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PREFACE 

THIS book has been written for those who . wish 

to acquire some practical knowledge . of far~ 
and garden pests. I t does not aim at d{:)aling with 

all the numerous diseases whiGh affect crops but 

rather at giving an accurate account of some of the , 
commoner forms. It is hoped that a working know-

ledge of these pests will be of great commercial value 

to farmers and market gardeners, and also. that by 

their own observations they will be enabled to co-
I 

operate with those who are' · engaged in studying 

plant diseases in finding the most economical means 

of preventing the increasing annual losses due to these 

pests . 
• Direct cures of some of the diseases are unknown; 

but even in these cases an accurate knowledge of the 

enemy will enable us to carry out remedial measures 
t . 

which will prevent big losses. 

Figs. 29, 31 b, 32, 34 a, 36 a, ~7', 48, 49, and 50 

at'e taken from Curtis's Farm Insects. Figs. 11, 14, 

23, and 24 from Diseases of Oulti1.!ated Plants and Trees 



vi 

by Massee (Duckworth & Co.), and Figs. 4 band 21 
from PeI;dval's Agricultural Botany (Duckworth & Co.). 

My thanks are due to Prof. Biffen and the editor~ 

for suggestions and Qriticis;rns and to t4e above· 

mentioned authors and publishers for kind permi~ion 

to reproduce certain illustrations. 

SCHOOL OF AORJCULTURE, 

CAlI'IBRIDOE • 

. March, 1916. 

F. R. P. 

PREFACE TO THE SECOND E'bITION 

RECENT research has necessitated the rewriting of 
certain portions, and especially the accOlmts dealing 

with the Frit Fly and Wheat Bulb Fly. I wish to ac­
knowledge my indebtedness to various workers for much 

of the information contained in these pages. 

Those interested are reminded that they can now 
obtain advice on pests and diseases free of charge from­

the local adviser whose address will be furnished on 

application to the Ministry of Agriculture. 

F. R. P. 
January, 1923. 
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PART I 

CHAPTER I 

INT~ODU(jTION TO FUNGI -.. .. 

It is well known that the yields of the common 
farm crops show enormous variations which may be 
due to a number of causes, e.g. kind of soil, variety 
of seed, management and climate. Often, however, 
very differ~t yields may be obtained when the above 
conditions are almost identical, and in these cases it 
is usual to attribute the loss of crop to a "disease." 
Diseases of plants then may be looked upon as causes 
which prevent normal gI1.owth. 

It is usual to classify plant diseases into two groups: 
(1) Those caused by tinsuitable surIllflundings, such 

as unfavourable conditions of soil, or of weather. 
(2) Those caused by living agencies. 
It is this second group, the diseases caused by 

fungi and insects, with which we are here concerned. 
The two groups are not however strictly separable, 

for we often find plants weakened by ·some condition 
of their surroundings marked out for attack by a 
living agency. • 

The mangolds at the Rothamsted Experimental 
~tation .often suffer from leaf spot caused by a fungus · 
known as Uromyces betae, but not all the plots are 

• P.F. • • 
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equally susceptible to the disease. The plots which 
have received the largest quantities of nitrogenous 

, 1 

manures but no potash suffer most. Except for the 
manuring all the plots are under similar conditions. 
Variations in food supply therefore seem to be'important 
in that they cause varying susceptibility to dise~se . 

The fungi belong to the lowest group of the plant 
kingdom and, as we shall see later on, cause a large 
number of plant diseases. They differ from ordinary 
green plants in that they dO 'jnot contain any of the 
w.een colouring matter so characteristic of the latter. 
It is this substance, known to botanists as" chlorophyll," 
which enables green plants to take from the air certain 
food materials that they are unable to obtain from the 
soluble substances in the soil. A fungus is unable 
to live in this way on the constituents of -hir and soil, 
but requires its food to be manufactured for it, and so 
it takes advantage of the food materials made by 
other plants. Some live on the decaying remains of 
plants and animals, e.g. toadstools live on leaf mould 
and also on manure heaps; others can only take their 
food from livAlg plants, or in a few cases from animals. 
Those living on dead materials are known as Sap-rap1bytes 
and those on living plants as Pamsites. There is no 
definite boundary line between these two classes: 
some members are capable of living as parasites at­
one period of their life and as saprophytes at other 
periods when the living food supply is not at hand. 

Among cultivated plants are forms which differ very· 
considerably in app~arance and this naturally is found 
in other groups of plants. It js difficult to see any 
resemblance between the mushroom which we eat an'll 
the smut that blackens corn, or the yeast used by 
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brewers, or the mould that grows on jam or decaying 
fruit, and yet all these belong to the group .of fungi. 
The best method of studying fungi is to grow them. 
The following experiment shows an easy way of doing 
this: all<fw a piece of bread to stand exposed to the 
air for a few hours. Then moisten it, and place it 
on a of damp blotting paper under a glass or bell 

Mucor growing on bread . 

jar in a warm room. In a few days the surface becomes 
cover~d with white tufts having a velvety appearance. 

, Under the microscepe these appear as a number of 
white interlacing threads which ~re part of a fungus 

, plant ~nd collectively known as its mycelium. If one 
M these mycelial threads known as a hypha is carefulljr 
examined it is seen to consist of a tube-like structure 

• 1-2 
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containing a somewhat granular substance which is 
the livin~ portion or protoplasm of the fungus. Some 
of the tubes have no dividing walls but others are 
divided by cross walls into compartments called cells, 

'. 

I~ 

l <'ig. 2. Spore bearing cases of :l\Jucor. (Magnified.) 

the length of which varies with the fungus under'l 
observation. Further examination of the tufts on the 
bread shows that aii the threads do not belong to the 
~ame fungus. Some of them carry tiny balls, at firi:'lt 
white and later on turning black, each being borne on 
' I 

' j ' J 
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a long stalk (see Fig. 2) . This fungus is known as a 
Mucor_ Other threads give rise to a greyish powder, 
which under the microscope is seen to c~:msist of 
numerous egg-shaped bodies like bunches of grapes. 
These ar~ the seeds or, as they are usually termed, the 
spores of the fungus known as a Botrytis (see Fig. 3) . 
We may also find a fungus bearing light-blue spores 

• 

Fig. 3. Spores of Botrytis horne like buneh~s of grapes a,nd some 
of t&e spores germinating. (Magnified.) .. 

borne in chains at the ends of branches which join to 
form a single stalk. This fungus is a Penicillium (see 
Fig. 4). 

Spores of any of these fungi placed under suitable 
conditions give rise to the same kind of fungus plant 
or mycelium as that on which they were borne. The 
following is a means of studying the growth of spores. 
Take a Ward's Tube (see Fig. 5) and fix the base of the 
chamber to a glass slide by means of paraffin wax; 
'Put in a small quantity of water. Take some of the 
spores of the Botrytis fungus on a brush and put them 

• 
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Fig, 4a, 

Spores of Penicillium as seen under the microscope. 

.,) 
a. 

'" Fig, 4 b. (a) Erect hYPhae bearing conidia (c) in chains. 
conidia. (8) Germinating conidia, (I) Gel'm tube, 
(Ma.gnificd,) (After Percival,) 

oj 

(b) Detached 
(1,) Mycelium._ 

• 

'I, 
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into a small drop of water on a coverslip large enough 
t:.o cover the top of the chamber; smear the top with 
va.seline and place on it the inverted covers!i.p. The 
spores are now in a hanging drop in a moist chamber 
and can . be watched under the microscope. After 
about 12 to 24 hours the oval spores send out small 
projections which continue to grow; later on cross 
walls are formed (see Fig. 3) . 

In water growth ceases as soon as the food in the 
spore is use<f up. If, however, a food solution is used 
for a hanging drop in·stead of the water, the tube 
continues to grow, branches and gives rise to the 

• 
• Fig. 5. A W nru' s tube. A , paraffin wax; 8, vaseline ; C, the 

hanging (lrop. 

same kind of\ mycelium as that on which the spore 
was borne. . .. 

A method now in common use for the study of 
fungi consists in making cultures of them in such 
substances as plant extracts, meat .extracts, gelatin, 

• or agar-agar (prepared from sea-weed) or a mixture of 
some of these. The medium is freed from living 
orgaItisms by means of heat and then infected with 

• fungus spores or pieces' of mycelium. Saprophytes and 
many parasites grow and form spores; some parasites, 
however, such as rusts, will not gl!bW in this way. The 
.experiment is usually carried out in tubes stopped with 
cotton wool or in Petri dishes (see Fig. 6). 

. . .. 
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In neither case can foreign organisms enter the 
culture. It is thus possible to grow a fungus free 
from all ''»other organisms. If at first the culture is 
not pure a few spores of tb,e required fungus may be 
transferred to a sterile medium and a pure Qulture so 
obtained. The mushroom fungus resembles those 
already examined in consisting of a mycelium and a 
part which bears the spores. The spawn contains a 

Fig. 6. Colonies of a tungus growing on gelatin in a Petri dish. 

dense growth of hyphae which take up food from • 
decaying matter and then produce the fructification 
known as a mushroom. 

If some of the white strands (i.e. mycelium) from 
mushroom spawn are placed in decaying manure or 
rich soil containing 1nuch organic matter, and kept 
moist and at a suitable temperature, mushrooms will. 
be formed. If however the soil contains very little 

.. 
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organic matter, no mushrooms will form. Tpis is 
because the mushroom does not live like a green p'lant; 
but requires organic matter for its food. . '. 

Remove the stalle of a ripe mushroom and ' place 
it with the coloured part downwards on a piece of white 
paper and leave it for some time. Then tap it g~ntly 
and lift it; on the paper will be found a print siinilar 
to the gills or coloured part of the mushroom which is 
found to consist of coloured spores (E1ee Fig. 7). These 

. are borne in pairs on sOJne of the cells on the sides of 
the gills. The mushroom is the spore-bearing part of 
the fungus and it can be produced from these spores 
as well as from spawn. Toadstools similarly bear 
spores. 

So far we have been growing the fungi on dead 
materials a.d dealing only with saprophytes. Para­
sitic fungi can be obtained by growing plants under 
suitable conditions for fungus attacks. Sow cress 
seed in a pot of soil, keep the soil very wet and in a 
fairly warm atmosphere. The young seedlings soon 
wilt and die. Examination of the surface of the soil 
shows a ramifying growth of mycelium, wome of which 
has entered tbe plant. Here, then, we have a case of 
a fungus capable of injuring a plant and therefore a 
parasite, but it is also capable of living on the soil as 

·a saprophyte. There are many others besides this one 
capable of living either as saprophytes or parasites. 
Some' however can live only as saprophytes, e.g. 

• Penicillium, and others only as parasites, e.g. rusts. 
. In a previous experiment we "simply moistened a 
piece of bread, and on leaving it found that fungi began 
ttl grow. How did these get on the bread? The fol­
lOwing experiment affords an answer. Take a piece 



to 
Int1'oduction to Fungi 

[CH. 

'j, 

Fig. 7. Spore prints of common toadstools. 
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of bread as before and keep it for a short time in 
boiling water. Now divide the bread into two parts 
and place on separate pieces of glass 'which ~ave also 
been immersed in boiling water. Cover one piece, 
while stillthot, with a small bell-jar, call this A. Allow 
the other piece (B) to cool and to remain uncovered for 
two or three hours, and then cover it also with a bell-jar. 
After a few days a whitish fungus lappears on B, but 
not on A. ]Sow the only difference in treatment of 
these two pieces of brea~l is that B has been exposed to 
the air for a short time while A has' not. As A has no 
fungus growing on it we may conclude that· the fungus 
has not been pr~duced by the bread. The . only 
other source from which it could have come is the air. 
Fungus spores which we have already examined are 
very light ~d can readily float about in the air. The 
moist bread offers suitable conditions for the germi­
nation of anY' which may find their ~ay to it; the 
hyphae take up food from the bread and produce a 
mycelium which gives rise to similar spores some of 
which in turn may fall on the bread and germinate as 
before. '" 

Considerable use is made of the knowledge that 
fUI).gus spores float about free in the \ air, but can be 

• killed by heat. In jam making the ja'nf is heated and 
any fungus present is killed. The jam is then tied 
down whilst still hot and any spores that reach the 
surface before tying down are killed, consequently 

• there is no growth of mould on the surface. If however 
the pots are allowed to cool before being tied down, any 
fungus spores that reach the surfa~e atter the tempera­
ture has fallen too low to kill them grow and produce 
a ' mycelium which is commonly known as "mould." 
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In tinning fruit the tin and its contents are heated 
and sealed up whilst still hot; hence foreign organisms, 
such as fungi, are prevented from growing on them. 
Use is also made of the fact that fungi will not grow 
in certain substances known as "preservativ'~s"; e .g. 
boric acid is added to cream to prevent the growth 
of organisms which would turn it sour. 

These fungi are saprophytes, but a large number of 
parasites which cause plant diseases also ~pread them­
selves by means of spores fl_oa~ng in the air. Spore~ 

are produced in very large numbers and only by chance 
reach a substance on which they can feed as they have 
no special guidance towards it. Some give rise to 
several kinds of spores which were regarded as 
separate forms until it was found that the spores of 
one stage were capable of producing fI mycelium 
bearing the spores of another stage. Every fungus 
is distinct from every other fungus: ~e spore of a 
mildew never gives rise to anything but a mildew, nor 
the spore of a rust to anything but a rust fungus, no 
matter on what plant it is growing, just as an acorn 
never gives riM to anything but an oak tree, or a 
grain of wheat to anything but a wheat plant. 

Fungus spores can be divided into two groups: 
(1) Those formed directly from the mycelium, 

usually by the cutting off of portions by transverse ' 
walls. These are known as ·Oonidia. 

(2) Those formed as the result of fertilization, i.e. 
the fusion of a male and female cell. .. 

Up to the present we have only dealt with conidia; 
these are usually produced under favourable conditions, 
such as obtain in summer, and are often called" summer '" 
spores . .. 

• 
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Those resulting from fertilization usually serve to 
carry the fungus through bad conditions, such as winter. 
They are known as "winter'? or "resting " spores, and 
some are capable of living for several years. 

Many plants have other methods of reproduction 
besides seed, e.g. potatoes are usually derived from 
tubers, i.e. underground stems. Certain fungi have very 
similar meth~ds . Portions of the mycelium of the 
potato disease fungus are capable of living in the potato 
tuber and ;f producin~ a further growth of mycelium 
and spores. 

Mushroom spawn is capable of producing mushrooms 
because it contains the mycelium of the fungus. 

Parasitic fungi live in much the same way as those 
which grow on bread. The plant which is being 
attacked ts known as the "host." The mycelium 
usually lives inside its host and absorbs the food 
materials fou!ld there; it appears on\ the surface only 
for the purpose of forming spores. The,visible portions 
of the flmgus are the organs of reproduction and the 
parts of the mycelium bearing them. In the case of 
the true mildews, however, almost too whole of the 
fungus is on the outside and the food is obtained by 

f suckers called" haustoria" penetrating into the plant. 

• 
Fungoid diseases are spread from one plant to 

another chiefly by means of spores which may be 
blown about in the air or carried by insects; some 
spores can live for a long time in the soil and infect 

I . plants sown there. In other cases the mycelium 
itself is capable of infecting plan~s by growing through 
the soil from one plant to another. 

Enormous losses result from fungus attacks, but 
the harm done by a particular fungus varies from year 

• 



14 Introduction to Fungi [CH. 

to year. A fungus may become so abundant in certain 
seasons as to cause considerable loss; such epidemics 
are usua"lly due either to very favourable conditions 
for the fungus or to the introduction of a foreign 
fungus. A cucumber grower estimated his ,oloss from 
a fungus disease as £1000 in one season. The potato 
famine in Ireland in 1845 was the result of an enormous 
reduction of the potato crop by the potato disease 
fungus, and occurred in a season when conditions were 

"t 

favourable to its growth. eo 

The American gooseberry mildew as its name 
implies came to us from America. It first appeared in 
1900 and for a few years did comparatively little 
damage, so that no means were taken to destroy it 
and to prevent re-importation. It has now spread 
over all the gooseberry districts in England"and causes 
so much damage as to threaten the existence of those 
varieties which are most liable to its atta~ks. If means 
(however drastic) had been taken at first to destroy 
all infected bushes and also to prevent re-importation, 
this disease might never have established itself here. 

Many coup.jries adopt special precautions against 
the introduction of diseases. In South Africa potatoes 
are imported from this country only when accompanied 
by a certificate from the Board of Agriculture that • 
they are free from certain diseases, that these diseases 
are not present in the area in which they were grown, 
and that they were packed in clean new packages. 
On arrival in South Africa they are examined by experts .. 
and are not admitted if found to be diseased. In this .. 
way the black scab and other diseases of potatoes are 
kept out of South Africa, thereby preventing consider-· . 
able loss to the potato crop . 
• 
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The various fungi behave very differently on 
different plants and also in their manner ot attack. 
The mycelium of the potato disease fungus kills the 
cells with which it comes in contact and then dies; 
the livinlt mycelium ([lccms only in and near the region 
of living cells. 

In rusts the my;celium lives together with the 
protoplasm of the cells and both take their food from 
the same sOlll'ce. 

The mycelium of tJle smut fungi lives with the 
young cells at the tips of the shoots without killing 
them. When however it enters the grain all the cells 
of the grain are used up and the mycelium produces 
spores. 

In the case of "finger and toe" in turnips, the 
cells contaihing the fungus not only do not die but are 
stimulated to increased growth with the result that 
they are mud! larger than the surrounding cells which 
contain no fungus. 

Some fungi live on one kind of plant only and 
are apparently incapable of living on others. Other 
fungi live only Oll plants belopging to a~ertain natural 
order. Others again live on . a very large number of 
plants belonging to different oi.~lers. Rotation of crops 

• is often very effective in keeping diseases in check, 
since a fungus disease of one crop is often incapable of 
attacking the following crop and may die out before a 
suitable host crop is grown. But if suitable weed 
hosts are present the disease may be carried on for an 
indefinite period. In some cases the fungus may have 
to travel a considerable distance before reaching a 
suitable host. 

Our present ~tem of marketing in which empties 
" 
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from one district are often sent to other districts is 
very favourable to the spread of fungus. diseases. 

41 
The fungus known as Erysiphe grarninis, which 

causes mildew on cereals and grasses, really consists of 
several different fungi resembling each other iii structure 
but differing in their behaviour towards plants. 

Put some spores from a mildewed wheat plant on 
to a healthy wheat plant under warm and moist 
conditions-infection takes place. Nmy, repeat the 
experiment using a healthy" barley plant, and no 
infection of the barley results from the wheat mildew. 
Similarly the mildew from barley will infect barley 
plants but not wheat plants. 

Take some spores from a mildewed wheat plant 
and put them on a barley leaf which has been bruised, 
the leaf now becomes infected with mildew'! 

The fungus causing potato disease attacks only 
plants belonging to the same order ~s the potato. 
The spores are blown about in the air and fall on a 
number of other plants but no infection takes place. 
It is not known why a fungus is capable of infecting 
some plants a'nd not others. 

Some fungi are confined to definite portions of the 
plant such as the root, the stem, or the leaf, whereas 
others attack the whole plant. Some cannot enter 
the healthy surface of a plant but can enter by means 
of a wound. The fungus N ectria ditissima, which causes 
"apple canker," is a wound pn,rasite. Bad attacks of 
canker often follow an aUack of "woolly aphis," which .. 
causes wounds throllgh which the fungus can enter. 

In order to deal successfully with a disease it is 
first necessary to find out its cause. If it proves to 
be a fungus we must then learn all we can about its 
, 
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life history, such as the times and methods 'of entering 
the plant, the times and methods of reproduc~ion and 
the plants on which it is capable of living. From these 
data we may be able to find weak spots at which we 
can succes~fully get the upper hand or prevent it from 
spreading to other plants. Without such knowledge 
we may be attacking the fungus at the period when it 
is least vulnerable. 

CHAPTER II 
I . 

POTATO DISEASE AND ALLIED DISEASES 

• Potato disease (Phytophthora infestans). 

We must nut gather from the name of this disease 
that it is the only one fr~m which the potato plant 
suffers. Potatoes are subject to a number of diseases 
but this one is so called because it is very widespread, 
occurs in all parts of the world where .potatoes are 
grown, and because it does the greatest amount of 
damage. It has other names such as potato blight, 
late blight of potatoes, potato mildew, and dry rot of 
flotatoes. July is the month to look for signs of the 
disease: The first indication of its presenc~ is the 
appearance of brown patches on the leaves. " These 

.may appear on any part of the leaf, but are usually 
found at the tips or edges (see Fig, 8). On the under 
surface of these brown patches a pocket lens reveals­

, near the healthy part of the leaf-a number of white 
. threads like those of the moulds on bread. Further 

P.F. 2 
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examination under ' the microscope shows that t.he 
white th·reads consist of a number of branched hyphae 
carrying lemon-shaped bodies (Fig. 9 A). This IS the 

I· 

.. j 

Fig. S. A potato leaf showing the patches which indicate the 
presence of the rotato disease fungus. 

fruit ing stage of ~,he fungus which causes the potato 
disease. 

These 5lmall bodies are the spores or conidia of the 
, fungus. E ach conidium is fGrmed by the swelling of 
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the end of the branch producing it; when t.he swelling 
has reached a certain size a transverse wall di,vides it 
froro the rest of the branch. The branch then goes on 
growing' and so the conidium falls off or remains at the 
side. The· end of the branch then swells again and 
produces another conidium. , In this way a branch 
way produce several conidia. We shall probably find 
some at the tips and others at the sides of branches. 
Those at the ~ides are the first formed, the lowest on 
the branch being the ~ldest. The portion of the 
mycelium bearing the conidia is known as the 
conidiophore and is rather peculiar. The tube which 
goes on growing after the conidium is produced is 
wider than the portion below, and gives a knotted 
appearance due to the variation in the bore of the 
hyphal tube '(Fig. 9A ). The conidiophores reach the 
exterior through the breathing pores of the leaf either 
singly, or sever'al through one pore. Together with 
the spores they provide a means of recognizing the 
fungus. The conidia may vary somewhat in size, the 
average length being about '/0 in. and the average 
width being about ito in. \ • 

The conidia are very light and readily blown about, 
and as the plants overlap and touch each other they 
~ay easily fall or be washed by the rain from one plant 
to another. It is difficult to watch the development 
of these conidia after they have fallen on a potato 
leaf, but the further development may be followed 
by putting some of them in a hanging drop in a 
suitable chamber (see p. 5). Here ~hanges take place 
similar to those which occur naturally when the 

. conidia fall on moist leaves. After a time a change 
occurs in the contents of the conidium, there being a 

~2 
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suspicion of a division, but not a very marked one. 
Then suddenly the whole of its contents come,pouring 
out through a small hole at the pointed end. The 
whole process may take only about 10 seQ'onds. The 
contents db not pass out whole but in about ten separate 
masses. Each mass is considerably larger than the 
hole through which it emerges and consequently is 
much constricted on passing out (see Fig: 9 D). On 
arriving outf}ide the conidium these masses start 

I 
swimming about very r?,pidly. It is from this motile 
power in which they resemble small animals that they 
are called Zoospores. When one of them becomes 
motionless the presence of two small threads is revealed 
(Fig. 9 E and F). By means of these the zoospore 
moves ; they lash the water and force it along. After 
a time the zo'bspore ceases its movements and the threads 
disappear; it now loses its former shape and becomes 
spherical (Fig. ~ G). Later on a small protuberance is 
formed; this lengthens and forms a tube. The contents 
of the zoospore pass into this tube which grows and 
may give off branches (Fig. 9 H, I and J). Eventually 
growth stops and the young fungus dies tlf starv!l.tion. 

All these changes take place when a conidium falls 
on the surface 'of a moist potato leaf, but the hyphal 
tube formed does not die of starvation; it enters the 
ieaf by means of a breathing pore or by dissolving 
away the outer wall of the leaf. Growth now goes on 
rapidly as the hypha has abundant food. A mycelium 

-forms which kills the leaf cells and changes them to 
a brown colour causing the chara~teristic appearanc~ 
which first shows the presence of the disease. Both 
young and old leaves may become infected in this 
way.. 
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Every potato grovver knows that the disease is very 
bad in some years which become known as potato 

~ . 
disease years and much less harmful in others. The 
disease is bad when duli, muggy weather prevails in 
July and August. Farmers formerly held the idea 
that the dull weather caused it; indirectly it does, for 
damp conditions are favourable to the growth and 
spread of the fungus which produces the disease. 
Potatoes grown in a shady place with ~ moist atmo­
sphere readily succumb to thl( disease, whereas others 
in a dry sunny place may show no signs of it. 
We are now in a position to understand why the 
disease should be most marked in dull weather. The 
conidia and zoospores by which it is distributed can only 
germinate when a certain amount of water is present 
and at certain temperatures. The optimllm tempera­
ture has been found to be about 70°-74° F., and this.is 
about the temperature.of dull weather''in July. 

If the weather is bright and hot the brown patches 
formed on the leaves dry up and curl, and the disease 
may not spread at all or only very slowly. If, however, 
the weather ~s dull the brown patches rapidly spread 
over the whole leaf. The formation of conidiophores 
on the under surface accompanies the browning of the 
tissues in its spread over the leaves. It is at this stage 
that the casual observer usually notices the disease': 
Brown patches also appear on the stem and in bad 
attacks all the leaves are killed. A diseased field has 
a very bare appearance, similar to that of a healthy" 
field when the leav"es have died normally. 

The tubers of diseased plants are marked in a 
characteristic manner. TMY have sunken brownish 
patches which at first do not extend very deep into 
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the tuber. Later on however the browning may spread 
throughout the tuber. These patches may show them­
selves soon after the leaves have become tliseased, 
especially on tubers near the surface. This stage of 
the fungu.s has given it the name of "dry rot." 

