[NDIAN INSECT PESTS,



Agents for the Sale of Books

PUDLISHED BY

The SUPERINTENDENT OF (GoVERNMENT PRINTING, INbBIA, CALCUTTA.

In ENGLAND.

B, A. ARvoLD, 41 & 43, Maddox Street, Bond

Street, London, W,
CowsTaBrz & Co., 16, James
Haymarket, London, W.
Ber¥irRD QUARITCH, 15, Piceadilly, W.
Detanrox, Berr & Co,, Cambridge.

1I. 5. Kwve & Co., 65, Cornhill, & 9, Fall

Mall, Loudon,

Street,

|

|
|
l I

P, 8. Ki¥e & Sox, 2 & 4, Great Smith
Street, Westminster, 8,1V,

Grinprar & Co., §4, Parliament Street,
London, S.W,

KEGay Parzr, T'nexce, Trisver & Co.,
43, Gerrard Streef, Soho, London, W,

" B. H. BLACEWELL, 60 & 51, Broad Streef,

Oxford.

Ox THE CONTINENT.

R. ¥rirprivpre & Sons, 11, Carlstrasse,

Berlin, N.W.
Orro HABRASSOWITZ, Leipzig.

Karr W, Hierseumany, Leipzig.
Erwesr LEROUX, 28, Rue Donaparte, Paris,

ManTiyus NITHoOY¥F, The Hague.

Ruporr HaveTr, Halle, A. 8., Germany.

IN Enpia.

Toacker, Sp1ve & Co., Caleatta & Simla,
NEwsmAN & Co., Caleutta.

S. K. Laumnr & Co,, Colentta.

R. CansrRay & Co., Calentta,

V. Karvaxaraua Arvar & Co, Madras.
G. A, Naresaw & Co., Madras,
Hicarsporoan & Co., Madras.
TaoyrsoN & Co., Madras,

S, MveTEY & Co., Madras,

TemriE & Co., Madras.

CouBrIDAE & Co., Madras.

A, R, Prrtar & Co,, Trivandrom,

' BUPERINTENDBENT,

Tuackrr & Co, T.d., Bombay.

D. B.TARATOREVALA, Sox3 & Co., Bombay.

A. J. Compringt & Co., Bombay.

Rapmapar ATaAaray Sacoow, Bombay.

Sunprr PANDURANG, Bombay.

N. B. MaTOUR, SUPERINTENDENT, NAZAIR
Kanux Hixp PrEss, Allahabad.

Rar Samme M. Guiis Sivem & Sons,
Murin-t-Am PrEss, Lahore.
ANERICAN
Mrsston Press, Rangoon,

A, M. & 4. Fenovsoy, Ceylon.

BapTisT



INDIAN INSECT PESTS,

BY

H. I\:}AXWELL-LEFROY, MA., FES., FZS,

Imperial Entornclogist,

CALCUTTA:
OFFICE OF THE SUPERINTENDENT OF GOVERNMENT FRINTING, INDIA,
1906.

Price Re. 1-8 or 2s.



St, Albans,

25th Septeamnber 1885,

‘But, meanwhile, [ may most truly say that, if the crop or timber or fruit
growers of India were furnished with plain and comprehensive accounts of history
and habits of the common insect pests, accompanied by wood-cut figures, so as fo
convey the appearance of pests without wearisome description of details, all this

would be a national benefit, repaying the outlay a hundred times.”

ELEANCR A, ORMEROD,



INTRODUCTION,

_—

§ Mz, Lefroy has written this book largely at my instance,
I wish fo attach a few words in order to cxplain its
scope. It is not a scientific treatise on Entomology, written
for the use and training of Entomologists, but is intended to
serve the more humble but useful purpose of a manual of
practical information for the use of the intelligent agricul-
turist in the protection of his crops from insect pests. It is
also lioped that it will be suitable as a text-book for use in
Agricultural Schools and Colleges, all of whose students
should acquire a working knowledge of insect pests and of
the practical measures possible for the protection of crops.
With these objeets in view, the author has avoided, wherever
possible, seientific terminology, using simple English equi-
valents which can easily be understood by persons with no
scicntific training in Entomology.

The information available for a book of even this limited
scope is very far from complote. A good deal of work
has been done in the past for Systemafic Entomology in the
collection and classification of some groups of Indian insects,
more particularly the Butterflies, but it is only within the
past few years that any rcal inquiry has been made into
Economic Entomology, dealing with inseet pests and their
treatment. Tor this reason Mr. Lefroy would prefer to post-
pore publication until the material at his dispesal is more
complete, but I think first, that the information available is
already of sufficicnt importance to give to the publie, and
second, that-the best way of collecting additional information
is to intcrest persons in that alrcady acquired and to show
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clearly the need for further help. Tor this purpose the many
blanks in this book have designedly been given prominence
by the author in the hope that many workers will endeavour
to fill them up by carcful and intelligent study of insect
life. The field for future investigation is unlimited. This
book is a festimony to the strenuous efforts mado during the
past three yecars in this field by Mr. Lefroy, who is the only
Entomologist in the Department of Agriculture. Tt is hoped
that in the near future an entomologist may be employed by
each important province for the investigation, prevention and
cure of crop pests, but this will not lessen the need for other
workers, whoso assistance will be warmly welcomed by the
Government Entomologist. If this help is freely given, I
look forward within a few years to the issue of a revised
edition of this book, in which still morce uscful information
about insect pests may be given,

F. G. SIY,
Officeating Inspector-General
of Agriculture in India.
The 1st May 1906.



PREFACE.

—

THE study of pests in India dates back twenty years to the

formation of the Entomological section of the Indian
Musoum, the commencement of Indian Museum Notes, and
the publication of Surgeon-General Balfour's little volume,
“The Agricultural Pests of India.” During this time a
continnous effort has been made fo classify insects injurious
to crops, terminating with the work of the late Mr. L.
deNiceville, the first Entomologist to the Government of India.
It has fallen to me to gather up these records, to supplement
them by observation in the field, and to put together briefly
what is known of Indian pests.

To any one familiar with the scattered records of Indian
Muscum Notes, such an undertaking was a necessary pre-
limjnary to further work and, above all, to the wider growth
of the study of insect pests. TFew observers have contributed
to omr knowledac of inscet pests in India, which is deplorable
in so vast a continent where so large a population is depen-
dent on agriculiure.

In the prescnt volume I have fried to give a short
account of the general features of the lives of insects, as well
as the saltent facts concerning our destructive pests. Those
who wish for technieal accounts of the anatomy and classi-
fication of insects will find abundance of excellent books.
We are here morc closcly concerned with their living
activitios and the part played by them in the reduction of
the yield of the staple crops of the country.

- I trust that the book may be of service to many who arc
engaged in agriculture and horticulture. Inscets are universal
and quite interesting as soon as one ceases to regard them as
mysteries. I cannot hope to emulate the living interest of
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the inscct world as presented by ““Lha,”” but perhaps the
necessary precision of thought and language in this volume
may blend with his delightful pictures and help fo give a
frue impression of our insect friends and foes.

Much of the local information in this volume has been
obtained from the many reports sent in at the instance of the
Dircctors of Agricalture. In a country where nothing is
outside the scope of official enquiry, much may be learnt
from enquiries pursued by the Mamlatdar or Tahsildar, and
especially in regard to the attitude of the cultivator towards
his pests. My acknowledgrfients are due to the many dis-
trict officials who have sent in reports of injurious inscets
and carefully collected information as to the remedies in use
among the ryots.

I am under a decp obligation to Mr. F. G. Sly, Officiating
Inspector General of Agrieulture, to whom the inception
of the book is due, and who has endeavoured to bring the
arrangement aud text into the form most suitable for those
for whom it is intended; without this encourasement and
advice, the volume could not have been produced in its
present form. I have also to thank Mr, C. A. Barber, Gov-
croment Botanist, Madras, and Dr. H, H. Mann, Scientifie
Officer to the Indian Tea Association, for valuable help and
suggestions in the final preparation of the text. The illustra-
tions arc largely the work of the late artist in the Indian
Muscum, Babu G. C. Chukraburtty, and these have in many
cascs been published in another form in the pages of Indian
Museum Notes. Others have been prepared under my super-
vision by H. H. Deboo, Chotalal Daulatram Shah and
Rambhan Balajee, artists attached to the Department
of Agriculture. The diagrams and photos are my own,
and Mr. R. C. Wood very kindly prepared the design on
the cover.

I am indehted to the work of my stail for many observa-
tions ; the Entomological Assistants attached to the Depart-
ments of Agriculturc in the Punjab, Ceniral Provinces and



PREFACE, il

Baroda have added information coneerning injurious pests,
and I have incorporated their observations in some cases. I
trust that many will be found to follow in their footsteps,
to take up the study of insect life in relation to agrieulture
in India, and to devote themselves to this branch of research.
It is certain that India should not be behind other nations in
scientific knowledge, and that men can be found who will
devote themselves to this form of learning, not for the sake
of the pay or position, but at the bidding of that intense
organised curiocsity which lies at the root of modern science.
T venture to hope that this volume may draw others info this
work and open a new field for research.

H. MAXWELL-LLEFROY,
Imperinl Futomologist,
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INSECTS IN GENERAL



CHAPTER L
INSECTS : THEIR STRUCTURE AND FOOD.

HE word ingects recalls the many familiar butterflies, beetles and
other flying or erawling creaturce that arc so abundant. The term is,

however, very loosely wused
and includes many crawling
creatures that ave not insects
in the strict sense of the
word, and with which this
volume does not deal. I
is not easy to give a clear
ides of the animals included
in the great class Tnsecta.

Fre, 1.
A Myilipede—(not an insect),

Excepting birds and bats, insects alone can fly; but only a proportion
of the insects onc commonly sees have reached the flying stage or
ever fly. We musl, therefore, look for better distinguishing characters.
The legs will help us. A great host of small creatures that erawl
on earth have distinet small jointed legs. One thinks of spiders,
of centipedes, of millipedes, of scorpions, as well as of heetles,

caterpillars and the

like. Of those, in-
sects  have  never
more  than three
pairs of legs. A
centipede with over
40 legs is not an
msect, nor is a milli-
pede. A spider with
four pairs is not an
inseet, nor is a scor-
pion. On the other
hand, a caterpillar
ig, though it seems
to have many legs;

Fig, 2.

actually it has three

Red Spider—(not an insect), pairs of little jointed

B
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legs, but also has five pairs of little sucker-feet to enable it to crawl
along a leaf, Our insects then, if they have no wings, should certainly
have not more than three pairs or six legs. They also have the feelers
on the front of the head.

Fia. 3.
Typleal Calerpillar,

But on the ofher hand there arc maggots, for instance, that have
no legs, They look like worms, but are dislinguished by many small
points of structure. One can only remember that a maggot is one stage
in the life of an insect and will become a fly with wings and six legs.
There are also insects that have anything but the general form of
insects ; they are however rare, and if we keep elearly in our minds that
spiders, centipedes, millipedes, scorpions and such-like eight or many-
legged creatures are not inscets, we are
not likely to be confused. Tor those
who want a more exact and scientific
-definition, there are exeellent books
on zoology and comparative anatomy,
where the distinetions are expressed in
more scientific terms,

An insect’s body is completely
clothed in hard durable material within
which the organs He. This is net one
continuous covering, but is formed of
rings joined end te end by flexible
connections so as to enable the Insects ) Fia, 4.
to craw! and move about. These rings A’:ﬂ:’t’;‘:efit(if;i‘?r;:];:fr:eéﬁ?f;:s “
overlap a little and so present an un-
broken hard surface to the outside. Within this flexible tube of rings
lic the soft parts, the muscles, nerves and all organs; attached to it are
the legs, wings, jaws, and other parts,
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Tf we take a caterpillar and examine it we find the following parts :—
The head is rounded, broadly attached to the hody; the mouth is
situated on the Tower side with a complex arrangement of jaws ; small

. THORA &

F1a, 5.
Calerpillar,

eyes arc set in a half eircle on each side of the head ; and we may dis-
cern & pair of small feelers called anfenne. Behind the head are three
scgrents (a ring and the confents are called a segment), each having a
pair of small jointed lews below @ there are short or long hairs on cach
segment, and the first segment often has a small oval shield just behind the
upper part of the head, These three segments together form the thorvax,

Behind the thorax are eight segments (which form the abdomen),

HEAD. : THORAX.! ABDOMEN.

_-SPIRACLE.

. :
BT -

MOUTH . T
SPIRAGLE. SUCKER FEET

FiG. 6.
Diagram of Caterpillar,
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and the last one or two which we may eall $he tail. These segments are
nearly alike, but the four in the middle usually have a pair of gmall
projections on which are hooks ; these are sucker-feet and there is a fifth
pair on the tail. Each of the eight segments has a small dark spot on each
side, and a similar epot is found on the thorax ; these spots are stigmata,l
or air openings, which admit
air to the system of air tubes
inside the caterpillar’s body.
The hairs or bristles found on
the segments and the tail are
not seattered haphazard, but
arranged in a definite manner.
These are the salient points
that ean be seen in any insect.
In all insects the head, the
thorax and the abdomen are
distinet ; the head always bears
the eyes, the mouth and jaws
F1e, 7. and the feelers (anfcnna) ;
A Wasp, showing the divisions of the body the thorax alwa,ys bears the
in @ winged ingect, . .
legs and the wings and is
actually composed of three segments, though we ecannot always sec
the division ; the abdomen bears sucker-feet in some inseets only and
has a varying number of visible ssgments in different insects. Stigmata,
or air openings, are found in all inscets, and usually are arranged as in
{the eaterpillar.

All insects have a more or less hard covering, which is composed of
a substance known as e¢lifen ; this is a nitrogenous material, peenliarly
resistant to ehemieals, which forms an impervious covering. The legs,
antenns, wings and all parts of an insect are covered in it ; the thick
hard wings of a beetle, the fine scalos of a butterfly and the flexible skin
of a eaterpillar are largely composed of it.

Speaking generally, the skeleton of an insect is this outer
covering ; there are no “bones,”” but a few chitinous supports of the
internal organs. When an insect is killed and dried the whole body
perishes  except the chitinous covering, so that a pinned collection
only eonsists of this dried cZétfn. Such insects as have not a suffi-
ciently thick covering must be kept in spirit, so that the internal

organs may be preserved in order to maintain the natural form of the
insect.

1 Stigma, B spot 3 plnral, stigmata, spots._
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Tn distinguishing the different classes of insects, it is necessary fo

F14, 8.

Fly, to show the second pair of wings
reduced fo balancers.

look spectally at the wings and the
mouth-parts. In malure insects
there are, as a rule, two pairs of
wings : the first pair (upper or fore-
wings) attached above the second
pair of legs, the second (lower or
hind wings) attached above the
third pair of legs. In some insects
the second pair of wings is not
present or is transformed into
a different structure. In a few
the wings are never developed,
the mature insect being wing-
less or having imperfectly de-
veloped wings. (Figs. 16, 30, 40
and 51.)

The “mouth-parts” (jaws) of insects are the structures that surround
the mouth and which are used for feeding. These structures are somewhat
complicated and are specially formed in accordance with the habits of the

insects, Insccts that
bite leaves or green
plants have short bit-
ing mouth-parts, with
eutting teeth; insects
that  attack  other
insects have usually
long sharp jaws, suit-
od for grasping their
prey ; those  which
suck the juice of
plants have a slender
tube-like bealk, with
sharp Instruments for
piercing  the plant;
those also which suck
the blood of animals

Fra, 9.

Head of a Caterpillar, from deneath.

(From Lyonnet.)

or insects have a sharp tubular beak, as in the mosquito. It is important
to he able to recognise the differences between these kinds. A few bhave
mouth-parts not included in either of the ubove kinds; thus the bees have
very complicated jaws, which are fitted for lapping up the nectar in
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Fi1a. 10.
Three carnivorous Beefles with long mandibles.

flowers and also for biting ; the butterflics and moths have mouth-parts
formed like a Joug slender tube which can be siretched into the bottom of
flowers to extruct the nectar. Figures 11-—15 will show the appearance of
these moutli~parts, and it is important to look always at the mouth-parts of
inscets, since this at vnee gives a clue to the probable habits of the inscet.
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Fie. 11.

The biting movth-parls of a Crickel.
u. Upper lip. b. The strong toothed mendilles. c. The sensory palps.

Fia. 12,

The biting moulh-parts of a Beetle.
a. Upper lip. b. Tha strong curved mandibles. c©. The sensory palps.

Fra, 13. Fia, 14. Fie. 15.

The sucking mouth-paris The curled-up prodosets Tie curled-up pro-
of Diplera. of @ Butterfly. bosciz of @ Moth,
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The bodies of insects are made up of muscles, nerves, organs and
other parts just as other animals are, and they live in a very similar way.
The food taken in at the mouth passes into the stomach, aud is digested ;
the remains are excreted. The stomach and intestine form a plain long
tube which passes from the mouth to the tail. The digested food passes
into the space between the skin and the intestine, in which all the muscles
and nerves lis ; above the stomach and intestine there is a small heart,
consisting of a long slender tube which pulsates and pumps the dissolved
food forward over the head and all round the body ; this can be seen in
many caterpillavs, if the upper part of the body is intently watched for
some minutes. In the body there are numerous muscles, which enable
the insect to move. In the head there is a small brain, and running down
the lower side of the body there is a double cord of nerve tissue, with little
swellings in each ring. This cord is like our own spinal cord, and from it
nerves go to all the parts of the body. Insects have nerves similar to our
own though on asimpler scale. Besides these organs, the perfect insect has
reproductive organs, malc or fernale. These open at the hind end of the body,
just below the opening of the intestine. In many insects the female has
attached to the hind end of the body a special instrument for laying cggs;
the sting of the bee is really the egg-laying instrument: in some insects
this structure, ealled an ovipositor, is very large and conspicuous {fig. 52).

Insects have senses and sense organs which we may compare with
those of other animals, though we cannot pretend to understand them.

Eyes take the form either of a pair of large conspicuous structures
on the side of the head or of several small points on the upper surface or
side of the head. 'The former, known as compound cyes, we may consider
us hundreds or thousands of small eycs united to form a single eomplex
structure ; we can sce these separate small eyes which give the whole eye
a honey-comb appearance. The latter, known as stmplz eyes, ave found
in caterpillars and other immature insects, which do not have eompound
eyes, and also in many mature inseets in conjunction with compound
eyes. The caterpillar has five or six such eyes on each side of the head ;
the grasshopper has three only, some bugs have two, and many insects
have none. The funetion of cyes is mot clearly understood, but it is
believed that the compound eyes are as efficient as our own cyes, and that
simple eyes perhaps serve to distinguish light and shade or act in some
such simple manner,

Organs of hearing are present probably in many insects, but definite
organs similar to our cars arc known only in the grasshoppers and their
allies. Many other inseets probably hear sounds, sinec many of them
also make sounds, but it is not eertain what is the organ of hearing.
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T'he sense of smeil is also probably present, and is believed to lie in the
antenng, Some insects (e, loensts) can almost certainly smell water,
a feat we arc incapable of because our olfactory organ is always damp.
Others can certainly smell flowers, earrion, ete., and their sense of smell
is probably far keener than our own,

Taste is believed to Dbe a sensc functional through certain organs in
the mouth-parts.

Pouch is another sense probably connected specially with the antennw
and the little pulps on the mouth-parts.

Other senses that we do not now use eertainly oceur; possibly we
were once possessed of the “sense of direction,” as many insects are;
other obscure scnses we are able dimly to perceive only after a close study
of the habits of insects, although we cannot conneet any special sense
organs with them., Among these we may include the very peculiar sense
shown in the phenomenon known as “assembling.” It is known that if
the females of certain moths are exposed in a cage, the males of those
species will come in numbers and from considerable distances. These dis-
tances in some cases extend to several miles. By what sense the muales
become aware of the presence of the female is net known. The phenco-
menon is utilised in the rearing of wild silk moths in India, the reared
female attracting the wild males from the jungle.

It is impossible to discuss the senses of insects in further detail in
this book. Man cannot hope to comprehend them. The fact that a
butterfly knows “by instinet” the plant on which its young will feed
seems marvellous when we recollect that the butterfly could not remem-
ber what it fed on as a caterpillar, the metamorphosis having come after
its euterpillar stage and obliterated its memory of larval life. There arc
countless instances of this kind, and we can only stndy the activities of
iusect life with admiration at the wonderful “instinets* and senses with
which they are endowed.

Among other curious phenomena may be marked the formation and
migration of swarms of inscets, such as locusts. This phenomenon is also
little understood ; it occurs in a small number of inscets belonging to
different families. The locusts are the best lmown instances in India,
two lands of whicl move in swarms over many hundreds of miles. It
occurs also In moths, butterflies, dragon-flies, in the larve of certain flies
snd inleaterpillars, Large numbers of these insects gather together, form
swarms and migrate {rom place to place. This phenomenon probably
originates in the necessity of moving to fresh places in search of food.
Ingects which multiply very rapidly into enormous numbers may have
found it a necessity to move often, tho habit thus becoming a settled one.
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Food.

From the moment that an insect hatehes, its first task is to provide
food by its own exertions; it has also to eseape the enemies and dangers
that surround it ; lastly, it has te lay cggs in the proper sitnation and in
some cases must provide for the young. These are the three prime neces-

L sities of the inscet’s life, and though in many cases it is possible that the
gratification of a taste for other pleasures is an object in life, we may
interpret the activities, the form, colour and structure, even the life

history of insects in terms of these three
prineipal needs.

The food of insects is extremely diverse,
and it is not always clear how they are able
to extract the requisite amount of nutriment
from the substances they consume. We may
at onee abandon the idea that nutrition is
comparable to that of domestic animals.
Digestion, putrition and respiralion are very
different in insects. What proportion of
proteids, carbohydrates and fats is necessary
cannot be stated. The amount of food or of
alr necessary to existence may be reduced
to very low lmits sinee insects are not

Fia. 16, warm-blooded ; in the absence of museunlar
}f;’:ffﬁfwf’ﬁ;jfﬂ Jf:;f;:;;f ﬁ:: a:ctlwty there is proba.bly no wastage of the
sez and har no need of wings. tissues, 1o consumptlon of 0xygen, no
(From Distant) elimination of water or of waste produects.
The amount of food or oxygen assimilated may be measured by muscular
activity and may cease entirely when this ceases. Bearing this in
mind, we need not be astonished at the insects which live solely in
dry wood, in burrows without access to the air, or which feed solely on
chillies, opium or tebacco. Such insects do not drink, they simply ecat,
and we are entirely ignorant of their digestive and nutbritive processes.
Nor is it astonishing that many insects can live for many months
without food.

Most insects live on Jand, a few on or near the sca, many in fresh
water. Marine insects are few; some in the sea itsell, some on the
surface, a larger number on the beach or in rock-pools. Relatively, the
number 1s very small, and sea water presents an almost impervious
obstacle to insectlife. Fresh-water ponds, streams, lanks, and other supplies
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of water teem with insect life. Their habits are of great interest, and the
deviees with which they supply themselves with air are amazing in their
diversity and ingenuity. Unquestionably the agquatic insects are descended
from air-breathing land insects, and for every species the problem of
extracting air from the water or of drawing a supply from the surface
has been solved in a move or less ingenious manner. These insects, how-
ever, form a division apart, cut off by their diverse habits from the inseets
living on dry land.

The vast majority of iusects live on the land, estabhbluno them-
selves in every possible situation, with the most diverse occupations and
methods of obtaining a living. At this period of the earth’s history
they are the dominant group, the most successful and prosperous, taking
toll of all other creatures. In number of species, in actual numbers or
bulk, in the sum total of their activities, they cutweigh all other forms of
animal life at present on the earth, The extraordinary diversity of their
habits and food, their rapid multiplication, their small size, their varied
powers of locomotion, of offence and defence, and the marvellous instinets
and senses with which they are endowed, all these serve to put them
above other forms of animal life. Man prides himself on conquering
nature, ou being the highest expression of animal life, the erown of crea-
tion : a dispassionate examina- '
tion of insect life reveals

that even man’s powers arc ),,..{ e

as nothing to those of inseet \'&k: T
life, his senses weaker, his B 3 L -
soctology and eonduet of life AR a - ‘.\S. Ty
far inferior to that of the social ',v‘;l‘:;‘»:""‘%'{ R ¥

insect, and he himself com-
paratively lacking in  the
exhibition of altruism and right
conduct shown by an insect.
Insects arve small and their
domination is not apparent ;
but they have established
themselves in every nook and
corner of the earth, deriving Fa. 17.

their food from a vast number . Sages of Fiy whose maggot lives in the leaf of
the tea-plant.

of sources, 1.\Iany feed on (From drawing by E. ¥, Green.)
plants, living in every part of

the growing plant, from the fruit to the roots; cating the flowers, boring in
the stem, mining in the leaves ; they devour the leaves, destroy the bark and
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cat the roots ; they suck out the sap and live as parasites upon all parts of
the plant., Perhaps one-third of the total number of insects live on plant
life direetly, thus constituting one big division called the Herdiuvores.

There are others which live on the dead or decaying plant, on dead
leaves, on rotting fruits, on dry timber. Any vegetable tissue that is no
longer alive and growing furnishes food to this division. We may
include with them the feeders on decaying animal tissue, such as the dung
feeders, the caxrion beetles, the corpse buriers, We may term them all
Seavengers, since they, with the bacteria and fungi, cleanse the earth
of its rubbish and convert it into good plant-food again. They also
form a large division, not less important but far less visible to us, work-
ing in the dark and in hidden places.

As the plant world furnishes foed for so many insects, so also these
insects in turn are fed on by others, and we find a very large division
which get their food from the herbivorous and seavenging inseets or from
each other. These work in two ways, by preying upon insects and eating
them bodily, as a tiger eats a cow, or by living within their bodies
parasitically, as a tapeworm lives in a horse. The former, the Predators,
we sce daily at work and we may compare them with the many insec-
tivorous birds. 'The latter, the Parasifes (Ichneumons and flies), are not
less numerous and abundant ; their larve live in the inseet, absorbing the
food laid wp by the host and gradually killing it. The two groups
together check the immense increase of insect life and form the thivd
great division.

There are also a small number of insects that live parasitieally in or
on warm-blooded animale, They feed on the blood of man, cattle, wild
beasts, birds and other animals, or live parasitically within their bodies.
They form a small division.

There ave lastly the insects which have found that man offers many
comfortable homes in his houses and buildings; they live upon grain,
flour, drugs, all manner of r oduce and household stores ; they inhabit our
Louses, deriving a precarious existenee from what they can piek up.
These are the household pests ; they have been carried in ships to all parts
of the world and established themselves wherever man is. This division
ig not large or very important but an aberrant and distinet offshoot from
the great seavenger class mentioned above.

We have now included practically every inseet in our divisions, and
it we subdivide, them, almost every species whose habits are known would
fitin. We Iscé/ the part each plays in the great eycle of life, The herbivores
fecd om the plants, which build up organic matter from the soil and air
under tlip influence of the sun. These herbivores build up the plant tissue

3



FOOD. 13

into more complex organic compounds and in turn supply food for others.
The scavengers feed on the decaying plant life and animal life, clearing
the earth of decaying refuse, making it clean and sweet ; cventually they
die and the whole mass of organic material breaks up into the compounds
available for plant life. The parasites and predators feed upon the living
inscets, checking the increase of both herbivore and seavenger, so that
the destruction of living plant life by herbivores can then never go
beyond a certain point, the balanec thus being maintaincd. We are in
this volume mainly concerned with the herbivorons insects, those which
feed upon the lving plant. They are largely injurious to man, though
also beneficial. 'We cannot neglect the parasites and predators, for in
actual work we meet them at every turn ; the part they play is not very
evident, but the practical study of pests requires that every student of
agriculture should be familiar with them and recognise them almost at a
glance. The scavengers are not of direct importance and we see them
buf little ; grain and household pests are of direet importance to man as
also the insects parasitic upon cattle and warm-blooded animals,

Food Plants.

Caterpillars and other herbivorons insects may have one, a few, or
many plants on which they can feed and thrive. Evidently an insect
that can live on a variety of plants has an advantage over one that lives
only on one or a few, and injurious insects are largely those which have
a great range of food-plants, enabling them to spread widely, to increase
abundantly, and to find food when crops are not available for them. The
list of injurious insects is nearly synonymous with the list of insects
having many food-plants.

In general, insects feed upon one or more closely allied plants; thus
cotton pests are found also on dkénda and other species of Hibiseus, cane
pests on maize and sorghum, and so forth. In other cases they feed on
plants which bear similar fruits; an insect that eats the oily sceds of
cotton will perhaps feed on the oily sceds of other plants not closely allied
to cotton.

The food-plants of some species, e.., the gram caterpillar, are to be
numbered in scores. The food-plants of others are few, and there are
insects, for instance, which can feed on certain varieties of cotton and
not on others, The composition of the tissues of the plant probably
determines its suitability to insects, and some plants appear to have no
pests. Plants protoct themselves in various ways, but inseets in their
turn seem equally to accustom themselves to the oils, alkaloids, hairs,
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thorns, ete.,, with which plants have tried to render themselves eafe.
Modern science has not yel discovered any method of altering the com-
position of plant sap so as to render it distasteful or poisonous to inscets,
When this subject has been mastered, we shall be in a position to deal
more successfully with insects by purely preveniive methods.



CHAPTER L
LIFE HISTORY AND HABITS.

NSLECTS pass through various changes during their lives, changes of
form, habits, structure and the like; these transformations are in
many cases very greaf, being the most striking characteristics of the kife
history of insects, Whilst the life history is essentially the same throngh-
out large groups of insects, it is not exactly the same in any two species.
We can give here only a very brief outline, but fuller details will be found
in the later sections,

Insects are hatched from eggs, which, though smaller and different
in appearance, arc cssentially similar to those of birds. These eggs are
not cared for by the parent insect, but are laid in sueh a position that the
young when they emerge will find suitable food.

From the eggs hatch ont finy insects which are usually able to feed
almost at once and begin their active life without delay. 'They feed
voraciously and rapidly grow larger. Their chitinous skin will, however,
not streteh and permits of growth only to a cerfain limit ; when this is
reached, a new soft skin is formed under the old one; the latter splits
so that the insect crawls out with only the new soft skin ; the insect af
once expands, the new skin hardens with the result that our little insect
is suddenly twice its previous size and perbaps
very different in appearance. Growth again

confinues until the insect is too large for the -'S.u‘_.._"‘-:/?

- - f‘in ,//i
gecond skin, when the process is ropeated and Y
a fresh moult undergone. The skin is thus gR—

shed periodieally until the inscct attains its
full size and mature form. At every moult
the appearance of the insect changes; it may
Lbe a minute change in appearance with a
considerable change in size, or it may be a com-
plete change of form, with change of habits
and strocture. The number of moults varies:
from two to twenty or more, but is generally
ahout five to sevon.

These changes form the essential part of
the life history of insects. 'We can now
examine in detail the nature of the chinges Fia. 18.

. . Eggs of a Butterfly; natural
gndergone in the groat groups of insccts, size on o leaf, and ;nzar__ged,
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Tf we eatch a female butterfly, for instance, the very common one that
is figured (fig, 24} and keep it in a suitable cage, it will lay eggs. These
eggs are shown in figs. 19-20 much magnified, and in another figure
(fig. 18) are shown the eggs of another butterfly both magnified and
natural size. The eggs are small white seed-like things and laid singly
on the leaves of a plant. If we keep these eggs, they will presently
hateh into caterpillars (fig. 21) ; these are somewhat worm-like in appear-
ance, with legs and sucker-feet, totally diffcrent from the butterfly

Fra. 19, Fra. 20,

Butterfly Fgy. (Magnified.) Egg after Caterpillar leaves 7f. (Magnifled.)
in habits and structure. 'These caterpillars cat the leaves of the
plant and moult as they grow larger; at each moult the colour
changes very slightly, and the caterpillar comes out much larger. There
arc five such monlts, and at the end of twelve or fifteen days the caterpillar
has attained to its full size (fig. 22). Tt now ceases to feed, becomes

Fie. 21. Fie, 22,
Young Caterpillar. Full grown Caferpilior.
uneasy ; it is preparing for another monlt. To dothis it fastens a small
pad of silk at some -point on the leaf of the plant, and fixing the hooks
of its tail sucker-feet in the silk, hangs itsclf head downwards from the
pad of silk. The skin bursts and is thrown eoff and the insect is seen
hanging from the leaf. It is now completely changed in appearance and
is called a chrysalis;' it is a rounded, green objeet, with prefty gold
markings (fig. 23) ; there are no limbs, no mouth, no eyes ; spiracles alone
can be seen. This curious ercature hangs motionless from the plant for

! Chrysalis); plursl ehrysalides. .
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six days, taking no food and appearing to be asleep. At the end of six
days, the outer skin bursts, and a large inscet comes out. This walks
feebly about for a few minutes whilst its large wings expand and
spread out; these wings become
firm and stiff and we see that
it iz the bulterlly again (fig.
24) similar to the one first
canght, This butterfly will fly
away, mate and again lay

¢ogs, which will again hatch to | \ Q

caterpillars, the cycle beginning | : . [
again, X
This is a very short deserip- - L
tion of what occurs in the life Fia. 23,
of this butterfly and similar Chrgsalis of the Butlorfiy.
changes take place in the life of every butterfly. We see in it four
stages—the egg, the caterpillar, the chrysalis, and the butterfly,
During the egg stage the caterpillar is formed from the germ;
the eaterpiilar focds, grows larger and monlts; at each monlt there are
only small changes, and during the growth in size, covering five moults,

Fro. 24.
Butterfly.

the insect changes but little; its whole business is feeding, growing
Jarger, and laying up a store of fat, When the caterpillar is full grown,

e
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the big change takes place; for this it prepares by hanging itsclf in a
convenient place, ont of the way of enemies, ete., and becomes the
chrysalis, During this period an internal transformation takes place
and the tissues of the caterpillar build up the butterfly. There is no
Process akin to this in any domestie animal with which we are familiar;
every part of the eaterpillar is built up anew; the internal organs are
remodelled ; wings are formed; long legs fake the place of the short
caterpillar legs ; the biting jaws of the caterpillar have been thrown off
and the long tubular proboseis of the hutterfly is formed; new compound
eyes are formed; new sense organs appear. Further, the entire repro-
ductive system of the butterfly is built up and formed. Only the
beginnings of a reproductive system are to be found in the caterpillar, but
a more or less complete and complex system of reproductive organs, male
or femals, is formed during this stage. When, at the end of six days,
the butterfly within is fully formed, it emerges; the skin is soft, the
wings soft and folded up; in a short time the wings expand, become
hard and dry ; the body takes on firmness, the legs become stiff, and the
butterfly is ready to fly away, with new scnses, new instinets, to suck
the nectar from the flowers, to find its mate and to fluiter gaily in the
sunshine—a change as great as we can imagine from the crawling
caterpillar that hung itself up six days before.

The life of all insects is not exactly similar to that of the butterfiy,
and we may take the life of a grasshopper as an example of what changes
take place in some other insects.

Fia. 25. Fi0. 26.
Egy mass detacked, Fyg mass in ground,
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The female grasshopper lays a mass of eggs (figs. 25, 26) in the ground
and shortly after dies. 'These
eggs lie in the ground for some
weeks and presently each splits
and a young imsect comes out.
This young insect is very small,
ahont twice the length of the
ogas, and very active. Tho
general form is like that of the

parent ; therc are the long legs, ¥ia. 27.
the hind pair very larpe (fig. 27), Young Insact, one day old. (Magnifisd five
and the head like that of the times.)

grasshopper with similar antennz and jaws, But there are no wingsand
the little inscct can only leap. I6is also quite distinet in colour. It feeds
npon green plants just like its parents did and grows larger. Moults take
place as in the caterpillar, and at every moult the insect comes out larger
and somewhat differently coloured, At the fourth moult (fig. 28) two
lobes appear at the upper side of the body, on the second and third
segments of the thorax, above the second and third pair of legs, At each
later moult these grow larger uutil with the sixth or seventh, they take

Fia, 28.
Half-grown Insect. (Meagnified twice.)
the form of the large perfect wings, Our grasshopper (fig. 29) is now
full grown and moults no more, It has perfect wings, a fully
devecloped reproductive system, and will presently mate, lay eges and die.
This life history is a great contrast to that of the butferfly; the
young is like the parent in general form, feeds in the same manner and

¢ ?
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lives a similar life. At each moult it grows larger and gradually changes,
almost imperceptibly, till it is full grown. There is no calerpillar, no
okrysalis ; there are no sudden changes at any moults ; the wings grow
slowly; the reproductive system is developed gradually; there is mo
period of rest, and the insect foads at every stage of its life. 'We may
coucisely state that whilet the grasshopper develops gradually, the
butterfiy does so suddenly. The sudden change from caterpillar to chry-
galis, and chrysalis to butterfly, is one distinguishing feature; this is
called the mefamorphosis, and all inseets which pass through these
changes are said o have a “ metamorphosis.” It is a convenient word
which expresses the facts that (1) the young insect is totally unlike the
mature insect ; (2) between the two is the resting stage similar to that we
call ehrysalis. 'We might divide all insects into two groups, those which
are eaterpillars and chrysalides before they become butterflies, and those
which change gradually and slowly till they become grasshoppers.
The first have a metamorphosis, the second have none. Speaking gen-
erally, all inseets belong to one group or the other. They either have

Fia., 20.
. The perfect Insect.

metamorphosis and pass through four stages, vz, (1) the egg; (2) a
stage like the caterpillar (called Zarva); (3) a stage like the chrysalis
(called pupa) ; (4) the mature stage like the butterfly (called ¢mago); or
they have no such distinet stages but commence as eggs, pass through
a series of gradual changes during which we may call the inseet a nymp?,
to the perfect insect, called the ¢mago.l

It will be seen that we have here a character that sharply divides all
ingcets inte two groups. There are somo insects which have a partial

1 Larmz, plursl larve ; pupa, plural pupe ; dmago, plural imagines ; nympk, plural
nymphs,



METAMORPIOSTS: 21

metamorphosis and which are really intermediate between these two
groups; but they are not common and we are unlikely to meet with
them. We shall find large and distinct groups of insects which have a
metamorphosis, and equally large and
distinet groups which have none ;
every student should know at ence
whether an insect has or has not a
metamorphosis,

Before proceeding to the next see-
tion, we may draw attention to a
few points.

All  perfect insects, 4.e, ima-
gines, have wings, or should have ;
there are many exceptions to the Fra. 20.
rule and in many insects the wings A wingless mature Cockroack.
are not fully developed. This is more common in insects which have no
metamorphosis than in those which pass through the pupa stage.

Such insects which look immature can be known as mature if seen
coupling. None but imagines, ¢.¢., perfeet insects, can couple or reproduce.

On the other hand, any insect with fully developed wings, ¢.e., with
wings with which it can fly, is an imago and will not grow any more. A
small flying grasshopper cannot be a young locust or become anything
else. A small beetle cannot grow into a large beetle. Whatever its size,
a winged insect is full grown and will not do more than lay eggs. This
is an ahsolutely invariable rule.

In later paragraphs, the life history is stated in greator detail and
some of the many exceptions to general rules ave discussed. In entomo-
logy, us in all other branches of biology, the general rules are abundantly
proved by their exceptions. There are very few general statements that
can be made to which therc are not many exceptions. We can say
generally that all insects are hatched from eggs, but there are very
numerous exceptions ; equally we can say generally that mature insects,
like other creatures, are of fwo sexes and that the process of reproduetion
is dependent upon both sexes ; even this statement is not true of all insects.
It is necessary to guard against hard-and-fast rules and generalities
in dealing with insects ; they are valuable as aids to memory and the
imagination, inevitable in class rooms and books, but they must be carefully
used outside the class room. Nature has no east-iron rules, and the more
we study nature the more we find an infinite variety that laughs at our
generalisations.  One group shades into another ; the habits of one class
are linked to thoso of another by insensible gradations ; no two species
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are alilkke in form or habits, so that we must have a clear conception that
we are not in a world of elear-cut definitions and distinctions but in one
whose first charm lies in its infinite variety.

Eggs.

Inseets arc not produced spontaneously from plants or from dirt, but
arise {rom eggs Jaid by the parent insect, or, in rare cases, are born alive.
No case is known of isects having been produced in any other way, and
in tracing the life of an insect we may commence from the time the parent
lays the egg. Insects often appear suddeuly in greatl numbers, and ignor-
ant cultivators believe that they have fallen from the sky or are due to
a change of weather or some similar esuse. The appearance of an insect
in small or large numbers is not a supernatural phenomenon and can only
be caused by the parent insect having laid eges or produced living young
in or near that spot at some earlier time ; the eggs may not have been
seen and may have been there for several months, but in every case if we
could go back far enough we could trace them to the parent insects.
Reproduction in the insect world is a process similar to that of the higher
animals and no more mysterious; it depends upon simple causes which
are fully capable of investization and differs but little from those which
bring about reproduction and multiplication in other living ereatures.

In almost all cases, the eggs are produced after the mating of the
male and female insects ; there are a few groups of inseets in which
males oceur rarcly or not at all ; the females then produce eggs or living
young without the co-opcration of the males, but this is confined to a
small number of inscets and in them occurs regularly. If o bred fomale
moth is Lkept alone iIn 2 eage, she
may lay eggs, but they are imperfect
and do not hateh; an aphis, on the
other  hand, may produce eggs or
living young without any male being
Present, many successive genera-
tions being thus produced without
the intervention of any male, In
some groups, insects are born alive,

Fre. g1, In the apiides this iz the normal
Cackroach Egg case. (Magnified.) process during part of the year, no
eges being formed, but the virgin female producing living young,

In some flics, the female earries the fertilised eggs within her body
awaiting a suitable opportunity to lay them on sufficiently deeayed matter,
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and these eggs often hatch before they are laid, the fly then depositing
living maggots. These phenomena occur rarely in other insects, being
exceptions to the almost universal rule that insects hatch from eggs.

Eggs are usually laid where the young will find abundant food and
are then abandoned by fhe parent. Execptionally the parent cares for
and watches over the eggs; this is the case also in social insects, but the
eggs arc then more usually looked after by epecial individuals and not by
the parent. In most cases the parent dies soon after the completion of
egz-laying and the young that hatch live an independent life from the
moment they emerge. The beautiful instinets of the digger wasps are
perhaps the best instances of matexnal care for the young (see page 271).

The number of eggs produced by the individuals of any one species
is usually fairly uniform, but varies very much in different species. The
large Six-spotted Ground Beetle (fig. 844) produces one large egg ata time
and produces only a few in its life ; other heetles produce them singly and
generally lay only a comparatively small number, but the tortoise beetles,

F1a. 32.
Lgg case and young of Mantis, the latler magnified.

for instance, produce many and may lay them in beautilul egg cases.
Generally beetles” eggs arc Jaid singly and are bard to find.  Moths lay many
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eggs, usnally upwards of one hundred, in clusters or masses. Butterflies lay
them singly and in great number. The queen-hee produces a vast number
of eggs, laying them singly in the special cells. The loeusts and larger
grasshoppers lay about one hundred eggs; the smaller grasshoppers
some fifty or so. The Neuropiers lay many eggs, as do the Orélopterat
1t is probably correct to say that insects which are exposed to
enemies lay many eggs to allow for the inevitable destruction of the
majority of the young, whilst ©“ eafe forms,” which live in hiding or are
exceptionally well protected from dangers and from enemies, lay a few.
The form of the eggs varies very much in different families. Cock-
roaches lay eggs (fig. 31) in a single case of peculiar form, as do the
mantis or praying insects (fig. 82). Stick insects drop, one at a time,
peculiar seed-like egpgs with lids. Locusts and grasshoppers lay a mass
of long oval eggs in the ground and green grasshoppers lay them in the
tissues of plants. The eggs of the
Lacewing (fig. 332, page 274) resemble
grains of rice aud are set each on a
stalk ; many other Newroptera lay masses
of cggs in fresh water. The eggs of
Hymenoptera ave small, soft, white
bodies, sometimes stalked. Butterflies
lay round seed-like cggs, beauntifully

Doy

b
ribbed ; moths lay similar round or flat F\
eggs usually orbamented or marked. | 1’y |
The cggs of the common flies are cigar- S\’" ~ 4
shaped, deposited singly or in masses. f
Bugs often lay neat eylindrieal eges with “ :
lids, depositing them 1in batches; the Nz

eggs of the Red Cotton Bug are round
and yellow, laid in the soil, whilst those .
of the Dusky Bug are cigar-shaped and Fia. 33.
laid in the lint of the cotton. With such  T%e 2gys of @ Plawt Bug on a leaf.
infinite variety, general statements can be accepted only with great caution.
The period during which the egg remains before hatching varies
lnmensely according to species, climatic conditions and other factors.
The eggs of butterfiies hatch in a few days, as do those of mosquitoes ;
the eggs of moths hatch very quickly in warm damp weather, but dey
eold will delay them, Many inscets’ eggs remain from Oclober or

! It is necessary to use scientific words to desiguate groups for which there are no

;*ilfg_lifllzl‘[.e&uji%a::llts. The reader will find the explanation of these words on pages 52—
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November to the following rains. The Rice Grasshopper’s eggs
normally stay in the ground for eight months, but will hatch earlier if
kept wet, The degree of moisture and heat have a great influence ou
this period, and little is yet known of the influence of climatic changes on
inseet eggs in India.

Larval Life.

When the larva is formed inside, the egy breaks and allows it to
emerge. There arc special devieas for sceuring the rupture of the egg at
the right time, whieh deserve study. DMany caterpillars at once eat the
eggshell and then start feeding on their food-plant. As a rule, larve
develop rapidly with a plentiful supply of food and proper conditions.
The temperature and degree of moisture play a great part in the growth
of the young larvee. Feeding is the sole important business, and growth
is rapid. Moults occur as necessary ; caterpillars shed their skins five
times as a rule ; grasshoppers do so five, six or seven times; the silkworm
does so four times, Many bugs do so five times, though the Mealy Bugs
and Scale Insects have only two or three moults, Some aquatic insecis
moult as many as twenty times.

Though the process of moulting is necessary to allow of continued
urowth, it has also a physiological reason.  The chitinous matter thrown off
is nitrogenous and it is probable that the nitrogenous waste products of the
body are eliminated in this manner ; insects have no organs whiech correspond
directly to the kidneys of the higher animals, and a part, if not all, of the
nitrogenous waste matter is excreted and periodically shed as chitin.

With each moult the form and colour change slightly or greatly. 1t
must not be taken for granted that the number of evident colour changes
and the number of moults arc synonymous. We cannot, for instance,
collect a great number of the young of a grasshopper, sort them into
groups according to size and colour, and then say that each group is the
result of one moult ; the ehanges at one moult may be very slight, though
far more striking at every other moult. Moulting is not sueh a regular
automatic process that all individuals of a species have actually the same
number, and it has been found that grasshoppers from the same batch of
eggs take six, seven or eight moults to attain maturity.

Larval life may be very short or very long, depending upon the
habits of the insect, as well as on climatic and other conditions. Generally
speaking, development is more rapid in hot weather, slowerincold. There
ig an optimum temperature, the temperature at which development is
most natural, which climatic conditions retard or hasten. There is also an
optimum degrece of humidity, varying for each species. A rise of tem-
perature above a certain point or a fall below a eertain point may almost
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or entirely suspend vifal activities temporarily, and this is determined by
the circumstances under which each speeies lives.

General statements ave neatly impossible as they arve cerfain to convey
false ideas. Throughout it must be remembered that every species of in-
sects 1s distinet from every other species in habits, and that every species
has as much individuality as each human being, no two species living

Fra. 34.

Cicadeu, slightly enlarged.
under identical eonditions. We can go muech further than this, since
even species are not well marked and shade imperceptibly into one another,

Fia. 35.

4 Huiry Colerpillar, and its pupa with the cocoon formed of silk and hairs made by
the caterpillar before it becowes & pupa.



PUPA. 39

but if we are to have clear
coneeptions of insects’ acti-
vities, we must think of
each species as distinet, so
distinet that even we ean
ses the differences.

Subject to this, we may
say that cold retards the
devclopment and activities
of insects ; even the cold of
the plains sends many in-
seebs into a torpid condition,

Lorimms tremite this hibernation lasting for
Tio, 36 periods that vary accord-
Weeril, and the case from which it emerges. ing to the lowness of the

temperature.  Equally, lack of

food, dry air, and intense heat,
compel the majority of inseets
to be dormant in some form for
some months of the year. This
is dealt with subsequently, The
periods of larval life may be a
few days as in many fly maggots,
a few weeks as In most moths,
beetles, ete., or a few or many
months, as in many beetles. The
Cicadas probably live far longer
as nymphs, one American speeies
living seventeen years under-
ground before becoming an
imago.

Pupal Life.

> . The pupa being inactive and

ey r / g o
g f g )}:’:%‘f‘j 1 helpless is usuzlly conecealed or
A : protected from enemies. In

." Aald IS T
R Hymenoptera it 1s commonly
encased in a silken eovering, in
a cell, a nest, or in the ground.

Fia, 47,

In Coleopiera u silken eocoon is
Tha Plantain Weevil, and the case of twisted P
filres from which it emerges. never formed, though approaches




28 11PE HISTORY AND HABITS.

to it are known; the pupa is commonly in the ground in an earthen cell,
or in the burrow of the Jarva or in a tough case on a plant. Many have
naked pupe fastened to plants. The cases they make are of twisted fibres
(ig. 37) as in the Palm Weevil {fig. 247), of excrement (fig. 36) as in
some leaf beetles and weevils, or of secretion produced by the larva (some
weevils), 'The butterflies have snspended pupem, fastened to plants, often
of peculiar form with resemblances to torn leaves, ete. Moth pupm arc
usually in eocoons formed of silk alone (fir. 39) or with bairs (fig. 85)
or are found in the
ground, on plants, in | - g
the larval burrows, ete. 54
The silk of commerce
is produced from the
cocoons of various moths,
and almost all cator-
pillars ecan produce silk
throughout their larval
life, using it for a variety

of pu}'poses: The pupa T1e. 38.
of Dipteraistobe found Butierfly Chrysalis, showing the thread by whick if is
in the habitat of the fieed to the plant.

larva, without covering as a rule. Insects display great ingenuity in the
devices they adopt for the protection or covering of the pupa. The pupal
period is commonly short, a few days in flies, a week to ten days in many
butierflies and moths (unless hibernating), about the same in the known
Hymenoptera and in some Coleoptera. It is
Liowever much prolonged in some Celeoptera
and may be very long in all groups if hiberna-
tion is taking place in the pupa, asit often does.
In some Coleoptera, the imago emerges
from the pupa and undergoes a further
resting period before leaving its hiding place.
We may here mention the flies which
pass through no larval period, but are pro-
duced by the parent as full grown larve 5

which at once pupate. The best known of
these arve the Iorse und Cattle Flies (fig. 320,
page 265) which live upon the blood of birds
and mammals, This abnormal life history

is possibly an adaptation to the semi-parasitic Uale (a&awl)"lz;?;jemale Motk
life of the imago, with Coooon (below),
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The life of the imago,

The life of the imago varies much in length in the different groups.
Reproduction being the prineipal business of this period, the imago com-
monly dies as soon as mating and cgg-laying are completed. In the moths
and butterflics, courtship, mating and egg-laying may occupy a few days
or more rarely a few wecks. The imago has no neeessity to provide
for her young further than by laying her eggs in a snitable place.

In the Hymenoptera, on the other hand, the parent has to provide for
her young or actually feed them, as the larval period is one of helplessness
during which the grub feeds on the stored up food or is fed by the
parent ; so also the life of the imago is prolonged until she has fully
provided for the new generation or done her share of the work of the
nest. Befween these two extremes are many shorter or longer imaginal
lives, Climatic eonditions may determine the length of the life as in the
grasshoppers and locusts, the Bombay locust living as imago for nine
months until it can lay eggs, whilst allied grasshoppers live as imago for
some six weeks only. ‘The May-flies live for very short periods, the long
nymphal life being the active period. The
dragon-flies, on the other hand, bave a long
life both as nymphs and imagines. Coleop-
terz Jive long and ean survive long periods
when food is scarce and they are waiting
until conditions are again favourable for
egg-laying. [flemiptera and Diptera have
long lives as imagines, the preliminary
stages being proportionately shortened.
There is no general rule and it varies from
speeies to species, The activitics of an
inscet arc not to be measured by its life in ]

. e Frg. 40.
the winged state when 15 1s most apparent Wingless female Wasp.
to us, but by its whole free life as larva or (Z%he male is winged.)
nymph and as imago. In some the first predominates, in others the latter.

In exceptional cases, both sexes are not equally developed, and in
general it is the females which are the least developed. In the *Bag-
worms”’, the female remains as an imperfeet pupa and does not become
winged or leave the shelter of the larval case, whilst the male becomes
winged and secks tho female (fig. 41). In other moths the female may
be active but unwinged. Tn the Aphides, the females are frequently
unwinged, the males winged. Thisis the invariable rule in the Scale
Tnsects and Mealy Bugs, in which the females only moult twice and
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remain unwinged ; whilst the males pass through a transformation and
emerge as tiny flying inseets with but one pair of wings (fig, 42).
These are instances of incomplete development and are not to be confused
with the differences between the sexes discussed in a later section,

Hibernation and Broods.
Insccts are unable to live and breed continuously throughout the year,
except in places with a general uniformity of conditions throughout the
whole year. In the plains of India, three canses combine to check the

Fic. 41.

The Rice Leaf Bag-worm. a, male moth 3 b, femals adull, an tmperfeetly developed
moth ; ¢, caterpillar in case of leaves.

continuous growth and breeding of insect life ; these are cold, excessive
dry heat and absence of food.

A great number of insects are inactive in the cold weather and are
then said to hibernate ; as the tcmperature falls these inscets beeome torpid,
remaining inactive until the temperature rises, IHibernation is not uni-
versal ; many pests are activein the cold season, attacking the rabi crops;
others emerge from hibernation in time to attack the ripening crops. The
occurrence and period of hibernation depend largely upon climatic condi-
tiong ; the temperature doce not fall cvenly throughout the plaing of India,
and a epecies that hibernates in one loeality may not do so in another,
Mouch has yet to be learnt of hibernation; few inscets are aetive in the
cold weather in dry cold localities; few hibernate in warmer, damper
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localities, "The rise of temperature after the cold weather does not affect
all species alike; one will emerge weeks before another. In rare cases
all of one species will cmerge with extraordinary unanimity when the
temperature rises. It is not uncommon to find enormous numbers of one
species of a moth flying in one wecek, giving place next week to another
species which has emerged later.

Hibernation is passed in all stages; it is as yet impossible to give
accurate general statements, but one may say that many Orfhoptera
hibernate as eggs, as do one family of bubterflies; many Hymenoptera
and Coleoptera hibernate as imagines, others as pupe.  Leprdoptera com-
monly hibernate as pupm or larvam, though zome butterflies do so as eggs.
Diptera hibernate as pupm to some extent, Hemipfera as imagines or eggs.

After the cold weather there usually follows a period of dry hot
weather prior to the rainy period. Little is known as to the manner in
which insects pass through this period. Many species that emerge from

Fia. 42,
Secale Insect an Tea. 3, edult female scales; b, male ond female scales afier first moult ;
¢, female reales ; 4, mals scale ; o, winged male; £, anfenna of male ;
oll enlurged except,n and b, )
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hibernation have one brood between the cold and hot weather and then
beeome torpid, either from absence of food or from the exeessively hot
and dry conditions. In many cases this period is simply a continuation
of the hibernation ; the torpidity due in the first place to cold appears to
give place to a torpidity due to heaf and drought; or we may consider
it as due to the absence of food. TFor many species there is food
ouly during the wet season, so that insects emerging too soon would
find no food.

On the other hand, we find inseets emerging at the eormmencement
of the hot weather, living as imagines till the rains if food is not available,
but laying eggs and producing a new brood if food is available. This is
a curiously intevesting fact not yet fully understood. For instance, if
cotton grows continuously through the cold weather and the hot weather,
we find its pests attacking it at the ecommencement of the hot weather;
should the cotton however be dead, we find the same insects apparently
living as imagines or still hibernating. "When well irrigation is practised
in the hot weather, there is food for some inscets in the irigated crops,
with the result that- these insects are found hreeding in Mareh or April;
in the same distriet, where well irrigation is not practised, we find theso
insects still hibernating or living in concealment as imagines. These are
perhaps the exceptional cases, but they are common among the crop-
destroying insects.

A larger number of inseets appear to continue torpid after the cold
weather and until the ratns. But again, such is the variety of insect
life that gencral statements are of little mse. Many insects are most
active in the dry hot weather ; the wasps make nests, the first parasites
appear, the dung-rolling heetles are seen. Ants, termites and other
insects are active. If we lurn to crop pesis, it is not far from the truth
to say that (1) they continue hibernation or (2) they emerge and lay
eggs on the crops if available or (8) they live as imagines until the rains,
The question of available food-plants is apparently the decisive factor;
sugarcane pests are very active in the hot weather, but the conditions of
course approximate to those of the rains, there being food and moisture
available,

The result of these periods of rest is that for every species there is a
definite time dwing which the imagines emerge and lay eggs. During
one week there will be an abundance of a particular moth emerged from
hibernation. The period may be longer or shorter, but there is for every
species gome period, at the commencement of the rains or of the hot
weather, when eggs arc laid, and shortly after which the first brood of
eaterpillars emerges, If all the imagines emerged on the same day, we
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should get our caterpillars appearing on the same day and a uniform
succession of bhroods throunghout the active period. This is not the casc,
and though the first brood of caterpillars may come at one time, the
later ones become irregular. e may take, as an instance, a moth having
a life history period from egg to moth of six weeks ; if we get the moths
out on March the 4th, the eggs are laid by March the 10th, the cater-
pillars appear, say, by March the 15th, become pupe about April the
15th and moths about the 22nd April. We find caterpillars again about
the beginning of May; later broods of caterpillars would, if food were
available, come about the middle of June and the end of August, and
the caterpillars of the middle of October would hibernate ; there would
thus be outbreaks of the caterpillar in the latter half of March, begin-
ning of May, latter half of June, beginning of September and latter half
of Qctober; five attacks of this pest in all if food is abundant and all
come out together.  Actually this rarely if ever ocours, but one can in some
cages trace the broods through the year and expect them at their regular
dates. In most cases the imagines do not all emerge together and the
subsequent irregularity of development of the individuals accounts for
the irregularity of the broods. The appearance of large numbers of a
particular insect at regular intervals can be accounted for if one fraces
ity history and knows when it emerged from hibernation. We must,
however, guard against expeeting regular broods; it is often stated that
a particular pest has, say, four broods a year; actually it is found
throughout a long period, some being late, some early, some af the
proper fime. The four broods are not regular, and though the insect
does breed four times in the year, all do not breed at the same time,
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FORM AND COLOUR.

Ib‘ we cxamine an insect, we can possibly deduce from its form,

stracture and colour many facts as to its probable habits and habifat.
The complete stracture of an insect, as well as its life history, is inti-
mately correlated with the predominating motives of its life, search for
food, escape from enemies, reproduction of the species.

In all insects the modifications of form and colour which are cor-
related with sex and reproduction appear only in the imapo stage.
Larve are of no sex and even the larger nymphs of the Oriiopiera
display only minor sexual differences, the sexual characters not being
matured until the final moult, In the higher insects the search for
food is eonfined to the larval stage, not wholly but very largely, We may
regard the division of the life of an insect info distinet periods, in one of
which the search for food is the principal business, in the other repro-
duction, as a valuable adaplation, which may account for the success of
the iusect group over others.

In nearly all insects the necessity of special devices for offence or
defenee lasts throughout the entire life. The excepfions are the inscets
which live hidden, such as the borers; with these exceptions, every
insect must be protected from foes, and in all stages we find that there
are nhumberless special contrivances for sceuring immunity.

1t is impossible to discuss fully the varieties of form and eolour
found in insects, There is a meaning in the colour scheme, the details
of the structure, the general form and appearance of every speeics, which
we could find if we were fully acquainted with its habits, We are only
slightly aequainfed with the lives of any insects, and most live in ways
totally unknown to us. It is possible only to outline a few generalities,
principles that extend over large groups of insects and give us a clue
to the method of understanding the significance of form and colour in
insects

Size,

The general conceplion of the size of an insect is perhaps of somce
thing about as Jarge as a bean or larger. The majority of species are,
however, less than one quarter of an inch long; it is misleading to
judge from our observation of imsects, since the larger omes catch the
eye, are more easily studied and far more casily preserved, whilst the
smaller insects escape notice and are passed by,
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1t is not unreasonable to suppose that a smaller insect requiring less
food and able to Iive long periods on little nourishment thrives where a
larger ingeet could not. Probably it can reproduce more rapidly, it
offers less inducement to encmies, and on the whole may be more suc-
cessful.  These considerations probably determine the limit of size and

F14. 43,
The Oleander Hawk Molh : one of the swiffest-flying of the larye moths of India.

the average is far lower than is generally supposed. Large insects are
rarely so injurious or plentiful as small ones. Locusts of eourse are an
exception. The very large ones eannot perhaps multiply sufficlently fast,

Fia, 44,
The Red Borer of Coffec 3 calerpillar; pupa, as +f wriggles out of the & anch ; molh.

D2
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whilst the small forms have an enormously rapid power of multipl'ication.
In any one species the size 1s usually constant, but is not a charaecter
that can be used to discrimninate species, Some speeles are very variable
in size, and males are frequently smaller than females.

Form.

The fact that an inseet’s form is correlated with its habitat and by
the necessities of procuring food is abundantly manifest. Insects in
general are somewhat cylindrical, a form that allows of twisting and
flexible movements. This persists in flying insects
{fig. 43), as offering less resistance to the air and is
also well scen in most larve. Boring insects are
extra-cylindrieal, as it were, fitting tightly in the
tubular burrows they make or, as in the beetle grubs,
having a special cushion-like projection that fits the
burrow tightly and facilitates locomotion (fig. 88).

