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Abstract

Yields of groundnut, the traditional grain legume grown in central and southern Cameroon and in much of the
humid zone of Central Africa, are generally low. Other food legumes may provide alternatives to groundnut.
On-farm experiments examined the relative yields of up to 15 pigeonpea, 10 groundnut, 7 soybean, and 4 cowpea
varieties over three growing seasons in four to six rural communities. Soil analytical values and rainfall data from all
seasons were used as covariates in the analysis of variance. In the first two trials, variety-within-species interactions
were significant (P < 0.0001 and 0.04). Groundnut var. JL-24 yielded 60% more than local groundnuts in the first
season of 2000, while soybean var. TGx1838-5E, local cowpea var. ‘Mefak’ and pigeonpea var. ICEAP 00436
outyielded several other varieties of their respective species. Comparing these selected varieties over three sea-
sons, significant species × community and species × season effects (P < 0.0001) were observed. Covariate anal-
ysis showed that soybean yields increased with increasing soil Mg saturation and P levels. Groundnut yielded
more in the first season of 2000 compared to the second seasons of 1999 and 2000 (average yields of 927 kg ha−1

vs. 422 and 522 kg ha−1, respectively). Improved yields were related to soil exchangeable Ca levels greater than
5 cmol(+) kg−1 in both second seasons, but not during the first season. Cowpea yields were superior in both
second seasons. Pigeonpea yields were unrelated to soil factors, showing its wide adaptability to soil conditions.
Pigeonpea, which matured in February during the dry season, was severely affected by the early cessation of
rains in 2000. In 1999 yields averaged 820 kg ha−1 across communities. The results show that good food legume
alternatives to groundnut exist, particularly for second season production. Species can be targeted to communities
based on soil properties and season of production.

Introduction

Groundnut (Arachis hypogaea [L.]) is the primary
grain legume in southern Cameroon and indeed in
much of the humid forest zone of Central Africa.
In southern Cameroon, groundnuts are grown almost
exclusively in intercropped systems. Some 20 crops
may be found intercropped with groundnuts, the
most prominent being maize (Zea mays [L.]), cas-
sava (Manihot esculenta Crantz), tannia (Xanthosoma
sagittifolium [L.] Schott), and plantain (Musa para-
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disiaca [L.]; Büttner, 1996; Mutsaers et al., 1981).
This field type accounts for one third of all land util-
ized in annual and biennial food crop systems in south-
ern Cameroon. Fields are managed almost exclusively
by women (Elad, 1999) and all field operations are
done by hand.

In spite of its importance in humid forest cropping
systems, groundnut yields are poor. IRA (1990) es-
timated average yields in the forest zone of Cameroon
at 350 kg ha−1, while Mutsaers et al. (1981) estim-
ated groundnut yields in intercropped fields in the
vicinity of Yaoundé (Mfou and Okola districts) to be
900 kg ha−1 in the March-July season and 750 kg ha−1
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in the September–December season, the two domin-
ant rainfall periods. Given that Mandimba and Djondo
(1996) obtained yields of 3500 kg ha−1 in sole stands
using an improved variety and P and K fertilizers un-
der similar soil and climatic conditions in the Congo,
there seems to be considerable potential for yield im-
provement. However, Wendt (2002) found little yield
increase using P, K and ash combinations using either
a local or an improved groundnut variety (A-26) in the
forest margins of southern Cameroon.

As a result of the apparent limitations of tradi-
tional groundnut varieties, attention has been turned
to alternative groundnut varieties and other legume
species that could supplement or replace groundnut
as a strategy for improving yields and dietary pro-
tein in southern Cameroon. Soybean (Glycine max [L.]
Merr.), cowpea (Vigna unguiculata [L.] Walp) and pi-
geonpea (Cajanus cajan [L.] Millsp.) were considered
in this context. Soybean has not been cultivated ex-
tensively in the humid forest zone, but has been
adopted in the Lekié area north of Yaoundé, which
is an area of intensified cultivation and very short
fallow periods. Cowpea is often found in peri-urban
Yaoundé intercropped with maize. Farmers in the
rest of southern Cameroon generally have very little
experience in cultivating these legumes. In contrast,
pigeonpea is commonly recognized but not extens-
ively cultivated. Each of these legumes could make
a unique contribution to the cropping system. Soy-
bean contains approximately 35% protein (Maesen
and Somaatmadja, 1992), and has relatively few nat-
ural pests. In initial screening trials conducted in 1998,
cowpea showed high biomass production, suppressed
weeds rapidly, and gave high grain yields. Root ex-
udates of pigeonpea enable it to utilize iron-bound
phosphorus pools that are less available to other crops
(Ae et al., 1990), while groundnuts have P-solubilising
substances within cell walls that enable them to ab-
sorb iron-bound P in low-P soils (Shen-RenFang et al.,
2001), rendering these species potentially more adap-
ted soils with low P.

