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ABSTRACT

The effects of three cassava genotypes (NR 8212, TMS 91934 and TMS 30572) grown sole or intercropped
with soybean were investigated in two field experiments in 2000/2001 and 2001/2002 cropping seasons at
Umudike in the lowland humid forest zone of south-eastern Nigeria. The plant height, canopy diameter,
number of leaves per plant and leaf area index (LAI) of soybean and cassava were significantly (P<0.05)
aﬂ'ected by intercropping but days to 50 per cent flowering of soybean were not affected. Canopy diameter, -
number of leaves per plant and LAI of cassava were highest with TMS 30572 in sole or intercropping
cultures and least with sole or intercropped TMS 91934 genotype in both seasons. Soybean plants were
taller when intercropped with NR 8212 or with TMS 30572 than in sole soybean, which had similar height
with soybean in soybcan/TMS 91934 mixture. The soybean canopy diameter, number of leaves per plant
and LAI were higher with sole soybean. Within the soybean intercrops, canopy diameter, number of leaves
per plant and LAI were higher with soybean/TMS 91934 and soybean/NR 8212 than with soybean/TMS
30572 mixture. The yield and yield components of cassava (total number of tubers per plant, number and
weight of marketable tubers per plant and fresh tuber yield per hectare) were not affected by intercropping.
The number of pods per plant, pod dry weight per plant and grain yield of soybean were significantly
(P<0.05) affected by intercropping but 100-seed weight was not. Grain yields of soybean in mixtures
{(449.28 and 387.85 kg/ha) were lower than that in sole crop (670.10 and 566.35 g/ha). Among the soybean
intercrops, the highest soybean yields (533.67 and 462.00 kg/ha) were with soybean/TMS 91934 whereas
the lowest (385.91 and 339.52 kg/ha) were with soybean/TMS 30572 mixture in 2000/2001 and 2001/2002
seasons, respectively. Yield increment for cassava ranged from 1.42-3.43 per cent (2000/2901) and 3.72-
7.74 per cent (2001/2002) for fresh tuber yield/ha while yield reduction for soybean ranged from 20.36-
42.41 per cent (2000/2001) and 18.43-40.05 per cent (2001/2002) for grain yield/ha. There was yield -
advantage due to intercropping. The productivity of cassava/soybean mixture showed yield advantage of 59-
84 per cent (2000/2001) and 64-90 per cent (2001/2002). The highest monetary returns (2133,786.00 andv
N156,161.00/ha) were achieved with T™S 30572/soybean intercropping system in both years.

Rumning Title: Evaluation of cassava genotypes/soybean cropping system.

Keywords Cassava, soybean, lntercroppmg, genotypes, productivity.
v situations and condmons (Egharevba, 1982) The
' _practice is popular because of its advantages over
lNTRODUCTlON ‘ - sole cropping which includes security of returns

and higher profitability due to higher combined
Mixed mtercropplng is a very common feature in returns per unit area of land (EBnyi, 1973;

the cropping system among the peasant farmers in ) Crookston and Kent, 1976; Egharevba, 1979,
the less developed countries of the world. It is Ezulike ef al., 1993). In addition, the practice
thought to have evolved to meet the local controls erosion and weeds, and allows a more -
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even - distribution of farm labour than sole
cropping. However, due to its popularity in
southeastern Nigeria, agronomists are now
improving its technology to enhance productivity.

Cassava, which is an important tuber crop and a

'major source of energy in the diet of the people, is
the most dominant component in crop mixtures in
the region (Unamma et al., 1985); Ikeorgu and
Tloka, 1994). Furthermore, a number of cassava
varieties adaptable to the growth environments
and acceptable to diverse end users have been
developed by the International Institute of
Tropical Agriculture (IITA), Ibadan, Nigeria and
the National Root Crops Research Institute
(NRCRI), Umudike, Nigeria. Some of these

~ improved varieties have made tremendous impact

on the farming systems of the humid tropics of
southeastern Nigeria. Soybean, however, is a new
introduction that is fast gaining acceptance due to
the high nutritional quality of its protein that is
comparable to that of egg (Martin et al., 197&
Ajayi and Wainaina, 1993). Mdre so, Tijani #nd
Akinnifesi (1996) and Makinde and Agboola
(2001) reported that intercroppipg soybean with
cassava could be very productive. But there is
inadequate information on the growth and' yield
performance of soybean and cassava when
mtercropped with some of the introduced cassava
genotypes in the region. The objectives of this
investigation, therefore, were to assess the
productlvxty of cassava/soybean 1ntercroppmg
" system in the study area.

