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Abstract: Common bean (Phaseolus vulgaris (L) is adapted to 

different agro ecological zones. Its genetic makeup and agronomic 
practices affects their growth and production. Some farmers have 
grown bean varieties not bred for certain localities with minimal 
or no understanding of their agronomic practices. Bean variety 
KAT B1 bred for lower agro ecological zones perform well in 
medium agro ecological zones despite its agronomic practices 
being less understood by farmers. Therefore, this study sort to 
determine the effect of plant densities, phosphorus and rhizobium 
inoculum on growth of KAT B1 and Red Haricot beans in medium 
agro ecological zones. Field experiments were conducted for two 
seasons i.e., October - December 2021 and March – May 2022 at 
Kaguru Agricultural Training Centre, Imenti South, Kenya. A 3 x 
2 x 2 x 2 factorial experiment was laid out in a randomized 
complete block design with three replications. There were four 
factors; plant densities (111,111, 166,666 and 222,222 plants/ha), 
two common bean varieties (KAT B1 and Red Haricot GLP 585), 
rhizobium inoculum (0g and 100g/ha) and rock phosphate 
fertilizer (0 kgP/ha and 60 kgP/ha). Data collected on chlorophyll 
content, number of leaves and branches were subjected to analysis 
of variance using SAS version 9.4 and significant means separated 
using LSD at α= 0.05. Treatment R0V1D1P0 and R0V2D2P0 
recorded the least chlorophyll content and number of leaves across 
the growth stages in both seasons. Similarly, treatment R1V1D3P1 
and R1V2D2P1 recorded the highest chlorophyll content and 
number of leaves across the growth stages in both seasons at 7, 14, 
21, 28 and 35 days after sowing (DAS). Treatment R0V1D1P0 
recorded the least number of branches (0.50 and 0.79; 2.16 and 
2.70) while treatment R0V2D2P0 also recorded the least number 
of branches (0.54 and 1.04; 2.12 and 2.82l) in season 1 and 2 
respectively. Treatment R1V1D3P1 recorded the highest number 
of branches (2.34 and 3.58; 3.12 and 4.04) while treatment 
R1V2D2P1 also recorded the highest number of branches (2.58 
and 4.91; 3.29 and 4.12) produced across the growth stages at 28 
and 35 DAS in season 1 and 2, respectively. GLP 585 gave the 
highest yield 3.037 tonnes/ha in treatment R1V2D2P1 compared 
to KAT B1 yield of 2.670 tonnes/ha in treatment R1V1D3P1. 
Therefore, incorporation of rhizobium inoculant and rock 
phosphate fertilizer is recommended in common beans to increase 
yield and enhance food security. 
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1. Introduction 
Common bean (Phaseolus vulgaris L.)  is one of the most 

important legume crop that is mainly produced for human 
consumption. However, its average production generally 
remains low, due to infertile soils, inadequate soil moisture, 
insect pests and diseases [1].  These conditions have continued 
to worsen with an increase in the rate of bean production but 
with little additional inputs like fertilizer, quality seeds and poor 
agronomic practices that lead to low yield [2]. The common 
bean has a wider ecological adaptation and wide range of yield 
maturity phases depending on the genetic basis of the variety 
[3]. Each ecological zone has its own recommended agronomic 
practices with respect to plant density and fertiliser application.  

Growing of a particular bean cultivar in a certain agro 
ecological zone require appropriate adjustment of the 
recommended agronomic practices [4]. Use of suboptimal 
agronomic practices result to frequent low bean yields [5]. 
Agronomic practices such as planting density, fertiliser 
application and rhizobium inoculation need to be reviewed and 
re-optimized frequently, as these practices change with climatic 
conditions, farming practices and farmer’s preferences 
consequently affect plant growth [6]. Plant density has been 
shown to affect growth of various crops, which in turn 
influences yield. As plant density increases, it affects the 
structure of the plant as well as its developmental patterns [7]. 
Planting density modifies the photosynthetic rate and 
photosynthetic carbon assimilation capacity of different parts of 
leaves. This is because planting density influences the 
nutritional status and light distribution characteristics of plants. 
Studies by [8] reported that stem thickness of common bean 
increased as plant population decreased since there was low 
intra - specific competition, while thin stems were observed as 
the density of bean population increased due to increase in 
competition reducing yield. [9] showed that close spacing of 
haricot bean led to reduced number of branches compared to 
wider spacing hence reduced crop yield.  

Phosphorus is a very important nutrient for crop growth and 
yield. Its application increase in leaf area which in turn 
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increases the surface area for photosynthesis that improves 
growth.  Studies by [10] reported that application of phosphorus 
to common beans resulted in significant increase in leaf area 
which in turn increased yield as a result of efficient utilization 
of nutrients applied. Biological nitrogen fixation forms an 
alternative to synthetic fertilizers and promote growth and yield 
in crops. A study by [11] has shown that the increase in number 
of leaves was attributed to the symbiotic relationship of 
rhizobium bacteria with the roots of leguminous crops, which 
helped to fix atmospheric nitrogen into the roots of legumes. 
Biological inoculation was attributed to the maximum number 
of leaves that were produced because of inoculation, which 
promoted photosynthesis hence encouraging the plants to 
produce more shoots and in turn increased yield [12].  

The availability of growth promoting resources in the soil 
determines plant density [13]. Whenever plant resources are 
limited, competition for nutrients, light and soil moisture limits 
productivity of individual plants [14]. Adequate spacing 
between plants is necessary to increase growth [15]. Medium 
agro ecological zones require close spacing of crops due to 
availability of growth resources compared to lower agro 
ecological zones [16].  Close spacing leads to an increase in 
plant density hence a possibility of increasing yield if grown 
under proper management practices. Plant density of KAT B1 
that is recommended in lower agro ecological zones is 111,111 
plants/ha, while that for other bean varieties grown in medium 
agro ecological zones, for example, Red Haricot (GLP 585), is 
222,222 plants/ha. Farmers in Medium agro ecological zones 
have adopted the plant density that is recommended for KAT 
B1 in other regions [17]. This may lead to suboptimal plant 
populations and thus reduced potential yields. Hence, there is 
need for studies on optimizing KAT B1 plant density in the 
medium ecological zones in order to enhance yield. 

A major challenge affecting bean production in medium agro 
ecological zones is soil infertility [18]. Moreover, some edaphic 
factors that constrain bean production include nitrogen and 
phosphorus deficiency. The recommended application rate of 
phosphorus is 60 Kg/ha. However, the high cost of inorganic 
fertilizers may have resulted to application of suboptimal 
fertilizer levels by the farmers. Although the bean plant has a 
capacity for biological nitrogen fixation (BNF), biologically 
fixed nitrogen can be enhanced through different methods, like 
inoculation with proven rhizobium strains [19]. Biological 
nitrogen fixation through rhizobium inoculation offers an 
environmentally friendly alternative to use of chemical 
fertilizers by resource poor farmers [20]. Rhizobium 
inoculation increases common bean growth and yield [21].  

