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INTRODUCTT ON

Cassava, (Manihot esculenta Crantz.) is the

fourth most important energy staple cof the tropics,
providing food and income for about 750 million people,
It is also known as & pocr man's food, This starchy root
crop is cultivated in tropical Africa, Asia and America
where 38, 36 and 26 per cent, respectively of world

production occurs,

Special features such as tolerance to low soil
pﬁ; low soll fertility, low scil moisture, drought 2nd
pests single out cassava as an ideal crop for the tropics,
where adverse conditions are common. In India, more than
75 per cent of cassava cultiveted area is in Kerala and
fbfms ah integral component of farming systems through out
the state, Cassava.grows well and yields satisfactorily
even in poor laterite soils, It is grown in a wides range

of topography.

Recent statistics (2anon,, 1986) reveal that in
Kerala, during the last decade, the area and production of
cassava showed considerable decline. The area decreaséd. from

3,26,865 ha: in 1975-76 to 2,16,742 ha in 1984=-85 and



production declined from 53,90,217 tonnes in 1975-76

to 36;94,270 tonnes in 1984-85, This Gownward trend
méy be attributed to the low inccme from céssava Ccrops
making its cultivation an uneconomic practice, compared
to thé cash drOps such as rubber, Intercropping of
cassava, wilthout affecting the yield of cassava, is one
of the feasible measures for cbtaining h;gher econonic
returns frcm.lands under cassava cultivation; In almost
all indigenously evclved tropical cropping systems in
which cassava contributes substantially tc the total out
put, intercropping predominates (Wilson and Lawson,1986).
Tne range of crops with which cassava can be grown ;n
associétion is broad. Moreover, when small farmers adopt
intércrOpping as the production'system,-a relatively
small plot is sufficient to provide the family with the

basic dietary elements,

The most successful wdy of obtaining-additional
returns from.uniﬁ léhd area, from an intercropping system,
is creaiing a situation in which the component crops
exploit the environmental supplies - of growth factors in

differing ways. Such complementary use of resources is



termed ‘'annidation'. 'Annidation in space' where in leaf

canopies of intercrop components may occupy different vertical

layers with the tallest component having foliage tolerant to
strong light and high evaporative demand and the shorter
component(s) having foliage requiring shade and relatively
high humidity, is possible in an intercropping system, Other

possible types of annidation in an intercropping system are

Yannidation with respect of nutrients' wherein plant species
make differing demands on the nutrient pool of a site and
tannidation in time' where in differsnces in length of growing

season can lead to additional returns in an intercropping system.

The most frequently used planting pattern of cassava
in pure stand is 1xlm or similar, However, this arr@ngement
‘does not provide optimum conditions for the association of
intercrops since the cassava canopy covers the ground below

more rapidly than in other types of arrangements, shading

the intercrop from early on (Castro, 1980). In a modified
system cf planting cassava known as 'paired row' system of
planting, cassava plants never builds up its canopy to
completely cover the interspace even at its rank growth
stage and thus gives increased returns from the cassava

based intercropping systems, due to lack of competition



with intercrops {Anilkumar, 1984), Moreover, the
increaéed availability of solar radiation in the wider
.inte:Spaces of cassava planted in paired row system even
at a later stage of gfowth of cassava can be effectively
utilised for raising a second intercrop succeediné a
first intercrop raised during initial stages of growth,

in sequence,

Groundnut as an interérOp in a cassava based
intercropping system was found to be a-successful practice
ip many studies. Paired row system of planting cassava
at a spacing of 1.35xC,90%0.45m with groundnut in the
Ainterspaces was the most profitable system comparec to
intercropping groundnut in interspaces of cassava planted
at a spacing cf C,20xC,%9Cm (Aﬁilkumar, 1984), French b2ans
was reported to be a suitable intercrop from many research.
centres for better returns from a cassava based
intercropping system. Reports show that French bean cv.
'contender' is suited as an intercrop in cassava based
intercroPping system for obtaining an additional income for

farmers in India (Thomas et al., 1982). It was seen that a



cassava based intercropping system in which french beans
sown 45 days after planting cassava gave the highest
economic returns/ha and Franch bean sown'éo days after
planting cassava also did not affect the root yield of
cassava, thus revealing ths successfulicultivation cft an
intercrop at a later stage in 2 cassava basec intercropping
system (Lazarte, ;980). Considering the.above aspects
groundnut, French bzans and horss gram were selected as

intercrops for the present study.

Be;ides the above factors, the intercrops should
be selected to fit in the expecied rainfall paﬁtern of the
area. In Xerzla planting time of cassava always ;oincides
-with the onset of mensoon rains =nd the main planting
timé is April-May when the south-west monsoon starts
and an intercrop can be raised at the time of planting
cassava. The north-east monsoon starts during Septéember=-
October and so it is fegsible to raise a second intercrop

at that time.

Considering the above aspects, the present

investigation was undertaken with the following objectives:



1)

2)

3)

i

~

~—r

To find out a suitable planting geometry

in a8 cassava based intercropping sysStem,

-

To study the possibility of raising  a
seccond intercrop in sefuence,. immediately
after the harvest of the first intercrop,

in a cassava based intercropping systen,

To assess the superiority of different
a

ssava baseC intercropping systems,

= PP

To study the scil fertility varistions
dueg to intercropping in a cassava base:

i
intercropping systen,

To work out the economics cf the cassava

)]

based intercropping systems,
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REVIE] OF LITERATIURE

Cassava based intercropping system was reported
as early as 1935 (Marcus, 1933) from Brazil, But scienti-
fic intercropping in cassava 1s of recent origin,

Reports from various countries indicate that intercropping
in cassava with various short duration crops like cereals,
millets, minor tubers, pulses and legumes, oil seeds,
vegetables, fruits, medicinal plants épd forage as a
successful practice, The scientifiz and economic
feasibility of a cassava based intercropping system is
influenced by various factors lilke planting geometry,

time of planting, planting density, crop compatibility,
and cultural practices such as fertilizer management,

weed control, plant protectlon etc, The relevant research

works on the above aspects are reviewe! hereunder.,

[]

A, Influence of various factors on the productivity

of a cassava based intercropping system,

a.. Planting Geometry:

A modification in the planting pattérn of the

base crop would make intercropping feasible and
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remunerative, due to the batter utilization of
available space, nutritional facto rs and light,
Variation in base crop yield was nil when the
orientation of rows were altered, while keeping the

slant population per unit area constant (De et zal., 1972},

In cassava most frequently used planting
pattern in pure stand ic 1xlm or similar, However, this
arrangement does not provide optimum conditions for the
.association cf intercrops since the cassSava C2nopy
covers the ground below more rapidly than in other
types of arrangements, shading the intercrops £rom
earlier (Castro, 1980), Reports show that cassava
bq}der rows produce higher yields than inner rows
orobably due to better availability of light and nutrients
and meking use of this advantage, paired (double) row
system of cassava cultivatioh, has been reported from

many research centres. '

Ezumah and Dkigbo (1520). reported favourable
effects on peanut prcductivity especially at high peanut
populations by adopting double row planting technique

for vassava. Mattos et al, (1988 a) observed that



cassava planting in paired row system was an advisable
practice because besides increasing rocot and starch

yields énd profitability, it allowsd thé free space toO
be used for growing intercrops such as beans, soybeans,

rice, peanut, millet, sweet potato znd tobacco

for cassava brought about ths highest productivity and
tha greatest income retumm rate,

twe rows of cassava and compared tc iraditional methcds
makes available a grzater scace bstween these couble

rows, allowing other crcps to be planted successfully,

Thne paired row system improves crop production by allowing
the easy use of mechanical egJuipments, raducing production

costs duz to decrezsed labour r©

M

cuirement, allowing
pcssibility of successful intercrepping,increasing
productivity due to border effect, making crop inspection
and application of pesticides easy, allowing possibility
of mulching with plants in the free spaces for enriching

the soil with organic material etc (Mattos et al ., 1980 a)



\
While conducting .an experiment on utilization of

free space between double rows of cas$ava by Crotalaria

juncea, Mattos et al (1980 b) observed that the highest

_ gassava root yield§ of 34,12 t/ha in CV BGM=116 and 39,72
t/ha in BGM —.001 were given by double rows é.o m apart w;ﬁh
O.Sm between the two rows of each double row and betweén.
plants iﬁ the row and these yields were 57 and 16 per cenﬁ
respectively higher than a control with rows 1m apart and 
0.6m betﬁeeﬁ plants in a.row. Cassava yields~ﬁith 2.5 qr'3.0@

between the double rows were not significantly different
from the control. Fresh matter yield of C. juncea ranged from

14,7 t/ha with 2.0m betwegn caésava double rows and 0.5m '
between plants. in the row and between.the two rows of
each double row to 22.6 t/ha witﬁ 3.0m between cassava
doubie roﬁs éhd'0.7m between plantsAiq the row and

between the two rows ofveach double row,

Ternes (1981) reported that although the total roots
- per plant-were higher with cassav® planted in single rows
at a spacing of 1xim, commercial root production was 13

per cent greater with cassava planted in double rows.



at a spacing of 2.5%,84xC.60m. The best agronémic and
economic crOppiﬁg system was cassava in double rows
intercropped with maize at 25000 plants/ha, and the
highest vields per crop of both cassava and malze were

cbtained from the monoCrops.

ments to study the effect of spatial
arrangements$ in cassava - cowpez -intercropping system
~onducted at CZIAT {ancn,, 1982 &) revezled that
intercropping reduced cowpsa vields to 75 per cent of

the level of corresponding monoculture plcts when cassSava
was planted in the 1xlm arrangement, but only by 13.5

per cent and 14.8 per cent in the 1.4 x 0.7 m and 1.8 x 0.55m
arrahgements of cassava respectively. Cassave root yvields
shoﬁei acposite trends in response to arrahgements caﬁparing
monoculture and intercroppsd plots. In monoculture, £resh
root production showed small downwafd trend when moving

from sguare to rectangular planting and was nct signi-
ficantly different. 2n inverse trend was observed with
intercropped cassava, the 1x1m plaﬁting vielding the lowest

and the 1.8 x 0,55m arrangement the highest,differences



baing large but nen-cignificant.

Anilkumar (1934) concluded f
studies in cassava based intercropping
row planting of cassava at a speacing o

w3gs

with grcoundnut in

gystem and alsc

reccorded

rvlanting pattem

<

rows of peanuis (30cm between rows and

2

nil

~

1ls

tried, cassava intercroepped

rom Crop geometry

system that paired

z
L

1.35 . 0.90 » 045 m

the most profitable

~ -
th two .

wi

20 om betwe=an

batwesn cassava rows, 35cm apart from the cassava

row was found to be remunerative when compared to cassava

monocrops peanut intercropped within the cassava rows or

cassava intercrepped with three rows o

al., 1975).

its rows (Ekmahachaist

f peanuts between



Kanghanahut (1976 aj reported that planting two .
rows of muﬁgbeans:at a épacing of 30 x éO cm between
;caséava YOWs was fognd to be superior to cassava
" monoculture and planfing four hills of ﬁungbeans

between cassavd@ rows,

Tbngﬁam (1976)'obser§ed that.highest vield was
obtained when'three-rows of munébeans were sown
'between the cééséva rows canpafed té-four hills of
~ mungbeans between two hills of éassava and two Yows
of mungbeans betweén the cassava rOWS, This was contrary

to the observation made by Kanchanzhut (1976 al,

while making a comparative evaluation of the
various methods Qf growing peanuts as an intercrop
in cassava, Kanchanahut et al (1976) teported that
planting peanuts in the cassava mmw ief; four hills of
_peaputs at a spacing of 20 cm between two hills of
cassava plaﬁﬁed at a spacing of 1x1 m_wasAsuperiqr'
to cassava_monoculturé. planting two rows of peanuts at
a spacing of 30 x 20cm between the qaésava rows or_planting

three rows of peanuts between the cassava rows. -



Kanchanahut (1976 b) olmarved that
of snyheans at 30:2Qam 5pgcing
was bettef'than growing caésnva in
planting fcur hills of saoybeans 2t

two hills cof cassava or thraee rows

the cassava rows,.

Tyratze

L t)

nlantiny twn rows

zon the CasSava rows
moneculture, or
20cm gspaning between

of soybeans between

studies on spatial arrandgements with both

cowpea and peannts (Anon,, 1280 a)

showed that grain

ylelds of both legumes were highest in a pattern of

thre~ rows between two rows of cassava spaced 1.8m

apart. 2utsids rowg of. legumes were 0,55m from the

cassavé;with 0.35m spacing between

rows of legumes,

Casgava yields were high when tvo rows of legumes

were planted O,7m from gassava rows spaced 1.8m apart.
pla D P

o

Rego (1981) evaluated different Spatial'arrangements

as to the rate of soil cover and light interception and

identified the spatial érrangement that minimised

interspecific compstition and mavimised the productivity

of the intercropping'system with cassava aS base crop

and cowpea as intercrop. !le observed that cassava in
P |1

monoculture exhibited a slow initial growth and at two



months cassava had an average of 33 per cent soil cover
while in association with cowpea the average soil cover

was 75 per cent, -

Experiments conducted at Mannuﬁhy,.xeralé
(Anon.; 1982 b) indicated that high yields from
groundnut and cassava could be ébtaiﬁed when'one oW
- of groundnut was raised at a spacing of 30 cm apart in

cassava grown at a spacing of 0.75 x 0.75 m.

b. Planting time

Relative time of planting in a cassava based
intercropping system was found to have significént effects

on the productivity of the system, Results of experiments

on intercropping cassava with maize, melons and‘vegeﬁables,
conducted at Ibadan, Nigeria (Ancn., 1975 2) indicated that
it was éssential to plant cassava one to two months before
maize to ensurs a relay crob prioxy to the harvesting of
casgava, When intercropped with méize and melons, cassava
yielded 34 t fresh tuber/ha as compared to 28t when

planted alone,



Kanchanaﬁut (1976 a) réported that planting
time had no effect on mungbean vields when mungbeans
were planted 40, 20 and O days before cassava, although
Planting cassava 40 days after mungbeans gave higher
income, A.similar étudy conducted-by Kanéhanahut
et al., (1976) showed that simultaneous planting of
groundnut and.cassava was the best., It wlds cobserved thai
planting cassava, 0,20 and 40 days after soneans.yieldgq
nearly the same amcunt of roots, but at 40 days, soybeans‘

gave more income (Kanchanahut, 1976 b),

In intercropping studies with cassava and beans |
(Anon., 1977), cassava root yield was little affected
by the planting date of the béans, compared with monoculture

' cassava harvested at 340 days. When intercropped cassava

was harvested earlier at 260 days, cassava ylelds were
markedly reduced when ﬁhe beans were planted foﬁr weeks 5
before cassava. Bean vields were not reduced by intercropﬁing
with cassava When~beans were planted frpm four to six weeks
before cassava but bean Yields showéd a marked decline wﬁén

beans were planted from three weeks before to six weeks



after cassava. Studies on the effect of time of planting
cassava on upland croppin@'pattern performance_(Anon.,.1978'a)
. revealed that the optimum planting date for cassava wés;_

20 days after sowing maize and 40 days after sowing upland rice,

Gerodetti (1979) reported that simultaneous
planting reduced total production of cassavalby 40 per
cent in cassava/maize aSSOCiétiohs.,Thung and Cock (19?9)
obsetved from a trial conducted with cassava and cOmmoﬁ-
.beans that greatesi total yields were achieved when,both :
'crpps Were'planted,at the same‘timé or with a differencéfin-
pianting time of less thén ohé week. Simultaﬁeous planting
of both maize and éaséa?a was fpund to bé proﬁitéble'.

(Anon. » 1980 h)

/.

~Lazarte (1980) reported that relative nlantlng

date affected both cassava and bean (Phanolu vulgaris)
.p;oduction. Beans weré planted 60,.45, 30vandlo days bef;re
casséva and 30,45 and 60 days.after cassava aﬁd concluded

- that root weight did hot: vafy é\:le to plantin.g'or
'intercropping date, Caséavalplénted 60 days after bean

planting gave greater land use efficiency, productivity A



and total profit/ha. The highest economic returns/ha
per month were obtained when beans were planted 45 days

after cassava,

The yields of cowpea, lima beans and commsn
beans (ﬁothyciimbing and hush type), intercropped with
cassavé_at fhe-end of its growth cycle (afﬁer 240 days
of cassava planting) were énalysed by Morenm and Meneses
(1980) and observed that cowpea and limabean yields were
decreasad by 33 and 35 per cent with respect to the honocultures
Reduction in the yield of bush vafietf of common beans. to the
tuﬁe of 17 per cent was noted due to compatition with cassava
while 13 per cent in;rease was noted wiﬁh climbing Varie;y

as compared to their respective monocultures, Cassava both

in monoculture and in association with beans gave similar

yields (25,40 and 25.61 t/ha respectively),

In an experiment (2non,, 1981 a) Fhaseolus sp.
was sown upto six weeks before or six weeks after cassava

planting and concluded that Phaseglus seed yield aeclinedA

with " lateness of sowing. Yields of cassava roots harvested

at 260 days were reduced by early sowing of Phaseolus sp.



but at 340 days cassavsa yields wére nﬁt affgcted;

The most efficient biological léndAutilizatiqn as
measured by the.L.E;R. was 1,7 vhen the crops were
sown or planted at the same time or Phaseclus sp. was

Sown One week earlier.

Studies indicated that cassava can be ,
intercropped with beans at later stages of development
(9 mopths after planting cassava) without modifying
the cassa&a canopy or affecting roo£ or starch yields
and a small hean yield (500’- £00 Kg / ﬁa) can be
obtained (Anon.. 1981 b), Field trials carried out by
Wilaipoﬁ et al., (1981) to study the effect of soﬁing
time of styio on cassava + styl§ intercropping system
- showed that simuitaneous planting of cassava., and stylo.
reduced cassava yi=1ld Significantly as.ccmpared'with
monccropping of cassava. It was alsc noted that planting’

stylo six wesks after planting cassava caused only very

little and insignificant reduction in cassawva yiéld,

C. Groundnut:

Sroundnut as an intercrop in a cassava based

intercropping system was found ko be succassful practice



in many studies, though yield reduction of base crop of
cassava was also reported. Singh and Mandal (1968) reported
that growing groundnut as an intercrop in cassava did not

substantially affect the growth and yield of cassava,

It was observed that tuber yield of cassava was not
affected by legume intercrops, groundnut and cowpea

(Singh et al., 1969)

From their ewperiments on cassava intercropping
using groundnut, cowpea, gresn gram; sunflower, soybean
and maizeibbhankumar and Hrishi (1973) reported that though
groundnut intercropped plots recordsd lovwest tuber yield
of cassava, it was‘found superior to other intercrops
from the point of net returns, Katyal and Dutta (1976)
observed that growing of groundnut and cowpeca in betWeen

cassava rows did not affect normal'yield af main crop,

Patanothai et al.. (1977) revealed that there were
no significant yield differences between cassava in
monoculture and those obtained from intercropping with

peanuts, soybeans, mungbeans, maize and uplandrice,



Among the field crops used, peanﬁts produced the best
lyields also, In general peanuts_and nmungbeans, appeared

to be the most suitable crops‘f§r intercropping in cassava..
In another study (Anon,, 1978 b) it Qas found thét tuber
yield of cassava wa; not éeriously affec#ed by groundnut

as intercrop.

Ramakrishna Bhat (1273) reported that the tuber-
and top yields of cassava were not‘aﬁfected.by growing
groundnut, cowpea, black gfaﬁ and green gram as intercrops,
It was oﬁserved in Malaysia (Chew, 1978) that groﬁndnut
had great potential to grow as intercro§ in cassava withou#
affecting the tuber yield cénsiderably. From an exXperiment
conducted at CTCRI, Trivandrum by Mohankumar and Hrishi
(1978)_it was concluded that maximum gross returns were .

obtained when groundnut was intércrOpped with cassavai

Prabhakar et al., (1979) reportéd that all the
_intercrops'(groundnut. cowpea, maiza, fodder maize,
horsegram, greengram, blackgram and red grzam)?nha'd+.:?thé$.:r
deleterious effects on the main crop, which resulted in
ﬁhe reduétion of cassava tuber yield, dontrary to this

an increase in tuber yield of cassava by 0,49 t/ha was



observed by Thomas and Mair (19792) when it was intercropped

with groumninut,.

