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Mixed cropping is a system of Agriculture in which two or more cm;;s
are grown together at the same tims in the same Jand. It is a common
practice in tropical countrias both with annual field crops and with perennial
plants like fruit trees, flower plants and plantation crops. This type of
cropping prevails in Africa, India, Caylon, Malaya, China and West Indies.
It is also ususl io grow annual herbaceous crops in the midst of woody
perennial trees of economic importance such as coconut, mangy, jeck and
other fruit trees. " The group of planis grewing together form a 'plant
society * like the natural plant societies that occur on any piece of land leit
to nature.'” (Willis, 1909).

- The system of mixed cropping is practised. in various ways. The most
common is one in which the seeds of ditferent crops are mixed together and
then sown. In parts of the Coimbatore district periamanjal cholam
(sorghum) and cowpea or naripayaru (Phassolus aconitifolius) are grown
as a mixed crop by sowing a mixturs of the seeds; while lablab, red gram and
castor,’one or more of which are also usually grown mixed with sorghum,
are gown in lines soon after the mixed seeds of sorghum and cowpea or
naripayaru are sown. In places where crops are usually sown with a drill
different crops are sown in different lines, as in the case of cotton and
Italian millet in the Bellary disttict. In some mixiures dilferent crops are

. sown at different periods. In the South Arcot district groundnut is planted
between.rows of ragi (Eleusine coracanec) when the latter is in the flowering
stage. In parts of Mysore horsegram is recommended for sowing between
ragi plants when the lstter ara in flower, end ragi between lines of cotlon
when the lalter is two months old (Mysore Agricultural Calendar, 1940-41).
This system of cropping in which different crops are sown at dilferent times
is reported to be a common praclice in parts of China (King, 1911). 1t is
also common 2 grow annual crops among perennials, like fruit {rees and
plantation crops, especzially when the latler are young., Mixed cropping is
referred to in some hiteralure &s intsr-cropping or inter-planied crops, or
growing multiple crops. ' T

Nicol (1935), in his paper on " Mixed cropping in primitive acriculture ”,
has stated—"In his survey of agricultural India (/ndie in 1887) Wallace
devoted a special chapter lo rotstions and mixed crops. He wrote—'Tte
growlh of mized crops ie a widespread prsctice which is well worth consi-
derstion and study...... Tre advaniages under Indian condilions are dis-
Hincily greaf.... Thers is bal Goe explanation of the exisience of iheze
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praclices (mixed cropping), viz., that they have heen found advenlagedus
after long experizncs and much cvreful eonsidaration on tlie par! of -0 bedy
of workers who, for pawer of ebservalion and an intelligent inferest in and
knowledge of evary day occurrancas would p=t to shamé lhnse classes
which hold a corresponding posilion in educated Turope'. Voslcker
(1893), in his Rzport on the Improvemsant of Indian Agriculture; wrots, "It
iz quite a mistaks to suppose that rotation is not un<darstood or ﬁpprécfafed
in India. The contrary is the case. Frequently more than ens= crop al a
time may b=s sesn occupying the same ground, bul one s vary apl to lorgel
that this is r2ally an instance of rotation being followad, The nex. year the
same mixed crops may be sown again and thus fo the casual observer it
might appaar that continuous cropping was being praclised. This however
is not so, for thare iz a perfect ratation of cerzal and legume. This is, per-
haps, the simplest form of rotation, but there are many more complicated
than that of mixed cropping.” The simplest form is thus one in which in-
dividuals in cereal and pulse and other crops in the mixture get lhe fullest
chance of exchanging their places with each other. Mollison (1201) wrote

—"The system of mixed crops so common in India is undoubisdly a suc-
cesslul and profitable method which probably has done more to uphold the
ferlility of the Indian soils than any other practice...... The suzcessiul
practice of growing mixed crops in India points to the fact that the practical
experience of the uneducated Indian rayat has detérmined centurise since
a means of providing an inexhaustible supply of nitrogen for the scil, whilst
enlightened Eumpean agricultural chemists have only recentlv begun o
see the way"'.