Potential constraints exist to species introduction.
Cowpeas grown second season in southwest Nigeria
were decimated by insect pests according to Mut-
saers (1991), and required three to four insecticide
treatments. Soils in the humid forest zone in south-
ern Cameroon are generally acid, highly weathered,
and low in exchangeable Ca, Mg, K, and available P,
and high in exchangeable Al (Menzies and Gillman,
1997). Soybean varieties exhibit a high degree of vari-
ation in Al tolerance (Foy et al., 1993; Board and

Caldwell, 1991). Rhizobia strains have shown dif-
ferential tolerance to soil acidity as well, which has
been show to affect nodulation and N2 fixation of both
soybean and cowpea (Fox et al., 1985; Simanungkalit
et al., 1996; Mayz de Manzi et al., 1983). Increasing
soil acidity has been shown to have a detrimental effect
on mycorrhizal colonization and P uptake in soybean
(Nurlaeny et al., 1996). Lins and Cox (1989) found
that soybean yield correlated well with Mehlich-3 ex-
tractable P and clay content when considered together,
with critical P levels being in the range of 34–40 g m3

when soil clay contents were 21–37%. Aune and Lal
(1997), reviewing several experiments in the tropics
in order to establish critical limits for several crops,
concluded that soybean, cowpea, and groundnut have
a relatively higher P requirement than maize, that of
soybean being around 11 ppm Bray-I extractable P.
They found that groundnut had a critical Al satura-
tion of 49%, and cowpea to be relatively more acid
tolerant, with critical levels of 55% for Al saturation
and 4.7 for pH. Soybean was rated lower than either
groundnut or cowpea for Al saturation tolerance, with
a critical pH of 5 and Al saturation of 20%.

Mutsaers (1991) reported on a series of trials em-
ploying soybean, cowpea, and groundnut conducted
in the humid forest zone of southwest Nigeria during
the second growing season. Soybean yields showed
a mean of 705 kg ha−1 amongst experienced farmers
and 387 kg ha−1 amongst new growers. Cowpeas yiel-
ded from 600–800 kg ha−1 with three to four insect-
icide sprayings. Groundnut had essentially complete
failure during the second season, though the causes of
the failure were not clear, and some farmers reported
that groundnuts were generally more successful during
the first season.

The research described in the present paper was
conducted in the Forest Margins Benchmark of south-
ern Cameroon, created under the Alternatives to Slash
and Burn (ASB) global research initiative to represent
humid forest ecosystems in central Africa. Six bench-
mark rural communities were selected for targeted
biophysical and socio-economic research. A rural
community (hereafter referred to as ‘community’) rep-
resents a collection of homesteads and surrounding
agricultural fields cropped by those living in those
homesteads, with the fields employed in the trials de-
scribed being within a radius of approximately 10 km
of the homesteads. The objectives of these experi-
ments were to compare yields of cowpea, soybean,
pigeonpea, and groundnut varieties, and to correlate
yields with soil properties for each species.
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Figure 1. The Forest Margins Benchmark Area (inset) of southern Cameroon, showing the locations of the six communities where field sites
were located.

Materials and methods

Experiment 1

Experiment 1 was initiated in the short rainy season of
1999, which begins in September and extends through
November. The trial was conducted in four communi-
ties in the Forest Margins Benchmark: Akok (2◦35′ N,
11◦30′ E) in the south, Mvoutessi (3◦16′ N, 11◦48′ E)
in the centre, and Nkolfoulou (3◦56′ N, 11◦35′ E)
and Nkometou (3◦62′ N, 11◦15′ E) in the north. The
14,590-km2 benchmark (Figure 1) covers an intensi-
fication gradient of population density, market access,
and resource use intensity. With regards to these three
factors, the Yaoundé block in the northern benchmark
is the most intensified block, whereas the Ebolowa
block in the south is the least intensified. The central
Mbalmayo block is intermediate. The overall climate
in the forest region is subequatorial with a bimodal
rainfall pattern. More than 90% of the area falls within
the 1500 and 1800 mm isohyets (Tiki-Manga and
Weise, 1995). Three sites were selected from farmer
volunteers in each community. Each site was taken as
a replication, nested within community. Fields were
slashed and burned, then tilled manually using a hand
hoe, as is traditional for groundnut cultivation.