Leihner (1979) developed a new intercropping
technology for cassava/grain assoclations at CIAT,
which suggestea the use of a high yielding cassava CV,
with an erect, laté branching growth habit with minimum

competition with intércrOps and the use of legume crops,

preferably Arachis hypogaea, Phaseolus vulgaris or Yigna

unguiculata, which are early maturing, rapidly covering the

ground and with determinate growth habits, as companion crops.

Higher‘yields of cassava (26,76 t/ha) was obtained
when intercrOpped with groundnuts comparsd to sole culture,
in an experiment conducted at Khonkaen University, Thailand
(Anon,, 1980 c¢). Significant differcsnce in tuber yiéld was
noticed by Mohanakumar (198C) when cassava was intercropped
with groundnut, green gram, maize, sovihaans and sunflowef.

In an experiment to evalnate different varieties
of grounﬂngt and cowpea g intercrops wigh cassawa B
(Anqn;, 1981c) it wés observed that a3ll the groundnut

varieties affected the cassava growth but mavimum wias seen



with TG-17, ﬁoweverg T53-17 racorded highest yield
as intercrop and TV-2 the lowest, Shaela (1281)
found grOundndt to be the best suited interctop
of cassava and also obscrved that thé overall net
: fetdrn was maximum for cassava interxrcropped with

~groundnut,

" In trials a£ CIAT (Anon,, 1932 ¢) it was

found that groundnut sufferel sesd rgﬂucticn of 15

per cent from intercropping with cassava and reduced
cassava root yiéids by 18 per cent, In an experiment
coﬁductéd at Chalakkudy (anon., 1982 b) for evaluating
groundnut varietiss like JL-24, Pollacﬁi-l, Pollachi-2,
FSB-7-2 and TMV=-2 for mixed cropping with cassava, it
was found that though the difference in pod yield was
non significant, highest vield was reported by THMV-2

(482 Kg/haj.

Mason (1983) obsearved that intercropping cassava
with either groundnut or cowpsa resulted in approximately
25 per cent greater land use efficiency for the eleven

month growing season than did sole cropned cassava and



sole - cropéed groundnut or cowpea. The greater land

'use efficiency whenlintercrOpped was associated with
significantly greater leaf area -and dry matter production
_:'durihq oarly growth stages than for those of sole cropped
-cassava, although at harvest the total leaf area and dry

»matter producea'were'similar.
d. French beans:

,FrenchA- bveans. tlas reported to be a SI'Jitable.
intercrop‘for better return'ﬁroa'a caseava baSed.'
intercrOppihg system; A study (Anon,, 1975b) revealed
that caseava grown alane gave tuber yields-of 12,9 t/ha
'_thle-it-was 13.2 t/ha ané 11,0 t/ha ehen intercroppea
with beans and maize respectively, Bieber (1975) reported
that intercropping cassava with cowpea redgced tuber .

yield of cassava than the intercrop cf common beans,

Wilson and Adenisan (1§76) observed‘that when
cassava Qas intercrapped with a sequehee a: three
vegetables (tomatoes, okra and French heans) the_yielda.-
of -okra and French beans were suppressed but land

'equivalent ratios showed that this system was more



efficient than any of the crops alon», From experiments
confucted at CIAT (Anon., 1270 a) it was observed that

tharoe was a non-significant bubt positive correlation

-

lc:
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betwaon bean yield and. cassava frash root i
The Fhaseqlus’bean completed its growth oycle (IOO-days)
befare cassava coversld the grnuné and hence could yield
well with c.assav_a; On the other hand, ﬁhe Séybean had a
growth cygie of 125 @ays and itS'jrain filling stage-
occured only when cassava completely coverei'thé

ground and so severe competition occourred? between cassava

anc soybean, In another study at CIAT (Anon., 1978¢)

perennial ﬁeanuts, socvbeans, cnﬁpea, stylm,ikudzu eEc
and it was found that benns,'p@r?nnial pranuts and
soybeans grew p?orly horatde of tomria levels of
‘aluminium and manganese_in the z2il and thias competed
lese with cassava,

Loihnor (1978)aﬁafl,3.-5:el:3 vead growth in a cassava
sole'crop comparad to a cassavaxbvmmgn ﬁean intércropping

systom at CIAT ~ Palmira in ™ lomhia, Without other



control measurés thé:practice b? interzropping common
géanslydth cassava reduced total weed dry weight to
130,47 and 3j'per cent of the amount observed in tbe- .
cassay;_sole crpp at 45; 90 and 135'days gfter planting
feépectiVe;y. The fedgéed weed welght at 155 days

indicated that the associated beans had a. residual

contnol,éffect, since the crop had been harvested at

105 daYS'aftér planting, iny at 180 days after plantipg
were’equal'§mognté of weeds found under both cassava “
. solecrop and cassavé bean intercrop condition, In the
associééion, cassava yield was the same with or without
ad?itiqnal_chemicai'énd mapual weeé control'measﬁres:3u
However, in single culture,-passava suffered a yield

reduction of 30 per cent when no chemical or manual ~

weed control was practiced,

Correa 2nd Rocha (1979) recommended intercroppihg
of cassava with French beans, soybeans, cowpea, ﬁaize.
rice, grain sorghum and crotalaria for maximum ;anduse'
and proéuctivity. Escalda and Javier (1979) observedl

that masximum QUahtity of marketable cassava tubers can



be harvested when ig.was intercrOppéd with inoculated
bush beans, A new intercropping technology for cassava/.
grain associatiéns was develéped at CIAT by Leihner
(1979), Accérding to thié high yielding cassavé CV.A
~with an erect, late branching growth habit with minimum
~intercrop cémpetition should be used, Legume crops,

preferably, Phaseolus vulgaris, Arachis hypogaea or

Vigna unguiculat2 which are early maturing, rapidly

covering the ground and with determinate growth habits
'should be used as compénion crops. The associated crops
should be plénted simultaneously, each at its normal,

monocropping density:

Prabhakar et al., (1279) observed that tuber
yield was significantly Superior when cassava waS'grownj'
as a pure crop and intercropping with any vegetablevcrOp
(cowpea, Frenchbeans, amaranthus, cucumber or bhindi)
has reduced the tuber yield of cassava signif;cantly;
Amoﬁg the different intercrops tried treatnient with
beans recorded the 6aximum tuber vield of casséva:

‘but was on par with other intercrops. Thomas et al

(1982) reported management practices of cassava



intercropped with snap bean CV, contsnder and recommended
this intercropping system for an additional income for

fammers in India,

Kawano and Thung (1982) found that beans planted
in association with cassava had no significant reductions
in yields whereas, yields of soybeans were severely reduced.

In experiments conducted by Caetano (1983) cassava and

beéns were planted at the same time with 0,40m between
cassava plants and 1.40m between rows and bean population
consisted of 1,2 and 3 rows between. cassava. It was
observed'that produétivity of cassava roots was reducea

by 25.1, 35.6 and 48,2 per cent when cassava was intercro=-

pped with 142 and 3 rows of be=ans respectively.

Arias and Obandog (1984) recommended planting
of cassava in association with bush beéns as a good
alternative to increase crop productivity, improve
the income and obtain foods with high-nﬁtritive value:
It was noted by Neumann (1984) that when casSava was
associated with beans and soybeans at'different plant
spacings, root productivity was 2.5 times higher in

the association than in the pure stand (9,07 VS 2.37 t/ha).



Promising assodcl ations with cassava, developed
at CTCRI, Trivandrum, India wers reported by Prabhakar:
and Pillai (1984) and they were: (1) cassava/grain

legumes (Vigna unguiculata, Cajanus cajan, Phaseolus

aureus, P. mungo, Glycine max); (2) cassava/bil-seeds,

(Arachis hypogaea and Helianthus annus); (3) cassava/
vegetable crops (cucumber, cowpea, okra, French beans)

'(4) cassava/medicinal plants like Catharanthus roseus .

and (5) cassava/maize. among these the most profitable

combinations were found to be cassava/french beans,

cassava/groundnut and cassava/Catharanthus rogeus and

french bean was noted as the most economical intercrop.

In an experiment at CTCRI, Trivandrum (Prabhakar

ana Nair, 1984) peanut, cowpea and gréen baan

(Phaseolus vulgaris) were intercropped with cassava
planted at a spacing of 0.9 x 0.2 m, The highest yield

.0f cassava in association (24;04 t/ha) was obtained

v

with the association cassava/greéen beans, and this
association also gave the highest net income, Cassava

vield in moncculture (control) wis 25,58t/ha,



e, Horse gram:’
Worke-on feasibility of horse gram as
intercfob in a cassava based intercropping;system
are few. In an experiment coﬁducted by Singh and
Mandal (1970) with different iﬁtercrOps like horsegram;
Sesemum,.coleus; bhindi, ‘groundnut aﬁd cowpea, 1t was
found that horeeéram and sesamum considerably reduced

the tuberAyield of cassava,

- Prabhakar et gl.;(197§) from an experiment
in cassava based intercroppihg system noted that all the
intercrops used. like horsegram, greengram, blackgpam,
red'gram, groundnut, cowpea, maize and fodder maize
had their deleterious effects on the hain crop, which

resulted in the reduction of cassava tuber vield,

£, Planting density:

The results of experiments conducted by
Meneses and Moreno (1979) at Turrialba in Coasta Rica,
to establish optimum planting density in cassava/maize

association, revealed very strong effect of competition



by maize over cassava, Malze planting density showed
highly signifigant effect on cassava with respect to
parameters like height of the plant, height at the‘
first branching, nﬁmber, weight and length of commercial
roots and'diameterlof stem, Cassava yields Qafied from
75 per cent;(with 16,000 maize plants/ha) to 46 per qeng
(with 50,000 maige planté/ha) compared to sole crop

of cassava;

Hagewaid (1980)'reported, while making a Study-
on intercropping grain legumes with cassava on acid
Sulphate soils, that cowpea and groundnut gave maximum
yields with 1,00,000 and 2,00,000 plants/ha respectivély;”f
Fro?‘an experiwent to study the effect of ﬁaize pignt
- population on cassava/maize intercropping sysﬁem, Kang and
Wilso; (1980) observed that increasing maize pépulation )
f rom 10,0bO to 30,000 plants/ha increaséa maize grain
yield slgnificantly and had no significant effect on
rooﬁ yield of cassava, Higher population of maize

(maximum tried 70,000 plants/ha) had no effect on

grain yield of maize but significantly reduced root



yields of cassava, It w@s also found that three maize

plants per cassava hill toc be optimum,

It was reported'from field trials'(Anon., 19816)
in which cowpea-or groundnuts wére sown‘at various
populations and.spacings in cassava planted at 9259
plants/ha in rows 180cm apart, that sesd ?ields vere
highest atvllo;OOOvandA222,OOO élants/ha respectively,

It was alsoc seen tﬁaﬁ these 1egum¢s reduced root ylelds -
of cassava with least and greateSé efféct‘when_rows of
legumes were placed 70 and 45 cm respectively distant

from cassava rows,

Ternes (1981) observed, from an intercropping
experiment, in which treatmeﬁts iﬁcluded two cassava
.ﬁonocrOps_in single (1xim) and éouble rows (2:520.84x0,60m)1
at 10,000 plants/ha; éhree monocrops of maize at 10000.'.
25000 and 40000 plants/has and six intercrops in all
bossible combinations, that”the.best agronomic and
economic cropping system was cassava in double rows

intercropped with maize at 25000 plants/ha. In another

trial two cassava CV, and two bean CV. with different



,groﬁth'habits énd veéetatiVe cycieé-ana with diffefept
beaﬁ populétign densities were studied by CaetanoAfléé3)i
CaSSé§a and.béans-wéfeiblanted4at the éame ﬁiﬁe with
0.40m distance betweeh caSSavé”piahts'and 1.40m

between rﬁws;andAbean'populatioﬁ'coﬁsisted 5f 1,2 é¢d54
rows between-qasééva: Tt was 6bséfvedAthat Erbductiviﬁy_ A
Qf caSSav§ roqts Was feduqed‘bj 25.;,‘35.6 and 48,2 per

cent when cassava was intercropped with 1,2 and 3 rows

of beans respectively.,

g; FertiliZef application:

It was observed by Mohankumdr and Hrishi (1973)
<£hat, application 6f fertilizers-to both tbe main'and
 intercro§s‘prodﬁ¢éd higher yields which were significantly
' éupérior to‘applicaéion of ferﬁilizerg to main'crop alone,
Experi@enﬁs cpéaucted at CIAT (Apon., 1974) showed;tﬁat '
withéuﬁ high appliqations of lime‘ané phosphorus,

Frénch beans, the best sujted iﬁtercrOp og-cassava.

failed to produce grain in acid infertile soils,



It was found from experiments conducted at
CIAT (Anon,, 1975b) that cowpeavand peanuts in association
with caséava produced grainyields of 1,9 t/ha and 1.5
t/ha with a fertilizer level of 0,5 t/ha of lime 100,
0, Zn and B

165, 35, 3 and 1 Kg/ha of N, P 05, K

2 2

respectively but the yield of mungbean was severaly
disturbed by these conditions and its yield was less

than 400 Kg/ha, It was also noted that sm3ll amounts

of nitrogen appeared to be optimal both for cassava
root production and grain legume production whereas
higher levels of rhosphors was essential for better

root yield and initial legume growth,

Ekpete (1976) in an experiment raised cassava
as pure crop and intercropped with maize and okra, ﬁnder}
three NPK ratios and observed that tuber yield of cassaﬁé
increased with increase in quantity'of‘fertilizers appliéa
in puré’stands but no increase was noticed in tuber
yvield of cassava in mixed sténds with increase in quantify
of fertilizers applied, But yield of'intercrops increased

with increase in quantity of fertilizers applied.



Investigations conducted, on the changes in nutrient
absorption in different stages of physiological
development of the crops and its effects on bean,

maize and cassava production agrosystem, by Lacharme

(1976), showed that greatest need of the créps for soil
nutrients was between 25 to 75 davs. The need was of the
order cassava > maize 2> beans., Fertilizer efficlency .

was of the order K>»MN>P>35., In the above'study

@assava and maize were found to be great biomass

producers and soil nutrient extractors,

Nitis (1977) reported that stylo was beneficial
as a companion crop because of the increased N supply
for cassavad equivalent to about 20 Kg urea/ha. The N

supply by stylo with P and K fertilizers reached

the equivalent of 160 Kg ufea/ha. In association,

_cassava shéot andlroot yields increased by 0.39 and b§43
t dry mgtter/ha respectively. The e#tra green?feéd
Aprodu0§d by stylo rénged from Q0,14 - 0,39 t'dry matter/ha.

Trials conducted in Philippines by Palada and Harwood



(1977), to compare monoculture plantings of mai;e,

rice and cassava with intercrop coMbinations at diffgrent
nit;ogen levéls, showad that when tbe three_croés were -
sown or planted toget?er at the same_date, maize and
cassava had a better competitive ability thgn rice in
tems of light and nutrients, It was algo noted that
growth balance between the three crops was best at low

nitrogen level of 60 Kg/ha but total productivity was

lower. ﬁigher total productivity was obtained at 180 Kg

nitrogen/ha, with a land equivalent ratic (L.E,R)

value of 1.9 for the three crop combinations,

No response by cassava to fertilizer application .
was noted by Patanothai and Laohasiriwong (1977),»when
it was intercropped with peanuts, soybeans and mungbeans;
It was also foﬁnd that on similar soils fertilizatipn iﬂ
cassava legume intercropping sysStem was not~ptofitable:
Mohankumar and Hrishi (1978) conducted trials which
consisted of combinatiQn of _the metﬁod of planting

cassava and level of fertility in the main plot and



the companionuérops‘in the sub plots. Thg tréatmen£é in
main plot were (?) planting method M1V(9Ox9bcm) and
le(double rows ) énd (b)'levels of feftility Fl
(application of 12,5t FYM/ha + recommended dose of

NPK for main crOpi and F,y (rGCOmmended dose of
fertilizers for main crop + recommended dose of companioh

crops) and treatments in sub plots were green gram,

groundnut, maize, soybeans and sunflower as companion

crops., It was observed that in all cases application of
fertilizers to both crops (F,) resulted in maximum tuber

yield,

Nitis'(1978"étudied the effect of casséva/étqu-
combingtion on cassava/étjl; p;odUCtion and land p:OQuctiviﬁy
aftér.two years.of intércrOppiné an@ found thaﬁ residual -
effect of fertilizers was still beneficial for the natural

pasture after companion cropping. The effect of nitrogen

derived from thé.stylo root nodule seemed to be greater than
that from urea. The carry over effect of companion
croppling ‘increased the quality and quantity of live

stock feed, gave better water and soil conservation



and mora efficient land utilisation, Tt was roported
by Ramalkrishina Bhat (19273) that in adﬁition ko
fﬂrhilizationﬂof base ocmp of cassava, séperate
fertilization of intercrops should alse be done,

He also found that fertility status of s0il ﬂés
impxmved du2 to interimpping cassava with legumes,
But Iira gt al., (1972) obsarved that intercropping

increased production with or without: fertdlizers,

Meneses and Moreno (1979) reported that the
level of fertilization had 2 highly significant effect
on the number and weight of commercial roots of.
cassﬁVa in a'mgize/bassava association, Best cassava
yielés were obtalned by Porto et al., (1979) when
singie'super phosphate, potassium chloride and
ammonium sulphate were applied at 300, 100 and 150

Kg/ha respectively to an association of cassava with
beans, soybeans, rice, poanuts, sorghum or maize,

Sheela (1981) ocbserved that a common fertilizer
dose of 50282,5 :62.5 and 93,75: 75: 93,75 Kg of

H, P, 05 and K450 /ha gave mauimum returns for cassava/

cowpea a2nd cassavaSyroundnut combhinations raspectively.