In the 120Z Procesedings of the Board of Agncu]ture in India, Appendix
C, dealing with the improvements in methods of cultivation in connection
with the progress of agricultural experiments and programmes of work,
the system of mixed cropping is characterised &s 'most slevenly’. The
verdict thus swings between two exirames. No serious, systematic and
sustained atiempts have been mads to understand the rationale of this
long-existing practica. Even the Royal Commission on Agricullure, while
devoling som= altention to the problem of rotation of crops, make no
mention of this widely prevalent practice of mixed cropping: In the reports
on the progress of the action taken on the recommendations of the Commis-
sion, Bombay and Madras touch on mixed cropping while dealing with
the rotation of erops. -

The practice of mixed cropping in agriculture is more commonly
adopted in the cultivation of lands which depend upon rainfall for water
supply. ~ Out of a total area of about 360 millicn acres under cultivation
in India, in mora than 80 per cent. crops are rgised with the hszlp of rain.
The crops in these dry lands are mainly millets and partly pulses, oil seeds,
fibre and other crops. Weather conditions are precarious and the problem
of manuring is not easy. This vast extent of arable land has thus to be

“maintained on an efficient system of tillage and cropping. Mixed cropping
is a widely prevalent practice and its importance is thus obvious.
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While the full understanding of pravalent mixtures in the cropping of
dry lands has not bsen eximinad ecritically, industrial crops like coticon,
groundnut, tobacco, ete., began to figure very prominently in the agriculture
of dry lands, and they stimulated the need for a system of rotation and
mixtures with a view to ensure the success of the expansion of the area of
these industrial crops, while at the same time maintaining soil ferlility and
catering to the current economic neads of the cultivators. The result is
that what little knowledgs we have on mixed cropping is recent and with
reference to problems arising out of cotton and groundnut cultivation. The
factors behind this ancient practice still remain subjects for guess and
speculation.

The Divector of Agriculture, Mysore, has stated, "I attribute the
perennial poverty of the dry land cultivator in Mysore to his inability to
earn money in addition to food and fodder out of his agriculture.” " The
largest scope for increasing income per acre from dry farming and raising
it from a means of bare livelthood to a lucrative indusiry lies in inter{"
cropping or in raising of two compatible crops from the same land in th
same season 2o as to double the income from dry farming.” (Mysore
Agricultural Calendar, 1940—41.) Inter-cropping of a cersal with a
legume is common. Fresh areas have been thrown open to cultivation in
the Irwin canal area of Mysore. More cotton is required by the State. A
successful method of inter-cropping cotton with the staple cereal, ragi, has
been evolved and introduced. Similar problems. are to be faced and
solvad in other parts of India.

Almost every field crop grown in India is often grown as a mixture
with some other crop or crops, in some part of the country or other. An
idea of the various crop combinalions commenly met with in some parts of
India can be obtained by a reference to the Imperial Gozelteer of India,
Vol. [l and Mollison's Text-book of Indian Agriculture, Mann (1917) and
his associates have given the various mixtures which they observed in a
Deccan village. A paper on crops grown mixed with scrghum in the
Madras Presidency was published in the Fekruary 1841 number of this
Journal (Rangaswami Ayyangar and Sankara Ayyar).

Pulses, oilsesds and likrs plants are grown mixed with or subordinate’
ts cereals like sorghum, bajri (Pennisstum typhcides) or wheat, Almes!
all the pulse crops excert gram (Cicer arictinum) are grown with so:ghum
and bgjri. The mecsl common mixtures arz same of {fne fellowing:—
Redgram, Phaseolus mungo, P. redicius, P. aconitifolius, P. sublobeius, til
(Sesamum indicum), castor, Hibiscus connahbinus and colten. Tne seeds of
the different crops are cenerally mixed itogether belore socwing, and the
mixture is scwn with a érill. Giam is grown mixed with whest or barley
also. Cotton is usually grown alone or mixed wilh redaram or scrghum.
On slluvial s=ils it is commonly mized with redoram, maize or sorghum.
In paris of Bengal and the United Provinces lins2ed is grown mixed wilh
viheal, repe seed end various rabi pulses. Gingelly when grown as a kharif
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crop ig usually mixed with sorghum, bajri or coltan.” Begjri is- usually a
mixed crop and “as a mixed crop it may be grown on the same land conki-
nuously without any apparent exhaustizn af sail er diminution of outturn if
the cullivation ig fairly liberal” (M-1lizan, L ).  Subardinals crops sown
with bajri are redgram, in separal: rows, ond o sprinkliig cf Phoseolus
mungo, P, aconilifolius, Dolichos biflorus, Hibiscus connabinus, elc.; in the
same row ag bofri. In Gujarat, cotlen in rows is found with bajri. In
some places rice and sorghum are grown togsther, while rice i3 sometimes
grown subordinate to cotton also. [n areas whers rainfzll is nol a limiting
factor & number of crops, with a wide rangs in hshit and duration, ‘such as
rice, sorghum, ragi, redgram, gingelly, cotton ¢ and -other sumlar crﬂpa are
all grown together on the same land. They are. a]l sown at the same lime,
but harvested according to their ripening. This pr actice is prevalent in the
uplands of the coastal districts in Nerth Madras., - A mized crop of wheat
and gram is reported to be a common practice in the ‘wheat zone in Berar.
This mixlure is sown, harvested and threshed logether, and the mixed grain
thus obtained is ground and used as food by a large secticn of the people.
It is stated that this practice of mixed cropping.lies keeri the salvalion of
the wheat soils, which otherwise would have long ago resched a state of
exhaustion for remuneralive crop production.