Since phosphorus (P) is an important plant macronutrient and 
its deficiency causes significant yield reduction in leguminous 
crops [22], there is need to enhance P usage through application 
of adequate amount for better legume productivity and soil 
sustainability. This is because inadequate P availability restricts 
root growth, the process of photosynthesis, translocation of 
sugars and other processes that directly influence nitrogen 
fixation by legume plants [23]. Although beans fix nitrogen in 
the soil, they require high input of P for their optimal growth, 
energy transformation and boosting nodulation, because BNF 

requires high adenosine triphosphate (ATP) energy [24]. 
Therefore, there is need for studies to optimize the agronomic 
practices, such as fertilizer requirements, inoculation and plant 
densities on growth of common bean under its current growing 
environmental conditions for sustainable yield production. 

2. Materials and Methods 

A. Study Site 
The study was conducted at Kaguru Agricultural Training 

Centre (ATC) in Meru County, Kenya during the two growing 
seasons; October - December 2021 short rains and March - May 
2022 long rains. The site is in South Imenti whose GPS 
coordinates lies at latitude: -0.04747o longitudes: 37.65351o. 
The altitude of the area is approximately 1200 m above local 
sea level. It has an annual mean minimum and maximum 
temperature of 17oC and 21°C, respectively, and annual rainfall 
varies from 1200 to 1600 mm. The rainfall is bimodal, falling 
in two seasons, the long rains (LR) lasting from March through 
June and short rains (SR) from October through December. The 
soils are Humic Nitisols [25] which are deep, well weathered 
with moderate to high inherent fertility. The main crops grown 
include coffee, maize, beans, tea, bananas and vegetables. 
Livestock reared include cattle, goats, sheep and poultry. 

B. Experimental Design 
The experiment was a 3 x 2 x 2 x 2 factorial laid out in a 

Randomized Complete Block Design (RCBD) and replicated 
three times. There were four factors at various levels, which 
included plant densities (111,111, 222,222, 166,667 plants/ha), 
two common bean varieties (KAT B1 and Red Haricot (GLP 
585), rhizobium inoculum (0 g and 100 g/ha) and rock 
phosphate fertilizer (0 kgP/ha and 60 kgP/ha). Each 
experimental plot measured 1.6 m x 1.6 m in size and the 
distance between the blocks was 1 m, while the distance 
between experimental plots was 0.5 m. 

C. Data Collection 
In determining the growth and yield of bean plants, 

measurements were taken on eight randomly selected data 
plants in each plot on the two centre rows. Chlorophyll content 
was measured at 7, 14, 21 28 and up to 35 days after sowing 
(DAS) as described by [26]. A chlorophyll meter SPAD 502 
Plus (Spectrum Technologies) with Data Loggers and RS-232 
was used. A leaf on the second branch from the bottom was 
selected, put in the leaf chamber of a chlorophyll meter and 
readings recorded in ug/l. The number of leaves per plant were 
counted at intervals of 7, 14, 21 and 28 DAS per experimental 
unit. Number of branches were physically counted from the 
selected plants and recorded at intervals of 28 and 35 DAS. 
Grain yield was determined by weighing the seeds using a 
weighing balance then converted to tonnes/ha. 

D. Data Analysis 
Field data on chlorophyll content, number of leaves, no of 

branches and grain yield was subjected to analysis of variance 
(ANOVA) using the statistical analysis software (SAS, version 
9.4). The significant means were then separated using least 
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significance difference (LSD) at 5 % probability level. 

3. Results and Discussion 

A. Effect of Plant Density, Phosphorus and Rhizobium 
Inoculant on Chlorophyll Content 

Analysis of variance showed that there was significant (p < 
0.05) effect of plant densities on chlorophyll content in both 
seasons (Table 1 and 2). Chlorophyll content was significantly 
high at plant density 222,222 plants/ha while the least 
chlorophyll content was observed when common beans were 
grown under plant density 111,111 plants/ha in both seasons. 
Generally, chlorophyll content decreased during the last days to 
flowering period. 

 
Table 1 

Mean of chlorophyll content at different plant densities in season 1 at 
Imenti south 

Plant Density  7 DAS 14 DAS 21 DAS 28 DAS 35 DAS 
D1 28.532c* 33.963c 26.893c 14.559c 7.265b 
D2 36.146a 41.131a 30.926a 16.974a 8.958a 
D3 34.289b 39.779b 29.101b 15.800b 8.690b 
Mean 33.0951 38.3908 29.0296 15.7446 8.28471 
CV 2.01290  2.01290  2.01290  2.01290  2.01290  
LSD 0.9568  0.5427  0.44  0.4174  0.325  
R-square 0.99705 0.99468  0.99366 0.99298 0.97256 

*Means followed by the same letter are not significantly different from each 
other at 5 % level of significance. Where D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha). CV is the coefficient of variation and LSD is least 
significant difference. 

 
Table 2 

Mean of chlorophyll content at different plant densities in season 2 at 
Imenti south 

Plant Density  7 DAS 14 DAS 21 DAS 28 DAS 35 DAS 
D1 16.671c* 25.438c 18.642b 18.340c 9.187c 
D2 20.902a 31.328a 20.694a 27.139a 12.828a 
D3 20.464b 30.634b 20.433a 21.232b 10.39b 
Mean 19.3523 29.1116 19.9235 22.1518 10.7573 
CV 2.01669  2.01808  2.01290  2.0166 2.0166 
LSD 0.2386  0.3035  0.3495  0.43  0.2991  
R-square 0.9961 0.9974 0.9943 0.9933 0.9842 

*Means followed by the same letter are not significantly different from each 
other at 5 % level of significance. Where D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha). CV is the coefficient of variation and LSD is least 
significant difference. 

 
Analysis of variance indicated that there was significant (p < 

0.05) treatment effect on chlorophyll content in both seasons 
(Table 3 and 4). The results of this study showed that there was 
a significant effect of plant density, rock phosphate and 
rhizobium inoculant application on the chlorophyll content of 
common beans at different growth stages. The chlorophyll 
content significantly increased with an increase in plant density. 
This was in agreement with [27] who showed that there was an 
increased chlorophyll levels at high plant density and decreased 
quantities of chlorophyll at low plant densities. 

Generally, treatment R0V1D1P0 and R0V2D2P0 recorded 
the least chlorophyll content across the growth stages in both 
seasons. Similarly, treatment R1V1D3P1 and R1V2D2P1 
recorded the highest chlorophyll content across the growth 
stages in both seasons. Chlorophyll concentration was found to 

be increased with growth of common bean up to 14 DAS. 
Thereafter there was decrease in chlorophyll concentration till 
35 DAS in both seasons. This could be because the chlorophyll 
concentration of the leaves influences the leaf biochemical 
properties and biochemical interactions because of molecular 
composition of the leaf. In turn, these properties could be 
responsible for colour changes as a result of differences in 
pigment concentration. This study is in agreement with the 
observation of [28]. 

