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RESEARCH

Soybean [Glycine max (L.) Merr.] is a legume crop with high pro-
tein content (40%) and high-quality oil (20%). It was domesticated 

in the eleventh century BC around northeast China (Hymowitz and 
Shurtleff , 2005). Soybean may have been introduced to Africa in 
the nineteenth century by Chinese traders along the east coast of 
Africa (Giller and Dashiell, 2006). Reports indicate that soybean 
was cultivated in Tanzania in 1907 and Malawi in 1909 (Giller and 
Dashiell, 2006). According to Food and Agriculture Organization 
data, soybean was grown on an average of 1.26 million ha in Africa 
with an average production of 1.48 million metric tons in 2007. 
African countries with the largest area of production were Nige-
ria (650,000 ha), South Africa (245,000 ha), Uganda (147,000 ha), 
Malawi (79,480 ha), and Zimbabwe (69,900 ha).

When the International Institute of Tropical Agriculture 
(IITA) started soybean improvement in Africa in the 1970s, total 
production was around 0.2 million metric tons, and yield per 
unit area was low. The main challenges for soybean in Africa that 
needed research attention were low yield, low seed viability, poor 
natural nodulation, high shattering, and lack of appropriate pro-
cessing and utilization methods. Existing opportunities to resolve 
these problems were that soybeans were able to give high and 
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ABSTRACT

Thirteen early-maturing and promiscuously nod-

ulating soybean [Glycine max (L.) Merr.] varieties 

that belonged to maturity group I developed at 

the International Institute of Tropical Agriculture 

(IITA) from 1980 to 1996 were evaluated at two 

locations in the Guinea savanna of Nigeria in 

2001 and 2002 to determine genetic gain in grain 

yield and associated agronomic traits. The variet-

ies were grown in a randomized complete block 

design with four replications. Data on grain yield 

and seven other traits were recorded. The study 

showed that grain yield potential of the soybean 

varieties increased from 1117 to 1710 kg ha–1 dur-

ing two decades of breeding in IITA. The aver-

age rate of increase per year per release period 

(1980–1996) was 24.2 kg ha–1, which is 2.2%. 

Fodder yield also showed an annual increase 

of 22.81 kg ha–1 yr–1. Recent varieties had better 

lodging resistance scores of 1.25 to 1.37 in a 1 to 

5 scoring scale (1 being resistant and 5 suscep-

tible), shattering resistance scores of 1.6 to 2.7, 

and improved natural nodulation scores of 3.1 to 

3.9. Old varieties had 50% or more pod shatter-

ing while the corresponding fi gure for new vari-

eties was around 25%. Old varieties produced 

few and small nodules, while new varieties had 

many big nodules although size and number of 

nodules alone may not necessarily indicate nod-

ule effi ciency in N
2
 fi xation. Grain yield showed a 

positive and highly signifi cant (P ≤ 0.01) correla-

tion coeffi cient (r = 0.75) with fodder yield, imply-

ing that high biomass could serve as an indicator 

of good yielding ability.
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stable yields, diverse germplasm was available, and soy-
beans were one of the choices to improve human nutri-
tion and ameliorate soil fertility. The objectives of IITA’s 
breeding program were to develop high-yielding varieties 
that are naturally nodulating, resistant to diseases, insect 
pests, and pod shattering with improved seed longevity 
and color. Major emphasis was placed on combining the 
yield potential of cultivars bred in North America with 
the promiscuous (naturally nodulating) ability of germ-
plasm from Asia to form the necessary nodules for fi xing 
atmospheric nitrogen without inoculation with specifi c 
Rhizobium (Kueneman et al., 1984; Pulver et al., 1985).

Since 1980 the soybean breeding program of IITA has 
generated a large number of improved lines designated as 
TGx, which stands for tropical Glycine cross. These lines are 
the result of a breeding program that followed the pedigree 
method of selection where desirable individual plants were 
selected in early generations and progenies susceptible to 
disease were discarded by raising two generations per year. 
Homozygous lines were established at generations F

4
 to F

6
, 

and from generations F
5
 to F

7
 further screening was per-

formed for pod shattering, seed size, and color under labo-
ratory conditions. Lines that pass these screening test were 
categorized into early (<100 d to mature), medium, and late 
maturity groups. Multilocation trials and variety releases 
were also based on maturity groups. From 1980 until the 
late 1990s, 13 early-maturing varieties were released by var-
ious national programs in Africa. Nevertheless, the progress 
made in breeding these varieties was not assessed.