Brash (1939) has stated that " most Africans when they plant iheir
gardens plant a mixture of crops. In one garden it is possible to lind
meize, peas, beans, polatoes and sweet potatoss sll growing mized up to-
gether.,” In West Africa yams and millets are reported to be grown along
with Guinea corn (sorghum). " In the upland rice lields of Sierra Leone
several crops are planted in small quantities amongst the rice. Okroes,
peppers and pumpkins are grown amongsl the rice, and young cotton plants
follow on, maturing later sfter the rice is harvested . - (Iivine, 1934).

Cereals grown in dry lands are thus usually ¢rown mixed with many
other crops which produce some article of every day need to the culiivator.
The nature and number of crops mixed differ in diflerent areas. It is diffi-
cult to obtain definite informalion as to why certain crops sre mixed in
certain areas and in what proportions, and what are the definite advantages
of growing such mixed crops. Economies in culiivation and land, pro-
vision for the domestic needs of the cultivalor, a system cf insurance against
weatiier and pests, some vague ideas of mzintaining seil fertility, ele., are
some of the observations with which this well established practice has been
dismissed without a rational analysis.

Among the various reasons why some crops are oiten grown as mix-
tures, the most important appears o ko to guard agsinst the risk of a totsl
fail_ail;e of harvest in an unfavourable year; bul there are no leﬁlE“?aﬁgﬂ
experimenis o prove this. The average holding ol the Indian ecultivator is
small: To ensure that he obtains some produce or other from the limited
land he hasg, he grows a mixture of crops so that even in years of deficient

rainfall he is able to secure some produna for his household needs. - On
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the other hand if the season is favourable he may harvest a plentiful crop.
It ia' a common praclice in some parts to grow evan different millets like
3nmhym cumbu {' Pennisetum typhoides) and fenai (Setaria italica), besides
pulsss ard ml saer:l crops, all l::hgethar n the e same | Elot of land. Moreover
tha ra}ra! With Iimited land is not in a position to grow different Crops
aapﬂrale]}* he presumably resorts to mixed cropping to obtain most of his
p=rsnnal neads from the bit of iand he has, There is a saving not only in
Jand but in labour also. ‘i'.Tsa.t.-';tlh-r the average royat does not engage out-
side labour bul cullivates his land with the help of the members of his
family. As different crops come to harvest at different limes, the limited
labour is utilised to the fullest advantage in the harvesting and preparation
of the produce of difterent crops. The system of wvdu cullivation in the
Tanjore delta in which two varieties of rice of diffsrent durations, kuruvai
and oftadan, are planted together, is an instance of mizxed cropping with a
view t> economise land and labour (cultivation expenses). Both are plantad
together at the same time as a mixed crop. The kuruvei is harvested in
about thres months, and the offadon ancther four months later. This aspect
of saving in land and labour has bzsen stated by King, (I. c.) az that which
appeared to him to be the main reason for growing multipie crops in China.
These aspecls need scrutiny {from an economist's point of view.

It is recorded that the process of nitrification in soils is much more
active when a growing crop is on the ground than when the land is left
fallow. Sometimes a long and short duration crop such as sorghum and;
tenai or sorghum and redgiam are grown mixed to gel the maximum outturn
from the land. The short duration crop is harvested first and the other
continues in the field and il the season is favourable vields almost as much
as a pure crop. What are known as catch crops come under this cateagory.
Maize, pulses, onions, melons, vegetables, etc, are grown in sugsrcane
fizlds when the cane crop is young. Similarly such crops are also arown
in gardens among fruit trees when the latter are youna.

