hills it is sometimes sown as early as May and in the canal
#plonies as late as Angust. When sown for the sale of cobs
i the towns, sowings may be done from March to August,
the months of Julv and August being most important.

In the plains, maize is commonly rotated with sugarcane,
cotton or wheat. It is followed by wheat
only on land irrigated by wells, where it is
-sown carly, and very rarely in t%e canal colonies. The rabi
-€Tops, which are most often sown after maize are senji on
irrigated land and lentils (massar) on unirrigated lands.
The next kharif crop may he either cotton or sugarcane.
In the hills and some submontane places maize & often
rotated with potatoes.

Rotations.

Irrigated lands reserved for grain crop are heavily
manured, the general practice being to put
20 to 30 or even more cartloads per acre,
“wespecially if maize is to be followed by sugarcane.

lanuring.

= The usual seed rate of maize 1s 6 seers per acre for the
arain crop and 12 seers for fodder. There
is, however, a considerable variation from
this figure in certain localities.

Reed Rate.

In higher altitudes and submontane districts where
the crop is usually grown without irrigation,
it is generally sown broadcast. On irri-
gated lands the grain crop 1s usually sown by Aera, i.e.,
by dropping séed 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 sowing should be delayed as
much as possible. In the absence of rain
maize may need irrigation as frequently
-a8 every 10 days during the 6 weeks of its most rapid growth.
When very young, or when almost ripe the crop requires
less frequent irrigation.

The grain crop usually receives three or four
Iatercuituore. hoeings.

Method of sswing,

Watering.
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The most important pest of the crop is the stem borer
Pestannddis-  Lhe damage done by this pest in certain
eases. localities, such as Montgomery and Multan

is 80 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 Chilo Zonellus. The insect is directly
harmfulinits 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 killed. 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 middie of March. Cultivators sometimes collect
such 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
Harvosti harvesting takes place in the second half

e of September in the hills, in October in
the central districts, and as late as November in the canal
colonies. The crop meant for the sale of cobs is used abont
a month earlier.

Maize is harvested when ripe, .e., when the cob-sheaths
turn brownish, and the grain is fairly hard. After harvest-
ing the plants are left lying in the fields for two to three days,
before they are stacked. The crop remains in the stacks
(called muhkaras or munaras in the vernacular) for about
two to six weeks. During this period unripe cobs get a
chance to further ripen, and the grains lose their excesssive
moisture. Cobs are then separated from the plants
and spread out in the sun to dry up. The grains are sepa-
‘rated from the cobs by beating.



271

! Maize seed for the next year’s crop is invariably kept

4n the form of cobs. Grain from these cobs is not beaten

out for sowing purposes, but is removed by hand just before

#owing. Beating is said to injure the embryos and impair

the germination capacity.

When irrigated and manured the yield of an average
crop is about 24 maunds per acre. Under
especially favourable conditions, i.e., when

‘the crop is heavily manured and amply watered and other

-conditions are also suitable, as much as 40 maunds per acre

may be obtained. The unirrigated 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 crop returns, is 8-9

maunds per acre (¥36-37 to 1940-41 average), as against

94 maunds per acre for the whole of India and 212 maunds

sor U.S.A. (1939 to 1942).

The Punjab produces about 457 thousand tons of
maize annually (1939-40 to 1943-44 aver-
age). It has been estimated that about
85 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

lus 1s 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-
-duction 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.

Yield.

Marketing.

The Punjab is, on the whole, a net importer of maize..
The met 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
of 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
occasionally exported.
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Bv far the largest amount of maize crop is consumed
as human food. This is chiefly done after
converting it into flour and making chapatis
out of the flour. To some extent it is also consumed as
roasted and popped grain. Some percentage of maize crop
is used as poultry and livestock feed. and for the manufac-
ture of starch required for use in the textile mills, paper
mills and other industries. White maize 1s preferred for
starch manufacture. In U.8.A., starch is made out of
maize for industrial purposes. and large quantities of it are
imported into India. Starch and corn flour manufacture
has recently been taken up in India also. There is one mill
in Jagadhri working for the past several years. One has
recently been started in Fandkote State. one in Patiala
State and one M Wupurthala State. ,

Ukee.

The grinding of maize is considered to be more difficult
than that of wheat or gram. The grinding charges for maize
are, therefore, about 13 times of those for wheat or gram.

The demand for maize is considerably influenced by the
comparative prices for maize and other cereals. particnlarly
wheat.

Maize is to some extent used for fodder. In this respect
it is espectally useful for sowing in the early
part of the kharif season, as at this time of
the vear it grows quicker than chari. It is thus sown in
late March or April usually mixed with swank and moth.
Cowpeas also form a good mixture with majze.
As fodder, it is sown broadcast. Later in the season it is
sometimes sown mixed with chore.

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
Method of seed CTOSs-pollination. Mass  selection has,
selection therefore, been practised since earliest

times, 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
farmers is mass selection. This method consists in picking
ont cobs having desirable characteristics for seed purposes.

Maize fodder.
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This can best be done while the crop is standing in the field.
When selecting cobs for seed the following points should be
kept in mind :—
(1) Plants growing under normal conditions of com-
petition shouid be selected. Plants along the
borders and water channels should be rejected.

(2) Plants in the vicinity of diseased plants should
not be selected.

(3) Plants bearing move than one good cob should be
preferred.

(4) Ears that are not only thoroughly mature, but
also ripen at the same time should be selected.
This will tend to bring about uniformitv in the
ripening time of the next crop.

(6) It is desirable to collect ears from plants bearing
them at a height of about 3 to 4 feet. If placed
higher the plants are liable to be damaged by
storm, while if placed too low wild animals 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 compactness of grain
on cobs should be preferred.

(7) In barans 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 allow
discarding of disessed 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 capaeity
of the seed.
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It is highly desirable that selection of cobs should be
-made from the standing crop, but if this is not done, selection
of cobs may be 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-
-sults of this method practised for a long period have been
rather disappointing. With the advance in genetical
Xknowledge of the maize plant a new method has been adopted
which attempts to rebuild the constitution of the plant,
s0 as to incorporate a majority of the desirable factors from
the best material available. This is affected by (a) inbreed-
ingand, (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 F1 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 Lyallpur under
the immediate supervision of the Cereahst.

An estimate of the cost of cultivation per acre of

Cost of maize on a well-irrigated holding is given
production. below:—
Bs. a. p.
1. Ploughings 4 @ Rs. 1-8 each 6 0 0
2. Sohaging 2 @ Re. 0-6-0 each .. 012 0
3. Sowing with kera 1 man @ Re. 0-8-0 0 8 0

per day (Ploughing included above).
4. Seed: 6 seers @ Rs. 3 per maund ..
5. Bundmakingl man @ Re.0-8-0 each
8,” Waterings 5 @ Rs. 3-4 each

EOO
[ -
COoN
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7. Hoeings 3 at 4 men per hoeing @ Rs. a. p.
6 0

Re. 0-8-0 per day each . .. 0

8. Harvesting: 3 men @ Re. 0-8-0each 1 8 0
9. Plucking cobs 3 men @ Re. 0-8-0

each .. .. .. 1 80

10. Threshing 3 men @ Re. 9-8-0 each 1 8 0

11. Manuring 10 cartloads utilised (the
total being 20) @ Re. 1 per cart

foad 10 0 O
12. Land Revenue .. .. 300
13. Rent .. e .. 12 0 0
Total .. 5915 2
Income.—

Grain 20 maunds @ Rs. 2-8-0 .. 50 0 0

Stalks 20 mannds @ Re. 0-8-0 per
maund .. 10 0 O
Total .. 60 p O
Net Income .. 0 0 10

JUAR
Natural Order—Graminec.
Botanical Name—dndropogan sorghum.
English Name—Great Mallet.

Juar is extensively grown in Bombay, Madras, C.P.,
Dietribation Berar, and U. P. noted in the order of their
’ importance. The Punjab occupies the fifth
position. In Western India both kherif and rabi types
of juar are grown, but in the Punjab only kharif juar
is Jmown. For grain purposes the crop is maijnly, 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, though in some earlier
years the area under the crop was even above 1} million
acres. Wide fluctuations in area are. mainly due to
seasonal variations from year to year. .

The largest azea under juar is grown in the districts
of Dera Ghazi Khan, Rohtak, Hissar, Karnal and Gurgaon, -
in the order mentioned. The other districts where it is.
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grown to a lesser extent are Multan, Rawalpindi, Attock,
Mianwali, Jhang, Ferozepur and Muzaffargarh. For fodder
purposes in the canal colonies, juar is generally mixed
-with guara.

For grain about 8 seers and for fodder 24 seers per acre

seed Rate. are generally sown.

Two to four ploughings are given as a rule. The culti-
vation 1s not as thorough as for maize. It
ix generally sown broadcast, and is often
mixed with guara, mwoth, mash, nung, lobia or til. The
common rotations are:—(1) cotton-juar, (2) wheat-
Jquar, (3}  cotton-juar-sann  ploughed in wheat, and
(4) gram-juar.

Tt would thus be seen that juar generally follows
cotton, wheat or gram.

Cultivation.

For grain the crop is sown with the outbreak of mon-
soon rains. The normal time is from
midale of June to middle of July. 1f rains
ave late, it may be sown even up to middle of August. For
fodder purposes it can be sown as early as the end of March
cor April.  Juai takes about 2} to 3 months for ripening.
In the south-eastern tracts it ripens a little earlier.

Sowing time,

Starts from the end of September and continues up to
the end of November. Harvesting is done
with sickle. and the plants are allowed 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
sufhicient to finish an acre in a day. The grain is then
threshed out of the heads by means of the builocks. If
the quantity to be threshed is small the grain may be beaten
-out by means of sticks. Three men and three bullocks are
required for threshing a normal acre crop. The winnowing
work is similar to that of wheat. A steady wind of fair
strength is best for winnowing.

Harvesting.
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The average Yyield on barani lands where juar is
generally sown is about 5 maunds, whereas,
under the irrigated conditions 8-10 maunds
per acre are obtained. The maximum yields on irrigated
areas are obtained in Rohtak and Jhelum districts and in
barawi areas in Gurgaon and Gujrat.

Based on the colour of grain, three types are recog-
N nized by the _fa.rmers and the trade:—1.
prietien. ved, 2. sharbati, and 3 white, White juar
always brings premium over the other two. These types
can further be divided into small and bold grains.

The grain is sometimes extensively damaged by smut
orbunt as in the case of oats. Treatment
of seed with copper sulphate solution, ¥ per
cent. strength is effective in preventing the appearance of
smut. Striga root parasite also causes considerable damage
te 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 gooed 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
raising of fodder or grain crops, though in
districts of Dera (thazi Khan and some

north-western districts it is used for human consumption.

When wheat sells at a higher price, the afa made from

white juer grain is used for the adulteration of wheat

ata. Juor grains are also commonly used after roasting
or popping. The food value of juar may be seen from
the following table:—

Yield.

Disea ses.

Uaex

Crop. Protein. ‘ Starch, ’ Oit or fat.
Per cent. Per cent. " Per cent.
Juar .- . &3 72:3 20
Rice 73 783 06

Wheat o . 135 694 1-2
Outs .. .o 31 580 238
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Research work for the improvement of millets was
started at Lyallpur in 1927 when a special
officer was appointed. He continued to
work at Lyallpur up to 1934 when his work was shifted to
Sirsa (Hissar). Later on, in March 1940, his headquarters
were transferred to Ferozepore to carry on 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 fert-
ity of the soil.  The stem is thin and juicy. The leaves
have yellowish green mid-tib; 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 100—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 diseased plante.

BAJRA
Natural Order—Graminece.
Botanical Name—Pennisatum Typhoideum.
English Name—Bulrush or Spiked Millet.

Bajra is extensively grown in Bombay, Punjab
Madras, and U. P. named in the order of
importance. Bajra is more important
~crop in the Panjab than juar. The area fiuctuates enor-
anously from year to year, being as high as 44 lakh acres in.
some years and only 11 lakh acres or so in years of poer -

Rescarch Work.

Distribution,
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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 Hissar,
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.

Bajra will grow on poor sandy soils whereas juar
Soit requires a stiff loam, Maize will do well

o on good stiff loams.

Seed. The seed rate is two to four seers per acre.

As in the case of juar the sowing season, depends
Bowing and har-  UpOn the outbreak of monsoon. The sow-
vesting scason  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’
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-
Yiold five maunds per acre, and that on irrigated

’ areas six to ten mawunds. Highest yields
are obtained in Jhelum district.

Two main types are cultivated in the Province, small
Vatioties seoded or bajri and bold seeded or

’ bajra. The former is considered superior
for human consumption but the latter gives higher yield.
Bajra is mainly grown wunder baroms conditions but
where there is enough water supply, bold grained type may-
be cultivated. .

As a result of experiments conducted by the Millst
Botanist, following varieties of bajra are recommended:
to the cultivators:—

Caltivation.
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(1) A4 1/3.—1t has dense ears and the grains are fairly
hiold, roundish and slate coloured, and are con-
sequently much Yiked. Its yield is 18-20 snaunds
per acre. The variety does well in Rawalpindi,
Gurdaspur, Multan, Jullundur and Lyallpur dis-
tricts.

() G 61,21, -1t has dense and hairy ears which possess
hristles. Greatest advantages In growing this
type is that it is  very Little damaged by birds.
Its vield is 15-18 inaunds per acre. It does well
under fair rainfall or good irrigation.

Like juar and 1naize, bajra is also cross-pollinat-
«d.  The method for selecting seed is, therefore, more or
less the same as already discussed under juar. The chief
point in case of bajra is that long well filled dense ears
should be given preference when selecting for seed.
Bajra grain is ground into af¢ and consumed by people
of the tracts where it is grown. It may
also be used for making a special
preparation called rabers, de., bajre ate mixed with
butter milk. which may be fresh or stale and cooked in the
evening on the fire after adding necessary salts and spices.
Bajra may also be used in the preparation of Fkhickri of
mung, moth or rice, and is very much relished in south-
eastern districts and parts of Ferozepore. Small quantities
of bujre are also consumed in the form of dalia and for
feeding livestock.

ees.

INFERIOR MILLETS

Natural order—Graminec.

Average aree

l for the
Vernaoular name |  English name Botanicel name quinquenninn
H ending 1940.41
| - Acres
1. Rugi or Maendal Fmger Millet ‘ Eleusina coracana 21,000
3, Kaageni | talian Millet Netaria Ialica 9,600
3. Chasns 2| Comamon Millet Panicum wmiliaceun 30,000
4. Swank | Little Millet Panicum colonum 26,000
5. Kodra, [ Paspalum scrobioulatem 800
i
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These millets are mainly grown on poor soils. A major
portion of the area under these millets is fed to hivestock as
areen fodder. Though used as food by certain number of
people of the hilly districts and also by some in the plains,
the grains of inferior millets are not considered as wholesome
article of diet. The composition of different millets as com-
‘pared with other food grains, as given in the “Food Grains
cof India” by A. H. Church is reproduced below :—

Nugritive] Nutrient

’ ! ! ] ‘
Name of | Water |Afbumi- [ Starch | Oil | Fibre | Ash |
pod grain y % [noids.% ; 04 ‘ “ ’ % % Ratio | Value
R | . > | i | t
1[ i } | i |
Cheena o ‘ [ IR ¥ W) l ] Tig 390
! (
R ! i {
Buwauk * ’ 43 0 i L3 | 20 1w | <0
Bangui i s | 29| 15 i 32 ][ 1e7ed ] 9140
i |
Ragi LA b aes | es| 36| 26 10 S0
| |
Kode | 315 Tol TR o207 w 30
‘ ‘

Jowar 1 12 9z | 123 ] 20 | 2.2 [ 560
Bgra | 113 [ Pomst osal o 2oy 5w %95
1 b b i H i
Wheat | 125 135 ewt| 12 27 [ RECCTE

! ! i :
Baey | 125] 11 ’ 700 ! 13 26 { 21| 1:63 45
“Maize 25| o5 707 ‘ $6| 20 17| 1:89 385
: i

From these figures it will be observed that these miliets
are not inferior to other food grains as far as their nutrient
value is concerned. Even in nutritive ratio these miliets
excepting ragi and kodra compare favourably with
maize, wheat and barley.

This is principaily grown in the hills and some of the
1. Ragior sub-montaneous districts. It is an important

HMandal. food grain in Simla and Kangra districts.
Apart from Kangra which grows about 8,000 acres, large
areas in the plains occur in Multan, Jhang, Muzaffargarh,
Sialkot and Karnal districts. It is commonly grown on
light, poor or alkaline soils and its cultivatiod is similar to
Jowar, bajra or cheens. Only 1/4th to 1/3rd of ares
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is irrigated, the rest is all barami. The seed rate is.
5 seers per acre. 1t is generally sown broadeast, 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.
Tt suffers from excessive rain. A good year for rice is bad for
mandal. It is harvested in October-November, and
yields about 10 to 12 maunds of grain and 30 maunds of
straw per acre. When grown for green fodder it gives about
three cuttings and yields about 150 maunds of green fodder
per acre.

The grain is eaten by poor classes as a staple fodd 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 storage against scarcity and
famine.

There are 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.

1t is largely grown in Kangra and Karnal, though small

2. Kongni 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 return 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, and
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 100-150
maunds of green fodder.
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Unlike other 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
jon account of its heating properties and when taken as a sole
food it is said to be sometimes apt to produce diarrheea.
When boiled with milk it forms a light and pleasant meal for
gnvalids. Medicinally it is said to act as diuretic and
;:tringent and is sometimes used externally in the case of
gheumatism.

*  This is of little economic importance except as an
- early fodder or grain crop. For this purpose
por Hheme 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 harvested in May and June, and its yield 1s about
4-6 maunds per acre. It is considered to be nutritious and in
many places 1t is eaten after cooking like rice or taken with
lossi, the preparation heing called bkat. Round about
Simla it is sometimes used in the form of chapatis. It is
also fed with kangni to cage birds.
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 swamk are recognised by farmers—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 iz often grown for green
fodder, or cheap grain in August and September before
bajra is ready. An ordinary crop yields about 4-6 maunds
of grain or about 100 to 150 maunds of gresn fodder per acre.

The grain is chiefly cc d by poorer cl of people,
Hindus consider it to be a very sacred grain and it 18 pre-
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ferred by them for religious offerings. ‘On Ikadshi festival
it is taken by them in different ways and forms. At Lohri
festival also, they start and break the fast with this sacred
food.

It is not an important crop in this Province. It is
only grown in Simla district and that too,
to a smallextent. The seed rate is about 4
seers and is sown broadeast. lts cultivation is similar to
that of other inferior millets. There are two types of
it—bali and desi. The {ormer has got light red coloured
grains, sweet in taste and the latter possesses dark grey
seeds of bitter taste. Desi variety grows taller and is
cultivated on higher hills, while bali varieties ure usually
grown on comparatively lower altitudes. It is preferred
both by zemindars and traders and fetches a premium
of about Re. I per maund over desi varieties.

5. Kodra.

These inferior millets, particularly kangni and to a

Tportauce less  extent cl‘wemz, and swank play an
in new important part in breaking up new land or in
colonization.

recovery after famine. When the cultivator
with his cattle returns 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 cheena if later,
swank. Generally these millets produce a crop in 60
or 70 days—a very important economic consideration.

This isnot amillet as it belongs to a different Natural
6. Buck Wheat. Order, but it is mentioned here because this
(Tagophyrum  orain 18 used like inferior millets in the hilly

Pokygonaca.) areas,

This crop is extensively cultivated in the Himalayas,
between 4,000 and 10,000 feet heights. It is a rainy seasom
crop being sown in July and reaped in October. The forms
met at lower elevation are 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
i is said to bave a heating effect on the human body.
1 the Plains it is sold only by pansaris or druggists 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 mainty used for feeding
ieasants and poultry.
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CHAPTER XII
FOODGRAINS—PULSES

Nat. Order—Leguminose.

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, e.g., rice or wheat. Pulses are
often consumed after being cooked whole or in the form of
dal, d.e., split pulse with or without husk. The prepared
product may be dry or in the form of soup. Different
pulses 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  massar
and mung are quite common. Dals are also commonl
cocked with rice which is known as khkichri and whic
is cousidered to be light and good for invalids. Usually mung
is preferred for this purpose. Moth and bajre sre also
quite commonly used to make khichri in the South-
Eagtern tracts. Special preparations such as papars,
varis, pwmms, etc. arc also prepared from the various
pulses. The nutritive values of important pulses are shown
1 the following table :-—

} *Mash | *Mung | tMoth. i‘uanar *Arkar | tGram
{oisture per cent .. 109 10.4 12| 124 16.2 108
‘rotein per cent, .- 240 240 23.8 25.1 22.3 i3
‘st (Ether extraction pet © u.c. 1.4 1.3 0.6 0.1 1.7 48
lineral matter . 3.4 3.6 3.8 21 36 “ 31
Yjbre per cent. .. .. 4.1 4.2 .. . 622
isrbohydrate per cent. . 80.3 56.6 56.6 50.7 57.2 I s
aleinm per cent. . 0.20 0.14 . 0.13 0.14
‘hosphorus per cent. .. 3.37 0.28 0.8 0.25 0.28
ron per cent, .. 9.8 8.4 . 2.0 8.8
alorific value per 100 grains 3500 | 3340 - 346.0 | 3330
arotene {Intornations! units 84.0 158.0 . 450.0 220.0
vitamin A per 100 grus.)
‘itamin B, International units 40.0 150.0 . 180.0 150.0 .
per 100 grs.)
’ltlming, 100 g + 4+ ++ + + + -
itamin C. Mg . - . .
lemarks s per B | v | without without
oater outer onfer
huak husk husk
*Heslth Bulletin No. 23.  }Dictionary of E ics prod Wast.
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It would be observed that mash dal is the richest in
phosphorus and iron contents and contains fair amounts
of Vgtamin B, and B,. It is, however, difficult to digest
and causes flatulence unless eaten with asafoetida. ung
dal containg comparatively large amount of fibre but
it is richest of all dals in Vitamin B,. It also contains
fair amounts of Vitamins A and B,. Tt 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 dal 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 :—
Area  Production

.(Acres) (Tons)

Mung AN .. .. 248,000 32,200
Mash . .. .. 216,000 32,000
Other kharif pulses mostly wmoth .. 325,000 48,000
Massar .. .. 215,000 40,000
Gram .. .. .. 3,800,000 757,000
These pulses will now be discussed separately.
MUNG

Natural Order— Legunminosc.
Botanical Name—FPhaseolus mungo.
Vernacular Name—Mung.

- Mung is largely a barani crop; only 20 per cent area
being irrigated and 80 per cent unirrigated. Most important
districts where thiscrop is extensively grown are Rawalpindi,
Hissar, Jhelum, Ferozepur, Attock, Multan, Montgomery and
Ludhiana. It is commonly sown as a subordinate crop with
maize, juar and sometipxes bajra. 1t does best on
moedinm loamy soils. It is more drought resistant 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 juaf, maize and bajra. When
grown alone, the preparatory tillage is meagre. Two plough-
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 1s ready for harvest from end of September to the middle
of November. On the basis of time of ripening two varie-
ties are recognized by the farmers—one  Bhadwari
mung and the other Katlei 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 & 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 Muzaffargath 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 kmown a8 cheena mung is also some-
times sold in the bazar 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 chhaj. An average crop of mung
may yield 6 to 8 mounds grain and 12 to 15 maunds of
bhusa. The bhusa is valued for feeding cattle, espe-
cially in the rainy season. Tn the official estimates, however,
yield of mung is shown to be only 31 maynds per acre for
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the year 1944-45. Heavy or untimely rains, especially a
flowering time, damage the crop considerably. At thi
time even damp winds blowing from the East de., Pur
interefere with the fertilization of flowers and reduce the
vield considerably.

MASH

Natural Order— Leguminose.
Botanical Name—Phaseolus radiatus.
Vernacular Name—Mask.

Of the total area under mash, nearly 33 per cent is Irrigat-
ed and the rest is sown dazrant, The most important Districts
for mask are Gurdaspur, Kangra, Montgomery, Ambala,
Multan 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. Itis sown at the end of June orearly
July with the outbreak of monsoons. When sown alone,
only a meagre preparatory tillage is required. No inter-
culture or weeding is generally done. us is clear from the fol-
lowing Punjabi proverb :—

Jat ki jane rah—chhole ki jane wah—Mahn ki jane
ghah, i.e., the farmer does not care for a regular
path, whilst gram can do well without any pre-
paratory tillage and mask 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 bhusa can be obtained from an average crop.
In the official forecast the yield is shown only 4 maunds for
the year 1944-45. It appears to be rather underestimated.

Generally two types are recognised both by zamindars
and by traders—green mash and black mash. Unlike
mung, black seeded type is by far the most common, and
is considered to be superior in ecible qualities to green mash.
Black mash is grown in submontane districts of the pro-
vince e.g., Gurdaspur and Kangra, whilst green type is
commonly grown o drier parts of the South-Western Punjab
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, Multan. Generally speaking, green mask ripens ear-
-than black-seeded type. The grains of the black mash
. also usually bolder than 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
ality than that grown in the plains. Mash varieties
wn in Kulu, Simla and parts of Gurdaspur and Sialket
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 special 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
Natural Order— Lequminose.
Botanical Name—Phaseolus aconitifolius.
Vernacular Name—Moth.

The area under moth separately is not available. It
is, however, the most important pulse included in the “other
kharif 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
Jhelum. The total area is estimated to be about 3 lakh
acres. The crop is, however, frequently grown for fodder
mixed with jusr 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 Augnst,
and used as greenfodder.  Only a small part of the total crop
is grown for seed purposes. It is generaily grown on light
sandy soils under barani conditions, and is the most drought
registant of the three pulses discussed above. Its cultiva-
tion is similar to that of the other pulses. The seed rate is
about 8 seers when sown alone and 4 to & seers when mixed
with other crops. The sowing time is.from middle of June
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
bhusa. Two main types are recognized in the trade:
(1) black moth (also known as kalt mungi in Gujrat)
and (2) gore or whitish green moth. The latter type is
commoner of thetwo.  Black tvpe is grown to a lesser extent,
mostly in Gurgaon and Gujrat districts. For culinary
purposes moth is regarded as inferjor to mung and mash
for human beings. Dislike of a person is sometimes expressed
thus : He is hke moth in your del.

LENTIL
Natural Order—Leguminosc.
Botanical name-—Lens esculenta.
Vernacular Name—Massar.

This pulse is grown to a limited extent all over the pro-
vince. The most important districts, however, are Sialkot
and Gurdaspur. The other districts of lesser importance
are Montgomery, Ambala and Karnal. It is mostly
grown on saiaba lands, and geverally the first crop sown on
new alluvial soils recovered from the rivers. It is generally
sown alone, but is sometimes sown mixed with barley
in Hoshiarpur district. It is rarely sown on land which has
been fallow the previous Zherif, and hence it is a suitable
crop to follow juar, rice, ete.

The cultivation given is meagre, and consists of one or
two ploughings only. It is sown broadcast at the rate of
12 to 16 seers per acre.

Sowing time is October-November along with other
rabs crops. It can, however, be sown very late, even upto
January. The average yield is about 6 maunds grain and
12 meunds bhuse. It is subject to the same diseases
and pests as gram. The young green pod, as in the case of
gram, ig uged as a vegetable. )

There are two types recognised by the trade. The bold
seeded types are known as magser while the small grain
varieties are denominated as masri. On the basis of
colour these types can be further divided into two sub-
types; red ‘oolonred and dark reddish colovred. The bold
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zrain variety of the red coloured type is quite popular in the
province. It is known as malka masser, and is mostly
produced in the Dera Ghazi Khan district.

PIGEON PEA
Natural Order—Leguminosce.
Botanical Name—Cajanus indicus.
Vernacular Name—Arhar.

Arhar i3 an importint pulse crop in India
but it i3 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 n the districts of
Multan, Jhang, Gurdaspur, Montgomery and Hissar.

Arkar is grown mostly as a subordinate crop alon
with juar, bajra but it is also, though to a very smal
extent, grown by itself. When cultivated 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
sufficient. The seed may be sown by broadcast or by kera,
t.e., by dropping seeds behind the plough. Sowing of arkar
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 adversely
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 gram is
threshed out either by bullock treading or by beating it out
with a stick. ’

-
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The average outturn when grown alonme is about 7
maunds of grain and 16 maunds of hHhusa per acre.
When grown along with other crops the yield may be 1 to
5 maunds depending upon the intensity of sowing.

On the basis of colour of the grain, two varieties are
recognized in the trade—sufaid 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
Natural Order—Leguminose.
Botanical Name—Glgcinc hispida.

Soya Bean is a native of Eastern China. China, Korea,
Manchuria, Mongolia 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
Indiz 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
are obtained in sandy and loam soils. The
crop is suited to warm temperatures or
temperate zones. Very severe 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 inrows 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 rate per acre is 16 to 20 pounds when grown for
seed. For geeen manuring or fodder purposes seed rate may

Caultivation.
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be double this amount. Too deep planting is not good for
seed crop. The depth should not exceed 2 mches. 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 crop 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 Manchuris
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 about
12 to 16 maunds of grain per acre has been obtained. Two
varieties namely ‘‘Chocolate” and ‘““Yellow” have been
successfuily 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 scope for the
mtreduction 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:—

! Nitrogen
Legume | Protein Fat free Fibre Ash
i extract
1 [ _
i Per cent. | Per cent. | Per cent. | Per cent. |Per cen$,
Soya Bean .. 36.5 17.5 26.5 4.3 5.3
Field Pea 22.8 1.1 57.8 5.8 3.4
Cow pea 23.6 15 53.8 4.1 34
Garden pea .. 25.6 1.8 53.8 44 3.0
Gram . 19.0 4.3 54.0 . 2.8
Mash .- 23.96 1.26 56.69 4.1 3.87
Wheat . 120 17 3.1 . L5

The pertentage of moisture has not been included in
the above figures.
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It will be observed that the composition of soya bean
differs widely from other legumes. The chief difference lies
in the amount of proteins, oil content, the nitrogen free
extract 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 meat and fish, as well as. from eggs and grain
areacid producing. This fact makes soya bean a desirable
substitute as 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 sufficient amount
of fat soluble vitamins A and D and water soluble vitamins
B. Dark and brown seeded varieties have practically 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 number 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. 8. Kale.

GRAM
Natural order—ZLeguminose
Botanical name—Cicer Arigtinum.
Vernacular name—Chana.

_ Gramis a leguminous rabs crop. It is probably in-
digenous to South-eastern Europe or South-western Asia.
Its cultivation in India is ancient, as itsSanskrit name
chana indicates. The Romans called it “Cicer”. Tt is
called Ariettnum from the resemblance of the seed to the
head of & ram. '
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Gram is an important crop in India in the upper bagins
! ) of the Ganges and the Indus. The tracts
Distribution. north of a line 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 and 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.
Of this, the area grown in the Punjab onthe
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 8 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
il‘am. This i1s but natural as the barani sowings are
ependent upon rainfall. If timely rains 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 nsually 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 1ncrease 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
Faioti number of varieties. Of these 5 types
arieties. . .
nly - are generally recognized, wiz., the
small and large Kabuli and the black, brown and yellow
seeded common variety. Kabuli gram i8 also known as
white . Its seed coat is cream coloured. The ares
under Kabuli types is negligible and comparatively small
quantities enter into trade channels. The dark coloured
varieties are most commonly met with iz the western Punjab,
whilst yellow variety is mostly cultivated in the Ferozepur
district and Faridkot State (Kot Kapura). o

Area.
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Qut 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. 1.—1It is a Kabuli type. Its grain is bold
almost equal to 3 grains of ordinary gram and
cream coloured. Tt 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
best selection type 7.

Type No. 7.—This type has an attractive brownish
vellow grain and possesses vigorous babit of
growth. It does very well in many parts of the
provinge.

Type 17—This type possesses dusky brown grains.
It has more grains per pod than many other varie-
ties. It yield is nearly as good as that of type
No. 7 in favourable circumstances, but it sells 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
fruits on one peduncle instead of the usual one fruit has also
been evolved and is under trial.

Since all Punjab types of gram are highly susceptible
to gram-blight, attention is now being concentrated om
cértain imported types. Of these types, 3 French varieties
have been found to be resistent to this disease. These are
F.8,F.9and F. 10 of which F. 8is at present the best, but
it is highly susceptible to gram wilt. Its 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 vyielder. So far the variety 1234 seems to be

promising.
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Gram is sown on all soils from the heaviest ciay loams
Soi 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-
en. If a gram plant is pulled up carefully the large wars
%ke 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 northern and western
districts.

The seed rate in the Punjab is generally from 12 to 16
seers as compared with 40 or 50 seers in
the Central Provinces. In the case of
bold-seeded varieties, however, a high seed rate shonld be
used, for otherwise the stand of the crop is likely to be
poor and yield low.

Gram is generally sown on lands which e fallow in the
kharif, but itis also often grown after early
fodder crops such as cheri, maize and
guara. 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 saélabe lands
1t is often sown broadcast without any previous cultivation
and merely covered by ploughing once or twice.

Season.

Beed rate.

Cultivation.

Gram is generally sown by the pore system. It is
often sown mixed with wheat, barley, linseed, taramira,
sarson or peas. Should rains be favourable, wheat or
barley, etc. gives a good yield whereas gram subsist
best when rainfall is low. In the irrigated lands one or two
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waterings after sowing may be given, but the preservation
of a loose open soil is tmportant for this crop and harrowing
in early stages of growth is beneficial. Since gram is & 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
and the harvesting 1s usually done by means
of hand sickle. Ordinarily three to four men
can harvest an acre of average crop in a day.

Harvesting.

In some places the uprooting of the whole plant is also
resorted to. The cut crop is taken to threshing floor wrth-
out tying into bundles, where it is fully dried before thresh-
ing which is usually accomplished by mekr 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 cropinaday. Insome 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 chhay. 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 1} to 2 seers per maund of
gram winnowed.

Gram 18 damaged by white ants to some extent and
Pests and suffers also from a caterpillar known as sundi

diseases. or bahadure. 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 s complete fai for a number of years
on account of this disea: e ig disease has also
& /’,/ ' A
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been observed in Gujrat, Lyallpur and Gurdaspur Districts
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 places
‘where the disease does not occur. Secondary, infection also
brings about a large percentage of disease. For this
reason, it is essential to carry out other control measures as
well, on an extensive scale. 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 furrow
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 incidence
of the disease 15 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
central as well as south-eastern Punjab. The best remedy
in this case also is to grow a disease-resistant variety.
Type No. 7 is fairly resistant to this disease but work has
recently been started at the Ferozepore farm to evolve a
still better wilt-resistant variety.

The methods of storing gram are similar to those of
wheat which have already been described.
The produce 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 of bhusa is
spread at the bottom of the floor and another layer at the
top. In the Hissar District sand to an extent of 50 to 80 per
cent of the weight of gram is mixed and it is claimed that™ .
damage is considerably reduced. At some places tobacco

Storage.
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and taramire 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 bolding is practi-
cally nil asno 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 kothas.

The yield of gram ranges from 5 to 20 maunds or even
more per acre, depending upon the amount of
rainfall, soil conditions, cultural practices,’
attack of disease, ete.

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.

Yicld.

Since area and yield of gram are liable to considerable
Total variation from year to year, one year’s figures
production  cannot possibly give an accurate idea of the
snd ntifization.  yolume 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, 7.e., about 1;5th 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 80 to 70 per cent. and
sometimes even 85to 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. Tt exports gram and its products to U.P., Madras,
Sind, N.W.F.P., Delhi, Bombay, Mysore, Baluchistan, C.P.,
Jammu and Kashmir, Benﬁa»l, and many other places of
minor importance. From the neighbouring states particu-
cularly from Patiala and Faridkot a small amount is also
imported: During the year 1935-36 the net export of gram
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nd its products (dal, busin and crushed gram, husk)
vas about 3,081,762 maunds or 113,217 tons. The total
iroduction in 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
xxports originates from Hissar and Ferozpore districts, and
ibe 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
year 1935-36 the net available supply utilised under these
10ads was as follows :—

Maunds
() Seed .. 1,647,768
(#) Human consumption .. 8,500,098
(#i) Stock feeding .. 8,500,098

For human consumption gram is mainly used in the form
of meal mixed with wheat flour (missi roff) pulse, and
parched grains. An appreciable amount, though small in
somparison with the above three uses, is used in various
sther ways as well. For instance, basin is utilised in the
preparation of numerous sweetmeats, pakauras, etc.
Kobulé gram is used for culinary purposes. Cooked
Tabuli 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
Cost of cultiva- the baramt areas of the Punjab 1s given
tion and income. helow:—

Rs. a.
Ploughing 1@ Rs. 1-8 1 8
Seed 15 srs. @ Rs. 3 per maund 1 2
Sowing 10
Reaping 3 men .. 1 8
Threshing (3 bullocks and 2 men can

thresh two acres of barani crop in
a day) . 1 4
Winnowing 2 seers per maund 10 seers 012
Land revenue 1 8
Net rent 6 0
14 10

Income—

5 maunds grain @ Rs. 3 permaund .. 156 0
6 maunds bhusa @ Re. 0-8-C per maund 3 0
18 O
Net profit .. 3 6

In the irrigated aréas the cost of production will be
about Rs. 25 per acre and the net profit will amount to
about Rs. 5 per acze.
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CHAPTER XIlI
OTHER FOOD CROPS

SUGARCANE
Natural Order—Graminece.
Botanical Name—Saccharum Officinarum.
Vernacular Nome—Ganna, Kamod, Ikh.

Roughly 63 per cent of the world’s sugar is produced
from cane and 37 from sugar-beet. India, Cuba and Java
are the most important sugarcane producers, while Ger-
many, U.8.A. and Russia 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 amillion, though

in 1944-45 the area had gone a little over 8
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 8% tons on irrigated land and 5 tons on barant
land, a8 compared to 15 tons in the U.P. and 25 to 28 tons
in Bombay and Madras. Though the area of cane repre-
sents only 13 per cent of thecropped area of the Punjab, the
crop is important because itgives a high return per acre and
requires far more labour, manure and water than most
other crops.

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 Karnal, Amritsar,
Hoshiarpur, Gujranwala and Ambala, we account for an-
othex 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
compared to 214 tons in South Africa, 27}
tons in Japan and Formosa, 31} tons in
Egypt, 54 tons in Java and 62 tons in Hawaii. The maximum
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Yield per acre.
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yvield so far obtained in the Punjab is 63 tons of cane with
7 tons of gur at the Lyallpur Sugarcane Research Station
(Risalewala), in 1940-41 from Ath acre as against an average
yield of only 1 ton of gur for the Punjab, i.c., 1/7 of the
record yield. This shows the vast scope for improvement.

The quinquennium ending 1943-44 produced an average
Production. of 442,000 tons of gur from 484,000 acres
(a) Gur. under cane. In calculating the yield of gur
the area recorded by the revenue - officials is multiplied by
the average yield. All canc is not, however, converted into
gur as the following table shows:—

Per cent
(1) Harvesting wages, village functionaries
and manafacturers of qur 2
(2) For chewing and juice 8
(3) For feeding to cattle 12
(4) Used for seed 3
(5) Made into sugar 3

{(6) Converted into gur .. . 70

Thus only 70 per cent is converted into gur and 3 per
cent only into sugar.

This is prepared in three ways in the Punjab, viz.,
by kkanchis, open pan and vacaum pan
factories. In 1936-37 the vacuum pan fac-
tories produced 16,831 tons as compared to 196 tons by
khanchis and 110 tons by centrifugals. 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 Hamira and Phagwara. The production of
khanchi sugar is confined to Jullundur and Ladhiana, while
open pans are worked in Hissar, Rohtak, Jullundur,
Hoshiarpur, Ludhiana and Ambala.
On the average of two years 1937-38.and 1938-39 over
134,000 tons of gur and molasses were Im-
) ported annually, of which 80 per cent came
from the U.P. Exports were under 6,000 tons annually-
in the same period. ,

{b) Sugar.

Trade
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In the same period the Punjab Trade Block area
imported 176,800 tons of sugar—again mostly from the U.P,
Exports amounted to 3,600 tons only.

Supply and demand positions of gur and sugar in

i

Utilization. British Punjab are given below :-—
Supply Tona Demand Tons
() Gur—Production 1936-37 325,800 Human consumption .. 356,449
Share of net import: 89,123 Cattle feeding .. 58,570
(1937.38) . Distilleries . 1
Total.. 415,023 Total.. 415,023
{#7) Sugar—Production By commercial concerns—
(1938-37) . 16,631 Syrups . 7,339
Share of net imports .. 137,264 Desi murabbas .o 3,669
————— Confectionery . 734
Total.. 153,895 Fruit products, like jams,
Less net exporta in the jellies, ete. ‘e 330
form of murabbas, ete. 257 Domestic consumption .. 138,630
Balance as increase in stock .. 2,936
Total . 153,638 Total.. 153,638
Per capita consumption in the Punjab (in lbs.) :—
Fear ' Gur J Sugar ( Total
f |
1835-36 . 29-3 [ 152 445
1936-37 PR 309 | 181 49-0
1937-38 I 364 ] 132 49'6

Three main classes of cane are grown, wiz. (1) ponda
_— (for chewing), (2) desi, consisting “mostly
arieties. of ‘katha, kahu, dhawlu, suretha and
lalri, (8) 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 about 80 per cent greater
yield than dese varieties. The most important are Co.
No. 285, Co. 386, Co. 313, Co. 312 and Co. 421 in order,

of importance. More recent promising varieties are Co.



309

L.5 (late) and Co. L.9 (early) Comparative yields of some
of these at Lyallpur are given helow :—
{. EaRLY VARIETIES

Average for

1
|
Variety i
r 194041 to 1943-44 | 1044-45
C‘ane I Gur l Cane ‘ Gur
Mds. | Mds. | Mads.
Co. 213 916 106 8503 95
Co. 596 802 92 .. ..
Co. L.4 983 108 1,102 122
Co. L.9 1,112 126 1,071 12
Co. L3 .. e 942 123
{
2. LATE VARIETIES.
; Average for
Variety 1941-42 o 1943-44
Cane Gur
Mds. Mds.
Co. 312 1,395 144
Co. 421 1,211 135
Co. 285 1,078 117
Co. L.5 1,314 148

Awmong 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 :—
1. EarLY VARIETIES

Yield per acre in maunds.

