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Abstract 

There are varying regional ecological conditions in Kenya and it’s extremely important to select soybean 
cultivars for each environment. A study was established to identify soybean genotypes with high seed 
yield and protein content for Lanet region in Nakuru County. Fifteen soybean genotypes of varying 
maturity were used for the study. Analysis of variance indicated significant ( P ≤ 0.01) differences in 
yield, days to flowering, days to harvest maturity, number of pods plant -1, number of nodes plant-1, 
number of branches plant-1, seed weight and protein content (p ≤ 0.05) among the genotypes studied. 
Days to harvest maturity ranged from 145-193 days for genotype DPSB 19 and genotype DPSB 3, 
respectively. The mean number of pods plant-1 was 45.2 with genotype SBH 3/8/4/1 having the highest 
number of pods plant-1 of 54.3. One hundred seed weight was highest for genotype Gazelle (20 g) and 
lowest for DPSB 3 (11 g). The highest seed yield was observed on genotype Gazelle (2179 kg ha-1) and this 
was not significantly different for 73% of the genotypes. Genotype DPSB 3 gave the least yield of 792.6 kg 
ha-1. Protein content ranged from 40.5-35.9 for genotypes DPSB 3 and 931/5/34, respectively. Genotypes 
Gazelle, Nyala and EAI 3600 may be recommended for commercial production in Nakuru County. 
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Introduction 

There are wide climatic conditions in Kenya that require specific soybean (Glycine max (L.) Merrill) 
genotypes for production. Soybean is an important legume oil seed crop accounting for 54% of global oil 
seed production (Ramana and Satyanarayana, 2006). The high interest in soybean is due to its high 
protein content of about 40% in the seed that is an important source of protein for human food and 
animal diet (Hungria et al., 2006). Soybean farming is one of the most effective ways in which smallholder 
farmers can maintain soil fertility and yet reap higher incomes from succeeding crop (Osunde et al., 2003). 
Popularity of soybean is expected to grow in the near future because of increasing need for food and 
fodder Mugendi et al., (2010). Soybean is known for its high nitrogen fixation thus improving soil (N) 
content. Soybean improves soil fertility by fixing atmospheric nitrogen with some varieties fixing 44-103 
kg N ha-1 annually (Sanginga et al., 2003). Nodulation and nitrogen fixation in soybean occurs effectively 
if other elements such as Phosphorus, Potassium and Sulphur are present in the soil (Mugendi et al., 
2010). Soybean for the consumption market in Kenya was estimated to be 150,000 MT per year by 2014 
(Jagwe and Nyapendi 2004). Adoption of soybean production in this region would improve cash incomes 
through direct seed sales, value addition, preparation of homemade feed rations for livestock and 
improvement of soil fertility through nitrogen fixation. Soybean is used for manufacture of foods and 
feeds, anti-corrosion agents, bio-fuels, disinfectants, pesticides, paints, adhesives, antibiotics and 
cosmetics among other industrial uses (Chianu et al., 2008). The objective of the study was to identify 
genotypes high in seed yield and protein content suitable for the region that have potential to improve 
food security, alleviate poverty and improve soil fertility. 