Various pulses ere culliveted in Indis, end most of them are usually
grown &s mixlures among the cereals or other crops of commercial value.
This is considered to be @ sound agricultural practice as the legumes help
by their symbictic aclivity to keep up the supply of combined nitrogen in
the scil and maintain soil fertility. it has been recorded by Loehwing
(1837) that under American condilions natural processes of fixalion restore
on the average sboul 60 lb. of nitrogen per acre per year under legumes
anc 10 lb. under nnn—iegumes . Not all legumincus crops increase the
nitrogen content of the soil ; Howard has recorded thal Java indigo seri-
ously depletes the supply of combined nilrogen in the sofl. Inter -cropred
lg_g___mES are sai id 1o ;ncrea.,e also ﬂ-e av::ilah]e l:me polesh and phcsplm-

""31:“. }rstem to reize ihese rulrients lr:- the suriace Tn}'FTE (Loehwine, Le) This

- % Royal Commission on .r’mn =ulture in india Report, 1928, P, 85,
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probably explains how the Indian rayat is able ‘to grow the:-same mixed
crops year after year on the same land without the addition of "ncmure

f A legume grown mixed with a esreal incredss=s the lodder value of {he
latter. It is also reported that in some instanaes the proiein sontant of the
ceresl grown in combination with a pulsa is incredsed thereby. (Thornion
& Nicol, 1934 ; Micol, 1934 & 1935 ; Hulchason ef aif 19 6). 'This has been
recorded o be obtained in pastures where iegumes a: o grown in combi-
nation with grasses. This system o} growing legqumes in. cmnhinatinn with
other crops is being now followed in the maintenancs ol  paslures and in
the cultivation of silage erops in Europe and Amarica. The fall 'iinplic&ticms
of this combination in the case of regular {ield crops have to he investi-
galed ; the more zo, as the onhr means of toning up guality.

By growing together crops with differences in root hablts, the plant food
and moisture in the soil is utilised to the best advantage. As -their rools
feed at diiferent depths in the soil there is no competition for plant food or
moisture. Root studies at the Dry Farming Siation, Bsllary, have shown
that Selaria-groundnut and Setaria-horsegram mixturss are ecologically
sound combinations; while, Sefaria-cotfon mixture is not sound, a@s ihere is
severe root competition between the two components of ihe mixture, both
{eeding in the same zone. Siich root studies should be made on a more
comprehensive basis and extended to all crop combinations, The combi-
nation of a shallow and deep rooted crop Ia reporied to improve soil tilth
and texture also (Loehwing l.c.).

Seil erosion studies at the Dry Farming Station, Bellary, have shown
that Pillipesara ( Phaseolus trilobus), groundnut, horsegram and mixtures of
groundnut and horse gram with Setaria are comparatively more ellicient in
preverting soil erocsion. Trailing crops like Phaseolus cconitifolius or
horsegram grown mixed with cotton or sorghum, which are usually widely
spaced, help to prevent the erosion. This aspect merits a more comprehe-a-
sive examination.

Some components of mixtures afford proleclion to wezker crops.
Pigeon pea is usually grown as a subordinate crop along with cotton in the
Punjab, where it is considered it protecls the cotton from the desiccating
effects of the hot winds (Milne and Ali Mohainmad, 1931). .Sérghum and
bajri when grown mized with mung (Phoeseolus radiatus), alford shade to
the latter. The slalks of sorghum serve as supperls to lablab and cowpea
usually grown mixed with it. Siray planls of sgoighum in a field of other
crops act as a check on cattle being allowad to trespass and graze on the
young crop, as sorghum plants in the young stages are poisenous lo cattle.
Border crops of linseed in wheat fields are said to keep of! cattle; (Veelcker, -
1893) ; so also salflower round sorghum fields. Sesbaia cculecio, red-
gram, hemp (Hibiscus cannabinus), castor eifc., are grewn on the borders of
sugarcane lields to serve as protection-to sugarcane:

Some crops may be grown as irap crops for insects or animals. Sor-
ghum or maize may serve useful as trap crops for stem borers of sugarcane,
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Damage dua to insects and dissases are sometimes lessened by growing
mixed orops (lrvine, 1934; Hulcheson et. al. |. c.). The disease or insect
does not spread so guickly as when pure crops are grown. It has been
recorded by Luthra and Vasudeva (1940) that mortality in colton due to
‘root-rot disease was reduced considerably by growing cotton and sorghum
‘mixed ; a mixture of moth ( Phossolus aconitifolius) also reduced mortality of
cotion due to root-rot.

