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Abstract 

Bean productivity in the highlands of Kenya is on the decline due to low soil fertility with respect to N 
and P. The low bean productivity should be addressed by technologies that are based on locally 
available resources, conserve the environment and are sustainable. Co-inoculation of dry bean with 
Azospirillum and Rhizobium has the potential to enhance nitrogen fixation of bean genotypes in N and P 
limited conditions. The objective of the study was to determine growth and yield response of two bush 
bean varieties inoculated with Azospirillum, Rhizobium and a mixture of Azospirillum rhizobacteria and 
Rhizobium under high and low Phosphorus levels at KARI-Embu. The treatments were laid out in a 
randomized complete block design with a factorial arrangement and replicated four times. Results of 
four seasons’ trials show that P application improved nodulation, grain and biomass production. 
Inoculation with Azospirillum increased the grain yield of bean line Embean 14 in high P soil by 11 kgha-

1 compared to 97 kg ha-1 in low soil P, and bean line Nguaku nguaku in high P soil by 83 kgha-1 
compared to 335 kg ha-1 in low P. Higher yield increases due to Azospirillum inoculation were realized 
in low P soils probably due to improved P uptake. Inoculation with Rhizobium increased the grain yield 
of line Embean 14 by 228 kg ha-1 in high P soil compared to 27 kgha-1 in low P soil, and line Nguaku 
nguaku grown in high P soil by 253 kg ha-1 compared to 83 kg ha-1 when grown in low P soil. Rhizobium 
inoculation resulted higher increase in grain yields in high P soils. Co-inoculation with both 
Azospirillum and Rhizobium increased the grain yield of line Embean 14 by 307 kg ha-1 in high P soil 
compared with 146 kgha-1 in low P soil. Line Nguaku nguaku increased grain yield by 200 kg ha-1 in 
high P soil and 146 kg ha-1 in low P soil. Rhizobium CIAT 899 strain was superior in grain yield 
improvement than the native Rhizobium and that that co-inoculation with Rhizobium and Azospirillum 
improved grain yields of beans in high and low P soils.  

Introduction 

In Kenya, bean (Phaseolus vulgaris L.) is second to maize in importance as a major grain food crop. The 
national annual dry bean production is about 380,000 metric tons while the national pulse annual 
demand is 749,000 t (NDP, 2002-2008). The deficit of 379,000 t is imported from the neighbouring 
contries of Tanzania, Uganda and Ethiopia.  

Dry bean production is predominantly practiced by small-scale farmers and has been on the decline 
due to various constraints; the major ones being plant diseases, low soil fertility and insect pests 
(Otsyula and Ajanga, 1995). Small-scale farmers do not apply external inputs such as fertilizers, 
Rhizobium inoculants, fungicides and pesticides. Production per hectare has declined from 800 kg ha-1 
in 1990 to less than 500 kg ha-1 while the potential yield is over 1,500 kg ha-1 (MoA, 2005). 

Common bean production in Kenya is mainly in highland and midlands. About 75% of the annual 
cultivation occurs in three regions namely; Rift valley, Nyanza, and Eastern Province. In terms of 
output, the rift valley contributes the biggest share, accounting for 33% of the national output followed 
by Nyanza and Western province accounting for 22% each. Output from Eastern parts of the country 
and the coast is constrained by adverse climatic conditions. Drought stress in the Eastern Kenya is 
prominent in impeding bean production. 
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Although Kenya has two seasons for common bean, a significant number of farmers grow the crop once 
a year because of adverse climatic conditions. The Rift valley and the Western region which respectively 
produce 33% and 22% of the national outputs allocates land to common beans once a year, during 
March-May season (also referred to as long rains) while farmers in the central and Eastern regions grow 
beans twice a year. Only 70% of the farmers in the Eastern region grow beans during the long rains. 
Almost all farmers in Central and Eastern regions grow common bean during the short rains (October 
to December).  

The low input production systems of common bean in Kenya is likely to persist and this will continue 
to favour the spread of small to medium size varieties, particularly, red or red mottled because of the 
varieties’ preference in making the traditional recipe, Githeri (maize and beans cooked together). There 
is a moderate to high growth potential for Githeri due to increased demand from low-income 
population in urban areas (Katungi et al., 2009). An experiment was conducted in Embu to determine 
the influence of inoculants rhizobium, azospirillum rhizobium and azospirillum coinoculation and no 
inoculants on bean production and performance. 