Tubers which are apparently healthy have been 
sown, and the plants from them grown under conditions 
rendering external infection impossible, and still these 
plants have become diseased. Careful examination of 
a number oi'these apparently healthy tubers showed 
them to contain portions or the mycelium of the potato 
disease fungus. The disease then starts from the 
tuber. When the tuber sprouts and produces shoots 
the fungus mycelium also grows and makes its way 
into the stems and leaves. "Ve have seen how the 
,disease reatlhes the leaves and spreads from one plant 
~o another, but we have still to account for the in­
fection of the~new tubers which carry the fungus on 
to the following season. 

"Ve should expect to find that the fungus mycelium 
grows down the stem and into the new tubers. The 
evidence on this point is not very clear .• It is supposed 
that the new tubers are capable of being infected from 
the conidia produced on the leaves. These conidia fall 
on the damp earth and there prOdl.1Ce zoospores which 

• are washed down to the tubers. The zoospores 
germinate and penetrate the tuber, the mycelium 
formed causing the brown patches so characteristic of 

• the disease. In favour of this hypothesis are the facts 
(1) that the diseased patches appear as frequently at 
the end of the tuber away from the stem as at the end 
which is attached to the stem; (2) that the upper 
surface is often more diseased than the lower; (3) that 
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tubers near the surface are often more diseased; and 
(4) that the browning of the tissues extends inwards. 
It has b~en shown that zoospores will not pass through 
a depth of 6 inches of sandy soil. An experiment was 
made by covering potatoes with this depth. of soil to 
see if the tubers were thus prevented from becoming 
diseased. Although a number of the tubers became 
diseased the percentage was much less than in the 
case of tubers covered with a lesser depth of soil. It is 
important to know how the young tubers" are infected, 
because if it is entirely by me-ans of the zoospores we 
should hope to aim at preventing their infection by 
trying to keep down the formation of conidia or to 
prevent the zoospores from reaching the young tubers. 
It is possible that the tubers are infected directly by 
the growth of mycelium through the stem as well as 
indirectly by means of the zoospores. .. 

By killing the leaves of the potato plant the disease 
stops their functions as feeding and breathing organs, 
and as the plant is now capable of taking only very 
little food from the air the growth of the tubers prac­
tically ceases ... Having lessened the crop and reduced 
the value of the tubers lifted the disease has by no 
means finished its career. When slightly diseased 
tubers are stored in clamps, the disease spreads, 
especially when there is a sufficient supply of moisture • 
and a suitable temperature. Diseased tubers also 
allow foreign organisms to enter thereby setting up the 
well-known "wet rot." 

Take some diseased tubers, wash them, cut slices 
across the diseased ;'reas with a sterilized knife and 
place them in a large sterilized Petri dish lined with 
m.2.is_t~.n~~. glter papers. 

P"":"':': .• - --- . ~ _._ 
• , 'C r, '': t >~ .• ;' , f: 9r,,:- " .,..:.: ...... 
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After a time white tufts will grow on the slices of 
potato. EX3,ffiine these and they will sometimes be 
found to consist of the conidiophores of th~ potato 
disease fungus, showing that the mycelium of that 
fungus is fresent in the tubers. ~ometimes the white 
tufts are portions of saprophytes which have gained an 
entry into the tuber, and when present these often make 
it difficult to find the potato disease fungus. 

\ 

\ Remedilll Jll easures. 
\ 

The life history of the fungus causing potato 
disease provides us "lith a sound basis for deciding 
what steps to take in order to minimize the amount 
of damage done. Moisture is one of the conditions 
favourable tlJ the disease, and so, if possible, in choosing 
a ,soil in which to plant potatoes preference should be 
given to one thM is well drained. Having chosen our 
soil we must then exercise some care in choosing our 
seed. The disease is carried on from one season to 
another by means of mycelium in the tubers. Prac­
tically all the potatoes from badly diseased fields 
contain this mycelium, although on many there may 
be no outward sign of it: consequently we shall be 
helping the disease if ,ve plant them. Seed should be 
chosen from fields with the smallest amount of disease. 

In choosing between the different varieties the 
grower has to consider the value of the crops produced . 
• Those susceptible to disease are usually the high 
yielders and it is for the grower tp decide which are 

. the more profitable on his particular soil. In good 
potato years the amount of disease on the susceptible 
varieties is usually small and even in bad years it is 
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possible to prevent it to a certain extent, as we shall 
see later. 

It sflreads in the field by means of conidia which 
form zoospores. If we can prevent the formation of 
spores 01' their germination we shall put Ii'. check on 
the spread of the disease. A large number of sub­
stances in the form of liquids and powders have been 
put on potato plants with a view to checking the 
damage done' by this fungus, and some of them have 
proved successful. An application of tI this kind to 
check the spread of a fungus i~ known as a "fungicide." 
Those proved valuable in the case of potato disease are 
"Bordeaux mixture" and "Burgwldy mixture." 

Bordeaux mixture is made from copper sulphate 
(blue stone), lime and water. Ordinary agricultural 
blue stone must not be used as it doeEtI not contain 
sufficient copper sulphate. The blue stone used must 
contain 97-98 per cent. of copper sulphate. The lime 
most suitable for this purpose is "fat" lime, or as it is 
often called, "white lime." This is the kind used by 
plasterers. It is important that the lime should be 
freshly burnJj and in lumps. Soft water makes a 
better mixture than hard water. 

For making 50 gallons of the mixture the following 
are required: 

A tub (of about 60 gallons capacity), 
A tub (of about 30 gallons capacity), 
A wooden pail, 
5 Ibs. of copper sulphate, 
2~ Ibs. of lime, 
50 gallons of water. 

Put 25 gallons of water into the large tub and weigh 
out 5 1bs. of the copper sulphate (this should be in a 
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powdered state). Tie the copper sulphate in a cotton 
bag or a piece of sacking, and suspend it so that it 
reaches just below the surface of the water irf the tub . 

. Now carefully pick over the lime, throwing out any 
pieces thttt are overburnt, and weigh out 2t lbs. of it. 
Put this into the wooden pail and slake :; it with about 
a quart of water which should be added very slowly. 
Covering the bucket with a piece of sach:ing helps the 
lime to slake. When the lime has crumbled add about 

• another quart of water and work the lime into a stiff 
J . 

paste; add more water .and stir to make a creamy 
liquid. Now put 20 gallons of water into the small 
tub, pour the creamy liquid into it through a fine 
sieve or a piece of coarse sacking, and add water until 
the tub contains 25 gallons. 

When the blue stone in the large tub has all dis­
filolved slowly pour the lime solution into it, stir well 
meanwhile anti continue to do so for some time. If 
the above operations have been carefully carried out 
the mixture should consist of a light blue precipitate / 
suspended in a colourless solution. A granular pre­
cipitate which sinks quickly to the bo~tom sha;ws the 
mixture to be a poor one. It should remain floating 
for some time. In some cases Bordeaux mixture 
damages the potato plant. This is usually due to 
some error in making and is caused by the presence 
of free copper sulphate. It is a simple matter to test 
the safety of the mixture. If a knife blade becomes 
coated with copper when placed in the liquid, it is 
unsafe and more lime solution sllould be added. 

A better test is to add a few drops of the mixture 
to a solution of potassium ferro cyanide on a piece of 
white porcelain. If a brownish colour is produced 
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more lime solution must be added. If the above 
directions are carefully followed the mixture will 

'D 
usaally be satisfactory. 

The mixture is sprayed on the potato crop by means · 
of a pumping apparatus to which a special"nozzle is 
attached. For large areas a horse-drawn machine is . 
necessary. For small areas the potatoes can be 
sprayed successfully by means of a "knapsack" sprayer 
which is carried on the back. ", 

The object of spraying tlw plant is not to cure 
the disease but to prevent it from spreading by 
covering all the parts liable to infection with a coating -
of a substance which will prevent the spores from 
germinating, or kill the delicate germ tube, and so 
keep it from penetrating the plant. It i" no easy 
matter to cover the plant uniformly in 'the desired 
manner. The best results are obtained by means of . 
a very fine spray, which on coming out of the nozzle 
hangs about in the air for a short time like a mist. 
Such a spray can only be obtained by means of suitable 
nozzles of which there are several useful forms on the 
market at the" present time. A much finer spray is 
formed when a high pressure is obtained. 

Bordeaux mixture should be kept stirred while it is 
being applied to the plant and this should be brought" 
about by an automatic stirrer inside the machine. 
With a coarse spray the mixture easily runs off the 
plants. 

The amount of spray required is from 100-150 gallons 
per acre varying with the amount of haulm. The time 
to spray is just before the disease appears and this 
varies in different districts (see .Appendix). In a bad 
season it is advisable to spray early, and to repeat about 
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three weeks later. Further applications are desirable if 
the unfavourable conditions continue. The result of 
spraying is usually a considerable increase pet acre as 
the plants remain green longer and consequently the 
tubers gr'-'w longer. This delays the lifting which in 
some cases may be a disadvantage. In dry seasons 
when the disease does little damage spraying may not 
increase the yield, but as the weather is so uncertain 
it is an insurance to the farmer that he will benefit con-. . 

siderably if the disease does appear. Early varieties 
.J 

are often dug before the disease appears and the ad-
vantage of spraying is not so marked with second earlies 

. as with maincrop potatoes. 
Burgundy mixture is often used for spraying 

potatoes because it is almost as good as Bordeaux 
mixture ana is much easier to make. It consists of 4 lbs. 
Qf copper sulphate and 51bs. of pure washing soda 
dissolved in 4~ gallons of water. The copper sulphate 
and the crushed soda are dissolved separately and then 
stirred into the 40 gallons of water. 

There is now a Burgundy mixture in which the 
copper SUlphate and washing soda are ~11ixed together 
in the form of a fine powder. 

Dry spraying is the application of the fungicide in 
the form of a very fine powder or dust. I have never 

• seen as good results from dry spraying as from wet 
spraying but it is useful to those growers who have 
difficulty or expense in obtaining water. 

It is economical of labour and easy to apply with 
a horse-drawn machine, but it can., only be satisfactorily 
applied when the dew is on the leaves. 

Wet spraying requires a certain amount of care in 
the making of the mixtures and in the hands of a care-
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less workman harm can be done by the scorching of 
the haulm if the correct weights are not used . 

• 11 
In hot sunny weather it is not safe to spray potatoes 

if they are attacked by "green fly '~;(aphides), as much 
damage may be caused by scorching of the foliage. 

The storage of potatoes requires considerable care. 
Whenever possible they should be allowed to dry before 
they are covered in the "pits" or "clamps." The sound 
tubers should be separated from the di~!(ased tubers 
preferably at the time of iliggiRg. If the potatoes are 
wet and dirty so as to make this impossible a temporary 
clamp should be made; later on the healthy potatoes 
should be picked out and put into a permanent clamp 
and the diseased potatoes may be fed to stock. 

The site of the clamp should be as dryas possible. 
It should be narrow and have steep sides~n order to 
let the moisture escape easily. It should be covereli 
with a good straight straw or similar m~terial to keep 
out the rain. It is a common practice to cover the 
straw with a layer of earth. In the clamp the potatoes 
heat and sweat so that moist warm eonilitions suitable 
to the spread ·vf the disease are obtained if it is not 
properly ventilated. Other organisms also enter 
bruised and diseased potatoes and set up the we11-
known "wet rot." 

For the first few weeks the clamp should not be 
covered with earth but later on this is necessary to 
keep out sharp frosts. On covering with earth spaces 
should be left at the top at frequent intervals which 
are covered with straiW only. The tubers should be ex­
amined from time to time to see if they are keeping well. 
If the potatoes are wet and dirty on lifting it is advisable 
to sprinkle them with some powder to prevent the 
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rot from spreading in the clamps. Ground lime at the 
rate of 1 cwt. to every ton of potatoes, or flowers of 

I' 
sulphur at the rate of 2lbs. to every ton of potatoes, 
have proved very successful in preventing the spread 
of winter rot. ~ 

-, 

\ 
\ 
'\ 

Fig. 10. Tomato seedlings, one heulthy and the uther killed by 
the damping off fungus Pythi1l1n de Baryanum. 

Damping Off (Pythium de Baryanum). 

In seed beds a number of seedlings are often found 
lying prone on the ground, the stem of the plant being 
rotten just at the ground level {see Fig. 10). This 
state of affairs is known as damping off. There are 
several fungi which cause young plants to damp off in 
this way, one of the commonest being Pythi1tm de 

<, 
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Baryanum. This fungus is capable of living for a time 
on the decaying matter in soils; on reaching a plant 
its myc~iium bores into the cells and soon kills them. · 
The stem is thus weakened at the ground level and 
topples over. The non-septate 1 mycelium of the 
fungus may be found between the cells of a diseased 
seedling. After a time the tips of some of the hyphae 
become round and swollen and are cut off by cross 
walls. These round bodies are the conid~~. Placed in 
a hanging drop they give risEl, to zoospores, like those 
of the potato disease fungus, which germinate and 
produce a mycelium like that on which they were 
borne. The area of the patches in which plants damp 
off increases through the spread of these zoospores or 
of the mycelium along the soil. Unlike the potato 
disease, but like the majority of fungi, 'lthis fungus 
produces as the result of fertilization another kind of 
spore which is thick walled and capaOle of resisting 
adverse conditions for some time. These are known 
as winter spores, and as they remain in the soil through 
the winter, seed beds which are attacked one season 
are very liab~ to be attacked during the following 
season unless the soil is treated and the spores killed. 

Remedial M easures2• 

The conditions which favour the fungus are warmth, 
moisture, and shade. If possible we must try and get 
rid of these by avoiding shady spots for seed beds, and 
also by using soil which allows water to pass through 
freely. 

1 In a non-septate mycelium the hyphae have no cross walls. 
2 See Appendix B. 
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In seed boxes the soil may be freed from this fungus 
by heating it to 1500 F. Mixing charcoal with the 
upper layer of the seed bed reduces the disease. Take 
two boxes of soil in which plants have damped off. 
Heat one 6f them to a temperature of at least 1500 F. 
Sow each of the boxes very thickly with cress seed. 
Keep the soil very wet and use water which has been 
previously heated to 1500 F. Keep the boxes in a 
shady place. ,When the plants grow many of those in 
the unheated box will d'j,mp off, whereas those in the 
heated box will not. Now int,roduce some of the soil 
and dying plants from the unheated box into the 
heated box; the plants begin to damp off. 

Onion mildew (Peronospora 8chleideni). 

This dise~se is usually present wherever onions are 
grown. It is easily recognized by the yellowing of the 
leaves and also by the "necking" of the plant, i.e. 
elongation of the stem between the leaves and the 
bulbs . The leaves which are attacked soon collapse . 
Like the potato disease it does most damage in dull 
warm weather. On the leaves of a dis~ased plant a 
dull violet-coloured growth lorms. This is the fruiting 
stage of the fungus and consists of tree-like conidiophores 
,pearing conidia on the tips of t:!J.eir branches. These 
somewhat resemble those of the potato but each 
conidiophore bears a larger number (see Fig . 11). In 
water these conidia give rise to zoospores which are 
capable of further infection. If damp' weather con­
tinues the disease spreads rapidl.).. In dry weather, 
however, it soon disappears. 

This fungus also forms winter spores like those 
of Pythium de Baryanum which serve to carry the 
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disease from one season to another. The fungus does not 
attack the bulbs but prevents the leaves from carrying 
on their normal functions of manufacturing food stuff 
and so the bulbs are smaller. 

Fig. 1 L Conidiophore and conidia of Pcronospora 8chleideni 
which causes onion mildew. (Magnified.) (After Massee.) 

RJmedial Measures. 

Well-drained land does not suffer so much as wet 
land. Onions should not be planted on land which 
had a diseased crop of onions in the previous season. 
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Spraying with Bordeaux or Burgundy mixtures or 
with Liver of Sulphur, one ounce to two gallons of 
water will check the disease as by this means the spores 
are prevented from sending their germ tubes into the 
plant. .• 

CHAPTER III 

FINGER AND TOE,} AND WART DISEASE 

Finger and 1'oe (Plas1nodiophora brassicae). 

This disease also goes by the name of "anbury," 
"club root," or "club." It attacks all cultivated 
plants of the, cabbage order such as turnip, cabbage, 
rape, kohlrabi, mustard, stocks and wallflowers, and 
als~ the weeds, ,e.g. charlock, shepherd's purse, and 
hedge mustard. As far as we know it is confined 
entirely to the Cruciferous order l to which these plants 
belong. This disease is very widespread and has done 
a considerable amount of damage\ especiaily since the 
practice of using acid manures became common and 
the use of chalk and lime declined. 

On taking up young cabbage plants from seed 
beds for the purposc of transplanting, the roots are 
sometimes found to be swollen and knotted. These 
knots, which vary considerably in size and shape, may 
occur on any part of the root system. 1£ these plants 
are put out into the field they do not grow normally; 
a few small leaves may be forme~, but they soon 

1 Order Crueiferae. It is excfledingly useful in this and several other 
diseases to know the characteristics of this order, which are very simple 
and can be found in any book on Systematic Botany. 

3!_2 
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:Fig. 12 a. Swede turnips attacked by Finge.r and Toe. 
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' ln g. 12 b. Charlock at!.acked by Finger and Too. 
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become yellowish and the plant makes very little 
growth. A diseased plant possesses, instead, of the 
normal development of fibrous root, a swollen nodular 
mass. The fancied resemblance of this mass to fingers 
.and toes gives the ffisease its popular name. Exami­
nation of a thin secti~n of one of these nodules mounted 
in water shows large _ cells scattered amongst cells of 

a b 

a, Spores. q, Plasmodium 
Fig. 13. A section of a turnip root very highly magnified showing the 

giant cells caused by Pla.srnodiOiphora brassicae. Some of the giant 
cells contain "plasmodium" ana, other spores. (Magnified.) 

ordinary size. The contents of the larger ones- are 
darker in colour and very different from those of an 
ordinary normal root cell. The high power of the 
microscope shows that the contents consist either of a 
frothy granular mass or of a very lfl,rge number of tiny 
spheres (see Fig.' 13). These are the spores of the 
Finger and Toe fungus. They are very small and 
measure only _ of an inch in diameter. 
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[N.B. Do not confuse these spores with the starch 
grains of the cells. · The latter are larger, irregular, 
and not so numerous.] 

Some of these minute spores may be found ftoating 
freely in the water in which the section ill; mounted. 
Owing to their'minute size their germination is difficult 
to watch, except under a very high power of the 
microscope. In a hanging drop the following changes 
take place. A hole is formed on one si~e of the spore 
through which the contents !;$merge as a minute body 
which begins to move very slowly and in so doing 
continually changes its shape. Each one is known as a 
Myxamoeba, from its resemblance to a small anima:I 
which moves very similarly, called Amoeba. It con­
sists of a naked mass of living substance known as 
protopla,sm. Attached to it is a hair-like ~rocess which 
resembles those we saw on the zoospores of the pota-to 
disease fungus. I) 

In nature the spores formed in the large cells escape 
into the soil by the rotting of the host plants. Here 
they germinate and millions of myxamoebae are set 
free. The ir:terstices of the soil are very much larger 
than these and so there is plenty of room for them to 
move about. The amount of water they require to 
move in is also small and there is sufficient in an 
ordinary moist soil. In their wanderings through the 
soil water some of them may chance to reach a rootlet 
of a cabbage plant or a plant belonging to the order 
Cruciferae. Of the large number of myxamoebae set 
free only a very small percentage probably reach a 
plant which they are capable of infecting. The others 
of .course die. We see now why such an enormous 
number of spores are formed. If only a small number 
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were formed the chances of infecting plants would 
be proportionately diminished and consequently the 
existence of the fungus would be endangere

1

d.- The 
myxamoebae make their way' into the plant through 
the fine hairs n(\lar the tips of the rootlets. 

The fungus causing Finger and Tde belongs to a 
group which is very different from the majority of 
fungi. It is not always classified as a fungus, but for 
our purpose m,ay be considered as such. If these spores 
belonged to a fung'us simiJar to those already studied, we 
should expect them to give rise to a number of tube-like 
hyphae known as a mycelium. In this case, however, 
nothing of the kind takes place; when the myxamoeba 
gets inside a root cell it begins to feed on the contents. 
This particular cell seems to make a call on the food 
supplies of the plant and gradually gets larger. The 
rPoyxamoeba continues to feed on the cell protoplasm 
until eventually this is all used up. The large or giant 
cell is thus filled by a naked mass of protoplasm 
derived from the myxamoeba and which is now called a 
"plasmodium." This is the vegetative portion of 
the Finger and Toe fung~s, and so corr.jsponds to the 
mycelium of other fungi. As already mentioned it 
appears as a frothy granU\ar mass. 

The plasmodium is able to pass from the giant cell, 
'which it has caused to be formed, into neighbouring 
cells. Here it feeds on the protoplasm and these cells 
gradually enlarge, and eventually become filled by it. 
Examination of a section shows that the giant cells 
touch each other and this is wh~t we should expect 
from the method of infection by creeping from cell to 
cell. Now let us look at the case from the point of 

view of the plant attacked. 
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The plant has to give up some of its food to the 
develop~ent of the plasmodium, at the same time it 
continues to grow and manufacture fresh food material. 
As the plasmodium grows 'bigger it requires considerably 
more food material and consequently the pla'l1t growth 
is lessened untll a time is reached when the plant 
ceas,es to grow, or grows only very slowly, the whole 
of the food maI1Jrlactured by the leaves or brought 
up by the roots going to the support " of the plas-
modium, It, 

The formation of giant cells causes the roots to 
become swollen, and when a portion of the fungus 
proceeds in a certain direction nodules are formed, 
until eventually a state of affairs is reached as shown 
in Fig. 12, 

After a time the plasmodium becomes" divided up 
into a large number of small portions, each of which 
becomes spherical and surrounds itself "with a definite 
cell wall. These spherical bodies are the spores. 
When the host rots these spores are set free in the soil 
ready to start on their destructive career, when the 
favourable cdhditions of spring bring .about their 
germination. It is supposed that they can retain their 
vitality for several years, which 'characteristic is 
extremely favourable to the fungus in the ordinary 
rotation 'of crops. This longevity of the spores, together· 
with the presence of certain cruciferous weeds which can 
act as hosts of the fungus, enables it to continue its 
existence when cruciferous plants are grown every 
four or five years. • 

There are other diseases known as '.' club," which 
cause similar distortions to plants, One of these is 
caused by a weevil which may be found inside the 
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swollen parts (see p. 122). Another is caused by an 
eelworm (s~e p. 170). 

Finger al'ld Toe may be distinguished froi*n these 
by the characteristic "giant" cells. 

In addition to its dwarfing influence this fungus 
causes turnips and swedes to rot quiclHy. 

Remedial Measures. 

" No method is known,by which this disease can be 
cured once it has established itself in a crop. It is 
possible however to carry out certain practices which 
may considerably reduce the loss. The disease some­
times makes its appearance in cabbage seed beds, and 
on pulling young cabbages to transplant they should be 
destroyed if attacked and others obtained for planting 
in,the field. Considerable harm may be done by trans­
planting infesttH cabbages, for a field may become 
infected by putting il\ diseased plants. Special care is 
needed to prevent the fsease from spreading from field 
to field, as it may be carried about in portions of 
diseased roots or in soil containing the lSpores. This 
disease is not carried through the air as are the spores 
of the potato disease fungus. In ordinary practice 
diseased crops would be folded with sheep or the roots 
carried to the homestead or pastures and fed there. 

If the diseased roots are fed at the homestead 
portions of the plants will become mixed with the dung. 
The farmer must bear in mind that this dung will 
spread the disease; it should not be. put on land which 
is to grow a cruciferous crop in the next five or six years, 
but used for such crops as mangolds, potatoes, carrots, 
parsnips, beans, cereals, or grass, as these crops are not 
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attacked. In such cases the disease will remain in the 
soil for four or five years, and if a cruciferous crop such 
as turnip is grown it is liable to attack. 

If it is necessary to use the dung for a cruciferous 
crop the roots should be boiled before they are fed. 
Diseased roots 'Should not be put into the compost heap 
if the compost is to be used for the cruciferous crops. 
The disease very often appears on a small portion 
of a field and by taking measures at tRis stage it is 
easy to keep it in check. Sh,¥ep folded on ~uch a field 
spread it over the whole unless the diseased portion 
happens to be the last portion folded. If such a patch 
is found it should be isolated from the rest of the field 
by means of hurdles, and the roots pulled and carted 
and treated as infected material. Care must be taken 
not to infect the whole field from the dise'Oased portion, 
which should be limed as shown below. The disease 
may be spread by means of soil clingilig to the feet of 
sheep, horses or men, and also by cartwheels and 
implements. Dirt should be scraped from these 
before they are used on other fields. The spores of 
PlasmodiophfNa brassicae are said to live for about 
five years. Consequently the rotation should be so 
arranged as to keep cruciferous crops, such as turnips, 
cabbage, rape, kohl rabi, and mustard out for at least 
six years. In the ordinary four course rotation turnip~ 
may 1e replaced by mangolds, potatoes, parsnips, etc., 
by which means turnips will not be taken until eight 
years after a diseased crop. Any crops other than 
cruciferous ones ID,lty be grown. It is extremely im­
portant to keep the land free from the weeds 07 this 
order for they carryon the disease from year to year. 
Charlock is a great offender in this respect. By 
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growing immune crops the fungus cannot feed and so 
eventually it is starved. It has been found that it 
flourishes in sour or acid soils and not in soils con­
taining a sufficient! supply of lime. It is practically 
unknown on ordinary soils containing a high percel"l;tage 
of lime. This provides us with the key for solving the 
question as to why certain artificial manures favour 
the disease. Experiments have shown that Finger and 
Toe may become very bad on certain soils when acid 

'l 

manures are used in large quantities. Such manures 
. 0' 

as superphosphate and sulphate of ammonia use up 
the free lime in the soil and tend to make it sour. 
On soils liable to the disease through lack of lime 
these manures should be given up in favour of 
basic slag or bone meal and sodium nitrate, unless 
large quantI'ties of lime or chalk are also used. It has 
a.Jso been shown that liming the soil keeps the disease 
in check. As ~oon as a diseased crop is raised 2 tons 
per acre of freshly slaked lime should be well spread 
over the surface. It is essential that the lime should 
be finely divided. If chalk is used about 4 tons per 
acre should be put on bu~ it is no~ so effective. 
A similar dressing should be given about 18 months or 
six months before the next cruciferous crop is put on the 
soil. The object of putting on the lime is to get rid 

. of the conditions favouring the growth of the fungus 
causing the disease. The lime also kills the spores 
with which it comes into contact. White turnips 
succumb more readily to this disease than swedes. 
It is important that the soil us~d as seed beds for 
cabbage should contain sufficient lime. In market 
gardens on light soil care must be taken not to add too 
much lime or chalk otherwise potatoes grown in the limed 
soil will suffer badly from common scab (see Fjg. 15). 
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Wart JJtsease (Black Scab) of Potatoes (Synchytrium ' 
endobioticHm) . 