Variety Cane ~ Gur
Co. 313 1,054:12 9712
Co. L4 1,080-37 92-60

1,023-37 94-87

Co. L.9
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1. LATE VARIETIES.

Yield per acre in maunds.

Variety. Cane. Gaur.
Co. 312 .. .. 1,075-40 83:00
Co. 421 v .. 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.

There 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 dest varieties, give poor
gur, or produce ill effects. Co. 313, however, and some others
ripen early in fact as early as desi 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 All-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 be included in field trials. The va-
Heties of cane bred at Coimbatore 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,
Seil. mostly grown under irrigation, except asin
river beds, where it can draw on underground water. It
must have heavy soil’ for the best results.
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Cane is usually planted in February-March, being
generally planted earlier in the eastern
districts. Planting in  September was tried
at Gurdaspur and ip 1933-34¢ gave 1,195 maunds as
compared to 704 maunds for March planting.

Heason.

These results were confirmed in subsequent years, but
similar tests at Risalewala were not so encouraging and again
at Jullundur and Multan the autumn-sown cane gave poorer
yields than the spring sown. One objection to September-
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.
When it comes after fallow, about 10
ploughings are given. In case it follows
senji 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.

Cultivation.

The commonest is maize, senji, sugarcane followed
Retati by either wheat or cotton.
otations.
Manure is rarely applied direct to the cane crop; it is
Monure usual to manure the previous crop. Freshly-
' applied manure attracts white ants whick
damage the young cane. It also tendsto delay ripening.
The previous maize crop, therefore, generally gets all
the manure intended for sugarcane. The senji vesidue
also adds nitrogen to the soil. The sugarcane crop is
regarded as exhausting for the soil. When any farmyard
manure is to be given direct 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 ponde 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
Masurial experi. limited and this is often a limiting factor in
ments. 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 :—

Yield | Valoeof | pyopof | Gurless [Frofti+)
Treatment (doses per acre) | of gur gur per | onure, | 7alue of (—) over
per acre. acre, ' | manure. ‘control
Mds. Re. a. Rs. a, Rs. a. Rs. a.
1. Control 140 Ibs. N in
F.Y. M. . 88-0 351 5 24 13 326 8
2, 70 lbs. N in F.Y.M.
& 70 lbe in Am.
Suiph. o 99-8 396 10 3015 365 11 38 3
3. 701hs. N in F.Y.M. &
70 1bs. N in Toria
Cake .. 1053 417 15 3?1 i 378 4 5112

It will be seen that replacement of half the farmyard
manure by ammonium sulphate or toria cake giving the
same nirtogen supply show a substantial profit. Note the
comparatively high yields. Observation shows that toria
cake 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
optimum 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 ar
potash both at Jullundur and Risalewala.

The seed of cane consists of short sections of the

. stem or tops containing usually two nodes

Propsgetie>.  orjoints and buds. In the case of the thin
indigenos canes the sets are thus about a foot long.
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Treatment of sets varies considerably. In some parts
the cane reserved for seed is left standing until 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
being harvested and these are buried for use as sets. The
tops make good sets and produce strong plants. The pro-
portion of sugar in the tops is less so that the practice
18 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 mn some years is very des-
tructive to sugarcame. It causes inversion in the juice—
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 reserv-  Well, only 1-20th or 5 per cent of the area of
od for seed. cane needs to be reserved for sets where the
whele cane is used. In the case of Coimbatore canes, ths
tillering is less and ten per cent. of the crop has to be
reserved for seed.

The stand of the cane-crop is often poor in cultivator’s
fields and this is due to insufficient seed or eets 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
Sowin once or twice. The land must be exactly

& right as regards moisture at the time of
Elanﬁng. The sets are placed by hand in furrows made

y the country plough. The furrows are ome foot apart.
In rich soils it has been found best to sow cane two feet
apart in trenches or on flat. The subsequent earthing up is.
completed before the rains and is usually dome 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 frequently. The first hoeing is often
Hoeing and done before the crop is visible and before the
Weoding. first irrigation. It is subsequently hoed after
each irrigation. The total hoeings are six or seven and
never less than three. The first hoeing is doue with a
special implement called  baguri, others with kasola;
the last hoeing is deep and is preferably done with a kahi.

Tirst watering may be delayed for two weeks but after
that the cane crop requires watering every ten
days 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. Insuch years the
cane Tequires about 20 Waterings. Normally 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.

Watering.

Irrigation experiments at Lyallpur (Risalewala), have
shown that frequent waterings after 10-—12 days are better
than those after 15-—18 days. Theyield and sucrose content
is also enhanced by frequent waterings. Exact meagure-
ments of the water required by the cane crop are being
worked out.

The interior of canes suffering from this disease becomes
Diseases and pests. Ted. Red rot affects thick canes mostly and
d 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 serious disease of sugarcane both in
dest and improved canes. The affected

plants can be noticed from a distance as

they w out a black whip-like shoot. It is carrted through

Smut
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wane sets from a diseased plant. The remedy, therefore, is
o plant healthy sets. The degree of further infection can
se reduced if the diseased plants are completely rogued
ut and burnt.

Striga is a flowering plant and grows as a parasite on
the roots of sugarcane and jowar. It has
been noticed in the districts of Ludhiana,
Jurdaspur, Gujranwala and Shahpur. It sucks up the food
naterial from the host plant which consequently suffers
ind in some cases may be killed. Tt is propagated by
neans of seeds. The flowers come out in September and
ieeds mature in December. The striga plants should be
onstantly weeded out before the appearance of flowers.
[he affected field should be kept fallow or an immune erop
thould be grown after sugarcane.

Striga.

There ave two types of borers—top borers and stem
borers. The genera]l symptoms of attack
and methods of control of both are almost
dmilar. 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
sr cent. of the canes may be affected. The moths emerge
rom the stubbles of the previous crop in case of stem horer
ind from tops of standing crop in top borer and lay eggs
n clusters on the tender leaves. Young caterpillars on
1atching bore into the cane shoots. The central leaf is
dlled. It withers up and produces a ‘dead heart.” The
rowth of the attacked plants is retarded, and they produce
econdary shoots and thus develop ‘bunchy’ tops.’ The
wtack of the borers weakens the plants and reduces the
ugar content.

Sugarcane borers.

The cheapest and the most effective and practicable
nethod of control for stem borer is the safe disposal of
tubbles. These should be collected and burnt or buried
leep 80 that the moths are destroyed and are unable to
weed further.

As the eggs are laid in clusters and are conspicuous on
‘e leaves, they can be eesily collected and destroyed.
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As soon as the ‘dead hearts’ are noticed they should
be regularly cut and destroyed. In case the ‘dead hearts’
are only pulled out, the sanitary fluid should snbseguently
be poured 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 enough for 5 acres.

Some parasites have been noticed to destroy the eggs
of borers. As far as possible, these should be encouraged.

Sugarcane Pvrilla is also known by the name of Sugar-
_— cane Fly or Sugarcane Leaf Hopper. In
R vernacular it is commonly known as “ ghora.”
It is a very serious pest and in certain years has done
considerable harm particularly to the soft vatieties having
broad and succulent leaves.

The adult is a winged insect with a protruding head.
The cggs are laid in clusters usually on the underside of the
leaves. 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.

The 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 laely been noticed. It is
Perilid Bore prevalent in  Gurdaspur and Hoshiarpur.
b " Like stem borer, it hibernates in cane
stubbles. The moths on emergence lay eggs on tender
leaves and caterpillars make a spiral cut in the cane.
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The first brood begins attack in June-July, The only
remedy so far i8 to remove the effected shoots and

bury them deep In the ground.

The cutting and strippmg of cane is generally done

Harvestin by family labour supplemented by casual

& labour, which is recompensed by the value

for fodder of the tops and upper leaves which the cutters

are allowed to take awav. Generally speaking the ratio of

tops to stripped canes is about 1 to 3 in the case of Co.
varieties and slightly more in dest types.

The Coimbatore canes can be stripped more easily than
the desi varieties. A man can harvest and strip about 1}
maunds of Co. canes per hour as against only 20 to 30 seers
in the case of desi types and the harvesters obtain about
2 to 3 times as much tops in the former case than in the
latter.

The crushing and boiling is carried out by the farmers
Crashing anda themselves, and it occupies most of their
boiling. time as a role daring the months of
December and January. The furnace foeder js invariably
hired. In south-eastern Punjab the cultivators do not make
gur themselves and engage jhtwars 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 seen very rarely. Of the many types, the
Batala mill and the Naban mill are the most common. The
former costs abont Rs. 50 to Rs. 80 and the latter about
Rs. 135. As regards the percentage of juice expressed,
Nahan mill is superior to Batala type, the percentages being
61 and 57 respectively. It will, thus, be seen that about 4
pet cent of Juice is lost by the use of Batala mills. The
cane crushers are invariably owned by the cualtivators except
in the sonth-eastern Punjab where the usual custom is to
hire & mill along with pans jointly each sesson and at
exorbitant rates.

The juice after extraction is boiled down in a small
shallow pan about 4} feet in diameter and coeting about
Re. 15. It usually holds three earthen mufs or - kerosene
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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 hours 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 Hoshiarpur, the people
often use the extract of the bark of & plant called suklas
(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 bkinds bark are also utilized.
Experiments have shown that best results are obtaned by
a combination of suklai decoction and some minerals,
Five seers of suklas rubbed in 2 maunds of water are enough
for claritying 100 maunds of juice. After the addition of
suklai decoction half aIb. of solution of soda ash 1 1b. 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  gadoa.
After sometime when about four-fifths of the original juice
is evaporaled the contents are poured into a flat earthen
circular pan termed as  gand and is allowed to cool. Tt is
again stirred with kkurpe and is finally allowed to set.

When the product is still warm, it is made into

. lymps. In Jullundur and Hoshiarpur dis-
Gur. tricts, gur 1s made into small cakes knmown
as pesis weighing from one chhatak to four chhataks.
In other parts of the province, iumps varying from about
2 1bs. to 10 lbs. in weight are put on the market. In Gur-
daspur, Gujranwala xmi Sialkot districts, small bhelis (roris)
weighing about one to two seers are in vogue. In Ambala
and Karna) districts, the bhkeli usually weighs three seers
and' the ghr is known. as tinsers. In the south-eastern
districts Ef Rohtak and Gurgaon, the bhkelie weigh four
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and five seers each; and the gur is known as chausera 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 gur is
prepated at comparatively high temperature and some
sugar is lost due to charring and carmelization. The refin-
ing gur on the other hand, 1s struck at a lower temperature,
t.e., at 114°C or 115°C as against 118°C in the case of eating
gur. As an experimental measure, refining gur was prepared
at the Jullundur Agricultural Farm, and the testz 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, barfi and laddu are the important ones
from U.P. Pansera gur is in the form of lumps each weigh-
ing 5 seers. Chaku gur is in the form of slabs with three or
four layers which can be separated with a sharp-edged
weapon like a knife. Barfi gur resembles chaku gur but is
single layered. Laddu gur is in the form of small balls
welghing about one or two chhataks. The imports from
North-Western-Frontier Province consist almost entirely of
laddu gur.

Besides this, appreciable quantities of minja are
imported from U.P. Minja is more crystalline than shakkar
but resembles it in colour. Some poor people use 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 ma.ki.ngh shakkar the juice ;s ?oﬂedf longer than

when maki wr and a loss of 5-10 percent, .
Shatekar. or 80 in s:'g ]iqt results. After coo‘Pe;t the
mass i8 broken up into small pieces, by rubbing with hands,

Generally one hundred maunds of stnp‘nped cane will
give 58 to 85 maunds of juice with Nahan mill and this will
yzzli:ib;:)to 11 maunds of gur, and 9 to 10 maunds of -
)/ s ’ :
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Rab is manufactured in the province on & very small

- scale. It is mainly used for the production of

indigenous sugar in khandsari, though small

quantities are utilized for eating purposes also. The

method of maki.n%mb 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 gur by about fifteen to twenty percent.

There are two types of khangsari sugars; one made
Khondsari Sugar f)melﬁ 1.};;1@7, and the second prepared with

{a) Khanchi. A khanchi 63'x3§'x4}" can hold about
200 maunds of rab. Temporary channels for the flow of
molasses are made on the floor by placing bricks and an
ontlet for molasses is made in the khamchi. A layer of
cotton-sticks is placed on the bricks and a thick cloth
usually kkaddar is spread over it. The walls are lined on
all sides with matting. Rab is put on the cloth. After
about ten days one inch layer of jala (Hydrilla verti-
cillata) is put on the rab and weight is placed over it.
The layer of jalaisrenewed occasionally. Jala serves
a8 a bleaching agent. Sugar is taken out of the khanchi in
about a dozen instalments. The average recovery of sugar
from rab is about 29 percent.

{8) Centrifugals. Rab is allowed to rest undisturbed
for a period of about 10 days in order to allow for proper
myst&ﬁ?nmtion. Subsequently it is well rubbed and the
lumps are broken. Rab is then put into s centrifugal
which may either be worked by hand or mechanical power.
When about three-fourth of the molasses has been removed
- washing with & syringe containing hot water is given. With
more washing, the sugar produced is of whiter colour but

the crystals are of s size and wice versa. Under
i oonditions of working the recovery of sugar from
rab is the same as in the case of i is.

The essential diffarence between the vacuum pan azd

- open pan systems is that in the farmer juice

w‘w“ s hoﬁd inavasunmt;othatboﬂing takes

mlomtm?ﬂ ature than the open pan system.

us the charring -of sucrose is eliminated and recovery
~Ff moax i3 moTe.
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The Government of India converted the reventie duty
Import duty on ON Sugar into a protective duty from lst
sagar April, 1932, With the grant of protection,
the sugar industry made a miraculous progress and from
32 cane crushing factories in 1931-32 tll:e number jumped
10 151 in 1943-44. The total Indian production of sugar
from 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 figure wae
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 sell-sufficiency. The history of the import dutyis set
out below in chronological order.

Excise Duty and Import Duly on Suger, Sugar Candy® and Molosses in India.

i
; Protective |
Period ‘Import Duty | Additions] Revenue Duty {Total Import
per cwt, per ewt. Daty per
| | it
| Re. a p. Rs. &. p.
From Lst Apnl 1932 to et Revenue sarcharge st 25
March, } 7 40 pet oent. of protective
duty Rs. 1.13.0 910
From lst April, 1934 to 27th 712 0 | Equivalent escise duty
February, 1037 (As.8 being| Ra. 1-50 910
(Rs. 1-5-¢ Excise Duty on additional | .
domestic production of margin}.
factory sugnr).
Prom 28th February, 1987, 7 4 0 | Equivalest excise duty
(Bs. 2 Excise Duty on Ra. 2. . 9 40
dumestic  production
fwctory sugar). i
Dnmlut Aan 1939, (BA 612 0 | Equivalent excise dutyRse. 2 812 O
on d
mm nt factory .
1st March, 1940 .3 Equivelent Excise duty
612 ¢ Rs. 8. o] 812 0
Fodmhon af faetory
MlﬁAyﬂ.lM!.(lh.s Bamu-udnm of 20
Exaise Duty on dowmestic Er u-mh_-g‘
preduction of factory sugar). 612 Ot l-o-7'l.und e 111 7Y,
excise duty Ra

SFrom 20th February, 1934, a revenue duty of Ra. 10-8-0 per ewt. was impossd
-ugnundymp\mof 9.1.0 per ewh. @ rate of jisport Galy on wlasses

April, 1932
.’mmpmdwhuhmmmd K 315t Mared, 1948,
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From 1st April, 1934, however, excise duty on inter-
Excine duty nal production was levied at Re. 1-5-0 and
Re. 0-10-0 per cwt. on sugar produced in
vacuum pan sugar 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
effoct upon the sugar industry of the province and nine
of the sugar mills and refineries were closed down. The
number 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 -/8/- per cwt.
and that on.factory sugar was increased to Rs. 3 per cwt.
from 1-3-40. In November, 1943, and in October, 1944
special additional excise duties 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
khandsar: sugar was Re. 1 per mound in 1944.

With the introduction of improved Coimbatore varie-
- ties which are more juicy than the desé types,
maoes it was found that the local furnace could
not boil the juice with the available begasse and trash and
that good deal of extra fuel was needed. It was alsp found
that the output of the local furnace was far below the capactty
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 1s difficult to prepare gur of good and uniform quality on
them. The boiling pan is quite often fixed and the finish-
ed prodact bas to be ladled ont. As the pan remains on
the fire all this time, the quality of the gur obtained is ad-'
versely affected due to burning and charring.
wdsedar to remove these defects several improved fur-
naoes such as Jullundur special, Sardar furnace, etc. have

£
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been evolved. These furnaces not only boil more juice per
hour but consume smaller quantity of fuel. For instance
the Jullundur special can dis of 275 maunds of juice
Er hour as against 12 maunds in the case of desi furnace.

e fuel consumed per 100 maunds of juice is 36- 33 maunds
in the case of former as against 55-00 maunds in the case
of latter.

The following teble gives the average annual prices of
Relation  of st quality sugar ex-mill Cawnpore and gur
Sugerand Gur  quoted in the Lyallpur market from 1935 to
prices. 1943.

~

Average snnual price of

Year. i

Sugar | Gur

o !
Rs. A. P Rs. A. P.
1985 9 0 0 ! 51 0
1936 ' . .- 8 4 0 315 6
1937 700 212 6
1938 8 8 0 | 3656 9
1939 .. .. 10612 0 5 9 5
1940 .. .. 10 8 0 513 11
1941 .. .. 11 0 0 310
1942 .. .. 13 0 0 ) 314 1
1943 .. 15 0 0. 9 210

Since April, 1942, the price and distribution of sugar
has been controfled by the Government of India.
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The summary of average cost of production of
Coat of cultivation BSUgarcane at Risalewala Farm* for the
snd vidd of gu five years (ending 1931-32) is given
sugarcane crop.  Delow i—

Rs. A. P.

Manual labour (106-9 days) .. .. 336 5
Bullock labour (29-9 days) .. .. 43 210
Water rates .. .. .. 1200
Seed .. .. .- .. 15 8 6
Manure .. .. .. 1415 7
Implements .. .. o010 710
Kamins .. .. .. .. 09 2
Jhoka .. . .. o717
Total .. 138 13 1)

Value of juice .. .. .. 4 910
Cost of gur .. . 134 41
Gross income .. .. .. 211 9 9
Balance .. .. 7211 10
Yield per acre in mds. .. w5010 1
Cost per maund of gur .. .. 210 9

In the above figures, wages for harvesting sugarcane
have not been included in the cost nor the value of tops in
the income. YLand Revenue and cesses which together
amount 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 hours each.

The cost of production of sugarcane as arrived at in the
cost of cultivation of crops_enquiry conducted from 1933-
34 to 1935-368 under the aegis of the Imperial Council of

86tk tn'the oost of production of erops in the Punjabby 6. {mow 5. B;
Kartar Bingh, 280, L.Ac., The Board of E jc Bnquiry, Publication No. 33
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Agricultural Research and Indian Central Cotton Committoes,
is given below:~—

®

Rate | Place ] Sugarcane Sugarcane
3 l Desi. Colmbatore.
I

.‘ f Rs, a p. ] Ra s p.
Cost per acre ‘ Lyallpur - ;‘ 01 9 2 1316 2
Julfundur | 139 8 4 { 200 6 6

| Gurdaspur { wsrz 2z | L
Cost per mannd ; Lynlipur - 3 2 4 ; 4 &8 7
| Jultundur Lowr el s

Gurdaspur .. ( 13 4 [‘ .
Gur prices .. Lyallpur £ 10 | [
¢ Jullundur Sl o486 sme

" Gurduspur L 310 6/

The cost of production given above includes land re-
venue, rental value (minus land revenue) other cesses,
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 25 years ago it was customary to regard
Main food proteins, carbohydrates and fats as the only
constituents vital and important comstituents of food.
Proteins, in which such foods as eggs, red meat or lean
meat and pulses are rich, constitute theflesh-forming elenent
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 also essential in food, particularly for bone
formation and, therefore are an important constituent for
foods for the young—whether human or animal. Fruits and
vegetables contain sufficient mineral matter, and are valu-
able for that reason, gs well as for the carbohydrates and
sugars which they contain.

It is in respect of vitamins however, that fruit
and vegetables are particularly important. The vitamins
were isolated and studied only a guarter 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:

Begides the above main factors ma(lilgr ve, etgbles and

fruits contain organic acids, which impart

%’i"&“ﬁa flavour and makoerg food palatable. Some are
sod vegetable. 4150 important sources of i!:teim and ‘car-

bohydrates. Glucose and sugar present can be assimi-
Iated direct into the blood stream and, therefore, provide
madiliavailable energy. Cellulose and pectic substances
stimulate peristaltic movements of the lower intestine and

327
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tend to keep the digestion in smooth working order. Asa
source of roughage also giving the necessary bulk to our
food both vegetables and fruit perform a useful function.

(Vita means life, 1.e., life-giving substances). Although
vitamins occur in very minute quantities 1n
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

wth and maintenance of good health and reproduction.

the case of some deficiency diseages each vitamin bas
a specific preventive and curative action. So far seven
vitaming 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 vitamins. Very few foeds contain all the
vitamins.

Vitamins,

As vitamins are found in very minute quantities,
special units called the International unite bave to be used
for their measurement. These units vary with each vitamin
as shown below.

Vitamin A.-—One Intexrnational unit of vitamin A is
equal to 0 6 micromilligram of International standard of B.
Carotene.

Vitamin B—One International unit of vitamin B.
is equal to 0-01 gm. of thiamin.

Fstamin C.—Ope Iuternational unit of vitamin C is
equal to 0:06 mgm. of ascorbic acid.

Vitamin D.—One International unit is the activity of

1 mgm. . -of irradiated Ergosterol in olive oil kept at the
National Tostitute of Medical Research.
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Is fat soluble and is generally found in animal fats,
Vitamin & except lard. Cod liver oil, other fish oils,
(Cavotons) whole milk, curd, butter, unadulterated ghee
and egg yolk contain appreciable quantities of this vitamin.
Vegetables generally do not contamn this vitamin but the
pigment carotene, which is present in many vegetables,
such as carrots, spinach. lettuce, cabbage, coriander,
tomatoes, etc., and ripe fruits, such as mangoes, papayss,
etc., appears to fulfil the function of vitamin A.
ahsence 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 skin and brittleness of teeth,
etc.

This is a water soluble vitamin and is composed of B,
Vitamin B, and B, Vitamin B,is antinenrotic or anti-
(Thismin). beri-beri and is commeonly called vitamin B,
while B, also known as vitamin G promotes growth. Vitam-
in B, 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 B,
gives rise to beri-beri, a disease characterised by changes
in the nervous system, loss of sensitivity of skin, paralysis
lflzﬁ;, and infiltration of flnid into arms and legs and
enlargement of the heart, loss of appetite, and weight and
falt in body temperature.

This is water-soluble and is generally present in fresh
Vitamin ¢ Iruits, especially citrus fruits and raw vege-
{Asoorbic acid).  tahles, Leafy vegetables are the best sources
of this vitamin. When such vegetables become dry and
stale this vitamin i destroyed—pulses and cereals in ordi-
nary state have no vitamin C, but whea they are alfowed
to sprout it is found in the green growing sprowts. Oranges, .
lemons, tomatoes, carrots, apples, bananes and raw ke
contain appreciable quantity of vitemin C. Dried fruit,
dried vegetabes, and milkc heated for 2 long time, vegetables-
cooked with soda, turnip and beetroot do not eontaiw this
vitamin. While slow cooking at s relatively fow tempers-
ture destroys vitamin C, rapid cooking at a higher
ture dbes not destroy it. %’he absenee of this vitanmn &
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responsible for scurvy disease of the whole system character-
ised by pains in the joints, swelling of limbs and bleeding
of gums under the skin. It is also responsible for the pre-
valence of tooth decay, rheumatism in children and adults.
The breath becomes offensive and teeth spongy and loose.
The discase can be cured by just taking fresh fruits and

lemon juice.

Is fat soluble and its absence causes rickets, a disease of
bones, caused by upsetting of the balance of
calcium and phosphorus in the blood. Rickety
children suffer from convulsions, bow-leggedness and are
very easilv susceptible to broncho-pnenmonia. Vitamin
D s 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
purdak. The cheapest source of this vitamin is, therefore,
exposure of body to the sunlight.

Vitamin D.

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. :

Vitamin E.

This is & growth-promoting water soluble vitamin. All-
Visamin G, (8. cereal foods are poor sources of it, milled rice
(Biboflavin).  heing the poorest. Some of the common
Fulses, such as gram, however, contain a fair amount. Green
eafy vegetables and some Toots and tubers are fairly rich,
"but fruits in general do not contain much of this vitamin,
The richest sources 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 loss of appetite and weight, sore mouth and
development of cataract and swollen nose. It is essential
for growth asid heslth of the akin.



331

[ ]
Its chemical nature has so far not been elucidated.
Vitemin H(8,) It has, however, been proved to be essential
or (¥ 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 as calcium, phosphorus and iron are
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, glands
and muscles. Calciam 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
formed without iron salts. Iodine, though required in very
minute quantity, is very essentisl for the functioning of
thybroid gland and for normal growth and good health.
Deficiency of iodine in Kangra is one of the main causes for
'preva.lence of goitre. Many other salts 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 aa spinach, cabbage,
coriander and mint are a rich source of vitamins and -
minerals.

Minere} elements

The accompanying table shows the mineral and vita-
min contents of vegetables and fraits—page 332 to 335.—
(Adspted from “Health Bulletin”, No. 23). :
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Tt will be observed that green leafy vegetables are am
important source of vitamin A and vitamin C. They also
provide a considerable quantity of vitamin B, of iron and
calcium. The orange or vellow 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 general are good sources of
vitamin C especially the citrus fruits. Vitamin B, is pre-
sent in apples, bananas, dates, pears (English), grape
fruit and oranges. It will further be observed that tropical
fruits are richer in their vitamin contents than those grown
in the temperate regions. Since mangoes and citrus
fruit predominate in the fruit industry of this province,
our position is enviable in this respect.

Many of the vitamins are now available in the market in
Tabloid viva- powder or tablet forms. Since the exact
. vitamin 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 hazaz-
dous. It is, therefore, a sound principal to provide vitamins
from natural sources in preference to synthetic products.
As vegetable ghee lacks vitamins—particularly A and D,
their introduction into the prodact should be made
compulsory by law.

" FRUIT

Fruit-growing is a special art. It is so diversified and
widespread in nature that in the limited space that can be
allotted to it in a boek on gemeral agricalture, it is impos-
aible to cover all aspects of it. -An attemps is, therefore,
made oaly to give important features of this industry.
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- Pruit growing is an ancient practice and has been?
Position of the 18TZely the hobby ofthe rich. Scientific
fruit industry.  work on this industry was started in this .
province in 1926, when a fruit section.in the Punjab Agri-
cultural Department was established. Since then fruit-
growing has made considerable progress and most of the
old pleasure gardens are giving place to commercial orchards -
planted on modern lines.

In 1928 the area under all kinds of fruits in regular
orchards was estimated by the Fruit Section
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 under

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:

Area.

Year Total area under -
Jfrwits in acres
1939-—40 .. .. 93,261
1940 —41 .. .. 86,199
194142 .. .. 100,339
194243 .. .. 95,021
194344 .. .. 103,983
194445 . .. 110,396

1t will be observed from these ﬁgui-es that the area during . -
the last six years has varied widely from year to year. In-
creas¢ in one year has usually been followed by decrease in
the following year, except in the last wo years when steady -
increase tosk place., The genersl tendency for the acreage, .
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however, is to go up. The area in 1944-45 is nearly double
the 1933 area. The latter, however, is only 0.3 per
cent. of the cultivated area of the Punjab. Owing to lack of
detailed statistics, area under different fruits is not available.
The marketing survey of fruits in 1935, however, revealed
the position of the main fruits as follows:

Fruat. Estimated  Percentage of

area. total area.
1. Mangoes .. 32,238 52.8
2. Citrus fruits .. 17,151 27.8

AY

3. Stone-fraits .. 10,022 4.9
4. Pome-fruits .. 2,683 4.4
5. Others .. 6,606 10.6
Total . 68,700 100.0

It will be observed 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, all 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 Mugaffargarh. Most of the area is put under seedling
mangoes of the sucking type, though grafted varieties are
also slowly becoming populsr. 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 India. The quality and type of sweet-oranges
{maltas) grown here are, however, superior to those found
in any of the other citrus-growing tracts of the country.
Canal colonies, comprising the districts of Shabpur, Mont-
gomery, Lyallpur and Sheikhupura are important for
producing eibrts froits, spetially, maltas and grape fruit.
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The loose-skinned oranges or sangiras 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 Murree
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 gnava and phalse fraits.

The production and yield statistics of frult are entirely
lucking. The figures collected during the
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 fruite and
-cxab-apples. For this reason enormous quantities (about.
7% lakhs maunds in 1935) of different ds of fruits,
especially bananas, mangoes, apples oranges, grapes,
sangtras, pears, plums and apricots are imported into
thisprovince every year. Small quantities of malta oran-
es, grape fruit, crab-apples, pears and peaches are,
owever, exported to markets like Caloutta, Karachi, Delhi
and neighbouring Punjsb States during the main season.
Some quantities of samglra oranges, apples, grapes,
pears, bananas 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 74 lakh maunds. Bananas are chiefly imported
from Bombay, Madras and CP., apples and pears from
Kashmir State, samgtra oranges from C.P., Bombay,
N.-WE.P. and Patiala State, the first being the most im-
ﬁu:ﬁ.mt, of all; grapes and apricots from Baluchistan and
~W.F. Province and plums from N.-W.F.P. and Kashmir. -

Production,
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The production, imports, exports and net available
aupply for this province for the year 1934-35 is tabulated

below:
.

i | i ‘

' | Net | Net
*Kind of fruit Eatimated | Imports | Exports | importe () available

{ production | and Or exports | supply for

; i re-exports, (= jconsumption

i i |

i I

| !

‘; Mds. Mds. Mds. Mds, Mde,
“Mangoes .| 2,856,872 | 230,413 58,027 | (+)181,386 J 2,538,268

I
.Apples . 31,853 H 166,681 90,432 | (+)76,249 1 108,104
1Pears - 271,967 | 73,235 30,084 | (+-M3,171 ! 315,138
‘Loquats . ‘ 104,702 3,637 200 | (+)3,437 ‘ 108,139
‘Crab-apples .. | 31,520 535 4157 | (—)3,622 ‘ 27,898
Plams Ll eamr| 1813 I nom (+)18,001 1 85618

| |
‘Peaches L 321660 9,891 3367 | (+) 6,624 ! 331,184

i H
Maitae | 524,250 3,620 15,772 ’ (—) 12,162 | 512,104
Sangtras ML | se3iT | 20207 | (4168080 | 777,351

] .
Sweet Limes 136,811 2,815 978 j (+) 1,637 ‘l 138,648
Limes 160,891 5,022 984 | (+) 5,688 ! 106,620
Bananas 1,160 | 307,503 7,311 | (+)300,282 301,422
‘Grapes 2,877 7,129 5413 | (+)62,238 65,133
Apricots . 10,660 (+)10,060 ' 10,660
~Grape fruit 4,128 10 628 | (—) 613 3,613
«Citron . 85,464 . . - 85,464
‘Chegries e 81 500 120 +3880 i1
Total .. 4,757,608 096,741 235,820 | + 758,12 | A5NLIM
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On the basis of these figures per capita consumption im
this province compares with that of the United Kingdome:
as follows :

Per capita consump-:
Kind of fruit tion (tn pounds)
United
Punjab  Kingdoms
1934-35 1923

Apples .. .. .. 0.37 31.1
Pears .. .. .. 1.09 1.7
Plums .. .. ..o 0.27 3.4
Citrus fruits .. .. .. 3.50 27.0¢
Peaches .. .. .. 1.30
Grapes .. .. .. 0.25
Bananas .. .. .. 104
Loquats .. . ... 0.37
Apricots .. .. .. 0.05
Crab apples .. .. .. 0.08 ..
Cherries =~ .. .. .. 0.001 1.8
Currants .. .. .. .. 0.9
Strawberries . - .. .. .. 2.1
Gooseberries .. .. .. .. 1.7
Mangoes .. .. .. 8.10

Total .. 16421 69.2

From these figures it is evident that the per capita
consumption in United Kmfdom is more than four times-
that of this province. Although during the last decade
area under fruit has goume up by abont 50 ﬁ):r cent. yet per |
capita consumption has not mnereased in the same propor-
tien hecause the population has also increased by about 20-
per cent. If we base our present consummption on 1985 tzade

the per capita consumption wonld not be more than
204 pounds. Even in the case of citrus for which this pro-- .
vince is surplus, the per capita consuraption is very low ime
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comparison with other citrus-producing countries of the
world as is clear from the following figures:

Country Per capita consump-
tion in pounds

Palestine .. . .. 222
Spain .. .. .. 85
US.A. . . . 54.3
Brazil .. .. .. 33.9
Hgypt BN .- .. 0.7
Tinly . o .. 23.9
Japan .. .. o 15.0
Union of 8. Africa .. .. 10.4
India .. .. .. 3.2
Punjab .. . .. 3.5

The low figures of per capita consumption of various
fruits suggest that the production should increase consider-
ahly, so as to bring the fruits within easy reach of the general,
population. In a well-balanced diet, an adult requires
daily 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
«cent.

Fruit-growing being a long term investment owing to
Establishing of  the life of trees being somewhat long, careful
orchards. 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 planning a garden are given below:

According to climatic requirements fraits ean be divided
Climato and Soil into two classes; (1) those which can be grown
o under temperate conditions, such as apples,
ﬁm’ peaches, plums, apricots, etc., and (2) these which can
e

grown under tropical conditions, such as citrus fruits,

——r .
» = Boalth Biiliicin* No. 25, page 14,

"
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mangoes, loquats, dates, guava, figs, bananas, lichis,
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
must be examined before the trees are planted. This can
be done by digging holes at random at different places of the
field to a depth 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:

Kind of frui. Sotl requirements.
1 Mango and Deep, well-drained loamy soil
Haman retentive of moisture.
2. Citrus froit .. Deep, well-drained sandy loam with
good amount of organic matter.
3. Pears .. 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.

4. Loquats .. Good, well-drained right loam soil.
5. Apple .. Deep rich, well-drained calcareous
loamy soil.

6. Peach .. Varying with stock used for budding,

peach stock would do well on light
warm sandy loam soils while plum
stock may thrive on heavy and

moist soils.
7. Guava .. Deep sandy loam.
8. Almond .. Well-drained, dry light, but warm

. soil with good depth is preferred.
9. Apricot and plum. Varying with the stock nsed. For
each stock light, dry, warm sandy
oam soils are required while apricot. -
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stock can stand heavier and moist
solls as compared with peach.
Plum stock can tolerate even hea-
vier soile than the apricot stock.

. Sandy loam soil not retentive of

too much moisture preferred.

11. Pomegranate .. Deep calcareous soil.

12, Fig . Any well-drained soil.

13. Date .. Sandy to thick clay, can stand
considerable accumulation of al-
kali in the soil.

. Deep sandy loam so0il of alluvial
nature.

. Sandy loam, but rich in organic

matter.
. Sandy loam to loam preferred.

"10. Grapes

14. Cherries
115, Strawberry

.16, Papaya

Great care should be exercised in selecting the site for

- Site an orchard. The following points may be
e 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 ha.s
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. Moreover, 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 overiooked.

3. The site should be as near the market as possible.

4. The garden should be near a good metalled road or
Tailway station to facilitate transport to markets.

6. A powt office, within easy reach, is always an addi-

‘aona.l Wg
i!ngsmon facilities are easential for successful
pvdnmua of
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The land which, is already under the farm crops
Praparstion of  needs no special preparation. In the case
land. of newly-opened land, especially wooded
with 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
irrigation. It should then be prepared thoroughly by plough-~
ing and cros$ ploughing and brought to a fine tilth which
may be improved by growing and burying leguminous crops
should the soil be poor.

There are three common methods of planting the or-
Method of planting ~ Chards.

These are: (a) A square or rectangular system,
(b) quincunx, and

(¢) 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
square. 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 fietd permanently.
The fillers of course should be removed as soon as they are
found to be interfering with the growth of permanent fruit
trees. i

In the equilateral or hexagonal system the trees are
equidistant, from each other in every direction and about
15 per cent. more trees are plarted 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 system;—

| System of planting and No. of trees

Distance between | per acre.
rows of trees (in 1
feet) Square system  |Hexagonal system
(trees) (trees)
10 | 435 1; 500
I !
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

I

The distances for planting various kinds of fruit trees
depend upop. the available moisture supply and growinﬁ
habits of particular species of variety. Btocks upon whic
proper kinds of fruit trees are budded also play an important
part. For instance mohri and mitha stocks have a dwarfing
effect on maltas, grape fruits and samgtras, while khara
khata stock has an outstanding character of invigorating
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these fruits. However, the following distances would
serve as 8 rough guide to the fruit growers:—

.
Kind of fruit Distance in feet
1. Apple. apricot and cherry .. 20 to 25
2. Banana. grape and papaya .. 10
3. Malta .. .. .. 18 to 20
4. Sangtra, pear. guava, sweet lemon,
hime & plums .. .. 20 to 25
5. Dates .. .. 15 to 20
6. Jaman. ber seedlings, Ju]ubo .. 30 to 35
7. Mango seedling, figs & walnuts .. 35 to 40
8. Pomegranate .. .. 15
9. Mango grafred .. .. 30
10.  Litchi & loguats .. .25
11. Peach .. .. .20
12. Mulberry .. .. .. 25 to 30

The selection of the right type of plants and the right
varieties is the foundation of successful gar-
dening. The high-yielding varieties 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. Ifthere is no local or
nearby market, it may not be desirable to grow soft fruits-
lxke loguats, peaches and strawberries which cannot stand
E]ment over long distances. Citrus fruits, apples, pears,
uts, 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 mortality in the garden. The plants should!
be vxgarous well-shaped and uniform in size. Medjum-

ts of one year age, budded or grafted at about.
nf 12 inches fronk the ground level are considered!

Selection of plants
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There are two distinct seasons of planting fruit trees in
Planting, 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 snitable 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
plants 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 marnure
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. SBoon
after filling, the field should be irrigated. The plants shounld
be set in with the help of a planting-board after the soil is in
a workable (wattar) condition. It is important to set the
plants at precisely the same height, as they were in the nur-
sery. The soil around the plant must always be well-pressed,
80 as to enable the plant 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, pears 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 Joss of xoots. In case it is not dene before
planting, it should be carried out immediately after the
plants bave been :let l:;s t}]i:agi]g bs::k cithL;s frmf:e%hnt re-

uires comparatively i X e mango-
glants rum pots require no heading bacg,mthe planting
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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
fransit, as also after planting in the fietd. To avoid these
difficulties, the newly-discovered method of budding in
situ may be followed with advantage. According to this
system the stones of heavy-yielding seeding mangoes or
seedlings Taised from them may be planted 30 feet apart in

rmanent 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 “I” or Shield method, ordinarily followed in the case
of citrus fruit plants. Care should be taken that the bud
is secured from the gtock which is equal in thickness and age
to that of the shoot to be budded. The unbudded shoots
of the secdling stock should be removed from the point of
origin and only the scion shoots shonld be allowed to grow.

For the first ong or two years, it is desirable to protect
the evergreen fruit trees like mangoes, citrus  fruits,
Tichis cte.. from sun and frost. ‘Whitewashing the trunks
is 2 good device to save the plants from sun. Forty pounds of
glaked lime in about 12 gallons 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 Tound the plant from the
ground to a foot or two above the plant head.

The number of irrigations would depend upen the
o amount of rainfall, type of soil, other climatic
Trrigation: 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 lazger amount of water, 35 inches tio 40 inches.
Since the rainfall in the plains of the Punjab is comparatively
low, artificial irrigation 18 necessary for the auccessgll growth
of fruit trees. In submontane districts the trees require
less irrigation water than in other districts.
After the plents are set and first irrigation given, basins
sbout: two. fest wide and three inches deep at the exterior
with an upward slope towards the trunk should be
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made around the plants to facilitate irrigation. These basins
will, therefore, be about 4 feet in diameter. The basins may
be connected by a subsidiary water channe! 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 weeks in winter. The size of basing 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 ecrop, the
‘ fruit 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 shonld 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.

Manuring.-

The varieties of important fruits which are recommended
Varioties by the Punjab Agricultural Department, sre
recommended. given below :——

Citrus. (1) Malita.

(7) Excellencis,
(¢t} Vaniella,
(¢44) Musambi,

() Seville,

(v) Pineapple,
(v1) Valencia late,
(vie) Duleis,

(vitz) Jaffa, and
(2z) Blood red.

(2) Grape-fruit
() Marsh’s seedless,
(s2) Foster, and
(224} Duncan.
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(8) Lemons.
(7) Eureka.
(1) Villa Franca.

Mangoes. (1) Langra.
(11) Dusehri.
Apples (z) Cox’s Orange Pippin.
(#¢) Newton Pippin.
(1) American Mother.
(7v) Blenheim Orange.
(v) Red Delicious.
(vi) Baldwin.
(v14) Golden Delicious. .
(vtit) Stamford Pippin.
(i) Autumn Kiug Pippin, or King of Pippin.
{z) Grauny Smith.

Pears. Williams

Dates. (v} Hillawi, and
wi) Khudraws.

The natural habitat of the date-palm is the vicinity of
Date-palm water supply in a dry-parched desert with
(Phesnix scorching summer heat. Though acclimatized
dsotylifer~)  to intense heat, yet it is able to bear moderate
cold. An extremely dry atmosphere, high temperature and
lenty of water, are, therefore, essential for its sucessful
cultivation. Rains during the fruiting period affect both
the quelity and quantity of fruit. A locality subject to
excessive rains during this period, therefore, 13 unsuitable
for date-palm oultivation. Practically any soil on which
‘ordinary farm crops can be grown is suitable for this tree,
but sandy loams 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 18 centralised in the riverain tracts of
Muzaffargarh, Dera Ghazi Khan, Multan, and Jhang dis-
tricts. Some plantations also exist in Lahore and Shahpur
digtriots. “Throughout the province, mostly inferior varie-
ties grown from seeds instead of suckers are met with.
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The total number of date-palm trees for the entire
province is not known. In the important date-palm-growing
districts of Muzaffargarh, Dera Ghazi Khan, Multan and
Jhang the number of trees is about 4 millions. Of this, only
about 1% million trees bear fruit, as shown below :—

District

No. oF TREES IN THOUSAKDS (1837).
Non-bearing

{ Besring ‘ {Tacluding male Total
i trees)
|
Muzsffargarh } 94 | 625 1,418
Dera Ghazi Khan .. 411 1 H86 1,277
Multan Lo BT i 03 865
Jhang . [ 164 1 215 379
Totol % 1,741 t
! !