She also noted that fertility status of soil was
improved by intercropping cassava with legumes,
anilkumar (1983) concluded, from a trial on

nitrogen economy and soil conservatiom in cassava/ -
stylo intercropping system, that ngWth characteré

and yield attributing characters were not influénced
by intercropping and nitrogen.levels. Though the tuber
and top yields were numerically lower in intercropped

plots, the reductions were not statistically significant,

B, Possibility of raising a se=cond intercrop in a

ca@ssava based inter cropping systam,

Though reports about the possihility of raising‘-
a second intercrop in sequence in a cassava based
intercropping system are not aVailable; many trials

were conducted to study the possibility of raising an

intercrop at later stages of growth of cassava and
both favourable and unfavourable reéults,were obtalned

which are reviewed hereunder,



In a-prial.(Anon., 1976), in which an

. intercrop of éhaseolus §ulgaris was sown_six-weekgiiﬁ
&fter_plaﬁting cassava the seed'yiéld of P, vulgér%;'
-was-reduéedito 55 per cent of what was obtained in H
: monoculture.. Results of an experiment conducted by_ 
Prébhakarggg_gi., (1979) showed that Qnder'the'
agro-ciimaﬁic_éondiﬁions_prevai;ing iﬁ Keréla:and
-.also due to gmwi:h habit of cassava crob_it is not

. possible to raise a second intercrop in cassava
planged-at aISpaciﬁg of 90x90 cm., fhis is probably
'due té.the fact that at the time of harvest of the
first:;' in'tercfob 7tbe cassava devellc)ped enough canoéy
to cover the eptire field and the sunlight ﬁenetration;
into'the gr;und vas léss than 10 percen£ of th§ light
fall;ng ;n thg top of the cassava plant, It was also
obéer&eﬁ that ail the second intercrops reduced.

the productivity of cassava,

Lazarte (1980) observed, from experiments

conducted on sandy loam soils of Peru, to study'effect'

of planting date of Fhascolus vulgaris on the



productivity of a cassava based intercropping
system, that root weight of cassava did not vary due
to intercropping date, It was also found that the-

highest sconomic returns/a per month were obtained

vhen P. vulgaris was sown 45 days after planting cassava,-

revealing the successful cultivation of an intercrop

at a later stage in a cassava based intercropping

system, P;”vulgaris sown £0 days after planting cassava

also did not affect the root vield of cassava,

An.experiment on cassava/malze association
(Maurya and Lal,; 1980) revealed:that a second maige
intercrop was not possible during the second season;A
Moreno and Meneses (1980) conductéd trials to analyse
the yields of cowpea, lima beans and common beéns
(both cliﬁbing and bush type) intercropped with cassava
at éhe end of its growth cycle. These légumes were
iptercropped with cassava after 240 days of cassava
planting and it was observed that»cowpea and lima
bean yields were decreased by 33 and 35 per cent with

respect to the corrssponding monocultures, Reduction

in the yield of bush variaty of common heans to the

’



tune of 17 per cent was noted due to competition
wlith cassava while 14 per cant increase in yield was
noted with climbing variety as compared to their
respecﬁive mon§Cu1tures. Cassava hoth in monoculture
and in associadtion with beans presentsd similar

vields (25,40 and?5.61 t/Ma respectively),

Studies indicated thak cassava can be
inter:roPPed'with geans at later stages of development:
(9 months after planting) without modifying the cassava
canopy or affecting root or starch yields and a small
bean yield of 500 to 800 Kg/ha can be obtained, |
(Anor,, 1981 b), "hen casSava was defoliated simulaténeOUSly
with bean sowing trials (7,8 and 9 monphs after,caSSaGB
planting).and the effects »f one and twb defoliations
at different intervals after bean planting (0,15 or 30
dayss O and 3Q dafs., 15 and 45 days; 30 and 60'daysj
were éompared, cassava yields tendéd to show a
greater reduction by early than by late.defoliation,
Defoliation reduced cassava yield by 15 per cent on’
the average, It was rercommendad that to obtain higher

bean yields vithout drastically affectiny the yield



of cassava (1) interplant beans with 9 months @ld
cassava and sufficient moisture should be avai;able
"during the first 60 days, (2) maké 2 defoliations:
of cassava (dne at planting-and.another 4 weeks after.

planting of beans) at an intensity of 67 per cent. -

Castellanos (1981) conducted two experinenfs 
at CIAT, Colombia from December 1979 to January.19BIi
Experiments were intercropping bush beans with
cassava and intercropping climbing beans with cassava
and the treatments were establiﬂaed*@1eﬁ cagsava was
7,8 and 9 months old ie., in the second half of
cas8ava growth cycle, with or without pruning of
cassava, It wasiobserved that cassava root yields
in monoculture and in association with beans
(average 18 mt/ha) were not affectad by pruning
in cassava and nutrient extractioﬁ ;n cassava was
similér in performance in both monoculture and in
association with beans, Pruned cassava + bush beans
was found to have a higher land squivalent ratio

surpassing the corresponding monoculture values by



56 per cent and unpruned cassava + climbing beans
was 33 per cent more efficient regarding land use

- efficiency than their respective monocul tures .

.Trials carried out by Wilaipon et al..
(1921), to study the effect of sowing time of stylo
oh cassava=-stylo production, showed that planting
cassava and stylo at the same time significantly
reduced cassava yields as comparsd with monocroppiné
of cassava, However, pianting stylo six weeks after:
césséva caused only very little and non-significant

reduction in cassava yield,

C. Economics of Cassava based intercropping systems

Results of most of the trials conducted .;
on cassava based intercropping systems showedAthat
intercgopping gave an additional income from unit
area in unit time.‘over and above the income
obtained from monocropping of cassavél

Singh and Mandal (1970) found groundnut
to be the best intercrop while considering the

economics of a cassava based intercropping system,



Mohankumar and Hrishi (1974) reported that

intercropping cassava with greengram or soybeans

‘was uneconomic as the net returns were less than that
obtained from the control plot. An increase of 14 to 41,7
per cent mo;e~income was obéerved by Tbngham (1975)

from intercropping cassava with sweet corn, soybeans

and peanuts,

Katyal and Dutta (1976) obtained significantly
highér net returns when cassava‘was intercropped with
grourkdnut, From experiment coﬁducted in Tami lnadu
by Thambura j énd Muthukrishnan (1976) it was observed
that onion as intercrop in cassava provided an additignal

profit4of Rs, 1,046/ha, From trials in cassava/peanut

intercropping, Mohankumar (1973) noted that 25 per cent
more returns can bz obtained from the intercropping

system when compared to monoculture of cassava,

Ramakrishna Bhat (1973) got mavimum net profit
of Rs,5489,70/ha when cassava was intercropped with
groundnut and supplied with 20 : 30 : 40 Kg/ha of

M, P, O and K,0, Nambiar et al., (1979) reported that



' cassava-cowpea combination gave an additional income
of Rs.2,048/ha which was about 58 per cent more tban-
‘the control, Prabhakar et al., (1979) also recorded
maximum returns when casSava was intercropped with
groundnut, Mohankumar et al., (1980) proved the
éuperiority of groundnut as an intercrop in cassava

from the point of view of maximum returns, However,

the next best intercrop was french beans .

Sheela (1981) observed that cassava/groundnut -
intercrdéping syétem gave the maximum economicAfeﬁurns;'
. Thomas et al., (1982) reported that an additional income
of of Rs,2400/ha was obtained by intercrOpping cas§a§af
with freﬁdh beans, when compared to monocropping of
cassavas Anilkuﬁar (1984) recorded’the highest ecqnoﬁic
returms when cassava was planted in pai;ed rows andi‘”
gtoundnut was:raised as intercrop iﬁ betweén thej

paired rows ¢f cassava,

Arias and Obandoyg (1984 ), recommended planting

-

of cassava in association with bush beans as 2 good

alternative to increase crop productivity, improve the



income and obtain foods with higﬁ nutritive value,
From trials conducted at CTCRI, Trivandrum, India,
to develop promising associations with cassava,
Prabhakar and Pillai (1984) observed that
intercroppiﬁg gives more income than the cassava
sole cropping and the most profitable combinations
found were cassava/groundnut, cassava/frenchlbeans;

and cassava/Catharanthus roseus,
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MATERIALS AND METHODS

The present in&estigation was undertaken to
study the possibility of railsing a second intercrop
after the harvest of the first intercrOp in a cassava
based intercropping system with a suitable planting
‘geometry. The materials used and the methods adopted

are detailed belaov:
Materials
Experimeﬁtal site.
The experiment was conducted in the Instructional
Farm attached to the College of Agriculture, Vellayani,

The College is located at 2° N latitude and at an

altitude of 29 metres above mean sea level,

So0il,
The soil of the experimental site is red loam with

the following physico=-chemical properties,

A, Mechanical composition

Coarse sand (% es 13,70
Fine sand (#) . 33,40
3ilt (%) .. 28,00

Clay (%) .. 24.20



B, Chemical composition

p .o 5430
Total nitrogen - .. 0.058 per cent
Available pZOS .o 42.840 Kg/ha

Avai lable K20 ‘.o 39,753 Kg/ha
Cropping history of the field;

The experimental areza was lying fallow for the
prg@eeding thrée months and before that it was under

a bulk crop of cassava..
‘Season,

The experiment was conducted during the period
from June 1983 to April 1984; which is the main growing
season of cassava in Kerala, The crops Were raised as

rainfed;

Weatherlconditionsi

Tﬁé:metéreological_paréﬁetérs éuch as maximum and
minimum temperatufe; rainfall and relative humidity were
recorded and collected from the metemnlogical observatory
of the Department of Agronomy, College of Agriculture;
Vellayani. The average monthly values and their variation
from the average for Ehe past 25 years (1957-1982) from

the planting to harvest of main crop were worked out and

presented in Appendix I and illustrotion given in Fiq.-l.-
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Planting material,

Cassava.

The variety used was M,, .an introduction from'
Malaysia, which is a popular table variety in Ke:éla;
It 1s a tall g;owing, non-branching variety with moderate~
| yields and matures in ten months, It produces medium size
tubers with low hydrocyanic écid content and excelleht
cooking quality. The variet? is tolerant to cassava
mosaic disease. The planting material of cassava requiréd
for the study was obtained from the Instructional‘Farm.

attached to the College of Agriculture, Vellayani.

Groundnut,

TMV;Z. a short duration bunch'variety. which‘is a.
selection from Spanish bunch, was used. It comes tO'
harvest in 100-110 days. The pods are small and one to ‘
two seeded. The shell is thin and kernels are light
rose in colour. The seeds are non-dormant. The oil
content in kernel is 49 per .cent. It is suited for boﬁh
rainfed and irrigated conditions. This variety is_popular '

among the groundnut growers of Kerala,

The planting material for the experiment was
obtained from the 0il seads Experiment station,

Tindivanam, Tamilnadu,



French beans.

'Cohtender‘, a variety suited for cultivatioﬁ iﬁ?
the plains, was used for this study. It is a variety f
with bush type of growth and has a duration of 60 days.
The green pods are light green in colour, medium long
and has an oval shaped cross-section. The green pods form.

an excellent vegetable for culinary purposes,

The seeds for this investigation was obtained from

.the National Seed Corporation, CoimbatOre:
- Horse gram, = .
The variety used for this study was 'Pattambi local',

a popular one in Kerala. it'comes to harvest within

"110-120 days.,

The seeds for this study was obtained-from the

Departhent of Agronomy, Coliege of Agriculture,vellayani;:

Manures and Fertilizers.

Farm yard manure containing, 0146 per cent N, 0!30.
per cent P205>and 0.27 per cent k,0, waé used for thig.
trial, Fertilizeré used~for this study were urea with N .
content of 46 per cent, superphosphate with 9205 conteﬁt
of 16 pef.cent and muriate of potash, with K,0 content §f
_60'p@r cent, The liming material uéed for this trial.waé

quick lime (Ca 0) with a neutralising ¥alue of 163,10,



Methods
Design and layout,

The exper iment was laid out in a Randomised Blpck
Design with three replications. The layout plan of the
experiment is given in Fig.2. and a detailed illustration

of crop arrangement in a single plot in Fig., 3.

Number of replications : 3

Total number of plots -39

Treatments,
The treatment detalls are furnished below:

T Ordinary method of planting Cassava + Groundnut

T, Ordinary method of planting Cassava + French beans
T, Paired row system of planting Cassava + Groundnut
'T4 Paired row system of planting Cassava + French beans
T, Paired row system of planting Cassava +(Groundnut -

French beans)

Te Palred row system of‘planting Cassava + (Groundnut -
Horse gram)

o R
T, - Paired row system of planting Cassava +(French beans-
: French beans)

T, Paired row system of planting Cassava + (French beans—
: Horse gram)

g Pure crop of Cassava in ordinary method of
planting (June Planting)

TlO Pure crop of Cassava in paired row system of
planting (June planting)

T4, Sole crop of Groundnut (June planting)

T12 Sole crop of French beans - Ffench beans

Ty3 Sole crop of Horse gram (September planting)



FIG.2. LAY-OUT PLAN RANDOMISED BLOCK DESIGN
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I _,
T4 ORDINARY METHOD OF PLANTING CASSAVA -+ GROUNDNUT,
Ta ORDINARY NMETHOD OF PLANTING CASSAVA + FRENCH BEANS.
Tx - PAIRED ROW SYSTEM OF PLANTING CASSAVA -+ GROUNDNUT.
T4 PAIRED ROW SYSTEM OF PLANTING CASSAVA 4+ FRENCH BEANS,
s PAIRED ROW SYSTEM OF PLANTING CASSAVA 4(GROUNDNUT = FRENCH BEANS)
TREATMENTS T PAIRED ROW SYSTEM OF PLANTING CASSAVA +HGROUNDNUT ~HORSE GRAM)
Ty PAIRED ROW SYSTEM OF PLANTING CASSAVA +(FRENCH BEANS = FRENCH BEANS)
Tg PAIRED ROW SYSTEM OF PLANTING CASSAVA ++(FRENCH BEANS = HORSE GRAM)
To. PURE cROP OF CASSAVA N ORDINARY METHOD OF PLANTING (TUNE PLANTING).
To PURE CROP OF CASSAVA IN PAIRED ROW SY¥STEM oF PLANTING (TUNE PLANTING),
T SOLE CROP OF GROUNDNUT ([ TUNE PLANTING).
Ti  SOLE CROP OF FRENCH BRANS — FRENCH BEANS,
T¢3 SOLE CROP OF HORSE GRAM (SEPTEMBER PLANTING).




FIG.3. ILLUSTRATION OF CROP ARRANGEMENT IN A PLOT
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In treatments T, T,, T,, T4 the intercrops of |

39
groundnut and french bean are sown on the Same daonfi
planting cassava. In treatmentsng and T6 first‘interdrops.‘
of groundnut are sown on ths same day of planting cassava .
followed by second intercrops of french bean and horse
gram in sequence; respectively.Similarly in treatménté

Ty and Tg first intercrops of french bean are foliowgd-

by second intercrops in sequence;
Methods of planting and spacing for cassava.

Cassava was pl3dnted in ordinary method and

paired row system, The spacing adopted was as fol lows:

Ordinary method’

90cm ¥ 90cm

Paired row method

45cm / 135cm % 90cm

- 45cm between two rows making
up a palr of rows :

- 135cm between two such rows

- 90cm between plants within a
row,

‘Methods of planting and spacing for intercrOpsi

In ordinary method of planting cassava, for the
first intercrop, two rows of intercrops were planted,
in the interspaces of rows of cassava, at @ spacing .

pf 30cm x 20cm,



In paired row system of planting cassava,
four rows of first intercréps were planted; in the
‘interspaces of pailred rows of .cassava, at a spacing
of 30cm x 20cm, For the second intercrops, three rows
of Intercrops were planted, in the interspaces of paired

rows of cassava, at a spacing of 30cm x 20cm,
Spacing for sole crops of intercrops,

For groundnut, a spacing of 15cm x 15cm was

used for the sole crop;l

For French bean, a spacing of 30cm x 20cm was

used for the sole Crop.

For hdrsegram. a spacing of 25cm x 25cm was

used for the sole crop;

Flot Size;

Gross plot slze

*"

4.,5m » 9,%m

- Net plot size : 2.7m x 8,1m

2

Net area of a plot 21;87 m

Number of cassava plants in the gross plot : 55
Number of cassava plants in the net plot s 27
Intercrop population:

For the first intercrops, the intercrop
population was the same in ordinary method and paired

row system of planting cassava,



Number of

Number of
pPer row

TOWS 20

20 (out of 22 plants in a
row one plant each on
both ends were not taken
to avoid border effect)

plants

Plant population : 20x20 = 400

For the second intercrops (tried oniy in

paired row sysﬁem of planting cassava), plant population

was reduced,

Number of

Number of
per row .

rows 15

plants 20

Plant population : 15%20 = 300

Plant population of solecrops of intercrops,

Groundnut
A spacing’

Number of

Number of
per row

Net plant
French beans

A spacing

Number of

Number of

of 15cm x 15cm was used for sole crop.

rows : 62 (out of 66 rows.two border
. rows on both ends were
avoided)
plants = 26 (out of 30 plants in a row

two plants on both! ends
were avoided) '

population: 62x26 = 1612

of 30cmx20cm was used for scle crop.

rows: 29 (out of 33 rows, two border
rows on both ends were avoided)

plants: 18 (nut of 22 plants in a row,
two plants on both borders were
avoided)



Net plant population: 29x18 = 522

 Horse gram
A spacing of 25cm x 25cm was used for sole crop.

Number of raws : 35 (out of 39 rows, two border
rows on both ends were avoided)

Number of plants: 14(out of 18 plants in a row,
per row two plants on both borders were
~ avoided)

Net plant pOpulationz 35x14 = 490

(All spacings adopted were according to the Package of
practices - Recommendations, 1982,, published by the

Kerala Agricultural University,)
Field culture,

Preparation of land.

’

The eéperimental area was dug twice, stubbles
removed.' clods broken and the field was laid out into
blocks and plots. Mounds for planting caSSavéhwere
prepared as per the treatments, For sole crops 6f
intercrops plots were prepared to 'a fine tilth and
levelled; ‘

‘Manuring,.

A uniform basal dose of 12.5 t/ha of farm yard
manure was applied and well incorporated into the soil
beforé preparation of mounds. For sole crops of groundnut

a basal dose of 2t/ha of farm yard manure was applied“



and‘well incorporated into the soil at the time of

. land preparation, Farm yard manure at the rate of
20t/ha was applied for the sole crop of French beans,
- and well incorporated into soil at the time of land
preparation, For horsegram farm vard manure was not
applied,
Fertilizer and lime application,

The fertilizer nutrients were applied in the

form of urea, super phosphate and muriate of potash

for N, P205 and KZO respectively, Idme was applied as

quick lime (Ca 0)..

The nutrient dosacres applied for cassava and

~intercrops were as follows:

N - P,0q K,0 - Time of application
kg ha 275 2 _
g Kgtia Kg/ha '
Cassava 15 50 15 basal application’
20 - - 20 after 2 months from
planting
15 - 15 after 3 months from
planting
Sole crop 10 75 75~ Dbasal application
of groundnut :
Sole crop of 30 40 60 basal application
French beans 30 - - after 20 days from
' planting

Horsegram = 25 - basal application



Intercrop of
groundnut

(22% of dose
for pure crop)

2420

- First inter=~:

crop of French
beans (60% of 18
dose for pure
crop) , 18

Second inter-
crop of French
beans (46% of
dose for pure
crop)

13,80

Horsegram:
second inter
crop (47% of
dose for pure
crop) '

13.80

16,50

24

18.48

.-
M A

. 11,75

36’.'4.

13.80

basal application

basal application
after 20 days from
planting "
basal éppiicatién

after 20 days from."’ -
planting

basal application

Lime at the rate of 1000 Kg/ha was applied

‘on 40th day of planting groundnut,

For cassava, top dressing was done over the

moundg and raked well into the soil, For intercrops,

the fertilizers and lime were throughly mixed with

the soil at the time of application.,

Planting;

Planting of cassava and sowing of first intercrops

of groundnut and french beans and parallel sole crops of. o

cassava, groundnut and frenchbesns were done on 18.6.1983;

The second intercrop of French beans and horse gram

(following first intercrop of French beans) and parallel

sole crops of French beans and horse gram were sown



on 3.9.1983, Sowing of second intercrops of French beans
and horse gram (following first intercrop of grounanut) 

was done on 20,10,1983,

Cassava setts of 20cm lehgth were planted ﬁpright
on the top of the mqunds to a depth of 3 to 4cm. The seeds'
of intercrops were sown in the interspaces of the rows
of cassava and paired rows of caséava. in ordinary method
‘and paired row method of planting caésava. respectively%
Groundnut and French bean seeds were sown at the rate
of one seed per hole and that of horse gram at the rate
of two seeds per hole. The seeds were pressed into the

_80il by hand to a depth of 1.5 cm and covered with soil,

After cultivation,

Setts of éassava showed good germination.
Unsprouted setts were replaced by fresh ones ten days
after planting. Excess sprouts were removed retaining
only two healthy and vigorous shoots. Intercrops also
showed good germination, Gap filling was done wherever
found necessary, in the case of groundnutvand French beans
intercrops, Thinning was done one week after sowing ih the

case of horse gram and the population was maintained uniform,

The soil was slightly stirred in groundnut plots
at the time of flowering in order to facilitate pegging

of groundnut which was combined with the application of



lime, The first eérthing up for cassava was doné'atughé
time of harvest of first intercrops (ie on 18:8i1983>fqr
‘Erench_beans-intercropped plots and on 7;10;1983‘for:
grouncdnut intercropped plots) aloﬁg with incorpqraﬁion-
of bhusa of intercrops in the interspaces. One more
‘earthing'Up was giﬁen at_thé time of harvest of secoﬁd
intercrops (ie on 3-11-1983 and 20-12-1983) along with

incorporation of bhusa of intercrops in the intérSpaces;
" Plant protection,

" Plant protection measuées weré aGOpted against .
,termite attack by dusting 10% B H.C, Prophylatic o

‘HSpraying of 0.05% malathion was effected for the french
beans for controlling aphids, Ekalux_(o;l%) was sprayed

.to groundnut as a pszhylatic measure against incidenée

. of redhairy caterpillar, PrOphylatic_sPraying with

.Bdrdeaux mixtﬁre (i%):before’flowering was doné ?o ‘
control tikka leéf spot\disease of groundnut and drenching'
the 80il with Bordeaux mixtgre (1%5'was done to control

‘collar rot -disease of french beans,
General condition of the cropsi

The general condition of the crops was good

throughout thelperiod of growth,
Harvest,

The first intercrop of French bean and parallel sole

crop of French bean were harbested on 18,8.1933 and



first intercrop of groundnut and parallel sole crop of
gfoundnut were harvested on 7,10.1983, The second
intercrop of french beans (following first intercrop

of french beans) and parallel sole crop of French

beans were harvested on 3,11.1983, and second intercrop
of french beans (following first intercrop of groundnut)
was harvested on 20,12,1983. The sole crop of horse gram
was harvested on 5,1.1984, The bhusa of the intercrops
was incorporated into the soil in situ at the time of
harvest and allowed to decompose. The main crop of

cassava was harvested on 20.4.1984,

Observations recorded,

Main crop (Cassava)
Sampling technique for biometric studies.,

Five plants each were tagged alternately from
the net plot area for detailed biometric observations,
Averages of the observations from each replication

were used for statistical analysis,
A, Observations on growth characters,

The following growth characters of cassSava wWere

obsérved and data recorded.
e Hebght of the plant:

Cumulative height of the shoot of each plant

including branches were measured from the base of the



sprouts to the tip of the terminal bud at monthly
intervals commencing from the first month after

- planting till harvest,
b. Total number of leaves per plant,

The total 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 leaf scars on the stem.
C. Number of functional leaves per plant,

The number of fully opened leaves retained in
‘the plants was recorded at monthly intervals from the

first month after planting till harvest,
'd. Leaf area index,

The method evolved by Ramanujam and Indira (1978).
was followed in this experiment for determining the
leaf area index of tapioca at monthly intervals, from -

the first month after planting till harvest,
B, Observations on yield attributes and yield.

a. Number of tubers per plant.