Many inscets are fluttened; bark bectles and
similar insects that find food between the bark and
the wood are often flat, to the extreme of being F1g. 45.
leaf-like. Ground beetles, cockroaches (fig. 45) and ™o Cockroach.
other inseets that live on the ground, hide under stones, and run fast, are
usually flattened. So too are some caterpillars (fig. 47) that eling tightly
to the leaves of plants, and leaf-miners which find their food between
the wpper and lower epidermis
of a leaf. The tortoise beetles
are flat and can cling very tightly
to a smooth leaf after the manner
of a limpet on a rock., The praying
mantises are often formed like a
grags stem, and lurk in the grass in
the hope of unwary insects mistak-
ing them for a grass stem and so
getting within their reach. Others
resemble dry sticks and live on dry
bushes. 'The green grasshoppers
(fig. 29) for a eimilar teason arc
formed so0 as to suggest a green

Fra. 46 leaf and deceive butterflics. DMag-
The Buy ; an emi?};p‘te'ofaﬂal insecls gots that live in dcca.yn.lg mat?:er
(Magwified.) are smooth and worm-like, with
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specially large stigmata at the tail so that the maggot may lie embedded
in liquid and still obtain air,
These modifications are necessitated by the seareh for food ; others

Fre. 47.
Slug Caterpillar, speeially adopied fo cling tightly to leaf.

are of use in conferring immumity from foes. * Crypéde form ” is most

-

¥1a. 48,
Leaf Insect,
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commonly associated with cryptic colouring and is seen, for instance, in
the stick inseet whose long and slender body is formed and coloured to

Fia, 49,
Leaf Insect,

resemble the twigs amongst which 1t lives; we suppose this to be a
device to hide the insect from birds. So too in tho Leaf Insect (fig. 49)
which bears an extraordinary resemblance to a bunch of green leaves.
The intensely hard spines found on some beetles and bugs, the thiek
coating of hairs (fig. 50), the very thick hard masses of chitin, are
believed to make insects distasteful to birds and possibly to predaceous
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F1a. 50.
Spiny Colerpillar, the spines poisonous,

insects. The ubnpleasant odour of
bugs is certainly a protective deviee ;
s0 too are the bad tasting oils of the
blister beetles and ladybird beetles.
Some beetle grubs cover themselves
in thelr own excrement, others
carry their eagt skin. The Lace-
wing grub carries a pile of the cast
gkins of its victime, Stings are
probably protective, though birds
and lizards eat bees. An unpleasant
taste is also probably protective
and is associated with the scheme
of colouring known as warning
colouration.

Sex also profoundly modifies
the structure of inscets, The
internal organisation is of course
totally distinct and there are com-
monly external organs which
readily roveal the sex (fig, 52},

Fia, Bl
The Red Ant, a wingless worker, mainvre
but sexless ; lhetr pungent flavour
and keen bite is their prolection.
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Fra. 52.
Famale Long-horned Grasshopper, to show the sword-like cvipositor,

Tn general where there is a diver-
sity of sex, the male is the smaller
(fig. 53); Dboth sexes are frequently
gimilar in size and external characters,
the sex being determined only by dis-
section. In many Orthoptere the males
are smaller and differently coloured, in
rare cases being very unlike the female
in general appoarance.  The male stick
insects are often winged when the
fomales are um'ving'ed. S

There s htﬂ‘_ﬂ or mo difference Male and .Femala'l[a‘tk, the smaller
between the sexes in Nenroptera. male above.

-

Fig, 54. Fia. 65.
Male Ant, Worker dut. (Magnified,)
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In many Hymenoptera the sexes ave very distinet, In the social inseets
this is carried to a great extreme and we find only a small number of
individuals with reproductive organs, the majority being sexless workers
(figs. 51 and 55). Tu solitary bees and wasps, there is a distinet male,
and in one family fhe female i3 wingless, the male winged (fig. 40).
Beetles display little external difference; oxceptionally the male bears
horns (fig. 56) ; in some wood-horing beetles the male is wingless (fig. 86).

Fra. 56,
Male Slag Beetle,

Butterflies display great sexual differcnecs in colour, form, ete. ; we repro-
duce one species {figs. 58-59) in which they are very strikingly different.
Moths rarely display great or notiecable differenees, more often small
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distinctions only. TFemales are In some ecases wingless, In flies
there are seldom striking differences; male mosquitoes have large
feathery antenne, females smaller ones (fiz. 60%. TBugs ave rarely dis-
tinguishable, but some of the
predacsous  species  have
clearly distinet sexes. In
Aphides, males are often
absent ; in Mealy Bugs and
Scale Insects, the male alone
is winged, the female wing-
less and degraded.

Male 1nsects commonly
produce sounds or songs.
Grasshoppers chirp by rub-
bing the hind leg along the
front wing; green grass-
hoppers  have a powerfal

¥re. 57. gsound-producing  apparatus

Female Stag Reetle, ab the base of the wings,

Crickets produce a shrill loud noise, All of these insects also have
cars with which to hear the musie they produce. Beetles have a very
great diversity of apparatus for producing sounds. The best known
noisy insects are the Cicadas which live in forests; they are possessed

Frg, 58,
MMale Bufterfly.
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Fia, 58,
Femele Butterfly,

of a complieated sound organ at the base of the abdomen, with which
they produce a peculiarly piercing and shrill noise. A few bugs can

W .:_.. P ¥ t e

Fra. 62.
4 Mosguito, mafe above, female below. (Alagnified,)
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sing or chirp. Bung is mainly coneerned with sex and is possibly one of
the few means by which the male captivates or pleases the female; song
may also be conneeted with the faet that the male is not burdened with
the chief care of life, the satisfactory deposition of the eggs, and so
wlilizes his superfluous energy in song. Another manifestation of sexual
difference may perhaps be found in the luminous insects.

Celour,

All insects which live in the open air are coloured in a more or less
complex manner ; the scheme of eolouring is in many speecies variable
within eerfain limits, but generally is uniform and fixed in all individuals
of one or both sexes of the same species. These eolour schemes are
evidently important to the welfare of the insect, and attempts have been
made to elucidate the general principles that underlie them ; no two
species have precisely the same form and eolour, but large numbers have
a similar colonr scheme, differing in detail in each species bub agreeing in
the general effect.

We have seen above that some insects, such as stick insects, are so

F1c. 61.
Math on Bark of Tree. An inslence of eryptic mariking.

formed as to closely resemble their surroundinge and so eseape notice;
this is associated with colouring, and fhe conjunction of eryptic form



CRYPTIC COLOUX. 45

and colouring mlay render a large insect indistinguishable frowa its
surroundings. Leaf insects are coloured like a leaf, which may hbe
green or dry. Many moths (fig. 61) sit with cxpanded wings and the
colour scheme blends with the bark
on which they sit so well that the
moth escapes notice. Others sit
with folded wings and exaclly
resemble bark ; their lower wings
are then hidden and may be brightly
coloured. Grasshoppers commonly
have eryptie colouring, some being
dry-grass colour, others green-grass
colour, and so on. Grasshoppers
that live in the fields and sit on
the ground are carth colour (fig. G2)
and have roughened backs like
a lump of seil.

Cryptic colouring is very comw-
mon, usually combined with cryptic
form ; it may occur in two different
colour schemes in the life of an ' Frg. 62,
insect, the change occurring when °
the changed surroundings make it
ncecssary. Thus a young grasshopper that lives in green grass is gl‘een,
but becomes dry-grass colour when the prass ripens a,nd the insect
becomes full grown. A eaterpillar that sits on a leafy free 1s green, per-
haps so long as it remains there ; when it has to crawl down the trunk
to reach the ground and pupate, it becomes brown, as the green would
make 1t conspicuous against the bark of the tree. Those larvae which live
in nests or other hidden spots change but little at each moult unless their
habits requive a change. The changes may be small and imperceptible
or very marked, and bear a close relation to the differing habits of the
young and the old insect, The same is true of the nymphs of the
Orthoptera and Hemiptera. With every monlt there are distinet changes
not due alone to the pradual development of the wings and other
imaginal characters, but to changes of colour and form necessitated by
changing environment, The very young nymphs of a grasshopper, for
instance, which live concealed in grass require a very different colouring
from the half-grown insect which leaps actively about in the open; the
colour therefore changes at cach moulf, adapting the insect to its
increased metivities and gradually giving place to the colour scheme of

Sm;face Graesﬁo_pper.
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the imago, which usnally commences to appear in the last moult but
one or two. Thereare countless instances of these changes and we may
constantly see instances of eryptic colouring,

On the other hand, we find some insects very vividly and brightly
coloured, so that they stand out strongly arainst their surroundings.

S N

The South American Caterpillar which squ;istgg “waraing colouration”’; the light bands
are bright yellow, the feet and process ved.
These insects’ are usually distasteful to birds and predaceous insects
either from their taste, odour, or the oils they excrete. Their striking
colouration is accordingly supposed to be * warning ”, 7., warns the
birds that the inscet is unpleasant, A young bird eating such an insect
associates the bright colours with the unpleasant taste; it then refuses
to eat similarly coloured insects and warningly coloured insects eseape.
There are many inseccts supposed to be warningly coloured; red, orange
or yellow with black arc common warning colours, Most bees and wasps,
ladybird bectles, some blister beetles, and some butterflies are so coloured,

— — - . - - T -

Fic., 64.
otk of the previous Caterpillar, coloured cryptically in grey and black,
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Dragon flies are often brilliant, with red, blue, yellow, green and other
vivid colours associated with black. A few pgrasshoppers arve very vivid.
Warning colouring is very common. It is found that many insects
exactly copy the markings of such warningly coloured insects ; the former

F1a. 65.
Warningly coloured Beetle.

arc not distastefn], have no wunpleasant taste or smell, bhut escape
because they look like nasty butterflies or bectles. This is known
as Batesian mimiery, after ite discovercr, Many Danaid butterflics

Fug, 66, F1g. G7.
A Wasp, srotected by its sbing and A Fly, harmless and edible, which
warningly colowred. mimics bhe Wasp.

are warningly coloured ; other butterflies, not of this group, bub
living in the same loeality, exactly mimie the Danaid in form and
colour ; they look elosely alike and only careful examination shows that
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the latter are different in fundamental structure. The edible mimie
escapes through its resemblance to a distasteful insect. This form of
mimiery is common, Edible butterflies mimic nasty ones; moths mimic
butterflies; flies mimic moths; flies also mimie bees or wasps; there are
abundant instances which can be cited among Indian insects (figs. 66-68).

Another form of mimiery occurs when we find in onc locality a large
number of insects with a general warning scheme of colour, say black
and yellow. Among all these insects having a similar colour scheme
some are genuinely nasty, protected by unpleasant taste, bad scents,
poisonous bite, sting, ete., so that birds will not willingly eat them,
Others are not unpleasant, but pretend to be so by “adopting * the same
scheme of colouring. Thisis called Mullerian mimiery and is also
common. It must not be thought that an insect can change its colour
voluntarily ; the colour of insects is fixed and all of a species are coloured
much alike ; but it is believed that in the evolution of insects, the species
“adopted ” or gradually acquired colour schemes, and so the warningly
coloured insects arose first and other species later. If we dishelicve
evolution, we may say that the mimics were made like the warningly
colonred insects, and any misconception due to the deficiencies of the
terms used will be avoided. A few insects are so coloured and formed as
to resemble unpleasant substances; thus the larvae of the citrus butterflics
are not unlike the excrement of a bird and feed on the leaves in such an
attitude as to assist the resemblance (fig. 195)

Sobke

Fia, 68,

A eotuman Fly (left) which mimics (he common Bee (vight) and o escapesiila foes.
(Magnified.)

Deceptive colouring is very common; if is apparently designed to,
deceive birds and is useful when aninsect isin flight. The Leaf Butterfly
is an instance; the wpper wings are brightly coloured and . the inseet in
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flight is conspicuous; it flies along and suddenly settles with wings

Fra. 69.

The Hooded Grasshopper, whick combines protection due to the hard sharp hood with
eryptic and deceptive colouring.

folded, exactly resembling a dead leaf; the suddenness with which the
bright colours of the upper surface vanish is extremely deceptive and
makes it very difficult to distinguish the buiterfly. Grasshoppers have
the same colouring, the lower wings being often brilliant and very notice-
able when the insect flics; it then suddenly settles with folded wings
and the colours exactly blend with the dry grass; it is impossible to
see where it is and we may conjecture that a bird is also deccived.
This is a common scheme of colour and is nsually shown by the upper
wings being eryptic, the lower very bright and conspicuous. Moths,
grasshoppers and other eryptically coloured insects are the best instances.
Many butierflics have
beautiful, diverse eolour-
ing, which does not fall
into any of the above
schemes,  Some have
very conspicuous marks
on the hind angle of the
wings or on the front
wings; these are sup-
posed to mislead a bird
which attempts to scize
them, the bird snatch-

g ab the c_onspieuous F1a. 50.
spot on the wing and so A Butterfly with eye spols {0 deceive birds.

E
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missing the butterfly which loses a part of its wing buf escapes alive, This
may seem to be a fantastic explanation, buf it is borne out by good evidenoce.

Other butterflies are perhaps coloured in rough imitation of their
surroundings as seen from above, f.e., their colouring' blends with the
light and shade of vegetation when they are looked at from above as a
bird looks at them. We cannot be certain of this since we sce them
from about their own level, but the explanation of the colouring of many
butterflies is probably to be found in this. A few inscets have apparently
a scheme of eolouring that is meant to terrify an enemy or Irighten it
away. Such are the Hawk Moth Caterpillars, which when alarmed sud-
denly expose large eye-like spots and look like a ferocious snake; others
gimply look bizarre and fearful, if we can judge from what we imagine a
bird feels when he encounters one. Many caterpillars have such deviees,
coloured spots and stripes, brightly coloured filaments, waving hair tassels
and the like,

These are the principal colour schemes found in insects, but still we
arc ignorant of the significance or value of the colouring of many inscets,
Ground beetles are eommonly black or very dark colourcd, perhaps because
they live in hiding. Many are white, especially those which come out
in the dusk, and this may facilitate courtship and mating. Colouring is
possibly not determined by utility in every case, but is simply for heauty,
and the general cffect of insect eolouring is, from man’s point of view,
chiefly one of beauty. Possibly this is the case also from the insect’s
point of view, and though necessity is considered, the whole scheme may
be primarily for beauty.

Fia. 71.

Lacewing Bugs ; their minule size is shown by the kair ine. )
{No meaning except pure beauty can be assigned fo their delicate srnamentation.)
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We may remember that the colour schemes of the very great majority
of insects have to us no meaning, The few that exhibil Batesian or
Mullerian mimicry or are warningly coloured, are a very small part even
of known insects. The ordinary insect picked np at haphazard docs not
fall into any class ; we can see sometimes that the colouring perhaps
biends in several schemes, eryptic, warning, sexual and the like ; but we
cannot judge in the least of the real value or significance of the colour
schemes of ninc-tenths of the known insects. Tt would not be surprising
if a growing knowledge produced a far profounder and truer interpreta-
tion of colour in Insects, more in accordance with the real needs apd
necegsities of inseet life,

B8



CHAPTER 1V,
CLASSIFICATION AND NOMENCLATURE.

YERY large number of insects are known to oceur in India as in
other tropical eountries which it is no easy matter to classify, Inscets
aro primarily divided into nine orders, two of which are of little import-
ance and rarely met with,
The seven large orders
arg easily distinguished
acgording to the structure
of the wings and mouth-
parts and by the life his-
tory, A knowledge of
classification is necessary
to enable one to place
evory insect into itg order ;
one then Lknows whether
it may be expected to have a metamorphosis or not, and one has a clue to
its probable habits and nearest allies. Tt is not necessary in these pages
to go further than the principal orders. The final classification info
sub-families, tribes, genera and speeies is a matter of gpocial study and is
best left to those who work in museums and study only the dead insect.
The student will vequire also a knowledge of the chicf families of each
order, but this point cannot be entered upon here. The seven principal
orders are most conveniently known by their scientific names, gince there
arc not in all cases English equivalents. The following are the orders
with their distinguishing characters :—

YFia, 72,
Qrthopterous Insacl,

Orthoptera (orthos =
straight ; plera=wings).
Cockroaches, leaf and stick
inscets, locusts, grasshoppors
and crickets. The first pair
of wings are narrow, with
straight edges, the second
pair large, folding up under
the first. Biting mouth-parts.
No metamorphosis,

Fra. 73. This order is easy to recog-
Neuropferaus Insect. i Tise by their thick, (301011_1'9(1
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upper wings, which do not fit tightly to the body but project beyond the
end of the abdomen (fig. 72).

Neuroplera (newro=nerve; pfera=wings). Termites, ant-lions,
dragon-flies, may-flics, ete,

The wings are large with many veins (nerves) forming a network,
Biting mouth-parts. A metamorphosis in some, not in others.

¥io. 74, Fia. 75.
Hymenoplerous Inseot. Iymenoplerous Insect.

Hlymenoptera (hymen = membrane; plera=wings). Dees, wasps,
ants, ete. )

The wings are small, transparent, with few veins, Mouth-parts
biting and lapping. A metamorphosis, the larva being usually a helpless
grub.

3
F1a. 76. T 77.
Coleapterous Insect, Coleoplerons Insect o show lower
winga,

Coleoptera (coleon =a sheath ; plera=wings). Beetles.
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The first pair of wings are thickened, fit tightly fo the body and
make a sheath for the large folded lower wings. Biting mouth-parts.

Fra. 78.
Lepidopterouns Insec.

A metamorphosis, the larva,
being a caterpillar with biting
month-parts.

Diptera (di=two; ptera
=wings). Flies, mosquitoes,
ete.

I'1g, 80,
Handptersus Insecl,

A metamorphosis, the larva being an
active grub.

These are easy to recognise, the hard
upper wings meeting in a straight line
over the back.

Lepidoptera {lepis = a scale ; plera =
wings). DButterflies and moths.

The wings are large, clothed in fine
scales,

The imago has a suctorial proboscis.

F1a. 79.
Dipterous Insecl ; Larva and Pupa below.

One pair of wings only. Suctorial
mouth-parts, A metamorphosis, the larva
being, as a rule, a legless maggot.

Hemiptera (hemi=half; plera =
wings). The bugs.

The basal half of the upper wings often
tlickened. Sucking mouth-parts. No
metamorphosis.

Distinguished from beetles most readily
by the fact that the wings do not meet in
a straight line, but overlap.



e, 81,

Fourtean-Spotied Leaf Beetle.
8, Larva; b, Pupa; A, Pupe case : ¢,
Tmago.  All magnified but d.

is more difficull; youne
Orthoptera and Hemiptera
are of course easily dis-
tinguished by the mouth-
parts. A caterpillar with
not more than five pairs
of  sucker-feet  belongs
to Lepidoptera; if it has
more, it is one of the
few Hymenoptera whose
larvie  resemble catorpil-
lars. A larva  without
sucker-feet and not hairy
1§ probably Colcoptera if
it has a well-marked head,

ORDERS. 55

These seven orders are generally
casily distinguished; look first at
the wings, then at the mouth-parts ;
a two-winged inseet is probably one
of the Diptera; an insect with four
clear, transparent wings belongs to
Neuropteraif the wings are large ; to
Hymenoptera if they are small. If
the wings are covered with seales, 1t
is a butterfly or moth; if the upper
wings are hard and meet in a straight
line, it is a beetle, but if one lies over
the other, it is one of the Hemiptera.
In the latter case a glance at the
mouth-parts will eonfirm it.

It is only the exceptions to these
rules that make classification difficult,
and as the apparent cxceptions
are numerous, one cannot expect to
place every winged inscet into its
order by superficial examinatiop.

When theinseet is young, the cage

Fia, B2.

Larva, Pupa and Foago of @ Hymenoplerous Insect.
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and Diptera if it Is without any definitc head. There are, however,

T1e. 83,

el

Stug Moth.

Fig. 84
a, b, Calerpillar ; ¢, Cocoon ;
d, dfele; e, Female

Diptera; Larva on left, Pupa in middle, Inago on right.

no means of classify-
ing larve  accurately
except by rearing them.
The same is true of pupm ;
but if the pupa is sus-
pended {rom a plant, it
is  probably that of a
butterfly ; if it lies in a
silky cocoon or in twisted-
up leaves, it is probably
that of a moth. Should
it be in the ground with-
out a cocoon, it may
cmerge as a beetle or a
moth. TIf there be many
in a nest together, they
belong to Hymenoptera.
The figures of different
larvee and pupwe will help
in classifying them.

The following English
terms are generally used
for the larve of different
gl'O'IIPS s—

A kopper 15 the young
(nymph) of a locust or
grasshopper,



Fig, 85.

Young Leaf Tnsert. (Compere Pigure 49.)

studied. In all, some
two to three hundred
thousand lands of insects
have been classificd. Tach
of these has received a dis-
tinetive name.

In the first place, all
ingects that are almost ex-
actly alike, that can breed
topether, and that may
have been descended from
the same pair of insects
during recent generations
are said to belong to the
SAMC §pecies ; speeics in
fact are kinde of inseets.
A number of species
which are similar in all
but eolouring or other

HOMENCLATULE: 51

A caterpillar is the lavva of
a butterfly or moth,

A grud applies to the larva
of Coleoptera or Hymenoptera.

A maggotis thelarva of a fly
(Diptera),

A chrysalis is the pupa of a
butterfly or moth only.

Nomenclature.

Insects have been systemati-
cally studied during the last
two centuries and ouly a small
part of living insects have been
examined. In Tndia a very
small part of the inseet fauna
is known, though some of the
very common ones have been

F1a. 86.

Wood-boring BReetle. a, Grub; b, Pupa; ¢, Female;
d, Male; ¢, Tunnels in wood.
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unimportant characters are said fo form a gemss. TEach genns and
each species receive names. Thus the Indian locusts belong to one
genus, Aeridiwm. Of these one
specics is Aeridium  peregrinum,
another is Aeridinm succinctum,
and so on.  Each speeies thus has
a double name, one for the species,
another for the genus.

These names are generally com-
posed of Greck or Latin words,
In old days every one in Europe
knew these languages, and so
these names could be understood
by scientists of all the Euro-
pean nations, whether they were
French, German, Inglish, ete.
Originally these names had definite meanings, but the number of
known species is now so great that almost any word is nsed put into o
Latinised form.

At the end of every selentific name there is an abbreviation for ihe
name of the person who first described and named that insect; thus the
full title of the North-West locust is deridinm peregrinum, Oliv. < Pere-
grinum’ is the name given to the speeies by Oliver, and as it resembles
other inseets of the genus Aerddéusm it is put into that genus.

Fro. 87,
Mulierry Iree Boring Beetle.

] gk i TSl L A e

Fra, 88.
Ganl of Mullerry Boring Beefle.

This gystem of naming insects is absolutely neceseary for sysicma-
tists and scientiste; it is however very confusing, as entomologists
are not agreed as to the original name given to cach inseet. Two
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entomologists may find the same speecies in different places and both will
describe and name it, using different names. Both names cannot
be used, and i is now agreed that the name which was first published
shall be used. This again causes great confusion, as people cannot
agrec which was the name first uged.

It can be seen that the naming of inseets is a very difieult mat-

ter; there ave, for instance, some 2,500 species of grasshoppers and
locusts deseribed; of these

perhaps 400 are known to
live in India, but there are
probably also in India some
400 more which have not yet
been described; it is no easy
matter to know, first, if any
Indian grasshopper is the
same as one of the 400
already described in Indiag
second, whether it 1s  the
game as one of the 2,500
described from all parts of
the world; or third, whether
it iz new; if it is new, that
is, not yet deseribed, it must
be deseribed as a mew species
and perhaps as a new pgenus.
As locusts and grasshoppers
make up ocnly onc of over
200 families of insects, it
is clear that it is no casy
matter to use the sclentific
names of insects correctly.

In this book scientific names are not mueh unsed; it is as casy to learn
ahout the Bombay loeust as it is about Aeridsum sucetnetum, 1.  Persons
who see an insect in the field and know that it is Penfadactylorthopteros-
des vigintioctonigropunctulomaculata N. are apt to forget whether it is a
grasshopper or a beetle and whether it Is injurious or not. No good
is done by hwrling scientific names at an insect in the field. If is far
more important to be able 1o rccognise a cockchafer, to know that its
grub lives in the ground and eats roots, and to know that, if ono is found,
others are likely to be there and should be destroyed before they lay
eggs. As far as possible, plain English names have been used for the

Fia. 89.
Calerpillar, Pupa and Moth.
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insects mentioned in this book., To avoid confusion and te assist
reference, T have put as a footnote the register numbers of the official
collection, the name of the family and what T helieve to be the correet
designation of the inscets referred to in nearly all cases.
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CHAPTER V.

ORIGIN OF INSECT PESTS.

T is well known that the natural inerease of any inseet would be
I very large if the restraining checks were removed. It is also true that
a species rarely becames so abundant as to cause serious damage to crops.
We may here shortly discuss the causes which lead to the undue increase
of an insect, so that it becomes a pest.

Tn this hook we propose to record about one hundred species of
herbivorous inscets which have become injuriously abundant in recent
years; this is a small fraction of the herbivorous insects common in the
plains, which can and do feed upon crops. Why do not the larger part of
these insects also become abundantly destructive ? There is no answer to
this question, nor has it ever been answered in any country ; we can but
dimly see the laws which govern the increase of animal life, and in this
limited space we ean but discuss some of the most obvious laws and
phenomena which a close study of nature presents to us.

In the first place, let us examine the rate of increase of an insect.
A single female of one of our commonest moths lays over 500
eggs. Of these actually 200 have been reared to moths again under
artificial conditions ; these produce 50,000 eggs, since roughly half
are females. Of these again we rear 20,000 moths which produce
5,000,000 eggs. This is the rate of increase based on the aetuwal ratio
that live in captivity. 'We sec that the inerease of one moth in three
generations is  vasf, equivalent approximately to ten large and
devastating swarms of caterpillars. This is not a peculiar case, just one
taken at random and well within the limits of any herbivorous insect
investigated in India, We can see then that every moth feeding wupon a
crop plant should, if there were no checks, produce a vast progeny,
Clearly also the checks are very efficient since this does not occur, The
checks upon the increase of ingeets may be roughly said to be clémafe,
laek of food, enemies.

Climatic checks are of great importance, and we cannot pretend
yet thoroughly to understand them. DMost insects become torpid with
cold and hibernate (lie dormant) for some three months. Not only does
this stop inerease at this time but the hibernating inseet is exposed to
many dangers during this period—dangers it cannot guard against.
Probably a-very large percentage do pot swrvive the winter, There ig
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then the period of dry heat, which is to many equally a period of rest
during which their enemies are especially active. Finally, there are four
months of suitable weather, during which they can inerease ; even this 1s
probably not entirely favourable as it is likely that excessively heavy rain
and wind storms do mueh to kill moths and flying insects.

The lack of food is another powerful cause; as a rule, plants grow
vigorously during the raing, many grow during the cold weather, after
whicl a great proportion of the vegetation dies down. An insect feeding
on & plant that grows only in the rains has but a few months in which
to multiply; if it can also feed upon cold weather plants it has some
months longer, provided it is not numbed by cold, and finally it has no
food for some months of dry heat.

The third great check is due to enemies ; these include the parasites,
the predatory insects, the birds, bats, ete. As soon as an inscet becomes
abundant, these aftack it and reduce its numbers (see page 268).
Fungoid and bacterial diseases are also operative in insects as they are in
man and domestic animals,

In the jungle or forest, we find that, on the whole, these canses
acting against the naturally large ratio of increase, tend to preserve an
even level for all insects; what we may call the balance of life is main-
tained, and, neglecling small variations, in natnre the numbers of each
gpecies are more or less constant over long periods. Where man has not
interfered, insects do not become destructively abundant ; there are excep-
tions, of course, but then the balance adjusts itself very swiftly. We
are, however, not dealing with the jungle where nature reipns, but with
artificially maintained arcas of cultivation. There man has upset the
original conditions in very definite ways for which he pays the penalty,

Firstly, the balance of life is commonly upset by the new forms of
life which are introduced by man himself or which come with him. The
introduction of the Gipsy Moth to the United Statos let loose an inseet
whose inerease wag so enormous that as much as four Iakhs were spent
yearly in one State in checking it. The disastrous results that followed
the introduction of the Indian mongoose to the West Indies, of the rabbit
to Australia, of ferrets, stoats and weasels to New Zealand, of the sparrow
to the United States, and of the Indian myna to the Hawailan Islands are
examples of the manner in which the balance of life is upset by the intro-
duction of new forms.

Sceondly, we may refer 1o the interference with the elimate eansed
by the changes made upon the earth’s surface by man ; such a change as
the destruction of the forests is the most obvious case, leading to profound
modifications in the elimatic conditions of large aveas,
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Thirdly, the plant life may be entirely altered, This is by far the
most obvious cause and deserves separate discussion.

Lastly, the interrelations of the fauna are deliberately upset by man
in shooting insectivorous birds, in checking beneficial insects and in
making the conditions unsuitable to useful insect-eating animals,

The last two are the really important camses that affect insects
directly. In cultivated areas, we grow large numbers of the same plant
side by side; any inseet that can feed npon a cultivated crop finds
abundant food, has not to search for it, and can readily lay its eggs in one
place. Instead of searching through the jungle for the particular plant
she requires, a female moth emerges in a field of that plant, finds a mate
at once and can readily lay eggs; she is not exposed to enemies in her
flights to find a mate or in her endeavours to find sufficient food-plants on
which to lay her eggs. Not only does man grow larger areas, but he
grows the plants at scasons of the year when food is otherwise scarce;
the crops grown under irrigation in the hot dry weather help many
insects over a critical time and so give them an additional opportunity of
breeding and multiplying.

Further, plants grown under somewhat artificial conditions have not
the same vigour to resist pests as plants growing wild in the jungle.
Few crop plants are grown where they naturally thrive; in the jungle
there is competition, there is a struggle for life and only strong healthy
plants in good vigour can live; in cultivation plants are kept alive by
stimulation, are grown in soil that does nof suit them, are * domesticated
and have not the vigour that especially resists the plant parasites. How
seldom we see a wild plant attacked by scale insects or plant lice? A
wild plant has the vigour to resist, to make itself distasteful and to
outgrow the disease.

In addition to helping the increase of insects by the artifictal manner
in which he grows his crops, man does so also by checking the birds and
other predators which check insects. These include birds, lizards, bats,
predatory and parasitic insects and the hike. They arc discussed in detail
clsewhere, but we can see that our artificial conditions upset this part of
the balance of life and so give opportunities for the abnormal increase of
ingects.

If we consider this question as a whole, we can dimly see that every
now and then the checks which are usually operative may temporarily be
suspended, so that we get a vast increase in the numbers of some common
ingect, 7.c., of an inscet which, if abundant, probably destroys a crop.
Then we have an outbreak of a ““pest,” a perfectly natural phenomenon
due to canses which man himself brings about, In nature,and generally

F
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in our cultivated areas, the increase of insects is automatically and natur-
ally checked ; at times it is not checked in our artificial surroundings,
whereby we suffer,

These facts require to be horne in mind in considering our pests and
the manner in which they appear. An cutbreak of an inseet pest is not
due to supernatural phenomena, nor is it wholly due fo an east wind, last
year’s flood, late rains or other eauses. Cultivators commonly believe
that the sudden appearance of a pest is more or less supernatural, and for
that reason not eapahle of treatment; it is no more supernatural than
when a bullock gets into a young erop and eats it, only we can trace the
bullock and cannof always trace the insect pest. Above all we must
remember that our insect pests are always with us, but not always
abundant. Insect pests do not appear suddenly from nothing; they are
the inseets common throughout the plains, which under a certain
combination of circumstances increase sufficiently te do damage. No
conditions of manuring, irrigation or the like can produce them, but
suitable conditions can enable them to inerease beyond their natural
limits and furn them into a pest.

Ag can readily be seen, the conditions which govern this very
delicate balance of life are extremely complex, and we cannot always see
what causes have led toa particular result. The preventive measures
discussed in the next seetion, as well as one simple method of encouraging
paragifes (sce page 271), are based upon our knowledge of these causes, A
little consideration further helps usin some eases to anticipate an outbreak
of an injurious insect, on perfectly simple reasoning. An entomologist
who sees hundreds of the moths fizured on page 188 fiying in March, as
is commonly the case, will know that, if sufficient wild plants are not
available, the crops will be attacked; he will also know that there must
have been abundance of the caterpillars of this moth before the cold
weather, and that probably they might then have been destroyed either
in the crops or by more careful attention fo clearing away weeds on waste
strips and headlands.

Again, if wo see agwarm of caterpillars in the fields or in uncultivated
land, it is worth while ascertaining whether they are extensively attacked
by parasites or not ; if we see many flies (ig. 325} or ichneumons (fig. 323)
among these eaterpillars or laying eggs on them (a matter requiring but
little observation), it is probably advisable not to destroy these caterpillars
unless they are doing very great injury ; if, however, we find no parasites
or only small numbers, we must usc every endeavour to destroy them or
prevent them becoming pupwm, as the next outbreak will be a very large
one. An agriculturist who understands something about these moths
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will see ways in which he ean turn his knowledge to good use either in
preventing the ocewrrence of sueh pests or in cheeking them.

A subject that has unfortunately attracted general attention is the
faseinating one of using one insect to destroy another. We know that
there are parasites, predators and the like which destroy inseet life; the
inference is that we shonld be able to eheck all our pests by their means.
Entomologists have devoted great attention to this point, with an almost
complete record of failure. In one instance, under very peeuliar condi-
tions, success was attained, a ladybird beetle being introduced to
destroy a virulent insect pest. The particular conditions in this case
were that the pest was newly ¢nfroduced, had no enemies in the locality
to which it was introduced, and could be fraced to the country whence it
came. It was nof difficult to obtain from that country the heetle that
there preyed on if, and liberate it where it could find its aecustomed
prey, which was the only insect it recognised ; it ufterly destroyed the
pest, partly because it had ne other food and partly because it had no
enemies in that place, Evidently this could be repeated with some
chance of success, but only in the case of newly introduced pests. Our
pests in Tndia are probably of long standing ; they have enemies here, but
the fluctuations in the balance of life occasionally enable them to be
destructive. No parasite, no enemy will entirely destroy an insect that
is established throughout India, and there is no advantage to be gained
by introducing fresh parasites. There is also no ground for believing that
in the near future we shall be able to artificially employ fungoid and
bacterial diseases in the destruction of inscet pests; they appear to
require speeial climatie eonditions (e.7., very moist heat), and this places
the matter beyond our control.

What is of extreme practical importance iz to cncourage, not
particular parasites that are already doing their utmost under conditions
beyond our control, but birds which will destroy any insect that becomes
too numerous. Birds are the fluetuating check on inseet life, the safety
valve as it were; they congregate where they find inseets, regardless of
their species or habits, and eonstantly consume the superfluous and
superabundant insect life, "'We can encourage birds by planting trees, by
letting them take a not too excessive toll from the fields; and every
inseetivorous kind means a large diminution in our pests. 'We cannot
as yet equally encourage other beneficial organisms, but must rely on our
own cfforts to cheek the superabundant inscet life that destroys our erops.

F2



CHAPTER VI

PREVENTIVE AND REMEDIAL MEASURES.

REVENTION is better than eure, costs less to earry out and forestalls
the loss of crop.  Most measures of this kind depend upon a kind of
commonsense that is practically non-existent in India and rare anywhere.
Ii is difficult to prove the value of preventive measures, which depend
solely upon a thorough knowledge of the conditions under which insects
live or upon reciterated experience, If our pests come regularly and at
definite times, the value of such measures can be clearly demonstrated ;
but sinee insects are not so accommodating and come at haphazard, it is
difficult to bring them within range of actual experiment. There are
several simple precautions which are sufliciently obvious to any one who
practises agriculture intelligently ; they are also general in their appli-
cation and should form part of every agriculturist’s stock of maxims,
Clean culture is important; many insccts breed on common weeds,
become abundant and are driven by lack of food to attack crops. That is
a common way in which many insects become pests. An lerbivorous
insect that increases beyond natural limits will attack a crop on which it
can feed, and it is folly to encourage pests by growing their wild food-
plants within reach of cultivation. Weeds are always a source of danger
and do no good. This applies equally to the strips of grass that border
on fields, to waste lands, jungle, ete. Good grass is safe and brings no
pests ; mixed weeds and low vegetation should be replaced by grass or
kept down. The ideal cultivator allows no weeds or plants to grow
other than crops and grass.

Another precaution consists in removing erop plants when the erop
is harvested. Old cotton plants afford food to cotton pests, thus helping
them through ecritical seasons when food is scarce. Juari stubble har-
bours the moth-borer and enables it to hibernate, A crop plant that has
yielded should be removed and not allowed to breed pests after it is
useless. It is at all times necessary to weed out dead and dying plants
from a crop and burn them. The brinjal grower pulls out the plants
attacked by stem-borer and leaves them in the ficld. If he burnt them,
he would destroy his pest and check its inerease; as it is the caterpillar
completes its metamorphosis, eomes oub as & moth, lays its hundred eggs
and the loss of plants steadily increases, The same thing applies to all
refuse plants, dead wood, rotting fruit, obe. Hven weeds should be
removed when they are pulled up and not allowed to rot in the field. No
vegetable matter should ever be allowed fo decay in a field or anywhere
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but in a proper compost heap. The useless cotfon bolls not worth pick-
ing breed cotton pests and do much barm; they should be removed
periodically and carefully burnt with all their inhabitants. He who
leaves fallen mangoes to rot where they fall should not be surprised if
his sound mangoes are attacked by pests bred in the fallen ones.

Rotation of crops is a practice of some value and is more valuable
the larger the arca rotated. Keceping two acres side by side in sorghum
and cotton alternately does not help matlers so far as insects are con-
cerned ; but the rotation of large blocks of land in alternate crops does
much to check pests. In rare cases it is possible to check a pest by not
growing its foed-plant for a year or longer, substituting other crops.

The practice of growing mixed ereps has a profound influence upon
insect life and is generally most beneficial. Growing erops in separate
blocks which might be mixed and grown in alternate rows is a direct
incentive to insect attack, and the mixed cultivation of the Indian culti-
vator might well be followed in other countries where pests are rife.
Mixed crops approximate to natural conditions and discourage the
increase of insect pests. Cotfon grown with fwr, urd or maize suffers
less from insect pests which do not so easily find the cotton ; the moth
has to search for her food-plants, and in so doing runs risks of enemies;
the caterpillars cannot simply erawl from plant to plant, but must move
over the ground with the risk of being snapped up by ground beetles,
trogs or birds. The mixed crop is a great safeguard, though the eultivator
does not know the reason but benefits by the accumulated experience of
distant ages, Opposed to the mixed crop is the small plot of any
single erop. A small arca of a single erop in a large area of other crops
is an inducement to insects to cluster in that small plot, and destroy it.
Insects which are harmless when scattered over one thousand acres are
cxtremely destructive in a small plot, and probably devour it all. Nothing
is more fatal than to grow a small ares of n plant; it is not the small
plot but the relative area which matters ; if a erop is grown in its due pro-
portion, say one thousand acres in five thousand, it may be broken up
inte small plots, but the inseets are scattered over the district; but if
there is only one plot of say ten acres in that five thousand acres, then
that plot is liable to suffer. Many promising experimental cultivations
of erops suffer hecause insects gather in that one little plot. If the
experiment had been on a larger scale or if the pests had been checked,
the experiment would have had a better chance of giving true results. If
one grows plants under such eonditions, one must expeet abnormal results
and take measures accordingly.

Much encouragement is given to pests by the promiscuous growth
of plants that harbour pests at seasons when the erops are not available,
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Bhindd is a plant that should be rigidly excluded from cotton areas, as
should Zsbiscus, the voselle hemp (ambadi, sherria, ete.), the holly-hock
and a few other malvaceous plants, If grown they should be grown only
where ecotton is also growing so as to draw off the pests from it. There
is probably a large field for the prevention of pests in this way, but we
have not yet obtained the requisile knowledge of Indian insects to be
able to make usc of it. Equally we do net yel know how to use trap
crops to the best advantage. Trap crops are crops grown to lead the
pests off from the valuable crop plants. The cultivator who sows mixed
seeds in an irrigated plot of land and pulls out half of the plants with
caterpillars on has unconsciously used a trap crop and saved his really
valuable plants. If he went one step further and destroyed those
caterpillars and plants he would do still more good and nse his trap erop
intelligently. There are two ways in which trap crops can be used; we
can sow an early small crop for the inscets to eat, sowing the bulk of the
field later and destroying the early erop with the insects on or leaving 1t
nntil the main crop is well established ; we can sow two erops together,
one a valueless crop to act as a Dbait for insects and which grows only so
long as it serves its purposes, being destroyed as soon as it is full of pests
or as soon as it interferes with the growth of the main evop. Neither
method has been adequately tried in India, though the Jatter is
unconseiously done by cultivators, and in rare cases deliberately; the
method deserves to be far more widely tried on an experimental scale.

The most valuable of our preventive measures after mixed crops is
the practice of killing whatever caterpillars are found in crops, when they
are few,  Tf eultivators realise that caterpillars are not harmless and that
anything that eats his crop may become a serious pest, and if he would
but kill these stray insects from the first, they would not multiply to
the extent that they now do. At present the first brood of insects is
never killed, the second is larger and does more harm; the third eats the
whole crop or perhaps emerging next season after hibernation wipes out
the young crops. If the first brood were checked, there would be no
second or third brood and no loss to the crop. Sueh a procedure 1s far
more possible in India than in other countries; the proeess of picking off
caterpillars is one that is not essentially different from the process of
laborious hand-weeding and can often be done ab the same time. It is
as natural and feasible as weeding, only it has mever become part of
established nsage. Caterpillars are always safe things to kill, though
other inscets ave not, and it is from caterpillars that most of the harm
to agriculture comes.

A common practice which helps erop pests is that of letting stray
erop plants grow either at the wrong season or in the wrong field. Stray
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plants of maize, of bhindi, of juari, of beans, of any crop plants should
never be grown in the fields at any time. They come up from stray seed
and are allowed to grow freely, perhaps in border strips ; they harbour
pests and help them over critical periods when food is scarce; all such
plants should be pulled up unless grown for a distinet purpose.

A precaution that might be used [ar more freely is that of trenching,
cither to isolate an infested plot or to protect an uninfested one from a
neighbouring infested one.  When eaterpillars are abundant, they eat the
plant they are on and move away to others ; rarely they move in a body,
usually singly ; the owner of an infested plot is doubtless glad to see
them go, but his neighbours should eertainly make trenehes, which need
not be more than a few inches deep with sloping sides. Such trenches
do much to isolate pests which cannot iy, especially caterpillar plagues ;
these caterpillars often become restless and move about at a speeial period
of the day, falling very soon into the trenches ; large numbers can then
be killed in a very simple manner.

Another simple precaution on small holdings is the common hen, an
indefatigable insect hunter; turkeys and guinea-fowls are equally good
but rare. 'L'he hen should be a regular part of a ryot’s small belongings,
and there is a certain justice in obtaining fat hens from the insects which
eat crops; it is necessary to give the hen a basis of other food and not
compel her to a purely insect diet.

Whilst there are many methods of destroying insect life on a small
or large seale, for every pest theve is, as a rule, onc single remedial method
which proves successful. There is no one specific capable of universal
application, no “ curc-all,” no patent modicine warranted to kil every
thing from fleas to locusts; if there is, it has not yet come within the
range of practical science and is made only to sell and not for nse.

In devising remedies, the essential things are a knowledge of the
habits of the insect and a full understanding of the loeal conditions. The
habits of the inscet vary little from place to place, and their variation can
be predicted ; but local circumstances vary from village to village, and
what is effective in the west may not suit the east. Thus it is that no
remedies can be given for such a pest as the Rice Stem Fly ; its destruc-
tion is purely a matter of local knowledge and of so altering the loeal
agricultural practices as to baffle the insect; no amount of scientifie
training, no remedies from the most advanced scientific nation ean help
us in a case like tlus, and nothing can replace the local knowledge that,
combined with a knowledge of the habits of the pest, at once points to
the one weak spot in the life of the insect and adjusts the agricultural
practices accordingly. That is the essence of remedial messures,
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The remedies described helow arc those so far tested against crop
pests in India ; they have been laboriously worked ouft after many failures
and in the face of many difficulties ; they are in the nature of suggestions,
not of recommendations; such suggestions as are of value when one is
face to face with a pest and seeking for some method that will {if in with
the agricultural conditions and with the ways of the insect. It is not to
be supposed that any onc ean read these pages and find a remedy for
every and any pest, At best they are suggestions, which are the pick of
the methods used abroad” and which should be familiar to these who
experiment with crops; when the pest comes, some method may be
modified with practice, which will perhaps mect the case and give good
results. No remedy is of the slightest use unless done thoroughly and
with the full determination to destroy every single insect; if one could
but educate the ryot up to that feeling, there would not be a pest left
in densely populated India.

The simplest method is to pick the inseets off the plants one by one
and kill them. This is tedious, but satisfactory and effective, As stated
above, the common hen is perhaps the best agertt for the purpose, but it
is a remedy far more suited to the ways of India where holdings are
small, time is plentiful and patience unending than to other countries.
Having secured the ingects, there is no difficulty in killing them ; a pot
of hot water, a
little kerosene
floating on a pan
of water, two flat
gtones or a five arc
all equally offec-
tive. The praclice
of carefully pick-
ing off caterpillars
and liberating
them at a distance
of say one hundred
yards from the
. infested plot is

Fra. 90. not only ineffective
The most uscful buag, with cross bambaos joined fo the wpright  and futile but need-
side bambaos, allowing the mouth to be instantly closed. 13351-}? cracl,

An improvement on hand-picking is a bag, a basket or anet.  The bag
is a most valuable instrument, which can be made to suit all circum-
gtances ; with a width of 12 feet and an opening 3 feet high, it swoeps
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large stretehes of grass land ; made smaller, say ten fect by two feet, it
can be run over a rice crop, over wheat, lucerne, mustard, ete.; smaller
still, it is attached
to the frame of
bamboos and a
single man draws
it between the
rows of erops,
along grass strips,
in any narrow
places. The sim-
plest pattern has
only two upright
bamboos fo hold
_ open the sides; a
I R TP .. better one has four

bamboos, the two
cross  ones with
projecting handles,
and this pattern closes np antomatically at the end of each sweep,

The depth of the bag depends upon its use ; on the ground it may be
five to seven feet deep; but should be shorter for nse on crops where
has to sweep over the plants and not hang too much. At the end ofjeach
sweep the bag is
emptied into a hole
mm the ground;
wlere the insects
are very active, it
15 twisted up to
crush them and
then opened.  {See
page 288, appen-
dix A)

In some cases
it iz desivable to
smear the inside
of the bag with

kerosene oil, heavy F1a. 02,
oil or tar to eatch Small bag with two oross bamboos.

B g o e g

Fra, 91.
Bag with two upright bamboos.

the tnsects as they fly in; a bag which is slightly moistencd with kerg-
sene 1s more effective because the kerosene ab onee kills many inscets.
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The basket is an adjunet to hand-picking when it is possible to shake
insects off the plantz into the baskets and then into a tin of kerosene and
water, as recommended for the Red Cotton Bug (page 104). It is useful
for weevils and plant-fecding beetles.

The net takes the place of the bag in some cascs, as when catching
the Banded Blister Beetle. What is required is a bag of cloth cut as
figured (page 289) and sewn up, fastened lo a slip of bamboo that is lashed
to a short handle. The component parts are very simple, the net easily
made and it does good service in gardens and small holdings where such
insects abound. The practice of trenching has been mentioned above ; it is
useful when one is catehing caterpitlars with bags as many escape the bag,
wander about the soil and fall into the trench, where they can be killed.

Baits of cut vegetation are nseful traps. Many injurious insects hide
during part of the day and will do so in bunches of green vegetation, if
these are laid about the field. The bunches must be examined periodically
and the assembled insects shaken off into hot water or kerosene and water.

Lights are useful traps for a few insects, especially for such as fly at
night, Their use is very limited and fires are often as useful. The light
trap consists of an ordinary kerosene lamp hung over a broad tray contain-
ing jaggery and water or water with a film of kerosene. Two bent pieces
of tin serve as reflectors. Cockchafers, some moths, ants and a few
other insects are generally captured and the trap has a value in certain
specific cases, .

Smoke is a deterrent to some insects, notably such as attack rice and
other dense erops in which smoke hangs well. The smoke of a few fires
will not Kill anything, but may drive cut such an insect as the Rice Bug
at a critical moment when the grain is forming, The same applics to
cockchafers, which attack grain crops just as they are ripening and which
have to be kept off until they die naturally or until the grain is hard
enough to resist them.,

Cultivation in the form of hoeing, surface ploughing, ete., is valuable
chiefly in exposing insects to birds or weather and is less a remedial
measure than a preventive of attack; many insects that eat crops harbour
in the soil or descend there to pupate; when this is the ease cultivation
turns out many to become the food of mynas.

Other simple rcmedies are discussed above under © Preventives.” A
great deal ean often be done to check a pest by saerificing a portion of the
erops that is fiest infested or by sacrificing a young crop with the inscets
on, in the hope that a second crop will grow up free of the insects. A
caterpillar-infested crop can often be wisely fed off to cattle or ent down,
when a new crop is likely to come up.



CHAPTER VI
INSECTICIDES AND SPRAYING.

HJ essence of remedial measures 1s to attack the insect directly, to make
lifc unbearable to him, fo do something to kill him or to drive him
away. Such methods are but little known in India; the methods of
killing insects on a large scale, of poisoning acres of crops, of putting
machinery on to deal wholesale destruction, do not ocenr in Indian
agriculture. At most, simple methods aimed at frightening the insects
are adopted without any co-operation. With the cultivator’s knowledge
of the medicinal value of plants, it is somewhat strange that plants are
not used as insecticides to a greater extent. The juice of some plants 1s
poisonous to iuseets, as is the infusion of the dried leaves and roots or the
smoke made by slowly burning the dried plant. But such plants are litile
used ; the juice of Huplorbia neriifolia is used to smear toddy-palms in
Gujarat ; the leaves of ném are believed to keep off insects ; the infusion
of Adkatoda wasica or of Calofreprs is used in irrigation water, as are
such substances as eastor cake and Ziurasans. Dekamali gum, asafetida
and similar drugs enter into the composition of such mixtures as “ Gondal
TFluid,” These are examples of the use of plants, but they rest on no
basis but that of tradition and ave not always cffective.

It is singular that the value of tobacco infusion does not appear to
be more widcly known ; this is one of the few plants used as an insecticide
in Europe, with hellebore (Feratrum album), pyrethrum (Pyrethrum
cinerariafolium), quassia (Pierena ezcelsa). From the wuse of these
plants, European methods of checking insects have developed more in
the direction of mineral poisons, a branch of entomology never practised
in India. At the present time far more reliance is placed on mineral
poisons than on vegetable poisons, and even the Kentish hop-grower is
abandoning quassia for soft scap. This is true also of America, where
the use of purely mechanical methods of checking inseets is also being
developed to a high piteh. Tt has yet to be shown how far Western
methods are applieable in the East. To the Western mind it is far
gimpler to poison the plant by gpraying on lead arseniale than it is
laboriously to pick off the individual caterpillars. 'The Eastern mind has
not yet fully grasped the idea that insccts could be or should be killed Ly
hand-picking, far less by such a method as poisoning the plant with
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arsenic. If there is any value in the use of insecticides in India, their
general adoption will be a matter of slow growth that must first be
worked out on the experiment farms.

Insecticides are insect poisons and act in two ways. There are those
poisons which are placed upon the food of the insect and which act upon
Its stomach, just as medicines and poison do wpon human beings. 'These
are called sfomach peisons and are meant only for internal application,

F1a. 93.
Hand Sprayer.

It caterpillars are destroying the leaves of a valuable plant and we can
put poleon on these leaves, the caterpillar ecats the poison with the leaves
and dies, Tt is only necessary to put such peison on the leaves of crops,
and they are safe from all caterpillars, graschoppers and other insects
which eat the leaves, There are also many insects which do not eat the
leaf, but which suck ont the juice ; these feed upon the sap of the plant,
not on the leaf, and any poison on the leaf never reaches their stomachs.
Tor these we cannot use a stomach poison as we cannot potson the sap
of the plant. In such cases we must use poisons which kill when
the insects are wetted with them, These poisons are known as eonfact
potsons, since they work only when in contact with the skin of the insect.
1 a colony of plant lice is sucking the juice of a cotton-plant, we cannot
poison the juice, so we throw contact poisou on the insects ; all are killed,
and if the contact poison is properly made the plant is uninjured. Both
kinds of poisons have their uses ; we can poison any insect, cven a locust,
with contact poisen if we use it strong cnough, but it is better always to
uge a stomach poison for a biting inseet, such as a locust ; whereas for
sucking inscets we can never use a stomach poison and must always use a
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contaof poison, Stomach poisons are in general far cheaper; contact
poisons for large insects require to be very strong and may injure
the plants; stomach poisons should always be used if possible, but
if they cannot and no other method is available, we must use a contact
poigon.

In using insecticides we must have a method of putting them quickly
over a large surface of plant or insect. The value of insecticides lies
principally in the rapidity with which they can be applied to a large arca
of crop. Insecticides can be applied in liquid form with water or as
powder mixed with lime, dust, flour, ete.  An insectieide applied as powder
requires only to be dusted on from a bag and this is the simplest method
of application. A liguid insecticide must be applied as a fine spray or mist
that wets evenly and distributes the liquid properly over the whole plant.
For this work the spraying machine must be nged.

Spraying machines are of many kinds, all designed to fulfil the one
purpose of distributing fluid in a finely divided form over a large area of
plant, The simplest pattern is the tin hand sprayer (figs. 93-94). It
consists of a pump, which forecs air out of a fine nozzle ; the compressed
alr passes over the opening of a vertical tube, and sucks up a small quantity

. Fiag, 94,
Hand Sprayer; details of consfruction,

of the insecticide in the reservoir, throwing it out in an extremely
fine condition in the jet of air. The whole machine is made of tin and
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wood, eosting under two rupees to prepare. It eovers very little ground,
however, and is suitable only for gardens and small holdings. Tt is
especially useful for applying contact poisons to small colonies of plant
lice, mealy bugs and other sucking insects, With it one can rapidly and
effectively kill such insects when they arve few. It is not adapted to larger
areag, but as a check on incipient diseases it is invaluable and admirably
suited Lo the ryot. If this were in general use, the plant lice that ravage
cotton, wheat, mustard and other staple crops could be nipped at the
start and never get a real hold on the crop.

For more extensive spraying, a larger machine must be employed,
and the Suecess Knapsack Machine! is a useful pattern obtainable in
India at a cost of Re, 46. This machine holds four gallons of insecticide
and can be worked on the ground for spraying fruit trees or on the
back for gpraying crops. The insecticide is pumped through the rubber
hose out at the nozzle which breaks it mp into a fine mist. Either

of two mnozzles can be used,
Los ot and of the two the Bordeaux
- ' ' has the most general application
and value, The machine is built
L of copper and brass, which are
o 7| not destroyed by insecticides, It
requires to be kept clean and
will last for years with the
oceasional renewal of the rubber
tube. 'With this machine from
one to two acres of erop can be
sprayed in one day, using two
men at the machine and others
to bring water, mix insecticides,
ete. 'This refers to cases where
continuous spraying is required
as when a whole erop is to be
sprayed with lead arseniate.
Where individual plants here and
there ave to be sprayed, as when
aples is attacking cotton, a far
larger area can be covered daily.
Larger machines are used to apply isecticides to fruit trees, to special crops
and, in Burope and America, to field crops. Tt is unnecessary fo discuss
these at present as they are not likely to be used for field crops in India.

Fia. 95
Suocess Knupsack Sprayer.

1 English copies of descriptive leaflet are availabls,
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They can be obtained on wheels to work by hand, on carts to work by
gasolene engines, or portable outfits on the plan of a fire-engine are pre-
pared which work by steam and
cover a large aren daily.

The choice of insecticides for
each case i3 a matter requiring
care. The prineipal insecticides

are shortly described with their
/:ﬁ‘ uses. The formule for prepar-
ing these mixtures are given in
Appendix A, page 283.

Lead Arseniate.

This is practically the only
useful stomach poison available
in India, and no other is
required.  Liead arseniate is a
form of arsenic which comhines
the best qualities of the older
stomach poisons, London Purple,

N Paris Green, ete.,, with qualities
Suecess Sprayer ;:e.d m; the ground for pecuhar to itself. It {S a white
spraying trees, gubstance, procurable in powder
or paste, which is insoluble in
water, harmless to plants, and easy of application in the form of liquid
or powder. It has a considerable power of resisting rain and so remaining
on the plant in wet weather, and its white colour shows up on the
plants to which it is applied. Tt is poisonous to cattle and human
beings if taken in any but a very small dose, but it can be applied at
such strength as to render plants poisonous to insects though not to
cattle, Sprayed on to plants at the rate of one ponnd in 60 to 100
gallons of water, it is effective as a poison to insects, and its efficacy
is increased by adding jaggery, gur or molasses and lime. The usual
mixture is one pound of arseniate, three pounds of lme and six pounds
or less of any form of low grade sugar or molasses with the necessary
water. It can be used at double this strength with full safety to
plants. Applied as a powder, it is best mixed with twenty parts of
wood ashes, road dust, cheap flour, powdered lime, or any other cheap
neuiral powder : it can then be placed in rough cloth bags and shaken
over the Plants.




F
80 INSFOTTCIDES AND SPRAYING,

It is applicable against all forms of biting insects; it kills cater-
pillars, locusts, leaf-eating beetles, and other insects which eat leaves.
For an average crop of colton, young juari or maize, pulse, castor, wheat,

Fre, 97.

RSuccess Enapsack Mackine : below—Teft, Bordeaux noxzle; right, Vermorel nozzle.
ete., from 80 to 100 gallons of mixture are required per acre using
from 1 to 14 lbs. of lead arseniate. This explains its small poison-
ous effect on caftle, since there is so little arseniate actually on each plant.
An insect eats so large a proportion of food compared to its size, that it
absorbs relatively much more of the poison and is killed. ¥xperiments
made in the Punjab with bullocks fed on fodder dipped in the mixture
showed that no harm resulted, and that freshly-sprayed fodder could
safely be fed to cattlee As a matter of practice, the lead arseniate
would not remain on a plant after the lapse of a week or longer, and
the erop would have scarcely any poison on it after cutting and harvest-
ing. To small gardens, in plots of vegetable crops, it is simply applied
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by means of the hand sprayers, and it should be kept for this purpose.
On farms, it is nseful against many pests which attack valuable crops
and render useless the results of other experiments whose value is shown
by comparative yields, Every experimental farm should keep and unse
lead arseninte, applying it wilh a good spraying machine and in powder
form. It is obtainable from chemists a6 Re. 1 per Ib. in powder or paste
form. The pasle contains 33 per cent. of water, and 13 Ibs, of paste
are sold as one pound of lead arseniate and should be used as one pound
in mixing with water before spraying.

Kerosene Emulsion.

The most useful and simple contact poisonis kerosenc, the ordinary
refined kerosene used for burning in lamps. It kills all inseets when
applied {o their bodies, though its action is not fully understood. Tt
acts partly by mechanieally closing the respiratory openings on the side
of the body, thereby asphyxiating the insccts; possibly it has a directly
poisonous effect on the tissues of the insects when the vapour is absorbed
throngh the system of air tubes which penetrate the body. Applied by
itgelf, kerosene kills the parts of the plants on which it is placed so that
the application of undiluted kerosene is as a rule fatal to plants. It
has therefore to be applied in a dilufed form, and, as it does not mix with
water, it i3 made into an emulsion with soap and water. An emulsion
of lkerosene consists of water with kerosene in very minute drops ; and on
applying such an emulsion, the water evaporates leaving a minute
quantity of keroseno on the plant, which is fatal to the inscets, but does
not injure the plant. The value of kerosene emulsion lies simply in the
fact that it can be applied at such strength as to be fatal to many
insects and yet not injurious to the tender tissues of the leaf,

Kerosene emulsion is prepared by hoiling a solution of soap and ~
water, adding kerosene and agitating or beating up the mixture so as to
break up the oil into very minute drops, which gives the liquid a creamy
white appearance. Such an emulsion ean be made very strong and
afterwards diluted with cold water to the proper strength for applying to
plants. In cold countries, kerosene ean be applied to leafless dormant
trees in much greater strength than in hot climafes. In India a
strength of 10 per cenf, of kerosene ean rarely be exceeded. Kerosene
hag a peculiar way of “wetting® or penetrating insects which are
protected by a covering of mealy white wax. It is therefore particu-
larly effective against mealy bugs. It kills aphis (Grreen-fly), the softer
scale insccts, green bugs, small sucking insects and also some of the

¢
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more delicate caterpillars. Ifs vse is strictly limited to these insects and
it cannot be used, for instance, to killlarge caterpillars which are best dealt
with by means of & stomach poison.

Kerosene emulsion applied in the ordinary tin hand sprayer, is an
excellont remedy for the apiide which attack cotton, tucr, beans, pulses
and other field crops, 1In botanic gardens it is nseful against all aphis
and the majority of the scale insects. In vegetable gardens it can be
safely applied against similar pests, and is often usefully applied over
the whole of a garden to drive out unwelcome iIntruders such as crickets,
grasshoppers, leaf-eating beetles, plant lice, jumping lice and other
ingects which are apt to gather in a well watered garden,

Crude Oil Emulsion.