2,199 ‘ 3,940

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 maundsin a
year. Apart from local production, dates are also imported
from Persia, etc. Before the war, the value of these 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 trees 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
affshoots weighing less than this are apt to die when trans-
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
get in a field from 15 to 20 feet apart. Manuring of the
suckers at the time of planting is inadvisable and may pre-
ferably be deferred till they are well-established in the soil
and have started new growth. A moderste quantity of
well-rotten farmyard manure spread round the plant and
mixed with the soil would give favourable results. To the
fall grown trees, about 25 seers of manure may be applied
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 this happens the sucker will
die, on account of the decay of the terminal bud. As a
matter of fact, water should not come in direct contact with
the sucker.

For the first 40 days after planting, the suckers may be
watered daily and in the next 40 days the water may be given
after every 2 days. After growth has started the irrigation
may be done after every 4 to 5 days, depending upon the
rain, character of soil, climate etec.

The trees of Basrah varieties generally bear fruit in the
fourth year after tramsplanting, but singe they are also
gr];)ducing suckers, the fruits generally shrivel, At the

iting time, therefore, the plants should be well-manured
with farmyard manure and supplied with sufficient water.

With a view to improving the date culture in this pro-
vince, the Punjab Agricultural Department imported several
varieties of dates tfrom Mesopotamia in 1910. Since then
suckers of these varieties are being supplied to the public
at a nominal cost. There are, however, two handicaps : (z)
the date-palm trees are raised from suckers which the
E?rent trees produce only for the first 5 to 20 years of their
ife, and (2) the principal date-growing eountries 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 Khudrawi 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 date-palm trees. By equilateral triangle system,

LB
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192 trees can be planted in an acre, which would vield about
100 maunds of doka fruits. The average price of this fruit
may be taken to be Rs. 20 per maund.

From the second year onwards, the fruit-trees require
regular application of manures and fertilisers. ¥rom second
to third year about 10 seers of well-decayed farmyard
manure or & quarter pound of ammonium sulphate or
Nitrate of Soda mayv be applied to each plant, during the
latter half of January. From fourth year to sixth year the
dose of farmyard manure may be increased to 30 seers, and
that of the artificial fertilisers to one pound. Thereafter
one to 1} maunds of farmyard manure or 1} to 2 pounds
of ammonium sulphate or soda nitrate per tree should be
applied every vear. The ammonium sulphate may be ap-
plied three weeks before blossoming, while nitrate of soda
may be applied 15 days before this period. Farmyard
manure should be worked well in the soil by means of spade,
taking eare that no manure is applied to the 1} feet soil
round the trunk of the trees.

There ate a number of pests which attack fruit plants.
Tnsect pests. The important ones which attack the citrus
fruit, 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 desirable 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 (L:5) -
and tobacco decoction (1:8) during February and March.

The leaf minor feeds on the cell sap after entering the
tissues of the leaves. The attack starts in Feb: and
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 days with tobacco decoction
during April-May or 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 commeon 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 morning hours. Mango mealy bug can be controlled
by banding the trees in the end of December with cotton-
wool or san 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 & 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 chhataks of the soap . in four
gallons of water.

In Simla hills and Kulu Valley, San Jose scale is a serious
pest of apples, pears, plums, apricots, walnuts, cherries
and peach trees. It lives on the sap of the host plant
which in many cases may dry up. It may attack fruits as
well, thus rendering it unmarketable. The insect is spread
through infected nursery plants bud or graft wood. To pre-
vent e spreadinf, it is, therefore, desirable to fumsigate
the nursery stock. It can be controlled by spraying the
infested plants with lime sulphur emulsion or diesel oil
emulsign~during winter ‘season. )

£
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There are numerous diseases of hruit trees. For want of
space only a brief reference to the diseases
which damage citrus fruit trees, apples etc.,
is made here. The common diseases of citrus frut plants
are citrus wither-tip, citrus canker, citrus wilt and alter-
naria rot of citrus fruits. ’

Cttrus Wither Tip is more common in malias, senglras
and Limes. It 13 a fungus disease and attacks leaves,
branches, flowers, flower buds and fruits. Withering of the
tips 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 tbe vitality of the plants.

Cutrus Canker is a very common disease in this
Province. It is a bacterial disease caused by the
Pseudomonas Citry 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 &
year, fizst from January to middle of February, second in
July and third in September.

Citrus Wilt is caused by Fuserium corulum and
is particularly harmful to young stock in the nursery. The
organism attacks the roota 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 plants like Janiar
along the beds to keep the temperature of the soil down.
The seeds for raising the seedlings should also be sterilised
with formalin (1 : 320).

Diseases
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The Alternaria Rot of citrus fruits is caused by “ Al-
ternaria Citri” and mainly attacks fruits. The attacked
fruits break open with slightest pressure, though the fruit
may appesr sound in appearance. The lack of moisture
in the soil or air, high temperature, age of fruit, sun and frost
injury, which affect the condition 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.

Scgb mainly attacks the fruits though leaves and
f'ou.ng wood may also be involved. The badly-aflected
eaves dry and fall 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 shounld
be done thrice, first before the buds open, second after the
fall 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 shonld 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 about 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 durimg 1941-42
Are was about three lakks of acres. Since then
i - 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 districts growing
vegetables are Ambala, Hoshiarpur, Ferozepur, Lahore,
Jufhmdur, Amritsar, Gurdaspur, Sialkot and Multan.

Vegetables are generally grown in the immediate vicinity
of cities and large towns to save transport and affect early
delivery, as there is a ready market for the produce at hand.
In the case of early vegetables which are produced in large
quantities in Ambala, Jullundur 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 i8 used for the production
of these vegetables, and the vegetables may thus 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 be grown, owing to danger of typhus infection.
If, however, sullage water 15 properly treated there is no
danger of infection from its use.

The supply of good dependable seed is very essential
for successful vegetable growing. The seed
should be viable, clean, free from disease and
insect injury, and true to its name and kind. The Govern-
ment must, therefore, for the present, arrange for seed
control laboratories, where the seeds could be tested for
viability and purity. Suitable laws should also be passed in
order to protect the grower.

The limit of time for which seeds may be stored

) without losing their germination power
Thelife of Seed . ories with tl%e kind 015 vegetable. PSeed:s
of cucumber, musk melon and lettuce retain their
viability longer than that of carrot, onion and celery,
Climate also plays an important part. In tropical and :1!1—{—
tropical countries due to high temperature coupled with
high humidity seeds kept under ordinary conditions lose
their viability much faster than they would do in temperate
regions. The best way to store vegetable seeds, therefore,
is to keep them in cold store or to put them in sealed earthen
pots or stopperedj ars, ori1 boxes sealed with paraffin and

Seed Supply
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a package of fused calcium chloride or lump of quick lime
to keep 1t dry.

As most of the common vegetable crops are normally
_ cross-pollinated, it is not very easy to pro-
Beod production 3,06 l[)mre vegetable seeds. It is, therefore,
advisable for small growers particularly, to purchase their
seed Tequirements from a reliable seed firm 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,
koh! 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 July and Auvgust and the full-grown plants taken up for
transplanting during November-December. Seed is ready
for barvest next June-July., Insect pests are very harmful
and in order to achieve success it is necessary to control them
completely. 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 seeds
for multiplication and for the production of vegetables can
be had from the Vegetable Specialist, Punjab Agricultural
College, Lyallpur and also from various Deputy Directors

of Agriculture.
CAULIFLOWER
Natura! order—Cruciferae.
Botanical name—»Brassica oleracea.
Var.—Botrytis.
Vernacular Name—Phul Gobhi.

Medium and heavy soils are most suitable for Cauli-
flower growing. Of all the vegetable crops, caulifiower and
aabﬁ require most manurmng. Experience has shown
that k&;of nitrogen limits the growth of the cauliflower
plant. ¥ is, therefore, advisable to apply ammonium

P
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sulphate at the rate of 2 maunds per acre as a top dressing.
The seed rate per acre varies from } to § pound, according 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 durin
September do well. The seed is sown, broadcast and cove:
with fine soil or decayed leaf mould, and watered with &
sprinkling can. Shade should be provided to early sowings
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 1'—13}" feet from plant to plant. In the early stage
caulifiower requires irrigation every week, but later on
every two weeks will be enough. Thorough tillage should
be %ven to keep down the weeds, and plants should be
earthed up about 4 to b weeks after transplanting. It is
ready for harvest when the beads 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 important for success-
tul caulifiower production. Early vareties if grown late
will head prematurely, and produce small heads when still
young. Late varieties if sown early do not produce %ood
big heads. A few good varieties, such as C. F. 26 and C.F.21
have been selected at the Lyalipur Agricultural Research
Institute and their seeds are available for sale at Rs. 24 per
seer. An acre of caulifiower yields about 5,000 heads or
2} maunds of seed with an income of about Rs. 1,000.

CABBAGE
Natura) Ordex—Cruciferea.
Botanical name—2Brassica oleracea.
Var.—Bullata Capitata.
Vernacular Name—Band Gobhs.

This 18 a very popular vegetable with the Kuropean
community though Indians do not seem to relish it and prefar
canlifiower. The soil and manurial requirements are the
same as for caunlifiower. One pound of seed is sufficient to |
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produce seedlings for an acre. The seedlings are trans-
planted from the beginning of March 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 1} 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 which 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
Natural Order—Cruciferae.
Botanical Name—Brassica oleracea.
Var.—Gongylodes or Caulorapa.
Vernacular Name-—Gandh 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
18" and between plants 9”. About 3 pounds of seed are
sufficient for an acre. Kohl Rabi is harvested when the
fleshy stem is about 23" to 3" in diameter. If it is allowed
to grow large it becomes woody.

BRUSSEL'’S SPROUTS
Natural Order—Cruciferae
Botanical name—>Brassica oleracea.
Var—Gemenifera.
Vernacular Name—Guncha Gobhi.

In the plains it is sown from September to the end of
October. Its soil requirements 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 i sown in 3 marlas of land by broadcasting
and covering with 3" of fine soil. When plants are 5" to
6" high they should be planted in fields in rows 2’ apart
and 18" fram plant %o plant. When plants are half grown
earthing up should be done. Irrigation is required -every
8 to 10 deyw.-It produces heads after about 3 months.

Y
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BROCCOLI

Natural Order—Cruciferae.
Botanical name-—Brassica oleracea.
Var.—Botrytis or Italica.
Vernacular Name—=Sabaz Gobhi.

It is merely a late variety of cauliflower 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 cauliflower.  Green sprouting broccoli have been
grown at Lyalipur for the last few years. The plant produces
a head somewhat similar to the cauliflower except that it is
green. After the removal of the central head the plant pro-
duces small heads on the side shoots. Thus the heads are
available continnously for home use or the market for several

weeks.
PEAS

Natural Order—Leguminosae.
Botanical Name—Prisum 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. nure
is nsually applied to the preceding crop, but there iz no harm
in applying, directly, if the manure is thoroughly de-
composed.

Peas are sown on raised beds, 2} to 5 feet wide with fur-,
rows between them for irrigation. The seeds are sown near
the edge of the bed about one inch deep. For tall varieties
the bed should not be less than five feet and that for dwarf
2} feet. About 20—24 seers of seed is sufficient to plant an
acre. The seed should be sown 1 to 1} inch apart in the rows
and irrigation applied immediately after sowing. When the -
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plants are about six inches high the tall-growing variety
shonld be staked with tree branches or cotton sticks. A
single row of sticks fixed in the middle of a bed will support
both the rows 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 been separated at the Lyallpur Agricultural Research
Institute, and are available for sale to the public.

The following varieties are recommended:

P.I.D.—This 1s 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. Tt yields 30—40 maunds
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. Tt yields 80 to 100 maunds of pods per acre and is
the heaviest yielder amongst the early varleties.

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 bas been found to be excellent for canning,
with a very heavy yield.

The yield from an ordinary crop is about 50 maunds
with an income of about Rs. 350. When matured for seed
ite yield is about 6 maunds per acre. At the rate of Rs. 2-8
per seer, the income comes to Rs. 800 per acre.

TURNIPS.
Natural Order—Crucifereq.
Botartical name—2Brassica rapa.
Vernacplar Name—Shalgham. )
Turnip is sown in the plains from the end of July to
end of November. It can be grown on all types of soils, but
does best on o deop rich loam. A light application of farm-
yard mausie £t'the rate of 8 to 10 cartloads per acre may be.

e
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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 1} feet apartand 6 to 9 inches high and the seed is
sown on the top ofthe ridge. Irrigation is applied immediate-
ly after sowing. Seed rate is 1 to 14 seers per acre for dess
varieties a:;llni seer for imported varieties. Two acclima-
tized varieties are recommended, 2., Turnips Red and Tur-
nips White. Both of these varieties are high yielders and
mild in taste. The yield per acre of fresh roots is 220 maunds.
If matured for seed it yields 6 to 7 maunds per acre.

SWEDES

Natural Order.—Cruciferae.
Botanical Name—Brassica napohrassice.

This provides a much more palatable vegetablo than
turnips. Its cultivation is similar to twmips.

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 OctoBer—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 1} 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



366

fortnightly during winter. Carrots 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, bnt when
sown on flat it has got to be dug out with a spade. Many
kinds of varieties are met with, white, yellow, orange, light
purple, deep purple, but orange ecoloured 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—Cruciferea.
Botanical Name—Raphanus sativus.
Vernacular Name—Muls.

It is an important crop grown all over the Province.
It is grown for flashy root and green pods called moon-
gras. In the latter case a type of rat-tailed radish called
Soongra is exclusively grown for itslong pods. The fleshy
oot 1s 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 8oils are the best. It can be sown on
ridges 14 feet apart and 9 inches high like carrots. Seed rate
is 4 to b seers per acre. Irrigation is given immediately after
sowing. 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 the plains.
BEET

Natural Order—Chenopodiaceae.
Botanical Name.—Beta vulguris.
Vernacular Name--- Chagandar.

. It is an unimportant vegetable crop grown in the Panjab.
Tts sowing season is August to November in the plains. Tt
thirives best on.deep loamy soils. It is tolerant to acid soila
bat' develops best on Boi{s that are somewhat alkaline or

- ™
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saline. Seed rate is 6 seers per acre. It is sown 1}” 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. Rarl

crop is ready for use in November and supply continues tiﬁ
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 soils, 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 immature
bulbs. The mature -bulbs are used throughout the year.
It is used either raw or cooked by almost all classes of
peopte and is thus in demand throughout' the year. It is
considered to be ‘appetising and healthful.

Onion is grown on almost all types of soils from sandy
losm to heavy loam, but loam soils are generally preferred.
1t 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 seers of seed sown In about 5 marles of land 18 sufficient
to produce seedlings for one acre. The seed i§ sown broad-
cast in a thoroughly prepared bed, which has been enriched
with ample supply of well rotten farmyard manure. The
seed i8 then covered with fine goil and water is applied with
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a sprinkling can, 8o a8 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. Trrigation is then
applied immediately after transplanting.

Onions require steady moisture supply and irmgation
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 should 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 soon
as the crop has been removed from the field it should be
taken to a shady place and tops cut off. The onions should
then be spread over the floor of & 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 sarkarda in an airy and shady place.

Two types of onions—white skinned and red skinned
are usually grown, though at times yellow skinned are algo
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
Good Produstion,  Pe100ted and planted in a small bed in the

" end of October or November, 2 ft. Tow to
row and 1 foot plant to plant. The large bulbs can also
be used by cutting them into three or four pieces each,
taking care that each l;ilzecehas a partion of “Stem plate™
(root zone) with it. The seed rate is about 12 maunds
sere. Jhe. seed is ready for harvesting in April-May.
About 8 maunds of aeedganbeobtainedfxoma.nwe.

&
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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 comsumption a8
green onions in about four to five weeks after planting.

GARLIC.

Natural Order—Liliaceae.
Bot. Name—AUium sativum.
Vernacular Name—Lassan.

This is much more strongly flavoured than onions.
Garlic can be grown on the same type of soil as onions but
it requires richer goil than onions for best yields, and it
should, therefore, be more heavily manured. Tt 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.

R Natural Order—Solonaceae.
Bot. Name—=Solanum malongera.
Vernacular Name —Baingan.

Brinjal 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 m.igdle 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
sowing ‘8 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 starts towards the
end of October and the seedlings allowed to remain in the
seed-bed during winter till all danger of frost is over. The
seedlings are, of course, protected with a covering of straw
or sarkanda during the period of frost, and are transplanted
about the first or second week of February. Round small
purple fruit types are grown at this time.
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Bgg plant can be grown on all kinds of soils, but does
best on heavy types of soils. Well-rotten farmyard manure
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 4 to § Ib. of seed grown on about 4 to 6
marlas of land yields sufficient seedlings to plant an acre.
Seedlings are tramsplanted 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 the fields
in rows 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 1t becomes hard and tough.
The harvesting of the spring-sown crop begins in last part
of May and continues till December when the plants are
killed by frost. The plants are then cut back to about a
foot and the stems are covered with dry grass or dry sugax-
cane leaves. In spring when weather warms up, new shoots
corue up and bearing starts about the middle of March and
continues through the rainy season. The plants shonld
then be dug out, as the strands are thin and exhausted. The
bearing 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 tains. The second
sowing beging to bear fruits towards the close of rains and
lasts till December.

TOMATOES.

Natural Order—=Solonacec.
Bot. Name— Lycopersicum esculentum.
Vernacular Name—Tamaiar.

This is & warm-season crop and does not tolerate frost.
In recent years its production in the Punjab has increased
congiderably, and the fruit is available in the market prac-
tically -adk ke year round. In the hills it is sown from
middle of Marph 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 crop 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 ecrop, the seedlings are transplanted in
February and the crop gives fruit from May to the end
of July.

Two ounces of seed give sufficient seedlings 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-
sand 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 24 feet apart and 1} to 2 feet from
plant to plant. Staking may be done when the plants are
about 9 to 12 inches }.:.1‘51 For the winter crop the spacing
i8 15 to 18 inches from plant to plant and 3 to 4 feet between
each row. Protection against frost by covering with grass
is necessary. During the periods of frost, irrigation is re-
commended a8 it prevents the temperature from going too
low, and thus the danger of frost 18 minimised. As fully-
nipened fruit deoes not stand handling and hauling and .
quickly deteriorates it is advisable to pick the fruit just
when it is turning colour, as it will then reach the eonsumer -
in better condition. For home use, however, the fruit may
be allowed to ripen on the plant. Sometimes the growers

ick the green fruit at the time when frost occurs and
eap it up outdoors under a tree for ripening. The fruit,
as 1t ripens, is sorted out for being sent to the market.
Yield per acre is 160 maunds. )
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Varieties.—The following varieties have been selected
at the Agricultural College Research Institute, Lyallpur,
and the seed is available for sale to the public: N

T.13. (Large red)—It is a midssesson variety taking
fittle over four months to mature. This is suitable for both
autumn and spring crops and is fairly resistant to frost.

T.29. (Best of all), 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 to mature. This is suitable for
both autwmn and spring crops, particularly the former but
is verv susceptible to frost.

CHILLIES OR RED PEPPER

Natural Order—Solonaceae.
Bot. Name-—Capsicum annum.
Vernacunlar Name~—Mirch surkh.

Chillies ate 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
case 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 suitable 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 fresh manure as it attracts white ants,
which is a serious pest of chillies. It is, therefore, advis-
able o apply manure to the previous crop instead of apply-
ing it dirétt. A top dressing of ammonium sulphate at

@
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the rate of 14 maunds per acre at the time of fruiting is
very useful.

There are two methods of sowing :—

(1) Seeds are sown directly on tops of ridges 2§
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-April
at the rate of } 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 2} feet apart and plants
in the rows 9 inches apart. Irrigation is applied imme-
diately after transplanting. Chillies are ready for picking
in the 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
open in a thin layer for drying and curing. Care should
be taken not to heap up freshly-harvested crop for a long
time, as the fruit is liable to rot. Yield per acre is about
40 maunds of fresh green chillies and 10 maunds of dry
chillies.

There are three varieties of chillies: (1) Patna, (2)
khopra and kokla, 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. Tt is an early variety and its
yield is more than that of Patna. No. 3 is largely grown
near about Smalkha. TIts fruit is long and less pungent.
It is also an early variety. Another variety known as .
nakli paina is also grown in the Panipat area. It is -
also long and thin but its colour is not so red as that of
the Patna variety. Tts keeping quality is also low. In
Simla Hills an imported variety of pepper known as Simla
mirch 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—Melvacene.
Bot. Name-—H1biscus esculenfus.
Vernacular Name—Okra or Bhindr.

Two crops afe raised in the plains, early and late.
Barly is sown from middle of February to middle of April
and the late is sown during July. Bhindi thrives best on
all kinds of soils provided they are well manured, four to
& seers of seed per acre are required. It should be sown on
ridges 24 to 3’ apart. For continuous growth and pod
formation, the crop should be irrigated after every 5th or
6th 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
when the market prices are high. Some varieties have also
been evolved at Livallpur which bear fruit for picking 40 days
after sowing, and whose pods are free from spiny hairs.

BOTTLE GOURD

Natural Order—Cucurbitaceae.
Bot. Name—Lagenaria vulgaris.
Vernacular Name—Ghaya Kaddu.

It is an Important vegetable in the Province and is
available in the market from March to November. It
grows best in humid climate. Tt is planted from the begin-
ning of March to middle of July in the plains and in some
Jocalities even in October for early production. The vines
are protected in this case from frost by a sarkanda thatch.
Tt thrives best on heavily-manured loamy soil. Four 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 should be harvested while it is still tender. Round
varieties. 87¢ uquallg wn for the early crop and long
fruited ones called ¢ for the late crop.

»
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RED GOURD

Natural Order—Cucurbitacec.
Bot. Name—Cucurbita mazinea.
Vernacular Name—Halwa Kaddu.

It is also grown all over the province for fleshy fruit
which is used as vegetable both in the immature 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 June to end of July. 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—Cucurbitaceae.
Bot. Name-—Bentncasa cerifera.
Vernacular Name—Petha.

It is commonly called petha. 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
erop is sown from the beginning of February to end of March
and late from beginning of June 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.

BITTER GOURD.
Natural Order—Cucurbitaceae.
Bot. Name-—Momordica charantia.
Vernacular Name—Karela.

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 June to end of July for late
crop. Cultural requirements for bitter gourd are the same
as detailed for tinda, except that soil should be given
heavy application of manure in this case.
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LUFFA OR SPONGE GOURD
Natural Order—Cucurbitacec.
Bot. Name—Luffa acutingula and Luffe aegypliaca.
Vernacular Name—Ghiya tori.

The sponge gourd or tori is grown on 8 small scale in
the plains for it tender fruit. Two types of tori are grown:
kali tori which 8 club-shaped and sharply ribbed, and
ghiya toré which 18 smooth and cylindrical. 1t thrives
best in humid regions. Two crops: one early and the other
late are BOWIL. Early is sown from middle of February to
end 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 Taised
beds 8 feet wide with furrows for irrigation between the

beds. Two seers of seed is Tequired per acre.

TINDA GOURD

Natural Order—Cucurbitacee.
Bot. Name—Citrullus Vulgaris Var, Fistulosus
Vernacular Name—Tinda.

Tt is one of the most popular vegetables grown in the
Punjab. Two CTOps 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 gilt loams
are most suited to its production. Well-rotten farmyard
manure ab the rate of 16 cartloads per acre may be added.
Seed 1ate i8 about 2 seers per acre. Tt can be sown on
raised beds 4 to b feet wide with two feet wide irrigation
furrows. About 3 to 6 seeds are sown }” deep in each hole.
Trrigetion 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
ins well-prepared moist soil. The field is ridged into beds
to facilitate irrigation. - Early crop requires frequent
irrigations. Late crop is often grown in rain-fed Tegions
where piensoon breaks out early and rainfall is fairly certain.
1p dry Tegions, 1 should be watered at least once every
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two weeks. Tinda is extensively grown in certain local-
ities such as Pathankot and Ambala. 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 bitterness. The fruit is
then peeled and sliced without removing the seed for table
purposes. It is grown on all varieties of soils but loamy
18 the best. Land may be ploughed twice or thrice and man-
ure worked in before making the seed bed. Ammonjum
sulphate may also be applied as a top dressing at the rate of
14 to 2 maunds per acre when plants have started- fruiting.
Seed rate is 13 to 2 seers per acre.

ARUM

Natural Order—Aroideae.
Bot. Name—Colocasia antiquerum.
Vernacular Name—Arvi.

It is a common vegetable in the Punjab and is grown
extensively in the lower hills and sub-montane tracts,
especially round large cities. The thickened underground

ortion which bears small tubers known as arvi is called
Eachalu. Street hawkers in large cities and fowns carry
boiled kackalu for sale and they are served alter peeling,
slicing and wetting with a solution prepared from chillies,
salt and tamarind. Arei is cooked as a vegetable. It pre-
fers warm climate with abundance of meisture. It is sown
from middle of Febrnary to end of April and does hest on
well manured loamy soils. Medium sized tubers are usually
selected for sowing. Twelve to 15 maunds of seeds are re-
quired to plant an acre. The soed is sown on ridges 2}’ apart.
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In some localities arv 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 or
long melons are sown on one side of the bed and a7 on the
other taking care to keep the same order of sowing in each
bed. Onions are pulled green for market by the end of
April but gourd and melons are allowed to remain as they
continue 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 crop
germinates and plants are well established. Two to three
hoeings are necessary to keep the field free of weeds. The
crop 1s 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 kackalu and arvi are sorted out for
disposal in the markei. Average yield is 150 to 200
maunds per acre.

GINGER

Natural Order—Scitamineae
Bot. Name-—Zingtber officinale.
Vernacular Name—Adrak.

It does best in humid climate. In the Punjab, it can
be grown more successfully in lower hills and sub-montane
districts. It is planted in the months of March and April
in plains and during May in hills. It prefers light type
of soil rich in organic matter. Ten to twelve maunds
of sets are required to plant an acre. The sets used for seed
are kept 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 for 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 hod is- mulched with a thick layer of tree leaves to
prevent #he Boed-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
sub-montane tract it can be sown on ridges about 13’ apart
with a distance of about 10 to 12", between sets. Irrigation
should be applied soon 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 maunds per acre according to locality.

SWEET POTATOES

Natural Order—Convoloulaceae.
Bot. Name—Ipomaea batatas.
Vernacular Name -Shakar Qandi.

This is grown more or lessin 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 slendcr and are also diffcult to dig.
No manure is usnally 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 ‘s 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. Cutfings about 1 to
1} feet long are taken and transplanted in the field on
ridges 1} to 2 feet apart and 1 to 14 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 occasional 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 maunds.

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 middle of June to
middle of November on the plains and from middle of March
to end of May in the hills. The usual seed rate is about 16
seers per acre. It ylelds best on beavy loams. Three to
four ploughings are necessary to prepare the land. The
seed after brosdeasting is lightly covered by raking the
surface of the seed bed cross-wise. Water is applied immedi-
ately after. Spinach does not grow well nnless it has

 abundance 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 snd Newzealand spinach
are also grown like Indian palak.

Natural Order—Umbelliferae.
Botanical Name—Coriandrum sativum.
Vernacular Name—Dhanya.
- Coriander is grown on s very small scale almost all
over'$he frovince, though in some parts, especially in south-
westqn,mchnsMuktan,ibisgmwnnnawmmemialscsh
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as well. Coriander requires & good loamy soil: The land
should be thoroughly prepared before seeding. It can be
sown from September to November and harvested in April
and May for seed. The vegetative part is, however, used as &
condiment even 1} 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
a5 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 8 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. Name—Mentha Sp.
. Vernacular Name—Podina.

Mint or spear mint is grown in the gardens for its green
leaves, especially for chutney preparation. It has abundant
mineral elements and vitamins. Of all the leafy vegetables
mint leaves axe the richest in iron. It thrives best on loamy
soils. Tts propagation is usually carried on by planting
divisions ofp old plants in rows 1 foot apart and 6 inches from
gla-nt to plant during the months of October, November,

anuary and February. Once plantation has started it will
continue to produce leaves for a number of years if the
ground is liberally manured. It requires frequent
irrigation, once or twice a week when the weather is dry.

LETTUCE

Natural Order—Compositae.
Bot. Name—Lactuca Sativa.
Vernacular Name—=Salad.

Lettuce is generally eaten raw and js very much
appreciated by Westerners on account of its dietetic value.
In the plaius 1t is grown in winter, and does not grow in hot
weather. Lettuce seed should be sown in the fields, 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 as
possible, covering over with not more than 3" of soil.
Trrigation should be given immediately after sowing. 23 Ibs.
of seed is sufficient to plant an acre. Lettuce seedlings can
be raised in & nursery bed and planted in the field when
about 6 weeks old. The planting distance is 15" between
rows and 127 from plant to plant. In hot weather lettuce
requires waterings every 4 to 5 days but in winter season
it nead not be watered so often. 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. Name—A pium greveolens.
Vernacular Name—Salakre.

It is an unimportant crop in the Punjab, but 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 unknown in the Punjab except among the
European population. The fleshy leaves stalks of the plant
after being blanched are taken raw as salad and are coaked
for making soup. In the plains it is grown only in winter.
In colder regions it is biennial crop, i.e., it produces vegeta-
tive part in the first year of its sowing and seed in the second
year. In the plains it becomes annual. In the hills, seed
1s 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 October. Transplanting of seedlings is done in January
and the crop is ready in middle of May for harvest. It
can be grown successfully on sandy loams after ploughing for
& to 6 times, The field should be well manured. The
dressing of ammonium_sulphate or nitrate of soda is also
useful. The seed-rate is about } to § pounds per acre. It
may be mixed with dust or sand end then sown broadcast
in a well:prepared seed bed. Tt should be covered with
fine goil.-The water should be applied soon after with a
sprinkling 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 }* in
diameter at the crown when ready for transplanting.
For seed production plants are set In rows 2 to 2% 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
bo done everv week and in cold weather every 10 to
14 days. For weed control inter-culture should be done
throughout the growing season. The harvesting is done
by reaping with 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
necessary to produce a tender stem for table purposes.

During the main fruiting season there is glut in
Dehydration of The market and prices are consequently low,
fruits and whereas in the off-season, the prices are very
vegetables. high. The inferior quality produce, such as
under-sized or injured fruits, which are more or less
unsalable in the market go to waste or are sold
at a very low price. In some parts of the province
where 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 dehydrstion industry requires
considexabg attention. Although preservation of fruits
and vegetables has been kmown all over the world for
& 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 transporting the bulky but protective food articles to
the front lines gave impetus to the drying industry, parti-
cularly the vegetable dehydration industry. In warm
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cliroate, 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 account of competition from the imported
stuff. Moreover, som® of the manufacturers in this country
resorted to using artificial flavours and colours and saccha-
rine in place of sugar. The curtailment of imports from
overseas a8 a yesult of war stimulated this industry to a
considerable extent. The Agricultural Marketing Depart-
ment also undertook the standardisation of these products,
and now a days the Punjab Province is leading in the whole
of India in the manufacture of citrus fruit products. The
total quantity of fruit juices prepared annually in  the
Punjab and put in the Indian market is in the neighbourhood
of 15 lakh Dottles. The juices now available are of much
higher quality than we used to have some yeaIs back and
in the coming years, i.e., after the wal, it is hoped that this

industry will mainbain its position in this country. If need
arises it should be afforded adequate protection.

The dehydration or drying industry has received im-
petus from the Supply Department, Government of India,
which selected dehydmting contractors and contracted
with them for the ‘manufacture of definite quartities of
dehydmted potatoes and vegeta'bles for the armed forces.
These contractors were required to purchase these vege-
¢ables from the open market subject to the ceiling prices
fixed by the Provincial Ceiling Price Fixation Committees
and dehydrated the vegetables according to the specifica-
tions and conditions laid down by the Food Department.
The_drying, over-all ratios, and costs of manufacture for
vaxious vegetables were fixed.

Tn order to study the problem of dehydration of fruits
and vegetables in this country a special scheme financed
by the Tmperial Council of  Agricultural Research was

. The ly
and consisted of (a) standardisation of & tubne! dehydrator
(Mﬁyge) and (B} wvrkm% out the methods and costs
of dehydration of all kinds of vegetables. As a result of
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investigations a standardised dehydrator consisting of &
drying chamber (13'x5'x6') and a multiblade blower type
fan (20" diameter with 12 blades) in the fan chamber
{24'x5'x7’) for blowing the air over the heating coils, waa
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 ing, the temperature and humidity are con-
trolled. The methods of dehydration of various vegetablea
were also standardised. The important information with
regard to various vegetables is given in the table attached

herewith (Page 386).

Although the dehydration of vegetables made much
progress during the war, it is yet to be seen if this industry
will stay in this province. At present, the civil population
is more or less unacquainted with the factory-dehydrated
fruits 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 it will be
essential to stimulate the demand df these products in this

country.
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CHAPTER XV—OILSEEDS

Oilseeds are valued for oil and oil cake. The harden-
ing of oils by hydrogenation has extended their use very
considerably. 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 and as
an industrial article, For industrial purposes, vegetable
oils are largely used as lubricants, and in the manufacture
of soaps, varnishes, paints, etc. To some extent the wvege-
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 beings and animals
as such. For instance, coconut, groundnut 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:—

= A
g £ = T Z
Oilsced or Ojleake R £ >, RES -
B | gs ZiE13E 28 3
§ & g 208 gfa E}i? k]
Oilseed. o | on | op boe ooy | o %
Toria .e 7.38 | 38.21| 19.06, 23.2 15.06] 4.14 | 2,94 | 3.29
Barson . 7.15 | 33.87| 25.80| 22.04| 6.4 | 4.830 | 0.35 | 4.14
. (Black)
. (Yellow) 6.15 | 41.37| 23.€1] 22,25/ 2.97] 3.40 | 0.25 | 3.76
Taramira 6.50 | 33.45| 24.88| 24,217 4.29,4.02 | 2.65 | 4.23
Mustard . 8.35 | 41.84| 18.57| 22.20] 4.26| 4.32 [ 0.38 | 3.23
Til (Black) .. 5.57 | 52.27| 17.94| 13.26! 3.87| 6.58 | 0.51 { 3.06
.. (White) 65.53 | 48.53) 21.37] 13.96| 3.56 6.56 | 0.49 | 3.68
Safower 6.23 | 29.33! 11.37] 22.97| 25.08| 0.68 | 1.34 | 1.87
Groundnus 4.51 | 50.72| 27.03{ 14.38| 1.28| 2.01 | 0.06 | 4.50
Linsced .. 6.62 | 43.18| 15.00| 26.01| 4.54| 3.67 | 0.60 | 2.87
Cottonseed .. 6.41 | 13 68 13.12| 38.34| 24.58| 3.79 | 0.07 | 2.44
Oilcake.
Toria’ . 7.40 | 11.34| 27.88| 36.42] 8.32( 6.44 | 2.20 | 4.75
Taramira 9.44 | 8.33 | 36.00| 28.48| 6.86 5.62 | 4.87 | 5.76
Mustard .. .33 | 10,91] 24,12) 33,36/ 5.24 7.06 [ 0.88 | 5.46
Tl Punjab .. 6.95 | 8.08 | 37.31| 20.80| 3.67(11.58 | 2.60 | 6.20
Saffiower .. 12.00 | 3.78 | 16.91| 41.28| 19.4 | 4.36 | 2.07 | 4.28
Groundnut .. .| 747 | 11.78| 43.91| 27,65 3.04| 4.40 | 1.75 | 7.38
Lineced .. . |10.45 | 9.42 | 26.69| 40.26| 6.32| 5.47 | 1.30 | 4.35
Cottonsesd .. s Vele1 | 7.25 | 18.37] 39.97] 17.36] 5.34 | 2.04 i 3.20
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Oilsecds grown in the Punjab are foria. sarson, taramira,
mustard, jinply or til, safflower, groundnut, linseed and,
of course, cotton as a bye-product of cotton production.
The area and production of these oilseeds in the Punjab
for the quinquennium ending 1943-44 are shown below:—

Name of oilseed Area in Production
acres in tons
Toria . ... 309,000 67,000
Narson .. .. 240,000
Taramira . .. 428,000 73,000
Mustard .. . 8.000
T .. .. R4000 8,000
Uroundnat .. .. 20,000 9,000
Linseed .. .. 33.000 3,000
Cottonseed .. .. 2,607,000 390.000*

It would Le observed that wa are mostlv interested n
cottonseed and rapesecds, chiefly torie. The Punjab nor-
mally produces about 11 lakh bales of cotton or 11 million
maunds of cottonseed, though in good years even a total of
15 lakh 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 industry
is only six or seven years old. Cottonseed contains from
18 to 18 per cent. of oil but extraction by expellers without
decorticating the seed takes out about 12.5 per cent. of oil
or 5 seers per smound 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, thus, a big scope for eliminating this econo-
mic waste and turning it into useful industries. Most of the
cottonseed oil is used at present for scap making but 1t
can be used effectively for the production of vegetable ghee.

During the five-year period ending 1943-44. the pro-
duction of torie and rapeseeds averaged 140 thiusand tons

*» Tt has been worked out from the total production of kapasts . ing, oncathird
lint and two-third cottonseed.
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or 3.8 million maunds, whilst the production of other
seeds wiz., tal, groundnut and linseed aggregated to only
about 20 thousand tons. In the four-year period ending
1943-44, the net exports of toria and rapeseeds from the Pun-
jab Trade Block were 7} lakh 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, asshown in thetablebelow,hastaken place:—

| 1940.41\ 194142 | 1042-43 |1943-44 | 194445

Rapesced ["Ares (Acres) .. f 1,334,670 | 1,022,989 874,027 |586,332 71,666
and ‘
toria. Production (Tons) | 176,600 157,300 133,300 | 85,000 | 129,500
1 r

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 oilcakes could not be met. Itis, there-
fore, necessary that this province should make every effort
to stimulate the production of rapeseeds, not only to the
Ppre-war level but even more than that, if it desires to become
self-sufficient in respect of vegetable oils and oilcakes, espe-
cially the latter. The crushing of cottonseed should also be
encouraged in every way because, besides augmenting our
supplies of oil, it would provide oilcakes for feeding to
cattle in place of whole cottonseed.

TORIA

Natural Order—Cruciferae. .

Botanical Name—Brassst pus Var. dichot

English Name—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 néed money for paying revenue instalments
in January. It is almost invariably grown alone and with
irrigation. The most important districts growing toria
are Lyallpur, Lahore, Shelkhupura, Multan, Amritsar and
Mountgomery.

It can be grown on almost all common types of soils
excepting those of very sandy nature. The best yields
are, however, obtained on a fairly rich loam soil. fine
tilth of soil being conducive to high yields, it is necessary
to prepare the land thoroughly before sowing. The desired
degree of fineness of tilth can be secured by giving 3 to 4
ploughings followed by a sohage to pulverise the clods.
If toria is sown on land of average feriality, it is not neces-
sary to add any manure to the soil, apart from what has
been applied to any previous crop in the rotation. But in
case it lacks in necessary plant food an application of farm-
yard manure at the rate of about 10 cart-loads per acre
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
sohaga. The seed may also be sown on a rough seed-bed
after ploughing and covered by running the sohaga after-
wards. It is very difficult to get even germination in this
cmcf, 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 shonld be kept on damp earth the night
before sowing. To ensure uniform distribution the seed
should be mixed with an equal amount of moist earth taken
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 crast, which is
likely to be formed when sokage is iised. As far as possible
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sowing should be done in early morning or in the evening.
One main reason for low vield in torta id that ripening of
the crop is not uniform as is generally noticed in the cul-
tivator's fields. Good care should, therefore, be taken in
selecting seed from a standing crop which ripens at one and
the same time.

As a result of the research work done in the Oilseeds
Section at Lyvallpur, it has been found that toria Selection
‘A’ gives one or two maunds per acre more seed than the
unselected local strains. The oil content of this strain is
also higher.

The first irrigation should be delayed as much as possible.
Ordinarily the second watering should be given when the
flowering has proceeded about half way. Experience has
shown that the application of water at a later period, when
most of the pods have tully developed, tends to bring about
Todging, which interferes with proper pod development and
reduces the vield. Recently experiments on the water re-
quirements of crops conducted at Lyallpur indicated that
a good crop of torig can be raised without any irrigation
after sowing, provided heavy rauni has been done.

The cxop is ready for harvest in December and January,
mostly during the latter month. The plants after cutting
are left in the field in light sheaves for a variable period of
time depending upon the individual choice of the farmer and
weather. The crop is then collected in a heap on a threshing
floor. Threshing 1s then done by trampling with bullocks.
, The coarse straw is separated from the grain and fine straw
by sanga before grain is separated by winnowing. The
straw is used as fuel for boiling juice, but inteligent culti-
vators are converting it into compost by mixing it with
manure. :

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
rabi oilseeds.
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The average yield is about six mounds as against the
record yield of 1789 maunds per acre obtained from a

plot of 2‘7th acre at the Lyallpur Agricultural Famm in

194344, The total production in the Punjab comes to
about 67,000 tons.

SARSON.

Natural Order—Cruciferae

Botanical Name—DBrassica campestris Var. Glavea.
and Sarson.

English Name—Indion colza.

This crop, when grown for seed, is sown generally’
mixed with other rabi crops, such as gram, barley or wheat.
It is mostly grown on unirrigated Iand in October-Novem-
ber along with the above crops, in furrows 4 to 6 fect apart.
The important districts, where it is grown are Gurgaon,
Ferozepur, Karnal, Hissar and Rohtak. In some districts
patticulatly Sialkot and Gurdaspur it is extensively sown
mixed with wheat and is removed for fodder in January and
February.

When sown pure a seed rate of about 2} seers per acre
is sufficient but when grown with other crops in furrows,
as described already, half a seer to one seer of seed depending
upon the distance of the furrows is required. The seed is
usuaily sown by means of por when grown with other
crops.