The total number of fully deveIOped tubers from
the observation: plants was recorded at the time of

harvest and the average per plant worked out,



b, Length of tubers,

The average. length of tuber was worked out by
measuring the length of ten tubers at random from the

observation plants and expressed in cm,
c. Girth of tubers,

Cirth measurements were recorded from the same
tubers that were used for leﬁgth measurements, Girth values
were recorded at three'places. one at the centre and the
other two at half way between the centre.and both ends
of tﬁbers. The average was taken as :the:tuber:glrthdand

expressed in cm,
de Tuber yield;

The tubers were sepefated at the time of harvest
and cleaned to remove the adhering soil and the fresh
welght of the tuber from the net plot was recorded;,

The per hectare yield was worked out from this data;
ee Top yield,

The total weight of stem and leaves of the -
plants from net plot was taken at the time of harvest

" and converted to t/ha
f. Utilisation index,

This 1s the ratio of the root weight to top
Yield and is an important yield determinant factor
(Obigbesan, 1973), This was worked out from the already

recorded observations.



- C, Obsgervations on quality attributes:

a., Dr¥-matter content of the tuber flesh:

A uniform quantity of flesh from the fresh tuber
was taken and dried to constant weight in an air_évep at
.85° C, The weight of dry matter expressed as percentége
of fresh weight gave the dry matter content of the tuber

flesh (A,0, A,C., 1969)

' b. Crude protein content of tuber,

The total nitrogen content of oven dried

Samples’ from each plot was estimated by modified micro-

k jeldahl method (Jackson, 1967), To get the crude protein

content of the tuber, the nitrogen values were mutiplied

by the factor 6.25 (A,0, A.C,, 1969)
D, Plant analysis,

Seperate samples of tuber, stem and leaves were

| collected for chemical analysiS, dried at 80° o + 5 and

were ground in Willey mill, The nitrogen, phosphorus

- and potassium contents of tuber, stem and leaves were

seperately analysed,

a. Nitrogen content.

The total nitrogen content of the samples was
determined by the modified micro K jeldahl method

(Jackson, 1967)



b, Phosphorus content,

Phosphorus content of samples was determinéd'by
Vanado-molybdo - Phosphoric yellow colour method

(Jackson, 1967)
Ce Potassium content,

Potassium content of samples was determined by

using ‘'EEL' flame photometer,
Intexcrops,

Ten plants were selected at random from
groundnut, French beans and horsegram plots for

recording detailed biometric observations,
A, Observations on growth attributes.
a. Helght of the plant;

-The héight of the observation plants was
. measured at twenty days interval, The measurement was
taken from the base to the growing tips of the plants

- and mean height worked out.
b, Number of branches per plant,

The number of branches on each of the observation
plants was counted and the average number worked out and

recorded at twenty days interval



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 recorded.
‘de  Leaf area index,

The general graph paper method was followed for

determining the leaf @rea index at twenty days interval:
B.  Observations on yield attributes and yield,
a. Pod vield of groundnut,

The pod yield from each plot was recorded after

fseperating and drylng the pods and converted to Kg/ha.
b, Pod yield of ftench beans,

The green pod yields at different harvests from. each
plot was recorded and total green pod yield from each |

plot was calculated and converted to Kg/ha,
Ce Grain yield of horsegram;

Pods from control plot were harvested, dried,
threshed and winnowed for recording the grain yield of
horsegram. The yield in Kd/ha was then worked out,

No yield was obtained from intercrops, as the horseéram

intercrops failed to surv ‘ive in interspaces of cassava,



d, Bhusa yield,

The weight of bhuea obtalned from Sample plants
was taken and recorded, The vield in Kg/ha was calculated

from this data,

c, 'Quantity of nitrogen, rhosphorus and potassium
incorporated into the soilfby bhusa,
The quantity of nitrogen, phosphorus and potassium
‘incorporated into the soil by means of bhusga of the

- intercrops in each treatment was fnund out from the

corre3pond1ng dry matter yield and nitregen, phOSphorus~

'-t~and potassium content of the plant samples,

. The dry matter bPercentage was found-out by
A0, A,C.'(iQGQ) method, Percentage of nitrogen. was
found out by modified micro-k jeldahl method |

.'(Jackeon; 1967), Vanado -mo lybdo -phosphoric yellowf_
 colour method‘(ﬁacksoﬁ, 1967) was followed for

.phesphorus estimation and 'EEL' flame:photometet was '
" usedifor potassium estimation,

Land Equi-val ent Ra tio':,.

Willey (1979) defined land equivalent ratio (L E.R)

‘ as the relative land area under sole crops that is



required to produce the yields achieved ik intercropping;
it is usually stipulated that the 'level of management’
must be‘the same for intercropping as for scle crOpping;
In this study LER for the cassava based intercropping

system with one intercrop was calculated using the formula

mixture yield of 'a' -mixture yieid of 'b'
LER = : +

pure stand yield of ‘a’ pure stand yield of 'b'.

In cassava based intercropping system involving
two intercrops raised in sequence,

" LER = mixture yield of 'a',mixture yield of'b' mixture vield of 'c'

pure stand yield of'a' pure stand yield of . pure stand yield
N of ‘e’

The symbdls used are:
LER = - Land Equivalent Ratio

‘a’ = Cassava
‘b = first inter crop (groundnut/French beans) A"
‘c! = second inter crop (french beans)

Soil analysis;

Méchanical cbmposition of the soil before starting
_the éxperiment was determined by the 'Internaéional pipette

"~ method's A composite soil sample collected bloqkwise prior
to the experiment and:soil samples collected from :ln-d:hriduet:l.'~

plots after the experiment, were analysed for total nitrogen,



available phosphorus and available potassium, Total nitrogen
was determined by modified micro-k jeldahl method, available
phosphorus by Bray's method and available potassium by

Ammonium acetate method ¢Jackson, 1967), .

Statistical analysis.

Date relating to different observation were
statisticallj analysed using the 'analysis of vafiancé
technique' for Randomised Block Design and significance
was tested by using the 'F' test (Snedecor and Cochran,
1967), The data were analysed with the help of a computer,
at the 'Computer centre' of the Kerala Agricultural |

University, Vellanikkara, Trichur,
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PLATE 1. Groundnut interérOpped with Cassava planted
in ordinary method,

: k\’,-l”, N -

ST G TS N

PIATE, 2 Groundnut'intercropped with Cassava planted in
paired row system, -
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PLATE.3 French beanc 1nter~ronpeo d with Cassava planted 1
in ordinary methoa.
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PLATE,.4 French beans intercropped with Cassava planted
in paired row system.
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RESULTS

The observations of growth characters, yield ahd
yield attributes of both main crop and intercrops, the
economics of various_cassava based intercropping sysﬁems
and the results from the various chemical analysis are
presented in this»chapter. The observations recorded were
statistically analysed and the mean values are given in
fables 1 to 32, The correSpondiqg analysis qf variance

tables are given in Appendices IT to XVI
Observations on main crop (Cassava)

A. Growth characters
1. Height of the plant,

The height of cassava was recorded at monéhly
intervals, The mean-.values are presented in Table 1 and the
analysis of variance in Appendix 1T,

No significant diffe:énce was observed between‘
treatments with regard to the height of plaﬁts throughout

the growth of cassava.
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2. Total number of leaves per plant,

The mean values of the observations taken at
monthly intervals are given in Tablg 2 and the aqalysis
of variance in Appendix III,

It is seen that there was no significant
differences between treatments witthegard to the total
number of leaves throughout the diféerent stages of

growth of cassava,

3. Functional leaves per plant,

The mean number of functiopal leaves per plant
taken at monthly intervals are given in Table 3 and the
analysis of variance in Appendix v,

It was observed that the treatments did not
differ significantly on their effect on the number of

A _
functional leaves produced per plant, through out the

growth of cassava,

4. Leaf area index.
The mean values of leaf area index recorded at
monthly intervals are presented in Table 4 and the

analysis of variance in Appendix Vv,



Table.2, Total number of leaves of cassava as influenced by planting geometry
and intercropping systems,

M,A.P. Treatments

Tl T2 T3 T4 T5 ’I‘6 T7 TB iy T
I 11,267 11.867 11,267 11,133 10,733 11.467 11,467 11.467 10.733 10.600 0.427 NS
II 36,667 39,417 39,867 37,822 34,257 36,733 36,767 38,500 39,000 37,833 1,378 NS

III 49,139 56,233 54,i€7 54,933 55,083 53,583 54,167 54,222 56,333 57,417 1.5620 NS
v 63,528 .73.317 67.083 73,183 71,417 72,417 76.250 80.250 76,583 77,000 3,757 NS
W 116,333 133,250 130,733 129,417 127,250 124,333 135,583 131,250 145,250 142.472 6,773 NS’
Fas 122,517 165,800 165,983 164,850 162,083 159,083 169,067 170.167 180.917 179,200 6,555 NS
JIX 176,417 186,733 189,067 186,750 185,417 183,483 194,183 192.80C 204.50C 204,100 5,030 NS
7III 188,25C 196,133 198,400 196,C67 195,850 195.050 203,117 202.067 213.483 212,483 5,361 NS

CIX 197,417 2049917 206,417 204,867 204,250 203,283 211,217 210,333 221.567 222.417 5,589 NS

AE 205,20C 212,467 210,483 211.700 211,467 210,300 218,.60C 217,500 228,467 229,733 5,583 NS
nar-~
vest

NS - Not significant _ M.A.P. = Months after planting

el



Table No,3.

Number of functional leaves of cassava as influenced by

geometry and intercropping

planting

systems
MJALP Treatments S. =
_____ e 23 e S8 % he
T 11.267 11.867 11.267 11,133 10,733 11.467 11.467 11.467 10.733 10.600 0,427
T 36,667 39,417 39,867 37.822 34.267 36,733 36,767 38,500 39,000 37.833 1.378
ITI 49,139 56.233 54,167 54,933 55,083 53,583 54,167 54.222 56.333 57.417 1.620
IV 31.694 36,783 34,000 39.000 36.083 37,500 40,333 41,750 38.50C 39.583 2.218
v 53.750 59.417 63.117 61.583 62.000 59,583 64,500 52.000 68.500 66.444 3.101
VI 70,167 75.067 75,800 75.683 73,117 72.883 76.333 77.900 81.950 82.033 2.585
VII  74.133 78,400 79.267 78.283 77.467 76,733 31.083 50,917 85,733 85.150 2.515
VIII 66.033' 68,200 69.250 68,983 68,183 68,033 71.033 70,133 74.817 74.750 1.967
IX 49,517 50,050 50.783 51,017 50.967 50,750 52,400 52.683 54.667 54.850 1. 290
ﬁzr_ 41.533 42.183 42,267 42,400 42.467 42.383 44,100 43.550 45,400 45.867 1.074
vest
N.S.

- Not significant

M.,AP. = Months after planting

v



Table.4. Leaf area

index of caséava as influenced by planting geometry and
intercropping systems '

M.ALP. Treatments

I T T3 Ty Ts T Ty T3 Ty T10
T 0,180 0.185 ©0.185 0.184 0.181 ©.182 0.182 0.185 0.180 0.180
IT 1.242  1.482  1.425 1,505 1.405 1,410 1.509 1.524 1.418  1.421
IIT  1.688  2.176  2.114 2252  2.095  2.110  2.234 2,181  2.272  2.320
I 1.119  1.248  1.117 1.363  1.181 1,169 1.364 1.380 1.458  1.497
v 2,135  2.338 2,321  2.514  2.404 2,445 2,524 2,530 2,738 2,757
7T 2,428 2.942 2,802  2.959  2.862 2.877 3.040 3.014 3,173  3.210
TIT 2,754 3,161  3.036 3,202  3.125 3.119 3,278  3.244 3,387 3,468

2,784 2.664 2,584 2.760 2,717 2.203 2,206
1.973 1.918 1,933 1,964 1,289 2,131 2.113

1.C12 1.012 1,017 1,053 1.059 1,103 1.112

NS
C.36

N3

NS

" mm s e e et cew e s cme et e O A e e G Smm D et e map e s e e e mEm T S e ey e ammd  taew et e —em  am MR et mmm e Gme e Gems ey

N.S. = Not significant

M.A.P. = Months after planting.
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The results indicated that there was significant
difference in leaf area index at third, nineth and tenth
monthi;fter planting cassava. However, no significant
differénce was ébservedAat any other stage of crop growth,

The treatment T, ., recorded the maximum leaf area

10
index at third and tenth month after planting cassava and
it was on par with T9, T4, IH, Tén T2, Té and T5 at third
T,

month of planting cassava and with T gs T7s T4. T6 and

9’
T5 at tenth month of planting cassava. The maximum leaf

area index after nine months of planting cassava was given

by the treatment T, and it was on par with T

9 T , T4 and

»
10 8
T,. The lowest values of leaf area index at third, nineth
and tenth month of planting cassava were recorded by the
tréatment Tlo
B, Yield attributes and yield

1., Yield attributes

' The mean values of yleld attributes are presented

in Table 5 and the analysis of variance in Appendix VI a,

- a., Number of tubers per plant,

It 1s seen from the data that the treatments

differed significantly in thelr effect on the number of



Table 5, Yield attributes of cassava as influenced
by planting geometry and intercropping
systems,

Number of Length of Girth of
Treatment . tuber/plant  tuber (cm) tuber (cm)

1 - 5,988 28,770 12,800

T 3

T, 8,123 29,030 12,267
T, 7.383 28,867 . 12.700
T, 8,593 29,200 12,300
Ty 8.728 28,933 12,967
T, 7,037 28,867 12,700
T, 8,531 29,067 12,200
fé 7.679 29,133 12.233
Ty 7.926 28.767 12.700
T, " 6,728 28,700 12,833
SE 0.093 0.157 0.229
cD 0,38 NS NS

NS = Not significant



tuberé-per plant, The treatment Tg recorded the ma#imum

number.of tubefs per plant and it was on par with T4 and
T,, but differed significantly from other treatments,

T, reco;ded the min;mﬁm number of tubers per plant and

differed significantly from all other treatments,

b, Length of tuber:
The results showed that there was no significant
difference between treatments with regard to the length

of tuber in cassava,

C. Girth of tuber
It 18 seen from the results that there was no
significant difference between trzatments with regard

to the tuber girth of cassava,

2. Tuber yield

Table 6 shows the mean values of tuber yield
per heptare and Appendix VIa furnishes the corresponding
analysis of variance.

The data revealed that there was significant
.variation between treatments with regard to the tuber

vield per hectare,



The highest tuber yield was obtained from the
treatment 'I'4 which differed significantly from all other
treatments, The second best tuber yield was given by

T, and it also differed significantly from all other

8

treatments, The treatment Tio recorded the lowest tuber
yield and was found to be on par with T;. The tuber yield

of other treatments were in between,

3, Top yield

The mean top yield per hectare is given in Table
6 and the analysis of variance in Appendix VIa,

There was significant difference be£Ween treatments
with regard to the top yield of cassava. The maximum top
yield was obtained from the treatment T, which differed
significantly from all other treatments except Tyhe.

The treatment Tg inturn did not significantly differ from
Ty T7'and T3 The minimum top yield was recorded by the

treatment TlO and was found to be on par with T T

1. 2'

T9 and Té.
4, Utilisation index

The mean values of utilisation index are presented

in Table 6 and the analysis of variance in Appendix VIa,



Table.6, Yield and utilisation index of caésava
as influenced by planting geometry and

intercropping system

Treatments Tuber yield Top Yield Utilisation

(t/ha) . (t/ha) index
Ty 26,673 18 .616 1.434
T, 28,197 18,702 1.527
T, 31.398 21.841 1.457
T, 36,308 27,008  1.347
T . 31,245 '~ 23.853 1.311
T 29,874 19,948 1,532
T, 32,160 22,741 1.420
Ty 34,294 24,310 1.428
Tg 28,197 19.890 1,437
Tig 25,911 17.5%8 1.484
S.E. 0.274 0.762  0.052
c.D. 1.12 3,10 NS

N.S. - Not significant.



The results showed that there was no significant
di fference between treatments with regard to the

utilisation index values.

Cc. Quality attrilbutes‘
1., Dry matter content of tuber
‘The mean values of dry matter percentage of tuber
are given in Table 7 and the analysis of variance in
Appendix VI b,
Thé data revealed that there was no significant
difference between treatments with regard to the dry

matter content of tuber.

2. Crude protein content of tuber

Table 7 furnishes the mean.values of crude
protgin content and Appendix VI b gives the corresponding
analysis of variance

The treatments did not register any significant

influence on the crude protein content of tuber.

D, Plant analysis
l. Nitrogen content,

The mgan values of nitrogen content (per cent)
of lgaves and stem are given in Table 8 and the analysis

of variance in Appendix VII,



Table,7, Drymatter and crude protein contents of
cassava tuber as influenced by planting
geometry and intercropping systems,

Treatments Drymatter content Crude protein
content (per cent)

Tl 35,233 2.440
T2 35,267 2.460
T3 35.500 2,550
T, 35.867 2,563
Tb 35,733 2,533
Té 35,467 2.553
T, 35,767 2,567
Té 35,800 2,560
Tb 35,500 2,437
TlO' 35.100 . 2.433
S.E. 0.271 0,154
C.D. NS NS

NS -~ Not significant



a, Nitrogen content of leaves,
No significant difference in the nitrogen
content of leaves was recorded due to the influence of

-

different treatments,

b, Nitrogen content of stem,
The results showed that there was no significant
difference between treatments with regard to nitrogen

content of stem of cassava.

2., Phosphorus content,
Table 9 gives the mean values of phosphorus
content in cassava as influenced by various treatments,

Appendix VII gives the corresponding analysis of variance,

a, Phosphorus content of leaves.
The data revealed that there was no significant
difference between treatments with regard to phosphorus

content of leaves of cassava.

b. Phosphorus content of stem,
The results showed no significant difference
between treatments with regard to phosphorus content

of stem of cassava,



Table.8, Distribution of nitrogen (per cent)
in cassava as influenced by planting
geometry and intercropping systems,

Leaf Stem
Ty 2,056 0,610
T2 1.980 0,613
T3 1.866 0,622
Ty 1,790 0.620
TS 2,094 0.617
Tg 1,980 0.618 )
Ty 2,018 0.623
Té 1.980 0.622
Tb 1.866 0,615
Tio 1.942 0.612
S.E. 0.061 0.014
c.D. NS NS

N.B., = Not significant



c. Phosphorus content of tuber.
Significant difference was not observed between
treatments with regard to phosphorus content of tuber

of cassavae.

