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Soybean Maturity
and Environmental Effects

in Savanna Systems:
I. Dry Matter Accumulation

Ajit Singh

Robert J. Carsky

E. Olabode Lucas

Kenton Dashiell

ABSTRACT. Growing soybean varieties with high residue yield may
help to sustain the soil organic matter (SOM) content when recycled.
Replicated field trials were conducted in four Guinea savanna sites in Ni-
geria to study the dry matter partitioning in six soybean genotypes and
evaluate them for biomass production. The varieties were early TGx1485-1D
and late TGx1670-1F in Trial 1 and early TGx1485-1D, TGx1805-2E
and TGx1681-3F, medium TGx1809-12E and late TGx923-2E and
TGx1670-1F in Trial 2. On average, the proportion of total dry matter ac-
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cumulated in soybean plant parts was 42% in grain, 36% in stover, 12%
in leaf litter and 11% in roots and nodules. While maturity class had no
significant effect on the grain yield of soybean, significantly higher dry
matter accumulation of roots and nodules, leaf litter, and stover was ob-
served in medium and late varieties compared with early varieties (P <
0.05). Thus, medium and late varieties would be better able to sustain the
SOM content than early varieties when the residues are recycled. Strongly
acid soils in a high rainfall environment limited soybean biomass pro-
duction and potential to maintain SOM. [Article copies available for a fee
from The Haworth Document Delivery Service: 1-800-HAWORTH. E-mail ad-
dress: <getinfo@haworthpressinc.com> Website: <http://www.HaworthPress.
com> 2002 by The Haworth Press, Inc. All rights reserved.]

KEYWORDS. Soybean (Glycine max (L.) Merrill), maturity groups,
dry matter accumulation, soil organic matter, acid soils, Guinea savanna,
Nigeria

INTRODUCTION

With the increasing pressure on land to meet the food demand of an
increasing population, agricultural intensification has occurred in much
of the tropics. As a result, traditional fallow periods have been short-
ened and the practice of monoculture and continuous cropping with the
use of chemical fertilizers has increased. Under continuous cropping,
soil organic matter (SOM), which accounts for the major portion of the
cation exchange capacity (Juo and Adams, 1986) of low activity clay
soils, has declined rapidly (Kang, 1993). Consequently, soils of the
Guinea savannas are low in SOM content, resulting in low nutrient and
water holding capacities. In the humid part of the savanna, soils are
highly weathered and heavy rainfall causes leaching of basic cations
and nitrates (Sanchez, 1976; Okigbo, 1991). An adequate level of SOM
in the topsoil is, therefore, vital to the sustainability of the cropping sys-
tems where no fallow or only a short fallow is practiced.

In the results of long-term trials, the inclusion of grain legumes as an
intercrop or in rotation has been found to improve both physical and
chemical properties of the soil (Agboola, 1987; Omoti et al., 1991). Re-
cycling of grain-legume crop residues can improve the SOM and N con-
tent of the soil besides providing grain for the farmer. Geiger et al.
(1992) and Aggarwal et al. (1997) reported that the practice of residue
incorporation may be better able to sustain arable soils. If the crop resi-
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dues are recycled into the soil, dry matter accumulation could be an im-
portant criterion for variety selection for sustainable food production in
the Guinea savanna of Nigeria.

Adoption of soybean (Glycine max (L.) Merrill) is now beginning to
occur on a wider scale in west Africa. For example, soybean has be-
come increasingly important in Nigeria and has spread to most parts of
the Guinea savanna agroecological zone where it is well adapted (Smith
et al., 1993). It is being adopted as a food crop but it is also being consid-
ered for soil fertility improvement in cereal-based cropping systems in
Nigeria (Carsky et al., 1997).

Little information is available on dry matter partitioning of new vari-
eties of soybean being grown in the Guinea savanna of Nigeria. Knowl-
edge of dry matter partitioning is important in identifying soybean
varieties that are high yielding and produce more crop residue. In addi-
tion, high dry matter or biomass accumulation has often been related to
high N2 fixation (Bushby and Lawn, 1993). It has been reported that the
potential contribution of cowpea to a subsequent crop increases with
maturity class (Stoop and van Staveren, 1982; George et al., 1988;
Abaidoo et al., 1999); a similar effect can be anticipated from soybean.
From the available evidence, it stands to reason that the soybean contri-
bution to SOM may increase with the maturity class of the varieties and
increased crop residue return.

The objective of the study was to grow selected soybean varieties
from a range of maturity classes in several sites in northern Nigeria to
test the hypothesis that the contribution of soybean to SOM in a soy-
bean-cereal system may increase with the maturity class of the variety.