 
Table 3 

Means for chlorophyll content at different treatments and growth stages of 
KAT B1 and GLP 585 common bean varieties in season 1 at Imenti south 

Treatment 7 DAS 14 DAS 21 DAS 28 DAS 35 DAS 
R0V1D0 23.24k   26.24i  21.36k 10.80k  6.32e  
R0V1D11 40.82c 48.26bk 36.54cl 12.26j 7.78d 
R0V1D20 39.06dm 28.84h  23.44j  13.49i 6.42e 
R0V1D30 25.30j  39.12e 36.20c 15.85g 7.30h 
R0V1D31 34.79e 40.48m 31.16f 16.36fl 7.65dh 
R1V1D1P0 33.03fn 41.39dm 21.36k 16.87f 9.79b 
R1V1D11 40.60c 47.39ck 25.81i 14.80h 8.80cg 
R1V1D2P0 39.06dm 48.01b 36.53bc 13.49i 7.41dh  
R1V1D2P1 32.31gn  46.40cl 31.09f 18.57d  7.40dh 
R1V1D3P0 30.75h  33.97g  21.76k 15.67n 8.46g  
R1V1D3P1 43.90b   49.01b   37.53b  20.55b  9.94b  
R0V1D2P1 39.40d 42.16d 28.18gl  10.88k 7.63dh 
R0V2D1P0  18.16l   20.90j  21.68k  10.82k  6.80e  
R0V2D1P1  31.91g 34.27g 32.14e 17.53e 9.87b 
R0V2D2P0  25.32j  29.56h  27.11h  15.73gm  5.92f 
R0V2D2P1  29.42io 36.68f 37.34bl 16.03gln 9.04c 
R0V2D3P0  35.16e 47.46ck 25.97i 16.20gn 9.83b 
R0V2D3P1  35.16e 45.98l 27.25h 18.51d 9.96b 
R1V2D1P0  29.86i 34.21g 35.04d 15.73gn 9.22c 
R1V2D1P1  38.67dm 42.12d 35.04d  13.25im 9.22c  
R1V2D2P0  31.53g 31.15g 27.65hl 15.69n 7.46dh 
R1V2D2P1  47.60a  52.34a  40.06a  22.20a  11.36a  
R1V2D3P0  23.18k 27.15i 25.82i 16.20gl 7.75dh 
RIV2D3P1 28.65o  36.60f  23.15j 16.31l  8.94c 
CV 1.43821 1.921857 1.881784 1.974679 3.429465 
LSD 0.9568 0.5427 0.44 0.4174 0.325 
Mean  33.09516 38.39086 29.02965 15.74468 8.284714 
R-square  0.997058 0.994688 0.993660 0.992986 0.972564 

*Means followed by the same letter along the column in both bean varieties are 
not significantly different from each other at 5% level of significance. Where 
R0 is beans without inoculant, R1 is inoculated beans, V1 is KAT B1 (variety 
1), V2 is Red Haricot (GLP 585, variety 2), D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha), P0 is the control without phosphorus application and P1 is 
rock phosphate fertilizer at 30 kg/ha. The treatment was made up of a 
combination of the above factors, CV is the coefficient of variation and LSD is 
least significant difference. 

 
In the whole chain, nitrogen played a very important role 

hence the use of rhizobium inoculant in the present study 
significantly increased common bean growth by enhancing 
nutrients availability to supplement tissue development like 
chlorophyll integrity. [29] reported that increase in plant growth 
following rhizobium bacteria treatment can be as a result of 
production of phytohormones and the enhancement of nutrient 
availability hence increasing chlorophyll content. The decrease 
in chlorophyll concentration after 14 DAS can be related with 
nutrient allocation since mature plants often redirect nutrients 
from the leaves to other parts of the plant such as seeds, fruits, 
or roots. This reallocation can result in a decrease in chlorophyll 
production as the plant prioritizes reproduction or storage over 
maintaining high levels of chlorophyll in older leaves hence 
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increasing yield. 
 

Table 4 
Means for chlorophyll content at different treatments and growth stages of 

KAT B1 and GLP 585 common bean varieties in season 2 at Imenti south 
Treatment 7 DAS 14 DAS 21 DAS 28 DAS 35 DAS 
R0V1D1P0 9.90n  18.02m  19.46m  18.97l 9.03jk  
R0V1D1P1 18.04i 27.92g 26.97c 26.22d 13.07e 
R0V1D2P0 13.60lm 29.50f  28.29k 14.12c  9.21ijk  
R0V1D3P0 19.00gh  26.36h  23.99k 13.57fg 11.70fg 
R0V1D3P1 20.74f 28.75m 23.14fg 22.57fg 11.03gh 
R1V1D1P0 21.07f 28.19g 26.90i 18.03d 9.15ljk 
R1V1D1P1 25.35c 35.03c 22.90l 13.87gh 11.06e 
R1V1D2P0 18.11i 26.81h 22.20m  12.22hi 10.34ef 
R1V1D2P1 18.33hi 26.85h 20.35h 20.20jk 9.75ijk 
R1V1D3P0 20.66f 26.61h  24.93d  24.60ef 9.16ijk 
R1V1D3P1 28.24b 35.38c  35.09b  31.52b  15.12bc  
R0V1D2P1 16.87j 30.75de 22.80ef 21.18ij 10.30hi 
R0V2D1P0  10.38n  18.63m  10.34m  10.24p  5.04l  
R0V2D1P1  23.80d 29.40f  25.72d 24.69de 8.50j 
R0V2D2P0  17.86i 29.17f 26.60c  15.60n 5.56l 
R0V2D2P1  14.60kl  23.90i 17.77j 10.47p 5.65l 
R0V2D3P0  16.38j 22.86ij 18.76ij 16.97m  15.94b 
R0V2D3P1  21.09f 33.21d 28.19gh 21.32c 14.35cd 
R1V2D1P0  20.74f 38.74b 22.38ef 17.40m 9.95ij 
R1V2D1P1  19.25g 33.22d 16.67l 12.97m 8.36j 
R1V2D2P0  15.35jk 21.91k 18.78i 12.95o  8.38j  
R1V2D2P1  33.86a  53.84a  42.37a  33.85a  16.98a  
R1V2D3P0  22.45e 37.99b 34.23e 23.53b 13.95 
RIV2D3P1 18.26i  21.38kl 21.35g  19.29ij 9.48ijk 
CV 2.0720 1.73892 3.01881 3.26211 4.67245 
LSD 0.6806 0.8682 0.9885 1.2265 0.8531 
Mean  19.35238 29.1116 19.92355 22.1518 10.7573 
R-square  0.996115 0.99746 0.99433 0.99330 0.98427 

*Means followed by the same letter along the column in both bean varieties are 
not significantly different from each other at 5% level of significance. Where 
R0 is beans without inoculant, R1 is inoculated beans, V1 is KAT B1 (variety 
1), V2 is Red Haricot (GLP 585, variety 2), D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha), P0 is the control without phosphorus application and P1 is 
rock phosphate fertilizer at 30 kg/ha. The treatment was made up of a 
combination of the above factors, CV is the coefficient of variation and LSD is 
least significant difference. 

 
The decrease in chlorophyll content was also shown with the 

difference in time that both common beans took to mature as 
the variety that showed earlier senescence is the one that 
matured faster due to earlier nutrient reallocation. Similarly, 
there could be a transfer of nutrients from the senescent leaf to 
other parts of the plant that lead to leaf death, hence a decrease 
in chlorophyll concentration. This is in agreement with [30] 
who showed that during senescence, the leaf yellows as 
chlorophyll degrades and photosynthesis is reduced. 

The treatments with application of rock phosphate fertilizer 
resulted in plants that are more vigorous with more intense 
green colour indicating higher chlorophyll content and greater 
photosynthetic ability. This study is in agreement with the 
results of [31]. The observed improvement could be due to 
functional importance of phosphorus in legume growth such as 
sugar and starch utilization, cell division and organization, 
photosynthesis use efficiency and formation of green pigment 
in plant, which finally improved plant growth and chlorophyll 
synthesis. [32] have also reported such significant result in 
legumes. 