The heavier petroleum oils have a more permanent and thorough
insecticidal effect, especially where the climate is hot and the lighter oils
soon evaporate, The ordinary emulsions cannot be made with the crude
oil, the best emulsions containing erude oil being made by a special
process. Such an emulsion, containing 80 per cent. of erude oil, with 20
per cent. of whale oil soap, is prepared and sold, under the name of
“Crude Oil Emulsion.” It was made at the Entomologist’s suggestion,
and analysis shows it fo be pure, containing the ingredients given above,

To use the emulsion, it necds to be mixed with cold water in the
proportion of } pint to a kercsene tin of water (4 gallons). This
amount measured and placed in a bucket or tin, is readily mixed with
water by pumping water on it from a spraying machine or rubbing up
the emulsion by hand. It makes a white milky fluid, remaining it for
use for several days, which needs no further preparation before applieation,
_This is the usual strength : it may be made twice as strong, and can then

" still be used safely on all but very delicate plants.

Like kerosene emulsion, this is simply a useful contact poison. It
is harmless to all animals if eaten and has a deadly effect on insects only
when they are well wetted with it. It should be applied in the form of
fine mist by means of a good spraying machine. For all soft insects
such as aphis (Green-fly), mealy bug, thrips, green bug, leathoppers,
small eaterpillars, ete., it is effective. One application kills the greater
number and a second application completes the operation. In gardens, on
fruit trees, on ornamental plants, on vegetables, it is a useful application
for these diseases and has a further usc in driving off many other insects,
which, though not killed by it, find it objectionable. It has a certain
value also in houses, which are infested with obnoxious insects, ete. It
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acts simply as a high class insceticidal soap, with a less objectionable
smell than carbolic preparations. In this way it is deadly to fleas for
instanee,

Tt has a further value on domestic animals: kerosene is an excellent
application for the skin and there is no befter way of applying it than
in the form of soapy cmmulsion. For tieks, fleas, and other inscets
infesting cattle, horses, dogs, elephants, sheep, ete., this emulsion shonld
be nsed, at the same time destroying the insects and improving the skin.

It is obtainable in five-gallon drums from chemists at Rs. 8-14-0 per
drum.

Rosin Washes.

Rosin has for many years formed the principal ingredient of many
excellent washes for sucking insects. When boiled in wafer with a
suitable ehemieal, rosin dissolves, forming a elear brown wash which can
be safely applied to plants af a strength sufficient to kill many insects.
It 1s used in this way against many of the most resistant scale insects.
A rosin wagh of this kind on drying forms a varnish, which asphyxiates
some insecls by closing the stigmata on the sides of the body through
whicl. they obtain air, Tt needs to be applied as a fine mist, by means
of a good spraying machine, and then has a considerable wetting power,
covering the inseets with a film of liquid which on drying kills them,

There are a variety of formuls for preparing this wash. Two may
be inken as being the simplest and best, both having been tested in India
and found fully effective. (Sec Appendix A, page 284.) These washes
are similar in effect and use. The second contains fish oil soap as well as
rosin and is a more powerful wash in consequence. As canstic soda and
fish oil are less easy to obtain than washing soda, the first wash should
generally be nged,  Only when large uantities are to be prepared is it
advisable to use thesecond wash., 'The rosin used must be the clear brown
fir tree rosin imported from Europe. This rosin may also be obtained
from the Forest Department at Dehra Dun and Naini Tal.

"The washes eost about Rs, 3 per 100 gallons, or Rs. 4 per 100 gallons
on estates far from the coast and a railway station.

"These washes are for use against scale insects such as brown bug,
green bug, black bug, ete, also against green fly (aphis) and similar
small sucking insects. They have not the wetting power of kerosene
emulsion and so are less effective against mealy bug or other mealy
insects. They are excellent contact poisons, useful against a variety of
pests. Diluted wash (1 lb. of rosin to 10 gallons of water) is also
valnable with lead arseniate, used as a stomach poison, since i protects the

a?
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latter from rain and helps it to remain on the plant. The wash has of
itsclf no poisoning effect on cattle or other animals, and may be safely
applied at all times. It has also no effect as a stomach poison against eater-
pillars, cte., and is intended simply as an efficient contact poison against
all small sucking inscets exeept the mealy ones.

Tobacco.

Fermented tobacco forms a deeoction which acts as a mild stomach
poison and also as a contact poison. It requires to be soaked in water to
extract the alkaloids and then is best used with the addition of soap.
It is a weak insecticide, valuable against plant lice, mealy bugs, soft
sucking insects and very small eaterpillars, but not so effective as any of
the above mixtures, If is obtainable in many parts of India, and the wash
is best prepared from the stalks and refuse of the leaf fobaceo.

Sanitary flaid.

The liguids called by this general name consist largely of creosole
oil containing carbolic acid (phenyl), Mixed with water they emulsify,
owing to the presence of rosin soap, and in weak emulsion are excellent
confact poisoms. This is an insecticide not in gencral use elsewhere
but which has given excellent results in India. A strength of ome
in one hundred of water is exeellent against all forms of soft sucking
insects, against plant lice, mealy bug, green bug, ete. At a strength of
one in sixty of water, it is a powerful insceticide, which Ikills all but
the most resistant sucking insects and has a considerable effect on cater-
pillars, small grasshoppers, ete. Af greater strength it burns the
foliage of actively growing plants ; it was used at one in forty against
the Bombay locust, killing a large percentage, and at one in twenty
killing everyone sprayed, without injury to the hardy foliage of forest
trees.

Other contact poisons.

Countless mixtures have been used as contact poisons since these
were first tested and a great varlety are still in use. In India only
what are known in Europe as “summer washes” can be nsed, which
restriets the available number. There is sufficient latitude in the above
mixtures to suit every case and no good will be done by discussing the
hundreds of mixtures recommended. This applies also to the patent
insecticides ; none are yet proved to be as good as the inseeticides made
on the spot and none have the combined efficiency and usefulness of crude
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oil emulsion. Any one requiring a made-up contact poison will find this
suitable ; other made-up eontact poisons can be purchased ; McDougal’s
insceticide is an example, which acts solely as a contact poison. It is
valuable ag a ready-made and effective contact poison, which acts with
much the same effect at the same sirength as crude oil emulsion, ithe
latter being far cheaper.  Both have been thoroughly tested and both can
be recommended.

Insecticides are not like patent medicines, requiring only to be applied
{or taken), when they do the rest. They must be used in good time ;
an acre of mustard that was badly infested with aphis required two hun-
dred and fifty gallons of insecticide to kill every aphis, or three times the
amount required to destroy the same aphis at the beginning of the attack
on another acre, They must also be applied intelligently and vigorously,
with the express objeet of destroying the insect and not because it is the
right thing te do. They must be applied properly, with an under-
standing of what they are meant for and will effect.
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CHAPTER VIIL
PESTS OF THE COTTON PLANT.

HE cotton plant suffers from a number of insect pests which lessen the
vigour of the plantand diminish the actual yield of the lint and seed.
These pests are widespread in India, do a great aggregate amount of
damage and largely reduce the yield of probably every acre in India; but
they are disregarded by the cultivator, who is not aware that he ean, by
adopting simple measures, obtain a larger yield of finer cotton, These
pests include the boll-worms, of which there are three species, two
identical in almost all but name and one distinet species ; the two beetles
that attack the stem ; two bugs that attack the bdlls ; and two caterpillars,
an aphis and a leaf-hopper, that attack the leaves. There are in addition
a variety of minor pests which are not exclusively pests of cotton and
which appear only casually.

The Spotted Boll-worm.

Caterpillars which destroy ripening bolls of the cotton plant and
—— which may be found by looking for such
injured bolls before the cotton ripens. They
are easy to recognise and readily reared to
the imago. The life history is typical of
the moths,

The term boll-worm is in America applied
to the caterpillar described in this ook as the
Gram Caterpillar (scc page 144). In India
this inseet does not attack eotten, its place
being taken by the two spotted boll-worms
and the pink boll-worm, the latter being
discussed separately.

Life History—XEggs are laid by the moth singly on the bracts, bolls
and terminal leaves of the cotton-plant. Each egg is small, not more

Fio. 98,
Boll containing Boll-worm.

Figures. Where a figure is said to be magnificd, and a hair line is found beside the
insect, this line represents the actual length of the inscct us drawn, When there is no hair
line, the statement, for exumple * maguified thres times,”” means that cach lineal dimension
is three times larger in the figure, the figures heing thus acluully nine times wmagnified if
we consider the aren it covers. A linear magnification of even three is considerable, and in
comparing au inseet with a figure (in the endeavour to dentify the insect wilh the figure)
w good Jeus must be nsed; the human eye conuot compare a small insect with its enlarged
figure unless the inscet s presented to it ad least us large asihe flgure, A lems magnifying
ten divmeters will be suffieient for every inscet figured in this volume, but it is impossible
to compare iuscets and the figurce unlses a lens Is wsed. Where no magnification is
weutioned and no bair line occurs, the figure is the natural size.



£
90 PESTS OF THE COTTON PLANT.

than one-fiftieth of an inch across, round, of a bluish colonr, fincly ribbed
and marked. Within a few days it hatchesto a tiny dark coloured
caterpillar, which feeds first on the bracts and flowers or eats straight
into the rind of the boll. In the former case it attacks the bolls within a
- _ few days. When no
.1 bolls are formed, 1t tun-
nels down the shoots,
commeneing at the tip
and eating for 2 consi-
derable distance down
the shoot, thus des-
Fic. 99. troying it; normally
Spotted Boll-worm. (_Magn@'ﬁedfaur limes.) it cuts its way throug'h
therind of the boll and the developing lint, until it reaches a seed,
which if eats. Having destroyed one seed it eats another. Tf the bolls
are small, they frequently drop off, but if a large part of the seeds
are eaten, the lint is destroyed and the boll filled with excrement.
A single caterpillar will rtarely destroy more than one large boll
but becomes full-fed in the first. More than one is rarely found in
a boll unless small ones enter a boll already tenanted by a large one.

When the caterpillar is full fed, it
leaves the boll and prepares a cocoon of
tough grey silk within which it fransforms
to the pupa. In the black eotton soil of
Western India, this is found in the eracks
and crevices of the soil. In  Cawnpore,
Mr. J. M. Hayman states that it is found
“on the bolls or bracts, generally between
the two,” and this is the case also in
Behar and the Punjab.

The period of pupation is from 8 to 10
days but may be longer in the cold wea-
ther. Eventually the moths come out,
pair and lay eggs, eaeh moth laying
about sixty eggs. The shortest total life
history occupies about one month. Moths
are to be found flying in the dusk;
during the day they hide in the ground
or on the cotton plants. They are not
attracted by light. Both species also feed F1a. 100.

.. iy Spoited Bell-worm.
wpon  bhindi (Hibiscus esculentus), des- (Mcf:qniﬁed Four times.)




SPOTLED BOLIL~-WORM.

troying the fruits or the succulent stems. In Western India these insects

are active throughout the winter, where
the temperature does not fall so low as
in Northern India. Trom August or
September to the following January or
February there is abundanee of cotton in
whieh they multiply. In places where
the temperature falls, as in the Decean,
Northern India and Behar, they

hibernate as pupm, ravely as eges, larvis
or moths, until March. If cotton-plants
are left standing in the field or if

F1g. 101.
Cocoon of Spotied Boll-worm,
{(Magnified three times.)

bhindi is available, they then find
food; if not, they remain dormant
as moths or possibly pupz, until
the rains. Where cotton is grown
throughout the year, it is conti.
nually attacked except in the cold

weather.,

Fia. 102. range throughout the plains.
Spotted Boll-worm Mot Spotted boll-worms aro attacked

(Mapnified fwice.)

neumons and one tachinid fly. Of these, one !
is generally distributed and a very important
checkon the inereasc of the inscet ; the fly 2
lias been found in some seattered localities
and may be an insect of some importance.

Deseription—~The moth of the eom-
moner species 3 is coloured with a broad green
band extending from the base to the apex of
each wing. 'T'his green band may be absent,
the whole wings being ochreous or buff.
The other species* ha,s the forewings a
bright green. In both species the moth
measures a little under half an inch in
length, the expanded wings nearly one inch,
The lower wings arc white, and the under
sulface of the body nea,rly white.

196 Rhogas lefroyi. Ashin. (Lhalcldpc.) 3 "‘3 Eana.:fabm Stoll. (\Toct;mdw)

Both species are widely
distributed in India and practically

by three distinet parasites, two ich-

I'a. 103
Spotted Boll-worm Aloth.
(Maym_ﬁsd thrag times.)

399. Plsctops orbata. Wied. (Inchinidm.) | * 108, Eqrigs insulana. Doisd, (Noctuide.)
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The caterpillars are short and thick, not more than two-thirds of an
inch long when full grown. The colour is very variable, a mixture of
white, green and black, with orange spots. The predominant colour may
be a dull greenish white, with black marks and small orange spots, or
black, with an irregular band of greenish white from head to tail with
orange spots on the sides. There are tubercles on cach segment, bearing
hairs ; the orange spots appear only in fairly advanced larve and the
quite youny caterpillars are darker. Legs and prolegs ave present, the
head is dark in colour and there is a dark prothoracic shield.

The cocoon is less than half an inch long, oval and flattened, made
of grey silk closely woven. It has a resemblance to the grey woolly buds
that fall off the cotton-plant.

Remedies—The treatment of this pest depends wpon the conditions
under which cotton is grown, and the variety of cotton, Certain varieties
show a complete or partial immunity to it, but it is uncertain how far
any variety will prove immune when grown as a field crop. The
vartetics now grown as field crops are apparently all attacked. There is
only one direet remedy ihat can at present be advised for general
adoption. Tt is applicable only to cottons which produce a crop of bholls
at one time and is ineffective in varieties whiech econfinue to produce
bolls over a long period. It consists in destroying as many of the
caterpillars as possible in the shoots of the cotton or in the first bolls,
The first brood of boll-worms is found in the shoots and in the early
bolls ; the dead shoots are readily seen and destroyed, the attacked bolls
are easily found and burnt. There is no loss of erop, as these bolls will
never yield cotton, and it is very important to check the first brood which
soon becomes a very large second brood if left alone. This method ecan
be carried to the degree of removing all the carly bolls.

Another treatment, still in the experimental stage, consists in
gpraying with lead arseniate when the bolls first form. A preventive
measure of some importance is to remove the plants when the crop is
picked. It is not uncommon to see stray plants still living in the hot
weather after the crop is harvested, which help the pest to increase at a
very critical time, especially if showers fall and the cotton makes a little
growth.

The importance of bhindi ag an alternative food-plant is also great.
Where bhindi is grown, the insects can brecd in it when colton
is not available. Where cotton is a staple crop, bhindi should not he
grown cxcept when there is cotton. It should not be grown in Gujarat,
for instance, from February to August, as it helps the pest to increase
during the hot weather and early rains, providing a large number of
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moths to “hreed caterpillars which attack the cotfon in Angust and
September,  Fxperiments are in progress fo use bhindi as a t‘.l‘a.l-) crop in
or around cotton, in the hope of eollecting the insects in that crop which
ean then be destroyed. The suecess obtained during the past season
justifies the move extended trial of this measure.

The Pink Boll-worm,

Associated with the spotted boll-worms is a slender reddish caterpillar
found feeding in the
green or ripe bolls.
It is eagilly distin-
guished from the
other caterpillars
found on cotton,

The moth lays a
number of small flat-
tened eggs, similar to
those laid by the
majority of small
moths ; the eggs are
deposited ¢ingly on
leaves, stalks and
bolls, and hatch in a
few days.

R T The young cater-

Pink Ball-worm, 04(‘Magm:ﬁed.) pillar is white, with

a dark head, and is

found feeding on the leaves or on the outside of the boll. It does not

immediately attack the boll but bores in throngh the rind when it has fed
for a few days outside.

Like the spotted boll-worms this one feeds wpon the oily seeds, eating
seed after seed until it has become full grown. As a rule one will be
found in a boll but exceptionally several attack the same boll. The full
grown larva is of a white colour, with bright pink spots, more slender
than the spotted boll-worms and without processes, The larval life varies
in duration according to the scason but occupies two to three wecks in the
active period. The full grown larva forms a slight cocoon of silk, in the
boll or on the bracts or leaves of the cotton. In unirrigated blacle cotton
soil this may be found in a crack of the dry soil. The shorfest period for

174, Gelechia goss ypiella, Saupd, (Tincide.)
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the pupa is from fourteen to eighteen days, after which the moth

emerges.

The moth is Jess than half an ineh in length, the antenne filiform, the

palpi upturned, the gen-
eral colour grey hrown
with dark blotches and
suflusions, the  wings
with long brown fringes.
The moth ecannot easily
be  distinguished from
other Timesd moths by
ite  appearance  alone.
Moths fly at night and
dusk: they are attracted
by light and are readily
captured in lamp traps.
The pink boll-worms
are most abundant when
the ecotton forms holls

Fra. 105,

Pisk Boll-worm Caterpillar and Cocoon, the former
magnified, the lailer natural size.

in October or carlier; the aetive peried is during the rains and after ;

F1a. 106.

Pink Boll-worm Moth, (Magnified siz

times.}

in many parts of TIndia the
larvee  hibernate in  the eold
weather, but thiz is not the care
for instance in South Gujarat,
In Behar the larve live throngh
the eold weather in the lint or
sced of the cotton, emerging as
moths only in March or Apnil;
their further activity depends
upon cirenmstances, the moths
laying eggs then if cotton is
available. There may be a
further period of rest during
the dry Thot months hefore
the rains. Actually larvee have
been found acfive in all months
of the year, but therc are two
main periods of rest, from
November to March and from
April to June, depending wupon

climatie conditions and the supply of food.
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The pest is apparently universal in India, Ceylon, Burma and the
Straits Settlements, causing a very large aggregate loss to eotton in India,
which may amount to at least one erore of rupees annually. The destrue-
tion of the sced, the
gtaining of the lini
and the loss of
yvoung holls are the
principal  forms  of
damage. So far as
is known all variefies
of cotton now grown
as field ecrops 1In
India arve attacked,
the American and
Egyptian as well as
the indigenous. It

remaing to be seeh ¥i6. 107.

whether there are an Parasila an Calerpillar of Pink Bell-warm,
Y (Magnified six times.)

varieties of cotton 1m-
mune to the pests, but none have definitely proved so up to the present.

Unlike the other boll-worms, this species has not been found attacking
plants allied to cotton; its wild food-plants appear to be trees with oily
seeds which are widely distributed in India.

Remedies.—The first and most important remedy is fo check the
increase of the pink boll-worm by plucking off the first erop of bolls if
they are attacked. When the first bolls are forming, the first bateh of
moths lays eges on them and the boll-worm commences.  Tf left alone
these boll-worms will emerge as moths and each lay many eggs. The
increase from one pair of moths being large, the second brood is generally
a fairly numerous one. Had this first brood been destroyed, it could not
have multiplied and destroyed so much eotton later in the season.

The second precaution is the treatment of seed by fumigation or
other means to destroy the hibernating larvie, Fumigation with carbon
bisulphide after the seed has been picked over in the sun is the most
effective method of freeing eotton from boll-worms., Equally it is import-
ant to pick off the bolls which are destroyed on the plant. Leaving on
the plants the bolls that are caten or destroyed assists cotton pests 1o
multiply and increagse. It particularly assists pink boll-worms and the
cotton bugs. Other methods of treatment, such as the spraying of bolls
with lead arseniate and the use of light traps, avoas yet only in the experi-
mental stage,
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Gencrally the picking of the first bolls is practically the only method
that can at present be advised. "When the cotton bolls are formed at one
season only and the crop ripens quiekly and nemly simultancously,
this method is capable of general application ; in the case of cottons that
yield slowly and continnously over long periods, it is doubtful if a full
crop can ever be obtained or even a reasonable proportion of the erop.

Tor such cottons the pest may be regarded as a very serions one.
Trap crops of annual colions may effeet something in the case of valuable
trce cottons, if sueh trap ecrops are used intelligently, but this method
also is only in the experimental stage,

The Cotton Leai<Roller,!

A slender caterpillar of a pale greenish eolonr with a dark-coloured
head, which lives upon the lower side of the leaf of the cotton and bhindi
plants, folding the leaf over and cating it ; it is casily recognised and is a
very common pest of these plants.  As a cotton pest it is of some import-
anee, especially in the early life of the plant, and needs to be vigorously
cheeked from the outset if it is not seriously to injure or delay the crop.

Life History.—The female moth, flying in the dusk or at night, lays
her eggs on the lower side of the leaves, one here, one there ; sometimes
one on cach leaf, often two or more. The eggs are small, round greenish
objects, about the same size as the head of a small pin. They hateh in a
fow days and atiny slender caterpillar comes out. The young eaterpillar

feeds upon
the leaf gnaw-
ing the lower
gide ; it spins
threads over
and around it-
self as a protec-
~ tion and soon
sheds its first
skin and grows
larger. It then
continues feed-
ing upon the
leaf; as a rule
it turns the

: Fro. 108 cdge of the leaf
Cottor leaves, rolled by the Coiton Leaf:Roller,
(The left hand leaf confains two caterpillars.)

137. Sylepta devogata, Fabr. (Pyralide.)

over in a fold
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and binds it down with silken threads, living safely within this
fold. As it grows larger, it binds more and meore folds together, forming
a kind of nest of rolled leaf in whiech it feeds. In those varieties
of cotton with a large leaf, the whole or a great part of the leaf is
thus ticd together and if the caterpillar eats much at the base, the leaf
withers, In the case of bhindt or of varieties of cotton with smaller,
divided leaves, the leaf may be simply eaten, not folded together into &
compact bunch, Especially is this the case in the smaller-leaved cottons,
where the eaterpillar lives in the top leaves of each shoot and binds them
all together, These folded leaves are fairly characteristic of this insect and
if opened will be found to contain one or several caterpillars, with
o mass of Dblack excrement in grains. [Another caterpillar (the
bud eaterpillar No. 80)
lives only in the top leaves
of the shoot, binding
them into a very compact
mass, which withers and
turns dark; one can readily
distinguish  this by the
appearance of the cater-
pillar, of which only one
lives in each mass; it is
small, not more than half
an ineh long, of a distinet
opaque dull green colour,
not shiny and transparent

. . Fia. 109.
as is this Jeaf-roller (sce Moth of Cotton Leaf-Roller. (Uaguified.)
page 99 1.

The leaf-roller grows to a length of over one inech; it 'is elender,
the bedy transparent with a faint greenish tinge, and the dark contents
of the alimentary canal showing through the skin; the legs are dark,
and easily seen, the sucker-feet long and slender. The head and neck are
dark brown and there are a few long slender hairs on each segment.

After two to threc weeks’ life as a caterpillar, the last skin is shed
and the chrysalis is formed. Thisis shiny chestnut brown, with no legs
or means of locomotion, about half an ineh in length. It lies among the
twisted leaves suspended by the threads made by the caterpillar, and is
casily found by untwisting the rolled-up leaves. It lics motionless for
eight days and then opens, the moth emerging.

The moth is of a whitish colour, with a faint yellow tinge, the wings
with many fine dark lincs, forming an irvegular pattern. It is less than
H
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one inch in length, measuring one and a half inches across when the
wings are open. It is very easy to rear and recoguise; the brown
chrysalis, if left in a box, will vield the moth in a few days and the moth
cannot easily be mistaken for any other moth that lives upon cotton.
The moths fly about the fields in the dusk, lying hidden among the leaves
during the day. After coupling, the female lays eggs and the moths die.

The whole life of this inseet occupies from three to fonr wecks, so
that one brood succeeds another rapidly during the warm weather. There
are three broods at least in cotton before the cold weather, and as each
moth lays many eggs, the pest increases rapidly. With the advent of
the cold weather, the pest disappears. It is not known te be active
during the winter months cither in Gujarat or in Behar. It hibernates
during the cold weather, reappearing with the rains or rarely before. It
is not, therefore, found after November and is a pest to cotton only up to
this month.

The food-plants inclnde both eotton, holly hock and “lady-finger,”
or blindi (/7disens esculentus). Possibly there are other wild plants on
which it can feed. As the latter plant is grown during the rains as
a vegetable, the moths that come out in the early weeks of the rains can
lay egos on it and so there may be one or two broods before it attacks
the cotton. It also breeds during the hot weather if plants are available.
To both plants it is destructive simply from the damage caused to the
leaves, Where it is abundant and strips the plants, it may prove a serions
pest, the full yield of cotton not being obtained. One of the common
parasites, a tiny black fly, lays its eggs in the eaterpillars; the eggs hatch
to grubs which feed on the caterpillar and finally come out, to form a
small egg-shaped white cocoon on the plants; the caterpillar dies and this
insect does much to check the increase of the eaterpillar.

Remedies,—The pest is not a very easy one to destroy on cotton, and
the first consideration must be to prevent its occurrence as far as possible.
As the pest comes from bhindi, the best thing is to grow no bhindi at
all within reach of the cotton or to grow it in the young cotton plants and
use it as a trap, The indiseriminate growing of bhindi where cotton
is also grown is the surest way of helping the pest to attack the cotton.
Bhindi should either not be grown at all until November, so that the
pest may have no food-plant on which to inerease, or should be grown
carefnlly as a trap cvop for the pest. In the latter case, if it is sown
hetween the cotton, it will eome up move quickly and the caterpillars
will be found first upon it. The caterpillars must then be destroyed
and the bhindi plants too, as soon as the cotton is large enotigh to attract
the moths to lay eggs. Two months or teh weeks would probably be
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the time during which the bhindi should be allowed to grow, after which
it should be removed and destrayed with all the caterpillars and chrysalides
on it. Some will attack the cofton and then ean be removed by plucking
all attacked leaves and burnming them., This simple method should be
applied when the bhindi is removed, if the latter is uscd as a trap, or as
soon as the pest is scen on the cotton., It serves to destroy the first brood
on the cotton and so to check the pest from the beginning.

In bad cages of attack on cotton, spraying with lead arseniate is the
radical remedy, and where some varieties are grown experimentally, this
should be done. "Where cotton is grown on & large scale, the pest does
little harm as it has so wide a range and does not gather on particular plants,
But where cotton is grown on a small scale, there may be so much of the
pest as materially to lessen the vigour of the plants, and in this case spray-
ing with lead arseniafe is necessary, As a rule, the simple remedy of
picking off the affected leaves as soon as they are seen is the only remedy
necossary,  If done in time, it is entirely effective early in the season.

The moth has a very wide distribution over the East, {from West
Africa to Siberia and Australia, It is not recorded as a pest outside
India, cxcept from Hast Africa and doubtfully from the Straits Settles
ments,

The Cotton Bud Caterpillar,!

A small eaterpillar which lives on the top of the shoot of the eotton
plant, binding the leaves together into a small compact knot which turns

Fia. 110
Cotlon Bud|Calerpillar. (Magnified four timwes.)

Fig. 111.
Cotlon Bud Calerpillar. (Magnified four lines.)

180 Phycita infusetla. Meyr, (Pyralidec.)

2
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brown. This pest is easy to recognise from the twisted leaves at the end
of the shoot and their withered appearanee.
The caterpillar is a small opaque green one, with faint longitudinal

£

4

o

Fie. 112,
Cocoon of Cotton
Bud Caterpillar,

with adhering
s0il,

lines of brown pigment visible only when cxamined with
a lens. It feeds wpon the cotton bud and on the leaves
at the tip of the shoot, webbing these together with
threads, The small brown pupa is found within the
twisted leaves. The moth is less than half an inch long,
the antennw swollen beyond the basal joint, the palpi
upturned ; the thorax and basal half of the wings are
grey, the apical half being darker. It flies in the dusk
and is not readily noticed. 'The caterpillar is found on
the cotton from August to November, after which it
hibernates. When abundant, the plant grows short and

bushy, and in many cases the insect does good by effecting an even
pruning. It isa pest only when abnormally abundant.
Indigenous cottons similar to the Broach-Desghi, Goghari, cte., are

attacked ; American and tree cottons appear
to be immune. The pest is apparently
widely spread in India but nowhere seriously
destructive. It is very easily checked by
pulling off, the little dried knots of leaves
and burning them with the larva or
pupa inside. Spraying with lead argeni-
ate also checks it bub is not generally
neecseary. The pest is one that is on the
whole of little importance, and generally
heeds to be checked only on experi-
mental farms where the cotton plants are

required to come to their full normal
vigour. Tarasites keep it in cheek to
gome extent.

‘Where the mealy buy ¥1e. 118,

attacks cotlon, the two pests are found Meth of Colion Dud Caterpillar.

together, and

often the bud caterpillar (Hagnified five times.)

is eonfuscd with the caterpillar which feeds upon the mealy bug.

The Cotton Stem Borer,!

During the growth of cotton plants, from the {ime the first flower
buds are formed until the bolls are picked, single plants are found to

! 60. Sphenoplera gossypii. Kerr, (Buprestidwe,)
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wither, turn yellow and  die, apparently
withoub cause, If such plants are pulled
up and broken across at the crown, it
will be fournd that the eentre has heen
caten ouf, a round lunnel extending up
and down the thickest part of the slem.
Possibly the insect causing this damage
will he found inside the tunnel, and there
can then be no doubt as to the iden-
tity of the imsect. No other insect
is known to attack cotton in this way in
India, and if such bored cotton stems are
found without the insect, search for other
withered or dying plants will probably
reveal a plant with this insect at work.

Iife History—The grub enters the
stern near the crown, hatching from an
cge laid there by the beetle. Tt bores
into the stem, feeding upon the tissucs as
it goes, and making a neat round tunnel
up and down the centre of the stem. One
grub inhabits a eotbon plant and its tunnel
sooner or later destroys so much tissue
that the plant dies, The grub is white,
in length up to one inch, with a slender
body, very much swollen into a round,
slightly flattened bnlb at the front end.
The head is small, in front of the swollen
thorax, and has powerful jaws with which
it gnaws away the wood. Legs are absent
and the bulbous swelling fits the burrow in
such a way that the larva can move by mus-
cular contractions and expansions of this part.

When full grown the grub eats a hole
almost to the outside, leaving the bark
intact, and turns to a chrysalis within the
burrow. The chrysalis is white, becoming
dark before it emerges, and the legs, wings
and antenn® of the future beetle may be
geen folded against the body. Tt lies
motjonless within the burrow whilst the

Fi6. 114

Stein Borer in Cotion
Stam.
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bectle is gradually formed. The heetle that emerges is of a dark
bronze colour, hard, with logs, wings and antennz, It measures one-third
of an inch in length and is recognisable by its colour, its size and
its truncated appearance in
front.

It emerges throngh the
thin barlk left by the grub.
Ilaving wated, the female
heetle lays eggs and dies.

These beetles are not
easily mnoticed in the) cotton Fic. 115.
flelds, They ﬂ)’ acbive]y Stem Borer Larea,
nnd are sometimes found on the leaves of the plant. There niay be
a8 many as four irregular broods during the cotton season; the
first is a small one and only few plants are destroyed; the second is a
large one, the heetles of the first brood laying many eggs; the third
broed is large but is lisble fo suffer much from parasites; the fourth
brood may be very small and is not important, the cotton having been

¥ig, 116. Tre. 117, ¥1c. 118,
Pupe tn stem. Stem Rorer Pupa. Hole where Bestle emeryes.

(Magnified three times.)

picked before its arrival. These broods are quite irregular and not well
marked, since the beetles do mot all come out at once. 'The destruetion
to the plants will be noticed when flowers come out; it may be seen
earlier, depending upon the growth of the cotton,
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Remedies.—~The pest is easily ohecked if all the withered plants are
removed regularly and systematically, Tt is easy to see withered plants,
which can be collected and desiroyed before the beetle escapes from
them. There is no other simple remedy. Tt
may be found possible to apply a dressing to
the plants that will keep off the beetles and
prevent egg-laying, bul the remedy above given
is so simple and thorough, if carried out from the
first, that there is no reason to spend money in
preventing the first brood from coming, Tt is
better to let it destroy a small number of plants
and then make sure of catching it in these
plants. Two parasites lay their eggs in the
grubs of this beefle in the cotton stem, which
check it to a slight extent. Tt is better not to
destroy these parasites if they are present in the Frg. 119,
cotton stems, and this may be effected thus. Stem Borer Beells,
Place all the stems which are collected in a box (ALagnified five timer)
or barrel with the lid covered with thin cloth, securely tied down. The
beetles and parasites will hateh, the latter being flies easily distinguished
from the bronze beetles. The hox can be examined periodically and the
parasites, if any hatch, allowed to escape. The beetles on hatching will
lie motionless in the box and will not attempt to escape if the cloth is
quickly lifted, whilst the parasites are active creatures which will fly
out of the hox at the first opportunity. The parasites will then go
to the colton fields and seck for grubs of the beetle in which to lay
their egps,

This insect is common in Gujarat, the Decean, the Central
Provinces, and parts of the Punjab, It is rare in Behar and is apparently
not so universal a pest as the other insects that attack cotton, There
i8 no record of its occurrence outside India.

Cotton Stem Weevil.!

A small white grub found tunneling in the stem or branches of
certain races of cotfon ; the grub is small, less than one quarfer of an inch
long, distinct in appearance from the stem borer.

This pest has been found only in Behar and has not been under
observation for any length of time. The small white grub feeds on the
tissne of the cotton stem, making twisted galleries which it fills with

1142, (Curculionidse.)
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excrement. The grub is white, legless, not conspicuously swollen in
front. It transformsin the burrow to 2 small white pupa without cover-
‘ing, From this a small weevil emerges,
in length about one-eighth of an inch,
of 2 brown colour with black and whitish
marks, The inseet has a slender curved
bealk.

The weevil is so small and its
flight so quick and active that it is
not easy to find in the field. They

T, 120, may be f.ound coup]ing: on the cotton

Phe Cotton Stem Weevil. plants prior to egg-laying, but are not

(Magnified soven times.) likely to be seen or recognised, As a
result of the attack of this pest, the cotton branch dies or the stem
of the cotton plant swells and in a high wind breaks. The peculiar
swelling of the base of the stem of the Broach-
Deshi cotton plant is a symptom of this pest, and
though the plant lives, it may be destroyed in
the first high wind, In Behar, the Broach,
Goghari and other Bombay-Deshi eottons were
attacked in the stems, the Egyptian cotions
serionsly injured in the same way and certain
varieties of tree eotton (Caravomica and others)
attaeked in the branches. Other tree coftons and
many indigenous cottons were on the whole
exempt from attack. Onee infested the plant is
doomed and only preventive measures are effective. Fie. 121,
EXPerimen‘.ﬁs with trap cottons ant.i Oth(.ﬁl'.' t.ra,p fﬁ;ﬁg:;fi’:; fii:;?::fe?g
planfs are in progress, and Further investigation
may reveal some method of checkingit. The pest is unlikely to oceur only
in Behar and may be looked for in other parts of India.

The Red Cotton Bug.!

This inseet is the most familiar insect pest of cotton occurring gen-
erally in India, attracting attention rather from its vivid colouring than
its destructiveness. It is almost identical with the Red Cotton Stainer
of the United States and West Indies. The full grown insect measures
a liftle more than half-an-inch from the head to the tip of the wings.
Red is the predominant colour, the eyes, the antenne, a spot on the

169, Dysdermte eingulatus, Fabr, (Pyrrhocoridaa.)
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seutellum and on each wing heing black, the apex of the wings absolutely
black and forming when folded a black diamond on the upper surface.

F1e. 122, Fra, 123, Fia. 124,
Bug mistaken for Red Cotion Bug. Bug mistaken for
Red Cotton Bug. (Magnified.) Red Collon Bug.
(Frose Distant.) : {From Distant,) (From Distunt.)

There are white transverse lines on the lower surface of the body and a
tiny white ring behind the head ; the long sucking beak lies between the
legs. 'The insect is not likely to be confused if carcfully examined, but
there are other bugs which have a generally similar appearance, though
distinet markings,

Life History—The eggs are laid in a loose mass under the surface
of the soil, usually in a erack or depression, which the female covers with
earth after depositing the epgs. Each egg is round, of a light yellow
colour ; between fifty and sixty arc lzid by each female. In less than
a week the eggs hatch to small active red insects; wings are not
present, the upper surface of the abdomen being red, with a central row
of black spots and a row of white ones on each side. In other respects
the young insect is similar to the full grown winged insect.

The young moult periodically and grow larger. After the third
moult the wings commence to appear as small back lobes on the base of
the abdomen. These grow larger at each moult; there are, as a rule, five
moults in all, the insect appearing with perfect wings after the fifth.

The male is slightly smaller than the female ; these couple and the
females may then be recognised by the swollen abdomen,

The red cotton bug also attacks the bhindi plant (Hibiscus esculen-
tus) and the silk cotton troc; enormous numbers are found when the
lattor is fruiting in April and it breeds extensively at this time. On
cotton it feeds on the leaves or stems, but especially on the seeds in the
green or ripe boll. It may be found clustered on the bolls, the beak
ﬁrmly fixed, sucking out the juiee, Where either cotton or bhindi are
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plentiful, the insect becomes very abundant, increasing rapidly in warm
weather. This insect has
also been reported as
attacking the flowers of
Hidiscus at the Saharan-
pore Bolanieal Gardens.
There are mno definite
broods, inseets of all ages
being  found together.
Reproduction ceases  if
food iz mnot abundant,
the mature insects alone
being: found. This may
also oecur in the cold
weather, though it is
not invariable, and in
Western India all stages
may be found in the Fie. 125,

cold weather. The Red Cotlon Bug.

If the insect becomes abundani, it weakens the plant and also
destroys the sceds. - Thisis the principal damage it canses to cobbon, one
that is not attributed to the right canse in most cases, as there may be
nothing to show what injured the seeds when they are picked. The
sucked ont seeds are nseless for either sowing or for oil extraction, and
there may be a very considerable loss from this cause. If the boll is
open and the ingeefs congregate among the lint fo reach the gecds, the
lint may be stained by the excreta, and this form of damage is more
readily detected.

Remedies—Many methods of dealing with this insect have been
suggested, most of them impracticable. The inscet being large and
vigorous, insecticides require to be very strong in order fo kill it, and
this damages the cotton in some cases. A simple method of destroying
it in large quantities is to eollcet the insects by hand. Each cooly has
a small grain winnow (scop) and a kerosene tin with a small guantity
of kerosene. The insects are shaken off the plant with a smart tap into
the winnow ; the winnow is then jerked and the insects fall into the
lower upturned portion, from which they are thrown into the keresene
tin. The method is extremely simple and readily understood. Very few
insects escape from the grain winnow, and once in the tin their death is
certain. The pest is so readily checked by this means that it neced never
increase excessively. 'Where secd for planting is obtained from fields
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infested with this bug, the seod should he pickled in a mixture of
cow-dung, clay and water, and then thrown into water, when the sound
seed sinks, the worthless seed floating (see page 287). The red bugs are
infested with the maggots of a large Tuekindd fly, which slowly destroy
their host and thus form a cheek on the increase of the bug.

The insect is common throughout the plains, in the jungle and in the
fields. Tt hibernates in many parts of India where the temperaturc falls
considerably, and is found in hiding as an imago during the cold weather,
Where the climate is suitable it is active throughout the year,

The Dusky Cotton Bug.!

This inseet 15 well known as a pest to cofton in many parts of India.
Though small and insignificant in appearance, its
presence in great numbers in the cpen bolls of cotton
has brought it into notice. It has been reported as
sucking ereen bolls and injuring the lint and sced.
The insect is found upon the cotfon plant, especially
in the bolls that open prematurely after they have
been caten by the boll-werm. Large numbers of small
brown inscets run out of such bolls when they are
handled and either fall to the ground or, if they are
full grown, fly away.

Fia, 126,
The life history in the cotton boll is very simple. Dusky Coffon Bug.

The eggs are laid in the lint close to the seed ; cach (Magnifisd.)

£ss . (From Iistant.)
egg 1 cigar-shaped, about one mm. long (z%th ineh),

of a bright yellow eolour, when first laid. They are laid in batches of
6 w 10 at a time, and egg-laying extends over some weeks. Before
hatching the egg turns a bright orange and the emerging insect is the
same colour. The newly-hatched insect is about f4th inch long, with
three pairs of legs, the usual four-jointed antennm and an enormous
proboscis which stretches from the head to beyond the end of the tail.
With this it is able to pierce the eotton and extract food from within
the seed. During the next week it grows larger, shedding its skin at
short intervale to allow of expansion. The eolour gradually alters to a
deep reddish bhrown, darkening at cach moult. At the fourth monls
the wings appear as small growths on the upper side of the body., At
the fifth moull the wings are large but not fully devcloped, appearing
in their full size after the sixth moult when the insect is mature. The
perfeet inscet i nearly black, one-sixth of an inch in length, with the

' b. Owycarenus fwfus. Kirby. (Lygwide.)
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transparcnt wings folded over the back, The female is slightly larger
than the male but otherwise outwardly similar.

The whole period from the egg to the perfect insecet’s emergence is
twelve days. The mature insects lay eggs and then die. They may
live for many weeks hefore they lay eggs, and if food for their young is
not available they wait. Trobably they pass the dry weather in the
adult condition if no food is available for them, as they may be found on
the plants of cotton, ete., at different times of the year. In the cotton
season their increase is rapid, the eggs being laid in the cotton bolls.
At other times they will lay eggs in the pods of the bhindi ( Hidisens
eseulentus) and possibly of other malvaceous plants, or wait until
egg-laying becomes possible.

The amount of destruction caused by these insects varies with eir-
cumstances. Where there is abundance of worm-eaten bolls, the insects
live in these bolls, which open early. They are then credited with the
damage done by the boll-worm, as they are the only insect found when
the boll is picked. The actual destruction to the crop in this case is
small. Where there are no bolls atlacked by worm, they attack the
bolls as they open and are responsible for damage. The sceds are sucked,
the lint is dirtied, and they increase very rapidly in such bolls,

The simplest method of treating them is to shake them off the bolls
into a vessel containing water and a small quantity of kerogene. The
early ripening bolls contain them in great numbers, and by shaking these
bolls over a tin pot of kerosene and water they will be killed in large
numbers, Worm-caten bolls, with the insects inside, may be picked off
and removed in a bag. There would be 2 far smaller number of the insect
in eotton fickls were this done, and the method of testing coffon sced
(page 287) should be applied to seed from infested fields. This methed of
picking off and shaking the bolls may be tedious and long, but it is the
only practicable method as a rule. On farms the work ean be better done
with a spraying machine, It is extremely important to check the pest at
the outset when it is breeding in the first opened bolls, and very much
better eotton will be obtained when the cultivator takes an interest in his
cotton pests and attempts to check them, What is said about testing cotfon
seed infested with Red Bug applies also to seed sucked by the Dusky Bug.

The pest is penerally distribnted in the plains, though rarely abundant.

The Cotton Leaf Hopper.l
Among the common insect pests of cotton, the least noticeable is
a tiny green fly, which lives on the cofton leaves and flies or leaps out
182, (Tgesidee.)
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when the ‘plant is shaken. It is distinct from the cotton aphis since it is
very aetive, both leaping and flying ; when it is plentiful, great numbers
leap from the cotton plants when they are shaken or disturbed, and
this is the simplest way in which to detect the pest. The insect belongs
to the family Jasside, leat hoppers, of which great num-
bers live in grass or almost any vegetation; they are so
small ag to cscape notice.  The eggs are laid in the tissues
of the plant, and the young that hatch are similar to the
full grown insect but wingless and smaller, The food
consists of the eap of the leaves, which is extracted by
means of the slender sucking apparatus which forms the
mouth, The species attacking ecotton may be found at
all times of the year both in grass and in cotton. IHealthy
vigorous cotton is less attacked than weak unhealthy cofton ;

o ) . Fia, 127.
fewer insects are to be found on vigorous cotton plants """ y

and the leaf hoppers prefer to live on unhealthy plants, As  Hopper.

a pest, the inscet has been found only on cotton growing (MA9RHied)

under nnsuitable eonditions. In 1904, there were plots of healthy cotton
and of cotton that had suffered from the drought, growing side by side in
one of the Government experimental farms, Few insects could be found
in the former, whilst the latter contained enormouns numbers. This was
observed also in Behar, where cotton was being tried and suffered heavily
from the exeess of moisture. The absolutely backward ecotton wag
infested, the vigorous eotton was practically free, As a pest then it will
be found attucking weak cotton ; the result of the attack is that the
leaves curl, beeome digeolonred, wither and fall off,

The pest is apt to kill cotton that is struggling against bad conditions.
It appears to aftack the larger leaved tree cottons and American varieties
more than the smaller leaved Broach-Deshi and Goghari cottons, but will
attack every variety if the plants are in bad condition. Evidently this
insect cannot rank as a general pest since it will not attack healthy
cotton. It is a serious pest in the experimental farms where introduced
varieties arc being acclimatised ; it has also been a pest to many varieties
of the American and Egyptian cotton grown in Behar during the wet
months, It has been successfully checked by spraying with crude oil
emulsion, at the rate of 1 in 50 of water. An acre of badly infested
Goghari cotton treated with a Success Knapsack machine requires 100
gallons of wasl, costing Rs. 3-8, and onc day for application. A large
amount of wash musl be used sinee it is desired to spray the inscets as
they come out of the plants in a cloud, and not to spray the plant alone,
This is a stmple and cffective remedy ; no other appears likely to be so
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successful.  'Where it is necessary to help a struggling erop through a
bad season, spraying of this kind will be & necessity, When the plants
become stronger, they will not show the discase, and will not be impaired
by it.

This insect is known from Gujarat, Nagpur, Cawnpore, Lyallpur and
Behar at the present time, Tt will probably be found wherever eotton is
grown in India.

Cotton Aphis.

Small sucking inseets found in abundanee on the shoots and leaves
of the cotton plant; they are about one-twentieth of an inch long,
coloured in dull yellow or black, and have two short processes projecting
from the upper surface of the abdomen. This pest is one of the common
plant-lice discussed in a later scotion and has a similar life history, The
colonies found on cotton consist of female insects, which produce living
young. There is no metamorphosis; the young are born alive and are
all females, After a few days they in twrn commence to produce living -
young ones. Two kinds of females may be seen, unwinged yellowish
ones and winged black ones. The latter fly from plant o plant and

F1a. 128
Winged female, (Magnified fen times.)
spread the pest over the field. As a rule the young and the nwinged
females move but little, feeding in eompact colonics on the underside of
the leaves or on the shoots; they extract the sap from the plant, maling
it wesk and sickly, 'The insect sppears in the rains and, if cotfon plants
arc available, remains on them until the weather becomes very dry, often
until the end of the eold weather: In cloudy weather the winged ones fly
far over the field and found new colonies. Henee it is that after the

18, Aphis gossypti. Glov. (Aphidic)
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cloudy weatlier, aphis becomes more abundant and suddenly appears over
large areas.

Plant-lice exerete a sugary
liquid, which, falling on the
leaves below, dries to a sticky
coating, This appearance on
tlie leaves is a sign of the pest
and is familiar to cultivators.

Many insects attack the
cotton aphis and are very im-
portant ehiecks upon it; these
arc described in a later section
under beneficial inseets, These
insects should be familiar to all
who grow eotton and should not
be destroyed in error as injuri-
vus insecls,

The treatment for cotton
aphis lies in spraying with a
contact poison, doing this when
the first colonies appear on the
cotton and not delaying until
with cloudy weather they spread
over the whole field. If eulti-
vators were lamiliar with aphis
and checked it as soon as they F1c. 129.
first saw it, it. would never C”{i?:ﬁ%ﬁjﬁ;;:giﬁgff‘
become so serious a  pest.

Without this, large areas may in cloudy weather become affected, and
though the pest is principally one on farms and experimental eultivation,
it is also an important field pest.

Minor Pests,

M'here are a nuniber of insects which attack cotton casually, doing as
# rule no harm but possibly injurious in unusual seasons, The White
Weevil ! is o small beetle, of a dull white colour, found upon the Ieaves of
all varieties of the cotton plant almost throughout the year, It bites the
leaves of the plant, eating in from the edge. It is most conspicuous from

v Myllocerus maculosus, Des L. (Curculionidas)
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July to October, but has been found at all times. The life history s
completely unknown and is apparently not passed in the cotton plant.
Special treatment is not required
for this pest, which is easily de-
stroyed by shaking it off the
plant ; it bas a habit of falling to
the ground when disturbed and
“shamming dead.” The Green
Weevil! iz also a pest of cotton,
eating the leaves in the same
manner. This insect is larger
than the White Weevil, of a
dark colour but clothed in
metallic green seales, which give
it a peculiarly brilliant appear-
ance. 1t 1is common in Behar
and, like the White Weevil, is
found also on bhindi, maize and
other crops, The Cotton Cater-
pillar? is a green caterpillar,
which is found on the eotton leaf ;

. ORI F1e. 150.
it walks after the‘ {ashion of the Cotlon Aphis, unwinged female.
true looper caterpillars, hunching (Magnified fiftcen times.)

up its body at every step, bul is actually a “semi-looper ¥ with three
pairs of sucker-fect on the abdomen. The caterpillar is marked with
fine white lines and grows to a length of cne inch and a quarter. It eats
the leaf, making large holes, and finally pupates by turning over the
edge and folding it down. The moth emerges after eight days. This
pest is not common, is found enly during the rains, and feeds also on bhindi
and other plants.

Another semi-looper found on cotton has but two paire of sucker-
feet on the abdomen and a swelling on the upper surface of the body on
the first abdominal segments and the tail. It feeds on the cofton leaf
and eventually comes out as a white moth ® with dark markings, Like
the last this is not usually injurious but is likely to be mistaken for a
gerious pest,

Hairy caterpillars which at times ravage large arcas of crops also
attack colion and may do much harm. In Behar, the common hairy

t 188. dstycus lateralis, F. {Curculionida.)
2 115, Cosmophila ergsa. Huobn. (Vocbuidw.)
€ 162. Turache calene. Sew. (Noctuidm.)
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eaterpillar ! is found in abundance on cotton thronghout the rains if other
crops fail it, and this applies also to the Hairy Caterpillar of Gujarat.?

The very common Red Leaf Beetle? is found on cotton but does no
harm, The Cotton Mealy Bug is a peeuliar specios which is found on the
top of the shoot; the shoot swells and twists, forming a hard gall-like
mass and stunting the growth of the plant. Only some varieties of
indigenous cottons are affected and the pest is not widely spread. Tt
requirves to he destroyed by picking the twisted shoots, or by spraying, as
it interferes with the normal growth of the plant.

The large spotted grasshopper® is one of the few grasshoppers that
is commonly found feeding on this plant. Germinating cotton suffers
from the ground grasshoppers and weevils which attack germinating
seeds as they push leaves above the ground (sce page 220). The ryot sows
his cotton so thickly that no damage is done as a rule, but tree cottons
and other cottons sown far apart will be eaten if the field is very clean.
It is advisable to sow some such erop as maize between the cotton or to
leave the final weeding till the eotton Las formed two leaves, as the inseet
then has other food and spares the cotton.

1186, IMacrisia ebligua, Wik, (Arctiide.)

2 220. Amsacta lactinea. Cr. (Arctiide.)

i 11. dulacophera foveicollis. Kiist, (Chrysomelida.)
t 49, Aeridinm ceruginesum, Burm, (Acridiidm.)



CHAPTER IX,

PESTS OF RICE AND WHEAT,

HE arca occupicd by these crops is so large that it has not heen possible
to study adequately their pests in detail. The four chief insects
that attack ricc and one that attacks wheat are deseribed. There are
in addition many insects which appear oceasionally, espectally those
caterpillars which attack rice. In general these are not formidable nor
sufficiently abundant to make any impression on the very large area of
this erop. The method recommended for dealing with the Rice Grasshop-
per should in many cases give good results against these Rice Caterpillars,
Wheat appears to suffer from few pests; the stem-borer s a specific
pest of wheat, cane, ete. The wheat aphis is a serious pest dealt with
under the heading “Green Fly and Plant Lice” (page 237). Young
wheat suffers from ground insects as do other young rabi crops. Many
pests of wheat probably remain to be disecovered and any extension of the
ares under this crop to fresh districts will probably produce new pests,

The Rice Hispa !

A small blue-black beetle, covered with spines, which feeds upon
the leaves of riee; an infested field
becomes yellow, the leaves dying and
the plants withering. This pest is
a familiar one fo cultivators of
Bengal and Assam, known by many
vernacular names, The small flattened
beetle is easy to recognise and the
peculiar effeets of the attack are fairly
characteristic.

Iife History.—The eggs are laid
singly, each egg being inserted in
the tissue of the leaf, almost exposed
and easily visible. The egg is oval,
about one-thirtieth of an inch long,
and when in the leaf is detected by the
white spot and the bulge in the slit
epidermis. It islaid in the upper part Fro. 151,
of the leaf, not far from the point. The ke Rice Hispa. (Magnified soven timss)

 4l. Hispa @nescans, Baly, (Chrysomelide.)
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egg hatches to a emall, flattened grub, with three pairs of legs, which lives
juside the leaf between the upper and lower epidermis. The grubis white or
yellow with black markings, very flattened, the first three segments broader
than the abdomen. It feeds on the tissue inside the lcaf, cating it away
and producing a large yellow spot, The grub is found by searching for
such yellow spots, and the insect may be seen inside if a spotted leaf is
held up to the light. The grub when full grown transforms to the pupa
inside the leaf and emerges as the beetle. The whole life history is passed
within the leal until the mature beetle comes out to fly about. Tt feeds
upon the leaf, eating away the epidermis and causing further destruction.

The insect principally attacks the young plants, feeding and laying
eggs upon the tender green leaves of the seedling or of the newly trans-
planted rice. It is injurious to rice in the sced-bed and shortly after
fransplanting, the older rice being less attacked and not injured,

Wild grasses are the normal food-plants and the beetle flies from the
waste lands or jungle to attack the early rice. In some parts of Bengal
it is reported to eome in cnormous numbers, blackening the fields on
which it settles and causing a wholesale destruction of the crop. Like the
rice-bug it is dependent upon moist conditions and attacks rice that is
submerged in preference to rice on higher land from which the water has
been run off ; this is the only remedy applied by cultivators, who, when
possible, let the water out in the hope that the insect will leave their fields.

Tho insect spends the winter as a beetle in waste lands and grass-
lands, The season at which it appears depends upon the sowing of rice
and the climate, but lies between April and November.

Preventive measurcs for this pest must be based npon loeal
conditions : where the pest is known to come from a particular place, it
may be possible to destroy it there, as, for instance, in the wild grasses
in which it lives before the rice is sown, or the sowing and transplanting
of rice may be varied to prevent the pest attacking it. In seed-beds the
beetle can be destroyed, and if the seed-bed is watched when the beetle
is likely to attack it, egg-laying can be prevented. When the beetles
come in great ‘pumber the ordinary bag is sufficient to sweep them up
with, and the cultivator is quite capable of using his dke#: or other
cloth for the purpose. Any concerted action designed to prevent egg-
laying and worry the insect is what is required, and what is, in India,
so difficult. "When onee egg-laying has been performed nothing can be
done but to wait for the emerging heetles and destroy them. The use of
arsenieal insecticides is valuable as a poison for the beetle, butis ineffective
against the egg or larva. There is probably little scope for the use of
lead arseniate, since it will not stand rain and washes off. There is also

1%
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little scope for the use of smoke. Smoke is advisable as a means of
checking the insects when they first come as it drives them out of the
field ; it has no further effect, kills nothing and is only a temporary deviee
to frighten away the incoming beetles. No specifie remedy can be
recommended against this pest; the life history is so safeguarded that
there is no obvious point of attack, and reliance must be placed upon
preventive measures based solely on local eonditions and aimed at
destroying the inseet in its breeding grounds, securing an earlier or later
growth of rice to circumvent the beetle, or making the conditions
unsuitable to the existence of the insect. 'The only available direct
remedy is to destroy the beetles with bags, systematically working
through the fields and sweeping them clean ; this must be done promptly
as soon as the beetles come, and must be thorough.

1t has been found that certain softer-leaved varieties of rice are more
attacked than rough hard-leaved varieties growing side by side, and in
these cases the ryot has a remedy {o hand. The higher priced soft variety
is grown at a risk, when the rough variety might afford an almost certain

full yicld,
The Rice Bug.!

A slender green insect, found flying in the rice-fields, which sucks
the sap of the developing ears
and eanses them to turn white.
The insecet has an aromafic
odonr, suggesting geraninms,
and may be found in rice-fields
when the grain forms. The
characteristic symptom of the
pest is the whitening ears, a
whole  field often turning
colour in this way.

The insect is a typieal
bug, with no metamorphosis.
The eges are laid in the jungle,
as also in the rice crop coming
into ear. Xach egg is oval,
| somewhat flattened, nearly

| black and very sced-like. They
Fra. 132, are laid separately, in clusters
Tkhe Rive Bug, (Magnified bwice.) of four to ten, on the leaves.

1103, Leptocoriza varicornis, F. (Coreidm,)
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They are quite casily seen, the eggs forming a conspicuous object on the
green leaf. When ready, the egg opens, the delicate inner membrane and
part of one end of the outer shell coming off and liberating the bug.
The liftle bugs are most quaint
inscets, all Jegs and feelers, with a
slender green body. The antenue
are banded in black, white and
brown, the legs black, all extremely
long in comparison with the tiny
green body., The proboscis is
very long, reaching beyond the
insertion of the hind legs.

At each moult the insect grows
larger, the body remaining green.
Wings are formed gradually.
When full grown the insect is about
two-thirds of an inch long, the
wings folded over the abdomen, the
body green with a tinge of straw
colour, the antenns parti-coloured.
It flies actively and may be readily Fra. 133.
made to fly out of the field. ¥ggs of the Rice Bug. (Muegnified twics.)

This bug feeds upon ripening sceds; it will attack rice, small
millets, grasses and other plants as the seeds form and fill with milky
juice. Sama (Panicum frumentaceum) is a favourite food, and the bug’s
normal food is the wild grasses in the jungle and waste lands. Though
common in cultivation during the raing, it breeds only when a crop is
ripening' and food is plentiful. Then the eggs are Jaid on the leaves of
the plant and the young find abundance of food.

Cultivators know the pest, which has many vernacular names, but
do nothing to check it. Itis prevalent in Burma, Assam, Bengal, the
United Provinecs and Madras, practically throughout the rice districts of
India. In other parts of India it is to be found where the conditions
are suitable ; it extends to Ceylon, the Malay Peninsula, Malayan Archi-
pelago and China. As the winged form is fairly active, it can be driven
from the rice-ficlds with little cffort. The unwinged young when dis-
turbed simply fall $o the ground or to the surface of the water, whence
they climb upon the plants again, There is no easy means of checking
it, but if sufficient trouble is taken and a large area treated, the insect can
be destroyed. 'lhe simplest method is to draw a bag through the rice,
simply running it over the plants. Two coolics can cagily manage a bag
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eight feet wide and three feet deep with the opening three feet high.
Two bamboos keep open the sides of the mouth and the bag can he
drawn tight and rapidly run over the rice, brashing through the upper
half of the plant. The winged and unwinged are caught if the bag is ab
once twisted up at the close of cach run and a very large area can be
rapidly swept. The method is useless without co-operation, as a whole
area must be awept clean or the bugs wander in again.

When the flying bugs first come in, the mere dragging of a rope
through the crop drives them out again, and a little systematic worrying
of this kind sends them back to the jungle. A remedy for this pest used
in South India and Ceylon is to smear a paddy winnow with sticky
fruit juice, fix it to a pole aud wave it
in the fields. The insects stick to the
winnow if struck.

A common hand net is more efficacious
and just as casily made, and in actual
practice the bag is better still. This
5 method however appeals to cultivators and,
if vigorously earried out, does destroy and
drive away the pest.

In Bengal the rice-fields are found to
contain numbers of very active blue
The Sios E:;:- :?;4:: . bee'tles, marked with six White. .spots,

that pregs on the Kiwe-Bug.  Which feed upon the rice bug. This is the

Six-spotted Tiger Bectlo,! a very valuable

predaceous heetle which gathers in hug-infested rice-fields and keeps the
bugs in check. Another check is a small parasite found in the eggs.

The Rice Stem Fly.®

The first symptom of this pest is the withering of the upper half of the
plant, the main stalk bending over from a point some distance above the
ground. The upper part withers and the main stem dies. If sucha
stalk is split up the middle, the maggot or pupa of the insect will he
found.

Very little i3 known of the occurrence of this insect in India, as it
has been reported very seldom. The maggots are found in the shoots
of ricc; they feed on the sap and produce a deformity and weakening of
the stem. The stem cventnally falls over at the weak point. The

! 187, Cicindela sexpunciala. 1, (Cicindelidm.) | * 44, {Mascide acalyptrute.)
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small brown object like a flax seed. No epecimens have yet been
reared in India under observation and the details of the life history are
not known.

The insect has been found or reported from a fow scattered local-
itics in the plains of India and is probably far more widely spread, gen-
erally escaping mnotice. It is attacked by a hymenopterous parasite.

Rice is not the only food-plant, same being an alternative onc.

No general methods of treatment are available against such a pest,
and preventive measures based upon local conditions can alone be
effective.  Some good would be done if all affected plants were destroyed,
but no remedial measures can check such an insect. It will be necessary
to devise measures based on supplying the insect with a trap food-plant,
such as sowing an carly frap crop or destroying it in a particular plant or
crop at one special period of the year. It may be possible to find
immune varieties of rice, or to make such changes in the agricultural
practice of affected distriets as will baffle the pest, as, forinstance, sowing
earlier or later. It ie not likely that any good will be done without care
ful study and some cxperiment, and what is found useful in one locality
will not be likely to suit another.

Wood-Mason has recorded an insect! allied to the Hessian Fly
which attacks rice in a somewhat similar manner. This is a distinet
pest, of which practically nothing is yet known. Either insect is likely
to be found in rice.

The Rice Grasshopper.®

Among the most familiar rice pests is a Jarge grasshopper, green ot
dry grass colour, which lives in the rice-fields, becoming mature about

F16. 135,
Tkhe Rice Grasshopper. Normal form.

! Cecidomyia oryze. W.M. (Cetidomyiidz.)
3 47, Hieroglyphus furcifer. Serv. (Acridiide.)
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August or September. It is easily recognised from the figure, the short
wings, the uniform colour and the indented black marks on the thorax
being distinctive.