MATERIALS AND METHODS

The experiments were established at Gidan Waya (9°289N; 8°229E),
Mokwa (9°189N; 5°049E), Samaru Kataf (9°529 N; 8°229E), and Yamrat
(10°10’N; 9°499E) (Figure 1). The texture and the chemical properties
of the surface soil (0 to 0.15 m) are presented in Table 1 and the rainfall
patterns at the experimental sites in Table 2. Soils of the experimental
sites were low in carbon and total N content. Soil pH (H2O) ranged from
4.7 to 6.5 with strongly acidic soil in Samaru Kataf and Gidan Waya and
moderately acidic soil in Mokwa and Yamrat. Based on the modified
FAO Suitability Classification (Young, 1976), soils at Yamrat and
Mokwa were classified as moderately suitable and those at Gidan Waya
and Samaru Kataf as marginally suitable. Rainfall data showed higher
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FIGURE 1. Map of Nigeria showing the location of the experimental sites and
the distribution of the acid soils (Acrisols) in the Guinea savanna. Guinea sa-
vanna limits and soil distribution according to Resource Information Systems
(RIS) version 5, by IITA’s Agroecological Studies Unit, Jagtap (1995).

TABLE 1. Physico-chemical properties of the surface soil (0-15 cm) at different
locations.

Properties
Locations

Yamrat Mokwa Gidan Waya Samaru Kataf

pH (H2O) 6.5 ± 0.10 5.6 ± 0.12 4.9 ± 0.07 4.7 ± 0.12

pH (KCl) 5.8 ± 0.08 5.2 ± 0.08 4.0 ± 0.09 4.0 ± 0.08

Bray-I P (mg kg21) 1.5 ± 0.13 6.4 ± 0.41 3.0 ± 0.50 2.2 ± 0.41

Organic C (g kg21) 4.9 ± 0.49 3.5 ± 0.23 7.3 ± 0.28 5.0 ± 0.23

Total N (g kg21) 0.6 ± 0.04 0.4 ± 0.03 0.7 ± 0.03 0.5 ± 0.03

Exch.Ca (cmol kg21) 3.9 ± 0.23 1.3 ± 0.17 1.6 ± 0.20 1.1 ± 0.17

Exch.Mg (cmol kg21) 0.8 ± 0.05 0.3 ± 0.04 0.4 ± 0.04 0.3 ± 0.04

Exch.K (cmol kg21) 0.2 ± 0.03 0.1 ± 0.02 0.2 ± 0.02 0.1 ± 0.02

Exch. Acidity (cmol kg21) 0.0 ± 0.00 0.4 ± 0.12 0.7 ± 0.14 0.9 ± 0.12

E C E C (cmol kg21) 5.0 ± 0.23 2.3 ± 0.21 3.3 ± 0.26 2.7 ± 0.22

Sand (g kg21) 770.0 770.0 590.0 870.0

Silt (g kg21) 150.0 110.0 210.0 110.0

Clay (g kg21) 80.0 120.0 200.0 20.0

Soil Texture Loamy sand Sandy loam Sandy clay loam Sandy soil

Values are the means of four replications in Yamrat, four replication and two fields in Mokwa and Samaru Kataf and
three replications and two fields in Gidan Waya (± Standard error of means).



rainfall in Gidan Waya and Samaru Kataf than in Mokwa and Yamrat.
Mokwa, Samaru Kataf, and Gidan Waya are located in the southern
Guinea savanna (SGS), with an average net radiation of 80 to 85 kcal
cm22 year21 and a growing period ranging in length from 180 to 209
days. Yamrat lies in the northern Guinea savannna (NGS) with an aver-
age net radiation of 85 to 90 kcal cm22 year21 and a growing period
ranging from 150 to 180 days (Kowal and Knabe, 1972; COMBS,
1995). Fields with low N fertility were selected so that the N2 fixing po-
tential of the soybean could be fully expressed. The experimental site in
the previous season was cultivated to maize and cowpea (Vigna un-
guiculata (L.) Walp.) at Mokwa, millet (Pennisetum typhoides L.) at
Samaru Kataf, sorghum (Sorghum bicolor (L.) Moench) and millet at
Gidan Waya, and maize and soybean at Yamrat. Soils were classified as
undifferentiated Ferrisols and Lithosols at Mokwa, and Lithosols origi-
nating from crystalline basement acid rock at Gidan Waya and Samaru
Kataf. Soils at Yamrat were of alluvial and colluvial origin developed
from crystalline basement igneous gneisses and granites (Fed. Dept.
Agriculture, 1980; BSADP, 1984).

In Trial 1, in 1995, an early maturing TGx1485-1D and a late matur-
ing TGx1670-1F soybean were grown to maturity at all the locations.
The treatments (soybean varieties) were laid out in a randomized com-
plete block design replicated three times at Gidan Waya and four times
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TABLE 2. Average monthly rainfall at the experimental sites in 1995 to 96 crop-
ping season.