During winter season, tender shoots of sarson are ex-
tensively used in the rural areas asa vegetable (sag). It
is especially relished with maize chepatis. The crop is
ready for barvest in the month of March, and is usually
harvested before harvesting of wheat starts. The threshing
and winnowing operations are similar to those of forta.
Seven to 8 maunds of seed per acre is a fair average yield.

Sarson like forio is normally a cross-pollinated plant.
Evolution of improved varieties is, therefore,
rather a difficult Job. However, brown serson
Selection A and yellow sarson Selection A
have been found to be successful in Districts of Jullundur,
Hoshiarpur, Ludhiana and Ferozepur. Of these, brown

Research wori
on Sorson.
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sarson Selection A is decidedly a higher yielder, but yellow
garson Selection A has a special advantage of being self-
fartile and also of containing higher oil contents.

Two varieties of Japan rape: one black-leaved and the
‘other white-leaved, have also been found quite useful
for providing green fodder at the time of scarcity. These
have been discussed under fodders.

TARAMIRA
Natural Order—Cruciférae
Botanical Name—FEruca sativa.
English Name—Rochet.

Taramira is generally considered to be a crop suited to
extremely dry regions, and it is almost entirely grown as
& barant crop. In these conditions it will give some pro-
duce whereas other crops might fail. The important dis-
tricts where laramira is grown are Iissar, Mianwali,
Attock, Dera Ghazi Kban, Shahpur, Jhelum, Multan and
Muzaffargarh. Its cultivation is similar to that of sarson,
About 2 seers of seed is required for an acre. It may be grown
either pure or with other crops in furrows. When grown
in furrows § to § seer of seed per acre is needed. ~ The aver-
age yield 1s reckoned to be four o 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, slightly irritant.
Taramira cake or oil, when fed to cattle, is considered to have
8 cooling effect and also keeps off the ticks. Dhannt cattle
breeders roundabout Gujarkhan (Rawalpindi) value it

much for cattle.
MUSTARD
Natural Order—Cruciferae
Botanical Name—Brassice juncea.
Vernacular Name-—Rasi
Tt is comparatively unimportant oilseed crop in the
pmvmce with an area of about 7,000 acres, half of which is
ted and the other half is ummgated Its cultivation
is similar to that of sarson and taremira. A seed rate of
about 2 to 2} seers per acre is sufficient. It is sown in the
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month of October-November, and is ready for harvest in
March. Yield per acre is about 4 to &5 maunds.

SESAMUM
Natural Order:—Pedalinege.
Botanical Name:—Sesemum indicum.
Vernacular Name:—Tid or gingelly

T4l grows wild in Java and Central Asia. It is supposed
to have been introduced in India from Africa 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 1s sown either as a pure
crop or mixed with other crops, particuarly eotton, juar,
bagra, moth and mash. The chief districts where it is
grown are Gurdaspur and Kangra, though it is grown to some
extent in Multan district as well, and to a limited extent all
over the province. It is very little grown in canal colonies.

Sesamum ig an annual herbaceous plant growing
Genoral about 4 feet high. The stems.are generally
characteristics. erect, but branch freely if thinly sown.
The fruit consists of a four-celled capsule of oblong shape,
which 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 on light soils.

Two to three rough ploughings are sufficient to
Cultivation aad prepare the land for sowing sesamum.
yield. ‘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 parallel lines across the field.
It is also, sometimes, grown with maize or kamgni on
the borders of fields. The seed i8 generally sown broad-
cast. Heavy rain after sowing is ususlly disastrous and
cloudy weather, 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 § maunds per acre.

Some of the earlier varieties take about three months
to ripen. Late varieties may take even 5 or
6 months. The crop is generallv cut when _
the seed in the top fruits turns Dbrown. If not dead -
ripe it can be carried straight to the threshing floor
and stacked upright. 1f some of the pods are ripe,
the plants should he shuken over a cloth carried with the
harvester. when seed fromthe capsules that are ripe will
drop on the cloth. Afwer cutting, the plants are generally
tied into small bundles and stacked on the threshing floor
for a few days till the capsules ripen and open aud the seed
will fall out if the plants ars held top downwards and shaken.
This may have to be repeated if all the capsules are not
open. The seed is cleaned by winnowing with chhay.

The oil extracted from the seed is valuable for
human consumption. Two varefies are
recognized by the trade. white and black.

Of these, the white variety t:l is preferred as it yields more

oil than the black type. The white variety ripens earlier

than the black. This province is rather deficat in il or
gingelly, and imports about half a lakh maunds every
year. T4l seeds are also used for the preparation of rewarts
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 mound

than even linseed.
CASTOR

Natural Order— Euphorbiaceae.
Botanical name—~Rictnus  communis.
Vernacular name—Arind.

Harvesting.

Uses.

In India, the cultivation of castor as an independent
crop is very limited. Tt is generally grown mixed with
other crops like sugarcane, juar, cotton, til. chillies, etc.,
pmicuhr{)y along the borders of the fields to serve as a
wind-break or as a protective green hedge. Although
same 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 to a much lesser extent m C.P.,
U.P. and Bihar. In the Punjab, only a few hundred acres
are grown mostly in Gurgaon digtrict. In other districts,
only strav plants are met with here and there. The castor.
plant is verv hardv and can withstand drought to a re-
markable degree. It is, however, liable to suffer fromn
frost, and fails in cold countries. Very often the plant
fails to ripen its seed in the Punjab.

Two varieties are commonly cultivated: (o) large
seeded perennial variety and (b) small seeded
annual varietv. The oil obtained from the
former is utilized for lubricating, lighting, etc., and that
obtained from latter is used for medicinal purposes.

Varieties.

Castor does Dbest in  free working soils. It is
not likelv to be a profitable crop on rich
soils. Tts cultivation is, therefore, recom-
mended only on horders of fields or oun sach lands as cannot
be profitably utilized for raising common crops.

Soil.

Two to three plonghings are enough for sowing.
Preparation of  Farm vard manure at the rate of 10 to 15
Sandand manweie coyt-loads  per acre mav be applied with
advantage, particularly. in the case of perennial varieties.

The crop is sown in Julv-August and is ready for
harvest in March-April.  The perennial vari-
ety gives o falr evop for 5104 3cars under
favourable conditions, but maximum yields are usually
obtained in the second or third year after sowing.

Healthy and well-filled seed should be selected for
sowing. Soaking the seed in water {for about
12 hours before sowing improves germination.
The usual seed rate Is 5 to 6 seers per acre.  The seed is sown
in moist seed-bed either by kera, i.c., behind the plough or
by dibbling when the area to be sown is smali. Later on,
plants should be thinned, so that, distance betwecn lines is
5 to 6 feet and from plant to plant 5 feet. In the case of
annual varieties, the distance should be-three feet and 13 to
2 feet respectively.

Growing vex-om.

Seed.
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Crop can be inter-cultured by running the country
Iotereutture snd  plough or any other suitable cultivating
rrigation. implement between the lines. The erop 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 castor is a tedious process, as all
Hurvesting and  capsiles on the plant do not ripen at the

yield. same time and they have to be gathered every
now and then. If ripe capsuies 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 bv rains before being gathered. It is,
therefore, & decided advantage to pluck the ripe capsules
before they shed their seed. 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,
jassid, and Thairy caterpillar are the
most serious pests. Spraying with _rosin
so0ap, 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—Composiiae.
Botanical Name—~Carthamus tinclorius.
Vernacular Name—EKusumbha or 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.  Formerly
it was grown both as & dye and an oilseed crop, but its nse
as dye has declined due to other synthetic dyes having
supplanted it. It is How zoeiply grown as an oilseed or
fodder cxop. The varigfly Iy fodder are less spiny.

-

Pests.
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Safflower is usually grown along with other vadi crops
such as gram or wheat. It is sometimes grown mixed with
cctton also. When grown on the borders of other crops it
serves as a good fence against stray cattle. The crop succeeds
well on light loam soils with a fair amount, of moisture. It
prefers low lands and does not flourish on high lands unless
there are good showers of rain. If sown aloné about 8 seers
of seed is required. The flowers appear in January-February,
when they should be plucked for dye. They are, generally,

icked at once when in full bloom so that they may not
Fose the colour when exposed to the sun. A eloudy weather
at the flowering season 1s very harmful. The petals are 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
collected into heaps in the fields with clods of earth put on
each heap to prevent its being blown about by wind. When
plants are quite , the seed is beaten out with sticks and
then winnowed. e outturn per acre is usually reckoned
at about 1 maund of dry florets for dye and about 4 maunds
of seed per acre.

GROUNDNUT

Natural Order—Leguminose.
Botanical Name—Arackis hypogea.
Vernacular Name—Mung Phali.

The cultivation of groundnut on 2 field scale in the
Punjab is of a recent ongin. Prior to 1913 it used to be
cultivated only as a garden crop on & very small scale. It
was in that year that Mr. Charanjit Singh, of village Talkhran,
tehsil Samrala, district Ludhiana. conceived the idea of
growing groundnut on a field scale. From 1913 to 1930
the crop was grown intermittently. During 1930 about
12 acres were put under groundnut. This was a great success.
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Since then the groundnut cultivation has been increasing
yapidly from year to year as shown by the figures given
helow :

1932 .. 274 acres.
1933 .. 985
1934 .. 3,300
1935 .. 12,000
1938-39 .. 30,000
1941-42 .. 42,000 .,
1944-45 61,000

Ludhiana is by far the most important groundnut
-growing district in the Punjab, growing about 80 per cent.
of the total arca under this crop. Ambala grows about
16 per cent. and Jullundur about 4 per cent. Duraha in
the Patiala State and Khanna in the Ludhiana district are
#the important markets for groundnut. Comparatively small
.quantities are also available in the T.udhiansa, Samrala and
Wachhiwata markets.

Groundnut prefers & sandy soil but it does best where
there is a two to three inch layer of sand overlying a hard
clay loam. as 18 the case in barans areas of Ludhiana, where
this crop is mostly grown at present. The top layer of
sand acts as & mulch, while the lower layers of hard soil are
rich in plant food and are retentive of moisture. The top
Javer of sand facilitates the penetration of groundnub
pegs (gypophores) and reduces the cost of digging the nuts.

There are two varieties of groundnuts: (a) spread-
ing, and (D) erect growmng. As 2 result of research
made on a large mumber of varieties obtained from
many places the following varieties of the crop, namely, As,
D, and B, among the spreading varieties and A, and E 4,
_among the erect growing varieties bave been evolved and
given out to the cultivators.  Erect varieties, as a rule,
are earlier in maturity, give 1aore uniformly matured pro~
duee and are easily haxv , than the spreading :{Pes,
‘but they are more susceptible to Jiseases and aTe low yielders.
They are not, therefore, likely to be very popula.r. The main

points tor the selection of varieties are high vields, high
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oil content and percentage of shell to kernel and uniform:
maturity of pods.

The monsoon breaks by the middle or third week of
June in Ludhiana district. The soil is opened first by means
of country plough before the rains. Deep ploughing is
harmful for the crop because the pegs in that case penetrate
deep into the soil, thereby making the digging out of pods
difficult at the time of harvest. After the first good shower
of monsoon rain the land is ploughed again and worked with
sohoga.  The groundnut is then sown by dropping the seed
in the farrows made by the country plough. About 28 pounds
~of kernels are used for sowing an acre. The groundnuts,
to be used for seed arc handshelled, a day or two before
sowing. All shrivelled and damaged seeds should be re-
jected.  Sometimes the pods are wetted before sheling,
with a view to facilitate shelling, which is a laborious and
tedious task. Wetting the groundnut seeds and pods im-
proves and accelerates germination. Roughly 50 pounds
of groundnuts give the requisite quantity of kernels for
sowing an acre. It takes about 10 persons to shell this
amount in a day, which shows that handshelling of pods is
quite an expensive item In the cultivation of groundnut.
In 1935 a Kirlosker decorticator costing about Rs. 185 was
tried for shelling groundnuts. It was seen that this machine
requires only four men to work it and is capable of shelling
two maunds of pods in an hour. In case large areas are to
be grown under the crop, this machine can 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 entering
the s0il, where the development of the pods takes place.
The pegs formed after the month of August do not form pods,
presumably, because, they are unable to enter the sl on
account of their origin higher 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 considered definitely harmful. Heavy



404

rain in November is regarded as a calamity, as it () causes
some seeds to germinate in sstu, (b) adds to the expense
of harvesting due to the soil becoming hard, and (c) affects
quality of the produce adversely, as the pods assume a dull
appearance, some of them turning black. Such discoloured
pods fetch lesser price.

Tt is essential to keep the groundnut crop clean of weeds.
Two weedings, therefore, are necessary: one in August and
second in September. Ordinarily four persons are required
to weed one acre.

The crop is ready for harvest in the middle of Novem-
ber. The leaves get somewhat crumpled and turn 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 considered desirable that the government
should legislate that no grower should harvest his erop
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 quite easy. The
soil 18 loosened by means of a khurpa 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
feft in the field for four or five days to dry and then collected
in a heap at a convenient place for threshing. The pods are
taken off the plants by means of a piteh-fork into a heap,
and a few pods that remain attached to the plants are later

" picked out by hand. The heap of pods is then winnowed to
clean the produce. Two men are required for threshing
and two for winnowing the iProdnoe ofan acre in a day. It
is, generally, believed by the farmers that groundnut kernels
eaten at the time of harvesting, when they are freshly dug
and are not quite dry, cause a most serious type of constipa-
tion, which may prove fatal in some cases. The bhusg
obteined after winnowing is considered a nourishing feed for
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cattle, becanse, groundnut is & leguminous erop. It is con-
gidered to be heating, 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 be dried for five to six days before
-1t is stored or marketed. The drying before storing is ne-
cessary asthere is, otherwise, a risk of the produce getting
mouldy soon after storing or marketing particularly if the
proper drying has been ignored during the post-harvesting
period.

Cost of culitvation Ra a. p.
1. Preparatory tillage .. .. 1. 80
2. Sowing (two men and a pair of bullocks
and a plongh) .. .. . 240
3. Seed (25 seers of kernels at Ru. 3-8 a
maund) .. .~ .. 230
4. Ten persons for handshelling, at eight
annas a day .. .. .. 500
5. Weeding (B men at eight annas a
day) .. .. .. .. 4 00
6. Harvesting (4 men) 2 0 0
7. Threshing 1 00
8. Winnowing .. 1 00
9. Rent including revenue 780
Total .2 70
Income
1. Thirteen maunds of groundnut at Rs. 3
per maund .. .. .. 3% 0 0
2. Ten maunds of bhusa at 12 annas a
maund .. .. .. 780
Gross income .. .. .. 46 8 0
Net income .. .. .2 10

Tt would be interesting 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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~cultivation 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 Rs. 20
-from groundnut. The substantial difference in the net in-
.come obtained from tbe two crops is respomsible for the
-rapid replacement of moth by groundnut in this part of the
province. The total area under groundnut during 1943-44
being 48,600 acres the additional income that accrued to
‘the groundnut growers in the province by growing groundnut
in place of moth, as caloulated at the pre-war rates,
~amounts to Rs. 9,00.000.

Kernels are consumed either in the form of roasted
nuts or they are eaten raw, but roasted nuts
are prelerred, though in the south-western
.districts raw nuts are consumed in large quantities. The
varieties having large well filled kernels are preferred
for eating. The demand for groundnut for eating purposes
is entirely confined to the winter months, as it is con-
sidered to be heating and drv food. The kernels are
also used in small quantities by confectioners, by adding
the groundnut kernel as such to some sweets in place of
almond or other expensive nuts. The groundnut oil is
used as a cooking medium. {or adulteration with ghee and
for the manufacture of vegetable ghee, but the bulk of it
a5 used for manufacturing vegetable ghee. There are two
vegetable gheo factories : one at Lyallpur and the other at
Begamabad in U.P. on the border of the Punjab. The
groundnut cake is used for feeding of cattle, though in
.other provinees it is used as manure also. Wherever
oroundnut cannot be successfully grown there appears to
be a scope for Soya Bean which is also a leguminous
.otlseed.

Uses.

LINSEED
Natural Order—Linege.
Botanical Name—ZLinum usiatissimum.
Vernacular Name —4lst.

The total area under linseed is 33,000 acres. This
-makes sbout 1) per cent. of the total area grown under
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linseed in India. Tt is mostly grown in C.P., Bihar, and
United Provinces. In the Punjab it is chiefly grown in
Kangra, Gurdaspur, Hoshiarpur and Sialkot districts.
In India it is grown for seed. while in Europe and America
it is mainly grown as a fibre crop. Efforts to grow linseed’
for fibre in India have so far resulted in failure. A per-
sistent effort was made in thix direction i Bihar from
1907 to 1910 when a Belgian expert was engaged but the
results obtained were not encouraging. The experiment
was tried at the Agricultural Farms, Lyallpur and Ludhiana
in the Punjab slso as early a: 1906 by obtaining seed of
Russian flax from the Director of Agriculture. Bengal.
"“The yield of warious products per acre was as follows :

Sead .. .. .. .. 205 pounds
Fibre .. .. .. .. 127 pounds
Straw .. . .. .. 1,754 pounds

As the process of “retting” was far too difficult for
an average cultivator, the worle was stopped. The
experiment was again tried in 1921 by obtaining seed from
Cawnpore. Half of the crop wis harvested before the seed
was ripe, while the other half was delayed till the seed was
mature. Results are given below :

Harvested Harvested
when seed was  when seed was-

unripe. ripe.
Lbs. Lbs.
1. Seed .. .. Nil. 555
2. TFibre .. . 1160 860
3. Tow .. .. 830 340

It will be observed that in securing the high yield of
fibre the seed has to be sacrificed. The fibre sent to Ireland’
for opinion was reported to be dry and barsh and was con-
sidered equivalent in quality and value to third-grade Irish
flax. It appears that a flax which produces poor oilseed’
produces a good fibre. Attention should, therefore, be-
concentvated on obtaining one product only. The trials.
so far made suggest that much more systematic ands
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sustained experimantal work regatding acclimatisation,
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 freely, and the selection
should, therefore, be done on that basis, though branching
can be coneiderably decreased by thick sowing. The types
grown in India, as the crop is cultivated meostly for seed
purposes, branch freely. Types Nos. 5, 23 and 31 evolved
at Lyallpur 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 Punjab
is for seed production only. The seed is mostly used for
foeding the cattle. Tt 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 gur 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
cyop Like wheat, to prevent damage to the wheat crop from
the passing animals, particularly goats. The young plants
of linseed before flowering bave a poisonous effect when
taken by goats. The poisonous effect, however, disappears
after fowering.

It prefers heavy soil. The seed rate per acre is six to
cight seers. It is sown 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 Kangra, however where
it is grown on a field scale it js threshed by bullocks. Some-

"times it i3 grown mixed with peas. In thiz case the two
crops are harvested and threshed together. The winnow-
ing is done just like wheat. The linseed bhusa is used as &
fuel, or for making in mud plaster for increasing the binding
effect. During the crushing of oilseeds the%s often mix
it with the seed in order to secure a binding effect on the °

meal.
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The yield per acre is about three mounds. ‘.
rather low, and is due to the fact that most of the linsee
grown in the Kangra district, where the usual practice is v
sow linseed in the standing crop of rice, and the average
yield there is only 1} maunds per acre. This low vield of
Kangra district brings the average for the Punjab down.
In other districts such as Gurdaspur, Sialkot and Gujrat
the vicld is about 4§ maunds per acre. When crushed in
the countrv kohklu it gives about 25 per cent. oil. The
cake is highly valued as a cattle feed. The cake is
obtainable from Calcutta.

There are two types of linseed : the small seeded and
the bold seeded. In Punjab generally the small seed is
sown as it suits the climatic conditions best. 1t is late in
flowering and Aowers more profusely than the bold seeded
variety. As winter is more severe in Kangra district the
small seeded variety flowers at a time when severc winter
is over and consequently escapes damage from severs cold.
The bold seeded variety on account of its earliness is evi-
dently at a disadvantage. In Kangra linseed is generally
sown broadcast in standing rice and no effort is made to
cover the seed with soil. Under these conditions the small
seeds are said to strike roots more readily and give a better
germination than the bold seeds. The yield of oil per
mound of small seeded variety is 11 seers und 12 chataks

maund, while that of bold seeded is 13 seers
and 14 chataks, per maund. 1t will bo seen that in case
of bold seeded variety the percentage of oil is about 33
per cent. as against 29 per cent. in the case of small seeded.

Linseed oil is used for manufacture of soap, paints
and varnish, sports goods, medicinal uses and edible
purposes, but the bulk of it, i.e., 90 to 95 per cent. is used
for soap manufacture.
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CHAPTER XVI
FIBRE CROPS

COTTON

Natural Order— Malvacee.
Botanical Name—Gossypium herbaceum.
Vernacular Name—Kapas.

Cotton is the world’s most important, plant fibre. Tt ia
grown over a large part of the world between latitudes 43°
Nand 33° 8. Althongh the bulk of cotton area is confined
to the U.RA. India. Egypt, Russia and China, it Is culti-
vated in a large number of other countries as well, such as
Indo-China. Siam. East Indies, Southern KEurope, Anglo-
Egyptian Sudan, Brazil, Mexico. Pern, West: Indies, etc.
The total area under cotton in the world for the four-year
period, ending 1942, was about 73 million acres with a
production of about 29 million bales of 500 pounds each
(478 pounds net—American standard). The average area
and production in the important cotton-growing countries
are shown below :

Area Produc- Yield

(mallion tion por acre

acres).  (smillio (bales),

bales)

U.8.A. .. 239 12-0 052
India .. 22- 0 15 020
*China . 57 2-2 440
*Russia .. 50 35 070
Egypt .. 1°4 1°6 120

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 words, the
yield per acre is only one-third of that, in USA. Vay

*The figures for China are for three years ending 1041 and thoss for Russis for

two yoars ending 1040,
411
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high yield per acre in Egypt, t.e., six times the ywld in

India, is noteworthy.

India which enjays the distinction of being the birth-
place of cotton had about 235 million acres
under cotton for the quinguennium ending

1941-42 with a production’ of 5°5 million bales of 400 pounds

each (net weight 392 pounds). The area and production

for the important cotton-growing Provinces and States is
shown below :—

Area.

Area  Production Yield per
(mallion (matlion acre (bales)

acres). bales ).
*Bombay .. 5'8 1.1 2
C.P. & Berar 37 076 ]
*Punjab 3:6 1'5 4
Hyderabad 34 05 *15
*Madras 2-3 05 21
*Sind .. 1-0 0-4 4
Central India .. 11 0-2 ‘2

The yield per acre in Punjab and Sind is the highesi—
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
85 per cent of the total cotton area in India, but the total
production was 11 lakk bales, 1.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 provmce in I};xdla (see statement a,bove) In
recent years due to “Grow More Food Campaign” and com-
paratively low price of desi cotton, with the outbreak of
hostilities with Japan the total area under cotton has come
down to 2} million acres. ' The ares under desi cotton haa
decreased by 0+5 million scres, while that under American

*Including Indian States.

.-
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ootton has increased by 0'3 million acres. Even under
war conditions the Punjab has retained its position as the
Premier cotton province both as regards staple and gross
production.

Excepting the montane and submontane areas cotton
The Irigated 18 Grown wherever irrigation is possible and
sadbaranicotton.  the land not excessively sandy. In the
Punjab cotton is almost exclusively an irrigated crop. Nine-
tenths of the crop is normally irrigated and it is only in the
extreme South-East of the Province that a moderate yield
is sometimes obtained withont irrigation. The season in
the Punjab is shorter than in other Provinces on account of
cold winter temperatures. and unleas the crop is sown before
the monsoon and by means of irrigation, the crop cannot
yield well. The best yields are obtained in the canal colo-
nies and the South-Eastern Districts of Hissar and Rohtak,
ete.

Th. average for the province may be taken at 7 maunds
of kapas (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 maunds of kapas (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-
soni 39" from an experimental plot of 1/40th of an acre in
1940-41 and 37-26 maunds per acre for American cotton
(199F) from an experimental plot 1/36th of an acre in 194243
at B.C.G.A. Farm, Khanewal. These yields are 6 to 7 timea
the average yields. Thisindicates the scope for improvement,

According to official statistics, the Punjab produced
about 3 lakh bales of cotton of 400 lbs. each

Totsl production. in 1906-07, which gradually rose to abont
five lakh bales in 1920-21. A large bulk of

cotton till then was desi. The production after dropping

Yield.
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to less than 3 lakh bales in 1921-22 due to partial failure
of Punjab American cotton rose again and fluctuated bet-
ween 5 and 8 lakh bales till 1932-33. Tt rose to over 12
lakh hales in 1935-36 and over 12} lakh hales in 1936-37.
Since then the production has heen fluctuating between 10
and 12 lakh bales. 1t must be remembered that the official
fignres of production are somewhat under-estimated. An
enquiry made by the Indian Ceutral Cotton Cormimittec in
1933-34 revealed that the per capita consumption of dest
cotton Jint in rural areas was 3'7 Ibs. in major cotton-growing
tracts, 298 Ibs. in minor cotton-growing tracts and 2:35
Ibs. in the non-cotton growing tracts. The average for the
entjre province worked out to about 3 lbs. lint per capita.
The consumption of American cotton was only 027 lbs.
per head per annum, because American cotton besides being
more valuable, is difficult to spin on the hand-wheel (charkka).
On the basis of 3.27 1bs. per head the consumption of cotton
in. the rural areas of the Punjab works ont to about 2 lakh
bales. In addition about 25 thousand hales arc used in the
urban arcas. If these figures were added to the cotton
pressed in the factories, the total yield in the Province is
not less than 12 lakk bhales. The amount withheld from
the general market varies greatly from year to year accord-
ing to fluctuations in the prices of cofton and also of piece-
goods. Although the area of coton in the province is pro-
portionately not great (only about 8 per cent. of the cropped
area), vet 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 per maund as the average
price of kapas, the value of cotton crop in the Punjeb is not
less than 18 crores of rupees as agalnst 52 crores from wheat
valued at Rs. 5 per maund.

Cotton does not do well on very safndy soil, but it cz;n
. be grown on any class of soil, excepting on.
Soils suitable. thegl\.;'ery Iightesy;,. It is a crop wllil(l:llllg glveyx;
& good return 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 heavy dressing
of farmyard manure for some previons crop. This seems
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to be the better meothod. An average crop on unmanured
land may be about 5 to 6 maunds per acre.

The yield from cotton on land previously manured for
Yield on good IDAiZe oF sugarcane may be twice or more
soils. than twice the above amount, but such a
heavy crop can hardly be obtained by direct manuring.
The reason for this necessity for manuring the cotton
indirectly is not very obvious, but the explanation probsbly
lies in the fact that during May. June, Jr:ily and in & dry
year, even in August too, the soil in a cotton field is much
exposed to the sun and irrigated onlv at long intervals,
so that. in the dry hot weather which prevails during these
months, the upper soil becomes extremely drv. These
are the ideal conditions under which farmyard manure
can be rapidly wasted or ‘burnt’ out of the soil (by oxidation
and denitrification). Cotton is generally manured direct
only when it follows the wheat crop. Such cotton is always
at a disadvantage, for it is late sown, there is not much time
for thorough preparation of soil, and it is on temporarily
exhausted soil. The only hope of getting any good return
from such cotton is to manure it, and to water 1t more fre-
quently during its early growth. Tt must not be thought
from the above that the cotton crop is always grown on rich
soil. Tt generally is when grown on land irrigated from wells,
but in the canal colonies rotton i3 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 the
Ressons  for COlect of any manurial residues in the soil is
cotton requiring  bhe fact that it is almost invariably sown in
land . Jn good  Jand which has been fallow for but s few weeks
: at the most. Cotton does best when it is
sown after senji or berseem following maize. The senji is
removed in the latter part of February orin March., Both
on eanal land and land irrigated from wells, cotton is
sometimes sown after sugarcane, and wherever a Tela-
tively large area of cotton is sown; some of it will usually
have to be sown after wheat.
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Tn the canal colonies specially Lyallpur & great deal of

cotton follows toria, in fact when lorse
Pw‘stigo ;:'es the jg fetching a good price more than half of the
ovnst calonies. o will follow this crop.  There is, how-
ever, a general impression among practical farmers that
cotton after toria does not yield well. Sugarcane s Te-
moved from the soil chiefly in January and February,
toria in January and the wheat and gram harvest starts
in April- Since the cotton must be sown in May or June,
it is evident that none of the soil is fallow for a long time
before the cotton 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
gown 18 suitable for cotton, which it generally is not, since
on irrigated land it is only profitable to grow gram on land
which is too sandy t0 CaITy wheat. Dest cotton can tolerate
and grow well on soils which are of medium fertility but it is
very essential to sow American cottons on vich and fertile
lands. Fallow lands and lands, which were previously under
summer OT winter fodders, gram or sugarcane, should be
preferred for American cotton. There is also some evid-
ence that cotton would do well after mash, moth,
lobia or guara SOWD 88 & catch crop and ploughed in May.
Round about Okara it is & well-established practice to SOW
cotton on land green manured with guara m the previous
gummer and left fallow during winter.

The land on whieh cotton is to be sown seldom Teceives
Number of TOTE than four plonghings, and often only
ploaghings- one or two. The only exception is when
cotton follows sugarcane. Tn this case the soil bas to be
ploughed and broken with the barrow to dismtegrate the
gugaycane stumps.

Generally no direct manuring is given to the cotton

crop 88 previously mentioped. In the cen-
tral districts, where area under cotton. is
small, people sometimes apply 15 to 20 cart-
Joads peracre. - In the sub-montane districts, where cotton
ia gown along With vegetables, it usually receives s heavy
dose of farmyard manure. Tt is, however, desirable to

Manuzing.
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manure the cotton crop, particularly American variety,
following exhaustive crops. like wheat and toric, with
ammonium sulphate at the rate of 23 maunds per acre
just before the plants start flowering.

In the South-Eastern districts sowing starts in the
The time of middle of April, depending upon the supply
sowing. of water in the Western Jamuna and Sirhind
Canals and continues upto the end of Mav.  Burant crop
in Ambala, Gurdaspur and Hoshiarpur districts is sown
by the middle of June depending upon the first shower. In
Ludhjana and Jullundur, where most of the crop is irri-
gated by means of wells, sowing ix either done us early as
March or as late as June. Tu canal colonies, rowing is
usually done from the beginning of May to the middle of
June. In the Sonth-Western districts of Multan. Muzafiar-
garh and Dera Ghazi Khan, where cotton sowings depend
upon the inundation canals, it is usually sown in the heginning
of June

Experiments have revealed that optimum time of
sowing cotton crop in the central canal colony districts
is from 15th May to 15th June, while in dry and arid distriets
of South-Western Punjab, late sowing from end of May to
end of June may be practised with impunity. It should
be noted that in the previous edition of this baok, published
in 1921 we recommended sowing American Cotton in April
in the canal colonies. The incidence of trak, 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

Propazation of  on the wet ground or in cowdung or in moist
and secd-rate. earth. The object of this 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 sowing. Seed from the first and Iste
picking is not used, as it is liable to be unsound 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 seers. The e ience has, huwever, shown that 4
seers of seed-rate for des: cotton, 6 seers for naked or partly-
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neked seed of Punjab Americans such as 4F and L.8.8.,
and 8 to 10 seers for fuzzy seeded Punjab Americans such
a8 280F, 289F-43 and 289-K25, gives a very good stand,
but requires thinning. In the case of large seeded thick
fuzzy varieties and the late sowing higher sced 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 dry soil just before sowing so that the seeds
become separate and can then be sown easily. The soaked
seed should be handled very gently.

The land is always irrigated before sowing. If the
Sowis seed is to be sown broadcast (chhalta}, the

& land is ploughed once with country plough,
a8 soon as it is dry enough. The seed is broadcast after this
ploughing and the land again ploughed and levelled with
sohoga. The second ploughing may be omitted or more
commonly, if time presses, the seed is first broadcast, and
the land then ploughed and levelled with sokage. Before
sowing the soil should be allowed to dry no more than is
necessary 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 sowingin line at
the instance of the Agricultural Department. There is
probably no great objection to sowing by broadeast om
well-irrigated lands. For, there the size of fields i8 30 small
and these are further sub-divided into very small compart-
ments (kiarss) for irrigation, that the subsequent hoeing must
be done by hand. On the well lands, the soil is, moreover,
generally, maintained In very good physical condition al
the time. The cultivators in the canal colonies still follow
their old methods of cultivation they practised in old
districts, although it.is unsuited to the new conditions.
The cultivator on the cansl land . sows larger area of cotton
apd he sows it a8 has already hsen 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 a-very expensive method. In point of fact
it is never inter-cultured effectively and the yield suffers in
consequence.

In the canal colonies cotton sown by broadcast is often
partially inter-cultured by ploughing between plants with
desi hal as well; as this can be done without unnduly
injuring the plants. This is not done until the plants are
quite big, usnally 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 so0il and avoiding any excessive amount of damage
to the plants.

Sometimes, in the ordinarv practice. cotton fields are
the ot ot hand-hoed once. This is effective so far as
intor-culture  of  Jt goes, but this operation is expensive, the
broadosst  Beld. - pyerage cost being upward of Rs. 3 per acre.
As it takes one man upwards of five days to hand-hoe
one acre with khurpa, very few fields are ever hoed
more than once.

Tf, on the other hand, cotton is sown in lines, it can be
frequently and effectively inter-cultured at
Linewsowing snd o, very low cost. The plots sown in lines
mpementie: are hoed with a bullock-drawn hoe at leagt
once after each rain or irrigation, until the plants are too
big for it to be possible. This will be until about the middle
of Angust as a rule. The number of hoeings will be about
gix 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 1is less than that of one hand-hoeing
with khurpe.

Under the average conditions of soil fertility and when
Distence  bet- the crop is sown at the optimum time, the
ween linos. most appropriate spacing in American cotton:
is 8 feet between rows and 15 inches between plants, while
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in dess cotton best outturns are obtained by spacing the
rows and plents at 2} feet and 12 inches respectively.
In the case of low fertility of the soil, ox when sowing i8
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
qooibod of line- wheat, or by means of Kharif-drill, hand-drill
’ or por-hal. The kharif-drill, the use of
which has been described in a previous chapter, sows two rows
at atime. Recently it has been found that single row cotton
drill evolved at Liyallpur 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. Tt also permits of the use of less costly buliock
power in the hoeing of crop-

A frequent cause of poor germination or failure of ger-
mination in cotton is the thin crust formed as

JJamowing afier g result; of the light showers of rain which often
faint occur at this time of the year. Practicelly
every year a certain percentage of the cotton
ares 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 cause a troublesome crust to form, if it were not that
the surface of the soil is already much compacted by sokaga.
Experience at Lyallpur has shown that any crusting which
occurs on harrowed land is generally insufficient to do any
harm whilst adjoining fields left without harrowing are so
badly crusted that .a zamindar with only the ordinary
implemants would have to re-sow them. When a crust forms
e $he soil immediately after sowing, and if the rain is very
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light, so that the soil dries very quickly, sohage used very
lightly and tilted upwerds will break the crust without
‘doing any great damage. If, however, the plants have
started to germinate, sokags cannot be used and the
ordinary farmer is helpless.

The harrow should be used directly after sohaga ;
Usesof the bar 1t should not be used instead of sohaga
bharrow for cotion.  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 acre can be harrowed in'a
couple of hours. The harrow should also be used to break
the crust if any is formed. Tt can be used before the seed
germinates, or as soon as the plants are a couple of inches
high. It is only when the majority of the plants are just
appearing above ground that the barrow will do any serions
damage. It can thus often be used when the sohage
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.

Tt is difficult to give precise and simple instructions for

) the watering of cotton owing to great variation

ovatering ©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 Dbe the best practice on
average soils in the complete absence of any rain.

If the germination of the seed iz very poor, 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, s, 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., 1t needs waterings at intervals of four or five
weeks. Experiments at Lyallpur tend to show that about
two waterings before mid-July are ample. During the next
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7 or 8 weeks, in the absence of rain, at least three waters
may be given with advantage at 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 teceive
just about the same irrigations, excepting that the last
watering is less mnecessary, but in this ease it is nsually
given for sowing of senji. With either lind of cotton
slightly longer intervals are permissible 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 irrigations. Oun 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 affer
20th October, do not materially benefit the crop, excepting
in the late varieties, which may be given one watering in
November. The reason that more frequent irrigation is
advantageous during August, September and earlier part
of October is that this 15 the time when flowers appear.
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 fowers which seb, 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
not open into flowers, majority of them dropping before
formation of flowers. It has been calculated that not more
than 2530 per cent. buds open into flowers. Agsin all
these flowers do not produce bolls. Experiments conducted
at Lysallpur show that in the case of 4-F 61 per cent. and in
the case of 39 Mollisoni 65 per cent. flowers fall without
making bolls. Further, all the bolls set do not open and
gentribute to the yield of kapas. Some of them may drop,
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while others may not open due to severe cold. Exact in-
formation on this point is not available. It has also been
found out that it takes 324 bolls in the case of Mollisoni
and 270 bolls in the case of 4-I' to produce 1 Ib. 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
re%pectwelv are required to produce 8 mawnds of kapas
per acre. It will, thus be seen that the number of buds,
flowers and even bolls borne on a plant are not neoessanly
an indication of the yield of kapas. Tt also indicates that
there is a tremendous waste of plant energy in producing
larger number of buds and flowers which never set and if
set do not open to produce kapas. It is evident that there
18 & great scope for research on this important point either
by way of evolving varieties or by finding ouf 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 yield can be
considezably increased. It would also be interesting and
advisable to investigate the shedding percentage of buds,
fowers and bolls in those places or plots where high yields
of over 30 or even 40 maunds of kapas are obtained, 8o as
to find ont the factors 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 Aungust or
beginning of September in the case of dest
and early strains of the Punjab American
cotton, from middle ot October in the case of 4-F and end of
October or beginning of November in the case of 289/F and
L.S.8. The date of first picking may fluctnate within
a fortnight, from season to season depending upon the
weather conditions. In wet years there is excessive vege-
tative growth which makes the crop late. In years of
drought the crop may be ready earlier than the normal
time. In the South-Eastern tract picking starts about a
fortnight earlier than in the canal colonies.

Picking.
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The pickin%: of American cotton go on until Iast bolls
ave killed by frost 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 8 to 10 weeks after the first picking.

The picking is done chiefly by women, children and
Method of menials, who pluck the seed cotton from open
pioking. 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 short intervals of not more than 10 days, especially
in the case of dest cotton and at larger intervals in case of
American, when the bolls are opening in the greatest num-
ber. The total number of pickings 1s 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
i8 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 pickin share given, depends on the amount of cotton
P'PEERE 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
a8 high as a quarter or even sometimes a half. During
the middle of the season the proportion is 1/12th or even
1/61th. The proportion of the whole crop given to the
pickers is reckoned to be about 1/10th and is probably
often as much as 1/8th. 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 kapas
in about § hours. :
Owing to the dry atmosphere during the picking season
Leaf in Pi.,hged and later (after November 152!1) owing to
caton. night frosts the leaves become brittle. " Early
ickings up to the end of November are much cleaner than
E&a ones. They contain only small parts of 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. Tt 1is only in case of Jangle 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 B
on the whole cleaner because the leaves are green during the
picking season. The actual picking in the U.8.A. is much
rougher, but American cleaning machinery in the ginneries
can deal with even boll locks.

There is, however, some carelessness in the matter of
mixing with the clean cotton the stained locks off the
ground or off the plant, and improvement in this respect is
possible.

The question of clean picking has been receiving the
Eaperiments in  &ttention 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 dest and Rs. 1/4/- for American per 100
1bs. of cotton, besides loss in weight involved. Since the
trade did not offer enough premium to cover the extra
cost of picking clean cotton the farmers had no induce-
ment todo 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. 1/4/-
respectivefy per 100 pounds of cotton (fint). 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 kapas, but buyers estimated
that it was worth annas two o annas 4 per maund more
than the kapas picked in the ordinary way.

In the later part of the season some seed cotton is
. brought into the markets containing more
Dempiog Bopos 1 oisture than it should. Tt is often said
that cotton in the villages is placed in witercourses or
in damp rooms deliberately, so that it may absorb
moisture. This, possibly does vecur. but it is certainly
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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 heavy
in this Province, and the pickers generally do not start work
until Jate in the day in order that the cotton 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 storage, 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 kapas isplaced in wet watercourses
80 as to absorb moisture, and consequent increase in weight.
Those who indulge in this practice little know the harm
they 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 becomes 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
Bosponsibility of Tunjab markets is in a very fair condition, and

the huyers, the remedy for any carelessness lies in the
hands of the buyers, 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 buyer takes withoud
allowance kepas which is not up to standard.

With the exception of a few lazge estates and & number
Saleof tapas  OF big landlords who can afford to withhold
wnd sotton. part of their surplus produce in the hope of

gedting better prices, later, most of the cultivators dispose

3
* "
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of their marketable produce as soon as the bulk of it has
been gathered. Nearly 60 per cent of the marketablecotton
is sold during November, December and January, asthe
cultjvators have to pay land revenue and water rates which
are due in December and January. About 95 to 98 per
cent of the crop is sold by the end of March.

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 representatives of the exporting
firms or mill owners or in Bombay through brokers.
Factories work at full swing during November, December,
January and February. TLocal 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 farmer on reaching the market hands over the
Malorachi kapas to the arhatiya who is  respon-
practice sible for the completion of the sale and
protecting the interests of the seller. A number of unfair
deductions are sometimes made by the buyer—especially
in case of carts where the quality inside cannot be easily
examined until delivery is being taken. Itis then difficuls
for the seller to reload his goods and he is sometimes penal
lised unfairly in consequence. Onthe other hand some sfnall
dealers deliberately put mixed or dest 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 Markefing
Committees. Malpractices are gradually disappearing in
consequence.
There are two main types of gins which are useg for
. inning cotton—(1) hand gins, and (2)
Ginning of ecton. %ower ggms 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
otber. The upper 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 gmning
small quantities of kapas for domestic purposes only:
Before guining, kapas is dried in the sun and opened up by-
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beating with a stick. A woman on an'average can gin
about 7 seers of kapas per day. The ‘fly’ loss in this case
is small, only about 5 per cent.