The treatments that incorporated rhizobium inoculant and 
rock phosphate fertilizer showed more dark green leaves, which 

were found to be rich in chlorophyll content as compared with 
un-inoculated treatments. [26] and [33] reported that P and N 
deficiency decreases chlorophyll content. This is seen in 
treatments without rhizobium inoculant and rock phosphate 
fertilizer. [34] observed that the leaf chlorophyll content 
increased significantly with rhizobial inoculation and 
phosphorus application in common bean. These improvements 
in integrated treatments could be accredited to improved 
biological nitrogen fixation by rhizobial inoculants and 
phosphorus supply, which increased nitrogen supply to the 
plants and subsequently increased total leaf chlophyll contents 
of the legumes. The promising results attained from this study 
conclude that application of rhizobium inoculant and rock 
phosphate fertilizer may substitute the expensive inorganic N 
fertilizers in improving plant growth and chlorophyll synthesis 
leading to an increase in yield. 

B. Effect of Plant Density, Phosphorus and Rhizobium 
Inoculant on the Number of Leaves 

Analysis of variance showed that there was significant (p < 
0.05) effect of plant densities on the number of leaves in both 
seasons (Table 5 and 6). It was observed that the number of 
leaves produced was significantly high at plant density 222,222 
plants/ha while the least number of leaves were produced when 
common beans were grown under plant density 111,111 
plants/ha in both seasons. 

 
Table 5 

Mean of the number of leaves at different plant densities in season 1 at 
Imenti south 

Plant Density  7 DAS 14 DAS 21 DAS 28 DAS 
D1 2.297c* 5.304b 8.880a 11.258c 
D2 2.492a 5.559a 8.994a 12.494a 
D3 2.382b 5.311b 8.969a 12.123a 
Mean 2.38927 5.39181 8.94766 11.9642 
CV 2.01290  2.01290 2.01290 2.01290 
LSD 0.0416  0.0767  0.2455  0.6128  
R-square 0.98169 0.97967 0.98153 0.98811 

*Means followed by the same letter are not significantly different from each 
other at 5 % level of significance. Where D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha). CV is the coefficient of variation and LSD is least 
significant difference. 

 
Table 6 

Mean of the number of leaves at different plant densities in season 2 at 
Imenti south 

Plant Density  7 DAS 14 DAS 21 DAS 28 DAS 
D1 2.460a* 6.269c 15.052c 29.754c 
D2 2.506a 8.465a 17.802a 32.729a 
D3 2.479a 7.322b 16.083b 30.578b 
Mean 2.48226 6.35280 15.31275  30.3542 
CV 2.01290  2.01290 2.01290 2.01290 
LSD 0.063  0.1025  0.161  0.2152  
R-square 0.910271  0.965868  0.987058 0.995037   

*Means followed by the same letter are not significantly different from each 
other at 5 % level of significance. Where D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha). CV is the coefficient of variation and LSD is least 
significant difference. 
 

Analysis of variance indicated that there was significant (p < 
0.05) treatment effect of plant density, rock phosphate and 
rhizobium inoculant application on the number of leaves per 
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plant at different growth stages (Table 7 and 8). Increase in 
plant density significantly increased the number of leaves 
probably due to adequate growth resources. This in turn 
increased the leaf area per plant, consequently increasing the 
crop photosynthesis hence increased plant vigour and yield. 
Treatment R0V1D1P0 and R0V2D2P0 recorded the least 
number of leaves across the growth stages in both seasons. 
Similarly, treatment R1V1D3P1 and R1V2D2P1 recorded the 
highest number of leaves produced across the growth stages in 
both seasons. These results indicated a general trend increase in 
number of leaves in response to application of rhizobium 
inoculant and rock phosphate fertilizer in both seasons. 
Application of rhizobium inoculant to common bean enhanced 
the availability of nitrogen which affect the photosynthetic rate 
per unit leaf area hence increases the leaf area per plant, 
consequently increasing the crop photosynthesis. This finding 
is in agreement with [35], who showed that application of 
rhizobium inoculants significantly improved the growth of 
mung bean leaves and the photosynthetic rate. 

 
Table 7 

Means for number of leaves at different treatments and growth stages of 
KAT B1 and GLP 585 common bean varieties in season 1 at Imenti south 

Treatment 7 DAS 14 DAS 21 DAS  28 DAS 
R0V1D1P0 2.00k  4.66g   8.12ijk  9.54j  
R0V1D1P1 2.58d 5.58d  10.33bc 12.66de 
R0V1D2P0 2.16f 5.16fi 8.58hi 11.45ef 
R0V1D3P0 2.08gh 5.08ft 8.95g 11.54ef 
R0V1D3P1 2.61cd 5.50dh 9.37ef 11.33ef 
R1V1D1P0 2.20ef 5.45dh 8.08jk 10.83gh 
R1V1D1P1 2.20ef 5.04fj 8.00klm 10.41hi  
R1V1D2P0 2.13fg 5.25ei  8.16kl  11.25efg 
R1V1D2P1 2.33de 5.37eh 8.62gh 10.54h 
R1V1D3P0 2.50cd 5.58d 8.95gh  12.37de  
R1V1D3P1 2.72c 5.95b   10.40b  13.79cd  
R0V1D2P1 2.33de 5.04fj 8.25ijk 11.41ef 
R0V2D1P0  2.00gh  4.50g  7.75m   10.08hi 
R0V2D1P1  2.40e 5.37ef 8.04klm 11.37ef 
R0V2D2P0  2.16f 5.16fi 9.12fg  10.00h 
R0V2D2P1  2.08gh 5.35ef  9.95c 17.2bc 
R0V2D3P0  2.54cd 6.04b 7.79lm 13.77c  
R0V2D3P1  2.83b  5.12fi 8.33ij 11.33ef 
R1V2D1P0  2.81bc 6.08b 9.79cd 12.27de 
R1V2D1P1  2.75bcd 5.95b 9.50ef 11.00g 
R1V2D2P0  2.53de 5.72c  9.54de 12.37d 
R1V2D2P1  2.91a  6.33a  10.54a  18.00a  
R1V2D3P0  2.08gh 4.79g 8.12jk 11.41ef  
RIV2D3P1 2.39e 4.95j 10.28bc  11.04fg 
CV 2.0470 1.4628 1.7322 2.2920 
LSD 0.0416 0.0767 0.2455 0.6128 
Mean 2.3892 5.3918 8.9476 11.9642 
R-square  0.9816 0.9796 0.9815 0.9881 

*Means followed by the same letter along the column in both bean varieties are 
not significantly different from each other at 5% level of significance. Where 
R0 is beans without inoculant, R1 is inoculated beans, V1 is KAT B1 (variety 
1), V2 is Red Haricot (GLP 585, variety 2), D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha), P0 is the control without rock phosphate fertilizer 
application and P1 is rock phosphate fertilizer at 30 kg/ha. The treatment was 
made up of a combination of the above factors, CV is the coefficient of variation 
and LSD is least significant difference. 

 
The increase in number of leaves because of inoculation 

could also be attributed to the supply of nitrogen that was made 
into available form of N nutrients, hence increased plant vigour. 
This resulted in more number of leaves per plant that was 

recorded towards the end of the growing season. This study is 
in agreement with the findings of [36] who showed that the 
number of leaves per plant were significantly higher in egusi 
melon as a result of nitrogen application. The results of this 
study agree with the findings of [37] who reported a great 
improvement in the number of leaves with application of 
rhizobium inoculant. In addition to that, [38] in his study 
indicated that there was maximum number of leaves per bean 
plant due to higher nitrogen fixation during inoculation. The 
study also agrees with the results of [39] who reported that 
inoculation with effective rhizobium brought a significant 
effect on the number of leaves in legumes. 