Materials and methods 

The study was conducted at Lanet in Nakuru County. Lanet (0o18S, 36o 09E) is situated at an altitude of 
1920 m above sea level. The rainfall is bimodal at an average of 800mm per annum. The temperatures are 
cool at a minimum of 10oC and a maximum of 26oC (www.kalro.org). The site is situated in agro-
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ecological zone UM4. The soils are classified as ando-haplic phaozems. The soils are well drained, 
moderately deep to deep, friable, sandy clay loam to sandy clay with a humic top soil (Jaetzold et al., 
2010). Genotypes evaluated in this study were accessed from oil crops breeding programme at the food 
crops research Centre Njoro. Eight of the genotypes had been developed locally while seven had been 
acquired as introductions. Genotype EAI 3600, a medium maturing genotype was used as a check. 
Genotype DPSB 19 and DPSB 8 were dual purpose in that they were developed to give high seed yield 
and biomass. Genotype DPSB 3 and DPSB 19 are resistant to the Asian soybean rust disease (Phakospora 
pachyrrhizi). A randomized complete block design (RCBD) with three replicates was used for the 
experiment. Planting was done by hand in 3 × 2.7 m plots consisting of six rows with 45 cm row spacing 
at a seed rate of 75 kg ha-1. Diamonium phosphate fertilizer was applied to supply 22 kg N ha-1 and 57.5 
kg of P ha-1 at planting. Sencor® (metribuzin) a pre-emergent herbicide at the rate of 360g a.i ha-1 was used 
for weed control. During the crop growing season, foliar application of Folicur® (Tebuconazole) at 250g 
a.i ha-1 was done to control fungal diseases. Several traits were measured from each plot that included 
days to 50% flowering, plant height, days to harvest maturity, number of nodes plant-1, number of pods 
plant-1 and number of branches plant-1. Days to 50 % flowering were determined when at least 50% of all 
plants in a plot had flowered. Plant height (cm) was measured on a sample of five plants from four centre 
rows of each plot as the distance from the ground to the apex of the extended plants. The number of 
branches plant-1, nodes plant-1 and pods plant-1 were determined from a sample of five plants selected 
from four central rows of the plots. The mean seed count from twenty pods was observed as the number 
of seeds pod-1. To calculate 100-seed weight, 100 seeds were counted using a seed counter and weighed. 
Seed yield was determined from seeds harvested from four central rows of each plot. Seed protein 
content was determined using Near Infra-Red Refractometer equipment (Infratec ™ 1241 Grain Analyzer 
ISW 3.20: Foss analytical AB, P.O box 70, SE-263221 Hoganas, Sweden). The data was subjected to 
analysis of variance for each characteristic. The statistical analysis systems (SAS) general linear model 
(GLM) procedure (SAS institute, 1999-2000 release 8.1) was used for analysis. Separation of means due to 
varieties was done using least significant difference (LSD). 

Results 

The analysis indicated significant (P ≤ 0.01) differences in all traits studied (Table 1). Days to 50% 
flowering ranged from 70.3-95.0. Genotype DPSB 19 flowered earliest at 70.3 days while genotype DPSB 3 
was latest at 95 days. Days to 50% flowering were not significantly different for SBH 10/5/6, SBH 
1/12/19, SBH 7/1/1, SBH 6/6/6/2 and SBH 3/8/4/1 which took fewer days than the mean of 79. 2 days 
to flower. Days to harvest maturity followed the same trend with a range of 145.0-193.3 days for 
genotypes DPSB 19 and DPSB 3, respectively. Only 33% of the genotypes took longer than the mean of 
165.9 days to mature. Genotype DPSB 8 had the highest number of nodes plant-1 and genotype SBH 
6/6/6/2 had the least number of nodes plant-1. Genotype DPSB 8 was the tallest with a plant height of 
102.8 cm which was 42.1%. 

above the trial plant height mean of 72.3 cm. Genotypes SBH 6/6/6/2, SBH 3/8/4/1, DPSB 3, SBH 
10/2/3, SBH 4/6/6, 931/5/34 were not significantly different in height from Nyala which recorded the 
shortest height of 51.1 cm. Branching was more pronounced in genotype 931/5/34 which had a mean of 
6.1 branches plant-1 in comparison to SBH 7/1/1 which had the least number (3.5) of branches plant-1. 
There was low diversity among the genotypes for the number of branches plant-1 given that 67% of the 
genotypes were not significantly different in this trait. The trial mean number of branches plant was 5.1 
(Table 2). The trial mean number of pods plant-1 was 45.1 with the highest number (54.3) observed on 
genotype SBH 3/5/8/1. Genotype DPSB 3 which was the latest to flower and mature recorded the least 
number of pods plant-1. Genotypes SBH 10/5/6, SBH 7/1/1, Gazelle, SBH 10 /2/3, SBH 4/6/6, Nyala, 
DPSB 8, DPSB 19, 931/5/34 and SBH 3/8/4/1 were not significantly different in the number of pods 
plant-1. The weight of 100-seeds ranged from 11.0-20.0 g for genotypes DPSB 3 and Gazelle, respectively. 
Genotypes Gazelle, SBH 10/2/3, SBH 4/6/6, Nyala, EAI 3600 and 931/5/34 had 100-seed weight above 
the trial mean of 15.6 grams.  