The life history is passed in the rice-fields and oceupies seventeen
weeks, The eggs ure found embedded i the soil, in the ficlds or
embankments ; cach egg mass is a hard cylindrieal body, about half an
inch long with one end rounded, the other flat; the cggs inside are
densely packed in a hard cement,
and the outside crust consists of
cement and earth, These eggs
hatch after the first heavy rains
and the small active insects emerge ;
they are at first dark coloured, with
a green dorsal stripe, but later
become green. The little insects are
very active and feed on the growing
rice. They undergo the usual five
moults and beeome full grown in
eight to ten weeks. The imago is Fro, 136. ¥ia, 137,
found in two forms (figs. 135 and Eyg Mass of Egg Mass of Rive
138}, one with the long wings, the Rice Grasshopper. Grasskopper io show
other with short imperfect wings. énterior. (Magnified freica.)
As the inseet never flies, wings are apparently useless. After mating the
cggs are laid in the soil; this takes place in late Seplember or early
October, as a rule, but the dates vary according to the rains and the sowing
and reaping of the rice crop. This grasshopper is found in grass-ficlds,
i damp waste lands, in rice-lands and, more rtarely, 1n sugarcane fields.
It is also a pest of cane, and in irrigated cane-lands there may be an
carly brood of the pest, the oggs hatching when the land is irrigated in
March or April. Ttis
injurious principally
by devouring the
young rice erop or by
eating the solt grains
of rice In the car.
A useful rethod of
dealing with this pest
was waorked ont by
Mr. 8. Stockman and

¥1g. 138, has been applied in
The Rive Grasshopper, small winged form. the Central Provinees
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and Belgaum. It consists in dragging a net through the rice to
sweep up the inscets; the net is 36 feet by 7 feet, weighted at one
side, with ropes on the botfom to drag it by, and a bamboo to hold
up the top. Nine men drag it throngh the field, the lower edge
below water sweeping up grasshoppery, caterpillars, and other insects,
The method was successfully adopted in Belgaum and, where the
cultivators work together, large arcas of rice-lands can be effectually
cleared of the pest.

Atlempts to destroy the eggs during the cold weather have failed,
owing to the difficulty of finding the egg masses, which are buried to a
depth of two inches in the soil,

The Rice Grasshopper is common throughout the plains of Bengal,
the Central Provinees, parts of the Bombay Presidency and Mysore,

Minor Pests.

A number of insects feed upon the rice-plant and it is wuncertain
which of these can rank as pests. Caterpillars are particularly common
and a number have already been reared from riee but only rarely found
to be injuriously numercns. Au important local pest is the “dedds” !
ingsect of Bbandara and Kanara, which is closely allied to the aquatic
cuterpillar 2 of Burma. The work of these is apparently identical ; both
cal the leaves and live in a case formed of a leaf-blade twisted over and

Fia. 139.
Butterfly of large Rice Caterpillar.

V38, Nymphule depunctelis. Guen. (Pyralide.)
! Nymphule fluctuoselis. Zell, (Pyralidem.)
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made fast with silk. 'The caterpillar is a semi-aguatic one, provided with
gills for obfaining air from water. If the water is let out of the ficlds,
the insect is less destructive, and remains by day on the wet soil. Tt
pupates in its leaf-case and the moths are found in large numbers in the
affected fields.?

Another and larger caterpillar that folds over the leaf is the green
caterpillar of a butterlly.* A large green eaterpillar, distinguished by
having two large processes on the head, is the ealerpillar of the butterfly *
reproduced (fig. 139). This eaterpillar clings tightly to the leaf and is
protected by its cryptic colouring. The larva of a small black and
yellow moth* {wists the leaf-blade into a shelter and feeds within.
Other caterpillars live openly on the rice leaves, and it is not unusual to
find that swarming caterpillars will destroy large areas of this crop (see
page 187). One species® in particular appears in vast numbers on the
plants, strips the leaves to the mid-rib and spreads rapidly from field to
lield. Against these pesis, the bag (page 72) is often useful. Branches
of trees placed in the fields encourage insectivorous birds which ean
perch there in the intervals of making a meal on these pests.

Blister beetles attack rice when in flower (page 206) and scveral
cockchafers have the habit of destroying the soft grain bhefore it is ripe

age 200).

The Wheat Stem Borer,s

It is not uncommon to find the stems of wheat withering prema-
furely, the planis becoming yellow and dying. Such plants contain
borers, whieh will be found by splitting up the stems. The eggs from
which these borers hateh are laid in clusters on the lower leaves near the
stem ; they are the usual small white rounded eggs, in compact clusters
of twenty to thirty. The caterpillars bore inte the stem of the wheat
plant, feeding in the centre of the stem. The plant dies, withering up,
and new shoots are formed at the base. The full grown ecaterpillar is
about one inch long, smooth, with a brown head and s rather pinkish
body; it is not the dull white of most borers, but tinged with pink and
thus easily rceognised. The chrysalis is found in the wheat stem. The
moth is the colour of dry grass, similar in appearance to many other
moths which live in grasses.

1 Report of Ratiram Khamparia, Enfomological Assistant, Central I'rovivces.
? 30. Chapra mathias. Fabr. (Hesperiidwe.)

¥ 230, Melanifis ismene. Cram. (Nymphalids,)

4 48, Onaphalocrocts medinalis. Guen. (Pyralidm,)

* 236. Spodoptera mouritia. Boisd. (Noctuidm.)

§ 01, Nonagric uniformis. Ddgn. (Noctnide.)
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This species has been found during the eold weatherin wheat and

during the hot weather and
rains in  sorghum, rice and
cane. It isa common cane
pest in Behar, and an

Fre. 140.

mmportant wheat pest
Gujarat and  Nagpur.

Wheat Stem Borer, (Magnifled twice.) There is a considerable

amount of confusion as to the identity of the various wheat and nice
horers reported in India in the past, but this species is probably the most
important and will be found to be widespread.

There is no remedy for it beyond the few commonsense precautions

which are suggested by the habits
of the pest. When first found in a
wheat crop, the crop should be
pertodically cxamined, and all
withered plants at once destroyed.
The pest is first found in the mest
advanced wheat in the distriets
where it multiplies, seriously injur-

Frg. 141.
The Wheat Stem Borer Moth.

(8lightly magnified.)
eggs and destroy them, though this is
quite feasible.

The inercasc of the pest iz much
assisted in sorghum-growing localities
by the practice of leaving  the
sorghwm stumps in the ground after
harvest. With a few showers in Febru-
ary, the stumps grow new shoots in
which the ecaterpillars of this pest are
found after the wheat is reaped. This
helps the insect through a very critical
period.  'Where this insect attacks wheat
on the experimental farm, spraying with
lead arseniate must be resorted to if the
full yield is required, It thrives on the
plots of varieties of wheat, grown possibly
with irrigation under abnormal conditions

ing the later wheat. If the first
brood is destroyed, no appreciable
harm will result. It is unlikely
that cultivators will ever find the

Fic. 142,

The Wheat Stem Borer Moth.
(Magnified twice.)
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and possibly not even in a wheat-growing area; as in all eases of
experimental cultivaiion special remedies should be adopted, when this
pest is prevalent, by spraying with lead arseniate to poison the young
insects as they hateh.

Minor Wheat Pests.

The most important minor pest of whealis the aphis (page 237), a
areen aphts which infests the leaves and ears. It is a fairly general pest
found in enormous abundance on ripening wheat. It iz doubtful how
much harm apkis does; at its worst it so weakens the plants and
grain that only inferior wheat is produced. Beyond spraving, there is
no remedy possible until further investigation has discovered the habits of
this pest throughout the year. Spraying is practical only on experimental
crops bub is necessary there if the full results are to be obtained. Flea
beetles (page 203) attack wheat, and germinating seed is destroyed by
ground grasshoppers and surface weevils (page 220).

Lermites are alse a somewlat serious pest in some losslities (page 228).



CHAPTER X.
PESTS OF CANE, MAIZE, AND SORGHUM.

IILST plants are so closcly related that the same inscets in some
cases attack all of them. When this is the case, treatment of the
pest in one erop is nsufficient, so that it is necessary to consider carefully
in which erop and at what time of the year the insect can be most easily
destroyed. This is especially important with the Moth-borer, which is
the mogt serious insect enemy of all three plants. Cane is also attacked
by the White-borer, the Cane-fly, the Cane Mealy Wing; the Maize-fly
attacks rorghum also.

Moth-borer in Sugarcane, Maize, and Sorghum,!

The most abundant and serious pest to sugarecate, maize and
sorghum is the eater-
pillar  known as the
moth-borer. It  is
found in the ecater-
pillar form, a slender
caterpillar, not more
than one inch in
length, of a dirty
white eolour, with
dark spots and a black head. It is not possible from the caterpillar
to be certain of the identity of the pest, as’ there are other caterpillars
which closely resemble it in form and colour. The moth ean be
identified, but it also is similar to other moths with similar habits: it is
advisable, if caterpillars such as that described below, are found destroying
these crops, to assume the insect to be the borer, until caterpillars or
moths have been sent to an entomologist for accurate identification,
Specimens are required from all parts of India fo ascertain exactly
where tho borers occur and whether one or more species are thus
found.

Life History.—The female moth flies about the field affer dusk and
lays oges on the leaves of the plants, The eggs are very flat, oval in
outline, about one twenty-fifth of an inch across. They are laid in a
cluster, one partly overlapping another, the number in the cluster varying

Fia. 143.
Motk-borer. (Magnified three times.)

11, Chkilo simplex. Butl, (Pyralide.)
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from three or four to twenty or more.

a third of

The whole cluster forms a

small patch on the leaf, wnsnally ahout

an inch in length and

about one-twelfth of an inch across,
When first laid, the eggs are creamy white,
after which they turn yellow and then
orange hefore hatching. In about omne
week the caterpillar comes out and leaves
the empty white egg-shell.
its life as a finy active creature, about
one-tenth of an inch long, orange in colour,

It commencer

Fie. 144, with many short dark spines and a black
Motk-borer Eggs. head. It feeds upon the leaves of the plant

(Magnified fwenty fimes.)

enters the shoots or

while it is young, and after a week or so

the stem. If possible
it spends the rest of
it caterpillar life inside
the plant. The cater-
pillar  grows larger,

becoming a dirty white
colour ; the head is Moth-borer.
black ; there are many

little dark spots on

which the caterpillar

Fia. 1486,

Motk-borer Pupa.
{Magnified.) comes ount,

hears a small darle hair,
legs and five pairs of sucker-feet may he seen with

Fra. 145.
(Megnified three times.)

the body, each of which
The usual three pairs of

walke actively if disturbed,

Life in this form lasts for about four weeks,
except in the cold weather when it may last some
months, YWhen the caterpillar has become full
grown and is a little more than one inch long, it
makes a hole to the oufside of the plant, spins a
lining of thread inside the burrow near this open-
ing and rests for two days. The skin is then
thrown off and it turns into a chrysalis; this
ig threc-quarters of an inch or less in length,
brown, with no legs or mouth.
lics in the burrow, unable to move except by
wriggling, remaining thus for six to seven
days. Then the ekin eplits open, and the moth

The chrysalis



MOTH-BORET. 127

This moth is of a grey brown colour, with long legs, with two pairs
of wings and has two projecting palps in front of the head which look

like a bheak,

The upper wings have dark markings, which vary very

F1a. 147.
Moth, (Magnifled.)

much in different specimens; the lower wings are white or slightly

grey: when resting, the wings are
carried close to the bedy, the lower
ones not visible, When the wings
are spread, the inscet moasures
from one to one and a quarter
inches across ; the male is smaller
than the female. Itis impossible
to describe the moth so exactly
that it can be recognised as distinct
from all other mothg, but one
point to look for are the palpi in
front of the head which look like
a beak ; if these are not scen, the
moth is probably not that of Chifoe
simpler, but one of the many
other moths found on cane, maize,
or sorghum,

Fra. 148,
Motk in repose. (Magnified))

These moths mate and the male dies, the female living a day or two

longer in order to lay eggs.

In ordinary circumstances, when there

is plenty of food and the weather is warm, the whole Jife history
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takes about six weeks, one week for the eggs, four weeks for the
caterpillar, one week for the chrysalis, and a couple of days for the moth
to lay eggs.

In November the caterpillar often ecases feeding, and rests; it does
not ehange to the chrysalis,
but simply les in  ifs bue- -
10w 11ibe¥nating. It may Wetalal m ﬁr
remain in this state until the a r'“%"'“:m-"“' = '-~-
end of May, when it turns
into a chrysalis and comes Fro. 149.
out as a moth in June. I Moth-borer Caterpillar, in hibernating condition.
may also ecome out and rest (Magnified three times,)
ag a moth before this time; if there is irrigated cane or maize growing
during the cold weather or dry weather, the moth may emerge as it does
in the warm weather and never hibernate. This depends upon local
circumstances, thongh the rule is that the caterpillar hibernates during
the cold and dry weather, especially if it 1s in sorglum.

The caterpillar is often very destructive to young cane. The withered
leaves show that the caterpillar has killed the shoot (¢ deadheart’),
During the first five months many young eane shoots are killed in this
way, the plants thus beeoming weak and sickly. When the eane becomes
larger, the caterpillar attacks the stem, boring into the growing canes.
If it ean find other food, such as maize or sorghum, it will often leave the

cane, but il only eane is

grown it may continue fo

f h’{j £ 1§ attack and damage the cane.

‘_ Q“ FEER In sorghnm, the eaterpillar
rR R attacks the young shoots just

as it does in ecane; it also

F1a. 150. bores in the stems, being

Moth-lorer Caterpiliar, in hibernating condition.
(Magnified three times.) usually very . abundant as
the sorghum ripens. Where

there are many caterpillars and each stem contains several, the crops may
be seriously damaged. After the grain is harvested, the caterpillar
remainsin the dry stems and especially in the stumps, which are left in
the field.

In maize the eaterpillar lives in all parts of the plant, except
the roots. It bores in the stems, feeds wpon the tassel and is
particularly fond of the cob. Many young caterpillars are often
found in the ripening maize, eating the grain so that the harm is
very apparent,
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BRemedies—There are several things which may be done to check the
increase of the moth-horer, but they will only Le fully effective if they are
all done, so that the pest is checked all the year round. No remedy will
entirely Lill out the insect, and if it is checked only at one scason it will
increase again during the rest of the year. In every place where the
moth-borer i1s found, it should be attacked in canc, maize and sorghum, if
all these are grown.

(1) Cut out all the young shoots of cane that are seen to wither.
When the moth-borer attacks the shoots, the centre leaves wither and
dry up; if these shoots are cut out with a knife, low down just below the
soil, they can be taken away with the caterpillar or chrysalis inside.

This does no harm to the eane as the shoots would not live in any case
and other young shoots will grow again just as well. These dead shoots
should then be piled in a heap and burnt, They must not be left on the
ground as the caterpillar will come out as a moth in due time and lay eggs
in the field again. The object of cutting cut the cane is to check the
borer at the beginning,

(2) Sow maize or sorghum aumong the canes when the cane is planted.
This will come up quickly and the moths may lay eggs in the maize or
sorghum and the eaterpillars will not attack the cane. The plants of maize
or sorghum may then be removed with the horers in them, say in six
weeks or two months after sowing. These plants must be removed from
the field and if they have many insects must be destroyed. In any case
the inseets must not be allowed to come out as moths and breed.

{(3) Cut out all young sorghum or maize shoots that are attacked and
burn them, Thig is just the same as the first remedy and has the same
effect. It can only be done in the young plants becanseit is only then
that the shoots which are attacked can be seen by the withered leaves.
When the plants get bigger, the borer cannot be cut out, because that
would Idll the whole plant.

{(#) Destroy the stubble of the sorghum or maize plants after the
crop is reaped. During the winter the caterpillars live in the stumps of
the sorghum left standing in the field. From these caterpillars come the
brood that attacks the erops after the winter. Great numbers can be
destroyed in the ztubble so that this is the most important remedy ; the
moth-borer will probably be more thoroughly checked by this practice
than by any other remedy.

Euemies—~As the caterpillar lives inside the plant few insects can
attack it, so that many encmies that feed upon most caterpillars are power-
less. Three jrllsects are known which lay eggs in the body of the cater-
pillars (‘Flgs.1 51, 822) ; these eggs hatch quickly to maggots which live

K
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in the onterpillar and gradually devour it. The caterpillar dies, the
maggots come out and themselves turn to flies which lay eggs In other
caterpillars, Few of these inscets are found as the catorpillar is seldom
exposad to their attacks. _

A more important enemy is a very tiny fly which lays its
egg in the eggs of the moth; the fly’s
egg hatches first and the maggot cats up
the eggs of the moth. Such eggs are
black in colour, not white or yellow, and
very many such eggs are found in
the fields of young canes. This tiny fly
is the most important check upon the
moth-borer and prevents the destruction
of many cane-fields every year, Another
enemy, which is very seldom found, only

Fra. 151, altacks the borer when it is feeding wpon

Fly whose Maggot lives in e S0me cxposed part of the plant, such as

Mofy’ore_?' C;mr'_ﬁ‘i”ar- the fassel of maize. This is a very

(Magnified twice) active small black grub, which runs about

feeding upon the caterpillars. It kills the caterpillars by sueking out
their blood.

The moth-borer is found in many parts of India, but it is not cerfain
that it occurs all over the continent. It is common in many places in
the Bombay Presidency, Baroda, the Central Provinecs, Bongal, the
Punjab and the United Provinees. It will probably be found ull over
these Provinees and is likely to be the borer of cholam {sorghum)
in Madras.

White Borer of Cane,l

Whilst the moth-borer is the common pest of cane, other boring
caterpillars also attack it, some in the roots, others in the stalk. Of
these the White Borer is the most prominent, found principally at the
apex of cane, boring through the growing joint and down the upper
joint, .

The moth lays eggs on thoe leaves of the eaune, several egps together
in a cluster ; the egos are cigar-shaped, fixed to the leaf, and tho cluster
is eovered with buff coloured hair taken from the tip of the moth’s
abdomen, When the moth deposits eggs covered with a gummy
seerction, the hairs from the end of the body are plastered over the eggs.

121, Scirpophaga awriflua. Zell. (Pyralids))
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The egg cluster thus has a very characteristic appearance and ean be
readily found.

Fia. 152.

Whkite Borer. Larva, Male and Female Pupa, Pupe inthe cane,
Moth, male above.

The larve that hatch are small spiny insects not unlike the moth-
borer. They bchave in much the same way, cating down into the
rolled-up leaves of the eanc shoot, They picrce the rolled-up leaves, which
have a characteristic appearance when they open, the leaves being
spotted with small holes. Tventually they bore into the growing point
and straight down the solid part of the shoot.

In old canes the larva cats down the centre of the young rolled-
up leaves above the growing point till it reaches the latter. The grow-
ing point is destroyed and the Jarva continues eating through the soft
tissue, travelling downwards. When it becomes fully fed, it bores to
tho outside, rcaching first the rind of the cane, then perforating the
sheathing leaves. The leaf on the outside is not eaten away but a neat
round dise iy eut and left blocking the tunnel. The tunnel is then webbed
with sille, and if there is a space between the rind of the cane and the
outer leaf, this is bridged by a silken tube.

The pupa retires into the tunnel and prepares eross partitions as it
goes, webbing the tunnel across with partitions. It then scttles down,
the skin is cast and pushed behind it, and the pupa lies head downwards
in the tunnel,

k2
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The eaterpillar bores through several internodes of the cane before
turning outwards ; as a rule there are at least three internodes befween
the apex and point of cmergence,

In old canes, the death of the growing point by this caterpillar leads
to the development of the buds next o the apex and some distance down
the cane, The result is a cane bearing large shoots on the upper half,
forming a bunchy top of long green shoots. Such eanes are very con-
spicuous ; the yield must be largely reduced, the cane instead of ripening
normally, having to form shoots at the expense of its sugar contents. The
upper half of the cane is also more fit for feeding cattle than for grinding.
In young canes, the effeet of the attack is to produce a “ deadheart,”
a single dead shoat which grows no more.

Before the cold weather becomes severe, the larvae thal are full fed
turn to chrysalides and remain thus throughout the winter. At Pusa,
the first moth was caught in the fields in 1905 on March 9th, probably
an abnormally late date. Many chrysalides could be found at that date,
though they hatched out soon after. Probably the end of hibernation
is a fairly distinet period, most moths hatching out about the same time.
The commencement of hibernation cannot be fixed so elearly. Moths
were common up fo the end of October and in early November, After
that none were caught and probably the last had emerged in November.
All pupe would then probably hibernate by the end of November,
full fed larve would turn to chrysalides and smaller larvee would
feed till the eold numbed them, or till they could in turn hecome
chrysalides.

The wings, legs, body, head, ete., of the moth are clothed in white
scales, the only eolour visible being at the end of the abdomen, In the
female the abdomen terminates in a dense tuft of brown hair, the outer
layer of which is red in the varicty dnfacte. The amount of this hair is
extraordinary, and as stated above is used for covering the eggs. The
females are larger than the males and may be known by this tuft of
hair., Both sexes can be easily found in the field, sitting on leaves of
cane or other plants during the day-time, fiying actively when the sun
goes down,

As a rule mating takes place on the first night and egg-laying may
occur on the sccond but may be delayed. Moths do not all emerge with
the eges fully developed ; disseetion of rcared moths shows that in some
the eggs are not so fully developed as in the majority and guch moths
probably live a day or two longer.

The number of eggs actually laid by moths cannot be accurately
gscertained ; even under the best eonditions in captivity moths do not
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behave normally ; they may lay unfertilised eggs, they may lay no egps,
or few, or the full number contained in the ovary may be deposited
irregularly.  In natural conditions the eggs are laid a few at a time
scattered over some area, each egg cluster being earefully finished
off. Incaptivity this is not possible. Disseetion of mature females shows
that there are about onehundred eggs inthe ovarics which appear to be
uniform in size and fit for deposition ; immature females will contain from
sixty fo seventy large eggs and others in various stages of develop-
ment ; probably one hundred is approximately the number of perfect
developed eggs, and in normal circumstances the majority of these are
probably laid.

The males die after coupling, the females after egg laying; the
moths that can be caught in the fields are freshly emerged males or
females that have not laid eggs.

The oggs are attacked by parasites, as are also the larva,

There are three methods of cheeking the pest :—

(1) The eggs can be collected on the young plants especially when
the first moths eome out at the first warm weather, These eggs should
not be destroyed but be put in a tray or dish standing in a larger dish
of water or into a tray with a gutter of water round the rim. The para-
sites hatch out and fly away, the caterpillars that hatch being unable to
cross the water and dying. In this way the parasite is not destroyed,
but eontinues to do its good work in the canes.

(2) The young shoots can be cnt out when they arc scen to wither,
and the inscet destroyed with the shoot. This is exactly similar to the
remedy for moth-borer.

{3) The bunchy tops of the canes which are attacked ean be cut
out and used as fodder. The last is probably necessary only in bad
attacks.

The pest has been found commonly in Behar and in parts of the United
Provinces. It is also known in Java. The moth has a wider distribu-
tion in India and will probably be found in sugareane throughout
the plains,

The Sugarcane Fly.l

A dull straw-coloured inseet, about half an inch in length, with a
conspicuous upturned proboscis, which is found abundantly in the eanes ;
it leaps and flies with great agility ; the female is conspicuous by a mass
of white material at the end of the body. This fly is not difficult to

' 147, Dictyophara pallida. Don. (Fulgorids.)



184 PRSTS OF CANE, MAIZE, AND SORGHUM.

recognise, being found In great numbers in fields of old cane. 'The

F1a. 153.
The Cane-fly, skowing Eogs, Nymphs and Imago. The nymphs are denuded of

their mealy covering and processes.
(Magnified five times.)

female lays cggs on the lower surface of the eance leaf, near or om
the mid rib; the eggs are oval, about one-twenty-fifth of an inch
in length, pale green or yellow in colour. They arc deposited in a
loose irregular mass covered with white coftony material forming a
conspicuous object on the leaf. From ten to thirty eggs are found
in each mass. They hateh after a few days, and active young bugs
emerge which are able to suck the juice of the plant, These insects
have at the hind end a pair of long straight processes, covered n
white mealy wax, which they can move apart or bring close together.
They hop vigorously from leaf to leaf and rapidly grow larger. The
wings appear as lobes on the back, and after five moults the perfect
winged inseet appears.

This insect iy found only in eane, and is apparently widely spread
over the Punjab, United Provinecs and Behar, but has not been found in
Western India. Its origin is obscure, and though it becomes abundant
in cane, i} has not been found upen wild plants and, unless brought
from cane fields, does not come out of the jungle and infest new cane
lands, Inold canc fields it is common, but the damage is appreciable
only in the rare cases when it is very abundant.
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The inscet sucks out the juice of the leaves and cane, thus weakening
the plant; the prineipal effect of its presence in large numbers is that
the juice of such canes makes bad sugar.

The pest ean he cheeked only by collecling the eggs regularly and
systematically till the numbers of the insect are reduced. This i easier
on young eanes but usually neeessary on maturing cancs.

No other method is so simple and the use of insecticides for ihis pest
is impossible. ‘

Cane Mealy Wing.?

A digease of eanc well known to cultivators, takes the form of
small, oval, scale-like bodies atiached firmly {o the leaf; each is black
in the centre, with a white fringe, about one-twentieth of an inch long,
never moving about on the leaf. This is the immature form of the Cane
Mealy Wing; it cannot be mistaken and is usually found in large
numbers,

Mhese scale-like bodies are the developing insects, correspond-
ing to the half
grown larve and
pupm of a moth.
If the life history
is traced from the
beginning we find
orange-coloured
eggs, very small,
laid singly on the
leaf a number close
together, The larve
that hatch arc gmall . &
flattened insects,

having tiny legs Fre. 154.
2 . Eggs and Scales of the Cane Mealy Wing.
and antennwm, which {Magnified twelve times.)

walk a short .dis-

tanec on the leaf. As each finds a suitable place it inserts its
fine beak into the leaf and fixes itself down. At the first moult
it assumes the scaledike form and remains motionless; its food is.
obtained by suction from the leaf and the insect has no further need of
lege or anfennse.

1 Cec. 3D, Alewrcdes barodensis, M"as]r. (Alcurodidee.)
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Within this seale it completes its larval life, transforms to the pupa,
and finally emerges as a tiny moth-like flying inseet ; there are now two
pairs of wings, and both sexes are to be found. These mate, eggs are
laid and the life history recommences.

This pest is common on cane in widely separated parts of India.
Like other sucking insects, it iy more numerous on weak eane, proving a
serious pest if it once becomes abundant. The plant steadily loses vigour
as the result of the constant drain of sap, and unless it is growing freely
becomes stunted and yellow.

Parasites attack the scales and if is not uncommon to find s large
percentage destroyed. The pest cannot be treated onee it becomes well
established, and everything possible should be done to prevent infection of
the young canes, either from the plant canes used or from neighbouring
fields of uncut eanes.

If the pest appears on young canes, the infested leaves should be
removed. Poor canes that are not growing vigorously are sure to suffer
from such pests ; a vigorous healthy cane may become infested but suffers
little from the insect. In most cuses the insect is a sign of a poor cane,
just as lice and ticks are of an nnhealthy bullock, and the radical course
is to grow a better cane or manure it more highly.

The cultivators of Gujarat regard this disease (mos?) as a very serious
one and state that it decreases the yield from 100 maunds to 30 and renders
the cane nnfit for sced. They adopt no remedy but withhold irrigation in
the belief that if the plant’s growth is checked that of the pest will be checked
also. This is probably erroncous. They also state that mist and damp kill
the pest. The Behar cultivator has a similar belief in the destructiveness
of the pest ({a%¢) but appears to adopt no remedy against it,

Minor Pests of Sugarcane.

The Rice Grasshopper (page 119) is reported as atfacking sugarcane
but is not generally a pest of this erop. ~ The Rice Leptispa (page 201) is
also reported as feeding on sugarcane leaves, and the Sugareane Hispa is
agtually found on cane but does no harm.

Termites or whitc-ants are serious enemies especially to young cane.

Three borers have been found by Mr. M. Mackenzie in Behar, and
these are us yet Jittle known, The larva of the Gold-fringed Moth ! atfacks
cane much as the moth-borer does ; the Green Borer * attacks the portion
of the eane below the soil, and a third borer * is found in the stalk,

123, Chilo awricilic. Ddgn. (Pyralidz.) | ? 146. drerastic ablutella. Zell, (Pyralidm.)
J ¥
3 148. Polyocha saccharella, Ddgn. (Pyralide.}
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Ground weevils of three species attack the young canes and are best

checked by sowing maize or sorghum with the eanes, to supply them with

other food. TLeaf-eating caterpillars eat the leaves of cane but are not of

any importance, Three mealy bugs (page 245) are found on cane and

may do a émall amount of damage in the aggregate but are checked by
sowing only clean seed canes.

The Maize Fly.!

A small dark-coloured insect, not unlike a large aphis, is found
in the sheathing leaves of maize and sorghum. The insects are active,
running ecrab like with a sideways motion and leaping away when
disturbed.

Eggs are laid in the tissues of the plant, a cut being made in
the leaf and the eggs deposited in the eut with a coating of white
secretion.

The young are active, grey brown in colour, running in the heart of
] the plant. Large colo-
nies of all ages are found
in infested plants. They
feed by extracting the
juice from the tissues of
the plant. Young sor-
ghum plants arc affected
as well ag maize. The
nsect is not a pest to
field  cultivation  of
maize in large areas,
but to plots of maize
grown where the crop is

Fie, 155 not a staple. It weakens

Maize Fly. a, Imago. b, c,d, Young. e Egg. f, .
dantenna. g, h, k, Le_q.;. ’ {411 magnified.) exotic a'nd' unhealthy
plants, and is one of the

minot pests so common in experimental cultivation. It is allied to the

cane-fly of the 'West Indies, an insect with similar habits which attacks
sugareane. :

Numbers of these insects are found in grass lands, being oneof a

large group of common sucking insects which are generally restricted to

" their wild food-plants. As a rule no remedy is needed beyond the simple

one of dropping ashes or lime and kerosene into the heart of the plant to

Y 4. Delphan peylloides, Leth, (Fulgoride.)
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drive out the flies. In bad cases spraying is required, the ordinary
contact poisons being sufficient to check the pest on a valuable plot of
maize or gorghum,

Minor Pests of Maijze.

Maize is the food-plant of a great number of insects which rarcly do
it serious injury ; only where it is grown in small quaniities and is not
the staple erop do these pests become so numerous on each plant as to do
much damage. Moth-borer is not unecommon in maize and may do much
harm. The Hairy Caterpillar of Gujarat (page 198) will eat maize if it has
no other food. Swarming Caterpillars destroy maize as they do other crops
but are not specially addicted to this crop (page 187). The Maize Leal
Caterpillar! does an inappreciable amount of harm in ordinary seasons
by feeding on the leaves. Many other caterpillars attack maize, eating
the young plants, feeding on the tassel or destroying the cob. None arc
specific pesls; one particular pest of small irrigation erops in April and
May 2 is fond of maize as also is the Gram Caterpillar (pages 144-45).
The White Weevil (page 202) eats maize leaves and the two smaller
Blister Beetles (page 205) have been reported as destroying the flowers
of this plant,

Minor Pests of Sorghum.

This crop has few pests; the two smaller Blister Beetles (page 205)
are quite serious pests, destroying the
flowers and lessening the yield. The
Wheat Stem-borer (page 122) also attacks
it, and a leaf-eating caterpillar 3 is common
in the young shoots but destructive only
when in great numbers on a small arca of
the crop. 'This caterpillar docs oceasionally
come in great mumbers, feeding on the
plant by night, Iying hidden in the soil by
day. When this is the case, ploughing
4 or cultivation is advisable if it he possible.
F1e. 156. The caterpillars can be trapped under

Sorghum Leaf Caterpillar.  leaps of fodder laid on the soil, as they
will gather there by day and can be readily destroyed. The moth-horer
is the serious pest of sorghum ihough only rarely becoming destructive.
The bugs that suck the heads of this plant in South India are stated to

1 210, Marasmia frapezalis, Guen., (Pyralide.)
1 110, Curadring exigue. Hubm (Noctuld)
8 28 (ipphis unipuncte. Heaw, (Noctuidm.)



soRGHUM bpsTs, 139

be serious pests, much feared by cultivators. Other widespread pests
in Madras are described by Mr. Barber.! Of these the mite which
produces an appearance similar to rust is a widespread pest in some years.
On the whole this crop appears to be fairly free from pests and, when
grown in large areas, the pests are often so widely spread that little
injury results.

! Balletiu No. 49. Discases of Andropogor sorghum in Madras. (1904.}
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PESTS OF LEGUMINOUS CROPS.

BESIDES the four pests described below, few inseets are known to
attack leguminous plants. This is largely due to the fact that these

plants are mainly subsidiary crops, so
that destructive insects have not the
same opportunities for attack. The
pests deseribed probably have a greater
range among the leguminous crops
than is at present known; the pod
caterpillar of tur is found on val
{Doliekos lab-lab) and probably on
other pulses.

Tur Pod Caterpillar.

Ag the tur or arkar (Cajanus indi-
eus) crop ripens, the seeds are des-
troyed by small caterpillars. These
arc the larve of the Tur Plume
Moth (fig. 180),! aninsect first found
in Nagpar and since reeoghised in
several parts of India.

Fie. 157.

Tur Pod Caterpiliar on left, o bunck of
spines as found on eack segment

on right.

Life History—The life higtory resembles that of other moths. Small

F1c. 158.

Pupa of Tur Plume Moth., (Moguified siw tmes.)

round eggs are Jaid
singly by the moth
on the flower or
small pods. These
hateh in five days
to small greenish
caterpillars, which
eat through the pod
and feed upon the
geeds within. The
caterpillar does not
enter the pod but
makes a hole to the
seed, and feeds from

! 72, Eazelasta pargsita. Meyr. (Pterophoride.)
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cutside. Having eaten onc seed it makes a hole opposite another and attacks
that. The larva is green or brown or a mixture of both. The colour is
similar to that of the pod, that singular mixture of green and brown, and
g0 is not casily seen. The body is dotted with dense tufts of spines and
hairs, the former of peculiar form, either single or
radiating from points in cach segment (fig. 157).

After a larval life of 25 to 30 days, the chry-
salis is fonnd on the pod. Tt is eoloured exactly like
the pod and is clothed in fine hairs as is the larva.
After seven days, the moth emerges, a singnlarly
graceful moth, with long narrow wings. It may be
found flying in the dusk and comes readily 4o
lights (fig. 160).

Description.—The pest is a common one on tur
or athar (Cajanus indicus) and is found ecommonly
in Bombay, Central Provinces and Behar, Tt has
not been reported from many distriets, butis an
inconspicuous inseet, and iz probably common

thronghout the plains, Where this erop is grown Fre. 159.
extensively, the pest does no appreciable harm, — T#p® @ Tur Plume

Where small areas of tur are grown, it may be very  (Mognified siz times.)

)

Fic. 160.
Twr Plume Moth, (Magnified five times.)



142 PESTS OF LEGUMINOUS CROPS.

destructive, causing a loss of quite forty per cent. In addition to tur it
has been found on val ( Dolickos lab-lak) and probably attacks other pulses,

Remedies.—No case has been seen where remedies for it were required
except in experimental plots.  On such plots, spraying with strong contact
poisons is a simple and radical cure, A sprayed plot gave an increased
yield of fifty per cent. over a similar unsprayed plot. Serious attacks of
this pest in large areas eould be checked by hand-picking or other tedious
methods, and where such attacks occur preventive measures should be
taken in the following scasons. The only really valuable preventive
measure probably lies in not growing any leguminous erop, such as val,
mung (Phaseolus mungo), etc., from the time the tur is pieked till the
next erop is ready. By this means the pest will be starved out and will
not be abundant in the next season. This is a matter of local conditions,
tur ripening so much sooner in some parts of India than in others. The
pest has alternative food-plants in the small mass of leguminous erops
grown in the hot weather and rains, chiefly vegetable crops which form
pods at a time when the pest has not got its staple food,

Tur Pod Fly.l

A small white maggot, found feeding wupon the geeds of tur; the
injury is apparent only when the insect leaves the pod, therc being at
first no sign of the attack, A small hole in the pod is the only external
sion of an infested pod. This pest was discovered in the Central
Provinces ? and has since been found in Behar, The fly lays an eggrin the
pod piercing the shell with her ovipositor and leaving a single egg behind.
The maggot feeds upon the tur seed, first tunnelling under the skin, later
devouring a large part of it. Only one seed is eaten and several maggots
may inhabit the eame pod. The maggot is a typical fly maggot, small,
white, without legs or head, the mouth at the tapering end with small
black hocks; in length it is one-eighth of an inch. When full grown
it eats almost through to the outside, leaving only the thin outer skin of
the seed intact. Tt transforms within to the brown seed-like pupa, and
when the fly emerges, it pushes through thethin skin left by the larva
and emerges directly into the air. Larve and pupe are foundin the same
pod. 'The {ly is a very small black insect, the wings large in comparison
to the body. Tt is commeon in the tur fields, though not easy to find or
to recognise from other small black flies. The female has an ovipositor,
an organ resembling the sting of a wasp.

1194, (Muscides acalyptrate.)
* By Rotjram Kbamparia, Fntomolngical Ass siant
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The life history appears to be a short one and broods probably
succeed one another rapidly, The increase of the insect is checked by
liymenopterous parasites.

No precautions are possible once the fly has laid eggs in the pods.
Nothing can then be done fio destroy the insect without destroying the
pods also. It is unlikely that the insect causes serious harm in large areas
of tur. Much has to be learnt of this insect before preventive measures
can be devised.

Tur Leai Caterpillar.!

This caterpillar feeds upon the small upper leaves of the tur plant,
webbing them together info a small compaect mass within which it lives,
The webbed leaves are very conspicuous so that the pest is at once
recognisable,

The moth lays eggs on the upper leaves, the eggs being laid singly,
scattered over many plants. A small white eaterpillar hatches, which
feeds wpon the leaf. It draws together the very small leaves ab the tip
of the shoot in the usual way characteristic of caterpillars; commencing
with two leaves close together, it rapidly draws a thrcad between them,
the thread being of soft gummy matter, exuded from the lower lip of the
inscot ; first fouching one leaf with the end of the lower lip it affixes the
gummy matter, draws it rapidly across fo the other leaf and so produces
the first thread; it then returns, bringing a second thread to the first
leaf and continues to move from one to another, producing small throads
which rapidly dry and so contract ; as the first threads dry they pull the
two leaves together and the later threads are shorter ; all the threads as
they dry shorten and their unifed pull eventnally brings the two leaves
together ; the caterpillar then commences on a new leaf, and draws that
close to the two previously webbed ones, so continuing till it has prepared
its habitation. Within this knot of leaves the caterpillar lives ; it grows to
a length of one quarter of an inch, smooth, with no markings, the head
brown, a very small prothoracic shield and the body a yellow tending to
orange. When full fed it pupates within the twisted leaves and a tiny
dark-colourcd moth emerges. This moth is ncver seen in the fields,
being very small and coming out only at night or in the dusk.

This pest attacks the young tur plants in July, August and Septem-
ber. 1t produces a very characteristic form of injury, which is of little
importance unless the fop shoot is so drawn into the knot that it is killed,
When only side leaves are drawn in, the leaves alone are killed, but where
the top shoot is affected, it is bitten through and side shoots are

1143, Eucelis critica, Meyr. (Tineida.)
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thrown out producing a somewhat stunted bushy plant. In all the cases
observed a very large percentage of the larve are killed by parasites,
which puts a great check on the pest. The small white cocoons of the
paragite are found In the twisted leaves of the eaterpillar’s dwelling and
may be mistaken for some stage of the pest’s life.  The pupa of the pest
is the uesual gmall brown pupa lying naked in the leaves.

The pest has beern found in several widely seaftered distriets in the
plains, If is most abundant in plots of unmixed tur, less so where tur is
gown with maize, til or other crops. These erops coming up more
rapidly than the tur, serve to hide it fo some extent, and though mixed
crops are atfacked, unmixed tur suffers more. Possibly this has some
connection also with the habits of the parasite which may prefer the tur
grown under shelter of another plant to tur grown in the open, and so
destroy the insect more largely.

The very simple remedy of pulling off the affected leaves is suffi-
cient to check it. These knots of leaves are readily seen and ean be rapidly
and easily collected by hand. The caterpillars collected should not be
destroyed but placed in a box or some closed receptacle ;
the parasites will hatch out gradually, and if the box be
cautiously opened in the day-time in bright light, they
will fly out; the moths will not escape at the same
time if the box is carefully opened. In this way, the
valuable parasitic flies will not be destroyed, but will
return to the fields to complete their nseful work,

The Gram Caterpillar.

The seeds of the gram plant are commonly eaten
by a large green caterpillar, somewhat over one inch
long when full grown, which sits on the outside of the
{  pod. This is a cosmopolitan pest ! which attacks an
.~ i  enormous variety of crops all over the world.

The life history is idenfical with that of similar
caterpillars ; the eggs are laid singly on the food-plants,
small whitish eggs, round and heautifully sculptured’
the caterpillars feed for a short time on the leaf or
the outside of the gram pod and then bite through to

T1a, 161, the seeds; they feed from outside, attacking one seed
Gram Caterpiller.  afier another, but not bodily entering the pod and
(Twice magnified) remaining there. This period lasts about a fortnight as

¥ 90. Clleridea obsolete, F, (Noctuida) The Ameriean Boll-worm.
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a rule, when the caterpillar descends to the ground, buries itself and frans-
forms to the chrysalis. The moth emerges in as short a time as six daysin
the hot weather, but may remain over one month or even up to three
months in localities where the winter is cold, The shortest actual life

F1e. 162,
Gram Caterpillar. (Twics magnified.)

history is very little over three weeks when the temperature is high
and food plentiful, This species attacks a great variety of plants but
is chiefly known as & pest upon gram, which it attacks severely,

‘Where the winter is mild, the caterpillars are found throughout the
season on gram, and there may be more than one brood in this crop.
Where the winter is colder, the moths emerge from hibernation and
attack the gram ; this occurs in Behar in late February or early March
in normal years; if many moths come out then and lay eggs on the
gram, there may be a considerable loss. From this time till the following
November there is a suecession of broods on various plants,

Fre. 163.
Gram Caterpillar and Pupa., On the right one caterpillar ealing another,
Opium (Payaver somniferum) is much attacked, the caterpillars
rating the capsules ; totacco seed capsules are eaten, as also the peds of
L
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tur (Cajanus tndicyy), the frnifs of tomato and the sceds of bajra
(Penntsetum typhoideum) and sunflowar (Ilelianthus sp.).

Fra, 164
Pupa and Moth of Gram Caterpillar. (Magnified twice.)

The leaves of the indigenous indigo (Indigofera sumatrana), of lueerne
(Medieago sativa), of maize and the wild delurs are its food-plants at
different seacons of the year; it is believed to be the caterpillar attack-
ing the ganja plant (Cennabis sativa), and there are many records of
rather doubtful food-plants, in Indian Museum Notes. The above is
only a partial list of its food-plants, the moth having been actually
reared from caterpillars found feeding on each of these plants.

‘With this great list of food plants, the moth presumably finds little
difficulty in laying eggs, and the pest can thus live at all seasons of the
year. In America the insect attacks the bolls of cotton, a habit never
recorded against it in India. Iis attacks on gram, on opium and perhaps
on ganja are important on the whole, though perhaps rare, The cater-
pillars are noticeable for their colour variations, and it is impossible to
degeribe them, Green is the basis of the colouring with brown stripes ;
or brown almost ohscures the greens or blends to form a varety of
neutral tints, Anocther feature is their carnivorous habits; they devour
one another readily when shut up together or when food is searce, and
the artist has attempted to depiet this (fig. 163)., 'They are also note-
worthy for their feeding habits. As a rule they feed on pods or capsules,
stretching in from outside to reach the seeds and never going inside
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the pod; having caten one seed they move down the pod and eat in
opposite another. The species is known from every continent and has
become extraordinarily omnivorous.

There is no trustworthy record of this species behaving ag a surface
caterpillar or ‘eunfworm,” though it is possible it may do so; nor does it
often appear {o comeinlarge swarms and move from field to field. It may
be characterised as a pod and fruit eaterpillar becoming a typical leaf-eating
caterpillar only when it must do so.

It is doubtful if any further treatment than hand-pieking is ever
possible or desirable except in cases of had attack on small arcas of
experimental cultivation, where spraying may be necessary. The cater-
pillars are large and should certainly be hand-picked in early gram and
opium in order to prevent the later brood from being very large,

Minor Pests of Groundnut,

Groundnut is on the whole fairly immune from insect pests but is injured
by hairy caterpillars (pages161-62), These caterpillars have a predilection
for groundnut, and where they are abundant will destroy a field in a very
ghort time. In distriets where hairy caterpillars are found, the crop should
be protected. Another common insect which likes the groundnut is the big
crieket, whose habits are deseribed elsewhere (page 224).

A small black caterpillar webs up the leaves and lives within the webbed
shoot ; this is not destructive but is likely to be thought a serious pest.
White-ants greedily attack groundnut and may be a very scrious pest.  The

F1a, 185,
doth of Groundnut Hairy Caterpillar. (Mlagnified twice.)

L2
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leaf-miner?! of groundnutin South Tndia and Ceylon is a pest which beeomes
of importance only when the elimatic conditions are abnormal and favour it.

Pests of Sann Hemp.

The Sann hemp (Crofalaria juncea) is very commonly attacked by

Fic. 166.

The Red Spotled
Lirsmine Moth.
(Magnified two and a
half times.)

three species of hairy caterpillars which come
in large numbers and eat the leaves. These
caterpitlars are much alike with slender bodies
covered in short hairs, the usual ecolour being
black or brown with yellow or white (fig. 168).
The life hisfory is muech the same in the three
gpecies ; the moth lays a mass of small white
eggs in clusters on the lower side of the
leaves ; these hatech in three or four days to
small dark eaterpillars which feed voraciously
on the leaves. They rapidly grow larger and
in a fortnight are full grown, when they
bury themselves in the soil with a light
cocoon round them in order to pupate. The
moth emerges after four to six days. The
mothe are  characteristic ; all are bright
coloured and they can be seen in the fields
cinging to plants or fluttering about in the
daytime. The comunonest species® is  white,

gpeckled with red

and Dblack (figs.
166-67); another?
is a brilliant
orange with
black speckles;
the third* has
the fore-wings a
dull red with
black speckles
edged with gold,

. ; the hind-wing
Fia. 167. -
The Red Spotted Ermine Moth. red with black
(Magnified two and a half times.) spots.

1 273, Anacampsis nerveria. Meyr. (Tineidm.)

137, Utetheisa pulchella. L.

{(Hypsid=,}

Y 56. drgina eribrarie. Cl. (Hypsdm,)

4 0o Argina syringe.

Cr. (Hypside.)
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The moths lay their eggs also on wild plants, breeding particularly

- Fia. 168,
Haivy Calerpillar, (Magnified twica.)

upon leguminous plante. There are
several broods in the year, the first
in March or April, the second in
June or July, when the bulk of the
caterpillars are found on fthe sann
plants,

The great safeguard against
these pests lies in clean cultivation,
thus affording them no food-plants
at fimes when sann hemp is not
avallable. If is also possible fo
collect the clusters of eggs and the
newly hatched caterpillars if a
sharp wabch is kept when moths
are secn in the fleld. Nothing can
be done to a crop that is once
badly affected except to spray lead
arseniate.

Sann 1s also atfacked by a small
brown flea beetle, which eats holes
in the leaves; the beetle does little
harm but it is likely to be thought a
serious pest.

Other Pests of Leguminous Crops.

Mung (Phaseolus mungo) is attacked by

moth! figured, which eat

the caterpillars of the

into the base of the pods
and destroy the seeds; the
caterpillar remains within
and eats seed after seed
until it is full fed, when it
pupates in the ground.
This form of damage is
very characteristic and the

pest casily found. It is as
yeot doubtful how I[ar this

Lo

pest occurs generally, as it
has not been ecommonly

F1e. 169.
Mung Moth. (Magnified.)

V 231, Maruca testelalis,

Geoy. (Pyralide.)
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rcported ; probably no remedies are required and no easy way of checkmg
it is yet known,

Soybean (G lyeine soya) suffers from surface grasshoppers when quite
young, from leaf-eating ecaterpillars of several Iands as it grows larger.
Except in places where the conditions are suitable, the erop is likely to
suffer much from these pests. ‘

Indigo is attacked by a variety of insects, none of which appear fo
be of very great importance, An aphis? and a small seale-like insect,?
which gather in abundance on the shoots, are pests which weaken the
plant and, should the latter not be healthy, will seriously damageit. The
bherwa of Dehar is a pest of indigo as of other erops grown where these
insects thrive (page 227). Caterpillars of many kinds attack indigo as
they do most luxuriant crops, and the indigo plant naturally suffers more
ag it is grown ab a time when other vegetation is not available. It is
worth noting that the Java-Natal variety of indigo suffers less than the
other varieties of indigo gencrally grown in Behur. Liftle is known of
these eaterpillars and none appear to be specific pests of indigo.

' 83. Aphis cardut. Liun. (Aphide) | 2 Psylle isifis. Buekt. (Psyllide.)



CHAPTER XIl.
PESTS OF MISCELLANEOUS FIELD CROPS,

HE number of misecllaneous field crops in India is so large that the

pests are probably numerous. IHowever, not very much is at present
known of the pests of minor erops, and a number of insects can be
omitted because they come into well defined classes of pests not needing
individual discussion, Pests of these crops are likely to be more local
and far more varied than is at present believed. The few that are dise
cussed here are general in the plains, so far as their erops extend, Very
many new oues remain fo be found and among them many very interests
ing inscets peculiar to India,

Jute Pests.

'the insect pests of the jute crop (Corchorus oliforius and C. capsula-
ris) are as yet but little known. A small black weevil! breeds in the
stems of the jute, the grub being found tunnelling near the axils of the
leaves, The grub is a very small white insect, legless, with the usual
biting mouth-parts ; it makes small funnels in the jute stem, causing the
plants to become stunted and wither. In some cases one grub is found
to almost every leaf; the tunnels extend about an inch up and down the
plant, and about half-way across the stem. The perfect insect is o very
small black weevil with long slender beak ; if is found eating holes in
the leaf of the jute plant. Nothing more is known of this pest, which
was found on jute in Bengal by Purushottam G. Patel.

A pest of jute grown experimentally in Behar is a green semi-looping
caterpillar ; the first pair of prolegs is reduced in size, the body and
head green; fwo lateral stripes of white run from head to tail and there
are numerous black spots with white edges on each segment, This ingect
lives on the top of each plant, eating the leaves and eventually destroying
the bud, so that the growth of the main shoot ceases, It has been found
ouly on jute and is apparently a specific pest of this crop.*

Jute algo suffers from hairy ecaterpillars (pages 161-62). Germinating
jute is attacked by the ground grasshoppers (page 221), and before
sowing it is advisable to clear grasshopper-infested land of them.

' 212, dpfon sp.  (Curculionidm.) ‘
3 230 Cosmophiin subulifera, Guen, (Notvtuidw.)
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The Mustard Sawfly.l

Mustard, rape, cabbage and other eruciferous plants are eaten by
the larva of one of the few plant-feeding Hymenopters known in India.
This larva is a black caterpillar-like insect ; it may be distinguished from
the truc eaterpillars by having eight pairs of sucker-feet instead of five;
it is o small insect not more than half an inch long, of a dull black eolour;
the skin has the appearance and feel of velvet.

Tt is a pest to field cultivation of mustard, rape, ete., as also a more
serious enemy to the cabbage and radish erops grown by market
gardeners. The larva feeds in the morning and evening, descending to
the ground by day. When full fed, it makes a slight covering of silk
between two leaves and turns into the pupa, from which the perfect insect
emerges in 10 to 12 days. The imago looks like a fly, with a rather short
thick-set body marked in black and orange and with two pairs of dark
wings. Itisa very incouspicuous insect but may be caught in the fields.

The female lays her eggs singly in the tissue of the margin of the
leat, splitting the edge and depositing an cgg inside. There are several
broods in the year and the larva continues feeding in the cold weather
upon the rabi erops. It is rarely destructive where a large area of
cruciferous erop is grown: when it infests small plots or garden cultiva-
tion it may eanse a large loss.  Dusting lime, ashes or soot on the plants
has a deterrent effeet for market gardens : this is the simplest yrecaution.
Lime or road dust mixed with kerosene is better than ashes. The same
applies to field crops; only small areas are affected and in them a good
dusting with any of these mixtures is sufficient to check the pest. The
cultivator’s practice of collecting the larvee by hand in an earthen pot and
carefully liberating them outside the field is of course a useless precaution ;
the larve simply go into the ground and crawl back into the field as soon
as it 1s dark, This insect has been found in widely separated localities in
India and is probably of general occurrence.

The Diamond Back Moth.?

In several parts of India erops of cabbage, mustard, radish and similar
plants have been attacked by the little green eaterpillars of this moth.
"Che leaves have holes in them and present a withered appearance, being in
some cases caben almost eompletely. The pest is famibar to those who
grow these erops, and the eultivators round Surat collect the caterpillars in
watber and throw them outside the fiedds, The pest is probably a common

V54 Atkalia provima. Kl (Tenbiredinide.)
* 8. Plulelle maeulipennis. Curt, (Tineida.)



briMonp Bick mdrd. 153

one, but as it atbacks plants which are grown chiefly on small areas near
towns, it does not rank as an important pest and has eseaped notiee.

Life History—The moth lays small white eggs on the leaves of the
plant on the under side. From these eggs come the eaterpillars, slender
green ereatures, thick in the middle, which feed upon the tissue of the leaf,

Fra, 170.
Diamond Back Moth. (Magnified.)

not biting it through but eating off the lower surface. These portions of
the leaves wither and holes appear in a short time. The eaterpillar is
about half an inch in length when full grown, the head is small, the body
almost devoid of hairs, There are the usual three pairs of legs and five
pairs of sucker-feet. The caterpillar lives and feeds for about a fortnight
and then constructs a very beautiful cocoon of white silk. The cocoon is
very light, of a fine texture, and the green chrysalis is visible within.
This is the resting s{age, the chrygalis remaining motionless inside for about
one week, becoming a little darker in colour. The moth then emerges. It
is very small, nearly half an inch long when the wingsare folded, withan
expanse of two-thirds of an inch across the open wings. The prevailing
colour of the wings and body is brownish grey ; the fore-wings have darker
spots and a light line along the inner edge. When the fore-wings are
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folded, the light marks on the wings come together forming the
characteristic diamond marks along the upper surface, from which the
moth takes its name. The moth may be
seen in the fields flying from plant to
plant or vesting on the plants. There are
several broods in the year, overlapping irre-
gularly, so that inseets of all ages are found
at the same time. Probably there are ab
least eight and possibly twelve generations

| Fe 17, in a year, the insect being active through

Diamond Back Moth. L. 3 i

(Natural sizo and magnifisd.,) the cold weather and continuing ite life

history as at other times.

Remedies—The pest is a serious one to growers of cabbage, mustard,
radish, and similar crops raised for sale in the bazaars. The cabbage
crop suffers heavily, the plants
being frequently badly attacked,
the leaves spoilt, and the crop
unsaleable,  The  cultivator’s
remedy of picking the larve is
effective but very tedious. Better
results are obtained with spray-
ing, and the simple tin hand
sprayer made in the bazaar at a
cost of rupee one annas twelve is
eminently adapted for this work.

Tra. 172,
' v ..
The best inscoticide is Mossrs. Semi-looper Cuterpillar that cals oabbage.
MecDougal & Co.’s Insecticide and {(Magnified four limes)

Fungicide. Kerosene emulsion is effective and also pyre-
thrum powder {or Keating’s insect powder) used as a
stomach poison at the rate of 1 oz. to 1 gallon of water.
Where sueh work is done intelligently, the use of lead
arseniate is by far the best remedy, but owing to its
poisonous effeet if applied in excessive quantities this
insecticide cannot be generally applied. "Where spraying
is not possible a dressing of ashes, applied by hand to
the underside when the plants are wet, is effective in
preserving the leaves from the catorpillars. A good

Fia, 178. and safe application 1s tobaceo and soap or tobaceo
1345:; ‘logf Cabbag; decoction, made by soaking refuse tobacco in cold water
on caab,,ﬁ:',’;:;{ﬁ;r at the rate of 1 Ih. to b gallons and adding soap suds
a sitken web. made by mixing } b. soap in 1 gallon of water.
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Minor Pests of Mustard, Rape, etc

Cruciferous plants also suffer from the attacks of other insects

which are not specific pests but ecome casually.

of caterpillar can be reared from mustard,
cabhage, rape, cte.,, and the eabbage crop in
particular suffers from the presence of green
semi-looper caterpillars ! which eat holes in
the leaves, The mustard aphis is also a
serlous pest, attacking mustard, rape, sarson,
ete.,, when grown as a rabi erop. This aphis
appears first on the young planf, increases
with enormous rapidity, and elusters on the
pods and stems. A weak crop becomes ex-
hausted and unable to bear seeds {page 239).
The painted bug (page 233) is a very minor

More than onc specles

Fia. 174.
Cubbage Motk.

pest of these erops, in peeuliarly favourable scasons becoming very abun-

dant on late sown mustard.

¥rg. 176.
The Rape Aphis.

1, Wingless fomale. b, Nymph. «, Winged female.

(Mugnified twalve times.)

1100. Plugia signata. ¥. (Noctnidwe.)
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Tobacco Stem Borer,

The most serious pest of growing tobacceo is a small whitish caterpillar,
which is found tunnelling in the main stem, cansing a peculiar gall-like
swelling, The caterpillar enfers at the axil of a Jeaf or tunnels down the
mid-rib of the leaf until it reaches the stem ; apparently it hatches from
an egg laid on the stem or on the leaf, but this egg has not been found.

Having entered the main stem, it tunnels in the tissues, which swell
and undergo abnormal growth, producing a distinet and characteristic
knot. Within this swelling the eaterpillar lives until it is full grown,
when it prepares an exit hole for the future moth and turns to the pupa
inside. The moth! is a small brown insect, the wings narrow and
fringed, not easily distinguishable from the many small moths of this
family which are found in the fields.

Tobacco is a crop of which great care is taken during the growing
period, so that cultivators are aware of this pest; when they find this
swelling, they make a cut into 1t with o knife, believing that the admis-
sion of air will destroy the inscet.? Apparently the pest is not injurious
in healthy vigorous tobacco but is worst in a season of drought. It is
common in various parts of India and Mr. Grecn reports it from Ceylon.
Where the pest is seen so late that the emerging moths eould not produce
a new generation in the tobaeco, ounly plants that are useless should be
removed and burnt. No treatment, except perhaps that of cutting open
the plants, can check the Insect in the stem. The pest can be locked for
in experimental tobacco cultivation, where varisties are grown side by side,
and causes a considerable amount of harm under these circumstances.

Tobacce Caterpillars.

Leaf-eating caterpillars attack tobacco and a small number may
do a large amount of
actual damage by eating
holes in the leaves, The
most abundant of these
is a dark brown ecater-
pillar, common through-

Fie. 176. out India, which is the
T'obaceo Leaf Caterpillar. larva of a common moth.?

AL TR

1 %8, Gunorimoschema heliopa, Low. (Tineids,)

¥ For this and other facts shont Gujarat cultivetors, I am indebtedito Purushottam Patel,
first fieldman.

883. Prodenia littoralis, Boisd, (Noctuidw.)
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The life history is similar to that of other moths, the eges being
laid on the plant, the caterpillars
feeding on the leaves, the pupa
lying in the earth without a
cocoon, the moth lying hidden by
day and emerging at dusk, In the
hot weather or rains the whole
life history is passed in about a
menth ; the ingeet hibernates as a
pupa or larva, emerging in March,
If tobacco is not available, the

Fre. 177, ) caterpillar attacks a variety of erops
Moth of Tobaceo Leaf Caterpillar, and is a pest in ga.rdens (see page
181).

Another species attacking tobacco is a green caterpillar, with a
similar life history ; it is a common insect in the plains, the moth? being
closely similar to that of the Gram Caterpillar, both being of the same
genus, When the tobacco is young, an application of lead arseniate
does good, poisoning all eaterpillars that feed on it. This applieation
cannot be made to plants that have large leaves and are within a short
time of ripening, as the arsenic might remain on the leaves. A fort-
night before cutting is the very latest date on which arsenic can he
safely applied. In such a case nothing but hand-picking is possible,
and a carcful watch must be kept for such caterpillars in the last growth
of the tobacco plants,

Minor Tobacco Pests.

Surface grasshoppers are commeonly found attacking newly set out
plants of tobacco, eating the leaves and destroying the young plants.
Even if the plants are not killed, the crop becomes very uneven. To
check this the grasshoppers should be removed before transplanting ;
where possible the transplanted seedlings should be dipped in the lead
arseniate mixture used to poison the leaves ; the young plants grow quite
well and regularly (page 220).

Crickets are also found attacking young tobacco, and where this is a
valuable crop, the ravages of the large crickets may be important
(page 224},

The seed capsules are eaten by several caterpillars, including the

158 Chlorides wssuite, Guen. (Noctuidm.)



158 PESTS OF MISCELLANEQUS FIELD CROPS.

omnivorous Gram Caterpillar (page 144). This form of attack may be
wateched for and the caterpillars picked off if seed is required, as these
insects may soon clear a plant of the whole of ifs seed.

Castor Pests.

Castor is in general a healthy plant with few pests. Caterpillars
are fond of it and sometimes
come in vast numbers, clear-
ing the plants of leaves in
a very short time. Three

species are represented, being Fre. 178.
tota,lly distingt and ea,sily The Smooth Castor C’fatsrpillar.
recognised. (Meagnified twice.)