• 
This disease,~ which also goes by the name of ca';lli­

flower disease, potato tumour, and canker, was not 
known in England until the end of the last century. 

Its appearance varies with the virulence of the 
attack. In slight attacks it Ill,ay not be noticeable or 
may appear as small blackish warts near the eyes. In 
bad attacks large cauliflower-like outgrowths are formed 
on the shoots arising from the tuber. These are at 
first the same colour as the potato, but eventually 
become almost black. The outgrowths always make 
their appearance at the eyes, but latel they may 
spread over the tuber. They vary in size and at time.i! 
may be larger than the .tuber on which they are borne. 
By taking sections of the outgrowth many of the cells 
may be seen to contain a number of roundish spore-like 
bodies with thick walls. Some of these are said to 
germinate dimctly but others do not geminate for 
several years. On germination one of these spore-like 
bodies produces a number of zoospores, each carrying 
one flagellum. By means of these zoospores other • 
potato plants are infected. When a potato rots they 
are liberated into the soil, and potatoes planted are 
liable to infection. They are said to be capable' of 
living for a number of years. The disease also spreads 
from slightly diseas(i,(]. tubers if they are planted the 
following season. It does not attack other crops but 
can infect the weeds Black Nightshade and Woody 
Nightshade. It is common in the west and north, 

" 
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Fig. H. Outg rowths on the tubers and (~aves of the potato plant 
caused by Synchytrium endobiotica. (After Massee.) 
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especially near large towns, where there are a number 
of markE4.t gardens and allotments. Fortunately only 
a few cases are known in the eastern counties. 

, '. 

Fig. 15. Common seab of potatoes-eRused by 
the minute fungns Actinomyces scabies. 

Remedial Measures. 

• 

The best methoQ. of keeping this disease from the 
potato crop is to exercise great care in obtaining 
uninfected seed. It is advisable to get seed from 
districts which are known not to be infected, or to have 

.. 
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been free from infection for the last six years. Some 
of our good varieties such as Great Scot, Arran Cn,mrade, 
Ally, Majestic, Kerr's Pink and Golden Wonder, are 
immune . from the disease. All badly diseased tubers 
and other "parts of the plants should be destroyed. 
Slightly diseased tubers may be fed , btlt they should 
be boiled beforehand, as otherwise the spores pass 
through the animaltmharmed, and so infect the manure. 
This should not be put on potato land. 

It should be remembp.;red that the disease may be 
spread by unboiled potato ' peelings, on the boots of 
persons walking over the field and by horses, imple­
ments and soil clinging to crops grown on infected land. 

Experiments with fungicides have not proved a 
success. , 

The only successful method of keeping the disease 
in ,check is to grow immune varietie '. 

It should be' noted that this disease is scheduled 
under the Destructive Insects a.nd Pests Acts and all 
cases must be reported to the Board of Agriculture and 
Fisheries, 

CHAPTER :tV 

MILDEWS 

The term "mildew" is loosely used, and often 
applied to a very large number of the smaller fungi, 
both parasitic and saprophytic. 14:, is now usual to 
confine the term mildew to two families. The mem­
bers of the family to which the potato disease belongs 
are known as Downy MildetL's. The fungi we are 
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considering in the present chapter are spoken of as 
Powderu or True Mildews. 

The true mildews comprise a large number of 
different species. One of the commonest and also one 
which will serve as an example of the g~oup is the 

' ! 
well-known nnldew of grasses and cereals, Erysiphe 
graminis. We shall have little difficulty in finding 
specimens of this disease ill cornfields during the 

Fig. 16. Whea,t plant attacked by Erysiphe graminis , 

spring, especially on the lower leaves and leaf sheaths. 
In cases of bad attacks the leaves yellow and die. · The 
leaves of a mildewed plant are covered with a white, 
a dirty white, or a pinkish powdery substance. It was 
to this that the t~rm mildew was first applied, the 
leaves having the appearance of being dusted with 
some kind of powder (see Fig. 16). 
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In the first stages of the disease the leaves are 
covered with what looks like a , dense spide,;'s web. 
On examinatio:p- this is found tol consist of a network 
of hyphae or mycelium ramifying, an the surface of the 
leaves and' very similar to the nlycelium obtained on 
bread cultures. The hyphae are div'ided by cross 
walls and so consist of long chains of cells. They 
branch irregularly and cross each\ other to form the 
dense network,. Sections of the mildewed leaf show that 
the mycelium is not prf)sent inside (a piece may be 
dragged across thel section on cutting and appear to 
be running in the interior of the leaf). It lies very close 
to the surface and is fixed to the leaf at certain spots; 
sections show how this fixture is brought about. At 
intervals along the mycelium short swollen tubes are 
given off at'J.d penetrate the surface layer. These 
sw,ollen tubes are known as haustoria. This fungus 
differs from those already studied in having its myce­
lium entirely outside the plant which it is attacking. 
In the case of the other parasites the mycelium is 
entirely inside the plant and the only por'~ions visible 
are the fructifications. This feature of having the 
mycelium outside the plant is characteristic of the 
"true mildews." The haustoria which it sends into 
the plant serve as a means of attachment and also of 
absorbing the food supply. In favourable weather the 
mycelium spreads rapidly over the whole leaf. After 
a time a powdery substance is produced. This powder 
consists of the conidia. The hyphae which produce 
them differ from the ordinary mycelium in growing 
out at right angles to the surface of the leaf instead of 
parallel to it. These hyphae are divided up by cross 
walls and the cells at the end of each become rounded 

P.F. ) 4 
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c 

Fig. 17. Erysiphe gramints. A, conidiophores hearing conidia; B, 8 

spore case with appendages ; C, a spore case which has burst 
showing the asci and ascospores. (Magnified.) 
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off as conidia (see Fig. 17). Each cell of the hypha 
in its turn becomes the terminal one and forms a 
conidium. The formation of these gives rise to the 
powdery appearance. External conditions playa con­
siderable part in their formation. In muggy weather 
they are produced in enormous numbers. Dampness 
is also required for their germination. This is why the 
disease is so prevalent under damp conditions. In 
bright sunny ,weather fewer erect hyphae and conse­
quently fewer conidia a>;e formed and conditions are 
less favourable to their germination. The conidia are 
oval in shape and collectively may be whitis? grey or 
pink. On germinating they send out tubes which, if 
they happen to fall on the same kind of plant .as the 
one on which they were formed, immediately send 

I 

out haustoria into the host plant. The mycelium so 
produced resembles the parent mycelium. In this 
way the disea~e is spread rapidly from plant to 
plant. 

As the season advances the mycelium has a darker 
appearance, and here and there among the hyphae a 
number of dark bodies are formed. Under the micro­
scope these appear as a number of dark brown spherical 
bodies attached to the mycelium on their under surface 
(~ee Fig. 18). By separating them from the mycelium 
they are seen to have a shiny appearance and polygonal 
markings covering their surface (Fig. 17). They are the 
"spore cases" of the fungus, and as they get older they 
become darker in colour. When ripe their walls are 
brittle. Put some on a slide under'a coverslip and tap 
it; the spore cases will bur-st open, revealing a num~r of 
somewhat pear-shaped bodies which contain a varyjng 
number of spores inside them. The latter are known 

i-2 
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as ascospores and the pear-shaped body containing 
them is -lmown as an ascus. The wall of th~ spore case 
is composed of a number of polygonal cells, whose walls 
cause the polygonal markings on the outside. The 
spore cases are formed at the points where fhe hyphae 

') 

touch one another, and each is the result of fertilization. 

I .. 
I.. 

r 

\ 

0) 

Fig. 18. Mycelium and spore cases of Erysiphe graminis. (Magnified.) 

Attached to them are a number of "appendages." In 
the case of Erysiphe gmminis these are simple, un­
branched, short hyphae, but in other mildews they are 
longer, often bran'thed, and serve as a useful means 
of distinguishing between the different mildews. The 
number of asci in each case is also helpful in this way. 
The ascospores do not germinate immediately but 
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remain' throughout the winter in their cases on the 
dead leaves or in the soil. 

• They are protected from injury due to climatic 
conditions by the walls, of the spore case. In spring 
the cases 'hurst and the asci are liberated. The walls 
of these also split and the ascospores ate set free, and 
under suitable conditions germindte, sending out a 
short tube capable of infecting growing host plants. 
They germinl\te most readily at a te{llperature of about 
50° F. The mycelium Vhich they produce buds off 
conidia during the spring and sumrper. The damage 
done by this mildew to cereals in a wet season may 
be considerable, arising not only from the food which 
the plant gives to the fungus, but also from the 
limiting of the work done by t·he leaves in manu­
facturing food from the air. The normal amolmt of 
li~ht is prevented from falling on the leaf by the 
presence of the mycelium. The amount of air which 
ordinarily enters the pores of the leaf is also reduced. 
The diseased leaves become yellow, and die before 
the normal ones, and hence their functions cease 
earlier, with the result that the total yield, is lower. 

The fungus known as Erysiphe graminis com­
prises a number of different varieties; and each one 
may be regarded as being distinct from the others, 
although no difference has yet been found in their 
structural ' appearance. The different varieties are 
distinguished by the plants which they attack. One 
variety attacks only wheat, another badey and 
sometimes wheat to a very slight extent, another 
attacks oats and a related grass. A cereal following 
another cereal crop which has been badly attacked by 
mildew will suffer no more than if it had followed a 
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clean crop, as these varieties are so specialized that the 
one attacking any particular cereal will not attack the 
others. 't 

Remedial Measures. .. 
The whole ~f this fungus is on the outside of the 

plant, and consequently we should expect to be able 
to keep it in check by the use of a suitable fungicide. 
In the case of cereals the difficulties of spraying are 
so great that it is not usual to make application of 
this kind. Damp shady pla~s should be avoided if 
possible as they provide conditions favourable to the 
growth and spread of the fungus. 

Hop and Strawben'y Mildew (Sphaerotheca humuli). 

This mildew or mould as it is often call~d belongs to 
the" true mildews," and therefore grows on the outsiqe 
of its host. In wet seasons it has beet! known to do 
a considerable amount of damage. The first symptoms 
of the disease are small light-coloured spots on the 
leaves. In damp weather the white mycelium of the 
fungus soon al'pears and begins to spread rapidly. It 
also spreaus from plant to plant by means of conidia 
very similar to those 'of Erysiphe gmminis. After a 
time it becomes a greyish colour. In autumn the 
resting stage or spore-cases are formed; these are of 
a dark brown colour. The greatest amount of damage 
is done when the mildew spreads to the cones. The 
reddening of the cones by the spore-cases has given the 
name of "red mou1,d" to this stage. 

The spore-cases are very similar externally to those 
of Erysiphe graminis. Internally they are different as 
they contain only a single spore-sac or ascus, as may 
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be ascertained by squashing one under a coverslip. 
This fungus also causes considerable damage to straw­
berries. This mildew also lives on several weeds, such 
as dandelions, meadow-sweet, and wild ~raniums, but it 
has not yet, been shown that hop plants ban be infected 
from these weeds. <I 

Remedial Measures . 
• 

Its position on the optside of the pI ,nt offers easy 
means of attacking this fungus. Sulphur in various 
forms has proved very useful. There are severa) 
fungicides used against this mildew: 

(I) Flowers Of sulphur, 
(2) Liver of sulphur, 

" (3) Lime sulphur, 
(4) Bordeaux mixture. 

It is important: to spray the plant early, i.e. as soon 
as or even before the mildew makes its appearance. 
Later sp~'aying depends on the weather. All badly 
diseased plants should be burnt. 

American gooseberry mildew, Sphaerotheca . mors. 
uvae, is a member of the same genus as the hop m\ldew. 
This disease can be controlled by two sprayings "with 
Lime sulphur. For the details of this see Ministry of 
Agriculture:s leaflet. 

Rose mildew (Sphaerotheca pannosa.) which causes so 
much trouble to rose growers is a suitable form on which 
to try experiments. Watch some rose trees as soon as 
the leaves are out for the appearp,llce of mildew and 
when it appears treat them in the following manner. 

Leave Set I untreated for comparison with Sets II 
and III. Dust th~ trees of Set II with a coating of 
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flowers of sulphur (the leaves should be damp when this 
is done 4' ~pray the trees of Set III with a solution· 
containing 1 oz. of liver of sulphur to 3 gallons of water. 
Watch the trees carefully to see if the sulphur or liver 
of sulphur has any bad effect on the leaves of buds, and 
also to see if eIther of them prevents the mildew from 
spreading. 

CHAPTER V '> 

• 
ERGOT AND CLOVER SICKNESS 

Ergot (Claviceps purpurea). 

This disease is caused by the fungus Claviceps 
purpurea. Its commonest hosts in this country are 
rye, rye grass, couch, cocksfoot, and timolhy, and it is 
found occasionally on wheat and barley. Some of t~e 
grasses, such as the bromes, are not subject to it. The 
disease first shows itself ·at the time when the ' corn is 
ripening or the grasses are dying off. It is often 
abundant on the dried heads of roadside grasses. It 
appears as lo~g blackish bodies sticking out from the 
ears (see Fig. 19). These are called Sclerotia or Ergots. 
They are partly covered by the chaff and take the 
place- of the grain in the flower. The flowers of rye 
are much larger than those of the grass~s, and the 
sclerotia produced in them are correspondingly larger. 
In the case of rye the sclerotia are often more than 
1 inch in length and about i-! inch in diameter. In 
the case of grasses they may be !-l inch long, a.nd about 
t\ inch in diameter. The longer ones are usually 
curved but the short ones are of~n straight. They 
are hard and have a groove running along one side. 
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In appearance they are not unlike small thin date 
stones, but they are rather darker in colour.) A .cut 
across one of them shows that only the outer layer is 

" 

' J 

\ 
\ 
\ 

.~. 

. ,. , 

Fig. 19. Cocksfoot and rye grass attacked by Olaviceps purpU~ea. 

dark in colour, the interior being )Vhitish, resembling 
very closely a cut grain of rye. Each sclerotium 
consists of hyphae matted tightly together and running 
in all directions, so tliat sections across it in any direction 
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have the appearance of circular or oval cells, these 
being \,he cut ends of the . hyphae. . 

Sclerotia sown just under the surface of damp earth 
or sand and kept in the open air begin to germinate in 
the spring. Small lumps at :first form o~ them and 
eventually thtrse take the form of short drum -sticks, 
th(l thickened portions being carried above the ground 
(see Fig. 20). On cutting sections these heads are 
found to contain a number of flask-shaped cavities in .. 
which are a number of club-shaped bodies known as • asci, which in turn carry eight needle-shaped spores 
known as ascospores. 

• 

Fig. 20. A sclerot.ium of Olaviceps purpurea which ha~ germinated . . 

In the ordinary course of events some of the 
sclerotia fall.to the ground and others are harvested. 
Germination of the sclerotia takes place in the spring 
in the ground. Some of them fall to the ground 
naturally and others are often sown with the seed. 
The ascospores are produced about the same time as the 
host plants flower. The spores are carried about by 
various agencies and some of them reach the flowers 
of the host plants. Here they germinate, putting out 
germ tubes which .penetrate the flowers at their base. 
The mycelium formed from the germ tube grows 
through the base of the flower an5'l then spreads over 
the surface covering the portion which normally 
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fonns the g~ain with a network of hyphae. The free 
ends of these become swollen and conidia are formed at 
these swollen ends. These are set free and others are 
formed at the ends from which they have fallen. The 
hyphae alsd secrete a sticky sugary substance in which 
the conidia become embedded. Tbis is ) known as the 
honey dew stage ' because of the small drops of sticky 
substance which are formed. Tbis sugary substance 
is very attracti,ve to insects. They carry it about with 
them and so transfer the 'ionidia to other ~owers. 

2 b 
Fig. 21. Claviceps purpurea. (2) Section of frll cti,fication showing 

(n) the cavities conta,ining asci; d, asci; a, a,scospores ; h, g~rminating 
ascospore. (Magnified.) (After PercivaL) 

A conidium which in this way reaches the flower of a 
susceptible plant sends out a germ tube which penetrates 
the base of the flower , a mycelium is formed similar 
to that of the parent from which the conidium was 
fonned, and in its turn this very soon produces a crop 
of conidia. A considerable nllmb~r of fl~wers may 
thus become infected from a single sclerotium. A large 
number of spores ary carried to flowers which they are 
not capable of infecting and here they die. The fungus 
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forms a large number of conidia so as to increase the 
chance~ of reproducing itself. 

After a time the mycelium at the base of the flower 
grows to form a compact mass. This is composed of 
hyphae woven together and running in aIr directions, 
the outer layer of which becomes darkened. This 
developing sclerotium pushes before it the portion of 
the flower which forms the grain and also the remains 
of the hyphae which bud off the co]\idia. It then 
increases in length and sticks ~ut from the ear providing 
an easy means of recognizing the disease. 

The sclerotia are formed in an entirely different 
way from the smuts and bunt. In the case of these 
the fungus spores are formed within the ' grain. In 
the case of ergot the sclerotium is forlied from the 
mycelium below the grain and the portion which ordi­
narily forms the grain is pushed before it. The remal'ins 
of this portion may often be found at the top of the 
sclerotium. The sclerotia are the resting stage of the 
fungus and serve to carry it through the winter. 

This fungus is divided up into several varieties, the 
commonest ~f which attacks rye and several of our 
grasses. 

The damage done to grasses is very little, but it 
may reduce the yield of rye considerably. This direct 
amount of damage is negligible compared with the 
harm it does when the sclerotia are eaten. They 
contain several poisonous substances. Cattle feeding 
on infested pastures during the winter often do badly 
and become very tAlin. Sores are often formed on the 
teats and mouth, the latter causing salivation. These 
symptoms of the poisoning effect have led to its being 
confused with the dreaded foot and mouth disease. 
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The poisoned animals often become lame. In very 
bad cases the extremities, such as the tail, hoofs, ears, 
and teats, may dry up and fall off. Another effect of 
feeding on ergot, which is very important from the 
farmer's peint of view, is that it often causes abortion 
in cows fed on infected pastures. ) 

In Russia and countries where rye bread is eaten 
thisJungus brings about the above ailments in human 
being~' and a n?-mber of lives have been lost through it. 

If the sclerotia are kept for some time they gradually 
\ 

lose their poisonous properties. 

Remedial Measu1·es. 

The sclerotia of this fungus are often present as 
impurities in seeds. They are sometimes mistaken for 
rati droppings, but by breaking them it is easy to dis­
tinguish betwee.}. the two as the sclerotia are whitish 
inside. All seeds should be carefully examined and 
any ergot present ;:;hould be screened or picked out. 

This disease is not noticed in its earlier stages, as 
it works hidden away under the 'chaff of the grasses 
or rye. When noticeable the sclerotia are already 
formed. In the case of infected pastures cattle should 
be taken off immediately and the grasses which have 
seeded should be cut, collected, and then burnt. After 
this the pasture must be regarded as an "ergoted " one 
and grasses should not be allowed to go past the 
flowering stage. If they are cut just as the flowers 
are forming the fungus is kept down considerably as 
the sclerotia are prevented from forming . At the 
same time those in the hedges must be cut at the 
flowering stage. 
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Meadow hay is perfectly safe for cattle as the ergot 
does not form for some time after the stage at which ., 
the grasses are cut. The grasses in the hedges and 
roadsides should be cut a nd burnt in late autumn. 

!'t 

Fig. 22. A clover p lant attacked by Sclerotinia lnfoliorum; white 
sclerotia. are present a.t the top of the root. J.ater on these sclerotia 
become black. 

Clover Sickness. 

The dying off of clover, known as " clover sickness," 
is intimately associated with two organisms-one a 
fungus lmuwn as Sclerotinia trifoliomm (tbis disease is 
now called Clover .Stem-Rot), the second a small eel­
worm known as Tylenclnts dipsaci (see p . 166). The 
disease is usually noticed first on yOlmg clover in the 
autumn. Mild ~eather seems to be the most suitable 
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for the fungus. It has been found on red, crim.son, 
white, alsike clovers, and on beans, lucerne, sainfoin 
and black' medick. It causes much more damage to 
red clover than to the others. The shoots of the 
attacked plants droop, the leaves turn brown and usually 
become matted together in a rotting mass. This st~te 
of affairs spreads from plant to 
plant in suitable weather. Small 
black irregular bodies, something 
like rats' droppings, are found on 
the stems or roots or on the soil. 
These are the sclerotia or resting 
stage of the fungus. They consist 
of a dense mass of hyphae (see Fig. 
22). When kept in damp earth in 
the open air iihey eventuallyl send 
up small brownish saucer-like bodies 
on .., the ends of , stalks of varying 
lengths (see Fig. 23). Near the 
upper surface are situated a number 
of asci, each of which conta.ins eight 

Fig. 23. Sclerotinia tri­
foliorum, a. sclerotium 
which has germina.ted 
and producedasancer­
like structure which 
bears the asci. (After 
Massee.) See also Fig. 
55, p. 174. 

oval ascospores. In nature these ascospO;.les germinate 
and produce a myc'elium which enters the clover plant, 
ramifies throughout the stem and leaves, and kills them. 
After a time this mycelium forms sclerotia. 

Remedial M easufes. 

There is no evidence that the disease is ever carried 
by the seed. As the sclerotia are capable of living for 
four or five years red clover should not be grown too 

1 Usually in October or November. 
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frequently on the same land. Sainfoin, Trefoil, or 
White Clover which suffer very little from this disease 
may replace red clover. Peas and tares may also be 
grown. Crops other than leguminous ones are not 
attacked. • ., 

CHAPTER VI 

RUS1;S 

The group to which rusts belong, known as the 
Uredineae, is very widely distributed, in fact some of 
its members are present in all parts of the world where 
plants · are cultivated. The term "rust" in its popular 
sense includes all diseases which cause a ~usty appear­
ance of a green plant. From a farmer's point of vi~w 
they are extremely important, as th~ bring about a 
considerable loss in his cereal crop every year. They 
are characterized by giving rise to seyeral different kinds 
of spores, some having as many as five different kinds. 
Another pecWiarity of certain members of the group 
is that some of these spores may be borne on one host, 
and other spores of the same fungus on an entirely 
different host. There are a number of rusts which 
attack our cereals, most of them belonging to the 
genus Puccinia . The differences between them are 
chiefly concerned with the number of kinds of spores, 
their characteristics, and whether they are all or only 
ill part produced oR- the cereal host. A description of 
two of the more important species will help to give 
some idea as to what rusts are. 

Puccinia graminis. The popular name of this 
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fungus is black or orange rust of wheat, and it appears 
commonly in wheat fields in late spring or early summer. 
The leaves of the wheat first of all lose their character­
istic green colour and become slightly yellowish. 
Dark Ol'an~e patches are then formed on ~hem, and are 
found between the veins of the leaf or on the stem. 
This is the first spore stage that the fm1gus produces 
on wheat and it is this which gives the popular name 
of rust. 

I 
Examination with a lens shows that these patches 

'I 

are composed of a number of minute bodies or spores 
clustered together, and that they are partly covered at 
the sides by the colourless skin or epidermis of the 
wheat leaf. They are known as urcdospores or summer 
spores (see Fig. 24). On shaking the leaf some of them 
fall out as a: powder. They are ovoid in shape, the 
co?-t or wall being of moderate thickness and covered 
with a number"of very short blunt spikes. Midway 
between the apex and the point of attachment are 
some thin places i~ the wall. A section through one 
of the orange patches shows that each spore is borne 
on a short stalk (see Fig. 24). The mycelium which 
produces them does not extend throughout the whole 
plant, but is confined to small areas near the spor~s. 
It consists of a dense web of very fine hyphae grOwing 
in the spaces between the cells. Small tubes or 
haustoria grow into these cells for the purpose of 
obtaining food . The hyphae have occasional transverse 
walls. If the uredospores are placed in a hanging drop 
under suitable conditions for germiration they send out 
tubes through the thin places in their walls (see Fig. 24) . 