Materials and methods 

Field trials were carried out KARI Embu field site on-station for four seasons. Two bean varieties that 
had been found to be competent in biological nitrogen fixation Embean 14 and Nguaku nguaku were 
used together with BAT477 NN- a non-nodulating bush bean variety used as a reference crop. The bean 
varieties were either inoculated with Rhizobium CIAT 899 (100 g package for 15 Kg. seed rate) and 
Azospirillum brasilense sp.245 (15 ml solution per Kg bean seed) and coinoculated at combined 
strengths, or not inoculated as appropriate. Triple Superphosphate was applied in the appropriate plots 
at the rate of 200 kg ha-1 and at 0 kg ha-1. The experiment was laid out as a Randomized Complete Block 
Design with a factorial treatment arrangement experiment with the following treatment combinations 
as shown below. 

Trt. code Bean variety Inocula Phosphorus 

A Embean 14 Azospirillum  +P 

B Embean 14 Azospirillum 0 P 

C Embean 14 Rhizobium +P 

D Embean 14 Rhizobium 0 P 

E Embean 14 Rhizobium + Azospirillum +P 

F Embean 14 Rhizobium + Azospirillum 0 P 

G Embean 14 No inoculation +P 

H Embean 14 No inoculation 0 P 

I Nguaku Azospirillum +P 

J Nguaku Azospirillum 0 P 

K Nguaku Rhizobium +P 

L Nguaku Rhizobium 0 P 

M Nguaku Rhizobium + Azospirillum +P 

N Nguaku Rhizobium + Azospirillum 0 P 

O Nguaku No inoculation +P 

P Nguaku No inoculation  0 P 

Q BAT477 NN No inoculation +P 

R BAT477 NN No inoculation 0 P 

 

Each of these treatment was planted in three-five meter row and the trial was replicated four times. The 
seeds were planted in moist soils and soil was not allowed to dry as irrigation was arranged. 

 The data taken included: nodule count from 3 plant per row taken at flowering; nodule dry weight; 
foliage fresh weight and dry weight; root fresh and dry weight; chlorophyll measurements using A 
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porTable hand-held device developed by the Soil-Plant Analyses Development (SPAD) Unit called the 
SPAD chlorophyll meter model 502 was used with the measurements taken at three weeks, six weeks 
and nine weeks after planting; days to flowering and days to maturity; total dry matter yield and total 
grain yield were recorded and analysed. Genstat statistical package was used for analysis of variance. 
Means were separated using least significant difference at 95% significance interval. 

Results 

Chlorophyll content 

Embean 14 had lighter green colour than Nguaku nguaku. 

Table 1: Chlorophyll SPAD measurements taken at 42 days after planting showing measurements 
on both bean varieties at low P and high P combined with different inoculants 

Inoculant Embean 14 Nguaku nguaku 

+P 0 P +P 0 P 

Azospirillum 34.02 34.24 35.35 35.68 

Rhizobium 33.97 33.48 35.88 36.29 

Azos + Rhizo 33.67 34.18 35.66 36.25 

None 34.59 34.29 36.45 36.07 

 

High P soils recorded lower chlorophyll reading compared to the low P soils. 

Azospirillum 

Azospirillum inoculation resulted in the lowest chlorophyll measurements in Nguaku nguaku in either 
low P soil or in high P soil. Azospirillum inoculation on Embean 14 resulted in the highest chlorophyll 
measurements among the inoculated bean seeds. 

Rhizobium 

Inoculation of bean seeds with rhizobium resulted in low chlorophyll measurements of Embean 14 and 
Nguaku nguaku in high P soils and low P soils compared to non inoculated except in Nguaku nguaku 
in low P soils. 

Rhizobium + Azospirillum coinoculation 

Similar observations as the rhizobium above. 