Four varieties of cowpea (Mefak, Moungo, Mark-
mark, and Lah feuh), 10 varieties of groundnut (local

light brown, ICGV 92195, ICGV 94361, ICGV 92217,
ICGV 91155, JL 24, ICGV 92222, ICGV 93370,
local red, and ICGV 93382), 15 varieties of pigeon-
pea (ICEAP 00436, ICEAP 00394, ICEAP 00384,
ICPL 86012, ICEAP 00718, ICEAP 00781,
ICPL 87091, ICEAP 00722, ICEAP 00360, ICPL
87105, ICEAP 00723, ICEAP 00753, ICEAP 00535,
ICPL 93027, and ICEAP 00536), and seven varieties
of soybean (TGx1838-5E, TGx1879-7F, TGx1828-
4E, TGx1805-17F, TGx1681-3F, TGx1837-2E, and
SJ-299) were evaluated. A split-plot design was em-
ployed, with all varieties within each species blocked
together at each site; that is, varieties were nested
within species. Each site therefore contained four
blocks (cowpea, groundnut, pigeonpea, and soybean).
The source of the varieties was as follows: The four
cowpea varieties, all from central Cameroon, are
climbing indeterminate local varieties, and were se-
lected for this study because they are already being
adopted by farmers in the Yaoundé block and have
the potential to suppress weeds due to their rapid
and prolific growth habit. Six soybean varieties came
from IITA Nigeria, and are promiscuous (i.e., selected
to nodulate using available soil rhizobia). The other
variety, SJ-299, is a recommended variety for south-
ern Cameroon. The 15 pigeonpea varieties were from
ICRISAT in Kenya, and are short season varieties that
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mature in 6 to 8 months. These short-season varieties
were selected because they flower and mature during
the dry season if planted in September, at which time
insect pressure is less. All of the groundnut varieties
are short season (< 90 days), Spanish type. Two
of the varieties were local selections from the Forest
Margins Benchmark, one a relatively high yielding
light brown and the other a deep red variety preferred
for its flavour. The other five varieties were provided
by ICRISAT in India that had been selected from a
previous screening at Akok the previous season.

Plot size for each variety was 2 × 4 m. Plots were
separated on the 4 m side by a 50-cm gap, into which
a row of Pueraria phaseoloides was planted. The ob-
jective of planting the Pueraria was to provide a crop
cover after harvest of the legume crops. Pueraria is
slow to establish and therefore does not interfere with
the production of the grain legumes.

Soybean, cowpea, and pigeonpea were all planted
in rows spaced at 50 cm, with 10 cm between seeds
within rows. Groundnut was planted in 25 cm rows,
with 20 cm between seeds. Cowpea and pigeonpea
were later thinned to a density equivalent to 133,000
and 100,000 plants ha−1, respectively, while soybean
and groundnut were left at 200,000 plants ha−1. Inter-
plot Pueraria was sown in a single line with seed
spacing at 5 cm. A single weeding was performed in
each field some 5 to 8 weeks after planting, as re-
quired. Whole plots of each variety were harvested as
they matured. Both cowpea and pigeonpea required
two to three harvests. All species were air dried in
the sun in their pods, then decorticated. Groundnuts
contained approximately 7% moisture, while cowpea,
pigeonpea, and soybean contained 14%.

Experiment 2

This trial was conducted in the first rainy season of
2000, which began from mid-March to early April,
depending on benchmark location. The trial was con-
ducted in six benchmark communities: Akok and
Mengomo (2◦20′ N, 11◦03′ E) in the south, Mvoutessi
and Awae (3◦56′ N, 11◦37′ E) in the centre, and
Nkolfoulou and Nkometou in the north. This experi-
ment employed three varieties of cowpea, six varieties
of groundnut, and seven varieties of soybean. Four
sites were selected from volunteered farms in each
community. Of these, three cowpea varieties, five
groundnut varieties, and six soybean varieties were
carried over from experiment 1. The local red ground-
nut variety was dropped and a large local variety from

Nkolfoulou was added. Soybean variety TGx1805-
13F from IITA Nigeria replaced TGx1681-3F. Trial
design was similar to that in experiment 1, with vari-
eties blocked (nested) within blocks of species, and
each site being a replication. However, plot size was
2 × 5 m for the groundnut varieties, and 2 × 10 m for
the cowpea and soybean varieties, with the exception
of soybean varieties TGx1805-17F and TGx1828-4E.
The smaller plot size for the groundnut and selected
soybean varieties was due to restricted seed quantities.
There were no borders between plots, as in exper-
iment 1. Groundnuts were planted on 25 cm rows,
16 cm between plants; soybeans on 50 cm rows, 8 cm
between plants; and cowpea on 50 cm rows, 15 cm
between plants, for respective densities of 250,000,
250,000, and 133,000 plants ha−1. The outer two
rows were harvested separately from the inner rows
in all species, and inner row harvest used to calculate
yields. Plants were harvested and dried as described
for experiment 1.