One of these uS1?-ally grows much longer than the 
others and branches. An uredospore falling on a blade 

P.F. 5 
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Fig. 24. Puccinia Ilramints. ' (1) Uredosp-6te stage on wheat; (2) uredo· 
spore stage highly magnified; (3) uredospol'e stage very highly 
magnified ; (4) uredospore germinating; (5) teleutospore stage on 
wheat; (6) t eleutospores; (7) a teleutospore germinating; (8) aecidio­
spore stage on barberry Jeaf; (9) aecidium cup showing the cha.inB 
of aecidiospores ; (10) two aecidium cups. (After Massee.) 
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of wheat germinates in the same way. When the germ 
tube reaches a breathing pore it enters and so inlects 
the pl~nt. The mycelium from an uredospor<:>' is said 
to produce fresh uredospores in about 7-10 days . 

These ~re continually produced throughout tHe 
summer. In late summer we shall n~tice that the 
appearance of the rust changes. The leaves look 
darker and on closer examination this is seen to b~ 
due to the production of dark brown or nearly black 
spores togethef with the orange colour.ed ones . After 
a time the latter disappear and the straw is now 
marked with black lines, due to the long patches 
which are placed one above the other in the soft tissue 
between the veins. It is this stage that gives the name 
of black rust to the fungus. 

The black' spores are not of the same kind as the 
orange coloured ones and are not derived from them , 
by change of CO~{)ur. They are known as teleutospores 
or winter spores, and are produced from the same 
mycelium which ga;ve rise to the uredospores. After 
successive crops of the latter the fungus suddenly starts 
to form teleutospores, and so we get the ch~nge from the 
orange to the black colour. A teleutospore is almost 
twice as long as an uredospore and is divided into two 
almost equal cells by a thick partition across it. Its 
walls are very thick and smooth (see Fig. 24). They 
take much longer than the uredospores to germinate 
and on doing so each of the two cells sends out a tube 
from its upper part. This becomes divided into three 
or four cells by cross partitions; fr'{m each of these a 
short ~ube grows out and becomes swollen at the end, 
and eventually cut off as a small spherical body, 
known as a secondary spore (see Fig. 24). 

5-2 
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The fungus has now reached the stage when it 
leaves the wheat plant and seeks a new host. Before 
its life aistory was lmo~n it was held by farmers that 
barberry hedges caused the wheat near them to become 
rusted. ' This story aided de Bary in follo\~ng out its 
further develo~ment. H e found that it was possible 
to infect the barberry plant by means of the secondary 
spores formed from the teleutospores . He also found 
that the fungus produc.ed on the barberry had a totally 
different appearance from the rust of" wheat which 
produced it, but on infecting wheat 'with the spores 
from the barberry it became rusted . Two kinds of 
spores are produced on the barberry but only one of 
them takes part in the reproduction of the fungus. 
These are known as aecidiospores, and are borne in 
a chain-like manner. A series of these chains is 
enclosed in a kind of ball near the lower surface of the 
barberry lea£. After a time the bail bursts and a 
kind of cup is produced which can be seen with 
the naked eye (see Fig. 24). Th~ aecidiospores are 
yellowish, spherical , and ahnost as large as the uredo­
spores. On germination they send out a simple tube 
which is capable of infecting wheat. The aecidium 
cups appear on the barberry in the early spring. This 
is not a case of one fungus giving rjse to another fungus 
as the aecidjospores cannot infect other barberry 
plants. The different spores are stages of the fungus 
Puccinia graminis . 

The damage done to the wheat plant consists in 
reducing the yield .. as some of the food which should 
have gone to swell the grain is taken by the fungus , and 
the amount of food manufactured is lessened by the 
destruction of some of the chlorophyll in the leaves and 
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stem. In very bad attacks the grain may bewme 
shrivelled. , 

In cases of attacks by some of the fungi which live 
alternately on two hosts it is possible to. reduce the 
amount of" damage by the removal of one of the host , 
plants. In the case of Puccinia grami'nis this plan does 
not succeed. In Australia there are no barberry bushes 
and no. plant has been found on which the aecidium 
stage occurs ~nd yet this fungus survives and does 
considerable damage. 'f,his is also true of certain 
parts of England. In t his case it is supposed that the 
uredospores live until the next season's crop is growing 
and then infect it. It is possible that the mycoplasm 
hypothesis put forward by Eriksson in which he states 
" that the ger,m of the rust is present in the seed of the 

. host plant " may have some foundation, but it is not 
us;tally accepted. This fungus has several different 

" varieties which all appear the same under the micro-
scope, but each will only infect certain host plants. 
That usually found on oats will not attack wheat or 
barley. That found on wheat, howe'Ver, is occasionally 
found on oats and barley. .1 \ 

From our point of view the Puccinia graminis 
attacking our cereals may be divided into three different 
varieties: (a) usually attacks wheat and occasionally 
barley, oats and rye ; (b) usually attacks barley, rye, 
couch grass, and other grasses, but does Dot attack 
wheat and oats; (c) usually attacks oats, tall oat 
grass, and cocksfoot, but not wheat, barley or rye. 

There are other varieties which 'attack grasses but 
do Do't attack cereals. 
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• 
Puccinia glurnarum . 

This species, known as yellow nlst, is the commonest 
form of rust found in this country. It may be readily 
distinguished trom Puccinia gmminis by the uredospore 
stage. In this case the uredo patches or sori are orange 
yellow instead of dark orange coloured as in Puccinia 
graminis and most of the other rusts. The sori are 
smaller and are often united with their :iellows, making 
them appear as lines on the-leaf and stem; they are 
usually present in larger numbers. The uredospores 
themselves are more rounded, but otherwise they are 
very similar. The teleutospores are produced in smaller 
sori, and the deep gaping wounds of Puccinia graminis 
are never present. They are also muc~ shorter and 
appear more like black dots than lines. 

No aecidiospore stage has been. found and ·no 
alternate host. The uredospores and teleutospores 
germinate in a similar manner to those of Puccinia 
graminis, and the uredospores probably carryon the 
disease from one season to another. The yellow rust 

w 
of wheat cannot be distinguished from the yellow rust 
of barley under the microscope, but by experimenting 
it has been found that barley cannot be attacked by 
yellow rust of wheat, neither can wheat be attacked 
by yellow rust of barley. From our point of view this 
fungus may be divided up into a number of species 
each of which has its particular host or hosts. 

There are numerous other rusts besides the two 
described, some of which possess all the spore stages 
and others only one or some of the stages; the 'differ­
ences are very similar to those ·of the two species 
described. 
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Remedial M eaSUTes. 

All attempts to check rust by spraying an'd treat­
ment of seed have failed entirely. The cereal plants 
do not lend themselves to spraying as the nature of their 
leaves is not suitable for hplding the spray, but rather 
the contrary. It is chiefly With yellow rust of wheat, 
as being the commonest, that work is being done to 
help the farmer . 

• The susceptibility of wheat varies very largely 
• among the different varieties. Some are practically 

immune, but these are either bad yielders or of poor 
quality. Biffen has found it possible to cross a heavy 
yielding variety susceptible to yellow rust with one that 
is immune and to pick out from the offspring a variety 
with the cropping power of the susceptible variety and 
tr.e immunity of the other. 

Wheat immune to yellow rust may be susceptible 
to other rusts. 

On crossing a wheat which is susceptible to yellow 
rust with a variety which is immune from that rust, 
the whole of the plants derived from the"ISeed produced 
are readily infected. On sowing the seed from these 
rusted plants it is found that although the majority 
of the plants produced are infected, about one-quarter 
of them are free from it. Of these a certain proportion 
possess the high yielding property of the original 
rusted parent together with the absence of liability to 
rust. 

On growing these wheats the li>lants produced are 
all p:actically immune from the yellow rust. In this 
way a wheat kno~ as Little Joss was produced by 
crossing Square Head's Master with a wheat resistant 
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to yellow rust and lmown as Girka. Little Joss is 
resistant to rust and has a rather higher cropping 
power lohan the high yielding parent Square Head's 
Master. This increase of yield in the Little Joss over 
Square Head's Master ..is probably accoun~ed for by 
the rust preveJiiting the latter from yielding as high as 
it would do if it were not rusted. Little Joss is immune 
only to yellow rust. 

It is to crossings of this kind that we look for 
. assistance in helping to prevent the rd!:;t fungi from 

taking their yearly toll from·our cereal crops. 
Beet root Rust. The rust which attacks mangolds, 

beetroot, and sugar beet does not belong to the same 
genus as cereal rusts. It is known as Uromyces betae. 
It also occurs on wild beet . 

The three stages are found on the same plant and 
it differs from Puccinia in that the teleutospores or 

• winter spores are single-celled. • 
In spring the yellow aecidium cups may be found 

on the leaves. In summer the brown patches of 
uredospores are present and in autumn these change 
to a dark br~wn colour caused by the teleutospores. 
This disease is most prevalent in crops manured with 
too much nitrogen and not enough potash as is well 
shown on the mangold field at the Rothamsted Experi­
mental Station. Diseased leaves should be collected 
and destroyed. 

Pea Rust is caused by U1'Omyces pisi . The aecidio­
spore stage occurs on a wild spurge. 

Bean Rust is caused by Ur'ornyces fabae • 
• 
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CHAPTER VII 

SMUTS 

On walking through a cornfield ju~~ before the grain 
is ripe here and there black ears, lill~wn as smuts 
or Black Heads, may be noticed, as they are easily 
seen by contrast with the colour ar~und them. The 
blackening of these ears is caused by various fungi and 
it is from th~s black colour that they derive their 
name "smuts.» They mlLy be found on barley, oats, 
wheat, and also on a number of grasses. There are 
many kinds, most of which belong to the genus U stilago. 
A host plant may have more than one species capable 
of attacking it, but each smut has its own particular 
host. Those' attacking ~arley cannot infect the oat 
plap.t, neither can those found on oats attack barley. 

In place of the grain which is present in a healthy 
plant, the blackened ears contain a dark brown powdery 
mass (this powder is very dark and causes the ears to 
look black) . It consists of a large number of almost 
spherical bodies, which are the spores c{ the fungus. 
The development of these can be watched in a hanging 

• drop of water. After a time a small germ\ tube is 
sent out. This does not grow very long but becomes 
divided up into four cells by three cross walls. 

From the upper portion of each of these cells a 
process is given off, which eventually becomes divided 
from the cell producing it. These are secondary 
spores and in such places as .manur~ heaps, where food 
supply is abundant, they increase in number by 
budding, but it is sufficient for our purpose to know 
that the plants are 'infected by means of these. 
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It grains of oats taken from a badly smutted field 
are sown, some of the resulting plants will be smutted 
and others quite clean. At the various stages of 
growth ·very little difference is noticeable between the 
plants which will produce healthy and 1!hose which 
will give smutted grain until well on towards harvest. 
The infected plants are said to be more robust and 
usually taller. When the grains are beginning to 
form some of the ears show a darker a~pearance, and 
as they ripen become blacker until a stage is reached 
when the ears seem to be· making soot instead of 
grain (see Fig. 25). 

In looking for a suitable means of dealing with 
the smuts it is very important to know how the 
plant is first attacked. Barley, oats, and wheat show 
differences in this respect. • 

• When inferi'tion 
Host. Fungus. Common name. takes place 

A. Barley U st'ilugo horclei Co,.rod .mut of bMI,y I 
f avenue Loose smut of.oats ... At seedling 

Oats 

1 
levis or Covered smut of oats .. . period. 

kolieTi .. 
B. Badey U stilago nucla Loose smut of barley ... } At ftowering 

Wheat tr-itici Loose smut of wheat ... period. 

These fungi are very similar in structure and at 
one time were considered to be the same. Experiments 
have shown that under no circumstances can either 
produce any of the others, thus indicating that they 
are all distinct forms . 

Loose smut can.easily be distinguished fr'om covered 
smut as its spores come out of the grain and"often 
leave the stem of the ears bare,. whereas in covered 
smuts the spores remain in the grain on the ears. 



vnJ Smut;; 75 

In the case of the covered forms a large nU1l1ber 
of the smutted ears are harvested with the sound ones. 
On threshing the smutted grain is broken and the spores 

I 

'. 

, 

\ ,j 

.1 • 

Fig. 2.i. Oat plants attacked by U8tila~o avenae. 

are spread to the sound grain. With loose smut of 
oats the spores are blown about by. the wind from the 
time ,that grain is ripening until harvest. A number 
of them settle on the chaff of the oat flower when it 

) 

opens, and on harvesting these get on the grain. In 
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the .. case of group A the spores are sown with the 
grain. Conditions which favour the germination of 
the oats and barley apparently favour the germina­
tion of the spores. The secondary spores formed 
from these produce germ tubes which mak@ their way 
into the shoot's of the seedling plants. It has been 
shown that the fWlgUS can only obtain an entry into 
the plant at a very young stage. When the leaves 
have pushed their way through the leaf sheaths the 
shoots become hardier and ~ores cann·ot enter. 

On entering the plant tlie germ tube, or as it is 
now called the mycelium, makes its way tp the growing 
point of the shoot. It takes its food from the cells of 
the plant but does not kill them as in the case of the 
potato disease; consequently there are no external 
signs that the plant is being attacked.· As the oat 
grows in the spring the mycelium grows with it 8,lld 
is to be found in the region of the gr&'wing point, but 
not in the older parts of the plant. By maintaining 
its position at the growing point it.is able to pass out 
into the new shoots as these are all formed there. 
In this way ~ll the flowering shoots of the attacked 
plant are usually infected and practically all the 
grains of an infected ear are smutted. 

When the plant is supplying the grain liberally 
with food stuff and so causing it to swell the mycelium 
grows rapidly and a dense network is formed within 
the grain. The spores are formed inside the tubes of 
the ' mycelium and set free as a powder. 

The loose smut..,of wheat appears at the time of 
flowering. The coverings which enclose it burst l"/,bout 
this time and the black spores are l>lown about by the 
wind or washed to the ground by rain. Soon nothing 
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remains but the main stalk or rachis of the ear which 
usually has a certain amount of smut adhering t~ it, 
Some of the spores reach the stigmas of wheat 'flowers. 
Here a germ tube is produced which grows through the 
style much"in the same way as the tube frbm a pollen, 
grain. Eventually the tube reaches Jhe developing 
seed. The grain so infected ripens nOrIp.ally and can 
in no way be distinguished from a non-infected grain. 
When these grains containing the smut mycelium are 
sown the ears 6f the plants which they produce become 
smutted and spores are 'blown about to infect fresh 
plants. The mycelium maintains its position at the 
growing point as described above. The loose smut 
of barley has a similar life history. The weather 
plays a big part in the prevalence of the loose smuts. 

If at the time the spores are forming there is a lot 
of ,rain the majority of them are washed to the ground, 
with the result that fewer grains become infected and 
less smut is produced in the following season. 

Remedial Measures. 

In the life history of the smuts we r,;:tve seen that 
they may be divided into two classes: (a) those which 
infect at the seedling stage; (b) those which infect at 
the flowering stage. The treatment will therefore be 
different in the case of these two groups. 

In both the disease is spread from smutted ears, 
and consequently in choosing seed corn we shall do 
well to obtain it, if possible , from fields which contain 
no smut. This does not ensure oq! crop from attack 
as tlJe smut may have blown from neighbouring 
fields, but seed from a clean field usually produces 
considerably less smutted ears than that from a 
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smutted field unless measures are taken to kill the .. 
spores. 

In tte case of group A, which attacks the host at 
the 'seedling stage, the spores are sown with the grain. 
Lines of procedure consist in employing SOlUe methof 
which will kilt the spore and not injure the grain. 
Numerous experiments have been carried out with t~ 
object in view, and from them the following methods 
have been shown to give satisfactory results. 

In Method 1 blue stone (copper sulpIrate) is used to, 
kill the spores. A clean wo"oden or concrete floor is I 
best for this treatment. A sack (i.e. 4 bushels) of 
grain is emptied on this floor. The copper sulphate 
solutionis made by-dissolving Ii Ibs. 1 of copper sulphate 
in 1 t gallons of soft water. The grain is then thoroughly 
moistened by turning it over and waterirf15 it with this 
solution. It should be turned several times and allowed 

• to stand for about 10 hours. It is then-spread in a thin 
layer until dry, when it is fit for sowing. 

Another way of using copper s~phate is to dissolve 
2t Ibs. of it in 10 gallons of water and pour the grain 
into this, leaving it there for about 14 hours. The copper 
sulphate is then run off, and the grain is spread to dry. 
This method kills the smut spores, but it also hinders 
the germination of 'the grain, especially of oats and 
barley, and should not be used for them. The loss is 
said to be lessened by watering with milli: of lime, or 
dusting with lime after treatment. 

Any seed left over after sowing should not be used 
for feeding purpos~s as the copper sulphate is harmful. 

In Method 2 commercial formaldehyde is u~Jed to 
kill the spores. It contains nearly 40 per cent. 

'One quarter of this strength has been round effective and less in. 
jurious to germination, 

' J 
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formaldehyde. One pint of it is mixed with 30 gallons 
of water. The grain is then poured into a basket which 
stands in the solution and continually moved a},)out 
for 10 minutes. It is then spread to dryas rapidly as 
possible. T.he same strength of formaldehyde is often 
used to sprinkle! on the grain in the sanle way as with 
copper sulphate. This is the most satisfactory dressing 
yet tried. It does not injure the germrnation so much 
as treatment with copper sulphate. Treated grain if 
properly dried 'may be fed to fowls. 

In Method 3 warm wd.ter is used to kill the smut 
spores. Two tubs, several buckets, and a supply of 
hot and cold water are required. It is essential that 
an accurate thermometer be used. Hot and cold water 
are put into the two tubs. The t!'Jmperature of the 
water in Tub )1 should be about 1250 F., and in Tub 2 
13~0 F. (not below 1300 F. and not above 1350 F.). The 
grain is placed iii a fine wicker or gauze basket or in a 
sack and moved about in Tub 1 for 2 or 3 minutes. It 
is transferred to Tub 2 and kept there for 5-8 minutes, 
and then shot on a raised piece of canvas and sown as 
quickly as possible or dried rapidly. ~ 

Hot water must be added to the tubs from time to 
~ 

time to keep the temperature correct. Care must be 
taken that it is not poured directly on the seed. 

A temperature of 1320 F. is sufficient to kill the 
smut spores, but it does not injure the grain. 

This method is very efficient and cheap, but is not 
suitable for farm use owing to the care required in 
keeping the temperature correct. If the temperature 
is too» high the grain will not germinate, and if too 
low the smut spores are not killed. 

After treatment ' with any of these methods the 
) . 

1 After sprinkling the heap should be covered with sacks (dipped in di­
luted formaldehyde) for about four hours and then spread to dry o~ernight. 
\ 
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corn must be put into clean sacks or bins. Sacks may 
• be cleaned by boiling or the bins by washing with . ~ 

solu,tiol\ of formaldehyde. The grain must not be 
allowed to freeze if it is at all damp. If sown immedi­
ately after \reatment a larger bulk will be .,J'equired, as 
it will be soIftewhat swollen. 

Get 100 oat grains which have been grown in a , 
field almost free from smut ; and also some smutted 
ears of oats (either loose or covered smut). Shake up 
80 of the grains with the smutted e~s so that the 
oats become covered with tIre smut spores. Treat the 
infested grain as follows: (1) twenty with copper' 
sulphate as described in Method 1; (2) twenty wit4 
formaldehyde as described in Method 2; (3) twenty 
with hot water as described in Method 3. 

Now sow the 100 grains in pots, m:fking five sets 
of twenty plants. Set (1) uninfested and untrea~ed_ ; 

(2) infested and untreated; (3) infest~ and treated by 
the copper sulphate method; (4) infested and treated 
by the formaldehyde method; (5) infested and treated 
by the hot water method. 

The planis should be examined in all stages and 
any differences, such as time of appearance . above 
ground and size of plants, should be noted. 

We shall expect to find that Sets 1, 3, 4 and 5 are 
free from smut and that all the ears of the plants in 
Set 2 are covered with smut. 

This experiment shows that oats can be infected 
with smut from spores on the grain but that these 
spores can be kill'ild with little harm to the grain by 
either of the three methods used. ., 

Now take some wheat grains and cover them with 
loose smut of wheat and sow the"m as before. These 

• 
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of wheat is incapable of infection at the seedlin~ ~ut 

. The public threshing machine is a great frie ~tq,ge . 
those smuts which infect at the seedling ~tage ~~ of 
serves to sptead them from one farm to a~other. 'tt:s it 
smutted corn is threshed the next lot that goes in~Y ll.en 
machine will be infected unless the thresher is c1 0 th.e . eq,h 
If used it should be thoroughly cl~ned beforeh. '<eq. 
The drill shouJd also be thoroughly cleaned. q,~q. 

In the case of the group B the smut fun 
already present in the harvested grain, having gus is 
at the flowering period. Dressing the grain gOt ill. 
group A is not a prevention as the steeps cannot as fOr 
the fungus . A modified hot water method has reach, 
found which \tills the fungus and at the same tilll. beell. 
little damage to the grain. This method consi

e 
qOe:s 

soaking the seed for about 6 hours in cold Wate st:s Of 
then putting it tor 10 minutes in water at 1290 ; all.q 
wheat and 13 minutes at 1260 F. for barley. . fOr 
soaking in 601d water apparently affects the fun 'l'he 
such a way that the hot water kills it. gll.:s il:l. 

These two smuts are present in most·of our 
• and barley fields to a much greater extent tha"'heat 

covered forms, as the latter are usually prevent l:l. the 
one of the three methods given above. · ed by 

Bunt or Stinking Smut. 

Wheat is the only cereal which suffers froUl 
disease. The diseased plants are very similar to he }this 
ones until the approach of hapvest. On p a ~hy 
through a wheat field, containing plants Whic~SSll)g 
bunted, by observi~ closely we shall be able to are 
that in some of the ears the wheat grains are Vi ~Ote 
Thes~ bunted grains are swollen and cause the .gl~~le. 

F.F. es 
It 
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or ?haff to gape. Their appearance varies with the 
different varieties of wheat. In most it is short, 
swollen, and almost spherical. In some, however, 
instead of shortening it becomes longer. The groove 
is never so' pronounced as in healthy gmins and in 
some cases i::;' very shallow. The bunted ears are 
usually darker as the grain is greyish or greyish black. 

By rubbing an infected grain between our fingers, 
we shall be provided with the means of recognizing this 
disease on future occasions. It gives off a very dis­
agreeable odour-somewhat ~esembling stinking fish­
which clings to the fingers for some time. 

It does not attack the chaff but only the interior 
of the grain. The coat of the grain is not broken, and 
inside are many dark-brown spores. There are two 
species of bunt, T illetia caries (see Fig. 26), which 
has rough spores, and T illetia levis, which has smo')th 

" spores. 
In many cases all the spores are rough, indicating 

the presence of T illetia caries, but . in some cases the 
smooth spores of Tilletia levis may be mixed with 
them and ir", a few cases all the spores may be 
smooth. As these two species behave in a similar 
manner, we shall confine ourselves to the former. 
The spores are. almost spherical and their surface has 
a rough, warty appearance. They are very small, 
being about mo of an inch in diamet.er. In the case 
of this fungus the diseased grains are harvested with 
the good ones and on threshing some of them are 
crushed with the rel)ult that the spores get on the sound 
grain. When this wheat is sown the spores germinate, 
and eventually the young wheat pl~,nt is infected. The 
brown spores yield a crop of secondary spores, and these 
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in their turn give rise to tertiary spores from whi.h an 
infection tube i produced. It is sufficient . for our 
purpose to know that the spores adhering to the wheat 
grain germinate and eventually infect the :voung wheat 
plant. TIrey ar said to retain their capacity for 
germination for seven or eight years. When the young 
plant is infected the mycelium grows as in the case of 

• 
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Fig. 26. Spores of T'illetia caries as seon under a microscope. 

Ustilago, without killing the cells of the host, and the 
spores are formed within the mycelium. Usually all the 
grains of the attacked plants are filled with spores. The 
damage done by this pest is not only· the loss of yield due 
to t~ damaged grain for this is only small in proportion 
to the total, but on~rinding wheat which is infected the 
flom; has a dirty appearance and the peculiar odour of 

'6-2 



84 Smuts [CH. 

the fiIngus is very noticeable. It lowers the price of 
the £lou:;) even if present only in small quantities, and 

f) - , 

is sometimes sufficient to render it unsaleable. The~e 
is no evider.ce of infected grain causi~g any damage 
when fed to stock. ; 

Remedial Measures. 

The three methods given above for the treatment 
of smuts are also effective in keeping dcwn bunt, but 
formaldehyde is the best. Th;-! precautiQns given above 
should also be closely followed. 

The experiment with smut of oats should be 
repeated, using wheat grains for sowing and bunted 
grains to infect the clean grains with the spores of the 
bunt fungus. 

PART II 

CHAPTER VIII , 

INTRODUCTION TO INSECTS 

We have dealt with some of the plant losses caused 
by fungi and will now turn our attention to those 
caused by members of the animal kingdom. By far 
the greater number of these losses are due to the ravages 
of insects. 

Popularly most'small animals such as flies, beetles, ' 
butterflies and spiders are considered as imects. 
Scientifically animals are classified ftnto groups accord­
ing to their structural characteristics. The following 
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characteristics distinguish insects from other aniVlals; 
the bodies of the adults are divided into three parts, 
the front known as the Head, the middle as the·Tkorax, 
and the hind portion as the Abdomen. 

The head bears: (1) The eyes, which -way be (a) simple 
or (b) compound eyes, composed of wllat look like a 
large number of hexagonal cells. (2) The antennae or 
feelers, which vary considerably in different insects, 
and may be simple pointed rods or may possess knob­
like or feathe~y endings. (3) The mouth, which is an 
opening below or in front of the head around which are 
grouped the jaws. These are fashioned according to 
the functions which they are called upon to perform. 
In biting insects they work horizontally and not up 
and down as in the case of higher animals. 

