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Abstract

Soybean (Glycine max (L.) Merr.) is becoming increasingly important in the cereal-based cropping system of the Nigerian
Guinea savanna zone and this justifies research on its effects on soil N. Although soybean can obtain 50% or more of its
N requirement from the atmosphere, the N contribution of the crop to the system depends on the amount of N contained in
roots, haulms, and fallen leaves after grain harvest. At four sites in the northern Guinea savanna, the effects on N balance
of P fertilizer and soybean varieties of different duration were tested. The varieties received P fertilizer at the rates of 0, 30,
and 60 kg P ha−1. The total N accumulated aboveground at harvest averaged 104 kg N ha−1 in the early and medium varieties,
and 135 kg N ha−1 in the late varieties. Across all varieties and sites, total N content was increased by 40–47% when P was
applied. Apparent N harvest index averaged 85% but was not significantly affected by variety or P rate. When only grain
was exported, the calculated N balance of the early and the medium varieties was−2.6 to−12.2 kg N ha−1 while the longer
duration varieties had positive N balances ranging from 2 to 10.9 kg N ha−1. The N accrual was negative when P was not
applied and ranged from 2.4 to 5.2 kg N ha−1 with P application. The interaction of variety and site on the N balance was
significant atP < 0.05. N balance at the southernmost site was−14.2 kg N ha−1 compared with 2.6–10 kg N ha−1 at the
northern sites where N2 fixation was higher. The estimate of N balance is reduced when soybean haulms are exported. A
positive N contribution by soybean is, therefore, possible in a soybean–cereal rotation when: (i) P is applied, (ii) the soybean
variety is late maturing, and (iii) only grain is exported.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The harvest of a good crop results in the removal
of ample amounts of crop residues from the field and
consequently large amounts of nutrients. As a result,
nutrient balances in crop fields in the savanna and other
ecological zones are generally negative. Thus, soils
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of low nutrient status are further depleted (Rhodes
et al., 1996). Positive nutrient balances occur mainly in
home gardens and concentric rings close to settlements
where soil fertility is maintained by the incorporation
of plant and animal wastes (Prudencio, 1993; Rhodes
et al., 1996). In other field types far from the house-
hold, inorganic fertilizers are appropriate because they
require minimal transport labor per kilogram of nu-
trient. In the absence of fertilizer, however, the most
promising way to maintain soil N status is by growing
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legumes. In legume–cereal rotation systems, the avail-
ability of the N fixed by rhizobia has been shown to
benefit the subsequent cereal. This should, therefore,
reduce the amount of fertilizer N required to achieve
similar cereal yields.

A high N harvest index (NHI) is characteristic of
soybean (Eaglesham et al., 1982; Piha and Munns,
1987) so much of the N in the crop is exported in
the grain. The application of P to soybean increases
the amount of N derived from the atmosphere (Ndfa)
by the soybean–rhizobium symbiotic system (Chien
et al., 1993; Sanginga et al., 1996). Therefore, the ap-
plication of P should increase the N content of roots,
haulms and fallen leaves. When these residues are not
exported from the field, their mineralization should
add to the soil part of the N derived from the at-
mosphere. Farmers may, therefore, be able to reduce
the amount of N fertilizer applied to cereals when
grown after soybean. The objective of this study was
to determine the effect of P on the N content of soy-
bean plant parts and to estimate the amount of N that
could be contributed to cropping systems involving
soybean.

2. Materials and methods

Field studies were carried out in 1996 at Mokwa
(9◦18′N, 5◦04′E), Fashola (7◦56′N, 3◦45′E), Gi-
dan Waya (9◦28′N, 8◦22′E), and Kasuwan Magani
(10◦24′N, 7◦42′E) in the Nigerian Guinea savanna.
Two late varieties (TGx1670-1F and TGx923-2E),
maturing in about 115–120 days; a medium variety
(TGx536-02D) maturing in about 100 days; and early
TGx1485-1D maturing in about 95 days were sown at
all sites. For the physical and chemical characteristics
of the soils at the various sites seeTable 1.