3. Potassium content.
The mean values of potassiumAcontent in cassava
as influenced by different treatments are furnished in

Table 10 and the analysis of variance in Appendix VII,

a, Potassium content of leavese.
The different treatments did not show any significant

influence on the potassium content of leaves of cassavie

‘b. Potassium content of stem,
The results showed no significant difference
between treatments with regard to potaSSium content

of gstem of cassava,

c. Potassium content of tuber.
The different treatments had no significant

influence on the potassium content of tuber of cassava.
Observations on intercrops (Groundnut and French beans)

Though horsegram was sown as a Second 1ntercr6p.

the observations were not recorded as the crop failed to



Table.9. Distribution of phosphorus (per cent)
in cassava as influenced by planting
geometry and intercropping systems,

Plant parts

Treatments Leaf Stem Tuber
T 0,600 0,297 0,152
T, 0,602 0.301 0,152
T, 0.613 - 0,297 0.149
T, 0,615 0.302 0,153
T 0,618 0.305 . 0,148
T, 0.608 0.304 0,152
T, 0.618 0.305 0.154
Ty 0.617 0,305 0.153
T 0.603 0,300 0.152
Tio | 0,600 0.299 0,153
S.E.  0.007 0.C03 0,019
c.D. ' NS NS NS

NS =~ Not significant



Table,10, Distribution of potassium (per cent)
in cassava as influenced by planting
geometry and intercropping systems,

Leaf Stem Tuber
T, 0.689 0,437 0.715
T, 0,690 0,437 0.721
T, 0.696 0.438 0,637
T, 0.690 0.440 0,857
T, 0.696 0,442 0.816
T, 0.695 0.441 0.832
T, 0.695 0.441 0.810
Ty 0.694 0.441 0.721
Ty 0,689 0,437 0.813
Tio 0,690 0.439 0.711
S.E. 0.003 0.003 0.053
c,D, NS NS NS

N S - Not Significant



survive in the interspaces of cassava. As the
intercrop of horsegram failed the observations on the

sole crop of horsegram (control) was also not recorded,
A, Growth characters,

1. Height of the plant at different growth stages.
The mean values are presented in Tables 11, 12 and

13 and the analysis of variance in Appendix VIII,
a, Groundnut (first intercrop)

The results revealed that there was significant
difference between treatments with regard to the height
of the plants after 80 and 100 days-of planting groundnut

and also at harvest.

After 80 days of planting groundnut the treatment
T1 recorded the maximum height which was on par with

T6' T3 and T5 and the treatment T11 récorded the minimum
height, The treatment T1 recorded the maximum height
after 100 days of planting groundnut and at harvest, which

was on par with Tg and T3 and the treatment Ty, gave the

minimum value which was on par with Ty and at both stages



Table.l1l. Height of groundnut (first intercrop) at different growth stages as
influenced by the base crop (cassava) and spatrial
arrangements (cm),

Treatment$= = = = = = = = = = = - -~ -DQYE §f§eg.gl§pEi§g_ ----- At harvest
.20 40 60 " 80 100

T1 5667 29.267 44,033 53,333 56,233 58,500

T, »50533 27,500 43,500 50,400 53.167 55,700

Ty 5,633 26,800 44,017 49,417 | 52,253 54 .800

Té 5,600 26,783 43,333 51.673 54,567 56,767

T11 5,500 25,7323 41,333 45,710 48,700 52,033

S.E. N | 0,054 | 0,776 0.947 | 0.873 0,805 0.765

C.D, NS .NS NS 4.4 3.32 3.53

N.S. =~ Not significant
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T and T; was on par with T-.
b. French beans (first intercrop)

Significant difference between treatments with
regard to plant height could not be observed throughout

the growth of french beans,
c. French beans (second intercrop)

| The results revealed that there was significant'
differehce between treatments with regard to height of
plants at all stages of growth of French beans, After
20 dayé of planting french beans the treatment Tg
recorded the maximum height and was on par with T,.
The treatments Ty and T7 gave the maximum height after
40 ané 60_days of planting. At all s;agés of growth the

treatment T12 recorded the minimum héighto

2. Number of branches per plant
The data on the mean number of branches at
different growth stages are given in Tables 14,15 and 16

and the analysis of variance in Appendix IX,

a, Groundnut (first intercrop)
The treatments differed significantly with regard

to the number of branches per plant after 60,80 and 100 days



Table.12. Height of French beans (first

Stages as influenced by the base crop (cassava) and

Spatial arrangements (cm)

intercrops) at different growth

Days after Treatments S.E.
planting —— - e e e
T, Ty T, Tg Ti2
20 12.900  12.833 12,867 12,867  12.800 0.111
40 31.467 30,933 30,667 30.800  29.567 0.535
60 36,073 35.833 35,667 35,700  34.500 0.544

NS -« Not significant

'6



Table.13. Height of french beans (second intercrops) at different
growth stages as influenced by the base crop
(cassava) and spatial arrangements (cm)

Treatments
Due after planting= = = = = = = ¢ = 0 £ L 0 L 0 0 0 -2 o S.E. c.D,
Ty Ty T2
20 17,567 17,200 - 13,523 0.397 2.58
40 ' 36,833 36,833 30,333 0.382 2.49
60 40,267 40,267 34,000 0.265 1.73

ck



of planting groundnut and also at harvest. The higﬁest
number of branches per piant after 60 days of pianting
was recorded by Ty which was on par with T11' Ts and Tge
After 80 days of planting and at harvest, highest number
of branches per plant was reéorded by Ty and wés on par
with Tg s T11 and T‘. The treatment Té gave the highést
number of branches per plant after 100 days of plant;ng
and was on par with T3, T11 and Tg. The lowest number of

branches per plant was recorded by the treatment T1 after

60,80 and 100 days of planting and also at harvest.

b, French beans (first intercrop)
The treatments did not have any significant
influence on the number of branches per plant at any stages

of grOWtho

¢, French beans (second intercrop)

The results indicates that there was significant
difference between treatments with regard to the number
of branéhes per plant at all stages ofvgréwth. The highest

nunber of branches was recorded by the treatment'T 2 and

1

the lowest number of branches was recorded by the

treatment T, which was on par with Tc.



rable.14. Number of branches per plant of groundnut (fFirst intercrops) at
different growth stages as influenced by the base crop
(cassava) and spatial arrangements.,

TreatMents = = = = = = = = = = = = = == ===~ B At harvest
20 40 60 80 100
T1 4,300 7,257 6,967 7,167 7.413 7,470
’1‘3 4,333 7.800 8.833 9,338 9,462 9,575
TS 4,400 7.767 8,600 9,143 9,350 9,437
T6 4,467 7,967 8.500 9,267 9,497 9,570
T11 4,067 7.950 8,597 9,190 9,400 9,473
S,Ee. 0122 0.314 0.355 0,309 0,306 0,310
C.D. N.S. N.S 1.16 1.46 1.45 1.47

N.S.'- Not significant
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Table,15. Number of branches per plant of french beans (first intercrops)

at different growth stages as influenced by the base crop

(cassava) and spatial arrangement.,

Days after g
planting - e e e e e eEmeem e - o :frfa;t.mfn-t_s _________ S,E. CoDo
T, Ty T; Ty T2
20 0,953 0,967 0.963 0,960 0.947 0.020 NS
40 5,967 6,233 6,217 6,217 5500 0,224 NS
60 6,633 7,067 6,867 6,967 6,333 0.256 NS

NS - Not significant



Table,16. Number of branches per plant of French beans
(second intercrops) at different growth stages
"as influenced by the base crop (cassava) and
spatial arrangements

after = == == — — = — = — - = - - = —-—— - - e e
planting T15 T7 le
20 0.400 09333 0.867 0,047 0,14
40 4,100 4,033 5,733 0.084 0.55
60 5,067 5.000 6,133 C.111 0,72



3. Number of functional leaves per plant

The mean number of functional leaves per plant
at different growth stages are given in Tables 17, 18

and 19 and the analysis of variance in Appendix X,
a, Groundnut (first intercrop)

No significant differeﬁce between treatments was
observed with regard go number of.functional leaves per
plant after 20,40 and 60 days of planting groundnut,

But after 80 and 100 days of planting and at harvest,
treatments showed significant differcence with regard to
number of fuhctional leaves per plant, The treatment T11
recorded the maximum number of functionél leaves per
plant after 86 and 100 days of planting and also at
harvest and was on par with Tg,.Tg and T, whereas
treatment Tl recorded the m;nimum number of functional

leaves per plant at the above stages of growth,

b, French beans (first intercrop)
The treatments did not have any significant influence
on the total number of functional leaves per plant at

different growth stages except at. 20 days after planting



Table.17. Number of functional leaves per plant of groundnut
(first intercrops) at different growth stages as
influenced by the base crop (cassava) and spatial

arrangemen tse.

-Days after planting |

TreatmMents = = =« = = = = @ = 0 = = = o = o - e - - - - - - At harvest .
' 20 40 60 80 100

T, 16 ,000 51,867 17.867 73.333 74,533 55,267
T, 15, 700 50,100 84.667 87.047 87.967 67.500
T, 16,067 48,020 86 ,000 86 .833 87.593 65.713
T, 17,100 48,067 86,110 88.833 89,533 67.500
Tll 16 ,400 46 ,600 83.373 90,057 90.647 68,780
S.Ee 0,670 2,412 3,646 3,161 3,117 2,562
c.D, NS NS NS 10.31 10.17 8.35

NS- = Not significant

6



Table.18., Number of functional leaves per plant of French beans
(first intercrops) at different growth stages as
influenced by the base crop (cassav2) and spatial

arrangements,
Days after _ _ _ _ _ _ _ _ Treatments_ _ _ _ _ _ _ _ S.E. C.D,
Planting - T T B
T, Ty T, Ty T2
20 4,733 4,200 4,133 4,233 4,000 0.121 0.39
40 16,033 15,343 15.100 15,143 15.100 0.850 NS
60 11,700 10,567 10.133 10.167 10.100 0,599 NS

NS - Not significant

£y



Table,19. Number of functional leaves per plant of Ffrench beans
(second intercrops) at different growth stages as
influenced by the base crop (cassava) and spatial

arrangements,
Days after Treatments
Planting —_— e - - — - = - S.E. C.D.
TS T7 T12
20 3,767 4,000 4,833 0.062 0,41
40 12,467 12,633 15,800 0,221 1.44
60 8.800 8.800 10,367 0.131 0.85

00T
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French beans. The treatment T, showed the maximum number

2
of functional leaves per plant after 20 days of planting

and the treatment T12 showed the minimum number which was

on par with T7, T4 and Té,A

¢. French beans (second intercrop)

Significant difference betwéen treatments with |
regard to number of functional leaves per plant was
recorded at all stages oflgréwth. The highest number of
functional leaves per plant after 26.40 and 60 days
of planting was reco;déd by the treatment Type The lowest
number 6f functional leaves per plant after 20 and 40
days of planting was.recorded by the treatment Tg which'
was on par with Ty, The treatments Ty and T produced
the lowest number of functional leaves per planf after

60 days of planting,
4, Leaf area index

The mean leaf area index values at different growth
stages are presented in Tables 20,21 and 22 and the

corresponding analysis of variance in Appendix XI,




a. Groundnut (first intercrop)

The results revealed that there was significant
difference.between tréatments with regard to the leaf area
index values at all the growth stages of groundnut, froh
planting till.harvest. The treatment '1‘1-1 recorded the maximum
leaf area index at all growth stages and differed significantly
from all othér treétments. After 20 and 100 days of plénting
~and at harvest, T1 recofded £he minimum leaf area index and was

on par with Tys TS and T6‘ The treatment T5 showed the minimum

leaf area index after 40 days of planting, which was on par with

T6’ Tl and T3. After 60 and 80 days of planting ’I‘1 recorded the

minimum leaf area index and was on par with Tg»T, and Tg.
b. French beans (first intercrop)
The different treatments had no significant influence -

on the leaf area index at any of the growth stages,

c. French beans (second intercrop)

The results indicates that there was significant

difference between treatments with regard to the leaf ared

- inde:z at all growth stages. The treatment T12 recorded the
maximum leaf area index after 20,40 and 60 days of plantinge.

After 20 and 40 days of planting the treatments Tg and T7
showed the minimum leaf area index, The treatment T5 recorded

e md S 1 aalf mrimm Ao Al 2 ey o dl e v de Y e



‘Table,20. Leaf area index of groundnut (first intercrops)
at different growth stages as influenced by the base
crop (cassava) and spatial arrangements,

Treatments __ o o D e e e e e -~
20 40 60 80 100

T1 0,363 2.483 3,384 5,200 5.322 3.037
T3 0.372 2.540 3,494 S5e622 5.740 3,223
Tg 0277 2.389 3.479 5.601 5.750 3.283
Té 0.379 26425 3,701 5,711 5.815 3,273
T11 1.059 6,074 9,699 9,683 9,762 5,547
S.Ee. 0,015 0,106 0.122 0.128 0.132 0.C82
C.C. 0,07 0,50 0.58 0.6% 0.63 0.39

eoT



Table.21., Leaf area index of French beans (first intercrops)
at different growth stages as influenced by the

base crop (cass

avd) and spatial arrangements,

Days after

planting ,

T, Ty
20 0.322 0.306
40 1,235 1.239
60 0.957 0,953

NS - Not significant

________ Treatments S.E. C.D.
T, T, T,
0,307 0.312 0,271  0.C14 NS
1,186 1,194 1,087 0,039 NS
0.893 0.917 0.917  0.016 NS

FOT



Table,22. Ledaf area index of French beans (second intercrops)
at different growth stages as influenced by the base
crop (cassava) and spatial arrangements,

Days after _ _ _ _ _ _ _ _ ?f?ftfez?i ________ S.E. C.D,
planting

T5 T7 T1 5
20 0,286 0.286 0.356 0.C07 0.C4
40 0.811 0.811 1,161 0.004 0.C3
60 0,605 0.607 0.240 0.C09 0,06

20T



which was on par with Toe

e

B, Yield and yield attributes,

l. Pod number per plant.
Groundniit (first intercrop)
The data on the mean number of pods per plant
are given in Table 23 and the analysis of variance in

Appendix XII,

The treatments differed significantly with
regard to the number of pods per plant. The maximum
number of pods per plant was recorded by the'treatmenf
T11 which was on par with Té. The minimum number of pods
per plant was recorded by T, which was found to be on par

with T5 and T3. The treatment Té in turn was found to be

on par with T3, Ty and T,

3., Pod yield
The mean values of pod yields are given in Tables

23,24 and 25 and the analysis of variance in Appendix X117,
a. Groundnut (first intercrop)

There was significant difference between treatment:

with regard to the pod yield. The highest pod yield was



Table,23. Ped number and yield of groundnut (first intercrops)
as influenced by the base crop (cassava)
and spatial arrangements.,

Treatments Pod number: Pod yield Bhusa yield

per plant Kg/ha Kg/ha

Tl 26.867 417,333 - 8540,653

T3 29,667 502,667 9033,385

Té _ 29,237 510,000 9296,173

Ty 30.983 508.667 9131.93C

'I‘11 36 ,C50 1895.,667 42547,998

S.E. 1,093 9,005 696,551

C.D. 5,19 42,72 3304,92



given by the treatment T, and it differed significantly
fram all 6ther treatments, The next best yield was given
by the treatment T5 wﬁich was on par with Té and T3°

The lowest yield was given by ’I‘1 which was significantly

inferior to all other treatments,
b. French beans (first intercrop)

Signifiéant difference was observed between
treatment s with regard to the green pod yield of Ffrench
beans, The treatment le recorded the highest green pod
yield which was significantly superiof to all other
treatments, The lowest green pod yield was recorded by T,

which was on par with T7s T4 and Ty,
¢, French beans (second intercrop)

The treatments were fgund to differ significantly
with regard to the green pod yield,

The highest green pod yield was recorded by the
t?eatment T,, and the lowest green péd vield by T; which

was on par with Tg.

3. Bhusa yield,

The mean values of the observations on bhusa



Table.24. Yield of french beans (first intercrops) as influenced by the
base crop (cassava) and spatial arrangements,

Green 4600,333 4763,00 4708,334 4785,334 12046 ,000 362,197 1718.51

pod
vield
(Kg/ha)

— e e o v i mm e e mme v e mmm emt e e et it e e e e mm eer v em e e M R SR e e e mE e e
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Table.25. Yield of french beans (second intercrops) as influenced
' by the base crop (cassava) and spatial arrangements.

Green pod

yield .
{Kg/ha) 1544 ,333 1494 ,667 13013,333 129,769 844,75
Bhusa

yield 4441 ,334 4440, 200 7824 ,868 54,772 356,55
(Kg/ha)

OF1



yield are presented in tables 23,24 and 25 and the

analysis of variance in Appendix XIT,

a. Groundnut (first intercrop)

Bhusa yield of groundnut differed significantly
between treatments, The treatment T,4 recorded the
maximum bhusa yield and it was'significantly superior to
all other treatments, The minimum bhusa yield was

recorded by T, and it was on par with T;, Tg and Tg.

1
b. French beans (first intercrop)

Significant difference was noticed between treatments
with regard to the bhusa yield. The maximum yield was
redarded by the treatment T12 and the minimum yield by

T, which was on par with T,, Tg and T5.

C, Erench béans (secénd intercrop)

There was significant difference between treatments
with regard to the bhusa yield. Ihe-treatment Ty2
recorded the maximum yield and was significantly superior
to the other two treatmenté. The minimum‘yield was recorded

by T, and was on par with Tg.-



@. plant analysis

Bhusa of groundﬁut and French beans were analysed
for nitrbgen,phosphorus and potassium contents, The mean
values Of'nitrogen. rhosphorus and potassium contents of
thusa are given in Tables 26, 27 and 28 and their respective

analysis of variance in Appendix XIII,

l. Nitrogen content of bhusa
Qe Grounanut (first intercrop)

The different treatments had no significant influence
on the nitrogen content of bhusa.

However, highest value of nigrogen content in
bhusa was recorded by the treatment T; and the lowest value
by T
b, French beans (first intercrop)

ﬁo signifiCant difference betweeﬁ treatments was

observed with regard to the nitrogen content of bhusa.

However, the treatment T ) recorded the highest value

1

of nitrogen content in bhusa and T7 recorded the lowest value,

¢, French beans (second intercrop)
There was significant difference between treatments
with regard to the nitrogen content of bhusa.

The highest value of nitrogen content in bhusSa,



‘was recorded by the treatment T,, and was on par with Tg
The treatment T, recorded the lowest value of nitrogen

content in bhusa. However Ty was on par with Tos

2; Phosphorus content of bhusa
a. Groundnut (first intercrop)
. There was no significant‘difference between
treatments with regard to phOSphorus‘content of bhusa.
However, the maximum value of phosphorus content
in bhusa was showed by the treatment T, and minimum values

by the treatment Tg and Tg o

b. French beans (first intercrop)
The phosphorus content of Phusa was not signi-

ficantly influenced by the various treatments.

However the treatment T12 recorded the highest
phosphorus content in bhusa and the lowest phosphorus

content was recorded by Tza

c. French beans (second intercrop)

The different treatments had no significant
influenge on the phosphorus gohtent.bf bhusa.

'However, the highest value of ph;SphorUS content

in bhusa was recorded by the treatment T12 and the lowest

value by the treatment T..



3, Potassium content of bhusa.
a. Groundnut (first intercrop)
Potassium content of bhusa was ﬁot significantly
influenced by various treatments,
However, the maximum potassium content in bhusa
was recorded by the treatment T3 and the minimum potassium

content by Tl‘

b, French beans (first intercrop)

Significant difference was observed between
treatments with regard to potassium content of bhusa.

The highest value of potassiuh content in the
bhusa was showed by the treatment T,, which was on par
with T o»The treatment T, showed the léwest value of potassium
content in the bhusa and was on par with T, and Tg.
The treatment T5 in turn, was on par with Tg and Ty
Co French beans (second intercrop)

There was significant difference between treatments
with regard to potassium content in the bhuSa,

The maximum potassium content in the bhusa was

recorded by the treatment T1o afd the minimum potassium

content by Tg which was on par with Té.