The thorax or middle portion of the body is divided 
ul\ into three rings or segments, each bearing a pair of 
jointed legs. ~oth the second and third segments 
usually bear a pair of wings, a marked feature of the 
group. In flies hc.wever only the first pair are present 
on th~ middle segment, the third bearing the remains 
of the second pair which are used as ba~ancing organs 
(see Fig. 45). In some species, e.g. certain ants and 
springtails, no wings are present, but other characters 
resemble those of other members of the group. It is 
therefore correct to classify them as insects. 

The abdomen, usually the largest portion of the 
body, is composed of a number of segments which 
closely resemble one another. They have no append­
ages except in certain cases at the hind end of the body. 

Unlike the higher animals insects have no internal 
skeletons to suppor} and protect their bodies, but the 
outside IS covered with a horny substance known as 
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chiti,!!:, which serves the same purpose. Insects do 
not breathe in the same way as the higher animals, 
that,is Bo say they have no lungs into which they draw 
air through a special opening. They have, running 
throughout 'their bodies, a number of air-tubes known 
as tracheae, whlch give off numerous branches serving 
the same functions as the lungs, their exterior openings, 
at the sides of the segments, being known as spiracles. 

Differences in such parts as wings, mouth parts, 
• antennae, legs, and eyes, etc., help us to distinguish 

one insect from another. ' 
The above characters also enable us to decide 

whether the animals under observation are to be 
classed as insects. Examination of a butterfly shows 
that it possesses all the above characteristics and 
therefore must be classified as an insect. tf the animal 
we are examining is a spider we find that its bod3lil is 
not divided into three parts, that the" adult form has 
four pairs of legs and that it possesses neither wings 
nor feelers . These and other c~aracteristics have 
placed spiders in a different group. 

An insect ·)differs very considerably from most of 
the higher animals in its structure and appearance at 
the time of its birth as compared with its adult stage. 
When a calf is born or a young chick hatched each is 
very similar in appearance to its adult form, only very 
much smaller. In the case of most insects this is not 
so. On hatching fro111 its egg it has few of the adult 
characteristics. It passes through several changes 
during its life, its ~ppea.rance at one stage being very 
different from that of the other stages. A description 
of the life of a typical insect will ht:;,lp us to understand 
these changes . 
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Most of us know the common large white bntJierfly 
wliich flies about gardens and fields during the summer . .. 
It is called the Large White Cabbage Butterfly, its 
scifmtific name being Pieris bTassicae (see Fig. 27). 
If we watch this butterfly closely we shall see that it 
sometimes settles on a cabbage or a turnip or some 
allied plant and remains for a considerable time under­
neath one of the leaves. If we wait at some distance 
until the butterfly flies away of its own accord and then 
examine the ' leaf on which the butterfly has been, a 
number of very small yellowish bodies arranged in a 
cluster may be found. They are almost skittle-shaped 
and marked by longitudinal ridges (see Fig. 27 a). 

In about ten days these disappear and are replaced 
by a number of small green worm-like creatures known 
as caterpillars. The small yellow bodies are the eggs 
o~ the butterfly, and were laid by the female. The 
small green ca'terpillars hatch from the eggs, eat the 
empty egg shells, and then begin to feed on the leaf, 
leaving marks where they have been feeding. They 
grow rapidly, but after a time growth ceases as 
the hard chitinous skin only allowS' of a certain 
expansion. At this stage the caterpillar fixes itself 
on a small silken web and a new skin is formed under 
the old one, the latter bursting and allowing the 
caterpillar to crawl out. It again grows rapidly and 
the new skin hardens. This process of casting the 
skin is repeated four or five times and allows the 
caterpillar to grow to a considerable size. When fully 
grown it measures about 2 inchm:. or more in length. 
It if} bluish green above and yellow below, having a 
long yellow line along its back, and also one along 

1 

each side. These are broken by a -number of black 
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Fig. 27 a·. Eggs of Pieris brassicae. 

Fig. 27 b. Caterpillar of Piens 
brn.88icae." 

Fig. 27 c. Pupa of Pieris bra/1sicae 
with butterfly emerging. 

" 

• 
Fig. 27 d. Pieris Im1.8s'icae (female). 
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spots. The whole surface is covered with fine Mairs. 
The body consists of a distinct head and .thirteen \ , 
segments. The head is of a dirty brown colour ~th 
black spots. Each of the three following segments \ 
bears a pair of jointed legs. The third, fourth, fifth 
and sixth, and also the last of the abdoihinal segments I 

bear a pair of false legs each. These are simple protru­
·sions from the lower surface of the body (see Fig. 27 b). 
The stage after the egg-in this case the caterpillar-
is known as fue larval stage and the young insects­
caterpillars-are known ~s larvae. 

When fully grown the cateL'pillars usually leave the 
cabbage and wander off to sheltered places where they 
change into the next stage . Here the caterpillar 
forms a silken web-like platform, fixes itself by its 
tail head doWnwards, or horizontally, also placing a 
siIl5en thread round the middle of its body as additional 
support. Its sIan is then cast, and eventually a hard 
body is formed incapable of movement except of its 
tail. This is the J?;upa or Ohrysalis stage, and is very 
different from the caterpillar (see Fig. 27 c). It is about 
an inch long, of a pale green colour, spotted with black, 

, and angular. The divisions into head, thorax and 
abdomen can be roughly determined. . After about a 
fortnight the adult butterfly comes out. This stage is 
known as the Imago stage. The adult- as is also the 
case with other insects-does not grow, a small fly 
never becomes a large one. 

The front wings of the adult butterflies are white on 
their upper surface with a black cref;'Cent-shaped patch 
at thc. tip of each. The females may be distinguished 
from the males by tp.e presence of two black spots in 
the middle and a small black patch at the hind edge , 
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of t:'\lese wings. The under surface is white with a 
yellow tip and in the case of the female it has h\'i0 

, ) , 
bla0k spots as on the upper surface (see Fig. 27 d). The 
hind wing i~ white on the upper surface with a small blac.\<: 
patch on the front edge. Underneath it i 3 yellowish'. 
The colours ~f butterflies and moths are due to the 
presence of numerous scales. " 

After pairing the female proceeds to lay her eggs' 
on a plant on which the caterpillars can feed. This . ., 
butterfly has at least two broods every summer, that , 
is to say the butterflies formed from the eggs laid in 
early summer give rise to caterpillars in the same 
summer. In favourable seasons three broods are formed. 
While in the caterpillar st age this insect is liable to 
attack from various enemies. Birds a nd wasps kill 
a considerable number. I havo seen a s~1gle wasp JdIl 
five in half-an-hour. They are also attacked hy a 
small .ichneumon wasp which by me~ns of a piercing 
organ lays its eggs in the body of the caterpillar. The 
young larvae hatching from these eggs feed on the 
inside of the caterpillar, thus causing its death, and 
eventually cume out and form little yellow bodies or 
pupae (see Fig . 28) . These bodies, which are falsely • 
known as caterpillars' eggs , should not be destroyed for 
they develop into wasps which lay eggs in other cater­
pillars and prevent them from forming butterflies. 

In gardens the caterpillars can be prevented from 
eating cabbages by searching for and destroying the 
eggs in ,July and August. As the eggs are laid in 
groups this is n<Dt very difficult. Any caterpillars 
which hatch out may be destroyed at the sam~ time. 

Most insects are similar to the~ cab bage butterfly in 
that they are derived from eggs. The old idea that .. 
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insects may be derived from putrefying matter !'Jffiay 
easily be shown to be wrong by keeping such lI1aterial 
as putrefying meat so that insects cannot get near it. 
If however the meat is kept so that insects ~an reach it, . ~. 

• Fig. 28. A ~,bbage leaf bearing the yellow cocoons of an ichneumon 
wasp. (These cocoons a,re falsely called caterpillars' eggs.) 

they will lay their eggs there, and from these maggots 
will be formed, and eventually flies . 

The passage through these changes from the time 
they are laid as eggs until they become winged forms 
is known as the transformation or, metamorphosis of 
insecti. Three different stages of metamorphosis are 
found in all butterflies and moths and also in a large 

) 

number of other insects. ,. 
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In flies the stage after the egg is usually known as 
a Maggpt. Those on fly-blown meat will serve as an 
exa:ihple. These eventually change into brown packet­
like bodies"known as puparia, pupa-cases or cocoons, 
and it is fro~ these that the adult flies emerge. 

In their first stage beetles are popularly known as 
Grubs. The wireworm is one of the best known. It 
changes into a resting pupa stage from which the 
adult beetle is formed. ,I) 

We often f;ind insects W one stage only at one 
time so that it is important that we should be able to 
recognize them in all stages. I 

The following key gives a rough means of dis­
tinguishing the three large groups: 

Butterflies 
and moths 

(

A caterpillar pos­
sessing a distinct 

oj head, 3 pairs of 

~ l' ~Oa:e! f;~!8iegsl ~ 
abdomen, I pair of 
false legsatth.ll hind 
end of the body. 

{

The appendages 
e6 and wings are en­
g- cased. . The tail is 

.... ringed and capable 
of movement. 

Two pairs of 

{

wings covered with 
~ scales are present. 
~ . . 

Flies. Beetles. 

A maggot. No A grub posseVling 
legs. No distinct ~, a distinct head, 3 
head. Anterior end pairs of jointed legs 
narrow, possessing or none. No false 
a pair of dark jaws legs. 
(som\) fly larvae 
have distinct heads, 
e.g. leather jackets). 

Entirely enclosed 
in a case or cocoon 
(in the case of the 
leather jacket it has 
no case). 

One pair of wings 
is present. The 
position of t,he 
second pair is 
marked by "bal· 
ancers." 

Appendages and . 
wings free. 

Two pairs of 
wings are present: 
those of the outer 
pair are horny and 
do not ov~:lap. 

N.B. The larvae of certain sawflies closl!ly resemble caterpillars but 
they possess more than four pairs 'of false legs on the abdomen. " 

" 
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In some insects such as aphides (green fly) ~nd 
cockroaches, the young on hatching resemble th? adult 
forms very closely-the difference being chiefly one of 
size. 

The fir~t consideration in dealin~ with pests 
attacking crops is to find out what insect is «~using us 
trouble. Our knowledge of the different stages should 
help us considerably in at least finding out whether 
it is being caUJled by a butterfly, a fly, or a beetle. 

The time taken by ¥ instlct to go through its 
different changes varies according to the species. In 
the case of wireworms and chafer beetles several years 
are required from the laying of an egg until the time 
when the insect formed from this egg commences egg 
laying. In sOple cases, such as the garden chafer, the 
insects have one brood every year, in others, such as 
theJlfrit fly, several broods in the year, whilst green 
flies may have r1ew broods every week. 

. The length of life of anyone stage varies according 
to the species as does also the stage in which the 
damage is done. Often the larval stage only is respon­
sible for this: in other cases it is done botl1' in the larval 

I and the adult stage, and occasionally in the adult 
stage only. 

It is not necessary for the farmer to know what 
kind of insect is attacking his crop provided that he 
has sufficient knowledge to keep the pest under control. 
In order to deal successfully with an insect pest it is 
usually necessary for some one to study carefully the 
characteristic features of that inset:'!; throughout the 
whole ~of its life and very often throughout the life of 
some of its descendarts. Such knowledge often enables 
us to attack the insect at a time when it is most 

J 
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vulaerable; otherwise treatment is haphazard and 
may D}ean attacking the insect at a time when it 
is rl'lost resistant, or sometimes attempting measures 
which pro~e to be useless. 

The objec~of studying the life history of ' 'an injurious 
insect with a view of preventing damage is to find the 
weak periods in its life. We want to know the time 
and whereabouts of the insect when it is most easily 
kept in check. Knowing this we caI\ find only by 
experiment the best means qf controlling it. A know­
ledge of the cultivated plants and weeds on which the 
insect can feed is useful as it enables us to starve the 
insect or drive it away by keeping these plants from an 
attacked field for a certain length of time. 

The life history tells us where the various stages in 
the insect's life are passed, how long it lives in these 
stages, and when the change from one to an~her 
takes place. From this we can often<lidecide when and 
how to attack the insect in order to keep it under 
control. ~ 

In the case of the winter moth whose caterpillars 
eat the leave'S of fruit trees the females have no wings, 
and when they want to lay their eggs on the young .J 
shoot,s they crawl up the trees. In England this takes 
place from about the second week in October until 
the middle of January. It was argued that if these 
females could be prevented from crawling up the trees 
the caterpillars would not be able to eat the leaves. 
An experiment was tried of putting a band of a sticky 
substance (as used on fly papers) round the tree trunks 
and keeping them sticky during the time th1!tt the 
female moths are active. It was lound that when they 
reach the bands they stick and are unable to go farther . 

• J 
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They often lay their eggs on the bands or somettimes 
below them, but even if the caterpillars hati h they 
cannot travel the long distance to the leaves , ';here 
they usually feed. From this experiment it was de9ided 
that the d&mage done by these caterpvlars could be 
to a large degree prevented, and this method of grease­
banding trees is now largely used in commercial 
fruit-growing. In seeking remedies for controlling 
insect disease~ we must always bear in mind the 
question of expense. Th~ farmer grows his crops for 
profit, and if it costs more to co ltrol the insect than 
the value of the damage done such measures are of no 
use to him. 

One very annoying factor in dealing with insects 
is that they cap sometimes travel considerable distances, 
so that a farmer who keeps them down on his own farm 
is cHen troubled by others coming from his neighbour's. 

Insects may be roughly divided into two classes : 
(1) herbivorous, which feed on plants and cause dis­
eases; (2) carnivo!ous, which feed on other insects 
and allied animals. 

The members of the second group ~re extremely 
,useful as they keep down the numbers of those which 

attack plants, e.g. large numbers of green fly are 
devoured by the larvae of lady-birds. 

In nature both kinds live side by side in such a 
way that a sort of balance is set up so that no single 
species increases rapidly in numbers. In planting 
large areas with one particular crop man has upset 
this . balance by providing the insects which live on 
this Cl'Op with an ideal feeding grolmd. Many herbiv­
orous species are crilable of living only on certain 
families or orders of plants. In nature this means 

• 
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that 'they often have to travel long distances in search 
of food} which in many cases they may be unable to 

D 
find. In fields where we grow plants suitable for certain 
insects these can get food without searching for it and 
are thus enabl+,d to i~crease rapidly. In this' connection 
it must be remembered that insectivorous birds are 
useful in checking the increase. 

Man has further upset the balance of nature by 
introducing foreign insects capable ofJlliving on our 
plants, e .g. the American woolly aphis. These are 
often capable of enormous damage as the insects, 
birds and animals which prey on them in their native 
country may not be present here. The introduction 
of the enemies of imported pests has in some cases 
proved extremely useful. Our present system of 
marketing also helps the spread of diseases from one 
part of the country to another., '" 

Carnivorous species are capable only of keeping 
the herbivorous form within certain limits, and as man 
has favoured the increase of injurious insects he must, 
if he wishes to prevent them doing a considerable 
amount of damage, employ some means to reduce 
their numbers. A single insect is, not capable of doing , 
much damage, but it reproduces itself at an enormous 
rate and gives rise to numbers which collectively can 
often render crops almost useless. This rate of repro­
duction is necessary in nature because of the numerous 
factors which lead to the death of so large a percentage 
of the total number of eggs laid. 

In endeavouring to keep injurious insects under 
control it is better to aim at prevention rather tban at 
cure. Clean farming prevents a l:tJrge number of insects 
from living through the winter as the weeds on ~which . 
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they would feed are destroyed. Dirty fields fl~l of 
weeds and rubbish are ideal wintering places as they 
provide . both food and shelter. The destru~tidtl of 
grasses and other weeds in headlands, hedges. and ditches 
destroys ma,ny, and also gets rid of a favourite wintering 
place for others. The time of carrying Jut the various 
tillage operations affects the number of insects wpich 
are destroyed by such operations. Suitable rota­
tions are ver; beneficial in keeping some pests in 
check. 

The date of sowing otten decides whether the crop 
will be good or poor. Thus the frit fly maggot shows 
a preference for yOlmg oat plants; early sown crops 
may therefore almost escape the attack, whereas late 
sown crops may be rendered almost useless. It is 
often possibl~ to sow at such times that the insect 
is fapable of doing the least amount of damage. 
Artificial manm'es are also useful in hastening the 
plant through the stages when it is most readily 
attacked. • 

Various substances known as insecticides have 
proved useful in killing certain forms wh~h attack the 

, shoots of plants. The kind to use depends on the way 
in which the insect feeds . Some, such as caterpillars, 
have biting mouths and feed by eating the leaves and 
shoots. The insecticide used in these cases is a poison, 
such as lead arsenate. This poison is sprayed on the 
plant so that on eating the insects are killed. Others, 
such as green flies, have sucking mouths and live by 
penetrating the tissues and sucking the juices. If a 
poison is applied on the surface of the plant it has no 
effect on them as they do not eat the surface layers. , 
In this case an insecticide is used which kills the .. 

P.F. • 7 
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insec~s directly, i.e. by actual contact with it. A 
mixture consisting of soft soap and substances such 
as nieotine or paraffin is often used in such cases. 

CHAPTER IX 

BUTTERFLIES AND MOTHS 

Surface Oaterpillars. 

There are a number of moths whose caterpillars 
damage many crops by feeding on them below the 
surface of the soil or at the soil level., This habit 
gives them the name of Surface Caterpillars. There 
are several different kinds, but the damage done ,by 

) 

them is very similar and the means of keeping them 
under control are the same, so for our purpose we may 
group them together. 

The chief offenders are: 
-' 

Agrotis segetum .,. The turnip or dart moth. 
Agrotis exclamationis . .. The heart and dart moth. 
1'riphmna pronuba The yellow underwing moth. 

These do considerable damage to mangolds, turnips, 
carrots, parsnips, cabbages, potatoes, wheat and grasses. 
They attack most cultivated plants, but are partial 
to certain species. 

They live as c3.\terpillars during the greater part of 
the year. In the early summer they destroy :¥oung 
mangolds and turnips by cutting through the roots just 
below the surface of the soil before' and after they have 



IX] Butte1:/l'ies and Moths 99 
~ 

been thinned. It is ve:J;y noticeable after thi~ng as 
gaps are made in the tows . The caterpillar~ may be 
found by hunting in the soil near freshly damaged I'lants. 
Later on in the season they attack the sw~llen roots of 
turnips and mangolds by scooping out large holes. In • a similar manner potatp tubers are attacked. The 

\ 

• 

Fig. 29. Caterpillar pupa and adults of a surface caterpillar moth. 

nibbled roots and potatoes often rot. Corn crops often 
suffer from attacks on their roots in mild winters. The 
grubs remain hidden under the surface or under leaves 
during the day and come out to "feed at night. The 
motb-s giving rise to these usually fly at night and are 
attracted by lamps or fires . Their hind wings are 
lighter in colour th~n the front ones. The female has 

• ,7-2 
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a si~le feeler, whereas that of the male is toothed. 
They are usually to be found in June, July and August. 
The l:ggS)) are laid on cultivated plants or weeds near 
the surface 9,f the ground. The caterpillars are of a 
dull colour, either brown or greyish, and consequently 
are hard to finet: They are cylindrical and apparently 
smooth, having, however, a few hairs which arise from 
small black spots on the body. When fully grown they 
are about an inch or more in length. They possess 
three pairs of jointed legs, four pairs of ufalse legs in 
the middle of the body and a "pair of false legs at the 
hind end. 

They usually live through the winter and continue 
to feed on roots except in cases of hard frost. At the 
end of the following spring they change into smooth 
brown pupae. These may be found inl

) small oval 
spaces which the caterpillars make in the soil. Tl;Ie 
moths come out about a month after "the pupae are 
formed. 

Remedial Measures: 

Our knowl<ldge of the life history of this pest 
should help lis in finding the best means of keeping it 
under control. The pupae are formed in the soil 
when a crop is growing and consequently are not 
readily attacked except by the usual practice of hoeing. 
As the moths themselves are attracted by light it was 
thought that use might be made of trap lanterns. 
This however did not prove a success and is rather 
expensive as the peFiod of hatching is long. We must 
then turn our attention to the destruction of the C.\Lter­
pillars themselves. 

They are difficult foes to comtat owing to their 
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habit of living underground. In the case of .!rilled 
crops such as turnips and mangolds, frequellt ~oeing 
is found to be useful as some of the caterpillars are 
destroyed and others exposed to bird~. Starlings, 
plovers, rdoks, and gulls will eat them in large numbers. 
Pigs will also eat them. . 

With turnips and. mangolds sown on the flat 
harrowing has sometimes proved effective. 

In marke~ gardens handpicking has been found to 
be remunerative. The wubs are very difficult to find, 
except after dusk. Each worker should carry a lantern 
and a stout stiok pointed at one end to search for cater­
pillars near the plants. 

In the case of an attack on potato'es earthing up 
as early as pqssible has proved effective. Weeds should 
be kept down as eggs are often laid on them and also 
bt,\)ause the yOllng caterpillars feed on them until the 
crop is ready. 

Poisoned baits put along the rows have proved 
advantageous. Tiie bait consists of some green food 
stuff, such as clover or lucerne, dipped into or sprayed • with a solution of Paris green (made by mixing 1 oz. 
of Paris green with 3 gallons of water), or lead arsenate. 
When the caterpillars eat this they are poisoned. 

In fields of cabbages, mangolds, or turnips, where an 
attack is feared, a small seed bed of cabbages will be 
found useful as the blank spaces in the rows caused by 
the caterpillars can be quickly filled by the cabbage 
plants. 

Toads will destroy enormous numbers and shoulf1 
be pteserved. 

• 
• 
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,)) 
Other Oaterpillars. 

;n 

There are numerous other caterpillars (i.e. the larvae 
of butterflie;g or moths) which cause damage to our 
crops and espi!lcially to fruit trees. These may be 
distinguished from other larvae by the key on p: 92. 
Some of them are kept down by grease-banding the 
trees which prevents the wingless females :h:om reaching 
the shoots. In other cases the trees arevsprayed with 
a poisonous substance such l;1,s lead arsenate, so that 
when the caterpillars feed, they are poisoned. In 
addition to the caterpillars of the large cabbage 
butterfly we may find on cabbages those of the small 
cabbage butterfly eating holes in the leaves, and also 
the green or brown caterpillars of the cq;o,bbage moth 
(Mamestra brassicae) which eat into the hearts of the 
cabbages, leaving a lot of excrement bE),rind them. "-s 
the small cabbage butterfly lays its eggs singly it is 
difficult to control. 

The cabbage moth lays its eggs in groups and these 
should be loo\ed for and destroyed in July and early 
August. 

The caterpillars of the small swift moth (H epialus 
lupulinus) are fairly common in gardens. They feed 
in much the same way as surface caterpillars on such 
plants as lettuce, potatoes, celery and bulbs. They 
are whitish in colour with brown heads. Scooped out 
potatoes will serve as traps. 
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CHAPTER X ~ 

, 
BEETLES 

Wireworms. 

The term." wireworm" is used as a popul8!r way out 
of the difficulty of giving,a name to any small worm-like 
animal, and it often includes such different forms as 
leather jackets, millipedes, and centipedes. True 
wireworms are the larvae of beetles known as click 
beetles or spring-jacks. They attack all kinds of 
crops with tpe exception of mustard and are usually 
most abundant in permanent pasture, temporary leys, 
Oltany covered,ground which is not disturbed. They 
do much damage to roots, corn crops, and peas, 
especially to crops grown on newly broken pasture 
land. They feed chiefly on or just above the roots of 
plants. It is not the amount of food eaten which , 
makes them so destructive, but their habit of biting off 
the plant above the roots. 

On pulling up a cereal that is being attacked, the 
wireworm may be found feeding on the stem a short 
distance from its base. The damage is done only by 
the wireworm or larval stage, but as it lives for three 
to five years the amount of harm done by a single 
individual is very considerable. 

The eggs are -laid in the soil at "cl.epths of I" to 2" 
in J1lne and July. The young wireworms which hatch 
out from these ar~ very small and whitish. They 
beg~ to feed immediately after hatching. Full grown 
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wire~ollms vary in size according to the species of 
beetle f,rm which they are derived. Some may reach 
a len¥?;th of 1 inch and others only t inch. The body is 
cylindrica13,pd divided up into segments. . In the course 
of their growth,phe skin is shed several times I'h the same 
way as that of the caterpillar of the cabbage butterfly. 
Their colour varies somewhat: after a moult they are 

. usually pale yellow, but later on they become a rich 
golden yellow. The surface alwa,ys h,~s a shining 
appearance, and the skin is v:~ry tough. 
. The head carries a pair of powerful jaws which 

enable it to feed on all kinds of roots. Each of I the 
three segments behind the head possesses a pair of 
jointed legs which readily distinguishes it from other 
so-called wireworms (see Fig. 30). The la.~t segment of 
the body also has a downward projection which is used 
in walking. When fully fed the wireworm mal~es 

usually in the top 4" an egg-shaped space in which it 
. changes into a pupa. This change usually takes place 
in August and September and from the pupa the beetle 
hatches out in about 3 weeks. The beetles may often 
be found on "grass land or clover leys during the 
summer. There are several species all of a dull brown 
or greyish colour, rather long and narrow, having 
short legs and serrated feelers (see Fig. 30 0). When 
placed on their backs they spring into the air with 
a clicking noise and 'fall on their feet. They are 
enabled to do this by means of a projection on the 
segment carrying the first pair of legs which fits into 
a depression on that bearing the second pair. This 
structure enables us to recognize the beetles f~irly 
easily. They also make a clicWng noise if held 
between the finger and thumb. The beetles are not 

,~ 
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often found as they usually hide during the day t.j.me. 
The wireworms feed throughout the whole ~f their 
lives on the roots of either cultivated or wild plltnts, 
except in frosty weather, when they go dee~ down into 
the soil. After a thaw they come up a~ain and feed. 