Month
Locations

Yamrat Mokwa# Gidan Waya1 Samaru Kataf*

April 25 31 na 70

May 75 189 48 180

June 137 199 282 223

July 134 191 420 214

August 255 207 367 310

September 147 134 156 287

October 39 83 100 57

Total 811 1033 1373 1363

Source: # National Cereal Research Institute (NCRI), sub-station Mokwa, Niger State.
* Agricultural Development Project (ADP), Samaru Kataf, Kaduna State.
1 Rain gauge was not available before May.
na= not available.



at Samaru Kataf, Mokwa, and Yamrat. The plots were 7 m 3 4 m in
size, large enough to contain five rows (excluding a common border
row between the two plots) of soybean at a row to row spacing of 0.75
m. Planting was done on ridges with late TGx1670-1F planted in June at
all locations while the early maturing TGx1485-1D was planted in
mid-July to avoid the rains at physiological maturity. Late maturing
TGx1670-1F was planted by drilling about 3 cm deep in rows 0.75 m
apart and thinned to a plant spacing of 0.10 m along the row at 2 weeks
after planting (WAP). Early maturing TGx1485-1D was planted by
drilling 3 cm deep in paired rows with a spacing of 0.60 m between the
paired rows (side-to-side) and at 2 WAP was thinned to a plant spacing
of 0.12 m along the paired rows. The distance within the paired rows
was maintained at 0.10 to 0.20 m. No N fertilizer was applied in any of
the treatments. However, 50 kg ha21 of K was applied as muriate of pot-
ash and 16 kg ha21 of P as single super phosphate in all the locations.
Weeds in soybean were controlled with a pre-emergence application of
Galex® + Gramoxone® applied at the rate of 0.5 kg a.i. ha21 + 0.2 kg a.i.
ha21 in Samaru Kataf, Gidan Waya, and Mokwa. Chemical weed con-
trol was supplemented by two manual weedings at 3 and 6 WAP.
Weeds were controlled manually at 3 and 6 WAP in Yamrat.

In Trial 2, in 1995, established at Gidan Waya, Mokwa, and Samaru
Kataf, six varieties of soybeans of different maturity groups (early
TGx1485-1D, TGx1805-2E and TGx1681-3F; medium TGx1809-12E,
and late TGx923-2E and TGx1670-1F) were grown to maturity. The
treatments (soybean varieties) were laid out in a randomized complete
block design replicated three times at Gidan Waya and four times at
Samaru Kataf and Mokwa. Plot size was as in Trial 1. Early varieties
were planted in July while the medium and late varieties were planted in
June and fertilizer application and weed control were as in Trial 1.

During podding in both Trials 1 and 2, five plants were sampled for
determination of root and nodule dry matter accumulation outside of the
area marked for harvest. This was done at 50 days after planting (DAP)
in early soybean and 70 DAP in medium and late soybean. The soybean
roots were washed and the nodules were removed and counted. The
roots and the nodules were then oven-dried at 70°C for 48 hours and
their weight recorded. In this study, we assumed that the dry matter ac-
cumulation (kg ha21) in the roots and nodules at podding remained the
same at harvest. Therefore, the proportion of the dry matter in the roots
and nodules at harvest was calculated by dividing the root and nodule
dry matter at podding by total dry matter at harvest.
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At harvest, in both Trial 1 and 2, three central rows 5 m long were
harvested for stover and grain yield estimation. The grain was weighed
and yields calculated on a 110 g kg21 moisture basis (11%). In addition,
at harvest, soybean leaf litter fallen in two central rows 5 m long was
collected and weighed.

The data were analyzed using statistical analysis system (SAS) (SAS
Institute, 1996). Combined analysis of variance (ANOVA) was done
using general linear model procedure (GLM) to determine the statistical
differences between sites and varieties. Effect of maturity class was
evaluated by group comparisons (medium and late varieties vs. early
varieties) using the “Estimate” statement in GLM procedure.

An approximate calculation was done to estimate the amount of resi-
due necessary to maintain the SOM content in the top 15 cm soil. For
this calculation, Samaru Kataf and Gidan Waya were separated from
Yamrat and Mokwa because the former had higher initial carbon and
more acid soils.