Table. 26 Distribution of nitrogen, phosphorus and pot=assium (per cent)
in the bhusa of groundnut (first intercrops) as
influenced by the base crop (cassava) and
spatial arrangements,

Treatments Nitrogen Phosphorus ‘Potassium

T1 1,034 0.127 1.1CC

T3 1,082 0.121 1.178

T5 1.064 O.1l19 1,133

T% 1.C73 0.119 1.111

T11 1.058 0,126 1,144

s.e.  ow3 - o.cos 0.0%
C.C. NS NS | NS S

NS = not significant

T T



Table.27 Distribution of nitrogen, phosphorus and potassium
(per c¢ent) in the bhusa of French beans
(first intercrops) as influenced by
the base crop (cassava) and
spatial arrangements

- - e e e e M m cuh cwm NS S Gn e et My e e e e S e R Cwp S mmm e e e e s e s el

Nutrients Treatments S.E.
T, Ty T, Tg T12

Nitrogen 1.257 1,295 1l.252 1.295 1.409 0,035

Phosphorus 0.105 0.109 0,114 0.114 0.129 0.008

Potassium 1.233 1,300 1.327 1.3CC 1.400 0.C28

NS= - Not significant

93T



Table,28 Distribution of nitrogen, phosphorus and potassium (per cent)
in the bhusa of French beans (second intercrops)
as influenced by the base crop and spatial

arrangements,
Nutrlents _ _ _ _ _ _ _ _ _ _ _ zrgagmgpgé_ —_—— — _ _ — — — _ S.E. C.D.
T, T3 Ty2
Nitrogen 1.274 1.265 1,408 0.022 0.¢8
Phosphorus 0,104 0.113 0.123 0.C07 NS
Potassium 1,293 | | 1,213 | 1,397 ' 0.012 0,08

NS = Not -significant

TT7



D. duantity of nutrients incorporated by the intercrops.
The mean values of nitrogen, phOSphofus and

potaséium incorporated>to the soil through the bhusa of

intercrops are given in Table 29 and the analysis of

variance in Appendix XIV,

1. Quantity of nitrogen incorporated by the intercrops.

Significant difference waé_observed between the
first intercrops (groundnut and French beans) and second
intercrops (French beans) with regard to the quantity of

nitrogen incorporated to the soil.

The bhusa of first intercrops (groundnut and
French beans) incorporated significantly higher quantities
of nitrogen when compared to the seéond intercrops
(French beans), Treatment Tg was the superior treatment

but was on par with all other first intercrops.

2. Quantity of phosphorus incorporated by the intercrops.
The quantity of phosphorus incorporated to the soil
through bhusa was also significantly influenced by the

Intercropse.



Table 29 (uantity cf nitrogen, phosphorus and potassium incorporated by the
intercrops (Kg/ha) as influenced by the base crop (cassava)
and spatial arrangements,

Treatments Nitrogen : Phosphorus Potassium
Groundnut French French Groundnut French French Groundnut French French
beans beans beans beans beans beans
(I inter- (II inter- (I inter- (II inter- (I inter- (IT inter=~
crop) crop) ' crop) crop) cron) crcon)
T1 28,691 - - 3,484 - - 30,340 - -
’I‘3 31,536 - - 3.498 - - 34,344 - -
T5 31,866 - - 3.542 - - 34,003 - -
T,5 31,035 - - 3.514 - - 32.872 - -
T, - 26.556 - - 2,207 - - 26,268 -
T, - 29,128 - - 2,478 - - 29,046 = =
T~ - 28,510 - - 2.598 - - 30,109 -
Ty - 29,4553 - - 2,379 - - 29,451 -
T - - 22.683 - - 1.852 - - 22.248
g - - 22.510 - - 2,014 - - 23,295
SRS TTTTTTTTREa T oo 7T T T 7T
C.D. 5,29 0.93 6,37

et e e e e e e re e o im0 cem e e e e e sme e mew e eem e e e e e e e ot e e emm m e et emw e me e e mem e b me e e —— ey



Bhusa of groundnut (first intercrop) édded si-gnifi-
cantly h;gher amounts of phosPhorus compared to bhusa :
@f french beans (first and second interérops).The treatment
Ty (with groundnut as first intercrop) was the superior
treatment but was.on par with all other treatments having
groundnut as f;rét intercrop. There was no significant
difference between treatments containing French beans as
first and secoﬁd intercrops, with régard to the quantity
of phosphorus‘added to soil through the bhusa. However among
French beans, the first intercrops of French beans recorded
the highest values and the second inter crops of french

beans recorded the lowest values,
3. Quantity of potassium incorporated by the intercrops,

Similaf to the quantity of nitrogen incorpo;ated.
qQuantity of potassium incorporated to the soil was also
found to be significantly influenced by the intercrops,

The treatmehts with groundnut énd French beans as
first intercrops incorporated significantly higher amounts
of potassium to soil tﬁrough the bhusa, compared to the bhusa
of second intercrops of French beans. There was no

significant difference among the first intercrops with



regard to quantity of potassium added to soil through
bhusa and the superior treatment was Ty which was on par

with all other first intercrops.

Land ‘Equivalent Ratio (LER)

The mean values of LER are presented in Table
30 ahd the analysis of variance in 2ppendix XV,

The various treatments recorded significantly
different values of land equivaleﬁt ratio (LER),

The treatment T, recorded the highest value
of LER which was on par with T, apa Ty and differed
significantly from all other treatments, The next best
value of LER was given by T; which was on par with T3
followed by T6 which was on par with T2.'The treatmeﬁt
T3 in turn, was on par with Tg and T2° The lowest value

of LER was recorded by T1 and was significantly inferior

to all other treatments,

Soil analysis . after the experiment:
The mean values of the nutrient contents of soil
after the experiment are presented in Table 31 and Appendix

XVI gives the analysis of variancee.



Table, 30 Land equivalent ratios of the cassava based intercropping
systems as influenced by planting geometry and intercrops.

L.E.R. 1,165 1,385 1.477 1.802 1,596 1.471 1,753 1.728 0.C30 0.13

A"



1, Tbtalinitrogen content of the soil
It was observed that the treatments had no
significant effect on the total nitrogen content of

the so0i lo

2. Available phosphorus content of the soil
The results revealed that there was no significant
difference in the available phosphorus content of soil due

to different treatments.
3. Available potassium content of the soil

No significant difference was indicated dus to
different treatments with regard to the available

potassium content of the soil,
Economics of intercropping in cassava,

The economics of intercropping in cassava
as influenced by planting geometry, intercrops
(grourdnut and french beans) and double intercropping

2represented in Table 32,



Table.31. Distribution of nitrogen, phosphorus and potassium in the soil
after the experiment, as influenced by intercropping systems,

Treatments

utrdents —. T T T T T T T T s s s s s e T e e e s e e e st et e e - - - - - -

Tl T2 T3 'I‘4 'I‘»5 T6 T.7 T8 T9 TlO S..E. c.D
btal Nit~
gen 0.084 0.085  0.084 0,085 0,085 0.085 0,086 C.,087 0,084 0,084 0,001 NS
>ercent)
rallable
10sphorus

«g/ha)  40.667 40,600 40,833 40,800 41.000 40.633 40,933 41,000 40,633 40,650 0,213 NS

railable :
tassium 78.467 78,733 78,833 78,600 78.833 78.867 78.167 78.100 78.033 78.133 0.340 NS
cg/ha) .

3 ~ Not significant

2!



Tableo

SZconomics of intercropping in cassava as influ
intercrops and double interc

cultiv-

ation
Re,
8089, 75
9037,50
8089, 75
9037,50
9464 ,75
8739,75
10412,50
9687,50

6837.50

i Va £

Cassava I :iiii- iI inter- Casgg;gue ; iiiZizce
t/ha crop kg/ha crop Xg./ha crop

Re, Ps., Re, Ps.
26,673 4170333* - 1333 , 50 2295,33*
28,197 4600.333#%% - 14098 , 50 11500,83%*«
31,398 502,667* - 15¢2¢ | 00 2764 ,67%*
36,308 4753,000%** - 18154 , Q0 11907,50*~*
31,245 510.000% 1544,333** 15622 , 50  2805.00%
22,874 508.667* kK 14937 , 00 2797,67%
32.160 4708,334** 1494 ,667*% 16080 ., 00 11770,84+*%*
34.294 4785_,334%% *hk 17147 , 00 11963,34**
28,197 - - 14098 , 50 -
25,3211 - - 12955 , 50 -

6837,50

** French beans

1dnut

Ps,

cSegram waich was not successful as II

T T e e e e e e e

intercrop.

FS.5.50Kg.

enced by planting geometry,
ropping

II inter- Totzl
2rop income-
Rs, Ps, Rs, Ps.
- 15631.,83
- 2559%,33
- 18463,67
- 30061,30
3860,33** 22288,.,33
* ek 17734,57
3736,67*% 31587.50
*xx 29110.34
- 14098.50
- 12955,50

Price of cassava -

Price of groundnut- French

TN s e e e e e e e e

10373.92
21024 ,00
12823,58
8994,92
21175,00
19422,84
7261.00

118,00

beans - R, 2.50Kg

>
X
g



@) .
LIt or2



DISCUSSION

An investigation was carried. out at the
College of Agriculture, Vellayani during I983~84 to
study the possibility of raising a second intercrop
in sequénce, immediately after the harvest of the
first 1ﬁtercrop, in a cassava based intercropping system
and to identify the most suitable planting geometry,
The observations on growth characteré. Yield attributes
and yield were recorded. Chemical analyses of soil and plant
samples were done and data recordedclThe resultsS obtained

from the study are discussed hereunder,

Main crop (Cassava)
A, Growth Characters
1. Height of the Plant

The results (Table 1) revealed that there was no
significant influence of the treatments on the height of
plants throughout the growth period of cassava. As cassava
was planted on mounds its canopy was aiways held at a higher

level, than the canopy of intercrops which were planted in



the interspace bétween the cassava mounds. Thus the
competition for solar radiation néyer occured in the
intercroging system between thetnain crop and the inter-
crops. Similarly, due to the uniform distribution of
rainfall during the period when intercrops were being
raised, the competitionfor water bgtween the main crop and
intercrops was also absent, The application of required
doses of fertilizer mutrients to both main crop and
intercrops resulted in lesser compétitiod between main
crop and intercrops for nutrition,

Thus the absence of competition for solar energy,
water and nutrients, resulted in uniform growth of cassava

plants throughout' the growing period,

2. Totél number of leaves per plant
It is seen that there was no significant influence
of treatments on the total number of leaves per plant, at
all stages of growth of cassava (Table 2). As in the case
of plant height, the absence of competition for factors
such as solar energy, wWater and nutrients created uniform
grOWth'conditions for cassava plants.in all the treatments
and as such there occured no significant difference between
treatments with regard to the totai nunber of leaves

produced per plant,



3. Number of.functional leaves per plant,
From the results obtained (Table 3) it is seen

that there was no significant difference between
treatments regarding the number of functional leaves per
plant, throughout the growth of cassava, AS there wWas
iittle competition for solar energy, water and nutrients
there was no significant difference between the number of
functional leaves per plant in the different treatments as

in the case of total number of leaves per plant,

4., Leaf area index

A critical analysis of the data on leaf area
index (Table 4) revealed that there waé significant -
difference between different treatments regarding the leaf
area index after third, nineth and tenth month of planting

cassava,

The cassava plahts in ordinary method of planting
with groundnut as intercrop (Tl) gave the lowest value for
leaf area inde: after third, nineth and tenth months of
planting cassava. This may be due to the reason that T1
recorded,lowest values for total number of leaves as well as
nunber of functional leaves per plant, though not signific-
antly different from other treatments, Similarly, due to the

higher values for total number of leaves and number of



functional leaves per plant recorded éfter third, nineth
and tenth months of planting cassava, by the cassava plants
in pure cropped plots, there occured Higher leaf area index
values in those treatments,

B, Yield attributes and yield

1, Number of tubers per plant,

The results (Table 5) revealed that there was
significant difference between treatments with regard to the
number of tubefs per plant. The treatment (IB) in which
groundnut and French beéns were raised in sequence as first -
and second intercrops with cassava planted in paired row
system produced maximum number of tubers per plant and was
on par with treatments (Tﬁ and T7) in which French beans was
raised as intercrop with cassave planted in paired row
system. This might be attributed to the beneficial effects
of French beans as an intercrop and alsp due to the fact that
in the above treatments cassava was plénted in paired rSws
which had additional advantage of 'border effect’,

The lowest number of tubers per plant was produced
by the treatment in which groundnut was raised as intercrop
with cassava planted in ordinary system, and this is due
to the comparitively higher competition by groundnut as

intercrop with cassava planted in ordinary method and is



evident from the fact that cassava in £he above treatment
recorded minimum height, minimum number of functional
leaves and minimum leaf area index at all stages of growth.
The minimum number of functional leaves and minimum leaf
area index inaicates the poor development of the
photosynthetic apparatus which in turn might have reduced
the carbohydrate supply for initiating secondary thickening

of roots for tuber development,

2. Lengtb'of tuber

The results (Table 5) showedAno significant
difference between treatments with regard to the length
of tubers, However, it could be seen that length of tuber
was maximum in trcatments in which.Erénch beans was raised
as first . intercrop with cassava planted in both pairea
row system and ordinary method of plaﬁting. This is due
. to the fact that French beans might have put forth their
tép roots to deeper layers and the uprooting of intercrops
resulted in a looSened soil condition  around the tapioca
plants. This condition would have helped the growing tubers
to penetrate easily through the loose soil at the time of

tuberisation resulting in an increassz in the length of



tubers in the French beans intercropped plots, Similar
findings were reported by Sheela (1981) and Anil Kumar (1984)

in studies with cowpea as intercrop of cassavae.

3, Girth of tuber

The data (Table 5) showed that there was no
significant difference in tuber girth due to treatment
effects, However, the data revealed that the treatment which
showed the higher values for length of tuber recorded the lower
values for girth of tuber. This is due to the fact that use of
assimilates for building up ghe length_bf productive roots
might'have caused a reduction in availability of assin&lates'

for increasing the girth of the tubers;

4, Tuber yield

Tha data (Table 6 and Fig.,. 4) reVealed that the
treatments differed significantly withAregard to the tuber
y;eld. ‘The treatment'(Ta) in which French b=2ans was raised
as intercrop with cassava planted in paired row system recorded
the maximum tuber yield followed by a treatmgnt (Tb) in which
french beans was raised as first intercrop and horsegram as
second intercrop (which perished at early stages of growth)
with cassava in paired row system, In all the above treatments

French beans was raised as first intercrop between cassava
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planted in paired row system and thé beneficial effect of
French beans in tuber development of cassava at the time of
tuber initiation might have resulted in the higher tuber
yield of cassava. The beneficial effects of French beans

is evident from the higher number of tubers per plant and
maximum, length of tubers in the above treatments, This is

in conf@nnity with the finding which revealed that cassava
grown alone gave tuber yields of 12;9 t/ha while it was

13,2 t/ha when intercropped with Frénch breans (Anon., 1975) .
According to Neumann (1984) also higher cassava yield was

obtained when intercropped with French beans,

5. Top yield,

The mean v@lues of top yield-(Table 6 and Fig,. 4)
revealed that.tOp yield was significantly influenced by
treatment effects., The treatments Which-gave higher tuber
yields recorded higher values for top yield also, This might
be attributed to the beneficial effects of French beané as
intercrop in stimulating growth of céssava.which resulted

in better growth and canopy build up.

6, Utilisation index,
The results (Table 6) showed that there was no

significant difference between treatments with regard to



the utilisation index. Though there was significant
differencg between treatments with régard to tuber yvield

and top yield, the values of their r3tio need not necessarily
vary significantly. This shows that the cassava plants in
different treatments vere haviﬁg equai capacity for
translocating carbohydrates from the'source to the sink.

C, Quality attributes

Dry matter and crude protein contents of tuber,

From the results (Table 7) it is observed that quality
attributes like drymatter and crude protein contents of
caséava tuber were not significantly influenced by treatment
effects, This is due to the reason that the treatments did
not include variations in nutrient applications and varieties.
which would have influenced the above quality attributes,

This in conformity with the findings of Anilkumar (1984)

!
D, Plant analysis

Nitrogen content of leaf and stem and phosphorus and potassium

-contents of leaf, stem and tubers,
No significant difference was observed in the nitrogen
content (fable 8) of cassava leaf and:stem. Phospho rus
(Table 9) and potassium (Table 10) contents of leaf, stem

and tuber were also not significantly influenced by different



treatment effects., It clearly shows that groundnut and
french beans as intercrops did not have any influence on
the nitrogen, phosphorus and potassium contents of cassava,
Since cassava and intercrops were given‘seperate adequate
doses of nitrogen, phosphorus and potassium in all the
treatments, significant variation in nitrogen, phospho rus
and potassium conténts of cassava pléﬁt parts need not be

expectced also,

Intercrops
A. Growth characters.
1.'Height of plant,
a., Groundnut (first inéercrOp).

The results (Table 1l1) revealed that there was
significant difference betweeh treatments with regard to
the helght of the plant after 80 and 100 days of planting
and at harvest, Groundnut planted in interspaces of cassava
planted in ordinary method (Tl) recofded the maximum height
at all the above stages and this may be attributed to the
shading of groundnut by vigorous vegetative growth of
cassava which in turn might have prodgced longer internodes.
for intercepting more of sunlight with the result that the
height of groundnut increésed. At all the above stages the

pure crop of groundnuit recorded the minimum height due to



the absence of shading,

After 80 days of planting heighﬁ_of groundnut planted
in interspaces of cassava planted ih ordinary method was on
par with height of all groundnut intercrops planted with .
cassava planted in paired row system ané this might be due to
the fact that cassava canopy started building up to shade the
interspaces to some extent even in cassava planted in paired
rows, After 100 days of planting aﬁd at harvest, two treatments
(T, and T,) in which groundnut was planted with cassava in
paired row system was on paf with T1 and one treatment Tg
in wﬁich groundnut was planted with cassava in paired row
system was on par with pure crop of grogndnut (Tll). The
treatment T, inturn was on par with Ty and Tg. Thus it is
seen that as far as intercropped groundnut with cassava
planted in paired row is concerned there was a tendency to
show lesser heighfs. This may be attriﬁuted to reductiﬁn in
shading effect of cassava as is evidenE from lesser number of
functional leaves and lesser leaf areavindex after 100 days
of planting'dassava (Tables 3 and 4), resulting in reduced
shading of groundnut intercrops planfed with cassava planted
in paired rows compared to groundnut intércropped with cassaﬁa

planted 1in ordinary method,



b, French beans (first intercrop)
The mean values of height of french beans (Table 12)
indicated that there was no significaht difference between
treatments throughout the growth of Ffrench beans. This may
be due to the fact that shading effect of cassava wasS not so
pronounced at early stages of growth of cassava as Seen in
the case of groundnut intercrops also and French beans being
a-érOp withvshorter duration (60 days) was not affected by

shading from cassava,

c. French beans (second intercrop)

it is seen that there was significant difference
in the height of French beans at all stages of growth
(Table 135. French beans planted in sequence as second
intercrop after the harvest of firét intercrops experienced
shading in all intercropped plots as the canopy build up of
cassava grown in paired rows tended to shade interspaces of
palred rows to some extent; This shading resulted in increased
internodal lengths of French beans in intercropped plots and
a higher value for height was recorded,icompared to the

pure crop of Ffrench beans.



2, Number of brénches per plant,
a. Groundnut (first intercrop).

The mean values of number of branches of groundnut
(Table 14) indicated that there was significant difference
between treatments from 60 days after planting of ground
till harvest. The treatment in which_groundnut was planted
in the interspaces of cassava plantéd in ordihary method
was found to record the minimum number of branches,
The cassava planted in paired rows'offered only little
competi tion for sunlight with groundnut as the interSpaces.
were not as'much covered by the canopy of cassava as in
ordinary method of planting cassava, Groundnut planted in
the interspaces of paired rows of cassava thus experienced
an almost similar condition as that in a pure crop of
groundnut with regard to availability of solar radiation,
So the groundnut in the above treatments recorded higher
nunber of branches which were not significantly different

- from that of a pure crop of groundnut,

b. Frepch beans (first intercrop).