The Smooth Castor Caterpillar is a long slender caterpillar of a
dark eolour, with longitudinal stripes of red and white ; it has the nsual
five pairs of prolegs, the first being reduced in size; at the hind end
there is o small blunt paired process on the dorsal surface. The ecater-
pillar  walks with a semi-looping motion. This caterpillar pupates
in a fold of the leaf in a light cocoon. The life history is short,
occupying about five weeks, and there are several broods in the year.
The moth ! is figured here ; it is ecommon throughout India, and the
caterpillars often appear in hordes, strip the plants and disappear.
The Hairy Caterpillar also feeds upon the leaves and is found in clusters
at the base of the stem from whence it climbs up the plant o feed. The
full grown insect is over two inches long, clothed in dense hair and look-
ing like a piece of blanket, This caterpillar is not so abundant as the
former species and has other food-
., plants. It pupates in a cocoon
1-_14; formed of the hairs of the Jarva,
F'! the moths ? that emerge being
green or yellow, the male much
smaller than the female. The Spiny
Castor Caterpillar is a green cater-
pillar, the body covered with
branched spines, the head with

Fro. 159, two long processes bearing spines.

Motk of Smootk Castor Caterpillar showing It feeds upon the leaves of the
upper and lower surface of wings. plant, and pupates by hanging
itself from the leaf; the pupa is greyish brown, with a flat hood-like

! 62, Ophiusa melicerte. Dr, (Noctuidw.)
3205 Irabale wishnu, Lef. (Lymantriids.)
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structure on the back, similar to other butterfly chrysalides. The imago
is a deep brown butterfly,! common throughout India (fig. 180).

These three species attack castor at almost all seasons of the year.
When the eges ure Jaid and the caferpillars halehed, nothing ecan be
done but to destroy that brood by picking and burning the infested
leaves, The inereasc of these insects is rapid and, if allowed to multiply,
they may come in such vast numbers as to entirely strip the plants.
The smooth caterpillar iz the worst as it feeds wupon many wild plants
and suddenly appears in numbers
out of the jungles, eating every
plant it can find: having finished
the castor, it starts upon other crop
plants. Like cther Noetuid eater-
pillars, this species feeds voraciously
and quiekly ; the life history is
short and the reproductive powers
of the moth large. Compared with
it, the Hairy Caterpillar is harm-
less, being slow in its life history
and having few broods in the
year; and the spiny butterfly caterpillar is a rarer insect, that appears
constantly but docs not multiply at the enormous rate of its suceessful
cousin.

Another pest of castor is a small caterpillar found boring in the
capsules, destroying the seeds, Tt does a considerable amount of destrue-
tion when well established and is found abundantly in late ripening castor.
The eaterpillar is easy to rear, a small bright yellow moth? emerging,
which is speekled with black. The chief safeguard is in leaving no stray
plants for the pest to breed in; where the crop of castor comes on evenly
the pest can do little harm. 'When some ripens early or is sown early,
or when stray plants are left in the fields and bear at unseasonable times,
the pest increases. It is best to sacrifice the early capsules, picking them
off and destroying them,

F1a. 180,
Castor Butterfly.

Til Sphinx.

A large green caterpillar, with oblique yellow stripes on the abdominal
segments, is found feoding upon the leaves of ¢/ (sesamum) during the
cold weather. It has a large horn on the hind end and grows to a length

1156, Ergolis meripne, Cr. (Nymplslide.)
?161. Dichoorocis punctiferalrs, Guen. (Pyralids.)



180 PESTS OF MISCELLANEOUS PIELD CROPS.

of over two inches. This pest has been found in the Central Provinces
attacking the cold weather #¢ and appears to be fairly abundant in some
seasons. The life history is similar to that of other moths of this family.

Fra. 181,
The Til Sphine Caterpillar, (From Moore.)

The eggs are laid singly on the leaves of the plant, rather large
rounded eggs of a greenish white colour. The caterpillars hatch, feed upon

the leaves of the plant and rapidly grow larger. The larval lifz is peculiarly
long, occupy-

ing abont fwo
mouths, during
which the cater-
pillars  increase
in size till they
are very large
and conspicuous.
The full-grown
caterpillar is a
bright green
with eight
obligue  yellow
stripes on each
side; the body
tapers  towards

the head and
r 1 the anterior seg-
16, 182,
ments can
Tl Sphinz. Fmpty pupe cose from which the moik .
? ry e : ° be retracted with

emerged, below,
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the head drawn in, giving the inseet a very striking appcarance. The
large anal horn adds to the curious effect, which aceounts for the belicf that
the caterpillar is venomous. Actually it is absolutely harmless and safe to
handle. 'When full fed the eolour changes to a deep brown, and the eater-
pillar then leaves the plant to find a suitable place in which to enter the goil,

This change of colour is protective, the green colour hiding it when
on the green plant, the brown colour when it is on the ground searching
for a suitable spot. It buries itself in the soil, appearing as a pupa after
a period of rest. This is a large chestnut brown iusect, smooth and
shiny ; the figure shows the empty pupa case from which the moth
above emerged. The pupal period lasts for two, three or more months.
The moth is one of the larger hawk moths,! closely related to the ¢ death’s
head” moth of Europe. The head and thorax are dark, the latter with
the ¢ death’s head * mark, the abdomen is yellow with black bands and a.
dark stripe down the middle, the fore-wing is mottled in brown and
grey, the hind-wing yellow with black bands.

The larger specimens measure nearly four inches across the expanded
wings ; the moths are very swift in flight, cmerging at dusk to fiy
about and scek the flowers from which they obtain nectar.

This speeics has also been found on val {Dolickos lab-lab) and has
alternative food plants. If is found thronghout the plains of India, not as
an injurious pest but as a eommon insect ; it has o wide distribution outside
India. Thebest treatment is to pick the caterpillars by hand ; they are large
and conspicuons, can be easily eollected and are most simply killed in water.

Minor Pests of Til.

A small white eaterpillar, black speckled and with a touch of creamy
grecn, is found feeding
on the leaves or the pods
of til. It is not common,
though widely spréad in |
India and has not been
reported or found as a
serious pest. It is the | -.
larva of a small red moth?
less than one inch across
the expanded  wings,
which  extends  over F1a.183.

EuI‘OPG and Agia. Another Hairy Caterpillar of Dikar. (Slightly magnified.)

1193, dekerontéa styx, Westd. (Sphingidam.)
2 11). dntigastra catalaunalis. Dup. (Pyralide.)
M
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pest is the hairy caterpillar (fig. 184) which devours so many crops.

F1g. 184.
Hairy Catorpillar of Bilar, (Slightly magnified.)

No other pests have been found affecting this plant, though doubtless others
remain to be discovered.



CHAPTER XIllL.

PESTS OF VEGETABLE CROPS.

N this chapter the pests of all vegetable erops will not be treated in
detail ; some few pests that deserve individual mention will be grouped
together, In small arcas of vegetable crops the pests of field crops also
oceur ; radishes in a garden are damaged by the same pests as rape and
mustard in the field, Above all, numbers of oceasional pests oceur in small
areas of garden crops; leaf-eating caterpillars are numerous, plant lice
and mealy bugs abundant ; the brown ants eat the cauliflowers, cockchafer
grubs eat the roots of any plant, and so on. Such numbers of insects
attack a vegetable or market garden that they cannot be discussed in
detail here,

Sweet Potato Weevil.

A small weevil? very narrow in outline, with a conspicuous straight
beak, coloured in red and blue, i found in
sweet potato tubersin the ground. All stages
may be scen in the tuber and the beetle is
quite characteristic,

This is almost the only known specific
pest of sweet potato in India, a cosmopolitan
pest found throughout the tropies. The
weevil lays ecggs singly on the tubers,
hatching into a small white legless grub
which at onee tunnels into the potato, The
grub eats its way in the potato, filling the
tunnels with excrement and setting up decom-

Fre. 185, OSitiOD
The Sweet Potato Wesvil, P : . . .
{Magnified four times.) The pupa is found in the potato, in a small
(From Tryon.) cavity closed at each end with particles; the

imago when it emerges eats its way to the surface and escapes.

The whole life history oceupies about
one month; the broods suceecd one
another quickly and the pest continues
to increase so long as the weather is
warnt, The tubers are attacked in the

ficld, the beetle laying epes in the thick Fia. 188,
stems on the tubers, A badly infested T }i; Sw?;t f "t“fot Weevil.
plant becomes weak and stunted, the ¢ a{;‘;o; {’?;;nf)’m')

L 7. Cylas turcipennis, Bohm. (Curculionids.)
M3
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stems swollen and the leaves small. The symptom is one recognisable
to the trained cye, but not easily distinguished from the appearance of an
unthrifty stunted erop. An cxamination of the tubers on the main stems
reveals the pest al once, even if the beetles are not seen upon the leaves.

"The result of the attack is that the tubers arc converted into a decay-
ing mass unfit for food. A tuber on being cut exhales a peculiar sharply
aromatic odour, and the tissues round the tunnels darken when exposed
to air. If lelt alone the insect reduces the whole tuber almost to dust.
Tubers even lightly infested are unfit for human food; they may be
crushed and fed to cattle if not too much attacked.

When a crop is once infested, nothing can be done to check the
pest; the infested potatoes must be destroyed to prevent the insect
breeding.  Sweet potatoes should not be grown twice running on or near
infested land ; the pest must be starved out. Equally when a erop is
infested and spoilt, the whole crop must be dug; small infested tubers
left in the ground afford a breeding place to the beetle and it is thus able
to attack the next crop. As a rule, a crop which grows deeply is not
attacked, and the beetles lay eges ouly in tubers exposed on the surface,
A deep rooting variety should be grown where the beetle is prevalent and
every precantion must be taken to ensure the total destruction of an
affected crop.

Pests of Melons and allied Plants.

Melons, cucumbers, pumpling, and the like are moderately immune
from pests, no very important oncs having yet been found. The Melon
Fruit Fly is discussed clsewhore (page 170); the best remedy against
this pest to melons in Baluchistan and the Punjab is fo bury the young
fruits in the earth, as is now done, or to protect them by means of muslin
bags from the egg-laying flies. In India generally, pumpkins, melons
and all forms of cucurbitaceous fruits suffer from similar flies but not to
any serious extent. The maggots are found in the fruits here and there ;
the flies laying their eggs in the young green fruits. For all these, care
in the destruction of infested fruits is the rational check on their inecrease,
and a maggotty fruit should never be left to rot on the ground and
breed flies as is so often done.

The Fpilachne beetles are eommon pests on pumpkins, cte.; they are
universal in India, feeding normally upon +wild plants and multiplying
slowly on the crops. They are discussed separately (page 204).

The Red Leaf Beetle! is the most general pest of these plants
{fiz. 233, page 200) ; it is found in all varieties, the beetle feeding among

b B Aﬂiwcﬁ;pkom Joveicollis. Kust. (Chrysomelids.)



MELON PESTS. 165

the leaves and damaging the young plants. This beetle is perbaps the
most common and abundant insect in the plains, met with wherever
there is a cucurbitaceous plant. Ite life history is still unknown.
Well-established plants that are growing freely do not suffer from this
pest, but it eats young plants completely, Lead arseniate is the direct
cure, but an occasional dose of kerosene smulsion to make the leaves
nasty, or a liberal dusting with ashes or lime and kerosene keeps away
the beetles for the time being.

With the red beetle is a very similar insect! with blue black wing
covers {fiz. 234, page 200} ; this is rarer but still fairly common and
behaves just as the red beetle does,

Among other pests the Banded Blister Beetle (fig. 241) is common
on the large flowers of these plants, feeding on the anthers and sepals.
It looks a far worse pest than it really is, as the destruction of the flowers
really does not matter.

A single caterpillar is abundant upon these plants, behaving as an
ordinary leaf caterpillar. This is a
slender green caterpillar, marked by
a stripe of white on each side of the
mid-dorsal line, and a spot of black
on the first two segments; it grows
to a length of one inch and pupates
on the lower surface of the leaf under
a thin webbing. The moth?® is
white with a broad band of black on
the edge of the wing ({fig. 187).
When very numerous thisis a destruc-
tive insect, riddling the plants in a
ghort- time. Where possible a good
application of lead arseniate should
be applied. In other cases, only

Fie. 187, . s
Moth of Pumpkin Caterpillar, laborious methods of hand picking
{Twice magnified.) can he used.

Caterpillar Pests of Brinjal.

Three species of caterpillar attack the brinjal plant (Solanam melon-
gena) working in similar ways but belenging lo three distinet groups
of moths, It is difficult to distinguish these in the caterpillar stage
and we may consider them together,

1125, Aulacophora excavata. Baly. (Clrysomelidz.)
* 112, Glyphodes indica. Saund. (Pyralidsm.)
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These caterpillars bore tunnels in the stems and hranches of the plant,
living inside and feeding upon
the tissue of the plant. They
- are whitish coloured insects,
smooth and generally similar
to other horer  caterpillars.
The oggs from which they
P . Fia. 188. ] hatech are deposited upon the

rinjal Fruit Borer. (Matqnqﬁed three times.) plant singly, and the little
caterpillar at once bores into the stem. When full grown the caterpillar
pupates, making a cocoon for itself on the plant, on the ground or more
rarely in the tunnel of the stem. The pupa stage lasts from cight
to twelve days in warm weather and the moths emerge. The whole
life history occupies about one month in the warm weather and up to
three months in the cold. These moths are of very distinet appearance ;
onel is a small brown insect, with narrow
fringed wings and sharply unpturned palps; it
superficially rescmbles moths such as the Pink
Boll-worm Moth (page 94) or the Cotton Bud-
worm Moth (page 100). We may call this the
moth of the stem-borer catorpillar, since the
taterpillar is principally in the main stem.
The othor moths are both white ; one? (fig. 189)
has brown and black speckles on the wings, and
the larva has a rather pinkish eolour (fig. 188) ;
it is found commonly in the fruit of the
plant and we may call it the “fruit borer.” The other? is slightly
smaller, white, with a broad green blotch on the wing. It is a quife
distinet insect and easily rccognised. Its larva hores only in the upper
branches of the plant, tunnelling in the soft shoofs, We may call it the
“ shoot~borer.”

The stem-borer is found principally in the lower part of the stem
near the ground ; it attacks plants at all stages and iz a serious pest.
‘Where brinjal is grown as a long crop, quite thirty per cent. of the old
plants may be attacked and killed; the plants wither suddenly when
the larva cuts through the cambium layer of the main stem; such
withered plants arc common in the ficlds when the erop has been grow-
ing for some months. The shoot-borer is a comparatively harmless insect,

I eSS

F1a. 169
Brinjal Fruit Borer.

13, Burophere perticelle. Rag. (Pyralidwm.)
1309, Leucinodes orbonulis. Guen. (Pyalida.)
® 154. Eublemmn olivaced. Wik, (Noctuids.)
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bniy (iestroying isolated branches and not killing the whole plant. The
fruit-borer attacks the fruits as they ripen and also the shoots; it is
perhaps the most common and widespread of these three species.

The treatment of all these is the same, namely, destroy all affected
fruits and branches. In the case of the stem-borer, the cultivator pulls
up the withered plants and leaves them in his field. If he burnt them
systematically from the very beginning, he would probably check the
pest, but actually it increases steadily as his plants grow bigger until it
causes a very large aggregate loss,

The same applies to the affected fruits and branches; it is common
to see the bored fruits left on the ground or on the plant, and naturally
every moth hatching from them means more In the next brood. A useful
precaution where brinjal is regularly grown, is to destroy the wild
brinjal and allied solanaceous weeds which spring up in the rains;
these are the wild food-plants of these species and help it to increase
and multiply unchecked,

Bhindi Pests,

This plant {Hibiseus esculentus) is closely related to cotton, and té
many plants grown in gardens for ornament. It is universally grown in
India as a vegetable, a few plants here and there in every village, and
also as a field crop mixed with other plants.

It has many pests, almost as many as cotton, the pests of cotton
aftacking it as an alternative food-plant, the pests of wild malvaceous
plants coming to it as it offers plentiful food when other food is not
available. The Cotton-leaf Caterpillar {page 96) is abundant on the
leaves, webbing them across and living under the threads. It does not
as a rule twist the leaves up as it docs on cotton. At least three other
caterpillars feed on the leaves, two being peculiar pests of malvaceous
plants ; these emerge into moderate sized light yellow moths,' the wings
marked with dark brown suffusiens,

The White Weevil and Green Weevil eat the leaves of bhindi as
they do of cotton and other crops (page 202). Both the Spotted Boll-
worms also attack bhindi, the larva boring into the pods or into the
succulent stems. The Red Cotton Bug (page 104) lives upon bhindi
when eotton is not available, feeding upon the seeds and breeding frecly
upon these plants. So also the Dusky Cotton Bug (page 107) is found
it the old open pods, sucking out the sceds,

In spite of all these pests, bhindi grows freely and yields well, A
_Jittle attentioh on the part of the cultivator checks the insccts, but as the

1 68. Avoniin {ransrerss. Guen. {Noctuide) ; &117. deontia malve. Esper. (Nectuidse)
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crop still comes, in spite of the pests, no attention is paid to them. This
is unfortunate, ag these insects on bhindi are also the pests of cotton
which do much harm.

Pests of Ginger.

Two pests have been found altacking ginger in Bengal, necither
seriously. The ginger maggot is a white fiy maggot found tunnelling
in the rhizome of the growing plant ; these maggots resemble the usual
fly maggots, being small headless white insects, with mouth-parts in the
form of hooks. They tunnel in the fissues, killing them and setting up
decay. The pupa is found in the rhizome and the fly is found walking
on the leaves of the plant. The fly ! is a noticeable insect, with long legs,
a leng narrow body and wings; such flies are not uncommon but can be
seen in any number on ginger plants. The rhizome should be examined
for maggots and any discased ones destroyed.

The ginger caterpillar is a green caterpillar, with a dark head, of
the typical “ skipper ” form, which lives upon leaves, folding one over and
lying hidden inside the fold. The pupa is also found on the leaf and a
prettily marked butterfly 2 emerges. As a rule one eaterpillar is found on
each plant, the butterfly laying her eggs onc at a time, The pest is easily
checked by hand picking, the ecaterpillars and pupe being found in the
large folded leaves.

Potato Pests.

The only specific pest of pofato rccorded is the very common green
bug,® a eosmopolitan insect which sucks
the juice of the plants and is found
commonly on them. It is a common
inseet in the hills and is readily checked
by hand-picking.

A boring caterpillar has been reared
from potato plants in Dharwar which
is the Brinjal Fruit-borer (page 166).
A somewhat serious pest in Bengal is a
mealy bug which attacks the stored
seed potatocs, and apparently causes
them to rob. Sced potatoes infested
with this bug cannot be preserved until

Fig. 190, the next season. The treatment is
The Qreen Bug. (Magnified.) very gimple and lies in storing the

V211, Calobata sp. (Muscidm acalyptrate.} | ? 215, Udaspes folus. Cram, (Hesperiids.)
8 Nezare viridule. L. (Pentatomide.)
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potatoes in ashes or other dry powder, or in examining them periodically
and, if infested with bug, dipping them in a weak insecticide such as
kerosenc emulsion. A mixture of ash, lime, flour or other powder and
kerosene dusted over stored potatoos will preserve them by destroying
the bug.



CHAPTER XiV.
PESTS OF FRUIT.

Fruit Flies.

HROUGHOUT the tropics, ripening fruits are infested with the

maggots of flics,
which burrow in the
soft tissues and render
the fmit  valueless. [
Such flies are of far
greater importance in
otherparts of the world |
than in India, posably {. -~
owing to the different
manner in which fruit
culture is conducted in
India. Several specics
are known in India, the
Melon Fly of Baluchis-
tan and the Punjab} _—
the Peach F1y2 of The Mange Fly. Larva on the right. (Magnified.)

LV M

b il

Fra. 192
Mango fruit infested with maggots.

1218. Carpomyia paretalina. Big. (Trypetidm.) | 2 Rivelliz persice. Big. (Trypetide.)
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Ranchi, and the Mango Fly ! of Behar, the Uniled Provinces and other parts

of India heing the more important specics.

There are in addition species

which attack the brinjal, the turia, the various melons and gourds, the fruit

Fie. 193.
The Peach Fly, (Magnified.)

sting-like continuation of the abdomen.

of the akh (Caloéropis spp.) and other wild
plants. These inscets cannot be said to
be known ag serious pests; they may be
so, as the cnltivators do not report snch
attacks and it is only rarely that they
can be investigated. The Mango Fly is
perhaps best known, as it attacks a fruit
of general consumption and is noticed
by many persons.

The life history of froit flies is gen-
erally as follows: the female lays eggs
in the tissue of the fruit, piereing the
rind by means of the ovipositor, the
A number of small white cggs

arc laid, which hatch in a few days to tiny white maggots. The
maggots live on the pulp, making tunnels through it and perforating it

in all directions.

This period lasts about ten days, and the maggot

then leaves the fruit and enters the earth, where it becomes a pupa.
From this the fly emerges after the lapse of about a week. The

details of this life history
vary for different fruit
flies, but such are the
galient facts.

The Melon Fly is in-
jurious in Baluchistan
and the Punjab; its life
history has been recently
worked out.® The female
lays one or several
eggs (4-7) singly or in
batches on the rind of
the fruit in the early
hours of the morning, a

Fra. 194.

The Baluchistan Melon Fly. Larva on the right,
pupa in the middle, (Magnified.)

very young fruit being generally chosen for oviposition. The eggs are
white, oval and clongate, hatching in 4 to 5 days. The small white
larvo at once bore into the fruit; as they proceed into the pulp, the

1129, Dacus ferruginens O

(Trypetide.)

® Report of Lela Vishwa Nath Sahai, Entomological Assistant, Punjab.
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passage fills up behind them and a few days after the maggots have
reached the inner pulp, the hole in the rind closes completely up. When
several maggots are contained in a single fruit, it mels stunted and
dies; if the number is only three or four, the fruit decays only if the
maggots bore out through the rind.

When full grown the maggot is about half an inch long; il pupates
in the fruit or, il the fruit is much eaten or decayed, in the soil. Pupal
life lasts for 13 to 18 days, the whole life history oceupying one month.
There are two broods in the melon crop, the first a small one, the
second veory large,

This account of the Meclon Fly is typical of the whole group, with
small distinctions. As a rule eggs are laid in the fruit, not on the rind.
The critical point in the attack is the first brood; if the first flies can
be prevented from laying eggs or the first larvee destroyed, the immense
second brood 1s checked.

These flies have been very carefully studied in other parts of the
world where they are very serious pests. We have, fherefere, the experi-
ence of other countries to guide usin ocur attempts to check ihe pest.
Actually two measures only cun be advised which are adopted else-
where. 1t may be taken for granted that once the fly has been allowed
to lay eggs, the infected fruits are doomed. No possible trecatment can
destroy the maggots in the fruits. Also there is no method of destroying
the flies on a large scale and =o killing them before the fruits ripen.
It is possible to prevent the flies from laying eggs by the use of
netting. The flies only lay eggs on ripening fruits, and in South
Afriea the fruit trees lable to attack are covered in cheap mosquito
netting of a fine enough mesh to keep them out. This simple remedy
is practicable where the value of the erop to be saved exceeds the cost of
the nething.

In addition, it is elearly wise to check the inerease of the flies them-
selves in the fruits. The early ripening fruits are naturally first attacked
and from them comes the large second brood that attacke the main crop.
Kvery fruit that falls from the tree, and every fruit thaf is found
to be infested, should be destroyed to prevent the flics emerging and
multiplying.

At the present time an effort is being made by entomologists
abroad to utilise the natural cnemies of these flies and introduce
them to places where they do not at present exisl. Up to the present
there appears to be no reasom to anficipate muech practical result
from this method until a far greater amount of investigation has
been made.
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For the Indian species, thisline of enquiry cannot be entered upon
until movre is known of fruit flies in general. Very few enemies of fruit
flies are known in India and very little is on record of the habits or dis-
tribution of the species discovered. As in other cases, if the cultivator
would take an interest in his pests, seek for all infested fruits and
destroy them, much would be done towards checking them. As a rule
infested brinjals, for instance, are plucked and allowed to le on the ground
near the plant, the nafural result being that the pest is encouraged
and allowed to multiply unchecked. The same applies to other erops;
maggotty mangoes lie on the ground and rot, breeding a fine large
brood of flies whieh lay eggs in every lafe mango fruit.

Mango Hoppers.!

Mango trecs suffer from the attacks of small inscets, which we may
call hoppers, which infest the flowering shoots of the treec. These
ingects resemble the Cicadas superlicially but are much smaller being
one-sixth of an inch in length. They are somewhat wedge-shaped with
wings sloped at an angle over the back., Targe numbers are found
on the mango trees throughout the hot weather but especially at the
flowering season when there is a flow of sap to the flowering shoots.
These insects pass through their active life on the tree, sucking the
juee of the soft shoots and causing them fo wither, The cast skins
may be scen in abundanec on the under surface of the leaves of the
trec. The insecls when young jump actively, when full grown fly out
from the leaves when disturbed, They are rarely plentiful, and their
increase appears to be assisted by damp winds, such as the east winds of
Behar which in some seasons blow in February and March., The result
of this increase is seen by the withering of the flowering shoots and
conscquent failure of the erop. Like other sucking inseets -these inscets
excrete large quantifies of sugary flmd, which falls upon the leaves
below and dries, leaving a sticky shiny deposit. When abundant, immenge
quantitics of this fluid fall, which is a symptom of the disease. There
is only one effective treatment which must be adopted vigorously ; this
is spraying with strong contaet poison such as crude oil cmulsion
or sanitary fluid; a large spraying machine fitted to a barrel with a
good length of hose fixed to a bamboo should be used so as to reach
high up the tree, and the spraying should, if possible, be done before the
flowers open.

! Idigeerus spp. (Tassidm,)
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The Mango Weevil.l

In many parts of India ripe mango fruits are found to be spoilt by
the tunnels of an inseet which, emerging from the stone, eats its way
out through the pulp. The inseet is a short, thick-set weevil, dark brown
in colour, one-third of an inch in length. When disturbed it draws its
legs together and lies motionless, feigning death. The grubs bore in
the kernels of the mango fruit when it iz growing large; these grubs
pupate inside the fruit and as the mango ripens, hecome beetles, eating
their way out through the pulp of the fruit, which they spoil. The
beetle hides at once in the bark of the mango tree, either in a natural
crevice or in a hole prepared by itself, The beetle remaing in this
position apparently until the next season and there is, therefore, but one
brood in the year.

The weevils remain alive for very long periods and are capable of
living until the next year when they lay eggs on the mange flowers or
young fruits, Weevils have been found throughout the year on trees
whose fruits were infested, and it is certain that they can live over till
the following year, They also remain in the soil and not always on the
bark of tree. The treatment of this pest will depend upon two precau-
tions : destroy all infested fruits with the insects, and destroy the weevils
on the bark of the mango tree in Augmst. The weevils ean be found on
the bark of mango trees, which accounts for the fact that year after year
the same tree is affceted ; the weevils come out of the fruit, and stay on
that tree till next year, not flying or moving away. The hark of trees
which bear infested mangoes should be well washed with strong kercsene
emulsion or other contact poison, with a view to destroying the weevils
found there; this has not been tested as yet but is worth a trial. A
further precaution consists in thoroughly cultivating the ground under
the trees, so as to destroy the weevils, Rai Bahadur B. C. Basu has
found that when the land below infested trecs is flooded, the trees are nob
infested in the following year,

The Lemon Caterpillar.

Lime, lemon, orange and other citrus trees are defoliated by
curiously marked caterpillars, which feed openly upon the leaves of the
plant. Thesc caterpillars hateh from small round yellow eggs, laid a few
at a time upon the topmost shoots of the plants, where the young cater-
pillars will find tender leaves upon which to feed. "They are at first brown

1204, Cryptorhynchus mangifere. F, (Curculionidw.)
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with white markings, closely resembling the droppings of birds, and
doubtless feed on the leaf in an exposed position to assist the resemblance.
The head is provided with two processes. When nearly full grown the

Fra. 106.
Lamon Caterpillar, fasding.

colour changes to a vivid green, with lateral brown markings and the
eaterpillar now leaves its exposed position on the leaf ; when young they
feed on the quite small leaves, attacking larger ones as they grow older,
As arule only a few are found on each plant but they do much mischief
to small plants and, if abundant, cntircly strip them, The caterpillar
pupates on the plant, (ixing itself by the tail and by a thread rouhd
the hody which is fastened on cach side to the plant. The butterfly? is
largre and conspicuous, common throughout the plains (figs. 196 and 197).

1 89, Papilio demolens. L. {Papilionidm.)
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It Jays its eggs also on the ber (Zizyphus jusuba) and other wild plants,

F1a. 196.
Chyysalis of the Lamon Coferpillar,

There are scveral broods in the year, the first in April, the second in
June, the last in November, but there is alo a brood in December in
places where the cold is not too great. The simplest method of dealing
with this pest is to pick off the caterpillars and destroy them. The
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application of lead arseniate is effectual, but as there is usually a sucees-
sion of egg-laying females, one application is not sufficient, and it is
simpler to pick them by hand. Another butterfly! with an almost

Fre. 197.
Lemon Butterfly.

identical life history is found attacking citrus plants but is apparently
less common.

[nsect Pests of the Orange,

Orange and other citrus trecs all the world over are infested with
scale insects and mealy wings, some being extremely virulent pests.
These are not lacking in India, though they do not work a tithe of the
damage caused elsewhere. In the Himalayas as in Calcutta, the leaves
are covered with a small yellowish oval scale ® from which a mealy-wing
fly emerges; in Western India, a black oval scale takes its place, belong-
ing equally to the mealy-wings. Both thesc species weaken the plant,
extracting the sap and slowly killing the branches. True scale insects
also infest these plants but they are apparently rarer. For these pests
there is nothing better than a good spraying with a rosin wash ; the whole
plant must be carcfully sprayed especially the under-surface of the leaves.

Another pest of the orange is a large moth,® which pierces the rind
of this and other fruits with its powerful proboseis in order to extract

1195, Papilio pammen. L. (Papilionide.) | ? dlexrodes engenic., var. durantit, Mask.
¥ Ophideres fullonica. L. (Noctuidem.)

N
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the sap. The inscet is a handsome one, the upper wings coloured in
tones of grey, to resemble tree bark, the lower bright orange and black.
By day this insect hides on the bark of
trees, with the wings folded, coming out
at dusle lo fly about. Il is altracted to
fruit, feeding on the juices, This insect,
like many others, comes into houses ab
night and can probably be irapped by
putting up a lantern in front of a vertical
white sheet, the broad white light attract-
ing it, This would bring it to settle on
the shect when it could be killed, An
alternative possible method is to give it
food in the form of jaggery made into a
syrup with water, mixed with a little
country liquor or other intoxicant. Toth
of these devices are common ones among
moth collectors and worth trying against
this pest when the oranges arc ripe. As
the larva lives upon wild plants in the
jungle, nothing can be done to check it.

Stem-borers are reported to injure oranges in India and may be
found attacking the trecs, Such borers are the grubs of beetles; the
beetles lay eges on the bark, the grubs on hatehing horing through the
bark into the trunk. Thoy live in the trunk and attain to a preat size
before  pupating, eventually
coming  out as  beetles, The
beetles are long, slender, with
very long  antenne. Two
species are known from lime
attd orange frees in Assam and
Coorg, and others are known
from fruit trecs, coffee, tea, ete.
The successful treatment of
these insects consists in cateh-
Itg the large hectles when this
is possible, destroying the grubs
in their burrews by means of
a bent wire, or by means of
injecting carbon bisulphide, kerosene or other fluids into their burrows,
which must then be closed up with wet clay or tar,

Fig. 198,
A typical Tree-boring Beelle,

T1g, 119,
The Anar Butlerfiy.
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The Anar Caterpillar.!

The cultivator of the pomegranate (aner) is familiar with the fact

that a proportion of the
fruit is destroyed by this
pest; in o had season the
propertion ig very high; in
normal seasons small. At
the time of the blossoming
of the fruit tree, the female
butterfly deposits the egps
singly on the flowers. The

Anar Caterpillor.

T10. 200.
(Hagnified Lwice,)

caterpillar hatches and bores into the developing fruit, within which

Fie. 201.
Anar Caterpillar,

cloge the hole it makes in the rind of the fruit.

caterpillar comes out of
the fruit and webs silk

(Magnified tuice,)

1t lives. The food con-
gists of the hard seeds of
the fruit. The larva is of
a dark colour, with shott
hairs and lighter patches
of colour; the hind end
ts flattened ahove, form-
ing a shield with which
the caterpillar is said to
When full fed, the

over the hase of the fruit
and some part of the
stalle ; 1t then re-enters
the fruit and turns to
the chrysaliss  Appar-
ently the webbing over
the etalk is to prevent
the fruit from falling
to the ground; the
behaviour of the cater-
pillar  in anticipating

this is an extraordinary
instance of instinet,

F1g. 202.
wwhich almost amounts The Anar Caterpillar. (Enlarged.)
Y 05, Tirechelw fsocrafes. Tabr, (Lyecwnido.)

N 2
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to “yeasoning.” Trom the chrysalis a pretty butterfly emerges, whieh
is found commonly in the cold weather.
Though feeding generally in pomegranates, the larva is also

Fia. 203.
Pupa of Anar
Butterfls.

to systematically hunt
the butterflies in the
garden with nets.
Though familiar with
the caterpillars, pome-
granate cultivators do
not know the butterfly which alone

F1a, 205.

Anar Butterfly, from
above, in resting
position.

recorded from guava, loquat and wild fruits.
distinetly a pest in pomegranate gardens and is a diffi-
enlt inseet to check. If all flowers came out together,
it might be possible

It 1=

can be checked.
Nothing  can

save a frut
once atfacked
and only tying

Fre. 204,
Anar Bufterfly,

the flowers up in bags immediately after pollination

could protect them from
the bufterfly. On the
obther  hand, cvery
attacked fruit shonld he
burnt, simply to lessen
the inereasc of the pest.
This would not save the
present erop but would

diminish the pest for the next crop.

Fia. 206,
Anar Butlerfly.



CHAPTER XV.
CATERPILLAR PESTS.

ATERPILLARS are the young of butterflies and moths, recognisable
ag a Tule by their sucker-feet. Nearly all are herbivorous, and as their
rate of multiplication may under favourable circumstances be very large,
they are common pests. In many cases the species that attack erops one
season may next season be so few as not to be seen and other speeies may
take their place ; those that are specific pests of particular crops come every
season, but these are dealt with above. It is impossible to say that a
particular species attacks a particular plant in very many cases, as they
vary much from year to year and may come out only at long intervals into
the erops. Fortunately their habits are on the whole sufficiently similar to
make cerfain general remedies suitable for all the caterpillars of a group,
whatever their species. It is only necessary to consider their habits and not
treat a leaf-eating caterpillar in the same manner as a surface caterpillar.

Leaf-eating Caterpillars.
Almost every plant that is cultivated as a field or garden crop is at

Fre. 207,
Leaf-eating Calerpillar common in the plaing on loak, A similar species atfacks maize,
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some timo infestod with eaterpillars which cat the leaves. This is the
most common way in which herbivovous inseets feed; a very large
number of caterpillars are confined only to wild plants, whilst a smaller,

B
’i! ?'\hlfju,

Fra, 208.

Hairy lsaf-eating Caterpillar and ifs Pupa,

though still large, number have been found upon cultivated plants in the

plains of India.

In moet cases a few eaterpillars are found on the plant, not sufficient

to do any injury and offen dolng some
ultimate good by effecting a simple prun-
ing and manuwring which stimulates in-
creased production of flowers and seed.
It the caferpillars increase or continue fo
infest the planis for a prolonged period,
they cause an appreciable or total loss of
the crop.

Caterpillars of this kind are so common
that they are offen neglecled until they
multiply to such an extent as te do serious
injory; they cannot then be checked by
the simple measures that would have been
snccessful if adopted in good time,

Fia. 209,
Motk of commoen vegetable
Caterpillar. Wings in repose.
(Magnified three times.)

Leaf-eating caterpillars destroy the tissue of the leaves; if few in
number they cab holes in the leaves; these holes or the little grains of
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excrement being the only signs of their presence, Such graing of exere-

ment are offen mistaken for

eggs, though caterpillars are
unable to lay eggs.

The life history of these
insects is simple and ean be
easily traced in captivity.
As a rule the parent moth or
butterfly deposits a large
number of eggs on the leavey

of the plants, often on the

Fig. 210,

under-surface, sin 1y or In Both of common vegetable-cating Caterpillar,

clusters, bubt usnally spread

(Magnified three timas,)

over several plants, The eggs are small and not noticed ms they are

difficult to see. In the butterflies and
larger moths cach egg is rounded, a little
flattened at the bage and apex, adorned
with sculptured lines and ribs, In the
smaller moths, the eggs are commonly
flattened, oval in outline and very
inconspicnous, The eggs hatch in a
short time, usually less than a week,

Fic. 211 into little caferpillars that erawl about

Moth of common Ieaf-eat'mg (‘a,z‘er~

on the plants and feed first upon the
pillay of rice, . ,;
epidermis of the leaves,
When grown larger they cat holes in the leaves or eat in from

the ecdge until the whole leaf is
devoured. They are voracious, a large
amount of plant tissue being con-
snmed which is only very slightly
digested and passes out of the body
as a little round grain of excre-
ment. Actually the greater part of
the food consumed passes through,
little more than the juice of the plant
being absorbed by the alimentary
eanal.

The first moult takes place in a
few days after hatching and sucees-
sive moults occur until fhe catex-
pilar is full grown, Few of such

E
Fig. 212.
Pupa and moth of Caterpillar that eats
{ilies,
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caterpillars grow to more than one inch Ilong, many species never
exceeding half an inch in length. When the body is not hairy but
somewhat transparent, the eaterpillars are often greenish from the colour
of the food in the alimentary canal; or they arc opaque green, brown, or
variously striped and marked. Many are hairy, spiny and provided with
horns and excrescences.

The duration of larval life varies with the different speeies : some
are full fed in a week, others only after two to three weeks or longer.
From two to three weeks is the most general length of the larval life.
These caterpillars have regular daily habits which must be considered
in the adoption of remedies; many feed only in the morning and even-
ing, hiding away in the soil during the middle of the day ; others feed
principally at night or are to be found on the plant only in the early
morning and late evening.

If food is plentiful they feed regularly and voraciously until they are
full grown, when they turn to chrysalides. Before doing this they
hide away, some making cocoons on the plant or in the soil, others enter-
ing the soil and making eells there, others again twisting over the leaf
and thus making themselves a shelter. Butterfly caterpillars hang them-
selves to the plant or bend over a part of the leaf.

Fig, 213.
A Semiclooper Caterpilliar, the first pair of sucker-feet reduced.

The pertod of pupation is determined by climatic conditions, and
may be short, as in the rains, or prolonged through the eold weather and
succeeding dry hot months until the next rains. Hibernation is the
rule, and whilst some emerge as molhe or butterflies 26 the close of
the cold weather, the majority emerge only in the rains. The first brood
appearing in April would be followed perhaps by a second in June, a
third in August and the last in October; more usually there would be 2
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brood in July, another in September and then hibernation., Such
general statements can only be aceepted very cautiously as the habiis
vary with individual species.

It is not possible to give a list of the species which attack indivi-
dual erops and such a list would serve no useful purpose. A detailed
aceount has been given of several species (pages 98, 159, ete.). Rieceis the
food of many species, which are also grass feeders ; the large area under rice
usually allows for a large number of such caterpillars being widely spread
so that the damage is distributed, but exceptionally they are so abundant
as to cause serious injury. Some crops are apparently not attacked by
caterpillars, such as the various yams (Dioseorea and Coloeasia), and the
tapioca (Manchot). Leaf-eating caterpillars are destructive principally in
small areas of irrigated crops or in patches of special crops not
generally grown in the distriet. The fields of mixed crops, grown to
a limited extent in April, May and June, usually with well irrigation,
guffer heavily from this pest, as many moths emerge from hihernation
at this time and lay eggs on a small area of crop. Later in the year
the same caterpillars may be spread over a far larger area of staple crops
with no appreciable harm. The same may be said of special crops of
which only a small area is grown; this applies particularly to experi-
mental farms and is one of the reasons why crops grown on experimental
farms suffer to so large an extent from insect pests.

In general, each species of caterpillar feeds only on a few closely
related plants ; thus there are speeles which feed only on eotton, bhindi,
ambadi ([7ibiseus connalinus) and Aibisens, others on maize and sorghum
or on cabbage, rape and mustard. A small number have a greater
range of food-plants, such as the omniverous Gram Caterpillar (page 144)
which eats gram, opinm, tobacco, tipari, tomato, maize, etc. It may
be remembered that the caterpillars have no choice of food-plant in
most cases, since they can move over only short distances, but the moths
seek out the right plant on which to lay their cggs, their instinet
telling them on which plants their young will be able to feed. If no
plants are found the moths can live for a considerable period before
laying eggs.

Preatment.~—There are several simple methods of checking leaf-
eating caterpillars and of preventing them from becoming serious
pests, Tho simplest method is to pick them off by hand; it is of course
useless then to liberate them ncar the field from which they were taken
as the cultivator sometimes does, but they must be destroyed. In most
cases the destruction of the first brood prevents the injury caused by the
otherwise large second brood ; unfortunately the first brood commonly
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escapes notice as it is a small one and the large second brood is so
abundant that hand-picking becomes a difficult husiness.

In some instances it is possible fo shake the caterpillars to the ground
and crush them, When the eaterpillars hide in the ground by day-light,
cultivation between the plants exposes them to birds and kills many,
The same is true when they have entered the ground and become chry-
galides. This is always necessary when the field is badly attacked, as
2 large number of chrysalides will probably be found there.

On low crops the use of the bag (page 72) is advisable, large numbers
being swept up. As a preventive measure one must do everything
possible to stimulate the rapid and healthy growth of the plant ; a strong
vigorous plant that is putting out many leaves can stand far more than
a weak unhealthy cne.

The practice of sowing mixed crops has an influence on leaf-cating
caterpillars and the mixtures sown especially on small irrigated areas in
the dry hot weather are almost necessary if the main crop is to be estab-
lished., The catlerpillars which are very prevalent in these erops, altack
a subsidiary crop which can be rooted out, leaving the main crop well
established and healthy. Occasionally it is possible to use another crop as
a trap for caterpillars, which then do not injure the main erop. Thus
porghum and maize are valuable in certain areas in canc fields and the
value of bhindi as a trap for pests of cotton is bemg tested. Such plants
must be used with caution. If allowed to grow too long they first
attract pests from outside and then iransmit them to the main erop,
becoming breeding places for undesirable inseets which when abundant
leave them, The essence of a trap erop is to destroy it with the inseels
on it at the right moment. Birds arc exfremely valuable as checks on
leaf-cating eaterpillars and anything which encourages such eaterpillar-
eating birds as mynas is useful. The growing of roadside trees has a
very special value in this connection, especially when these trees are such
as mynas frequent, and the cnltivator’s practice of putting branches of
trees in an infested field of paddy so that the insect-hunting birds
may come and perch there is a shrewd ome. The common hen is
a valuable ally in gardens and small cultivation, but she requires
gome food besides caterpillars and must not be left to feed exelusively
upon them,

Tn most cases ome of the above precautions can be applied suceess-
fully and when all else fails, an application of insecticide can be resorted
to if the crop is worth it. For small areas of vegetable crop and for small
irrigated patches, the tin sprayer and a dose of kerosene emulsion does
all that is required ; if the caterpillars are large, lead arseniatc may be
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advisable, either sprayed ov dusted on, In same eases a mixture of dry
dust and kerosene or dry dust {or lime) and sanitary fluid can be applied
to the plants ; this acts with plants like eabbage, maize, sorghum, ete,, whose
leaves are so formed as to hold
the powder. Every attack of
leaf-cating caterpillars ean be
g0 checked, buf the cultivator
will not always think the crop
is worth the ecost of the in-
secticide or the labour, The
application of insecticides by
means of tin sprayers is more
readily adopted by market
gardeners who grow vegetables Fie. 214.

for sale in the towns, than by Typical Swarming Caterpillar,
cultivators; every cabbage that is eaten by caterpillars means a loss to the
market gardener,

At present over thirty species of leaf caterpillars arec known which
attack erops. Many more species will be found, but all have essentially the
game habits and life history.

The question of parasites is a very important one in connection with
leaf-eating caterpillars. As a rule when these eaterpillars become very
abundant, the parasites also inerease to such an extent as to kill a very
largo percentage of the pupe. The result iy that few moths hateh and
the pest docs not reappear as it otherwise would., This is discussed in a
later section (page 268).

Swarming Caterpillars,

It is not unusual to find that large numbers of caterpillars come out
suddenly in the fields, ravage the crops and disappear. The caterpillars
are large, smooth, not hairy, coloured
in green or brown usnally with stripes
along the body from head to tail. They
appear in large numbers, eat a variety
of erops, and disappear,

. This Torm of pest is very similar to

F1e. 215, the last buf is distinet in that the cater-

Hoth of Swarming Caterpitlar.  yillays  rveally appear in swarms, and

damage large areas of erops, The methods of treating snch an attack are
not the same as those used against the ordinary leaf-eating caterpillars,
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In every case of swarming ecaterpillars, the following is the
sequence of events that occurs, Under favourable circumstances a large
number of moths hateh at a particular time; very many emerge
from the chrysalides simultancously and may be seen flying about
in the evening. These moths lay eggs; overy female moth lays at
least a hundred and some lay as many as one thousand; if cireum-
stances are favourable they all lay ecgps within a few days. After
a week or so, the eges hateh out and multitudes of caterpillars appear.
They are very tiny at first and feed steadily; if plentiful they devour
the plant they hatch on, becoming perhaps half grown; they then
commence to search for food and wander ahout; if large numbers are
hatched out, they then form into masses and if they find a crop they
will ahsclutely destroy it.

When they have become full fed they descend into the ground
and hbecome chrysalides, forming for themselves earthen cases in the
ground. All will perhaps disappear in a few days and the reports say
that they have died; but
should circumstances  be
favourable these chrysalides
will yield moths which will
again lay eggs, giving rise
to a fresh attack.

Sueh 1s  the  wsual
sequence; sinee the eultivator
v only sees the eaterpillars
— - ——r—ez2 il feeding, he does not under-

ot of F‘g- 216. Catorpilla stand the cause, nor does
o & Common JWarmin aier, ¥,
¢ g he connect together the

appearance of moths and the subsequent swarms of caterpillars. These
attacks are worst when the conditions are such that the moths all
emerge from the chrysalides together., At the end of the eold weather
it becomes warm perhaps within a very few days; then a vast number
of moths hateh out together; should the cold weather end early the
caterpillars attack the rabi crops, and the destruction may be very large;
if the cold weather continues later the caterpillars may not find erops
to eat; if it comes very gradually, the mothe do not all hateh ount at
once and the eaterpillars do not come in swarms. If the caterpiilars do
not come in swarms the wild plants may be suflicient for their food
and the crop will possibly not be attacked. Swarming ecaterpillars are
worst when they are so abundant at one time that they exhaust their
wild food-plants and are compelled to enter the crops to find food,
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These caterpillars do mnot occur throughout India; they are serious
pests only when the conditions are favourable and such conditions are
‘not universal in the plains of India. The climatic conditions of Behar
and the United Provinces scem to be particularly favourable to them,
possibly because the cold weather suddenly gives place fo the warm
weather when the moths hatch out in abundance. Little is yet known
of the occurrence of such swarms of caterpillars but they are likely to
occur wherever the conditions favour them.

A curious feature of these caterpillar swarms is the number of species
that are found composing them. Apparently the favourable conditions
that produce a large number of one species favour others and we find
several species, one in great numbers, others in smaller but sfill, in the
aggregate, large numbers. For this reason also, it is impossible to rely
upon the reports and specimens sent in, and as only a few cases have been
investigated, little is known of the species which occur in this way. The
basis of a swarm is nearly always a caterpillar of the kind knowun as an
“Army Worm,” that is a smooth-striped eaterpillar (fig. 214}, which
emerges into one of perhaps six moths! of the type figured. With
them are for instance the Tobacco Caterpillar (fig. 176), the Sorghum
Caterpillar (fig. 156), the Gram Caterpillar (fig. 162), several butterfly
and many other moth caterpillars which are typically leaf-eating
caterpillars,

As these pests oceur suddenly and not regularly, little has been done
to cheek them or to test the best means of destroying them. 'The usual
methods of applying lead arseniate would be the best if generally avail-
able ; this should be done on experimental farms,  Other methods depend
upon the local eonditions. The great thing is to do something quickly ;
the cultivator does nothing, because he thinks that caterpillars are sent
as g punishment or at least have a miraculous origin.

When the erops are young or low the usnal hopper bag can be nsed to
sweep up the caterpillars (see page 72); discretion must be used in doing
this only when the caterpillars are out feeding., When this is not possible,
an application of lime and kerosene, road dust and kerosene or other offensive
powders may be of use. When the caterpillars are concentrated in a
small area, it may be possible to trench all round to isolate them, then
apply a mixture or & spray or worry them with a hopper bag till they
become restless and move, when they will fall into the trenches where
they may be killed.

1237, Agrotis flammatra. Schiff, (Noctuids.) 239. Euxoa spinifera. Hubn,!
238. Fuxoa segelis. Schiff. 240, Agrotis ypsilon. Roth,
286. Spodeplera mauritia. Boisd, 110. Caradrina exigua, Guen,



1do CATERPILIAR PHaTs,

Trenching is ome exeellent method of isolating them, and so long as
the trench has sloping sides, it need not be more than eight or ten inches
deep. The cultivator naturally hopes the caterpillars will go into his
neighbour’s plot of land and docs not trench to isolate them on his plot;
his neighbours should treneh to protect their own fields, Methods of
surface cultivation are uscful when the eaterpillars bury themselves by
day ; light surface cultivation turns them out where the birds will eat
them, So also when the caterpillars disappear; probably they have
gone into the soil to pupate. Surface cultivation turns them out for the
birds to kill them.

The principal reason why nothing is done to check these pests is that
they invariably disappear after a time (to pupate and come again as
moths), The culfivator hopes they will do no harm and sconer or later
sces them vanish; he attributes this to invocations of holy men or to
fate, but does not realise that they will come again and are not dead but
undergoing metamorphosis ; should circumstances be favourable, the
increase of the emerging moths will be enormous.

These pests come from jungles and waste lands; the planting of
waste lands ; strips bounding on fields, boundary strips, cte,, with good
grass would do much te check them ; trees are not liable to bring them
but flowering plants and low vegetation encourage them, The ideal
cultivated areas would inelude no waste lands with serub where such
vegetation is growing, but only grass land and trees. -

Finally, the most important thing is to worry the caterpillars and
prevent them feeding,  The bag, a vope, a la¢ki, almost anything dragged
throurh an infested crop disturbs them., In a plague of swarming
caterpillars recently investigated, it was found that sweeping the crop
with a heavy la#ki was sufficient to disturb the caterpillars so mueh that
they stopped foeding. It was only necessary to do this twicca day and
the crops were practically uninjured! Ifit wese possible to induce the
cultivator to do anything energetically, no matter how simple, such
Plagues eould be rendered almost harmless.

Surface Caterpiliats.,

Caterpillars, which hide by day in the eoil and come ont at night to
eat vegetation or to cut off youhg plants, are commonly known by the
above name, or in America #s “cut-worms” They arc large, smooth
caterpillars colouted in dirty browh, green or neutral tints, with obscure
longitudinal lines, or ih some euses with black spots, When handled

1 Report of €. M. Mism and I, N, Pal
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they curl up, not as a cockehafer grub does with the ventral surface
inwards, but to one side.

These caterpillars are universal and some species are of almost world-
wide distribution. It is scarcely known how many species behave in this
way in India ; though several common species have been reared, it is exceed-
ingly difficult to determine aceurately how much damage they do, and
in recent years only, one species ! seems to have been common or abundant.

This is the so-called “ Greasy Cut-Worm,” and its life history may be
taken as typical of the group.

The moth lays a very large number of small white eggs singly, on
weeds or stones, in any convenient situation near the ground in waste
lands, in grass borders, near fields or in weedy fields, The caterpillars
feed on plants and live by day in hiding, coming out at night to feed.
When half grown they have a habit of biting through the base of the
plant, if it is a small one, thus eutting it off; the plant is then removed
to the burrow in the soil where the caterpillar finds shelter. Night after
night the caterpillar lives thus, until it becomes over an inch long, and is
large cnough to destroy half-grown opium plants, Tach caterpillar cuty
off more than it can eat and the desiruction caused is very large. When
full grown the caterpillar makes a cell in the ground pupating there. The
moth emerges after a varying interval, and there is veason to believe that
though the caterpillar remains active through the winter in most parts
of the plants, the pupa hibernates in moderate cold.

Surface caterpillars feed prineipally upon weeds, in waste lands or
unweeded fields. They are often abundant, not in the erops, but in weedy
places where there is good growth of low vegetation. They attack crops
principally after floods; the exact explanation of this fact is not under-
stood, but it appears to be generally true that, when land has been
flooded, eutsworms are found on it in the ensuing 7abi season, and that
after extensive floods, surface caterpillars are most abundant in fields and
gardens. The number of surface caterpillars may also be influenced by
the character of the season, damp weather being favourable to the emer-
getice of moths and consequent rapid breeding, Surface eaterpillars arc
found most abundantly on young redé crops and throughout the eold
weather, They attack a great variety of crops, including opinm, tobaceo,
gram, peas, lucerne.

Surface caterpillars are not generally distinguished from leaf-eatisig
catorpillars which never live on the surface or from the sivarms of the
caterpillars which come in March, April and May, Yet these surface

1240, Agrotis ypedlon. Tott. (Noctuidw.)
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caterpillars need quite distinet treatment and cannot be checked by the
same methods as other caterpillars,

The principal precaution against them lies in clean cultiva-
tion, which includes putting all wasle lands, boundary strips, ete.,
in good grass; large areas of weeds and low vegetation promote
cut-worms, affording a breeding place from which the caterpillars or
moths come.

When the caterpillars attack a orop, heaps of any green vegetation
should be placed in the field to atfract them. This is not only neces-
sary to supply them with some other food than the delicate young plants,
but Iarge numbers will be trapped in this way and can be collected daily
and put into water.

The use of poisoned baits of bran or bhusa and arseniate is a remedy in
use elsewhere; it will prob-
ably be found suitable and
has given good results on an
experimental scale of & acres
(sce page 287).

When the cultivators are
familiar with the habits of
the pest, they are able to
destroy it by searching daily
for the holes of the cater-
pillars, betrayed by  the
green leaves of the food
taken in the night to the
burrow, This is the sim-
plest remedy and ome that,
energetically applied, averts
a great loss in opium and
tobacco erops.

When possible, irrigation brings up the caterpillars and in bad cascs
would clear the field; simply flooding the field once is sufficient to bring
up all the caterpillars in the soil when they may be destroyed er they may
be loft to the mymas to eat. It is stated that the caterpillars, when on
their nightly prowls in scarch of plants, ean be trapped in smooth holes
made in the soil with a pointed stick ; the stick is rotated #ill a neat hole
with smooth sides is produced ; a caterpillar falling in cannot get out and
ig killed next day.

The outbreaks of surface eaterpillars which take placoe after the cold
weather are preceded by the emergence of the moths, a phenomenon at

Fig, 217,
Hairy Calerpillar of Behar.
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onee recognised hy anyome familiar with the moths; the moths

Fre. 218,
Aotk of Bekar Hairy Calerpillar,

come 1o Jlight and are found in
houses at night. The speeies’
figured (fig. 216) comes out in vast
numbers in February or March,
flying in the dusk; other species
do the same, and an observer fami-
Har with the moths will recognise
them and expect a later attack of
caterpillars.

Hairy Caterpillars.

In many parts of India, large numbers of hairy caterpillars appear

at certain seasons and either destroy special
evops or move from field to field attacking
almost any crop. These pests appear when
conditions are favourable to the emergence of
large numbers of the parent moths which
lay eggs on erops or on wild plants; if the
eggs are abundant, the caterpillars ravage the
crops or, after eating their wild food-plants,
move into erops and devour them.

Apparently particular species are destruc-
tive in distinet areas ; the hairy caterpillars of
Guzerat are distinet from those of Behar and
Oudl, and from those found in Madras. Their
time of appearanee varies with climatic eon-
ditions, but is largely confined to the rains. In

Fra. 220.
Jute Hairy Caterpillar, (Magnified {wice.)

Fre, 219.
Moth of Rehar Hairy Caler

pillar,
Guzerat, they appear
chiefly in the early
weeks of the rains;
the moths hateh out
in abundance with
the first rains, lay
eggs, and the cater-
pillars hateh and feed
on the young erops.

In Eehar, one brood sueeeeds another from the end of the cold weather,
and this will oceur when the conditions are favourable. The life history

Vdgrotis fammatre. (Noptuidm.)

9
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of these caterpillars is similar to that of the preceding caterpillars. The
moths lay eggs in clusters on their food-plants, the eggs hatehing in a fow

Ve AN

Fre. 221,

Moth af Jute airy Catarpillar. (Magnified twice,)

days as a rule. The caterpillars feed for two to four weeks and become
chrysalides in a cocoon in the ground or hidden away under stones, ete. ;

the moth emerges in five

to ten days and again lays eggs. The whole

period from ege to egg is four to six weeks, so that several broods succeed
one another so long as conditions are favourable,

The eaterpillars arc very charactevistic in appearance; they are long,
asually of a black and yellow colour, with hairs covering the whole body.
Wlen the catorpillar pupates, the hairs are nsed with the sillk to prepare

the cocoon.

The moths are distinet
in appearance from the
moths of other injurious
caterpillars; most  are
brightly  coloured, red,
orange or white with black
markings, or dots.

Less than ten species?!
scem Lo be common in
different parts of India,
altacking a variely of

F1a, 222.
Motk of Gujarat Hairy Calerpillar.

1 There are Tour principal species in India—
233. Amsacta moorei. W, Madras.

231. Amsacia lineola. T,
220. Amszeta lactinea. Cr.

} Gujarat.

188, Diacrisic obligua. Wilk. Behar and Oudh.
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plantg. Groundnut and sann hemp are the usual food-plants, but when
the caterpillars are abundant, they will attack indigo, castor, til, cotton,
jute, tobacco and other crops, The methods of treatment are similar fo
those used against the usual leaf-eat-
ing caterpillars. In case of a small
attack the Lrightly eoloured -eater-
pillars can be readily seen and picked
off. This is of great importance in
the case of the first brood, as by des-
troying that mueh subsequent loss
may be saved.

As the caterpillars become chrys-
alides near the surface of the ground,
light cultivation does good, if carried
out when the caterpillars disappear
from the plants. In this and in
other eases of caterpillar attacks,

Fio. 223. much depends upon what weeds ave

Orange Sann Moth. growing mnear the ficlds; if certain

leguminous weeds grow in the jungle or in the waste lands near the

fields, the moths are likely to be present and to lay cggs on them; should

the caterpillars be abundant, they will enter the crops after eating the
weeds (see also page 192).

The radieal treatment is, as in other cases, to apply a poison such
as lead arseniate, dusting or spraying it on the plants in powder mixed
with lime or dust. As these catexpillars occur chiefly upon field erops,
this method is as yet heyond
the veach of the cultivator.
It is far hetter to anticipate
the caterpillars and colleet them
on their wild food-plants before
they attack the crops; they F1a. 224,
appear as a rule only at definito Huairy Calerpillar from Sann Hemp,
times, and a search through any lands growing weeds will probably
reveal them and show what their wild food-plants are. The caterpillars
must then be colleeted and destroyed; in places where sueh eaterpillars
come often, a watch should be kept particularly for the first brood which
must be destroved on its wild food-plants before it attacks the erops.

o8



CHAPTER XVL.
BEETLE PESTS.

BEETLES form the largest and most varied group of inscets including

many distinctive species. As they live concealed, their larve are
so seldom found that far less i1s kmown of them than, for instance, of
caterpillars, They are also far more difficult to distinguish specifically,
It is, therefore, necessary to discuss groups rather than individual
species, Increased knowledge will show that beetles are far more
destrnctive than is genevally known; especially will this be so in the
“weevils” whose larvie are almost wholly herbivorous but live lives of
such concealment that we are still ignorant of the life histories of our
commonest species.  Beetle grmbs are noforiously hard to rear and
cannot be identified until they arve reaved. Auy observer who is so
fortunate as to rear ane shonld put the facts on record, for sueh inquiry
is most necded.

Cockchafer Beetles.

Thesz beetles appear in large numbers at regular seasons of the year,
flying by night and feeding upen
leaves. They arve round, thickset
inseets, usnally hard, not more than
half an ineh long, and most easily
recognised by the peeuliar knob at the
end of the antenmm (see fie, 225).
Their colour is generally brown, black
or some sombre tint, buf some are
very bright metallic green, others a
vivid red brown with white spots.  All
have the same build, the same antenns
and the same heavy droning flight.
Cockchafers are not often reported
as injurious imsects, but do far more
harm than is gencrally known. They
are destructive at two periods in
their life—below ground as the larva,
ashove ground as the imagoe. The
larva is a white grub, with large
brown head, a mueh wrinkled white body ecurved in a half cirele and

Fro, 225,
Cockchafer Reetie.
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three pairs of legs. It may be found almost anywhere by digging in
the soil, and the larger specimens have a peculiarly large ferminal seg-

This
the roots of
below the

ment of a livid grey colour.
grab lives
plants, a few inches
surface of the soil. Iis food is
probably entirely vegetable, con-
sisting of the roots of grasses and
other plants; hot dry weather
sends the grubs down further from
the surface, wet weather brings
them up, The life occuples several
months, probably nearly nine; the
full-fed grub makes 2 smooth
carthen case, curls up inside and
transforms to the pupa. Nearly
8 year affer the parent laid the
egus, the beetle comes out,
open the mud case, foreing
up through the soil till it emerges
to the light. Tt distends the air
sacs 1n the body and flies away.
Each species emerges annually at

among

pushing
its way

F1e. 226,

Cockeliafer Beelle.
Larva on the leff, Pepa on the right.

the proper season depending upon the chimate, so that we find large

numbers of a species coming out about the same time.

g, 227.
Cockchafer larva. (Twive magnified.)