Table 1
Soil chemical and physical properties at experimental sites before the planting of soybean in 1996

Properties Site

Mokwa Fashola Gidan Waya Kasuwan Magani

pH (H2O) 6.1 6.1 4.9 5.6
Org. C (g kg−1) 5.1 5.9 8.7 7.5
Total N (g kg−1) 0.60 0.69 1.13 0.78
Bray-II P (mg kg−1) 16.2 5.2 6.2 5.7
Textural class Loamy sand Loamy sand Sandy loam Sandy loam

Phosphorus was applied as TSP (20% P) to soybean
at the rates of 0, 30 and 60 kg P ha−1. The experimental
layout was a split plot with three replications in which
each soybean variety was a main-plot treatment while
the P rates were the subplot treatments. Each subplot
had five central rows with one border row on each side.
P was drilled and mixed with the soil in furrows made
at the top of ridges to a depth of 6–8 cm before soybean
was sown. Rice was sown as a control crop for the
determination of Ndfa using the N-difference method
(Peoples et al., 1989). The late maturing varieties were
sown 3 weeks before the medium and early varieties.
This was done to enable final harvesting to be done
at the same time for all varieties. The rainfall during
the season was 623 mm at Mokwa, 1045 mm at Gidan
Waya, 1089 mm at Kasuwan Magani, and 635 mm at
Fashola.

At final harvest, soybean plants within the three cen-
tral rows of each plot were cut at the base just above
the ground. Pods were separated from haulms and after
the grain was threshed, the pod walls were combined
with the haulms to comprise the crop residue. Fallen
leaves (litter) were collected using a 0.5 m × 0.5 m
quadrat at the time of harvest, air dried, and cleaned of
soil. Grain, residue and litter samples were oven-dried
for 48 h and milled to pass through a 1 mm sieve.
The N contents of the various samples were deter-
mined by digestion with conc. H2SO4 and subsequent
steam distillation with excess NaOH before the dis-
tillate was neutralized by titrating with HCl (Okalebo
et al., 1993).

Nitrogen balance was determined at Fashola, Gidan
Waya, and Kasuwan Magani. For this purpose, the
whole plant N yield in the soybean at harvest was
determined and this comprised the N content of grain,
harvest residue, litter, and roots. At final harvest, actual
root sampling was not done because the roots could
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not be separated from the dry soil. The amount of
N in root at final harvest was estimated, based on
the assumption that 18% of the residual N remaining
after seed harvest is in belowground biomass. This
was based on the observation at podding when the
N content of the roots averaged 18% of the total N
accumulated in the soybean plant. N balance was then
estimated for two possible situations in the farmer’s
field: (i) when only grain is exported from the field,
and (ii) when both grain and residue are exported. For
either situation the amount of N contained in exported
biomass was subtracted from the amount of Ndfa thus:

(i) N balance= Ndfa− grain N,
(ii) N balance= Ndfa− grain N− residue N

Analysis of variance for all sites combined was con-
ducted using the generalized linear model of the SAS
programme (SAS, 1996) and means were compared
using standard errors.

3. Results

3.1. Aboveground N content

The amount of N contained in the total above-
ground dry matter (grain N, residue N, and litter N)
at the final harvest of soybean was significantly (P <

0.01) affected by variety and P application as well
as by the interactions of site with P, and variety with
P. Except at Mokwa, the amount of N contained in

Table 2
Effect of site by variety, and site by P interactions on grain and total aboveground dry matter N contents in soybean at harvest

Total N (kg ha−1) Grain N (kg ha−1)

Mokwa Fashola Gidan Waya Kasuwan Magani Mokwa Fashola Gidan Waya Kasuwan Magani

Variety
TGx1485-1D 126.7 71.9 108.0 82.8 97.7 66.0 99.9 80.1
TGx536-02D 124.7 99.4 116.7 100.7 99.2 91.6 103.2 85.8
TGx923-2E 197.0 75.8 109.5 136.0 148.9 67.4 94.6 116.6
TGx1670-1F 161.0 110.8 150.3 141.5 135.9 100.0 132.4 134.6
S.E. (site× variety) 13.5 13.5 13.5 13.5 11.5 11.5 11.5 11.5

P-level (kg ha−1)
0 161.2 64.4 63.1 82.2 132.0 58.6 56.4 67.9

30 159.1 103.4 135.6 120.3 123.8 93.8 118.4 114.9
60 136.8 100.8 164.2 143.3 105.5 91.3 147.4 130.0
S.E. (site× P) 11.7 11.7 11.7 11.7 10.0 10.0 10.0 10.0

the varieties at final harvest and at all sites increased
with increasing duration to maturity (Table 2). The
N content of the late TGx1670-1F, which averaged
140.9 kg ha−1, was highest among the varieties while
the 97.3 kg ha−1 accumulated in the early variety was
least. Among the sites, the least N was accumulated
at Fashola (89.5 kg ha−1) and the most at Mokwa
(152.3 kg ha−1).