The results (Table 15) revealed no significant
difference between treatments with regard to the number.
of branches per plant at all growth stages. There was

/
practically zero competition between the intercrop of



French béans and main crop of cassava.for solar energy,
nutrients and water. In the case of intercrop of groundnut
also it was seen that competition was, experienced only
after 60 days of planting and as duration of French beans
was only 60 days it wa@s free from competition and was
comparable to growth conditions available to a pure crop

of French beans,

¢, French beans (second intercrop)

From the results (T8ble 16) obtained it is seen that
the number of branches of second intercrop of French beans
was significantly influenced by treatment effects at all
stages of growth, Intercrops of frenc% beans recorded minimum
number of branches through out the gréwth period and were
significantly inferior to the pure crop of French beans;

This is due to the reduced availability of solar radiation
as the luild up of canopy of cassava-blanted in paired rows

tended to shade the interspaces to some extent,

3. Number of functional leaves per plgnt;
a. Groundnut (first intercrop)

Mean values of number of funétional leaves of
groundnut (Table 17) indicated that theré was'significant
difference bhetween treatments from 80 aays after planting

till harvest, The treatment in which groundnu* was planted



in the interspaces of cassava planted in ordinéry method
recorded minimum nimber of functional leaves at the above
stages of growth, This is attributed to the competition for
sunlight offered by increased shading by cassava in ordinary
method due to closeness to intercrep 6f groundnut., In palred
row cassava interspaces were free from much shading and so
competiﬁion for solar radiation was lesser, and so number
of functional leaves per plant of groundnut intercrops in
those treatments were on par with that of pure crop of

groundnut,

h, French beans (first intercrop)

It is seen that there was significant difference in
the number of functional leaves per French beans plant at
20th day of planting (Table 18). The French beans planted in
interspaces of cassava planted in ordinary method recorded
‘the maximum number of functional leaves, This can be
attributed to the fact that French beans being a fast
growing crop might have extracted mre nutrients and water
applied to cassava mounds due to the proximi ty to cassava crop.

At 40th and 60th days of planhting, cassava root syStem might

have established well thus preventing the French beans



intercrop from tapping the nutrients added to mounds of
cassava, So there was no significant differcnce between
treatments with regard to number of functional leaves of

French beans at 40th and 60th days of planting,

c. French beans (second intercrop)

Significant differonce hatween treatments was
observed with regard to the number of functional leaves at
all stages of growth of Ssecond Intercrop of French beans
(Table 19), As in the case of height.and numbér of branches,
the Ffrench beans intercrops recorded significantly lower
values compared tQ pure crop. This mighf be attributed to
competition for sunlight caused by shading of interspaces to
some extent due to build up of cahopy of cassava planted in

paired rows,

4, Leaf area index
a. Groundnut (first intercrop)

The results (Table 20) reveaied significant
difference between treatments with regard to leaf area
index of groundnut‘at all growth stagés; The pure crop of
groundnut was significéntly Superior to groundnut intercrops,
Though the height of plant, number of‘branches and number of

functional leaves were not much affected by competition



from cassava, the groundnut plants in intercropped plots
might have experienced competition for nutrients and water

resulting in production of minimum leaf area index.

b. French beans (first intercrop)

Mean values of leaf area index (Table 21) showed no
significant difference between treatments at all stages
of growth of french beans, This is dus to the absence of
competi tion for solar radiation, nutrients and water between

the intercropped French beans and cassava,

C. French beans (second intercrop)

From the results obtained (Table 22) it is Seen that
the leaf area index of French beans was significantly influenced
by treatment effects, The pure crop of French beans recorded
significantly higher values of leaf aféa index at all stages
of growthvcompafed to french beans intercrops, This is
attributed to the factAthat the intercrops experienced
competitipn éor Solar radiation due to shading by cassava to
some exteht and is evident from leSSer'numbgr of branches per
plant and lesser pumber of functional leaves per plant recorded

by £rench beans intercrop.



B, Yield and yield attributes

1. Pod number per plant
Groundnut (first intercrop)
Mean values of pod number per plant (Table 23)

recorded significant differcnce between treatments., The pure

.crop of groundnut gave masximum value and minimun value |
was recorded by groundnut intercropped with cassava
in ordinary method and was on par with all other

groundnut- intercrops, fhe'cassava plants offered competition
wi. th regafd to availaﬁility of solar radiation and nutrient
availability af later stages of growth of groundnut when pod
formation started, which fesulted in the decreased pod
number of groundnut intercrops,

20 bod Yield
a. Groundnut (first intercrop)

. From the results obtained (Table 23) it is seen that

pod yield of groundnut was significantly influenced by

treatment effects, The pure Crop of groundnut recorded superior
value for pod yield compared to all thé‘groundnut intercrops,
This i1s due to the higher plant population in the pure

craopped @lot of groundnut, “wong the groundnat intercrops,

the gfoundnut planted in the interspaces of'cassava

planted in cordinary method recorded significantly

lower value for pod yield compare’! ko groundnut intercropped



with cassava'in paired row sYstem. The competition
effect of cassava on the ahove intércrop is evident from
the lower growth character values and so the lowest pod

yield was recorded by that treatment,

b. French beans (first intercrop)

The mean values of green ped yield of french
beans (Table 24) recorded significant difference between
treatments., The pure crop of French-beans recoxrded
sigﬁif'icantly higher green pod yield due to ihcreaSgd
plaﬁt population compared to Frencﬁ.beans intercrops.,.
The green pod yields of Ereﬁch beans intercrops did not
vary significantly, This is due to the fact that there was
lesser competition with cassava in all intercropped plots
and so all intercrops of French beans experienced similar

growth conditions,

Co French beans (second intercrop)

The results (Table 25) revealed significant
difference-between treatments with regard t» the green
pod yleld of French beans, Pure crop of French beans
recorded significantly superior value for green pod
yield compared to all French beans intercrops due to the

higher plant population of pure croep. The greasn pod yields



of French beans intercrops did not vary significantly

as gpowth conditions were similar., Compared to first inter
crop, green pod yiela of second intercrop was much lesser
than expected due to reduced plant‘pépulation of second
intercrop, and this might be attributed to the competition
offered by cassava to second inter crop as is evident from
the significantly lower values obtained for growth
characters of second intercrop such as the number of
branches per plant, number of functional leaves per plant

and leaf area index,

3. Bhusa yield
a. Groundnut (first intercrop)

Mean values of bhusa yield of groundnut (Table 23)
indicatgd that there was significané difference due to
treatment effects., As in the case of pod yield, here ilso
highest value was recorded by pure crop of groundnﬁt due to .
higher plant population and among intercrops the ‘bhusa yield
did not vary significantly. However, lowest value was recorded
by grouﬁdnut intercropped with cassava in ofdinary method due

to competition with cassava,



b. French beans' (first intercrop)

The results (Table 24) revealed that treatments
differed significantly with regard to bhusa yield of
french beans, Similar to green pod yiéld, pure Ccrop
of French beans recorded highest value of bhusa yield
due to higher plant population and French beans intercrops
did not vary significantly with regard to bhusa yield due
to the fact that sinilar growth conditions were experienced
by all the intercrops, However, French beans intercropped
with cassava in ordinary method gave the lowest value,
possibly due to comparatively greater competition offered.
by cassava due to proximity of the intercrop to cassava

plants,

c. French beans (second intercrop)

It1is seen that there was significant difference
in the éhggg yield of French beans (Table 25). /s in the
case of green pod yield, here also highest value was
recorded by pure crop of French beans due to the higher
plant population. The intercrops did not vary significantly
with regérd to bhusa yield due to the similar growth condi-

tions experienced by thenm,



C. Plant_Ahalysis
1. Nitrogen content of bhusa
a. Sroundnut (first intercrop)

Results (Table 26) revealed that treatments
did not vary significantly with regard to nitrogen
content of bhusa of groundnut, This is due to the fact
that as nutrients wereAsupplied Sebarately to intercrops
and main crop in required doses, oﬁly little competition
was experienced by intercrops for availability of

nutrients,

b, French beans (first intercrop)

Mean values of nitrogen content in bhusa of
french beans (Table 27) did not vary significantly due
to treatment effects, This is due to absence of competition

for the nutrient between the intercroﬁ and main crop,.

c. French beans (second intercrop)

It is seen that there was ;ignificant difference
in nitrogen content of bhusa of French beans due to
treatmeét effects (Table 28), Tﬁe highest value was
recorded by pure crop of french beans and lowest value by

the intercrops., This is due to the competition offered by



cassava to some e#tent.as far as the ava@ilability of
nitrogen to the intercrop is concerned. Any way one of
the intercrop treatments was on par wilth the pure crop
treatment indicating that the degree of competition

offered by cassava was not much,

2. Phosphorus content of bhusa

a. Groundnut (first intercrop)

No significant difference was seen between
treatments with regard to phosphorus content of bhusa
(Table 26), and the reason being little competition as

seen in the case of nitrogen.

b. French beans (first intercrop)

Mean values of phosphorus content inAggggg of
Freﬁch beans (Table 27) indicated no significant
differsnce due to treatment effects, This is comparable

to the nitrogen content in bhusa.

c. French beans (second intercrop) .
The results (Table 28) revealed no significant
difference between treatments with regard to phosphorus

content of French beans, This is due to absence of

competition offered by cassava with regard to avallability

of phosphorus to intercrops,



3. Potassium content of Mhusa,
a. Groundnut (first intercrop)

No significant difference was seen between
treatments with regard to potaséium content of khusa
of groundnut (Table 26), This is comparable to absence
of competition for other two nutrieﬁts between main

crop of cassava and groundnut intercrops.

b. French beans (first intercrop)

Results (Table 27) revealed significant
difference in potassium content in bhusa of French beans
due to treatment effects., The pure crop of French beans
recordéd highest value and French beans intercropped with
cassava-in ordinary method recorded lowest value. |
The higher competition offered by cassava in orxdinary
method due to proximity to intercrop might have resulted
'in lowest potassium content, as cassava needs higher

amounts. of potassium for proper tuber development,

c. French beans (second intercrop)
Mean values of potassium content in bBhusa of
French beans (Table 28) indicates significant difference

due to treatment effects. The pure crop of french beans



recorded the highest value due to absence of competition
and the lower values by intercrope due to competition with
cassava for potassium in soil, as more potassium is needed

by cassava for proper tuber development,

D, Quantity of nutrients incorporated by intercrops
into soil,

l, Quantity of nitrogen incérporated"by the ihtercrOps.
The data (Table 29) on the amount of nitrogen
incorpgrated into the soil by the intercrops revealed
sighificant difference due to various treatments;
The bhusa of first intercrops (groundnut and french beans)
incorporated significantly higher amounts of nitrogen when
compared to the second intercrops (french beans). Though
first intercrop of groundnut prcduced larger quantities
of bhusa than first intercrop ~f French beans, the nitrogen
content in bhusa wés higher in French beans compared to
groundnut, S0 the first intercrops did not differ in the
amount éf nitrogen added to soil through Qgggg;
The secqnd intercrop of French beans produced lesser
amounts of bhusa and so added lesser.émounts of nitrogen
to soil;«However, the second intercrobs of frenchAbeans
was on par with one treatment involvihg a first intercrop
of groundnut (Tl) and twe treatments involving first

intercrop of French beans (T3 and T,),



20 Quantiéy of phosphorus incorpﬁratei,by the intercrops.,
From the results obtained (Tablé 29) it is seen

that quantity of phosphorus added to éoil by intercrops
differed significantly. Bhusa of groundnut (first intercrop)
added sighificantly higher amounts of phosphorus to soil o
compared to bhusa of French beans (both first and second
intercrops), This is due to the larger quantities of Yhusa
produced by groundnut and also the higher conﬁent qf
phosphorus in the bhusa of groundnut compared to french
beans., Though there was no significant«difference between
first and second intercrops of French beans with respect
to quantity of phosphorus added to SOii, the first
intercrop, of French beans recorded highest values as the
quanti ty éf bhusa produced by the first intercrops of
french beans was higher compared to the second intercrops

of ¥French beans.

3. Quantity of potassium incorporated by the intercrops,
The results (Table 29) revealed-siénificant
difference due to various treatments with regard to
quantity of potassium incorporated in tb.the soil by
intercrops, Similar to the duantity of_hitrogen

incorporated into the soil by the intercrops, the first



intercrops of groundnut and French beans added higher
amounts of potassium in to the soil through Bhusa
compared to second intercrops of French beans., Here also,
althougﬁAthe first intercrop of groundnut produced larger
quantities of bhusa, potassium content in the Mhusa was
lesser compared to that of ¥French beans and therefore

was on par with first intercrop of French beans, with

regard ﬁo quantity of potassium added to soil,
Land Egquivalent Ratio (LER)

Mean values of LER (Table 30) revealed significant
difference between treatments, The highest LzR value was
recorded by treatment T, which was on par with T; and Ty
in Which treatments French beans was raised as first
intercrop. This is due to the COmparétively good vields
'produced by the french beans intercrops and also due to
higher.yield of cassava compared to.its sole crop.

This shows that FrenchAbeans is a more efficient intercrop
with céssaVa compared to groundnut, The lowest value of
LER was. recorded by the treatment in which groundnut'was

raised as intercrop with cassava in ordinary planting (Ty)

and was significantly inferior to all other treatments,



This is due to lower yieids of cassava compared to its
sole crop in ordinary method of pianting and also due

to loher yield of groundnut compared to other groundnut
intercrops with cassava in paired row system of planting,
This indicates that groundnut is mo?e efficient as an
intercrop with cassava, when cassava is planted in paired

ow system,

Soil ahalysis after the experiment:-

Chemical analysis of soil fér‘major plant
nutrients (Table 31) revealed that there was no significant
difference in nitrogen, phosphorus and potassium contents of

soil after the experiment,
Economics of cassava based intercropping system,

The results (Table 32 and Fig. 8) indicated that
raising two hntercréps of french beans in sequence with
cassava pianted in paired row system was the most profitable
cassava based intercropping system,’ The intercropping system,
in whiéh a single intercrop of French beans was raised with
cassava planted in paired rows gave much highér profitsA
compared to groundnut raised as intércrOps with cassava

planted in paired row system., The intercropping system
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in which a single intercrop of groundnut was raised

with cassava in ordina?y methed of planting gave lesser
profit compared to the system in which groundnut was

raised with cassava in paired row syétem of planting,
Again, the intercropping system in which a single intercrop
of French beans was raised with cassa&a in ordinary method
of planting gave higher profit even Wﬁen compared to
gfoundnUt raised with cassava in pairéd row system

of planéing.

When considering the economy of intercropping
system, all the french bean intercropéed treatments recorded
higher profits as compared to groundnut and was found to be
Buperior‘to the cassava intercropping systemlin which

groundnut was raised as intercrop.

Future Iine of wofk:

From the present study it is seen that french beans
raised as a second intercrop in sequéﬁce gave better
returns than a single intercrop of groundnut, in a
cassava based intercropping System, But, when compared
to firstfintercrop of French beans, the second intercrop

of French beans with cassava in paired row system of



planting gave only lesser returns., Thgugh complete
filling in of interspace by canopy of cassava was

absent at its rank growth stagé in cassava planted in
paired rows, partial shading cauged'comparatively poor
performance by second intercrop of french beans,

Horse gram tried as a second intercroé in this system-could
not survive due to the shéding. Alternative suggestions
that may be proposed are reducing the plant population
of the'seéond intercrop thus confining the intercrop
rows to the central'portion of the inﬁerspace where
shading will be absent and trying other leguminous crops

like cowpea as a second intercrop.
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SUMMARY

An experiment was conducted at the College of
Agricﬁlture, Vellayani during 1983-84 to study the possibility
of raising a second intercrop in séquence. immediately after
the harvest of the first intercrop, in a cassava based
intercropping system and té identify the most suitable
planting geometry.

The experiment with thirteen treatments (six treétments‘
COnsisting.of base crop of cassava in ordinary and paired row
me thods oﬁ_planting with and without interérops of groundnut
and Erenchhbeans during‘the first season; four treatments
consisting_of cassava in paired rows intercropped with
groundnut followed by French beans, groundnut followed by
horsegram, french beans followed by French beans and French
beans follpwed by horsegram in sequence;,and three treatments
consisting of sole crops of groundnut, French beans and
horsegram). was carried out in randomised block design with
three replications under rainfed conditions. The results

obtained are summarised below,



1, Growth characters of cassava like height; number of
functional leaves and total number of.leaves were not
affected'by intercropping throughout the growth of cassava.
Only leaf'area,index showed significantly lower values in
intercropped plots after third, nineth and tenth month of

planting cassava.,

2. Among the various treatments cassava planted in paired
rows, with groundnut and french beans;és first and second
intercrops reSpectively,'récorded the maximum number of
tubers per plant. The minimum number Ofvtubers per plant
was produced by cassava planted in ordinary method with

groundnut -as intercrop.

3. No significant variation was observed in the length
of tubers of cassava, However, length1§f tuber was maximum
in.treat6ents in which french beans was raised as first
intercrop with cassava planted both in paifed row system

and ordinary method,

4, There was no significant difference in tubér girth
Of cassava due to treatments., However, the treatments which
showed the higher values for length of tubers recorded

lower values for girth of tubers,



S, Cassava in paired rows with french beans as
intercrop recorded highest tuber yield and it differed

signifiCantiy from all other treatments,

6 The treatment in which french beans was raised
as intercrop with cassava in paired rows gave significantly
higher value for top yield of cassava compared to other

treatments,

7, There was no significant difference in the

utilisation index value due to treatments,

8. - Quality attributes like dry matter and crude protein
content$ of cassava tuber were not significantly

influenced by treatments,

9, ~ No significant difference was observed in the
nitrogen content of cassava leaf and stem, Phosphorus and
potassium contents of leaf, stem andﬂtubér also showed no

signif icant variation.,

10, - Groundnut intercropped with éassava planted in
ordinary method recorded maximum height after 80 and 100

days of planting and at the time of harvest.



11, No significant difference céuld be observed in
the height of frengh beans (first intércrop) throughout its
growth, But French beans raised as Seéond intercrop showed
sidnifiCantly higher values for.height, at all stages of
growth, compared to the corresponding sole crop of french

beans.

12, Highest number of branches was produced by groundnut
intercroéped with cassava pianted in paired rows after 60,80
and 100 days of planting and'at harveét. lowest number of

branches at the above stages was produced by groundnut raised

in the interspaces of cassava in ordinary method of planting.

13. . French beans r2ised as first intercrop showed ho
significant difference in the number of branches produced
through out its growth, due to treatment effects, while

french beans raised as sgcond intercrop produced significantly
lower number of branches at all stages of growth, compared

to the corresponding sole crop of french beans,

14. Groundnut raised in the interspaces of cassava
planted in ordinary method, recorded lowest number of
functional leaves per plant after 80 and 100 days of

planting and at harvest.



15, wWith régard to first intercrop of Ffrench beans,
after 20 days of planting, maximum number of functional
leaves per plant wés produced by Freﬁéh beans raised with
cassava planted in ordinary method. However no significant
dif ference could be observed after 40 and 60 days of
planting french beans (first intercrop). French beans
raised as second intercrop produced significantly lower
number of functional leaves per plant at all stages of
growth, compared to the corresponding sole crop of french

beans.

16, The sole crop of groundnut recorded highest
values for leaf area index at all stages of growth

compared to the groundnut intercropped with cassava,

17, | No significant difference between treatments
with resPect to leaf area index of frénch beans (first
intefcrop5 was observed. ﬁowever, éolg.crop of fFrench
beans recorded significantly higher values of leaf area
index at éll stages of growth compared to French beans

railsed as second intercrops.



18, The maximum number of pods per plant was
record=d by pure crop of groundnut and minimum number of
pods by groundnut intercropped with cassava planted in

ordinary method,

19. ‘The pure crop of groundnut recorded significantly

higher value for pod yield, Among the grpundnut intercrops,
groundnﬁﬁ’planted in the interspaces pf cassava planted in
ordinary method recorded significantly lower value for pod

yield.