 
Table 8 

Means for number of leaves at different treatments and growth stages of 
KAT B1 and GLP 585 common bean varieties in season 2 at Imenti south 

Treatment 7 DAS 14 DAS 21 DAS  28 DAS 
R0V1D1P0 2.12jk * 6.06ijk 12.45k  22.79no  
R0V1D1P1 2.33ghi 5.91jkl 15.25f 30.79hi 
R0V1D2P0 2.45fgh 6.33ghi 16.16de 29.62kl  
R0V1D3P0 2.37fgh 6.08ijk 15.25f 30.04jk 
R0V1D3P1 2.37fgh 6.16hij 13.87ij 26.07n 
R1V1D1P0 2.39fgh 6.08ijk 15.83e 27.60m 
R1V1D1P1 2.29ijk 5.87kl 13.66j 29.20l 
R1V1D2P0 2.50fgh  7.00cd 16.29d 30.45fg 
R1V1D2P1 2.50fgh 6.41fg 14.29hi 26.75n 
R1V1D3P0 2.54def 6.45fg 14.66gh 27.54m 
R1V1D3P1 2.66cde  6.29ghi 14.58gh 31.58f  
R0V1D2P1 2.37fgh  5.25o 12.87k  29.06jk 
R0V2D1P0  2.04k  5.29o  11.58l  26.20mn  
R0V2D1P1  2.37fgh  5.33no 14.75g  30.31ijk 
R0V2D2P0  2.63de 7.08cd 16.95c 33.70de 
R0V2D2P1  2.70bcd 7.25bc 13.70j  26.70m 
R0V2D3P0  2.12j 5.83klm  14.79g 30.41hij 
R0V2D3P1  2.83bc 7.25bc 17.29c 36.66bc 
R1V2D1P0  2.54fgh 6.66ef 16.33d 32.41cd  
R1V2D1P1  2.29ijk  5.58mn  14.25hi  30.20ijl  
R1V2D2P0  2.63de 6.80ef 18.21b 36.33c 
R1V2D2P1  3.33a  8.38a  20.37a  39.70a 
R1V2D3P0  2.87b 7.37b 16.25de 30.95gh 
RIV2D3P1 2.20ijk 5.66lm 17.79b  37.00b  
CV 4.3672 2.7765 1.8095 1.2202 
LSD 0.1782 0.2899 0.4554 0.6087 
Mean 2.4822 6.3528 15.3127 30.354 
R-square  0.9102 0.9658 0.98705 0.9950 

*Means followed by the same letter along the column in both bean varieties are 
not significantly different from each other at 5% level of significance. Where 
R0 is beans without inoculant, R1 is inoculated beans, V1 is KAT B1 (variety 
1), V2 is Red Haricot (GLP 585, variety 2), D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha), P0 is the control without rock phosphate fertilizer 
application and P1 is rock phosphate fertilizer at 30 kg/ha. The treatment was 
made up of a combination of the above factors, CV is the coefficient of variation 
and LSD is least significant difference. 

 
Application of rock phosphate fertilizer to common beans led 

to an increase in the number of leaves in the current study. This 
is probably because phosphorus is an essential component of 
nucleic acids, phospholipids, and energy-rich phosphate 
compounds, thus, plays a crucial role in root growth hence 
enhance nutrient uptake that is translocated to the leaves leading 
to an increase in the number of leaves hence increasing yield. 
This was consistent with [40] who reported that phosphorus 
application induced an increase in the number of leaves per 
plant. This study is also in agreement with the findings of [35]. 
Similarly, the finding of this study is in agreement with that of 
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[41], who reported an increase in the number of leaves with 
application of phosphorus in soybean plants. [32] also reported 
an increase in the number of leaves in response to the 
application of phosphorus fertilizer in cowpea. The 
incorporation of rhizobium inoculant and rock phosphate 
fertilizer resulted in better photosynthesis and accumulation of 
photosynthates leading to an increase in plant vigour and more 
leaves due to the presence of nutrients, plant growth promoters 
and increased activities of microbes, which improved plant 
growth significantly hence increased the number of leaves and 
yield. 

C. Effect of Plant Density, Phosphorus and Rhizobium 
Inoculant on the Number of Branches 

Analysis of variance showed that there was significant (p < 
0.05) effect of plant densities on the number of branches in both 
seasons (Table 9). It was observed that the least number of 
branches were produced when common beans were grown 
under plant density 111,111 plants/ha in both seasons. 

 
Table 9 

Mean of the number of branches at different plant densities in the two 
seasons at Imenti south 

Plant Density Season 1  Season 2  
 28 DAS 35 DAS 28 DAS 35 DAS 
D1 1.258c 1.778b 2.713a 3.401c 
D2 1.629a 2.158a 2.750a 3.554a 
D3 1.421b 2.158a 2.725a 3.462b 
Mean 1.441949  2.036888  2.729663  3.472743  
CV 7.463457  7.752728  3.812497  2.812006  
LSD 0.0959  0.164  0.0605  0.0567  
R-square 0.983878  0.982520  0.953973  0.971021  

*Means followed by the same letter are not significantly different from each 
other at 5 % level of significance. Where D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha). CV is the coefficient of variation and LSD is least 
significant difference. 

 
A significant (p<0.05) effect of plant density, rock phosphate 

and rhizobium inoculant application on the number of branches 
at different growth stages was exhibited in this study (Table 10). 
Plant density significantly influenced the number of branches 
produced. This probably might be due to less competition for 
light, space and nutrients among the plants due to use of 
appropriate planting population which increased vegetative 
growth especially those having more primary branches. The 
result agreed with the finding of [42] who reported that the 
number of primary branches was highly significant among Desi 
and Kabuli type Natoli and Acos Dobie of the chickpea 
varieties, respectively. These results are also in conformity with 
the findings of [43]. This enhanced vegetative development 
resulted to subsequent increase in the number of branches 
which in turn probably provided more space for higher pod 
attachment and development hence increasing yield. 

Treatment R0V1D1P0 and R0V2D2P0 recorded the least 
number of branches across the growth stages in both seasons. 
Similarly, treatment R1V1D3P1 and R1V2D2P1 recorded the 
highest number of branches produced across the growth stages 
in both seasons. Application of rhizobium inoculant on 
common beans in the current study increased the number of 
branches in both seasons. This probably is because nitrogen is 

an important nutrient for plants since it is a component of 
chlorophyll and a building block for amino acids and protein. 
This finding concur with that of [44] who reported that adding 
nitrogen increased the number of branches significantly 
because nitrogen stimulates vegetative growth. 

