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Nutrient Recovery and Productivity
of a Soybean-Maize Rotation
in the Derived Savanna Ecology

of West Africa

Shrikant S. Jagtap
Oluyemi Adeleye

ABSTRACT. A researcher-managed on-farm experiment was con-
ducted on a soil with low 1.90 mg/kg available phosphorus (P) to
evaluate nutrient carryover from soybean grown under different P man-
agement options and productivity of maize grown in rotation. Promis-
cuously nodulating 110-day maturing soybean variety TGx 1479-1E
was planted under eight fertilizer treatments comprising of two levels
of nitrogen (N 0 and 60 kg ha 1) and four P (0, 15, 30 and 60 kg ha 1)
levels. In the following year, maize variety, DMLSR-Y was sown with-
out fertilizer on soybean fallow plots with two bush fallow treatments at
zero and 60 kg N ha 1 as checks for system efficiency evaluation.
Soybean yields at N = 60 and 0 kg ha 1 could be described as Yield60 =
1407.2 + 31.159P 0.3284P2, R2 = 0.99 and Yield0 = 1590.4
7.367P + 0.2694P2, R2 = 0.96. With 0 kg N, P fertilization resulted in
66-75% of total soybean N uptake in pods while that in stover de-
creased from 29 to 19%. Conversely, with 60 kg N, P fertilization
caused 11% reduction in pods N and proportional increase in stover.
Higher the N in stover, higher was the N carryover in litter fall and roots
to subsequent cereal, although all above ground biomass was removed
from the field in line with current farmer practice. Soil N mining by
soybean was lowered by application of P at N0 while it increased with P
at N60. Maize yield response to P fertilization was Yield0 = 1496 +
8.14P 0.0758P2, R2 = 0.76 and Yield60 = 1791.7 14.79P +
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0.1727P2, R2 = 0.93. Maize following soybean yielded 4-28% higher
than the yield from bush fallow but 19-32% lower than the maize
supplied with 60 kg N ha 1. Of the N estimated to have been retained
in the field only 10% was recovered in the maize and remaining was
lost to leaching, carried away by wind and animal grazing. Soil N
monitored during non-cropped and cropped periods showed greater
nutrient concentrations in the soybean fallow plots than in the bush
fallow plots, which declined rapidly with increasing rainfall. Overall
results shows that maize following soybean was productive, soil nutri-
ent conserving and nutrient efficient than the maize grown on the bush
fallow plots. Economic analysis of the two production systems showed
that gross returns from soybean-maize rotation were $275-617 higher
than the maize-maize rotation with no N inputs at all levels of P. The
gross returns were comparable to the maize-maize rotation with 60-kg
N ha-1 from soybean fallow plots with 60 kg N and at least 30-kg P
ha-1. Farmer adoption and profitability may be further enhanced with
strategies that improve nutrient recovery in subsequent maize and retain
maximum stover as litter fall in the field. [Article copies available for a fee
from The Haworth Document Delivery Service: 1-800-342-9678. E-mail address:
getinfo@haworthpressinc.com <Website: http://www.haworthpressinc.com>]

KEYWORDS. Crop rotation, economic analysis, maize, N fertilizer,
soybean, sub-Saharan Africa

INTRODUCTION

Nitrogen is undoubtedly the major nutrient limiting the growth of cereals.
Apart from some recently cleared land, most cultivated soils are deficient in
this element. According to Sanchez (1976), maize removes about 40 kg of N
ha 1 to produce 1000 kg ha 1 of grain yield in the tropics. The soils of the
tropical derived savanna ecology of Nigeria are even more deficient in N.
The deficiency of nitrogen in these soils can be ameliorated through inorgan-
ic fertilizer, green manuring, and biological nitrogen fixation. In most coun-
tries in sub-Saharan Africa, fertilizer is not readily available and when it is
available, the cost is often not affordable to many farmers. Fertilizer use in
1990 was 6 kg of nutrients in western and central Africa and 11 kg ha 1 in
eastern and southern Africa. This is much lower than the world average of
100 kg nutrients ha 1 for the same period (CIMMYT, 1990). Incorporation
of green manure is an effective way of making nitrogen available to the
following cereal crop but the practice lacks economic justification hence it is
not popular among farmers in the tropics. It has been shown that legumes can
reduce or in some cases eliminate the inorganic fertilizer requirement of a
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subsequent maize crop grown on the same field as compared to the yield of
maize grown after another crop of maize (Jones, 1974; Rao et al., 1983;
Suwanarit et al., 1986; IITA, 1996 and Carsky et al., 1997). However, this
benefit is largely variable and is dependent upon the legume species, the
quantity of legume biomass, seed yield produced, amount of nitrogen fixed,
management of legume residue, amount of nitrogen added to the soil through
roots, nodules and leaf fall, as well as moisture availability (Sisworo et al.,
1990).
Grain legumes do not always make a net contribution of nitrogen to the

