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INTRODUCTION

Taploca, (Mgg{hot egculents Crantz.) ig one of the mpst
important subsidiary food crops of Kerala and forms‘an
integrel part of the faming systems througheut the state.

In Kerala 1t grows easily and yields heavily even on poor
laterite soils. It 1s grown even on hill tops end slopes

whers the vield from other annmual crops would be extremely low.

The culiivation of taplioca lncreased conslderably as a
result of the lnerecase in the world's populastion, the scarcity
of other sources of nutritional energy, =2nd its high potentisl
for production of carbohydrates per init of land or labour.
Morevver, as a root crup tapiloca is blologically more efficient
then grain since it does not require an elatorste strugture to
support its edlble portion. Hydrocyanic acid coantent of tapioca
nakes it subject to minimel animal and pest sttacks end hence it
is @ good rizk aversion crop. Besldes its easy method of propa-
gatlon, drought reslstance and flexibility of harvesting time
make taploca well-suited to small scale subslistence agriculiure
(Fhillips, 1973). But the pity is that the taploca grower who
contributes substantially for averting starvation in the state
i1s himself in g semi-starved condition since tepleoca has no
comparable spell or prosperity as other money éraps like rubber.
It is very often argued that being the food of the cocmmon man,

taploca should de sold at low price (Anon., 1972)s This may not



be possible unless taplioca is made more remunerative by
senerating more income from taploca fieldss In this respect
intercropping is considered as one of the few measures for
higher economic returns from unit land areas The growth cycle
of tapioca permits successful intercropping in early stagés

of its growth also (Mohankumar, 1976).

The principle of intercropping is in 1line with ecological
svstems in nature where the ni-ches created by the larger
specids are successively utilized by the ecologically smaller
ones; this progresslive accommodation ensures a high and
efficlent utilization of the energy in the eccogphere snd leads
%o maxinum production (Panje, 1973)s In fact, it i3 a system
of cropping where in between the spaces of widely spaced principal
crops short durstion companion crops are grown to make maximum
use of solar chergy, water and soil in the periods while principal
crop 1s still in the growing stage or have little growth
(Mahabal Ram, 1980). DBoth the crops are usually °*simultaneous'
for a significant part of their growing periods (Willey, 1979).
Famers intercrop for a varlety of reasons, namcly, to
(1) insure against total crop failures under aberrant weather
conditions or pest epidemics (2) inecrease total productivity
ver unit land ares, and (3) equitably and judiciously utilize
land resources and faming inputs including labour(Rajat and
Singh, 1379).

Teploca plants have large canopies and are planted 1In

wlder rows. They are slow growlng during the ecarly stages and



usually taite more than three months from the time of planting

to the time when leaves from adja.cent rows overleps During

the pre-cverlapping period solar energy either goes to waste

or is used by weeds growing between the rows of ﬁ‘wioca.

Several fast growing crops can be agccommodated in betwgen the
rows of developing teploca plentses These inbtercrops should be
cepable of germminating quickly and developing 1ts 6wn leaf

area index so0 fast that weeds are not able to overiteke it
Secondly, it should have tempersture and photoporiod reguirements
corresponding to the geason of intercropping. Thirdly, there
should be no antiblosis between crops. Fourthly, 1lts photoe
syntheslis for seed development should not be largely or entirely ’
coniined o the reproductive phase or to the late stages of its
life cycle; actuzlly it could be better if the in’tercn;p sheds
its leaves during the flowering and seed setting stages

{(Panje, 1973)« Besideé the above characteristics; the intercrops
should be selected te fit in the expected rainfgll pattern of

the area since both crops are planted simultencously. The planting
tine of taploca alweys colnecldes with the onget of monsoon ralnss
Congldering the above aspects two short duration leguminous crops,

namely, groundnut and cowpes were selected for the present study,

Haln erop 1s usvally the maln source of incsme whereas the
fast maturing intercrop is used only to supplement the food needs
of the fara houschold while waiting for the main crops Therefore,

it is essential that productivity of the slow ma‘tﬁ:‘ing main crop



is nelther disrupted nor substentially reduced by the fast
maturing intercrop. But several experiments conducted in
tapiocca based intercropping system revealed a reduction in the
productivity of the main crop when it wes plaonted in the unifom
row dlstances (Singh and Mandsl, 1970). The growth of the
companion crop ls depressed substantially if it is interplanted
batween the normal rows of a base crop (Singh, 1979).

Spatial arrangement of crops can have a direct effect
on yield; on the absorption of radiant energy and on evaporatlon
and thus an indirect effect on water use efficloncy (Arnon.,1979).
In fact, the gpatlal arrangement decides the extent cf utilization
of availgble spece, time, nutritionasl factors and light to boost
production from an intercropping situatioﬁi Tepioca border rows
produce consideragbly higher yvields than inside rows probably
becguge of their relative position favouring to receive more
light and nutrients (Mattos gt gl., 1980a). Planting tapioca in
doudle rows Lrings two rows of tapioca more closer and leaves a
greater shace between the double rows into which the intercrop
can ve accommodated.s With this background, the present investi-

gation was undertsken with the following objectivas,

1+ To study the effect of intercropping of cowpea end
groundnut with tapioca.

2. To identify the most sultaeble spatial arrangement
of crops in tepioca based Iintercropping system.

3« To 1investigate the possibllities of introducing
paired row gystem of planting pattern in tapioca.

4, To work out the economica of intercropping in
tapiocaa ‘
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REVIEW OF LITERATURE

Taplioce based scientific intercropping system 1s only
of recent origin. Various short duration crops 1like cereals,
niliets, minor tubers, pulses and legumes, oll seeds, leafy
vegetables, frulte medicinal plznts and forages are grown
along with taploca. Thampan (1979) reported thet the
morphological features as well as the ecophysiological
requirements of intererops influenced the productivity of
taplocas Various management practices like crop compatibility,
plenting geometry, plenting time and technique, fertilizer
managenent, water balance, weed control and plent protection
decide the production potential of a taploca based inter-
cropping systems Research works on the above practices and

other related aspects are reviewed hereundar,

A.  Influence of crop compatibility on the productivity
of a taploca based intercropping system,.

The success of intercropping largely depends upon
selection of a suitable companion crop for the main crop.
According to Mehabal Rem (1980) it is essentisl to know the
prerequisites of companion crops before selecting any companion
crop such as, (1) s0il requircment compabtibility (2) water
requirement compatibility (3) competition for space, sunshine
and air (4) compatibility for pests and diseases (5) duration



and yield potentlial and (6) time of sowing snd harvesting.
Growing crops of dissimilar growth patterns, such that, peak
perlods o7 growth do not coincide, would ensure optimum
productivity of the two crops growing in assoclabion. For
long duration crops with an initial slow growth rate solar
energy utilization can be optimized by interplenting e quick
maturing crop (Rajat and Singh, 1979).

The practice of intercropping in tapicca has been reported
from Brazil as early as 1935 (Marcus, 1935). Lan (1508) who
was a ploneer in this field could not find gignificant influence
of a legume crop, Macung utilis when intercropbed with cassava.
Rotenhan gt al., (1966) oﬁserved the practice of intercropping
sorghum, malze, rice, groundnut, Bembzra groundnut, cowpeas,
mungbeans, chlckpeas, sweet potatoes, cotton and sisgl with

t apio CEa

Both hammful and beneficlal effects of intorcropping have
Deen reported by severasl workers. In an experiment carried out
by Singh snd Mandal (1970) with different intercrops like
horsegram, sesamum, coleus, bhindi, groundnut and cowpea, it
was fqund that horsegram and sesemum considerably reduced the
tuber yiecld of taploca. Mohankumar (1975) noted maximum
reduction in tuber yield when maize was Lntereropped with
cassava and it was significantly inferior to greengren,

groundmits gnd soybeans but was on par with sunfiower.



The vigorous growth of cassava resulted in reduced yleld of
nungbean due to shading effect cauged from 1ts ecarly develop-

ment onwards (Anon., 1978a).

At CIAT cassava was plaented with various legumes like
bepnsg, perennigl peanuts, soybemns, cowpen, sbylo, kudzu etc.
(Anon., 1978a)s It was found thet beans, percnnigl peanuts
and soybesns graw poorly because of toxic levels of gluminium
and manganese in the so0ll and thus competed little wvith cassavae
But cowpea grew very vigorously and competed for light during
the critical early growth phase of céssavao- Althourgh cowpea
yields were very low, the cassava never regcuped from this
early competliiion. Like cowpea, ltudzu and velvelb baean grew
vigorously and climbed over the cassava canopy ond thus
competed seriously for light. Stglosanthes puyanensilg reduced
cassava ylelds because of its strong competition for water
during the dry period. ‘Kudzu, cowpea and especizlly the
extremely vigorous Indigofers competed heavily with cassavs,
reducing ylelds upto 50 to 60% of normal. Jegmodium ovalifolium
produced a dense but low soil cover and did not compete much
with cassava until the latier began to lose itz leaves at the
end of the growth period. D. ovalifolium comblnes the fsvourable
characteristics of eerly establisiment, good ground cover and
minimal competition with cassava. Lira et gl., {1979) showed

that intercropping pearl millet for the second cassava year



(cassava was harvested after 18 months) was not profitable.
Studies on intercropping of tapioca at Nilueswar revealed
that growing of pulses end vegetsbles as intorcrops with
taploca was not a worthwhile proposition in areas where
south west monspon starts stralght away with intensive
downpouy {Anon., 1979). Prabhaker gt al., (1979) noted
that all the intercrops (groundnut, cowpea, maize, fodder
malze, horsegram, greengram, blackgran and redgram) had their
deleterious effects on the main crop, which regulted in the
reduction of casgava tuber ylelde Maximun {uber yield of
31.3 t/ha was produced in the control plot whlich was on par
with cowpea intercropping, but was significantly superior to

* other intercropa trieds The reduction in yield in the
intercropped plots was mainly due to the crop coupetition in
the early growth stage of cassava vhich resulted in comparati-
vely lesser mmber of tubers per plant as well as reduction in

the size of the tuber.

The possibilities of ralsing a secend intercrop in cassava
was assessed by Prabhekar et gl., (1979) which showed that
under the agroclimestic conditions prevéiling in Kerala and
considering the growth habit of cassava it was net poasible
to raise a second intercrop in cassava holdings. Thlis was
probably due to the fact that at the time of harvest of the

first series of intercrops, cassava developéd erough canopy to



cover the entire field and the sunlight infiltration inte

the ground was less than 10%. Another probable reason may

be that the subsequent growth period of cassavaﬁ(ﬁci:obe;h
December) continued with the dry period, with the result

there was conslderable moisture stress in the soilj thus
reducing the poasibility for a second series of intercrops.
According to Prabhakar ot gle, (1979) the tubey yield vas
significantly superior when cassava was grown as a pure cmp
and 1n‘tercmpping with any vegetable crop (covwpes, frcnch
beans, erarsnthus, cucumber or baindi) has reduced the tuber
yield significantly. Amonz the 1different interecrops tried,
bééns recorded the maximum tuber yield; but was on par with
other intercrops. The p’o'ssibilities of growlng some of the'
short durstion, drought tolerant medicinal plents like

Senna (Cagsis gnmustifolin) and Vinea roseg along with cassava
plants during its early stages of growth were glso attempted.
Out of the two medicingl plants tried,only Vincg xoseg
established and yielded (Prabhakar et gl., 1979).

Prabhekar et gl., (1979) agein reported significant reduction
in cassava yield due to intercropping of pigeconpea. The
highest tuber yield of 23.1 t/ha was obtained in pure crop of
cassava which was significantly superlor to intercropped
cassava yield obtained with pigeonpea.- There was no significant
difference among different pigeonpea veriecties wlth respect to
cassava ylelde Prabhakar and Nalr (1979) reported that planting
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a row of plgeonpea at a spacing of 75 cm between two rows of

cassava deereased tuber yield from 24.42 to 1749 t/ha.

Howler (1980) suggested that intercrops should be
carefully chosen so as to tolerate tﬁé sane soil and climatic
conditions as casseva and not %o compete excessively for
1igzht (elimb on the cassave plant), water or plent nutrients.
Although intercropping increased the comblned yields of both
crops expressed as land equivelent or area - Utime eqniValent
retlos, it seldom had a direct beneficial effect on cassava
yields. Depending on the competition from the intercrop,
cessava yields were reduced from O to 50%. Bean yield,
relative to monoculture, was negatlvely correlated with cassava
top growtﬁ three mon;ha after planting. Whent the same cassava
cultivar was intercropped with soybean, cassava snd soybean
vields were negatively correleteds But when simulteneous
planting of cassava and soybean was done, there was only

slight reduction in the yiecld of soybean (Anon., 1921a).

The dlfferent varieties of ¢ovwpea and groundmt were
.evaluated as intercrops with cassava and concluded that all
the cowpea varietles tried except H 42+1 had affected cassava
growth to some extent as bompared to contsoule. Maximum fodder
yield was recorded by Kanakeamanl which was almost equalled
by H 42-1, All the groundnut varieties affected the cassava
growth but meximum effect was seen with TGw17., However, TG=-17
regorded highest yield as intercrop and TMV=2 the lowest
(Anon., 1981b),
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In trigls at CIAT (Anon., 1952a) some eor all the
61 Vigna unguiculsta, 66 V. radista, 14 Cajanus calan,
O Psophoenrpusg tetragonolebus, 8 Glysine max,
3 Phaseolus lunaotus, .2 Stizolobium deerinsisnunm,
1 Conavellg ensiformis, 1 C. gladiatg and 1 Arnchis hypogaes
cultivars were tested for qualities suitable for simultancous
cultivation in cassava such as non-aggressive growth, rapid
ground covey and matﬁri‘ay in less than 100 dayse The reduction
in casgava 00t and legume seed yield-due te intercropping were
in the ranges 1 to 68 and 10 to 81%, respectively with
Cs sifoxmis, C. pgladiatg causing the grezteat reduction in
cassava yields and giving 1little or no seed yield in
compensation. Y. unguioulate and A. hyposaon suffered seed
reductions of 10 and 15%. from intercropping with cassava snd

reduced cassava root ylelds by 36 and 18% raspectively.

Contrary to the above observations, beneflicicl effects
due to Intercropping in tapiloca have been reported £rom
several tapioca growing centres in the world. 4n attempt was
made by the Agronomy Department of Agriculiursl College,
Vellayani, Kerala during 1961 in vhich the role of legumes as
intercrops was studled in the coastal regions of Kerala. The
Yield of tapioca grown mixed with blackgram and groundnut was
found to be more as compared to  several legume intercrops
cultivated along with taploca (Anon., 1965), Singh and
Mandal (1968) observed no substantial reduction in the yield
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of cassava when it was intercropped wiih groundnui,

Singh (1569) even proved the superiority of groundmut and
cowpea as intercrops in cassava as compered to ragi, Jowar
and sesemum. Mohankumar (1973) revealed that smong seversl
cultural practices, intercropplng in cassava was an economic
proposition and crops like groundmut end maize cen be
Introduced profitably in between tapioca rows during its
early stages of growthe I was reveasled that cassava grown
alone gave tuber yields of 12,9 t/ha while 1t was 13,2 t/ha
and 11.0 t/ha when intercropped with beans and maize
respectively, These ylelds did not differ significantly also
(Anone, 1975 a).

Gonzglez (1976) evaluated the morphologicsl characterie
stlcs of the plants that affected rsdiation within the crop
and has revealed that mon-intercepted solar radiastion within
the crop decreased progressively as the plasnt becsme older.
Morphological characteristics correlated best with this
microclimatic factor were plant helght, leaf area and total
blomass. Significant effect of the association of beans
or cowpea On cassava plant height was also noticedese VWhen
cassava was intercropped with Bellary onionr, cowpeas, peanuts,
mungbeans and field beans, it was found that 3Bellary onion was
the most suitable intercrop Causing only slight yield reduction
in cassava (1.1% reduction) (Thamburel and Muthukwishnan, 1976).
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Wilson and Adenigan (1976a) recommended intercropping of
vegetables with cassava. Cassava was intercropped with a
sequence of three vegetsbles (tomatoes, okra and French beans).
Okra and French bean yields were suppressed but lend equivelent
ratios (L.E.Rs) showed that this system was more efficient
than any of the crops glonec. Wilson and Adeniren (1976b) also
made records on land productivity under malze end ¢owpea in
pure stands and mixed cropping with cassava and reported that
total yield/he/year was 28% higﬁer in mixed cyoppinge The
possibility of raising crops like blackgram, greengram, cowpea
and bhendi ags Intercrops in tapioca was studied gt Coconut
Reseafch Station, Pilicode, Kerala. The tapioca yield in all
the intercropped plots was more then that of the control having
no Intercropss The maximum yield increase of taploca was seen
in plots intercropped with cowpes and greengran (Anon., 1977a).
Patanothal g gl., (1977) revealed that there were no significant
yield differences between cassava in monoculiusre and those
obtained from intercropping with peanuts, soybeans, mung beans,
maize and upland rice. Among the field crops used.lpeanuts
produced the best ylelds also. In general; mung beans and
peanuts, appeared to be the most suitable crops for intercropping

in cassava,

It was also indicated that the yield of the main crop
taploca was not affected by growing imtercrops like groundnmut,
cowpea and maize (Anon., 1978b). At CIAT a black bean of
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indeterminate growth habit was intercrepped uwlih 20 cassava
genotypes of widely verying morphological chavagters and
noted a strong negative correlation between bean yleld
relative to monoculture and cassava top growth, three

months after planting. In this eperiment there was a non-
slgnificent, but positive correletion between been yleld ard
cassava fresh root yleld. The Phageolus bean completed its
growth cycle (100 days) before cassava covered the ground and
hence could yleld well with cassevas On the otherhend, the
soybean had a growth cyecle of 125 days and itg grain £illing
period occurred only when cassava completely covered the
ground. - Therefore there occurred severe competition between
cassava and soybean and therefore it was diffiouit to select
a cassava variety combining the high yield potential as well as
adility to telerate full development of the component crop
(Anon., 1978b).