Experiment 3

This trial was conducted in the six benchmark com-
munities employed in experiment 2, using five sites
in each community, during the September–December
season of 2000. Cowpea var. ‘Mefak’, soybean var.
TGx1838-5E, groundnut var. JL-24, and pigeonpea
var. ICEAP 00436 were utilized. Each species was
sown in a plot 4 × 10 m. Cowpea, soybean, and
pigeonpea were planted on 50 cm rows at respec-
tive densities of 166,000, 250,000, and 200,000 ha−1,
while groundnut was sown on a 20 × 20 cm grid at
250,000 ha−1. Weeding and harvesting practices were
as in experiment 2.

Soil and rainfall data

Soil samples were taken at 0 to 10 and 10 to 20 cm
depths at planting from all three experiments. At each
site, 10 auger borings were mixed to form one com-
posite for each depth increment. The samples were
air-dried and crushed to pass through a 2-mm sieve.
Sub-samples for total N and organic C analysis were
further pulverized to a fine powder (< 0.5 mm). Soil
pH was determined in a 1:2.5soil:water suspension.
Organic C was determined by chromic acid diges-
tion and spectrophotometric analysis (Heanes, 1984).
Total N was determined from a wet acid digest (Nelson
and Sommers, 1972) and ammonia electrode analysis
(Bremner and Tabatabai, 1972). Exchangeable Ca,
Mg, and K and available P were extracted using the
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Table 1. Average community soil analytical values taken during the second season of 1999 and the first and second seasons of 2000. Means
followed by the same letter are not significantly different at P = 0.05

Community Benchmark Depth pH Total N Org.C C:N ratio M-3 P Exch. Ca Exch. Mg Exch. K Exch. AI Mg sat’n

location cm (1:2.5 water) g kg−1 mg kg−1 cmol(+)kg−1

Akok South 0–10 4.7 d 1.73 a 23.6 a 13.8 3.5 c 2.00 c 0.60 c 0.20 bc 0.64 a 0.18 a

Mengomo South 0–10 5.0 cd 1.46 ab 20.7 a 14.3 a 12.7 ab 2.96 abc 0.96 abc 0.18 c 0.23 b 0.22 b

Awae Central 0–10 5.3 bc 1.60 ab 22.6 a 14.2 a 14.5 a 4.75 a 0.75 bc 0.31 a 0.24 b 0.12 b

Mvoutessi Central 0–10 5.6 ab 1.33 b 20.1 a 15.1 a 9.6 ab 4.28 a 1.15 ab 0.19 bc 0.11 b 0.20 b

Nkolfoulou North 0–10 5.1 bcd 1.32 b 19.6 a 14.8 a 6.3 abc 2.71 bc 1.30 ab 0.20 bc 0.16 b 0.30 b

Nkometou North 0–10 5.9 a 1.41 b 19.8 a 14.1 a 6.2 abc 3.58 ab 1.35 a 0.21 b 0.14 b 0.26 b

Akok South 10–20 4.4 c 1.11 a 14.6 a 13.2 b 1.2 a 0.624 b 0.21 a 0.105 b 1.48 a 0.09 a

Mengomo South 10–20 4.5 bc 0.88 ab 12.8 ab 14.7 ab 2.7 a 1.101 ab 0.33 a 0.117 ab 0.86 abc 0.14 ab

Awae Central 10–20 4.6 bc 0.92 ab 11.8 ab 12.9 b 2.0 a 1.655 a 0.46 a 0.141 a 1.23 ab 0.13 ab

Mvoutessi Central 10–20 5.0 ab 0.74 b 11.2 b 15.4 a 2.1 a 1.505 a 0.39 a 0.087 bc 0.76 bc 0.14 b

Nkolfoulou North 10–20 4.7 bc 0.84 b 13.1 ab 15.7 a 1.8 a 1.082 ab 0.4 a 0.07 c 0.72 bc 0.18 ab

Nkometou North 10–20 5.3 a 0.86 b 12.6 ab 14.5 ab 1.3 a 1.076 ab 0.43 a 0.085 bc 0.37 c 0.22 b

Mehlich-3 procedure (Mehlich, 1984). Calcium, Mg,
and K were determined by atomic absorption spec-
trophotometry, and the P using the malachite green
procedure described by Motomizu et al. (1983). Ex-
changeable Al was extracted using 1N KCl (Barnhisel
and Bertsch, 1982) and analysed using the pyrocat-
echol violet method described by Mosquera and Mom-
biela (1986). Average soil analytical data are presented
in Table 1. Rainfall data were collected daily through-
out the year at a single site in each of the research
communities.