succeeding crop. There is a possibility of net removal of nitrogen from the
field if the legume stover is removed. Toomsan et al. (1993, 1995) reported a
net gain of nitrogen when legume stover is returned to the soil. According to
Giller andWilson (1991), return of grain legume stover causes a net contribu-
tion of nitrogen only when the proportion of nitrogen in the legume derived
from nitrogen fixation surpasses the proportion of nitrogen removed at har-
vest. It is not clear to what extent legume N added to the soil through leaf fall
and root nodules alone will improve yield of the following crop. Chiezey et
al. (1992) pointed out that phosphorus fertilizer application enhances nodula-
tion, total dry matter and grain yield of soybean whereas application of
nitrogen fertilizer depresses nodulation and increases the legume biomass.
Increased nodulation and legume biomass accumulations are important ele-
ments in the transfer of nitrogen to the cereal crop in sequence. The objective
of the study were (1) quantify N uptake and partitioning among reproductive
and vegetative organs of soybean, (2) test the hypothesis that optimum level
of nitrogen and phosphorus application in soybean is favorable to the yield of
the following maize crop, and (3) quantify economic efficiency of soybean-
maize rotation.

MATERIALS AND METHODS

The experiment was conducted on a farmer field in the rural Fashola
community, 70 km north of the International Institute of Tropical Agriculture,
Ibadan in southwestern Nigeria in 1995 and 1996. The site is located in the
lowland tropical (temperatures during the growing season over 20_C) de-
rived savanna ecology characterized by 211-270 days of growing season. The
derived savanna ecology occupies 163 million ha from Senegal to Southern
Africa. Mean annual rainfall at the site is 1312 mm with unimodal pattern.
Vegetation ranges from savanna woodlands to open grassland. Average solar
radiation in the area is 128,000 cal/cm2/year compared to 183,000 in the
semi-arid ecology and 118,000 (cal/cm2/year) in the humid forest ecology,
respectively. Crops grown by farmers include maize, cassava, yam, cowpea
and soybean. The soil at the experimental site is a kaolinitic, Oxic Paleustalf
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under cassava cultivation before soybean was planted. The mean properties
of the top 0-0.15 m soil based on bulked 30 random samples collected on
June 2, 1995 were 86% sand, 10% silt and 4% clay, 6.10 pH-H2O, 0.95%
organic matter, 0.45 g/kg N, and 1.90 mg/kg available P (Bray-1). The exper-
iment was laid out as a split plot with three replicates. Plot size was 4.5 m
6 m and the fertilizer treatments comprised of two levels of nitrogen (N) 0
(referred to as N0) and 60 kg ha 1 using Urea 46%N (referred to as N60) and
four phosphorus (P) levels as P2O5 0 (P0), 15 (P15), 30 (P30) and 60 kg ha 1

(P60) using Single Super Phosphate combined factorially.
On July 27, 1995 soybean variety TGx 1479-1E was planted in rows 0.75

m apart and later thinned to have a plant spacing of 0.05 m along the row.
Fertilizer was applied 14 days after planting (DAP) by side banding 0.10 m
deep and 0.05 m away from the row. Phenology was monitored once every
week and starting from 26 DAP and thereafter at 14 days interval until
maturity plants within 1 m section of the row and bordered on all sides were
uprooted for growth analysis. The plants were separated into leaf, stem, pod
and root and dried in an oven at 60-70_C for 72 hours. The plant components
were analyzed for nitrogen concentration and uptake of N was calculated by
multiplying the plant weight by the nutrient concentration. At the harvest all
above ground standing biomass was removed by pulling the plants while the
senesced litter was left on the field. Soil samples from 0-0.15 m depth were
collected at each sampling within the harvested area for NO3-N, NH4-N and
soil moisture determination and these values were used to calculate changes
in the soil N. The senesced N attributed to root turnover and litter fall (leaves
and aborted pods) was not monitored and therefore it was calculated. The N
senesced in leaves was calculated by taking the difference in leaf weight at
R4 (initiation of pod addition) and R8 (harvest maturity) and multiplying it
by average leaf N concentration between R4 and R8. It is anticipated that the
averaging of leaf N concentration between R4-R8 would correct for inaccura-
cies due to not accounting of aborted pods that have similar N concentrations
as leaves at R4. Based on several simulation studies, the N senesced in roots
was assumed equal to N in roots at harvest.
Maize cultivar DMLSR-Y was planted on July 31, 1996 in 0.75 m rows