 
Table 10 

Means for number of branches at different treatments and growth stages of 
KAT B1 and GLP 585 common bean varieties in season 1 and 2 at Imenti south 

          Season 1          Season 2 
Treatment 28 DAS 35 DAS 28 DAS 35 DAS 
R0V1D1P0 0.50m  0.79n  2.16ij  2.70m  
R0V1D1P1 1.79def  2.25ef  2.25j  3.66fg  
R0V1D2P0 0.91ij  1.25lm  2.95cde 3.75def 
R0V1D3P0 1.87de 1.66hi 2.83def  3.70ef 
R0V1D3P1 0.83jk 1.25lm 2.79efgh  3.54gh 
R1V1D1P0 0.75kl 1.12lm 2.64hi 3.68efg 
R1V1D1P1 1.70ef  2.41e  3.04bc  3.83cde 
R1V1D2P0 1.50g 1.58jk 2.79efgh 3.45hi 
R1V1D2P1 2.33c  3.12c  3.00bcd  3.25jk 
R1V1D3P0 1.68f 2.04fg 2.62hi 3.91bc 
R1V1D3P1 2.34bc  3.58b  3.12bc  4.04b  
R0V1D2P1 2.41bc 2.75  2.81efg  3.87bc  
R0V2D1P0  1.00ij  1.25lm  2.70gh  3.37ij  
R0V2D1P1  1.79ef 1.87ghi 2.45i 3.64hi 
R0V2D2P0  0.54m   1.04mn  2.12ij   2.82lm  
R0V2D2P1  2.37bc 2.75d 3.04bc 2.91l  
R0V2D3P0  1.91d 3.16c 2.25j  2.85l 
R0V2D3P1  0.91jk 2.04fg  2.95cde 2.95l 
R1V2D1P0  0.58lm 1.18lm 2.62hi  3.95bc 
R1V2D1P1  1.17hi  1.75hij 3.12bc  3.33ij 
R1V2D2P0  1.20g 1.95gh 3.05bc 3.62fg 
R1V2D2P1  2.58a   4.91a   3.29a  4.12a  
R1V2D3P0  0.75kl 1.33kl 2.45i 3.16k 
RIV2D3P1 0.91jk 1.91ghi 3.16b  3.33ij  
CV 7.4634 7.7527 3.8124 2.8120 
LSD 0.0959 0.164 0.171 0.1605 
Mean  1.4419 2.0368 3.4727 1.4227 
R-Square  0.9838 0.9825 0.9710 0.9680 

*Means followed by the same letter along the column in both bean varieties 
are not significantly different from each other at 5% level of significance. 
Where R0 is beans without inoculant, R1 is inoculated beans, V1 is KAT B1 
(variety 1), V2 is Red Haricot (GLP 585, variety 2), D1 is plant density 1 
(111,111 plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant 
density 3 (166,666 plants/ha), P0 is the control without rock phosphate 
application and P1 is phosphorus fertilizer at 30 kg/ha. The treatment was made 
up of a combination of the above factors, CV is the coefficient of variation and 
LSD is least significant difference. 

 
The significant increase in branches as a result of rhizobium 

inoculation was probably due to increased photosynthetic 
activity as a result of optimal availability of plant nutrients. 
Subsequently, rhizobium inoculant increased the availability of 
photosynthates for branch expansion and consequently greater 
branch numbers. The increase in number of branches in this 
research was probably associated with adequate availability of 
nitrogen as a result of rhizobium inoculation, which 
consequently enhanced pronounced vegetative growth and 
development. This is in conformity with [45] who reported that 
incorporation of rhizobia inoculant enhanced vegetative 
development, subsequently, resulting to more number of 
branches. [46] also showed that higher number of branches are 
attributed to high mineral content from inputs which stimulate 
rapid leaf production and play an essential role in branching.  

The positive effect of rock phosphate fertilizer application on 
the number of branches per plant could be due to the significant 
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role of the element on cell division and elongation which 
resulted in the production of more lateral buds that developed 
into branches with more space for higher pod attachment and 
development increasing yield.  [47], reported that phosphorus 
fertilizer application to cowpea varieties had a positive effect 
on number of branches per plant. [48] also reported that the total 
number of branches per plant increased with phosphorus 
application. [49], was of the same opinion that an increment in 
number of branches with phosphorus application in cell 
division led to an increase in number of branches. Similarly, 
[50] agreed with this research that the higher number of 
branches in plots with phosphorus fertilizer can be attributed to 
the high mineral content in phosphorus that is expected to 
stimulate rapid leaf production and play an essential role in 
branching. The results also agreed with the findings of [51] who 
showed that there was a significant effect of phosphorus 
application on the number of branches produced by chickpea 
plant. [52] also observed an increase in the number of branches 
in spider plant that had received phosphorus fertilizer 
supplementation. 

D. Bean Grain Yield 
Analysis of variance showed that there was significant (p < 

0.05) effect of plant densities on grain yield. In season 1, the 
average grain yield produced by common beans ranged from 
1117.48 tonnes/ha to 1861.11 tonnes/ha and from 1305.55 
tonnes/ha to 2050.23 tonnes/ha in season 2 (Table 11). Above 
ground biomass ranged from 1796.29 tonnes/ha to 2865.46 
tonnes/ha in season 1, and from 2059.60 tonnes/ha to 3216.43 
tonnes/ha in season 2. In both seasons plant density 222,222 
plants/ha gave the highest grain yield while the least was 
obtained when common bean was grown under plant density 
111,111 plants/ha. 

 
Table 11 

Mean of bean grain yield at different plant densities in the two seasons at 
Imenti south 

Plant Density Season 1 Season 2 
 Grain Yield (t/ha) Grain Yield (t/ha) 
D1 1117.48c* 1305.55c 
D2 1861.11a 2050.23a 
D3 1774.31b 2027.78b 
Mean 1584.298  1794.522  
CV 2.6625  2.0257  
LSD 24.511  21.123  
R-square 0.9956  0.9977  

*Means followed by the same letter are not significantly different from each 
other at 5 % level of significance. Where D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha), CV is the coefficient of variation and LSD is least 
significant difference. 

 
Analysis of variance indicated that there was significant (p < 

0.05) treatment effect on grain yield.  In season 1, grain yield 
ranged from 0.500 tonnes/ha in treatment R0V1D1P0 to 2.66 
tonnes/ha in treatment R1V2D2P1. In season 2, grain yield 
ranged from 0.671 tonnes/ha in treatment R0V1D1P0 to 3.037 
tonnes/ha in treatment R1V2D2P1 (Table 12). Treatment 
R1V2D2P1 significantly gave the highest grain yield (2.66 and 
3.037 tonnes/ha) while treatment R0V1D1P0 gave the least 
grain yield (0.500 and 0.671 tonnes/ha) in season 1 and 2 

respectively (Table 12). 
 