RESULTS

Trial 1

Effect of maturity class (variety effect): Results showed significant
effect of site, variety and their interactions on the dry matter parameters
at podding and at harvest. An exception was the grain yield where vari-
ety had no significant effect and nodule weight where interaction had no
significant effect (Table 3). At podding, late TGx1670-1F on average
accumulated 23% higher root dry matter and 35% higher nodule weight
(P < 0.05) than the early TGx1485-1D (Table 4). A similar trend was
observed at harvest where late maturing TGx1670-1F on average had
significantly higher (P < 0.05) stover dry matter (30%) and leaf litter
dry matter (29%) than early TGx1485-1D. Maturity class had no signif-
icant effect on the grain yield of soybean but late TGx1670-1F recorded
6% higher grain yield than the early TGx1485-1D. In terms of total
aboveground dry matter, late TGx1670-1F (2929 kg ha21) was the most
vigorous variety, recording the highest dry matter production per hect-
are across the locations (Table 4). The harvest index (HI) ranged from
53 to 68% for early TGx1485-1D and 48 to 53% for late TGx1670-1F.
TGx1485-1D had 14% higher (P < 0.05) HI than TGx1670-1F (Table 4).

Results by location showed consistent effect of soybean maturity class
on dry matter parameters of soybean (Table 4). In this trial, three of the
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TABLE 3. Significance of site, variety and interaction on the dry matter accu-
mulation of soybean plant parts at harvest in six soybean genotypes grown at
different locations.

Sources of
Variation

Probability level of F

df Nodule+ Root+ StoverΦ Litter Grain Total HI

Trial 1

Location 3 0.0013 0.0101 0.0001 0.0001 0.0001 0.0001 0.0003

Variety 1 0.0001 0.0003 0.0001 0.0001 0.1667 0.0001 0.0001

Location 3 Variety 3 0.5126 0.0002 0.0044 0.0002 0.0306 0.0024 0.0125

CV (%) 9.2 16.5 10.1 12.7 11.4 8.6 4.8

Trial 2

Location 2 0.0004 0.0001 0.0001 0.0001 0.0011 0.0001 0.0055

Variety 5 0.0001 0.0001 0.0001 0.0001 0.0007 0.0001 0.0002

Location 3 Variety 11 0.0001 0.0001 0.0001 0.0001 0.0085 0.0001 0.0002

CV (%) 18.4 16.9 16.8 14.2 15.4 11.6 8.9

+ Roots and nodules sampled at podding at 50 DAP in early and 70 DAP in late soybean.
Φ Stover at harvest includes haulm and podwall. Harvest was 98 DAP in early and 120 DAP in late soybean.

TABLE 4. Dry matter accumulation at harvest in two soybean genotypes of dif-
ferent maturity groups grown at different locations in the Guinea savanna of Ni-
geria (Trial 1).

Varieties Locations Nodule+ Root+ StoverΦ Litter Grain Total HI

------------------------------- kg ha21 -------------------------------- - % -

TGx1485-1D Yamrat 28.5 184 1376 242 2022 3640 56

Early Mokwa 25.0 218 1330 54 1574 2958 53

Gidan Waya 20.0 168 478 14 1053 1545 68

Samaru Kataf 18.9 184 593 57 777 1427 55

Mean 23.1 189 944 92 1357 2393 58

TGx1670-1F Yamrat 35.2 220 1865 255 1960 4080 48

Late Mokwa 32.0 234 2040 161 1994 4195 48

Gidan Waya 27.2 159 762 46 913 1721 53

Samaru Kataf 29.0 370 753 54 914 1722 53

Mean 31.0 246 1355 129 1446 2929 51

SE of means (variety) 0.65 9.2 31.2 4.1 42.5 69.4 0.5

+ Roots and nodules sampled at podding at 50 DAP in early and 70 DAP in late soybean.
Φ Stover at harvest includes haulm and podwall. Harvest was 98 DAP in early and 120 DAP in late soybean.



four locations had significantly higher root dry matter in TGx1670-1F
than in TGx1485-1D (P < 0.10) and the nodule weight was higher in
TGx1670-1F than in TGx1485-1F in all four locations. Similarly, at
harvest, stover dry matter was significantly higher (P < 0.05) in
TGx1670-1F than in TGx1485-1D in the moderately suitable soils of
Mokwa and Yamrat, while, at other locations, these differences were
not significant (Table 4). Only in Gidan Waya and Mokwa, litter dry mat-
ter of TGx1670-1F was significantly more than the early TGx1485-1D
(P < 0.05). At all the locations, HI of early TGx1485-1D was signifi-
cantly higher (P < 0.05) than medium and late varieties.

Effect of environment (location effect): When averaged by site, root
dry matter at podding in moderately suitable soils of Yamrat and
Mokwa was similar to that in marginally suitable soils of Samaru Kataf
and Gidan Waya, while the nodule weight was 26% higher (P < 0.05) in
Mokwa and Yamrat than in Samaru Kataf and Gidan Waya (Table 5).
At harvest, stover dry matter (155%), litter dry matter (316%) and grain
yield (1888 kg ha21) in the Yamrat and Mokwa soils were higher (P <
0.05) than in the soils at Samaru Kataf and Gidan Waya. Results suggest
that strongly acidic soils and annual rainfall ranging from 1363 to 1373
mm (Samaru Kataf and Gidan Waya) may not favour dry matter pro-
duction of soybean compared to moderately acid soils and annual rain-
fall ranging from 811 to 1033 mm (Mokwa and Yamrat) (Table 5).
There was a strong correlation (r = 20.98) between pH of the soil and
the total annual rainfall in the growing season (data not shown).