with 0.3 m intra-row spacing on soybean fallow plots and on two additional
plots that were fallow in the previous year and replicated twice. One of the
fallow plots was applied nitrogen at the rate of 60 kg ha 1 using urea (F60)
and other did not receive any N fertilizer (F0). All plots received phosphorus
and potassium fertilizers at 30 kg P as P2O5 and K as K2O ha 1, respectively.
Hand weeding was done at two and 5 weeks after planting. Plants within 1
meter section of the row and bordered on all sides were harvested at V6 (50%
of plants with collar of sixth leaf), silking and physiological maturity and the
above ground weights taken after drying the plant parts in an oven at 60-70_C
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for 72 hours. The plant materials from dry matter determination at each
sampling were analyzed for nitrogen concentration. Nitrogen uptake was
derived from the product of total dry matter and nutrient concentration.
NO3-N, NH4-N was monitored throughout the fallow period in the top
0-0.15 m soil. Available N in the soil was calculated as 5% of the total soil N
and it represents N available for plant uptake and/or leaching. Daily rainfall
data was collected at a station 9 km away from the field while weekly data
was collected at the site. There was good agreement among the two data
sources.
To determine the economic viability, economic analysis was done by

comparing the gross returns from maize in soybean-maize rotation with that
of bush fallow-maize rotation with and without fertilizer N. Data was sub-
jected to analyses of variance for the split plot experimental design (SAS
Institute, 1985). Significant differences among treatment means were evalu-
ated using a least significant difference test at 0.01 and 0.05 levels.

RESULTS

Soybean Yield and N Accumulations

P fertilization increased soybean yields up to 9 and 23 kg/kg P at N0 and
N60. The grain yield at N60 increased from 1421 to 2074 kg ha 1 up to P30
but there was no response thereafter. At N0 there was no response to P in
P0-P30 range and yield remained relatively constant at 1578 kg ha 1 with
CV = 1.8%, but increased to 2127 at P = 60 kg ha 1 (Figure 1). Also, there
was little response in stover production to P over 0-kg ha 1. The above
ground biomass in N60 was on average 500 kg ha 1 more than N0 biomass.
At harvest, available soil N was half (24 vs. 42 kg N ha 1) and N mining

was double (44 vs. 18 kg N ha 1) in N60 plots compared to N0 (Table 1).
Soil N mining was lowered by application of P at N0 while it increased with
P at N60. Soybean receiving 60 kg N ha 1 accumulated about 40 kg more N
than N0 and this occurred when P application was at least 15-kg ha 1. The
N60 pods had 29 kg N ha 1 more than the N0 treatment and the differences
were significant at p = 0.05. Comparison of growth analysis data showed that
the senescence from the stems was minimal (data not shown). Leaf senes-
cence decreased from 1017 to 762 kg ha 1 with a mean of 946 kg in N0 with
increase in P application rate. On the other hand, it increased from 786 to
1128 kg ha 1with a mean of 981 kg in N60 as P application increased. There
was about 200 kg more leaf production in N60 over N0, but it also retained
about 200 kg more leaves at harvest. This resulted in N senesced in litter fall
of 31 and 33 kg N ha 1 and in roots 7 and 9 kg N ha 1 for the N60 and N0
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FIGURE 1. Effect of phosphorous fertilizer on soybean grain yield at two levels
of nitrogen.
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treatments, respectively. In N0 with application of P, proportion of total soy-
bean N in pods increased from 66% to 75% and that in stover decreased from
29% to 19%. In N60, the proportion of total soybean N in pods decreased
from 83% to 72% and that in stover increased from 13% to 23%. The N
removed in the stover at harvest, was 30-37 kg N ha 1 was comparable to N
senesced 38-41 kg N ha 1. The senesced N would be potentially available to
subsequent crops if retained on the field (no wind transport, volatilization or
animals grazing) and used when it is released.