Statistical analysis

Yield data were analysed using general linear models
from Statistical Analysis Software (SAS, 1989), using
soil analytical data and rainfall as covariates. In order
to achieve normal yield distributions, a transformed
yield variable Tyield = [Yield (kg ha−1)+1]1/2 was
employed. Soils data were also analysed separately
using the general linear model. Multiple regression
analyses of yield of the best yielding variety of each
species vs. soil and rainfall parameters were carried
out using the BACKWARDS procedure, which begins
with all variables in the regression equation, and pro-
gressively eliminates the least significant ones, while
checking to see if previously eliminated variables
become significant as others are eliminated.

Results and discussion

Several varieties of each species were employed in tri-
als conducted during the second season of 1999 and
the first season of 2000. Analysis of variance of these
experiments (r2 = 0.71 and 0.61; C.V. = 29% and
29% for the respective seasons) shows that species
performed differently in different communities (com-
munity × species interaction significant at P<0.0001
in both years), and that varietal differences within each
species existed (variety within species effect signific-
ant at P < 0.0001 and P < 0.015 for the respective
seasons). Table 2 shows the varietal differences for
the 1999 second season and 2000 first season trials,
respectively. While yields of many varieties do not
differ, cowpea var. ‘Mefak’ outperformed all variet-
ies in 1999, and groundnut var. JL-24 out-yielded
all varieties in 2000. Soybean var. TGx1838-5E and
pigeonpea var. ICEAP 00436 showed good yield sta-
bility across communities. Varietal differences within
species were consistent between communities in either
season. These four varieties were therefore chosen for
further evaluation in the second season of 2000.

The analysis of variance for the selected best
variety of each species across communities and the
three seasons (r2 = 0.58, C.V. = 32%) shows
that species performance varied between communit-
ies and between seasons, with both interactions being
significant at P < 0.0001. Yield results (Table 3) show
that cowpea performed better in either of the second
seasons than in the first season, and outperformed
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Table 3. Species × variety and species × season interactions for selected vari-
eties. Means followed by the same letter are not significantly different at
P = 0.10. Mean comparisons are based on averages of yield values transformed
by (yield+1)1/2

Community Species

Cowpea Groundnut Soybean Pigeonpea

var. Mefak Var. JL-24 var. TGx1838-4E Var. ICEAP 00436

Yield (kg ha−1)

Akok 1067 a 553 defg 388 gh 749 abcdef

Mengomo 1027 abcd 722 efg 199 fgh 606 defg

Awae 547 fgh 648 cdef 715 bcdef 681 abcdef

Mvoutessi 756 bcdef 949 ab 594 efg 809 abcde

Nkolfoulou 400 h 269 i 548 fgh 302 i

Nkometou 737 def 621 fgh 1105 abc 556 gh

Season

1999 Second 996 a 449 ef 675 bcd 822 ab

2000 First 550 def 905 ab 716 bc

2000 Second 721 ab 522 def 535 cde 416 f

Table 4. Yield and rainfall data in each community during each season for selected legume varieties.
Means followed by the same letter are not significantly different at P = 0.10. Comparisons are between
species within communities within seasons only

