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Abstract 

A field study was conducted in central highlands of Kenya to investigate the response of soybean 
(Glycine Max. L. Merril.) to Bradyrhizobium japonicum inoculation and Triple Super Phosphate during the 
2012 short rains. Three fertiliser rates (0, 30, and 60 kg P ha-1) were evaluated with rhizobia inoculation 
and non-inoculation. The experimental design was a randomised complete block design (RCBD) with 
12 replicates. Number of nodules and activity, plant wet/dry and root wet/dry weights, total biomass 
and grain yield were determined. Rhizobia inoculation significantly increased nodule numbers of 
soybean and affected the presence of leghaemoglobin in nodules. It also significantly increased plant 
total biomass yield and grain yield. Phosphorus significantly increased root dry weight of soybean, 
plant biomass and grain yield. Phosporusd rate, however, did not significantly affect the nodule 
numbers of soybean neither did it affect leghaemoglobin in nodules since non-inoculated plots had 
minimal nodulation than inoculated plots. Nitrogen fixation was evident in all inoculated and 
nodulated  plants due to the presence of leghaemoglobin. Nodulation was negatively affected by soil 
acidity with more acidic soils (pH 4.8-5.3) recording low nodulation despite inoculation. Phosphorus 
rate affected soybean yield during the long rains with higher yield in the higher rate application of 60 
kg ha-1. The highest agronomic efficiency was, however, realised in the 30 kg P ha-1.  
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Introduction 

Biological nitrogen fixation (BNF) of grain legumes is a strategy to ease the burden that commercial 
fertilisers exert on poor farmers in sub-Sahara Africa (SSA). The gross annual nitrogen (N) mining in 
SSA averages 22 kg N ha-1 with some as high as 100 kg N ha-1. (Stoorvogel et al., 1993). In Kenya, 
soybean production has gained momentum due to demand for protein and biodiesel with small-scale 
farmers becoming more interested in the crop. It is also possible to improve soil fertility in Kenya 
amongst smallholder farmers through introduction of promiscuous soybean varieties (varieties that do 
not require inoculation with a specific Rhizobium) (Kihara et al., 2011) or inoculation with suiTable 
Rhizobia strains to non-promiscous varieties. 

Amount of N fixed by grain legumes such as soybean is affected by the degree of colonisation by 
rhizobia from the soil (Kihara et al., 2011) or inoculated, by their interaction with other biological, 
physical, and chemical properties of the soil and by weather. Apart from weather, other factors are 
influenced by management practices and input applications both in quantity and type. Legumes such 
as soybean transport N fixed from roots to shoots in the form of ureides (allantoin and allantoic acid) 
and hence susceptible to water stress (Kihara et al., 2011). Efforts that aim to increase water absorption 
through the root system and scavenging for water through increased root biomass would contribute 
positively towards greater soybean yield. Fertilisers may affect nodulation, plant water and nutrient 
uptake and yield. Soybean crop may fix atmospheric N to meet its requirements and those of 
subsequent crops (Aulak et al., 2003). Studies show that low native soil phosphorus availability and 



Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

2 

poor utilisation of added P is a major constraint limiting the productivity of soybean. However, the use 
of P is limited by its high cost, while organic inputs do not provide sufficient P for optimal crop growth 
due to their low P concentration (Aulakh et al., 2003). 

Therefore, the optimal use of phosphorus fertilisers leading to increased P use efficiency should be 
encouraged. Information on recommended P rates for smallholder farmers in central highlands of 
Kenya is unavailable hence the need to investigate the most efficient rate and effect of combination with 
enhanced biological N fixation methods.  

The objective of this study was to evaluate the effect of different rates of P on soybean growth and yield 
and assess the effect of rhizobia inoculation on soybean nodulation and yields. 

Materials and methods 

Site description 

Field studies were carried out during the short rains (Season 1) within selected farmers in Embu and 
Meru counties (00o06’19.4" S37o54’49.7" E) between October 2012 and January 2013. According to 
agroecological conditions (based on temperature and moisture supply), the areas lies in the upper 
midland zone 3 (UM3) (Jaetzold et al., 2006) on the eastern slopes of Mount Kenya at of 1150-1600 m. 
The annual mean temperature is about 18.7-22o C and a total annual rainfall of 1300 mm. The soils are 
mainly humic Nitisols which are extremely deep dusky red to dark reddish brown, friable clay well 
weathered (Jaetzold et al., 2006).  