It ia not economic to grow somez crops like green gram or cucumber
{a field varisiy) as pure crops; they are therelore always grown as mixtures.
In pastures, a mixture of grasses is considersd to be more advantagecus as
the mixed hay obtained gives a varisty of feed and a beiter balanced one
than & single kind (Hutcheson et. al. 1. ¢.). Legumes in pastures are consi-
dered to act as a check to the growth of weeds (Loshwing, 1. ¢ ).

Atlempls at experiments on mixed cropping have been made in various
centres with the starting of many Agricultural Research Stations. Butin
many of these the experiments do not appear to have been pursued long
encugh or well enough to draw useful conclusions. Experiments on mixed
cropping have to be conducted for a series of years and at various centres
so as to study the results in relation to soil and climatic veriztions. The
intensity and complexity of the problem seem to have deterred a pursuit
of it on sound foundaiions. Experiments on mixed cropping should be
laid to begin with, only in such areas in which t{m system of mixed cropping
is prevalent. The possibility of successful experimentalion depends upen
the nature of the soil and ths seasonal conditions that will admit of suitable
sawing facilities end growth poriod for the crops forming the mixture. The
resulis of experiments in this line are summarised below in so far as they
could be gathered from literature available in the Coimbatore library. They
tend io emphasiee the need for a comprahensive record of existing praciices
and laying dnwn suiteble experiments on modern lines to elucidals the
many, problems confronting the mixing of crops, both old and new.

Sorghum and other millets are usually grown mixed with pulses and
other crops. Experimenis conducted at various stalions in the Province
have nct led to any definite result with regard to the suilability of any
particular subsidiary crop or combination of crops or the benefits cerived
by growing such mixtures. At the Cotlon Breeding Slation, Cecimbatore,
various puises were grown in combinalion with sorghum, in diiferent pro-
portions and in different soils. 1l was observed that on the three dilferent
soil lypes in which the iriols were made, the mizing of pulse both with
irrigated end rainfed sorghums did not benefit either the sorghum or the
succeeding coiion ; the mixing of pulse on the other hand lowered the iotal
siraw weight, The zfter eflecis of growing leguminous crops on cotton
were not alike. Clusler beans were observed 1o be most keneficial in the
case of irrigated sorghum, while lableb and cowpea appeared o do acod
to rainied sorghum. Soy beans, gieengram and cowpea did more harm.
than good when they preceded Cambodia cotlon in summer. Fillipesora
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likewiss depressed the yield of karunganni ecollon ihat foliowed it~ in a
rotalion experiment conducled al the Hagarl Agricultural Statisn, mixtures
of sorghum and Bengal gram in two dillsrent proportions were triad. But
as the experimenl was discontinued after two years no conclusionz éould he
drawn from them. Later experiments conductad for a perind of five years
led to the conclusion that sowing a mixlure of sorghum and pulses, except
Bengsl gram, is not feasible under Hagari conditions, as the pulass have to
be sown in the mungari {(Tune—July) and ihe sorghum in the hingari season
{Esplemb=r-'DctDbBr] Sorghum-groundnut mixture is a géod combination
provided there is equal distribution of rain, but ss the tract exzperiences
mostly onequal disiribution of rain this combinalicn is not feasible. And
the local practice of mixing Bengal gram and sorghum heas besn observad
to be ecologically undesirable, as the roots of both crops feed in the same
level in the soil, resulting in severe root competition. At Nandyal, pilli-
pesara, when grown as a mixture with sorahum, had a depressing effzct on
the vield of sorghum. In a trial with mixturss of blackgram, greenagram and
horsegram, the mixture of horsegram appacred to be the bast, In a rotation
experimant conducted from 1920 to 1923, it was. obzerved thai colicn alter
pillipesara is more profitable than after pure serghum or sorghum and
pillipesara mixture. At Guntur, pillipesara was grown mixed with sorghum
tor fodder. There was no increase in vield by growing this mizture. But
this mixture is reported to be common in the area, as the mixed f{ordder
obtained is believed to have a higher nutritive value due to the legume in
the mixture. The effect of pulses  (blackgram and greengram) in combi-
nation with sorghum on the succeeding cotlon crop was tried at the Koilpatti
Agricultural Station, and it was observed, that this mixed cropping did not
reduce the harmful after effects of sorghum, '

Experiments conducted at the Koilpatti Agricultural Station showed that
cumbu when grown mixed with red gram, lablab or Bengal gram yielded as
good as and somelimes better than the cereal grown alons, if the crop is
sown early. 1, however, the sowing is delayed, it is advantageous to grow
the cumbu as a pure crop. In a rotation expsriment at the Poona Agri-
enltural College Farm it was observed bajri-fur mixture grown every year
gave the highest return over other rotations : bajri and sesamum rotati an,
bafri and kulthi rotation, and bajri every year.