MATERIALS AND METHODS

erld experiments ‘were". conducted durxng thev

2000/200T and 2001/2002 cropping seasons at the
Michael Okpara University of Agriculture,
Umudike Research Farm (05° 29'N, 07° 33'E, 122
m above sea level) in the humid rainforest zone of
south-eastern Nigeria. Three cassava genotypes
(NR 8212, TMS 91934 and TMS 30572) with
~d1fferent morphological characteristics. obtained
from NRCRI), Umudike were intercropped with
an early maturing soybean variety (TGX-1485-
1D)  obtained - from IITA, Ibadan, ‘using the
randomised complete block  design with three
replicates. The soils of the éxperimggtal sites were
sandy loam {pH 5.2 an 5.9 (1:2.5, soil:water);
organic matter 2.61 and 1.2 per cent; total N 0.05
and 0.07 per cent; available P 19.0 and 17.0
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mg/kg (Bray-2); and exchangeable K 0.11 and
0.11 ¢ mol/kg} in 2000/2001 and 2001/2002
cropping seasons respectively.

The morphological characteristics of the cassava
genotypes were:

NR 8212: An improved variety with moderate
canopy. It is characterised by its erect and high

‘branching habit. The variety branches mainly in

whorls of three orders.

TMS 91934: A low to medium branching variety
with sparse canopy. The variety is usually tall and
branches up to the fifth order. :

TMS 30572: An improved low to medium
branching variety with dense spreading canopy.
The variety branches in 3-4 orders.

The land was ploughed, harrowed and made mto 1

m ridges. The plot size was 5 m x 4 m (20 m”)

All the crops in the sole and intercropped stands
were planted simultaneously on 18 August 2001

and 21 August 2001. Cassava stem cuttings (20
cm long) obtained from 12-month old matured
stems were planted along the crest of the ridges at
Im apart. Soybean seeds were planted three seeds
per hole midway between the crest and the furrow
of the ridges at 7.5 cm apart and were thinned to
one .plant per hole two weeks after planting
(WAP). This gave a plant population of 10,000
plants/ha for cassava and 199,000 plants’ha for
soybean. Sole cassava genotypes and sole soybean
were also established. Manual hoe weedings were
carried out<at 3, 8 gnd 12 WAP. Compound
fertiliser N:-P: K (20:10:10) was applied at the
rate of 400 kg/ha by banding 3 WAP on soybean
and 8 WAP on cassava. Soybean plants were
sprayed 5 WAP with cypermethrin at the rate of
600 ml/ha to control insect pests

Data on plant height, canopy diameter, number of
leaves per plant, leaf area, and leaf area index

were taken from 3 cassava and 5 soybean plants at

8 WAP. Also, number of days to” 50 per cent

flowering was taken on soybean. At maturity,

yield and yield components of the crops under
sole and intercropping situations were taken from
three inner rows of each plot. Soybean and
cassava were harvested 4 and 12 months after
planting (MAP), respectively. Data were taken on
the number of tubers per plant, number and
weight of marketable tubers per plant and fresh



tuber yield/ha of cassava as well as the number of
pods per plant, pod dry weight per plant, 100-seed
weight and grain yield/ha of soybean. The growth
and vyield of cassava and soybean were
statistically analysed using the procedures

outlined by Steele and Torrie (1980) for a

randomised complete block design and significant
treatment mean differences that were determined
by Duncan’s new multiple range test at '

P < 0.05..

The productivity of the intercropping system was
determined by the land equivalent ratio’ (LER)
(the sum of the ratios of yields of the intercrops to
those of the sole crops (Fisher, 1977; Mead and
Willey, 1980) and area x time cquivalent ratio
{ATER) as dcscnbcd by HleSCh and McCollum
(1987). ;

ATER = {{Ry, x t,). + (Ryc x lc)}/T. Rys and R, =
relative  yields  of soybean and cassava,
respectively; t and t. = maturity penods of
soybean and cassava, respectlvely, T is the
duration of the imtercropping system. Monetary
equivalent ratio (MER) was determined by the
method of Adetiioye (1988).