Total N accumulation with no P applied was high at
Mokwa (161.2 kg ha−1) and increasing the P rate to 30
and 60 kg P ha−1 had no significant effect on the total
N content at final harvest (Table 2). At other sites, how-
ever, final harvest N content significantly increased
with P rate. Averaged across sites and varieties, total
N content increased by 40% when 30 kg P ha−1 were
applied and 47% when 60 kg P ha−1 were applied. Ap-
parent N harvest index (ANHI) averaged 85% but was
not affected by variety, P rate, or their interaction.

3.2. Grain N

The interactions of site with variety, and site with
P rate significantly (P < 0.01) affected the amount
of N accumulated in grain at final harvest (Table 2).
At all sites either the late TGx1670-1F or TGx923-2E
accumulated the most grain N. Among the sites, the
average grain N of 81.3 kg N ha−1 at Fashola was the
lowest while the 120.4 kg N ha−1 accumulated in the
grain at Mokwa was the highest.

P application increased the amount of N accumu-
lated in grain at final harvest at Fashola, Gidan Waya,
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Table 3
Effect of the interactions of site with variety, and site with P on residue and litter N contents of soybean at harvest

Residue (kg ha−1) Litter (kg ha−1)

Mokwa Fashola Gidan Waya Kasuwan Magani Mokwa Fashola Gidan Waya Kasuwan Magani

Variety
TGx1485-1D 29.0 5.9 8.2 12.3 16.1 8.9 8.7 10.2
TGx536-02D 25.5 7.9 12.8 14.9 23.2 11.4 19.2 13.5
TGx923-2E 48.0 8.4 15.0 22.8 30.2 10.2 18.1 17.7
TGx1670-1F 25.2 10.8 17.9 26.1 19.3 11.8 21.2 25.4
S.E. (site× variety) 3.0 3.0 3.0 3.0 2.4 2.4 2.4 2.4

P-level (kg ha−1)
0 29.2 5.8 8.7 14.2 19.8 6.7 6.8 13.4

30 35.3 9.5 16.8 22.3 23.5 11.5 19.1 18.7
60 31.3 9.4 16.8 20.6 23.8 13.5 24.6 18.1
S.E. (site× P) 2.6 2.6 2.6 2.6 2.1 2.1 2.1 2.1

and Kasuwan Magani (Table 2). At Mokwa, however,
grain N was very high (132 kg ha−1) when no P was
applied but decreased by 6.2% with 30 kg P ha−1 and
by 20% with 60 kg P ha−1, although these decreases
were not statistically significant.

3.3. Residue N

Soybean residue N content was significantly (P <

0.01) affected by the interaction of site with vari-
ety. Other interaction effects were not significant. At
Mokwa, the residue N content of the late TGx923-2E
was 81% higher than the other varieties (Table 3) and
the difference was significant atP < 0.01. At other
sites, increasing duration increased residue N content,
although this was not significant at Fashola. At Gi-
dan Waya, a significant difference was observed only
between the early variety and the late TGx1670-1F;
residue N in the early variety was significantly lower
than all others at Kasuwan Magani.

Residue N content was significantly (P < 0.01) af-
fected by P rate. The residue N yield of 14.4 kg N ha−1

when no P was applied was significantly lower than
the residue N yields of 21 kg ha−1 after 30 kg P ha−1 or
19.5 kg ha−1 after 60 kg P ha−1 was applied. Residue
N contents at 30 and 60 kg P ha−1 were, however, not
significantly different from each other.

3.4. Litter N

Litter N content was significantly affected by site
with variety (P < 0.01) and site with P (P < 0.05)

interactions. Litter N was least for the early variety
except at Mokwa. No significant variety effect was ob-
served at Fashola (Table 3). The late varieties had the
largest amount of litter N at all sites. P application in-
creased the amount of litter N significantly at Fashola
and Gidan Waya, but P rates of 30 and 60 kg ha−1

were not significantly different in their effects.