Plant breeders have been able to measure breeding 
progress by growing varieties developed and released over 
a long period of time in the same environment. Specht et 
al. (1999) reported that soybean yields in the United States 
increased by 22.6 kg ha–1 yr–1 from 1924 to 1997 and by 
31.4 kg ha–1 yr–1 from 1972 to 1997. Salado-Navarro et al. 
(1993) reported an annual gain of 1.59 to 1.87 g m–2 yr–2 
in 18 soybean cultivars released in the United States from 

1945 to 1983. For varieties released in India from 1969 to 
1993, an annual genetic gain of 22 kg ha–1 was estimated 
by Karmakar and Bhatnagar (1996). In Canada, a study 
on 41 early-maturing soybean cultivars representing seven 
decades of improvement showed a yield improvement of 
0.5% per year with an associated decrease in protein con-
tent and improvement in lodging tolerance (Voldeng et al., 
1997). Morrison et al. (2000) further reported that in the 
short-season region of Canada, soybean yield gain over time 
was associated with increased number of seeds per plant and 
improved tolerance to foliar diseases. This study was aimed 
at determining the rate of genetic improvement in natu-
rally nodulating early-maturing soybean varieties released 
in tropical Africa in two decades of breeding at IITA.

MATERIALS AND METHODS
Thirteen early-maturing soybean varieties released from 1980 

to 1996 (Table 1) were evaluated at two locations (Mokwa and 

Zaria) in the Guinea savanna of Nigeria in 2001 and 2002 dur-

ing the growing seasons of June through October. Mokwa 

(9°18′ N, 5°04′ E) and Zaria (11°11′ N, 7°38′ E) are located in 

the southern and northern Guinea savanna zones, respectively. 

Mean annual rainfall at Mokwa is 1100 mm while at Zaria it is 

900 mm (Sanginga et al., 2000). Randomized complete block 

design with four replications was used to evaluate the variet-

ies. Four-row plots, 6 m in length and 75 cm apart, were used. 

Planting was from 1 to 3 July at the two locations. Seeds at a rate 

of 50 kg ha–1 were drilled in rows at a depth of 2 to 3 cm and 

later thinned to 5 cm between plants within a row 10 to 12 d 

after germination. The experiment received basal application of 

100 kg ha–1 of NPK (15:15:15) fertilizer and 50 kg ha–1 of triple 

super phosphate at the two locations in 2001 and 2002. Weeds 

were manually controlled. Rhizobium inoculants and pesticides 

were not used. The net harvested area was the middle two rows 

that excluded one meter at both ends of each row.

Data were recorded on days to fl owering, days to maturity, 

plant height, grain yield, fodder yield, harvest index, lodging 

score, shattering score, and nodule score. Days to fl owering was 

recorded as the number of days from planting date until 50% 

of the plants produced one or more fl owers and maturity was 

recorded when 95% of the pods had changed from yellow to 

tan or gray color. Plant height was recorded as the length of the 

main stem (in meters) of 10 random plants per plot at maturity. 

Grain yield was recorded as weight (in grams) of seed from the 

net harvested plot in the 4-m length of the central two rows. 

Seeds were uniformly dried before weighing. Fodder yield was 

measured as weight (in grams) of haulm after threshing plants 

harvested from the net plot at the center used for grain yield 

assessment. Harvest index was estimated as the ratio of grain 

yield to above ground biomass (fodder plus grain yields). Scores 

of 1–5 were used to measure lodging, where 1 represented erect 

plants and 5 represented all plants in the plot lodged. Similarly, 

shattering was assessed using scores of 1 (no shattering) to 5 (all 

pods shattered). Shattering was noted 10 to 15 d after harvest on 

the 1-m length of the rows that were not harvested at both ends 

of the plot and the two outside rows. Natural nodulation ability 

of the varieties was assessed using scores of 1 to 5 considering 

Table 1. Early maturing promiscuous soybean varieties and the 

year they were fi rst tested in the Guinea savanna of Nigeria.