MER = (r; + rp)/R, where rjand r, are monetary
retums of component crops in the mixture and R
is the higher sole crop mnncmry return compared
with the other. v

\
RFSUI,TS AND MSCUSSION

Growth: ™.

Intercropping showed  significant variations
among cassava genotypes and in soybean plants in
height, canopy diameter, number of leaves per
plant and lea:” area index (LAI), except days to 50
per cent flowering in soybean in 2000/2001 and
2001/2002 (Table 1). Plant heightsiin sole cassava
genotypes were not significantly different from

the correspondmg mtercropped gen&yp i

2000/2001 cropping season but in 2001/2002\sole
NR 8212 and TMS 30572 were shorter than the

intercrops. The sole NR 8212 and TMS 30572

were significantly (P<0.05) taller than TMS
91934 and TMS 30572 intercrops. On the
average, intercropped TMS 91934 was 28.5 cm
and 17.7 cm shorter and had 34.7 per cent and
36.6 per cent less canopy than intercropped NR

8212 and TMS 30572, respectively. Intercropped
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-canopy - diameter

TMS-30572 had more leaves and LAI than TMS“
91934 and NR 8212 mtercrops '

Soybean intercropped with TMS 30572 - was
significantly taller than when it was intercropped
with TMS 91934 cassava gcnotype or when
grown sole in both seéasons. Soyabean in intercrop
with TMS 91934 had more leaves, higher LAI and
than = the other soybean
intercrops. This trend was consistent in both
seasons. When averaged over the two cropping
seasons,. the LAls of intercropped cassava
genotypes (NR 8212, TMS 91934 and TMS
30572) were reduced by 18.5 per cent, 28 per cent
and 13.9 per cent while those of intercropped
soybean were reduced by 47 per cent, 18.5 per
cent and 55 per cent, respectively compared to the
sole crops. Similarly, a decline in leaf area
develbpment of component crops in intercropping
situation had been reported by Egharevba (1982)
in maize/cowpea and Olasantan and Lucas (1992)
in maize/cassava and maize/cocoyam intercrops.
However, tuber yield in all cassava genotypes in
both years always tended to be higher in the
intercrop and this trend influenced the monetary
yields.

Yield and yiéld components:

Intercropping did not affect total number of tubers
per plant, number of marketable tubers, weight of
marketable tubers and fresh tuber yield in cassava
genotypes (Table 2). Intercropping significantly
(P<0.05) reduced the number of pods per plant
and grain yield of soybean but did not affect the
pod dry weight of soybean intercropped with .
TMS 91934 or 100-seed weight in both seasons
(Table 3). TMS 91934 mixture gave the least
number of pods per plant among the intercrops.
Among the intercrops, grain yield was least with
TMS 30572 in both years but highest with TMS
91934. The low grain yield obtained from
soybean in association with TMS 30572 was
perhaps due to poor grain filling caused by inter
and intra plant competition for assimilates
(photosynthates) arising from high number of
pods per plant. Similar results were reported by
Moraghan (1970) as well as Okpara and Ibiam
(MO) in their works in which they noted that -
larger seed size was associated with higher grain

yields. In addition, the depressed grain yield could

also be due to shading associated with - the



morphology of the cassava genotype (TMS
30572) characterised by dense canopy. Huxley
and Maingu (1978) and Wahua and Miller (1978)
concluded in their works that shading depressed
yield in legumes by adversely affecting flowering
- and suppressing the development . of ‘fruiting

branches. On the average, soybean grain ylelds in
the mixtures were depressed by 38.5 per cent,
19.55 per cent and 41.3 per cent in association
with NR 8212, TMS 91934 and TMS 30572,
respectively over the two  seasons

Table 1. Vegemwe characteristics of cassava genotypes and soybean of 8 WM’ in mssavu/soybeun mtercmp in 2000/2001 (md 1001/2002

(ropping seasons
Genotypes - Plant height Canopy diameter No. of leaves/plant .. Leof orea index Days o

‘ (:m) {cm) 50%

, e ... Howering
. Tassave Jt&ybea}; : Cassava Soyhean L Cassava Soybeof}:W_W_Mu(r*mva qugéan Soybean