Maize Response to Soybean Rotation

The differences in the grain and stover yield of maize on soybean fallow
showed no significant effects of P and N combinations (Table 2) at p = 0.05.
However, all soybean fallow plots out yielded F0 by 4-28% but under yielded
F60 by 19-32%. Similarly, stover production from N0 and N60 was 9% to
27% lower/higher than F0. On N60 soybean fallow, combination of lower
yields and higher biomass resulted in lower harvest index for maize. On
average, maize yield from soybean fallow with no N surpassed the values
recorded for the same treatments with nitrogen addition. The stover produc-
tion, however, was also higher on soybean fallow plots previously supplied
with 60 kg N ha 1, and therefore had lower harvest index. The harvest index
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TABLE 1. Nitrogen accumulation in soil and soybean parts grown to different
nitrogen and phosphorous fertilizer at Fashola in 1996.

Treatment Soil nitrogen Soybean N uptake Leaf weight Leaf N% Senesced
N P Planting Harvest Change Total Pods Roots R4 R8 R4 R8 Leaves Total

0 0 74 20 54 130 86 6 1071 54 4.0 2.2 32 38
0 15 54 46 8 122 91 7 1231 174 4.5 2.2 36 43
0 30 57 45 12 134 100 7 1231 283 4.3 2.2 31 38
0 60 54 55 --1 164 123 9 1298 536 4.3 2.2 24 34

Mean 60 42 18 137 100 7 1208 262 4.3 2.2 31 38
SE 4 7 10 8 7 1 42 89 0.1 0.0 2 2

60 0 61 30 31 131 109 6 1008 222 4.0 2.3 25 30
60 15 67 27 40 184 131 9 1405 536 4.3 2.2 28 38
60 30 68 16 52 176 125 9 1521 382 4.4 2.3 38 48
60 60 75 22 53 209 151 11 1683 556 4.6 2.3 39 50

Mean 67 24 44 175 129 9 1404 424 4.3 2.3 33 41
SE 2 3 5 14 8 1 125 67 0.1 0.0 3 4

Pp>F 0.91 0.76 0.86 0.18 0.02 0.06 0.14 0.10 0.18 0.98 0.86 0.73
Np>F 0.36 0.16 0.22 0.06 0.00 0.10 0.13 0.11 0.51 0.14 0.73 0.59

Note: All units are kg ha 1. Soil available nitrogen was computed for the top 0.15 m soil.

was 36% and 33% on soybean N0 and N60 fallow plots, respectively
compared to 31% on bush fallow plots. Maize yield response to P fertilization
was Yield0 = 1496 + 8.14P 0.0758P2, R2 = 0.76 and Yield60 = 1791.7 –
14.79P + 0.1727P2, R2 = 0.93. Total nitrogen accumulated by maize on
soybean fallow plots was 2-3 kg higher compared than in the natural fallow
with 0 kg N ha 1, however, it was 34-36 kg lower than the natural fallow
with 60 kg N ha 1. Comparison of grain and biomass yield as well as N
accumulated in maize (Table 2) with estimated senesced N (Table 1) shows
positive correlation with senesced N up to 43 kg ha 1 and negative thereafter.

DISCUSSION AND CONCLUSION

Results show that application of N fertilizer alone without P supplementa-
tion would give lower soybean yields. At both N application rates, soybean
grain yield was maximized with over 30 kg P ha 1. Higher soybean yield
also resulted in higher soil N mining. This suggest that to conserve soil
fertility, farmers could apply P but not both N and P fertilizers to soybean,
unless the soil is so deficient that it cannot support early soybean growth.
With N0/P0 the biomass and litter N produced was 75% of the maximum
biomass and litter N at N60/P60. N contribution from the litter was estimated
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TABLE 2. Performance of maize, nitrogen uptake and gross returns under
different fallow treatments.

Treatment Maize, kg ha 1 Harvest Total Gross returns
N, kg ha 1 P, kg ha 1 Grain Stover Index N, kg ha 1 $ ha 1

0 0 1472 2651 36 31 1221
0 15 1812 3810 32 43 1358
0 30 1674 2987 36 36 1289
0 60 1564 2472 39 30 1525

Mean 1631 2980 36 35 1348
SE 64 257 1 2 59

60 0 1617 2778 37 34 1209
60 15 1541 3332 32 37 1348
60 30 1716 3347 34 37 1554
60 60 1520 3738 29 39 1501