Table 12 
Means for grain yield at different treatments of KAT B1 and GLP 585 

common bean varieties in season 1 and 2 (in tonnes/ha) at Imenti south 
 Season 1 Season 2 
Treatment Grain Yield (t/ha) Grain Yield (t/ha) 
R0V1D1P0 0.500op* 0.671op 
R1V1D3P1 2.520b 2.670b  
R1V1D1P1 1.981cd  2.076gh  
R0V1D1P1 1.078mn 1.217m 
R0V1D2P0 1.175k  1.592j  
R1V1D1P0 1.481i 1.615j 
R0V1D3P1 1.805e 1.430lm  
R1V1D2P1 1.944cd  2.347cd 
R0V1D2P1 1.111kl 0.916o 
R1V1D3P0 1.465h 1.416lm 
R1V1D2P0 1.685f  1.944h 
R0V1D3P0 1.159k 1.229m  
R0V2D2P1 1.351ij  1.518jk  
R1V2D3P1 2.231bc  2.694b  
R1V2D1P0 1.462i 1.587ij 
R0V2D1P0 0.935n 0.981no 
R1V2D2P0 1.694f  2.118g 
R1V2D1P1 1.916cd  2.604d  
R1V2D3P0 1.833e 1.754i  
R0V2D3P1 1.812e 2.208ef 
R1V2D2P1 2.666a  3.037a  
R0V2D2P0 0.805op  1.185m  
R0V2D3P0 1.902de 2.027bc 
R0V2D1P1 1.500gh  2.222de 
CV 2.662 2.025 
LSD 69.329 59.745 
Mean 1584.29 1794.52 
R-Square 0.9956 0.9971 

*Means followed by the same letter along the column in both bean varieties are 
not significantly different from each other at 5% level of significance. Where 
R0 is beans without inoculant, R1 is inoculated beans, V1 is KAT B1 (variety 
1), V2 is Red Haricot (GLP 585, variety 2), D1 is plant density 1 (111,111 
plants/ha), D2 is plant density 2 (222,222 plants/ha), D3 is plant density 3 
(166,666 plants/ha), P0 is the control without phosphorus application and P1 is 
rock phosphate fertilizer at 30 kg/ha. The treatment was made up of a 
combination of the above factors, CV is the coefficient of variation and LSD is 
least significant difference. 

 
The results of this study showed that there was a significant 

effect of plant density, rock phosphate and rhizobium inoculant 
application on grain yield in both seasons. Increase in plant 
density significantly increase grain yield. This probably is due 
to availability of growth resources with optimum plant density. 
This finding is similar with the results of [53] who reported that 
there was highest fruit yield when tomatoes were grown at the 
highest planting density than when grown under the lowest 
planting density. Generally, treatment R0V1D1P0 and 
R0V2D2P0 recorded the least grain yield between the two 
common bean varieties in both seasons. Similarly, treatment 
R1V1D3P1 and R1V2D2P1 recorded the highest grain yield in 
both seasons. This suggest incorporation of rhizobium 
inoculant and rock phosphate in a treatment may offer optimum 
plant nutrition. 

The increase in grain yield is attributed to the effect of 
nitrogen as a result of rhizobium inoculant application, whereas 
the control produced the lowest grain yield. This means that 
rhizobia inoculant application can alleviate the soil fertility 
problem, which is a direct cause of poor production in the study 
area. In other words, enhanced grain production with rhizobium 
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inoculation could be attributed to increased availability of 
nutrients like phosphorus. Higher availability of these nutrients 
is important for growth, development, and assimilates 
production [54], which leads to increased grain production via 
photo-assimilates being re-translocated from the vegetative to 
the yield components. The results of this study are supported by 
the findings of different authors [55]. [56] also found that 
inoculating common bean had a substantial impact on grain 
yield. 

Inoculation with rhizobium inoculant probably played the 
role of increasing the number of leaves in this study translating 
into higher photosynthetic capacity, which increases the source 
strength. The increased source strength enhances retention of 
many flowers hence increases the number of grains and 
eventually the grain yield. The findings of this study are in 
agreement with those of [57] who reported that rhizobium 
inoculant contained essential nutrient elements that favour high 
photosynthetic activities to promote plant roots and vegetative 
growth. [58] confirms with this reported that rhizobium 
inoculant contains readily available nitrogen that lead to 
improved vegetative growth of plants which result in more 
storage and subsequent utilization of carbohydrates hence 
improved grain yield. 

Rock phosphate application on common beans increased 
grain yield since the crop was able to adapt to the environment 
or translocate and use the absorbed phosphorus for grain 
formation. GLP 585 significantly produced higher grain yield 
compared to KAT B1 variety. The difference in seed yield 
among the common bean cultivars might be related to the 
genotypic variations for P use efficiency [59], which may arise 
from variation in P acquisition and translocation and use of 
absorbed P for seed formation [60]. Hence, the cultivars which 
gave higher seed yield might have either better ability to absorb 
the applied P from the soil solution or translocation and use the 
absorbed P into plant biomass and seed yield, which is related 
to reduce P requirement in plant tissues than the low yielding 
cultivar [61]. 

Similarly, increase in seed yield might be attributed to overall 
improvement in growth attributes such as number of leaves and 
number of primary branches thereby increasing yield attributing 
traits such as number of pods per plant and number of seed per 
pod upon partitioning, which also showed an increasing trend 
as a result of P application. Finding of this study is in agreement 
with [62] Gobeze and Legese, (2015) who observed significant 
variations in seed yield for different crops including common 
bean in response to P application under field and greenhouse 
conditions.  

4. Conclusion 
Incorporation of rhizobium inoculant with rock phosphate 

fertilizer in common beans significantly influenced the 
chlorophyll content, number of leaves, number of branches and 
bean grain yield in medium potential agro ecological zones. 
Plant density 222,222 plants/ha significantly produced the 
highest chlorophyll content, number of leaves, number of 
branches and grain yield. KAT B1 being a drought tolerant bean 
variety that was bred for low agro ecological zones, performs 

well in medium agro ecological zones. Therefore, integration of 
rhizobium inoculant and phosphorus under plant density 
166,666 plants/ha and 222,222 plants/ha in KAT B1 and GLP 
585 common bean varieties respectively, is an important 
strategy to increase common bean production in medium 
potential agro ecological zone of Imenti South.  

References 
[1] Smith, M. R., & Rao, I. M. (2021). Common bean. In Crop Physiology 

Case Histories for Major Crops (pp. 384-406). 
[2] [2] Samago, T. Y., Anniye, E. W., & Dakora, F. D. (2018). Grain yield of 

common bean (Phaseolus vulgaris L.) Varieties are markedly increased 
by rhizobia inoculation and phosphorus application in Ethiopia. 
Symbiosis, 75(3), 245-255. 

[3] Cortés, A. J., & M. W, B. (2018). Naturally available genetic adaptation 
in common bean and its response to climate change. Climate Resilient 
Agriculture–Strategies and Perspectives. 

[4] Fischer, G., Nachtergaele, F. O., Van Velthuizen, H., Chiozza, F., 
Francheschini, G., Henry, M., & Tramberend, S. (2021). Global agro-
ecological zones (gaez v4)-model documentation. 

[5] Yimer, T., Abera, G., Beyene, S., & Rasche, F. (2022). Optimizing 
maize–bean cropping systems for sustainable intensification in southern 
Ethiopia. Agronomy Journal, 114(6), 3283-3296. 

[6] Khatri-Chhetri, A., Aggarwal, P. K., Joshi, P. K., & Vyas, S. (2017). 
Farmers' prioritization of climate-smart agriculture (CSA) 
technologies. Agricultural systems, 151, 184-191. 

[7] Dhaliwal, D. S., & Williams, M. M. (2020). Understanding variability in 
optimum plant density and recommendation domains for crowding stress 
tolerant processing sweet corn. PloS one, 15(2), e0228809. 

[8] Gebremedhin, W. (2015). Effects of Plant Density on the Yield 
Components of Haricot Bean (Phaseolus vulgaris L.). College of 
Agriculture & environment science, Adigrat University. Journal of 
Natural Sciences Research. www.iiste.org ISSN 2224-3186 (Paper) ISSN 
2225-0921 (Online) Vol.5. 