Table 2: Showing nodulation of bean varieties as affected by inoculation and phosphorus levels 

Inoculant Embean 14 Nguaku nguaku 

+P No P +P No P 

Azospirillum 6 2 7 1 

Rhizobium 7 2 7 5 

Azos + Rhizo 7 2 6 3 

None 9 4 9 3 

Application of phosphorus influenced nodulation. Nodulation with the local Rhizobium was influenced 
by phosphorus application. Inoculants did not seem to influence nodulation. 
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Table 3: The number of pods per plant of bean varieties as influenced by inoculants and phosphorus 
levels 

Inoculant Embean 14 Nguaku nguaku 

+P No P +P No P 

Azospirillum 10 10 8 8 

Rhizobium 11 9 9 7 

Azos + Rhizo 11 10 9 7 

None 10 8 8 7 

Cv 25 25 25 25 

Lsd 3 3 3 3 

 

Embean 14 had more pods per plant than Nguaku nguaku. The number of pods per plant improved 
marginally with improved P in the soil. Inoculants improved the number of pods per plant of Nguaku 
nguaku in high P soils and not in low P conditions. Embean 14 had slightly higher response compared 
to Nguaku nguaku in low and high Phosphorus conditions. 

Table 4: The number of seeds of the bean varieties as influenced by inoculants and phosphorus 
levels 

Inoculant Embean 14 Nguaku nguaku 

+P No P +P No P 

Azospirillum 40 39 28 27 

Rhizobium 43 33 29 25 

Azos + Rhizo 44 40 30 26 

None 38 32 25 23 

Cv 28 28 28 28 

Lsd 9 9 9 9 

 

Embean 14 resulted in higher number of seeds per plant compared to Nguaku nguaku. The number of 
seeds per plant was higher in high P soils compared to low P soils. 

Azospirillum inoculation resulted in improved seeds per plant in low P soil. 

Table 5: The grain yield of bean varieties as influenced by inoculants and phosphorus levels 

Inoculant Embean 14 Nguaku nguaku 

+P No P +P No P 

Azospirillum 2007 1890 1327 1371 

Rhizobium 2224 1820 1497 1119 

Azos + Rhizo 2303 1939 1444 1182 

None 1996 1793 1244 1036 

Cv 28 28 28 28 

Lsd 678 678 678 678 
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Embean 14 resulted in higher grain yield than Nguaku nguaku. Embean14 in low P soil resulted in 
about 1800 kg ha-1 compared to Nguaku nguaku with about 1000 kg ha-1. Embean 14 in high P soil 
resulted in grain yield of 2000 kgha-1 compared to Nguaku nguaku with 1250 kgha-1 

High phosphorus soils improved grain yield by about 200 kg ha-1 in both bush bean varieties. 

The contribution of inoculants to yield increase in low P soils and high P soils of each bean variety were 
as shown in the Table below. 

Table 6: The contribution of inoculants and percent increase to grain yield of Embean 14 at low P 
and high P 

 Embean 14 

+P Contribution to yield (kg ha-1) 0 P Contribution to yield (kg ha-1) 

Azospirillum  11 (0.55%)  97 (5.41%) 

Rhizobium  228 (11.43%)  27 (1.51%) 

Azos + Rhizo  307 (15.38%)  146 (8.14%) 

None  0  0 

 

Azospirillum 

The contribution of azospirillum to yield increase of Embean 14 in high P soil was minimal- 11 kg ha-1 
compared with 97 kg ha-1 in low P soil. This was 10 times higher in low P over the high P soil. 

The contribution of azospirillum to yield increase of Nguaku nguaku in high P soil was little 83 kg ha-1 
compared with 335 kg ha-1 in low P soil. This increase was significant (32.34%). These observations 
revealed that the influence of azospirillum was higher in low P soils. It also revealed that varietal 
difference in yield response was evident. 

Table 7: Contribution of inoculants and percent increase (kg ha-1) to grain yield of Nguaku nguaku 
at low P and high P 

 Nguaku nguaku 

+P Contribution No P Contribution 

Azospirillum  83 (6.67%)  335 (32.34%) 

Rhizobium  253 (20.34%)  83 (8.01%) 

Azos + Rhizo  200 (16.08%)  146 (14.09%) 

None  0  0 

 

Rhizobium 

The contribution of rhizobium to yield increase of Embean 14 in high P soil was 228 kg ha-1 compared 
with 27 kg ha-1 in low P soil. 

The contribution of rhizobium to yield increase of Nguaku nguaku in high P soils was 253 kg ha-1 
compared with 83 kg ha-1 in low P soil. 

These observations reveal that the influence of rhizobium was high in high P soil and low in low P soils. 