In trials &t the Hagari Agricultural Station, mixtures of pulses wilh
Italian millet proved to be comparalively more economic than growing pure
ltalian millet. Of the pulses, groundnut, horsegram and pillipssara, tried,
groundnut gave the best results. Ecolagically ‘also the combination was
sound. Experiments are in prmgress to test the advisability of growing the
two crops millet and groundnut, in *strips ',

At the Gokak Farm in the Bombay Presidency, a8 mixed crop of maize
and tur in rows gave’ decidedly better resuits than growing two crops of
maizs one after ﬂnclher. and it is reporled that this practica has bzan
adopled by many cullivators of the canal tracl, Morzs racant expzrimants



Janusry 1942] Mixed Cropping—A Review 11

hate indicated. that a mixture of maize and cotton is more profitable than
maize and fur mixture, as fur is sometimes liable to the altack of wilt and
qcrn'a'aquent reduction in yield. In rotation experiments at Pusa, the highest
gain, i_:_‘ijh':::-i] nitrogen was in one series with a mixed crop of maize and
urid:( Phaseolus radiatus). (Heview of Agricultural Operations in India,
1929—30 and 1930—31.) .

7 -With regard to wheat, it was observed by Howard (1916) at Pusa, that
there was a marked advanlage in growing mixed crops of gram and wheat
on soils where combined nitrogen iz a limiting factor. Experiments at some
stations in the Unitad Provinces have shown thal the local praciice of
sowing mized wheat and gram on irrigable black soils is less profitable
than sowing wheat and gram in rotation, Butin spite of this there appears
to be a prefereace to grow the lwo crops mixed, for in the report it is stated
that "the practme of mixed cropping hnwever will probably take a loeng
time to die out .’

- As early as 1909 experiments were started at the Central Farm,
Coimbatore, to try the effect of growing cotton mixed with tenoi, horsegram
and coriander. This was given up alter two vears frials, which indicated
that the combination of colton and fenai was the best. The experiment was
again repeated in 1914, in a modified form. The crops in combinstion
were sown both in separate rows as well as mixsd. From the resulis it was
concluded that " with cotton at ils normial price, it would probably not be
profitable lo grow any mixture, though the demand for fodder may make it
good farming."” With the spread of Cambodia cotton as a rain-fed crop in
the heavy black soils of the Guntur and Kistna districts it was felt necessary
to find out the effect of growing cotton mixed with other crops: so trials of
cotton grown mixed with groundnut, [talian millet, and rice were startzd at
the Guniur Agricultural Station in 1935. From the results of three years
trials it was observed that coiton and groundnut mixture gave the best
monetary return, followed by cotton and [ltalian millet mixture. Growing
cotton alone was financially a loss. Trials of colion mixed with horsegram
were conducted at the Nandysl Agricultural Station ifrom 1909 to 1914,
The results indicated that there was no diflerence in the total outturn
whether cotton is grown alone or mixed with horsegram. The main
advantage of mixing was that a liltle horsegram necessary for caitlefood
was obtained cheaply. As regards the residual eifect of horsegram, this
was non-existent or so small as to be negliaible.