The power gin machines are of two types, viz. single
and double roller gins and saw gins. The gins most
commonly used in this province are single roller gins, manu-
factured by Platt Brothers, Manchester. In a large factory
a baftery 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 dustand dirt isremoved and the kapas
bacomes fluffy. The usual capacity of the machine is 1}
maunds to 24 maunds of kapas per hour depending upon the
variety, and condition of the kapas. Larger quantity of
desi kapas and of smooth seeded American is ginned per
hour than of fuzzy seeded American, such as 289/F.

Double roller gins are found mostly in South-East
Punjab. The capacity of a double roller gin is about 1%
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 cleaper. 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 Amarican cotton the use of

Saw ginns saw gins has also increased in this province.
" ginnige: They are used for ginning ejther pure Punjab
American kapas or its various mixtures with desi. Pure
desi kapas is ravely ginned on these machines. The output
of & ‘saw gin’ with 80 saws of 12”diameter varies from 15 to
20maunds of kapas per hour or about ten times as much as
& single roller ?macfjﬁie would do. In other words one
zoller gin equals eight saws. The saw gins are becoming

w



429

very popular on account of their large output and great
saving of labour. Some of the machines are fitted with
self-lifting and self-feeding arrangement which further
reduces the cost. The ‘By’ loss is , however, larger than in
the case of roller gins. Some lint is left on the cotton seed.
On an average s maund of American cotton ginned by roller
gin might give 13 seers 4 chhafaks of lint and by saw gin
12 seers 12 chhataks a loss of 8 chhataks. The premiuvm
for saw gin cotton must be enough to cover this loss.

In 1921, when the first edition of this book appeared
. : there was only one saw gin plant in the
Pt Punjab. Tt yilad been originalll)y bought by
gine. 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 mote 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
Cont of giani in conjunction with the ginning factories,
and prossing  and mosb of the expenses such as those for
cotton. coal, water, miscellaneous stores, engineer’s
services, ete., are common %0 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
cost of the factory, its working cost and the number of
bales ginned and pressed. In the-marketing surveys on-
cotton in 1938-39, the cost of ginning and pressing per bale
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for the year 1938-39 was worked out to be about Rs. 6. The-
details are given below :—

Rs. a. P
Steam . .. 012 0
Lubricants - .. 030
Leather beltmg 0 6 0
Hoop 010 0
Hessian . .. 0 5 6
Misc. stores BN .. 06 3
Engineering .. 06 3
Labour 0 6 0
Pressing 020
Misc. charges, such as water,
insurance etc. . 3 0
Interest on capital .. 1 383
Depreciation .. .. 1 00
Total .. B15 3orsay Rs. 6

In 1939-40 when the war started, it was worked out-
to be Rs. 8 per bale. During 1944, it was about Rs. 20/-.
The Indian bale weighs 400 lbs. inclusive of tare -
. (sacking and iron bands). The average
Tho Tadian bole. djmens%ms are about 487 x18"x18”, afd
has a density of 45 Ibs. per cubic foot as compared to 23 lbs.
for US.A., and 85 lbs. for Bgypt. The sacking and iron
straps welgh 7 or 8 ibs., and, therefore, the nett weight of -
the lint is on an average 392 Ibs. Most of the presses are
of the above standard although recently a few have been
installed which turn out bales of 27" x27" X 27", but weigh-
ing about 400 lbs. The press at Mela Ram Cloth Mill,
Lahore prepares bales of 246 lbs. 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 boras it is allowed to rest for 24
hours. It is slightly moistened also by sprinkling water
on the outside hessian or in the ground before pressing.
Even then it weighs only 372 1bs. as against 392 Jbe. in the
scade-of roller-ginned cotton. .
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The delinting machines are of recent growth in the
Punjab.  As mentioned earlier the cotton
seed produced by saw gins carries a small
amount of lint on it and sells in the market at a discount
of Re. -/-/6 to -/2/- per maund. To remove this disability,
the delinting machmes 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 togethgr on a rapidly revolving shaft. At the back
of these saws, very close to these runs a long cylindrical
brush which catches the fibre or 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. -/1/- to -/1/3 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 linters in India for these purposes.

Delinting machines,

Cotton in Bombay is sold on the basis of a candy
Sulo in Bombay, Of 784 Ibs. The Bombay candy is based
s " on the Bombay maund of 28 lbs. and is
28 such maunds or two bales of 392 Ibs. net. The cost
incurred in ginning, pressing and sending the hales to
Bombay and selling there are somewhat difficult to
estimate, for some items 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.
(1) Freight to Bombay per candy 40 0 0
(2) Pressing charges for two bales 20 0 0
(3) Insurance, brokethge, commission,
carting at rail heads, etc. .. 10 6 0
Total charges on lint per candy 70 0 0
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One candy is practically 93 maunds so 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 9.

Thus, if lint were worth Rs. 500 per candy at Bombay,
the corresponding price per maund of lint in a Punjab
market should be (99(;?191:443’(%?01' about Rs. 45-4-0.

-

The proportion between lint and seed in the seed cotton
is about 1:2, so by dividing the local price of lint by 3 to
get the price of ‘seed cotton’ per maund we must deduct the
cost of ginning 3 maunds of ‘seed cotton’ and add the value
of 2 maunds 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 Re. 2 had to be added to
the local price of the lint. Ifthe Jocal price of lint is Rs. 45-4
per maund, to get the price of seed cotton corresponding to
this, on the basis given above, we have to add Rs. 2 and
divide by 3: this gives us the local rdte of seed cotton to be

Lo 4140 Rs. 15-12-0.

A small part of the crop is bought in the form of seed
cotton by exporting firms or mill owners who hire a
gioning factory for ginning. The bulk of it is purchased
by the ginning factory owners who sell the lint, usually
immediately, either locally or in Bornbay. As the freight on
laose seed cotton is high and it is a material which is Lable
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 bebter market.
If kapas prices are 4 anngs per maund lower in  Khanewal
than in Mian Channn which is 25 miles away, buyers from
the latter place can afford to buy at Khanewal and
transport the kapas to Mian Channu. Moreover, the ginners
have never been able to combine to cus prices to any
. ...great extent. though “pools” are often formed.
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This is one of the biggest abuses in connection with

the marketing of American cotton. The

Jixing of Amerl- relative price to-day (1945) of desi and
ginning factories.  Amnerican 4F is say, Rs. 10-8-0 and Rs.
18-0-0. A mixture of 5 or 10 or 15 per cent..

of desi kapas in American kapos, 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
Rs. 16 a bale or Rs. 32 a candy. It is sometimes
advocated that in order to get pure cotton the mills
and exporters shonld 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 cotton altogether in a year and generally
its requirements of any one 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 m other stations. A local factory owner claims that
he mixes American and dess because buyers require mixtures.
A 1mil) or an exporting firm wishing to buy 20 per cent.
mixture, a8 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 dest, 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 and for ginning and pressing
factories to be licensed and compelled to gin only pure
cotton. The spinning mill§ 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 as mixed, which may be pure,
but which contains third pickings. All this compheates 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
History of the W8 made in 1840, when a dozen American
“imtroduotion of planters from the U.S.A., were settled in
American 0t02.  yarious parts of the country. The only place
where they succeeded was Dharwar in the South of Bombay.
Incidentally, 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 lakk
bales are grown at Dharwar. Later came Combodia cotton
‘in Madras early in the Century. Inthe Punjab, Mr. Francis
(a Deputy Commissioner) tried to introduce American cotton
'in 1880. Scattered plantsof American persisted in the fields
and were common when a government farm was first started
at Lyallpur in 1902. The firm of Mela Ram & Sons
(Hon’ble Ram Saran Dass, C.L.E.) offered rewards for the
growers of nurma (American cotton). It was only after
-agricultural officers were vecruited 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 dest during
the last war led to rapid extension of American cotton.
The basic condition for success was canal irrigation which
had made great strides with the opening of the Lower
Jhelum and Lower Chenab Canals in 1502 and 1891 respec-
tively.*
The credit for the introduction of American cotton in the
Gredit. for intro. Lunjab is entirely due to Government action
duotion of Ameri. through the Agricultural Department. The
oan cotton. creation of the big perennial canals by the
Irrigation Department made a large area of the country
suitable for this crop. The Agricultural Department fostered
and advocated the growth of this crop in face of considerable

- wPor fuller details @oa references below,
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difficulties, until it now constitutes the bulk of the cotton:
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
Bahawalpur 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..
Soloction  ana  Lhese were the testing of the different strains
distribution of found in the seed collected from the stray
imported 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
country 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 Agriculbural’
Department. Still great difficulty was.
experienced, for few buyers were interested,
and those who were, found themselves hampered by the
unsatisfactory state of affairs inregard to ginning, already
described. However, the growing of this cotton gradually
spread; it received a distinct impetus in one or two years,
when the desi crop was badly attacked by bollworm
or damaged by heavy rain, from which American
cotton suffers less than the country variety. By 1919 the
suctions bad become an important factor. In 1913 the
area of American cotton in the province was estimated at
30,000 acres only but by 1919 the aTep had reached 350,000
acres.

There is no doubt that early progress was greatly
Importance of hindered by the practice of importing seed
wsing localseed.  from Bombay (Dharwar) instead of distribut-
ing local seed; for plants from the imported seed were not
bardy under Punjab conditions. Actually most of the area
referred to above, was grown from seed kept by the farmers

Auction sales,
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wthemselves 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 selection, 4F, from the original
4F Amercan 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, starting just before the cotton
geason of 1814, removed the difficulties in commanding
 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,
‘however, some 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 & minimum, yet
the proportion of American was much higher. Since that
date the very high prices commanded by the American
Jint, 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 ares of €arly part of this eentury and it was not
American cottou.  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 wentabove 1 million acres as a
result of high prices, but due to partial fajlure its area went
down again and remained between 7 and 8 lakk acres from
1927-28 to 1934-35. In 1835-36, it rose to 1-3 million
acres, and since then it has been more or less 1} million
acres. In 1943-44, the ares was 1°8 million acres.
With a Yiiew to bringing about improvement and
; ateat  d€velopment of cotton in this country, the
cI;g'o:n Cao:mic- Indian Central Cotton Committee wasr);stab-
lished in 1921. This Committee was financed
by levying a cess of Re. 0-2-0 on every bale of Indian cotton
-exported from India or consumed in mills in this country.
Its chief functions are: (1) to advise the Central and Local
Governments on all questions pertaining to - cotton,
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(2) to finance and direct research on problem3 conneoted
with the improvement of Indian cotton, (3) to finance
gchemes for the extemsion of long and medium staple
cottons and of improved varieties and their marketing, and
(5) by the enactment and enforcement of various legislations
such as the Cotton Transport Act, and the Cotton Ginning
and Pressing 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 boll 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 populerises 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 excess of local require-
ments for purposes other than the production of textiles,
such a8 making of cotton belting, artificial leather, cotton
cloth for road construction, 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,
Indian cotton-  considerable increase -in -consumption of"
Indian cotton has taken place. The consumption of cotton:
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‘in 12 months ending August 1943 was about 43 laki bales
against 40 lokh in 1941-42, 35 lakh in 1940-41, and abont
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 India as compared with about 44 per cent. in
1930-31.

As a result of War and “Grow More Food” efforts,
the proportion of improved varieties to total
cotton has changed a good deal. In this con-
nection, the Government of India created a special fund
known as Cotton Fund by the levy of an additional duty of
Re. 0-1-0 per 1b. 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
agsisting the cultivators to change over from short staple
cotton to food crops.

This Aet was enforced with a view to providing for
The ¢ . better regulation of ‘cotton ginning’ and
o Cottan  Gin- . . . .
ning and  Pres. cobton pressing factories.” Under this legisla-
sing jeaetories tion, the owner of every cotton ginning
’ ’ factory in India has to maintain a record
of all cotton ginned and pressed, in a prescribed form,
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 number denoting the factory. Every bale of cotton
pressed in a cotton pressing factory is marked with a special
mark denoting the mumber of the factory and the serial
number. The serial number consists of two parbs; 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. Amy bale of Indian cotton can thus be
traced to the factory of origin. Thus, a bale marked P125-
405600 would be 5600th bale pressed in 1940 in B.C.G.A,
Factory, Khanewal.

Cotton fund.
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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 Bxtra 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
Varietiesof cotton  provinee: (1) the dess (country cotton) which
grown. 15 itself & 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
Classifiestion of Several varieties classified by Mr. Gammie
oountry cotton. a8 fOHOWS:-—

The stems and the veins of leaves are deeply tinged
Gossypium With red colouring matter. The flowers are
sanguineum. 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, Jhdng, and the neighbouring country. The
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 0-8 inch. The fibre, however, is coarse
and will not spin above 16 counts. :

This is devoid of the red colouring matter, and has
Gossypium comparatively broad-lobed leaves and yellow.
indjcom. flowers. It constitutes the chief component
in the mixture in Lahore, Amritsar, and the canal colonies.
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It is known to local farmers as desi cofton. It yields,
perhaps, the longest and finest lint of any of the Punjab
local varieties; but neither the colour nor the ginning
outturn (kan or proportion of lint in the seed cotton)
is very good. The latter is seldom much over 32 per cent.
and in sorse years falls to 30 per cent.

The plant is similar to the last mentioned variety,
but has white flowers. The lint, however, is

Gossypium _ in- N .
dionm:  var, very different, being short, hard, coarse and
Mollisoni. rough. The ginning outturn is high, fre-

quently approaching 35 or even 40 per cent.

With nparrow-lobed leaves and yellow flowers. This
Gosypium Neg- does not constitute any very large part of
leotum. the mixture in any part of the province.

Similar to the last, but having white flowers. Thisis the
 xe.. Tnost important constituent of the mixture
G N grown in the South-east of the province,
Roseum. and is often called Hansi cotton. The lint is
gimilar 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.

T+ has now been established beyond any doubt, that

s of a single variety, whether of American or desi
e et by cOttons, will not ordinarily give the best
the _ Agricultursl regults underall climatic and agricultural
“Department. conditions. The department has, therefore,
.evolved varieties best suited to different ecological regions.
The following is a brief description of the varieties at

present recommended:—
{A).— Desi Cottons.

(é) 39-Mollisons. This variety is best suited for
.cultivation in all the canal colonies of the Punjab and there
s no variety of desi cotton which could excell this strain in
yield in these regions. Tt has besides a high ginning out-

. shurn (35 per cent) and on this account it is favoured by the
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ginners also. American cottons have largely displaced it
except in the Eastern part of the canal colonies.

(28) Mollisoni-60-4-2. This variety is very well adapted
to whole of the South-eastern tract, constituting the
districts of Hissar, Rohtak, Karnal, Ambala and Gurgaon.
Its ginning outturn is very high (38-40 per cent.) and on this
account its kapas sells at a premium over other dest strains.

The Southeastern tract is not suitable for Americans.
M

(77} 119-Sanguinewm. This variety is recommended
for cultivation in the districts of Multan, Muzaffargarh and
Dera Ghazi Khan, where, on account of its earliness and
drought-resistance, it gives a higher yield than all mixtures
of Multan cottons commonly grown by the cultivators.
Its ginning outturn is 35-36 per cent. The Multan District
grows only 3 per cent. dess and 97 per cent. American.

(ev) 12-Sanguineum. This variety has been found to
be best suited for the rain-fed areas of Rawalpindi and
Jhelum districts. ITts ginning outturn is 33 per cent., but the
lint is very fine and on this score it commands a preminm in
the market.

(B).— American Coitons.

(1) 4-F. This variety was given out in 1914, as a
eneral purpose cotton for all the American cotton tracts.
t 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 cultivator would be well advised to
replace this variety, as far as possible, by the under-men-
tioned new straing which are not only better suited to
different tracts but also possess much superior fibre proper-
ties. It must, however, be added that any vamety of
American cotton will be liable to bad opening under the
tirak promoting conditions. o

(#5) L.S.S. This variety is specially suited for cultiva-
tion in Lyallpur, Sheikhupura and parts of Sargodha and.
Jhang districts. Its ginning outturn 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 less from tirak. This variety was a lucky find'
of Sardar Sahib 8. Labh Singh, Professor of Agriculture,
Lyalipur.

(#13) 289-F-43. This variety is suitable for cultivation
in the Lower Bari Doab Canal Colony (except Khanewal
Sub-Division), Nili Bar and the inundation canal tracts of
South-western Punjab. The most noteworthy features of”
this cotbon, besides high yield, are its tolerance to shortage
of water and early maturing habit on account of which 1t
may give the first picking along with desi cottons. Tts 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 than that of L.8.S. This variety will
probably not be heard of in five years time.

(sv) 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 premijum
in the market gver all other American varieties. This
variety was selected at Kbanewal on the B.C.G.A. TXstate
and has been distributed since 1932. Tt is the maih crop of
289-F in the province up to now.
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The following table shows receipt of foreign cotton
“Ootton breeding {(Raw) at mills in *India'in Thousand of

poliey. bales of 400 Ibs, each.

Variotios. Jlgss 39!193940[1940 41]1941 42| 1942.43 | 1943-44 | 194445
Americans i 42 4z 21 6 3 7
Egyptions 85 8| 17| u3| 0| oei| o
Fust Atrieans .| 266  o50| 2e2| 38| ns| ;2| s
“Others: (Sudam, | 72 72| 165 | 15| 12| 19| 120

Burma, ete.} z
Tota) ..| 45| 488 | o5 | 648 | 428 | 018 | 61
i |

Tt will be seen from the ahove table that India has been
importing about 6 lakh bales of foreign cotton in recent
years. All this cotton is long stapled—generally I:k inch
or better in case of Hast Africans and 1} inch or better in
case of Bgyptians and Sudan cottons. There is a good hope
of replacing Rast African 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 original 4-F, we have already arrived at types
like 199-F, with a ginning percentage of about 34 and staple
-of fully 1 inch.

Diagram No. II gives an indication of the work in
‘progress on dest cottons. It shows how from the original
* Molliseni, and Sanguineum, new stralns, which are good
yielders in the field, and have a high ginning percentage
.and a staple which compares favourably with best 4-F
American selections, have been evolved.

Some of the American cotton varieties such as 289-F-43
and 289-F-K:25 have got fuzzy seed. There
is 4 widespread belief that such seeds.when
_fed to cattle are harmful It is owing to this behef that

' Fuzzy seed.

*Indian, Cenfrnl Cctt{m/ Commiitee, Stq.tis‘ticn.l i&aﬂet No..3 of each year.
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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
spite of this, fuzzy seed sells at present at Rs. 5, whereas,
4-F gells 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 lakh maunds. The price of fuzzy cottonseed was
Rs. 5 per maund and that of refined cottonseed oil Rs. 39
to Rs. 39-8 per maund. Cottonseed cake was selling at
Rs. 3-14 per maund 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 289-F varies from 1 to 2}
per cent. The price of linters varies from Rs. 10-8 & maund
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
1983-34, while in 1934-35 it was 6} per cent. The high
percentage in America seems to be due to very roughginning
in small ginning factories.

The percentage of crude oil obtained from these expel-
Cotton seed o, 178 15 about 11 per cent. The erude oil
* has to be refined before it is sold. During

refining about 5 per cent. is lost, which is thrown away
a8 waste. This varies with the age of the seed. In Novem-
ber, when the seed is fresh, waste is only 34 per cent.,
while in 3uly and August, it goes up to 5 per cent., which is
said to be due to the development of acidity. If the refin-
ing is done in two stages the waste produced in the second
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Yoperation is utilised for the manufacture of soap. The
yefined 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, dest cotton from the Punjab is used for
Uses of Indisn Spinning, though it will spin only a very
" motton., coarse thread about 6 to 10 “counts”. Itis
also used for mixing with finer cottons, which, if spun
alone, make a thread too weak for weaving in this country.
Tt is very 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
;&Ione, but was mixed with wool in the manufacture
of cheap cloth and blankets, or used for the manufacture
wf felted goods, padding, etc., and also in the making
“bf gun-cotton. For this purpose kapera—a mixture of
white-flowered "cotton grown round about (iddarbaha
(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 practicaily an inch in length. The fibre is fine
but not very strong. This cotton is worth one penny or
more over middling American in Lijverpool. Very little
289-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,
the most important are bollworm, jassid,
white-fly and toka. A brief description of

these %)ests together with the effective methods of their

gontrol are given below:—

Pests.

- {a) Bollworm.—There are two distinct types of this
insect, (1) spotted, and (i7) pink. These types can be easily
distinguished in the caterpillar stage, the former by the
sesence of dark brown spots on the upper side of the entire

yody 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 starving caterpillars of food during the period between
two consecutive cotton seasons, by the adoption of the
following measures on a co-operative basis:—

(t) 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
cotton season. The new sprouts that may appear after
this operation should be destroyed in April.

(%) 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, ete.

- (i) Prevention of cultivation of bhindi and early
cotton.

The simplest way to deal with pink bollwarm is also
to prevent its moths from appearing year after year and
this can be done by killing all hibernating larvae inside 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 bolls on these sticks are also

destroyed.

(b) Jassids.—~This 15 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 have 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, possess in them this invalu-

* able merit, though 289-F-43 is partly susceptible.
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; (¢} White-fly (tela).—This pest attacks American and
-desi varieties alike, 1t8 attack being most severe in the drier
Jparts of the province. The attack is severe in dry season
and disappears with the rains. Most effective control
measure for this pest is spraying with rosin compound
during the months of July and August, when the attack
of this insect is at its peak. In spraying, care should
be taken to spray the underside of leaves from where the
insects usually suck their food.

(d) Toka.—In South-Western districts and parti-
eularly in Dera Ghazi Khan, foka and ¢tidda are very serious
pests. These insects cut the seedlings and the attack is so
gevere in some years, that re-sowing has to be done a number
of times.

u

. The pest naturally decreases after the first week of June,
gyowing should, therefore, be done after that.

5 Bran mash with sodium fluosilicate in the following
proportions has proved very effective. The cost does not
exceed 2 annas per acre.

Sodium fluosilicate .. .. 11
Wheat bran or rice husk .. .. 20
Treacle .. .. 2b
Water .. Sufficient to mix
these properly.

This gttracts the insects and poisons them.

Of the varions fungal diseases attacking cotton plant,

Diseases the one of the greatest importance to the far-

: neer ig Toot-rot, which lays bare large patches

of crop, both of American and dest varieties. A concentrated

#tudy of the methods for counteracting this menace has

#hown that the damage resulting from root-rot can be
#ffectively controlled by the following methods:—

(2} Sowing the crop in the end of June, by which time

the aggressiveness of the causal fungus definitely declines.
This practice can be adopted in the south-western Punjab,

W
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where as noted before, sowings till end of June can be
practised with impunity. : )

(¢) Tn 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 along
with cotton and suffieient seed rate should be used so that
moth completely covers the soil. By following this practice
the cotton yields are not likely to be very high, but since
the cultivator can expect some yield from the root-rot-
affected area as compared to no yield at all, there seems every
justification for its adoption. In order that the yield of the
cotiton crop is not too adversely affected, is it necessary
that the intercrop should be removed by middle of August.
[xperiments have shown that any time from Ist to middle
of August is the best for removal of the intercrop.

This is a physiological derangement of the cotton plant,
ik causing premature_opening of bolls which
et ossess immature lint and seeds and is the
outcome of either deficiency of nitrogen in the soil, or
concentration of sodium salts (kallar) 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 before
jrrigation. The remedies suggested for counteracting this
grouble are as follows:—

(i) On light sandy soils, deficient in nitrogen, an
application of sulphate of ammonia in August will remedy
tirak to a very greab extent, provided there is no kallar in
the sub-soil.

(i) Onm soils with kallar in the lower strata, the best
method so far discovered to control tirak is late sowing of
erop- Mid-June sowings have generally proved most
efficacious for ¢his and the farmer 1s advised to adopt this
sowing time 80 far as his agricultural conditions permit. In
late sowing, however, it is of paramount importance that

the digtance between Iows and plants should be reduced
and s higher seed 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, a8
worked out from the experiments conducted in this connec-
tion, is given below for the guidance of the cotton growers.

H
H
Sced rate | Distance | Distance
Date of sowing. { per wore. {betweenrows. between
1 | planta
| i
i i
15 to 31 May I T4 seers 2y -3 fr. | M fL.
H
) to 7 June .. .. . ] S—10seers | 24-3fr. | 13 f
§ i
S to 13 June 1 10—12seers| 2—3 6. | 1} fta
| H
16 to 23 June * 14 ~14 necrs 1 fe.
{
24 tn 30 Junc [‘ 14—I6seers| 14—3 8. | 9 in.
I i

The behaviour of different varieties to the different dates
of sowing was another important feature of this investiga-
tion. The following schedule based on the results of
experiments gives an idea of the optimum sowing periods for
different varieties in different districts.

District, Best sowing period. Variety.

Bargodha. and Sheikhupura < | 25May to 15 June L.S.S.

Lyallpur, Jhang and wet parts of ., | 25 May to 20 June | L.8.8 and 3F.280F/
Montgomery 43 if sown chould

be completed be-

fore 15 June,

Montgomery .. . .. | 25 May to 25 June 289F/K25 and 288

N F/43,K 25 should
not be sown after
-15 June,

Multan . . .. | 1Joneto 5 July 280F/K25 and 289/
/124,
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The cotton crop is also very liable to damage

from rain or hail at certain stages of 1ts

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 sub-mountane districts in years of good monsoon.
At the time of flowering, 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 heavy. 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
periods of preliminary growth or during
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 they 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
supply is ample, the damage is negligible, though it is
undoubtedly fairly serious for the canal areas as a whole.
In this respect, American cotton being later, suffers worse
than desi. The most probable explanation of bad open-
ing in a dry season is salt accumulation in the soil. In this
connection some verv 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
soil during April-May and give heavy irrigation so as to
leech out the salt and then sow rice erop, which is follswed
by berseem or gram according to the water supply available
in the rabi season. Depending upon the concentration
of salts in.the soil it takes one to three years to remove the
excess salte. It has been observed that after this treatment

Hail, oto.

Dry weather.
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the cotton opens well. It seems that this would be a more
permanent remedy against tirak.

Rain, or worse stil]l hail, late 1n the season when the
Efect of Jate DOl are opening naturally demapges or des-
xain o germin.  troys the ripe or nearly ripe bolls. Tt also
ation of seed, seems to result in a failure, of much of the
seed 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 cessation of
rain, the American cotton enjoys some degree of immunity
as compared to the country cotton. This is due to the
fact, that the season during which the American cotton is
producing flowers plentifully, lasts much longer than
the corresponding season in the case of the country cotton.

Frost seldom does much damage to Indian cotton, but
it always results in the deterioration 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 maund,
in the yield of American cotton if the winter is mild and
late.

The average cost of producing cotton at Risalewals

Cost, of eultivation ~for the five year sending 1931-32 was worked
and profit from ©
an acte of cotton.,  OUb as follows:—

Frost.

Rs. a. p.
Manual labour (12.7 days) .. .. 315 8
Bullock labour (4.3 days) .. .. 7 6 4
‘Water rates .. . 6 4 0
Seed .. . .. 014 9
Manure .. .. .. 2 5 9
Implements .. .. .. 1 010
Kamins . .. 01011
Picking .. .. 6 8 5
Total 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 vield of 7 maunds 37 seers and 15 chhataks, the
cost works out to Rs. 4-8-11 per maund. The carting
charges to the market being Re. 0-1-6 per maund and
marketing expenses Re. 0-8-1 per maund, the total comes
to Rs. 5-0-6 per maund in the market. As the average
price per meund 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 sngarcane and Cotton growing Tracts in India
under the aegis of the Imperial Council of Agricultural
Research from 1933 for three years gave the following
figures:—

Particalars. I Lyalipur  Jullundur Gurdaspur

B

)
[Re | ome R
Total cont per aere .. . e ol alae s
Cost per maund . . I E t 711 \ 5 14 13
Price per maund [ 500 435 0" 412 0
OQutput per acre . .. .. ‘] 8 mds, (f 7,69mda4j 3.41 mds
t i

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—Leguminose.
Botanical name—Crotalaria juncea.

Vernacula~ Name—Sann,

This crop is grown in small patches ali over the province,
the total area being about 45 thousand acres. Of this about
2i thousand acres are irrigated and the rest is barani.
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be important districts, where sams i8 grown are: Gurdas-
ar, Hoshiarpur, Rohtak, Sialkot, J dur, Ferozepur
ad Ludhiana.

Sann is mainly grown for the supply of fibre, the ropes
‘om which are useful in many waysto the zemindaxrs.
b is also grown to some extent for use os green manure.
Vhen grown both for fibre and for green manure it is sown
hiickly, the seed rate being about 25 seers per acre or even
wore. It can grow on various types of soils but loamy
oil is considered to be the best. To secure good crop, the
ind should be thoroughly prepared. About three plough-
ags are considered to be quite sufficient. Tt is sown as a
tharif crop, usuallv about the commencement of rains.
Inder sunitable conditions, the plant reaches the height of
1 to 7 feet or even more. The crop is allowed to grow
ill nearly ripe, i.e., for about 4 months, Tt is then cut
vith a sickle close to the ground or pulled up by the roots
ind 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.
Sometimes, 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 plant in water. The length of period for
which the plants are kept in water depends upon the
season. In hot and damp weather, 3 to 4 days are sufficent
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
separate  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
bo the sun seem to be best suited for steeping because heat
kastens maceration, and consequently preserve the strength
of the fibres.  Deep water being cooler requires more time
for retting. In the same way running waber, although re-
;ommended by some, wonld seem to be objectionable, owing
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to the longer time necessary for the degeneration ofeconnect-
ing tissues. The plants, after having been steeped to the
desired degree, are taken out and dmed. 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 necded.

On an average the yield of fibre is about 8 maunds from
irrigated and about 6 maunds from unirrigated fields.
This crop drops its leaves during growth and being legumin-
ous just like guara its roots add a store of nitrogen to the
soil.

SANKUKRA OR PATSAN
Natural Order—Malvacee.
Botanical Name—Hzbiscus cannabinus.
English Name—Deccan Hemp.

In the Punjab, this crop is grown only to a very small
extent and mostly as a border crop to the fields of sugarcane
and cotton. Its cultivation follows that of the major crops
in whieh 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 October and November.  After drying
in the sun, the seed is separated by beating the plants on a
plece of wood. The stalks after retting yield a useful fibre
which is, however, not so strong as the sann fibre, hence
unsuitable for use as strong ropes. The seed is sometimes
used as a cattle feed or oil may be extracted 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
the lower parts of the stems should not be lost because
they contain the best portion of fibre.



456
Reference

(1) Cotton—Encyclopsedia Britannica.

(2) United States Department of Agriculture——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 Nos.

17, 25, 26, 27, 122, 133, 136, 138, 139, 141, 147, 152, 159,
35, 166, 169, 173, 174, 176, 187 and 193.

{6) Report on the Marketing of Cotton in the Punjab
mpublished). -

(7) Annua) Reports of the Indian Central Cotton Com-
Littee.

(8) Cotton Ginning and Pressing Factories Act, 1925.

(9) Studies in the Cost of Production of Crops in the
‘unjab by 8. B. Kartar Singh (1934) Board of Kconomic
nquiry Publication No. 33.

(10) Report on the Cost of Production of Crops in the
mincipal Sugarcane and Cotton tracts in India—Vol. I
~The Punjab 1938—Imperial Council of Agricultural
Yesearch.

(11) Anction Sales by W. Roberts—Indian Agricultural
Journal, (1918).

(12) Introduction of American Cotton in the Punjab
"1918).

(13) Dictionary of Economic Products by Watt,



CHAPTER XV1
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 3% million acres were unirrigated. Fur-
ther §rds of the total fodder area is under kharif and only
3rd under rabi fodder crops.

It is interesting to note that large areas of fodder are
grown in Montgomery, Multan, Lya.]lpur Lahore and Shah-
pur districts under irrigation, while very small fodder areas
are grown in Kangra, Jhelum, Rawalpindi, Attock and
lb?e G. Khan, as shown by the figures for 1943-44 given

low.

District Area under fodder crops
Acres.
Montgomery .. .. 449,393
Multan .. .. .. 381,384
Lyallpur .. .. . 377,010
Lahore .. .. .. 338,979
Shabpur .. .. .. 292,528
Kangra .. .. .. 640
Jhelum .. N .. 44,947
Rawalpindi .. .. 38,270
Attock .. . .. 64,390
D. G. Khan 58,286

In South-East Pun]ab most of the fodder area is barant.
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
sarson axe also grown for fodder. These have been discussed
earlier in this book.

456
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JUAR OR CHARI

Natural Order—Graminacee.
Botanical Name—Andropogon Sorghum.
English Name—Great Millet.

This may be sown separately or in mixture with
legumes, such as guara, moth or mung. The total area is
about 1'75 million acres.

Research work so far carried out has produced two
superior strains—J. S. Nos. 20 and 21.

This is a tall growing non-sweet type, having a closed
head with red or purple grain. It is lesa
attacked by borer and fungus diseases. In
trials it yielded as high as 503 maunds of green fodder.
This selection stands storage well.

This has a loose head with creamy white plump grain
and is very sweet and jyicy. This is the
highest yielder and has given 10-30 per cent.
higher yield than other jowers 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
in case 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 enough and yield per acre varies from 8 to 15
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—Leguminose.
Botanical Name—Gyamopsis psoralivides.
English Name—Cluster Bean.

Thia is & hardy &harif crop grown all over the province
mainly for fodder purposes, though sometimes it 18 grown
for seed as well, especially in the districts of Hissar and
Ferozepur. Itis also grown for green manuring in the canal

J.8.20.

J. 8. 21,
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irrigated areas. The total area under this crop is about 8
lakh acres.

This is a very useful and hea ielding fodder crop.
Crops 5 feet high l;;y;m often be seen 1\171}' thy;fﬁ tracts, whell':a
it is generally grown mixed with juar or chari in various
proportions.  The operations performed with regard to
preparatory tillage and sowing are the same as those for
Juar. Sometimes it is grown alone, mainly on light loamy
soils. One to two ploughings are sufficient before sowing.
Its sowing season 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 wsed for the last
mentioned purposs, for, thick sowing does not allow the
stalks to become too woody which are difficult to plough
and do not rot speedily. The seed is usually broadcasted
on & moist seed-bed after ploughing and covered with
sohaga. In bareni’areas 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 acre under irrigation and about 125 maunds in barant
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 whben the
crop i8 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 soil.

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

l‘}_)liughed in the land in July and August.

The pods of guara 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 & pan and then rubbed and
worked about with hand till froth appears on the mass.
A i.l;ltglo mustard-seed oil is also added before feeding to the
cattle. -
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TURNIPS

Natural Order—Crucifere.
Botanical Name—Brassica rapa.
Vernacular Name—Shalgam.

The total area is about 4 lakh acres. This is culti-
vated as fodder mostly in the Western districts of Multan,
Montgomery, Jhang, Lyallpur and Shahpur. In the rest
of the Punjab it i8 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 can be obtained if crop
is sown on ridges 18-24 inches apart; 24-3 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 woll prepared. In all 4-5 irrigations are enough.
It is ready for feeding in 24-3 months after sowing and fodﬁer
is available from December to February. A good crop yielda
350-400 maunds per acre. The roots are fod whole or
after chopping up into small pieces. Tt is believed to have
a good effect on milk yield.

This is a variety of shalgam very commonly grown in
Swodes 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 shalgam for human consumption.
There is very considerable scope for increasing the area
under this vegetable. Seed is obtainable from Suttons.

OATS
Natural Order—Graminacee.
Botanical Name—Avena sativa and avena orsenialis.
Vernacular Name-—Javs. '

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. Ita cul-
tivation as 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
Yimijted extent only round about cities and towns.

Soil requirements and cultivation 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
m 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

ut in a heap and kept undisturbed for about 4 hours.
t should 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 former 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 varisties of late oats re-
commended by the Agricultural Department.

French husked.—Tt has a thick straw and a broad and
course leaf. It is the last to mature. Tt has given best
results in Lyallpur and Gurdaspur. Tt gives heavier yield
than the other two but only when the season remains com-
paratively cool in March and April and plentiful irrigation
15 available.

Algerian & F. 0. 8. 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 baran: conditions,
or where moisture is restricted. The Algerian oats have
%vanthe best results at Montgomery and Jullundur, while

.0.8. 1/29 has beaten all other types at Rawalpindi.© Under
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favourable conditions yields as high as 500 maunds per
acre have been obtained from these varieties.

Qats can be converted into very good silage, either alone
or 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 1s
affected much by the hot winds. The other two varieties
of late oats, namely Algerian and F.0.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 asa
concentrate for all kinds of livestock, specially for horses,
while green oats converted into hay provide richest food for

cattle.
INDIAN CLOVER.
Natural Order—Leguminosc.
Botanical Name—~Melilotus parvifiora.
Vernacular Name—=Sengi.

Senji is a leguminous 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
aregs. Its cultivation has probably suffered less in sugar-
cane growing tracts. Sugarcane is commonly grown after
senji and in this respect shaftal and berseem cannot
replace it as they occupy the field for a much longer period.

t is usually sown in the standing maize or cotbon 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 sengi ig estimated to be about 5
lakh acres.

Sowing takes place in September and Qctober. The
seed rate 18 from 20 to 25 seers per scre of husked seed.
In order to help germination the seed is beaten lightly before
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sowing. The seed is either broadcasted in standing water or
in dry soil. In the latter case it is immediately irrigated.

The first irTigation after sowing is generally givenwithin
ten days, and afterwards water is applied as requried,
generally every 15 or 20 days.

The following are the common rotations in which it
enters:—

Maize—Sengi-—Sugarcane—wheat or cotton.
Maize --Senji-—Cotton—Wheat.
Cotion—Senji—Wheat—Toria.

As appreciable quantities of farmyard manure are
applied to the preceding maize or cotton, senfi 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 dranght cattle and milch cows, but should be
chaffed and fed mixed with bkusa, or some other dry fodder,
as otherwise it is apt fo cause tympanitis. It yields about
250 maunds of green fodder per acre. When matured for
seed the yield is about 8 maunds per acre. Its price is same
as that of wheat.

A new selection. known as Fo. 8. I. has recently been
evolved in the Punjab. It gives a more uniform stand and
a higher yield than the existing crop.

There is another species of senji (Mellilotus alba)
which is grown in some places as a late crop. It is white-
flowered. "It can provide green fodder as late as April but

'i8 slightly bitter. Its yield per acre is generally less than
that of common senji.
- METHA

Natural Order—Leguminosc.
Botanical Name—2Trigonella foenum-gr
English Name--Fenugreek.
Metha is one of the leguininous rabd; fodders. It is more
dronght resistant than senji, berseem, ete. and can, therefore,
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be grown under restricted conditions of irrigation. Its
fodder i nutritious but i8 considered to reduce the milk
yield when fed to mileh cattle in large quantities. It is
chiefly grown in Ludhiana and Ferozepur districta in stand-
ing crops of cotton just like sengi. II:: is not fastidious in
its soil 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 eatimated to be about one lakh
acres.

Seed is broadcasted and covered by a khurpa hoeing
ifit is sown in veftar in standing crop, otherwise broad-
casting is followed by irrigation like sengt. The seed rate is
16-20 seers per acre. Sowing time extends from October
up to mid-November.

It is ready for feeding in about 3 to 4 months after
sowing ¢.e., in February, March. Ordinarily it gives only
one cutting. Tts yield is about 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 sots
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—Legumiuose.
Botanical Name—Trifolium alexandrinum.

English Name—Egyptian clover.

Berseem, apart from American cotton is probably the
only recent exotic introduction into the husbendry of the
province that has become very popular with the cultivators.
It is known as Egyptisn clover because it is extensively
grown 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
<considerable areas are grown, notably at Mirpurkhas and
Hyderabad. From Sind it was brought to tha Punjab
‘where after numerous trials for several years it was Tecom-
mended to the cultivators. It established its worth very
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soon and its cultivation spread very fast. It is estimated
that within a decade of its introduction with the zamindars
it has come to ocoupy an ares of about one lakh acres.

Like senjt it i3 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. Tt has
tender succulent leaves and is highly relished by all kinds
of livestock. Tt is especially suited to milch cattle because it
is believed to improve thewr milk yield. The fodder is very
rich in protein. Its yield also is higher than semji. In
comparative trials it has given three times the yield obtained
from sengi. 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. Inshort
both from the points of view of quality and quantity of
fodder it is superior to senjt 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 senji. It can
be successfully grown year after year in the same land but
usually it follows cotton and maize.

Tt yields 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 (Decemlr;er and April-May).

Tt does well in most  soils provided they are retentive
Soit aed cuti. Of moisture. Rich loam soil is, however, the
vation. best. In order to get-good results a fine seed
bed should be prepared.

The sowing of berseem usually commences from the
Time ana middle of September and continues up to
methad of sowing.  the middle of November. In hotter parts of
the province sowing should be delayed up 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 berseem in cotton and maize crops
i8 that their plants provide shade to the young seedlings
growing andernesth.
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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 sokaga-
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. Berseem
seed often contains kaswé (chicory) but it can easily
be separated from it. The mixed seed is put in five per cent.
salt solution and 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
alone the first cutting gives low yield. Senji
or oats are, therefore, usually mixed with it
to increase the yield of the first cutting. In this case 5
to 6 seers of berseem with 20-24 seers of senji or oats
are sown.

Like other leguminous crops berseem can fix atmos-
pheric nitrogen through the agency of a cer-
tain type of bacteriz 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 mnot do well
when sown in a field for the first $ime 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,
8oil (taken after removing the top three inches) from a
field which has already borne this crop may be broad-
casted in the field at the rate of 2 to 4 maunds per acre.
8econdly, 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:—

Seed-rate.

Inoculation.

Rs. a. p.
Fuoll size e .- .1 00
Half size o .. ..011 0

Quarter size .. .. ..0 8 O
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One full size culture i8 sufficient to inoculate seed for
.one acre. 'This culture is mixed with about half a seer of
10 per cent. SugaT OT gur solution. Theliquid is then sprinkl-
ed over seed heaped on a gunny bag or on a clean floor and
mixed with it thoroughly. The geed is then dried in a thin
{ayer 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 unduly long period. The sun 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
and uninoculated seed showed that the former vielded about
86 per cent. more fodder than the latter. There is no need of
inoculating a field where berseem has once been grown.
Similarly, & field which has borne shaftal 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

L gowing in order to ensuré satisfactory ger-

Tsrigation: mination and to give the crop a good start.
Thereafter irTigations 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
$o be reduced on account of heat. Frequent irrigations are
given to the crop roserved for seed during the flowering and
seeding stages.

The first cutting can be obbained late in December of
early In January and subsequent cuttings

“Dime of owting g4 ‘monthly intervals.