Moreno and Hart (1979) concludsd that ecological studies
and identlification of soclo-economic determinants in gpecific
locations were required to evaluate the provduction potential
of a taploca based intercropping system. Nitis (1978) reported
that cassava [stylo produced 5 to 180% more green feed immedige
tely after the harvest of cassava than cassava/volunteer sppe.
Intereropping with stylo increased cassava tuber viclid from

6,75 to 6.81 t drymatter/ha. But intercropping with native
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grass decreased tuber yields to 3.24 t/ha. Intercropping did
not affect proteiln content or in vitro digestibllivy of

elther crop or starch or hydrocyanic acid content of cassavas
Remakyrichna Bhat (4978) opined that the tubex and top yilelds

of taploca were not affected by growing groundnus, cowpesa,
blackgrem and greengram as intercrops., On the otherhand
tapioca tuber dry matter content, percentage starch content

end crude protein content were increased by legume intercropping.
Correa end Rocha (1979) recomuended intercropping of cassava
with cowpea, malZe, rice, soybeans, grain sorghunm,

Phaselus vulunris and Crotglarig gspp for maximum lgnd wse and
productivity. Maximum quantity of marketable cassava tubers
was harvested by Escalda and Javier (1979) when it was inter-
cropped with inoculated bush beans. Among 00t ciops

( sweet potato, cassava and gabl) - legume (mung beans, soybeans
and bush beans) combinations, cassava gave the highzst yieldss
Yizlds of legumes when grown in assoclation with root crops
ware low compared to those of monoculture, hovever, they were

‘considered economically favourable as extra crops.

A nev ilntercropping technology for cassava/grailn associa=-
tlons vas developed at CIAT by Leihner (1979). According to
this high yicelding cassava cv. with an ersct, laste branching
growth hablt with minimum intercrop competition should be used.

Legume crops, preferably Phaseolus vulgeris, Vigng unguiculatg
or Arachis hypogaeg which are early maturing, repldly covering



16

the ground and with determingte growth habits should be
used as companion cropss. The assoclated crops should be
planted simulbancously, each at its normal, monocropping

density.

An array of crops with duration vot exceeding four
months have been tested at the Cassava Experiméntal Plots
of the Temil Nadu Agricultural University, Coimbatore for
their suitability as intercrops undér lrrigated conditiong.
The intercrops tested were (1) buld erops like onlon
(Allium cepgy var. cepa Le) and Azgregete onion (Allium cepa.
var gggregatum) (2) leguminous crops like greengrem
(Phagelous sureus, L.} cowpea (Vigna sinensig, L¢ sevil)
and Co-8 Lablab (Lgblab niger, L} (3) fruit vegetable crops
like Okra (Abelmoschus esculentus (L) Meench) and (4) oil

seed crops like groundnut (Arachis hypogacs Le) end sunflower
(Belianthus gnmug L.)e It was concluded that onion

(A12ium cepa L.) was the most sultable intorcrop with cassava
because bulb fomation aend maturity were complated within

85 days before root bulking in cassava. Neilther growth nor
tuber yield of cassava was affected by onion (Muthukrt shnan
and Thamburaj, 1979). According to Thomas end Nair (1979)
cassava groﬁn in pure stands yielded 10.37 ¢ tuber/ha end
when intercropped with groundnuts yielded 10.86 +/ha, in

addition, groundnut yielded 1.86 t of unshelled nuts/ha.
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Zandstra (1979) pointed osut some conslderstions for the
design of cassava intercropping patterns: (1) tassava variety
should be tolerant to early shading (2) during maximum
production perlod the cassava canopy should be guperior to
thet of the intercrop {3) 1f possible, cassava should remain
below the canopy of the intercrop during the first 420 days
(4) cassava planting should be delgyed 20 to 30 days to
prevent excessive shadlng of the intercrop asnd tﬁ) plant
density should be kept low asnd row spacing wide wlthout y’ield
reductions. De and Frazeo (1980) concluded that for total
crop returns the best system was maize/camssava intercropping
followed by cowpea. An experiment conducted at Khonkaen
University, Thallsnd produced higher ylelds of c¢assava
(26476 t/ha) when intercropped with groundnuts compered to
sole culture {Anon., 1980a). According to Burgos (1980)
reduced soll and nutrlent losses as well as meintenance of
good physical propertie's were the reasons for increased yields

in simultaneocus intercropping.

Mohankumayr {(1980) noticed significant difference in tuber
yleld when cassava was lntercropped with greengrem, groundnut,
malze, soybeans and sunflower, Control plot in which no
inter;crop was raised recorded the maximum yicld which was
significently superior to intercropped ficlds. Experiments
conducted at CIAT (Anon., 1981¢) showed that cassava’could be

successfully intercropped with beans at later stages of
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development without modifying the cassava canopys. In this
case, cassava viclds were not affected by interéropping snd
a low yield of 500 to 800 kg/ha of dxy beans was Leabible.

Sheela (1981) concluded that the growth of taploca plent
as obgerved from the height, total number of legves and girth
of stem was suppressed by legume intercropping in. the early
stage; but later the suppressing effect was overcome and no
differance was no‘ticad in the characters due to intercropping.
Intercmppi.ng tapioca with cowpea and groundnut reduced the
percentage of productive roots in the main crops Length of
fapioca tubers #as ungffected by the systeis of creppinge
Although the drymatier content .of teploce tuber was not
influenced by any of the trestments, starch, protein and
hydvocyanic aci’c_l content s of tubers w;are incroneed y inters
syoppings Cooking -quality -of tuber was elsd not pffected by
growing leguness This experiment once agsln confiimed the
superiority of groundnut as en intercrop with toplocas While
screening covpea varieties suitable for mixed cropping with
tapioca it was observed that V=37 produced the highest yicld
(1175 kg/ha) at Peschi command area and Kenekssani yielded
maximun (615 kz/ha) at Chalehudy command arene At Halezpuzha,
=152 gave the highest yield (505 kg/ha) and was superior to
all other varieties tried (Anon., 19820), Croundnut varicties
like JL=24, Pollachi-1, Pollachi=2, FSB=7=2 and MMV-2 were
evaligted for mixed cropping with taploca g% Kodassery
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(Chalakkudy)s Though the difference in pod yield was found

to be nensignificent, highest yileld was recorded by DV=2
(482 kg/he)(Aron., 1982¢)s The intercropplng triels conducted
gt Vellanikkara identiflied cowpea as the most pyeflitable
intercrop in cassava in the high rainfall ragions with
laterite soll. The_ yield of cassave was not reduced due to

intercropping (Ancn,, 19824d).

Beens planted in associastion with camgsgve had no
atgniflcent reductions in ylelds whereas, yields of soybeans
were severgly re@ueaé. Yields of Seana end coybeans were
negatively correlatoed with megetative vigour of the assoclated
caasava genotype, but wore not correleted with yileld or inter-
genotyple campefitive ability of the cnssava genobtypes Cassave
could be plented in asegoclagiion with short duration c¢rops
without sacrificing muach on the yields c;f eitheyr crops High
ylalding casgeva genotypes with low vegetative vigour would
oring sbout high combined yields of cassava snd the associated
crop (Kawano and Thung, 1982).

Ba Enfluence of the time of plenting on the productivity
of a teploca based intercropping sysbom.
By changing the time of planting both Lavaursble and
unfiavourable effects on the growth and yicld of taploca and
companion crops have been observede It was reported that

when eardy sown groundnuts were intercropped with late planted
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cassava, the yield of groundnut was not seriougly affected,
but the yield of cassava was reduced to less then one fifth
of what was produced when grown aione (Anone, 1959). 1In field
trials Phaseolus vulgsris was sown on dates relative to a
single planting date of cassava, elther in monoculture or
intercroppede Seed yields in monoculture decreased slightly
with delay in sowing date, the mean yileld being 2.9 t/ha, but
were reduced severely when sown as intercrops after cassava.
Cassava planted six weeks before P. vulgaria reduced seed
yield to 53% of what was obtained in monoculture. Leaf area
index in P. yulgaris was markedly depressed vhon cassava
canopy was higher than that of P. vulgarig (Anon., 1976).

When cassava and phaseolus beans were intercropped (Anon.,
19770), cassava root yield was little affected by the planting
date of the besns compsred with monoculture casssva harvested
st 340 dayse VWhen intercropped cassava was harvested earlier
at 260 days, the effects were pronounced with ¢caossava yields
belng markedly reduced when the beans were planted four weeks
before the cassava. Bean yields were not reduced by inter-
cropping with cassafa wnen béans were planted frem four to six
wecks before 6assava. However, bean yields showed a marked
decline when beans were planted from three weeks before to

six weeks efter cassavas According to Gerodebti (1579)
simultzneous planting reduced total production of cassava

by 40% in cassave/melze assoclations. Another experiment on
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cassava/maize association (Maurya and Lel, 1980) revesled
that a second maize intercrop was not possible during the

sacond sSeasofe

Improvements on the grawth and yleld of toploce and
assoclated ciops by changing the time of plenting have been
veported by many workers. Hart (1975) investigeted the gffect

of interspecific competition on crop yield by deslgning a begn,
corn and casgeva polyculture system. Systems like (1) successe
ion polyeulture (in which besn, maize znd cassgva were all
plented at the seme time snd harvested after 9, 18 and 35 weeks
respectively) (2) reverse polyculture (in which ¢assava was
planted glene and then interplanted with mgize after 18 weeks

and beans after 27 weeka and all crops harvested efter 36 weeks
and an (3) intensive polyculture in which four bean crops, two
malze crops and one Cassava crop were all interplanted during a
36 week period and concluded that interspecific competition in
the succession polyculture resulted in a dynemlic interaction
between bean and malze yields. Experiments on intercropping
cassava with malze, melons and vegetables were sonducted at
Ibadan, Nigeria (Aron., 1975b). Results indlcated that it was
essentigl to plaht cassava one to two months before wmaize to
ensure a relsy crop prioy to the harvesting of cassava. When
intercropped with maelze and melons, cassava yvicldad 34 t fresh

welght/ha as compared to 25 t when planted alones
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Mung beans were planted 40, 20 and O days before cassava
to detemine the proper time of intercropping and concluded
that planting time had no effect on mung bean yiclds elthough
planting cessava 40 days after mung Deans gove higher income
than at 20 and O days (Kenchenghut, 1976a). An experiment on
similar line was conducted by Kanchanahut et gle, (1976) with
groundnuts and revealed that simultaneous planting peanuts
and cassava was fhe best. Planting cassava, 0, 20 and L0 days
after soybeans vielded nearly the same smount of roots, tut at
4 days, soybesns gave more income (Kanchanahut, 1976b). Vhen
beans were planted six weeks before cassava, totzl land use
time for the two crops was 382 dayse However, when they were
planted at the same time or later, total land use time was
340 deys when the cassava was harvested 340 days efter planting.
The Lané Equivalent Ratlo (L.E.R.) of the various planting

~ dates was calculated as the ratio of the land area needed in
intercmpping/monoculture for both crops. The most efficlent
biological land use measured by the L.E.R. was 1.7 vhen crops
were planted at the same time. This very high L.E.R. suggested
That there was great potential for intercropping with cassava.
Yields indicated that one hectare of land produced 34 %t of
fraesh cassava and 2.9 t of beans in less than one year

( Anon., y 1977D).

Chew (1972) tried various esnnual erops in matured and

inmatured cassava and concluded that relay cropping of cassava
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following pesnuts, sorghum, chillles, tobacco and asparagus
beans was more likely to mucceed than relsying thése after

cagsaviaes

Studies on the effect of time of plgniing cassava on
upland cropping pattern perfoymance (Anon., 1978b) revealed
that the optimum planting date for cassave was 20 days after -
sowing maize and 40 deys after sowing uplend rice,

Thungzand Cock(1979) emphasized the importance of planting

date and reported that simultzneous planting appeared prefc-
rable for obtalning higher yields from both the crops of s
cassava fleld bean association. An L.E.R. of 1s5 was obtained
regsorting to simultaneous planting. Simultancous planting

of both malze and cassava was found to be profitable

(Anon., 1980c). The different dates of sowing groundnut

as intercrop in tgpioca did not influence the yield of groundnut
glso (Anon., 19804).

According to Lazarte (1980) planting date affected both
cassava end been productions The shade produced by bean pleants
affected cassava growth duripg the initiagl stagoes. Root welght
did not vary due to planting or intercropping date. Cassava
plented €0 days after bean planting gave greater lend use
efficlency, productivity and total profit/ha, there was a
difference of 8844 kg as compered with bogns =nd casdava in

Bonocultusres
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HMoreno and Meneges (1980) enalysed the ylelds of some
legumes intercropped with cassava at the end of 1ts growth
cyclee Cowpea,iima beans snd common beans {both climbing
and bunch type) were intercropped after 240 days of cassava
planting. Cowpea and lima bean yields decreased 33 and 35%
in respect to monoculture. Reduction in the yield of bush
variety of common beans to the tune of 17% was observed due
to competition with cassava while 14% increase was noted
with climbing verlety as compared to lts respective monoe
cultures Cassaﬁa both in monoculture and in assoclation with
beans presented a asimilar yileld (25.40 and 25.61 t/ha

respectively).

Phaseolus sp. was sown upto six weeks before or six
weeks after cassava planting. Phaseolus seed yield declined
with lateness of sowing. Yields of cassava roots harvested
at 260 deys were reduced by early Phaseolus sowing but at
340 days were not affected. The most efficient blological
lend utilizabion as measured by the L.E.Re (ratio of land
area needed in intercropping/monoculture for both crops) was
1¢7 when the crops were sown or planted at the some tine as
Phageolug one week earlier (Anon., 1981a). Wilalpon et gl.,
(1981) cerried out field trials to study the effect of sowing
tine of stylo on cassave-stylo production and concluded that
planting cassava and stylo at the szme time significantly

reduced cassava yield as compared with monocropping of cassavae
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However, planting stylo six weeks sfter cassava caused only

very 1ittle and insignificant reduction in cassava yleld.

Ce Influence of planting geometry on the productivity
of a taploca based intercropping system.

According to Mahabal Ram (1980) the geometyy of
planting plsys a very important role in the suctess of inter-
cropping. Efforts shéuld therefore be made to create a
Tavouragble envirém-xent so that both the companion Qrops may
adjust themselves properly. The effect of cassave/peanut
intercropping on the yleld of cassava was reported by
Fkmahachal gt gle., (1976)e Among the various planting
patterns tried, cassava intercropped with two rowa of peanuts
(20 cm between rows and 20 cm between hills) between cassava
rowsg, 35 cn apart from the cassava row was found to be
remunerative when compared to cassava monacrop, peamut inter—
cropped withlin the cassava rows or cassava Lntercropped with

three rows of peanuts between its rows.

lethods of intercropping cassava with mung beans were
investigated by Xanchanahut (1976a). Plenting two rows of mung
beans at a spacing of 30 x 20 em between cassava yows was found
to be superlor o cassava moncculture, planting in the cassava
rows (four hills of mung beans between two Cassava plants) or
planting three rows of mung beanse Kanchanshut gt pl., (1976)

while making a comparative evaluation of the various methods
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of growing peanuts as an intercrop in cassava obgerved that
plenting peanuts in the cassava row ies, four hills of peanuts
at a spacing of 20 o between two hills of cassava planted at

g speecing of 1 x 1 m was superlor to cassava monoculture,
plenting two rows of peanuts between the caSSQVa rovws

(30 % 20 cm) or planting three rows of pesnuts between the
cassava rovws. Intercropping soybesnsg between the Cassava rows
(two rows of soybeans at 30 x» 20 cm) was found to be better than
growing cassava in monoculture, intercropping in the cassava

rov (four hills of soybeens between two hills of cassava

at 20 cm spacing or three rows of soybesns (Xanchanahut, 1976b).
Tonghem (1976) evaluated various methods of intercroppling cassava
with mung beans and concluded that highest yicld was obtained
vhen three rws of mung beans were sown between the cassava rows
(four hills of mung beans between two hills of cassava + 2 rows
of mung beans between the cassava rows). This was contrary to

the observation made by Kanchanahut (1976a).

Spatial arrangements were studled wlth both cowpea and
peanuts for finding the planting pattoern which caused leaf
competition with cassava. Grain yields of both legumes were
highest in a pattern of three rows botween twor rows of cassava

spaced 1+8 m agpart. Outside rows of legumes were 0.55 m Srom
the cassava with 0.35 m spacing between rows of legumese.
Casseva yields were highest when two rows of legmes were

planted 0,7 m from cassava rows spaced 1.8 m epart {Anon., 1980b),
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Effect 6f spatial arrangements in cassava on the lnterw
specific competition of cassava intercropped with cowpea

was studied by Rego (1981). He evaluated differcnt spatial
arrangements as to the rate of soll cover and light inter-
ception and identified the spatlel arrangement that minimized
interspecific competition and maxlmized the prndgctiv;ty of
the gystems Cassava in monoculturs exhibited a slow initial
growth; at two months cassava had an average of 33% soll cover
while in assoclagtion with cowpea the average was 75%. The
result of the experimenté conducted at Manmithy, Kerala
indicated that high ylelds from groundnut end tepioca could
be obtained when one row of groundnut was ralsed at a spacing
of 30 cm gpart in teploca grown at a spacing of 75 cm2
(Anon., 1982¢). | |

D, Influence of planting density on the productivity
of a taploca based intercropping system.

Experiments conducted at Turrialba in Costa Rica by
Heneses and Morcno (1979) to establish cptimum planting density
in meize/cassava association revesled very strong effect of
competition by malze over cassava whereln cassava ylelds
Varied from 75% (with 10,000 maizZe plants/ha) to 46% (with
50,000 plants/ha)s Melze planting density had a highly signi-
ficant effect on cassava with parameters like height of the
plant, height at the first branching, number, weight and
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length of commercisl roots snd stem digmeters Hagewsld (1980)
while making a study on intercropping grain legumes with
cassava on acid sulphate solls revealed that covpea and
groundnut yiclded maximum with ;100 000 end 200 000 plants/ha
respectively, Spatlial arrangesent influenced inter and intra
specific cpﬁpetition both being minimized in a €0-30-80 cm
triple mow arrangement of legumes between Cassavas The effect
of maize plant population on meize/cassava intercropping was
investigated by Kang and Wilson (1980) and reported that
Increasing malze population from 10 ¥ 30 x 103 plants/ha
significantly increased maize grain yield and at the same
time had no significant effect on cassava oot yield. Higher
populations (maximum tried 70 % ‘IO-3 plants/ha) however, had no
effect on grain yield but significantly depressed root yield.