Interaction between the site and the variety was significant (P < 0.05)
for all the parameters studied (Table 3). There was a significant effect of
location and maturity class on the ranking of the soybean varieties (Ta-
ble 4). Maximum root biomass (370 kg ha21) and nodule weight (35 kg
ha21) was obtained with late TGx1670-1F in Samaru Kataf and Yamrat,
respectively. Maximum stover dry matter was obtained with the late
maturing TGx1670-1F (2040 kg ha21) in Mokwa. Similarly, maximum
litter was produced in TGx1670-1F (255 kg ha21) in Yamrat.

Trial 2

Effect of maturity class (variety effect): Results showed significant
effect of site, variety and their interactions on the dry matter parameters
at podding and at harvest (Table 3). At podding, medium and late ma-
turing varieties on average accumulated 117% higher (P < 0.05) root
dry matter and 91% higher nodule weight than the early maturing vari-
eties (Table 6). A similar trend was observed at harvest, where medium
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and late maturing varieties on average had 31% higher (P < 0.05) stover
dry matter than the early varieties. Leaf litter dry matter, though not sig-
nificant, was on average 10% higher in the medium and late varieties
than in the early varieties. There were, however, exceptions. For exam-
ple, early TGx1805-2E and TGx1485-1D had higher litter dry matter
than medium TGx1809-12E (Table 6). Maturity class had no significant
effect on the grain yield of the soybean varieties. In terms of total above-
ground dry matter, late TGx923-2E (2443 kg ha21) and TGx1670-1F
(2335 kg ha21) were the most vigorous varieties, recording the highest
dry matter production per hectare across the locations.

The harvest index (HI) varied with the varieties, ranging from 54 to
56% for the early varieties and 50 to 51% for medium and late varieties
(Table 6). HI tended to decrease as plant biomass production and matu-
rity class increased. The early maturing varieties allocated more bio-
mass to grain than leaf than the medium and late maturing varieties.
Early maturing varieties on average recorded 8% higher (P < 0.05) HI
than medium and late varieties (Table 6).
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TABLE 5. Dry matter accumulation at podding and at harvest in different plant
parts of soybean grown at different locations in the Guinea savanna of Nigeria
(Trials 1 and 2).

Locations Nodule+ Root+ StoverΦ Litter Grain Total HI

Trial 1 ------------------------------------ kg ha21 ------------------------------------ - % -

Yamrat 31.8 202 1620 249 1991 3860 52

Mokwa 28.5 226 1685 108 1784 3577 50

Gidan Waya 23.6 163 620 30 983 1633 61

Samaru Kataf 23.9 256 673 56 846 1574 54

SE (df =11) 0.94 13.5 45.7 6.0 62.2 101.7 0.7

Mean 27.0 212 1150 111 1401 2661 54

Trial 2

Mokwa 35.8 310 1552 105 1397 3054 46

Gidan Waya 23.9 206 641 37 884 1583 56

Samaru Kataf 33.3 336 613 52 843 1508 56

SE (df = 40) 1.30 10.8 35.7 4.3 38.3 57.8 1.0

Mean 31.0 284 953 65 1041 2048 53

+ Roots and nodules sampled at podding at 50 DAP in early and 70 DAP in medium and late soybean.
Φ Stover at harvest includes haulm and podwall. Harvest was 98 DAP in early and 120 DAP in medium and late soy-
bean.
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TABLE 6. Dry matter accumulation at harvest in six soybean genotypes of dif-
ferent maturity groups grown at different locations in the Guinea savanna of Ni-
geria (Trial 2).