Variety Year fi rst tested

TGx 536-02D 1980

TGx 1019-2EB 1980

TGx 1485-1D 1986

TGx 1830-20E 1986

TGx 1740-2F 1991

TGx 1871-12E 1991

TGx 1876-4E 1991

TGx 1895-4F 1991

TGx 1895-33F 1991

TGx 1895-49F 1991

TGx 1904-6F 1996

TGx 1904-7F 1996

TGx 1910-16F 1996
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RESULTS AND DISCUSSION

Grain and Fodder Yields
Grain yield showed a highly signifi cant diff erence 
(P ≤ 0.0001) among varieties. No variety × environment 
interaction was observed for grain yield (Table 2). Vari-
ety × year, variety × location, and variety × year × location 
showed a nonsignifi cant diff erence for grain yield. Year, 
location and year × location eff ects were signifi cant for this 
trait. The signifi cant diff erence of location for most traits in 
this study is not unexpected because the two test locations—
Mokwa and Zaria—are located in diff erent agroecologies 
of southern and northern Guinea savanna, respectively, and 
diff er in mean annual rainfall (Sanginga et al., 2000). The 
signifi cant year eff ect for all traits except fodder yield indi-
cated the sensitivity of varieties to environmental factors 
that prevailed in the diff erent years. The absence of variety 
× location and variety × year interactions for grain yield 
implied that varieties did not show crossover interactions in 
the diff erent locations and years (Fox et al., 1997). More-
over, the absence of variety × location × year interaction for 
grain yield makes variety recommendation easier. Hence, 
varieties with higher grain yield could be recommended for 
both locations to increase soybean production.

Varieties also showed a highly signifi cant diff erence 
for fodder yield as well. In contrast to grain yield, vari-
ety × location interaction showed signifi cant diff erence 
for fodder yield. Unlike grain yield, year and year × loca-
tion eff ects were not signifi cant for fodder yield. The 
nonsignifi cance of variety × year and variety × year × 
location interactions for fodder yield seems to indicate less 
complication in the response of the varieties temporally. 
However, the presence of variety × location interaction 
for this trait indicates the existence of diff erent rank order. 
Thus, it is necessary to take precaution when recommend-
ing varieties in the two environments for the purpose of 

both number and size of nodules by carefully digging out about 

5 to 6 plants from both ends of the rows in each plot about 60 to 

75 d after sowing. A score of 1 indicated no nodulation whereas 

5 represented plenty of large nodules.

PROC GLM and PROC REG in SAS were used for the 

analysis of variance and regression analysis, respectively (SAS 

Institute, 2003). Combined analysis of variance was carried 

after testing homogeneity of error variances for varieties using 

SAS (Levene’s test for homogeneity). The model of the experi-

ment was as follows (Yan and Rajcan, 2003):

Y
jjkl

 = μ + G
i
 + Y

j
 + L

k
 + (YL)

jk
 + R(YL)

jkl
 + (GY )

ij
 + 

(GL)
ik
 + (GYL)

ijk
 + e
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where Y
ijkl

 is the mean yield of variety i in the year j at location k 

in replication l, μ is the grand mean, G
i
 is the eff ect of variety i, 

Y
j
 is the eff ect of year j, L

k
 is the eff ect of location k, (YL)

jk
 is the 

interaction between year j and location k, R(YL)
jkl

 is the eff ect of 

replication l in the year j and location k, (GY)
ik
 is the interaction 

between variety i and location k, (GL)
ik
 is the interaction between 

variety i and location k, (GYL)
ijk

 is the interaction among variety 

i, year j, and location k, and e
ijkl

 is the residual associated with vari-

ety i, year j, location k, and replication l. Data for nodule, lodg-

ing, and shattering scores were square root transformed before 

analysis of variance. Years and replications were treated as random 

eff ects and varieties and locations were treated as fi xed eff ects. 

Accordingly, signifi cance tests were made following the proce-

dure outlined by McIntosh (1983). Linear regression analysis was 

performed to determine the annual rate of genetic improvement 

for the period the varieties were released. The mean values of 

each trait for each variety across locations and years were regressed 

against the year of release for the respective varieties. In addition 

to the lack-of-fi t test, the 95% confi dence intervals of the intercept 

and the slope were calculated. The relative gains obtained during 

two decades of breeding in diff erent traits were determined as 

the ratio of genetic gain to the corresponding mean values of the 

oldest variety and expressed as a percentage. Simple correlation 

coeffi  cients were also estimated between grain yield and other 

traits using mean values of each variety.