A • 
• 

I 
• B o 

• 
Click beetle or wireworm be~le. A, wireworm; 

G, click beetle. (About t atural size. ) 

• 

Remedial jJtI easur • 

Fig. 30. B, pupa; 

• The first remedy which suggests itself is if possible 
that of preventing the eggs being laid. This has proved 
of little use to the farmer as it cannot be successfully 
carried out on grass land and clover leys. In gardens a 
number of beetles may be trapped by means of small 
heaps of clover covered with boards or tiles. The 
beetles which shelter in these traps may be collected 
at intervals and destroyed. This uhould be done in 
April.and May before the eggs are laid as the beetle 
itself does no dama~e and no advantage is gained if 
they are trapped after laying their eggs. Wireworms 

• 
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are Jond of carrots and potatoes and may be trapped 
in these in market gardens and glass houses. Attempts 
havoJ b~en made to coat the seeds with various sub­
stances bu~ they have failed to prevent attacks. In 
attempting to reduce their numbers it! must be 
remembered that clean farming is extremely helpful' as 
large numbers are starved if the land is free from weeds 
for any length of time. Clean fallowing will get rid of 
considerable numbers. It must also be remembered 
that the grasses in hedges and headland~ provide fodd. 
A crop of mustard will also st irrve a great many of them. 

In breaking up grass land, leys, or any covered land 
we must not forget that wireworms a're usually present 
and all crops except mustard are likely to be attacked. 

Paring and burning p_as proved helPful, as also 
applications of lime and gas lime, especially if the 
grasses themselves are burned. These methods do ilOt 
kill the wireworm, but destroy their "food. All these 
methods aim at starving the wireworms. Applications 
of various kinds are useful for a t ime, the wireworms 
are not killed but simply go deep down into the soil 
and come up~gain when the trouble is over. Appli­
cation of rape cake is thought by many to kill them. , 
It has been proved to benefit the crop to which it is 
applied as wireworms are very fond of it and leave the 
roots of plants in order to feed on it. In the following 
season however we shall find that they are still present 
in the soil ready to feed on any crop except mustard. 
Rolling the land in order to consolidate it helps the 
crop, as it prev6llts wireworms moving from one 
plant to another as easily as in loose soil. For a similar 
reason driving sheep over the la~d when possible is 
very useful. 

JI 
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Ploughing early in September will kill some of. the 
pupae and may also turn up some wireworms fo{ birds. 
A number of birds, such as gulls, larks, rooks, starllJlgs, 
plovers, and pheasants, help to keep th~ numbers 
down . . Th~ farmer only sees the dama~e that these 
birds do ; if he saw the fQod they ate he would pro­
bably be led to think that the nUlllb~t of plants they 
save in many cases outweighs considerably the number 
which they des~roy. Moles also eat wirewor~s. Stimu­
lating manures applied with the seed help plants 
considerably against the ~ttacks of wireworms. 

Millipedes and ce~tipedes, which are often confused 
with wireworms, are not the larval stages of insects, 
but adult animals closely related to insects . They are 
readily distin@\uished by the enormous number of their 
legs. It is important to know the difference between 
ceniipedes and millipedes as the former help the 
farmer by feeding on insects in various stages and also 
on worms, snails and slugs. Centipedes should not be 
destroyed. Millipeaes are destructive and feed chiefly 
on roots and other portions of plants which grow 
underground, such as tubers and bulbs; and also on 

• strawberries. Centipedes have only one pair of legs on 
each segment whereas millipedes have two pairs on 
every segment, except the first four (see Fig. 31 b). 

Millipedes may be trapped by means of a scooped· 
out mangold, or killed by means of poisoned bait. . 

Turnip Flea Beetle.~. 

E-rery farmer knows that in a ill'S, dusty summer 
his turnip crop is liaple to be damaged or even almost 
entirely destroyed by what he calls the turnip fly or 

• 
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flea«\) If we succeed in catching one of these hopping 
insects we shall find that it has two pairs of wings 

'" and'~ is therefore not a fly. The outer wings are 
hard and ~protective, and from this we shall decide 
that it is a beetle. The name turnip flea beetle ils . the 

~ . 
most appropriate as it tells us that the insect is a bee,tle .. 

\ , 

\ 

Fig. 31 u. A centipede. 

" 

" , 

Fig. 31 b. Millipedes. 

and also at the same time reminds us of its hopping 
powers. 

In spite of its small size this beetle is capable 
of doing enormour;. damage on account of its' numbers 
and power of mUltiplying. Under favourable conditions 
it is possible for six generations to hatch out in a ., 
single season. It attacks the plant just at the time 

.I) 

\ 
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when it is most susceptible, viz. just as it pushes. its 
way through 'the ground. The adult beetles do the ,. 
most damage in this case. As soon as the yoe.ng 
plant appears they begin to feed on the s~ed leaves, 
then on th'i heart of the plant, and so destroy it 
entirely. In this way whole fields are eaten bare and 
have to be resown. -. 

The last brood of beetles formed in the autumn 
hibernate through the winter in crevices or under 
leaves. When' the warm weather of spring begins, 
usually at the end of May o'!- beginning of June, they are 
roused from their slumbers and are prepared to enjoy 
themselves at the expense of any young turnip plants 
which may be available. 

After a time the beetle lays its eggs usually in the 
soil near turmps and allied crops or other plants of 
the .'lame · order such as charlock. The small whitish 
larvae hatch in a~out 6-11 days and on hatching leave 
the soil and crawl up the stalk of plants and soon 
commence to feed .on the rough leaves by getting 
inside them and eating the green portion between the 
two skins. In this way colourless marks'Rre found on 

,.the leaves and by holding them up to the light the 
young larvae can be seen in them. In about a week 
they come out and bury themselves in the ground. 
Here they change into pupae and from these the beetles 
are formed in about a fortnight (see Fig. 32). These 
then feed on the turnip leaves, especially of the younger 
plants when the field has been resown. It is in hot dry 
weather that the attack is worse, a!", this favours the 
development and spread of the beetles. They do not 
like wet weather and consequently less damage is done 
in a wet spring. CJrtis says they are attracted by 

• 
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the.,smell of the tumip crop and will fly from consider­
able distances against the wind. Thei'e are several 
beMle~ included under the heading of turnip flea beetles 
but they ~re similar in then: mode of attack. They 
are very small and measure only about>, Tb inch in 
length . SOIile are of a bluish black colour, the 
commonest form having' a broad yellow stripe tlown 
each of its outer wings. Its antennae are one-half the 
length of its body. By means of its very stout thighs, 

Fig. 32. 

' J 

'\ 

~ 

TUrlLip flea beetles ; egg, larva, pupa and 
:1dults, (Magnified.) 

especially on the hindmost pair of legs, it is enabled to • jump long distances. The larva is yellowish with a 
distinct head and a 'pair of legs on each of the first; , 
three segments. The hilld end of the body is turned 
down to form a kind of foot. 

In addition to turnips, other cruciferous crops, such 
as swedes, cabbages, and rape, also suffer. Mangold 
often suffer in the same way from the attacks of a 
different species: potatoes from another kin<f and still 
another species occasionally attacks barley .. 
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-Remedial JIll eas'ttres. 
,-

The eggs are laid on the under surface of the le"tLves 
and do not lend themselves to treatmeI\t , As the 
larvae feed-inside the leaves we cannot ~ope to attack 
the pest at this stage. It is chiefly against the adult 
stage that attacks are aimed. 

We have seen that'the greatest amount of damage is 
done when the turnips are young, consequently we must 
aim at helpinlthe plant in these stages and at the same 
time make things as unpleitsant as possible for the beetle. 

Drought and frost retard the growth of the plant; 
the former also favours the beetles and consequently 
this state of affairs is bad for the turnip. 

Clean farming plays a very important part in • reducing the numbers of this beetle as weeds, such as 
chrarlock, serve to sustain it until the abundant supply 
of food which tAe turnip crop sl1pplies is ready. All 
cruciferous weeds should be destroyed and the grasses 
in hedges and ditches cut and burnt, as they provide 
shelter for the beetle during the winter. 

The method of cultivating the land is v~ry important, 
, and operations which help the plant in its early stages 

should be carried on. Cultivation should be done in 
the autumn if possible as more moisture is retained in 
the soil and a better tilth obtained. Seeds sown on a 
fine tilth usually suffer less for this favours the growth 
of the young plant and is unfavourable to the beetle, 
as there are few suitable hiding places for it. Careful 
rolling (if the land is suitable) after drilling the seed 
breakis up the clods and disturbs the beetles. Miss 
Ormerod says, "A£~flr a long experience I never saw 
a failure of a braird of turnips on land which had been 

• 
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long and well prepared before the seed was sown. 
Goo'd seed and plenty of it, three pounds per acre, 
drill~d 'aeeply from (say) two to three inches, ensures 
a good start, even in the driest times." 

In addition to farmyard manure, artifici'aJ manures, 
and especially' superphosphate, have been shown to be 
profitable when sown before or in the drill at a time w:Q.en 
they can help the young plant through the earlier stages. 

Sowing mustard with the turnip crop has proved 
beneficial in some seasons, . but not iI~ others. The 
mustard comes up before the' turnip and so is attacked 
by the beetles. They prefer turnips and usually leave 
the mustard as soon as the turnips are ready. 

Rolling a piece of infected turnips early in the ' 
morning while the dew is still on the plants is sometimes 
practised with success. This process "disturbs and 
injures the beetle, and also makes the plants du~ty, 
in which condition they are not 5'0 readily eaten. 
Driving sheep over turnips while the dew is still on is 
also useful for similar reasons. 

Many of the beetles can be caught on a wide frame­
work built oniwheels with well-tarred boards upon it and 
pushed over infested land. The boards are placed at 
right angles to each other. The upright ones brush the 
plant and disturb the beetles which are usually caught 
on the board which projects forward. If the beetles are 
very numerous they should be scraped off frequently 
and the board kept sticky with tar. Cart grease can 
be used instead of tar. 

Dragging sacks. which have been soaked ill paraffin 
so that they touch the plants has been tried in :many 
cases and proved beneficial. 

Larks eat the beetles in considerable numbers. 
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Ohafers. 

The so-called white (}1'ubs are t.he larvae o? c~,afer 
beetles. There are four kinds which are very destruc-

• tive to plant life: (1) M elolontha vulgaris, the common 
cockchafer or May bug; (2) Rhizotrogus solstitialis, 
the summer chafer or midsummer dol'; (3) Phyllopertha 
horticola, the garden chafer or bracken clupk; (4) Oetonia 
aumta, the green rose chafer_ 

These white grubs often do considerable damage 
to the roots of plants, ca\lsing many to die and others 
to look very sickly . Grass land is especially liable to 
attack and whole patches at times die off from the 
ravages of these grubs. Tllis injury is sometimes 
attributed .to wireworms. Young trees, turnips, cab­
bages and otJ1er farm crops are also injured by attacks 
on their roots . In addition to the damage caused by 

fJ • 

the grubs, the J eetles themselves feed on the leaves 
of various trees. The adults are easy to distinguish 
from one another. They are all characterized by 
having feelers ending in flattened or leaf-like structures 
folded one on top of the othcr. • 

The cockchafer is the largest and usually measures 
more than an inch in length. The head and thorax 
are black, the wing cases brown, each case having 
five longitudinal smooth ridges. The whole body has 
a mealy appearance. Five of the abdominal segments 
have a white triangular marking on each side. The 
end of the antenna is composed of six leaves in the 
female and seven in the male (see fig. 33a, 1) . 

Tqe summer chafer measures about! inch in length, 
is brownish in colour and co~ered with a quantity of 
rather long hairs. 1~e markings on the abdomen are 

~~- 8 
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not JlO distinct as in the case of the cockchafer . 
The enq of the antenna has only three leaves (see 
? ig . "33 a, 3). 

". 

2. . 

" 

• '~ . 

4 

I 
-~--'-'I 

Fig. 33 u. (1 ) ill elolonl}1.a vu lgaris, the cockcha fer; (2) Cetonia attrata, 
t he green rose chafer; (3) Rhizotrogus solstiliali8, the summer 
ch.afer; (4) Phyllopertha horticola, th.e garden chafer. 

The garden chafer is not quite t inch in l~ngth. 
Its head and thorax are of a metallic green colour, 
and its wing cases brown (see Fl~. 33 a, 4) . 
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The green rose chafer has its thorax and • wing 
covers of a metallic green colour (Fig. 33 a, ~). 

The grubs of these are not so easy to distitiguish 
and can best be identified by a microscopic examination , 
of one of ~he jaws l . The grub is of a .whitish colour. 
When at rest it lies on its side with its' body curled in 
the form of a semi-circle. It has a distinct head with 
marked jaws and feelers. The three segments behind 

Fig. 33 b. lJrlelolonth~ vulga.ris, the coclwhafcr; (5) the larva; 
(6) the pupa; (1) the beetle. 

I • 

the h~ad have each a pair of jointed legs. The abdomen 
'is thick and fleshy, and swollen at the tail end which is 
often darker in colour, the contents of the intestine 
being visible through the body wall. The body is 
wrinkled and each segment except the second, third, 
and last bears a pair of spiracles. When fully grown 
the grubs vary considerably in size 2. 

The grubs of the cockchafer aI?;d the green rose 
chafer measure from Ii-It inches in length. They 

1 Se~ R.A.S.E., VIII. 1897, p. 748. 
2 The grub of the dung 'beetle is very similar but has a very short 

third pair of legs. , 
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are e1)si1y distingujshed by the red spots which the latter 
possesse~ on each side of the segment behind the head. 
Wheit full grown those of the summer chafer measure 
over an inc,h in length, whereas those of the garden 
chafer only m,,;asure ! inch. " 

The life histories of these beetles differ chiefly in 
the length of time from one generation to the next. 
The cockchafer takes four years to complete its life cycle 
in this country, but in some countries it may take three 
or five, The length of life of the smnker chafer is 
not lmown with certainty, bat is thought to be either 
one or two years, The garden chafer has a new genera­
tion every year. The green rose chafer has a new 
brood every two or three years , 

Cockchafers make their appearance in May and are 
" often abundant for five or six weeks. They remain 

concealed during the day and fly about after dl~.sk. 

The leaves of oak trees are their favO'urite diet. Trc 
female burrows into the earth to lay her eggs, pre­
ferably in loose sailor grass land, and lays about 
ten eggs. The grubs hatch from these in about 
six weeks, t>uring the first summer they do very 
little damage as decaying ' matter is their chief food , 
In the following years they feed on plant roots. In 
winter they escape the unfavoumble conditions by 
going deeper into the soil. After spending three years 
in the grub stage they scoop out recesses deep down in 
the soil and change into pupae. The beetles come up 
in the following May. The cockchafer grubs are 
responsible for TI.!{)st of the damage done -to young 
trees. Young oaks and conifers suffer considentbly. 

The life history of the sun~mer chafer is very 
similar, the bee Jes appearing after the cockchafers in 

,.I 
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June and July. The garden chafer also appe!fl"s in 
June and July, and flies about in bright i)unshine. 
These chafers sometimes feed on young apples. ' 

The green rose chafer flies about durjng the day 
and appe~s at the same time as the cQfkchafer. The 
adults are especially harmful to the flowers of roses, 
strawberries and turnips. 

Remedial .M eaS1wes. 

These gn!bs feed chiefly on grass land and hence 
are extremely difficult tt eradicate. Surface applica­
tion seems to be of little value, as the grubs can descend 
out of its reach. It is chiefly against the adult stage 
that measures must be taken as they are then more 
likely to spcceed. On the continent co-operative 
attacks are made against the adult chafers which 
neNer travel far to lay their eggs; hence the districts 
in which they "are destroyed reap the benefit. 

In this country the summer chafer and the garden 
chafer seem to be the cause of most of the damage. 
The cockchafer is very local, but may be abundant in 
those districts in which it is found. ' 

, The importance of knowing the life history of these 
chafers is evident if we arc attacking them at the 
adult stage. It takes four years for cockcha,fers to 
produce another brood of cockchafers, so that having 
noted when the beetles are numerous we know when to 
expect the next brood. The date of appearance is also 
important. We must be prepared to attack the cock­
chafer and the green rose chafer in May before they have 
laid-their eggs, as no advantage is gained by destroying 
them afterwards, ~bereas the snmmer chafer and the 
garden chafer do not appear until J nne. The small 

• 
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am011pt of damage which the cockchafer does during 
the first ~ear of its larval life often leads the farmer to 
suppese that the grubs are not present whilst they may 
be found in t he young stage under healthy grass. 

The cockch~fer and green rose chafer fl;r at night, 
and are very sluggish during the day time, when they 
may be fOlmd on trees, usually isolated ones, in fields 
and hedges. They rarely go into a wood except in 
very rough weather. The beetles can be beaten from 

J) . 

trees and shrubs by means of long sticks, collected on 
sheets and then destroyed. "The best time for this 
operation is in the mortling ; the trees must not be 
shaken too much or the beetles will flyaway. In this 
way a single farmer in France has collected nearly a 
ton of cockchafers. Pigs will readily eat "them if they 
are shaken on to the gronnd . . 

The summer chafer and the garden chafer m:~st 

be attacked in the early morning, in 'the evening, or 
on very dull days, as they fly about in bright weather. 
On arable land frequent hoeing has~been found to be 
useful and in gardens handpicking of the grubs is 
profitable. Th'e grubs can be killed by naphthalene 
(2 cwts per acre). In gardens the larvae may be 
trapped by placing pieces of turf grass downwards just 
under the soil. 

When badly attacked grass land is ploughed up 
pigs and chickens should be turned into the field as 
they will destroy large quantities of the grubs. Rooks, 
starlings, green plovers, gulls and moles devour a large 
number of them, aJld the damage to grass land, which 
is often attributed to rooks, is really due to the grub, 
for which they are searching. The chafers themselves 
are said to be eaten by rooks, owls ~nd night jars. 

~) 
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Grain Weevil. , 
Considerable damage is often done to :stored grain 

• by the la:wae of two small beetles, Calandra granaria • 
and C. aryzae. They attack all kinds di grain, such as 
barley, malt, wheat, maize, and oats, and are trouble­
some to cargoes of grain as . well as in granaries and 
breweries. The trouble begins in the sp!-"ing and 
summer. TUe beetle bores a small hole in the grain 
by means of its snout (/r: proboscis ; into this hole it 
proceeds to deposit an egg and then closes the hole with 
saliva. One egg is deposited in each grain and in this 
way a lot of grains are infected by a single beetle. 
The larva which hatches from the egg feeds on the 
grain, devoJring all except the skin and the germ. 
W}len it has eaten its fill it changes to a ' pupa and ' 
shortly afterwhl'ds into the adult beetle. This then 
eats its way through the husk, leaving a large hole 
(see Fig. 34 b) . The time taken to complete the life 
cycle depends largely on the temperature. Under 
favourable conditions such as a close fltmosphere thi£? 
may take only a month. It is difficult to detect any 
damage that is being done by inspecting the grain, 
as there is little difference between the injured and 
the uninjured grain. If, however, a quantity of the 

. grain is placed in water the partly eaten grains float 
on the surface. 

The weevils cannot stand cold and on the approach 
of winwr usually migrate to crack,s or shelters in the 
floo~ and walls. In spring they return once more to 
any corn which they may find. C. granaria is unable 
to fly, but C. oryz!J,e possesses flying wings . 

• 
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Fig. 3<1 a. Grain weevils, Calandra"'aryzae (on the left). Calandra 
gmnaria (on the l'ight). (Magnified.) 

'. 
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The beetle is ab~ut ~- inch long and of a 4ark­
brown colour. As is the case with all weevilsjt has a 
long snout or proboscis, carrying at its l;>ase a p~ir of 
elbowed feelers (see Fig. 34a). The mouth ,is at the end 
of the prd:)Qscis . The larva is a small white legless 
grub with a wrinkled body, brownish horny head, and 
distinct biting jaws. These beetles are very prolific, 
and as only one larva is required to destroy each grain, 
the introduction of a few weevils may mean a con­
siderable loss! 

Rerneclial M eaSUTes . 

As the beetle is averse to cold we can do some good 
by keeping our barns well ventilated so as to keep 
the temperature as low as possible. By leaving the 
windows or door of the granary open on frosty nights 
the', beetles are checked. They do not go very deep into 
a heap so that storing in bulk will keep a considerable 
quantity of grain free from the beetle. 

If we find our ~rain attacked we have a fairly easy 
method of killing the pest. This consists in fumigating 
with carbon disulphide. In a closed bi1~ it is a simple 

, matter and consists in putting the carbon disulphide 
in saucers on top of the corn . About lIb. to 100 
bushels is sufficient (the amount depends on the space, 
a small quantity of corn in a large bin will require 
more than the above quantity). The bi.ns should be 
opened after about 24 hours. 

If the grain is stored in a barn all holes should be 
stopped up and the barn made as air-tight as possible. 
Carbl{n disulphide is then put on the top of the grain 
in saucers, 1 lb . for every 1000 cubic feet of space. 

If the heap is cov~red with canvas a smaller quantity 
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" 
is st(flicient and in a brge barn this covering is often 
necessary . 

. I'll must ~e remembered that carbon disulphide is 
heavier th9Jl air and readily descends. 

Treatment.should begin at the bottom 01' a building 
if several floors are being treated. After fumigation the 
bin or granary should be opened for two or three hours 
before entering the building as the fumes are poisonous. 
No naked light should be taken into the treated building 
as the fumes are highly inflammable. W'hen empty the 
walls of the granary should be whitewashed, a little 
carbolic acid being added to the wash . All crevices in 
the walls should be stopped up to prevent the beetles 
from hibernating there. 

Gall Weevil or Club (Ceutorrhyncu8 ~ulcicolli8) J 

This pest may become very troublesome whe\,> it 
has established itself in market garden~ where cabbages 
are grown annually. It attacks other members of the 
same order such as turnips and s~edes, and in these 
cases indirect damage may be done, from the entrance 
of organisms 'which cause the roots to rot. When 
cabbages are attacked their growth is stunted, the ,~ 

leaves become yellowish , and in many cases the plants 
are killed. The presence of this pest may be recognized 
by the swellings on the underground portion of the 
stem in cabbages, and on the undergrowld succulent 
part of turnips (see Fig, 35). These swellings give the 
name of "club" to the disease and sometimes lead to 
its confusion with. finger and toe, which is c'aused by 
a fungus (see p, 35), or root knot, which is cau~d by 
an eelworm (see p, 170), It is read~ly distinguished from 
these by examining the swellings of a diseased plant, 

,» 



Fig. 35 a. Cabbago plants attacked by the turnip gall weevil 
(CeutorrhY7!chus 8u/cicol/is). 

I 
I, 

Fig. 35 b. 

• 

, , 
I 

~ .. J 
Swede tur,fip attacked by the turnip gall weevil 

(Ceutorrhynchus 8ulcicollis) . 
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whic~ contains small curled yellowish legless grubs 
measuri~g about ± inch in length and possessing brown 
jaws. > These are the larvae of small blaclcish beetles 
possessing tthe long snouts with elbowed feelers so 

., characteristic q.f weevils. These weevils lay' their eggs 
on or in the cabbage stalks or turnip roots and from 
these eggs the young grubs hatch out. 

By feeding on the plant these cause the food supply 
to go to th,e places where they are feeding and hence 
swellings are produced . After a time t~1ey eat their 
way out of the swellings and g o into t,he soil to pupate 
in earth cases. Some of the grubs remain in the plant 
through the winter, whereas others pass the winter as 
pupae. In the iollowiJlg spring and summer the 
weevils come out and eventually lay treir eggs on 
suitable plants. 

Remedial Measures. Ji 

In ordinary farm practice where cruciferous crops 
are gro'wn every four years this 'weevil does little 
damage as it has great difficulty in living from one 
crop to the ne~t when cruciferous weeds are leept down. 
In market gardens these crops occur more frequently .... 
and they becomc jnfested . The practice of putting the 
cabbage stalks in a compost heap or ploughing them 
under is favourable to the insect as the grubs go 
into the soil, pupate and so give rise to weevils next 
spring. The st alks containing the grubs should be 
burnt. Care must be taken in planting to destroy all 
young plants which have galls on them. ~ 

Gas lime in the autumn checks the weevil. Rooks 
and partridges eat the grubs in the..,galls which they are 
able to reach. Cruciferous weeds should be kept down . . , 
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The grub of an allied weevil Cet~torrhyncus a~simili8 • feeds on turnip seeds while they are still in the pods . 
• 

, 
Fig. 36 a.. Sitones weevils. Sitoncs linea/us (on the left), Sitoncs 

crinitlt8 (on tho right). (Magnified.) 

:Fig. 36 b. Bl'Ourl ben.n leaves a.ttacke,l by ;:,. itonc" weevi ls. 

P ea W ~evils (Sitones lineat1£s and Sitones crinit118). 

These weevils attack pea:;;, bean's, and clover in a 
very ~ characteristic ma.nner by eating semi-circular 
patches out of the Mges of the leaves (see Fig. 36 b). 
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In this \~ay whole leaves may be eaten. As the weevils 
are i{ot easily seen the damage is often attributed to 
birdE I> • 

They may be found by carefully examining plants 
d ' 

that are attacked. On touching the plant they fall to 
the ground ari'a remain motionless. The eggs are laid 
in the soil and the legless larvae feed on the roots of 
peas, beans, and clover, and often bore channels along 
the roots. In winter the weevils hibernate . 

• ,j 

Remedial Measures. 