Varieties Locations Nodule+ Root+ StoverΦ Litter Grain Total HI

------------------------------- kg ha21 ------------------------------- - % -

TGx1485-1D Mokwa 29.5 186 1018 121 1194 2333 51

Early Gidan Waya 23.7 95 572 64 968 1604 60

Samaru Kataf 18.6 152 571 55 621 1247 50

Mean 24.0 144 720 80 928 1728 54

TGx1805-2E Mokwa 16.0 246 1473 126 1533 3132 49

Early Gidan Waya 14.6 112 536 63 903 1502 60

Samaru Kataf 19.8 205 509 53 858 1420 60

Mean 16.8 188 839 81 1098 2018 56

TGx1681-3F Mokwa 25.3 275 1348 61 1278 2686 48

Early Gidan Waya 13.6 97 536 24 924 1484 63

Samaru Kataf 30.0 243 741 48 854 1642 52

Mean 23.0 205 875 44 1018 1938 54

TGx1809-12E Mokwa 29.0 308 1545 14 1111 2670 42

Medium Gidan Waya 26.1 345 595 18 799 1412 55

Samaru Kataf 28.7 489 571 62 768 1401 55

Mean 27.9 381 904 31 893 1828 51

TGx923-2E Mokwa 83.0 491 2131 158 1505 3794 40

Late Gidan Waya 45.8 270 881 111 883 1876 48

Samaru Kataf 66.0 652 598 51 1010 1659 61

Mean 64.9 471 1203 107 1133 2443 50

TGx1670-1F Mokwa 32.2 356 1795 152 1763 3709 47

Late Gidan Waya 19.5 315 726 64 827 1617 51

Samaru Kataf 36.8 275 688 43 949 1679 56

Mean 29.5 315 1069 86 1180 2335 51

SE of means (variety) 1.80 14.9 49.3 6.0 49.6 79.9 1.4

Medium and late soybean vs. early soybean (effect of maturity class)

Estimate 19.5 210 247 7 54 308 24

Probability level 0.0001 0.0001 0.0001 0.1897 0.1925 0.0001 0.0008

+ Roots and nodules sampled at podding at 50 DAP in early and 70 DAP in medium and late soybean.
Φ Stover at harvest includes haulm and podwall. Harvest was 98 DAP in early and 120 DAP in medium and late soy-
bean.



Results by location showed consistent effect of soybean maturity
class on the dry matter parameters of soybean (Table 6). Root dry mat-
ter and nodule weight at podding was significantly higher (P < 0.10) in
medium and late varieties than in early varieties at all the locations.
Similarly, at harvest, significantly higher (P < 0.05) dry matter in stover
was recorded in medium and late varieties in Mokwa and Gidan Waya.
There was no significant difference in the litter dry matter at all loca-
tions, but medium and late varieties accumulated higher quantities of
litter dry matter than the early varieties (Table 6). In all the locations, HI
of early maturing varieties was significantly higher than the medium
and late maturing varieties (P < 0.05).

Effect of environment (location effect): When averaged by site, root
and nodule dry matter at podding in moderately suitable soils of Mokwa
was significantly higher (P < 0.05) than in the marginal soils of Samaru
Kataf and Gidan Waya. Similarly, at harvest, stover dry matter (147%),
litter dry matter (133%), and grain dry matter (1397 kg ha21) at Mokwa
were higher (P < 0.05) than in Samaru Kataf and Gidan Waya. Results
suggest that strongly acidic soils and an annual rainfall ranging from
1363 to 1373 mm (Samaru Kataf and Gidan Waya) may not favour dry
matter production of soybean compared to the moderately acid soils
with annual rainfall of about 1033 mm (Mokwa) (Table 5). There was a
strong correlation (r = 20.98) between pH of the soil and the total an-
nual rainfall in the growing season (data not shown).

Interaction between the site and the variety was significant (P < 0.05)
for all the parameters studied. There was a significant effect of location
and maturity class on the ranking of the soybean varieties (Table 6).
Maximum root (652 kg ha21) and nodule (83 kg ha21) dry matter was ob-
tained with TGx923-2E at Samaru Kataf and Mokwa, respectively. Maxi-
mum stover dry matter was obtained with the late maturing TGx923-2E
(2131 kg ha21) in Mokwa. Similarly, maximum litter was produced in
TGx923-2E (158 kg ha21) in Mokwa. Maximum root biomass was pro-
duced in TGx923-2E in Samaru Kataf (652 kg ha21) and Mokwa (491
kg ha21).

When averaged across the locations and trials, and the root dry matter
was included in the total dry matter calculation, the proportion of the
dry matter accumulated in soybean plant parts was 42% in grain, 36% in
stover (including podwall), 12% in leaf litter and 11% in roots including
nodules.
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DISCUSSION

The contribution of soybean to SOM content will depend on the dry
matter production of soybean and largely on the amount of crop resi-
dues recycled. For high biomass production, it is important that soybean
nodulates well with the local rhizobia population present in the soil and
fixes atmospheric N2 symbiotically. In this regard, soybean fixed N be-
cause, in this study, despite very low soil N content, soybean performed
well in all the locations. Moreover, soybean varieties released from
IITA nodulate well with the naturally occurring rhizobia in farmers’
fields in Nigeria (Sanginga et al., 2000).