Sole NR 8212 52.68ab 75.580b - 30.67¢ - . .28b
Sole TMS 26.06e 41.27¢ 21.00d ~ 0.26be
91934 ‘
Sole TMS 35.42¢d 716.940 - 43.000 - 0.38a -
Sole Soybean - 21.65ud - 48430 - 1877 - . 4l B
NR8212+ 5598 - 30.00b 69.24ab  37.10b 30.00c  11.06c 0.22dd 207¢ 3.
Soybesn o o ‘
TMS 91934 + 27.88e 25.80bc 44.24c 40.60h 19.0d 14.49b 0.11d 328k 6
Soyhean o : ,
TMS 30572 + 39.08¢  37.60a Ti.7%eb 3113 40.000b  9.43d 0.310b 1.87¢ 40
Soybean ‘ ' A
Sole NR 87127 43.80b 75170b . 31.67h 0.26b
Sole TMS 21.76¢ 64.38b¢ 25.00cd 0.24hc
91934 S
Sole TMS 40.74b - 83.430 44.61a 0.340 -
Sole Soybeon - - 215% - - 43.330 - 14.%n - 32% [ N
NR 212+  59.750.  30.83cb 73.25abc  33.78¢ 20.33d 9.9% 0.27¢d 187 35
Soybeon : :
TMS 91934 + 30.86c.  25.14hc 48.45d 38.80b 19.30d 12.83ab 0.19d. 282¢k 36
Soybeon : o o
TMS 30572 +  55.020 36.6% ‘74,99obt 9.71d 37.67ab 1.26(! - 03 1.86¢ 4
Soybean

Within each column und for each cropping season, meons followed by dniferem fetter (s} are significantly different (P<<0.05) according to Duncan’s

new multiple range test.

Productivity of the intercropping systems:

The efficiency of intercropping relative to sole
cropping, expressed as (LER) and ATER was
greater than 1.0, indicating that a higher
productivity per unit area was achieved by
intercropping cassava with soybean than by
growing the.two crops separately (Table 4). This
agreed with the findings of Willey (1979) and
Okpara et al. (1995) which stated that
intercropping was more advantageous, especially
when legumes which improved soil fertility were
involved, resulting in higher component yields
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~ monetary returns.

higher  productivity and
Intercropping  cassava and
soybean gave a mean LER of 1.70 (2000/2001)
~and 1.75 (2001/2002) indicating 70 per cent and
75 per cent yield advantages. Averaged over the
two cropping seasons, the highest LER (1.87) and
ATER (1.33) were achieved in TMS
91934/soybean mixture. On the basis of LER and
ATER, therefore, the highest yield advantage
accrued from intercropping soybean with TMS
191934 than with other cassava genotypes Willey
(1979) indicated that practical significance of
LER could only be fully assessed when related to
the actual economic return. In 2000/2001 and

and invariably n



2001/2002 the economic performance of the

cropping systems ‘showed that more money was

realised in intercrops than in sole crops. The
highest monetany equivalent ratio was achieved
with ‘'TMS 30572/soybean intercrop” in both
seasons. In addition, the highest monetary returns

of N133, 786/ha and M156, 161/ha obtained with
the TMS 30572/soybean intercrop were 28.0 per-

cent and 25.7 per cent greater than the best TMS
30572 sole crop retum of N104, 500/ha
(2000/2001) and N124, 200/ha (2001/2002).
Although, on the basis of LER, the highest yield
advantage was achieved in the TMS
91934/soybean intercrop (85 per cent) and (90 per

cent) in 2000/2001 and 2001/2002, respectlvely,

this mixture gave the least monetary return, This

conformed with. the reports of Ifenkwe and

Odurukwe (1990), Kumar and Yusuf (1991) and

Muoneke et al. (2002), which indicated that the -

highest LER values did not always reflect the
" highest monetary return to the farmer.

The reason why TMS 30572/soybean. was more
economically  beneficial than = the TMS~

‘91934/soybean cultural in spite of the higher.

productivity of TMS 91934/soybean mixture.
could be that unit market price for the TMS 30572
variety was greater than that of TMS 91934.