These pests are difficult to keep in check. A fine 
tilth is unfavourable to them as their hiding places 
are destroyed. For clover and field peas, light rolling 
followed by a good dressing of soot is said to be useful. 
Poultry eat the weevils readily. .., 

" 
The Pea and Bean Seed Beetles (Brucli11,s pisi and 

Bruchus mfimanus),. 

These beetles are very closely allied to the weevils. 
They have a .short snout, but 
their antennae are not elbowed 
(see Fig. 37). The larvae re­
semble weevil larvae, being leg­
less and wrinkled. They feed 
on the seeds of peas and beans, 
eating some of the stored food 
but without injuring the young 
embryo. .. Fi~. 37. Bruchu., rufrnam£8. 

The eggs are laid on the the bean seed beetle. 
(Magnified. ) 

young pods in the flowering 
stage, and the larvae which hatch ~ut make their way 

• 
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J 
into the seeds. Each larva pupates in the, seed 
where it has fed and the beetles formed from these 
also remain in the seed for some time. The ~e€-ds in 
whi~h 1Ih.e beetles occur have a small roun~ pit in the 
skin of rather different colour from the lest; no holes 
are rna e until the beetles escape. 

Remedial MeasuTes. 

The beetles may be destroyed by fumigating with 
carbon disulp'hide as in the case of grain weevils (see 

I 
p. 121). 

When seeds that have been attacked are sown they 
take longer to germinate and under adverse conditions 
may not produce healthy plants; under favourable 
conditions h<?,wever plants very similar to those from 
healthy seed are produced, the only difference being 
thr.t they are delayed a few days in the young stage. 

'. 
CHAPTER XI 

FLIES 

The FTit Fly (Oscinis frit). 

This pest has for many years caused considerable 
losses to farmers by its attacks on corn crops. 

Spring oats and winter wheat or oats (after leys) 
suffer most but many of our commoner grasses are 
attacked as are occasionally barley and rye. 

The damage to oats is often co:qfused with attacks 
of th~ eel worm Tylenchus (see p. 168), but it may readily 
be distinguished by the yellowing of the central shoot 
while the older lea1es remain green . 

• 
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1\1 a bacUy infested field of spring oats very few 
ears are formed as the shoots which would normally 

llJ 
bear ,t he ears are killed. Some plants may be killed 
but most ot, them send out fresh tillers which in turn 

" may be attaclhed. A badly attacked plant. looks like 
a tuft of very coarse grass (see Fig. 38). 

Winter corn is not attacked until February and 
March and then a good crop is thinned out by many 
of the plants being killed. Where the wheat is tillering 
well some of the shoots of an attacke'tl plant may 
escape but on loose soils wilere the tillering is poor 
plants are more easily killed. The attack is similar in 
all plants, i .e. the central shoot is killed and turns 
yellow whereas for SOIne time the older leaves remain 
green. [In the case of wireworm attack the whole 
shoot goes yellow and usually several plants in suc-

cession.] ." 
If we carefnlly examine a plant which is attacked 

we shall find a small maggot in the middle of the plant 
feeding on the young S~lOot. This i,s the larva of the 
frit fly, and is about i inch long when full grown. It 
has a somewhftt tran. parent, shiny, fleshy appearance. 
Its body is segmented and legless. The anterior end, 
which is somewhat pointed, is easily recognized by a 
pair of almost black jaws which are capable of being 
protruded. Near the front end on each side is a 
branched spiracle. The posterior end is blwlt and 
possesses two wart-like spiracles (see Fig. 39). 

The maggot eats into the stem and in many cases 
may eat through j,t. The plant responds by' forming 
other shoots and so we get. a tufted appear;ance. 
Diseased shoots may be found together with healthy 
ones on the same plant, especiaJly in mild attacks . . , 
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Fir-. 38. Oat plants attacked by the frit ' fly ( OSC-iI1(I!S frit). 
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J_later in the season small brown cases are present 
instead , of the maggots. These are easier to find 
becailse of their colour. These pupa cases of the fly 
are slightly shorter than the maggots, cylindrical, 
and of a red,dish-brown colour. The twn wart-like 
spiracles are still present at the posterior end, and the 
black jaws of the larvae can often be seen through the 
case (see Fig. 39 B). 

If we keep some of these in a bottle (the mouth of 
which is covered with muslin), for a short time, the frit 
flies will soon hatch out. 'I'hey are very small, black 
and shiny and measure less than i inch in length (see 
Fig. 39 G). This is precisely what happens in nature 
and every year there are three ('Ir four generations. 

The first generat.ion of flies hatches out in April and 
May and lay their eggs on the young shoots of spring 
oats or grasses . It is usually late sown oats which ,are 
badly attacked. From these eggs m£ggots soon hatch 
out and bore their way into the centre of the shoot, 
where they feed and kill the young shoot, which then 
begins to turn yellow. These maggots begin to pupate 
towards the end of May and another generation of flies l 

appears in June and July. They lay their eggs near the . 
developing ears (and also on late tillers and grasses) and 
the maggots from these eat the developing flowers 
causing blind flowers. (As many as 10 per cent. of 
the flowers may be spoiled in this way.) Later on 
these flies lay eggs on the open oat flowers . (Each 
generation probably Jays two broods of ~ggs.) The 
maggots which hatch feed on the developing krain with 
the result that a number of them are empty. (In. 1922 
a sample sent in contained nearly 60 per cent. of empty 

1 

grains.) Occasionally the whole of the top of the plant 
1 The first generation of flies die before or soon after the appearance 

nf tn&lo dpf'nn rl 0',::.n':;'1"R.+.1"n 
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Fig. 39. ·The frit fly (OsCinUB frit). A, the larv:1; B, the pupa; 
C, the tBy. (Magnified.) 

9-2, 
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"" is killed by the maggots feeding on the stem above 
the top)node. T.hese maggots pupate in August and the 
auttihln generation l of flies hatches out in August and 
September , If the oats are threshed early swarms of 
the flies may rpe found in the granary. Th~se lay their 
eggs .on grasses and especially on the rye grasses. 
The maggots from these feed on the grass shoots . 
I fOlmd over 40 per square foot in a turf from a new 
recreation ground in Norfolk during the winter 1921-22. 
They are common in short leys contafning either of 
the rye grasses. () 

When the leys are ploughed in the maggots con­
tinue to feed on the rye grass for some months but in 
February and March they leave the rye grass and make 
their way towards the surface and attack any wheat 
or oat plants which are growing there. " 

These maggots pupate in March and April and l5ive 
rise to the first generation of flies in .Jipril and May. 

Practically the only method of spreading from one 
place to another is by flying. It ~ probable that the 
flies die soon after egg laying. 

Remedial M easut"es. 

No means are known by which the attack can b~) 
stopped once the crop shows itself to be attacked. It 
is possible however to prevent much of the damage in 
future crops. The damage to spring oats is done chiefly 
to those which are late sown and the object to aim at 
is to get the oat plants growing strongly at the time 
the frit fly is preyalent, i.e. May. . 

In a normal season spring oats should be got in­
if possible-by the middle of March on a' good tilth. 
(Sowing early on a bad tilth mdy be more disastrous 

1> There are possibly four generations produced in one yedi'. 
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than sowing lateT.) If dTiven lateT than this it 'will 
probably be mOTe profitable to sow anbtheT cup. In • 1912 a field of oats in Nol"folk sown the second week 
in ApTil was ruined tby frit fly, whereas a n~ghboUTing 
field sown the second. week in March w.1s almost free 
from it. In lQ22 which is the worst frit fly yeaI' I have 
ever known-early sown oats suffered considerably but 
not so badly as late' sown ones. This was probably 
due to the cold conditions which pTevailed when the 
oats weTe sown and which gave them a severe check . • Oats which tiller freely suffeT less than the pOOl' tillerers 
such a,s Black Tartarian. 

Quick-acting manUTf::s such as nitrate of soda and 
supeTphosphate will help the oats through the early 
stages if the mil is not in good heart. 

WinteT wheat (or oats) is only attacked by frit fly 
aftet a ley contaiIJing gmsses and consequently we have 
a choice of the following methods to prevent the 
damage done by this generation of maggots. 

(1) Plough or· broadshare the gTass leys before 
harvest, i.e. before the frit fly lays it~ eggs on the 
grasses. It is necessary that all the grasses should be 
bUTied or killed. Spring corn may be sown afteT a 
ley as the plants are not available in March when the 
maggots Tequire them. 

(2) Leave rye grasses (and other gmsses) out of 
the leys which are to be followed by wheat 01' oats. 
Any leguminous plants can be used. 

(3) Cpange the rotation so that winter corn does 
not immediately follow a ley, e.g. rocJts-barley-seeds 
-potMoes-winter corn. 

This pest does mjlch more damage on a loose tilth 
than.on a firm one. Consequently it is important to 
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get ~ good firm seed-bed in order to get the plants to 
tiller " Ifilll and 6'0 escape part of the damage. 

,~ . 

~ Gout Fly (Chlorops taeniopus). 

This fly ~ttacks barley, wheat, rye, and certain 
grasses. In this country the injury to the barley crop 
is often very serious. 

In a badly attacked plant the shoots are swollen 
considerably suggesting the name "gout." The ears 

• <PI 

are usually unable to force their way through the 
leaves which become spiraUy twisted at t~e top (see 
Fig. 40). A groove is eaten out along the upper 
part of the stem and the lower grains are usually 
shrivelled. The plant itself is stunted and distorted. 
On cutting open a diseased plant at th~ earliest stage 
of an attack a small maggot may be found feeding on 
the upper portion of the stem. This larva of the 'gout 
fly is somewhat similar to the frit'lfly maggot, oniy 
considerably larger. One maggot only is usually 
present in each shoot. When fully grown it measures 
from t-l''o in9~ in length (see Fig. 41 A). It has a semi­
transparent, shining, fleshy appearance and is yellowish 
in colour. It possesses ' no legs and is segmenteC: ~l 

The contents of the gut can be seen through the body 
wall. At the pointed anterior end are a pair of small 
black jaws, and at the posterior end a pair of spiracles 
protrude. If we examine a diseased plant later in the 
season we shall find that the maggots have changed 
into pupa cases. The pupa case is slightly .~;maller and 
of a brownish colour (see Fig. 41 B). 

From these the flies hatch out in A,ugU:.lt and 
September. They may be hatt)hed out by keeping 
puparia in a bottle covered with muslin. They are 

l\; 



XIl Flies 13Q 

) 

I 

.J 

' . 

, 
Fig. "40. Barley plants attacked by the gout fly (Olllorops taeniopus). 
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'11\ 
abou~ i inch in length and are of a yellow and black 
colour. The tl>,orax has three black longitudinal 

~ . 
maI·k.~llgs on its back (see Fig. 410) . This fly has two 
broods ever~ year. The first brood appear in May and 

" lay their eggs "pn the sheathing leaves of tile plants. 
The maggot which hatches from one of these eggs 
pierces its way until it reaches the ·stem. Here it 
commences to feed on the lower portion of the ear, and 
usually eats its way down the stem, making a groove 
to the first joint. In the groove or til the . leaves 
surrounding the ear it chang~s into a pupa in July. 
Flies hatch out from these in August and September 
and lay their eggs on wild grasses or winter corn. 
The maggots of this brood may be found on grasses in 
November. They eventually give rise .~to the first 
brood next season in May and June. 

I II 

Remedial Measures. 

Once this fly has established itself in our barley 
plants we can do little to stop any loss. Barley on 
poor soils suffer':il most, as on soils in good heart the ears 
are often able to push their way through the leaves " 
even after they are attacked. If the attack is found 
out in its early stages the application of a quick-acting 
nitrogenous manure, such as sodium nitrate, may be 
useful. It has been found that barley sown before 
March 20th suffers less from attacks of this fly, but 
that when sown in April it may suffer very cohslderably. 
The best means of prevention then lies in getting the 
barley in early so that the young plants are well 
established before the flies hatch out. The land should 

'I 
be kept as clean as possible so that the fly may be 

"J 
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Fig. 1/1. The gout fly (Ohlorops tael1iopus). A, the larva; 
B, the pupa; C, the fly. (II~agnifi ed. ) 
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prevenfud from living during the winter on such 
, 1 

grasses as couc};l. 
Jill ~ttack is often most noticeable near hedges and 

ditches or I'l~rips of grass. This is probably because the 
fly has been ]~ving there during the wintc'l'. Grasses 
in hedges, ditches, and headlands should be cut and 
burnt during the winter. ' 

The straw from an infected crop should be stacked 
as tightly as possible or used at once for litter; either 
of these measures will prevent a large uumber of flies 
from hatching. ",' 

A number of the puparia will be carried off in the 
swollen heads when the crop is harvested; on ~hreshing 
they may be found in the cavings and should be 
destroyed. Winter corn sown near an) nfested field 
should be put in rather late, so that the second brood 
of flies may not be able to lay their eggs on t,his 
crop. IJI 

When the attack is so bad that there is little hope 
for the crop it is better to sheep off 'iihe barley. 

The stubble should be turned under as deeply as 
possible with "'a skim coulter soon after the crop is 
harvested, by which means many of the puparia will 1 

be buried. 

Hessian Fly (C ecidomyia destructor). 

This fly occasionally damages wheat, barley and 
rye. It also lives on grasses, such as ('.puch and 
timothy. " 

Wheat suffers most from it and the effect is us.ually 
noticed when in full ear. Plants here and there are 

11 
sepn to have fallen down. This condition goes by the .. 
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name of dog-leg, elbowing or "strailed corn." pn one 
of these shoots may be found below .the ~lbowing, just 
above one of the lower nodes and underneath the leaf 
sheath, one or more maggots or pupa cas~s, usually the 
latter. U'he maggot is a small whitish~legless grub and' 
is easily recognized by a curious process just behind 
the head, known as the breast bone. The pupa cases 
found in the same position as the larvae are usually 
known as flax seeds, which they somewhat resemble, 
but they ar~ considerably narrower. They are -Ir-----fu inch 
in length and of a bro'knish colour. When the wheat 
is cut some of the pupae are carried away in the straw 
and others remain in the stubble. Some of them give 
rise to flies in autumn which lay their eggs on such 
grasses as ~ouch and timothy . In America this brood 
does enormous damage to autumn sown wheat, but in 
t-p.is country it gives little trouble. Most of the pupae 
hatch out in s~ring and the eggs are laid on the gro\ving 
wheat plants. The flies are gnat-like with bollies 
about t inch in 'length and with long legs and feelers . 
This pest is preyed on by a number of parasites, and 
large numbers of these come out of ~he so-called flax 
seeds. 

Remedial Measures. 

A stiff strawed wheat does not go down under an 
attack nearly so much as a weaker strawed variety. 
Iri one case where a crop was being attacked two kinds 
of whe!}t had been sown in the same field, the weaker 
strawed variety was badly laid but in the stiffer 
strp,wed form it was difficult to find an elbowed stem. 

An infected stubble should be deeply ploughed in 
the autumn. Corriplete inversion of the soil by means 
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of a 8,1tim coulter bmies the pupae, and so prevents 
them giVing rise t.o flies in the following spring. ,iI" 

Tht!screenings of iniected wheat often contain" flax 
seeds" which~should be destroyed. 

The grain o~ an infected crop should be 'barefully 
examined if used for seed. Couch should ~~ kept down 
as much as possible. 

Wheat Bulb Fly (Leptohylemyia coarctata). 

This fly has been the cause of conside1,)l1ble loss to 
wheat growers. It is much r.~ore prevalent in some 
seasons than in others. The worst attacks follow a 
bare fallow or bastard fallow but bad attacks also 
occm after crops of potatoes, rape, swedes, turnips 
and mangolds, especially where the soil is bare during 
the summer, as would obtain with poor crtlps of roots 
or where potatoes are dug early or the tops die off early 
in the season. 111 .

1 

In addition to wheat, winter barley can also be 
attacked. An attacked plant resembJes one which is 
attacked by frit fly in that the central shoot is killed 
and turns yellow~while the older leaves remain green. 

(For life-history see Appendix.) 

Oabbage Root Flie8. 

There are several flies whose maggots attack the 
roots of cabbage and allied plants, but a description 
of the cabbage root fly (Olwrtophila brassicae), which is 
the commonest, will serve to show the method of attack 
and how to de,,)'l with it. This fly attacks all cru£iferous 
crops, but the greatest damage is done to cabbages, 
cauliflowers and tmnips. .. 

When a cabbage plant is attacke~ the outer leaves 
turn yellow, the plant makes little growth and soon 

~ 
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Fig. 42. A cabbage plant which has been atta,cked by the cabbage 
root fiY!f.. Chortophila bra8sicae). The maggot is shown at the side . 

. / 
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withers. ~Dn pulling up one of these plants we find 
that t~e main root is decaying and very few fibrous 
roots fJjre ''left; b~rowing in the decaying root or at 
the base of the stem are a number of fly maggots. 

" These are about i inch long when full grQwn, and 
ij) 

whitish in colour. The front end is pointed and carries 
a pair of hook-like jaws. Behind the head are a pair 
of much branched spiracles. The tail end is blunt and 
carries a number of projections which enable us to 
recognize it (see Fig. 43A). The eggs from which the 
maggots hatch are laid just b@low the surface of the 
soil, on or very close to the plants. On hatching they 
begin to eat the outer layer of the root and reaching 
the inside feed on the softer portions. They also make 
it possible for other organisms to enter, thus hastening 
the decay of the roots. '" 

When fully grown the maggots change to brown .> 
puparia (see Fig. 43 B) usually in the soil.! but occasion-
ally in the roots. In about a fortnight or more the flies 
come out of these pupae. They resemble the ordinary 
house fly, but are considerably smaller. The first flies 
usually appear ~owards the end of April. There are 
two or three broods a year and the winter season is 
usually passed as pupae in the soil, but also as adult 
flies . From the pupae ichneumon wasps and small rove­
beetles may be hatched out; these are parasitic and 
help to keep down the number of flies. 

Remedial JJI easures . 

In America these flies have been successfuBy kept 
in check by preventing them from laying their eggs in 
the soil near the cabbage roots. This is done 'by 
means of tarred cards about 3 inc'aes across. They 

" 
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Fig. 43. Cho.~phila brassicae. The cabbage root fly . A, the larva; 
B, the pupa; C, the fly. (Magnified. ) 
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are stafh.ped out by means of a special instrnment. 
Sevefal thousan~s can be done in a day. They have 
a slit.to ihe centre where it is cut as shown in Fig. 44. 
These are aut round the stem 

" of the cabbalres at the time of 
~,~ 

transplanting. The cards must 
be put on carefully as their 
object is to prevent the fly 
from reaching the soil near the 
cabbage. They must be close 
to the ground otherwise the tily 
will crawl underneath. 1£ the 
eggs are laid outside the card 
the larvae are unable to reach 
the plants. The plants should 
be examined at the time of 
transplanting and any infested 

l!'ig.44. Ca,rds ·used for pre­
venting cabbage root fries. 
from laJ.,ing their eggs near 
cabbage plants. 

with maggots should be burned. t ' 
... 

When transplanting a little soot and lime dibbled 
in with the plants helps to keep off. the fly. 

In cases of attack infected plants should be pulled 
up and burne>fl and the land dressed with gas lime ' 
after the crop has been taken. 

Cabbage and other cruciferous crops should not be 
planted the year following an attack, and all cruciferous 
weeds should be kept down. 

In gardens, sand containing paraffin (at the rate of 
! pint of paraffin to a bucket of sand) sprinkled round 
the plant will keep off the fly for a time, and may prove 
useful if done once a week until the plantslf'have got 
a good start. 

The puparia remain in the sailor in the old stilmps 
and it is important that mealls ~hould be taken to 

. ) 
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prevent them from hatching. All diseased sLImps 
should be burned and the soil should 'be turn~ under 
as deeply as possible a~ soon as the crop is removed. 
It is chiefly in gardens where cruci£erolY~ crops are 
grown evety year that t,his pest proves' most destruc­
tive. When the crops are rotated the fly has great 
difficulty in living from one crop to the next. 

The carrot fly (Psila ?'osae) and the onion fly 
(Hylemyia antiqua) have life histories very similar to 
the cabbage fly. 

The damage done by the former may be reduced by 
keeping the carrots earthed up as tightly as possible. 

Experiments are at present being carried out to 
find suitable methods for checking these pests. All 
onions attacked together with the maggots should be 
destroyed. 

" 

Lea:her Jackets (Tipula sp.). 

Leather jackets are the grubs of the flies which are 
commonly known' as daddy longlegs or crane flies . 

. There are several different species ,,;hich injure crops, 
all very similar in appearance and il{ the damage 
;which they do. 

, lt is the larvae or grubs which feed on nearly all our 
crops and often do enormous damage to grass land and 
roots. Clover leys and corn may also suffer consider­
ably. These grubs are of a dirty or smoky colour and 
somewhat difficult to see in the soil. They vary from 
t-lt inch~s in length, the longer ones being about 
! inch across, the others correspondingly thinner. 
They ,are legless but possess a definite retractile head 
with a pair of jaws . . , The tail end is thick and carries 
six conical papillae. Their skin is tough and wrinkled, 

,10 
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Fig. 45. Tipula sp. Daddy longlegs. A, the larva or lea\,11er 
jacket; B, the pupa; a, the d~jddy longlegs fly. 

OJ 
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hence their name Leather Jackets. The pupa is About 
the same size as the grub from Wh~bh it i ~ I formed. 
Its abdomen is covered with a number of spines. Its 
head bears two horn-like projectionb, (see Fig. 45 B) . 
When the' adult fly is about to comeJout the pupa 
moves to the smface so that its upper half is exposed. 
The empty ~ases are often a nuis~nce on putting 
greens. \ 

The flies themselves are too well known to need 
description. I According to Cmtis the eggs are laid 
as the insects fly or wh~n they are at rest amongst 
the herbage and are propelled as from a pop-gun. 
This takes place in damp or shady places, preferably 
on grass land or on the grasses of ditches and hedges, 
chiefly in late summer and autumn, but in some 
species they may be laid in spring. The grubs live 
for .about eight months chiefly on various roots. They 
may however fe~d above ground at night. In some 
species there are two broods, the first brood of flies 
appearing in the spring and the second in the autumn . 

• A large number of the grubs are often fOlpld after a wet 
autumn. 

R emedial M eaSU1'es. 

All wet land should be drained if possible and tufts 
of rank grasses should be kept cut. The grasses of 
hedges and ditches should also be cut and burnt. 

Bush harrowing or rolling pastmes when the flies 
are seen i~ large numbers will kill some of them and 
prevent others from laying eggs. 

Pi.sture land and leys should be broken up early in 
autumn if possible. , A large number of subst.ances 
have been applied to grass land in order to try and kill 

• 
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the g.jubs, but being very tenacious of life they are not 
killed upJess the <if1pplication is so severe that the grass 
is als~ killed. Heavy rolling early in the morning 
when the gmbs may be on the surface kills some of 
them, and als~ consolidates the soil so that others 
cannot move about so freely. This is particularly 
useful when corn crops are attacked. They are eaten in 

.. 
Fig. 46. W;;qpS eating d>tddy longlcgs flies. These wasps • 

were destroyed in the nest. 

• large numbers by rooks, starlings, plovers, pheasants, 
gulls, and moles, and to a smaller extent by thrushes 
and blackbirds. Considerable numbers of adults may 
often be found in wasp nests (see Fig. 46)~ and they are 
also eaten by flycatchers, rooks, swallows, and spar­
rows. When a root crop is attacked £requ~nt hoeing 
is useful as many grubs are killed and others are turned 
up and eaten by birds. The penning of sheep o.n the 

. land when the pupa cases begin to force their way up 
• to the surface has proved successful. 

• 
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Wheat Midge (Gecidomyia t1·itici ). 
) 

~ 

This pest damages wheat, by injurin_p the grain 
and causing it to become very shrivelled. In an 

.1 
ear that is attacked we shall find qside the chaff a 
number of small yellowish or orange coloured legless 
grubs about 11"2 inch long. These suck the juice of 
the grain. Just before harvest some of the grubs go 
down into trp soil and pupate, forming orange coloured 
pupae. Others remain ip. the ears and l;Lre harvested; 
on threshing these may be found in the screenings. 

The flies come out about June and lay their eggs 
usually in the evening on the developing flowers. 
The flies have yellowish bodies and very noticeable 
black eyes. ' 

Remedial MeasuTes. 
\ 

Deep ploughing has proved effective in ~hecking 
this pest, as the cielicate fly is unable to make 'its way 
through ,the soil. All infected screenings should be 
burnt. 

WaTble Fly. 

The well-known warbles on cattle are caused by the 
maggots of flies known as Hypoderma lineata and 
Hypoderma bovis. The affected cattle have lumps or 
a.bscesses on their backs. Each of these lumps contains 
the mag/iot of a warble fly. 

The life history of the warble fly has not yet been 
wor~ed out in all its stages. It was formerly supposed 
that the fly laid its eggs on or in the backs of cattle, 
and that the maggo't bored its way into the skin or was 

~ 
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,~ 

hatch3d out in it. It has since been shown that the 
eggs are Jlot laic"!,;. on the backs where the warbl.es are 
found~\ but are laid on the hairs of the legs and sides 
of the cattl«.>. They are very difficult to find as they 
are placed on ~he hairs close to the skin. Ifhe small 
larvae which hatch out from the eggs have been seen 
to bore into the skin when placed on it. The next 
stage of the larva is found in the wall of the gullet and 
from this it was for some time supposed that the eggs 
or maggots were licked into the mouth. now the larvae 
get from the egg into the gullet t"'J not yet known. 