Rhizobium-azospirillum coinoculation 

The contribution of rhizobium-azospirillum coinoculation to Embean 14 in high P soil to grain yield 
was 307 kg ha-1 and 146 kg ha-1 in low P Soil. In both high P and low P soils the yield increments of 
coinoculations was higher than for individual inoculants. 
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The contributions of rhizobium-azospirillum coinoculation to Nguaku nguaku in high P soil to grain 
yield was 200 kg ha-1 and 146 kg ha-1 in low P soil. Coinoculation resulted in significant yield 
improvement in both low P and high P soils. 

Follow guidelines on caption for Tables and Figures throughout your document 
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Figure 1: The contribution of inoculants to the grain yield in kgha-1 of Embean 14 on high P soil 

 

 

Figure 2: Showing the contribution of inoculants in kgha-1 to Embean 14 grain yield in low P soil 

 

Azospirillum 

Azospirillum inoculated on Embean 14 in low P soil improved the grain yield by 5.41% compared with 
yield improvement of 0.55% under high P soil. Similarly, azospirillum inoculated on Nguaku nguaku in 
low P soil improved the grain yield by 32.34% compared with yield improvement of 6.67% under high 
P. 

The following observations can be made: 

 Azospirillum improved the grain yield of Nguaku compared to the increase of Embean 14. 
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 Azospirillum had higher improvement of grain yield of beans in low P soils compared to the grain 
yield at high P soil. 

 Azospirillum had minimal improvement in grain yield in high P soils 
 

Rhizobium 

Rhizobium inoculated on Embean 14 in low P soil had minimal improvement (1,51%) on the grain yield 
compared with the yield improvement under high P soil (11.43%). Rhizobium inoculated on Nguaku 
nguaku in low P soil improved grain yield by 8.01% compared to 20.34% in high P soil. 

The following observations can be made: 

 Inoculation with rhizobium improved the grain yield of Nguaku nguaku more than Embean 14 both 
at low P and high P soils. 

 Though improvement of grain yield of Nguaku nguaku was higher the total grain yield was higher 
for Embean 14 

 Rhizobium had higher grain improvement under high P soils compared to the low P soils. 
 Rhizobium had minimal grain improvement in low P soils  
 

Rhizobium +Azospirillum coinoculation 

Embean 14 coinoculated with rhizobium and azospirillum in low P improved the grain yield under low 
P by 8.14% compared with 15.38% improvement under high P. This was higher than any individual 
inoculant. Coinoculation of Nguaku nguaku resulted in grain yield improvement of 14.09% under low 
P compared to grain yield improvement of 16.08% under high P. 

The following observations can be made: 

 Coinoculation improved the grain yield of both bean varieties. 
 Coinoculation improved grain yield significantly in low P soils. 
 Coinoculation improved grain yields significantly in high P soils 
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Figure 3: The contribution of inoculants in kgha-1 to Nguaku nguaku grain yield in low P soil 
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Figure 4: Contribution of inoculants in kgha-1 to Nguaku nguaku grain yield in high Phosphorus soil 

 

Table 8: The biomass production of bean varieties as influenced by inoculants and P 

Inoculant Embean 14 Nguaku nguaku 

+P No P +P No P 

Azospirillum 4333 4118 3255 2968 

Rhizobium 4860 3942 3343 2484 

Azos + Rhizo 4938 4200 3316 2808 

None 4435 3706 3192 2759 

 

Phosphorus improved biomass yield in Embean 14 from 3706 kg ha-1 to 4435 kg ha-1 an increase of 729 
kg ha-1. A 20% increased yield. The biomass yield of Nguaku nguaku was increased from 2759 kg ha-1 to 
3192 kg ha-1, an increase of 433 kg ha-1. A 16% increased yield. 

Table 9: Contribution of inoculants to percentage biomass yield (kg ha-1) increase in low P soils and 
high P soils of Embean 14 variety 

 Embean 14 

+P Contribution to biomass No P Contribution to biomass 

Azospirillum  0 (0 %)  412 (11.12%) 

Rhizobium  425 (9.58%)  236 (6.37%) 

Azos + Rhizo  503 (11.34%)  494 (13.33%) 

None  0  0 

 

Higher yield increases were realized in Embean 14 compared to Nguaku nguaku. 