The main obstacles in the spreading of the berseem in
Sood prodaction this province is the difficulty in secur-

prodoction- 350 jts seed. The local production is rathe:
small and the seed requirements are at present
.chiefly obtained from the North-Western Frontier Province
Tn recent years, however, the demand has been so great thaf
it has not been possible to meet it Tully. Attempts are nov
“being made, therefore, to encourage its production locally
“When seed is required nob more than two or three cutting

kY
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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 May or early June. The seeds are borne in thick set
inflorescences.  'When the amount of seed to be produced
is small the inflorescences may be picked with hand and the
seed beaten out. But when fthese operations are to be
carried out on a larger scale harvesting may be done by
means of a sickle and the threshing by bullock lJabour. An
acre yields about 4 maunds of seed. The price of seed was
Rs. 20 per maund before War. During 1944 it rose to Rs. 60
pet maund. Plots reserved for seed should be preferably
selected in a sheltered place to afford protection from hot
winds when setting of seed ia 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 berseem seed is of three colours,
yellow, red and brown. Fully-matured seed is yellowish
i 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 of
cuttings on the yield of seed and the colonr of seed the ex-
periments were conducted at Lyallpur. The resulfs are
given below:—

Yield per acre.
Percen- Percentage of seed af
tage ger- different colours.
Sample. mina-
tion of
Md. Sr. ik
seed. | Yellow.} Red. 1 Brown.
No eutting takén 1 29 91.0 | §8:0 | 17-0 50
One cutting .. . 3 12 82-0 | 720 | 20°0 80
Two cuttings, . 1 2 61-0 43-0 21-9 16-0
Three cuttings 0 38 290 | 380 \ 30:0 | 320
— .
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.cuttings can be obtained during a year. Allkinds of
fivestock 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.

Tt can be grown on all types of soils free from water-
Jlogging, but it does best in well drained loams.

Seed is sown at the rate of four to six secrs per acro
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 bei.n%El broadeasting seed
on a moist seed bed. The seed may also be drilled in lines
.one foot apart. It has, however, been discovered that
sowing on ridges 1} feet to 2 feet apart gives best results.
In this manner water can also be economised and hoeing
facilitated. When sown on flat, the crop sometimes gets
Klled 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 ab similar intervals subsequently
‘also during the winter. During summer, however, the
interval should be reduced to a fortnight.

1t is advisable to apply well-rotbed 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 maunds of green fodder im generally

.ohtained per annum. The yield deteriorates after the
irst year if manurimg and hoeing is not done.
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Seed i 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 i8 ready for harvesting at the end of April. Only
about 2 to 3 maunds of seed per care may be expected.
Seed production in the case of lucerne is even more gfﬁcult
than in the case of berseem. It is available from Messrs.
Nathu Ram and Sons, Neemuch, Central India, and Messrs.
P. Pocha, Poona.

. TEOSINTE.

Natural Order—Graminacea.
Botanical Name-—FEuchlaena mexicana.
Vemnacular Name—Makchar:

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:
libera] 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 May or 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-
i8 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 ploughing it in, or by kera. Tt can
also be sown mixed with leguminous cropa like beans and
peas. The crop is seldom given any inter-culture. Three-
%o four irrigations are supplied. The plants tiller profusely
and give rise to a number of shoots forming a thick clump.
Under favourable conditions the height may reach up to
12 feet. Yields of 400 maunds and above have been obtain--
ed. The fodder is succulent and nutritious and is relished
by all kinds of cattle. The seed ripensin November. Unlike-
Majze where a compact cob is produced, he female inflore-
8cence in this crop consists of a number of strings of seeds
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 maunds of seed per acre.
‘The colour of the ripe seed varies from creamy white to
.dark brown. Immature seeds, although of normal size are,
white in colour and much lighter. So far teosinte has not
been observed to have been attacked by borer or any
fungus diseases. In this respect it is superior to maize and
guar. This crop has been recently introduced in the
~Jullundur Division.

COWPEAS.

Natural Order——Leguminose.
Botanical Name-—Vigna sinensts. Endlicher.
Vernacular—Rawan.

The cowpea is not a pea but a bean commonly cultivated
‘for human food. It is also a valuable fodder crop. Tt is
.adapted to almost the same climatic conditions as maize
but requires slightly warmer climate and is a little more
drought resistant. It doos as well on sandy soil as on
heavy clay, and can withstand moderate shade, and, there-
fore, does well when grown in mixture 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 23 seers per acre when broad-
casted. When sown in rows 5 to 10 seers and by kera 12 to
15 neers are sufficient. The first irrigation is given three
-weeks after sowing when germination is complete. After
the second 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 maunds. For the production
of seed the crop should be sown in July. Normal yield
-i8 5 to 7 maunds per acre. The pods of cowpea can also be
used a8 green vegetable for human beings. Out of the
-varieties tried in the Punjab cowpea F.0.S. No. 1 has
‘proved to be the best. Tt matures its first pods in 70 days.
It is 2 half bushy and winy plant with straw-coloured pods
and sweds covered with minute blue specks,

&
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VELVET BEANS.

Natural Order— Leguminosce.
Botanical Name—Stizolobium deeringianum.
Vernacular Name—Makhmali Sem.

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 unripe 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— Leguminose,
Botanical Name~—Glycim; 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
©ight maunds per acre.

JAPAN RAPE
Natura) Order—Cruciferce.
Botanical Name—Brassica napus.

Vernacular Name—dJapan sarson.

Japen rape, as a green fodder, is grown where either
no irrigation can be given or only a limited water supply
18 available. It can be grown on all types of soils but the
best results are obtained on good loamy soils. It is sown.



474

in September-October, the early sowings being best for
barani areas. Rate for fodder is about three seers per
acre. Otherwise the cultivation is similar to that of toria.
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 yarieties, white-leaved
Japan tape 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 vegetable (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—Graminacee.
Botanical Name—Panicum macimum.

It is a perennial plant and continues to give greer
fodder for many years. It is finer leaved and more
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 i
available. Tt is generally grown near the main water courses,
a8 it is easy to water under such conditions.

Guinea grass ears normally in the Punjab but the seed
does not ripen properly and its viability i
extremely poor. It is, therefore, propagated
by planting root stocks, which are broken up into indi-
vidual units, each of which is capable of giving rise
to a new plant. The sets are planted at a distance of 2 te
2} feet each way and 7,000 to 10,000 units will be required
to plant an acre. The field is irrigated immediately after
planting. To complete sprouting, second irrigation should
- be applied after two to three weeks. Subsequent irrigations

Propagation.
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may be given as required. The best time for planting
is the beginning of spring, i.e., the first fortnight of Feb-
ruary. In order to get good yield the field should be
kept clean of weeds by occasional hoeing.

The first cutting is taken 2} months after planting, and
subsequent cuttings can be had after about every two months
throughout summer. 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—Chloris gayana.

This is also a perennial plant and continues to give
good yield for three years after which it requires a change of
30il. It does best in hot and moist climates. Rhodes grass
ears normally but seed does not ripen at ome 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 vegetatively from root stocks, which are
planted 1} 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. Sub-
sequeht 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.

ANJAN GRASS .
Botanical Name—Pennisetum Cenchroides and
Cenchrus Biflorus,

There is a very large number of pasture grasses in the
Panjab. 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.
1. White hairy Anjan
2. Purple hairy 4dnjan
3. White non-hairy Anjan } .
4. Purple non-hairy dnjan Cenchrus Biflorus.

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 Amnjan
grass is the most nutritious of all the Punjab grasses.
Provided the soil is suitable it produces fair crop even with
a rainfall of 14 inches and it does well with 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 maunds 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
Beason.

The total area under different beans for fodder is about
15 thousand acres. The area under different types of
rapes grown for fodder is 150,000 acres.

SUDAN GRASS.
Botanical Name—Andropogon serghum Var.
Sudanesis Piper .

Sudan grass is an annual plant elosely related to
common juar. The panicle is, however, loose and open,
glimes are awned and flowers are often purple in colour.
The 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. Tt does well in
warm climates and can produce fair crops in regions of
low rainfall. Tt does best on rich loam. Neo manure is
required when soil is reasonably good. On alkali soils yield

}Pennisetum cenchroides.
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is reduced markedly. It can be grown mixed with cowpeas,
govabeans and other legumes. The best time for sowing
is middle of March. It can be sown either by broadcast
or by kera. Ten to 12 seers of seeds per acre is sufficient.
Usually the first cutting is ready in seven to ten weeks,
depending upon soil and moisture and subsequent cuttin

can be had on an average after every 1} month. In aﬁ
four cuttings yielding 400 to 600 maunds of green fodder can
be obtained. On account of slender leafv stems and sweetish
taste, it is relished by cattle, horsesand 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 favourable con-
ditions three to five maunds of seed may be obtained from
anacre. Assudan grass crosses freelv with other sorghums,
it would be advisable either to grow a plot specially meant
for seed in a place where there 1s 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 subject to the same pests and diseases as

Juar.
NAPIER (ELEPHANT) GRASS
Botanical Name-—Pennisetun purpureum.
Vernacular Name—Hathi ghas.

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 loams. Tt
needs no manuring in the beginning, but when it has been
on the field for more than a year and a number of cut-
tings 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 sown in
moist land like sugarcane in furrows 2§’ to” 3’ part with
Similar distance between sets in furrows or stuck into the
field thoroughly prepared and levelled at an angle of 45°



478

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 the latter case field should be irrigated
immediately, whereas in 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
ound. In case root stocks are to be planted, they are
broken into small lumps and dibbled into seed-bed ai
distances mentioned above. In irrigated lands the hest
time for planting is middle of February and in barans areas
with the outbreak of monsoons. 7,000 cuttings or root-
stocks are required to plant an acre if distance between
plants and rows is 2} feef. The number of cuttings required
would be less if the distance is increased. The first cutting
is ready within three months and then at intervals of 1§
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,

pot such a good fodder as some other fodder crops and
yasses are. INo pest or disease has so far been found to
attack this grass though it is very susceptible to frost.
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CHAPTER XVII
MISCELLANEQUS CROPS
TOBACCO

Natura) order—Solanacec.
Botanical name~—YNicotiana {abacum. Nicotiana rustica.

Yernacular name —Tambaku.

Tobacco is an annual cultivated plant, excepting, in
Mexico and tropical countries, where it is perennial. Tt
can be grown in almost all kinds of climate. In the cold
and temperate regions, it is grown as a summer 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
area under this crop was 71,115 acres, which
constituted only about 0.23 per cent. of the

total area sown in the Punjab. Of this nearly 98 per cent.

or 69,743 acres was irrigated and the rest umirrigated.

During 1943-44 there were only 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 1b. from 1st

April, 1943, on hukka tobacco. The duty was increased

to three annas per 1b. from March 1944. This resuited in

the sharp rise of prices. The wholesale harvest price in

1941-42 was Rs. 8-12-0 a maund. In 1942-43, it rose to

Ry, 19-1-0 and in 1943-44 it went up to Rs. 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

T even exceed it.*

The most important districts growing tobacco in this
province are Juilundur, Attock, Sialkot, Sheikhupura,
Gujranwala, Gnjrat, Montgomery, Lyallpur and Jhang,
though it is grown on a small scale by Muslim and Hindu
————

Area.

Since the above was written, the figures for 1944-45 is svailable, which is
2,352 acrey,
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cultivators almost all over the Province. During 1943-44 there
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., [a) hukke tobacco, grown
“' " for smoking in hukka, (b) cigar wrappers, the
outer leaves of cigar, (c) cigar fillers, leaves placed in the
interior of eigars, (d) pipe tobacco, (e) chewing tobacco,
(f) plug tobacco, (g) cigarette tobacco and (k) snuff
tobacco. In the Punjab mainly hukka 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 dest (2) Nicotiana Rustica or gobke or balkhi.
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 gobki 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 : gobki and Calcutiia.

Dest tobaccos are all used for smoking in Aukk
whilst those in the second class, ¢.e., gobhi type for both
hukke and snuff, as they are considered to be more strong
and pungent than those belonging to the first group.
cently a start has been made with the cultivation of cigarette
tobacco a3 Well.

Tobacco can be grown on almost all types ol

. . eoil. But for successful cultivation it requires
Soil. . . ) .
a well drained loamy soil containing a fair

amount of organic matter and rich in mineral matter,
tepecially potash. On heavy soils or heavily manured
ands, heavier yields are obtained, but the leaves become
oarse and inferior in quality. Light soils rich in organic
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matter and Tetentive of moisture produce better tobacco
for making cigars or cigarettes.

The land for planting tobacco should be thoroughly
cultivated by giving 4 to 6 ploughings in
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 vard 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
case of hukka tobacco, but in the case of cigarette tobacco
manuring must not be heavy, for otherwise 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 lbs. 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.

Preparation of
la

Tobacco seed is sown in nursery in October and No-
Naree vember. The seed hed is very carefully
e prepared and manured. The seed mixed
with dry earth in’ order to ensure umiform distribution,
is then scattered over the bed and lightly covered up with
earth. Since the seed is very small, 1t should not be sown
deep. About one chhatak of seed sown in half a marle
of land is quite sufficient for raising seedlings for one acre.
After sowing the nursery beds are carefully mrrigated.

When the seedlings are about 4-5 inches high they are
Tre . transplanted into the field prepared for this
ransplanting. .. P

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 aeed-
lings without damaging their roots. The seedlings are
planted in rows 3 ft. aparb in the case of cigarette tobacco
and 1} ft. apart for hukka tobacco with distance from
Plant to plant as 2’ and 1}’ respectively. The field should
be watered immediately after transplanting and again in

*
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well areas on the following afternoon. The transplanting
should be done in the afternoon, because by doing so the
plants will get the advantage of high humidity and low rate
for tanspiration during night. In the central districts of
the Punjab, it has been found that early March is the best
time for transplanting.

Weeding and hoeing are very essential for this crop so
a8 to conserve soil moisture and create con-
ditions suitable for the easy penetration of
voung 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. Weeding may be done whenever necessary.

Interculture,

In plains generally 7-10 light irrigations are generally
applied. The crop sheuld be irrigated when
there is positive need for water, the best time
for which is considered to be when wilting of plants is observ-
ed in the forenoon. If there is no wilting the soil moisture
conditions may be considered to be good. Excessive irriga-
tion will cause the leaves to become coarse and poor in
aroma and flavour.

Irrigation.

When flowers begin to appear, it is necessary to cut off
the tops especially in the case of hukka
tobacco. It will enable the plant to devote
all its energy to the development of leaves and give
“gtrength” to them. Topping 18 done 3-4 times at inter-
vals, depending upon the character of soil, manuring and
varietv. In the case of cigarette tobacco, topping should
be done only when the leaves are very thin. If, however,
the growth is- excessive and the leaves have a tendency
to becomne coarse and dark green in colour the plants may
be allowed to develop flowers. The ides in doing this is to
allow the plants to divert some of the food material to the
flowers and kegp the leaves thin and pale green.

Topping.

The crop transplanted in early March will be ready

for harvest by about the end of May. The

" maturity and condition of the leaf is, however,

the best guide for the correct time of the harvest. When
*

Harvesting.
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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
end will be brown.

In the case of cigarette tobacco, harvesting of leaves
at the correct stage ot ripeness is of special importance for
otherwise the qualty will be impaired. If the leaf is uncipe,
it will retain it~ green colour, whilst overripe leaf will turn
vellow during early stages of curing and finally tu=n brown.
The correct time for harvesting is when the leaf is just
turning vellowish green.

As the tobacco leaves ripen one by one in a regular
order starting from the lowest to those near the top,
the picker must go over the field from time to time.
Picking of leaves must be done in the later afternoon when
the temperature has fallen or early in the morning before
it gets hot. The leaves should be handled carefully to
avord breakage and should be placed under shade.

In the case of hukka tobacco, the leaves are left
Curin 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 pucéa floor or in a pit lined with straw on sides and
bottom. The heap is covered with old gunny sheets and
18 kept as such for 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 out of the pit and made
into ropes which are afterwards dried in shade.

. In the case of cigarette tobacco, curing must be done
m properly-constructed barns under controlled conditions
of humidity and temperature. This is called flue curing
method and gives leaves of good colour and quality. The
cured leaves may then be graded according to colour and
&ize and and made into “hanks” which are buiked on wooden
Platforms for fermentation. This develops the character-
Itic odour and aroma of a good tebacco.
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Yields vary considerably from district to district. The
highest yield 8 obtained in Attock—30
maunds per acre while lowest yield is obtained

in Muzaffargarh where 1t is only 6} maunds per acre. The
average yield of hukka tobacco in the Punjab may be
taken to be about 12 maunds, though under favourable con-
ditions it may give even 30 maunds per acre. In the case
of cigarette tobacco, the average outturn is about 15 maunds
per acre.

The average total production of tobaceo in this province
is about 11 lakkh maunds. Of this about 20 per cent. ix
retained by the growers for home consumption. About
50,000 smaunds ate used in the manufacture of snuff amount-
ing to about 35,500 mawnds. This valued at Rs. 20 per
maund gives a little over seven lakk of rupees. The balance
of the crop is sold in the market.

Yield.

The total crop of the province is not enough to meet
the needs of the province and about 286,000 maunds 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 about
6,200 maunds of tobacco valued at Rs. 43,700 required for
the manufacture of cigarettes. The annual production
of cigarettes 1n the Province is about 5,000 maunds valued
at Bs. 3,06,000. It may be mentioned that the cigarettes
produced are only of cheap quality manufactured from
low quality tobacco. In addition to this about 37,000
maunds (corresponding to 26,000 maunds net) of manuface
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-
od by Shahdara Imperial Tobacco Co. for distribution. The
hukka type tobacco iz imported from N.W.F.P, U. P,
Bombay and Sind, while the cigarette tobacco is all im-
ported from Guntur (Madras Presidency). Biris are
mostly imported from Delhi and Madras, while chewing
tobacco i8 obtained from Rampur State, Lucknow, Morad-
sbad, Cawnpore and Benares. Cheroots are obtained
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from Trichinopoly in Madras 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 maunds.  Of the cigarettes manufactured locally
about 50 per cent. valued at Rs. 1,70,000 are exported mostly
to U.P. and a little to Punjab States and the remaining
30 per cent. i3 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,
valued at Rs. 3,50,000.

Snuff is mostly used by the low class illiterate people.
It is made ot different colours. Yellow colour is preferred
in the Punjab while green, yellow and black are more popular
in Sind.

(1) Cegareties—For a desired blend, definite proportions
Menufacture of different grades of tobacco leaf are mixed.

’ All then are chopped very fine and mixed
thoroughly. The following ingredients are further added.
The recipe followed by one factory is given below :—

(1) Tobacco mixture .. .. 1 maund
(2) Molasses .. .. .. 4 seers
{3) Malathe .. . .. % 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 adulterants such as common
earth imported from Hazro, and other ingredients such as
molagses ete. are added. Though the recipe varies with
each manufacturer yet the following recipes of karwe
tobacco will give a rough idea of the ingredients used and
their amounts :—

(1) Tobacco stalks crushed .. . .. 1 maund
{(2) Common earth imported from Hazro 2 maunds
(3) Sajje .. .. 2} seers

(4) Molasses .. * .. ) maund
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In case of des? tobacco common earth and other adult-
erants are not used, but only tobacco leaves are used. For
instance, (1) Powdered dest tobacco 1 maund, and (2)
Molasses 30 seers. The prices of various tobaccos are :—
kala karwa Rs. 4 per maund, and dest Rs. 5 per

maund.

(3) Snuff-—The tobacco plants aredried and leaves are
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 scaked 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 ingredients are added and thoroughly
mixed. After this, required quantity of lime solution 1s
added. The whole mass is then ground again and sifted
through cheese-cloth. This grinding and sifting is repeated
till the product attains the desired stage of finemess. It
is then packed in tins and is ready for the market. The
formulae and the recipes for making snuff vary with the
manufacturers and are kept secret. The recipe used by
one manufacturer in Hazro is given below :—

(1) Khamir (fermented tobacco flour) .. 1 maund

(2) Slaked lime .. .. .. 2 seers
(3) Butter .. .. .. % seer
(4) Almond Kernels .. .. % seer
(5) Black pepper .. <.} seer
(6) Jaifal .. .. } seer
(7) Ammonium ‘chloride .. .. 1 chhtk.
(8) Red pepper .. . 3 chhtk.
(9) Perfume, rose or keora 2 ozs.
(10) Dye or desired colour .. Accordmg to
requirements.

The chief snuff-manufacturing places are Hazro (Attock
district) an? Alipur (Muzaffargarh district) in order of merit,
while small quantities are also manufactured at Multan,
Rawalpindi and Dera Ghazi Khan.
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Witha view to selecting high-vielding varieties of hukka

Research.

tobacco and exploring the possibilities of
growing cigarette tobaccos in the provinece,

research work was started bv the Punjab Agricultural Depart-

ment in 1931.
tobacco, both

out.

Since then, expenments on various strains of
imported and indigenous, have been carried

Out of the several hukka tobacco strains so far tried,

tvpe No. 12 has heen selected. Similarly, of the cigarefte

varisties. type

No. 57 has given excellent results. The

results of curing experiments on this type show that a good
quality cigarette tobacco can be produced in the Pumab
The problem of curing is also receiving due attention.
For this purpose two flue curing barns had been erected at
Lyallpur and Jullundur.

In 1944,

an Indian Central Tobacco Committee was

formed on the lines of Indian Central Cotton Committae
to deal with the improvement of tobacco crop. It is expected
that comprehensive research schemes will soon be stacted

on tobacco.

The cost of production of & good crop of hukka tobacco

Cost of preduction,

is given below :—

Rs. 4. b
Preparatory tillage .. .. 00
Farm Yard manure (45 ca.rtloa.ds) 22 8 0
per cent.
Seedlings 1 80
Transplanting . 1 80
Hoeings and weedmg .. 600
Watering (8 @ Rs. 3 per u'nga.tlon) .24 0 0
Toppings (4 @ Rs. 2-8 each) ..10 0 0
Harvesting . .. 2 80
Rent 15 0 0
Land Revenue .. .. 380
Total ..95 8 0
Gross income :— :

Tobacco 30 maunds @ Ra. 4 per maund 120 0 ©
Stalks 30 maunds @ 0-4-0 per maund _ 780
Total 127 8 0

32 0 0

Net income .. .. ..
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The cigarette tobacco ells at the rate of Rs. 20 to 30
per maund, and gives a gross return of about Re. 350 per
acre. Since the cost of curing comes to about Ra. 125, the
net income in this case would be about Rs. 130 per acre.
This means a net gain of about Re. 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 vesult of research to be shortly under-
taken under the Indian Central Tobacco Committee, Punjab
will begin to grow Virginia tobacco and will then take ifs
due share in the exports.

INDIGO
Natural Qrder—Leguminosee.
Botanical Name——Indigofera tinctoria.
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 Gbazi
Khan, though a few odd acres are also met with here and
there in other districts, particularly in Ambala, Karnal
Hoshiarpur, Jullundur, ~Lahore, Gurdaspur, Gujrat
Montgomery and Lyallpur. The manufacture of arti-
ficial dye has almost completely killed this industry. Before
the Ist Great War, the area under this crop fluctuated
betwoen 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
rose 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 only
4,392 acres. Of this 4,270 acres were irrigated. The crop
is largely grown on the inundation canals in the kharyf
season. -
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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 & 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 sohage. Tt is important 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 extrac-
tion of dye the plants are fermented in vats. The process
of dye manufacture followed in the South-Western districts
is somewhat as folows* :—

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 out 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.

*Farm Acoounts in the Punjab 1931-1932 by 8. Kartar Singh and S. Arjan
Singh—Publication No. 82 of Board of Economic Inquiry, Punjab.
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TEA
Natural Order—Ternstroemiacee.
Botanical Name—Camelia Thea.
Vernacular Name—Chas.

Tea is the most widely used beverage in the world.
Tt is taken only as a stimulant, as it contains negligible
food value. The stimulating properties of tea are due to
the presence of caffeine. Dry tea leaves contain on an
average 35 per cent of caffeine. In addition to caffeine, tes
contams about 12 #0 15 per cent. Tannin.which gives tea
its colour and is responsible for the taste and astringency.
Though China is the oldest tea-producing country and
cultivated the tea plant for centuries together before any
country had even knowledge of it, yet us tea has been found
growing wild in Assam, the general opinion is that Indis
1s the original home of tea.

The cultivation of tea in India was taken up In 1833
in Assam and first consignment of Indian tea was put for
public sale in London in 1839. From Assam the tea
gradually spread to other suitable areas in India. In the
Punjab, it was grown for the first time in the Kangra hills
in 1849. As the tract selected was very suitable for tea
planting the area rapidly increased to 1,254 acres in 1854,
7,266 acres in 1881 and 9,337 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 i]i over 100 years, the proper
; _ selection of planting site is of paramount
Gimatesnd Sofl. 31 portance. The first considerati?)n for the
salection of site 1s the climate. Tea requires warm and
moist climate, with plenty of rainfall well distributed
throughout the year. Long droughts and heavy frosts
are dangerous for the tea plant. In ‘the Kangra valley,
average annual 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 well-drained soil is the best. A light soil is



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 :—

1. Sowing the seed in the nursery and then
transplanting.

|
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Sowing.

2. Sowing seed in situ.

For nursery the seed is sown on beds 6 to 9 inches
apart in the spring. It germinates after a month or so. Tt
remains in the nursery for about 15 months. 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 feet. The field is lzid out
before planting and small pits 1 X 14 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 to January .. Pruning.

February to March .. Manurng.

April to October .. Plucking and Manu-
facture.

Pruning is the process of cutting those leaves and
Pranin branches which are not required for the
& proper yield of tea leaves II these are not
removed then the plant runs to seed, and the output
of leaf decreases. The plants should receive the first
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uning when they are two to three years old. This should

cnt 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
cut and so on till the bush attains a decent size (not over
2} ft. in Kangra) and healthy growth. Tt is to be seen that
the bush develops 2 broad flat surface, so that the plucking
of leaves can be done easily.

As tea is a leaf crop, it requires large dressings of
nitrogenous manures for rapid growth. A
mixture of farm yard manure and sulphate
of ammonia is ideal for tea crop.

Msnuring.

The nature of plucking depends upon the quality of tea
Plocking of thatisto be manufactured fromthe leaves. For
leavea. making high-grade tea, only the finest shoots
consisting of the bud and two leaves are plucked. Plucking is
done by hand and a labourer can pluck 10 to 12 Ibs. of leaf
in a dav. 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. This 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 collected 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: (1) green
Tos menafas. 804 (2) black. In the case of green tea, the
tore. 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 abject of this process is
to bruise the withered leaves, so as to enable the cell
juices to become mixed and also to give a curllike twist
to the leaves. As old leaves do not get the proper
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¢wist in rolling ; these should, therefore, not be plucked if
Thigh grade tea is to be made. This rolling is common to
the manufacture of both kinds of vea. 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 forment
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 ajr circulates. Drying stops the
process of fermentation. It should be completed quickly,
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 Jeave 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 per acre of manufactured tea was only
168 lbs. At present it varies in Kangra
between 200 and 300 pounds, as against 750

pounds of North-east India.

Yield.

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
teason mostly green tea 18 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,
ina, 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 surplus stocks
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began to accumulate in all countries. The potential excess
of production over consumption necessitated some sort of
control in regard to this commodity. An international
agreement was concluded in 1933 between India, Ceylon
and Dutch East Indies. Under this agreement these
countries decided to restrict the export of tea to abous
66 per cent of their average production.

Within India, every tea estate is awarded yearly
export quota rights based on the production of that estate
by the Indian Tea Licensing Committee, constituted under
section 3 of the India Tea Control Act of 1933. If a tea
producer sells his tea locally and does not export it, he can
sell his exporting richt to another producer. There is »
regular market for the export Licences. As the Kangra tes
planters are not exporters of tea, they sell their export
licences. The income from the sale of these licences has
helped tea industry considerably. This scheme has proved
very beneficial in raising price of tea in the markets of
world, which had fallen from Re. -/11{4 per pound in 1928-20
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 1933-3¢, and Re. -/11/5 in 1939-40. As
against this the average price of tea for internal consump-
tion was Re. -/4/4 per pound.

The Agricultural Department started a Tea Experi-
Work done by mental Farm at Palampur in 1939. The
theAgrioultural - main line of work was the rejuvenation of
Department.  Joteriorated tea plants and their upkeep.
The deteriorated plants were given proper manuring,
pruning 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
per 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 manufacture of tea in
Kangra is very little understood at present. It is, there-
fore, suggested that the Agricultural Department should
set up a small experimental plant for finding out the most



495

economical and efficient method of manufacturing high
quality tea.
' MEHNDI]
Natural Order— Lythrecece.
Botanical Name—Lawsonia alba.
English Name—Myrile or Henna.

Not very long ago mehnds like Indigo was an important
money crop in the Punjab, particularly in Gurgaon district.
Owing to the production of chemical dyes, however,
indigo industry has almost disappeared, buf meknds cul.
tivation still persists, and is an important money crop in
Gurgaon District. especially round ‘about Faridabad.

It grows in almost all types of soils ranging from
light loam to clay loam. It can tolerate even
a little of alkalinity in the soil, but it does
best on heavy soils, which are retentive of moisture.

Five seers of seed is required to plant an acre. The
icbual method of soaking the seed in Faridabad is as
follows :—

About three seers of washed and cleaned mehnds seed
is put in an earthen pot. An equal amount of water is
idded toit. At the bottom of each pot a hole is provided,
which is loosely closed with a piece of wood, 80 that water
nay slowly tickle down through this opening. The seed
s shaken every morning and fresh water is added to fill
ihe pot. This process 1s continued for 10 to 15 days till
e seed sprouts. This soaking of seed is done from early
fMarch to the end of April.

The sprouted seed is sprinkled on the nursery beds.
vhich have been well prepared by ploughing and adding
vell-rotted farm yard manure at the rate of 300 maunds
rer acre. These beds are irrigated before seod is sown.
’he seed is then covered with powdered dung to avoid
amage from sun, etc. The seedlings are fit for transplant-
ag in 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

Soil.
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transplanting. The distance from plant to plant is about
1 foot. Transplanting is not done in regular rows. The
plants can also be raised 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-
ings—2 to 3 in summer and 1 to 2 in winter are enough
for the whole year.

The crop requires occasional hoeing and weeding.

It isharvested twice a year. The first cutting of leaves
and branches is taken in October, and the yield
isabout 15 maunds of dry leaves per acre. This
is the major crop. A nominal cutting is taken in January
when only tiny shoots. which would otherwise be killed by
frost, are removed. 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 vary from 2 to 10 maunds per acre.
The crop has got a very 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 leaves of mehndi (henna) are used 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
adultemstion is rather difficult.

Harvesting,
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Mehndi is exported from Faridabad to nearly all’
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 used in the pre-
paration of dyes and toilet articles.

According to pre-war rates, the non-recurring expendi-
ture per acre is about Rs. 185, while recurr-
ing 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, de.,
Rs. 815, or Rs. 80 per acre per year. Income on the basis of
20 maunds of dry leaves per agre at Rs. 6 per maund, comes
to Rs. 120, This Jeaves 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-
fc;ome by planting lemon and mango plants in the mehnds
elds.

Cost of cultivation.

MUSHROOM.
Natural Order—Agarcacee,
Botanical Name—Agoericus campestris.
Vernacular Name—=Khumb.

Mushroom is frequently met with in many parts of India,.
Inthe 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 comsumption. In the West,
mushroom culture has attained great importance. In the
U.S.A. alone, about 17 million Ibs. are produced annually.
It is extensively used 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 s considerable scope for the
developing of this industry in the Punjab and Bahawalpur-
State. Trade between the Punjab and the Western
countries could also be easily developed in case high quality
mushrooms are grown on a large scale in this province.
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Some varieties of mushroom commonly called us
““ 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 task
and can best be done only by experienced persons, yet it
can be stated that the best forms of edible fungi are those,
which when young are like round white buttons and when
they open out, are like umbrellas with gills (underside) of
dehcate pink colour. Poisonous types are likely to turn
vellow when cooked. Fung having slimy skin or when
broken or bruised show an intense blue colour, shonld be
avoided.

Although mushrooms are met with in the open fields
quite commonly in some seasons of the year, yet it is not
easy to produce them successfully in the fields on a com-
mercial scale. Mushrooms are very 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. Tt is for this reason
that in Western countries, mushroom is grown under
-controlled conditions in mushroom houses, cellars and
caves. In the East, Burma was the first to introduce the
artificial cnltivation, 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 54°F with a range of 50°F to 60°F. The
culture used in Burma took 15 to 17 daysto mature. - Madras
has reduced the period from 13 to 15 days. Artificial
mushroom is grown there on the paddy straw, 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, 3} to 4 feet flat and 10 inches in diameter,
ate taken. These bundles are soaked in clean water and
kept under water for 24 hours, Four straw bundles are
kept side by side over a raised platform of bricks or planks
avith the loese end towards one side and another four bundles
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are placed similarly, but with the loose end towards.
the opposite side. These eight bundles forin one layer of
the bed. Pure culture bottle spawns of }” to 1” thickness
each, are placed on the bed four to five inches from the
edge all round, 4 inches apart and 1 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
is unable to synthesise carbohydrated food and so ready-
made food is provided to give 1t a start. A second, third
and fourth layer may be formed in a similar way. The
whole bed is pressed to make it compact and watered
immediately with a rose-can and kept just moist. It is
watered once a day and mushrooms begin to appear iu
about 13 to 15 days after spawning and continue for about
4 to 5 days. A second crop mav be expected after a week.
The total yield varies from six to ten pounds of mushroom
per bed. These mushroems can be grown at home handy
for some delicious dishes. The bottle spawn can be had
from the Government Myocologist, Coimbatore, at a nominal
price. The Government Mycologist, Punjab Agricultural
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 mushrooms can be cultivated even in the hilly
districts.

POPPY.

Natural Order—~Papavaracee.
Botanical Name—Papavar somniferum.
Vernacular Name—Post. ‘

Poppy is grown only to a small extent ina few districts-
of the Punjab. Before the 1st Great War, the ares 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 443 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 Jand 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 3 to 1 seer per acre
which is sown broadcast 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 are guite 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 March 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 3” in
length. These incisjons are 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
juice from an acre of land in a day. Since this is carried
on for 3 to 4 times, this operation 1s quite expensive. The
produce obtained from an acre varies from 4 to 10 seers.
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
makers or in the manufacture of certain curries. The 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
-vogium. In some parts ¢ es and the petals of flowers
of yoang plants are s ynageilie, as a salad.

a*zx‘—/»\k..
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INDIAN HEMP.
Natural Order—Urticaceae.
Botanical Order—Cannabis saiiva.
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-
was 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, Afghanistan and genje 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

roperties not developed until fruit is fully matured.
Eeaves at this stage along with the fruit constitute bkang.
It is thus obvions that climate, soil and mode of cultiva-
tion affect the plant and its properties to yleld different
types of Indian hemp products. ‘

The cultural practices differ greatly according to the-
uses to which the plant is put. In the case of cultivation.
for narcotics, rich frisble loam is selected in a moist but.
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not shady place. About 4 to 10 ploughings are necessary
for the preparation of seed bed. The preparation for
raising nursery generally commences with the first shower
of rain and is continued 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 ready for transple ntation.
The seedlings are transplanted 6" to 8” apart. In November
the lower branches of the plants should be trimmed so that
the upward growth of the plant is stimulated. When the
plants begin to come in flowers, services of an expert are
called in who cuts down the male plants. Even a few nle
plants left in the field may injure the entire crop because
they will run into seed and ganga yielded will be of inferior
quality. Of course, 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 common
practice in India the seed rate is usually high. The
growth of better fibre is promoted by thick sowing. For
this purpose, after preparing the land, the seed is sown in
November and cut 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

JIike sann hemp.

TUNG.
Botanical Name—Aleurites cordata.

Tung oil being an excellent drying oil is an important
‘ingradient of paints and varnishes. A% one time China
had a monopoly of this oil, with U.8.A. as the chief importer.
During the }l)ast 20 years, however, the latter has been able
to grow this plant quite successfully, though even now
she imports about 1} million mounds of this ol from China
out of a total production of 3% million maeunds. The
world consumption of tung oil is about 10 million
maunds. .

In view of great importance of tung oil, efforts have
‘been made by the Pumjab Agricultural Department to
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grow this plant in Kangra 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
Scientific Officer of the Indian Tea Association, Assam..
It was planted at Tea Farm Palampur in January 1939.
The plants raised were transplanted in the Farm in January
1940. 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, 7.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 contain
68.32 per cent. of oil on dry basis in the kernel which is
considered to be verv 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 up-
to ten pounds or even more as the plants grow.

All the seed produced in 1943 at the farm was used’
for multiplication. In addition, Dharamsala Tes Estates
obtained some seed on their own account and started
sowing it. 'The total number of plants distributed by them
and the seed from which is being utilized at present for
further multiplication is about 1,300.

Tung prefers a loose soil, the type found round khads
which is not fit for any other crop and is generally classed
as waste land. There iz plenty of such Iand 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 the.:
industry to utilize in the Punjab.
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CHAPTER XIX
GENERAL OBSERVATIONS.

So far in this book we have discussed the technical
side of agriculture, mentioning the present methods of
cultivation with suggestions for improvement, with a view
to increase the net income of the cultivator, either by
improving the quality or the yield or both, of the produce,
or by reducing the cost of cultivation by using improved
methods. Tt 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 their 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 millions. Tt
Pressure of is increasing at the rate of 1.5 per cent per
populstionon  annum which would give a population of
land. about 564 millions in 1971.

In British India the area under cultivation is 239
Lend per per- Inillion acres. Add to this the culturable
son. waste other than fallow—92 million acres.
This gives only 1.1 acre per adult person on the basis
of present (1946) adult populationof 313 million. In
1971 with adult population of 423 million it will be
only 0.8 acres person. The population of British
Puanjab was 28;81 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

es per person on the basis of present (1946) population
of 31% millions and 1.91 acres per adult person. The problem
i8, thus, not so urgent in the Punjab as in India as a whole,
\“hough the higher rate of increase in the Punjab so far is



500

half o million a year, ¢.e. 2 per cent per annum indicates
that it will soon be on a level with the rest of India. It
must be remembered that the so-called cultivable waste is
largely useless unless irrigation and other amenities are
provided. This will naturally take comsiderable time even
if it is at all feasible in some areas. American workers
calculate that 1.2 acres per head are required for emergency
restricted diet and 3.1 acres 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 apart from consideration of quality. Dr. Akyroid
estimates that India on the whole requires 20 per cent
more calories chiefly from grains, 15—20 per cent more
pulses, 10—20 per cent more sugar, 100 per cent more
vegetables and 200 per cent 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
made to increase the milk and ghee supplies
seems to ignore fundamental facts. It is a scientifically
established fact that an acre of irrigated land grown with
grains and vegetables can support larger population than
when it is devoted to milk production. e table below
gives the food units per acre when different commodities
are grown.

War policy.

Comparative calorific value per acre of staple food, vegetable and oil
seed crops and milk.

CALORIFIC VALUE.
Crop Yield per acre in peunds
(Edible portion) Per Per
pound 8ero
‘Wheat (whole) excluding
atraw . 1,316'8 1,566°7 2,062,7172
Potato P 9,051°1 450-4 4,078,7506
Cabbage . 16,4571 1529 2,501,479°2
Mustard seeds (toria) . 658-3 24215 1,613,624-9
Berseom fodder used for 49,200.0 producing 4,820 31440 | 1,544,880-0
nilk production. 1ba. of milk.
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Yield per acre taken at :—

Calorific value per
100 grammes

(1) Wheat .- 16 maunds . 345.4
(2) Potato ~. 110 maunds . 90.3
(3) Cabbage v+ 200 maunds o 33.5
(4) Mustard seed (foric) .. 8 maunds . 540.4
{8} Berseem used for v 600 maunds . 6.5

milk production 106.1

Note : One pound =453'6 grammes.

As regards milk the food units consumed before the
cow is in milk, i.e., up to 3 years of age must be taken
into account. If we deduct this, the nett gain may be
about 1 million calories. Berseem, of course, will require
much more water than wheat.

. This very point is clearly made out in the table below
which gives the food consumption and land required for
producing it in Germany and Great Britain before the
war.

Foob coxsuMpPTION LAND BEQUIEED ¥OR
POUNDS PER HEAD PER PRODUCTION OF
ANNUM (P. LAMARTINE BriTISH LEVELS OF
Article of food. YaTes). * YIELD ACRES.
Great Germany Great Germany
Britain Britain
Bread and four .. 197 222 0.15 0.16
Potatoes . 210 398 0.015 0.03
Sugar . 109 56 0.04 0.02
Beef and veal . 66 34 0.60 0.31
Pork . 48 65 0.18 0.25
Mutton and other meat .. 29 .. 0.26 ..
All meat ve 143 100 L04 0.56
Milk (gallonsj .. 20 21 0.08 0.08
Butter . 22 16.4 0.18 0.14
Margarina . 8 15.56 - ‘.
Cheese . 9.5 12.6 0.02 0.03
1.50 1L.00
Qther foods 0.1 0.05
" Leo 105

Percentage of sufficiency ; es  40o0rless 84
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Tho main theme is that Germany using potatoes 398
1bs. {(compared to 210 in United Kingdom), half the sugar, 100
1bs. 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
figures are for 1937. “ The ideal dietary for a policy
of sell-sufficiency must be plysiologically 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 lbs. of
dry matter to make one pound of meat and is, therefore,
very wasteful. It is usually estimated that milk produc-
tion secures one pound of dry matter from 5} 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 vitamins
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 necessary vitamin supply.
It must be recognised that milk production is wasteful
though 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 scjentific 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 (c) pulses and (d) oilseeds. Considered
from this point of view milk and ghee are luxuries which
India as & whole can ill afford. The relative price of milk

L. Pagorby Dr. E.J, Rugsel (Chemistry and Industries Journal June 5th, 19433
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compared to other food is far too low if the cost of produc-
tion is borne in mind, except, perhaps, in places specially
favourable for milk production, such as, nver belas, vast’
areas of uncultivated land as in Karnal district, and big
forest areas. Besides, crop farming on the whole gives
higher profits than milk production as shown from the data
given in the appendix.