Table 1: Mean squares from analysis of variance for flowering, maturity, plant height, number of pods plant-1, seeds pod-1, branches plant-1, 
nodes plant-1, seed yield, 100 seed weight and protein content for soybean genotypes evaluated at Lanet in 2011 

   d  cm   No.   Kg ha-1 g % 

Source d.f 
50% 
flowering  

Harvest 
maturity 

Plant 
height 

Pods 
Plant -1 

Seeds 
pod-1  

Branches 
Plant-1 

Nodes 
plant-1 Seed Yield 

100 
seed wt 

Protein 
content 

Replicate 2 10.15  91.46 57.48 184.81 0.09   4.22 1.69 201356.68  3.8 26.80 

Genotype 14 100.79**  582.71** 1085.61** 159.85**  0.11**  1.80** 27.58** 38159.72** 25.97** 6.91* 

Error 28 2.72  67.87 40.23 61.48 0.03   0.62 1.64  71992.13 0.98  2.76 

cv (%)  2.08  4.96 8.77 17.35 7.52  15.49 9.19  15.30 6.38  4.33 

R2  0.94  0.81 0.93 0.60 0.65   0.66 0.89  0.74 0.93  0.66 

**Significant at p  0.01,* Significant at p  0.05 

 



 

 

 

Table 2: Mean values of yield, agronomic traits and quality traits of fifteen soybean genotypes evaluated at Lanet in 2011 

  d  cm   No.   kg ha-1 g % 

Genotype 
50% 
Flowering  

Harvest 
Maturity 

Plant 
height 

Pod 

plant-1 

Seeds 
pod-1  

Branches 
plant-1 

Nodes 
plant-1 Seed yield 

100 seed 
weight Protein 

SBH 10/5/6 75d  162.0dc 94.9ab 39.6b-e 2.3a-d  4.8a-d 16.7a-c 1748.8a-c 14.7c 38.6a-d 

 SBH 1/12/19 75.7d  157.7d-f 98.1ab 46.8a-d 2.5a-d  4.6b-d 17.8ab 1932.1a-c 14.0c 36.9de 

SBH 7/1/1  75.7d  173.3bc 96.1ab 45.3a-d 2.3c-e   3.5d 18.7a 1975.3a-c 14.3c 37.7a-e 

 Gazelle 82.0bc  165.7dc 78.2c 48.8a-c 2.0f  5.0a-c 15.1cd 2179.0a 20.0a 36.0e 

 SBH 4/4/4 75.0d  157.3d-f 89.3b 36.5c-e 2.5a-d   4.0cd 16.3bcd 1668.5bc 13.7cd 37.2b-e 

 SBH 10/2/3 79.7c  163.0dc 56.5ef 51.8ab 2.6ab   6.0a 11.1f 1804.9a-c 18.0b 40.0ab 

 SBH 4/6/6 79.3c  159.0de 61.0d-f 46.7a-d 2.6a   6.0a 11.1f 1933.9a-c 17.7b 39.8a-c 

 Nyala 81.3bc  166.0dc 51.1f 51.2ab 2.3b-e   5.2ab 12.0f 1992.6ab 19.7a 37.1c-e 

 EAI 3600 80.3c  162.7dc 66.0de 34.5de 2.5a-d   5.6ab 10.9f 2036.4ab 17.7b 38.0a-e 

 SBH 6/6/6/2 75.7d  165.0dc 54.9f 40.9b-e 2.4a-d   5.3ab 10.8f 1538.9cd 14.3c 38.6a-e 

 DPSB 8 83.7b  183.0ab 102.8a 45.7a-d 2.23e-d  4.7b-d 18.8a 1816.1a-c 12.3de 39.1a-d 

 DPSB 19 70.3e  145.0f 69.3dc 52.7ab 2.5a-c  4.4b-d 14.3de 1175.9ed 12.3de 39.9a-c 

 931/5/34 84.0b  189.3a 54.4f 52.5ab 2.3a-c   6.1a 12.2ef 1930.8a-c 19.7a 35.9e 

 DPSB 3 95.0a  193.3a 56.8ef 30.4e 2.0ef    6.0a 12.5ef 792.6e 11.0e 40.5a 

 SBH 3/8/4/1 75.7d  145.7ef 54.4f 54.3a 2.3a-d  4.9a-c 10.9f 1778.4a-c 14.3c 40.2a 