En experiment to compare cotlon grown alone wilh collon and llalian
millet mixture was conducted at the Hagari Agricultural Station Irom 1919
to 1924. The resulls of five years taken together showed that il was mote
econcmical to grow a mixture of cotton and Italian millet then cotien alone,
The local practice is lo grow. two rows of ltalian millet between two rows of
cotlon, or alternats rows of Halien millet and collon. To tesl the eiliciency
of thie E:r:it:-m expernmﬁnm were again slerled in 1935,  The results cf four
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years showed that pure cotton was the bast economically. The mixed crop-
ping was less profitable compared’ to pura eastbun, '.l.r'hnlaihjef the sowing is
done early or late. It was also obssrved that bath the msin and secondary
roots of the cotton and the millet feed in the same zone of.lhe soil,@nd
hence there was severe competition between the rool systems of these two
crops. In view of these lindings, experiments have been staried in 1939 to
try growing these two crops in alternate sirips’. Exzperiments with Bengal
gram, coriander, and horsegram grown mixed with cetion were conducled
at the Kuoilpatti Agricultural Station from 1912 to 1915. The moneiary
value of all the mixtures tried was less than that of cotlon grown purs, - Of
the crops mixed coriander gave better returns than the other two. A mixed
cropping experiment was again started in 1934 to test how' the colton crop
is affected by mixing coriander in different ways and to assess the value of
the crop as a whole. Results of three years indicated that a small mixture
of coriander with cotton was profitable, and that it di:i net affect the yield of
cotton. With the idea of utilising the excess of moislure in the soil in the
early stages of the cotton crop and thus to reduce its bad eflects, different
crops, such as sannhemp, blackgram, greengram, redgram, horsegram,
coriander, kudiravali (Echinocloa colona var. frumentaces) and onions,
werse grown mixad with cotton in 1935 and 1926. None of the crops tried
had any beneficial effect. A thick stand of colton reduced the bad effect.
Kudiravali reduced the vield of cotton considerably. In experiments con-
ducted at the Gokak Farm (Bombay Presidency) from 1924 to 1829, a mixed
crop of colten and ltalian millet gave betlter results than colion grown
alone. At the Dharwar Farm, it was observed, cotton and groundnut sown
in alternate rows gave better results than cottoen and groundnut in blocks.
With regard to alter effects, the succeeding crop of sorghum gave higher
yield in the former plots than cotton and groundnutin blocks tsken together.

Groundnut is an iniroduced crop, and in cerlain areas it replaced not
only other commercial crops but also food and fodder crops. In the South
Arcot district, it is stated, that the area of groundnut increassed from 3,000
acres in 1851 to 333,350 acres in 19220. With the increase.in areéa and
due to the incidence of dissases and pests the groundnut did not prove
guite so remunerative afler a period ; so the growing of cereals alone or in
combination with it was resorted to. To find cut whether the rotation of a
cereal or groundnut, or a mixed crop of cereal and groundnut is more
profitable, and the particular cereal best suited for this purpose, experiments
were conducted at the Palur Agricultural Station from 1207 to 1820. The
results led to the conclusion that mixed cropping of groundnut interplanted
in a cereal was more advantageous from a monetary point of view, than a
cereal groundnut rotation. Of the ceresls tried ragi proved to be the best
to grow mixed with groundnut, and in places of low rainfall cumbu was
ohserved to be the best. It was also nbserved that a change in the cereal
had a better effect on the yields of groundnut and the cereal, than when
the same cereal was repealed every year. Experiments are in progress at
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the ﬂgncul’:urﬂl Station, Tindivanam, in which groundnut is grown mixed
with sorghtm, éumbu, tenai, coltan, redqrﬂn or castor. Mixed cropping
_re“ﬁﬂﬁthe depression ¢f the yield of of groundnut in all cases, but the
mnnetar:-r return, however, was more from a mixed crop than when a pure
crop, c:-f groundnut was raised. The best returns were obtained by growing
groundnut in association with snrqhurn, castor, redgram or cotton. Except
tenai or cumbu mixtures all others gave higher monetary returns than the
pure cropping. But it was observed the mixztures affected adversely ‘the
development of the groundnut plants, and of the different crops grown
mixed, sorghum depressed the yield to the maximum extent, while redgram
affected it the least. It has been reported to be more profitable to grow
groundnut between rows of arhor (redgram) in the United Provinces.

In a rotation experiment conducted at the Central Farm, Coimbatore,
from 1909 to 1921, a mixture of castor and lablab was compared with
castor alons, in rotation with sorghum. It was observed that the legume
influenced the yield oigereal, though the increase was slight and not
consistent. The yisld of castor was comparatively very poor in the
mized crop. B
_
' The above review shows the need for a thorough examination of this
important agricultural practice of mixed cropping. A full record of all
existing practices throughout Tndia should be made and examined. Such
experimental work as has been done in this line in the variocus Prdvinces
should be brought together for scrutiny. The agronomic and economic
bhcl'grnunds of these practices should be investigated through suitable
lcmq range experiments and improvements on them suggested. The
introduction and expansion of the area under commercial crops necessiiate
the designing of suitable mixtures with a view to conserve soil moisture and
fertility, and ensure the production of the cultivators’ personal needs. In
1937, Sir John Russell, in his Report on the work of the Imperial Council of
Agncul’rural Research, has stated—"The agricultural economic aspects of
mixed cropping sheuld be studied in view of the widespread use of this
practice and the probability lhat some crops mix belter than others”. The
initiation of a comprehensive enguiry and the laying down of suitakle
experiments in this line sre necessary in the interesis of the cultivators of
- the vast rain-fed areas in India. . '

Literature.