They lie
hidden in the day and in the
cvening fly out, to scck a suit-
able plant on whieh to feed. On
such plants they gather in num-
bers, eating the ftissue of the
leaves till the whole plant is
stripped, only the skeleton of the
leaf being left. The beetles
mate, and lay eggs in the soil,
after which they die. The whole
period may occupy one year oi
more and probably ome or two
years are required by most Tndian
species.

Damage is done by the larvae to the roots of plants, especially in very wet

weather when the grubs come wp near {he surface.

Crops are occasionally
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attacked, bajra (Pennisetum typhoideum) and other millets espeeially;
there are also many cases of injury to garden plants
and vegetable crops, the grubs living for choice in
highly manured soil. Nurseties and especially man-
ured plots are usually full of the grubs, which may
hateh from eggs laid there by the beetles, or may be

put in with the manure if farmyard manure is used.
These grubs are difficult to destroy; where it is
possible, cultivation furns them out when birds then
eat them readily ; flooding brings them up nearer the
surface where they can be more readily turned out, but
never actually kills them or
exposes them. In ot

weather, anything  that Fie, 228,

tends to dry and heat the  Cockekaferlurva.
surface soil drives the grubs down below the
surface roots. Artificial manure such as kainit,
saltpetre, ete., can sometimes be used sparingly to
- drive them down and a dressing of soot has much
7 the same cffect. This is the only thing possible

1, 229, .
Cockehafer larva, fovnd in  When grass lawns are affected, though a liberal
the sotl, watering with soapy water may do good.

The beetles destroy plants in a more evident manner, coming out
st night in large numbers and stripping the plants, This is somewhat

Fro. 230.
Cockehafer Reetles ealing o leaf.
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tare in the plaing but more common in the hills, where the beetles are more
abundant. Cockehafers thrive best in the long open stretches of grassland,
and though found throughout the
plains, rarely come in large numbers.
"The time of emergence depends upon
climatic conditions and is usnally
regular. A aspecies that emerges at
the commencement of the rains does
g0 always, whatever the date of the
raing. It is accordingly possible to
expect fthese imsects ab regular
seasons, as at the beginning of the
raing, and to fake measures accord-
ingly., In fruit gardens, certain
plants are especially afttacked and
these must be protected. Only ex-
pertence can tell which plant will be
atfacked in any locality ag the species
have differing habits, As o rule it Fre. 231,

A Coackchafer Beetle.
is useless to spray plants with lead (Magnified four iimes.)
arseniate, as the bectles feed and
poison themselves but still strip the plante. Spraying with weak contact
poison is better as it makes the plants distasteful but the effect does not
last. The best and only real method is to use the light trap, an arrange-
ment of a lantern, two reflectors and a pan of jaggery or kerosene and
wator. Where measures are required on a larger scale, fires arc uscful.
Fortunately the beetles do
not fly for many nightsand
fires are not required for
long ; this is practically the
only method of protecting
erops.

Cultivation of waste
lands, together with proper
cultivation of arable lahd,
are radical cures for such
pests.  The occurrence of
cockchafers in destructive
numbers depends largely upen the extent of uneultivated land and may
be looked for in perhaps cvery other scason in places where the conditions
for increase are suitable. Where the soil is ploughed or deeply cultivated

Fro. 232,
A Cockchafer Beetle. {AMagnified four times.)
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only once a year and this LOlncldes with the time of flight of the beetles,
the larvee and pupe remain undisturbed in
the scil for the whole of their lives and
are never turned ouf for the birds to eat.

A special form of injury to the crops
occurs when the ripening period of the
millets coineides with the period of emer-
gence of gockchafers; the latter then feed
upon the soft grain, settling on the ears of
bajri or other millets at night. The
attack lasts for a short time but is very
serious, the actual grain being destroyed
in a wholesale manner. This form of
injury is not uncommon in the plains.
Yery little can he done te check such
attacks ; fires of greeu stuff should be lit

F1c. 238. round the ficlds, and the beetles should be
Red Pumpkin Beeils. (Magnifieds) (listurbed by lragging a rope or long cloth
through the field so as to brush the ears. [.7 . -
The essential thing is to disturb the beetles : : N
as they will not live long and, if they are
prevented from feeding for a few nights, the
grain will be secare.

Another special form of injury to flower-
ing plants in the hills is caused by very
small cockehafers, which emerge from the seil | o
in vast numbers and feed on white flowers o
such as roses, spirmas, ete. These feed by
day and are attracted to anything white, or
light coloured. They ean be trapped on a
white sheet or by banging up a white cloth
over 4 large pan of kerosene and water; the

le + s neriodi ’ Fig. 284,
beetles that collect must be periodically gathered Black Pamphin Beetls.

or shaken into the pan, (Maguified.)

Leaf-eating Beetles.

A large class of Colesptera feed upon the leaves of plants in a manner
similar to caterpillars. These beelles cat the tissues of leaves, either
making holes in them or completely stripping the plants, The greater
munber feed upon wild plants, specially in the hills, A few lave hecome
pusts in the plains and are abundant 1n the crops.
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The life histories of these insects are for the most part unknown.

The Deetles alone do harm 'to plants,
and 1t is not yet kuown where they lay
cggs or where the larve feed. The Rice
Hispa is an exception, its life history
being described separately (page 114).
There are a few well marked and fairly
common species which may be recognized
by almost aby one from the figures
given here, and there are a number
of others which are likely to be found
more rarely in particular localities. The
Red Pumpkin Beetle! is an orange red
beetle, not more than one quarter of
an inch in length, which is found com-
mouly attacking melons, gourds, cucuin-
bers, and other cucurbitaceous plants.
Tt is not limited to these plants, but is
a common pest in gardens and in small

Fig. 235.
The Rice Leptispa. (Magnified.)

patches of irrigated lands. The ordinary field erops ave ravely attacked.

T1c. 230,

-4 Torloise Beetle; egps (la.wer left fiyure) ; larva (middle row) ; pupe (wpper right and

middle) and beetle.

' 11. dulacophore fovsieollis. Kist. ({Chrysomelidw.)
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With it is a very similar beetle ! differing only in having the wing

covers black instead of orange.

A smaller blue beetle® (fig. 235),
very flat, with parallel sides and no
spines, 18 found on the rice with the
Rice Hispa, and iz also found upoen
sugarcanc, The life history is not
known, but is probably similar to
that of the Rice Hispa, to which it
is closely rclated. Sweeb potatoes
are infested by a small golden
tortoise hectle (fig. 236), whose flat
green grubs feed on the leaf and
carry their excrement over their backs
on a special moveable process. The
whole life listory is passed on this
plant as on other Convolvulacez, but
the insects are rarely abundant and
do no harm. The White Weevil is a
small beetle® with the head pro-
duced in front into a short beak
{fig. 237) ; 1t feeds upon eotion leaves

Fic. 287.
The White Weevil. (Magnified and
natural size.)

- *

S

Fra. 238,
Green Weevil,  (Magnified.)

principally and is commonly found upon the .
plant. If the plant is shaken the weevils
fall to the ground and lie motionless, shams
ming death. I it were a pest, this habit
could be made use of to destroy the beetle,
but no case is yet on record of this inseet
being sufficiently abundant to cause harm.
A similar but larger beetle* is common

| on indigo ; it has a glistening green appear-

ance, is larger than the White Weevil
and is sometimes found with it on cotton
(fig. 238). A few other weevils have
been recorded as feeding upon different
plants ; such weevils are common among
wild planis, and are rarvely found upon
cultivated plants, The simplest treatment

1125, Aduwlacophera excevals. Baly. (Chrysomelidz=.)
¥124. Leptispa pygmes. Baly. (Chrysomelidm.)

6. Myllacerus macnlosns. des B.  (Curculionidz.)

1188, Asigens lateralis. Fabr. (Curcalionide.)
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is to shake them off into an open inverted umbrella or a kerosene tin ;

where they persistently attack valuable plants in gardens, a dose of lead

arseniate sprayed upon the plants is sufficient to ldll them. The ordinary

simple butterfly net is a handy weapon against all such beetles; it i
described in the appendix and a few boys with nets can work havoc among

beetles on garden plants.

Flea Beetles.

Fleas are those small active insects which infest human beings and
domestie animals, and are characterised by
great leaping powers.

Flea beetles have similar leaping powers,
are nearly as small but live on the leaves of
plants. They are very small insects, usually
less than one-eighth of an inch long with
the shining appearance of the wsual heetle
and coloured steel-blue or brown. They
bite small holes in the leaves they infest,
giving a very characteristic spotted effect
which 1s quite clearly recognisable. The
spotted leaves betray them, and a plant
with such leaves is almost surc to be in-

Fia. 230.

: Rice Flea Reetle. (Magnified.)
fested oven if the heetles cannot at first 3,7 pight Lhe Aind loy téﬁ;ﬁaw

sight be seen. These active beetles are the immense thigh that cha-

raeterises Lhese baatles.

difficult to cateh.

The life history of no flea beetle has been worked out in India. In
general their larvie are leaf-miners tunneling in the tissue of the leaf
between the upper and lower epidermis. The larva thus lives inside the
plant, the imago outside. Others are miners in the stem or some other
portion of the plants. These mines are seen as lines or blotches on the
leaf, but as they arc produced by many other insects beside flea beetle
larvee, care must be taken in rearing them,

Few species are destructive in India and little is known about
them. 'They are found as occasional pests, but not doing injury to
important crops. One species attacks wheat and is common on irrigated
wheat plots in experiment farms, Another attacks mustard crops but is
net really injurious. San hemp is eaten hy a brown and black species
whicl appears in abundance in the rains. Brinjal is Hable to attack, as
also are indigo, vegetable crops, ete. Rice in Burma is attacked by
another species (fizr, 239), and there ave doubtless many yet to be found.
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In general the presence of these insects may be disregarded unless
they come in extracrdinary numbers or are infesting small plots of valu-
able experimental crops, No treatment will affect the larve if they are
in the plants. Sprayiug with lead arseniale poisons the beetles; Bor-
deaux mixture is a specific for these beetles when properly prepared
and sprayed on the plants. The bag is & useful mechanical method on
wheat or rice and its effect is enhanced by oiling the inside of the bag
with kerosene or heavy oil,

Epilachna Beetles.

Ou brinjal {Selanum melongena), turia (Luffa ecutangala), dudhi
(Lagenaria vulgaris) and other cucurbitaceous
plants, and on many wild plants, one finds-
small round beetles shaped like a half pea, of
a dull red colour with black spots. They feed
upon the leaves, taking a serics of bites off the
epidermis and producing a very characteristic
stippled appearance : with them are often their
larvee, small oval grubs, yellow and very spiny.

Fic. 240. These beetles belong to the true lady-bird
_ Epi_lwc;ﬁzﬂgﬂeeﬂ& beetles which normally eat plant-lice, mealy
O Meﬁﬁg{:}f tif?:;_mw’ " bugs and scale insects; the epilachnas alone

arc herbivorous both as lurva and imago.

The lifc history is similar to that of the rest of the family ; the eggs
are cigur-shaped, yellow, laid in clusters, each egg on end side by side.
Mr. Haymann found that one beetle laid 280 eggs.

The eggs hatch in about five days, the young feeding at once upon the
epidermis of theleaf. When full grown the larvee are one-quarter of an
ineh long, flattened and oval covered with short spines. They eling tightly
to the leaf and move slowly. They live from three to four weeks, and
pupate on the leaf, the pupa being attached by the tail. The larval skin
15 not completely thrown off ; after four to six days the imago emerges.

These insects are most abundant from July to November, there
heing several broods during that time. The beetles live through the
- cold weather and emerge about March, when they often couple and lay
eggs if a food-plant is available.

As in all beetles of this family, they can live for long periods until
fresh food is available, They are injurious simply by destroying the
leaves, and under favourable circumstances become abundant. Garden
erops are injured, feld crops practically never. In gavdens the simplest
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way is to destroy the beetles by hand-picking, an casy matter when they
are few. The danger is that nseful lady-bird heetles may he collected by
mistake, but, if the yellow spiny grubs ave found, as well as the bectles, it
is fairly safc to destroy them. To any one who has seen hoth kinds of
heetles, there is no diffienlty in diseriminating the cpilachnas.  Tn scrious
cises, a spray of lead arseniate is a radieal cure and this will destroy only
the epilachnas, the beuclivial bectles not eating the poisoned Jeaves.

Blister Beetles.

The beetles figured here are probably familiar to every one who
observes insect life in the plains ; they represent
the most common species of this group in India.
Blister beetles are characterised by having a
somewhat soft integument, a distinet neck
between head and thorax, and elytra which do
not fit tighfly to the side of the abdomen but
look as if they lelonged to some other insect.
On landling them, an acrid yellow liquid
cxudes from the joints of the legs. They are
moderately large insects with good powers of flicht and may be found by
day in flowers or on the ground. These insccts appear in Augmust,
September and October and feed upon the flowers of plants; exceptionally
they feed npon the leaves of plants, one species emerging in the lower
hills in vast numbers in May and eating certain weeds. Three species
are prominent in the plains, recognisable by their colouring. The Banded
Blister Beetle! s black with variable bands
of orange across the clytra; the size and
colouring are very variablé, orange or black
predominating. This species is common
throughout the plains and fields from August
to November or later. Tt appears in large
flights, settling in gardens and destroying
the flowers of pumpkins, cucumbers, melons,
hibiseus, cotton and other large-Aowered
plants. It is slow in flight and easily cap- Fig. 242.

tured by hand or with a small net. The Orange Banded Blister Beetle.
Green Blister Bectle ® is a smaller slender insect, the clytea a vivid green,
the neck reddish. Tt is associated with the Brown Blister Bectle? a

180, Mylabris pustulazta, TFabr. (Cantheride.)

2 40, Cantharis tenaicollis. Pall. (Cantharidz.)
¥ 89, Cantharis rouzi. Cast, (Cantbaridm,)

Fie, 241.
Orange Banded Rlisier Reelle.
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beetle similar in shape but of a dull brown colonr. These two damage a
variety of crops, including sorghum, rice, kutki {Panicum miliare), bajra
(Pennisctum typhoideum), cte., by destroying
the flowers; large numbers emerge as these
crops flower and settle on the head, biting the
anthers and stigmas so that sced is not
formed.

This results in a large or total loss of
grain, The aftack iz very sudden, and
requircs to be checked at onee. The insects
feed principally in the morning, hiding in the
earth or on the plants during the hot part of
the day; they remain only a few days and
again disappear. This form of damage is by
far the most important caused by these beetles
and is observed or reported yearly in some dis-
Fro. 243, triets of India.

The Groen Blister Beotle. No other species are known to be destruc-

(STightly maguified) oo in India although others will probably be
found to be so. Several blue species are common in the plains but perhaps
appear at a time when no crops are in flower,

The life history of these beetles is unknown, but there is scanty
evidence that it will prove te be stmilar to that of Furopean and Ameri-
can species. The egps of two Indian species arc laid in large masses
on the soil and active grubs bhatch which run about the surface. The
life histories of those worked out elsewhere are of extreme interest,
being passed in the nests of bees ot wasps, or in the egg masses of locusts,
The active larva that hatches from the egg attaches itself to a bee
and is carried to its nest, or seels out the ege mass of a locust. In all
cases known the larval life is a semi-parasitic
ong, and there is a ecurious metamorphosis in
the larval life, the larva assuming two or more
distinct forms at snceessive periods.

Blister beetles are useful in medicine, the
oil of certain species having the power of blis- _
tering the human skin, The extract. of the Tie, 244,
dried beetle is used for this purpese. In India  Brown Blister Beetle.
these bectles ave used in a somewhat similar manner., Tn Baluchistan,
for instance, the * Gojak” beetle! is soaked in milk and the fluid poured
on the bald spots to cure mange {R. Hughes-Buller), When the beetles

1 Closefpr allied to M;ylabris gwstulam-

—_—
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attack crops, vigorous measures must he taken at once to drive them out,

Hand-collecting is lahorious ; active boys with hand-
nets will eateh far more, and a simple hand-net of
bamboos and muslin is easy to make {figs. C and D,

page 289),

Fires eovered with green materials are useful
if the smoke hangs in the orops and the air is still,
In the case of low crops such as rice, the usefnl
bag can be run through quickly, and where they
are taller, a rope or a strip of cloth can be fixed to
two bamhoos and pulled over the ecars; vigorous
measures to worry the insects in the morning are
all that is required and in a few days the seed is sef
In gardens, the banded bectle destroys

and the beetles disappear.

i

Fro. 243,
Brown Blister Baetle.

flowers; there is no remedy available but to collect them by hand or with
the net, which is not difficult as the flichts of beetles soon pass away,
Collected beetles arc easily killed in hot water or in water with a film of

kerosenc over it,

Palm Beetles.

Tavo beetles, of distinet habits and appearance, attack palms, including

Fr¢. 216,
The REinoceros Beetle.

the toddy, palmyra and coeoa-
nut-palm.  Each is destruetive
in a distinet manner and both
are found widely spread over
the plains of India. The two
canuot be confused in their
appearance or their work,

The Rhinoceros Beetle! is
a large thick-set black beetle,
somewhat over two inches
long and one inch broad ; its
appearance is best realised from
the figure.

This insect flies at night,
coming into houses attracted
by lights. Tt feeds upon the
soft tissnes of the palms,
attacking the unopened leaf
or the base of the fruiting

Y126, Oryetes rhinoceros, T (Searabuidwm.)
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stem and eating its way into the soft heart of the plant. Tn so doing
it injures the rolled np new leaves, which show signs of its work when
they open, and wounds the tree. In iteelf it does little harm and in
Ceylon is kept in check by extraction from the tree with a stiff wire.
Mr. I. B. Haig has reported that in Kanara this heetle kills the
eocoanut-trees occasionally and that an attacked tree yields no toddy.

Tts life history is known to the toddy-tappers, who find its grub in
dung heaps and in deeaying vegetable matter. The grub is an immense
soft white larva, leg-
less and of a most
striking  appearance ;
it 1s quite common
in dung theaps and
decomposing  vegeta-
tion. The heetle
really does injury by
attracting the more
serious enemy to the
palm  tree, the Red
Weevil. This insect
comes to trees wounded
by the Rhinoceros
Beetle and lays eggs
in the wound., Tor
this reason it is de-
girable to check the
beetle by the de-
struction of its young Fac. 241,
and by eapturing it Palm Weevil. RBelow, the Coceon.
on the attacked trees.

The Red Weevil! is a more slender insect, of a red-Lrown colour,
with a conspieunous curved snout, about one and a half inches long. Its
life history is as foltows. The weevil lays eggs singly in the tissues of
the palm-tree by means of her long ovipositor ; these eggs are deposited
in the wounds made by the Rhinoceros Beetle, in cuts made by tapping,
in craeks or at the base of the leaf stalk; in fact wherever in the tree
the weevil’s ovipositor reaches the tender tissues, she lays eggs. In
Ceylon it is said that the eggs are laid only in trees that have reached
the fruiting perod, but this is not yet certain. The grubs that hateh
tunmnel in the soft tissmes, feeding on them and gradually working down

1141, Rhgnchophorus signaticollis. Chevr, (Curgulionide.)
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into the stem ; a large number of eggs are laid in each plant and sooner
or later the plant probably dies. The grubs when full fed prepare a
coeoon of the twisted fibres of the stem ; how the grub in the seclusion of
the stem is able to prepare this cocoon is one of the marvellous things
in the life of this insect. 'F'he beetle presently emerges from this cocoon
and comes out of the tree.

The life history in this case probably occupies one year but has not
been ascertained in India. The inscet is destruetive to cocoanut palm
in Ceylon and the Straits Seitlements; another species is injurious to
palms in Honduras and the West Indies in the same way. A great
deal has been written about these insects in these countries, where they
are far more important than in India. TIn Ceylon legislation is proposed
against them, the law compelling every owner of trees to take certain
measures against the weevils.

All remedies are directed to two ends, to prevent egg-laying in the
palm-trees, to destroy all weevils that breed. For the first, the Rhinoceros
Teetle must also be destroyed, and in Ceylon this is done. Secondly, the
cuts made by tappers must be so treated that the weevils cannot lay
their eggs there; this is effected in Gujarat by smearing the cut with
the juice of Luphorisa neriifolia. Blandford suggested a mixture of tar
and eand for the Honduras weevil, and 1t is likely that, if available, tar
would do equally well in India. As it is, clay must be used or any other
substance which the tapper can obfain and which will keep the weevil
from the cut. This treatment must include other cuts and wounds, in
fact all openings at which the weevil could lay eggs.

To destroy the weevils it is necessary to burn badly attacked trees,
and the legislation in Ceylon is designed to make this compulsory. A
tree that is infested and dies is a source of danger to all, since the weevils
that are in it come out and infest other trees. Where {rees are only
lightly attacked and the attack is seen in time, the grubs are cut out
and the wound treated with tar and mud. Mr. Green in Ceylon has
got better results by treating attacked trees with carbon bisulphide, and
this is deserving of tral in India.



CHAPTER XVII.

LOCUSTS, GRASSHOPPERS, SURFACE BEETLES, AND
BURROWING INSECTS.

OCUSTS are probably the most familiar posts discussed in this
volume, and are here treated with the grasshoppers and other orthop-
terous insects to which they are allied. Locusts do no great acgregate harm
compared with the attention they attract, though the sight of fields
stripped by a locust swarm is very impressive. If money values could
be ascertained, any one of the major pests probably does more aggregate
damage, working constantly, scattered over all India, but not laying
waste a tract in the thorough manner of the loeust.

F1a. 248.
A Common Grasshopper.
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Surface grasshoppers, which do a great amount of harm in India,
are here separated from the ordinary grasshoppers and discussed as a
distinet class of pest (page 220).

Grasshoppers.

Among the most common inseets are the grasshoppers, active insects
which live in ficlds and jungles, leaping and flying rcadily when disturbed.
"They are recognisable most easily by the very large hind legs, with which
they leap. The body is hard, not hairy or covered with scales; the wings
project beyond the end of the abdomen and are offen coloured, the anfennm
are quite short.

Grasshoppers and locusts together make up one family of insects.
1t is generally supposed that any large grasshopper is a locust and this
word is commonly used without a clear idea of its true meaning. ‘When
an inscct belonging to the family called grasshoppers becomes exccedingly
numerous and forms large swarms, which migrate from place to place, it
1s called a locust,

There is no difference in structure between locusts and grasshoppers ;
the distinguishing feature of the locust being that, when very abundant,
all collect together into swarms and move from place to place.

There are many large grasshoppers in India which never form into
swarms and migrate; only two true locusts are known in India, and these
are almost identical with the large grasshoppers (pages 212-14).

Grasshoppers occur throughout India in the plains, and in the hills
up to the snows, Many species live in the forests, others in grass lands,
a few in the crops and ecultivated land, The life history of all is not
known in detail, but all have similar habits. The female lays cggs in the
ground, depositing them in a compact cluster. The young that hateh are
very small, active insects which resemble the full grown insects in general
appearance. They have no wings when first hatched, which appear only
after there have been several moults and the insect is half grown, Asin
all insects the wings are fully developed with the last moults Tt must
be remembered that any grasshopper, however small, that has fully
developed wings and can fly, is full grown and ean grow no further.
The number of moults varies with different specics, from five to seven or,
exceptionally, eight.

The wings appear after the third moult as very small lobes on the
second and third thoracic segments, growing larger at each moult, The
colouring of the young grasshopper is commonly distinet from that of
the full grown insect and may change at least twice during nymphal
life. This is due to the changed eivirontnent of the inseets at different

P32
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periods or even to the changing colour of the vegetation as the season
advances,

In general the young are eoloured green to accord with the green
vegetation in which they live, and the aduits in greys, browns, and neutral
tints which blend with the light and shade of the drier grass or vegetation
in which they live. In mno group of insects is this form of protective
colouring so universal or so beantifully shown. Rarcly they are strikingly
coloured and cxhibit “ warning colouration™ in conjunction with unpleas-
ant taste, So far asis kmown grasshoppers are exclusively herbivorous,
The period of the life history varies greatly and cnly a few species have
been worked out. Some hibernate as eggs, others as perfect inseets, and
there may be one, two or several broods in the year,

The two locusts and the Rice Grasshopper are dealt with separately
(pages 214 and 119); & separate section is also devoted to the ground
grasshoppers which injure erops in a special manner. Few other grass-
hoppers are known to be destructive, though a number of specics have
been sent in as pests or as locusts.

The Painted Grasshopper! is a large species coloured in blue and

Frg. 249.
The Painted Grasshoppes.

yellow when full grown, found abundantly on the akh plant (Caleéropis
spp.). 1ts young are coloured yellow with black stipples and red spots,
exhibiting warning colouration as do the parents. The Black-spotted
Grasshopper? is a large speeies coloured in black, brown and white, which
lives in the crops and fecds specially upon eotton, The young (fig. 251)
arc green with a pink stripe at the posterior edge of the thorax; this
species is found at all seasons of the year, having no regular broods.

1 Poecilocern picta. F. (Acridiide.) | *49, deridinm aeruginosum. Burm, {Acridiide.)
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Tt is constantly confused with the Bombay Locust which it closely
resembles,

Fia. 250.
The)| Black-spotted G rasshopper.

Another large species very common in the plains is the Snouted
Grasshopper ;' a long slender grasshopper characterisea by the sharp

Fia, 251.
FYoung of Black-spolted Grasskopper. Colour green. Firsl, second and penuliimaia
stages shown.

! Tryzalis furrite and other species,
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head and flat antennm. It is green or coloured in a heautiful eombina-
tion of browns which make np a general ¢ dry grass eolour” 'There are

i

Fra. 352,
The Snouted Grasskopper,

a large number of smaller forms common in the plains and still more in
the hills, None can be reckoned to be specific pests of special crops,

The prineipal safeguard agninst grasshoppers is clean cultivation ;
fallow lands should not bear =a crop of weeds and waste lands should
grow good grass. Waste strips between fields are a constant danger
unless fed down or planted with one variety of grass, 'When grass-
hoppers appear in numbers in crops, an attempt should be made to trace
them to their breeding place, which is probably wastc land near by,

Locusts,

Two species of ¢ grasshopper’ come within our definition of
locusts, that is, grasshoppers that form swarms and migrate, These

[T ‘-J{ f’ "

s, - " i e i
P Wi 45N

Fie. 233,
The Dfigratory Locust,

are the Migratory or North-West Locustl and the Bombay Locust.?

166, doridium peregrinum, Oliv. (Acridiide) | * 46. Aoridium succinctum. L. (Acridiide.)



LOCUSTS, 215

Other specios may prove to he locusts hut have not migrated in swarms
in recent years, '

These two species are constantly confused, not only with each
other, but with such insects as the Black-spotted Grasshopper and other
large grasshoppers, Both are over {wo Inches in length and half an
inch across the thorax ; this eliminates all but a few insects in India.
Green does not enter info the colour scheme of either, The North-
West Locust is a wniform purple red or yellow with no siripes, with
wings uniformly spotfed from base to apex and with indented lines
vound the prothorax. The Bombay Locust has streaks of colour on the
prothorax and wings, very faint indented lines and is very variable
in colour. It can be at once distinguished from the North-West Locust

Fia. 254.
The Bombay Locust.

by its stripes and by the absence of indented lines. Tt will, however, be
confused with the Black-spotted Grasshopper which is of robuster build,
conspicuously blotched in black and white, with a large white blotch on
the side of the prothorax ; the latter never varies in colour.

The figures above help in distinguishing the species, but owing to
the colour variation of the Bombay Locust it will always be confused
with the other speeies unless actual specimens are examined.

The North-West ILocust extends over Baluchistan, North-West
India, South Afghanistan, Persia, Arabia, Cyprus, and Northern Africa,
with permanent breeding grounds in widely separated localities in this
vast arca.

From North-West India it extends in a general easterly and south-
easterly dircetion over the Punjab, Central India, the northern division
of the Bombay Presidency inte the United Provinees, Bengal, Assam,
and as far south as Madras,
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The permanent breeding grounds appear to be in the sand hills of
Western Rajputana, in Baluchistan, Southéern Afghanistan, and Persia ;
from these places swarms fly over Rajputana inte India. This locust
lays its eggs in sandy places, depositing a single mass containing
from fifty to one hundred eggs. ‘These hatch in about three weeks and
the hoppers are at firsh green, later black, They are said to moult four
{imes, but probably do so more often. Maturity is said to be attained in
from one to two months, after which they form into swarms and fly,
Within another two to four months they couple and lay eggs, provided
a snitable spot is found.

The whole life apparently occupies from five to seven months, and
there are in India two broods in the year. There is apparently no
regularity in the periods of egg-laying, which depend upon the amount
of food uvailable and the local conditions, An insect that migrates over
vast distances will probably have changed habits in various localities

Fro. 255.
Eage and Nympks of the Migratory Locust.

and be dependent upon climatic eonditions. Whilst the winged insects
have the usual habit of flying in swarms, the young form swarms which
move over the ground and devour all green stuff within reach., In this
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state the destruction is emormous since the insects strip whatever
vegetation they encounter. The winged insects may be as destructive,
buf as a rule their ravages, being spread over longer distances, are not felt so
acutely.

A great deal has hbeen written about the North-West Locust and
advantage is taken of its peculiar habits to destroy it wholesale. The
reader should consult the long article in the Journal of the Bombay
Natural History So-
ciety for 1891 (page
242).

The egsential fea-
tures of this locust
are that 1t has per-
manent breeding
places in  North-
Western India from
which it migrates;
that it apparently ' Fis. 25G.
breeds twice a }(’Bﬂ-l' Young Bomhay Lncust after third moult.
and lays its egas in {(Magnified fiva times.)
special sandy places, and that the young form swarms which hop from
place to place. Tt is possible to destroy the eggs in the permanent
breeding places or at least to destroy them when they lay eggs in
accessible places; it is also possible to destroy the armies of hoppers by
simple mechanical methods ; these two measures are extensively ecarried
out acainst this locust in Cyprus and Algiers and form the basis of
methods of checking the pest.

The Bombay Locust breeds most extensively mnear the Western
Ghats, a line of forest hills bordering the sea from the Thana District
to Coorg, the chief breeding ground being in the neighbourhood of Goa,
not in the forest but outside in the open grass lands. It also breeds
all over the plains of Southern India in suitable places, and is found
in Assam, Burma, and throughout the whole of Peninsular India.
Where it becomes abundant, it assumes the characteristics of a locust;
elsewhere it is an ordinary grasshopper, forming part of the regular
plains’ fauna.

From the Western Ghats it spreads in swarms over Bombay,
Mysore, parts of Madras, over Hyderabad, the Central Provinces and
parts of Central India.

This is exceptional and occurs only rarely. This locust breeds only
in damp places, laying its eggs in wet soil; it lays o mass containing
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about one hundred eggs (fig. 25), which hatch in about six weeks.
The young are green and complete their developrent in about two
months (figs. 27, 28, 257, 268).

Eggs are laid with the first heavy raing in June or July, and the
perfect insect cmerges in October. TFrom October to June it lives as a
flying insect ; its colour is at first brown with light stripes, forming the
“dry grass’ colour which is protective to 1t in the long dry grass in which
it Lives. It then forms swarms and becomes suffused with a vivid red,
which persists during about four months ; throughont this time it lives in
immense swarms in the Gthat foreste until in April and May 1t seatters.
In 1904 these swarms spread over an immense area and in May broke
up, single locusts being found scattered throughont this area. Thisis
preliminary to coupling, which commences with the rains ; the locust now
assumes a darker colouring, the red giving place to blacks and browns;
this colour scheme hides the insect when sitting on wet grass-land or
goil where it lays its eggs,

The life cycle occupies ome year, and egg-laying is performed at
this special season, The young are found scattered through the long
green grass during the rainy months and do not form swarms. 'The

>

Fra. 257.
Youny Bombay Locust after third moult, (Magnified five timas.)

earliest swarmg are found in October when, as the grass ripens, the insects
enter the crops, feed there and then migrale back to the forests., The
forest region is, therefore, the home of this locust which migrates only to
breed or when extraordinarily abundant,
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The damage is caused entircly by the winged locusts, first in the
ripening kharif crops, later in the hilly districts during the winter
months,

F1e. 258,
Bombay Locust, before the last moult. (Magnified twice.)

The methods in use against the North-West Locust are here
impossible owing to the different habits, The eggs are rarely found in
large numbers and arc usually seattered over a large area. The young
arc not found in swarms but scattered in grass-lands. The winged
insects fly in swarms for several months and live for eight menths in all,
The measures actually adopted against this locust included the destrue-
tion of the hoppers by means of bags and cloths, the destruction of
swarms at night during the cold weather, the destruction of coupling
locusts by hand and the collection of eggs, all under the inducement of
rewards paid for the amount collected. The Bombay Locust appears to
have emerged in immense swarms in 1883-84 and in 1903-04, A full
account of the latter outhreak has been published separately.

Locusts in India, as elsewhere, are attacked by parasites and
cnemies, The winged individuals are infested by the young of a large
red mite! and are parasitised by at least one and possibly more species
of parasitic flies® The eggs are parasitised by an ichneumon and a
fly, are eaten by grubs and are infested with a peculiar worm. Crows

1 19. Trombidium grandissimum.
¥ Miltogramma duodecim punctata. Big. (Tachinidm.)
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eat. locusts and destroy their eggs and the ‘rosy pastor’ or juars bird is
supposed to destroy a large number of winged locusts.
It is probable that other species of grasshoppers will be found fo

Fie. 259,
Fly parasitic upon Locusts.

form swarms and behave as
locusts under exeeptional
circurastances, but no
species are known fo do
so at present in India,
There has heen great
confusion on this point
owing to the difficulty
of identifying  insects
believed to be locusts. It
is probably correct to say
that, except in the case of
gmall local swarms, no

msect except the two discussed above can be regarded as a true locust in

India,

Surface Beetles and Grasshoppers.

A number of insects confine their attacks to young plants just out of
the soil, destroying the germinating plants as they push above the
surface and preventing the erops from becoming established, These

F1c. 260.

Fly parasitic on the Eggs of the North-West Jocust, (_Magniﬂed’.)
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pests are of very general occurrence throughout India both in field and
garden erops. They form a clearly defined group of pests, including
insects of widely separ-
ated  affinities,  but

- ‘ . united by their peculiar
habits and methods of
I m feeding.
? : All are adapted fo
7 ' : living on the surface
. of the soil; most are of
' Yoo the dull brown colour of

the freshly ploughed

earth and are difficult

Fra. 261,  to find when at rest on

Surface Weevil., (Magnified.) the surface : they in-

clude the surface beetles, small earth-coloured weevils, not exceeding onc

quarter of an inch in length, similar to the species figured here: also the

surface grasshoppers, which are either flattened, with a rough upper

surface and exactly earth-eoloured, or they are similar to the common
grasshoppers but eoloured in brown so as to escape notice on the soil.

The beetles live on the soil, hiding in cracks, under stones and in
burrows; they emerge daily and feed
on the young plants, being very abund-
ant at the time when the kharif or
rabi erops are sown, Their lifc histories
are unknown, the grubs being probably
horers in wild plants. The grasshop-
pers are similar in their life histories to
others of this group; they lay eggs in
the soil, from which the little hoppers
hatch ; the whole life is passed in the
fields and under favourable circum-
stances they beecome very abundant.
Most breed rapidly and regulatly, with
several broods, but some appear only
at regular intervals such as once or
twice in the year. All are herbivorous, 4
and their ravages in tho ecstablished - —~
crops are not observed ay they are Fia. 262.

not sufficiently numerous to do harm, < e¢ommon Ground Beotls that feeds
LY . ) or decaying laaver and iz mistaken
They arc injurious fo germinating for o pett, (Magnified)




+ 449 iootsrs, ifOPPERS, SURPACE BEETIES, BIf.

crops owing to the peculiar conditions; large areas of land ave eleaned,
weeded and sown ; there is no food in the fields but the germinating
seeds, which offer a peculiarly
tempting diet to these inscets;
a few insects can destroy a
very large number of these
tender shoots and the destrue-
tion becomes  very serious;
the crop is resown and again
eaten, The destruction  of
suceessive  sowings and  the
delay in  establishing  the
crop may prove very serious,
and there are many cases where
the crops canuot be established.
The attacks are more general in
rabi sowings but occur in khant
sowings especially when heavy

Yo, 263, rain hag not checked the insects.
A common Surface Grasshapper. nt :
(STirhtly magnifisd. Early sowings are most attacked

under some conditions, later ones
under others, which s a matter of climate and rainfall.

Wheat, barley, oats, opium, tobaseo, maize, sorghum, eane, gram,
cotton, minor millets and vegetable crops are all atlacked, and these
msects have been observed or reported from widely separated districts of
India. The nwmber of species concerned is not fully ascertained and it
is unnecessary to  distin-
guish them.

The methods of treat-
metit vary according to the
natute of the crop and the
ingect. One general pre-
ventive 1is  available in
almost all cases, which is
to provide the insects with Fra. 264.
alternative food o that they The ’mgf,}aﬁ;ﬁ;’;j gv’;f:.‘;hpp e
will not eat the seedlings.

The common weeds and grass in the field will provide this where it is
possible to defer weeding until the seed is well germinated and estab-
lished. Where this is not possible, another crop can be sown lightly over
the field so as to germinate earlier and provide food. The eultivator
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of opium in some parts of India sows mustard with his opium to protect
the latter, weeding out the mustard when no longer required. Sowing
maize with cotten, or sorghum and maize with cane effects the same
object. 'The practice of sowing mixed secds in irrigated plots serves the
same purpose, the valuable plants being .protected by the dense growth
which is removed as soon as the plant is established.

In Gonda {Oudh) the opmm cultivator is said to strew chips of
pumpkin through his field to attract the bectles which gather there and
are destroyed. This is the simplest and most rational method, whenever
it i3 possible. In the case of grasshoppers only, the ordinary bag and
frame can be run over the fields to sweep up the grasshoppers when
the sced is sown. This
will not  colleet the
beetles which do mot
jump in the air when
the bag approaches and
can be used only against
grasshoppers. 'The neces-
sary expenditure of a few
rupees for bagsand an anna |
or so an acre for labour is Fra. 265.
well worth incurring where The Z“‘(’gﬂgggfg t‘j:’c‘f‘; hopper.
grasshoppers are abundant,

.Tlooding is useful where it can be practised, as in opinm cultivation,
the weevils and grasshoppers both being eaptured or drowned. Trans-
planted tobacco has been preserved by spraying the plants with lead
arseniate and by dipping the scedlings before transplanting in the mixture
of leagl arseniate and waters;, These plants are then poisonous and destroy
the grasshoppers ofk 2.l seale.,

“Adn the case of- maize, Mwghum, canc, and similar crops, dropping lime

#.1d lcad arseniatomixture into the heart of each plant is also effective
and even dry mould has a good effeet, the beetles then not eating the
delicato inner shoot of the growing pla,nt.%-'

The practice of burning ra? lanidg has possibly some value in the
destruction of these beetles which arc hiding in the soil and would
destroy the seedlings. Generally speaking it is advisable, whenever
possible, to sow a trap erop or provide some altefhative food for both
weevils and grasshoppers ; this cannot of coup® be done after the erop
is up and is being injured, but the insects can be anticipated in the
following season if this precaution is adopted in time. Wherever
grasshoppers are known to be abundant, they should be swept up about the
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time the crops are sown, together with those in neighbouring strips of
grags. 1f nothing else can be done for the weevils, they should be

F10. 266.
The Big Cricket.

provided with foed, even if it be only heaps of green fodder Iaid about the
fields ; large numbers can be captured in this manner, and the ingenuity
of the ryot is quite equal to {inding out the most satisfactory substance

for this purpose.

Crickets and Root Insects.

Many insects live in the ground forming burrows which ramify
below the surface and open-at one or more points. These are principally
crickets, insects which are closely allied to the grasshoppers but live

below ground.

Many specics occur in India whose distribution is not yet accurately

oy

Fic. 267.

The Digger Wasp that preys upon the Big
Cricket.

ascertained.  Only the larger
burrowing species are known to
be injurious, possibly because
the harm done by the smaller
species is not attribvied to the
right cause. These insects make
burrows which descend to some
distance into the soil, always with
openings at the surface; the
nature of the soil, and the height
of the sub-soil water exercise an
influence on the depth of the
burrow; the distribution of
the various species appears to
be limited by the occurrence

of the particular soils they meed. They descend deeper into the soil
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in hot dry weather, coming up in the rains, either owing to the rise of the
soil water or because the surface is then moist and cool,

The life historics of the Indian species have not been investigated
but are probably similar to those of other species. In the group in
general, eggs are laid in a central chamber in the ground, a large number
of small round eggs being deposited in a mass and cared for by the
parent. The young that hateh ave active and soomer or later start their
own burrows; they pass through the usual moults. The food is largely
vegetable but not universally so, and it is probable that certain species
are mainly or wholly insectivorous, driving their burrows through the
soil in search of the insects. The large brown cricket! (fig. 266) is

F1g. 268,
The Black-headed Cricket.

herbivorous, making very large and cxtensive burrows; it eomes up at
night, cuts off plants, and descends with them to its buwrrow. This
species grows to a great size and is common in Bengal, Bibar, Assdm,
and Burma. In the rains it is driven up out of its burrows and the
crows then destroy a large number, This insect is also preyed upon by a
mefallic green Digger Wasp (fig. 267), which stings it, lays an egg on it
and buries it in its own burrow, In spite of this cheek the insect is a
common field and garden pest. Another smaller brown specics * with a

Y 31. Brackytrypes ackatinus., Stoll, (Gry]lid:x?.)
1272, Gryllodes melanocsphalus, Serv, (Gryllide.)
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black head is reported to be destructive to sorghum in Upper Sind and

to crops in Shahpur, Punjab (fig. 268).

A widely distributed species is the two-spotted ericket,! a black
insect with a yellow spot on caeh wing (fig. 280). It oceurs in various
parts of Tndia and has been found attacking a varicty of erops.

In addition to the injury done by cutting plants, these insects are also

Fie. 269.
The Two-spotled Cricket. (Natural size.)

injurious to the roots, eutting
throngh the roots in the course
of making their burrows. In
the rains, when their burrows
are near the surface, this form
of damage may be extensive,
The 3Mole Cricket?® is
particularly injurious in this
connection, though there is
some reason to helieve it is
useful in destroying insects,
and that it injures the plants
only when seeking for pests.
This insect is noticeable for
the beautifully adapted fore-
legs and prothorax, the former
broad and toothed for digging,
the latter round and hard for
forcing through the soil ; the
abdomen is peculiarly soft.
This is a eommon insect, often

found at night in houses, drawn there by the lights.

Fra. 270,

The Mole Crickel.

1183, Liogryllus dimaculatus, deG. (Gryllid=.)

? 260. Gryllotalpa africans, Tal. B. (Gryllide.
¥ pe afi ¥
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Another formidable burrowing insect is not strictly a ecricket, but
placed in the next family ; it is known in Behar as the dderwa! This
species makes burrows in the soil, usually near rivers and streams; the
young are similar to the full grown insccts buf net winged; the
appearance of the winged insect with its most formidable jaws is most

F1e, 271,
The Bherwa.

striking. This insect has been reported as injurious to the roots of
plants from several distriets of India, cutting through the roots of crops
i ils search for insects, Normally it lives near running watcr and is
not harmful, but cxeeptionally it infests fields and does mueh injury to
valuable crops such as tobacco. Its distribution is limited, Assam and
Bchar being the localitics most infested, but it has also been found in a
few widely separated localities in India,

Burrowing crickets are extremely difficult inscets to cheek, no good
method of destroying them having yet been found, Species that eat
crop plants can be poisoned, the attacked erops being sprayed with lead
arseniate. The erickets take the poisoned food to their burrows and are
there killed, This is effective and simple, a great diminution in their
numbers promptly taking place, Floeding out is possible under certain
cireumstances and is the most radical method, the erickets being driven
to the surface and killed by erows and other birds. Digging the erickets
out is a slow and laborious method, but the only one available in some cases,

These inscets should not be confused with the common inseets
which live on the surface of the ground and never burrow; the group
is a large one and only the burrowing species are really harmful.

V1%0, Sehtzoductylus monsfruosus, Dr. (Locustidme,
¥
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Termites.

A group of social inscets, commonly termed white-ants, which live in
nests usually made in the ground. Structurally there is no relationship
hetween the termites, which are Newroptera, and the ants, which are
Hymenoptera ; in their habits there i3 a close resemblance, with clear
distirictions, Termites shun light and never willingly expose themselves

Fia. 272.
Wingless Qusen, affer refurn fo rest, the abdomen distended with eggs.

to it. The nest is usually underground and from it passages run
through the soil to trees, buildings, etc. The nest often projects above
the ground and is made of chewed vegetable fibre; it contains many
chambers and passages. Within the nest the sexually mature indivi-
duals live, the most important of which is the queen who produces the
egzs, A colony of termites usnally consists of one or more fully deve-
loped queens, one or more imperfectly developed queens, and a larger or
smaller number of males: males and females alone are winged at any
time. The larger part of the colony eonsists of smaller mndeveloped
insects, termed workers or soldiers, which never become winged or sexnally
mature, These leave the nest and colleet food for the whole colony.
Unless the actual nest is
found, only workers and
goldiors are seen, and it
is these which destroy
houses, eat crops and
damage trees. The nest
may be a long distance
. from the seene of destrue-
tion, the termites com-
Fra. 273, municating with the nest

Winged Queen Termite, by means of a eovered

passage or a tunnel,
At certain times of the year, enormous numbers of winged termites
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come out of the nests ; these fly for a short time and then lose their wings.
They are full-grown males and females but they are not fully developed.
The greater number, if not all, of these perish, the wings falling off very
readily and the inseets being eaten by their numerous enemies,

The food of the fermites consists of vegetable matier, normally of
dead dry timber, but also of living plant tissue. It is still an unsettled
point wheother all termites will attack a2 sound healthy living plant;
they will attack unhealthy living plant tissue, c.g., a cut sugarcane, and
it is certain that some will actually eat a sound healthy plant. In
general the termites are injurious in buildings, where they utterly des-
troy wood, leather, paper and similar materials. They also attack mango-
trees in parts of Bombay and the- Central Provinces; the chilli crop of
Gujarat is much attacked, as also is sugarcane, wheat, ground-nut and
other crops in many parts of India. Exceptionally other crops are
attacked, often when in the rainy season the ants are driven up by the high
level of the soil waterand have to find food close to the surface and nol
in their usual haunts.

Termites arc rarcly scen to be attacking a plant or a house until
1t 1s too late to take
steps against them;
they make a tunnel
from their nest to the
object on which they
wigsh to feed. Should
they have to cross an
open space or go up
a wall, they make
a covered way. Having
reached their objective

they cat into if, remov- Fia. 274,
ing the tissue and leav- Young Termites whick will become queens.

. (Magnified.)
ing only a shell.

The treatment of white-ants depends upon the eircumstances of each
case. The following methods are applicable in special cases :—

(1) If a field is infested with white-ants, search for the nest, dig it
out and burn it, taking especial eare to destroy any large individuals
found in it which may be queens.

(2) If the nest is found but eannot be dug out, pour in earbon
bisulphide, kerosene, sanitary fluid, or even abundance of hot water.
This will destroy the nest and if the queens are killed the colony will
be destroyed.
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{3) Where white-ants are prevalent, the woodwork of a louse
can be protected by a liberal application of any form of arsenic to the
door-frames, window-frames, wooden pillars or any exposed wood, as
well as to the floors where this is possible. Several forms of arsenie
are procurable in the bazaars (white arsenic, samlnl, somal, senka, ete.,
yellow arsenic, Aarfel, efe.), which can be ground up very fine, mixed
with water and poured on. If the
floors of all buildings were treated
with a solution of white arsenic
(formula No. 14) before the top layer
is puton, no white-ants would come
up through the floor at any time.
Termites will not eat through anything
impregnated with arsenic and will

Ieave their tunnels if a solution of
Worker Tev'm{tefltj':iL::)}cindsbelon i msenic comes near. In these cases
fo one mest. {Magnified.) 7 they muy come up outside walls in
thetr covered ways, and will then enter

the building if possible. No application of arsenic will eheel this.

(4) If a house is infested with white-ants little can be dome. If
their tunncls or entrances can be found, this can be destroyed and the
places treated with arsenic. If they have a nest outside and come into
the house, their entrances {o the house shonld be searched out. Fumi-
gation with hydrocyanic acid or carbon bisulphide is as fatal to termites
as to all other insects, and where possible every infested building should
be fumigated, search made for the {ermites’ tunnels, and their future
entrance prevented by the use of arsenic.

(5) In fields infested with termites, crops are occasionally attacked,
especially sugarcane, wheat and ground-nut. 1f the nest eannot be found,
the termites can be discouraged before the crop is planted, by cultiva-
tion, Such crops as sugarcane, planted from sctts, can be profected
by the treatment of the setts. A cane sett dipped in sanilary fluid,
strong soap or copper sulphate (fufie) solution or crude oil emulsion,
will not usually be attacked by white-ants. This is a very simple and
entirely cffective ireatment, Such vegelable subslances as castor eake,
asafeetida (Aing), dekamali gum, ete., are less effectual but still have
some effect in deterring white-ants.

Similar but less lasting results follow from the impregnation of
the irrigation water with small quantitics of poirons. It is necessary
to use those which will have no permanent effect on the scil or crop
Crude oil emulsion, sanitary fluid, kerosenc oil, pure or in emulgion, are
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offectual if introduced in small quantities to the irrigation water, The
simplest procedure is to put a bag of the solid, or a tin of the liquid in
the water channel so that a small proportion is carried along with the
water. 'This is a practice in Gujarat where a mixture of akh (Cafofropis),
Ehursant (Niger seed), nim cake (Melia azadirachta) and castor cake is
PMaced in the irrigation channel in the belief that the white-ants will not
attack the chillies,

In some cases nothing can be done to discover or destroy the nests
of the termites, and no certain method has yet been found of driving
away the pest. Good results have been obtained with a top dressing of
manure, but the best application has not yet been found nor have the
results been sufficiently uniform to give reliable methods. It is probable
that methods based on this or a similar principle will prove to be effectual
in temporarily checking the ravages of white-ants in growing crops and
we may hope eventually to be able to free land from termites wholly or
for long periods.

(6) Trees that are infested with white-ants can he temporarily eured
by the application of kerosene to the bark, or of keresene emulsion,
tobaceo decoction, seap solution, ete., to the roots. In Gujarat mangos
trees are painted with red ochre (oxide of iron) called geru, to deter-
white-ants from attacking the trunks, Good results arc reported from
the Cenfral Provinces in the treatment of white-ant-infested trees
with Gondal fluid, and better results have recently been obtained with
ganitary fluid.

(7) Termites arc attracted by farmyard or stable manure that is dry
or insufficiently rotted. 'The digging inio the ground of improperly
prepared farmyard manure is a source of white-ant attacks, the inscets
coming first to fecd on the manure and when that is exhausted attacking
the roots of plants, When termites are prevalent the greatest care should
be taken to apply only well rotted manure,

Injurious Ants,

At least one species of true ant is known to attack healthy lLiving
plants both in Ceylon and India. Thisis the common blind brown ant,!
of which the enormous male, as large as and similar to a wasp, comes
into houses at night, attracted by the light.* The nest is underground,
the workers bebaving like fermites and tunuelling through the soil to
the roots of plants, We have been able to confirm the ohservations of

1221, Dorylus orienfalis, Westw: (Formicide.)
¢ See figures 54-53 of D, labidius.
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Mcr. E. E. Green in Ceylon that the workers actually cat sound healthy
plant tissue. Cauliflowers, cabbages, artichokes and other vegetables are

Fre. 276.
Brown Ant workers,
(Magnified and natural size.)

attacked just below the soil and completely
destroyed. As these ants are usually carni-
voroug the habit is an exception. In the case
observed, the addition of a small quantity of
crude oil emulsion to the irrigation water drove
them away.

A second injurious ant is the harvesting
ant,! which gathers seeds especially of kangni
(Setarig dtalica) in the galleries of its nest.
This is a moderately large deep brown and
black ant, which makes extensive nests in the
soil ; in the Punjab these nests are shallow and
easily dug out; other observers in India state
that the nests are very deep, and this depends
probably upon the nature of the soil. The
worker ants bring the seeds onc by one to
the nest and store them in granaries. As much
as a pint of secd may be found in a single
large nest, and as the nests are in some cases
numerous, a considerable quantity of seed may
be destroyed. The nests are readily traced and

may be dug out; the application of hot water destroys the iuseels, and
the mere filling of the nest with water will be sufficient to drive out the

oceupants,

1262, Holcomyrmex scabricaps. Mayr, (Formicidm.)
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SUCKING

INSECTS,.

HE distinguishing character with these inscets is that they suck the

juice of plants, They are

Fig. 277,

Tha Sorghum Bug. (Megnified.)
behave as the plant parasitez but
share the mobility of the plant
bugs. This is a fundamenta) dis-
tinetion when one regards the
insects from the economic point of
view, and entirely alters the charac-
ter of the treatment possible for
each form of disease.

Plant Bugs.

Among the occasional pests of
Indian erops, the plant bugs are
of common occurrence, doing in
the aggregate a  considerable
amount of harm which very rarely
becomes apparent. These insects
live upoun plants, gucking the juice

Hemiptera marked by the presence of

the suctorial proboscis. For such
pests we must as a rule use special
remedies.

Sucking insects include praeti-
cally two large classes with inter-
mediates ; there are the active Plant
Bugs which run about the plants
and suck any part that atiracts
them; there are also the Seale
Inseets and other * Plant Para-
sites”, which fix themselves down
and never move. The former may
leave no trace of their work,
simply inserting their proboscis
and feeding where they will; the
latter are fixed and local. Between
the two are the planf lice, which

Fia. 278,
The Painted Bug. (Magnified.)
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from the leaves, the stem or the fruit; many species are known i
jungles and waste lands, a few of which attack crops or garden plants,
The Red Bug and the Dusky Bug of cotton (page 104), the Maize Fly
and Cane Fly {(pagc 184), and the Rice
Bug {page 116) are examples of plant bugs
which attack only specific crops and are
special pests, A number of other species
attack crops oceasionally, though fecding
habitually upon wild plants and only enter-
ing the crops when they have become
exceptionally abundant,

The life Listory varies with the species.
Xggs are laid on the plant or on the ground,
the little bugs that hatch resembling their
patents in general form. Bug eggs are

Fie. 279, easily rTecognisable, being laid in little
Sucking mouth-parts of Hemip- clusters on the leaves 1n wany cases; the
tera ; the upper ome has fhe : : : 1
curved beak of the predaceons, €SS ore often cylindrical with neat Tids
the lower that of the herbivor-  that open when the bugs emerge. There
ous bugs. .
are a number of moults, the wings appear-
ing at the penultimate ome. The bug extracts food from the plants by
means of the beak, a slender tube provided with sharp lancet-like instru-
ments; the end of the tube is applied to the plant ; the lancets work up
and down #ill they picrce the tissues and the
sap 1s withdrawn by suetion. After feed-
ing, the bug withdraws the Jlancets and
moves oh.

Plant bugs form a large group with very
varied habits and very diverse form. They
are in all cases recognisable by the beak, a
straight sharp tube which extends from the
head along the lower side of the body.

Other bugs that feed upon the juice of
insects are predaceous, having a polsonous
bite. One of the larger predaceous bugs
comes intol houses at' ni:ght, att.raebeq }.)y The Cinohona Hugs almost iden
lights, and if handled, inflicts a very paintul  iicat with the Belel Fine Bug.
bite, These predaceons bugs can generally — (Magnified} (From Distant.)
be known at once by the form of the beak, which 1s short and curved ;
whilst in the plant bugs it is Jong and extends straight between the
legs (see fig, 279), This is not invariable as some of the true plant bugs

F1e. 280,
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are predaceous on oceasion, but practically any bug with a curved beak is
predaceous and therefore useful. If is unnecessary to mention a large
number of species of bugs, the examples dealt with above being sufficient.
The mosquito blizht of tea iz perhaps the best known in India, Coffeo
berries in the Nilgiris arc sucked
by a small brightly coloured
plant bug?! which is common
also in Ceylon. The potato
plant is the favourite food-plant
of the Green Bug,? a widely dis-
tributed pest (fig. 190, page 168}.
Mustard and rape are the food-
plants of the Painted Bug® a
small brightly eoloured speecies
very abundant in the plains
(fig. 278). Maize, sorghum and
millets are found fo harbour a
bug,* coloured in grey, brown
and black, whieh infests the
heads but does no harm (fig.
277). A closely similar species ©
with sharp spines on the edges
of the thorax is common in the -
crops but is apparently wholly T1e. 281

predaccous. The Giant Red Bug, (From Distani)

The betel vine is infested with a slender reddish bug,® which fiies from
Teaf to leaf and feeds by sneking the epidermis on the lower side, Where
it sucks, a spob is formed which in time decays and spoils the leaf. This
is 8 more serious pest, the loss to the erop being a large onc in many
cases, In Lower Bengal the Giant Red Bug® is believed to be a pest,
probably on account of its very vivid colouring, but it is not known
seriously to injure any crop.

A small greenish bug is commonly found upon the heads of the eholam
{(sorghum) and cumbu (bgjra) in South India, sucking the milky grain
(fig. 282). Thisis notan unusual form of injury, butit is rarcly reported ;
in parts of South India it appears to be particularly common and the

L ¥07. dnlestia cruciata. V. (Pentatomids.)

2 223. Nezara viridule, 1. (Pentatomide.)

? 160. Bagrada picte. F, (Pentatomidm)

¢ 224, Agonoscelis nubila, ¥. (Pentabtomidw.)

5 (. 116. Canthecona furcellala. Wolff, (Pentatomidm,)
& 25, Disphinctus #p. (Capside.)

¥ 1236, Lokite grandis. Gr. (Pyrthocoridm.)
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bug is a somewhat serious occasional pest!

Fra, 282,
The Cholam Bug. (Magnified.)

Another small dusky
bug? is reported as a pest; this
is closely allied to the notori-
ous chinch bug of the TUnited
States, but therc is no accurate
record of its being a serious pest
in India (fig. 284). A peculiar
form of injury is caused by bugs
which gather on the threshing
floor and suck out the seeds of
sesamwn  and other oil erops.
The principal of these bugs is a
small brownish insect,® common
in the plains; it also attacks
the seed on the growing plant
and may be reckoned a easual
pest to oll sceds in  general
(fig. 285),

Other species have been re-
corded a2s injuring ecrops, but

cannot probably rank as pests in the broadest sense of the word.
The method of capturing the Red Cotton Bug (page 106) is applicable

to many other bugs, which are easily collected
If this is done in good
fime no harm rcsults, and it is only rarely,
when favourable eonditions oceur and nothing
is done to check them, that bugs become des-
The betel vine grower
catches his pest by hand, crushing it i a
In the case of the
Painted Bug and similar insects, the eggs
are very easily collected and destroyed, and
the pest would be most simply checked in
this manner if the cultivator was familiar

by hand in the crops.

tructively numerous.

folded leaf of the plant.

with them.

In special cases it may be possible to use
contact poisens, ag when the heads of cholam
arc dipped or wetted in kerosene smnlsion to

Fig. 283,

Anotkher Grain-Sucking Bug.
(Magnified.) (Frow Distant.)

1228, Calocoris angustatus, Leth.

{Cupsidee.)

2 Rlissus gibbus. F. (Lyg=ide.)
1 Aphanus sordidus. - F. (Lygzide.)



PLANT LICE. 287

prevent the bugs from gathering in them to eat the young grain. Asa
rale no insecticides ean be used against these hard bugs at a sufficient
gtrength to kill them, but only te drive them away or to make the plant
distasteful to them,

Green Fly and Plant Lice (Aphid=).

Plants are offen found to be covered with colonies of tiny black
or yellow insects, which cluster thickly on the leaves
and twigs. Such plants, as arule, have an unhealthy
appearance and the lower leaves are covered with a
sticky substance, This appearance of the leaf and
plant is a sympfom of one of the sucking insects
deseribed here; if the little insects move abous,
are not covered with a scaly covering and have the
two little tubes projecting from the abdomen (see
fig. 286), then it is safe to conclude that the insects
arc plant lice, also known as green fly or aphides.
The insects are small, the largest not more than one-

he Indi Chinch . .
T _;uy_ﬁ O matere tenth of an ineh Jong ; each las three pairs of legs,

Jorm. (Magnified.) 5 gharp suetorial beak, eyes, and feelers; there are

Distant. i
{#rom Distant.) also the two short tubes or knobs which project from

{he upper surface of the abdomen. Some are winged, others unwinged,
The life history of these insects varies very much according to locality,
climate, cte. As a rule, the colonies are composed
only of females which may be winged or unwinged,
and all of which produce young alive, all females.
Males are not found and the young atfain maturity
in a few days from birth, when they too bring
forth young, The rate of reproduction is thus
enormous, the ecolony increasing very rapidly in
number. When the colony is small, if is found that
the females are unwinged ; later on winged indivi-
duals appear, the wings forming gradually as they
do in other insects which have no metamorphosis-
These winged females fly from plant to plant spread-

. F1a. 286.
ing the colony over alarge avea; wherever they  gu.  miisees  Aug.

sottle down they found a fresh eolony, and the rate  (Hagnrified) (From

T Distant,
of multiplication and spread becomes enormous. istant)

This occurs typically in the species which arc found attacking crops
in India, and it is probable that at particular seasons of the year, males
are produced and a sexual generation found, The life history fof no
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Indian species has heen traced throughout the year, but on analogy with
species elsewhere, there is probably an alternate generation on another

Fra. 286,

Winged and Wingless Plant Lice. {(Magnified twelve times.)
food-plant. These msects injure plants by the enormouns quantity of sap
they extract, They also excrete a sweet liquid which, falling on the -
leaves below, makes them sticky and shiny ; this appearance on the plant
is generally familiar in India. Ants and other inseets are fond of this
liquid and come to the plants to obtain it; ants obtain it direct from the
plant lice, and it is well known that some ants use plant lice as we do
cows, not only “milking” them but preparing shelters for them and
caring for them.