Three malze plents/cassava hill were found to be optimum.

| In triols in which Yiagng unpuiculaip or gyoundmuts were
sown at various populations and spaced at three different ways
emong cassava planted at 9250 plents/ha in rows 180 cm apart,
-seed yields were highest at 110 000 end 222 000 plents/ha
respectively and when sown in three rows 30 ¢m apart, with the
outer row 60 ¢m distant from a row of cassavae Legumes roduced
cassava root yields with least and greatest effsct when rows
of legumes were placed 70 and 45 cm respectively distent f£rom
Cagsave rows (Anon., 1981d)s In fleld trials, seced yleld of
groundnuts grown st 50000 - 60000 plants/ha spaced in three
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different ways =smong cassava plented in rows 180 cn apart
increased with increasing population to a density of 250000
plantz/ha with no further increase at higher populations.
Cassava root yield was related negatively to groundnut seed

yield, but not to groundnut population.

E. Influence of palred row planting pattern on the
productivity of a taploca based intercropping system.
Sowing crops in the normzlly recommended uniform row
distances would afford 1ittle or no opportunity for accommo=
dating a companion crop. On the other hand, modification of a
planting pattern of the base crop would make intercropping
feasible and often ramunerative. Keeping the plant populstion
per unlt area of the base crop constant, no deviation in its
yield has been noted by altering the orentztion of rows
(De gt gle, 1978)s This planting geometry mey provide additional
space for the intercrop component. It will thus sugment the
utilization of available space, time, nutritionsl factors and
1light to boost the production per unit of natural and spplied
inputs (Singh, 1979).

Paired row system of taploca cultivation, a modification
of the traditional planting pattern has been reported from many
Yesearch centres, In marny experiments cassava border rows
produce higher yields than .inside yows probably becsuse they
reckive more light and nutrients. The double (paired) row

system tried to mgke use of thig advantage. The use of the double
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row system for cassava offers the edvontage of allowing other
crops to be planted between the double rows and produces
higher ylelds thgn conventional cassava cropplng systems
(Mattos et gl., 1950a). Planting cassava in double rows

brings together two rows of cassava and leaves a greater space
between these double rows than with the tradlitlonal method.
This palired row system can improve crop production by

| (1) allowing easy use of mechanical equipments (2) decreasing
production costs due to a reduction of labour (3) presenting the
possibllity ¢f continuous use of the same area by alternating
rows (4) allowing the possibility of multiple cropping

(5) making crop inspection easy (6) increasing productivity due
to a border effect (7) making the application of pesticides to
control pests:ghd diseases ecasy (8) sllowing the possibility of
mulching with plants in the free spaces for enriching the soil
with organic material (9) reducing the amount of.fertilizer used
(10) reducing soil preparation to only the planting areas and
(11) making better use of the land (Mattosgnl1980a)s. He also
reported that cassava plantinglin double rowgs was an advisable
practice because besides increasing root and starch yields and
profitability, it allowed the free space to .he used for growing
other species such as beans, soybesns, rice,'peanut, millet,
sweet pétatoes and tobacco. According to him 2.0 X 0.6 x 0.6 m
spacings brought out the highest productivity and the greatest

Lncome return rates Ezumah and Okigobo (1980) reoported favourable
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ef fects on peanut productivity especially at high peanut
populations by adopting double row planting technique for
cassavae

Mattos ek al., (1980b) while conducting en experiment

to utilize the free space between double rows of cassava by

Crotalaxris juncen revealed thet the highest cassava root yields

of 34.12 t/ha in CV B@i~116 and 39.72 t/ha in B&I~-001 were given
by double rowe 2.0 m apart with 0.6 m between the two rows of
each double row and between plants in the row and these yields
were 57 and 16% respectively higher than a control with rows

1 m apart and 0.6 m between plants in a rows, Yields with 2.5
or 3.0 m between rows were not significantly differcnt from the
control and differences in starch yields weye not slgnificent.
Fregh matter yield of C. Jjunces ranged from 14.7 t/ha with 2.0 m
Pbetween cassava rows and 0.5 m between plants in the row and
between the Two rows of each double row to 22.6 t with 3.0 m
between casszva rows and 0.7 m between plants in the row and

between the two yows of each double rowv.

Instances of reduced yicld of cassava cdue to paired row
gystem were also reported in the literature. For instance
-Mohankumar (1976) tried the possibilities of growing vearious
intercrops like green gram, groundnut, melze, soybesns and
sunflower under ordinary end palred row method of planting
cassava and concluded that tuber yields were reduced in inter-

cropped plotse He noticed no significant difference in tuber
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yicld for the different methods of planting also. Howeven,
Patanothal and Laohasiriwong (1977a) while comparing single
and double row planting patterns for cassava/legume (pearuts,
soybeans and mung beans) association recorded no significant

differences in yields.

When cagsava was planted in double rows Souza gt al.,
(1981) recorded 25.8, 27.9 and 32,0 t/ha of tuber for the
treatments {(a) snmual ploughing of the whole area =nd mechanical
cultivation between the double rows (b) as in (a) but sowing
Cannvaling ensiformlsg between the rows instead of mechanical
cultivation and (c¢) minimum ploughing of only the two area
and then as (a), respectively. Above ground parts yielded
845, 8.4 and 12.6 t/ha in a, b end ¢ respectively. Starch yield,
number of tubers per plant and helght of 6 end 12 month old
plants were also greaters Temes (1981) reported that although
- total roots per plant were higher with casséfa in single rows,
commercial root production was 13% greater in double rows.
Associations of malze with casseva 1n double rows were the
most efficient in land use in time (28% higher). The best
agronomic and economic cropplng system was cassava in double
rows intercropped with maize.

Fe Influence of fertilizer elements on the procductivity
of a taploca based intercropping systen.

Singhgt pl., (1969) reported that cowpea added more orgenic
matter (29.8 t/ha) and thereby more nitrogen (183.7 kg/ha) end
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groundmut ranked next in this respect from the raesilits of en
experiment involving groundnut end cowpea as intercirops in
between cassava rows. Deeratikasikorn and Wickhem (1977)
studled the response of cassava to inorganic fertilizer
application and the effect of overscwing Townswille stylo
on cassava yield et dlLfferent rates of fertilizer applicetion.
Yields of Townswllle stylo tended.-to be higher in the fertilized
plots; however, oversowing stylo resulted in a docrease in
cassava yleld in both fertilized and nonfertilized plots.:
" According to Mohankumay (1976) application of fertilizers to
cassava end intercrops like greengram, groundnut, soybean end
sunflower produced maximum tuber yields, and was significantly
superior to the application of fertilizers to cassava zlonec.
Ekpete (1976) indicated that fertilizers rocommended for sole
crop of cassgsava would be more profitable when mpplied to cassava

alone than when applled to mized crops of casseve, Balze and okrs.

Changes in nutrient absorption in different ateges of
physliologlical development of the crops and its e¢ffects on a bean,
malze and cassava production agrosystem were investigated by
Lacharme (1976)s The greatest need of the crops for soll
nutrients was between 25 to 75 days. The need was of the order
of cassava > malze > beans. Cassava and malze were great
bibmass producers and soll nutrient extractors. Fertilizer
efficiency was of the order of K> N> P > 8. . According to the
EquiValenﬁ Land Use, the polycultural systems were efficient in

yield and biomass production than monocrop. But Patanothai end
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Lezohasiriwong (1977b) noted no response to fertilizer
application by cassava when it was intercropped with peamuts,
soybeans and mung beans. On similar soils it was elso found
thet fertilization in cassava/legume intercropping was not
profitable,

Nitls (1977) revealed that as a companion crop, stylo
was beneficisl because of the increased N supply for cassava,
equivalént to about 20 kg urea/has. With P and K fertilizers,
the N supply by stylo reached the equivelent of 160 kg ur:ea.
In association,cassava shoot and root yields increased 0.39 and
0.43 t drymatter/ha respectively. The extra graen feed produced
by stylo ranged from 0«14 = 0.39 t drymatter/has Measured in
tems of protein, starch, hydrocyaenic acid and in vitro digesti-
bility (organic matter and drymatter), the nutritive values of
cassava and atylo were not sgignificantly affected by the

associantion.

Field experiments conducted in Philippines compering
monoculture plantings of maeize, rice and cassava with intercrop
combination st different nitrogen levels, Palada and Harwood
(1977) revesled that when the three crops were sown or planted
together at the same date, malze and cassava had a botter
competitive abllity than rice in ténns of 1light and nutrientse.
Growth balance between the three crops was best at low ﬁitrogen
level (60 kg/ha) but total productivity was lower, Higher total
productivity was obtained at 180 kg nitrogen/ha with a land
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equivelent regtio (L.E.R) value of 1.9 for the three crop
combination. Aé¢cording to Remakrishna Bhat {1978) the
intercrops should be fertilized separately in addition to

the fertilizgtion of maln crop of tapioca. He found improve=
ment in the fertility status of so0il due to intexcropping
taploca wlith legumes. Nitis (1978) reveeled the effect of
cassava/ stylo combination on cassava/stylo production and land
productivity after two years of intercropping. It was found
that the rzaldual effect of fertilizers was still beneficlal
for the natural pasture after the companion cropping. The
effect of nitrogen derived from the stylo root nodule seemed
to be greater than that from ureas The carry over effect of
the companion cropping increased the quality and quantity of
livestock feed, gave better water and soil conservation and

more efficient land utilisation.

Pinto and Cepeda (1978) indicated that the nutritional
requirements were different for each crop in a malze/cassave/yean
assoclation. This should be taken into account in fertilizer
recommendations for assoclated crops. According to Meneses and
HMoreno (1979) the level of fertilization had a highly significant
effect o1n the number and welght of commercial roots of cassava
in a malze/cassava associations But Lira et gl., (1979)
concluded that intercropping increased production with or
without fertilizers. Porto gt al., (1979) obtained best cassava
yields when slngle superphosphate, potazsium chloride and amonium
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sulphate were spplied at 300, 100 and 150 kg/ha respectively to
en assoclation of cassava with beans, soybeens, rice, peanuts,
gorghum or malze, Sheela {1981) recommended a common fertilizer
dose 0f 50362.5:62.5 and 93.75:75393. 75 kg of N, sz5 and.Kzolha
for tapiocs/ cowpea and tépioca/groundnut conbinstion, raspecti=
vely to get maximum returnss She also found an improvement in

the fertility status of so0il due to intercropping tapioca with

legames.

But from an experiment at CIAT (Anon., 1978a) highest
ylelds were obtained without any cover crop and cassava ylelds
declined as the competitlon of the cover crop increaseds The
cover crop nelther increased the nitrogen levelmor decreased the
phosphorus level in cassava leaves indicating that the nitrogen

contribution and nutrient competition of the legumes were minimal.

From an experiment on nitrogen economy and soil conservation
in taploca/stylo intercropping system Anil Kumer (1983) concluded
that growth characters and yleld attributing characters were not
influenced by intercropping and nitrogen levelss Even though
numerieally the tuber and top yields'were lover in intercropped
plots, these reductions were not statistically significant.
Similarly the utilization index was also not influenced by

intercropping and nitrogen levels.

Ge Economics of taploca based intercropping system,

The economic snelysis of verious intercropping systems in

tapioca has been done in India and elsewheres At CICRI, Trivandrum
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it was found that growlng groundnut. as an intercrop. in cassava
holdings provided sn additional gross income of W:1150/he

(Singh =nd Mandsl, 1968).  Groundnut was found to be the best
intercrop while considering the economics of intercropplng with
taploca (Singh and Mandgl, 1970). Sintuprama et al., (1973)
revealed that intercropping cassava with soybeanz aznd peamuts
gave better income than cassave monocultures As reported earlier
Mohankumar and Hrisghi (1974, 1976) also obtgined maxinum returns
from groundnut intercropped plotse The next beast treatment was
malze which also increased the net returns/he over other treat-
mentse However, Intercropping with soyoesns and greengrsm were

found to be uneconomic as the net returns were less than that of

the control plots.

Hart (1975) recorded the economic return from begn, corn
and cassava monoculture and polyculiure cropping systems and
revesled that the economic return was signifiicantly higher from
the polyculture than from the monoculture systam. The net
econonic return from the succession polyculturés witdeh had bLeen
designed as an analog to leaf, stem and root blomass compart-
rnentalisation during natursl succession was higher than from
the tw other polyculturcs. The net economic return was 5L

higher than from the monoculture fotation cropping system.

Pongham (1975) reported that intercropping of cassava with
sweel corn, soybeens and peanuts gave 14 to 41.75 more income

then cassava moncculture. Mohankumar (1978) obtailned 25% more
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roturns from cassaVa/peanut intercropping vhen compared to
cassava monoculture. AgZain groundnut plots recorded maximum
returmns (Prabhakar et gls, 1979). Prebhakar gt ale, (1979)
reportgd that amoné glfferent vegetables, maximum net return
was obtained for the crop.combination of cassave/beans with
an additional income of KBe.712/ha over control, followed by
cowpea and cuctmber. Cultivation of bhindl.end amaranthes
wns found uneconomical. Sonlegksup 2t gl., (1978) reported

33, 7% higher income from cassava intercropping.

Mohankumar et gl., (1980) proved the superiority of
groundnut from the point of view of maximum returns.

lHowever, the next best intercrop was french beans.

Net income calculations (excluding land and wmanagement
costs) at varying omssavaimalze price ratios demonstrated
that the improved intercropping system without fertilizer was
the most procfitable upto the very highest price ratios. At
low cassava prices the income galn was gubstantizl with only

very margingl. increases in costs (Anon., 1980b).
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MATERIALS AND METHODS

The present investigation was undertaken 4o study <the
effect of intercropping of cowpes and groundaut with taploca
and to identify the most suiteble spetial arrangement of crops
in taploca based intercyopping systeme The materials used and
the methods adopted are detzlled below.

Materiagls

Experimental site.

The experiment was conducted in the Ingtructional Fam
attached to the College of Agriculture, Vellayvanis The college
is located at 8°N latitude and at an altitude of 29 metres

above mean sea level.

Soil.

The soil of the experimentgl ares is red loem with the
following physicoe-chenical properties.

A Mechanical composition

Coarse sand (%) e 13.70
Fine sand (%) es 33,40
311t {9%) .o 28,00

Clay (%) se 24,90
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8, Chemical composition

pH . 5- 3
Total nitrogen ve 0.077 per cent
Available P0g . 43, 410 kg/hn

Available K, .0 - 40.000 kg/ha

2
Cropping history of the field

The experimentel area was lying Zfallow Zor three months
prior to the present investigation and before that it was under

g bulk crop of taploca.
Seasone

The experiment was conducted during the regular planting
season (during the period from June-1982 to February 1983) of
teploca in Karslas All the crops were ralsed as ralnfed.

Veather condltionss

The metecrological paraneters recorded werzs rainfall,
maximm end minimum temperature and relative humidity. The
average monthly velues and their VQriétion from the average
for the past 25 years (1956-1981) from planting to harvest were
worked out and presented in Avpendix I and illustration given
in Plg, 1.

In generel the weather conditions were favsurable for the

satisfactory growth of the cropse
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Planting materiale.
Tapioca.

The variety MQ. a pqpular variety in the state was used
for the trialse It is 2 ;all groﬁing. non-branching variety with
noderate yvields and matures in ten months. It produces medium
size tubers with low hydrocyenic acid content. Zhe planting
material required for this study was obtailned fyom the
Instructional Farm attached to the College of Agriculture,
Vellayanl.

Cowpesas

'*Konaltanani' a medium duration variety of cowpea recently
released by the Kerala Agriculturél Universlty wna used for the
present imvestigation. It is bushy, moderately high yielding
and matures within 70 to 80 days during kharif and 65 %o 70 days
during rabi and susmmer seasons. ZThe gverasge number of deys taken
for 50% flowering is 48. This variety is photoinsensifive and
to a certain extent drought tolerant. It iz cxcellent as a green
vegetable and equally good as a grain pulses The proteln content
is 22,41%, 1t can yield upto 1100 kg/ha of grain and 2500 to
5500 kg/ha of green pods,

The seeds of this variety for this investigation was
obtained frow the Gommend Ares Research Centye for Intensification

of Pulses and Oilseeds, Trichur.
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Croundnuta

TMV-2;, 2 selection from Spanish bunch wae useds It is a
gshort duration type with bunch habit of growbth, - 1t maturss in
100-115 days. The pods are small end one to two seededs The
shell is thin and kexmels are light rose in ¢colours The seeds
are nondoruents The kernels have an oil content.of 49%. This
varliety ls popular smpong groundnut growers in Kerslae 1t is

sulited for both reinfed and irrigated conditionss

The planting material was obtained from the Coimand Area
Research Centre for Intensiflcation of Pulses sud Gllseeds,

Tri’chur.
Manures and fertilizers.

Farm yard manure with the following nutricnt velues was

used for the trial.

0«46 por cent N
0,30 per cent P205 and

0

0. 27 per cent K2

Fertilizers with the followlng nutrient analysis were used

for the trial.

Urea 46 par cent N
Supervhosphate 16 per cent P205
MMuriate of :

potash €0 per cent K0
Quick lime Neutralising value 163,1

{Ce0)
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Methods

Design and layout

The experiment was lald out in a Randomiscd Block Design
with three replicationse The layout plan of the experiment

is given in Fige 2.

The treatment details are furnished belowi

‘I‘1 Taploca in paired row with groundnut in
interspaces of paired row.