Brash. J. G. (1939). A Texi-look of Agrionlture, The Sheldon Press, London,

Howard, A. (1916). Agei, Jour. Induz 11: 308

Hutchesan,-'[‘. B.. Wolfe 1. K. and Lipps, M. 5. (1936). The Froduction of Ficld
Crops. MeGraw—Hill Book ¢ & Inc, New York,

Irvinz, F. R. (1934) A Text-book of Wesi Afvican Agrientinre, Ozxford Univ.
I'ress, London.

King, F. H. (1911). Farmers of Forty Centnrics. (U, 5. Al

Loehwing, W. F. {1937), ELot. Rev. 3:195,



124 The Madras Agricultural Journal [ Vol. xxz, No. 1.

Luthra, 1. C. and Vasudeva, . S. (1940). Cusr. Sei. 9 : 466,

Mann, H. H. (1917). Land and Labour in a Decean Village.. Univ, Bombay Econ.
Ser. No. 1. T

Milne, 1. and Ali Mohammad, K. S. (1931, A Haeudbaok on Ficld and Gavdsn
Crops.of the Punjab, Punjab Govt, Publna. L S

Mollison, I. (1901). A Text-book of Indian Agriculture. Vol, I.. Bombay -GE:I-‘H.'

Fublication.
Nicol, H. (1934). Biol. Rev. 9 383,
" (19351, Emgp, Jour. Exp. Agri. 3: 189.

o 11936). Monthly Bul, Agri. Sei. Proct. (Rome) 1936 : 201 and 241,

Rangaswami Ayyangar, G. N. and Sankara Ayvar, M. A, (194]). * Madras Agri.
Jony. 291 57, . e

Thornton, H. G, and Nicol, H. (1934Y. Jour. Aoei. Sof. 24 1 540,
Voelcker, J. A. (189Y). Reaport on the {mproviment of Indian Agrieultuye.
Willis, J.,C. (1909). Apgrienlture in the Tropies. Univ. Press, Cambridge,

Qur Present Position with Regard to the Control of

ruit Pests.”
7\ Fruit Pests.”
By M. C, CHERIAN,
Government Entomologist, Agricultural Résearch Institute, Coimbalore,

Introduction. 1tis a welcome sign thal increasing interest is being
taken in fruit culture by the public. This has been particularly the case
ever since the Government opened the Fruit Research Station, Kodur
Expansion of orchards is bound to result in the near future and with it
the problem of tackling the pesis is bound to come into more prominence.
It is therefore thought that a brief account of the major pesls of the more
impaortant fruit trees and their control will be ol special interest to those in
the line and also to those who propose taking up fruit culture.

Mango Pests. Of the various fruit trees grown in this Presidency
mango is one of the most important. There are about two' dozen pests
affecting the mango of which the blossom hopper (Idiocerus spp), the stem
borer ( Batocera rubus) and the fruit fliss (Dacus ferrugineus and Dacus
ferrugineus incisus) are the most important. Among the other insects which
do some damage occcasionally may be meniioned the'leaf caterpillar (Farasa
lepida), the shoot webber (Orthaga exvinacea) and the nutweevil (Cry-
ptorhynchus mangiferae). The hoppers both adults and nymphs— infest
the blossoms and injure them by sucking the sap wilh the' result that they
are either shed or prevented Ifrom setiing into fruits. Spra_:.r'ing_with fish oil
rosin scap at a strength of cne pound in ten gallons of water is found
effective against the pest. In Bombay, dusting with flowers of sulphur is
recommended. This treaiment is being tested here with a view to finding
out its elfect against the pest and the cost of the treatment. How far dusting
will interfere with the settina of fruits is also receiving stlention. The stem

* Poper read at the thirtieth College Day and Conference of the M. A, S,
Unien, July 1941,