Table 2. Mean squares of nine traits of early maturing promiscuous soybean varieties grown at two locations of the Guinea 

savanna of Nigeria for 2 yr.

Source of variation df
Days to 

fl owering
Days to 
maturity

Plant 
height

Grain yield Fodder yield
Harvest 

index
Lodging 
score†

Shattering 
score†

Nodule 
score†

Year 1 154.73** 404.92** 0.034** 26290719.29** 1220657.22 0.649** 0.416** 2.135** 0.379**

Location 1 4.20 336.17** 0.165** 1518165.93* 10099019.27** 0.003 2.605** 11.073** 0.144*

Year × location 1 14.52 116.19** 0.114** 15018524.12** 1823.08 0.521** 0.580** 0.032 2.368**

Rep (year × location) 12 9.70 6.39 0.006 328705.32 396349.42 0.004 0.017 0.066 0.018

Variety 12 90.76** 231.49** 0.220** 530922.84** 864155.54** 0.009 0.078** 0.511** 0.191**

Variety × year 12 6.83** 10.21* 0.006 173330.80 301151.53 0.008 0.012 0.021 0.023

Variety × location 12 35.36** 24.48** 0.031** 214061.87 478020.15** 0.017** 0.082** 0.135** 0.034

Variety × year × location 12 13.03** 7.81 0.011** 155247.31 274139.81 0.009 0.024* 0.041* 0.050**

Error 139 2.13 4.84 0.004 146316.37 189296.88 0.005 0.013 0.022 0.019

CV (%) 3.16 2.19 10.29 26.82 23.08 17.50 10.24 9.70 7.78

*Signifi cant at the 0.05 probability level.

**Signifi cant at the 0.01 probability level.

†Square root transformed data.
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increasing fodder yield as livestock feed or improve soil 
fertility. Varieties, however, did not show signifi cant dif-
ference for harvest index (the ratio of grain yield to above 
ground biomass). From main eff ects, only year showed 
signifi cant diff erence for harvest index. Two interaction 
terms—year × location and variety × location—were sig-
nifi cant for harvest index. Varieties were found to have a 
highly signifi cant diff erence for days to fl owering, days to 
maturity, and plant height. Signifi cant variety × environ-
ment interaction was also observed in these traits. Variet-
ies also showed a highly signifi cant diff erence for lodging, 
shattering, and nodule scores. The presence of variety × 
environment interaction has also been detected for lodg-
ing, shattering, and nodulation (Table 2). Generally, year 
eff ect was signifi cant for all traits studied except fodder 
yield. Likewise, location eff ect was also signifi cant for all 
traits except days to fl owering and harvest index.

Mean Performance of Grain and Fodder Yield 
Potential of Early-Maturing Soybean Varieties
Average grain yield ranged from 1117 kg ha–1 for the vari-
ety released in 1980 (TGx 1019-2EB) to 1710 kg ha–1 for 
the variety released in 1996 (TGx 1904-6F). Generally, 
grain yield showed an increase from old to new variet-
ies during the two decades of soybean breeding at IITA, 
and TGx 1904-6F exceeded TGx 1019-2EB by 53%. The 
average rate of increase in grain yield per year of release 
was 24.2 kg ha–1 yr–1 (Fig. 1) and it was signifi cantly dif-
ferent from zero (P ≤ 0.01) (Table 3). The 95% confi dence 
interval for the intercept (a) is 1185 (1027, 1344) and for 
the slope (b) is 24.2 (9.8, 38.7). The relative annual genetic 
yield gain in early maturing soybean varieties during 16 yr 

was 2.2%. This rate of 
achievement is higher 
than yield improvement 
reported in early soybean 
varieties elsewhere. Pub-
lished reports of genetic 
gain per year in soybean 
cultivars from diff er-
ent maturity groups in 
the United States range 
from 0.5 to 1% (Wil-
cox et al., 1979; Lued-
ders, 1977). The 1% yield 
gain per year during 50 
yr of breeding 21 culti-
vars in the United States 
was partly attributed to 
improved lodging resis-
tance (Luedders, 1977). 
Similar work on short-
season soybean cultivars 
in Canada indicated an 

annual yield gain of 0.5% during seven decades of breed-
ing (Voldeng et al., 1997). Similar to the present study, an 
annual increase of 1.2% has been reported by Karmakar 
and Bhatnagar (1996) in 43 varieties of soybean released 
between 1969 and 1993 in India.

