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Abstract: Six cowpea genotypes (Danila, IT96D-772, IT90K-277-2, IT95K-1091-3, IT96D-740, IT96D-757) were
intercropped with a local millet cultivar using four row arrangements (1:1, 1:2, 2:2 and 2:4 millet to cowpea rows)
in a field experiment conducted at Minjibir near Kano in the Sudan savanna ecological zone of Nigeria during
the 1999 and 2000 wet seasons. Cowpea genotypes and row arrangement had no effect on the grain yield, yield
attributes and partial LER of millet. However, millet panicle weight per m was significantly lower at 1:1 and 2:22

row arrangements compared to 1:2 and 2:4 arrangements in 2000. Mean cowpea grain yield was reduced by 47%
as a result of intercropping with millet. Intercropped cowpea grain yield varied from 472 to 861 kg/ha, with
IT90K-277-2 recording the highest grain yield and partial land equivalent ratio (LER). Grain yield and partial LER
of cowpea were significantly higher at 2:4 row arrangement compared with the other row arrangements in both
seasons. The highest total LER (1.26) and gross monetary return were obtained using the dual purpose
improved medium maturing photoperiod insensitive genotype, IT90K-277-2. Row arrangement had no
significant effect on the total LER in 1999 whilst in 2000 total LER was higher at 2:4 row arrangement relative
to the other arrangements. In both seasons, the highest gross monetary return was obtained from 2:4 row
arrangement.
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INTRODUCTION growth  rate  of millet. In millet/cowpea intercropping in

Millet/cowpea intercropping is the most predominant genotypes  have  been  shown to yield higher than the
cropping  system in the Sudan and Sahelian zones of late maturing type [3-4]. In contrast, Ntare [1] found that
West Africa [1-2]. Millet (Pennisetum glaucum (L.) R. Br) in the Sahelian zone  early  maturing  erect  cultivars
is the staple diet while cowpea (Vigna unguiculata (L.) produced lower grain yield than late maturing spreading
Walp) serves as a source of vegetable protein. Although cultivars when intercropped with millet.  However,  the
improved millet varieties have been developed, farmers late maturing spreading cultivars caused greater millet
still use the local varieties, which do not only provide yield reduction than the early-maturing erect cultivars,
grains for human but  also  fodder  for  livestock and indicating that selection of cowpea cultivars for
stalks for fencing. Cowpea plays a key role in food intercropping should be based on their  intercropping
security, income generation and maintenance of the performance.
environment for smallholder farmers in the Sudan and There are very few reports on the effect of spatial
Sahelian zones. The traditional cowpea cultivars, which arrangement on the productivity of millet/cowpea
are still widely in use in the zones, are late maturing, intercrop in the Sudan savanna. Odion [5] observed that
photoperiod sensitive, indeterminate and low yielding. intercropping two rows of millet with four rows of cowpea
Breeding efforts have, however, resulted in the was superior to intercropping both crops in alternate
development of high yielding cultivars with a range of stands in the same row. Singh [6] reported superior yield
maturities and desirable agronomic characters [3]. of cowpea and higher intercrop productivity at 1:4 and 2:4

An important consideration in millet/cowpea compared with 1:1 cereal: cowpea row arrangement, but
intercropping is the choice of appropriate cowpea millet yield in 1:1 row arrangement was lower than in 1:4
genotypes  and  agronomic practices given the fast and 2:4 row arrangements. 

the Sudan savanna, early-maturing improved cowpea
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There appears to be opportunities for increasing (31.5 m ) for 1:1 treatment. The gross plot size of sole
cowpea and system productivity by using suitable millet and  cowpea  was  6 ridges 6m long (27 m ). All
cowpea genotypes and manipulating cultural practices. plots  received a basal dressing of 30kg N, 13 kg P and
The objective of this study therefore was to assess the 24.3 kg K ha  as urea, single superphosphate and muriate
potential of some newly-developed improved cowpea of potash, respectively. Millet was top-dressed at 5 weeks
genotypes in increasing the productivity of millet/cowpea after planting with 30kgN ha  as urea. The nitrogen was
intercrop using different spatial arrangements in a semi- hill-placed adjacent to millet plants. 
arid environment. The plots were hoe-weeded at 3 and 6 weeks after