Design of experiments 

The study was conducted in 12 farmers fields. The trials were set in a randomised complete block 
design (RCBD), each as a replicate. Phosphorus levels of 0, 30, and 60 kg ha-1 were applied with 
inoculation and without inoculation. Phosporus was applied at planting as Triple Super Phosphate 
(TSP) 46% P2O5 using banding method. Each experimental plot measured 4 × 4.5 m. Two soybean seeds 
per hill were sown manually at a depth of 5 cm and a spacing of 15 × 45 cm in three non inoculated 
units and two Brandyrhizobium japonicum inoculated seeds sown in three inoculated units. The 
inoculums was prepared by mixing 100 g of B. japonicum (carrier material included) with 300 ml 
Lukewarm water and adding 5 g of gum Arabic sticker in a plastic bucket. Fifteen kilogrammes of seeds 
were then thoroughly mixed in the bucket to have a uniform cover. The inoculated seed were kept 
under shade during the planting. The treatment combination were: 

 B. japonicum (USDA 110 Strain) inoculated + 60 kg P ha-1 
 B. japonicum (USDA 110 Strain) inoculated + 30 kg P ha-1 
 B. japonicum (USDA 110 Strain) inoculated + 0 kg P ha-1 
 60 kg P ha-1 
 30 kg P ha-1 
 Control.  
 

Plots were kept weed-free throughout the growing season. 

Measurement of nodule numbers and activity 

This was determined at vegetative 50% flowering equivalent to 40 days after emergence (DAE). 
Soybean plants were randomly uprooted from four hills of the inner rows per experimental plot after 
loosening the soil with a hand hoe and immersing in water to loosen the soil around the roots. The 
number of nodules per plant was recorded and the presence or absence of leghaemoglobin determined 
by puncture method and recorded. 

Measurement of crop biomass and grain yield 

Above- and below-ground biomass was determined at 50% flowering, 40 DAE and at harvest maturity, 
100 DAE. The biomass was from plants uprooted from four hills randomly selected from interior rows 
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of the experimental units. Biomass at harvest maturity was determined from an area of 1.5 m2 of the 
innermost rows. The harvested plants were oven dried at 65° C for 48 h and weighed to obtain the 
biomass. Grain yield was determined from the same plants used for biomass at harvest maturity. Pods 
were separated from the plants, weighed and threshed to determine grain yield. 

Statistical analysis 

The Genstat 14th edition statistical package was used to analyse the data. Analysis of variance 
(ANOVA) was used to assess the effect P and inoculation on wet and dry weight, biomass and grain 
yield. Poisson was used for nodule number count data and binomial regression was used to test the 
nodule activity due to only two possible outcomes. Significant (P<0.05) differences among the treatment 
means were recorded. 

Results and discussion 

The variation in wet weight was significant (p<0.001) among farms, inoculation and P level and the 
interaction between inoculation and P level was not significant (p=0.12) (Table 1). 

Table 1: ANOVA for wet weight 

Source of variation d.f. s.s. m.s. v.r. F pr. 

P_level 2 4236.6 2118.3 12.85 <.001 

Inoc_status 1 6754.6 6754.6 40.98 <.001 

Replicate 10 27206.9 2720.7 16.51 <.001 

P_level.Inoc_status 2 730 365 2.21 0.12 

Residual 50 8241.7 164.8     

Total 65 47169.8       

Multiple mean comparison shows that plant wet weight was not significantly different 
between 30 and 60 levels of P 

 

 

Figure 1: Plant wet weight 
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Table 2: Multiple mean comparison for plant wet 
weight 

 Mean   

60 44.75  a 

30 35.91  a 

0 25.16  b 

 

There was statistical significance in the mean obtained from P at 60, 0, 30 and0 kg ha-1 on the plant wet 
weight. Variation in root wet weight was significant among P levels, inoculation and different farms 
(p<0.001) (Table 3). 

Table 3: ANOVA for Root wet weight 

Source of variation d.f. s.s. m.s. v.r. F pr. 

P_level 2 44.809 22.405 13.6 <.001 

Inoc_status 1 112.876 112.876 68.52 <.001 

Replicate 10 160.951 16.095 9.77 <.001 

P_level.Inoc_status 2 2.69 1.345 0.82 0.448 

Residual 50 82.368 1.647     

Total 65 403.693       

 

Mean separation reveals that there was no significant difference in root wet weight between P levels at 
60 and 30 kg ha-1 (Table 4). 

 

Figure 1: Root wet weight 

 

Table 4: Bonferroni Mean separation for root 
wet weight 

 Mean   
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60 4.866  a 

30 4.034  a 

0 2.858  b 

 

There was a significant (p<0.001) variation in plant dry weight among phosphorus levels, inoculation 
and different farms. The interaction between phosphorus levels and inoculation was also significant 
(p=0.018). 