Another characteristic feature of the Indian population
is, that a major portion of it is rural, mainly depending on
land for subsistence. According to 1941 censns, 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
follows :—

United Kingdom .. 1931 80 per cent.
Netherland .. ... 1930 48 per cent.
France .. .. 1926 48 per cent.
1820 7 per cent.
U.8. A. .. 31870 26 per cent.
1930 56 per cent.

The heavy pressure of population on land, naturally, v
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 income  D€lhi. Professor Brij Narain gives a figure
from Agrinul-  of Rs. 13).4 crores in 1925-26. The Board of

bure. Economic Inquiry Punjab—Publication No.
52 gives a figure of Rs. 96.23 crores. A rough estimate for
1940-41 given below gives a total of Rs. 101 crores :—
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Value of Agricultural produce in the British Punjab,
during the year 1940-41 :—

.

ESTIMATED ‘ HARVEST PRICES
OUTTURN \ ToTarn
Crop | ] VALUE
i | on |

Rs. a. p. [ R *000 Rs.

Rice 4627 2170 [ 664 30,723.28
‘Wheat 3,388+0 300 818 273,122.02
Barley 2193 210 562 12,324.66
Jowvar 981 211 0 733 7,190.73
Bajra prean 290 698 33,322.52
Maize 4478 290 69:8 31,256.44
Gram 6997 300 81-8 57,235.46
Rabi Oilseeds 1766 4 00 1090 19,249.40
Sesamum 71 700 190-8 1,334,689
Gur 4704 350 90-3 492,477.12
Cotton (Desi) 318-2 5 40 143-1 45,534.42
énnon {American) 350-3 720 1942 68,026.26
Tobacco 24°1 790 206°1 4,967.01
Other Millets 300 280 554 1,662.00
Pulses 22540 500 138-3 30,667.50
Groundnut . 14040 380 954 1,355.60
Fruits and Vegetables . . 32,822.90
Hemp 144 8 00 2180 3,139.20
FD::‘;;: (groem) bhosa md. . . * . . 314,014.94
TOoTAL .. 2514

1,010,428.14

Taking 100 crores as a safe figure and the total rural
population at 24-7 millions this gives an income per person
of Rs. #0:8-0 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 rural inhabitant. This
figure is much below what industrialists in cities like Bombay
conceive as the Punjab income. As buvers of our surplus
fnodsiiuﬁs they imagine the province to be rolling in
wealth.

The law of inheritance requires equal partition of
Fragmentation  &ncestral property among male heirs. Owing
of holdings. to the difference in the quality of the.land it

often leads to the division of each field, so that say
four brothers inheriting after a father who owned 5
fields may each have 5 small fields instead of 1} each. Such
fragmentation leads to great inefficiency. There is enor-
mous waste of labour, both human and bullock in reaching
the various fields. More land is wasted under field embank-
ments which have necessarily to be made round the fields.
It also stands in the way of sinking wells for irrigation and
keeps back cultivators from living on the land, which
results naturally in lower yields. Consolidation of holdings
has been attempted in 14 districts by the Cooperative
Department since 1920 on voluntray basis. The total area
consolidated is 1.5 million acres. This work is also being
done hy the Revenue 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 thus 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
18, however, felt that the progress will be alow, and can only
be a palliative until the law of inheritance is changed.

The term “holding” has been very much misunderstood
Size and dwty. 30d has, therefore, given rise to much con-
bution of hold. fused thinkidg. An attempt is, therefore, -
fnge. 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) ome-plough holding.

The land is generally held by a body of village
Owner's hold-  proprietors whose shares are determined
ings. by ancestral relationships. According to
rule of inheritance each son usuallv 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 table below gives the detailed figures.

Table showing number of owners’ holdings according to
area of cultivated land owned :—

! Hovprxas ‘ AREA

Suze Percont. | Estimated | Percentag:

age to No. of of total
Number, the acres. area

total. cultivated.

{

Under 1 acre . 825,400 17-9 313,00 10
1—3 acrea .- 908,400 255 126,800 44
3—5 acres . 520,000 14-9 1,836,000 66
§—10 acres . 630,600 180 4,400,600 151
10—15 sores . 288,300 82 3,353,000 115
15—20 acres . 150,100 43 2,444,000 84
20—26 acres . 94,000 2-7 1,987,000 68
2550 acres . 168,700 48 5,887,000 204
Qver 50 acree . 120,900, 33 7,452,000 257
Torar . 3,506,400 996 27,877,800 999

It will be observed that 17.9 percent of owners own
Jess than 1 acre each and the tota) area owned is only 1 per
cent of total; 40.4 per cent of owners own over 1 acre
and less than 5 acres and the area owned is only 11 percent
of the jotal. Three fourths of the total number of owners
posssiis’indér 10 acres each and }th of the total cultivated
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area, whereas the remaining $th is owned by }th of the
owners. The percentage owning over 25 acres is 8.1
only and accounts for 46.1 per cent of the area. Ouly
3.3 per cent owners own over 50 acres each but 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 is 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 " P . 28.8 acres
Denmark . - . 38.5 acres
Germany . . . 24.1 acres
Czechoslovakia . .. .. 20.0 acres
Italy . .. .- 15.4 acres
Rumania .. . - 14.9 aores
Netherlands . .. . 14.3 acres
Belgaria . . . 13.3 acres
Yugoslavia - 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 :—

* Percentage of Percentage of
Bize of holding owners land

From 0tolacre .. .. .. 20-2 08
From 1 to 3 aorea .. e .. 286 52
From 3 to 5 acrea .. . . 149 62
From 5 to 10 acres 169 131
From 10 to 15 acres 73 81
From 15 to 20 acres . . 36 72
From 20 to 25 acres - .. 2-2 546
From 25 to 50 acres e . 39 14-8
Prom 50 acres and over 24 380

Torar. .. 100-0 100-0

It shows that the size of holding in case of small owners
bas further decreased while the liﬁiugs of big owners have
increased. As pointed out earlier, only one person out of -
eight in the province owns any land at all, though over
B0 per cent are dependent on agriculture. 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 fact 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 large number of these may be mere allotments
owned by labourers or petty grants made for a religious pur-
pose but the inquiries definitely revealed that fully half the
owners 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 such 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 Ghazi Khan 30.2
per cent.

Here the ownership and tenancy are ignored and
the whole area cultivated by the cultivator whether as
Cultivators’ owner or tenant is taken into consideration.
holdings. This inquiry was also conducted by Mr.
Calvert and results were published in 1628. The table
below gives the detailed figures :—

CULTIVATORS,
Per cent. of
Size Itivated
Number Per cent area
|
1 acre or less .. .. 904,000 22:5 15
1—95 acres . .. 1,332,000 333 12-1
5—10 acrea .. . 848,000 205 206
10~-15 acres . . 410,000 10:2 17-4
15—20 aores .. . 212,000 53 123
20~-25 acres .. . 128,000 31 91
25—50 acres .. . 164,000 42 185
Above B0 acres .. A 20,000 0-9 79
Torsr .« 4,018,000 1000 894
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The average area cultivated by a cultivator s about
7.2 acres and the total number of cultivators according
to this 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, t.e.,
22.5 per cent of the cultivators cultivate one acre or less
though this land is only 1.5 per cent of the whole and 33.3
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 show
over 50 per cent of their cultivators cultivating 2} acres or
less : Simla 90.8, Kangra 80.4, Hoshiarpur 74.5, Rawalpindi
64.4, Jullundur 56.2 and Sialkot 55.6. 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
per plongh, 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
Hoshiarpur, where wells are to be worked for lifting water,
there are only 8 acres-to a plough, Kangra has got 41 acres
and Simla only 3 acres to a plough. This 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 Atbock 27 acres.

Another effect of this unequal ownership of the land is
Lena T that it leads to tenant farmimng. Taking 10
enure, . . 7

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 thin 10 acres. In order to make it
mto 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 themselves
work purely as tenants on bigger holdings.

It is for this reason that about 50 per cent. of the area
is cultivated by temants at will. The table below gives the
percentage of total cultivated land held by tenants paying
rent in some districts—

- Proportion of totsl cultivated land held by
District v teuants paying rent.
Kaugra - 354
Rawalpindi .. 388
Ambala .. 43-0
Hoshiarpur .. 533
Jullundur .. 44-9
Ludhiana .. 42-4
Ferozepur . 53-9
Lahore . 85-7
Amritsar .. 526
Montgomery .. 73
Multan T4-4

The first six districts showing lower proportion of
land cultivated by tenants have got larger proportion of
land held by small owners, whils %ﬁontgomery 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 often 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,
since he is hard to replace. Legally he can be ejected by
serving a notice to this effect before the 15th November
%ecedjng. He has no claim to the residual value of manure.

e only claim recognised by law is to the valu¥ of uncut
crop sown by him and the cost of preparation of land which
be 18 not able to sow due to ejectment. He is also entitled to
compensation for disturbance in certain circumstances anfi
for improvements made by him. In the interest of agri-
cnltmﬁm improvement our objective should be greater
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security of tenure for tenants with compensation for dis-
placement which may be equal to at least one year’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 veform that is
needed is to make it necessary to register tenancy agree-
ments fixing the share of landlord and tenant. Once fixed,
such division should not be liable to frequent changes.

Smaller family is of course the first and the most direct
Remedies for Yemedy. The recemt discovery of methods
over popula- for release of atomic energy opens up new
vion. possibilities even as regards food production

and this may lead us to modify our views regarding the
urgency of limitation of families.

Comparatively little is possible except in settling new
Emiseation irrigated areas and even for that the outlook
gTation. isnot too promising. Reclamation of vast
areas of eroded land locally known as darrar in submonsane
district is another possibility.
This is very necessary in the Punjab to balance Ag-
Industrialisa- 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-hulling, vegetable ghee manufacture, cotton-
spinning and weaving, wool-weaving, tanning, etc., are in-
stances which offer scope for expansion.
In the canal colonies an ave:lz:]ge fr}rmﬂr Iils worktg:ig
jdi 166 days a year only. In well-irrigated-
s::,;;:xgu cum~baZani g’mcts, the working days
are 230. The corresponding figures for bullocks are
112 and 160 respectively. 'There is, therefore, a blg
surplus of partially idle labour. The subsidiary industries
suggested are silk-worm rearing, embroidery, lace-making,
spinning, toy-making, poultry keeping, bee-keeping, dairy-
ing, sheep-keeping, fruit and vegetable-growing and.
canning. (See Chapter XX).



518

This has been dealt with elsewhere in this book. One
Improvement of Of Our big needs is improvement in marketing
sgriculture. and storage facilities. Some steps are being
taken regarding these matters and especially in malking
market practices 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
Inorease in of foodgrains ; 14 million tons of rice used to
production. 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 followmg
three are important :-—

It is well known that yields on irrigated lands are certain
and higher but at present only 25 per cent.
of the cultivated area is irrigated m 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 1s insufficient and
erratic. Axtificial 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.

1. Irrigation.

‘Tt is admitted that our indigenous implements are very

2. Better inefficient and their. output is very
cubtivation. Thereis, thus, an urgent need for lmprovmg
them. Improved 1mp]ements, such as furrow turning
ploughs, chaff cutters, automatic drills, hoes and harrows
have been infroduced to a certain extent but, muéh more re-
mains o be done both in making more widespread use of the
above imjflements 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
by the application of science to agriculture

3. Use of . oo N
artificial is the use of artificial manures. In India at
manures. present very small quantities are used. The

Punjab hardly uses 1,000 tons of ammonium sulphate per
annum and practically nothing of phosphate, potash and
lime. There is, thus, a great scope for their extensive use.
These artificials are at present all imported and their price
is consequently high. The Fertiliser Conunission recommen-
ded the ostablishment of one factory at Sindri near
Dhanbad for the manufacture of ammonium sulphate. Tt
is hoped it will start working shortly. There is need for one
in the Punjab as gypsum & mejor ingredient in the manu-
facture of ammonium sulphate is available here in large

quantities.

Tmproved seods are also helpful in increasing yield to
4 cerbain exbent bub better cultivation and manuring are
necessary to maintain high yields of better varieties.

The timber and fuel resources of the province are
managed by the Forest Department controlled
F:,m\;::.,’-ﬁ&m, by a Chief Conservator and a number of
agsistants. The pre-war expenditure of the
department was approximately 27 lakhs and their receipts
about 23 lakhs of rul  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 ufpopularity. Its general
organization, however, will need to be kept intact, but
possibly 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 provincia.l policy needs to be worked out to
dea] with (o) hill forests (8) reclamatior and Erevention
ot arosion (¢) Working out & sound programme for the plains—
Dboth in barani and irrigated tracts. .
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As regards (a) above no suggestions are offered but
presumably the department’s progosals for post-war deve-
lopment will receive serious consideration. We deal below
with (b) and (c).

This means the removal of the surface soil thereby
S0 making good fertile soil barren and un-cul-

oil-erosion. . .
turable. Erosion may be caused by wind

or watar.

‘Wind-borne erosion occurs in the desert tract of South-
east Punjab and Thal 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 Mianwali.

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
chos in Hoshiarpur District. Another kind of damage
done on steep solls 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 erosiorwill 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 under proper guidance and co-ordination of
work. This can now be done move easily and quickly as heavy
earth-moving equipment, consisting of ‘bull-dozers, terra-
cers, 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 %o reclaim 150,000 acres of now useless
durrar land and to increase the productivity of 350,000
acres of poor and unterraced land slready threatemed 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—Attook.,
Rawalpindi, Jhelum, Gujrat, Hoshiarpur and Ambala.

Another line of work is the reclamation and improvément
of waste lands, so 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 riversthrough-

- out the Province, particularly below Hoshiarpur 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-
astrons floods and tending to raise sub-soil water in districts,
such as Jullundur, where 1t is now getting lower year by year.
The province as a whole, therefore, should subsidize this work
and thus relieve local interests from having to bear the
greater part of the burden.

The spread of canal irrigation has caused large areas
Plains policy of waste land producing a certain amount

BT of fuel and managed by the department,
to disappear. Some irrigated plantations have been
started, to partly redress the balance. The most
important of these are at Pirowala (19,281 acres,) probably
the largest irrigated forest in the world and at Chichawatmi
{11,494 acres) and Chhangamangs (10,845 acres) on the
Lower Bari Doab Canal and Arifwala (1,519 acres) on the
Sutlej Valley 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
Trrigated plan- admitted that these irrigated plantations give
tations. 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 avoid distant carrying of a seasonal
supply. The Pirowala Forest is 130 miles from the head
of the L. B. D. C. and is possibly the worst case of wrong
siting.

Tt is probably in systematic arboriculture that a

) province-wide effort is most needed. TIndivi-
Arboriculture: 18] trees scattered over cultivated areas are a
very expensive luxury as they cause much damage to crops
through excessive shade and roots interfering with cultiva-
tion. On the B.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. Tt is in the villages in the
plains, particularly in irrigated tracts, that most room
for tree planting exists. A very determined and consistent
policy is essential if trees are to be grown and protected
from;livestock in their early years, in the villages. The
Kashmir Government has tried to solve this difficulty by
creating an ‘Arboriculture day’ throughout 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, small saplings of kikar and Shisham at
convenient centres. Trees in our village sites do not interfere
with crops, give shade t6 men and beasts and serve partly
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as tuel reserves, thus saving manure having to be converted
to dung cakes. A survey of posaibilities in this direction
would clear the deck for further action.

Pioneer work has been done in this direction by
village ameni- Mr. F. L. Brayne in his village uplift work.
ties, Careful study and planning would avoid much

of wasted effort in early ‘uplift work’. Discouragement
only will ensue if too rapid a change is pressed on the villages.
Villages should be planned with wide central roads copiously
planted with trees. The well should be near the centre
of the village and arranged so that water raised by either a
persian-wheel or a pump should be passed on to a closed
tank from which various communities can bave separate
taps. Places of worship and the village post office and the
school should be sitnated as near the centre as possible
and an open place left for social or other gatherings.
There should be an enclosure and 2 house allotted for
each square held by a tenant.

A pucca brick washing platform should be arranged—
either on the irrigation chamnnel 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
into village tanks. They help to keep down
mosquitoes 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 crop.

An effort should be made to provide shelters and
Manure  snd  encourage the habit of defecating in the

human exereta.  fields——o0r over manure pits, so that as in
China, no waste takes place.

This should be encouraged to become the -centre
Sebodi, of social life in the village. Books and

pamphlets on rural reconstruction shouid
be available w1t11 the school master, who ought to be
the natural leader in ameliorating village life. To get all

Village pond.
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this going it is desirable to have & central 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
in the Punjab and wastes the oultivator’s
substance and time. A simple difference of
opinion can often be fanned into a serious quarrel—
often encouraged by interested 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 unsuitable
as leaders—being more dependent on government than
on the people. Under such conditions corruption and
bribery flourish.

Village factions.

With a view to reducing litigation and fostering
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 Panchayat Officers
and 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 enhanced if they held their position really
by election.

Panchayats,

The Punjab. bas Primary Co-operative Societies,
Central Co-operative Banks and one Pro-
vincial Co-operative Union. TFhough great
work has been done in the past in bringing cheap credit
to the cultivators, there is still an enormous field open
for further development. We need co-operation in all
village activities, in buying, selling, purchase of the
more expensive implements, road-making, tree-planting,
_ well-ginking and innumerable other directions. If this
spirit coifld be developed further it may be possible to

‘Co-aperatian,
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start collective farming and other organized developments,
which would raise the general standard of village life.

In addition to weaving, lesther work, oil seed pressing,
Miscellaneoss  flour-milling of maize, wheat, gram, etc., which -
industriee, 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 favourable 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 (¢) flour-milling
() water-pumping and (c) chaff-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 nevexr 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. TField
and jungle musbhrooms are common in Kashmir and since
the war are being exported in considerable quantity as dried
mushrooms to the plains. Mushroom can be cultivated
artificially, and spawn can nmow be had from the Agricul-
tural Department in Madras and shortly from Lyallpur.
Successful rearing of rice-straw mushrooms from Coimbatore
spawn were made at Khanewal this automn. Much work
Tequires to be done in this line.

There is room in India for many new crops. Here
New om0 in the Punjab the most obvious new crops
pe required are the following :—

{¢) A rapidly-maturing zaid rabi crop which could
be sown in tho middle of March ard would get its
last watbering in middle of May in canal irrigated
tracts in Western Punjab. Experiments at Lyallpur
have shown that wheat does not require irrigation
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after 7th or 10th March and cotton-sowing is
now done after 15th May—especially American
cotton. Except for small areas of cane and eariy
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 authorities claim
there is no demand for water 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 csse run in rotation
from October to February there is plenty of
time usually for repairs during the winter seasos
and no closure is essential in April-May.

(b) A leguminous oilseed, such as the soya bean to
partly replace wheat or toria. Though soya bean
15 normally a summer crop there are varieties
suitable for winter growth.” We have too much
wheat in the Punjab, and it exhausts the soil, where-
a8, soya bean 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 recemt years spread
largely in the US.A.

A fibre crop in kharif as a substitute for cotton
and an insurance against low cotton prices. At
present no suitable fibre crop is available in the
province.

(c,

<

If suitable tractors become available after the war
there may be room for much development
in power farming. One big result of using
mechanical power would be reduction of the fodder area
—which amounts to 15 per cent of the cropll))ed area, a
good portion of which is required for working bullocks.

. Problems connected with consolidation and amalga-
mation of heldings to secure a larger, economic unit of

Power farming.
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Some of the advantages of large scale farming are

Jective farms. ized in a publication by one of us.

Collec " Much saving of water is possible by large-
scale farming in the canal colonies.

To clear the ground for further progress in agriculture
it may be necessary in future for government

Legislation. to take power to do the following :—

(a) A law to prevent division of land below a certain
fixed minimum area—possibly 12 or 14 acres in perennial
canal areas and about 20 or 25 acres in some daran? tracts,
¢g., Ambala, Hissar, etc., and 8 or 10 in others, such as,
Jullundur, 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.

(¢) The right must be taken by the state to expro-
priate both a tenant or a landlord, who will not cultivate
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 animals have not proved very frmitful. Legislation
seems to be the only remedy.

The most common, mnit of farming is a ‘one plough hol-
Large scale ding’ cultivating about 6 acres in case of well
farming irrigation, 12 to 14 acres in canal areas and 25
acres or so in barans areas. Theindividual cultivation of such
small holdings is considered defective in .more than one
way. In the first place it is very diffioult to introduce
improved seeds due to a number of crops being grown on
small areas. Secondly it is not possible to use labour-
saving jmjlements such as furrow turning ploughs, horse -
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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 drawbacks it
has been suggested that large-scale farming is essential
for effecting any substantial improvement.

Large-scale farming can be of two types-—in one case
the land is cultivated by tenants on the usual share system,
locally known as éatay but the managing agency controll-
ing large area, is in a bebter position to bring about
improvements. 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
terms, are also cultivated on these lines. The advantages
of a large-scale control, as achieved 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 trees. Tenants
are encouragod 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 comntrol is in
the hands of one authority.

(6) 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 possible often to avoid wasting water
on poorer portions of an area. This cannot be rigidly
applied for reasons connected with rotation plan. By
adopting uniform crop rotation the water channels can
be kept running in the crop only and not over uncultivated
or fallow areas. .

(d) A consistent policy for green manuring can be
mare easily foﬂowodinplzrgeestatestbaninsm&nones.

5
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(¢) Cultivation and interculture can be levelled up to-
» high standard by adopting a uniform policy, and by
ncouraging all to work according to plan.

(f) Implements which the one square or even two
quare man cannot afford can be easily supplied on share -
nsis of expenses acceptable to tenant, e.g., reapers, thre-
hers, etc.

(9) Repair and upkeep of implements is much more satis-
actory when arranged on a large scale. It is also much easier
o secure essential items such as steel, cloth and other neces-
ities.

() Harassing by petty officials can “he largely obli-
erated. Care, of course, has to be taken that one’s own em-
loyees do not take their place as extortioners. A further
ig advantage is keeping the police out of the area and
oftling disputes by panchayats in which the lambardars or
cadmen 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 agam some abuses may
reep in and a careful watch has to be kept that favouritism
1d 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 cultivation
1s done by tractors in place of bullocks. Tt
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-
there. In the Punjab on basis of 12 acres per plough,
here is a surplus of workers of 343,000 representing a popu-
stion of 2 million or 8 per cent. of the total population.* -
for British India, as & whole, the figures are still more dis-
'wieting, #iz., 15} million surplus representing a population .

Yower farming

% Poverty and Social Change, by Tarlok Singh. -
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<of 713 million or 28 per cent. of the population. Mechaniz
agriculture may accentuste this surplus, but it must
‘remembered that a portion of the displaced persons wou
find employment in industry. The nltimate objective mig]
be 60 per cens. agriculture, 25 per cent. industry and |
per cent. services. If mechanized farming results in great
production of food and other commodities at less cost to ¢!
community, it must make headway, particularly in can
areas. The great saving in eliminating most of the 15 p
ceut. area now devoted to fodders, is a big factor in i
situation.

Both the authors have had experience of China an
Lessons from one of them visited Schezwan in April au
China® May, 1944 only. Chief points of interest t

India we wish to note are—

1. Only a third of the dranght animal population ¢
India is used in China and their number per unit of area 1
only about one-half. The other one-hali of the work i
done by manual labour. In Japan also a similar state ¢
affairs exists. On the other hand a very large population o
smaller animals, such as pigs poultry, ducks and fish whict
mostly live on by-products, but produce a large quantity o
food for man, are kept. This arangement has been forcec
on China due largely to pressure of population, the aver
age ares per person being less than half of what it is in India.

2. All the oilseed, including tung and soyabean, am
crushed in the country and surplus oil is exported, but no
oileake is sent out of the country. Most of it is used as manure.

3. The use of manure, particularly human excreta, is
‘vary highly developed. It is reckoned that one-third of the
holding (about 6 acres) is manured yearly from excrets
of the family.

4. Soyabean is a very popular crop. It is both an
oilseed and a pulse. It is a rich food and has many uses in
-China. Tt bas also spread in America and now occupies over
¢ million acres. Practically none was grown in USA. i
1920, - - .
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5. Tung tree. On the slopes of hills, which cannot be-
otherwise used profitably, tung trees are grown.

6. The country system of organisation for rural
jevelopments is very instructive. The wuse of well-
wganised bagar or compulsory labour for road-making
and community purposes is worth emulating in India.

As the problems in India and China are more or less of
ihe same type it is suggested that India might send at least
vdozen studensts to China yearly to study rural development
ind agriculture, particularly, manurial practices, as there
5 much to learn from there.
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country. It is, also, sometimes nsed as a preservative fo
fruits. :

In the Punjab honey is produced as a wild, as well
as, home product. The most important areas of pro-
duction are Kangra District, especially Kulu Sub
Division, Dalhousie area of the Pathankot Tehsil, Simlk
District, Una Tehsil of the Hoshiarpur District, and Murrec
"Tehsil of the Rawalpindi District. It is estimated that
the total production of the jungle or wild honey
is about 53 thousand maunds and that of the domestic
honey about 1} thousand maunds. The total production
is in the neighbourhood of 7 thousand™maunds. Apart
‘from this about 2,500 maunds are imported from the
adjoining hill states and N.-W.F.P., the most important
being the Kangra and Simla Hili States and Jammu aud
Kashmir States, which account for nearly three-foursh
of the total imports. Thus, the total available supply for
- consumption in this province is about 9,500 maunds.

While these are the figures of total available supply
.of honey 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 supplies,
including imports, handled in the organized trade chanmnels
is about 5 thousand maunds. Most important assembling
markets are Kulu Sultanpur, Dharamsala, Kangra
Nagrota, Simla and Murree, while the distributing markets
are Amritsax, Lahore, Rawalpindi, Hoshiarpur, Multan,
Jullundur, Sialkot, Ludhiana, Ambala, and Jhelum, meu-
tioned in the order of importance. Two varieties of honey
are recognized by the trade—(a) white, and (b) amber or
-dark-brown. White honey, which is chiefly obtained
from Kulu (antumn 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
“extraction and cleanliness, consistency or stage of ripeness,
freedom. from adulteration, taste, flavour and aroma.
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Joney obtained by squeezing method often contains
mpurities like wax, pollen, carcases and juice of crushed’
soes, dust, dried leaves, etc. Extracted honey is generally
ree from these impurities. Thick consistency is considered’
io be better as thin honey is liable to fermentation. Wild'
ees usually yield honey of thin consistency and poor
keeping quality. Tt. therefore. sells at a discount.
Similarly, honey liable to granulation is considered as an
infarior product by the trade, hut in hilly areas and among
<othe consumers this is not considered as a disadvantage.
The chief adulterants used are sugar, syrups, and moaasses.
The adulteration is mostly done in the plains. The flavour
of the honey depends upon the flora system from which
the bees gather the nectar. Honey produced by bees fed
on clovers and soapnut trees is generally mild-flavoured, .
while honey gathered from shisham, barberry and buck-
wheat is generally strong flavoured.
Though the culture of bees in indigenous hives in
) the Punjab is as old as history, yet the
ot ®n¢ initiating of modern domestic bee-keeping
domestic  bee- dates back to only eighties of the last
keeping: century, when (Sir) Lowms Dane kept bees
in Kulu in movable frame hives. It was he who as Lient.
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
agricultuge 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 lbs. from & colony has been obtained.
Similarly, in Katrain Farm, the maximum yield attained
has been 97 lhs. and that from Lyallpur Farm 60 1bs. 2 ozs.
Kinds of bace. _There are three kinds of bees in the-
Punjab :—

1. The Giant honey-bes (Dumna or Bhandaur-—
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Apis dorsata F.) It is found in the lower bills and sub-
montane districts. It builds a single large comb, generally
on tall trees. which may yield as much as 80 lbs. of honey
in a year. It has a ferocious temperament and is prone
to migrate and is, therefore, unsuitable for modern hives.

2. The little honey-bee (Chhoti Makhi: Apis
florea F.) This is common in the Punjab plains. It builds
a single small comb among bushes and hedges which gives
1 to 2 Ibs. of honey in a year. It does not live in captivity
and, therefore, it cannot be kept in modern hives.

3. The Indian honey-bee (Darokla or Mahyn:
Apis indica F.) Tt is usually found in hilly tracts of the
Punjab. It builds parallel combs in the cavities of tree
trunks. Under domestication it is kept in special “‘wall-
recesses”. 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 mnanagement.

A bee colony consists of a queen, workers, and drones.

There is asually 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 andis fed on *a richer
and more nourishing food called “Royal Jelly”, specially
manufactured for her by the workers.

Bach colony has a number of drones. They have no
sting and are usually fed by workers. Their only duty is
t0 mate with the queens. Their normal life is about 2
months but ‘are usually killed before monsoon and winter.

. The meorkers are imperfectly developed females which
.usually do not lay eggs, and may be as many as 20,000 or

Bee tolony.



537

more in & colony and form the main strength of the
colony. They do all the work pertaining to the wall-
being of the volony. Normally they live for 6 weeks, bus
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 isreared and pollen
and honey stored. The filled cells are provided with a cap
—worker brood cells have flat capping, drone brood cells
have bulged capping with a hole in the centre and honey
cells have flat amr-tight cappings.

The queen begins to lay eggs with the advent of spring.
The egg stage lasts only for 3 days, larval stage for about
6 days, and pupal stage 74 days in case of queen, and 12
and 141 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”
sattle down to their work of gathering nectar and pollen
from flowers.

During April and May, there is a honey-flow in sevaral
localities In the Punjab. The colonies should be strong
just before that. At the end of flow, honey should be
-extracted leaving 15 1bs. 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 bees 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 fod on sugar and each
colony should get enough of it to make up 15 Ibs. of store.
“They should also be protected from heat, rain, ants and
-enemies, otherwise the bees may abscond.

In some localities such as Kulu Valley and Lyalipur,
there is & second honey-flow during September-October.
lu']]sh the winter season colonies Thould bet lFrotiect:d u;

b ing. Only strong colonmies with plenty o
‘Toney ‘svtos:]?;og to 25 ylbﬂ.) :ﬁd a good queen shoulﬁ be
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allowed to winter over. Weak colonies should be united
with strong ones.

When honey-flow has stopped and motre than ;— to §
of the honey cells have been capped they
should be taken out and cleaned of the- beas
with smoke and green grass. Uncap the combs with a hot
uncapping knife, put two uncapped frames in the axtractor
and revolve it first slowly and then briskly. Honey will
be thrown out. Reverse the frames and revolve again. The
honey should then be allowed to settle down for 3 to 5
days before bottling it. The wet combs should be given
back to the bees for removing the residual honey.

The important plants which provide nectar and pollen
Plants. for the production of honey in the hills are—

Honey extraction.

(a) Plants supplying nectar: shain (Pleatranthus
rugosus): polygonum. sp.: strobilanthes sp. ;
bhres (fagopvrun sp.). sarson (brassica sp.);
kasmal (berberis sp.);: tun (Cadrela toona);
soapnut (Sapindus detergens); shisham (Dalbergia
sisoo);  puna  (Ebretia acuminata); jaman
(Eugenia sp.); plums; pears; apricots; apples;
kasnth (pyrus sp.); and citrus.

(b) Plants supplying pollen: maize; sarson, wild
pomegranate; isapgol (Plantago sp.);  kasmal
(Berberis sp.); citrus; and wild rose.

In the plains the important plants are almost all fruit
trees, vegetables, specially cucurbitaceae, oilseeds, like toria
and sarson and leguminous fodders, like lucern, berseem,
senjr, etc.

The natursd enemies of the bees are: The wax-moth,
Fnomics wasps, black ants, and bee-eater bird (sone-
: ' chiri).

The caterpillars of the wax-moth feed upon the bees-
wax by making silken tunnels in the combs. To control
the pest the silken tunnels and caterpillars should be re-

_moved as offen as possible from the combs during monsoon
and fmmgute the combs in store with carbon bisulphide:

ouﬂgam
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The wasp can be killed with fly-flapper at the entrance
«or by fumigating their nests with calcium eyanide.

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 stands 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 human beings also) prepared by dissolving
1 oz. of potassium cyanide in 4 gallons of water. After
powring in the solution the entrance should be closed with
mud.

Bee-eater (some-chirt) 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
to 5 colonies and the number can be increased
gradually with experience. The hive should
be located in a place which has plenty of 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 97
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.

How to start,

_ The cost of the total equipment for starting one colony
18 about Rs. 22 and for 5 colonies it comes to about Rs. 94.
The comb foundation is available with the Entomologist,
Punjab Agricultural College, Lyallpur at the sale rate of
Bs. 3-15-0 per Ib. or As. 9 per sheet. The charges for
converting bees-wax into comb foundation are As. 13
Per 1b. with an additional requirement of 15 per cent more
bees-wax than the weight ot the comb foundation supplied

m rebuen.

The beginnars in bee-keeping are advised to get
Prectical training at one of tha Govearnment Farms—
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The total quantity required is about 230 maunds,
which can be obtained from 25 full-grown mulberry trees.
Leaves should be collected twice a day—in the morning
at about 10 and in the evening before sunset. The loaves
collected in the morning are used for mid-day and the even-
ing meal and those collected in the evening for might and
the morning mesls. Upto second stage an extra meal
may be given, while in the last stage only 3 meals are
sufficient. Each time the worms moult the mesls shonld
be small and frequent. No food should be given in the
moulting stage to avoid disturbance. It is essential that
the refuse leaves and the excreta are removed and racks
kept clean during each stage.

Till recently silkworm-rearing was confined to 4 dis-
tricts of Gurdaspur, Hoshiarpur, 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 Palampur. As the demand for seed
increased 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 :—

Year Quantity of No. of No. of

seed produced Tearers villages
184142 .. 1,554 ozs. . 1,042 385
104243 . 1,959 ozs, 1,207 354
lm-“ . 2,313 oza. 1,041 460

The rearers have now begun to real the cocoon
Restio themselves before selling as they find it

% remunerative. 150 domestic reeling plants
are at present working in the rural areas where silk
worms are reared.

In the case of successful rearing an oz, of sead
produces about 14 sears of dry cocoons. As
the rate of Rs. 30 per seer which was the

iy
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rate in 1945 this means a gross income of Rs. 420 in
about two-month period, which is a good financial belp to
3 small peasant.

LAC

Lac is a resinous incrustation produced as a protective
coating by an insect known as “Laccifer lacca” which
feeds on the juice of such trees as ber, dhak, chhivhhra
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, sealing
wax, bangles, gramophone records, jewellery and for
colouring skins, etc. The value of this material is enhanced
by the fact that no artificial product is known which can
replace it. India holds a virtual monopoly for lac, account-
ing for nearly 85 per cent of the tota] world production.

For successful cultivation of lac equitable climate
with a rainfall of about 30" is necessary. Lac is, tHarefore,
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 mest 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 fons 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
1ts way to India. After meeting the export requirements,
India on an average, used only 4,000 tous of lac annually,
‘but since the outbreak of war the quantity eonsumed in
Indis has increased considerably.

The cultivation of lac is carried on by the inoculation
of host plants and cutting the branches on which the lae
encrastations have been formed. The lac insect produces
two generations in & year. During the ‘months of June-
July the new brood appears and begins to crawl on the
branches of the host irees. As soon as.the insect finds &

»
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succulent twig it punctures iv with its proboscis and settles
down. It sucks the sap of the tres and exudes resinous
material from the pores of its back. Thus, each insect
forms around itself a covering 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 ocell, fertilizes 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, <.e., lakhs, thus giving the product
the name of lakh or lac. )

Infection is carried out in two ways, t.e., artificially
and naturally. In the case of first method, a few sticks
of brood lac, 4.e., lac from which larvae are about to emerge,
are tied to the host tree suitably pruned, before hand.
For October-November inoculation, ber trees should be
pruced in June. When swarming has finished, the brood
lac sticks should be removed from the tree and lac
scraped off.  For natural infection, all or a part of the lac
encrustation on the host plant is leff on branches and
larvee after swarming settle down on new shoots and
branches.

There are two crops of lac in the Punjab—Katki and
Hori. In the case of former trees are mnfected during
June-July while in the caso of latter in  October-November.
Harvesting is done in summer from first June to 15th July
and in winter from 1st October to 15th January. After the
lac-bearing twigs and branches have been 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

rate pieces of bark, wood and other extraneous matter.
Tt is then passed through sieves of different meshes so as to
geadeit. The cleaned lac is then washed by sprinkling water
ovezr.it and working the material yigorously ander the feet.
Latbor ouf; move water is added and after working it is allowed
to s6and.’ The grains of lac settle down and impurities floas

-
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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 sohaga, (Borax), saje
or soda ash is also added in small quantity. The pana
after this washing is spread out to dry. Seed lac is about
66 per cent. of the weight of stick lac.

In order to prepare sheilac the resin is extracted from
the seed lac either by means of suitable solvents in a factory,
or by melting the seed lac filled in long cloth bags over fire.
The lac oozes out after melting and is removed with a blunt
knife on to a flat smooth stone slab moistened 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 process is dispensed with and
molten Jac 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.
Ber tree might give only about 8 seers, while
pipal tree as mmch as 20 seers. On an
average, however, a yield of 10 seers per tree can be safely
expected. Taking the price at Rs. 60 per maund, a tree
would give a gross return of Rs. 15 per anmum. If a
zamindar owns about 20 trees, his gross return wonld be
somewhers near Rs. 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-
Milk 28 Food tial constituents of food-proteins, carbohy-
8 ool drates, fat, minera]l matter and vitamins,
required for the growth and maintenance of the body. It
is, thus, & comp! food for children and an excellent

Income.
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complementary food for all ages and conditions of life,
especially for the old, invalidsand 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:—

Conntry Milk consumed per head per day
ozZ. .
Finland . P 43
Newzoaland . - 88
Australia .. . 45
Great Britain . .. g
U. 8. A, . - 35
Germany . . 35
1ndia 7

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 thongh
highly industrialized the consamption of milk is very small,
Ag explained elsewhere in this book we advocate grain and
vegetable prodaction as priority No. 1 for India.

In apite of this India needs to be more efficient as & milk
producer. “India has as many milch cattle as Europe includ-
mg 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 determined
by inheritance. Selective breeding gives the best results
combined with proper feeding.

The following figures relate to pre-war conditions:—

Milk yield per animal Cost: of Overhead Cost per
: per day Feeding charges seer

Seere Bl Rs.;g;.‘?. © Rf 8. P Rs. a. p.

5 .- 073 )1 030 0 20

10 . . 098 030 [ ]

TR ] teaz o0 030" 01 ¢

; ek °1 5 | 0.3 0 e 0
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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 cslls
for a country-wide campaign in favour of systematic breeding
and feeding on improved lines. In this connection it would
be interesting and instructive to show the improvement
made in the Lyallpur College Dairy herd during the last 30
yearsi—

Year YIELD PER DAY PER ANIMAL {IX FOURDS)
1’ Cows Buffaloes

1914-15 5.6 .
1919.20 8.6

1924-25 § 9.03

1924.30 .. o it4

1934-35 P . 18.53 ..
1439-40 P - 18.74 12.48
1944-45 i 15.84 15.52
194546 ! 16,04 12.37

Buffaloes give milk with 50 per cent more fat 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 fog improvement here*. One
of the first reforms must be elimination of
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 distribution centres,
better transport 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 number of poultry birds in the Punjab
during the year 1944-45 was estimated 3.7 million. Of
this about 1.7 millions were bens, 0.4 million cocks and
1.6 millions chickens. The number of ducks, drakes

#3008 Report on Milk Marketing in India and Burma for further details.

Milk marketing.
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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 dest hens
of mongrel type are kept, which produce annually about 55
eggs each. Production is very low in comparison with other
countries, as shown below:—

Country . Average number of eggs produced per hen
per annum.
Netherlands . .. 125
Northern Ireland .. 122
Irish Free State .. .. 121
England and Wales .. 120
Seotland . .- 118
Belgium 116
Estonia, 108
Japan o . 103
India . . 58 (Deai 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 lavge 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 the 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 pursue this oceupation
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 & sadly neglected and back-
ward condition. The main reasons for this are :—
(1) defective feeding and keeping conditions,
(2) lack of welil-defined breeds of poultry,
(3) diseases, and
(4) defective marketing practices.

Pefective housing, feeding and breeding are also
vesponsible for the low qualities of poultry birds in the
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Punjab. The ordinary poultry bouse.or khudda in a village
is nothing short of a death trap. The poultry house
(khudda) is seldom clesned and is, therefore, a veritable
store house of diseases. Tokras and chhihus are also used.
Though better than Xhuddas, they expose the birds to
enemies and rigours of the elements. Essential principles
of housing in the case of fowls are dryness, protection from
enemies and natural elements, ventilation, freedom from
parasites, ease of disinfection and economy. A simple
house, made of iron and cement, will meet all these require-
ments. In order to avoid the extremes of heat or cold, a
thatoh-covering should be provided. It should be able
to accommodate one cock and 12 hens.

The general system in the villages is to let the fowls
feed for themselves on 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 themselves. 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. The main
task of poultry breeding research in the Punjab, therefors,
1 to select fowls of promising traits and by 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 hbeen 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.eggs
from the village Mongrel. The average weight of egg is
also slightly higher. Average body weight of male is 5 lbs.
2 ozs. as against 4 1bs. 4 ozs. of a Mongrel. The improved
Punjab (Reddish) Brown is essentially a ;able fowl though
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its egg laying capacity is also better than Dest hen—é8
as against 46 eggs. Average egg weight and body weight
are also higher.

Although these strains have been evolved, yet they
have not attained any commercial importance in this
province. The famous “fighting cock™, Asil, is found in
scattered manner in some districts of the Punjab, especially
those in the South-West such as Multan, Muzaffargarh,
Dera (Ghazi Khan, Mianwali, etc. This breed is kept mainly
for its fighting quality. It also forms a superb table fowl.
Astl hens lay very few eggs (only 35 per annum) and are
inclined to excessive broodiness, but they are good for
hateching purposes. The Chittagongs have also been
introduced in this province. Their number is. however,
small. It is a dual purpose breed. The size of egg is,
however, smaller than that in the case of dess hen.

The four breeds of foreign origin found in the Punjab,
viz., the White Leghorn, the Black Minorca, the Rhode
Island Red and the Light Sussex, have mo commercial
importance at present , though some poultry keepers keep
these breeds. Under better housing and feeding conditions
these breeds lay a larger number of eggs than the
dest fowl, and some of them, viz., the Rhode Island Red
and the Light Sussex 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
of eggs, the White Leghorn also Jays higher number of eggs.
The latter is also a hardier breed and can stand village
‘gonditions comparatively better. Pure white colour of
the chicks is, however, a great attraction to the kites,
hawks, and crows and unless the young ones are protected,
losses from this source are likely to be heavy.