MATERIALS AND METHODS after cowpea planting to suppress weeds and prevent

The experiment was conducted during the 1999 and (at flowering and pod-filling stages) against insect pests
2000 cropping seasons at the Institute for Agricultural using Delfos (monocrotophos 400 g L  of water-soluble
Research/International Institute of Tropical Agriculture concentrate) at the rate of 1.0 L ha . The component
(IITA) research farm at Minjibir, 40 km northwest of Kano crops were harvested  after  physiological  maturity.  Data
(12° 08'N 8° 32'E, 500m above sea level) in the Sudan collected on  millet include panicle length, panicle weight,
savanna ecological zone of Nigeria. The total rainfall 1000-grain weight, threshing percentage and grain and
received was 718.7 mm and 486.6 mm in 1999 and 2000, stover yields,while for cowpea, number of pods per plant,
respectively. The soil of the experimental site is number  of  grains  per pod, 100-grain weight and grain
hypothermic typic ustipsamment, comprising of 79% and fodder yields were recorded. Grain and stover yields
sand, 10% silt and 11% clay. The treatments consisted of of both components were determined from plants in 4 m of
a  factorial  combination  of six cowpea genotypes and the 6 centre rows (18 m ) in the 2:4 treatment; 4m of the 4
four row arrangements. The cowpea genotypes were made centre rows (12 m ) in the 2:2 treatment; 4m of the 3 centre
up of one local (Danila) and five improved (IT95K-222-14, rows (9 m ) in the 1:2 treatment; and 4m of the centre 2
IT90K-277-2, IT95K-1091-3,  IT96D-740,IT96D-757), while rows (6 m ) in the 1:1 treatment. Intercrop productivity
the row arrangements  were  1:1,  1:2,  2:2  and  2:4  millet was evaluated using land equivalent ratio (LER) as
to  cowpea  rows.  The inter-row spacing was 75 cm. described by Willey [7]. Gross monetary returns on
Danila is  a  local  photoperiod  sensitive medium intercrop  products  were  determined by summing the
maturing spreading cowpea type while the five improved total naira value of cowpea and millet grains, millet stover
genotypes  are  photoperiod  insensitive  medium and cowpea fodder per hectare. The price of millet grains
maturing  (70-80  days)  semi-erect. The local millet used was  N10  kg , millet  stover  N1 kg ; cowpea grains N20
is tall (2.5-3.2 m) and matures in about 77 days. The kg  and cowpea fodder N5 kg (1US$ = N 117.50). The
experimental design was split plot with three replications. analysis of variance directive of the GENSTAT package
Row arrangements constituted the main plots while [8] was used to perform analysis of variance and means
cowpea genotypes were in the sub-plots. Sole plots of were separated at P= 0.05 by Duncan's multiple range test.
each of the six cowpea genotypes as well as millet were
also established. RESULTS

Millet was planted on 28 June 1999 and 6 June 2000,
while cowpea was planted on 12 July in both years. In Millet Grain and Stover Yields and Yield Parameters:
both  sole  and  intercrops,  millet plants were spaced 75 There  was  no  significant  effect of cowpea genotypes
cm x 1 m and cowpea 75 cm x 20 cm. Millet was thinned to on millet grain yield and its parameters in both years
4 plants and cowpea to 2 plants per stand at two weeks (Table 1). Stover yield of millet was also not affected by
after planting. This gave the recommended plant density cowpea genotypes. Similarly, row arrangement had no
of  53,333 and 133,333 plant ha  for sole millet and influence on millet grain yield, panicle length, 1000-grain1

cowpea, respectively. Intercrop population was a weight  and  threshing  percentage. However, millet
replacement  series  with  50:50,  33:67,  50:50  and  33:67 panicle  weight and stover yield responded significantly
for 1:1, 1:2, 2:2 and 2:4 row arrangements, respectively. to  variations  in  row  arrangement.  In 2000 panicle
The  plot  sizes  varied  with intercrop combinations. weight per m  was significantly lower at 1:1 and 2:2 row
Thus,  the  gross  plots  consisted  of 14 ridges 6m long arrangements compared with 1:2 and 2:4 arrangements.
(63  m )  for  the 2:4 treatment; 10 ridges 6m long (45 m ) Stover yield was highest at 1:1 row arrangement in both2 2

for  the  2:2  and  2:1  treatments; and 7 ridges 6m long years.
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Table 1: Effect of cowpea genotype and row arrangement on the grain and stover yields and yield attributes of millet intercropped with cowpea at Minjibir,
Nigeria in 1999 and 2000