T2 Taploca at normel spacing with pgroundmt
on mounds '

T3 Taploca at normal spacing with groundnut
in interspaces

&
L& R~

Taploca as in T1 with cowpea as inter¢rop

3

Tapioca as in T2 with cowpea as intcercrop

Tapioca as in T3 with cowpea as intercrop

(7}

T

T7 Tapioca in palred row without intercrop

TS Taploca at nornal spacing without intercrop
Number of replications : 3

Total number of plots 24

ok

Methods of planting
taploce

Spacing for tapioca : Normal method 90 x 90cm

Normal and palrgd row

Palrdd row method 45/135 x 90

45 cm between two rows msking
up a palir

135 cm between two such pairs

90 cm between plants within the
rouw



REPLICATION
I

REPLICATION
I

REPLICATION
s

%
FiG. 2. LAY -QUT PLAHN RANDOMISED BLOCK DESIGM,
Ty Te T4 T2 Ty s T T8
‘1‘6 T7 T'B ‘T1 Tz TS- T4 T3
Tz e T1 T4 T2 Ts T8 T3

TREATMENTS

TAPIQCA IN PAIREDR ROW WITH GROUND RUT N INTERSPACES OF PAIRED ~
TAPIOCA AT HORMAL SPACING WITH GROUND NUT OH MOURNDS.

TAPLIOCA
TAPIOC A
TAPIOC A
TARPIOC A
TAPIQT A
TARPIOCT A

ROW.

AT NORMAL SPACING WITH GROUND NUT IN INTERSPACES .
AS N T WITH COW FEA AS INTERCROP.

AS 1IN Ty WITH COwW PEA AS INTERCROPRP

AS IN Tz wiITH COwW PEA AS INTERCROPR,

1IN PAIRED ROW wWiITHOUT IWWTERCROR,

AT HORMAL SPACING WITHOUT INTERCROR
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Methods of planting intercrope.
(1) Paired row planting,

Planted four rows of intercrops in the interspaces of

palired row at a spacing of 30 (rows) cm x 20 (plants) Cll,
{(2) Ring method of planting.

Planted intercrops as two rings over tapioca mounds.
The distance between two rings was 30 cme. 20 ¢m was glven

between plants in a ring.
(3) Alternste row planting.

Planted two rmows of Intercrops in the interspaceg of

nomial rows at a spacing of 30 (rows) cm x 20 (plants) cm.
Plot size,

Gross plot size : 4,5 m x 9.9m
et plot size P 2.7mx8.1m
Net area of a plot:s 21.87 m2

Number of taploca plents in the gross plot § 55
Number of tapioca plznts in the net plot ¢ 27

Intercrop population in paired and alternate row planting.

Length of one row : 440 cm (left 5 cm on both sides)

Number of plants
per row W0 ¢ 20 = 22
20

22 x 20 = 440

Numbey of rows

Plant population
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Intercrop populption in ring method of plantinge

Number of plants per teploca mound § &
55
8}{55:4&0

Number ¢f mounds

Plant population
Plsnt population was kept constant in gll treatments.

Field culture,
Preparation of field,

The experimentel area was dug twlce, stubbles removed,
¢lods broken snd the fisld was lald out into blecks znd plots.

Mounds were ralsed as per the treatmenis.
Manuring.

A uniformt basgl dose of 12,50 t/ha of famm yard manure
was epplied and well incorporated into the soil before taking

noundsse
Fertilizer and lime application.

The fertilizer mutrients were applied in the form of
urea, superphogphate and muriate of potash for N, P205 and
K20 respectively. A fertilizer dose of 35:170:45 kg/ha of
N, 9205 and,KEO (1e. 25350325 for tepioca and 10:120:20 for
Intercrops) was applied on the 20th day of plentinge Another
dose of 25325 kg/ha of N and K20 was gpplied to lapioca after
the harvest of lntercrops.

Lime at the rate of 1000 kg/ha was applied on the 40th
day of planting,.
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For taploca, top dressing was done over the mounds and
reked well into the soil. For intercrops, the fertilizers and

line were thoroughly mixed with the soil.
Planting.

Plenting of tapioca and sowlng of intercrops were done
on 2=6-1982. Tapioca setis of 20 cm length were plented upright
on the top of the mounds to a depth of 3 to &4 cme The seeds
of intererops were sown as per the technlcal progrgmme. Cowpea
seeds were sown at the rate of two seeds per hole aznd that of
groundmt at the rated one seed per hole. The seeds were
pressed into the soll by hand to a depth of 1,5 ¢ and covered
with soil.

After ecultivation,

Gemminatlon of setis was goods Unsprouted sebtts were
replacgd by fresh ones ten days after planting. BExcess sprouts
were removed, retagining only two heaslthy and vigorous shoots.

- Germinatlon of intercrops was aiso goode Ggp £illing waas done
wherever found necessary. Thinning was done one wyeek after

sowing end the population was maintained unifora,

The soil wés siightly stirred in groundnut pilots at the
time of flowering in order to facilltate pegging of groundnut
which was combined with the application of lime., The first
eartiting up for taploca was done at the time of harvest of
intercrops (on 14-B-1982 for cowpea intercropped plots and on

20-9«1982 for groundnut intercropped plotss One more earthing
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up was glven on 15-11=1982 for tagploca.

Plant protection,

Plant protection measures were adopted ageinst termite
attack by dusting 10 per cent BsH.C. Prophylactic spraylng of
0.05% Malapthion was effected on 5-7-1982 for the intevcrop
cowpaas EHtalux (0.1%) was sprayved on 10-8«1582 o groundnut
as a prophylactic measurez against the incidence of red halry

catarplllar.
General condition of the crops.

The gensral condition of the creps wag good throughout
the perdied of growth.

Har'\fest.

Cowpea wag harvested on 14-8«1982 and groundnut on
20-9=1982, The bhusa of the intercrops was incorporated into
the 20il in situ and allowed to decomposes The mein crop of
taploca was harvested on 14-2-1983 when indications of maturity

were observeds
Observations reecorded.
Sampling technlgue for biometric studies.

Ten plants each were tagged alternately £rem the net
plot area for deteiled blometric observations.
As Observation.on growth characterses

Zhe following growth characters of tapiocs wore studied
and deta recordeds
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a. Height of the plant.

Cumulative height of the shoot of each plant including
branches were neasured from the base of the sprouts to the
tip of the terminal bud at monthly intervals commencing from
the first wmonbth after planting t11l harvests

be Totazl number of leaves per plant.

The tobel number of leaves was recorded at monthly
intervals by counting the number of fully opened leaves as
well as fallen leaves as indicated by the leafscers on the

steme
c. Number of functional leaves per plant.

The number of fully opened leaves retained in the plants
was recorded st monthly intervals from the first month after

planting till harvest,.
de Leaf area index,

The method evolved by Remanujan and Indira (4673) was
followed In this experiment for detemining the lea® area index

of tapicca at monthly intervels from the first wonth after

planting till harvest,
@e Girth of the stenm,

This was recorded by measuring the girth 'nt the base
of the shoot of cach plant, teken at monthly intervals starting

from the second month after plenting to harvest.
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B, Observation on yield attributes and yield
ae Total muwmber of roots per plent.

The total number of roots including productive and
unproductive ones was recerded at the time of haivest from

plants under observetion and the average per plant wiked out.
be DNumber of tubers per plant.

The total number of fully developed tubersz fyom the
cbservation plants was recorded and the average per plant

worked oute
¢s Percentage of productive roots.

The percentage of preductive roots was worked out using
the number of tubers per plant and total number of roots per

pl ant.
des Length of tubers.

The averesge length of tuber was worked out by measuring
the length of ten tuberg taken at random from the observation

plants and expressed in cm.
ge Girth of tuber.

Girth measuremenis were recorded from the ssue tubers
that were used for length measurements. Girth values were
recorded at three places, one at the cencre and the other two
at helf way between the centre and both enids of tubers. The

average was taken as the tuber girth and expressed in onm.
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f« Rind to flesh ratio.

A random sample of fresh tubers was taken from each plot.
The tubers were peeled and the rind and flesh woight were found
out separatelye. From this the rind to flesh vatio was worked

oute
ge Tuber yield.

At the time of harvest the tubers were seporctaed and
cleaned to remove the adhering soil gnd the fresh wolght of
the tuber from the net plot was recorded. The per hectare

y_ield was then worked out from thise
h| Top yield'

The total weight of the stem and leaves of the plants from

net\plot was taken at the time of hegvest and comwerted to t/ha.
1. Utilisatinoa index.

This is the ratio of the moet weight to top (stem and
leaves) welght and 1s en important yield deberminant factor
(Obigoesan, 1973). This was worked out from the alraady

recordad obmervabions.

Ce Obsarvations on quality atiributes.
as Drymatter content of the tuber flesh.

A wnifornm quantity of flesh from fresh tuber was taken
and dried to constant weight in an air oven st 105°C. The
weight of drymatter expressed as perceﬂtage of fresh welght gave

the drymatter content of the tuber flesh (A.0. A.Cs, 1963).
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be Starch content of tuber.

Starch content of the flesh was estimgted by potassium
ferricyanide method (Ward end Pigman, 1970)e The vealues were

expressed on ‘fresh weight basls as percentages
¢s Crude protein content of tuber.

The totsl nitrogen content of oven dried samples fyom
each plot was estimated by modified micro-kjeldahl method
(Jackson, 1967)s To get the crude protein content of the
tuber, the nitrogen values were multiplied by the factor 6.25
(AeOeheCuy 1969),

De Plant anslysis.

Separate szpples of tuber, stem and leaves were collected
for chemical studies, dried at BO°C #5and were ground in a
Willey mill. The nitrogen, phosphorus and potasslum contents

of tuber, stem and leaves were separately analysed.
as Nitrogen content.

The total nitrogen content of the sample was determined
by the modified micro-kjeldahl method (Jackson, 1967).

be Phosphorus content.

Phosphorus was detemined by Vanado-molybdo-phosphoric
yellow colour methed (Jackson, 1967).
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c. Potassium content.

Potassium content was determined by using "EEL' flame
photometer,

Intercrops.

Ten plznts were selected at random from hoth cowpea end
groundnut plots for recording detalled biometric observations.

The observations recorded are given below.
A. Obgervations on growth, yield sttributes and yield

2. Helght of the plent.

The height of the observation plants was neasured at
twenty days intervale The measurcnent was from the base to the

growing tip of the plants gnd mean height worked out.
b, Number of branches per plant.

The number of branches on each of the observation plents
was counted znd the average number worked out and recorded at

twenty days 1ntervai starting £rom the 40th day of sowinge.
ce Number of functional leaves per plant.

The total number of green leaves present in the observation
plants was counted at twenty days interval and the average worked

out and recarded.

de Leaf zroa index,

The general graph paper method was followed for detemmining
the leaf area index at twenty days intervale
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2, HNumber of meture pods per plant.

The number of mature pods in the observation f:lants at
the time of harvest was counted and the average mumber of pods

per plant recordeds
fo. Gragin vield of cowpeas

Pode were harvested, dried, threshed end winnowed for
recording the grain yield of cowpea from-cach plote The yield
{(kg/ha) was then worked out from this.

Ze Pod yield of groundnut,.

The pod yicld from each plot was recorded after separating
and drying the pods and converted to kg/hae

h. Bhusg yicld.

The welght of bhuse obtained from each plet after
separzating the pods was taken and recordeds The yield in kg/ha
was calculated from this data.

il Quentity of nitrogen, phosphorus and potassium
incorporated into the soll by bhusa.

The guantity of nitrogen, phosphorué and potassium
incorporated into the s0il by means of bhusa of the legumes
in each treaiment was found out from the correcsponding drymatter
yield and nitrogen, phosphorus and potassium content of the
plent semple.

The drymatier percentage was found out by A.UeheCs (1969)
methods . Percentage of nitrogen was found out by modified
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micro-kjeldahl method (Jackson, 1967). Vanado-molybdo=phosphoric
yellow colour method (Jackson, 1967) was followed for phosphorus
estimation and 'YEEL! flame photometer was used for potassium

determingtion.
Soil analy slse

Mechanical composition of the soll before starting the
experiment was determined bty the International pilpette method.
A composite =oil sample collected blockwise prior to the
experiment end soil samples collected frém individusl plots
after the experiment were anglysed for total nitrogen,
avallable phosphorus and available potassium, Total nitrogen
was deternined by modified mlecro-kjeldehl method, avalladle
phosphorus by Bray'!s method and available potassium by Aumonium
acetate method (Jackson, 1967).

Statistical anslysisg.

Data relating to different observations were statistically
analy sed using the analysis of varliance technigue for Rendomised
Block Design and significance was tested by using the 'F! test
(Snedecor end Cochran, 1967). The data were anglysed with the

help of a Casio Sclentific Calculator.
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RESULTS

The observations recorded were statisticelly snalysed
and the gnalvsls of variance tables are given in Appendices Il
to XV. The mean values of observations are glven in Tables 1

to 25 agnd the important results are presented belows
Obgervations on meln crop (Taploca)

Ae Growth characteras

1o Height of the plant.

The helght of taploca was recorded gt montilly intervals.
The mean valuns ere presented in Table 1 and. the snalysis of

variance in Appendix II,

It is seen that the treatments exerted significant
infiuence on plant height after second, third snd fourth month
of planting taéiocau, Maximum height was recorded by the treatment
T7 which was on par with Té, T1 and T3 at the agbove growth
stages. Minimum height was recorded by the treaiment T6 during
the above growth stageg, but was on par with Tﬁ and TQ af ter
second and third month of planting and with all intercropped

tregtments afser fourth month of planting.

No significant difference was observed between treatments
with regard to the helpght of plants after first, L£ifth, sixth

and seventh month of plenting and at the time of harvest.



Table 1 Height of tapioca as influenced by planting patierns, intercrops
and spatial arrangements (em).
T tment . e Ds X
Me AePe T - T == o T T (3.05) Se e
1 Lo 3 I s %6 7 B
I Qe 33 B. 567 0. 457 B.567 8.833 7.933 9. 367 9.457 - 0.628
il 35,300 29.167 35.500 25700 19.133 18.4D0  40.500 39. 433 9.786 3¢ 219
III 56.400 44,233 55.2 34,833 29,200 27.033 67.300 62,366 15.069 4,956
v 59.033 47,933 56.7 48.233 42,766 41.100 79.00 75.966  24.854 B.174
v 85.000 79.000 92.433 77-166 B83.933 74,800 106.700 105.3 - 10. 740 e
VI 1144333 106,767 128.467 92.200 121.267 112733 130.633 130.967 - 7514 @
Vil 131.200 127.933 145.067 114,467 126.900 116.600 144.967 143.900 - 104 167
At harvest181.900 134.700 157.900 128.833 147.33 1291 155.666 155.266 - 10.128
Me2ePe = Honthsg After Hanting
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2e Total mumber of leaves produced per plant.

The mean values of the observation taken at monthly
intervals are given in Table 2 and the analysis of variance

in Appendix III.

1t is seen that there was significant dlffercnces
between treatments wlth regard to the total number of leaves
throughout the stages of growth except at first month after

planting.

The treatment Ig recorded the maximum number of leaves
wnich was on par with T7, T1 and T3 gt two months after planting
whnereas the treataent T6 showed the minimum number of leagves,
but was not statistically different from TS and Th at that stage.
Thougnh the treatments T7 and TB vere on par aftey third and
fourth month of planting, T7 recorded more number of leaves at
both stagess As In the previous case, here also EB showed
minimum number of leavess After £ifth and sixth month of
planting also the highest mmber of leaveswas recorded oy Té
agnd T7- T7 after seventh month of planting and Tq at the time
of harvest recorded maximum number of leaves. But T6 showed the
ninimm mmber of leaves seven months gfter planting and at the

time of harvegt.

e Functiongl leaves per plant.
The mean number of functionsl leaves per plant tsken at
monthly intervals are glven in Table 3 and the analysis of

variance in Appendix IV,



Table 2. Total mumber of leaves of tapioca as influenced by planting patterns
intercrops and spatial arrangements.

- Treatments 7 (Ca gj S E.
T, T, T4 T, £g Tg T, Tg .

1 8. 567 T+267 ~ 7833 7333  6.967 7. 367 " 7RT "T«533 - ‘0.556
II 23.000 17.400 ~21.967 16.667 13.500 12,700 24.333 24,833 4.409 - 14 450
II1 35433  28.867 33.800 26.800 22.267 21.300 52,633 40.333 6.895 1 24 268
IV 43,933 36.570 42,400 38.267 34,300 32,100 60.234 55.13% 9.105 - 22994

v 68,533 51.500 60.433 56.233 48,020 51.300 88.400 91.967 21,259 ' 6,992 gg
Vi 104,000 83.800 101.700 70.433 80.600 74.900 138.977 139.067 39.337 12.937
VIT 1404900 105.367 117.167 107.667 95.567 87,400 190.133 184,067 5L4.876 418,048
At harvest 160217 129.900 134,467 128.133 122,433 104.233 220.833 221.600 81.083 25,667

M. Ae Pe Honths After Planting.



Table 3. HNumber of functional leaves of tapicca as influenced by planting
Patterns, lntercrops add spatial arrangements.
I Treatments , ( ::615)3 . SR
. B Ty T3 Ty 5 s T Ts i )
1 8. 567 T 267 7.833 7.333 §° o67 ?. 357 7‘_. 567 Te533 = 0. 5?9
i1 23.000 17, :400 21, 967 16,200 11.967 10.933 24.167 24,600 5.083 1.674
IIT 26, }67 20.200 24,700 18.800 14,967 14.067 36,167 33.233 5.411 1779
iy 17 633 13 600 17'. 567 20,900 21.433 19.333 344933 . 35 333 T.662 2.519 e
v 29.500 20.400 24,000 27.267 27.253 28.733 434233  U4T.167 14391 Ly 732 L.
VI 47.200  39.067 45.400 38,300 38.833 36,066 64,410 64733 = 7434
VII 42,667 30.067 34.300 31.300 28.233 - 27.600 57.933 56,433 - 8. 250
At harvest 34,367 25,600 27.967 26,567 27.467 23.167 50.600 51.733 - 7.074
MeAePe = Honths After Planting.



60

The data on mean values showed that the treatments
dlffered significantly in thelr effect on the number of
functional leaves produced per plant after second, third,
fourth and fifth montﬁ of planting teploca. - However, nho
significant difference could bYe observed at any other growth

stage,

There was significant reduction in the number of
functiongl leaves per plant in the intercropped treatments
after third,: andfourth month of planting as compared to
two pure cropped itreatments of taploca. However, T1 and T3
vere on par with the pure cropped plots at second month after
plantinge At flfth month after planting? T1 again wvas on par
with T7. The treatment T6 after second and third month of
planting and T2 after fourth and fifth month of plaating

recorded the lowest mumber of functional leaves per plont.
Ly Leaf area index,

The leef arca index was recorded at monthly intervals and
the mean values are presented in Table 4 and the analysis of

varlance in Appendix V.