3.5. Nitrogen balance

Duration to maturity significantly (P < 0.01) af-
fected the amount of whole plant N (aboveground
N and root N) accumulated in the soybean biomass
at harvest (Table 4). The smallest amount of N
(102.8 kg ha−1) was accumulated in the early variety,
while 25–61% more N was accumulated in the late va-
rieties. Relative to zero P, the whole plant N content of
soybean at harvest significantly (P < 0.01) increased
by 75% at 30 kg P ha−1 and 96% at 60 kg P ha−1.
The ANOVA showed no significant difference in to-
tal plant N among the sites. The interactions of site,
variety, and P rate were not significant for whole
plant N.

Main effects of duration to maturity and P rate at
P < 0.01, and site atP < 0.05 significantly affected
the amount of Ndfa in soybean. The late TGx1670-1F
fixed more N (138.0 kg ha−1) than the other va-
rieties each of which fixed 100 kg N ha−1 or less.
Relative to zero P, the application of P significantly
increased Ndfa by 116% at 30 kg P ha−1 and 166% at
60 kg P ha−1. The lowest Ndfa of 68.4 kg N ha−1 was
observed at Fashola, while at the other sites Ndfa was
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Table 4
The effect of variety, P rate and site on whole plant N, Ndfa in
the Guinea savanna of Nigeria

Whole N (kg ha−1) Ndfa (kg ha−1)

Variety
TGx1485-1D (early) 102.8 74.4
TGx536-02D (medium) 129.0 100.6
TGx923-2E (late) 135.0 94.6
TGx1670-1F (late) 166.3 138.0
Prob.F. ∗∗ ∗∗
S.E. 9.8 9.5

Phosphorus level (kg ha−1)
0 84.8 52.6

30 148.8 113.6
60 166.2 139.6
Prob.F ∗∗ ∗∗
S.E. 8.5 8.2

Site
Fashola 106.3 68.4
Gidan Waya 147.9 112.3
Kasuwan Magani 145.7 125.0
Prob.F nsa ∗
S.E. – 8.2

a Not significant.
∗ Significant at 5%.
∗∗ Significant at 1%.

64–81% higher. The interactions of the main effects
were not significant on Ndfa.

When only grain was exported, the effect of soybean
duration was significant on N balance. N balance in
the system varied from−12.2 kg N ha−1 for the early
variety, to 10.9 kg N ha−1 for the late TGx1670-1F
(Table 5). There was a significant increase (P < 0.01)
in N balance with the application of P. While a deficit
of 9.3 kg N ha−1 was estimated when no P was applied,
positive N balance values of 2.4 and 5.2 kg N ha−1

were obtained for 30 and 60 kg P ha−1, respectively
(Fig. 1). Site was also a significant (P < 0.01) factor
in the ANOVA. Across all varieties and P rates, soil N
depletion of 14.2 kg N ha−1 is predicted for Fashola,
while 2.6 kg N ha−1 were estimated to be accumulated
at Gidan Waya and 10 kg N ha−1 at Kasuwan Mag-
ani. The interaction of site with variety was signifi-
cant (P < 0.01) for N balance only when grain alone
was exported. The results presented inTable 5show
that at all sites an increasing duration increased N
balance. All of the varieties had negative balances at
Fashola and differences were not significant. At the

Table 5
Effect of site by variety interaction on N balance (kg ha−1) when
only grain or grain with harvest residue is exporteda

Variety Fashola Gidan
Waya

Kasuwan
Magani

Mean

Only grain exported
TGx1485-1D −19.3 −11.7 −5.6 −12.2
TGx536-02D −13.2 4.2 1.2 −2.6
TGx923-2E −15.4 4.4 15.7 1.6
TGx1670-1F −9.0 13.2 28.6 10.9
Mean −14.2 2.6 10.0

Grain with harvest residue exported
TGx1485-1D −25.4 −19.7 −18.1 −21.0
TGx536-02D −21.1 −8.6 −13.7 −14.5
TGx923-2E −23.7 −10.5 −7.0 −13.8
TGx1670-1F −19.8 −4.7 2.3 −7.4
Mean −22.5 −10.9 −9.1

a S.E. (only grain exported): site× variety = 4.4; variety =
2.6, site= 2.2. S.E. (grain with harvest residue exported): site×
variety= 2.8; variety= 1.7, site= 1.4.

other sites, only the early variety depleted soil N by
5.6–11.6 kg N ha−1. The late TGx1670-1F accumu-
lated 13.2–28.6 kg N ha−1 at these sites.