In this study, higher biomass production in medium and late varieties
than in early varieties has been attributed to the longer duration of stay
on the field, whereby the plants are able to support N2 fixation for a lon-
ger period of time, resulting in higher biomass production (Patterson
and LaRue, 1983; Giller and Wilson, 1991). Because of the large
amount of crop residues returned to the soil by the late maturing variet-
ies, more fixed N and carbon may be transferred through the residues in
medium and late varieties than in early varieties. Therefore, it is ex-
pected that these varieties will contribute more to the SOM content than
the early varieties

The contribution to the SOM content also depends on the amount of
dry matter harvested in the grain. Results of this study showed higher
HI in the early varieties than in the medium and late varieties, therefore
the latter are likely to contribute more to the SOM content. Similar high
HI values (26%) for early maturing pigeon pea (Cajanus cajan (L.)
Millsp) (150 days to maturity) as compared to late maturing (8%) (241
days to maturity) were obtained by Kumar Rao and Dart (1987). On av-
erage, HI values of 45 to 52% in this experiment were within the range
of 45 to 55% obtained by Duthion (1996) for grain legumes. An excep-
tion was the late TGx923-2E, which on average had a HI of 40%. We
also observed higher HI in the soybean varieties as compared to the long
duration varieties of soybean grown by Hanway and Weber (1971),
which had an average HI of only 29%. This increase has been largely
because of breeders’ constant efforts to increase the grain yield of soy-
bean with the increasing demand for protein (Bushby and Lawn, 1993).

In most of the previous studies, belowground partitioning of the dry
matter had not been quantified extensively because roots and nodules at
harvest are technically very difficult to sample and separate from the
soil. In this study, efforts were made to sample roots and nodules at peak
dry matter accumulation stage [podding stage (R5)] (Hanway and Weber,

Research, Reviews, Practices, Policy and Technology 87



1971; Rochester et al., 1998). Assuming that the dry matter accumula-
tion is maintained at harvest, the soybean roots on average accumulated
10.5% of the total dry matter accumulation at harvest. This value was
the same (10.5%) as that obtained by Ockerby et al. (1999) in Australia
who sampled to 15 cm depth at harvest.

Similarly, not much has been done to measure leaf litter dry matter
because some soybean varieties start shedding leaves right from the
early vegetative stage. However, the majority of leaves of the newly de-
veloped varieties fall at physiological maturity as observed by van
Noordwijk and Purnomisid (1992). Therefore, in this study, leaf litter
dry matter may be slightly underestimated because leaf litter was sam-
pled only once at harvest (physiological maturity). Leaf litter on aver-
age amounted to 12% of the total dry matter accumulation, substantially
less than that (43%) obtained by Hanway and Weber (1971) working
with long duration traditional varieties in a temperate climate. These
values by Hanway and Weber (1971), however, are slightly inflated be-
cause they did not include belowground roots and nodules in their cal-
culations of total DM in soybean. Also, because of constant breeding
for high HI, more dry matter is transported to the grain, leaving behind a
smaller proportion of dry matter in the leaves, roots, and stover. In re-
sults similar to those of soybean in this study, fallen leaf litter in pigeon
pea in India accounted for 13 to 17% of the total dry matter at harvest
(Kumar Rao and Dart, 1987).

Some simple calculations were carried out to indicate whether soy-
bean residue could help maintain soil organic carbon at the drier sites
(Yamrat and Mokwa) and the more humid sites (Gidan Waya and
Samaru Kataf). Bulk density of 1.4 g cm23 was used for all sites. An-
nual soil organic carbon decomposition rate of 0.04 kg kg21 was used
from a synthesis of estimates from the literature on the moist savanna
zone provided by various authors (Jones and Wild, 1975; Sanchez,
1976; Pieri, 1989). The decomposition rate may have been slightly
lower because of acid soil conditions at the humid sites but all sites were
plowed and ridged so a high estimate was used. The annual C addition
needed to compensate for decomposition of humus-C was calculated
using a conversion rate of 0.35 kg humus-C per kg residue-C (Himes,
1997) and the C concentration of soybean residue was assumed to be
0.45 kg kg21 (Himes, 1997). The amount of residue required for the
maintenance of SOM was estimated at 2.2 Mg ha21 at the drier sites and
3.3 Mg ha21 at the more humid sites (Table 7). Increasing soil organic
carbon by 1 g kg21 would require substantially more residue as shown
by de Ridder and Van Keulen (1990).
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From the results in this experiment, the residue yield (leaf litter,
stover, and roots and nodules) of late varieties at the drier sites (Mokwa
and Yamrat) was approximately 2.2 Mg ha21 in Trial 1 (Table 4) and
2.1 Mg ha21 in Trial 2 (Table 6). Residue yield of early varieties rarely
surpassed 1.5 Mg ha21 even at those moderately suitable sites and all
maturity groups produced less than 1.0 Mg ha21 at Samaru Kataf and
Gidan Waya (Table 5). Thus, only the late soybean varieties produced
sufficient residues at the drier sites to maintain SOM. Early varieties at
suitable sites and all varieties at the more humid sites can not be ex-
pected to maintain SOM. It can be speculated that soybean rotation at
sites more favorable for soybean production would easily maintain
SOM. Increasing SOM would require soybean residue levels approach-
ing 5 Mg ha21.