Panicle length Panicle weight 1000-grain Grain yield Stover yield
(cm) per m  (g) weight (g) Threshing (%) (kg ha ) (kg ha )2 1 1

---------------------- ---------------------- -------------------- -------------------- -------------------- --------------------------
Treatment 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000 1999 2000

Cowpea genotype
Danila 43.6 53.7 268.6 300.4 9.2 8.1 65.2 65.1 1072 748 2846 4658
IT90K-277-2 44.6 48.2 252.6 329.3 9.4 8.2 65.2 66.7 1034 855 2806 4873
IT95K-1091-3 43.5 50.9 253.8 330.4 9.3 7.9 65.6 65.4 1037 868 2763 5030
IT96D-740 43.7 49.9 250.5 309.3 9.3 8.4 65.2 66.8 1031 830 2884 4818
IT96D-757 42.3 47.6 253.6 310.0 9.3 8.8 64.6 69.1 1021 828 2997 4657
IT96D-772 44.1 47.0 235.7 311.3 9.0 7.7 65.6 64.7 941 834 2783 4912
SE+ 1.24 1.90 10.35 10.74 0.18 0.25 1.00 1.58 44.9 22.1 106.6 362.9

Row arrangement
1M: 1C 43.5 50.6 213.9 264.7b 9.0 8.5 63.7 64.8 1072 856 3747a 7051a
2M: 2C 44.8 49.5 218.7 256.0b 9.6 8.0 66.2 66.5 1089 833 3230b 4427b
1M: 2C 42.2 48.7 301.5 363.6a 9.2 8.2 65.8 66.5 1004 796 2322c 4378b
2M: 4C 44.3 49.4 275.7 376.1a 9.3 7.9 65.3 67.4 926 849 2087c 3422b
SE + 1.50 1.70 21.07 11.77 0.12 0.13 0.98 1.01 80.4 21.7 126.7 578.8

Means followed by the same letter (s) within treatment are not significantly different at 5% using Duncan’s multiple range test (DMRT); M = millet, C =
cowpea

Table 2: Effect of cowpea genotype and row arrangement on the yield components of cowpea intercropped with millet at Minjibir, Nigeria in 1999 and 2000

Number of pods plant Number of grains pod 100-grain wt. (g)1 1

------------------------------------- --------------------------------------- ----------------------------------------
Treatment 1999 2000 1999 2000 1999 2000

Cowpea genotype
Danila 28.9a 42.8a 12.0 13.3c 13.0cd 14.7c
IT90K-277-2 27.5a 38.5b 14.3 14.5ab 16.1a 17.0a
IT95K-1091-3 21.7b 32.8cd 13.6 14.6a 14.1bc 15.2bc
IT96D-740 22.6b 34.3c 11.8 13.4c 12.7d 14.0d
IT96D-757 20.9b 32.3cd 11.8 13.3c 14.1bc 14.8c
IT96D-772 22.8b 30.2d 12.9 13.5bc 15.0ab 15.8b
SE+ 1.32 1.07 0.32 0.36 0.41 0.25

Row arrangement
1M: 1C 20.1b 30.2b 11.4c 12.5b 12.8c 14.7
2M: 2C 25.9a 34.9ab 12.8b 14.0ab 13.9b 15.5
1M: 2C 24.3a 36.5a 13.1ab 13.0b 14.8ab 15.0
2M: 4C 26.0a 39.0a 13.7a 15.6a 15.2a 15.9
SE + 1.14 1.54 0.23 0.51 0.29 0.27

Cowpea  Yield  Components: Table  2 presents the effect significantly  lower  at  1:1 row arrangement compared
of cowpea genotype and row arrangement on the yield with the other arrangements that had statistically  similar
components of cowpea. The cowpea genotypes differed values  except in 2000 when the difference between 1:1
in the number of pods per plant, with the local spreading and 2:2  row arrangements was not significant. Genotype
genotype, Danila having more pods than the improved effect on the number of grains per pod was not significant
semi-spreading genotypes. Among the improved in 1999 while IT95K-1091-3 had a higher number of grains
genotypes, IT90K-277-2 produced significantly higher per pod compared with the other genotypes with the
number of pods per plant than the other genotypes that exception of IT90K-277-2 in 2000. In both years, the
were essentially similar. Number of pods per plant was highest   number   of  grains  per  pod was obtained at 2:4
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Table 3: Effect of cowpea genotype and row arrangement on grain and fodder yields (kg ha ) of cowpea intercropped with millet at Minjibir, Nigeria in 19991

and 2000 

Sole grain yield Intercrop grain yield Intercrop fodder yield 
------------------------------------- --------------------------------------- ----------------------------------------