20. - Significantly higher green'pod yield was recorded
by sole crop of french beans and amoﬁg French beans raised
_ : t
as first intercrop there was no significant difference in
green pod yield, Similarly among French beans raised as
second intercrop there was no significant difference in

green pod yield and the corresponding sole crop of french

beans recorded significa8ntly higher value for green pod yield.

21. Significantly higher bhusa yield was recorded
by pure crop of groundnut. However, among groundmat
intercrops there was no significant difference with

regard to bhusa yield,



22, Sole crop of French beéns prodgced significantly
higher bhusa yield compared to all French beans intercrops,
while tﬁere was no significant differencé.among the various
French beanl;ntercrops, during the first‘season. Similar
results were obtained in the case of sole crop and intercrop

of French'béans during the second season also.

23, No significant difference was observed with respect
to nitrogen, phosphorus and potassium contents of bhHisa of

groundnut,

24, There was no significént diffeﬁénce due to treatments
with reSpec£ to nitrogen and phosphorus'qontents of bhusa

of french beans raised as first intercrob. However, maximum
pot assium édntent was observed in the ggggg of sole crop of
french beans and minimum potassium content in the bhusa of
French beans.raised in interspaces of cassava planted in

ordinary method,

25. Sole crop of french beans reCOrdéd significantly
higher values for nitrogen and potassium content of bhusa
compared to that of French beans raised as;second intercfop.
However there was hno Significant difference due to

treatments with respect to phospho rus content of bhusa,



26, French beans bhusa was rich in nitrogen and

potassium when compared to groundnut bhusa.

27, The bhusa of first intercrop$ (groundnut and

french beané) incorporated larger quanéities of nitrogen

and potassium into the soil compared to second intercrops

of Ffrench beans raised after\groundnut and French beans
reSpect1Vely. HoWever, with respect to quantity of phosphorus
incorporated into soil, bhusa of groundnut recorded higher
value compared to bhusa of French beans (both first and

second intercrops),

28, The highest values for land equivalent ratio (LER)
were recorded by treatments in which french beans were raised
as first intercrops with cassava planted in paired rows.

The lowest-value for LER was recorded by the treatment in
which groundnut was raised as intercropgwith cassava planted
in ordin&ry method and was significantly.inferior to all other

treatments,

29, Total nitrogen, available phosphorus and available
potassium contents of soil after the experiment were not

significantly influenced by any of the treatments.



30, The highest profit (Rs,21175/-) was obtained from
the treatment tn which two intercrops of French beans were
raised in sequence in the interspaces of cassav@ planted

in paired rows.

31, The intercropping system in which a single
intercrop of french beans was raised with cassava planted
in paired row system, gave much higher profit compared to
the one in which groundnut was raised with cassava planted

in paired row system,

32. Higher net returns was given by the system in
which groundnit was intercropped with cassava planted in
paired rows compared to the system in which groundnut was

intercropped with cassava planted in ordinary method,

- 33. The intercropping system in which a single
intercrob of French beans was raised with cassava planted

in ordinary method gave higher profitieven when compared to
the system in which groundnut was raised with cassava planted

in paired row system.

34, The results indicated that french beans was the

most profitable intercrop in cassava,



35, The results also indicated that paired
row planting of cassava with tuo intercrops of French
beans raised in sequence in the interspaces was th=

most profitable system,



g %g erced
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APPENDIX = I

Weather data during the c¢rop period in comparison with the corresponding
average values for the past 25 years.

Rainfall (mm) N Average temperature °C - _Average R,H,(per cent)
Month " Crop Past 25 Maximum Minimum Crop Past

PoricS, Yo ., Crmop  Pas 5 Cmp  pastos  PORd 25 yeams

period years period Years

June 154.00 = 307,09 | 31,30 30,37 23,10 - 23.86 - 79.00 85.05
July 121.00 213,20 30.50 29,75 22,90 23.40 83.00 ‘ 87.19
August 217,20 151,47 - 28,40 29.78 22480 23,13 33.00 86.41
September 133,40 153,14 , 29.40 30,11 23;10 23.24 83.00 85,92
October 50,60 263,91 31.20 29,75 23.40 23,63 792,00 87.49
November 122,30 206,64 30.90 - 29,99 21.60 23,.7C 80,00 37.15
December 108,20 - 67,44 31.20 - 30,65 ' 23.40 23,09 - 71,00 84,15
January 35,50 31.91 31,20 3C.99 23,60 22.32 73,00 79.47
February 85.00  33.18 32,50 31.29 25,30 22.70  72.00 21.80
M rch 46,40 18.24 32.20 32.26 23.50 23,26 78,00 84,29
april 191.00 - 58,28 32,40 32,78 19.20 24,48 75,50 85.12




APPENDIX - II

Abstract of analysis of variance table for the helght of

~ cassava at different growth stages.

Mean squares

Source af 1 MJA,P 2 MJ,A,P 3 M,A,P 4 M AP 5 MJA.F.
* x . * ¥k K% * K % %
3lock 2 21.100 610,586 2960, 156 5814,125 4019,563
Treatments 9 3,230 74 ,651 473,101 369,062 4371 .431
Irror 18 3.060 46,723 221,661 226,465 394,837
Mean squares
Source as & M,A,P 7 MJALP 8 M,A.P 9 MA,P, At harvest
* %k % X * % w % * &
Block 2 3526,063 3333,375 3273.500 3348,250 3337,.750
Treatments 9 284,778 272.125 248,486 251,042 255,194
Error 18 353,278 354,396 355,153 331.903 328,569

N\

M.A.P. -« Months After Planting
*x ~ Significant at 1% level



APPENDIX - III

Abstract of analysis of variance table for the total number of
leaves of cassava at different growth stages

' Me lares
Source df ‘ean sduan
1 M,A,P. 2 MoA.D. 3 M,2,.D. 4 M,A,P, 5 M,A.D,
X : * K Yo%
Slock 2 4,672 £,945 22,387 324,392 1590.438
Treatments 9 0,489 8,221 15.290 73,191 211,191
Error 18 0.548 5,700 7,374 42,353 137,837
Mean squares
Source .- - A4Af 6 M,A,P. 7 M,A.P. 3 M,A.P. 9 M,A,P. At harvest
%* % * % * % B * % * %
Slock 2 1722,594 1758,062 1614,000 1535,000 14035,125
Treatments 9 220,167 234,417 196,639 191.125 192.583
Error }8 128,924 109.090 103,049 93,694 93,514

{sA.P. = Months After Planting

*%

-~ Significant at 1% level



APPENDIX - IV

Abstract of analysis of variance table for the number of functional

leaves of cassava at different growth stages,

Mean squares

Soume df 1 I\'I.A.Po 2 M.A.P, 3 M0A0P~ 4‘ r'llo;\‘opo 5 -Mo}‘kopo
. * %k * % * e
Block 2 4,672 8,945 23,387 65,232 391,756
Treatments 9 0.489 8,221 15,090 27.383 50,055
Erroxr 18 0,548 5.700 7.874 14,759 28.849
Mean squares
Source af 6 M,A.P. 7 M,A,P, 8 M,A,.P. 9 M,A,P, At harvest.
* % * % * % sk Rk
Block 2 336,336 306,523 197.328 121,541 60.002
Treatments 9 42,837 39.385 24,852 10,122 6,470
Error 18 20.040 18,936 11.606 4,996 3.464

M.A.P, = Months After Planting

* - Significant at 5% level

** - Significant at 1% level
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Abstract cf analvsis of variance table for the leaf area index of

cassava of different growth stages.
Mean sguares
Source af
l-:"io;iopo 2 i\':otl:‘-.pg 3 r\‘i-:\opn 4 L.Aa;.- . 5 .A.p.
X K % . % 3 * ok
31ock 2 0.012 C.053 G.104 c.o18 C.463
: * %
Preatments 9 C.000 0.02C 0.094 C.059 C.107
Error 18 0.001 0.C20 0.023 0.047 c.067
Mean sduares
Source af
6 M.A.P. 7 MJ.ALD 8 M.AJP. 9 M.A.D. At harvest
7';* * L % %
3lock 2 C.273, C.4£2¢ C.272 C.116 £.C28
* Kk * %k
Treatments 9 0.145 0.116 0.029 0.027 £.008
Brror 18 0.071 0.071 0.C20 0.005 C.0C2
M.A.P. - Months After Planting
* -~ Significant at 5% level R -

Significant at 1% level



Ae

Abstract of analysis of variance table for yield attributes and vield of cassava,

Source

- df

Mean sQquares

Number of Length Uirth - Tuber’ "Top " Utilisztion -
tubers of of vielad yield index
Per plant tuber tuber
» Xk Fd * % o % - B £33
3lock 2 C.214 2.822 1.081 22.254 62.513 C.156
* ¥k R Jok
Tre@tments 9 24395 0.086 0.249 32.966 27.440 0.015
Irrox 18 0.026 0.C74 G.158 0.226 1.743 C.C08
b. Abstract of analysis of variance table for quality attributes of cassava
_Meap sdquares
Source b
Dry matter content c > protein content
3lock 2 14.074** C.427
Treatments o 0.211 0.010
Error 18 0.221 0.007

** — Significant at 1% level
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Abstract of anzlysis of variance table for the distribution cof nitrients

-in cassava,

Mean sguares

Nitrogen Phosphorus Potassium
Source af
Leaf Stem Leaf Stem Tuber Leaf Stem Tuber
* & J% * K * ok * %
3lock 2 C.00C 0.C08 0.C02 0.001 0.C00 0.600 C.000 0.023
Treatmsnts- . - 9 0.C26 0.C00 0.000 C.C00 0.000 -0.000 c.oc0 C.C015 -
Irror 18 C.011 C.000 C.C00 C.CcCo C.C01 0.C00 C.G00 0.C08

*¥* = Sifnificant at 1 % level



a.Abstract of analysis

of variance table for

APD ENDT

- VITII

the height of groundnut at different growth stages.

Mean sduares

Source df
20 DOA:‘AOPQ 40 Doi el o C)O Do".p. 8O D":“.Po lOO D.l\.p. At harvest
EE 3 KX * % *k * %
3lock 0.145 ~32.410 335,444 20.862 - 18.938 15, 158
P * ek
Treatments 4 G.014 5.133 4,031 24,568 23,985 17.79¢€
Error 8 C.C0¢c 1.80C8 2.68%8 2.288 1,943 1.754
b.Abstract of analysis of variance table for the neight of french beans (first lhtcrcr p) at
different growth stagcg.
Source af Mean squares
20 D.;lopl 4'0 D “*.—‘. 60 D.:T\.P.
*
Block 2 0.413 0.421 C.532
Treatments 4 0.004 1.452 G.967
<3rror 8 0,037 0.858 0.889

C,Abstract of analvsis of variance table for

the height of french b=a@ns

(second intercrop)

o))
ct

different growth stages,

Source as Mean squares
20 D.A.P 40 D.A.P. 60 D.A.P.
. * * X
Block 2 2,207 4,164 4,955
* %k * * %
Treatmgnts 2 15,000 42,250 39.272
C.A.P, - Days After Planting

* - Significant of 5% level
R Significant oFfF 1% 1 awvwal
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a. Abstract of analysis of variance table for the number of branches of groundnut at different,
growth stages,

Mesan sduares

Source df
20 Do;\.Po 40 Da;‘-o?o . 60 Do:ltp. 80 Do?\.po lOC DCAQP. At harveSt
- - . . — = Ty ' ' - .
Block 2 0.181 4,431 1.800 0.3%5 0.342 0,347
* %k *%
Treatments 4 C.069 0242 1.761 2.082 2.443 2.517
Zrror 8  0.045 C.297 0.378 0.286 0.281 0.289

b, Abstract of analysis of variance table for the number of branches of french beans (first inter-
crop) at different growth Stages.

Mean squares

Source df S5 T.n.p. 10 D.5.D. 60 D.A.DP.
*

Block 2 0.005 1.029 _ 0.833

Treatments 4 0.000 . C.297 0.259

Errror - 8 . 0.001 - 0.151 0.196

c. aAbstract of analysis of variance table for the nunber of branches of french beans
- (seccnd intercrop) at differsznt growth stages.

Mean sCuares

Source daf
20 D,A,.P, 40 D.x,P, 6C D.A,P,
Block 2 0.054 =* 0.014 0.013
Treatments 2 0.254%** _ 2.781%% 1,213**
Exrror 4 0.007 0.021 0,037
D.A,P. = Days After Planting * = Significant at 5 % level
*) X -—

Significant at 1 % level
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a. Abstract of analysis of variance table for the number of leaves of groundnut at different
growth stages,

Mean squares

Source as 2C De2AlF. 40 D,A,P, 50 D.A.P. 20 D.A.P. 100 D,A.,P. AL harv-
Block 2 3,881 24,756 112.406 93.590 89,930 62,832

* * *
Treatments é 0.858 12,746 34,590 137,758 128,951 01,519
Error 8 1.348 - 17.460 39.870 29.972 22,156 16,685

b. Abstract of analysis of variance table for the number of leaves of £rench beans (first intercrop)
at different growth stages,

Mean squares

Source " as 20 D,A,P, 40 D.A.P, 60 D.2,D,
Block 2 ‘ 0.052 3,344 2,349

i *
Treatments 4 0.234 0.476 1.383
Error 8 0,044 2,168 ' 1.468

C, Abstract of analysis of variance table for the number of leaves of french beans (second intercrop)
at differsnce growth stages,

Mean squares

Source af 20 D,A,P. 40 D, A,P, 60 D,A,P,
*
Block 2 | 0,063 2,003 0,191 4,
Treatments 2 0.943 10,583 2,454
irror 4 0.012 0.147 ‘ 0.051
D.A,p, - Days after planting * = Significant at 5% level

K o SivNY El narmt = 1% 1 arral
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a. Abstract of analysis of variance table for the leaf area index of qroundnut at different
growth stages.

Mean squares

SO'Llrce df 20 D.A.P. 4‘0 D'A.p' 60 Do}\opo 80 DOA.P. . lOO D.A.P. At
L :  harvest
. ) . ) - . . . R R e x
Block 2 0.005 0.172 Cel177 O. 388 0.395 C.136
F * Mk * &x %k * ok * %
Treatments 4 0.283 . 7.84%9 T 22,992 lO 447 . 10,228 4,476
Error 8 0.001 0.034 C.045 C.049 0.052 0,02C

m—

b, Abstract of analysis of variance table for the leaf area index of french beans (first intercrop)
at different growth stages, :

Mean squares

Source af 20 DA, P, 40 D,AP, 6C D,A.P.
* =

Treatments 4 0.001 : 0.011 ' 0.C02

Error 8 : 0.001 ' 0,004 . 0.001

—

c. Abstract of analysis of variance table for the leaf area index of french beans (second intercrop)
at different growth stages,

Mean squares

Source as . 20 D.A.P. 40 D.a.P, 60 D.A.P,
Block ‘ 2 0.000 0.000" 0.001

. * %k %* % * %
Treatments 2 C.005 0.123 0.111.
Error 4 0,000 0,000 0.000

D,A,p, = Days after Planting * ~ Significant at 5% level

ahe nde .
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a. Abstract of analysis of variance ta@ble for the pod number of groundnut and vield of
groundnut and french b=ans
(first intercrop),

. Mean squares

Groundnut Prench beans (first intercrop)
Source af
Number of Pod yield Bhusa yield Green pod vyield Shusa yield
Pods
* * % -
B lock 2 27,406 6338,000 4351232,C51 740992.021 1528736,.114
* % * K k% Rk * %
Treatments 4 34,882 1199102,439 675457436 ,523 32268078,327 3870223.999
Erxror 8 3.587 243,250 1455552,005 39356C.C09 393416,C04

b, Abstract of analysis of variance table for yield of french beals (second intercrop),

Mean. squares

Source af

Green pod yield Bhuss yvield
*k

Block 2 68112.C06 301535,987
x % * %

Treatments 2 132110059,261 11452127,695

Error 5052G,005 8000,000

* = Significant at 5% level
* % -—

Significant at 1% level
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a. Abstract of analysis of variance table for the distribution of nutrients in the
‘ bhusa of groundnut and french beans (first intercrop),

Mean sJuares

Source af Groundnut : French beans (first intercrop)_
: Nitrogen ‘Phosphorus. = Potassium Nitregen ?hosphorus Potassium
Block 2 C,000 0.00C £.00C C.023*% - C.CC0 0,004
Treatmeants 4 0,001 0,CCO C.003 C.Cl2 C.000 C.011~*
rror g 0.004 0.000 . 0.004 0.004 C.000 C.002

b, Abstract of analysis of variance table for the distribution of nutrients in the bhusa
of french beans (second intercrop),

Mean squares

Source df Nitrogen ] Phosphorus Potassium
Block 2 - 0.015%* _ . 0,000 : 0.003*
Treatments 2 , C.C19* 0.000 : C.,0C00o**
Error 4 0,001 0,C00 0.C00

* ~ Significant at 5% level ** — Significant at 1% level



APPENDIX = XIV

Abstract of analysis of variance table for the quantity of nutrients incorporated into
the soil by bhusa of intercrops,

Mean squares

Source af Nitrogen Phosphorus Potassium
* ok
Block 2 72.100 0.994 37,964
. * * % *
Treatments 9 33,663 1,358 49,241
Error 18 13.464 0.158 13,770

*~Significant at 5% level ** -~ Significant at 1 % level



APPENDIX - XV

Abstract of analysis of variance table for land Equivent Ratio (LER),

Source df. Mean squares
*
Block 2 0.013
* %
Treatments 7 0,144
Error 14 0.003
* = Significant at 5% level

** - gignificant at 1% ieVel



Abstract of analysis of variance table for total

APPENDIX - YVI

nd available potasswum conten o_ the
'soil after the experimeént,

nltrognn, avallable phosphorus

Mean squares

Source af Total Nitrogen available Phosphorus Available potassium
. e * % *k

Block 2 C.000 7,093 2,903

Treatments 9 0.000 _ 0.076 C.347

Error - 18 0.000 0.136 0.347

** = Significant at 1% level
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ABSTRACT

An experiment was conducted at the College of
Agriculture.-Vellayani, during 1983—34'to study the
possibility of raising a second intercr§p in sequence in a
cassava based intercropping system and to identify the most
suitable planting geometry. The erxperiment with thirteen
treatments waé carried out in RBD with three replications
under rainfed conditions,

Among the growth characters of cassava only leaf
area index showed significantly lowzr values in intercropped

plots at certain stages of growth.

Among the yield attributes only number of tubers per
plant wags influenced by planting geometry and intercrops,
Though the above practices influenced tuber vield and top

yield, utilisation index was not affected by treatments,

Dry matter and crude protein contents of tubers and
distribution of nutrients in cassava remained unaffected by
the treatments,

Leaf area index in groundnut and height, number of

branches, number of functional leaves and leaf area index



in Ffrench beans raised as second intercrop were influenced

significantly by Spatiél arrangements at all stages of growth. -

Pod number and Pod yield of groundnut and green pod
yYield of -french beans were affected by-Spatial arrangements,
Spatial arrangements had no effect on the distribution
of nitrogen, phosphorus and potassium.in the bhusa. of
groundnut and nitrogen and phosphorus in the bhusa of
french beans (first intercrop) and phosphorus’ in the bhusa
of french beans (second intercrop). However, potassium
content in the bhusa of french beans (first intercrop)
and nitrogen and potassium-contents ih the bhusa of Ffrench
beans (second intercrop) were affected by spatial arrangements.
The bhusa of first intercrops (groundnut and French
beans) incorporated larger quantities of nitrogen and
potaésium into the soil compared to second intercrops
(French beans), Bhusa of groundnut (first intercrop)
incorporated larger quantities of phOSphorué into the soil
compared to bhusa of french beans (both first and second

intercrops).



&

Ho éignificaht difference was observed on the
total nitrogen, available phosphorus and potassium
contents of the soil after‘the experiment.

The treatments in which French- beans were raised
as first intercrops with cassava in paired rows recorded
highest values for land‘equivalent ratio, and the treatment
in which groundnut was raised as intercrop with cassava in
ordinary method recorded lowest value. for LER,

The highest profit was obtained from the treatment
in which two intercrops of French beans were raised in
Sequence in the interspaces of cassava in paired rows,

The resuits indicated that Fregch beans was the

most profitable intercrop in cassava,
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