Akok Awae Mengomo Mvoutessi Nkolfoulou Nkometou Average

1999 Second season

Rainfall (mm) 686 786 805 771

Yield, kg ha−1

Cowpea Mefak 1297 a ∗ ∗ 1148 a 389 a 1088 a 981 a

Groundnut JL-24 302 b 924 a 105 b 355 b 422 c

Soybean TG×1838-4E 593 ab 285 b 633 a 1257 a 692 b

Pigeonpea ICEAP 00436 716 ab 712 a 670 a 1141 a 810 b

2000 First season

Rainfall (mm) 638 572 812 790 776 988

Yield, kg ha−1

Cowpea Mefak 1033 a 187 b 875 ab 447 b 337 a 332 b 535 b

Groundnut JL-24 875 ab 942 a 1055 a 1157 a 801 a 729 ab 927 a

Soybean TG×1838-4E 444 b 779 a 577 b 588 b 757 a 1166 a 718 ab

2000 Second season

Rainfall (mm) 772 628 676 715 476 421

Yield, kg ha−1

Cowpea Mefak 903 a 637 a 950 a 713 a 403 a 723 a 721 a

Groundnut JL-24 461 bc 534 a 557 b 812 a 60 b 711 a 522 b

Soybean TG×1838-4E 234 c 618 a 390 b 727 a 302 a 939 a 535 b

Pigeonpea ICEAP 00436 688 ab 545 a 404 b 786 a 0 c 140 b 427 b

∗Trials were not implemented in Awae and Mengomo villages in 1999.
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other species (averaged across communities) in both
second seasons. Conversely, groundnut production
was lowest in either of the second season compared
with the first season, and groundnut outperformed all
species during first season production. Soybean yields
were not affected by seasons. Pigeonpea yields were
lower in 2000 compared with 1999. Cowpea was the
best-performing species in the southern benchmark
communities of Akok and Mengomo. Soybean was the
highest yielding species in Nkometou and also fared
well at Nkolfoulou relative to other species. These two
communities are in the northern benchmark. Ground-
nut yields were highest at Mvoutessi when compared
with other communities. The yields in each com-
munity for each species, along with rainfall data, are
shown for the various seasons in order to demonstrate
the combined effects of the community× species and
season × species interactions (Table 4).

In order to better understand the source of com-
munity and season effects, an analysis of variance was
undertaken using the best variety of each species from
the three seasons, using rainfall and soil analytical
values as co-variates. Community and replicate (i.e.,
field) within community effects were excluded. Each
species was analysed separately. The results (Table 5)
show that species responded differently to soil and
climatic factors.

Soybean responded positively to increasing levels
of available (Mehlich-3) P and Mg saturation in the
soil (Mg saturation = exchangeable Mg/(exchangeable
[Ca + Mg + K + Al]). The regression parameters
show yield to be explained as follows:

Tyield = 2.2 + 0.49 × P (mg kg−1)

+81 × Mg saturation.

Tyield has previously been defined in the ‘Materials
and methods’ section. Overall, these soil variables
accounted for 30% of the yield variation, which is
substantial, considering that soils were sampled on a
field rather than on a plot basis, and other factors in-
fluencing yields such as weed communities and fallow
length were not considered in the analysis of variance.
Soybean was the only species to show a significant
positive response to increasing soil P and Mg satur-
ation levels. These results support research conducted
by Fanwoua (2001), who found that a basal application
of P increased soybean shoot and root biomass and
yield in the same benchmark communities. Fanwoua
also found that yields correlated with initial Mehlich-
3 P levels, increasing 22 kg ha−1 for each unit increase
in P. High P availability at Awae may account for re-

Figure 2. Soybean yield versus Mg saturation and Mehlich-3 ex-
tractable P, averaged from 66 sites across 3 seasons in southern
Cameroon.

latively good yields there, while low P concentrations
at Akok may account for poor yields. High Mg satura-
tion levels at Nkometou and Nkolfoulou may account
for good soybean performance in these communities.
Soybean yields were unaffected by rainfall or season
variables, in contrast to the other species.

The relationship between soybean yields and
soil Mg saturation and P levels is further elucidated
in Figure 2. Sites with Mg saturation > 0.25 had sig-
nificantly higher yields than sites < 0.20, while sites
with P levels > 15 mg P kg−1 yielded more than
sites with P < 10 mg kg−1 (P < 0.05 for means com-
parisons). While many soil factors correlate with one
another, in the soils employed in this study, Mg satur-
ation and available P were not significantly correlated
(r2 = 0.004), nor did yield correlate significantly
with P × Mg saturation, indicating that a deficiency
or adequacy of either nutrient had no effect on yield
response of the other. Using data from Brazil and In-
donesia, Aune and Lal (1997) established a critical
Bray-I P value of 10.6 mg kg−1 for soybean, which
roughly corresponds to 14 mg P kg−1 in the Mehlich-3
extract used in this study. Dolomitic limestone (con-
taining both Ca and Mg) is commonly employed on
acid soils for soybean production. Caires et al (2001)
found that dolomite increased soybean yields and re-
lated this to increased Mg uptake in Brazil. Adams
(1984) noted Mg deficiency in soybean in Alabama
but only when Mg saturation levels fell below 5%.
Magnesium deficiency may be further exacerbated by
Mg leaching, which is likely to occur in these highly
weathered soils which have a low cation exchange ca-
pacity and low reserves of Mg-containing minerals.
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Table 5. Analysis of variance and parameter estimates for yields of selected varieties.
∗S = season. Regressions are based on transformed yield values Tyield = (yield+1)1/2