From the wall of the gullet it is thought that the 
larva bores its way through the tissues to the position 
in which we find it under the skin of the back. The 

\ 

eggs are laid during the summer, the. actual date 
varying according to the climate. Flies have been 
seen as early as June and as late as the middle. of 
September. • 

The maggots live in the backs of the cattle until 
Mayor June. The lumps containin~ them have holes 
which ensure a sufficient supply of air. 

When fully"grown the maggot is about 1 inch long 
and of a blackish-brown colour. It is segmented and' 
wrinkled. It has no legs but possesses a number of 
very small· hooks which are situated on transverse 
ridges. The anterior end has a pair of fork-like jaws 
and at the posterior end are a pair of dark brown 
spiracles which touch each other (see Fig. 47) . ' 

They set up inflammation in the flesh an~ cause a 
quantity of pus to be formed, on which they feed. 
As we should expect from the presence of the spir~cles 
at the tail end , they live head dowDivards. When fully 
grown the maggots make their way out of the l~ps 



'1 

Fig, 47. Hypoderma bovis. The warble lly. A, the larva or warble 
taken from a bullock's back; B, the warble By. (The By is only 
half the length of the photo!l;raph.) , 
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\\ 
anq fil-ll to the ground, where they pupate and form 
almost black pU_F>a cases. This takes place in the early 
part of the summer, and about a month later the flies 
come out. ,They are very like small humble bees . 

. ' They fly about..lOn hot days and produce a low~umming 
noise which terrifies the cattle and ca~ses them to 
rush about wildly. On tanning the hides of warbled 
cattle the skins are found to have holes in them, each' 
hole being caused by a maggot. The surface of the 
meat of infected cattle has jelly-like patcf:!es on it and 
is known to butchers as "licled beef." These parts 
have to be cut away. 

The presence of adult flies near cows may cause 
injury as the cattle rush aimlessly about in their 
endeavour to get away from them. • 

Remedial 1Y[ easures. • 
I t has been and is still the custom to smear the 

backs of cattle with some nasty smelling preparation 
just before the fly appears in summer; this is done 
with the view of preventing the warble flies from 
laying their eggs there. This method of treatment is 
fOlmded on a false account of the life history of the fly, • 
and such experiments as have been made tend to show 
that smearing of the backs does little good as we should 
expect, knowing that the eggs are laid on the legs and 
shoulders. Cattle which have had their backs covered 
with cloths from June until the end of September have' 
been found to have warbles on their backs in the 
following spring. 

The warble fly does not like shade and does noe go 
near cattle standing in water. I~ is very essential 
that cattle should be provided with a necessary 

• 
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amount of shade so that they ' can take pIot({ction 
from the fly. 

The best method of keeping do~ this p~s).;' is to 
examine cattle in the spring and to squ~ze out the 
warbles b~tween the thumbs and destrc-y them. This 
is a much more satisfactory method than putting some 
kind of grease or ointment on the animals' backs in 
the spring in orde~ to stop up the holes. No dressing 
has yet been found which will kill the maggots without 
injuring the , ~kin. 

The practice of squee:'c.~ng out the maggots if carried 
out systematically by farmers would considerably 
reduce the number of flies, because, as far as we know, 
the backs of cattle contain nearly all the warbles 
during the wipter, and if these were destroyed few fl'ies 
would remain to infect cattle the following year. Young 
stoRk are more frequently warbled than older ones. 

J 

Horse Bot (Gastmphilus equi). 

Damage is sometimes caused by the maggots or 
bots of a fly known as Gastrophilus equi living in the 
stomach of horses. When present in 'large numbers 
,the wall of the stomach may become ruptured with 
fatal results. In small numbers little damage is 
done. 

The brown and grey fly lays its eggs on the hairs of 
horses' legs or in some position in which the horse can 
r0ach them with its tongue. They are fixed very 
tightly ODa the hairs so that the horse cannot lick them 
off. Ope fly is said to layover 500 eggs. In about four 
or fiy;e days the larvae hatch out inside the eggs, where 
they remain until warmed by the licking of a horse's 
tongue. They then 'come out of the egg and pass into 
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the hors) 's mouth and thence into the stomach. They 
do n6t necessarily get into the horse on which the eggs 
are 1a.'.d,"'1s another horse may lick the eggs and swallow 
the maggoJs. In the stomach the young larvae 
attach themsf'Jves to the wall by means 0:5. a pair of 
strong hook-like jaws. They are enabled to move 
through the contents of the stomach 'by means of 
transverse rows of curved spines pointing backward 
situated at the juncture of the segments except at the 
posterior end. The bots feed on the III products of 
inflammation which they set up. They may remain 
fastened to the stomach wall for nearly a year when 
they drop off and pass to the exterior in the faeces. 
When fully grown they may reach about 1 inch in 
length. They are somewhat pointed in front, but, end 

<II 
bluntly at the hind end which carries a large compound 
spiracle. This can be closed by means of a paili, of 
fleshy lobes which prevent the bot,. from becoming 
choked. 

If they fall on suitable ground tlotey burrow into it 
to change into puparia. This usually takes place in 
June and the fi:ies come out a few weeks later. There 
are several different species of bots in addition to the. 
one described above, one of which attaches itself to 
the anus of the horse. Bots have also been found in 
the brain and spinal cord. 

Remedial Measures . 
I 

Like the warble fly this fly does not like shade and 
hence plenty of shelter should be provided in. the 
fields. Well groomed horses rarely suffer from bots, 
as the eggs are brushed off. • 

,. 



XI] Flies 155 

Horses should be watched for the eggs d~ril1g the 
months they are lijrely to be present,J.e. from July to 

.~ 

October. The legs should ibe well brushed or -;'~ashed 
with warm water in order to hatch out th'l eggs. The 
dropping~ of infected horses 'Ilhould aJsc ·'be watched for 
the bots. ' 

Sheep Nasal Fly (Oestrus avis). 
I 

This grey fly may be seen in early summer flying 
around sheJp, especially in hot weather. The flies 
settle on their noses froih time to time in order to lay 
their eggs or to deposit newly hatched larvae. The 
sheep often try to keep them off by rubbing their 
noses on the ground and ma.y show uneasiness when 
the flies are Jnear them. 

The maggots pass into the nasal cavities of the 
sh~ep where they live for about 10 months on the 
mucous dischat'ge caused by their' presence. Badly 
infested sheep have a mucous disch~ge running from 
their noses, and' often sneeze violently. They also 
rub their noses on the ground. They may frequently 
shake their heads and hold them on bne side. This 
state of affairs is known as false gid, and is due to the 
presence of the maggots in the nasal passages. It 
must not be confounded with true gid, which is caused 
by the cyst of a tapeworm. 

When fully grown the maggots come out of the 
hose or are forced out by the sneezing of the sheep. 
They mlllke their way just below the surface of the 
ground and change into brown puparia. From these 
theuflies come out in June and July. 

The condition of infected sheep is considerably 
I 

reduced and in severe cases they may die. 
J 
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.• Remedial Measures. 

The bes~ ~ethod is to try and prevent the flies from 
laying their egj\l;s on the sheep's nose by cove~ng it with 
a strong smelling substance such as tar. 

A method has been suggested in which the sheep 
smear themselves. They are supplied with a box of 
salt to which they have access through holes, about 
2 inches in diameter. These holes are ."then painted 
over with tar and in this wa:;;, when the sheep lick the 
salt their noses become covered with the tar or prepara­
tion used. When known to be infested they should 
be isolated about the middle of April so that the 
maggots which are sneezed out may be destroyed. 

A pasture which has become infested from sheep 
conta,ining the maggots should be kept free f:t;,om 
sheep during June and July. ., 

Sheep .M aggot. 

The small .5:laggots found on sheep are the larvae 
of two green 'bottles, Lucilia sericata and Lucilia· 
caesar, and the larger ones are those of the blue bottle j 

(Calliphora erythmcephala). The smaller ones do the 
most damage as they dig deeper into the flesh . Lambs 
suffer more than older sheep, being attacked in the 
parts around the tail, on the shoulders, and also on 
the poll. Hot and damp weather seems -eo favour 
the attack. 

The affected sheep can usually be picked out b)' the 
continual wagging of their tails. ,They also rub and 
bite themselves to try and get rid of the irritation . 

• 
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The wool soon becomes discoloured and) matted 
\ 

together, in bad cases it falls out anc\ large sores are 
produced. The affected sheep lose condititm' very 
ra idly. The flies lay their eggs from :. May until 
October un the positions mentioned, l.nd especially 
wh~re dirt has collected. Each fly is capable of laying 
several hundred eggs. 

The small legless maggots which hatch out feed 
first on the surface and then in the sores formed. In 
about a forMight they fall to the ground and change 
into puparia. In anothJr fortnight or more the flies 
hatch out. In this way several broods are produced 
throughout the year. 

Remedial M ea8ures. 
I 

It is the shepherd's business to watch the sheep 
carrfully so that those . affected may be treated early. 
The hindquarte1's should be kept as clean as possible 
by docking and clipping the wool of the tail and the 
regions around. The fly prefers putrid matter in which 

, to lay its eggs so that clean sheep may suffer less. 
Clean sheep ~owever are often attacked. 

Dipping sl:leep in some poisonous substance is 
compulsory in this country between certain dates. 
This order was brought in to reduce scab (caused by 
a mite). It also kills maggots, keds, lice and ticks. 
Sheep which have been dipped in this way may become 
i:!truck by maggot about a fortnight later. In bad cases 
it may b0 necessary to dip for maggot once or twice. 

A dip composed of sulphur, arsenic, soda, and soft 
soap is useful for keeping off flies. Dressing the 
affected parts with a mixture of equal parts of turpentine 
and rape oil, or by rheans of paraffin mixed with water, 
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kills the i.l'lmaggots. Dusting sulphur on this serves to 
1Il) 

keep the fly off tor a short time. 
A '£a~ourite spot for maggots is behind the horns 

of rams. TJ:tey may be kept off by means of olive oil 
and pitch oil \t1_usted over with sulphur. 

CHAPTEB XII 

APIDDES AND SAWFLIES 

There are a large number of differ~nt kinds of 
Aphides, or, as they are usually called, Plant Lice, or 
Green Fly or Blight, and in favourable circumstan~s, 
such as a hot dry summer, they are preb1!lnt in enormous 
numbers. They attack practically all cultivated plant; 
-usually the leaves and stems but s('Jmetimes also th{ 
roots. They belong to the same group of insects a~ 

bugs, and livt!' in a similar way by sucking "th( 
juices of plants after piercing them with their moutl 
appendages, which are well suited for the purpose 
They differ considerably from the majority of insecb 
in their methods of reproduction. They have ll( 

complete metamorphosis in which there is a restinE 
stage, and only in special cases do they lay eggs. 

The life history of a typical aphis will h\lllp us tc 
understand them. 

We will start with those found in spring. Tl6esE 
are without wings (see Fig. 48) and are all females . 
Each one gives birth to a varying· number of young . 

• 



xu] Aphides and Sawflies 159 

At this time of the year no eggs are laid. ) Ip$tead 
chanues go on inside the mother wbo gives birth to 

'i ,I 

living ~oung. These begin to feed on the juices Of the 
plants and in less than a week they may aIm give birth 
to yoUng. " In this way a large number of ·-;}roods are pro­
duced ,during a season, indeed one green fly is capable 
of proqucing 'several millions in a very short time. 

Dating the summer we find winged forms together 
with t.he wingless ones (see Fig, 48). 

The winJed forms are also females, no males 

Fig. 48. ingless and winged Aphides. (Magnified.) 

being produced at this time of th~ year. They also 
give rise to living young and serve to spread the 
aphides from one plant to another as one host plant 
soon becomes overorowded. It is only at the end of 
the season that males are produoed. They may be 
tither winged or wingless and are born together with 
the femal,es. Pairing takes place and the fertilized 
females do not produce living yOlmg but lay eggs. 
The~e do not hatch out at once but are capable of 
resisting the cold weather of winter; in spring they 
give rise to the wlngless females who give birth to 
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living\ young as described above. In some cases the 
females .il're cap~ble of living through the winter. 

Th~ir life history may be shortly represented thus: 
,---____ 1I\ 

t .) 
Wingless females . "1 

t " 
Several b:oods of wingless females "'l 
Winged and wingless females . .. t 

f ) 
Several broods of winged and wingless .' females ... '" . . . .,. 

f 
Males and females 

f 
Eggs 

,> 

Spring 
and 

Summer 

Autumn 

Winter 

The aphides have soft swollen bodies, the colouIe of 
which varies in different species and ma!be yellow, green 
or brown. The feelers are usually long, and the abdomen 
carries a pair of short tubes on its upp~'r surface pointing 
backwards and slightly outwards. These are char­
acteristic of aphides and are called "honey tubes" 
because of the sugary liquid they secrete. Aphides are -
covered with a waxy bloom which causes water to run off 
them. The winged forms have two pairs of membranous 
wings of which the front pair is much larger than the 
other pair and also considerably longer than the body 
of the insect. The males are smaller than the female~ 
They all live by sucking the juices of plants .and have 
long probosces for piercing and sucking. They often 
cause the leaves to curl in such. a manner that., the 
insects themselves are hidden away inside the curled 

. " leaf. They also excrete a sticky substance known as 
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"honey dew," which may be found on the leaves of 
trees. It blocks up the stomata and some"times 

'" becomes so dirty, owing to the growth of a sa}lr0:phytic 
fungus, as to appear like a coating of soo,t. 

If the ,aphides were not checked by~ some natural 
means it is obvious from the rate at which they 
reproduce that they would soon cover all the plants 
on the earth. They have a large number of natural 
enemies, and nature has given them this capacity for 
reproductiorj in order to withstand these. After a bad 

\ 
:) \ 

Fig. 49. Lady-birds. An egg (highly magnifipd), a larva, two 
pn pae and three beetles. 

attack of aphis we often fiDCl a large number of lady­
birds on plants. These small beetles and their larvae 
devour a large number of aphides. The larvae of the 
!itce-wing flies, also known as " niggers," feed on 
plant lice and ma.y often be found with the skins of 

• their victims on their backs (see Fig. 50)_ They are 
usually difficult to find when at rest. 

'the legless larvae of hov3r flies also eat a consider­
a:ble number of gr~en flies. 

eP. F. 11 
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o~~ a ~Iant attacked by aphis may be found among 
the livin~ forms ~I number of inflated skins of a whitish 
colour "iJ.ooking like small balls. These are the dead 
lice which .1ave been killed by ichneumon wasps. 
These little W11.BpS lay their eggs in the bodies of the 
lice and as the louse grows its parasite also grows and 
kills it. From the inflated skins the ichn8umon wasps 
hatch out and continue their useful work of keeping 
down the n umber of aph ides by laying their eggs III 

them. ~, 

• 

Fig. 50. Lace-wing fly. Eggs. Two larvae, ol'~ wi\,h the skins of its 
victims on its back and one adult, 

. Earwigs eat large numbers of green flies and also . 
their eggs. 

Considerable· damage is done by aphides in hot dry 
weather. Rainy weather is unfavourable to their de­
velopment. 

Remedial Measures. • 
, 

It must be borne in mind that a certain number of 
green flies are killed by other insects. The best means 
of keeping down these pests is to spray with sOII].e 
solution containing soft soap as a Uasis. The soft soap 

.. 
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makes the solution spread more easily over the--Plant. 
Nicotine is the best insecticide to add) 

Mixture I. \' Soft soap 
I \ Water ... 

Mixture II. Soft soap 
, Nicotine 

Water ... 

5-10 lbs. 
100 gaUpllI::,. 

5 lbs. 
5-7 ounces. 
100 ga.llons. 

This is the most effective mixture and is economical 
in spite of it's extra cost. 

i 

Mixture III. Soft soap 
Paraffin oil 
Water ... 

10 lbs. 
1 gallon. 
100 gal1ons. 

Dissolve the soft soap in a small quantity of hot water, 
squirt in the paraffin with a garden syringe and tho­
rO\1ghly emulsify with the syringe after dilution. These 
sprays should M applied through a coarse nozzle. 

This spraying is in general use for fruit trees, hops, 
and roses. It is' important to spray early just after 
the flies have hatched, as little good is done once the '. leaves become curled. 

In the case of the bean aphis the best method is 
to "top" the beans as soon as the flies are noticed. 
Spraying with soft soap has also been shown to be 
profitable in bad seasons. This aphis also lives on 
docks and thistles, and migrates from these plants to 
,,'he bean. 

The rrop aphis migrates to plums and damsons at 
certain seasons and consequently when grown near they 
Sh01}ld be sprayed as well as the hops. 

. The woolly aphis or American blight (Schizorleura 
lanigera) , which is ~ound chiefly on the apple, lives 

• 11 <) 
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\11 ' 
also ofi1the elm. Eggs are laid on the elm in late autumn 
and in th~,followil!.g spring they curl the elm leaves. In 
July they migrate to apple trees; some however live en­
tirely on the ~pple and of these some live entirely above 

" ground, others &ltirely on the roots and others' on both 
shoots and roots. 

Painting the affected parts with petrol or paraffin or 
spraying with soft soap and nicotine is the best remedy. 

Carelessness a.mong certain nurserymen in allowing 
their young stock to become infected is reslf'lonsible for 
a large amount of damage do!le by this pest. 

Various winter washes have proved effective in 
re-ducing fruit aphides by preventing the eggs from 
hatching. 

Sawflies. 

Sawflies are not true flies as they possess two pairs 
of wings. They belong to the same fartily as bees and 
wasps. 

'" Corn Sawfly (Cephus pygmaeus). 

This pest rarely does much damage in this country. 
It attacks wheat and oats. t l 

The eggs are laid in the stems of young plants and 
the larvae which hatch out feed on the soft substance 
inside, and eat their way through the knots. About 
harvest time the maggots are fully grown and they 
make their way to the bottom of the stem where they' 
eat a ring almost round it. The attacked phmts may 
be picked out as the shoots die and the dead ears are 
easily seen among the ripening corn. . 

Unlike the larvae of most sawflies the maggots seem 
to be legless as their legs are tool;) small to be seen . 

• J 
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The maggpts are small, curled, wrinkled grhbs I with a 
definite head. They pupate in the sf~m just below the 
cut, and here they remain until the following M<ty, when 
they hatch 'nto sawflies. .J 

Remedial Measures. 

As the pupae are present in the stubble after harvest, 
means shoula be taken to destroy them. The stubble 
should be burnt if possible: if not it should be harrowed 
and the p1hnt remains collected and burned. 

" 
The larvae of ot}wr sawflies may be found feeding 

on fruit trees. They resemble small caterpillars, but 
may be distinguished from them by the number of 
their legs ... In addition to three pairs of true legs they 
possess more thaIj. five pairs of false legs, which is a 
gj'eater number than is found in any caterpillars of 
moths and butterfli'-es . 

• 

CHAPTER XIII-

EELWORMS 

Eelworms are not insects but true worms. Some 
of them cause plant diseases and others are present in 
a large number of diseased plants. They are unseg-

• mented worm-like creatures, very small, and never 
reach t inch in length, the majority being about 
7Jtr inch long. For our purpose we may classify them 
as. parasitic forms; free-living forms. 

• The former cause plant diseases. The latter are 
always present ilf decaying roots or stems; and are 
• 
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regar<'\yd ~s living saprophytically on decaying matter, 
but it is J>0ssibll'. that they hasten the destruction of 
the plant. Parasites may readily be distinguished 
from free-living forms, by the possession of a retractile 
spine-like proc8ss at the head end which is "used for 
penetrating plants (see Fig. 510). 

The parasitic forms are comparatively much thinner. 
They are very sluggish in their movements as compared 
with most free-living forms. Many of the latter have 
long tails which help them to move qu_idHy . 

• 
Tulip -rooted Oats. 

Tulip root in oats is due to two causes, one of 
which, frit fly, has already been studied. The other 
cause is due to an eelworm known as Tyle"A,chus dipsaci 
(formerly devastatrix) . Sometimes both are found in 
the same plant. The two diseases are very similar. in 
appearance (cf. Figs~38 and 52). On exa'tnining diseased 
plants containing frit fly we usually find (not in the 
earliest stage) in addition to the ffit"'fly a number of 
free-living eelworms. If the tulip root is due to ., 

,Tylenchus we shall find a considerable number of 
Tylenchus together with a number of free-living forms. ' 
We are now in a position to distinguish Tylenchus from 
the free-living forms (see Fig. 51) . In looking for 
eelworms 'we simply tease a small portion of the stem 
in water on a slide and examine it under the microscope. 

A Tylenchus very similar to T . dipsaci in appear-· 
ance is one of the causes of "clover sicknE!ss" and 
is held by many authorities to be the same as that 
which attacks oats: nevertheless healthy crops of ~ats 
have been grown after clover attac~ed by the eelworm 
Tylenchu~ sp. 
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Fig. 51 A lind B. fz4le-living eelworms; 0, a parasitio eel worm : 
~ n, tbe swollen female of Heterodera radicicola. (Magnified.) 
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\ Remedial M easttres. 

Wheat and barley grow well on U;fested ~o;}. Red 
Glover can be replaced by sainfoin, tre+;Oil or white 
clover. .Such crops as red clover, oats,obuckwheat and • 
bulbs should not be grown for some years on land 
which is inlected. 

Fig. 53. Ear cockles of wheat caused by Tylenchus scanden8. The 
dark gl'ains somewhat resemble bunted grains. 

Ea1' Cockles in Wheat. 

• "Another disease caused by an eelworm is that 
known as "purpleJ" or "ear cockles" (Fig. 53) . 

U -5 
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T~ c~lprit ·· in this case is known as Tylenchus 
scandens. II • 

II! this disease the grains of wheat are affected. 
They becom~ rounded or irregular in shape and are of 
a dark or purp\ish colour. If a portion of the inside 
of a diseased grain is examined in a drop 0"£ water it is 
found that the thread-like bodies composing the mass 
begin to move about, and by their structure show them­
selves to be parasitic eelworms. The eelworms are 
said to crawl up on the outside of youngt)plants and 
enter the developing flowers. fI 

Remedial M easure8. 

The grains containing the eelw6rms are very light 
and float to the surface when wheat is ste~ed and are 
easily skimmed off. 

Root Knot. • • The eelworm which produces knots on the root.s of 
a large number of plants is known asoHeterodera radi­
cicola. It may also be found at the base of the main 
stem which is ~low the ground (see Fig. 54). .. 

This eelworm is peculiar in that the female after 
tl 

being fertilized swells and becomes almost spherical 
(see Fig. 51 D) 

Inside the knots formed by this eel worm are small 
white balls which when examined under the microscope 
show themselves to be eel worms. The males are very like 0 

Tylenchus. These eelworms flourish best on sandy soils. 
" 

Remedial Measu1·es. 

In fields this disease can be reduced by mean", of 
gas lime. In greenhouses it may be kept down by. 
watering heavily or by partial ster'llization. 
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A B 

Fig. 54. A, a healthy tomato root; B, a tomat·o root attacked 
by Helerodera radicicola. 

The beet eelworm (H eterodera 8chachtii) does not 
form knbts in the same way, as the body of the female 
is outside the plants, only its head being inside . 

. ) 



APPENDIX A 

", Dates to commence spraying for potato blight in 
iii 

.) main-crop potatoes. 
" 

Cornwall, Devon ... " ' } . 
Dorset, Isle of Wight and J 15 h d "' f J . une t -en 0 une 

:ijampshlre ... . . . 
Somerset, S.W. Wales ... . 
Glamorgan ... 1 
Gloucester . .. , • 1 

~~::;xWales :.:.:.J "uly Ist--July 8th 

, Wilt.shire ... 
Berkshire . .. 
Hereford . .. 
Kent 
Oxfordshire 
Snrrey 
Worcester 
Rest o.f England . . . 

::: \ July ""-July ioth 

::: J 
• 

July 15th-July 3] st 
., 

APPENDIX B 

• 

The following mixture has recently been shown by 
the Lea Valley Research Station, Waltham Cross, to 
be effective in controlling" damping off." 

2 ozs. of Copper Sulphate 1 Pd' 
11 f A - • C b J ower and nux. ozs. o. .ttillmOnlUID ar onate • 

.. 
The dry mixture should be kept in a corked vessel 24 hours 

before using. 
1 oz. of the mixture is dissolved in 2 gallons of water. 
Vessels of iron, tin or zinc must not be u,~d. '\. 

. . 
.. 

'. 



APPENDIX C 

WHEAT BULB FLY 

(LEPTOHYLEMYIA COARCTATA) 

An attacked plant can be distinguished from one 
attacked by frit fly by the maggot which can be found 
feeding on tlfe central shoot. This is whiter, has larger 
jaws (i.e. it looks blacker at the head end) and it has • tubercles on the tail end which closely resemble those 
of the cabbage fly maggot (see Fig. 43 A). 

The flies hatch out in June and July and lay their 
eggs in bare soil about ~ inch below the surface in July, 
August and 'possibly September. Most of the eggs 
hatch out the following spring, and are l,lsually found 
attltcking wheat.plants in March and April. The larva 
on hatching makes its way into the middle of the wheat 
shoot where it fe~ds at the base of the shoot which it 
kills. When fully fed the larvae make their way into 
the soil where they pupate about It~ inches below 

. the surface, usually in May. 

Remedial Measures. 

Wheat on a firm tilth suffers less than on a loose 
tilth as the plants tiller better and a smaller percentage 
~re killed entirely. 

Wh~r~ wheat is following a bare fallow, if the fallow 
is clean by the middle of July, then the sowing of 
mU$ard for ploughing in later would probably prevent 
attacks, ail the fly qnly lays its eggs in bare land. 
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Fig. 55. Fruiting botlies of the clover stem rot fungus as 
found in an old clover 'ley in November. 

• 
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Formaldehyde 78-79 
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