A multienvironment study on early maturing dual-
purpose soybean genotypes (fi ve varieties common to the 
present study) performed in 1998 and 1999 in the Guinea 
savanna also revealed signifi cant diff erence among geno-
types (Dashiell et al., 2001). However, mean grain yield 
reported in that study was lower (700–900 kg ha–1) than 
the one presented in this paper. Inoculants were not used 
in either study, but no basal fertilizer was applied in the 
study of Dashiell et al. (2001), and that may have led to the 
big discrepancy between the two investigations. The high 
relative grain yield of the new varieties over the old ones 
obtained in this study is also in agreement with the fi ndings 
of Dashiell et al. (2001), in which a 17 to 20% yield advan-
tage has been reported.

Fodder yield also showed a trend similar to that of grain 
yield. Although not signifi cant, the linear regression of fod-
der yield of variety means on year of release showed an 
increasing trend (22.81 kg ha–1 yr–1) during the 16-yr period 
(Table 3). In general, recent varieties had more fodder yield 
than old ones with the exception of TGx 536-02D. The 
most interesting fi nding in this multilocation and multi-
year study is that the top yielding variety both for grain 
(1711 kg ha–1) and fodder (2242 kg ha–1) yields was TGx 
1904-6F. The fact that both grain and fodder yields have 
increased indicated that the eff ort in breeding dual-purpose 
tropical soybean varieties has been a success at IITA.

Figure 1. Relationship between mean grain yield of early maturing soybean varieties and year of release 

(expressed as number of years since 1980, year in which the fi rst variety was released). Grain yield mean 

values were from 2 yr and two locations.
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Mean Performance of Other Agronomic Traits

Harvest index ranged from 0.35 for an old variety (TGx 
1019-2EB) to 0.44 for both new and old varieties. Harvest 
index showed an annual increase of 0.003 during 16 yr of 
improvement, and the increase was signifi cantly greater than 
zero (Table 3). The annual relative gain for this trait was 
0.8%. Increasing harvest index would be at the expense of 
fodder yield, so the rate of increase was maintained at some-
what low levels during the 16-yr period. Selection in the 
IITA’s soybean breeding program for dual-purpose  varieties 
was performed both for grain and fodder yields and as a 
result harvest index has not been modifi ed much in absolute 
terms. Days to fl owering ranged from 43 to 49, and maturity 
ranged from 94 to 106 d. There is no clear pattern for days 
to fl owering, but recent varieties took one to six extra days 
to mature. Plant height of the varieties was in the range of 
0.4 m for TGx 1485-1D to 0.8 m for TGx 1876-4E. How-
ever, the high-yielding recent varieties were neither short nor 
tall. They were in the range of 0.6 to 0.7 m.

Though diff erences for lodging resistance were detected, 
almost all of the varieties had an acceptable score of 1 to 1.6, 
which indicated that they were erect. Varieties also diff ered 
in shattering score. Pod shattering scores of 3 or more was 
noted in TGx 536-02D, TGx 1485-1D, and TGx 1740-2F. 
These fi gures indicate that in these old varieties 50% or 
more of their pods had shattered. In recently released vari-
eties, pod shattering was less than 50%. The score for two of 
the recent varieties—TGx 1904-7F and TGx 1910-16—was 
almost 2 (25% pod shattering). The fact that the recently 
released varieties of soybean showed better pod shattering 
resistance is expected since IITA breeders routinely selected 
for resistance to pod shattering in their breeding popula-
tions (Dashiell et al., 2001). Such improvement was made 
possible because pod shattering is a heritable trait and high 
broad-sense heritability (0.90) has been reported (Caviness, 
1969). Further work has revealed that this trait showed high 
narrow-sense heritability (0.69–0.79) as reported by Tuka-
muhabwa et al. (2000, 2002). These fi ndings clearly indicate 
that improvement of pod shattering through hybridization 
and selection is possible in soybean breeding. In the Guinea 
savanna seed losses of 50 to 100% were reported with sus-
ceptible varieties and delayed harvesting after physiological 
maturity (IITA, 1986). As a result, breeding for pod shat-
tering resistance has been a major priority in IITA (1992). 
Results in this study revealed that pod shattering has been 
reduced in the newly released varieties and the improve-
ment of this trait and high yielding ability has led to the 
acceptance and adoption of IITA’s improved soybean vari-
eties in Nigeria (Sanginga et al., 1999).