Mean separation revealed that all the three P levels had a significantly different plant dry weight from 
each other. 

Mean root dry weight varied significantly (p<0.001) among the P levels, inoculation, and farms (Table 
7). 

 

Table 5: ANOVA for dry plant weight 

Source of variation d.f. s.s. m.s. v.r. F pr. 

P_level 2 723.67 361.83 18.53 <.001 

Inoc_status 1 824.98 824.98 42.24 <.001 

Replicate 10 3824.26 382.43 19.58 <.001 

P_level.Inoc_status 2 171.05 85.52 4.38 0.018 

Residual 50 976.45 19.53     

Total 65 6520.41       

 

 

Figure 2: Plant dry weight 

 

Table 6: Mean separation for dry weight 

 Mean   

60 20.05  a 
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30 16.61  b 

0 11.97  c 

 

 

 

Table 7: ANOVA for root dry weight 

Source of variation d.f. s.s. m.s. v.r. F pr. 

P_level 2 15.0729 7.5364 15.66 <.001 

Inoc_status 1 22.8626 22.8626 47.5 <.001 

Replicate 10 60.3211 6.0321 12.53 <.001 

P_level.Inoc_status 2 1.618 0.809 1.68 0.197 

Residual 50 24.0655 0.4813     

Total 65 123.9402       

 

All the P levels differed significantly among each other in the root dry weight (Table 8). 

 

Figure 3:  Root dry weight 

 

Table 8: Root dry weight mean separation 

 Mean   

60 2.987  a 

30 2.406  b 

0 1.816  c 

 

Plant total biomass differed significantly (p<0.001) among P levels, inoculation, and farms. However the 
interaction between P levels and inoculation status was not significant (p=0.093). 

Table 9: ANOVA for biomass 
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Source of variation d.f. s.s. m.s. v.r. F pr. 

P_level 2 1366412 683206 19.95 <.001 

Inoc_status 1 1476014 1476014 43.1 <.001 

Replicate 10 5595776 559578 16.34 <.001 

P_level.Inoc_status 2 170873 85436 2.5 0.093 

Residual 50 1712152 34243     

Total 65 10321226       

 

Multiple mean comparison revealed that at each level of P was significantly different from the others 
(Table 10). 

 

Figure 4 : Soybean biomass 

 

Table 10: Benferroni mean separation for 
biomass 

 Mean   

60 845.9  a 

30 635  b 

0 495.9  c 

 

Yields were significantly (p<0.001) different among P levels, inoculation and farms (Table 11). 

Table : ANOVA for yield (kg ha-1) 

Source of variation d.f. s.s. m.s. v.r. F pr. 

P_level 2 15834930 7917465 15.33 <.001 

Inoc_status 1 27996514 27996514 54.2 <.001 

Replicate 10 64200928 6420093 12.43 <.001 

P_level.Inoc_status 2 865835 432917 0.84 0.439 

Residual 50 25826450 516529     

Total 65 1.35E+08       
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Multiple mean comparison shows that there was no significant difference in yield for P at 30 level and 
where none was applied. However, where P was applied at 60 there a significantly higher yield (Table 
12). 

 

Figure 6: Soybean grain yield 

Table 11: Mean separation for 
yield 

 Mean   

60 2841  a 

30 2092  b 

0 1655  b 

 

From the poisson regression analysis there was a significant  (p<0.001) difference in number of nodules 
among the farms, inoculation status and interaction between P levels and inoculation status. Number of 
nodules were not significantly (p=0.6739) different among phosphorus levels (Table 13). 

Table 13: Poisson analysis for number of nodules 

NULL Df Deviance 

Resid. Df  Resid. Dev Pr(>Chi) 

575 10603.5  

Farmers 1 109.9 574 10493.7 < 2.2e-16 *** 

Inoculation status 1 7989.1 573 2504.6 < 2.2e-16 *** 

P level 1 0.2 572 2504.4 0.6739 

Innoculation P level   1 56.8 571 2447.6 4.863e-14 *** 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

There was significance (p=0.00833) variation in nodule activity among different farms, inoculation 
status (p< 0.001) and the interaction between inoculation status and P level (p<0.001) (Table 14). 