The results indicated that there was significsnt difference
in leaf area index values at.second, third and fourth month after
planting taplocas However, no significant difference was observed

at any other stages of crop growth.

The treatment TB recorded the meximum lesf arca index

at the above three stages of crop growth and it was on par with



Tabl 2 1{‘-

Leaf arza index of taploca as influenced by planting patterns,

intercrops and spatial arrangenents.

T e AoP. Treaments (C(BSDS S.E:
T, T, Ty T, T, Tg T, T, L
I 0.043  0.031  0.042  0.036 0.028  0.026  0.036  0.043 = 0,008
II 0.537  0.231  0.411  0.195 0.095 0,078  0.530  0.577 0.333 0.109
ITI 0.763  0.561  0.755  0.352  0.138  0.173  1.233  1.233 0.468 0.153
v 0.345  0.305  0.415 0,347 0.365  $.308  1.084  1.186 0.393 0.%29
v Ce506  0.457  0.504  0.477 0.819 G737  0.559  0.720 =  0.094
VI 1.526  1.192  1.682  1.083 1.301 1030  1.630  1.451 -  0.192
VI 0.797 0.626 1.069 0516 0.591 0. 567 0.925 0.912 = 0.139
At harvest.  0.287 0.209  0.322  0.198 0.357 0,222  0.291  0.260 - G.066

MeAePe « Honths After Planting
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T1, T7 and TB aftor second month of planting and with only T7
after third and fourbth month of planting teplocas ?he lowest
valiies at second, third end fourth month of planting were

recorded by the treatments T&' T5 and T2 respectively.
5 Girth of the sten.

The datn on mean stem glrth taken gt monthly intervals
from second month after plonting to harvest are proserted in

Table 5 and the anplysis of variatice indppendix Vi,

The results revealed that there was significant
difference in moan sten girth after second, third and fourth
month of plenting alihough slgnificance could not be obserxrved

at any other stage of crop growth,.

Although the treatment TE recorded the maximum stem girth
after second month of plantiqg, it differed slgnificantly from
all the cowpea intorcropped trestuentse Though th@ltrﬁatment Té
Qas on par with T7 and T1 it differed significently £rom other
treatmenté aftor third month of plantinge. ’The gane treatment
recorded the maxtmﬁm value after fourth month of planting but
was on par.with T%. Both the agbove treatments differcd signi-
ficantly from 81l other intercropped treatments. Tﬁ al ter
second and third month of planting and T5 after fourth month
of planting recorded minimum stem glrth values.

Be Yield attribut@§ end yvield
1 Yleld attributes

The mean values of yicld attributes are presented in

Table 6 and the analysls of varisnce in Appendix VII a.



Table 5. Girth of tapioca stem as influenced by planting patterns; 1nt‘ércmps '
and spatigl arrangemnents.

_— Treatments (Cégi
et B T e T
II 3,133 3,167 3,933 2,333 1,935  1.830  3.367 3.667 0.662
TIT 5000 3,600 3,933  2.933  2.867 2500 L4467  5.00.  1.053
v 5200 3.750 37  3.250 2,967 2,983  5.067 5.217 0.825
v 4,635 4,283 4,833 4,550 4200 3900  5.083 5,267 -
VI 5.330 5,967  5.667  4u967 5,200 44817  5.950  5.900 =
VII 50700 5250 5,833 5,33  5.285 5.283  6.167 6.150 -
At harvest 5.800  5.333 6,150  5.383  5.635 5.783  6.467 6.233 -

S. E
. AT

ks N Bl bl R o Dl

00 297
0.346
0. 271
0,387
0434900
0.315

7 De 275

Ma AePs = Honths After Plantiﬂg.

Ty AT oy g ik ey D S i s Oar g - r— - - ———— - o nd R P
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ge Total number of roots per plant.

It is seen from the results that there was no significant
difference between treatments with regard to the total number
of roots per plant. However, TB recorded the maximum ﬁumbér
of rocots per plant. The minimum number of roots per plant

was recorded by T5.
De Number of tubers per plant.

It is seen from the data that the treatmenis differed
significantly in their effect on the number of tubers per plant.
T3 recorded the maximun number of tubers per plant and 1t was
Pn par wvith T1 and TB' but differed significantiy from other
freatments. T4 recorded the minimum number of tubers per plant

which was found to be on par with Tg and Tge
Ce Percentzge of productlve roots.

The results showed that there was no significant
difference between treatments with regard to the percentage of
productive roots in tapioca, The treatment T1 recorded the
highest percentage of productive roots, whereas TB recorded the

lowest percentage of productive rootse
do Length of tuber.

The. data revesled no significant difference in length of
tuber due to treatment effects. 27 recorded fthe maxinmum length

and T2 the minimum,



Table 6. Yield atiributes of taploca as. influenced by planting patlerns,
intercrops and spatial arrangements.

Number of  Number of Percentasge of  Length of Girth of ,Rihd to

Treginents ronts per tubers productive tuber tuber flesh ratio
' - plant- per plant - tubers {em) 2 (em)
T1 6.433 6?067 93. 840 25 | 10. 237 94?55
T, 7.000 5.033 7he 357 25, 35 10.413 0.174
Ty 7.667 6.633 86.310 27,343 104113 0.169
T, 6. 160 34627 59.193 29.037 11.583 0.168
T, 5.867 3.667 64, 580 3857 12,843 0.162
T 74400 4.033 57,630 27,900 12,867 0:157 &
T7 T+067 4,900 71.837 35.620 11513 0177
TB 7700 5. 500 71553 27.9520 11873 0156
&?s - 14259 - - - _

Se ke 0.813 Oo&14 8. 464 e 321 0.906 0,008
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@o Girth of tuber.

The results indicated that there was no slgnificant
variation between treatments with regard to the tuber girth.
However, the maximum girth was recorded by Té and the minimum

by TB'

£e Ringd to flesh ratio,

It 1s gseen from the results that there was no significant
difference in the rind to flesh ratio of taeploca tubers between
treatmentse The highest ratlio was obtalned for the treatment
T7 and the lowest ratio for T1.

Ze Tuber ylald,

The mean tuber yicld per hectare is given in Table 7 aznd
the anelysis of variance in Appendlx VII a,

The data revealed that there was significant varlation

between treatments with regard to the tuber yleld per hectara.

The highest- tuber yield was obtained from the treaiment T7
which differed significantly from all other tregimenis except Tge
The treatment Ty in turn did not statlstically differ fom T3 and
T1. The treatment TA recorded the lowest tuber yield.

Se Top yield.

Table 7 shows the mean values of top yleld and
Appendix VII g furnishes the corresponding enalysis of varisnce.
There was no significant difference between treatments

with regard to the top yield of taploca. HHowever, maximum top



Table’ 7. Yield and utilization index of taploce as influenced by pilanting

patterns, intercrops and spatial arrangeucnis.

=3,

1 2 T3 TL; T5 T6 T? TB (‘Cc.)g; Se Es
Tuber yield (t/ha) 1 323902 10.890 14.630 10324 114833 11.521 20.423 17.956 5.776 1.899
Top yiel ad ( t/ha) 6. h39 [/ 846 Te 059 Ly, 256 5 935 6. 450 7. 056 7. 1395 - Oe 986

™
-\l
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yield was recorded by the treatment TE followad by TB'
Ta recorded the minimum top yield in taplocsa.

Lo Utiliggtion index.

The mean values on utilisstion index are presented in

Table 7 and the analysls of wriance in Appendlx VII a.

The results showed thet there was signifiecant

_difference batween trea%ménts with regard to the utillisation
index vgluese The treatment T7 recorded the highest utilisztion
index value and it was significantly differsnt fyon all other
treatments. TB was the next best superior treatment but 1t

was on par with T&, Tg, Tﬁ’ Té and T,: The lowest value was

recorded by the treatment Té.
C uality stiributes

1o Drymatter content of tuber.

The mean values on drymatter percentage of tuber are

given in Table 8 and the analysis of variasnce in Appendix VII b.

The data revesled that the treatments did not signifi-
caﬁtly influenee the drymatter percentage of tuber. The
highest percentage of drymatter was recordsd by Té followed

by T6 whereas, the lowest percentage of drymatiecr was recorded
by T1o
2e Starch content of tuber,

Table 8 shows the mean values of the starch content of
tuber and Appendix VII b shows the corresponding snglysis of

variance.



Table 8. Quality attributes of taploca tuber as influenced by planting

batterns intercrops and spatisl arrangemenis.

éual ity Troatmentsg CeDe S.Fe
abiributes P g T P T T T (.05)
! 2 3 4 5 6 7 8
Drymatter
concent . -
(per cent) 33110 35590 37.770 35.033 35,167 36,760 35.990 35,103 = 0.925
Starch content
(per cent) . 24,983 24,642 24,008 244,495 24,703 24,9435 254 8()9_ 24,642 - 0. 506 $
Protein
content . :
(per cent) 2.224 2.005 14932 26 297 26 370 22260 1.896 1,969 = 0157
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Though no slgnificant difference was observed between
treatments, T7 recorded a slightly higher starch content

foliowed by T The lowest value was recorded Uy the

10
treatment TBe

e Crude protein content of tuber.

Panle B furnishes the mean values of crude protein
content and Appendix VII b gives the corresponding analysis

of wvarlance.

The treatments could not register any significant
influence on crude proteln content of tubers However, T5
recorded the highest vilue and T recorded the lowest content

of crude proteln as compared to other treatmentse
s Plant snzlysis.
Te Nitrogen content.

The mean values on nitrogen content {per cent) of lesves
and stem are given Table 9 znd the analysis of variasnce in

fppendix VIII.
Be Nitrogen content of leaves.

The dats revealed no significant difference in leaf
nitrogen content due to any of the treatments. The highest
leaf nitrozen content was recorded by T1 and the lowest by Th‘
b, Nitrogen content of stem.

No significant difference Iin the nitrogen content of

stem was recorded due to any of the treatmentse Fovever, -



Table 9. Distribution of nitrogen {per cent) in taploca as influencad by
planting patterns, intercrops and spatial arrangements.

Tregiments S "4 XY R oi s ) w
Leaf Stem

T, 1.995 0.700
T, 1.823 0.636
T, 1. 756 0.677
T,, 14651 0.735
‘1‘5 1925 0.671
Tg 1.721 0.630
T., 1.808 0.735
Tq 1. 733 - 0.641

(-65) - ]

Sele 0.128 0.040

L
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T6 recordad

the lowest nitrogen content.
2e Phosphorus contente

The mean values of phosphorus content in taploca as
influenced by different treatments sre furnished in Table 10

and the analysis of verliance in Appendix VIXII,
8o Phosphorus content of leavess

The treatments did not exert any significant influence
on the phosphorus content of tapioca leavess The treatment
TB recorded the maximum phosphorus content ‘in <the leaves and
T5 recorded the minimun contente.

De Phosphorus content of stem.

Phosphorus content of stem also did not giffer signifi=-
cantly due ¢ the influence of tregtments. HMaximum content of

phosphorus in the stem was recorded by T,jsand T8

Co Phosphorug content of tubers

No significant difference was observed in the phosphorus
content of tuber dus to any of the treatments. The highest
phosphorus content of tuber was racsrded by Tghand the lowest
value by T7.

He Potasegium content.
Tasle 11 gives the mean valuesg of potassium content in
taploca as influenced by various treziments. Appendix VIIZ

glves the corresponding analysls of variances



Table 10.

i stribution of phosphorus (per cent) in toploca.as influenced by

planting pattermns, intercrops and spatizl armngements.

Treatnents: Plant parts

Leaf Stem Tuber
T, 0.452 0.286 0« 152
T, 0. 443 0.276 0. 143
Ty 0.448 0.286 0. 152
T, 0. 448 0.250 0.142
Ty 0. 429 04250 0. 157
T, 0.462 0. 276 0.152
T, 0. 452 0, 281 0.138
I 0.471 0+290 0157

(2553 - T "
SeE, 0.026 0.008 0.013

EL



Sle Potassium content of leavess

There was no significant difference in the potassium
content of leaves due to various treatmentss However a
hgher potassium content was recorded by T?' TQ showed the

lowest level of potassium.

De Potassium content of stem,

The results showed no significant difference in the
potassium content of stem due to different trastments. The

highest potassium content was given by the tregtment Ty

Ca Potassium content of tuber.

The different treatments had no significant influence
onnthe potassium content of tuber. The maximum end minimum
levels of potassium in the tuber were recorded by T5 and.i%ﬁﬂ&73

respectively,

Observations on Intercrop (CGroundrut and cowpea)

As CGrowth characters.
Te Helght of the plant at differont stages.

The mean vglues are presented in Tables 12 and 13 and

the analysis of variance in Appendix IX,

The results revealed that there was no signlficant
differsnce on the height of groundnut pleants after 20, 40, 60

and 80 days of planting. However, significant differcnce was '



Table 11« Distribution of potassium {per cent) in tapioca as influenced
by planting patterns, intercrops and spatial arrangeanents.

Plant parts

Tregtments
Leaf Stem Tuber
T, 0.722 0. 467 0.733
T 0.722 Qe 456 .0.733
Ty 0.689 0+ 489 D.678
Ty, 0.656 0. 478 0.T7ht4
Tﬁ 0.689 0+511 0811
Tg 0.667 04500 0.633
T7 0.756 Q. 489 0.622
Ty O Tkl - 0. 456 0,622
CaDa - - -
(.05)

S.E. 0.082 0.058 0.054

B4
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noticed at the 100th day after planting and at the time of
harvest, Maximum helght was recorded by TB at 100th day
after planting and was found to be superior %o T1 and TZ'
Similarly at the time of harvest also TB recorded the maximum

helght and was on par with T1.

Unlike groundnut no signiflcant difference between
treatments could be obseyved at any growth stage of cowpeas
However, Ta recorded the maximum values at 317 growth stages.
The minimum values after 20 and 60 days of plﬁnting and at the
time of harveal were recorded by T6 whereas TS showed the

ninimum height at 40th day of planting,
2o Nunber of branches per plant at different stages.

The data are given In Tables 14 and 15 end the analysis

of variance in Appendix X.

Signiflcant difference between treatments could be
obgerved in groundnut only at the time of harvest. At that
stage T3 racorded the maximun mumber of branches and T2

the nininum ramber.

The munber of branches per plant of cowpea could be
aeffected only at 40 days after planting. At that ;tage T4
recorded the maximum number and T5 the mininume. The same
trend was observed zfter 60 days of plenting ond at the time
of hzrvest also. |



Table 12. Height of groundnut at differsnt growth stages as influenced

by the main crop and spatisl arrangeuents

(cm)e.

Days after planting

-.nuacuuw-

Treatments
20 iy 60 80 100 At haorvest
T, 3,350 8,967  35.033 45,167  46.867 484553
T, 3,703 10367  31.067  41.867  43.633 44,593
T3 Fe 237 101 67 35. ?33 "-}80 %7 50.800 5. 1}33
C- Do - = - b 30 138 L}‘ 1%06
(0.5)
8. Es 0?376 0.609 14 249 1.@97 0.798 1s 121

CHES o i

Ll



Table 13. Helght of cowpea at different growth stages as influenced by

the main crop end spatiel arrangemsnis {(n).

Davs alter plantiig

Treaiments -
20 40 G0 At harvest

T& 11557 22.1353 144 167 115.833
T5 10. 670 17 800 97. 900 11 3- 7
Ty 10.083 21.000 91 533 109,667
C. D. - - iy -
(.05)
So E- 0. 473 1-369 100813 99 507

84



Table 14. Number of branches of groundnut at different growth stages
as influenced by the main crop and spatial arrangenents.

Days after planting

Treatments
20 L0 60 80 100 At harvest
T1 0.500 3. 400 4,667 4,733 Lo 737 L.833
T 5 0.600 3.800 4, 167 4,600 4, 767 4,800
T3 0.267 3.667 4,467 4,833 5.050 5e 500
CQ Do - - - - - 00 537
(0.5)
S.E. 0.0161 0.323 0. 457 0. 306 0. 218 0137

6L



Table 15. Number of branches of cowpea at differcnt growth stages as
influenced by the main crop end spatiazl arvengementss

Bays after planting

Treatments
20 40 60 At harvest
T5 “ 2. 200 2o 767 " 2e 900
Tg - 2. 400 2.967 2.967
C.D,
( - 05) - O. 633 - -

S-E- - 00161 00 129 0.233

08
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S Number ot functional leavesper plant at different stages.

The data on the mean nunber of functional leaves at
different steges are furnished in Tavles 16 and 417 and the

corresponding anslyslis of varliance in Appendix XI.

The trectments did not have any significant influence
on the total number of functlonal leaves in groundnut at any
of the growth stages. Though T3 ?ecorded the maximum nnmbér
of functional leaves at 20, 60 and 100 doys after plenting
T, recorded the same during gll the other growth stages.

T shoéed the minimum number of functional leaves at all

growth stages of groundnut except st 60 days eftor plenting.

Significant differcnce In the number of functional
leaves in cowpea was observed at 40 snd G0 days after
planting. At both stages Th was the superlior treatment which
differed significently from T5 and T6 which wore on par. But
at the time of harvest T5 showed the maximum nmmber of functiongal

leaves. TG recorded the lowest value at 211 stages of growih.
L Leal area index of the plant at different stages.

The mean leaf area index values are presented in

Tables 18 and 15 and the enalysis of varience in Appendix XII,

The results indicated that there was no significant
differsnce between treatments with regard to the leaf area
index values at any of the growth stpges of groundmut from

Planting till harvest. Even then T3 recorded the maximum



Table 16, Number of functional leaves in groundnut at different

growth stages as influenced by the main crop and spatial

arrangenents.
Days after plenting-
Treatments : '
20 y] 60 80 100 At harvest
T1 4,100 18. 300 53« 733 63. 400 64,300, 32,053
T2 Le 233 21.900 52.833 74,033 75.767 &6.95?
T3 'Lh %7 204 900 59 ° 567 73- 067 79 . 867 Lllh 100
CeD.
SeEe 0125 3091 2+ 239 7.529 3. 397 2;371

GB



Table 17. Number of functionesl leaves in cowpea at different growth stages
as influenced by the main crop and spatial arrangencntss
Pregtments Days after planting
20 40 890 At hgrvest

T, 2 124 467 334300 13.600
T5 2 11.067 26. 267 14, 367
‘i‘6 2 10. 167 25.067 12. 133

C.D.