Sequestering of C will depend on the quantities of N, sulphur and
phosphorus in the soil (Himes, 1997). The exact quantity of N needed for
the maintenance of C (353 kg) can be estimated. Since the C/N ratio of
humus is 12/1 (w/w) (Allison, 1973), N associated with 353 kg humus-C
equals 29 kg N. In this study, N content of the residues of the late varieties
at the drier sites was always at least 29 kg ha21. Thus, sequestration of C
is apparently not limited by N concentration of the soybean residues.

Exceptionally low dry matter in Samaru Kataf and Gidan Waya com-
pared with Mokwa and Yamrat appears to be due mainly to soil acidity.
Using a critical pH of 5.1 for soybean (Aune and Lal, 1997), Yamrat
and Mokwa had soils more suitable for soybean cultivation than Gidan
Waya and Samaru Kataf where the soils were marginally suitable be-
cause of low pH. Acid soils are less productive because aluminium (Al)
and manganese (Mn) toxicity and calcium (Ca) deficiency are often as-
sociated with low pH. Furthermore, phosphorus (P) availability is influ-
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TABLE 7. Estimation of the amounts of residue necessary to maintain the soil
organic C concentration in the top 15 cm of the soil.

Sites

Yamrat & Mokwa Gidan Waya & Samaru Kataf

Initial C concentration (g kg21) 4.2 6.2

C loss from existing SOM (kg ha21yr21) 353 521

Residue required to maintain SOM (kg ha21) 2240 3307

Assumptions for calculations
1. Bulk density of the soil = 1.4 g cm23

2. Rate of decomposition of SOM = 0.04 kg kg21 yr21

3. Conversion of residue-C to humus-C = 0.35 kg kg21

4. C concentration in the residue = 0.45 kg kg21



enced by pH because relatively insoluble aluminium phosphate (Al-P)
and iron (Fe-P) form under low pH (Sanchez, 1976). This conversion is
reported to be most serious when soil pH is below 5.0 (Brady, 1990) as
in Samaru Kataf and Gidan Waya. Aune and Lal (1997) observed a high
negative correlation between soybean yield and Al-saturation. Figure 1
shows that Gidan Waya and Samaru Kataf are located in the area of acid
soils in the Guinea savanna of Nigeria. Fortunately, Yamrat and Mokwa
are more representative of the Guinea savanna zone but still soybean
cultivation is expanding even in the area of acid soils.

Other reasons for low dry matter accumulation in the marginal soils
of Samaru Kataf and Gidan Waya may be sandy soil texture and high
rainfall, which might have increased leaching of soil nitrate N and K be-
yond reach of the plant roots. The dry matter data suggest poor root
growth and nodule formation, especially at Gidan Waya. This could
have been aggravated by low N2 fixation because of lower rhizobial
population and ineffective nodulation. It has been reported by Sanginga
et al. (1996) that cropping history influences rhizobial population, i.e.,
plots cropped to a cereal in the previous season had fewer rhizobia than
those cropped to legumes. In this regard, plots at Gidan Waya and
Samaru Kataf might be low in rhizobia density because they were crop-
ped to maize and millet in the previous season.

Although the hypothesis is accepted that the longer duration soybean
genotypes leave more residue, exceptions may be those sites where soy-
bean does not grow very well. Thus, late varieties should wherever pos-
sible be chosen for legume-cereal rotation systems. Increasing N from
soybean will contribute to higher biomass of the subsequent cereal crop
which if recycled will also contribute to SOM maintenance. In the
Guinea savanna of Nigeria, research by Carsky et al. (1997) and Jagtap
and Adeleye (1999) showed that yields of maize after soybean are
higher than maize after maize even though the residues were not re-
turned to the soil.

As shown in this study, additional residues will be required to in-
crease the SOM content of the soil. For maximum dry matter production
in Samaru Kataf and Gidan Waya, liming may be necessary to raise the
pH of the soil to a moderately acidic level and further research is needed
to identify acid tolerant varieties for these areas.

CONCLUSIONS

Medium and late varieties of soybean produced higher amounts of
biomass than early varieties and, therefore, had greater potential to
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maintain the SOM content. Thus, integration of late varieties into the le-
gume-cereal rotation should be encouraged to better sustain the agricul-
tural productivity of the systems. The HI of early varieties was greater
than in the medium and late maturing varieties. Strongly acidic soil and
high rainfall limited soybean dry matter production of all maturity
classes. On average, dry matter accumulation in soybean was 42% in
grain, 36% in stover including pod wall, 12% in leaf litter, and 11% in
roots and nodules.
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