Treatment 1999 2000 1999 2000 1999 2000

Cowpea genotype
Danila 1142bc 1217a 367c 691b 706b 626
IT90K-277-2 1876a 1576a 702a 1019a 1021ab 670
IT95K-1091-3 1454b 1267a 616a 795b 948ab 692
IT96D-740 1087bc 1370a 487bc 765b 1038ab 594
IT96D-757 1069bc 554b 434c 511c 376c 410
IT96D-772 920c 1161a 606ab 779b 1188a 591
SE+ 350.4 344.4 41.65 41.72 110 90.2

Row arrangement
1M: 1C 357b 587c 580b 594ab
2M: 2C 427b 668c 576b 447b
1M: 2C 487b 804b 709b 795a
2M: 4C 870a 981a 1652a 552b
SE + 37 28 138.7 60.4

Table 4: Effect of cowpea genotype and row arrangement on partial land equivalent ratio [LER] of millet and cowpea and total LER of their intercrop at
Minjibir, Nigeria 

Millet LER Cowpea LER Total LER
------------------------------------- --------------------------------------- ----------------------------------------

Treatment 1999  2000 1999  2000 1999  2000

Cowpea genotype
Danila 0.84 0.78 0.18b 0.35b 1.03 1.13cd
IT90K-277-2 0.81 0.85 0.35a 0.51a 1.16 1.37a
IT95K-1091-3 0.82 0.86 0.31a 0.40b 1.12 1.26b
IT95K-740 0.81 0.82 0.24b 0.39b 1.06 1.21bc
IT96D-757 0.80 0.82 0.22b 0.26c 1.02 1.08d
IT96D-722 0.74 0.83 0.30a 0.39b 1.04 1.22bc
SE + 0.04 0.02 0.02 0.02 0.04 0.03

Row arrangement
1 M: 1 C 0.84 0.85 0.18b 0.30c 1.02 1.15b
2 M: 2 C 0.85 0.83 0.21b 0.34c 1.07 1.17b
1 M: 2 C 0.79 0.79 0.24b 0.41b 1.03 1.20b
2 M: 4 C 0.73 0.84 0.43a 0.50a 1.16 1.34a
SE + 0.06 0.02 0.02 0.01 0.06 0.03

Means followed by the same letter (s) within treatment are not significantly different at 5% using DMRT;    M = millet,   C = cowpea

row arrangement and the lowest at 1:1, whilst the other grain  yield  in both sole and intercrop. In intercrop,
row arrangements were intermediate. The cowpea IT90K-277-2 out-yielded the other genotypes except in
genotypes differed in 100-grain weight, with IT90K-277-2 1999  when IT95K-1091-3 was at par with this genotype.
having the heaviest grains,while IT96D-740 and Danila In both years, IT96D-757 and the local genotype, Danila
had the least grain weight. Significant effect of row were the lowest yielders. The row arrangement effect
arrangement on 100-grain weight was observed in 1999 showed that in both seasons, 2M:4C row arrangement
only, when grain weight was lower at 1:1 compared with out-yielded  the  other  treatments  which   were  at  par
2:4 and 1:2 row arrangements. but 1M:2C was superior to 2M:2C and 1M:2C row

Cowpea Grain and Fodder Yields and Yield Advantages: genotype in 1999 only (Table 3). With the exception of
Averaged over genotypes, cowpea grain yield was IT96D-757, fodder yields of the improved cowpea
reduced by 47% as a result of intercropping with millet genotypes were comparable to that of the local spreading
(Table 3). Genotype effect was significant on cowpea genotype, Danila  and  IT96D-722  produced significantly

arrangements in 2000. Fodder yield was affected by
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Table 5: Effects of cowpea genotype and row arrangement on gross
monetary returns (Naira/ha) from millet/cowpea intercrop (grain +
fodder + stover) at Minjibir, Nigeria

Treatment 1999 2000 Combined

Cowpea genotype
Danila 31779c 53455b 42637c
IT90K-277-2 46351a 69709a 58030a
IT95K-1091-3 42513ab 60393b 51453b
IT96D-740 37880bc 57421b 47651b
IT96D-757 32434c 44665c 38549d
IT96D-722 42380ab 58113b 50247b
SE + 2050.6 2245.8 1388.1