(.05) - : 1e 261 l}. 86? -
S-E. - 0-320 1- 23‘8 1.427

S o Sty a3 e A2 i S A M S SN - il e

£8
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leaf area index at 20, 80 and 100 days after plenting and
at the time of harvest. T2 at 40 days after planting and

T1 at 60 days after planting produced maximum leaf area
index. Tz at .20 end 60 days sfter plenting and T, at other

growth stages recorded the minimum leaf arca index.

As nentioned above, no significant differcnce could
be observed between treatments with regard to the leaf area
index wvalues of cowpe'a al.=o. TL; at all growth stages except
at the time of harvest and ‘1‘5 at the time of harvest showed
maﬁimum leaf area index and the minimum was recorded by
T6 at 20 days after plenting and at the time of harvest and

'1'5 at other growth stages.

= Yicld and yield attributes.

1 Pod number per plant.

The deta on the midan number of pods per plant are given

in Tebles 20 and 21 and the anelysis of variance in Appendix XIII.

Though no significant difference could be obgerved
between treatments with regard to the number of pods per

groundnut, TS recorded the maximur number £ollove:ed by Ta and T1.

As in the case of groundnut, cowpea also showed no signi-
ficant variation between treatments with regard to the number
of pods per plant. Still T& recorded the maximum number and
Ts the mininun.



Teble 18. Leaf arca index of groundnut at dlifercnt growth stages as

influenced by the main crop and spgtial arrangenents.

T O £22 € T P T Pl

- Days gfter planting

Tregtments
- 20 40 60 20 100 At harvest

7, 0.163 14271 5.533 7.872  T.372 4,913
T, 0.156 1,044  3.038 8.870  8.963 5,725
2 0.187 1.837 54360 9,090  9.257 5,889

C. . - - - - - -
(.05)

S.E. 0.008 0.199  0.799 0,591 0.647 0. 265

58



Table 19

Leaf area index of cowpea at differont growth stages as
influenced by the main crop and spatlal arrangements.

ro——

Days after planting

Treogtments
20 40 60 At harvest

T, 0sQL7 3,089 6o 453 3,077
T 0.0L5 2.393 4050 3.330
T6 0.044 2. 570 5 591 . 2907

C‘ Da L4 - =p -

(.05)
S B, - 0.002 0.230 0.947 0.357

88
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2, Pod yicld of groundnut snd grain yleld of covpea

The mesn values of pod yleld of groundaut znd grain
yvield of cowpea are given in Tables 20 and 21 and the anglysls
of variance in Appendix XIII. |

No significant influence could be found sither on the
pod vield of groundnut or on the grain yield of cowpea due to

varioue treatments.

The highest yield of groundnut was recorded by the
treatment 'I.t1 vhile ‘3.";2 produced the lowest yiclds

Maxinum grein yield of cowpea was recorded by the
treatment ‘L‘q and the minimum by T,

3¢« Bhusa yield
The mesn velues of the obseyvation are presaited in

Tables 2 and 21 and the analysis of varisnce in
Appendix XIIT,

Bhugg yield of groundnut differed significantly between
treatments, 'i‘3 recorded the maximum vield end it was signie
ficantly different from the other twe treastments (‘1‘1 and T2)

which were on par.

There was no significant difference betwgen treatments

with regard to ths bhugg yield of cowpeas However, ‘1‘5

recorded the uaximum value and Th the minimug,



Table Da

Pod number and yield of groundmut as influenced by the main
crop and spatial arrangenentse

Bmusa yvield kg/ha

Treatments Pod mmber per plant Pod yield kg/ha
T,’ 306270 20084667 7608. 333
frz' 334320 4741667 73542000
T3 34,670 1885667 9757.000
Cals - - 1546, 363
(.05)
S.E. 3. 798 237,875 393.326

B8



Teole 21. Pod number and yield of cowpea as infiuenced by the
main crop and spatial arrangements.

Treagtment Pod number per plant Grain yield kg/ha Blusa yileld kg/ho

g

T, 8.930
T 7.670
Tg 8.030

CO Dﬂ =

(.05)

SO E. 0. 261

1585.000

1335, 330

1478.670

86e 14T

106290 GQO

12918, 333

11185.333

68
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Ce Plant analysls.

Bhusa of cowpea and groundnut were analysed for
nitrogen phosphorus and potassium contentss The meen nitrogen,
phosphorus znd potassium contents of the bhuga are given in
Table 22 and the respective analyéis of veriance in

Appendix XIV,

1o Nitrogen content of biusa.

The different treatments had no significanﬁ influence

£

on the nitrogen content of bhussa.

‘H_andTé anong groundnut intercropped tregiments and T4
among cowpea intercropped treatments recorded higher values
of nitrogen in the bhusa. Lowest values were recorded Ly

T3 end TS Pagpectively,
Z2e Phosphorus content of bhusa.

The phosphorus content of the bhusa was not slgnifi-

cantly influenced by various itreatmentse.

Similaf to the above observation on nityogen contenx
here also Ta smong groundmut Intercropped tregitments and T4
smong cbwpea Intercropped troatments recorded hlgher vaiues
of phogphorus in the bhusa., Lowest values were recorded by

m

Ty and T6 réspect}vely.
e Potassium content of bhusa.

Similar to nitrogen and phosphorus contents, potassium

content was also not influenced by the varlous troatments.



Table 22. Distribution of nitrogen, phosphorus snd potassium (per cent) in the
blusa of intercrops as influsnced by the main crop and spatial
arrans cnent S.
Treatuents N trogen osphoyus P 8
Groundnut Covwpea Groundnut Cowpea  Groundnut Cowpea
‘I.‘,‘ 1.033 - 0.129 - 1+ 100 -
T2 1.033 - 0.114 -~ 1111 -
T3 1.027 - 0.124 - 1.100 -
T5 - 1. 225 - Os152 - 1o 144
Ts bd 1.330 - Do‘i52 - 10155
) CQDI - b - - o -
(.05)
S.E. 0.011 0.115 0.004 0.008 0.024 0,063

16
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s
‘o

treatments respectively recorded higher potaasium contents

and T& gmong groumdnut and cowpea intsreropped

innthe bhugsa,
D, Quantity of nutrients lncorporated by the intercrops.

The mean values of nitrogen, phosphorus and potassium
incorporzted to the soil through the intercrops are glven

in Table 23 and the analysis of variance in Appoendix XIV,
Te Quantity of nitrogen incorporated by the in"cercmps.

Significant difference was observed beotween the tuo
Intercrops with rezard to the quantity of nitrogem
incorporateds Cowpea bhusa incorporated wmore quentity of
nitrogen when compared to groundmut Bhusae TQ was the

superior treatment.
2o Guantity of phosphorus incorporated by the intercrops.

The quantity of phosphorus incorporated through bhusa
vwees also slgnificantly influenced by the intercrops. Cowpea
added more phosphorus than groundnut bhusa,

3e Quantity of potassium incorporsted by the intercrops.

Similar to the quantity of nitrogen and phosphorus
Incorporated quantity of potassium incorporsted was also found
to be signiflcantly influenced by the intercrops. T5 which

was on par with TG and ‘I.‘,_‘ incorporated maximum cuantity of

potassiume.



Table 23%. Cuantity of nitrogen, phosphorus and potassium incorporated by
the intercrops (kg/ha) as influenced by the main erop and =
spatlel arrangenents.

Treatments - Hitrogen Phosphosus "Potassium
T, 254381 3475 27.091
T, 24.954 2. 700 264557
T3 32. 411 5.908 BL.654
7, 564129 5,683 42,317
T, 52.126 6. 320 49,134
T6 49. 724 5.670 43,323
CoeDe 21+ 225 1 T4D 13.857
(.05)

SI Eo 6. 730 00 552 t"' 39“,‘

£6
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80il anglysis after the experiment,

The mean velues of the chemical properties of soil
sfter the experiment are presented in Table 24 and
Appendlx XV gives the snelysis of vardance,

1 Toteal nltrogen content of the soll,

The various treatments had no signiflecent effect
on the total nitrogen content of the soil. However, maximum

content was recorded by T, and minimum value by '1‘5.

24 Avallable phosphorus content of the soil,.

Available phosphorug content of -the soil 4did not show
any significent difference due to different tréai;ments. Bat
Tl& recorded the maximum content and 1’5 recorded the lowest

value,
3. Avallable potassium potassium content of the soil.

The results revealed that there was no slgnificant
difference in the finsl available potassium content of the
goll,. T1 recorded the highest available potassium content.

The lowest value was recorded by T,



Tabl e 2&'.

Soil analysis gfter the experiment

Total nitrogen-

Availsble phosphiorug

Availasvle potassium

Treatments content (per cent) content (kzg/ha) . content (kg/ha)
T1 0.096 39.693 75 400
T, 0.086 37.834 76,800
T, 0.093 39+ 295 76+ 860
TL!. 0.1412 L3. 145 67= 200
T5 0.072 33.852 65.600
T6 0.082 40.092 67. 200
T, . 0.091 34 383 65.600
TB 0.0B6 38.100 644000

(2655 ) - -
S. Ee 0.008 Le 169 3. T71

£6



Table 25. Economics of inter'cropping in tagpioeca as influcenced by planting
pvatterns, intercrops and spatial arrangenenic.
Treatments gf;f E’,ﬁ_ =ield Yalue of pEACIGD iigﬁ Profit  Gain over
tion Taploca Intercrop Tapioca Intercrop Tg
2/ ha t/ha ke/ha Tse Be
3 6471.8  13.392  2008.667 5356.80 9039.00 14395.80  T924.00  5971.6
T2 6471.8 10.880 1741.667  4356.,00 7B37.50 12193.5 5721.7 37693
T3 6471.8 14.630 1889.667 5352.00 8503.50 143555 T883.7 59313
T, 6191.8 10. 324 1585,000 4129.60 7291.00 11420.6 5228.8 3276. 4
3 6191.8  11.833  1335.330 4733.2  6142.52 10875.72  4633.92  2731.52
Tg 6191.8 11.521 1478.670  LGOB.4 6801.88 11410.28 5218,48 3266.08
T, 52500 20,423 - 8169.2 = 2169.2  203%.2 986.8
TB 5230.0 17.956 - 7182. & - 7182. 4 1952. & -

Price of taopioca

Price of groundmit=

Price of couwpesa

e 40/quintal

e ke 50/kg

Be La60/kg
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DI SCUSSLON

An investigation was carried out at the College of
Agriculture, Vellayani during 1982-83 to study the effect
of intercropplng of groundnut and cowpea with teploca and
to identify the most suitable spatial arrangement of crops
in the tapioca based intercropping systems The observations
on growth characters, yield gttributes and yleld were
raecorded. GChemlcal analyses on soil and plant saniples were
done and the data recordeds The results obtained from the

study are discussed hereunder.
Main crop (Teploca)

As Growth characters
1+ Helght of the plant

It is seen that (Table 1) there was significant
influence of treatments on the height of plents after second,
third and fourth month of planting. The plants in the two
control treatments recorded meximum height, In the control
plots there were no intercrops and as such the reduced
population density resulted in comparatively lesser competition
for ecophysiological requirenents like water, mutrients, light
etce On the other hand in the intercropped plots there

exlsted a tight competition for these requirements resulting
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in an unfavourable situation for rapld vegetstive growth

thereby causing a reduction in the helght of taplocas

The trestment in which groundnut was pleonted on
mounds and all the cowpea intercropped plois were slgnifie
cantly inferior with regard to the height of taploca as
compared to the two control treaitments after second, third
and fourth month of planting. There was not much difference
between the helights of the main crop of taploca and the
gfoundﬁuf intercropped on the mounds with the vaesult that
'éhe two crop canoples might have attained the sgme level and
a certain amount of mutual suppression might have existed.
But whern groundnut was planted in the interspaces of both in
the palred rows and ncfmal rows, the two canopies never
attained the same level because of the differsnce in vertical
distance of planting of taploca mnd groundnut as the tapioca
setts were planted on the top of mounds and groundnut seeds
in the interspaces. S0 the helght of the mounds always helped
the taploca plants to hold its canopy at a higher level gbove
the canopy of groundnut crop resulting in lesser competition
by groundnut ond cowpeags Tﬁe lwwurient vegetative growth of
covpea Intercrop might have smothered the maln crop of taploca
in the Initigl stages resulting in severe reduction in the
height of taploca in all the cowpea intercropped trestmentse

After the f£ifth month of planting no signiflcant

difference in the height of taploca plants waz observeds
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As all the intercrops were harvested and the stubbles
incorporatéa into the soil there was no competition for

the tapioca plents. The bhusa of the intercrops incorporated
also released plgnt nuirients o the standing ciop of
tapioces In addition the total population densgity was also
reduced in the intercropped plots after the hatvest of inter-
cropse.  All these factors were responsible for the unifomm
growth of taploca plants obgerved after the £ifth month of

planting,
2e Total number of leaves per plant.

The results revealed that there was slgrnificont influence
of treaiments on the totel number of leaves gt 211l stages of
growch of the plant except after £1rst month of planting
(Table 2)s The two pure cropped treatwenis recsrded higher
values than the 1ntercro§ped ones except that the intercropped
treatments T1 and T3 were on par with the conitrnl treatmenss
at certain stages of growth, As stated earlicr there existed
zefo competlition from the intercrop in the pure cropped treat-
ments and as such there was absence of competition for light,
gpace, mutrients and water for the main crop of tapioca
resulting in higher leaf production per plant. Prabhskar and
Nair (1979) also obtalned higher leaf number in plots where

no intercrop was raised.

Although significent difference was observed on the
totzl number of leaves per plant even after sixth month of

planting, no such difference was observed on the mumber of



100

functional leeves after that stage., So the difference in
total lesf number was due to the difference in the number
of leaves produced before that stage of growth which in turn

might have been influenced by the various treatmeonts.

Considering the tvo intercrops, groundanut intercropped
plots recorded higher wvglues on the total mumber of leaves
over cowpesa lntercropped oness This is becsuse of the fact
thet the interference caused by groundnut wag minimum when
planted in the interspaces of paired and nomal rous. But
this was not the case with groundnut planted on mounds which
caused considerable shade to the tapioca resuliing in lesser
production of leaves over the other two methods of planting
intercropss Regarding the other intercrop cowpea, its growth
rete was very high and as such the interfarence on tapiloca
was azlgo more and thus affected the total lenf production in

taplocsas

But the situation seemed to have chenged after the harvest
of intercropss The incorporated,bhusa released mtrients in
the intercropped plots for the benefit of the stending tapioca
crop which might have helped the plents to come on par with the
pure cropped plants with regard to this very important growth
Paranetar,
3a Functional leaves per plant.

A critical analysis of the data on funchional leaves

(Table 3} vevealed that there was significant differcnce
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regarding the functional leaf mumber per plant on account of .
treatnent effects after second, third, fourth and £ifth month
of planting. Plants in the two pure cropped plots and in
pairdad rows with groundnut in interspaces were slgnificantly
superior to other treatments after second month of planting
because plants in these trestments might have experienced
1ittle competition for light, nutrients.'water and other
growth inputs ag compared to other treatmentss Plant population
was eleo less in the two pure c;npped fieldss Az the 1npercrops
were sown oniy in the interspaces of palred rows and the intra-
paired row interspace was kept free of intercreps, taploca
might have experienced 1ittle competition f£yom groundnuts of
palred row interspacess This might be the reason for getting
higher leaf number from thoge trestments. Since cowpea had an
initisl vigorous vegetative growth it might have zmothered
taploca at this stage resulting in reduced fungtional leaf

number even in paired rowse.

The two control plots reglstered maximum mmber of
functional leaves per plent after third and fourth month of
planting and was significantly superior to azll ¢ther inteor
cropped treatments posslbly because of less inlercrop
competition in the control plotse At this stage groundmut
produced excellent vegetative growth and thus might have reduced
the functional leaf number in taploca by way of competition for
resourcess <Though there was no cowpea crop at the agbove two

stages o7 growth, the smothering effect caused Uy cowpea



109
crop during the earlier stages might have influenced the leaf

mmber even at laoter stagess

Pure crop of teploca also recorded highey leal number even
after fifth month of planting. But thore was ne significant
difference between taploca slone in paired rows and taploca in
palred rows with groundnut in the interspacess Teploca in the
second category recouped earlier set back since the deleterlous
effects csused by the intercrop might have been minimum and as

such could produce higher leasf numbers

With regard to the mumber of functional leaves no signie
ficant difference was observed after £ifth month of planting
between the different trestments, because a much more favourable
conditlon was created in the intercropped fields after the
harvest of intorcropse The intercrops after the harwvest of
ecoﬁomic produce were uprooted and incorporated into the soil
and by the decomposition of bhusz the nutrients wér@ released
and made available to the standing crop. Agaln,; the totel plant
population was reduced in the intercropped tregtments after the

harvest of interciopss
4y, Leaf area index.

The mean values of leaf ares index (Table 4) indicated
that there was significant differsnce due to troatnent effects
efter second, third and fourth month of plantings The two
control plots and the two groundnut intercropped tveatuents

(in the interspaces of palred end nmormal rows) wore on par
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after second month of planting, The two pure oyopped
treatzents recorded higher values of leef areas index when
compared to cowpea intercropped treatments, The mothering
effect of cowpea was evident in the form of yellowing of the
older leaves of tapioca in cowpea intercrupped plots. This
might have reduced the leafl area dura:tion in -addition to the
nunber of functiongl leaves thereby caﬁsing a reduction in
the lea.f area index of tmpioca in cowpea interciropped plots.
The two pure cropped plots also showéd thelr superiority
over other inbtercropped treatments after third aud fourth month
of plenting. However, no significant diiferounce in the leaf
area index was observed after fifth month of planting. Here
also the reasons sttributed for the higher functional leaf

production of purs cropped taploca are applicablc,
Se Girth of the stem.