Plant lice atfack plants more often in cloudy weather. This is
due partly to the fact that the winged inscets fly in cloudy weather and
so spread, and partly to the more unhealthy condition of the plant.
As a rnle, too, plant lice thrive in damp weather or when a moist wind is
blowing ; a dry hot wind often kills them so that their ocewrrence on the
crops is largrely a matter of climatic conditions. These conditions are
not as yet fully understood and plant lice sometimes thrive best in the
absenec of rain. Mot only climate, but the condition of the plant
affect the occurrence of plant lice, and the latter iz a subject that has
not been investigated. Plant lice attack several crops in India and are
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destructive to some of them. The Cotton Aphis is dealt with abeve
(page 110}, Other species attack tur and leguminous plants,) mustard,
rape and eruciferous crops,? sorghum and maize, wheat, indigo, ete.  All
are destructive when circumstances are favourable, and a long spell of
cloudy weather will bring them out upon the erops.

An important feature in these attacks is the vigour of the plant ; a
strong healthy plant resists attack and is less liable to it; an exotic
plant, not fully acclimatised, suffers more than a hardy indigenous
variety. Crops growing under bad conditions, with toe much moisture or
on ‘exhausted land, suffer far more than the same plants growing under
good conditions. As a rule, an attack of plant lice i produced by these
causes, and only a removal of them effects a cure,

The artificial remedy for plant lice is spraying, a perfectly efficient
and simple business which should be carried out on experimental farms.
It is not at present possible to introduce it into general use and will never
be, until the enltivator is able to watch for his pests and check them at
the start. A field once thoroughly infested with aphis can be cured only
by a considerable expenditure in labour and insectictdes, an expenditure
exceeding two Tupees an acre under the best possible eonditions, The
actual destruction of the first colonies of the plant lice by spraying is a
matter principally of watchfulness, the necessary materials costing but
very little ; but this requires an intelki-
gent foresight and much care in finding
and thovoughly destroying the first colo-
nies. As a rule nothing can be done to
check plunt lice because the matter is
not taken in time ; the adverse climatic
conditions cannot be altered ; the vigour
of the plant must be maintained in
every possible way and so far as possible
the first colonies of plant lice destroyed. ,

Further investigation of plant lice is c;:f,_ -
required to discover their alternative e
food-plants and generations, as they live /ffﬂiﬂ
only for part of the year on crops and
probably have wild food-plants at other Y1a. 987,

SER/OUS ; it may be possible to eheek them The scale enclosing the young
by the destruction of these food-plants, 2fealy Wing. (Muek magnified.)
this being done at a time when the attacked crop is not growing. Plant

1 83, dphis cardui. Linn. (Aphidz.)
%102, Apkis brqssicee. Linn, (Aphidm.)
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lice have many encmvies, which canse an cnormous diminution in their
numbers. These insects are dealt with elsewhere (page 273). If we could
be sure that these enemies would attack the plant lice in time, we could
naturally check nearly every outbreak, but at present this is not possible.
These beneficial insects should be generally familiar and on no aceount be
destroyed.

The Mealy Wings (Aleurodidee),

Small scale-like insects are frequently found upon plants, with small
whitish flying inseets which look
like very minute moths. These
are the imsects known as mealy
wings, generally classed with the
scale insects and mealy bugs, {from
which they are however quite
distinct, The young of hoth are
much alike in gencral appearance,
but if winged insects are found in
any numbers, the species is almost
certain to belong to this group. A
number of species are known in
India upon a variety of plants, and
though not common as pests they
are found and sent in for examina-
tion oecasionally.

Life History~The female lays
égrs upon the plant, the eggs
usually enveloped in white cottony
. material which she places upon the

16, 285 leaf. These egos hatch to small

Touug Moaly Wings in scales insects which \\fﬁk about the plant,
Each insect is very minute, scarcely visible to the naked eye ; it has a-
beak which it pushes into the tissues of the plant in order to extract the
sap. Having found a good place it settles down and remains there until
it emerges as a flying insect. Each insect when seftled down has the
appearance of a small scale, not more than one-tenth of an inch long ;
often they are black or dark-coloured with a fringe of white and some
white down over them, Others are brown or green, or are lransparent
and not easily seen upon the plant. They remain fixed on the plant, often
in large numbers together. The juice of the plant is sucked out and the
p]ant itself weakened, The Period during which they live thus varjes
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according to season, and other conditions, When nearly full grown the
inseet rests, entering into a condition similar to that of a butterfly
chrysalis, When this is completed, a tiny white inscet emerges, with
two pairs of wings large for its size, which give it the appearance of
a tiny moth. Both sexes arve winged ; this and the fact that they have
four wings distinguishes them from the very similar scale inscets
(Coeeidz) n which the male alone has two wings, the female none.

Having mated, the female lays eggs and dics.

Mealy wings arc found upon a variety of plants and there are many
species in India. Two attack orange, one attacks sugarcane, another
attacks rose ; a common one in Western India attacks the mango, the leaves
being covered with the small black scales. Another is found on castor, and
many wild plants areinfested. The groupis not fully known yet, and, though
not as important as the seale inseets, many species remain to be discovered.

If the insects have not yet reached the flying stage, they may in
some cases be destroyed by cutting o¢ff the infested part and burning it,
No other treatment is possible except spraying insecticides on to them
to kill them. Thisis quite simple if the necessary appliances are avail-
able and is deseribed elsewhere {Chapter VII). 'The insecticides best for

Fia. 289,
The Clouded Mealy Wing, (Magnified six times.)

nse are kerosene emulsion or rosin wash (made on the spot) or erude oil
cmulsion or McDougal’s Tnsceticide (bought rendy for umse). 'This is
the simplest treaiment and one that should be used in all gardens or
orchards where fruit-trees or valuable plants are grown,
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Black Blight.—Plants infested with these insects often lave a black
coating on their leaves commonly called © Black Blight ”; this is often
mistaken for the real discasc. This black coating is the result of the work
of the insects ; they suck a great quantity of juice from the plant and in
turn a sweet fluid (honey dew) drops from them upon the Ieaves below ;
as this dries it becomes sticky and then a mould (Capnodéinm) grows in it
which, heing black, gives the plant a black appearance. This mould
(stmilar to that which comes on boots, ete., in the rains) dees little harm
and does not penetrate the tissucs of the plant. The black must be traced
to its right cause, the insects ; when these are killed the mould will ceasc.

Scale Insects and Mealy Bugs (Coccida),

A class of pests distinet from all others are formed by the insects
generally known as Scale Insects and Mealy Bugs. They arejfound

Fre. 200
Red-spotted Scale. 8, nalurgl size, b, female scale, ¢, male seale, d, female, e, male.

(Megnified.)
as small seale-like inscets, usually thickly infesting the leaves, twigs or
bark of the plants they attack. Many are covered with distinet seales,
formed of special wool-like material mixed with the cast skins of the



Fra. 201,
The Black Shield
Seale.
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insect itself ; others are covered in loose white material
like cotton wool which completely envelopes them and
gives them their name, mealy bugs. In some the
covering takes the form of thick opaque wax, arranged
in more or less regular plates. Another large division
has no special covering but the skin of the upper
surface is thickened. In ncarly all specics the size
is not more than one-eighth of an inch, the insect
being flattened and closely attached to the plant. No
definite characters can be given by which to distin-
guish these inseets from many others which resemble
them,

Life History.—The female produces very large
numbers of eggs, which may hateh at once or remain
dormant for a long period. As a rule these eggs are
produced slowly and accumulate under the body of
the inscet or in a special egg case atlached to her
body. The number of ecggs is generally some hun-
dreds, often thousands. The young that emerges is a
small insect, flattened, with three pairs of legs hidden
under the body, a long suctorial beak, and minute eyes.
The young walk actively and may go for some distance
in search of a fresh food-plant. Eventually each settles
down, buries its beak in the tissues of the plant and
feeds wpon the juices. When grown larger, the skin
is shed and the inscet often becomes a degraded legless
creature hidden under its protective covering.

The females moult once
more and are then mature.
Most are incapable of
movement  after  the
first moult, though the
mealy bugs in particular
remain  active throughout
life,

The male undergoes
two further mounlts and
after passing through a
period of rest, ecmerges as
a  lhny two-winged ly,
so small as to escape

I'rg, 292,
The Black Shield Scale. (Magnified five fimes.)

R 2
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observation. It flies in search of a female, mates and dies. Sooner or
later the female produces eggs in turn and dies.

Fic. 293.
The Red-spotted Scale (left) and Black Shield Scale (right).

The whele Jife history may be very short or the adult female may
live for many months before prodncing eggs.
In some cases the eggs remain unhatched for
a long period, awaiting favourable conditions.
A curious feature of ihese insects is the frequont
absence  of males altogether; there may
be none for many generations aml in some
species mo males have yet been found. In
others there are as many or more males than
females,

Food-plants.—There are many species in
India which attack a variety of plants. The
coffec plant suffers from the notorious Brown

Fra. 294,
Seale Inseots on o lecf. ~ Dugs' the Green Bug ? and a Mealy Bug?

The first of these is scattered almost through-
out the coffee districts of Southern India, and causes & large amount
of damage. Tt has been sueceessfully {reated by spraying, and

! Loeanium hemispharicum. T T, | ® Lecaninm viride. Gr.
¥ Dactylopius citri. I
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experiments show that spraying with rosin wash checks the inseet and
is profitable.

The Green Bug is less widely scaftered but appears to be spreading
from the Pulny Iills into the Nilgiris and will probably reach other
districts. Both of these insects infest the twigs, sucking out the juice
and gradually or (uickly killing the plant. The Coffee Mealy Bug
in Coorg infests the roots, specially of voung plants. Fxperiments show
that treatment with lime and sulphur, aided by an occasional applica-
tion of insecticide,
keeps this pest in
check. Elsewhere it
attacks a variety of
plants, mostly garden
plants.

The shade trees of
coffce in Mysore are
infested by the Green
Mealy Secale,1 which
attacks certain trees
and  destroys the
foliage. The black
blight produced by
this and allied spe-
cics on coffee shade
trees  injures  the
coflee and is one of
the worst features of ¥ig, 295.
this pest. The Ten Mealy Rug.

Another destructive species is the Red Spotted Seale? a dark-
coloured scale with a reddish cenfre; this attacks palms and is injurious
to the betel palm. Sugarcane is attacked by three species,® the mealy
bug of cane alone being widespread. It is most easily cheeked by care
in the selection of only clean setts for planting:.

Cotton is attacked by a mealy bug which lives in the top
leaves of each shoot and causes the shoot to twist and form a eall ;
it attacks only certain indigenous varieties and is known enly in Behar.
Plucking the affected shoots is the simple and radieal treatment for
this pest.

! Pulvineria psidii, Mask. | 2 dspidiotus fleus, Ashm,
® Daetylopins sacchari, Ckll. {Cona Mealy Bog.)
Mpersia sacchari. Gr.
Adpr{?ajaponim. Mask,
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Sead potatoes in parts of Bengal are attacked by a small mealy
hug which infests them during the rains and ecanses them to rot. This
is not a field pest but attacks the stored potatoes.

Many species ave reported as attacking tea in India and others are
common on fruit trees and
garden plante, The latter are
rarely destructive but ocea-
sionally spoil the appearance
of good plants by producing
“black-blight.”

A destructive species !
attacks the mulberry, infest-
ing the ends of the growing
shoots and causing them to
become twisted. This pest
is a serious one in mulberry
plantations, unless the plants
are  vigporous enough to
outgrow it. A striking case
of mealy bug attack is found
in the very large white
mealy bug ? which comes up

from the soil during the cold
Fie. 256. weather and first weeks of
Seale Insect, .
Ths male seals is the small narrow one, with one  the warm weather ; 1mmense
cast skin, the female larger, with fwo, numbets of half-grown
females come up, feeding upon the bushes and trees, gradually
walking up the bark until they reach the ends of the branches.
They become very large, conspicuous white masses of them clustering on
the end of the twigs. The males emerge from smaller scales and fly
about among the branches. This is one of the largest species of mealy
bug found, and the male is very large in comparison to the males of most
insects of this family. It is injurions to occasional plants but is
very easily killed with sanitary fluid or other contact poisons. Its
food-plants are large trees and it is not injurious where it can reach
these..

When scale insects are found, the simplest method is to cufb
off and burn the infested branch. The insects cannot ecseape by
fiying and are casily destroyed. In coffee and tca plantations it is
important to watch for them and check them at omee, and this is

v Pactylopius bromeliz, DBoucke. | 2 Monophlebus spp.
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necessary also on fruit trees.
spray them with an insceticide,
Kerosene emulsion is a  good
mixture for the softer wodlly
ones; rosin wash for the hard
scale-bearing species.  Crude oil
emulsion or McDougal’s insecti-
cide arc also good mixtures
and can be obtained ready
made. The inseeticide must be
applied with some form of
spraying machine, not simply
thrown on with a syringe. In
gardens where many plants
are grown, the use of such

The only other simple remedy is to

F1a. 207,
Coffee Mealy Bug.

insecticides is imperative if valuable plants are infested.

(Magnified.)
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CHAPTER XIX.

INSECTS INFESTING GRAIN.

NUMBER of destructive insects feed upon dry grain flour, seeds,
pulse and other dry food-stuffs, ocewrring in great quantity

Fia. 298,
Rice Weevil Grub, (Magnified.)

wherever these are stored in bulk
and working a very large aggregate
amount of destruction. They are
common also throughout the villages
of India, where special means of
storage are used to exclude them,
not always successfully.

They belong fto two orders,
the beetles and the moths, the
former being the meore abundant.
No extensive investigation has ever

been conducted info these pests in India and the available information
has been gleaned from reports or discovered in chance investigation,

The Rice Weevil.!
A small dark-coloured weevil, about one-eighth of an inch long with

a prominent curved snout. It lays
its eggs on rice, corn, wheat and
othe1 grains, in little indentations
made with its jaws; the larve eat
into the grain, hecome full grown
there and emerge weevils
after passing through the pupa
stage, ‘The insect is apparently
abundant everywhere India,
and is known throughout the
warmer parts of the world. It is
injurious to nearly all varieties of
grain,

as

in

The Wheat Beetle.?

The Wheat Deetle hag been
found aftacking wheat and other
gtored produce in India, its larvee

Fic, 289,

Rice Wesvil Pupa. (Magnified.)

Calandra orgze. L. (Curculionidw.) | ? Trogosite mauritanics, L. (Trogositide.)
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being desiructive, though not living aetnally in the grain,

Fia. 300.
Phe Rice Weevil.

(Magnified.)

INSECTS INFESTING GLRAIN,

The beetle 1=
believed to he carnivorous,
attacking other insects found
in the granary.

The “ Sawtooth Beetle” !
1s so ecalled from the toothed
appearance of the protherax,
It is found in all stages, the
larve rumming actively 1n
the grain, Iding when
exposed to light. It has been
recorded as destructive to
sorghum and other stored
produce. This i1s also a cos-
mopolitan pest. The Biscuit
Beetle,? o minute brown
imseet found attacking bis-
cuits in Caleutta, is closely
rclated to the last speecles
and belongs to a cosmo-
politan genus. The Leather
Beetle? is o cosmopolitan
insect encmy of leather and
Jeather goods; it attacks silk-

worm eocoons in India and is destructive to stored pupe of the

silkworm  moth,  Its
larvee are very hairy,
distinet  in  appearance

from those of the preced-
ing beetles.

A dermestid ¢ closely
allied to the last is
reported from India in
wheat. This or the last
is the insect found in
erain in Gujarat, where
it 1s helieved to be of use
in checking other grain

1 Silvanus surivgmensis. L, (Cueujidw.)

Rice Weeril.

Fic. 301
(Magnified.)

3 Lemophloeus pusillvs,

8 Dermestes vulptnus, F.

.

{Cucnjidm.)

{Dermestidw.)
Y Fihriostoma undulala. Motsch.  (Dermestidas,)
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ingeets, notably the Red Grain Beetle,
the dermestid is introduced in the grain infested with
insects as a chieck on them,

The Cheroot Beetle! is a small active inscet,
whose larve are found principally in cheroots and
tobacco, hut algo in opium, salfron, ginger, ete. It
is closely allicd to a similar inseet now almost
cosmapolitun, which attacks tobacco in al} its forms
elsewhere.

The two Red Grain Beetles® are very common
in India, feeding upon grain, biscuits, and having
a great liking for dried imsects. Both are cosmo-
politan and they are distinguishable only with
some gare.

This belief is so firmly held that

Fi1g, 302,
The Wheat Beetle.
(Magnified.)

B

YThe Aveen Nut Weevil® is a  widely
spread insect which atfucks the areca nuts
and 3s also a common insect in old dry
cotton bolls; its lurvee live In the seeds of
old cofton holls left ou the plants, and
immense numbers can bhe bred from them.
Probably the insect has many other foods.
Finally, the notorious “Cask Weevil” may
be mentioned, a species found to attack
beer casks in India, not from a taste for
the contents but for the wood which is its

T1a. 303.
The Biscuil Beelle.

natural food. This species is the Sugarcane

Weevil ¢ of the West Indies,
an insect attacking diseased
canes and at one time he-
lieved to do much harm.

In addifion to the above
species, there 1s a distinet
family which attacks pulse.
These beetles lay their eggs
on the dried pulse, small
yellow cogs very closely

resembling  eerlnin seale

U Lasioderma festacenn, Duft, {Ptinide.)
F. and T,
Dw, (Tenebrionide.)

1 Prebolivm ferrugineunsi.
Confusum.,

F1c. 304,
The Sam Toolked Grain Beelle.

pupa on the vight.  (Magnified.)

¥ Arweerus fascivulalus.
¢ Xyleborus perforais.

Larva inthe middle ;

Deg. (Anthribidw,)
Woll. (Scolytide.)



ab4 INSECTS INFESTING GRAIN.

insects, The grub eats into the seeds, making a neat cavity which just holds
the insect, and lives there until pupation when it prepares an exit for the

ok

A3 LR
a}% ekl
i 1 o
5T

Fra. 305,
The Cheroot Beetle. Pupa on the right ; Larva in the middle. (Magnified.)

beetle by cufting a neat round disc, not cutting it through but leaving it so
that the beetle can cscape casily (fig. 308). 'Lhese pulse beetles are of
peculiar form and easily recognisable, They attack the common pulses

F1a. 808.
Laroa and imago of common Leather Beetle, (Magnified.}

of India in the dried condition and have not Leen found upen the grow-
ing plant, as they are clsewhere, At least fwo species? are common in

Y Bruchus ehinensis. L. (Bruchide,); and Bruchus emarginatus, All.  {Bruchidm.)
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pulse and u third is recorded in famarinds! Several wild species have
been found and wild leguminous plants are probably extensively attacked.

F16. 307.
The Red Beetle. (Magnified.)

Moths are also injurious to grain, flour and similar products, and it is

Fia, 808.

Beuns attacked by beelles, showing the Loles of exit made by the Lestles and the
discs cut in the skin,

uncertain as yet which species are coneerned.  One small motl, known as

! Caryoborus gonagra, . (Bruchidm.)
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the Anjoumois ! Grain Moth, has been found attacking corn. This moth

AN

AN
o~

B )
-~

p——ty

Fic. 309.

The Tamarind Beetle.
the right.

which should be adopled in the preservation
of all geeds, grain and food-stuffs from ingects.
{1} Betore placing eeeds in a godown or a

Larva éelow ; pupe on
(Magnified.y

lays its eggs on the grain, the
larvee eating straight in and
spending  their larval  life
within. The moth is a small
handsoge inscet, found flying
in granarics and warc-honses,
At least one other 2 moth is
common in India on flour and
meal. The larva of this spedies
is found making silken weh-
bing fo which the meal becomes
attached, the whole forming
galleries in  which the larva
lives. These peculiar webbed
masses of meal or Hour are
characteristic and easily scen.

Treatment.

Food-grains, dried food-stuffs and seeds of all kinds are liable to the
attacks of these insects and are sure to be infested sooner or later if
precautions are not taken. The following are the prineipal precautions

room of any deseription, make sure that it is
clean, and that there is no refuse or spilt grain
in which the insects could hreed or hide.

{2) Never storc sceds that are already
infested with insects or that could be harbouring
grain beetles; one beetle iz sufficient to infect
the seeds, and the increase in a few generations
of beetles will be sufficient to destroy the seeds.

(3) Keep all grain, seeds, ete., in tight
vesscls, It is nseless to store grain in an open
reeeplacle, exposed 1o weevils.  Sooner or later
inseets will come to the grain and lay cges

Yo, 310,
The large Pulse Reetle.
{(Hagnified.)

! Geleehia cerealella. Oliv, (Tinelidm.) | ? Eplestia cakirdtella. Oliv. (Pyralide.)
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there. Hither the whole godown must be inseet-proof or the seeds must be
kept in tight vessels. A bamhoo basket is not insect-proof unless well
plastered with mixed mud and cowdung. If there is anywhere a erack
large enough to admit a grain
weevil, the grain will be spoilt.
(4) If stored grain beeomes I

‘' de
F1a. 811.
The Gram Beetle. (Magnified.)

r

infested with weevils, it must be
removed and cleaned. Xven in
an air-tight bottle or jar, weevils
will live and breed if they are
put in with the grain. TIf once
the grain is infested, it must be
taken out and cleaned so as to
separate the good grain from the bad. Such grain before being replaced in
the godown must be cleared of inscets by fumigation,

Seeds and grain can be kept safely only in air-tight vessels or in
insect-proof places, but this is not sufficient as the grain when pub
in may be infested with the eggs of grain beetles. If grain is stored,
it should be cxamined affer storing to make sure that no imsects are
breeding in it.

There is no freatment known that will make a seed proof against

Fig. 312,

Flour Moth. Caterpillar ; cases of flour and weblbing ; pupa (on right) 3 moth,
(Magnified.)

weevils and nol impair its germination or food value. Seed eannot be

kept unless put away free from infection and kept so. It is easier to

keep seed free from insects than it is to be sure that, when put away, it

}s not nfected ; the principal difliculty with the storage of grain on any
8
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large scale is that, when sfored, it is already infeeted. Fumiga-
tion alone will ensure that the sced is
entirely free from insects or insect eggs ;
fomigated sceds can be safely stored
but are not safe if improperly stored;
if seed is fumigated to-day, we know
we can store it as bheing free from
weevils, but if we leave it exposed
for another day, it may be infested
again,

The best method of grain preserva-
tion is then to fumigatc it and at once
store 1t in insect-proof bins or jars or
boxes, or in an insect-proof building.
A dry underground pit is suitable, if
properly insect~preof. Fumigation is a
process of exposing grain, seeds, efe,, to
the fumes of carbon bisulphide at a proper strength for a definite period ;
grain exposed to the fumes of carbon bisulphide at the rate of 1 oz per
15 eubie feet of space for 24 hours will be free from all insects ; even the
eggs of the insects will be killed and the grain ¢an be removed, the fumes
allowed to evaporate and the grain at once stored. Where large quantities
of grain are put into a -
godown il it is full and — J Lid
there is no extra air
space, we may usc one - = flange
to one and a half lbs. of Tt Lining
the fluid per ten of grain,
For fumigating jars or Fig. 2 Gutter
small vessels, one tea- b— /. w
spoonful (1 drachm) of S04/ % ' >
the fluid may be taken
for every cubic foot of
space.

As carbon bisulphide o
iz an jnfiammable and un- Gox
pleasant liquid to handle,
certain precantions must
be observed :—

(1) Keep the bisulphide in stoppered (not eorked) bottles under lock
and key, and in a place where it will not be liable to be thrown down,

Fig L scure

E
]

1 Sidle
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{2) When fumigating, do so in a place fo which no one can get
access while fumigation

U N e, T

no pipes, cigarettes, or
any form of fire near
1e fumigation, . 3. =
the fumigation Fig. 3 Z

4) Should the smell P /
of c(m)bon bisulphide be T e 7,
noticed, do not go near /
with a light.

{5) ’,[g“here iz danger Z /%
from the vapour only if
it is mixed with air and it can be readily smelt ; should the bottle leak,
remove it, pour the fluid info another bettle and air the room or the place
where the smell is noticed.

(8) Do not stand a bottle of carbon bisulphide in the sunlight or

in any place where 1t will become hot,
() Never take a bottle of carbon bisulphide near a fire or lighted

lamp.

Water

Fra. 813.

Timber-boring Beetle,
ay larve; b, e, finege ; 4, anlenna; e, timber.  (Magnified.)

For fu migating small quantities of sceds, the box figured above can
be used, the lid of which fits into a groove filled with water which forms
$2
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an air-tight cover, Any really air-tight box, hin or vessel ean be nsed

\&\

Fig. 314
Bamboo-boring Reetle.

for fumigating.

Provided the strength and period men-
tioned are not excceded, no harm will
be done to the grain either for food or for
seed.

Many beetles are found boring in bam-
boo and dry timber. These belong chiefly
to a single family of small eylindrieal brown
beetles, the prothorax hard and round, the
head more or less concealed, the gencral
structure fitted for life in the cylindrieal
tunnels made in the wood. The life history
is passed in the bamboos or other food.
Bamboos are soaked in water in the belief
that this affords protection and makes the

bamboo unpalatable to the insect. -

There is apparently good founda-
tion for the belief though the
precise way in which the water
acts 1s not known. Soaking in
salt water is also said to be effica-
cious. In gencral a varnished
bamboo 1s immune from attack
50 long as the varmish is not
worn, as is a painted one. Soaking
in kerosene or palnting with
kerosene, followed by an application
of linseed oil, is good not only
for the bamboos but for furniture
and all wooden articles that ave
attacked. Thisis effective when the
wood iy already infested. Where
bamboos are to be used in the roof
of a house or in any similar
position not in a room or exposed,
painting with a solution of arsenic
is o sufficient protcetion.

{Fia. 816,
Aveca Nut Weevil,

a, larve; b, pupa; ¢, d, imago. (Magnified.)
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INSECTS ATTACKING CATTLE.

N the most varied situations and under most adverse cirenmgtances,
we find insect species which have adapted their life-history, their
habits and their structure to new and wholly distinct surroundings. It
is therefore not surprising that we find distinet branches of insect life,
wholly adapted to obtaining their food from living warm-blooded animals,
Though lacking the extraordinarily well-adapted life histories of the
parasitic worms, these insects are not behind others in the ingenuity of
the means whereby they overcome adverse conditions: their habits have
no paralle] in other insects ; their structure is profoundly modified to fit
them to their surroundings, and they form an extraordinarily interesting
group. These insccts are gathered from very diverse parts of the animal
kingdom ; the bird lice are Newropfera ; the quaint West African rat
parasite is one of the Ortkoptere ; the beaver parasites ave Coleopéera ; most
parasites of catile are Dipfera. 'L'he fleas are an abnormal group probably
near to the Dipéera, and the common bug is one of the Jlemiptera, whilst
finally the lice are abnormal erratic creatures which find no place in the
larger groups of inseets. It is not possible here to discuss all of these;
the fleas, flies and other creatures that affect men’s welfare are beyond
the scope of this book, and we are concerned solely with those insects
which affect cattle and domestic animals, the fleas, house-flies, gad-flies,
biting-flies, hot-flies and flesh maggots, whilst we may include the ticks
which are not insects, though eloscly related.

Fleas.

Small laterally compressed insects, with imperceptible wings and great
leaping powers, which infest warm-blooded anmimals. They lay eggs in
dirty places, in corners, on the hair of animals, ete., from which hatch
white maggots, worm-like in appearance but with distinet head, which feed
on blood, animal matter, refuse, etc. These pass through a pupa stage,
emerging as the imago which leads a parasitic life on mammals and birds.

The whole life-history occupies about one month at the shortest.
Tleas breed particularly in dirty places frequented by animals, laying
their eggs In places where animals lic down. Cleanliness is the greatest
check on them, Fleas should never be allowed to breed in a house and do
so only because there are domestic animals in the house which sleep in
the house and arc not properly cared for,
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Recently the part played by the rat flea in the dissemination of
plague has been discussed by Captain W. G. Lisfon. This article?!
should be read in full, but his conclusions briefly are that the rats, infested
with fleas, get plague, infect the fleas and die; then the fleas, with the
infection of plague in them, have ne food and aftack any available
animal ; should that animal be man, he gets plague from the bite of the
flea. The flea in this case is simply the transmitter of the plague, and
cnly attacks man when its proper food (the rats) have died of plague or
migrated. If experience bears out this theory, the importance of the
flea is immensely increased and the commencement of plague epidemics
can perhaps he checked.

Ticks.

The commonest external parasites of cattle are ticks, creatures which
when full grown have four pairs of legs and are allied to the mites,

Fie. 316.
The Persian Tick. (Magnified.)
spiders and other wrachunids, They may be scen fastened to the skin
of caltle and grow to a large size. Specimens have been sent in from
almost every domestic animal in India, and, in one case, the Persian Tick 2
was found upon human beings.

! Journal of the Bombay Natural History Society, XV1I, 2, p. 258, Apri! 1905.
? drgas persicus. V.
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The life-history of ticks in general is a simple one. The full grown
and full fed female drops from the skin on to the ground and lays a
large number of eggs in a mass; these eggs hateh to small active
creatures, with ihree pairs of legs, which run about on vegetation
and are believed to feed wupon the juices of plants. They fasten
themselves uwpon the skins of animals as they pass through the
vegetation and then moult, becoming fully developed with four pairs
of legs. There is a large number of species, some of importance 1n
communicating diseases to cattle and dogs. . The treatment of the abave

T T T ey g

Fig. 817.
Louse, (Uneh magnified)

insect and ticks is a matler gencrally of cxpert veterinary knowledge,
many applications that kill the inscet being harmful to the animals,
General cleanliness in the stables, cattle-sheds and fowl-houses is very
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important. Washing animals with various carbolic preparations is
advisable and there are special eaftle dips, horse and dog washes prepared
and sold. For cattle and dogs, the insecticide known as erude oil emul-
sion 1s a safe and simple application, killing all forms of life in the skin
and improving the condition of the eoat. This emulsion mixes in water
to any strength and can be worked well in; it ean be left to dry on or
be washed completely out of the skin with a little water. For some
animals it is far better than carbolic preparations, which should not,
for instance, be applied to dogs at all.

Lice.

What are generally termed lice are insects belonging to fwo
distinet orders, the biting lice (¥europters) and the sucking lice (allied to
Hemiptera). The former are small insects, found upon the hair of
domestic animals and in the feathers of birds. They do not feed upon
blood but upon hair, flakes of skin, ete. Birds rid themselves of these
pests by taking dnst haths, rolling in the dry dust which penetrates the
feathers and 1s believed to check the lice. Sucking lice arc small
flattened insects without wings
found upon the hair of pigs,
goats, eattle, buffaloes and other
animals. They extract the blood
by means of a fine suctorial beak
which is barbed, and their
continued prescnce causes sores.
These are included among the
horrible ereaturcs which infest
the skins of human beings, parti-
cwarly of those of uncleanly
habits. No reasonably eclean
person who uses soap is infected
by them., A peculiar species with
long proboscis is said to attack the
elephant, but it is not known if this occurs in India.

Fic. 318,
The Baluckistan Gad-Fly., (Magnifled.)

Gad-=Flies,

Large active flies, quick apd strong on the wing, which bite
cattle, horses and human beings, often drawing blood. These flics are
familiar to any one who travels in the lower slopes of the hills, in
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forests, and well-wooded places. They are powerful inscets, with a
strong sharp beak; seftling on the skin, they pierce it and suck out

the blood.

Many species ate found upon cattle, horses and other animals, and these

bite man freely.
They principally

breed in forests.
The latva of one
species has been
found in India
in small pools in
the forests and

Fra. 319,

the others prob-
ably have similar

Larve of Gad-Fly, Nongpok, dssam. (Magnified twice.) habits.

Horse Flies.

A family of peculiar flies, much flattened, which seftle on horses,

Fie. 320,
The Horse Fly. (Magnifiad.)

cattle, dogs, cte., and
live on their blood.
They are characteristic
in  appearance, and
usnally marked in brown
and ycllow. They can
be found on zlmost any
domestic animal and on
birds.

Their life-history 1is

* peeuliar, in that the larva

does not leave the body
of the parent until full
grown and is produced
ready to pupate, Which
it does at once. The fly
therefore appears to lay
a pupa, from which the
new {ly very soon comes,
This is a most striking
adaptation to parasitie
life as there is no larval
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slage to provide for. The flies arc in most cases very active and
fly from animal to animal, but they often stay in the hair or
feathers of a single host for a long period.

Bot Flies,

A number of flies do not feed themsclves on the blood of eattle,
but their larve live in their tissues. These larve are known as
bots or warbles and have been found in India in sheep, cattle and
horses. The sheep bot-fly deposits eggs or living maggots in the
nostrils of the sheep, the maggots crawling up the nostrils and fixing
thermselves upon the mucous membrane of the nasal cavities. They cause
great irritation, much mueus is produced, on which they feed and they
injure the delicatc nasal membranes. The maggot remains there until
nearly one inch long, when it loosens its hold and is thrown out on the
ground ; it pupates in the ground and the fiy presently emerges. The
remedy is to prevent the fly from laying eggs by rbbing the nostrils
with tar, train oil or other sticky applications, whose smell drives off the
fly and renders egg-laying impossible,

The horse bot-fly lays eggs on the hair of the mane, the shoulder,
the knee or some other part within the reach of the horse’s mounth.
These eggs are fixed to the hair and when the maggot hatches, it is
licked off by the horsc and swallowed; it then attaches itself to the
membrane by means of the hooks in the mouth and feeds by snefion.
When full fed it passes through the alimentary eanal to the ground where
it transforms to the pupa and emerges as a fly.

The cattle bot or warble-fly is found as a Jarva under the skin
of cattle, buricd head downwards in the tissues with the hind end of the
body towards the opening in the skin; air is obtained through this
opening and drawn in by the two large spiracles on the last segment.
The maggot feeds upon the putrid matter produced in the sore; when
full grown it forces itself back through the opening in the skin and falls
to the ground, where 1t pupates. This insect causes a large amount of
datage to the hides, warbled hides being of very inferior value. The
condition of the infested animal is also bad. Treatment for this and for
other bot maggobs is a veterinary matter, whieh should have the atten-
tion of a qualified veterivary man. It takes the form of sticky smelly
mixtures to prevent egg-laying, the removal of bots from the skin by
pressure or the destiuction of bots by application of grease or ointment,
The species discussed above are the most common in India, as elsewhere,
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Much has yct to be learnt of them and of the bots which probably attack
wild animals in India. Cases are on record of bots in human beings, but
no precisc details are available.

Riting Flies.

Af least one species of fly, allied to the noterious tse-tse fly of
Africa, is found in India biting cattle, horses and man. This inseet?!
is not universally distributed in India ; it breeds in manure, decaying
vegetation and filth in places where animals ave kept. The life-history
occupies three weeks,® and the flies are found sitting on trees and plants
near their breeding places.

They suck blood from cattle, horses and man, biting particularly
in the early morning: the bite is said to be painful, This fly is
instrumental in the spread of “surra” in horses and other animals.
It is kept in cheek by hymenopterous parasites which are found in the
larve and pups.

Screw Worms,

Certain flics lay their eggs or larve in wounds on animals, the
maggots living in the wound and setting up inflammation and blood
poisoning. The Serew 'Worm of the United States and the West Indies
is notorious as a destructive pest, even attacking man and causing death.
Similar maggots have been found in wounded cattle in India, thongh
it is not known to what specics they belong, These flies are allied to
the common flesh flies and house flies, their normal breeding place
being decaying animal matter. The trcatment consists in' smearing
wounds, sores, ete.,, with antiseptic mixtures such as carbolised oil ; a ¢lean
aseptic wound is not infested. If larvee are alrcady in the wound,
they should be removed, the wound washed and plugged with antiseptic
dressing.  Such maggots are by no means uncommon in human beings in
India and are due solely to uncleanness and the negleet of wounds and
sores. The actunal species concerned has not been ascertained.

L Stomoxys caloitrans.
% As worked out by P. G. Patel in Nongpah,



CHAPTER XXI.
BENEFICIAL INSECTS.

N classing our ingect life aceording to its food, we pointed out that
J whilst a very great number of insects feed direetly upon vegetable life,
a further large number derive their food from
other insects. The latter we may ferm
beneficial insects, since they are the greatest
natural check upon the increase of the des-
truetive insects which attack growing crops.
Beneficial inseets play a very important part
in the economy of nature. Such is the rate of
inerease of the majority of herbivorous insects
that they would, if able to breed continuously,
overrmn the earth and devour zll vegetable
matter. To this cnormous increase is opposed
a variety of conditions and forees, which
result in regulating the increase of all classes
of life. Climatic changes periodieally put a
check to the inerease of animal life; the
absence of food is a check, which is however

¥ie. 82 largely inoperative under the diti f

An Tehnsumon parasitic on 8¢ P condrtions o
largo caterpiilays. modern agriculture ; when these ehecks fail,
(Natural size.) the aetion of the beneficial insects becomes
apparent, and we see¢ one class of insects living at the expense of another
and proving itself
directly beneficial to
man. These insects
can be regarded ag
forming three large
divisions: the para-
sites are those which
live ag larve withs
in the bodies of
their  hosts; the
Fio. 39, stenging  predators

se whi
Tha parasite of the Moth-borer Calerpillar of Cane, ?'re those which store
(Megnified.) insects for  the
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nourishment of their young, and the predators in general feed themselves
upon living insects.

Parasites are found in the majority of species of insects which have
been reared in India in captivity. The ‘ichneumons’are Hymenoptera,
not unlike wasps in appearance, which lay their eggs on or in the hodies of
caterpillars, the larva which hatches
nourishing itself at the expense of
its host (fig. 321). The caterpillar
continues to live and feed, moulting
as usual; the parasibte meanwhile
grows larger and finally causes the
death of its host. In many cases
the larva comes out of the body, and
turns to the pupa outside. In other
cases it remains within the dead
body until it emerges as a winged

insect.  Caterpillars  containing
parasites frequently die before they Fre, 323.
can become chrysalides; in some Parasite of the Egyptian Syrphus.

Magnifiel five times.
cases they become chrysalides and {(Magnifieil five times.)

then die. A caterpillar may contain one or many parasites; as many
as seventy small ichneumons have been reared from the body of a Cotton
Stem-borer, Ichneumons can be captured in the ficld or more readily
obtained by rearing various caterpillars and grubs, which will yield
ichneumons in many cases instead of the perfeet insect. Ichneumons

F1e. 324.

Dead Caterpillar showing hola of emergonce of parasitic fly grub and the pupa of the
grub.  (Mugnified three times.)

not only destroy caterpillars but the grubs of beetles, the maggots of
flies, and the grubs of bees and wasps. In some cases, one ichneumon
lays its eggs within the body of the grub of another jchnenmon which is
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already living in the body of a caterpillar; we then have one ichneumon
paragitic upon another, a
singular phenomenon, which
checks the too great increase
of the beneficial inscets
{fig. 323}, Tchneumons also
lay their eggs in such small
inseets as aphides, and even
in the eggs of insects.
Onc species lays its eggs in
the eggs of the moth-borer
of sugarcanc and the eggs
of many insects are thus
destroyed.
Besides the ichneumons,
- . there are the parasitic flies,
Lot a large group of Diptera
which behave very similarly
to the ichneumons. These

Fo. 825. flies (fig. 323) rescmble

Fly whose maggot is ¢ parasite on leaf-eatin -fi1
caterpillars. (Magnified.y Pupn 7 }muse flies and are common
below, natural size. in the fields. They lay

their eggs on caterpillars,
and other insects, the maggot that hatches destroying the caterpillar.
As in other flics, the full grown
maggot forms a brown seed-like
pupa (fig, 324) usually coming
out of the caterpillar before it
does so. A species of parasitic
fly lays 1ts eggs on the Bombay
Locust and another on the Red
Cotton Bug.

As a rule every species of
parasite is found only on one or
5 few insects. 'The parasite
of the Cotton Stem-borer i not ] Fie. 326, .
the same as that of the Moth- The paramfe;@f}ze(%%gnc&%‘}tﬁe Rice Stem
borer of sugarcane. Tarasifes '
that we rear from distinct inscets are nsually distinct themselves, though
the same parasite may be found in two species of imsects which are
very much alike. Every abundant caterpillar and very many beetle
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grubs, fly maggots, etc., have their parasites; but parasites themselves
are dependent upon these insects for food and become exterminated if
their host is exterminated.

It is advisable not to destroy parasitic insects and when possible
their inerease should be enconraged.  This ig unfortunately rarely possible,
but it 1s so when inseets are collected by hand in lavge numbers as in
handpicking Tur Teaf Caterpillars, or Cotton Leaf-rollers. In such eascs,
the collected larves and pupse should be placed in any closed receptacle, as
for instance, a box or an earthen pot covered with eloth. Whatever
parasites there are hatch out, and when the box or pot is carefully opened
in the light they fly away. As arule the moths or hutterflies that also
hateh fly only in the dark or are too large to escape throngh as small an
opening as the parasifes can. Whenever possible it is advisable to put
such collected insects into a box covered by a piece of glass; as the para-
sites eollect on the glass, the moths hide away. TIf the glass is gently
lifted the parasites escape to continue their useful work.

This applies also to cggs of insects, which, when collected, should
not be burnt but placed in a vessel surrounded by water ; the insects that
hatch from the eggs cannot escape, but the parasites can fly away.

The stinging predators
are a small group of Hymeno-
ptera, which have instinets
of so high an order as to
excite the admiration of all
who study them. We may
deseribe the life of onela
common insect in the plains,
This insect may be found in
the fields flying among the
plants evidently seeking for
something, If watched with
patience, it will be scen to
seek for caterpillars, those Fro. 327.
green caterpillars 80 com-  Wasp that stings caferpillers and leys them up in
mon on gram, tobacco, and mud nesis for ils young.
other erops. Having found a Jarge green caterpillar, it flies to it, seizes
it, and stings it on the lowerside ; the caterpillar struggles, but the wasp
holds fast and repeatedly stings along the lower surface hetween the legs.
The caterpillar then becomes motionless and is helpless ; the wasp scizes it,
and flies off to a little distance where it hag prepared a hole in the ground ;

3 Ammophila prigata. Sm,
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the hole is a narrow tunnel extending perbaps one inch into the soil ; into
this hole the eaterpillar s dragged, and laid af the bottom ; the wasp
lays one egg upon it and comes out; it then fills up the hole with small
lumps of earth, smooths it off carefully
and goes away to repeat the process.
If the caterpillar is dug up and kept under
snitable conditions, it is possible to sce what
occurs. The egg hatches after a Lew days
and the small white grub fustens on the
caterpillar, piercing the skin and pushing
in its head. It feeds upon the eaterpillar,
which lies still and motionless, and as it
grows larger it stretches into the body of the
caterpillar, slowly devouring it. In time the
Fia. 328, a1 . .
Digger Wasp that stings cater- ('za,terplllar is eaten out, only the skin remain-
pillars, ing, and the grub has grown into a large
white inseet. Tt then sping a cocoon of tough silk, within which
it turns to the pupa and eventually cmerges as a wasp, It mates
and, if a female, does as its parent did, preying upon green caterpillars
{fig. 328).

The habits of this insect are similar fo those of all the stinging
predators, The singu-
lar fact is that the
eaterpillar is stung in
such a way as not to
kill it but to paralyse
it. If the ecaterpillar
were dead, it would
decay and the grub
hatching would find
no food ; if the cater-
pillar were alive and

Fia. 829,
could walk, it would ZLady-bird Beetle and its grub. (Magnified and
walk away with the natural size.)

egg, which would be killed by exposure to sun and air, By paralysing
the eaterpillar the mother ensures a supply of living food for her
young, Stinging predators are eommon in the fields; some make
nests, others bury their prey in the ground, some are to be found
in our houses (fig. 327)., They prey upon all manner of small insects,
upon spiders, and upon some of the larger inseets. Their habits are
extremely diverse and disp]ay an ingenuity that has excited the admiration
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PREDATORS, ava

They are distinetly beneficial and aid in the checking

of insects throughout the year.

Lastly, we have the

Fra. 330,
Siz-apotted Lady-bird Beelle.

“predators,” a vast number of insects
which live by ecapturing and devouring
other insecls. 'These are veally of two
kinds, those which we find specially attack-
ing particular classes of insects, and those
which catch and devour all that they are
able to.

Of the first, there are many which are
found attacking plant-lice, mealy bugs and
scale insects and those should be familiar to
every one.

The Lady-bird Beetles are small rounded
beetles, ahout the shape of a split pea,
eoloured in red, yellow and black as a rule,
The life-history in all is the same, and we

may describe that of the commonest beetle in India, the Bix-spotted

Lady-bird Beetle.!

The female heetle deposits her eggs on plants where there are
colonies of green-fly (ephts) or other food for the young. The eggs
are yellow, almost eigar-shaped, about one-twentieth of an inch long,

laid in little clusters of 10 to 20 eggs.

eggs hatch, a tiny dark-coloured grub coming out.

In four or five days the

The grub has

three pairs of legs, a body sct with spines and tapering to the hind

end, and is nearly black. It runs about,
feeding upon other aphides and it is very
voracious ; it rapidly grows larger. Yellow
and white spots appear on it affer some
days and it is then more easily recog-
nised, The grub does not grow to a
length of more than about one-quarter of
an inch, living for about . ten days. It
then fixes itself head down by the tail,
and the skin is ched, exposing the pupa.
The pupa is round, hanging from the
plant, of a dark-red or orange colour
with blaek spots. Great numbers of these
may be found on the plants when aphides

F1a, 331,
Seven-spotied Lady-bird Beetle.

are abundant, and they are very easily seen on the leaves.

! 4. Chilomenes[sprmaculata ¥, (Coccinellidem.)
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After about six days the beetle comes out, and it too feeds upon aphis.

¢

Fre, 882,

Eggs of Green Chrysopa,

(Magnified.)

The bestle is shaped like a half pea, the wings covering most of the

Rt

RIS

—

R

Fie, 838,
Brown Chrysopa lerva, (Magnified.)

body. There are six little black
spots on the upper surface, the
general colour being yellow or
orange. The beetle has good
bitine mouth-parts and feeds
actively npon aphis. The fernales
lay about 90 cggs cach, in little
clusters, and then die.

The life of this beetle may be
long or short, depending upon
whether it can find food for itself
and its voung, when it will lay
eggs. Large numbers of beetles
arc found during the cold weather
and dry weather before the rains,
seeking for aphides on which to
feed. These beetles probably live
along time. When food is plenti-
ful, the whole life from cgg to
perfect insects does not exceod
four weeks, and one brood succeeds
another rapidly.
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As each heetle lays nearly one hundred epgs, and each grub that

Fia. 834,

Cocaon of Green Chrysepa.

(Magnified.)

clothed in dense white
processes which give
therm the appearance of
a mealy bug. These
larve are found feed-
ing upon cotton aphis,
on tur aphis, on the
cotton mealy bug and
on many other com-
mon insects. There is
8 large npumber of
other specics common
in the plains, but the
above are the most
important.

comes out eats from one to two hundred
aphis per day, the destraction of aphis
may be very rapid.  This beetle is
very abundant over a large part of the
plains in India feeding principally upon
cotton aphis, With it is amother,! the
Seven-spotted Beetle, which feeds npon
wheat aphis in parficular and becomes

" enormously abundant in  aphis-infested

wheat,
Other species include the very small
brown  beetles,® whose  larvio  are

Fid. 335,
Brown Chrysope Pupa. (Magnified.)

The lace-wing flies are very

delicate green or brown insects,
with large wings and golden eyes,
which are found commonly wpon
plants attacked with aphis. They
lay eggs which have the appearance
of a rice grain set upon a small
stalk. A number of these are laid

Fie. 236,
Green Chrysopa.

together in a cluster on the leaf of
the infested plant.

1 Coccinella septempunciata 1.
2 Seymnus Spp.

TR
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The larva that hatches is an active spiny insect, with long

Fia, 837,

Larva of Chrysopa, just hatched, on the egg. (Magnified.)

sharp jaws; it rups about the plant seeking for aphis and when

Fre, 338,

Fag of Syrphus
Fly ilaid on leaf.
(Natural size
and much magnified.)

it finds one, the jaws are inserfed and the
juice sucked outv till only the shell is left.
In some species the larva covers itself in the
cast skins of its vietims and goes about with
o thick mass of them on its hack, Thig
larva destroys a large number of the aphis
before it pupates ; the pupa iz found in a
small white cocoon or in a fold of the leaf
under a thin covering. These insects are very
numerous in the plains, though they ecommonly
escape motice. A bad aftack of aphis brings
them in numbers and the flies are attracted to
light.

I'1c. 339,

Grub of Syrphus Fiy, (Magnijiied five times.)
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The Syrphus flics are another important check on the plant-lice and
may be found in any field where a crop is infested. The fly is a graceful

F1a. 340.
Grub of Syrphus Fly., (Magnified five {imes.)

Fra. 341.
Empty pupe case of Syrphus. (Magnified flve limes.)

Fig. 342,
Syrphus Tly. (Magnified fivs times.)

two-winged fly, coloured in black and yellow, which “hovers” in a
very noticeable manner, remaining motionless on the wing suspended in
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-

the air; large numbers ean be seen in a wheat-field where aphis s

Fra, 343.

Ground Begtle that atlacks the young
Noréh- West Locust,

abundant. These flies deposit small
white eggs singly on the wheat near the
colonies of aphis; a maggot hatehes,
formed like the typical fly maggots,
thick at the hind end, tapering to u
point at the headless front end, with a
pair of strong hooks in the mouth;
the maggot is green and moves slowly
about the leaf, feeling in every direc-
tion. Tt is blind and strikes about
it in a curious tentative fashion, feeling
for a victim. The plant-lice caught
by it are drawn in with the hooks,
sucked out dry and thrown aside.
These maggots demolish whole colonies
of the plantlice and finally turn to

the pupa on the leaf. At least onc species! is very common in

the plains, feeding on aphis of all

kinds.

Many insects are found feeding

upon special destructive inseets.
The Six-spotted Tiger Beetle? is
abuidant in rice-ficlds in Bengal;
it flies with great rapidity and feeds
upon the Rice Bug. A ground
beetlo? is said to fecd upon the
young North-West locusts. The
larve of other ground beetles feed
upoh such caterpillars as live
exposed on the plant; these are
small slender black inseets, which
congregate on plants infested
with small caterpillars and destroy
them.

There are in addition many
inseets which prey promiscuously,
their life history not being spedi-

ally modified in relation to their prey as in predators discussed above.

Fra, 344,
The Siz-apotied Ground Beetle.

‘Syrﬁkus egyptivs, Wied. (Syrphide.) | ? Cieindela sexpunetata L. {Cicindelide.)

* Calosema ortentale Ho, (Carabidm.)
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The dragon flies (fig. J, page 298) which hawk in the sunlight are catching
small flying insects and must account for a vast number of the smaller forms
of insect life daily. The praying mantises
are common in jungle and bushy vegetation,
where they wait for butterflies and other
large inscets. The ant-lion in its pit destroys
the smaller creatures that walk on the soil.
Wasps when hungry catch caterpillars
and eat them; the Mansisps and the
Panorpids lurk in the deep woods and
jungles, hunting down the weaker flying
insects for their food. Everywhere on
the soil are the ground beetles, the flat
dark beetles which live wholly by their
prey and which gather so abundantly
where insects abound, Even underground
the mole cricket and the dZerwa drive their
tunnels, secking out the grubs and other
ingsects hiding there. In the bark of trees
are many beetles, wholly carnivorous and
devouring the many forms of insect life
that dwell there. Fven the plant-feeding
caterpillar is in some cases predaceous, the
caterpillar of one butterfly? and several
moths # feeding upon mealy bugs. Among the flies the big hairy
robber-flies are predacecus and catch grasshoppers, bees, wasps, and
other strong insects. Many other Diptera arc predators, as are a large
part of the bugs, distinguishable by their curved beaks. The total list
would be a very long one and embrace parts of the large orders and of
very many families,

Predaceons insects are common everywhere and in every possible
situation where other insects get food. They cannot always be identified
as predators until their habits are accurately studied, and one cannot at
sight recognise a predaccous from a herbivorous insect in every case,

‘lo the observer of nature, these insects arc of interest, and the
tleeper one looks the more onc feels the wonder of that balance of life
which is apparently so evenly maintained. It is very rarely that an
insect becomes abundant and for the time oulwits its foes; the more it
does 0, the more do its foes prosper till they reduce it to its level ; nor do

F1e. 345,
A Praying Mantis

1 8palgis epius F. (Lycenide.) | ¥ Exblemma p, (Noctuidm); & Varions Tineide,
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the foes escape'but they in furn are checlked il all species can live and
fill their place in the natural world, the balance of life evenly kept between -
the herhivores, the scavengers, the parasites and predators. In this
connection we may mention the birds, which do so much to keep the

Fia. 346. -
A FPraying Mantis.

balance even by snupping up all insects that becoms abundant; an insect
that escapes its foos and oubruns its parasites is apt to fall a vietim to
birds as do the termites when they emerge in swarms; if not to a bird,
then to a lizard, a toad or a bat, All these are useful and all should be
encouraged. A large number of birds are wholly inseetivorous, a large
number arc partly so, and every one of these deserves protection and
encouragement. They fill an extraordinary place in nature as they
move from place to place, they are nearly omnivorous insect-caters
and they snabch up the floating balance of insect life, acting as a
kind of safety-valve. For the birds we should plant trees, which rarely
harbour erop pests, and especially such trees as figs on whieh the mynas
gather and feed.
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APPENDIX A.
USEFUL INFORMATION,

—
COST OF INSECTICIDES,

THE oost of insachicides depends ou the local prices of the various ingredients, but
the following may be taken as average prices par 100 galluns (12 manunds): —

R, &, B

Lead arseniate . . . . . . . . 1 00
Kerosene emulsiou, soft soa.p . . 3 00
2 . hard ,, . . 3 00
Rosin wash 3 00
» compound . . . . . . . 200
McDougal’s Insecticide . . . . . . . 3 4 0
Crude oil emulsion . . . . . Lo . 112 0

The gquantity of insecticide nsed per ucre on vavious crops is as follows :—
Cotton or Tur . . . . . . . . . 80 to 100 gallons,

Young Sorghum . . . . . . . 60 »
Sweet Potato, Groundout, etc N . . . . . 60 »
Coffee . N . . . . . . ' . 80—160 »
Ten . - + . . . . N . . 75—150 »

Mustard . . . . . . . . . 60—100 »
Wheat . . . . . . . . . . 50—80 »»

FORMUL .
1.—Lecad Arseniate.

Paste~Ono pound in 66 gallons of water with the addition of 3 pounds of lime
and 6 pounds of jaggery or gur if available. Stir well before applying. One ounce
of paste is the charge for a Lerosena tin full of water or for the Knapsack Spraying
machine.

Powder.—One ponnd in 100 gallons of water with 5 pounds of lime and 10 pounds
of jaggery or gur. Stirwell. The charge for a kerosene tin of water is two.thirds of
an ounce, about a teaspoonful.

One pound mixed well with 20 te 50 pounds of any fine neufral powder, such as
lime, ashes, voad dust, ete.

2.—Kerosene Emulsion.

Boil hmlf » pound of sliced bar soap in 1 gallon of water till dissolved. Take
off the fire and add 2 gallons of kerosens, agitating or beating the mixture $ill the
kerosene is completely emulsified. This is stock solution to be dilmted with & to 10
poite of water hefore use, 'With hard water more sonp is required.

3.~Crude Qi Emulsion.

One galion of emulsion mixed with 66 gallons of cold water. The charge for a
kerosene tin full of watet is half a pint.
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4—McDougal’s Insecticide.

One gallon of emulsion mixed with a few gallons of water and then made up to 60
o 100 gallons.

5.—Rosin Compound.

Powder 2 pounds of »osin and 1 pound of washing soda (sodium carbomate)
cryatals. Place these In a kerosene tim or large metal vessel, with enough water to eover
them, and boil,

Continne beiling till both are dissolved and then slowly add cold water to the
steadily boiling fluid. Water is to be added, a very little at a time, for fear of chilling
the liguid, and the mass shonld gradually be brought up to 2 galions, The liquid
changes as the boiling proceeds, becoming thick and scapy; after boiling for half an
hour ov Jonger, the liguid besomes clear, thin, of a deep brown colour. Continue beil-
ing, pouring a fow drops of the mixfure into cold water at intevvals ; at first the wash
on mixing with eold water forms a slightly milky opaque fuid, bot after some minutes’
further beiling, it forms a clear amber liguid on being mixed with cold water.

This is the test of the liquid being finished and it should on cooling romain clear.
To this stock solution 6 gallons of waler may be added to make the strorg wash, 10
gallons to mwake the norwal wash. One pound of rosin is used for every 4 to 6
gallons of wash required, and half as much soda, The wash kecps indefinitely if
properly prepared, and it is best to keop the stock solution and dilute it as required.

6.—Rosin Wash.

Powder 3 pounds of rosin and add it to half a pound of caustic soda (98 per
cent.) dissolved in half a gallen of water in a kerosene tin. Beil and wheu the rosin is
dissalved add half & pint of fish oil, Continue boiling, slowly adding cold water, till
the mixture amounts to 3 gallons, If the mixture is then s clear thin brown
liquid, which mixes with water producing no milkiness, it i3 finighed and may be
removed from the fire. Dilute with 12 gallons of water fo make wash ready for
nge, Ope pound of rosin is nsed for every 5 gallons of wash required. If camstie
sods of 98 per cent. purity cannot be used, use a propertionate quantity of ¥ per cent.
(2 1b.) or lower grade caustie.

7.~Tebacco.

Soak 2 1bs. of tobacco in 2 gallons of water for 24 hours or beil for half an hour,
Dissclve % 1b. bar soap or 1 pint of eoft soap in the mixture. This is the stock
slution. Dilute with seven parts of cold water.

8.—~Sulphuar.

Mix 20 lbs. of ground sulphur or flowers of sulphnr with 80 pounds of sifted or
slaked Jime or wood ashes.

An alternative is to boil 5 pounds of sulphur and 6 pounds of lime in water and
make up to 40 gallons with water.

Another formula is to mix § poonds of sulphur with 10 pounds of soft scap in
botling water and make this up to 40 gallons with cold water.
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o.—Kerosene Milk Emulsion.
Mix and charn or shake well :—

1 gallon Sour milk . . . .
2 pallons Kerosene . - .

Dilute with 8 to 15 parfs of watm

: } Stoek aolution.

o.—Borer Wash,

1 pint Crude earbolic or phenyle . . »3 Dissolve soap in hot water, stir in
2 1bs. Soft soap (or hard soap, # 1b.) ,} earbolic. Add ten gallons of water
1 gallon Water, hot . < . . . and enongh clay to thicken it.

11.—Carbon Bisulphide.
1 oz. per 100 1bs, of grain.
1 to 1% Iba. per ton of grain.,
1 drachwm (teaspoonful} per cubic foot of space.
1 oz. per 15 cubic feet of space,

1z.~—Cockroach Paste,

1 ¢z Boracie acid . . . . . Vs
2 oz. Jeggery, or syrup . . . .3 ix well,

13.~0ondal Fluid.
4 oz, Dekamali gum (Gum of Gardenia gummifera),
8 oz. Hing (Asefeetida).
8 oz, Gugul (Bazar aloes).

3 oz Handiba bagda (Castor cake).

Mix well with water, add elay to thicken and paint on. It ferments and must be
kept open. Total cost 14 annas.

14.~So0luble Arsenic.

1 part White arsenic . . . * 1 Bail "y s
& parts Washing soda. . ) ) : s Boil in water till dissolved.
For watering foundations, earthwork, ete., dilute with 30 parts of water. (Is an
excellent weed-killer.)
15.—Lead Arseniate.

4 oz. Arseniate of soda . . . +] Dissolve separately in water and
10 oz Acetato of lead ., . ) mix,

16.~—Arseniate of Lime.

Boil till dissolved. Make up to 4

4 Ibs. Washiog soda . * ’ ’ gallons with water.

2 gallons Water . . . .
Add one pint to four gallons (kerasene iin fu]l) of water and add 4 oz. lime.
This is a snbstitnte for lead arseniate.

1 1b. Arsenic . . . . . .}
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17.—Arseniate of Copper.

2% lbs, Copper sulphate . . .

4 gollons Water ) ) . } Dissolve. Stock solution A.

Boil  till dissolved : make up to 4

5 1bs. Washing soda . . . ' . gallons, Stock solution B,

1 1b. White arsenic . . . . }
2 gellons Water . . . .

Mix equal parts of A and B, and dilute with 35 parts of water.
This is equivalent to lead arseninte standard solntion.

]

18.—Kerosene and Lime.

20 parts Lime . . . {by volume) 1 Fine road dust or any fine neutral
1 part Kerosene , . . (by volume) }  powder will do.

The same mixture can be made with sanitary fluid, cheap phenyle, or other carbolic
fluids.

STRENGTHS OF INSECTICIDES.

The following table gives the weights or volumes of insceticides to be used,
ealoulated for the kercsene tin or epraying machine holding four gallons t—

e Weak. Standard. Btrong.
Lead arseniate, powder . . . . . % oz t oz 1 oz
Ditto, paste . . . . . 4 oz, $ oz, 13 oz,
Rogin wash, stock solution . . . 2 pints 2 pints 5 pints.
Rosin compound, stock solution . . . 3 quarts 1 gal 1% gal
Kerogene emulsion, stock solution . . . 2 pints 3 pints b pints,
Crude oil emulsion . . . . . $ pint 3 pint 1 pint.
McDougal’s insecticide and fungicide . . £ . i 1,
Tobaceo decoction . . . . . i o 1 s 2 pints,
Keragene milk, S, solution . . . . 2 pints 3 pints 5

Arseni.—The fatal dose for an adult is from one to two grains, equivalent to
thyes to five grains of lead arseniate, obtainable by drinking from half to a third of
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The antidote is an emetic followed by oil and lime water, soap

guds or milk; an emetic is made by mixing mustard flourjone tablespoonful, common

salt one teaspoonful, and

16 dram -
16 ounces f
28 pounds .