The incidence of disease constibutes another chief
factor respomsible for. the poor condition of the Punjat
fowl. The eradication of disease from the poultry popula

ion is-ome of the outstanding problems that await solution
%ﬂmﬁ” is the most dangerous disease. Fortunately

£
ES
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inoculation has recently been discovered which is said to
be very effective.

The marketing of poultry and eggs is very defective,
The produce is marketed in dirty condition. In the egg
trade, ordinary fokri made up of pilchhi, mulberry
sticks or bamboo, is the chief container used even for export
and imaport. Eggs are put in the baskets without any
stuffing material. This results in  heavy losses in
transit. The agencies in the system of distribution are
also very expensive with the result that the producer gets
a 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 mo premium. With a view to
improving the conditions of the poultry industry, it is
essential o put the trade on sound lines.

A Jarge amount of food goes to waste in all parts of
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, 18
needed. Then again in areas where poultry keeping is an
tmportant industry we need to develop artificial mcubation
of eggs. In China a8 many as 3,000 eggs are hatched at
one time in low-roofed huts with charcoal or kerosene as
the. only heating mechanism. The chicks are sold for
rearing by farmers. There is much scope in the Punjab
for development along these lines.

SHEEP AND GOATS

Sheep and goats form an int%?l part of the rural
ecanomy of the Punjab, as is clear from the fact that their
number constitutes about one-third of the total livestock
population of the province and they form the second
biggest group after the bovines. Accordiig to 1940 Census
there were 8.8 million shesp and goats in the Punjab, the

Future Polioy,
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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 p Npulat:on 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
number. 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 vear for this
purpose 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
are 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. Tts-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,
inflaenza, 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 goats 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 ave
also very destructive to the ordinary farm crops, small
tréesand shrubs, if allowed to roam at large. Besides,
thess amimals 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 gugjars in the
towns possess sheep and goats of high quality. The
Bikaners sheep possessed by the wandering trihe of Ods
in the Malwa tract and Gudds sheeps by Gaddis of Kangra
hills are notable examples. The Bikaner: sheep vields
large quantity of wool and the Gadds sheep produces best
quality wool which is used for the manufacture of the
famous Kulu lokis 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 bodv is mixed
togemh'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 producers. Further, the wool from
lambs should be kept separate from that of full-grown
sheep. The body wool should also be kept separate from
that obtained from other parts of the body such as legy
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 Par: is the most
important. The hill goats give low milk yields but their
hair is valued for making ropes, bags, mattresses, etc.
The Beal or Jamna Pari breed of goat is mostly kept for
milk production. Its hair is short. The colour is generally
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 dule by crossing the imported
Merino rams with the local Bikaner: 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 snd 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 1t is, however, essential to intensify the work
further.

Large flocks of sheep are moved during the summer
Foture possibilic 50 graze 1mn the Himalayas in Kangra and
ties. 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 be bought in October
in Kangra and railed to the colonies and stall fed. It takes
10 Ibs. of dry matter to get one pound of mutton—do 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 essential
to evolve such an industry to stabilize itself and progress
normally. A very much larger number of sheep could be
grazed 1 the Himalayas if there was a regular outlet
for the sheep for winter feeding in the plains.



APPENDIX
EsTMATED INCOME AND EXPENDITURE FROM DAIRY
FARMING FROM ONE S8QUARE OF LAND.
Assumptions—

1. Land is owned and canal irrigated.

2. Distance—7 miles from a town where milk is to
be sold.

3. Young stock not to be reared. Replacement to
be made by purchase.

4. Only green fodder to be raised from land, other
feeding stuffs to be purchased.

Land—

One square (28 acres)

Area under toads and buildings .. 3 acres.

Area under fodders .. 25 acres.
Tntensity of cropping .. 120 percent (on

the basis of fodder
area of college
dairy, though under
zamendara  condi-
tions it is less).
Average yield of fodder crops (AlI 350 mds. per acre

crops considered) {on the basis of
fodder area of col-

lege dairy).
Total area of fodder grown .. 25120
100  is equalto
30 acres.
Total yield of fodder .+ 30 X 350=10,500 mds.
. 8ay 10,000 mds.
Fodder required for one head of cattle daily 25 seers.
10,000 x40
The No. of cattle that canbe fed .. 553365 =43,

565
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The details of aaimals are given bel rwi—

Cows 35 The younz stock is not included
Bullocks 6  because it has to be disposed of as
Bull 1 soon as weaned at birth if possible
Tonga pony 1 or at the age of six months at the
most.
Total 43

Initial Bzpenditure— Rs, s, Rs. a.

(1) Livestook: 35 cows at Bs. 300 each .. .. 10,600 O

6 bullocks, at Ra. 400 each e 2400 O

1 bull, at Rs. 500 sach .. 500 0
1 Tonga-pony, at Ra. 300 each . 300 0 13,700 O

{2) Buildings (Kacha building with pacoa floors).
Cow shed for winter 178’ x 16’ (3’ manger, 5 stand-
ing*place, 1}’ gutier, 3}’ passage, 3’ walls) Ra, 2

per aguare foot s .. 4032 0
Winter shed for bullocks and pony—
15 x 31’ at Re. 2 per square foot. 930 0
BuH shed (roofed portion} 15’ x 10" at Rs. 2 per sq
. 300 0
Mﬂk recording room (knchn., pncoa) 12')( 12, at
Re. 5 per sy, ft. . 720 0
‘Washing room, (kaoha, pacea) 12/ x 12' at Ra.5
per aq. ft. . 720 0
Enclosure walls, etc. . 500 0
Two atores 187 18" Bach at Ra. 2 per sq it . L2086 0 8,498 0
{3) Cultivation machinery and implements, ete.
3 Desi ploughs, 4 yokes, 1 Hindustan plougb,
2 Lyallpur hoes, 1 bar harrow, 1 Sokaga, and
1 karah - e 200 0
2 Carts at Ra. 400 each . . 800 0
1 bullook gear chaff-cutter .. . 800 ©
1 tonga .. . 800 0
Hand tools . . 100 @ 2,300 0
' JE—
{4) Cattle-yard and other equipment—
* " 50 chaine at Rs. 7 eack . . 350 0
20 buckets at Ra. 8 each . . 120 0
3 milking pails at Ra. 15 each .- . 45 0
1 Dairy herd recorder at Rs. 80 - . 80 0
N 1 strainer at Rs. 50 . 50 0
10 Milk cans of various capacities at Rs. 40 each .. 400 0
1 tatooing set .. 100 0
Ropes, bags, and other misoellansous goods .. 300 0
6 wooden mangers at Ra. 50 each .. . 300 ¢ 1,755 ©
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Expenditure Per Annum— Rs, aa. Rs. no.
(1) Interest on Re. 28,800 st 4 per cent. ., . 1,080 ¢
{2) Depreciation:

12 per cent. on Rs. 13,700 (livestock) .. o 1,844 0
63 per cent. on Ra. 8,498 (Buildings) .. . 566 0
20 per cent. on Rs. 90 (ploughs, yokes, sohags} .. 18 ©
10 per cent. on Ra, 2,110 (other 1mplementa) . pal a)
10 per cent. on Ra. 685 (pails, cans, tataoing set’
strainer and dairy herd recorder] . 63 8§
20 per rent. on Rs. 300 (wooden mangern) . 80 0 2,587 8
(8) Feeding Stuffs :
() Green fodder Ra.
Water rates “ 6 0
Revenue at Rs, 5 per scre .. 140 ©
Seed at Rs. 8 por acre .. 246 O 455 0
(35) Concentrates 800 mds. at Rs. 6.8 per md. .. 5,200 ©
{#i) Bhusa at 4 seers per animal daily
1,570 mda. st Rs. 1-8 per maund . 2,365 0
{iv) Common salt 25 mds. st Rs, 2-10 per meund. . 88 0
{») Medicines, eto. . 100 0 7,721 ©
{4) Labour—
3 milkera, 2 men for ouitivation, 3 men for foddera
st Ra. 30 per month each o 2.880 0
2 gweepers ab Ra. 25 por month each .. o 600 0
1 delivery man at Ra. 30 .. o 360 O
Casnal labour .. - 150 0
1 munshi at Ra. 35 . .. 420 0 4,410 ¢
(5) Miscellaneous Expenses
Bags. Ropes. Chains. Hand tools. Buckets )
Re, 75 Rs.50 Re 50 Re. 50 Rs. 60 576 O
Soda. Fuel. Btationery. Sosp. Kerosene oil.
Rs.40 Ra. 150 Ra.20 Rs. 10 Ra. T0 i
Repairs to buildings.  Implements. o 230 0
Ra. 200 Ra. 50
Other miscellaneous expenses - . 00 0 826 0
Total: 17,138 8
Total Expenditure. Orsay: 17,200 0
Income Per Annsm—
3,000 1bs. milk per sow per yur in addition to thnt sucked hy Re. @
the calf, st Re. -/2/3 per ] 14,768 @
25 calves at Ra. 10 each (mnnnre s to be sdded to
felds.) 250 0

Total .. 15,016 0

Balarce— : Ra .
Incoma . .. 15018 ©
Expenditare .. S 17,200 ©
Net loes v 2,184 O

Note.~This loss will be higher in case the young atook is not disposed of at Mrth.
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Income and Expenditure from arable farming in ome
square canal irrigated land under direct cultivation.

Equipment required :
(I} Livestock : Rs. a. Ra. a.
4 bullocks at Re. 400 each . “ 1,6000
{2) Dead stock Implements :
¢ (Hindustan plough .. .. 25 0
o Cart one, at Ra. 400 . . 400 0
8¢ |Bingle row cotton drill . .. 12 0
5 \Lyallpur hoe, 2 at R, 12/8/. . . 2% 0 462 0
Munna ploughs, 2 at Rs. 14 .. . 23 0
= | Panjelies, 2 at Ra. 8.8 .. . 17 0
] Karah 1, at Rs. 20 .. .. 20 0
.4 Sohaga 1 .. . 25 0
2| Podder outter at Rs, 40 40 0
& | Bar-harrow 1 NS 23 ¢
Ore big Panjali . .. 4 0 167 0
;-g s {Cane orusher . .. 400 0
¢ & & {Pan and grating . o 60 0 460 0
Hand tools . T 211 12
Total .. 2,600 12
INCOME
Yield
Total ‘
Ares per A Rate Total
Crop- (acres) aore. 5?1&‘33 ) | per md, amount.
(Mds.) -
. }
Rs. a. Rs. s Rs. a
Sugarcane .. 1 40 40 80 360 0O
Maize— .
Grain . 1 20 20 6 0 120 0
Stalks . .- . N . 25 0
Desi Cotton .. ¥ 7 3¢ 11 ¢ 38 8
American Cotton .. 4} 1 31} 16 0| 504 O
CTotvon sticks . . LAY 0 0
per acre
Kharif fodder .- 2% .. .. 15 ¢ 300 ©
per kanal
Wheat— .
Grain . 12 18 192 8 8| 1,832 0
Bhusa . . 24 288 18 432 ©
Gram—
Grain I 2 12 24 8 8 156 0
Bhusa .. o 12 24 10 24 0
Toria . 2] 9 22} 14 0 s 0
Rabi fodder . 2 . 25 0 400 O
- per kanal [———| 4,356 B
Orsay | 4360 0
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EXPENDITURE
Rs. a. Ra. a.
{1) Manual labour—
(a} Permanent 8 men & year @ Rs. 380/ uch . .. 1080 0
{b) Casua) (Payment in kind) . - ..
Wheat—
16 bundles, Grain 6 mds.. 16 sra, at Rs, 8.8 per manund 54 6
Bhusa—
9 mds. 24 ars. at Rs. 1-8.0 . . - 147
Pioking of cotton 1/10 ehare . . v 5t ¢
Winnowing of wheat at 2 sra. per md.. (9 mds. 24 s7s. 8t
Ra. 8-8) N o 81 10
Gur to Jhaok
1§ sr. yermd {14 md.) . . - 12 0 2611
{2) Upkeep of Bullocks—
Interest and depreciation at 16 per cent. Ra. 1,800 . 268 0
Concentrates at 2 srs. per bullock per day {for 120 daye
24 mds. at Rs. B} oo 192 0
(reen fodder (8 kanals kkarif, and '8 kanals rm‘n) .. 320 0
Bhusa 3 a8, per bullook daily {110 mds. at Ra. 1-| B) .. 186 P
Misoellanecus (salt, medivines, eto.) .. 20 0
Interest on bullock-ghed 8§ per oent. . .. 5l 5
———— 1004 b
(8) Ymplements and hand tools—
PDepreciation on Rs, 462 at 10 per oent. 46 3
Depreciation on R, 187 at 20 per cent. . a3
Depreciation on cane orusher at 10 per cent. 40
Grating snd pan st 20 per cent. 12

Rs. &2* 6 ¢

*Thia is to be divided by & as one orusher can orush 6 acres
orop in a Beason .. .

Taterest . P o 52 0
Repairs and replacementa . v . 20 0 181 15
(4) Seed—
Wheat 8 mds. 18 aeers at Ra. 8 a maund .. o 67 0
Gram 32 seers 8t Re. 8 per manund . o 5 0
Bugareans 18 marlas . .. 20
Cotton seed 1 md. at Ra. 8 per maund . .. 8 0
Maize 8 acers at Ra. 5-8 per maund . i 10
Cheri 1§ md. 8t Rs, 8 per maund .. . - 12 0
Guars, 20 szers at Rs. 8 per mound . o 4 @
Toris, 8} sesrs 8t Ra, 14 2 mound . . 2 3
Bersesm, 18 seers at Rs. 1-8 per seer .. . 24 0 186 3
{6) Village artisans . .. . - 40 o
{6) Water rates .- .. .- ..o 12110
{7) Land revenue and cesses . .. .. .o 140 0
Total .. 2819 12
Orssy .. 2020 0
Balange—
Gross Inoome - . .. 4,380 0
Oross Expenditure . .. .. 2920 0

Net Income . I .. 1,440 O
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GLOSSARY OF VERNACULAR

TERMS
Abi—Land watered by lifts from Bajri—Small seeded bajra.
tanks, pools, marshes or Bokarbel—Lehli, & weed (Page
streams. 217).
Abigna— Water rates. Bali—A type of Kodra (Page
Adrak—Ginger (Page 378). 284).
Akasbel—Cuscuta (Cuscuta reflexa). Balkhs Tambaku—A type of
Anki Godi—Blind  hoeing. A tobacco (Page 480). The same
hoelng  (generally given to as Gobhi tambaku.
sugarcane) before the hoote  Balfr— Bucket.
appear above ground. Banaspati  Ghee—Ghe»  prepared
Anjon— A nutritious grass (Page artificially by the hydrogenation
475). of vegetable ails.
dnra—One  sizteenth of &  Band Gobki—Cabbage (Page 361).
Rapee. Bania—A caste of Hindus usually
Arhar—Pigeon  pea {Cajanus doing business. A village shop-
Indicus) (Page 293). keeper or & money-lender.
Arhiya—A  commission  agent  Bamjsr—Uncullivated land.

in a market.

Arli—Wooden or iron pin in a
yoke to prevent bullocks from
getting unyoked (Page 111).

Arvi—Arum (Page 377).

Asil—A  breed of fowls well
known for its fighting gualities.

Ata—Wheat or any other grain
flour.

Badshak—A king.

Bagri~—A type of sheep  (Lit.
Pertaining to Bagar, s trent
bordering on Bikaner).

Baguri— A hand hoe for bhnd

hoeing sugarcane (Page 113).
Bahaduri— Gram  caterpiller (Page
300).
Baingan—Brinjals (Pege 369).
Bair—(Also " Berk). A drm in
persum wheel  earrying  the
‘mald, 4. e., bucket ckain (Page
142

).
Bajra—Bulrush  or
(Pennisctum
218),

spiked millet
typhoideum) (Page

561

 Bar—An arid tract.

Bara (Rice)—The salpe 8B
Hansvaj.

Ecra (fotl}—A  hard  type of
heavy  alkaline goil, very
imgpervicus to water (Page 42).

Barani—Dependent  on  rain.
Unirrigated.

to bare

Bari (soil}—Soil similar
but less hard.
Bozfi—Gur in the form of slabs in
» single ayer (Page 319),
Baru—A weed (P ge 210).
Bagin—Gram flour.

Basmati—A fine variety of rtice
(Page 255).

Batni—The system of farming
where the rent is & certain

proportion of the produce, c. f.
Metayer system.
Bathu—3A weed (Page 215). -
Bauphali—A weed (Page 214).
Begar—--Compulsary labour.
Bela (River)—Uncultivated pieces
of land lying in river beda.



562

Belcha—A  type of spade (Page
113).
Belna-—Cane crushing mill (Page

102).

Bengals—Commercial name f &
low grade Indian Cotton.

Ber—Zizyphus Jujuba.

Berh—See Basr.

Berrara—Wheat and gram mixture.

Berseem—Egyptian ~ Clover, &
fodder crop (Trifolium alexandri
num) (Page 463).
Bet—Riversin tract.

Belal—A type of goat {Page 553).

Bhadwari—Pertaining to Bhadon,
e month in Indian Calendar
comprising later half of August
and earlier half of September.

Bhakra—A weed (Page 214).

Bhandaur~The giant honey bee
(Page 536).

Bhang—Indian hemp (Page 501).

Bhari—A bundle.

Bharola—A  cylindrical
used for storing grain.

Bheli —A Tump of gur (Page 318).

‘Bhindi—Yiady’s finger (Page 374).

Bhres—(iFygopyrom sp.)

Bhugat—A weed (Page 215).

Bhurat—A weed (Page 214).

Bhusa—Straw crushed and
broken into short Jengths by
trampling with bullocks during
the process of threshing.

Bhusa missa—Crushed gram straw
after threshing.

Bikanersi—A breed of sheep.

Biri—A type of cigarette in
which tobacco is wrapped in
a leaf.

Bora—-A large-sized bag used for
transporting cotton, etc. {Page

mud-bin

430). .
Bukhari—A store made. by
comstzicting two  mud-walls

in & corper of & room for

- stoyimg . grain.

Bupd-ifn  earth ridge  dividing
two fields or irngation beds
%

(Kiaras or kians).

Buin—A weed (Page 214).
Candy—The Bombay candy of
cotton is 784 Ibs or 9} mds.

of lint or two bales net.

Chai—Tea (Page 490).

Chahi—Well-irigated.

Chet—15th  of March to 15th of
April. Name of an Indian
month.

Chak—A group of rectangles or
squares in Canal Colonies:
practically equivalent to a
village.

Chakki—Grinding mill.

Chakla—Horizontal gear wheel
in persian-wheel (Page 142).

Chakli—Vertical gear wheel in
persian  wheel (Page 142).

Chaku—A form of gur i the
form of slabs with three or
four layers which ecan be
separated with & sharp-edged

fe.
Chana—Gram (Page 296).
Chandni—A weed (Page 219).
Chapati—A thin unleavened cake
prepared from wheat or éther
type of flour.
Chagander—Beet, (Page 366).
Charas—A  resinous  substance
exuded by Indian hemp (bhang)
after spontaneous rupture of
the batk just before  the
maturing  of flowers. It is
smoked as & patcotic.
Charkha—A  spinning wheel.
Clizrsa—A leather  bucket used
for lifting water for irrigation
purposes (Page 150}, -
Chawal—Rice (Page 253).
Chausera—A form of gur in bhelis
of four seers each (Page 319).
Uheena— Pani:am miliacenn (Page

283).
Uhhaj—A special type of basket
for winnowing.
Ulduu;~Method of sowing by
brogJcisting the seed.
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Chhikku—A kind of basket,

Chhiklis—Bullock muszales.

Chirwa—A preparation in which
rice is bolled in water, sub-
sequently left in this water for 3
or 4 days and then pressed fat
by means of a pestle.

Chow—~ Wooden breast or
mouldboard of munah plough
{Page 12).

Chhoti makhi—The little  honey

bee (Page 539).
Chuha-ramba—A hand tool for
digging holes in the ground.
Chulai~A weed (Page 214).
Cusec—Cubic foot of water per
sscond.
Dabbal Roti—English
bread.

type  of

Dab—System practised in con-
nection with seed-bed  pre-
paration  of  wheat for
controlling early rabi  weeds

(Page 59).
Dabh—A. weed (Page 211).
Dal-—S8plit pulse with or without

husk (Page 287).
Dalie—Crashed grains for

or pudding.

Dandal—A pegged sohaga.
Darohla—The Indian hLoney bee

groel

(Page 536).

Daryai booti—A weed (Page 213).

Daty

Datri | Bee dranti.

Daranti

Darrar—Land rendered unfit for
cultivation by deep gully
erosion.

Desi—TIndigenous (Lit. pertaining
to country).

Dhabhar—A  weed (Page 219).

Dhaman—The same as dnjan
{Page 475).

Dhan—~—Unhusked rice.

Dhanya—Coriander (Page 380},

Dhar—Long low beap of stored
bhusa covered with mud.

Dhorwar~-Part  of Bombay

Presidency growing  Amorican
Cotton since 1860, (P. 132).

Dhaulu—A local type of sugar-
cane {Page 308).

Dhaulphuli—A weed (Page 214).

Dhenkii—(Also Dhingly A water
lift. Counter poise Lift (Page 145).

Dila—A weed (Psage 213).

Doab—A  tract of land between
two rivers.

Dodder—A weed (Page 219).

Dodhat—A weed (Page 212).

Doka—Fresh dates (Page 355).

Dora—A ladel used for transferring
sugarcane juice from one pan
to the other (Page 114).

Dranti—Also datri or dati,

Dub—~A weed (Page 209).

Dudhi—A weed (Page 212).

Dumna—The giany honey
(Page 535).

Dussehri (Mango)—A type of Mango
(Page 352).

Duty—A technical irrigation term to
express relation between area
irrigated and water used, usually
a cusee.

Fakir—A beggar.

Falsa—Grewin asiatica {Page 339),

Farid buti—A weed (Page 219).

Fellah—Fgyptian cultivator.

Gaddi—A tribe  of  shepherds
belonging to Kangra Distt. Also
breed of sheep kept by the same.

Gadoa—A wooden stirrer uged for
stirring boiling sugarcane juice.

Gainti—A pick axe (Page 113).

sickle,

bes

- Gajar—Carrot {Page 365).
Ga

nd—Gur meking circular pan
usually made of earth or wood.
Gondal1—See chuha-rambe (Paga

113).
Gondasa—Haod  chopper.  Also
called Toka. (Page 113).

Gandh Gobhi—Knol Khol (Page302)

Ganjo—Young female flowers of
Indisn hemp (bhang). It is
smoked aa a npareotic.

Ganng— Bugarcena (Page 306).
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Ghanwan—A band tool for stirring
sugareane juice in the boiling
pon (Page 114).

Gharat—A water mill,

Ghat—A preparation from barley

for which barley is moistened,
heaped as such for a night,
roasted next morning and
husked.

Ghays Kaddu—PBottle gourd (Page
374).

Ghaya Tori—Lufla or sprnge ground
(Page 376).

Ghora—Sugarcane Pyrilla  (Page
316).

Ghundis—~Small pieces of hard
stems of gram,

GQobki—Cauliflower, cabbige and

kool khal.

Godi—Interculture.,

Goji—Gram and barley mixture.

Gora—Whitish.

Guara~—Cluster bean (Page 457).

Guncha Gobhi—Brussel's  sprout
{Page 302).

Gur—Raw sugar in lumps.

Hakim—A physician practising in

. Indian system of medicine.

Hal—A form of indigenous ploagh,
also called dest plongh.

Hals—Beam of an indigenous
plough, i. e., munah or desi hal
{Page 72).

Halwa—A preparation in which
wheat flour is fried in ghee and
then sweetened with solution of
+ Sugar,

Halua Kaddu—TRed gonrd (Page
375).

Hansraj—A fine variety of rice
(Page 255).

Hathi—Handle of & plough (Page

72).
Hathi GJun—-E)ephant grass. (Page

477).
generally percentags

Ha B&hﬁ
% rrigation —guaranteed.
H—:mrdam A webd’ (Page 212).

%

Hithar—Low-lying land.
Hillawi—A variety of dates.
Hukka—TIndian smoking pipe.
Hulhul——Cleome sp. (Page 207), a

I/radshi—E]eventh day of each half
of the Indian lunar month.

Ikh——Sugarcane (Page 306).

Isapghol—Plantago.

Itsit—A we>d {Page 212).

Jala—~Hydrille verticillata  (Page
520).

Jaman—Eugenta Sp.

Jamna pari—A breed of goats

(Page 553).
Jandra—A hand tool used for
making bunds (ridges) (page 114).
Janrgli—Wild. An oniginal inhabitant
of canal colony tract.

Jdangly jut—A weed (Page 212),

Jangli Palak—A weed (Page 214).

Jangli Swank—A weed (Page 214).

Jau—Barley (Page 253).

Javi—Qats (Page 459).

Jhallar—Form of persian-wheel used
for lifting water from shallow-
deptb. (Page 141).

Jhiwar—~Water carder caste.

Jhoka—Fireman,

Jhona-—A coarse variety of rice.

Jhul—Rough covering for bullocks
to protect them from cold in
winter.

Jowar ) Andropogan

Juar } {Page 275).

Jule—The yoke of the cart (Page
110).

Jungle—A forest.

Kabuli—Pertaining to Kabul in
Afghanistan.

Kabuli Chana—A bold type of gram.

Kachoha—Unripe ; Unburnt ; made
of mud ; unmetalled.

Kahi—3 spade (Page 113). Also
calld kasi.

Kahu—-A local type of sugarcane
(Pag:> 308)

Kainth—Pyrus 8p.

Kola karws—A type of Hukks

Sorgham



tobacco.

Kali—Black.

Kallar—Also reh or usar: alkaline,
incrustation on soil. Also alkaline
soil.

Kalrathi—Heavy alkaline soil.

Kamad—Sugarcane (Page 306).

Komin—A village memal.

Kan-—An accessory part of & cart
(Page 110}).

Kan—Proportion of lint in secd-
cotton,

Kanak—Wheat (Page 220).

Kanal—1/8th of an acre.

Kangni—Setaria italica (Page 282).

Kanungo—A revenue officer super-
vising the work of patwaris.

Kapara—A mixtuare of white flower-
ed indigenous cotton grown in
the sourthetn portion of the
Ferozepur distt. and adjoining
areas of the States.

Kapas—Seed cotton.

Karoha—An implement worked by
two pairs of bullocks and used
for levelling land (Page 89).

Karahi—A smaller karaha worked
by one pair of bullocks.

Harand—Alse called papri, hard
crust formed on the surface of
soil after rain or irrigation.

Karela—Bitter gourd (Page 375).

Karbi—Dry jowar stalks after the
removal of ears,

Karir—Capparis aphylla. A bushy
plant found in ard tracts.

Kashmiri—Pertaming to Kashmir.

Kasi—See Kahi,

Kasmal—Berberis Sp.

Kasni—Chicory (Cichorium intybus).

ERasola—A hand tool used for hoeing
(Page 113).

Kasoli—A small Kascla (Page 113).

Katha—-A local variety of sugarcane

(Page 308).

Katki—Pertaining to Katsk, a
month in Indian Calendar, com-
prising § October and }
November. N
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Kera—A method of sowing in which
seed is dropped by & separate
msn behind the plough.

Khaddar—Coarse cloth manufactur-
ed from home spun yarn.

Khadir—Low-Iving  tract near a
Tiver.

Khal—A water channel.

Khanchis—A tank used for manu-
facturing white sugar on a small
scale, (Page 320).

Khandsari—Manufacturing of white
sugar on a small scale (Page 320),
by open Pa: system.

Khapra—Larva  of
khapra (Page 236).

Kharabe—Remission of land revenue
and water rites.

Kharas—A bullock-worked grinding
mill,

Khar buti—~See luni,

Khar{f—Monsoon or summer erop.

Khatti—An upderground or above

ground or partially abo:e ground
store for grams.

Kheera—Cucumb:r (Page 377).

Khichri—~A pudding prepared by
boiling together rice and pulses,
in water and seazoming with sald
and spices.

Khudda—A pouliry bouse.

Khudrawi—A variety of dates.

Khumb—Mushroom (Page 497).

Khumb—~A weed (Page 213).

Khurpa—Also  rambs:  hepd-hoe
(Page 113).

Kiara—A (ompartment of a field
for irrigation purposes,

Kiari—A smaller kiara.

Kikar—Acacia arabica.

Rilla—1/25th of a square or
rectangle. In  Lower Chenab
Canal Colony=1.1 acres. In
Lower Bari Doab Canal Colony=
1 acre..

Killi—Toggle or wooden pin (Page
111y

Kodra—Paspalum
(Page 284.)

Trogoderma

scrobiculatum
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Kohlu—DBullock-mill for crushing
oilseeds.

Kor (watering)—First watering after
sowing.

Kotha—A large room used for
storing wheat or other grains.

Kothi—A rectangular mud-bin for
storing grain.

Kudeli—A hand tool used for
harvesting cottonsticks, etc.

Rulakara—A large-sized axe.

Eulhari—An axe (Page 113).

Kup—Also called musal, & conical
stack of stored bhusa generally
thatched with straw.

Kur—Share of the desi
(Page 173).

Kurrum mash—Mash grown in
Kurrum valley N.-W.F.P. (Page
281).

Kurund—A weed (Page 219).

Kusum—Raise it.

Kusumbha—~Saffiower (400).

Kutta Ghas—Cenchrus  echinatus

Loddu—Gur in the form of small
balls weighing about one or
two chhataks.

Lakh—One bundred thousand.

Lal Basmati—The same 83 Mushkan
rice.

Lal Dudhi—A weed (Page 212).

Lal Kasarwali-—Bearded red-awned
wheat.

Lalri—A local type of sugarcane
(Page 308).

dar—A village b

Lanb—A weed (Page 214).

Langra—A. « ariety of mangoes.

Lani— Atriplex conforticlia (Page
43).

plough

dman.

A strip of iron o wood
fixed behind the sohaga to help
in breaking clod .

Lassan-—Garhic (Page 369). «
Lum——Bntt°r milk.

Wﬁubbmg aver with cow
dung : cotton seed is thus treated

H

beforz sowing.

Leh—A weed (Page 217).

Lepli—A weed (Page 217).

Labia—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).

Mahl—Bucket chain of & persian
wheal (Page 142).

Mahun—~The Indian honey bee
(page 536).

Maida—A fraction of wheat flour.

Maina—A weed (Page 218).

Maini—A weed (Page 218).

Maira—Bandy soil.

Makai—Maize (Page 266).

Makchari—Teosinte {Page 471).

Makhmali  Sem—Velvet  beans
(Page 473).

Makoh— A type of weed (Page 207).

Mulka—Bold red variety of lentil
grown mostly in D. G. Khan
district.

Malia—A type of orange.

Mandi—A market.

Mandhal—Eleusina coracana (Page
281).

Mandli—Loose stacks into which
wheat crop is stacked after
harvesting (Page 231).

Marla—1/20th of a kanal or 1/160
of an acre.

Marunda—A preparation in which
boiled, husked and roasted rice
is mixed with gur syrup, and
rolled into balls.

Masgh—Phaseclus  radiatus (Page
290).

Mash dal—8plit mash grains.

Masri—Small seeded type of lentil
(Page 292).

Massar—Lens esculenta (Page 292).

Mat—A larg: earthen pitcher.

Matar—Pisum sativien (Page 363).

Maund—82 2/1 Ibs, or 40 seers.

Mehmlv—](yrtle or henns (Pags

495).
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M. hr—Three or four bullocks tied
abreast for threshing crops by
trampling.

Metha ) Fenugreek. A fodder crop

Mehra } (Page 62).

Minjoa —A typ: of brown sugar

_ more crystalline than shakkar.

Mirch Surkh—Chillies (Page 372}

Missa—Mixed.

‘Missa-bhusa—Gram bhusa.

Missi roti—Chapati made from
wheat and gram flour mixture.

Mitha—A type of citrus froit.

Mokia—Pestle.

Mote—See charsa.

Moth—Phaseolus aconitifolius (Page
201).

Motha—A weed (Page 211).

Muharas—Maize stacks (Page 270 ).

Mukaddam—A subordinate officer
in the Agricultural Department.
Muli—Radish (Page 366).
Munaras—The sime as muharas.
Munah (plough)—A form of native
plough in use in the Punjab
(Page 72).
Mung—Phaseolus mungo (Page 268).
Mungphali—Groundout (Page 401).
Munj—Fibre derived from the

- leaf-sheath of top nede of sarkanda,

Murabba—A square of land measur-
ing 25 killas or acres as the cas:
.may be.

Musal—Ses kup.

Mushkan—A fine veriety of rice.

Mut—A larg: earthen pitcher, also
written as a mat.

M;llbll'a-A part of a yoke (Page

)

Muqaddam—The
Mukaddam.

Nag hal—A  type of indj

same ag

Nehri—Canal irrigat:d.

Nil—Indigofera  tinctoria,
(Page 488).

Nili Bar—A tract in the Montgo-
mery and Multan districts.

Okru—Plough rupning or its tip
(Page 74).

Okra—Lady’s Finger (Page 374).

Oomras—Commercial name of a
central Indian Cotton of medium
staple.

Oont Katara—A weed (Page 214).

Pahar—A division of time into
which a day is divided; equal
to 3 hours. Turn of water of 3
hours.

Pahgura—See Phaura.

Pakouras—A fried preparation from
gram flour.

Pakka artya—A commission agens
purchasing produce from the logal
market on behalf of outside
concerns, or helping in such

urchases.

Palok—Beta bengalensis (Page 380).

Palla — A cylindrical stack or stored
bhusa thatched with mud.

Palli—Circular or conical structures
made of Sarkanda or matting of
plaited dete palm leaves for
storing grai-.

Panjali—A yoke (Page 111).

Panjduntta—A borse-hoe or culti-
vator with 5 tines {Page 81).

Pansari—A droggist.

Pansera—A form of gur in dhelis of
five seers each (Page 319).

Popri—The same a8 karand.

Pat—Bugarcane juize boiled at a
time for preparing gur,

Patwari—Village revenue or irriga-
tion subordinate, & village

Indige

plough in which the share
consistsa of a long iron bar and
the chow is protected on sides by
strips of iron.
Nali—A pipe. BSee also por.
Neem—~Melia azadirachta.

or reg
Pesi~Bmall akes of wr (Page 318),
Petha—Ash gourd (Page 375).
Phak—Husk separat d from rice at
the time of husking.
Phalz-—See Phalla.
Phala—S8hre of a plough (Page 72



Palai—Acacia modesta.

Phalli—A  hurdle dragged by
bullocks in wh at-threshing.

Phalsa—Grewia asiatica (Page 339).

Phana—A wedg> in a plough (Page
73).

Phat—A partt of a yoke (Page 111).

Phaura—A hand tool used for
collecting dung or grains on the
threshing floor (Page 113).

Phauri—A similar hand tool used
for !evelhng beds at the time of
rauné and making witer muddy
for sowing senji.

Phulan _I]kasﬁA weed (Pag: 214).

Phulian—A preparation in which
paddy is spaked in hot water,
subsequently pat in bags for a
night, next day while still wet
roasted till the seeds swell up,
and then husked.

Phul gobhi—Cauliflower (Page 360).

Piaz—Onpion (Page 367).

Piazi-—A weed (Page 215).

Pilchhi datri—A sickle without teeth
used for stripping sugarcane
(Page 114).

Pipal—Ficus religiosa.

Podina—Mint (381).

Pohli—A weed (Page 216).

Ponda—A thick variety of sugar-
cane used for chewing mainly.

Poni—A kind of sieve provided
with & handle used for removing
scum from sugarcane juice when
boiling.

Por—Also oalled nalki. A seed tube
with funnel-shaped mouth attach-
edl behind the plough for sowing.

Pora—Bowing  with the por. In
pora method of sowing the same
men controls the plo:gh and
drps the seed.

Por hal—Single row cotton drill.

Post—Poppy (Page 499).

Pucca—Masonary : Metalled : ripe.

“Puna—Ehretia acuminala.

Punjabic to the Punjah.

.wizd from the East.
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Purdah—Seclusion  from  public
view,

Rab—Partly boiled and concen-
trated cane juice fit for making
sugar (Page 320).

Rabi—Winter crops.

Rabri—A preparation made from
bajrs flour and lassy (butter milk).
(Page 280).

Ragi—Eleusina Coracona (Page 281},

Rahal-Divisions of a field for
ploughing with an indigenous
plough (Page 73).

Rakat—Bee rehat.

Rajbeha—Canal distributory.

Rakkar—Soils with high alkalinity,
but salt content not necessarily

high.
Ramba—See Khurpa.
Bamio kos—Common chaersa.
Rauni—~Watering applied shortly
before sowing.
Rawo—A grade «f wheat flour.
Rawan—Cowpeas (Page 472).
Reh—See kallar,

Rehat—Persian-whesl (Page 142).
Rewari—A weed (Page 218).
Rewaris—A sweet prepared from
sesamum seeds and sugar lumps,
Richni—A weed (Page 212).
Roris—Small lumps of gur weighing
about one to two chhataks (Page

318).
Sabaz Gobki—Broceoli (Page 363).
Sag—Pot-herb.
Saidab,  Sailaba,  Sailabi—Land

sabject to periodical or apnual
floods,

Saffi—Ashes of lani containing.
high percentage of sodium salts,
used for washing clothes (Page.

43).
Salad~—Lettuce (Page 381).
Salahri—Celery (Page 332).
Sanga—Wooden fork : & hand tool

(Page 114). .

Sangtra—A kind of citrus fruit.
Sanka—Front part of the beam
of & hal with holes (Pages 72, 73), .
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Samkukra—Deccan (Page
454).

Sarson—Indian colza (Page 395).

Sathra—A coarse variety of rice.

Sattu—A preparation from barley
for which slightly under-ripe ears
of batley are plucked and grains
are then roasted and ground.

Seer—1/40th of a maund, approxi-
mately =2 lbs.

Sela (Rme)-—Parbulled rice (Page

262).

hemp

Sem—Water-logging.

Senji—Indisn clover (Page 461).

Sewyan—A kind of macaroni.

Shaftal—Persian Clover (Page 468).

Shahtra—A weed (Page 219).

Shain—Pleatranthus rugosus.

Shakkar—-Raw sugar in powdery
form.

Shalgham—Turnips (Page 364).

Shamlat—Village common land.

Sharbati—Amber.

Shagar gandi—Sweet potato (Page
379).

Shigham~—Dalbergia sisoo.

Sida—A weed (Page 207).

Sokagn—Wooden beam worked by
2 pairs of bullocks, used for
breaking clods and covering
sped  (Page 87).

Sohagi—Smoller sohaga wurked by
1 pair of bullocks

Sohaging—Running a sohaga.

Sokru—A plongh running  too
shallow (Page T4).

8anchal ~Malva parvifiora; a weed.

Some—A coarse variety of rice.

Some chiri—Bee-eater bird (Page
538

).

Sufacd—White.

Sufarda—A variety of rice belong-
ing to palmal group.

BSuji—A fraction of wheat flonr.

Bundi—Larval stage of certain in-

sects.

Sundio kos—Self delivery charsa
(Page 150).

Buretha—A loeal type of sugercane

{Page 308).

Susri—Any small beetle attacking
stored grain, e.g., Calendra oryzae
and Rhizopertha dominica.

Swank—Panicum colonum  (Page
289).
Taksil—A  sub-dvision of

distriet, charge of Tahsildar.
Taksiddar—An executive officer in-
charge of & Tahsil.
Takavi—Loan granted by Govern-
ment to lond-owper for agri-
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).
Tarphali—See Tirphali.
Tehsil—See Tahsil.
Tehsildar—Bee Tahsildar.
Tela—A emall sucking insect, e. g.,

aphis,
Thapi—A hand tool for stirring a
pat in a gand

gand.
heka—A bin made of sacking
for storing grain.

Thur—Land where salt content is
high but the process of alkalisa-
tion has not proceeded very far.

Tidda—A. pest of cotton.

Tid—Sesamum (Page 397).

Tinda—Citrullus ~ Vulgaris  Var,
Fistulosus

Tinseri—A. bheli of gur weighing
3 seers (Page 318).

Tirak—A disease of cotton in which
the leaves turn reddish and the
bolls fail to open out.

Tarpaulin,

Tirphali—A  three-tined hoe (Page

85

| S
Toka—Hand chopper,
Tokra—A basket.
Toria—Indian rape (Page 892).
Trangli—A ‘5 to T pronged iron fork
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with & wooden bandle {Page 114).

Tun —Cadrela tuna.

Turi—Wheat bhusa.

Ukhli—Mortar.

Ussor—See kallar.

Vanaspats ghee—See banaspoti phee.

Vari—Turn for irrigation. Also
written as Wari.

Vattar—Right condition of land
for ploughing after rain or
irrigation.

Vehri—A weed (Page 217).

Wadanak—Macaroni wheat { Triticum
durum).

Wadh—Stubble.

Wadh Watter—A crop sown in the
moisture left by the last irrigation
to the previous crop, e.g., gram
sown after chari or rice.

Wahn (Watering)—Watering ap-
plied to a field to enable 1t to be

ploughed.

Wan—Salvadora Oleoides. A tres
found in arid tracts.

Wari—Turmn of immigation., Also
written as vari.

Wot—Also bund, irvigation ridges.

Wastar—Bee vailar.

Wazir—A minister. |

Zaid-kharif—Crops of the season
midway between kharif and rabs,
autumn crops, e.g., toria.

Zaid-rabi—Crops  of the season
midway between rabi and kharif;
spring crops, e.g., melons.

Zatl—One of the sub-division of
& tehsil comprising of a number
of villages.

Zwidar—A non-official helping in
the work of running a zail.

Zemindar—A  farmer, may be a
tenant or an c¢woer.
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585

Page
Silk, outturn of .. .. 42
Silkworm eggs, hatching of .. 540
——— feeding of .. 541
rearing of 542
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Teosinte (Makchari) 471
Texture and tilth (soil) 50
Thsal project .. Lo 18
Thapi . .. 115
Threahers N 98
. power Jor wheéat 283
Threshmv wheat: 932
Thur ot Kallar . ..~ 176
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