 

Table 10: Contribution of inoculants to percentage biomass yield (kg ha-1) increase in low P soils and 
high P soils of Nguaku nguaku variety 

inoculant Nguaku nguaku 

+P Contribution to biomass  No P Contribution to biomass  

Azospirillum  63 (2.0%)  209 (7.58%) 

Rhizobium  151 (4.73%)  0 (0.0 %) 

Azos + Rhizo  124 (3.9%)  49 (1.78%) 
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None  0  0 

 

Azospirillum 

Azospirillum had little influence on biomass production in high P soils but had significant increase of 
biomass in low P soils. Embean 14 resulted in higher biomass yield increases in low P Soil (412 kg ha-1) 
11.12% compared to Nguaku nguaku (209 kg ha-1) 7.58%. 

Rhizobium 

Rhizobium inoculation contributed little to the biomass yield in low phosphorus soils and high 
influence in high P soils. Embean 14 in low P soil resulted in higher biomass yield increases (236 kg ha-
1) than Nguaku nguaku in low P soil (negative). 

In high P soils Embean 14 resulted in higher biomass increase (425 kg ha-1) compared to Nguaku 
nguaku (151 kg ha-1). 

Rhizobium + Azospirillum coinoculation 

Coinoculation of Rhizobium and Azospirillum improved the biomass yield of beans in both high P and 
low P soils.  

Embean 14 resulted in higher improved biomass yield in both high P soils and low P soils compared to 
Nguaku nguaku. Embean 14 in high P soils had 503 kg ha-1 (11.34 % improved biomas yield) and 494 kg 
ha-1 from low P soils (13.33% improved biomass yield). 

Nguaku nguaku resulted in less dramatic yield improvement than Embean 14. In high P soils Nguaku 
nguaku improved biomass yield improvement of 124 kg ha-1 (3.9%) compared to 49 kg ha-1 (1.8%) in 
low P soils. 

Discussion 

Phosphorus nutrition influenced nodulation of the beans used in this trial. Where high levels of 
available P were applied there was rise in the nodule population. Nodules are an important sink for 
Phosphorus since they require high levels of ATP for nitrogenase functioning (Al-Niemi et al., 1998). 
Nodules contain three times more phosphorus concentrations compared to other tissues. Phosphorus 
deficient plants exhibit reduced carbohydrate supply to nodules and are usually restricted in nodule 
initiation, development and growth and in both nitrogenase activity per plant and per unit nodule 
tissue (Olivera et al. 2004). Plants display a variety of adaptations to low phosphorus availability, 
including root-hair elongation,and proliferation, rhizosphere modification and modification of root 
architecture to maximize phosphorus acquisition efficiency (Lynch, J.P.and Brown,K.M. 2001; 
Hinsinger, P. 2001; Ryan, P.R. et al 2001) 

Measurements of the chlorophyll content of the leaves revealed that a bean variety grown in low P soil 
recorded higher chlorophyll content compared to the same variety grown in high P soil with no 
addition of nitrogenous fertilizer. Nguaku nguaku is dark green compared to Embean 14 when grown 
in the same environmental conditions. The plants under high phosphorus were more vigorous than 
those growing in low P soil. Though these plants have taken equal amounts of nitrogen from the soil, 
the growth associated with increased intake of phosphorus redistributed the Nitrogen in the plant to a 
larger area thereby diluting the N content per unit area. This could explain the low chlorophyll content 
in high P soil. The low chlorophyll measurement reported in Azospirillum inoculated Nguaku nguaku 
could be explained in a similar manner. A plant inoculated with azospirillum was able to pick more P 
from the soil thereby increasing its growth and redistribution of plant nitrogen in a wider area thereby 
lowering the chlorophyll measurement in the inoculated plants. According to Lambrecht and 
coworkers (2000) who proposed a model for Azospirillum-plant interactions, Azospirillum is attracted by 
plant root exudates and moves towards the rhizosphere. In the rhizosphere bacterial production of IAA 
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triggers proliferation of lateral roots and root hairs and consequently enhances nutrient uptake which 
contributes to plant growth. 