Table 2: Yield and yield components of cassava genotypes in cussaw/soylieun intercrops,in 2000/260] and 200) /2002 tropping sensol'as“' )L

Cassava genotypes /Totul no. of tubers NO. of marketable Weight of marketable  Fresh weight of tubers
7 fplont  tubers/plant tubers { ﬁg_/plom) (t/ha) '

2000/2001 . o o

Sole NR 8212 , 6.06. n 1.96 19.6

Sole TMS 91934 591 3 1.69 16.9

Sole TMS 30572 131 43 209 209

NR 8212 + soybean 519 w9 201 2.1

TMS 91934 + soybear . 487 268 L5 15

TMS 30572 + soybean 612 346 212 n:

2001/2002 R '

Sole NR 8212 5.81 402 1.85 18.5

Sole TMS 91934 5.4 386 15 ~ 155

Sole TMS 30572 8.4 a7 . 207 207 -

NR 8212 + soyhean sn . 3716 1.99 199

TMS 91934 + soybeon 5.15 19 . 1.68 168

TMS 30572 + soybean 6.06 406 215 215

Table 3: Effect of sole or intercropped soybean on the yield and yield coﬁponents of soybean in 2000/2001 and 2001/2002 aﬂpﬁi«g seuSdns

Cropping system No. of pods/plant Pod dry weight/plant (g)  100-seed \velght " “Grain yield (kg/ha)
_ : (u)

2000/2001 / —

Sole soybean ' 46.31a 12640 12 87 o 670.1a -

NR 8212 + soybeon o 32.51be 8.62bc 1 42887bc

TMS 91934 + soybean 27.56¢ 10.140b- na 533676

TMS 30572 + Soybean 38.4b 705bc 9.34 385.91c.

2001/2002 B R }

Sole soybean 3440 15.260° 11.33 566350

NR 8212 + soybean 2201 7.70bc 930 36207

TMS 91934 + soybean 20.30¢ 10.61ab " 10.04 © 462.00ah

\ms 30572 + soybean 31.78b 6.53bc 8.18° 339.52

W:N: each column and for each cropping season, meons followed by-different letter ls) ure smmﬂmnﬂy different {P<0.05) according to Duncon's new multiple runge test

*Grain yield at 13% moisture content.
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Iuhle 4; Effect of cassava genotypes on land equivalent mho, area x time equwulem ratio, monetury eqmvulam rm nd gross refuras in sole _
and cossuvo/soybenn intercrops in 2000/2001 and 2001/2002 tropping seasons ' -

Land equivalent ratioc Area x time _Monetary equivalent ratio Grnss mumm ‘

t " Cassava Partial . Total Equivalent  Partiol Toln| Partiol )
genotype o Ratio B Lo i

o assava  soybean Cassava ~ soybean - " cassava  soybeam
2000/2000 - - « D
SoleNR ~ 1.00 - 1.00 - 1.00 - 1.00 98000 - 8.900

L7 A ' , ' S :

- SoleTMS 1.00 - 1.00 - 0 - 1.00 84500 - 14500
91934 - v Lo '
Sole TMS  1.00 - 1.00 - 1.00 - 180 Tos00 - 104500
30572 - - o - | A
Sole - 10 1.00 - - 100 1.00 - 8247 /247
soybean _ ‘ : e

 NR8N2+ 103 0.64 1.67 1.4 096 030 1.26 100,500 30,879 131,319
soybean C ) ; ' S ; : |
THS9193¢  1.04 0.80 - 1.84 1.3 08¢ 037 (i3] 87,500 38,424 15924
+ soybean ’ S - - : : o
TMS30572 - 1.01 0S8 1.59 1.20. 1.01 027" 1.28 106,000 27,786 1337
+ soybeon '~ o co ‘
2001/2002 o o o u
SoleN¢ 100 - 1000 - - 100 - L0 1% - Wime
8212 R ‘

Sole TMS 100 . 1.00 . 1.00 - 1.00 93000 - 92000
91934 I ‘ - : .
Sole TS 1.00 . 1.00 - 0. - 100 124200 - 1420
30572 : E - ; S o
Sole s - 1.00 1.00 - . 100 100 - 45308 5.3
1.08 064 .n . 0.96 0.24 .0 119400 29201 145600
108 082 1.90 135 081 030 LU 100800 35960 137,760
Wiz 1.04 0.60 1.64 1.24 1 om 1.26 129000 27061 156161
+ sgybeon _ -~ e T
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