Mean 79.2  165.9 72.3 45.2 2.3   5.1 13.9 1153.6 15.6 38.4 

CV (%) 2.1  5.0 8.8 17.4 7.5   15.5 9.2 15.3 6.4 4.3 

Lsd 2.7  13.8 10.6 13.1 0.3   1.3 2.2 448.8 1.7 2.8 

Means followed by the same letter are not significantly different at P=0.05 
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The mean seed yield at the site was 1153.6 Kg ha-1 (Table 2). Genotype Gazelle recorded the highest 
yield at 2179 Kg ha-1 which was not significantly different from that of EAI 3600 (2036.4 Kg ha-1) the 
check genotype. Genotype DPSB 3 which was latest in maturity and had least number of pods plant-1 

recorded the least yield of 792.6 kg ha-1. Sixty seven percent of the genotypes studied were not 
significantly different in terms of protein content. It ranged from 35.9% for genotype 931/5/4 to 40.5% 

for genotype DPSB 3. The check genotype recorded protein content of 38.0%. Genotypes SBH 1/12/19, 
SBH 7/1/1, Gazelle, SBH 4/4/4, Nyala, EAI 3600 and 931/5/34 had protein content lower than 

the mean of 38.4%.  

Discussion 

Genotype adaptability is tested by evaluating genotypes for several years in order to capture genotype 
by year interactions. Adaptability is the capability of a genotype to make use of environmental effects 
that warrants a high yield level (Cucolotto et al., 2007). This study covers one of those years. There were 
significant differences among genotypes for the traits. Days to flowering and days to harvest maturity 
had the same trend with early flowering genotypes maturing earlier than late flowering genotypes. 
There were differences on periods from 50% flowering to harvest maturity. Soybean in this 
environment took 5-6 months to mature. The best yielding varieties Gazelle, Nyala and 931/5/34 
matured in >5 months (150) days. This could be attributed to low temperatures as modulated by high 
altitude of 1920 m. Tinsley (2009) had recommended soybean to be produced in areas higher than 1600 
m so as to avoid low soybean viability issues which are more pronounced in warmer areas. Differences 
existed among the genotypes for plant height. Paul et al., (2003) had associated high plant height with 
highest yield while evaluating soybean in different sowing dates. While 73% of the genotypes had no 
significant difference in the yield, 36% of them had plant heights that were below 55 cm implying, that 
it is not always the case that high yield correlates to high seed yield. The high yield of the three best 
yielding genotypes could be attributed to high 100-seed weight and high number of pods plant-1 for 
Gazelle and Nyala while EAI 3600 had higher number of seeds pod-1 (Table 2). In soybean, the number 
of pods plant-1, seeds pod-1 and seed weight are considered yield forming components (Macak and 
Candrakova, 2013). Soybean for use in the soybean industry should have seed weight of 13-15 g/100 
(Filho et al., 2004). Soybean genotypes in the study had higher seed weight than suggested except DPSB 
3 which had a 100-seed weight of 11g. Protein content is considered an important trait when the 
economic product is protein meal. Although there are no set thresholds for seed protein, Pfeifer et al., 
(1995) had set a threshold of 34.8% which is lower than the trial mean of 38.4%. This suggests that all 
the genotypes studied had sufficient levels of seed protein. Selection criteria for the genotypes would 
then preferably be seed yield. 

Genotypes DPSB 19 and DPSB 8 are promiscuous in that they have the capability to nodulate with local 
rhizobia in Kenyan soils. The yield of Genotype DPSB 8 was not significantly different from that of 
Gazelle which had the highest yield at the site. Genotype DPSB 19 yielded 1.9 % above the trial mean. 
The yield observed could either be due genetic factors or presence of free nodulating rhizobia. Mugendi 
et al., (2010) had established the presence of Bradyrhizobium elkanii, Bradyrhizobium japonicum and 
Sinorhizobium fredii as nodulating bacteria in soils of central highland in Kenya. 

Conclusion  

Lanet in Nakuru County is a suitable environment for soybean production. There are soybean 
genotypes adaptable to environmental conditions in this region. Genotypes studied have significant 
variation in seed yield and protein content. Selection of genotypes in this region should be based on 
seed yield rather than protein content. 

 

Recommndations 

Genotypes Gazelle, Nyala and EAI 3600 may be recommended for production due to their high seed 
production as well acceptable protein content, attributes required by clients in the soybean industry. 
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Further studies are required to establish presence of indigenous rhizobia bacteria for use with 
promiscuous soybean varieties, a factor that would enhance yield through biological nitrogen fixation 
and reduce the cost of soybean production by eliminating the need for nitrogen application. Soybean 
varieties that are not promiscuous would require inoculation with rhizobia bacteria at planting. 
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