Mean values for natural nodulation also diff ered among 
varieties. The score ranged from 2.3 for variety TGx 1830-
20E (few small-sized nodules) to 3.9 for variety TGx 1895-
49F (many large nodules). Generally, the old varieties had 
produced few small nodules while the recent varieties had 

produced several big nodules. Nonetheless, it is worth men-
tioning that size and number of nodules may not necessarily 
indicate nodule effi  ciency in nitrogen fi xation as it has not 
been measured using acetylene reduction assay.

Relationship of Grain Yield 
with Agronomic Traits
Grain yield showed a positive and highly signifi cant 
(P ≤ 0.01) correlation coeffi  cient (r = 0.75) with fodder yield. 
This relationship indicated that improvement has been 
made simultaneously for both traits. It also indicated that 
high biomass is an indicator of good yielding ability and 
vice versa. Data obtained in this study has clearly indicated 
the achievements made by soybean breeders at IITA who 
started to select for both grain and stover yields in the early 
1990s as a new approach to soybean improvement to pro-
vide residue for livestock feed during the dry season where 
feeds are not available. Nevertheless, the correlation coef-
fi cient (r = 0.50) of grain yield with harvest index was not 
signifi cant though it was sizeable and positive. Furthermore, 
grain yield showed a signifi cantly positive association with 
days to fl owering (r = 0.57) and days to maturity (r = 0.71), 
implying yield increment with delayed fl owering and matu-
rity. Another relationship worth noting is the relatively high 
(r = –0.5) negative correlation with shattering score, which 
indicated that yield increased as a result of reducing pod 
shattering. Grain yield showed almost no relationship with 
plant height, lodging score and nodule score.

CONCLUSIONS
Developing high yielding and promiscuously nodulating 
soybean varieties for tropical Africa has been the major 
objective at IITA since the mid-1970s. Improvement of 
early maturing soybeans has shown an annual rate of 2.2% 
gain in grain yield in two decades of breeding. This study 
also showed that varieties with higher grain yield could 

Table 3. Mean values, coeffi cients of determination (R2), and 

regression coeffi cients (b) of various agronomic traits from 

linear regression of the mean value of each character for 

each variety against the year of release for that variety.

Trait
1980 to 1996

Mean R2 b

Grain yield (kg ha–1) 1185.5 0.495 24.234**

Fodder yield (kg ha–1) 1758.8 0.092 12.808

Plant height (m) 0.6 0.006 0.002

Days to fl owering 45.0 0.112 0.151

Days to maturity 97.3 0.164 0.289

Harvest index 0.4 0.363 0.003*

Shattering score† 2.9 (1.6) 0.122 (0.106) –0.038 (–0.011)

Lodging score† 1.2 (1.1) 0.084 (0.078) 0.009 (0.004)

Nodule score† 2.9 (1.7) 0.161 (0.164) 0.029 (0.008)

*Signifi cant at the 0.05 probability level.

**Signifi cant at the 0.01 probability level.

†Figures in parenthesis are based on square root transformed data.
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be recommended for both Mokwa and Zaria locations as 
genotype × environment interaction was absent. Further 
improvement is also possible because yield increment has 
not reached a plateau as revealed in the regression analysis. 
It should be clear that this achievement is based on natural 
nodulation ability of the varieties. Under tropical Africa 
conditions yield can be increased more than what has been 
attained in this study by using appropriate inoculants. It 
is highly probable that productivity of soybean may be 
increased in the future by developing appropriate inocu-
lants suitable to small-scale farmers in Africa.
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