Soybean TG×1838-4E

Source Degrees Pr>F Parameter Std. Pr> |t|
of freedom estimate error

Mg saturation 1 0.0004 Intercept 2.2073 4.9 0.6547

P 1 0.001 Mg saturation 80.994 21 0.0004

P 0.49 0.14 0.001

Model 2 <0.001

Error 57

Corrected Total 59

R2 = 0.30

C.V. = 34%

Groundnut JL-24

Source Degrees Pr>F Parameter Std. Pr> |t|
of freedom estimate error

Season 2 0.0055 Intercept 13.5 3.2 0.0001

Exch.Ca × Season 3 0.0094 S 1999-2∗ −5.0 5.7 0.3787

S 2000-1 15.4 5.5 0.0073

Model 5 <0.001 S 2000-2 0.0 – –

Error 53 CaxS(1999-2) 2.78 1.09 0.0135

Corrected Total 58 CaxS(2000-1) 0.29 1.25 0.8171

R2 = 0.39 CaxS(2000-2) 1.86 0.75 0.0167

C.V. = 35%

Cowpea ‘Mefak’

Source Degrees Pr>F Parameter Std. Pr> |t|
of freedom estimate error

Season 2 0.0068 Intercept 23.1 2.0 <0.0001

Exch.AI 1 0.0054 S 1999-2∗ −4.5 3.1 0.15

S 2000-1 −3.0 2.6 0.25

Model 3 0.015 S 2000-2 0 – –

Error 56 Exch.AI 6.1 3.1 0.05

Corrected Total 59

R2 = 0.17

C.V. = 36%

Pigeonpea ICEAP 00436

Source Degrees Pr>F Parameter Std. Pr> |t|
of freedom estimate error

Rainfall (mm) 1 0.0001 Intercept −20.1 6.7 0.0048

Rainfall (mm) 0.061 0.01 0.0001

Model 1 0.001

Error 39

Corrected Total 40

R2 = 0.49

C.V. = 41%
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Figure 3. Groundnut yields as affected by exchangeable Ca for first
and second season production (second season average of 1999 and
2000), averaged from 66 sites in southern Cameroon.

While yield correlation with Mg saturation is very
strong, Mg deficiency in soybean should be confirmed
with Mg fertilization trials.

Groundnut showed a large season effect and
Ca × season interaction (Table 5), with the first sea-
son production in 2000 being far greater than second
season production in either 1999 or 2000. There-
fore, parameter estimates are season-specific, and
show that the positive yield response to increasing
soil exchangeable Ca was found exclusively during
second-season production. This seasonal effect is fur-
ther demonstrated in Figure 3. While yields were
unaffected by Ca level during first season production,
yields severely declined during second season produc-
tion in both 1999 and 2000 when Ca levels fell below
5 cmol(+)kg−1. Superior groundnut production dur-
ing the first growing season is well known amongst
farmers in southern Cameroon, and was noted by
Mutsaers et al. (1981).

Better first-season groundnut yields may well be
a function of Ca availability. Once the groundnut peg
enters the soil, it must absorb Ca directly from the soil
solution, as it is no longer transpiring root-absorbed
water, and Ca does not move through the phloem
tissue (Bledsoe et al., 1949). Soil Ca supply in the peg-
ging zone (5–7 cm) is critical for adequate pod filling
at pegging, as its deficiency results in unfilled pods,
knows as ‘pops’ (Brady, 1947). The distribution of the
second season rainfall can exacerbate Ca deficiency in
two ways. Calcium is usually applied to groundnuts so
that it leaches into the pegging zone at fruiting, which
often involves a delayed application of gypsum. Cal-

cium addition in these slash-and-burn systems is from
the ash of burned fallow vegetation prior to planting.
During the second season, rain falls most intensely
during the first 2 months after planting (September and
October), and may leach substantial amounts of Ca
from the shallow pegging zone before pegging occurs.
The second season (particularly evident in 2000 in this
study) is also considerably shorter than the March-July
season. The dry period during and after pegging can
further exacerbate Ca deficiency, as Ca will translocate
from pegs to vegetation during periods of moisture
stress (Clark, 1984). By contrast, first-season rainfall
is more regularly distributed, and usually continues for
some time after pegging. This may account for dif-
ferential response to soil Ca between first and second
rainy seasons. Calcium effects on groundnut yields
have previously been observed in the benchmark com-
munities (Wendt, 2002). High Ca levels in fields at
Mvoutessi (Table 1) appear to be responsible for good
yields there, whereas low soil Ca levels may account
for poor yields at Nkolfoulou and Akok.