The exportation of the final harvest residue along
with the grain resulted in significant (P < 0.01)
effects of duration, P application and site on N bal-
ance. The negative N balance (21 kg N ha−1) esti-
mated for the early variety was significantly less than
that for all other varieties. The estimated balance of
−7.4 kg N ha−1 by the late TGx1670-1F was the least
negative (Table 5). The application of P also signif-
icantly reduced the depletion of soil N by 24% for
30 kg P ha−1 and 43% for 60 kg P ha−1 relative to no
P application (Fig. 1).

The estimated depletion of soil N was significantly
highest at Fashola (−22.5 kg N ha−1) compared with
−10.9 kg N ha−1 at Gidan Waya and−9.1 kg N ha−1

at Kasuwan Magani. Only the interaction of site with
variety was significant on N balance when both grain
and final harvest residue are exported (Table 5). At
all sites, apparent depletion of soil N was reduced
with increasing maturity of the soybean. The deple-
tion of soil N ranged from 4.7 to 25.1 kg N ha−1 for
all the varieties at Fashola and Gidan Waya. At Ka-
suwan Magani, the late variety TGx1670-1F accumu-
lated 2.3 kg N ha−1 in the system compared with−7.0
to −18.1 kg N ha−1 accrual by the other varieties.
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Fig. 1. Effect of P application on N balance in soybean in three sites in northern Nigeria when grain alone or grain and residue are
exported. Bars are standard errors of the means.

4. Discussion

4.1. Effect of P fertilizer on soybean N balance

The response of soybean N content to P shows
that the application of fertilizer P was justified at
all sites where P levels were below 7.0 mg kg−1.
These P levels are characteristic of savanna soils
(Jones and Wild, 1975). The effect of P application
was observable in the significant increases in total
aboveground, grain, residue, and litter N contents. At
Mokwa, where soil available P was high, the applica-
tion of 30 and 60 kg P ha−1 did not increase soybean
N content and slightly depressed grain N and total
aboveground N.Pal et al. (1989)have reported similar
reductions in grain yield resulting from high levels of
soil P.

The positive N balances obtained with P applica-
tion under the deficient levels of available P at the
sites may be attributed to an increase in the amount
of Ndfa. Abbas et al. (1993)andChien et al. (1993)
have shown that the application of P fertilizer to P
deficient soils increases N2 fixation. However, the re-
moval of harvest residue in addition to grain gave rise
to an apparent soil N depletion at all P fertilizer levels,
although the estimated N depletion decreased with in-
creasing P rate. When only grain was exported, N ac-
crual was estimated to be positive at the sites except at
Fashola (−14.2 kg N ha−1) where the Ndfa was low.

4.2. Effect of soybean maturity on N balance

The late varieties had more Ndfa and accumulated
more N in the aboveground biomass, grain, residue,
and litter, than the early variety. This effect of growth
duration corroborates the reports ofPatterson and
LaRue (1983)and Sanginga et al. (1997), and the
review byGiller and Wilson (1991). They show that
increasing crop duration increases Ndfa and con-
sequently the N content. The apparent N harvest
index averaged 85% and this is comparable with the
75–90% reported for soybean byEaglesham et al.
(1982)andPiha and Munns (1987). The high ANHI
led Eaglesham et al. (1982)to conclude that the
growing of soybean for grain leads to net depletion of
soil N. The results obtained from this study, however,
show that when only grain is exported from the field,
only the cropping of the early and medium varieties
resulted in the depletion of soil N. The cropping of
the late varieties resulted in a positive N balance
of 1.6–10.9 kg N ha−1. This is within the range re-
ported bySanginga et al. (1997)who calculated N
contributions by soybean ranging between−8.0 and
43 kg N ha−1 depending mostly on the proportion of
Ndfa. With increasing time to maturity, therefore,
there should be increased N contribution to the soil.

When the harvest residue was exported along with
grain, all the varieties depleted soil N. This is in
agreement with the conclusion ofRhodes et al. (1996)
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andBationo and Mokwunye (1991)that the continual
removal of harvest residue leads to a reduction in
total nutrient balance and further depletion.

5. Conclusions

By increasing N2 fixation, P application to soybean
was able to increase N balance. Positive N contribu-
tions are attainable in a soybean–cereal cropping sys-
tem when the soybean variety is late maturing. This
is because long duration allowed the late varieties to
fix more N2 than the early and medium varieties. To
maximize the benefits of N accumulated through bio-
logical N2 fixation and avoid the depletion of soil N,
the return of soybean residue is important and this will
improve the contribution by soybean to subsequent
crops.
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