Mean 1599 3299 33 37 1403
SE 38 171 1 1 70

N 30 2251 5277 30 71 1495
N 30 1413 3016 32 33 935

Mean 1832 4146 31 52 1215
SE 419 1131 1 19 282

to be 30-50 kg or 20% to 35% of the tops N (Table 1) with an average of 26%
across all treatments. These estimates compare with data by Hanway and
Weber (1971) to be about 25% of total N in the tops while Oikeh et al. (1998)
reported a low figure of 11%. In the study of Oikeh et al. (1998), the soybean
yield was 66% of that observed in this study. Results of this study suggest
that if soybean grown without nitrogen fertilizer and lower P input would
maximize N senescence. On the other hand, if soybean is N fertilized then
higher rates of P produces higher N senescence.
Maize grown on soybean fallow yielded 4-28% more than the natural

fallow and produced up to 29% more biomass and conserved soil nutrients.
Higher litter N during soybean growing period resulted in higher yield of
subsequent maize. Similar productivity gains were also observed by Papasty-
lianou (1993), Carsky et al. (1997), and Oikeh et al. (1998). Maize yields
from soybean fallow were 19-35% lower than plot with 60 kg N ha 1

applied in split application just before planting and 40 DAP. The N uptake by
maize on the soybean fallow plots was 2-3 kg more than the natural fallow
plot, although it received 38-41 kg ha 1 N through litter. This showed that
nearly 90% of the litter N was not available or used by maize. This was
largely due to losses from leaching, by the wind and partly by the grazing
livestock. Soil available N monitored in the top 0-0.15 m soil during the dry
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season showed that available soil N in soybean and bush fallow plots was 18
kg N ha 1 before the onset of rains in 1996 (Figure 2). Recurring rains
during the month of May and mineralization increased the soil available N in
soybean fallow plots to a mean value of 80 kg (SE = 23) on June 20 while the
levels in the bush fallow plots remained low at 17 kg N ha 1. Three weeks
before planting, the soil available N decreased to 13 kg ha 1 (SE = 2.6)
while those in the bush fallow remained unchanged. At 75% silking, the soil
N in the soybean fallow plots was at 11-kg ha 1 compared 8.5-kg ha 1 in
the bush fallow. This showed that earlier in the season more nutrients were
available in the soybean fallow compared to bush fallow plots, but declined
subsequently due to leaching. Similar results were reported by Oikeh et al.
(1998). This is further supported by data in Tables 1 and 2 which showed that
maize yields increased initially with litter N and declined for N over 43 kg
ha 1. It is pertinent to mention that maize was planted late in the season
representing the worst scenario in which it can benefit from the legume.
However, N recovery may be increased by planting maize earlier in the
cropping season.
At maturity, soybean plants were removed from the field by hand pulling

only leaving senesced leaves, stems, and roots on the field. The removal of

FIGURE 2. Dynamics of available nitrogen in the top 0.15m soil during off-sea-
son and growing season in the soybean and bush fallow plots along with daily
rainfall at the site. Variability in the soil N is shown with standard error.
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soybean plants from the field was an attempt to simulate farmers’ practice in
the derived savanna. In mixed farming system in many countries in sub-Sa-
haran Africa, the use of legume residue as livestock feed material may as-
sume a higher priority over the consideration for soil improvement. This
scenario is more prevalent in the dry season when the farmers have little or
nothing to give to their farm animals. If the residues were incorporated, it
would have contributed another 30-37 kg N ha 1, about the amount that
came from senescence. The non-N effects include improved soil physical
properties, increased soil water-holding capacity, improved soil chemical
properties and decreased pests and diseases of cereals. Since some of these
effects may be nonexistent or insignificant in short-term rotation, N-effect
still remain the dominant factor concerning improved performance of maize
in soybean-maize rotation.
Data from the study shows that maize following soybean was soil nutrient

conserving and nutrient efficient than the maize on the bush fallow plot.
Economic analysis was conducted using selling prices (Inaizumi, 1997 un-
published data, 1 $ N85) of grains (maize $0.33 kg 1, soybean $0.47
kg 1), residue grazing (maize $44 ha 1, soybean $59 ha 1) and fertilizer
(N and P $0.07 kg 1). In this study, there was no maize-maize treatment so
the yields and returns from maize were assumed same in succeeding years.
This assumption results in advantage to maize-maize as in reality it is well
known that productivity of maize is lower when grown in succeeding years
without external fertilizer. Gross returns (Table 2) from soybean-maize rota-
tion were 44-55% ($275-617) higher than the maize-maize rotation with no N
inputs and 6-10% less than the maize-maize rotation with 60 kg N ha 1.
Maize-maize rotation with 60 kg N ha 1 would give 60% or $565 more
return than the maize-maize without N. Total returns from N0/P60 and
N60/P30 were $29-59 higher than the maize-maize rotation with 60-kg N
ha 1.
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