Apart from the season effect already demonstrated
in Table 3, cowpea also responded positively but
weakly to increasing soil Al (Table 4). When regressed
against yield alone, exchangeable Al accounts for only
8% of yield variation (P = 0.02). Cowpea tolerance
to acid soil conditions has been noted by Aune and
Lal (1997), and may be responsible for cowpea’s good
performance under the acid conditions in the southern
benchmark communities of Akok and Mengomo. Its
superior performance during second season produc-
tion may be related to the shortness of the second sea-
son. The dry conditions at the end of the second season
generally do not adversely affect cowpea, which is
known for its drought tolerance. However, the moist
conditions apparent in the longer first season tend to
promote pod rot and increased insect attack. Pod rot
was noted by field technicians in the first season of
2000, and is likely responsible for cowpea’s relatively
poor first-season performance.

Pigeonpea showed a strong positive response to
rainfall (r2 = 0.49) in both 1999 and 2000 (second
season production only; Table 4). The short-season
determinate pigeonpea variety ICEAP 00436 matures
after some six months, well into the extended dry sea-
son following the second rainy season, which lasts
from December to March or April, and flowers after
rainfall has ceased. While it is tolerant of dry condi-
tions, moisture is required at pod setting and residual
moisture for optimal pod filling. Interestingly, pigeon-
pea yields were not affected by soil conditions. Both
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pigeonpea and cowpea fared well at the extremes of
soil fertility conditions represented by Akok and Nko-
metou communities in 1999, showing that the selected
varieties of each of these species thrive well under
diverse soil conditions.

The appropriateness of legumes depends not only
on yields but also on other farmer objectives, which
may include food security, income generation (related
to market and input access), N contribution of the
legume to the cropping system, and farmer prefer-
ence. In the case of southern Cameroon, groundnut
still appears to be the best legume for first rainy season
(March–July) production, based solely on yield, as it
was statistically either the best legume or equivalent
to any other legume in all communities for first season
production. However, this assessment is made based
on yields of JL-24, which out-yielded local groundnuts
by some 60%. Groundnut was also the most produc-
tive of the legumes tested for second season pro-
duction in communities where soils had sufficient
Ca.

For second season production, cowpea was as good
as or better than any other legume tested (again, based
solely on yield). The soil parameters measured had
only a minor effect on cowpea production, showing
that it was widely suitable to the diverse soil condi-
tions represented in the benchmark area. The variety
tested, ‘Mefak’, was unaffected by either thrips or the
various pod borers that severely affected pigeonpea in
the same fields. Cowpea was also successful in the
two most southern benchmark communities, Akok and
Mengomo, for first season production.

Soybean has advantages over groundnuts for
second season production, because unlike groundnuts
yields were not diminished during the second season.
Soybean can be targeted to environments with suffi-
cient soil P and Mg, or where farmers have access to
markets and can invest in inputs. It may be possible to
realize even better yields in the communities studied
with P and Mg applications.

Pigeonpea was severely affected by insects and
required spraying with insecticide. Yields were also
negatively affected in the second season of 2000 in the
two communities that experienced an early end to the
rainy season, Nkometou and Nkolfoulou. Successful
pigeonpea production therefore depends on both in-
secticides and timely planting to minimize the effects
of moisture stress. The necessity for insecticide ap-
plication minimizes its potential as a subsistence crop,
but it may nonetheless hold potential as a commercial
crop.

Soybean yields were unrelated to season of pro-
duction, but depended on adequate supplies of soil P
and Mg (Figure 2). Therefore, soybean should be
targeted to areas where adequate soil P and Mg are
present or where farmers can afford to apply P and Mg
fertilisers and have access to input and output markets.

Producing for a commercial market requires that
other factors be included in the cost of production.
Atemkeng (2000) found that in general either cowpea
or soybean offered better returns on investment than
groundnut even during first season production, when
groundnut yields are greatest. This is because soy-
bean and cowpea seed are considerably less expensive
and require much less labour to harvest and thresh.
Time required for weeding may be reduced as well,
as soybean, cowpea, and pigeonpea are easily sown
in rows that are easy to weed relative to the dense,
random seeding pattern traditionally associated with
groundnut seeding.

It is conceivable that a system would be developed
whereby farmers would concentrate on groundnut pro-
duction first season and alternate species the second
season, and maintain small plots of the lesser produ-
cing varieties during their season of less favourable
production for seed maintenance purposes. Systems
development must take into account how the legumes
are integrated into farming systems, market opportun-
ities, and farmer preferences. Niches need to be found
in traditional cropping systems for alternate legumes.
Groundnuts are almost always grown in association in
a mixed food crop field with cassava, maize, and leafy
green vegetables. Soybean and cowpea may grow well
in this mix. Cowpea is commonly relayed into maize
in peri-urban Yaoundé. In more intensified areas, soy-
bean is grown as a sole crop. The economic returns
to sole crops and associations of alternative legume
species need further evaluation.
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