20 hundred weight

wator ten to twelve ounces.

WEIGHTS AND MEASURES.

make 1 ounce (oz.) = 21 tolas,
s 1 pound (Ib) = 8 chittacks.
» 1 quarter (qr.) = 14 secrs.
4 quarters (112 1bs,} » 1 hundredweight (ewt) = 1 maund 14 seers.
s» 1 ton = 27} maunds,
4 gilla » 1 piot (pt) = 10 chittacks.
2 piats . » 1 gnarb (gt) - 1 seer 4 chittacks,
4 quarts . » 1 gallon (gal.) = 5 seers,

1 fluid ounce weighs 1 oz
1 pint (20 I, cunces) of water weighs 1} lbs,
1 ,, ( » » j of kerosene weighs 131 oz.

1 ib. of kerosene measures 1} pint,

1 pint of slaked lime weizhs 13—14 oz.

1 pint of lead arseniate powder weighs 28 oz.

1 gramme

1 kilograumme
1 ounce

1 pound

1 litre

= 15432 graius.

w= 35 oz 120 grains.
= 2835 gramme.
45368 »

= 353 fl. oz

1}

TREATING COTTON SEED,

For five seers of sead, mix two handfuls of clay, one of cowdung and enongh

water to make a paste.

Rab the seeds in this mixture, letting them fsll through the

fingers as they get covered. Dry in the shade. To test them, throw the seeds into
water, when all that float may be removed as bad.

Far five acres, mix

SURFACE CATERPILLAR BAIT,

ono mannd (40 geers) of bhusa with six gallons (30 seers) of

water in which one seer of white arsenic (Sambul) and two secrs of gur or jaggery

have been dissolved. This makes a paste which is put down over the field in small
heaps abont two yards apart,
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To make a bag and frame with opening of four feet by two feet.

Suffisient strips of cloth are taken, each fourteen fect long, sewn together by their
long edges 40 make a piece fourtesn feet by six feet. The fwo ends are then brought
fogether and the sides sewn up. This makes a flat bag, to which strong cloth tags are
sewn, the first at one seam, the next two feed from that, the third four feet from the
seoond, the fourth two feet from the fhird and fonr feet from the first. Bamboos of
two feet length are fixed between the two pairs of tags two feet apart and the bag is
ready (see Fig. A).

Fra. A,
Bag with bamboos ready for wee.
The frame is made of four pieces of bamboo (a), cach four fest three inches long,
laid in a square, the ends of two bamboos on the ends of the other two, Two cross-
pieces {B) of split bamboos, each five feet eight inches long, are laid diagonally aerors

Fr16. B,
Bamboo frame,

the square. Two pieces of bamboo, cach two feet three inches long (c), are placed
upright at the corners of one side, and two split bamboos (), each four feot cight inches
long, are placed from the tup of these wiTights to the nearest corner. A cvoss bar{e) four
fect three inches long is then placed to unite the top of the two vprights (see Fig. B).
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As the bamboos are placed in position they are bound with string cr Bbre in the

5.2

9

\ /*

4
6"

Fie, Q.
Eough nef frame in pieces,

order given ghove. Enough bamboo should project at
the ends to allow of their being bound together. This
makes a framo to the front of which the bag above is
attached by the tags.

In these figures three inches extrn length is allowed
to permit of the bamboo being bound ; the resaltant
frama is then of the size to accommodate the bag. The
two feet long bamboos used for keeping the bag opened
are Inscrted only when the bag is used alone ; when the
bag is attached to the frame these bamboos are removed
and the tags of cloth knotted to the frame, so that the
bag can be at once remeved and twisted up. In place of
bamboo, strips of wood may be used.

The Hand Net.

Cut a Y piece (of guava, jamun or litehi woed), the
stem gix inches long and about three guarters of an
inch in diameter, the arms four inches in length and Lalf
an icoh in diameter : two Lollow bamboos six inches long,
the bore a little larger than the arms of the ¥ so that
they fit tightly : a green bamboo slip, five feet two inches
long, alf an inch in diameter. These fit together as in
the diagram and make the net frame.

For the not take two pleces of muslin, each two feet seven inches square; turn
over one inch to make a hem, cut each piece along the thick black lime of the
diagram and sew the eut pieces together along this line, not along the double hem. Sew
en to the hem a piece of cloth one ineh wide to pass the bamboo through, The long

27" "

Frs, D,

. Muslin piece for beag.
(Cut two picees to shapo ehown and join along curved edges.}

bambeo Is then passed through the cloth bag, and inserted at eack end into ihe tulular
pamhoos which ave fized to the Y.

v
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COLLECTING, PINNING, SETTING.

HERE iz possibly no batter field for the stndent of inseots than India; the variety

of climate, of wvegetation and of physieal featnres means enormons number of

species of insccts, which flourish each wnder the econditions snited to them. At all times

of the year insects are to be found at work, and those

who rpecially study one group, as alse those who are

interested in insect life as a whole, will always find
abundance of material at hand.

It is unfortunate that, as elsewhere, the study of
one sub«order, the Butterfiies, has occupied so large a
ghara of the work of the Naturalist in India. If the
attention given to this gronp had been more equaliy
distributed over the insect world, there would be a far
wider knowledge of the insects as a whole. In spite of
the volumes on butterflies, moths, plant bugs, bees and
wasps, the insect world of India is very little known.
The beetles nre almost untouched ; the grasshoppers,

Fra. T, crickets, mantids, stick insects and other Orthoplere

How to pin o Beetle. havo been little worked at ; and there is little on record

in regard to flies and the smaller species of plant bugs

and socking insects, This refers only io their collection and classification. In the far

wider fiold of biology how little is recorded ; with an almost unparalleled variety in the

insect world, there is little known of the life histories, the habits, the beauntifnl

adaptations of even the eommon insocts. The writings of E. H. Aitken illnstrate

what o splendid field there is for simple observation and study of the manners and

habits of the most familiar insects 3 and in the present state of onr knowledge, the wider
problems of distribution, relation to climate, migration, eto., cannok be entered npon.

There is sbundant work in every group, work not less interesting in biology or in
the study of less popular groups than that which has baen done
for batterflies. The condition of the eollections at tho Indian
Maseum, the pages of the Asiatic Society and Bombay Natural
History Society’s Journals illustrate the very scanty nature of
the recorded work on Indian insect life, and it is assuredly
within the reach of every observer to add to this knowledge and
earry on the work. It is needless to enlargo on the valne of
this work ; those who study Nature do not consider the valne of
what they do but find an added joy in life in their work; they
then find it imparative in the interests of all naturalists to put
on record what they have done and help to build up the fuller Fie. F.
history of the insect world, A pinned Bug.

In the entomologist’s world at present, systematic work, that is classification
and nomenclature, engrosses a far foo Inrge portion of the study devoted to the subjeck.
Qf the thousands who stndy and write about classification, there are but teny whe
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turn to the wider problems of blology or evon to the simpler work of “life histo-
ries.” In India, where entomologioal work ia little carried om, I would plead the
necessity of life history work, or if systematic work is essentinl, at lenst the study of
groups less known than the butterflies. Tn the popular mind,
entomolegy i3 “hbutterflies,” whereas the butberflies are not
one-twelfth of the known inscet world and are probably met one-
fiftleth of the actusl speeies of imsects now existing. ‘Their
beanty and large size impress them on cur minds; but they are
from some points of view the least attractive groap, as they are
almost without exzception the least important in their influence
on agriculture and man’s welfare. To the systemntist, the bectles
and the flies offer wnrivalled fields of work, both little touched as
F1e. G. yet and in both of which very valuable work has yet to be dons
A pinned Moth, befors the classification of these orders can be fally carried out.
wings closed. The mantids, crickets, cockroaches, grasshoppers, and other Ortkop-
tera have been barely toneched, from the biological as from the systematie side,
Myrmeleonides, Mantispides, Hemerobiids and other Neuroplera are far commoner
in India than in some parts of the world, and thers is a splendid field here for life
history work. The insect life of fresh water, of the streams, ponds, tanks and lakes
has not been entered upon snd would yield most valuable results. A very slight
attention paid to scale insects has yielded much that is new, and the smaller species of
plant bugs ave found in very grea$ varlety everywhore. There is no lack of absorbing
work and there should be no lack of workers in a country where so many have to find
their own interests and hobbies, and live surrounded by the marvellously varied insect
worlds The naturalist in India has two great advantages not to be found everywhere.
Publication is easy in the pages of the Asiaiic Society or Bombay Natural History
Socicty's Journal, which bring the work beforo an appreciative andienco; the Indian
Museam is there to help and is glad to receive specimens which are then part of
what I may ecall the National Indian Collection, and really part of the National
Colleetion gathered at the British Mnsenm of Nafural History in South Xensington,
Through the Indisn Museum, the help of the workers in the Dritish Mnseum is
readily obtained, and the Indian Musenm reference eolleotions, thomgh not complete,
have been worked on by the leading European specialists.

Collecting.

In the popular mind, an entomologist is a temporarily insane person, usually hot,
flushed and panting, who carcers wildly after butterflies armed with a large net.
The real entomologist is probably to be
found in the flelds, with no wet or other
applisnces exeept a few pill boxzes, a knife
and a good lens. Collecting differs acoord-
ing to the group to be oolleefed; those
whoe want to know the ways and habits
of the common inseels will spend hours oub
in the open simply watehing. Tho hest
knowledge of the inseet famna of a district
is got by palient watching. As soon as F1a. H.

a partioular species becomes quite familiar A pinned Moth, wings sef.
v
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one collects perbaps two of cach sex for purpeses of identifiestion. As time goss by
ona gets to know the ways and habits of all the eommon insects and gradually
aoquires a rea! knowledge of the fanna of the district. This is the thorough and
in{imate knowledge which enables one to know why an insoct is in a particular spot,

Y16, L.

The Lemon Butterfly, To show setting of wings, the hind margin of forsewing of right
angles fo the body.

what it is doing and what its life is, This is, to the writer at least, the veal work of
the entomologist. JE is then easy fo collect all available specimons of any gne group
and the sctual colleetion ia subordinate to the field work, that is, is simply an index
to tha knowledge soquired of the local insect life. 'With that index, one ean sit down
and write the experiences for the benefit of the entomelogical world, and there would
then be a spoedy advanece in our knowledge of the insects of the counfry. As an ont-
coms of this, the efudy of a particular group can be taken up, and the work extended
over a large area. This ther becomes a valuable piece of work, valuable in proporfion
as it is based on thorough familiarity with the insects of one district and on the whole
life of the inseots in guestion, not simply their external strmeture or the venation of the
-wings. The fendency to commenee straight away on the study of one group is deplor-
able ; it leads to purely systematic work, counting the spines on the margins of the
tibim or the hairs on the pygidium, and there is no basis for comparative work and mo
understanding of the enormous value of biology- The study of dried inscets is nof
entomology ; it is but a small part.  Field work, involving more than meve collecting,
is the backbone of cutomology, and the last thing really wanted is the name of the
insect, whereby to find out what others havo said about 1t. Collecting, therefore, varies
with the afms of the entomologist, and becomes an entirely different thing as he Is
intent on different aims. To the student of each group, different applianees are
nceessary 3 to the beginner, to the naturalist pore and simple who wants to know the

insects of his district, the sole requirements are boxes, a knife, » lens, and perhaps a
net and killing bottle,
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The boxes most useful are card boxes with a glass bottem (net fop). They can
be bought or are made by the North West Soap Company, Caleutta. At a pinch
old match-boxes are very good. A sirong kmife {s handy for digging and- for extract-
ing “berers” A lens is absolutely necesary, and is best gof from London or
Germany. I prefer Leitz's aplanatios, magnifying 10 or 16 dinmeters, but there are
many patterns of aplanatic and Steinhell lenses that arve equally good. The handiest
net I know of is the so-ralled kite or balloon net (fig. R, page 302}, made of four pieces
of cone, a brass Y and a bag of green mustin. Killing botties vary for different groups,
but the cyanide or B. C. bottle Is best for general work,

It s impossible to say anything in detail of special collecting in each group.
Agtera are got by careful search in decaying vegefation, bark, under leaves, in all
sorts of mooks and odd places. A cawel-hair brush and abottle of absoluie alcohel or
95 % spirit {s the best way to secure specimens unhurt, unless they be taken home alive
with some damp material in a box, The absolute alcoliol and brush secures perfect epeci-
mens of the active Campodea or Collembola forms, and they die rapidly in the aleohol.

Orthoptera vary with the family. Earwigs are found on the ground in woods or
in flowers, Cockronches under leaves or among low plants or oo the barlk of trees.
Mantids, Phasmids, Grasshoppers, in erops, on plants, on bushes. Crickets among
fallen leaves, in buches, in the ground, efe. A net is uselul for grasshoppers, but sharp
eyos and hauds are all that the other familics reguive.

Neuroptera want a net 5 dragon-flies are everywhere; IJlemerebizds are on crops
chiefly or among bushes under trees; Myrmeleonides, Mantispides, Ascalaphides
under trees out in the sun. Perlids, Sialids, Ephemerids and Caddisflies near
fresh water. Termites in their nests or af lights. Fmdiids come to lights. Psocids
ars on trees and bushes. Mallophage on birds, ete. There is a big range for the
Neuropberist and an almost unexplored one.

Fia. J.
A pinned Drogon-fly (Neuropfera).

Jiymenoplera distinetly want a met in most cases, and far more necessary than
collecting is the patient watching and breeding. DBenzens is a peculiarly good
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killing agent, a little vapour being sofficient. Chloroform should not be used as it
turnus yellow to red in many cases.

They are far too large a group to attempt any summary of and they can be canght
from early morning to sunset, and in the evening are often easily captured asleep on plants.

Coleaptera again are far too large to deal with. Ewvery
family wanta separato collecting, In this gronp no chance
of rearing from the grub should be lost.  So Little is known
and the difficulties are so great that ome may leck on a
reared beetle as something of an achievement and hasfen fo
put the facts on record. This of course does not refer to
household plagues which rear themselves far too easily Im
cheroots, dour, ete.

Carcases may be meationed as a good hait, however
small they are, and droppings of any kind yield many
varisties, as does the bark of old trees. Benzene or cyanide
are ercellent for killing, and no harm is done by immer-
glon in benzene.

Lepidoptera have fortunately demanded breeding as a
reeessity of good specimens, hence we know the life
histeries and eaterpillars in many cases. The adventitions
ald of “sugaring,” and of lights and light traps, enable
the moth-hunter to secure many treasures. Chloruform or
cyanide is best for killing, not benzene.

Diptera noed a net, or batter still, are easily reared
when the grabs are got, Grubs live in all sorts of places
and there is no mere widely diffused or more interesting
group than this. For variety of habits and habitat, the fly
grubs are fally equal to the beetles and beetle grnbs, and
are mora easily reared, The collector will find them every-
where, on the wing or as grobs. For killing I preferadry

—— tube and a benzened cork, Mave a dazen tubes of one size,

. e, A. vorked, one eontaining benzene. Capture your fly, transfer

m;,%},‘ﬂiﬁ,’f f,lff 7&10?%%%). to a olean dry tube, and then holding your thumb over the

pupa fg:if;'g"; ?37;;:2 it mouth of the tube transfer the cork of the benzene tube to

the tube with the fly in and replace by the elean cork. The

fumes of benzene from the cork will then speedily kill the fly. Flies must never be
wetted with any liguid whatever.

Hemiptera can be killed in any fashion if they are big and hard. Soft ones may
need to be proserved in formalin, ns all Aphide (Green-fiy), ete.

A uet is hardly ngeded for most Ilemipfera. Flant bugs are rarely very active.
Scals insects and mealy wings can only be collected on their fpod-plants and special
aftention has to be paid to rearing adults, parasites, ete. Sharp eyes arc nceded for
collecting Hemipters and not wuch more.

The above summary may help the begimmer, but will not help the specialist in any
order. Every uaturalist finds his own methods; Tam satisfied with the benzened
cork tubes for a killing bottle, a knife, a lens, and a supply of boxes. If Iam hunt-
ing Newroptera or grasshoppers or wasps, I take anet. When a specisl group is to
be stndied, I use such special methods a8 my general egperience has tanght me suit
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that group, but it serves mo wuseful purpose to expound speeial methods which are
familiar or unsuited to those who wotk on special groups.

Killing.

The entomologist mnst have good killimg methods, or his specimens ore nscless.
The ordinary cyanide hottle is good and precautions must be taken to kesp it dry
inside.

I prefer a mixture of benzene and chloroform in equal parts, with a few drops
of eitronella or bergamot oil added. (B.C.) A wide-mouthed bottle with wads of
blotting paper damped with this mizture is very good, and I find it suite all groups
equally well.

For Iaboratory material or for dissecting, heat or absolute alechol give good results
for most insects.

Tobaceo smoke will, if nothing else be available, kill many small inseets;
Dymenoptera especially curl up almost at once.

Setting, Pinning, Mounting.

Having killed onc’s specimens, the next thing is to sot them. There again &
troatise is Tequired to cover all the special methods, and no attempt is made to do
mord than outline the subject. FExperiencoe and many failures teach more thao a
volume ean do, and many specimens 1oust be ruined before this can be mastered.

Pins are of varions kinds. The ordinary insect pin, white or emamelled black,
is the best, and one may use them ontirely or use Carlsbad or long American pins.
Stacl pins, enamelled black, are not reliable as the enamel comes off and the pin rnsts
through. D, F. Tayler or Kirby Beard & Co. make ordinary pins and Tayler's
Nos. 2,8,7,13, 16 and 20 cover practically all needs. In pinning, the point is to have
one-third of onc's pin above the insect and the rest in and below it. It is usual to pin
Orthoptera in the middle of the thorax or throngh the right wing; Newropiera,
ITymenopters, Lepidoptera and Hemiptera throngh the thorax ; Coleoptera through
tha right wing-case so that the pin does not plerce tha xight hind leg,

Small insocte are often very treuhlesoma to mouut and set, and thereare special
methads for them.

Staging consists in pinning the insect with a fine pin on a slip of polyporus pith
the pith is then pinned with a big pin.  Any compact white pith will do.

Fro. L.
Locus! packed in papericylinders

Gumming eonsists of fixing the inseet to a slip of card, and p'nning ihat witha
big pin. White gum is nsed, as littlo as possible being taken. The cards unsed hero are
rectangular, as narrow as possible ; others prefer triangular points.
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Oun Cord.—This is a mothod of ploning fies ; a dise of enrd is taken, ent with a
20-bore gun-wad puneh, and a fine {No. 20} pin passed through ; the pin is then
earefully pushed through the thorax of the fly firom Gelow, so that the point projects

above. The card is then pinned with
* a big pin in the oppesite way {fig. K).

The last wethod is used only for
Diptera ; gnmming is need for small
Coleoptera ; staging for small O
thopters, Newroplera, Hymenoplera,
medinm  Coleoptera, and for Hemip-
tera. Small Lepidoptera require special
pins.

Many very small inseets can ounly
be kept in small corked fubes; the
inside of the corks should then be
dipped in o solution of naphthalens, in
benzene, or in earholic aeid,

Telaxing consists in keeping the specimen for 12 hours or more in & damp box #ill
rigor mortis has passed off and the wings, legs and antcunw are flexible. A small
quantity of acetie or other acid in the hox helps to preserve the colonr.

Setting Tepidoplere vequires sefting hoards and one may adopt any of the
methods, high sciting being perliups the best after the manner of the British Musgum.

Other groups when pinned should have their legs and antenna earcfully arranged
g0 as to be natural and so as to be readily examined by & lens.

Once an insect is mounted and dried, it is brittle and cannot easily be reset, so
the arrangement of the legs, antenne and wings is important. Specimens should be
as vatural as possible.  The wings of Newreptera should be spread as in the case of
Lepideptera. In grasshoppers the left wings of one specimen should bespread.  Speci-
mens shonld be set in different ways, some with wings open, some with wings as they
ate normally when at rest, the object being to display the insect and to preserve its
natural habit of body. Having set the speci-

Fia. M.
Paper cut for folding.

meng, dry them. No insect should be stored S e B
#ill it is perfectly dry and the lack of this e g
means a certainty of monlds sooner or later. e O

In the monsoon, a proper drying hox contains
ing ealeium chloride or Iime is very valnable,
if not essential.

Labelling.

:
N
-3
o
L,
5
'
.

A specimen without a Iabel may be thrown
away, as it is useless. Labelling should be
done at once as there will then be no confusion.
1t would be 'a good thing if all enfowmologists
labelled in the same woy, and the best system - ¥16. K.
of laha]ling is as follows :— Molh or Duiterfly in paper.

The labels used are of stout white puper or thin card ; the number, date of capture,
name of food-plant, and loeality are written on the Iahel and at one side the name
of the collection. 'The collector’s name is on a separate label if the speeimen is sent to
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the Museum, and all Musenm specimens besr the Mascam label. In putting locality
one must be precise. The village, taluka, or town, the provines, and ¢ India ** mnst all
be placed on the label, as a specimen labelled “ Hyderabad ™ may bhe from one of two
‘places, and the entomologist in Europe or Ameriea to whom a specimen may go does
not neecssarily know that these places are in Indis.

Labelling like setting is done with a view to pesterity, and colleetions now mada
may be in & Maseum for centuries and may go to auy part of the world eventually.

If the insect’s nane is to be on & label, it should be on a separats label of & distine-
tive colour. There may then be threc [abels, the eollector’s name, the full details on a
collection label, and the name of the insect, with the name of the person responsible
for naming, followed by an exclamation point !

Storing.
Insects after being pinned, labelled and set are stored in corked boxes. DBoxzes
must be air-tight and well corked and papered.
Naphthalene or other “insectifuges’ must be placed in the box. The difficulty in
India is not excluding insects so much as exclud-

ing damp, and it is at this time that the value of N2 T E ]
drying insacts thoroughly is apparent. Any moistare ST b
in the insect leads to mould when the atmosphere Futal B0

round it is moist also, and the surest guard against
mould is thorough drying before placing in the store
bozx.

It is unnecessary to pin all of a collection if there
are daplicates. Spare Lepidoptera are best kept in
*“ papers,” spare Orthopiers in cylinders (Gg. L), and
spare beetles in sawdust or bran. They can then be
relaxed and set if wanted for the pinmed collection, or Fia O.
aro readily sent by post unpinned. The finished paper,

Caterpillars, etc.

Larvie of all kinds are best prescrved in aleohol, aleoholic mixtures, or {ormalin.
Special methods must ba used for obtaining laboratory materia! for dissection, ete.
Rectified apirit of 70 per cent. aleohol is the best form of spirit ; a mixture of aloohel,
spirib and glycerine preserves larvas well and keeps them in a good flexible stafe.
Caterpillars are best blown with a larva blowing apparatus or over a spirit lamp and
small oven. A solution of 4 per cent. formalin in water is good for most larve. A
handy way of storing larves is in tubes, 3 inches long by 1 inch in diameter, with a
good cork. The label should be inside the fube written with hard pencil or good ink,
and it is useful to have the insect's number on the cork or on the eutside for ready
reference.

Arrangement of Collection.

In making o collestion of pinned insects, the diffioulty lles in allowing for expan-
gion, Iowever much rgom one allows for future specimens, one cannot be sure that
the arrangement will meet future meeds simply becauso one cannct foreseo what will
come in. It is porhaps best to allow ab {irst for & small expansion only and then pre-
sently transfer the whole collection, leaving a large space for fresh accessions. Where
all families are collected, it is well to start a box for cach order, expanding these orders
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into boxes assigned for eack big family and gromps of small ones. For this reason
store-boxes are better for keeping permanent collections in tham cabinets with drawers,
as new boxes ean be put in anywhere and new drawers cannot always be inserted.

In making a general collection it is wiser to separate the orders, and nof, for
instance, to put the parasites of a species of moth with the specimens of that moth.
If the moths ara the object of the collection, then the parasites can fitly be placed with
the spectes they prey on.

It is important to put name labels on the pins nnd not simply below ecach species;
there may be a generic label at the head of a genus and a specifie label below each
gpecles in addition.

Special Material.

All specimens eannot be either pinned or in spirit; thers must be a quantity of
special material unsuitable for either. Eggs, pupa cases, cocoons, specimens illustrat-
ing the habitations of insects must be kept separate in bozes or bottles a3 & rale. For
small objects, eggs, pupa cases, small cocoons, ete., glass topped boxes are useful. A
small quantity of naphthalene helps to preserve thera. Duplicate insects also want
special storing, as the Lepidoplera in papers, Colespfera in sawdust, Ortheptera in
oylinders. Coceide keep well in small envelopes wrapped in oiled paper, as do the
pupe and larve of Alewredide. Swmall Hemiptera, Hymenoptera, Diptera, can
often be best kept in good corked tubes, as can swall duplicate Coleopfera; but they
must first be well dried, and the outside of the corks should be varnished or dipped
in melted parafin wax. A dry specimen should always be in an atmosphere of naphtha-
lene or earbolic acid ; the inside of corks of tubes shounld be dipped in earbolic acid or in
a tolution of naphthalene.

In working microscopic specimens, a series of slides accumulates of inseets in
Canada baleam. These are kept in spesisl cabinets and it is convenient to number
them in erder as they are made and list them separately in a book.

Rearing.

A volume could be written on this subjeet to deal with the different families and
their peculiar needs. Thore is but one rule, to keep the insects a3 much as possible in
nabural conditions, This can never be fully altained in a small space or even in the
biggest eage indoors. Many eannot be reared in caplivity save under exceptionally
good conditions ; others will live under very bad conditions. Lepidopiers are among
the easiest unless they are such as some of the Lyemnida, which miss the attendance
of their particular species of ants. Plant-feeding caterpillavs want plenty of fresh
food, proper conditions of light, air and moisture, and whatever particalar conditions
they regunire for pupation.

Diptera are often easy, provided they are not allowed to dry nup. Most predaceous
forms, Mantide, Hemerobiide, Coccinellide, need s very large supply of food and
even then are not always easy to rear.

Larger plant-sucking Hemipfera need live plants to feed on and then thrive very
often. Smaller Hemiptera are ensy to vear, save such forms ss Jasside. Many
species of Orthoptera can be reared but will nof breed in caplivily ; the same is true
of the majority of Coleoptera and Hemiptera.

Aquatic insects demand special methods usually ensily obtained if the insects are
acenstomed to stagnant water but almost impossible for such as live in swiftly rune
ning water.
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Boving insects are easy to rear bub will not breed readily, unless they are
Lepidoptera. Galls are exceptionally difficult to manage, and I have found Dr. Sharp’s
suggestion of always baving a little carbolic acid to vapourise in the jar or cage a
good one,

PR Ry

Field cage, -threé feet cube,

Fer breeding dages and jars, there 1s no standard, Por small insects cages made
of perforated zine with a sliding glass 1id are very good, and are also handy for
teavelling.  From these up Lo cages 6 feel bhigh there may bo an indefinite seties
according to the object in view. Many small species need nothing move than a glags.
topped box or a glass jar.

Cleanliness, plenty of fresh foed, s liberal provision of air, light, dry or damp
enrth and shelter are the chief things to be looked for in reating insects.

Notes.

It is a round plan to worle entirely by numbers, giving each speries a serlal nums
ber and using that for all specimens of that species, and for all notes.  All the records
conoerning pests are kept by numbers and the varions species are known by number
throaghout.  This rarely entails confusion when two closely allied species are confused
under one number, and even this can be avoided by giving a fresh number to a new
bateh of what one thinks may be n familiar species, 131l one is sure it is the same.
No harm is done by having one species under soveral nwmbers till onc is sure they are
the same, as it is an easy matter to put them all under one number at any time,

Notes habitually and regularly taken include field notes, notes from rearing cages,
votes of epecimens sont in, notes from literature, and a note of all the specimens that
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ave in the collection relating to that one specics. By bringing these all together in
one place one has at a glance the whele history of each speeies so far as it is kaown.

A separate index of food plants and a systematic index then became necessary so
that one may at a glance find all the pésts of a particular cvop, or all the insects of a
particular family that ome has in the collection.

I prefer to keep nearly all this information on eards, in » eard ealalogue series, and
only rearing notes and field noles are entered separately and then condensed em to the
regular card series, The methodical collection of all information is a great part of any
continuous entomological work, and for lack of it a great deal of work has been lost.
I have not space to describe the card system in mse; I am convineed that methodical
and careful note taking is of the greatest importance if one aims nt anything higher
than a merc collection of dried specimens. The most trivial things may laker on be
found to Le of the utmost importance, and one racks the memory in vain to remember
the precise details.

Formulw.

1.—B. C. botéle.

) Equal parts. Add a few drops
Bcuzcufe - ' * i i ' } of 01l of bergamot or other
Chloreform . ' . essontial oil,

Killing fluid for dptera.
Absolute aleohol . . .

N
+ Equal parts.
Glacial acetic acid . . . .4 qual p

Lormalin,
Formic sldebyde 40°/, (Formol) 1 part.
Water . . . . 19 parts.

Cement.

White gum urable . . . . In egual parts, powflef'ed, with
White wum tragaeanth enough water to make w puste,

ie g gac ‘ and o few drops of earbolic acid,

Gum for labelling glass bottles.
Aluminium sulphate . . 2 grams } Dissolve,
Water . . . . 20 grams ’
Gum arabic . . . T4 grams} Dissalve
Water e . . 180 groms )
Mix the two,
Preserving fluid.
Aleohol, 8 . . . .
Glco o), 95% 2ratey yaa % per cent. of acetic acid to
yeerine . .. .1 part ¢ fpjghed mixtmre,

Water . . . . 1 part

2—Killing lottle.
Cyanide of potassiom . : . . . . . . loz,
Plaster of Paris . . . - . . . 4oz

Place the cyanide in the botfle, cover with half the plaster. DMix the rest of the

Plaster to a cream with water, and guickly pour over the dry plaster and eyanide in th
bottle,
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Apparatus,

Nets—The ordinary kite or balloon net serves mosé purposes, but a small light
net with s bag of light material may be needed for small Hymenoptera, Dipiera,
ete.

Fig, Q.-
Frame of kite net, of cane with brase ends.

For aquatic insects, a stout nef, inside lined with fine muslin and outside with
coarse holland, with a bottle at the bottom is most suitable.

L3l boxres.—For collecting these shounld be glass bottomed, round, nested boxes,
of curdboard. Before wse they should be varnished oulside with shellac dissolved in
alevhol to preserve them from damp.

IxBx2
BX56 X2}

Glass topped boxes,~The handy sizes are 3 they shonld be of cardboard

with glass top, and also varnished cutside.

Lubes—Glnsa tubas, well corked, are the handiest things for general collecting.
‘Fwo sizes are useful, 3¢ 1 inch, and 2 x § nch. )

Milling botéle—~ls best made witha well stoppered, wide-moubhed bottle as
described above. '

Knife—A good knife is essential. :

Pins—D. F. Tayler’s Nos. 2, 3, 7, 12, 16, and 23, meet all ordinary
quuimme_mts,
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Store bores.—A wuseful size is 175X 12x 3} ; thin sheets of cork § inch thick are
used for lining, covered with white paper, There should be & cell in one corner for
naphthalene.

Fis, RB.
Kite Net.

Forceps— Are usefyl for handling fine insecls, they shonld be long and curved,
with fine points. Coarser curved
or bent forceps are wuseful for
handling pinned insects.
FPuncko—A 20-bore gun-wad
punch is useful for catting dices
of white card for monnting flies.
Fia, 8, Lensi—A  good  aplanatic
Foreeps for handling small insects ; pinning magnifying 10 to 16 diameters is
forceps have broader poins. essential for small insects.
Setting boards—These may be obtained in the flat form for high setbing, in the
flat for low sctting or in the oval form for low setting. Flat setting boards in either
form are preferable to oval.
Pith—~Polyporus pith (imported) is & wvery good material for staging small
insects, At a pineh amy good fough pith will answer.
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A

American Bollworm, 144, 89.
Anjoumois Grain Moth, 256.
Anfts, injurions, 231.

»»  harvesting, 232,

»  White, 228,
Aphis, 239.

»  cotton, 110,

»  wheat, 124.
Arecanat Weevil, 253.

B

Bags, 72, 78, 188, 18Y, 223,
Bnits, 74, 192.
Balanes of Life, 65.
Bamhoo Bestles, 260,
Baskets, 74.
Batesian Mimicry, 47,
Beetle, Bamboo, 260,

s Bisenit, 252,

»  Blister, 205, 122, 138, 165.

s Cheroot, 253.

o Cockchafer, 198, 122,

»  Epilachna, 204, 164,

» Flea, 203, 124.

s Leaf-eating, 200.

»  Palm, 207,

»s  Rhinoceros, 207,

w  Sawtooth, 262,

»  Surfaece, 220,

»  Tortoise, 201,

»  Whest, 251,
Beneficial Insects, 2€8.
Bherwa, 227.

Birds, 67, 280,

INDEX,

B—conid.

Biscnit Beatle, 252.
Biting Flies, 267.
Blaok Blight, 242.
Black Spotted Grasshopper, 213, 113.
Blister Beetles, 205, 122, 138, 165.
” ' Brown, 205, 138.
» " Green, 205, 138,
” »  Orange banded, 205,
165.
Bollworm, Pink, 93.
” Amerioan, 144.
I'T) Spo’ate&, 89.
Bomhay Locust, 217,
Borer, Brinjal Fruit, 166.
o Cane, 125.
»  Cotton Stem, 100
1 Orange, 178,
I Whitﬁ, 130.
Bot Flies, 266,
Broods, 30.
Brown Blister Beetles, 205, 138.
» DBag, 244,
Bud Caterpillar, Cotton, 89.
Bug, Betel Vine, 234.
»  Brown, 244.
» Coffee Berry, 235.
y» Dusky Cotton, 107,
» Giant Red, 2365.
»» Green, 188, 235.
" »  of coffes, 245,
»»  Mealy, 242,
» Painted, 233, 1565,
Plant, 233,
» Red Cotton, 104.
+s Rice, 116.
Butterly, life history of, 16.
X
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C

Carholie, 84.

Carbon bisulphide, 258,

Cask Weevil, 253.

Caterpillar, Anar, 179
Bhindi, 167.
Brinjal, 165.
Castor, 158.
Cotton, 112.
Ginger, 168.
Gram, 144, 180,
Hairy, 112, 113, 162, 193.
Jute, 151,
Leaf-eating, 181.
Lemon, 174,

L2

”

" Maize, 138.

” patts of, 8.

» Pumpkin, 165.

»» Sann Hemp, 148.
" Sorgham, 138, 189,

Sarface, 150,
Swarming, 187.
Til Leaf, 161.
Tobaceo, 156, 189.
Tur pod, 140,
" Tur leaf, 143,
Cattle Bot, 266,

,» FPests of, 261.
Classification, 52.
Clean culture, 68,
Climatio checks, 63.
Coclkchafers, 196.
Coleoptera, definition of, 53.
Colour, 44,
Uontaet poisons, ¥6.
Creosote, 84,
Crickets, 224, 157.
Cruda oil emulsion, 82,
Cryptic colonring, 44.
Oryptic form, 37.
Cutworm (Surface Caterpillar), 190,

D

Deceptive colouring, 48,
Diamond-back Moth, 162,
Dipping seedlings, 223.

INLEX,

D—conid.

Diptera, definition of, 54.
Diseases of Insects, 64, 65,
Dusky Cotton Bug, 107.

B

Eggs, 22-24.

form of, 24,

number of, 23.

period of, 24.
»  where laid, 24,

Epilachna Beetle, 204,

”
”

n

F

Females, undeveloped, 29.
Flea Beetle, Rioe, 203.
San, 203.
‘Wheat, 203.

2 1]

" bR

Fleas, 261,
Fles, biting, 267.
frait, 170,
Gad, 264.
Horsa, 265.
,» parasitio, 270.
Fly, Cane, 134.
Maize, 137.
Melon frait, 164, 170, 171.
,» Rice 8tem, 118.
o Tur pod, 142,
Food, 10.
» plants, 13.
Form, 36.
Fruit, pests of, 170.
Borer, Brinjal, 166, 168.
» flies, 170,
Fumigation, cotton seed, 95.
seed, 208.

»

EE]

L1

»

"

G

(ad Flies, 264.
Genus, defined, 58,
Giant Red Bug, 235.



G—conid.

Gondal duid, 285,

Grain pests, 251.

Grasshopper, life hstory of, 18, 19,
" Rice, 119.
” Snouted, 213, 214.

" Painted, 9132.
» Black Spotted, 113, 213,
" Surface, 113, 220, 157.

Grasshoppers, 210.

Green Blister Beetle, 2035.
» Bug, 188, 235,
" » of coffee, 244,
» Fly, 237,
»  Mealy Scale, 245.
o Weevil, 202.

H

Hairy Caterpillars, 193,°112.
Hand-sprayer, 76.
Hand-picking, 73, 147.
Hand-net, 74,
Harvesting ants, 232,
{lemiptera, definition of, 54,
Hens, T1.
Harbivores, 12.
Hiberngtion, 30.
Hispa, Rice, 114.
Hopper, Cotton Leaf, 104.
Hoppers, Mango, 173.
Horse Bot, 265.

»  Flies, 266.
Hymenoptera, definition of, 63.

Tchnenmonsg, 268,
Tmago, period of, 28, 29,
Insect, parts of, 3.
Insscta, definition of, 1.
Insecticides, 75.

Internal anatomy, 8,

INDEX.

K

Kerosene emulsion, 81,

L

Lace-wing Flies, 275.
Ladybird Beetles, 273,
Lamp fraps, 74, 199,

Larva. moults of, 25.

»  period of, 35.

Lead arseniate, 79.

Leaf Beotle, Red, 113, 164,
» Caterpillar, Maize, 138.
" . Tur, 143.

Leaf-eating Beetles, 200.

Leaf-hopper, Cotton, 109,

Leaf-miner, Groundnut, 148,

Leaf-roller, Cotton, 96,

Leather Beatle, 252,

Lepidopters, definition of, 54.

Leptispa, Hice, 201,

Lice, 264,

Life histery, 15.

Light traps, 74, 199,

Locusts, 214.

» Bombay, 217.

. Fiy, 219,

’e Migratory, 214.
» Mite, 219.

» North-West, 215,

M

Maggot, Ginger, 168.
MeDougal's insecticide, 85.
Mealy Bugs, 242,

s»»  Bug, Cane, 245,

” » Cotton, 118,

5 Sealo, Green, 243.

»  Wings, 340,

Cane, 135.

' » Orange, 177.
Migratory Looust, 214.
Mimiery, Batesian, 47.

»  Mullerian, 48,

» E2]

X%
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M_C on t do

Mixed orops, 69.

Mole Cricket, 226,

Moth-borer, 126.

Moth, Diamond Baek, 152.
» Fruit, 177.

Mouth-parts, 5.

Mutlerian Mimiery, 48.

N

Neots, 74.

Neuroptera, definition of, 53.
Nomenalatore discussed, 57.
North-West Locust, 215.

0

Orange banded Blister Beetle, 205.

Origin of pests, 63.
Orthoptera, definition of, 52.

P

Painted Bug, 283,

»  Grasshopper, 212,
Parasites, 12.

Persian Tick, 262.
Phenyl, B4.
Pink Bollworm, 93.
Plant Bugs, 233.
» Lioe, 287.

Plumae Moth, Tur, 140.
Pod Caterpillar, Tur, 140.

w Fly, Tuar, 142,
Predators, 12, 268, 269.

' biting, 273.

1 stinging, 271.
Preventive measures, 68.
Protective devices, 38, 39.
Pulse Beetles, 254.

Pupa. period of, 28,
»  where found, 28,

R

Red Cotton Bug, 104.
+» Grain Beetle, 253,
» Leaf Beetle, 201.
»  Spotted Scale, 242,
»” Weeﬁl, 208.

Remedial measures, 71.

Rhinoceros Beetle, 207,

Rioe Bug, 116.

s Weevil, 251,

Rosin washes, 83,

Rotation of crops, 69.

s

Sanitary fluid, 84.
Saw-fly, Mustard, 163,
Saw-tooth Beetle, 252
Scale Insects, 242,
Scavengers, 12,
Serew Worm, 267.
Semilooper, Cotten, 113,

» (abhage, 154.
Senses, 8.
Seven-gpotted Ladybird, 273.
Sex as modifying form, 39.
Sheep Bot, 266.
Six-spotted Ladybird, 273.
Six-spotted Tiger Beetle, 118.
Size, 34.
Smoke, 74.
Snouted Grasshopper, 313, 214.
Sounds, 42.
Species, defined, 57.
Sphinx, Til, 169.
Spotted Bollworm, 89.
Spraying, 75.
Spraying machines, 77.
Stem-horer, Cotton, 100.

» s DBrinjal, 166.
»s 32  Tobaceo, 166.
w »  Wheat, 122,

» Fly, Rice, 118,

»  Weevil, Cotton, 103.

" . Jute, 161.
Stomach poisons, 84.
Buccess Knapsack Sprayer, 78,



S—eontd.

Surface Beotles, 220.
»  Caterpillars, 190.
«  Grasshoppers, 220, 118, 157.
»  Weevils, 221,

8yrphus Flies, 277.

T

Tamarind Beetle, 256.
Termites, 228.

Ticks, 262,

Tiger-beetle, Six-spotied, 118.
Timber Beetles, 259.

Tobaceo, insecticide, 84.
Tortoise Bectle, 201.

Trap crop, 70.

Trenching, 71.

INDEX.

LE]
1

EE)

Wheat

”
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w

Warble, 266.
Warning colouration, 47.
Weevil, Arecanut, 253.

Cask, 2563.

Colton Stem, 103, 104.
(reen, 112,

Jute, 161,

Mango, 174.

Palm, 208.

Red, 208.

Surface, 221,

8weet Potato, 162,
White, 111, 112.

Beetle, 251.
White Ants, 228.
Borer, 130.
Weevil, 111, 112.



1.

2.

3.
4.

5.
6
7
8.
&
10.

11.

et

13.
13.
14.
15.

16,

17,
18.

19-24..

25-29.
30.
31
32,
33.
.
36.
36.
37.
38,
39,
40.
41,

42,

LIST OF ILLUSTRATIONS.

——

Millipede.
Tetranychus bioculatus. w.
M.

Ereunetis seminivora. Wlsm.

Gibbium scotias. F.

Evreunetis seminivora. Wlm.
. Caterpillar diagram.
. Eumenes pefiolata. F.

Dipteron,

Cossus Lgniperda. F.

Tacanus bicolor. Ho.

Anthia sexguiiate. F.

Priotyrannus mordes. Wh.

Sehizodactylus monstruosus.
Don. ; monthparts.

Beetle, mouthparts.

Fly 1

Batterfly ,,

Moth "

Halobates Srauenfeldus.
Buch.

Oscines theas, DBig.

Danais chrysippus, Linn.
Danais limaince. Cr.
Aeridium succinetum. L.
Heterogamia indica. WIk.
Periplaneta americana. L.
Mantis egg case and young.
Eggs of Plant Bug.
Cicada. (G. 1287.)
Lasiceampid.
ZLarinus eremita. des Log.
Odoiporus longreellis, Chevr,
Butterfly chrysalis.
Thoses cofess, Swinh,
Mutilla regia.  Bm.
Dlakasena graminivora,
Hampsn.

Carteria decoreila, Magk.

43.
44
45.

46.
47,
48.
49.
50.
61.

)
u:y,.

Deilephila nervi. Linn
Zeuzera coffeae. Nietn.
Leucophaea  surinamensis.
¥,
Cimex lectularius. Linn,
Tarvcus theophrastus. F.
Holocklora albide.
Phyllium scythe, Gray.
Limacodid.
Oceophylia
Fabr.
Mecopoda elongarn.

smaragding,

Linn.

53. Trachylepidia fructicassiclla

54-bb.
56-567.
58-59.
60.
61.

G2,
63-64.
65.
66.

67.
8.

69.
70.
71

72.
73,
74.
76.
76.
77.
78.

Rag.
Darylus labiatus, Sehuck.
Lucanus lunifer. Ho.
Hypolimnas misippus. Ta
Culicid.
Anisoneure
Guoen.
Chrotegonus. Sp.
Pseudosphing teirio. L.
Mylabris pustulata. F.
Kumenes quadrispinosa.
Sauss.
Cerie eumenioides. Saund.
Eristalis arvorum. Fabr,
and Apis indiea. Fabr.
Teratodus monticollis. Dr.
Junonie lemonias, Linn.
Bredenbachius pictus. Dist.
Monanthia globulifera. Wik.
Epacromia dorsalis. Thunb.
Chrysopa sp-
Aphelinus thewe. Cam,
Apis dorsafa. Tabr.
Prachyaspistes tibialis.
Chrysomelid.
Nonagria unifermis. Ddgn.

hypocyanea.
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79. Dipteron.
80. Homacocerus variabilis. Dall.
81. Podontia 14-punctate. Linn.
82. Hymenopteron.
83. Dipteron.
84. Thosea cervina. Mo.
86. Phyltium scythe, Gray.
88. Xylehorus fornioatus. Hrichs.
87. Coclosterna sp.
88' EH
89. Pyralid.
090,91 &
92, Bags.
03-94. Hand Sprayer.
95-97. Success Kunapsack Sprayer.
98-103. Earias fubia. Stoll.
104-106. Gelechia gossypiella. Saund.
107. Urogaster depressarice. Ashm.
108, Leaf attacked by Sylepta
derogata. F.

109. Sylepta derogata. P.
110-113. Plhycita infusella. Meyr.
114-119. Sphenoptera gossypii. Kerr.
120-121. Cotton-stem Weevil.

122. Lygaens hospes. Fabr.

123, Dysdercus cingulatus. Fabr.

124. Graplostethus servus. Fabr.

126. Dysdercus eingulatus, Fabr.

126, Qayecaraenus laetus. Kby,

127. Jassid,

128-130. A phis gossypii. Gl

131. Hispa aenescens. Baly.
132-133. Leptocorisa varicornis. Fabr.

134. Cicindela seapunciata. L.
135-138. Heireglyphus furcifer. Serv.

139. Melanites ismene. Cr.
140-143. Nonagrie uniformis. Ddgn.
143-160. Chilo simplex. Butl,

161. Blepharipoda sp.

152. Scirpoplhage aurifiuc. Zell,

163, Dictyophara pallida. Don.

154. Alewrodes barodensis. Mask.

185, Delphax psylloides. Leth,

166. Cirphkis unipuncia. Haw,
167.160. Frelasta parasita. Meyr.
181-184. Chloriden obsoleta. T,

166. Amsacte moorei, Dutl,
166-168. Utetheisa pulchella. L.

169. Maryca ¢estulalis. Gey.

170-171. Plutella meculipennis. Curt.
172-174. Plusia signate. F.
176. REopalosiphum
Sehr.

176.17%. Prodenia Littoralis. Boisd.
178-179. Ophiusa melicerte. Dr.

180. Ergolis merione. Cr.
181-182. Aeckerontia styx. Westw,
188-184. Diacrisic obligua. Wik,
135-186. Cylas turcipennie. Bobm.

187. Glyphodes indice. Saund,
188-189. Zeucinodes orbonalis. Guen.

190. Nezare viridule. L.
191-192. Dacus ferrugineus, Ol

193, Rivelliz persicae. Big.

194, Carpomyia paretaling. Big.
195-197. Papilio demoleus. L.

198, Stromatinm barbatum. Fabr.
199-206. Firachola isocrates. Fabr,

207, Pyrousta macheralis. Wlk.

308. Lasiocampid.

209-210. Zinckenia fascialis, Cram.

NN, Cirplis loreyi. Dup.

212, Polytela gloriose. Fabr,

213, Noctuid.

214. Caredrina exigue. Hiibn.

215. Euaon segetis. Schiff,

216. Agrotis flammatra. Schiff,
217-219. Diaerisia obligua. Wlk.
230-221. Amsacte albistriga. Wlk.

822. Amsacte lactines. Cram,

323. Adrgina eribraria. Clerck.

234, Utcetheisa pulchelle. L

225. Melolonthid.

226. Lacknosterna

Burm.
227-339. Melolonthid.

330. Serice assamensis. Brenske,

231-282. Adorectus bangalorensis.
Brenske.

233. Awlacophora foveicollis. Kiist.

284, Aulacophora sxcavata. Baly.

235, Leptispa pygmaea. Baly.

236, Adspidiomorpha miliaris.

Fabr.

237. Myllocerus maculosus. Desb.

288. Astycus lateralis. Fabr.

238. Chaectocnema basalis. Baly.

240. Epilackna 28-puncleta. Fabr.

dianthi.

tmpressd.



241-242.
213.
244-345.
246,
247.

248.

249,
250-251.

252.
253,
254.
255.
25¢-258.
239.

260.

261.
a62.
263,
264.
265,

266.

267.
268,

269,
270.
271

272-275.
276.
2717.
278.
279,
280,
281,
282,
283.
284.
285.
286.

LIST OF ILLUSTRATIONS,
Mylabris pustulata. Fabr, i 287-288.
Cantharis tenuicollis. Pall. 239,

Cantharis rouri, Cost.
Oryctes rhinoceros. Linn.

Riynchophorus signaticollis.
Cklevr.

Tylotropidins didgymus.
Thunb.

Poecilocera picta. Fabr.
Aeridium ACrUFIN0 UL
Burm.
Tryzalis turrita. Fabr,
Aeridinm peregrinum. Ol
Aeridivm suocinctum. Linn,
Acridium pereyrinum. O
Aeridium succinctum. Linn.

Miltogramma duwodecimpunc-
tata. Big.

Anthomyie  peshawarensis.
Big,

Tanymecus indicus. Des. Log.
Opatrum depressum. Fabr,

Epacromia dorsalis. Thunb.

Chrotogonus lugubris, Blanch,

Chrotogonus  trachypterus.
Blanch,

Brackytrypes achatinus.
Seoll.

Splex lobatus. Fabr.

Gryllodes  melonocephaius,
Berv.

Liogrylius bimaculatus. dcG,
Gryllotalpa africana. Pal. B.

Sehizodactylus monstruosus.

Don.
Termes taprobanus. Iag.
Dorylus orientalis. Westw.
Agoenoscelis nubila. Fabr.
Bagrada picta. Fabr.
Mouthparta of Hemiptera.
Disprinctus lumeralis. Wik,
Lokita grandis. Gr.
Caloooris engustatus, Leth,
Calocoris lineolafus. Goeze.
Blissus gibbus. Fabr,
Aphanus sordidus. Fabr,
Aphis malvae. Pass.

290.
291-292.
293.
204.
295.
29¢.

297,
298-301.
308.
303.
304,
305.
306,
307.
308.
309.
310,
311.
312,
313.
314,
318.
316.
317.
318.
319.
320,
331.
322
323,
324-3235.
326.
321.
328.
329,
330.

331,

332-337.
338-342.
343.
344,
345-346.
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Aleurodid.
Aleurodes nubtlans. Buckt.
Aspidiotus fiens. Ashm.
Leeantum nigrwm. Nietn.
Aspidiotus ficws. Ashm.
Chionaspis separate. Gr.
Eriochiton theae. Gr,
Chionaspis prunicole var.
thewe, Mask.
Dactylopius citri. R.
Calandra oryzae. Linn,
Trogosita mauritanica. Linn,
Laemophlaeus pusillus. Fabr.
Silvanys surinamensis. Linn.
Lasioderma testaceun. Duft.
Anthrenus sp.
Dribolium ferrugineum. Fabr,
‘Work of Bruchid.
Caryoborus gonagra. Fabr,
Bruchus emarginatus. All,
Bryckus chinensis, Linn.
Ephestia cakiritella. Oliv.
Bostrickus aegualis. Waterh.
Dinoderus distinctus. Le.
Araecerus fasciculatus, deG.
Argas persicus. Fabr,
Pediculus capitis.
Chrysops dispar. Fabr.
Tabanid larva.
Hippobosca. sp.
Pimple punctator. Linn,
Cotesia flavipes. Cam.
Tehneumon.
Tachinid.
Platygaster oryze. Cam.
LEumenes esuriens, Fabr.
Ammophile luevigate. Sm.
Coelophora sauzets, Muls,

Chilomenes sexmaculata,
Fabr.

Coccinella  sepltempunclaia.
Linn.

Chrysopa, spp.

Syrplus aegyptius, Wied.
Calosoma orieniale. Ho.
Aunthia sexguttata, Yabr.
Mantid.



LIST OF PLANTS.

[N

[ Names in bold type arve those used in the iext, te which alone page veferences
are given. Names tn italics ave sciontific, names fn Roman are vernacular and
English, refevence being given in every case to the equivalent word used in the
text. Figuresin bolder type are prinetpal references to the pests of that plant.}

A

Adrak (Ginger).

Afim (Opiam).

Akh, 171, 218, 231.

Ale (Ginger).

Alu (Potato).

Am {Mango).

Amba (Mango).

Ambadi, 185.

Anar, 175.

Andropogon sorghum (Sorghum).
Arachis hypogen (Groundnut).
Areca catechu (Betel Nut Palm).
Araea Nut Palm (Botel Nut Palm).
Arend (Castor).

Avhar (Tur).

Artichoke, 232.

Avena satiea (Oats).

B

Baigan (Brinjal).

Bajra, 146, 198, 200, 206, 235.

Banti {8ama).

Baril ban (Cottonl.

Barley, 222.

Belati-mung (Groundnut).

RBenincasa eerifera (Belen).

Baor, 176.

Begtel Nut FPalm, 215.

Botel Vine, 236,

Bhang (Ganja).

Bbat (Soy bean in Bengal) (Rice in
Bombay).

B—contd.

Bhindi, 90, 92, 93, 105, 108, 112,
167.

Bhoising {Groundnut).

Bhuimug (Groundnut;).

Bhuta (Maize).

Bijaura (Tiemon).

Brahmokha (Artichoke).

Brassiee  compestris  var. Sarson
{ Mustard}.

Brassica juncea (Mustard).

Brassica napus var. Dichofoma
{Rape).

Brassica oleracea (Cabbage).
Brinjal, 166, 171, 203, 204,
But (Gram).

C

Cabbage, 152, 232.
Cajanus indicus (Tur).
Culotropis, spp. (Akh).
Cannralis sativa (Ganja),
Cupsicum, spp. {Chillies).
Castor Plant, 158, 169, 195, 241.
Cauliflower, 158, 232.
Chal kamra (Melon).
Chana (Gram).

Chawal (Riee).

Chena (Small millets). ,
Chick pea (Gram).
Chillies, 229.

Cholam (Sorghum).
Cleer arietinum (Gram),
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C—contd.

Citrullus vulgaris (Melon).
Citrus aurantium (Oranga",
Citrus mediee (Lime).
Cocoanut Palm, 207.

Cocos nucifore (Cocoanutb palm).
Coffea arabica (Coffec).
Coffee, 235, 244.

Colza, Indian (Mustard).
Corchorus, spp. (Jute),

Corn (Maize).

Cotton, 89, 195, 305, 212, 223, 245.

Crotalaria juncea (Sann Hemp).
Cucumber, 164, 201, 205.
Cucumis, spp. (Meloa).
Cucurbita, spp. (Prmpkin).

D

Darim {(Apar).

Dhan (Rice).

Diveli (Castor).

Dolickas lablab (Val).
Dudhi, 204 (sce Gourd).

E

Eggplant (Brinjal).
Erandi (Castor).
Fluphorbia neriifolia, 75, 209

a

Ganja, 146.

Ganna {Sugarcane).

Gehun (Wheat).

Ghau {Wheat).

Gingelly (Til).

Ginger, 168.

Glyeine hispida (Soy Bean).
Gobhi (Cabbaga).
Glossypium, spp. (Cottan),
Gourd, 184, 171, 201.
Gram, 145, 191, 229,
Greoat Millet (Sorghum}.

Ge—contd.

Groundnut, 147, 195, 229.
Guava, 180,
Gur began {Tomate).

H

Helignthus ennuus (Sunflower).
Helianthus tuberosus (Artichoke),
Hemp, Indian (Ganja).

. Roselle (Ambadi).
Hibiscus cannabinus (Ambadi).
Hibiseus esculentus (Bhindi).
Hibiscus, Garden, 106, 205.
Holly hock, 98.

Ikh (Sugarcane).
Todian Colza (Rape).
Indian Ilemp (Ganja).
,  Bean (Val).
Indigo, 148, 150, 302, 203, 239.
Tndiggfera (Indigo).
Ipomen batatas (Sweet Potato),
Ttalian Millet {Eangni).

Jai (Qats).

Jinjeli (Til).
Jowari (Borghum),
Juar (Sorghum}.
Jute, 151, 145,

Kaddu {Dudhi}.

Kaknn {Kangni).
Kawmbu (Bajra).
Kamila-nimbu (Orange).
Kangni, 232,

Kapas (Cotton).
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Ke—gontd.

EKarbuz (Melon).
Karela {Gonrd).
Karva nimbu (Lemon).
Xhajur (Toddy Palm).
Kumra (Melon).
Kutki, 2086,

L

Lady’s Finger (Bhindi).
Lagenaria valgaris (Dudhi, Gourd).
Ihi (Rape).

Lalgachh (ohillles).

Lal mireh (chillies).

Loemon, 174.

Lime, 174.

Lab-lab Bean (Val).

Loguat, 180,

Luoerne, 146, 191.

Luffa acutangula (Turia).
Lyeopersicum esculentum (Tomato).

M
Maizo, 112, 113, 125, 146, 222, 235,
239,
Makai (Maizo).

Mungifera tndica (Mango).
Mango, 170, 239, 231, 241,
Matar (Pea).
Mat-kalai (Gronndnut).
Medicago sativa (Lucerne).
Melon, 164, 171, 201,
Millet, Great (Sorghum).

»  Bulrush (Bajra).

»  Small, 117,198, 200, 232, 235,
Mirchi (Chillies).
Mitha kaddu {Melan).
Mitha alu (Sweet Potata),
Momordica charaniia (Gourd),
Mung phalli (Greundonut),
Mauls (Radish).
Mulberry, 246,
Mung, 149.
Mustard, 162, 203, 235, 230,

N

Narange (Orange).
Nariyal {Cocoanut Palm),
Nicotiana, spp. (Tobacen).
Nil (Indigo).

Nimbue (Lime).

OQats, 222,

Ochro (Bhindi),

Opium, 145, 148, 191, £22.
Orange, 174, 241.

Oryza sativa (Rice).

P

Palmyra, 207.

Palms, 207,

Pan (Betel vins).

Panicym, spp. (Small millets).

»  Jrumentaceum (Sama).

w  miliare (Kutki).
Papaver somniferum (Oplum),
Pat (Jute).

Patsan (Ambadi).
Peach, 170.
Pea, 191,

Pea, Pigeon (Tur).

Pennisetum typhoidews (Bajra).

Plaseolus radiatus (Mung).

Phaniz sylvestriz (Toddy Palm).

Plysalis peruviana (Tipari),
Phunt (Melon).

Pigeon Pea (Tur).

Piper betel (Botel vine).
Pisum spp. (Pea).

Pitwa (Ambadi).
Pomegranate (Anar).
Popat (Val}.

Poppy (Opinm).

Posta (Opinm).

Potato, 188, 246.
Punica granatum (Anar).
Prunus persice (Peach).
Psidium guava {Guava).
Pumpkin, 164, 205.

817
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Radish, 152.

Rabar (Tur).

Rai tMustard).

Ram kurthi {Soy bean).
Bam turai (Bhindi).

Rape, Indian, 152, 235, 239.
Raphanus sativus (Radish).
Ratala (Sweet Potato).
Rice, 114, 128, 203, 2086,
Ricinus communis (Castor).
Roselle Hemp (Awmbadi).

S

Saccharum officinarum (Sugarcane},

Safed-kaddu (Pumpkin).

Safra kumra (Melon).

Sama, 117, 119,

Sarai (Sann Hemp).
ann Hemp, 148, 185, 203.

Sunwa (Sama).

Barson (Mustard).

Sawan (Sama).

Sem (Val).

Sesamum tndicum (Til).

Setaria italica (Kangni).

Shaklarkond aln (Sweet Potato).

Shama (Kutki).

Sherdi {(Sugarcans).

Sheria (Ambadi).

Shim (Val).

Siddi (Ganja).

Sita phal (Melon).

Solanum melongena (Brinjal).

Solanum tuberosum (Potato),

Sorghum, 123, 125, 206, 222, 226,
235, 289.

Soy Bean, 150.

Sugarcane, 120, 123, 126, 222, 229,
241,

Sunflower, 146.

Supari {Betel Nut Palm).

Suraj makhi (Sunflower).

8urthi (Tebacea).

Sweet Potato, 183, 202.

T

Tag (Sann Hemp).

Tamakhu (Tobacco).

Tambuli (Betel vine).

Tarbuza (Melon).

Til, 153, 195.

Tipari, 185.

Tobaegco, 145, 156, 191, 195, 222,
227,

Toddy Palm, 207.

Tomato, 146.

Torai (Rape).

Triticum sativusm (Wheat),

Tur, 140, 144, 239,

Turia, 171, 204,

Tuver (Tur).

U
Uri (Rica).
Us (Sugarcane).
Tkh (Bogarcane).
A"

Val, 140, 161,

Vari (Kntki).

Vengan {Brinjal).
Vilayati baigan (Toemato).

w

Wheat, 114, 122, 203, 222, 229, 239.

Yellu (Tii).

zZ

Zea Maye (Maiza),
Zingiber Officinare (Ginger),

G, 1. C. P, 0,=No, 2 Ento, —16-10m1908,=2,550,=J, J, M,