From the results obtained (Taple 5) it is seen that there
was significant influence of treatments on gem girth after
second, third and fourth month of planting. The taploca in
the two control plots and in all the groundmit intercropped
piots after 2Znd month of plenting and in groundnut 111ﬁercropped
in the paired rows in addition to the control plots after 3rd
month of planting recorded significant varintion from the cowpea
1ﬁtercmpped plotss Vegetative growth of tapiocos in treatments —
other than intorcropped cowpea was more snd the activity of

photosynthetic epparatus was maximum thereby the cambium might
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have been more active and formed a thicker gtem by secondary
growths 1In cowpea intercropped plots, the canopy coverage
was sparse and activity was minimun and so there was less
denand for'the‘transpcrt of sap, as such camblum wag less
active resulting In a thinner stem by secondary gvowfh.
After fourth month of planting alsc taplocam in the two
control treatments recorded significantly higher stem girth

valuas,

No szignificant variation in stem girth was nnticed
ofter £ifth month of planting onwards possibly because of
zero competition in the intercropped treatments due to the
harvest of intercrops and release of nutrients Wy the lncorxporsted
bhusa to the standing taploca crop which might have helped

tapioca even in the cowpea intercropped treatments for recoupment.
Be Yield sttributes and yicld.
1o Totael number of rots per plant.

The totel mumber of roots per plant (Table 6) was not
slgnificantly influenced by the different treatments. However,
T8 recorded the maximum number of roots per plants The minimum
number of roots per plant was recorded by T.e Indira and Kurien
(1977) observed that root formatlon in casseva took place within
a fow days of planting. So root formation might have completed-
well before the commencement of interference from inkercrops snd
hence intercropping had no effect on the mummber of wots per

plants Therefore tapioca plants in the intercropped treatments
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behaved in g similar {ashion as that of pure cropped plants

with regard to this character.
20 Number of tubers per plant.

A critical analysis of the data on number of tubers
per plant (Table 6) revealed that there was significent
differance due to treatment effects. '.‘!."3 produced the maximum
number of tubers per plant and was on par with T1 and T
This might be due to the fact that taéioca in all the above
three ireatments did not experience much severe competition
from the intercrop components unlike the other treastments
on.mouqu in which the intercrops depleted nutrients and
moisture frem the root zZone of tapiocae The depletion of
mitrients end moisture might have adversely intorfered with
tuber developmsent, During the earlier stages of growth all
the cowpes treaiments considerably retarded above ground growth
of tapioca due to intense competition for resources (Tables 1 to 5).
This resulted in poor development of the photosynthetlc apparatus
which in turn might have reduced the carbohydrate supply for
initliating secondary thickening of roots for tuber development.
T7 recorded lower values since the spacing between rows was less
(Mattos gt gla; (19809. Remakrishna Bhat (1978) and Sheela (1981)
reported that groundnut intercropped plots showed higher tuber
number per plant.
Se Percentage of productive roots.

The results (Table 6) showed that there was no significant

difference between treatments with regard te the percentage of
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productive mwots in tapioca. However, grouadnut inter-
cropping recorded a higher percentage of productive roots

of taploca thon cowpea intercropping suggesting that groundnut
was the best intercrop with tapiccas This might be due to a
varlety &7 factors like lesser competition for nutrients

and the root distribution charscter of groundnut which would
have provided favourable condition)for grestor bulking of
roots. Remakrichna Bhat (1978) reported that groundnut
intercropping incregsed the percentage of productive roots

than cowpea intercropping.
L Length of tuber.

The data (Table 6) revealed no significant difference in
length of tuber due to treatment effects. Howaver, it could be
seen that length of tuber was meximum in palred rov without
any intercrop. Whlle working on relative water loss between
crop rows, Larson and Willis (1937) found that =zoll wolsture
inereased from within the row to the middle point between the
rowse This clearly indicated that sufficient moeisture would
have been available in the peired row interspeces. into which
taploca roots Yraversed in search of molsture resulting in an
increase of tuber length in f?’ Between groundmit and cowpea,
cowpea produced longer tuberse This is in conformity with the
findings of Sheela (1981) aleo. She reported that cowpea
intercrops grown on mounds might have put forth their tap roots

to deeper layers and the uprooting of intercrops resulied in
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a looseniad soll condition around the tsploca plant. This
condition would have helped the growing tubers o penetrate
easily through the loose s0ll at the time of tuberisation
resulting in an increase in the length of tubers inodwpea

intercropped plots.
S Girth of tuber.

The dats (Table 6) showed that there was no difference
in tuber girth due to treatment effectse. However, the data
revealed that the treatment which showed the lowest percentage
of productive roots (Té) recorded the highest tuber girth
possibly due o more avallagbility of assimllates for storasge,
and lesger number of productive yoots when compayred to other
treatments, This is in conformity with the findings of
Magoon gt gil. (1972) that the storate root size was lnvefaaly

related to the number.,
B Rind to fiegh ratio,

No significgnt veriation was observed in the rind to
flesh ratio of tubers. However, teploca in polrd row without
intercyrop recorded the highest velue. This may be due to the
fact that as the trestment T, produced longer tubers (fable 6)
it could register higher value of rind %o f£lesh ratio.

Te Tuber yield.

The data (Table 7 and Pig. 3) brought out clearly that
there was significent difference in tuber yicld due to treatment
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effects, Taplocs in palred row without intercrop not only
racorded the highest yield but differed significently from
‘all other intercrepped treatments alao'. Hywever, taploca

at normal specing vithout intercrop was on par wlth the
above treatment and also with ’.[‘3 and T“l‘ T7 recorded higher
yieldsy may be because of the fact thrt in that treatment
topioca was planted in paired rows. Mattos gt gl. (1980a)‘
explained the principle of "border effect¥, According to
them "Cgssava border yows produce higher ylelds than ;lnside
rp’wa begsuse they recelve more 1light anc_i nutrientsts The
palred row gyaten tries to use this principle (Mattos et pl.,
1980a)  which has been successfully demonstrated by producing
higher yields from the paired row treatments  Moreover there

was no competition from intercrops in this treatment.

The importance of border effect is further revealed in
the behaviour of treatment Tg, which also lacked competition
from intercrop but renked only next te T, since it could not
get the bepefit of border effect. It is seen that the two
intercrops did not differ significently between themselves in
influencing the tuber yleld of tapioca. This is in conft;mity
with the findings of Sheela (1981)s The treatment 1, reéorded
the lowest tuber yleld.

Be Top yields
The mean velues of top yield (Table 7 and Fige By
revealed that the treatments did not have eny aignh.lcant
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effect although pure crop of taploca et normal spacing
recorded the highest value. The free growth of teploca

due to wider plenting end without competition from intercrop
uight have encouraged better usilization of the various growth
factors particularly sunlight resulting in more vegetative

growth and thus highest top yileld.
9 Utilizatlon index.

The data presented in Table 7 revealed that there
was significant difference in the utilization index due to
treatment effects. The -signlficant verlation observed in
the tuber yield may -be responsible for inducing varlation
in utilization index. T7 produced maximum tuber yleld and
hence it recorded the highest value and it differed signifi-
cantly from all other treatments also. The lowest utilization

index wag recorded by the treatment TG'

Ce Quallity atiributes.
1a Orymatter, starch and crude protein contents of tuber.

From the results (Table 8) it is observed that quality
attributes like drymatter, sterch and crude protein contents
of taploca tuber were not significantly influenced by
treatment effeetss Though significant variations in biometiic
observations were noticed due to competition and interference
with intercwops, such features had little impact on the quality
atiributes and hence the above results, This is qulie natural

as the treatwents did not include variation in mutrients and
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varleties which would have influenced the above quellity
attributene.

D, Plant analysis.

Nitrogen content of leaf and stem end phosphorus and

potassium contents of leaf, stem and tuberse.

No significant difference was observed in the nltrogen
(Table 9) content of tapioca leaf and steme Phosphorus
(Table 10) and potassium (Table 11) contents of leaf, stem
and tuber were not influenced by the treatments, Thusg it
has also been brought out clearly that the two Intercrops
did not have any influence on the N, P and K contents of
teploca. Since tapioca has been glven unifonm doses of
N, P end K in g11 the treatments according to package of
practices and lntercrops have been adequately fertillzed
significaent variation on the N, P and K contents of plant
parts need not be expected also.

Intercrops

A. Growth characters and yield
8 Groundnut

1e Hf'.‘ight of plan‘b.

it is seen that there was significant difference in the
height of groundmut at 100th day of planting and at the time
of harvest (Table 12). Groundnut planted in the interspaces
of normal rows recorded the highest valuess Vigorous

vegetative growbth of tapioca might have shaded groundnut which
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in turn produced longer Internodes for intercepting more of
sunilight with the result the helght increased considerably.
On the other hand groundmut plaented in the Interspaces of
paired rows might not have experienced so much ghading from
taploca since asuple space was zvailable for growndnut to put

forth its cenopy and hence it roecorded a loweyr helght,
Ze Number of branches per plant,

Mean velues of the number of branches of groundmt
(Table 14) at the time of harvest indicated thet there was
gignificent difference between treatments. TB dlffered
significently from the other two treatments beczuse '3_at the
time of harvest recorded maximum height (Table 12) end hence
i1t might have intercepted more sunlight resulting lncreased

production of branchess
Se Number of functional leaves per plant,

The results (Table 16) revesled no significant difference
between troatments with regard to the number of functional
leaves per groundnut plaﬁt. The increase in helght of plant
hgppened due to elongation of interncdes and not due to more
number of nodes. As such the leaf number remgined the sazme

aithough the height wés different in different tyeogtmentsz.
4.  Lenf area index.

The mepn velues of leaf area index of groundmit

(Table 18) indicated that there was no signiflcani difference
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due to treatment effects at any stege of plant growths As
‘there was 1o significant difference between treatments wiﬁh
regard to functional leaf mumber (Table 16) the leaf area

index also did not differ significantly between treatments.

Se Pod number, pod yleld and bimsp yleld.

From the results obtalned (Table 20 and Fig. 3 and 4)
it 1s seen that pod mumber, pod yileld
of groundmit were not significahtly influenced due to treatment
effactss This clearly indicated the fact that the above

characters could not be influenced by spatiel arrangenent se
De Cowpzae
1e Height of plants.

Though no significant difference in the holght of cowpea
was observed (Table 13), T, at all steges of growth recorded
the maximum helght. Since there were four rows of intercrop
in one palred row interspace, intercrop might hsve experienced
little competition from main crop end hence the vesult,
Mahabal Ram (1980) reported that paired row technique was
most suitable for growing intercrops. According to him this
system prevented a tall crop shading on the compenion crop
end thereby improved companion crop development, The present
result is in conformity with the above finding.
2e Number of branches per plent.

Mean values on the number of branches of cowpea

(Table 15) at 40th day of planting recorded significant
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difference between treatments with Th recording the maximum
mmber, The reasons attributed for the greater height of

cowpea can be attributed to the more number of branches also.
3e Number of functional leaves per plante

Significent difference in cowpea leaf number (Table 17)
was recorded by T, after 40 and 60 days of planting. Unlike
groundnut where clongation of intemodes due to shading was
the main reason for increase in height, the cowpea intercrop
increased in helgnht in Th due te 1lncreased aveilabllity of
space and less coopetition from the maln crop and as such the

number of functlional leaves also increased in thet treatment,.
[+ Leaf area index.

In the case of cowpea no variation in the leaf area index
was observed (Table 19) although there was significant
variation between treatments with regard to functional leaf
number which may probably be vecause of poor leaf retention
capacity and shorter leaf area duration in plants producing

more number of legves,

De Pod number, grain yield and bhusa yield.

From the results obtained (Table 21 end Fig. 3 and &)
1t is seen that pod number, grain yield and bhuss yield of
cowpea were not significantly influenced dué to tregtment
effectss This clearly indlcated the fact that the above

characters csuld not be influenced by spatial arrsngenent so
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B Plant analysis.

Nitrogen, phosphorus and potassium contents of bhusa,

From the results obtained (Table 22) it ls seen that
nitrogen, phosphorus end potassium contents of bhusa were not
elgnificantly influenced due to treatment effects indicating
thet the distribution of nutrients in groundnui and cowpea

bhusa could not be influenced by spatlial arranganents.
Ce Envichment of soil nutrients by the intercrops.

The data on the gmount of nltrogen, phosphorus end
potassium incorporated into the soil by the Lntaercrops
(Table 23) revesled significant difference due to wrious

Treatments.

Cowpea bhusa incorperasted large quantitics of nitrogen,
phosgphorus and potassium into the soil while groundnut ranked
only next to cowpeas. All the cowpea intercreopped treatnents
produced large quantities of vegetative materizl (Table 29)
when compared to groundnut. In addition, cowpes bhusg was
rich in nitrogen, phosphorus and potassium then groundnug
bhusa (Table 22). Large quantities of veg@tétive material
coupled with higher percentage of nitrogen, phoaphorus end
potassium have helped cowpea bnusa to incorporabe more

quantitieg of these nutrients into the soil.

Nutrient content of soll after the experiment.
Chemical anelysis of soil for major plant nutrients.

(Table 24) revealed that there was no significant difference
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in nitrogen, phosphorus and potassivm content of soil after
the cxperiment., However, cowpea intercropped plot- reglstered
maximum value for nitrogen followed by groundnut intere
cropped ones., Enrichment of soll nitrogen by groving
.1egﬁminous intercrops in teploca was reported emriier by
Singh et nle (1969) end Remgkrisma Bhat (1978)« Similar
increase in =0il nitrogen by legume intercropping was slso

shown by Morachan et gl. (1977).

The diiferent treatments showed no significant influence
on the avallable phospiiorus content of the scil after the
experiment (Table 24). However, T, recorded the maxlmum

phogphorus content while T5 recorded the lowest value.

The treatments showed no signifiecant influence on the
avallable potassium content of the soil af ter the experiment
(Table 24), T1 recorded the highest aveilable potassium

contente The lowest value was recorded by T..
Leonomics of taploca based intercropping system.

The results (Table 25 and Fige. 5) indicated that
groundnut was the most prmfitable intercrop in tapioca.
Singh and Mandal(1968, 1970), Sintuprama et gl. (1973),
Mohenkumer and Hrishl (1974, 1976), Tonghsm (1975),
Remakrishna Bhat (1978), Mohankumar (1978, 1980) and
Shecla (1991) obtained similar results showing groundnut as

the most prefitable intercrop in tapiocas
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The highest return was obtained from the treatment
where taploca was plonted in paired rows and groundnut in the
interspaces of paired rowss The next best systen was taploca
in normal rows with groundrut in the interspace of normal rowss
Tapioca at normal spacing with groundnut on mounds recorded

the lowest returns smong the groundnut Intoercropped treatmentse

Yhen considering the sconomy of intercropping system all
the cowpea interéropped treatment s recorded only lower returns
as compéred to grﬂundnuf and has proved to be inferior to
groundnut intercropplng systems When taploca is consldered
as é pure crop without intercropping paired row of tapioca
without intercropplng fecorﬂed a higher profit than the

control treatment,

Future line of worke

From the present study, it is seen that the highest
economic return was obtained from tThe treatment where taploca
was planted in paired rows and groundnut in the interspaces of
paired rows. Under the above system of spatiszl arrangement
since the space between the palred rows of tapiocs was very
wide, even at 1ts raenk growth stage taoploca was not able to
attaln the filled in condition which was quite common in normal
row planting. Even the plants'showing luxuriant vezetative
growth caused only partial shade in the palred row interspaces.
Thig provides an opportunity to investigate the possibilities
of ralsing a second intercrop immediastcly after the harvest of

the first in the same arca.
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SUMMARY

An experiment was conducted at the Colliege of
Agriculture, Vellavani during 1982-83 to study the effect
of intercropping groundnut and cowpea with taploca and Yo
identify the most sultable spatigl arrangement of crops
in the feploca based intercropping systems The study also
helped to find éut the possibilitles of changing the
geometry of planting of tapioca from the normal method to
the paired row pattern. The experiment with eight treatments
was carried out in randomised block design with three
replications under rainfed condlitions. The resulis obtalned

are sumnarised belowe

1. Competition for ecophysiologicel requirements in
intercropped treatments during the early steges of growth
cauned unfavourable enviranmént for rapid growth of taploca
uniike the pure cropped treatments as reflected in the
growth habit of tapiocas Most of the growih characters
like height, number of functionalAleaves, total number of
leaves, leaf area index and stem girth of {aploca showed
lower values in intercropped treaimentss But later, the
suppressing effect of 1ntercrops:waa.nullifi@d and as such
no significant difference was observed in these ¢heracters

except on the total numberof leaves produceds

2o The totel number of roots per plent was not significantly
influenced by the different treatments due to the fact that
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the roots were formed very early in the growth cycle of

taplocay 1,04, eariier than the vigorous growth of intercrops.

e Anong the varlous treatments taplocs at normal spacing
with groundnut in the interspaces recorded the maximum number

of tubers per plant.

4, Intercropping with groundnut recorded higher percentage

of preductive roots than with cowpeas

5e Maximum length of tuber was produced by taploca in
peired row without intercrop. Between the two Intercrops

tried, cowpea produced longer tubers.

6. There was no difference in tuber girth due to treatment
ef fectge However; the treatment which showed the lowest
percentaée of productive roots recorded the highest tuber
gipth.

Te No significent variation was observed in %he rind to flesh

ratio of tubars.

B Taploca in palred row without intercrop recorded the
highest taploca yleld and it differed significantly from gll
other intercropped treatments. However, tapioca et normal

spacing without intercrop was on par with the gbove treatment.

G, The mean values of top yield revealed the fact that
the treatments did nat have any significant effzct though
pure crop of tepioca gt normal spacing recordesd the highest

value,
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10, There was slgnificant difference in the utilisation
index values due to treatment effects. Taploca in palired
row without intercrop recorded the highest value esnd it
differed signifiéantly from gll other treatmentsa,

11« Quality attributes like drymatiter, starch mnd ocrude
protein contents of taploca tuber were not significantly

influenced by treatment effects..