Table 14: Binomial analysis for activity 

NULL Df 

Deviance  Resid. Df  Resid. Dev   Pr(>Chi)   

575 781.75   

Farmer 1 6.96 574 774.79 0.00833 **  
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Innoculation 1 423.49 573 351.3 < 2.2e-16 *** 

P.level 1 0.03 572 351.27 0.86577 

Innoculation: P level   1 23.97 571 327.3 9.78e-07 *** 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1  

There was a significant correlation between moisture content and plant wet and dry weight, biomass, 
nodule formation and yield. Soil pH using both KCl (p=0.1883) and water (p=0.2096) did not have a 
significant correlation with nodule formation. There was also no significant correlation between altitude 
and nodule formation (p=0.8925). Soil pH using both methods had a correlation with plant wet weight 
(p<0.001), root wet weight (p<0.001), plant dry weight and total biomass ((p<0.001).  

Table 15: Two sided correlation analysis for various variables 

MC_corrected 1 -           

pH_KCl 2 <0.001  -          

pH_water 3 0.0042 <0.001  -         

Alt_MASL 4 0.0029 0.2157 0.9834  -        

Plant_wet_Wt_g 5 <0.001 <0.001 <0.001 0.5374 -       

Root_Wet_wt_g 6 <0.001 <0.001 0.0046 0.3894 <0.001 -      

Root_dry_wt_g 7 <0.001 <0.001 <0.001 0.8802 <0.001 <0.001 -     

Plant_dry_wt_g 8 <0.001 <0.001 <0.001 0.7587 <0.001 <0.001 <0.001  -    

Total_Biomass_g 9 <0.001 <0.001 0.0027 <0.001 <0.001 <0.001 <0.001 <0.001 -   

Nodule_numbers 10 <0.001 0.1883 0.2096 0.8925 <0.001 <0.001 <0.001 <0.001 <0.001 -  

Kg_Ha 11 <0.001 <0.001 0.0042 0.0029 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001  - 

   1 2 3 4 5 6 7 8 9 10 11 

 

Table 16: Variables: Correlation coefficient of various variables 

MC_corrected 1  -           

pH_KCl 2 0.4974  -          

pH_water 3 0.348 0.8406  -         

Alt_MASL 4 0.3605 0.1544 0.0026  -        

Plant_wet_Wt_g 5 0.8055 0.5812 0.4562 0.0773  -       

Root_Wet_wt_g 6 0.8207 0.4457 0.3446 0.1077 0.9446  -      

Root_dry_wt_g 7 0.7463 0.5045 0.4205 0.0189 0.9542 0.9595  -     

Plant_dry_wt_g 8 0.7503 0.5612 0.4505 -0.0385 0.974 0.9204 0.9604  -    

Total_Biomass_g 9 0.9785 0.502 0.3633 0.4235 0.7823 0.7763 0.7105 0.7305  -   

Nodule_numbers 10 0.6146 0.164 0.1565 0.017 0.5292 0.6845 0.5699 0.5158 0.545  -  

Kg_Ha 11 1 0.4974 0.348 0.3605 0.8055 0.8207 0.7463 0.7503 0.9785 0.6146  - 

   1 2 3 4 5 6 7 8 9 10 11 

Bolded values have a significant correlation 

 

Discussion 

Grain yield results in the study show no statistical significance difference between 0 and 30 kg ha-1 P 
levels but a higher significant yield difference is obtained at P 60 kg ha-1.  
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Among the variables that are significantly correlated plant biomass and moisture content are among the 
highest in correlation coefficient (97.85%). Yield and plant biomass also have a very high correlation 
coefficient (97.85%). Plant wet weight and dry weight had a strong correlation (r=0.974). Root dry 
weight and plant dry weight had a very strong correlation (r=0.9604). Nodule numbers and biomass 
yield had a moderate correlation (r=0.545). The pH and grain and biomass yield were not very strongly 
correlated. There was a strong correlation between root wet weight and plant wet weight (94.5%), root 
dry weight and plant wet weight (95.4%), plant dry weight and plant wet weight (97.4%) and plant wet 
weight and yield (82%). Root dry weight was strongly correlated with root wet weight (96%) and plant 
dry weight was also strongly correlated with root wet weight (92%). Yields were also strongly 
correlated with root wet weight (82%), while plant dry weight was also strongly correlated with root 
dry weight at 96% and total biomass was strongly correlated to grain yield at 97.85% (Table 16). 

Conclusion 

The results from this study show that: 

 60 kg ha-1 of fertiliser could contribute to higher grain yield compared to 30 kg ha-1 in the study area 
 A combination of P and inoculation does not affect the grain yield significantly 
 pH does not seem to significantly affect biomass and grain yield in the study area 
 Different farms had different levels of nodule activity and nodule numbers varied across the farms 
 P levels do not affect number of nodules but interaction between P and inoculation does 
 inoculation status affect number of nodules 
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