Rhizobium and Azospirillum fall into the category of plant growth promoting rhizobacteria (PGPR). 
The PGPR exert positive effects on plants by various mechanisms, including secretion of plant growth 
regulators such as auxins, gibberellins and cytokinins that stimulate metabolic activities in the roots as 
well as by supplying biologically fixed nitrogen. The objective of the trial was to investigate the 
influence of the microbes singly and in combination on growth and performance of bean varieties in 
low P and high P soils. Azospirillum when used on beans in low phosphorus soil was more effective on 
improving plant growth variables compared to when used on bean plants in high phosphorus soil. 
Azospirillum has been found to improve grain yield of beans grown in low P soil by 5% above the 
uninoculated beans to 32% depending on bean varieties. Biomass yield in low P soil was also improved 
by 7.5% to 11%. It was also evident from the trial that Azospirillum had little influence on beans grain 
yield in high P soils where the yield improvement ranged from 0.5 % to 6.6% while the biomass yield 
ranged from 0-2.0 %. These results reveal that Azospirillum is involved with making the limited soil 
phosphorus available to beans. 

Rhizobium, when inoculated on beans planted in low P soil, was less effective on improving plant 
growth variables compared to when used on bean in high phosphorus soil. Rhizobium inoculation in 
low phosphorus soil marginally improved grain yield of beans. Under nitrogen fixing conditions, low P 
availability is a major bottleneck to legume performance. Nodules are an important sink for P since they 
require high levels of ATP for nitrogenase functioning (Al-Niemi et al., 1998,Vadez et al., 1997). Nodules 
are an important sink for P since they require high levels of ATP for nitrogenase functioning (Al-Niemi 
et al.2004). Phosphorus is needed for plant growth, nodule formation and development, and ATP 
synthesis, each process being vital for nitrogen fixation (Broughton et al 2003). 

Coinoculation of Rhizobium+Azospirillum improved grain and biomass yield both at low P and high P 
soils in both bean genotypes (Embean 14 and Nguaku nguaku) Embean 14 coinoculated with rhizobium 
and azospirillum in low P improved the grain yield under low P by 8.14% compared with 15.38% 
improvement under high P. This was higher than any individual inoculant. Coinoculation of Nguaku 
nguaku resulted in grain yield improvement of 14.09% under low P compared to grain yield 
improvement of 16.08% under high P. In both cases of coinoculation there was higher yield 
improvement from low P soils to high P soils. Coinoculation performed best with Embean 14 compared 
to Nguaku nguaku. Nguaku nguaku under low P soil conditions performed best with single 
Azospirillum inoculation while under high P soil condition the same variety performed best with single 
Rhizobium inoculation. Coinoculation of the same variety under both soil conditions improved grain 
yield significantly. 

Similar observations were made with biomass yield under high P soil and low P soil. Embean 14 
displayed better performance under coinoculation compared to Nguaku nguaku. 

Coinoculation may allow bacteria mixtures to interact synergistically, by providing nutrients, removing 
some inhibitory products, or stimulating each other through physical or biochemical mechanisms. 
Coinoculation of Azospirillum brasilense sp 245 with Rhizobium on bean genotypes across different 
environmental settings in Cuba demonstrated differential responsiveness (Remans, 2007). 
Coinoculation of Azospirillum-Rhizobium on bean genotype DOR364 increased grain yield by 8% to 29% 
and the amount of N by 2-43% compared to single rhizobium inoculation. Inoculation with PGPR can 
stimulate the Rhizobium-bean symbiosis under conditions of low available phosphorus. However, the 
outcome is strongly dependent on the bean genotype used. Dual inoculation of legumes with 
Azospirillum and Rhizobium has been found to increase several plant-growth variables when compared 
with single inoculation. Azospirillum is considered a Rhizobium helper by stimulating nodulation, 
resulting in more nodules being formed (Bashan and Holguin 1997). 

Conclusion 
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The decline in soil fertility in crop production areas need to be addressed if sufficient food production 
has to be realized. The low nitrogen and phosphorus need huge capital resources to avail these 
nutrients to the farmers. The farmers have to buy these inputs and therefore this reduces their profit 
margins Did you get this from your study?If not delete.  

Biological nitrogen fixation is a natural process that takes place in legumes and this influences legume 
production. Inoculation with rhizobium can complement the nitrogenous fertilizer in legume 
production. Since phosphorus is important in BNF and needs to work together with rhizobium in order 
to maximize production, a cheap source of P should be made available for the legume production to 
have reduced costs. Through these experiments it has been proven that Azospirillum plays a vital role 
of making the scanty soil phosphorus available to beans. 
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