12, No significant difference was observed in the nitrogen
content of teploca leaf and stems Phosphorus end potassium
contents of leaf, stem and tuber also showed no significant

variation.

13« Grountnut planted in the interspaces of normal rows
produced move height after 100'days of planting aﬁd gt the
time of harvest. But no significant difference could be

obgerved in the helght of cowpeas

14s  When groundnut was planted in the interspmces of

norual wows of taploca, more number of branches were produced
gt the tine of harvest. Cowpea plented in the palred roﬁr
interspaces recorded the maximum number of branches after

40 days of pleanting.

152 No significant difference between tresatments with
regpect to the mumber of functional leaves per groundhut was
observed.. However; cowpea planted in the paired rov intere
spaces recoxrded signiflicantly higher values than the other

two treatmentsat 40 and 60 days after planting,
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16 The mesn values of leaf area index of intercrops
indiceted that there was no significant difference due to
tregtuent effects at any stege of plant growth.

17«  Groundnut planted in the interspaces of nowmal rows
of taploca recorded the mpximum pod numbex whéraaa_the sane
wag recorded by cowpea in the paired row interspaces of

tapioca.

18. fFhe naximun pod yield of groundrnut and grain yield
| of cowpea were recorded Uy the intercrops . in the pairsd row

intefspace of taploca.

19« Maximum bhusa vield was recorded by groundnut in
the interspace of normmal rows of taplocme The some was

recorded by cowpoa on mounds.

20« From the resulis obteined 1t is geen that nitrogen,
phosphorus and potassium contents of bhusg were not siznifie
cantly influenced by the treatment cffects.

21« Cowpea bﬁuég was rich 1n nitrogen, phosphorus and
potassium when compared to groundnut bhusge

22, Cowpea bhusg incorporated large quantities of nitrogen,
phosphorus and potassium into the soil. Groundnut ranked

only next to cowpea in this respect.

23, Cowpea intereropped plots reglstered maximum values for
s0ll nitrogen after the experiment followed by groundnut intere
cropped plots,.
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2L, The different treatments dld not show any significant
difference in the avallable phogphorus and potassium contents

of the soill after the experiment.

29, The highest economic return was obtalned from the
treatment where taploca was planted in paired rows and

groundnut in the interspaces of palred rowss

26, The next best system was taploca in normal rows with

groundnut in the ihterspace of nomal rowd.

274 Taploca in palred row without Intercrop recorded a

higher profit than tapioca at normal spacing without intercrop.

28, The results indicated that groundnut was the most

profitable intercrop in tapioca.

2. The vesults also indicated thet paired row pianting of
tapioca vith groundnut in the interspaces was tha wost

profitable system worth popularisinge.
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APPENDIX = I

Weather data during the crop period in comparison with the
corresponding average values for the past 25 years

ol prp— . p -

Rainfall (mm) Average temperature °C Average R.H. (per cent)
HMonth :
Crop Past 25 Mgximum Hinimm Crop Past 25
(Sotal) (Lworage) o030, Dast 25 Crop - Past 25 peried  years

June 500.50 209,01  30.12  30.38 23,07 23,89 80.00 85. 26
July 12060 217.08 30,16 XT3 22.51 23,44 81,00 B87.45
August 335.00 143.82 30.0L4 29. 77 21.23 23.21 89.00 8643
September 66,50 156,75  30.48 30409 22141 23.29 81,00  86.12
October 190. 50 266.97 20.95 29,70 2250 2%.68 83.00 87.68
November 129.00 209.87 31.03 29.55 22.02 2377 B85.00 87. 24
December 12.50 69. &4 31. 31 30.62 2070 23419 79.00 84,76
January - 33424 3158 30.97 21,17 22437 70,00 79.86

February - 344 56 31.79 31. 27 22.08 22,73 7539 82,07




APPENTIX = IX

Abstract of znalysis of variance table for the helght of

taplogs at different gfowth stag@s;

Mean squares

Source art
I I’*‘I-A.P 2 P*Io AoPo 3 I"!GAOP. l&- M.fie?a
Block 1e 525 137.824% 723 TLG6* 1084, 881%
Treatmen‘t O 978 2300 358* 717. 8%* 6250 26&‘*
Errorm 14 1. 184 31.078 73695 20. 456
Mean squares
Sourece af .
5 I‘:IGNA'E 6 l"q.A.P' i 7 R_ﬂoﬁ.?. 8 T-'I.A-P.
Block 2 1445, 026% 2834, 133 32154751 2043, 723
Treatment 7 456.051 415,790 456, 499 432,899
Error 1 4 3[-?6- 071 169- 366 31 Q. 68? 3070 ?24

Ms APy = Months zfter planting

*

- Significant at Q.05 level



'APPENDIX « III

Abstraét of anzlysis of variance table for “the total number of
leaves of taploca at different growth stagese.

Mean squares

Source af
“I’ I"A'OA.P- 2 I‘EvoPq 3 M. ABPQ l-t I‘I.AGPQ
Block 2 1.858 22,576% 106.858% 355, 782%
Treatment 7 0.6G2 70.071% 189.008% 312. 408*
Ermr 14 0.927 6. 308 15. ["26 260899
Flean sgquares
Source df -
5 r'Io A-Po 6 f'lo A-Po 7 Mo A.P- 8 FI.A.P.
Block 1166.693* 2445, 3809 5136.04L5% 15179.717%
Treatment 7 B74.904%* 22204 410% 4576, 3635% 6071. 470
Error 14 146.650 502.127 2133+ 410

977179

T S e . an.

Fe AePo = Months after planting

* ~ Significant gt C.05 level



APPENIIX = IV

Abstract of analyslis of variance table for the mumber of
functiongl leaves of tapioca at different growth stages.

A Y I T e 0 S S iy Y g mme . -

Mean squares

Source af

1 IJI. A.P. 2 }4‘ A.P. 3 I\q‘ A.P. l“ M.AQ‘P.
Block 2 1.858 26,032% 92.795% 254, 881%
Treament 7 0.692 BE.B38% 196.,969# 175. 391
Error 14 0.927 8.405 9.502 19.050

Mean squaves

Source dft

5 MvoP. 6 z‘ﬁ.fiopa 7 ﬁ, A.P. 8 I“i.-AlPo
Block 2 486, 225% 845, 155+* 898, 346* 1415. 480
Treatm ent 7 X 2650 739* 1}04, 08&- 4630 !4'57 3890 939
Error 14 67-203 165.813 203.940 1500 136

Me BaPo = Months after planting
# o Significant at 0.05 level



Abstract of gnalysis of variasnce table for the leaf area index
of tapioca at different growth stages.

APPENDIX - V

Mean squarss

Source df

1 Me AP, 2 HeAoPs 3 e AsPe 4 M. A.P.
Blick 0.0005 0. 1142% 0. 2L00%* 0. 1514%
Treagtment 0.0001. 0.1271% 0.5525% 0. 4044L%
Error 14 0.0002 0.0359 0.0709 0.0499

lfiean sguares
‘Source af
H M. A.Ps "6 MeAePe 7 HaAJP. 8 M. A.P.

Block 0. 2L40% 0. 4577% 0« 3373% O« 1194%
Treaiment 7 0.0583 0. 1842 0.1242 0.0095
Error 14 0.0267 0.1103 0.0585 0.0133

Me AePe = Monthg after planting
* « Significant at 0.05 level



APPERDIX « VI

Abstract of analysis of variance table for the girth of tapicca
stem at different growth stages.

——

Mean squares

Source ag
1 MoAuP-_ 2 MOA.‘P-‘. 3 M.A.p-. t‘ F!.A.Pa )
Block - 0.900% 0. 747 1.804
Treatment 7 = Te 388* Lo 20“-% 2e 306
Erroxr 14 - O« 11"‘_2 0.360‘ 0. 221
Mean ggquares
Source ag R
5 M. A.P-n 6 I‘{o AoP. 7 F{DA- P. 8 M‘ A.P. ;
Blo ck ho 037* O. 785 Ce 63& ae 378%
Treatment 0.637 0. 585 0.462 0.577
Error 14 0.451 0.227

Oe 365 0. 299

McAsPo = Months after planting
* - Significant at 0.05 level



APPENDIX - VII

ae ' Abstract of analysis of variance table for yield attribubes and yield of tapicca

Meznn squares

Spurce df -
Number RNumber Percentage Length Girth Tuber Top Utilizg= Rind to
of of of produ- of of yield yield tlon flesh
roots  tubers ctive tuber tuber index ratio
per per roots
plant plant
Block 2 0.0820 3.8643% 601,5712% 103.7107% 2.3839 125.2720% 29.6120% 0.0460 0.0002
Treatment 7 14347  3.6979% H475.7035 33.8702 3.6341 30.2424%  3.8357 0.3838% 0.0002
Error 14 1.9828 0.5143 214.7620 33.0818  2.45620 10.8268 2.9173 0.0923 0.0c02

- i

b. Abstract of analysis of variance table for guglity attributes of tapioca

-

Mean square

Source af
Drymatter content Starch content Crude proteln content
Block 2 2.071 0. 289 D«139
Ireatment 7 54637 0.792 0.105
Error 1 4 2e 569 Te 066 0. O?I-I-

# - Significant at 0.05 level



APPENDEX - VIIL

Abstract of snslysis of varlance tavle for the dlstribution of
mitrients in tapioca.

Mean gguare’

Source af Nitrogen Phosphorus ‘Potassium

Leaf Sten  Leef  .Stesm  Tuber Leaf  Stem  Tuber
Block 2 0.0046  0.0105  0.0001 0,0026%¢ 0.00006 0.0532 0.0034  0.0584
Treatment 7 0.0383  0.0054  0.0004 0,000  0.00015 0.0039 0.0005 0.014h
Error’ A 0.0491  0.0049  0.0020 0.0002  0.00046 0.0204 0.0101 040089

# o Significgnt 2t 0.05 level



a. Abstract of analysis of variance table for the height of groundnut at differsnt

growth stagese.

APPENDIX - IX

Hean squares

Source af
20 D.AJP. 40 DefAeP. 60 DehePe .80 DedoPe. 100 Do AdPs At harvest
Block 2 Q. 559 0. 2&3 50 580 li'sa 063 11'50 129% 21.045
Treatment 2 0109 10720 19,002 32,67 38.643% 35, 331%
-EI‘POI‘ . h 0&&25 - 10113 19.578 60?23 10912 36768

Do Abstract of analysos of variable table for the helght of cowpea at different

growth stages.

Mean sguares

Source daf

20 Dy AP, 49 De e Pa 60 De AePe At ha:ﬂrest
Block 2 143562 1. 268 1365.963 222.063
'$?§etment 2 1.675 15.154 408, 703 200623
Error A 0.672 5.628 3504 772 271127

D. AP. -« Days After Planting

® ~ Significant at 0.05 level



APPENDIX - X

a- Abstract of analysis of variance table for the mmber of branches of groundnut
at different growth stages.

HMean squares

Source af e ‘ :

2@ DIAOP. LGO Do}.&upo 60 D-Aapo 30 Dcfiopo - 10‘0 thﬁopn At-haweﬁt
Block 2 U058 0.688 0.903% 1727 0. 509 0.532%
Treatment 2 0.088 0.125 0120 0.043 0.090 0. 4658

Error 4 0.078 0.313 0.655 0. 280 O 142 D.056

b. Abstract of analysis of variance table for the mumber of branches of cowpea zt
different growth stages.

Mean squares

Source af ,
23 D. Ao?- l‘O Do Aa?- 60 Da AOP. At haI’U"eS‘t
' Block 2 - : 0.528 0.618% 0. 430
Iraatment 2 - 0.518%#* 0,085 0.043

Emr Z; - 00078 00050 De 163

- A S, S A . S e 2

De AaPe = Days ffter Planting
d - Significant at 0.05 level.



APPENDIX - XI

2. Abgtract of analysis of veriance table for the nunber of legves of groundnut
at different growth stages,

Source ot ‘ _ Mean‘squares :
” 20 DeAoPe 4O D. AP 60 DeAoPo 80 DeAl.P. 100 DoAePo At harvest
" Block 2 0.003 29.560 43,348 178,427 . . 266 12,492
Treatment 2 0.103 10. 360 78.825 103.723 182,081 48,046
16.87%

EI‘I‘OI‘ LI' 00047 28«655 ’ 150046 170. 070 3&'0 625

- o a - I

be Abstract of anzlysis of variance table for the mumber of leaves of coupea
at different growih stages.

Mean sousares

Source af

n - 20 D- AOP. Z‘O D. AuPa 50 ﬁ. LePa .f‘.t baﬁ’ﬁest
Block 2 & 5, 58%* L7,861% 1803
Treatment 2 - 4. 030% 59, 348+# 3.863
Error LI' L O» 308 [\f'o 598 60 10?

DelAePe = Dzys After Planting
*® - Significant at 0.05 level



APPENDIX - XIX

2. Abstract of anglyzis of variance table for the leaf aresa index of groundmut
at different growth stages.

- O — ——

Mean squares

Source af

20 DsAlJP. 40 PaAePe €0 DednPe 8D DefoPo 100 Do ftePs AL harvest
B].Oc}i 2 0&00006 Q. ?623 3& 05015' 4.7160 098913 Ot 3850
Treatment 2 0. 0008 0.0289 5.8222 1. 2645 3. 0848 0.5625
Error 4 0.0002 0.1197 1.9176 2. 3807 1+ 2556 0. 2114

De Abstract of analysis of variance table for the leaf prea index of cowpea at
different growth stages.

Source af Mean squares
20 DohJP. l&O De AsPa 60 D AuPa - At har‘vest
Treatment 2 0. 000007 0.3932 4. 2078 0.1357

e A

B-An?o - D{EXS‘ After Planting.



APPENDIX - XIII

Abstract of analysis of variance table for the mmber of pods and yield of

=%
gmundﬂut .
¢!
Source £ ean square
Number of pods Pod yicld o Bhusa yield" '
Blo@lg 2 5. 525 1892353\; %D% ' 285268- 103
Tragtment 2 15. 248 53677.000 5228000,000%
Error L 43.277 1697534 850 464115.950
be Abstract of analysis of variance table for the mmber of pods and yield of cowpea
Mean saquare
Source af
Number of pods Grain yield Bhisa yicld
Tregiment 2 1+ 275 L7052, 320 4280000.000
Error 4 0.204 22263.835 780000, 000

* « Significant at 0.05 level



APPENDIX - XIV

ae Abstract of analysls of variance table for the distribution of nutrients
in the bhusa of intercrops.

Mean souare —
Scurce ar — Nitrogen Phosohorus Potagsium
Gro;_unﬁnut Cowpea Gmundnu'o‘;_ Cowpea Groundnut Covipea
Blocls 2 0.13233°  0.04699 0.00016 0.00016 0.00750*  0.10930™
Treatment 2  0.00003 0.05485 0.00046 0.00002 0.00012  0.015568
Error 4 0.00034 0.03949 0.00006 0.00019 0.00179  0.011848

bDe Abstract of analysis of variance table for the quantity of nutrients incorporated
into the soil by bhusa.

Mean square

Source at

Nitrogen Phosphorus - Potassiun
Block 2 716, 455% e 4T 2% 250.824%
Treatment 5 600.553* 6.835% 256.883%
Error 10 135. 887 0.91% 57.923

* = Significant at 0.05 level



APPENITX - XV

as Abstract of analysis of variance teble for total nitrogen, avallable
phosphorus and available potassimzjz_ concent ¢f the soll after the

experiment,
Mean square
Souirce af ,
Total nitrogen Avallighle phosphorus  Avallable potassium
Block 2 0.00006 27. 56618 5Ls 72000
Treatment 7 0.00040 27.85526 108. 42000

Error 14 0. 00019 524 13069 42,65143
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ABSTRACT

An exporiment was conducted at the College of
Agricul ture, Vellsyoni, during 1982-83 to study the effect
of intercropping groundnut end cowpea with taploca end to
identify the most sultagble spatlial arrangenent of crops in
the taploca based intercropping systems The stody also
helped to find out the posstbilities of changlng the
geometry of planting of tepioca from the nomal maethod
to the palred row pattern. The experiment with sipght
treagtments was carried cut in randomised block design with

three replications under rainfed conditionse.

The results revesled that competition for ecophysioe
logical raquirements in intercropped treatmentz during the
ecarly steages of growth csused unfsvourable conditionsg for the
vigorous growth of taplocas Most of the growth characters
were gevercly =ffected due to intercropping and cpatial
arrangeménts during the early stsges although no sach

suppressing effect was observad at lster stages of growth,

Among the yleld attributes rumber of roots, percentage
of productive roots, length of tuber, girth of tuber and
rind to flesh ratio were not influenced by the vericus treat-
mentse But ftuber number per plant was influnnced by planting

patterns, intercrops and spaetial arrsngements. Though the above



practices influenced tuber yield and utilisation index,

top vield was unaffected by treatments.

Quality attributes like drymatter, starch and crude
protein contents remained unaffected by the treastments.
Similarly intercropping had no significant influnnce on the

distribution of nuitrients in tapiocas

Spatial arrangements influenced height and number of
- branches in groundnut and numnber of branches and the rnumber

of functionasl leaves Iln cowpea at certeln stages of growth.

Pod number, an important yield attribite of intercrop
was not affected LUy spatlal arrangementss The sgme had no
effect either on the pod yield of groundnut and grain yleld

of cowpea or on the bhusa yield of intercrops.

Spatial arrangenents had no effect on the distribution
of nutrients in the bhusa of intercrops. Cowpea bhusg

Incorporated large quantities of nutrients into the soil.

Cowpea intercropped plots registered maximum velues
for soll nitrogen after the experiment though no significant
difference on the available phosphorus and potassium contents

0f the soil was observed.

The highest economic return was obteined from the
treataent where tapioca was planted in peired rows and groundmt

In the interspeces of paired rows. The next best system was



tapioca in nompl rows with groundnut in the interspaces of
normal rowse Taploca in palred row without intercrop recorded

a higher profit than taploca at normal spacing without
intercrop.

The resulis indicated that groundmut was the most
profitable intercrop in tapioca.