Row arrangement
1M: 1C 31659b 51233c 41446c
2M: 2C 34078b 51868c 42937c
1M:2C 35398b 59826b 47612b
2M:2C 54424a 66270a 60347a
SE+ 1301.3 1704.1 1165.9

Means followed by the same letter (s) within treatment are not significantly
different at 5% using DMRT;   M = millet,    C = cowpea

higher fodder  yield  than  Danila.  Row  arrangement
effect indicated that the highest fodder yield was
produced at 2M:4C and 1M:2C in 1999 and 2000,
respectively.

Neither  cowpea   genotype  nor  row arrangement
had significant effect on partial LER of millet (Table 4).
However, partial LER of cowpea was significantly affected
by both cowpea genotypes and row arrangement. A
comparison  of the cowpea genotypes showed that
IT90K-277-2 had the highest partial LER in both seasons
but this genotype was not different from IT95K-1091-3
and IT96D-722 in 1999. In 2000, IT96D-757 had the least
partial LER. The 2:4 row arrangement had a significantly
higher partial LER of cowpea compared with the other
treatments that were at par in 1999 while in 2000, 1:2 was
superior to 1:1 and 2:2 row arrangements. Total land
equivalent ratio (LER) was significantly affected by
cowpea genotype and row arrangement in 2000 only.
Intercropping millet with IT90K-277-2 gave the highest
total LER followed by IT95K-1091-3 while IT96D-757 and
Danila had the least total LER.

Gross Monetary Returns: In both years, the highest
gross monetary return was obtained by intercropping
millet with IT90K-277-2 and intercropping millet with
IT96D-757 gave the least return (Table 5). Row
arrangement effect showed that returns were higher at
2M:4C compared with the other arrangements which were
similar but 1M:2C was superior to 2M:2C and 1M:1C row
arrangements in 2000.

DISCUSSION

The  results of this two- year study have shown a
lack  of  effect of cowpea genotypes on the grain yield
and  yield  components  of  millet  indicating that millet
was not adversely affected by the competition with
cowpea.  It had been noted that in intercropping millet
with cowpea in the semi-arid zone, millet yield is only
reduced  if cowpea is planted simultaneously with millet
[9-10]. Moreover, the local millet cultivar used in the
present study had been reported to be well adapted to
intercropping with cowpea [2]. 

Unlike sole crop grain yield, intercropped cowpea
grain yield was generally lower in 1999 than in 2000 in
spite of the fact that the former season was much wetter
(718.7 mm) than the later (486.6 mm). The lower yield in
1999  could  be  attributed to earlier introduction of
cowpea in millet which caused a longer overlapping
period between the component crops and consequently
a longer period of shading for the lower story cowpea
component. Reddy and Visser [11] opined that in
cereal/cowpea intercropping in the semi-arid zone, at
about latitude 12 the greater the duration of overlap0

between the components, the smaller the yield of
intercropped  cowpea. On the other hand, at about
latitude 13 where the length of the rainy season is0

shorter, early introduction of cowpea resulting in longer
overlap time is required to obtain higher cowpea yields.

The highest mean number of pods per plant of the
local cowpea genotype, Danila compared with the other
genotypes  could  be  associated with its higher number
of branches. However, this popular local genotype had
the least 100-grain weight presumably because little
assimilate was diverted towards grain development, a
common phenomenon associated with indeterminate
genotypes [9]. Thus, the local genotype yielded poorly
compared with the improved genotypes. Terao et al. [4]
attributed the poor yield potential of local spreading
cowpea type to low harvest index and inadequate root
system.

Among  the  improved genotypes, IT90K-277-2 had
the highest grain yield under both sole and intercropping
situations. This could be attributed to its relatively high
100-grain  weight  and  number  of  grains  per  pod.
IT90K-277-2  combined  high  grain  yield  with high
fodder  yield (i.e., dual purpose). This genotype, which
has  also  been  reported  to  be tolerant to the major
insect pests such as aphid (Aphis craccivora Koch),
thrips (Megalurothrips sjostedti (Trybom) and bruchids
(Callosobruchus  spp.)  as   well   as  major  diseases  like
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returns  from  cereal-cowpea  intercropping  systems. Nigeria, pp: 129-140. 
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