[9] Welu, G. (2015). Effects of Plant Density on the Yield Components of 
Haricot Bean (Phaseolus vulgaris L.). Journal of Natural Sciences 
Research, 5(5), 37-41. 

[10] Turuko, M., & Mohammed, A. (2014). Effect of different phosphorus 
fertilizer rates on growth, dry matter yield and yield components of 
common bean (Phaseolus vulgaris L.). World Journal of Agricultural 
Research, 2(3), 88-92. 

[11] Sun, H., Liu, R., Yuan, H., Zhou, M., Liu, Z., Hu, B., & Rennenberg, H. 
(2023). Interaction of nitrogen availability in the soil with leaf 
physiological traits and nodule formation of Robinia pseudoacacia-
rhizobia symbiosis depends on provenance. Plant and Soil, 1-21. 

[12] Da Silva Oliveira, C. E., Jalal, A., Vitória, L. S., Giolo, V. M., Oliveira, 
T. J. S. S., Aguilar, J. V., & Filho, M. C. M. T. (2023). Inoculation with 
Azospirillum brasilense Strains AbV5 and AbV6 increases nutrition, 
chlorophyll, and leaf yield of hydroponic lettuce. Plants, 12(17), 3107. 

[13] Zhang, Y., Xu, Z., Li, J., & Wang, R. (2021). Optimum planting density 
improves resource use efficiency and yield stability of rainfed maize in 
semiarid climate. Frontiers in Plant Science, 12, 752606. 

[14] Buhler, D. D., & Hartzler, R. G. (2004). Weed biology and 
management. Soybeans:Improvement, production, and uses, 16, 883-918. 

[15] Wananda, E., & Wahditiya, A. A. (2023). Response of sweet corn (Zea 
mays saccharata L.) to plant spacing and granular organic fertilizer 
(GOF). In IOP Conference Series: Earth and Environmental 
Science (Vol. 1230, No. 1, p. 012216). IOP Publishing. 

[16] Abhijit, R., Vivek, S., & Jim, H., (2020). Dry bean (Phaseolus vulgaris 
L.) growth and yield response to variable irrigation in the arid to semi-
arid climate. Northern Ag research center, Montana State University.  

[17] Infonet, (2020). https://infonet-biovision.org/PlantHealth/Crops/Beans. 
[18] Ndungu, S. M., Messmer, M. M., Ziegler, D., Gamper, H. A., Mészáros, 

É., Thuita, M., & Thonar, C. (2018). Cowpea (Vigna unguiculata L. 
Walp) hosts several widespread bradyrhizobial root nodule symbionts 
across contrasting agro-ecological production areas in Kenya. 
Agriculture, ecosystems & environment, 261, 161-171. 

[19] Hardarson, G., & Broughton, W. J. (2010). Maximizing the methods of 
enhancing symbiotic nitrogen fixation in agriculture. Microbiology 
ISBN-10:0856988728. 

https://infonet-biovision.org/PlantHealth/Crops/Beans


Kirimi et al.  International Journal of Research in Engineering, Science and Management, VOL. 8, NO. 5, MAY 2025 19 

[20] Ellafi, A. M., Gadalla, A., & Galal, Y. G. M. (2011). Biofertilizers in 
action: contributions of BNF in sustainable agricultural ecosystems. E-
International Scientific Research Journal, 3(2), 108-116. 

[21] Rahman, L., Afzal, A., Ali, A., Khan, K., Karim, S., & Qadir, G. (2014). 
Growth and yield of phaseolus vulgaris as influenced by rhizobium 
inoculation. Soil and plant science 1(2): 56-67. 

[22] Korir, H., Mungai, N.W., Thuita, M. Y. H., & Masso, C. (2017). Co-
inoculation effect of rhizobia and plant growth promoting rhizo bacteria 
on common bean growth in a low phosphorus soil. Frontiers in plant 
science, 8(141). 

[23] Mfilinge, A., Mtei, K., & Ndakidemi, P. A. (2014). Effects of rhizobium 
inoculation and supplementation with P and K on growth, leaf chlorophyll 
content and nitrogen fixation of bush bean varieties. Amer J Res Commun 
2 (10):49–87. 

[24] Sulieman, S., & Tran, L. S. P. (2015). Phosphorus homeostasis in legume 
nodules as an adaptive strategy to phosphorus deficiency. Plant Sci 
239:36–43. 

[25] Jaetzold, R., & Schmidt, H. (1983). Farm management handbook of 
Kenya (Vol. II, Part C): Natural conditions and farm management 
information, East Kenya.  

[26] Liang, X. L., Lin, Y. C., Nian, H., & Xie, L. X. (2005). The effect of low 
phosphorus stress on main physiological traits of different maize 
genotypes. Acta Agronomica Sinica. 31(5):667–669. 

[27] Nasiri, A., Samdaliri, M., Rad, A. S., Shahsavari, N., Kale, A. M., & 
Jabbari, H. (2017). Effect of plant density on yield and physiological 
characteristics of six canola cultivars. Journal of Scientific Agriculture, 1, 
249-253.  

[28] Jawale, S. A., Patil, V. D., Jawale, S. A., & Satpute, U. (2017). Effect of 
soil fertility levels on chlorophyll content of maize crop. Journal of 
Pharmacognosy and Phytochemistry, 6(6), 95-97. 

[29] Ghorbanpour, M. and Hatami, M. (2014). Biopriming of Salvia officinalis 
L. seed with plant growth promoting rhizobacteria (PGPRs) changes the 
invigoration and primary growth indices. Journal of Biological and 
Environmental Sciences, 8: 29-36.  

[30] Wei, S., Wang, X., Zhang, J., Liu, P., Zhao, B., Li, G., & Dong, S. (2015). 
The role of nitrogen in leaf senescence of summer maize and analysis of 
underlying mechanisms using comparative proteomics. Plant 
Science, 233, 72-81. 

[31] Mairura, F. S., Musafiri, C. M., Kiboi, M. N., Macharia, J. M., Ng'etich, 
O. K., Shisanya, C. A., & Ngetich, F. K. (2022). Farm factors influencing 
soil fertility management patterns in Upper Eastern 
Kenya. Environmental Challenges, 6, 100409. 

[32] Nyoki, D., & Ndakidemi, P. A. (2014). Effects of phosphorus and 
Bradyrhizobium japonicum on growth and chlorophyll content of cowpea 
(Vigna unguiculata (L) Walp). American Journal of Experimental 
Agriculture, 4(10), 1120-1136. 

[33] Ndiso, J. B., Chemining’wa, G. N., Olubayo, F. M., & Saha, H. M. (2021). 
Effect of different farmyard manure levels on soil moisture content, 
canopy temperature, growth and yield of maize–cowpea intercrops.  

[34] Bambara, S. and Ndakidemi, P.A. (2009). Effects of Rhizobium 
Inoculation, Lime and Molybdenum on Photosynthesis and Chlorophyll 
Content of Phaseolus vulgaris L. African Journal of Microbiology 
Research, 3, 791-798.  

[35] Chattha, M. U., Hassan, M. U., Khan, I., Chattha, M. B., Ashraf, I., 
Ishque, W., & Kharal, M. (2017). Effect of Different Nitrogen and 
Phosphorus Fertilizer Levels in Combination with Nitrogen and 
Phosphorus Solubilizing Inoculants on the Growth and Yield of Mung 
bean. Pakistan Journal of Life & Social Sciences, 15(1). 

[36] Ugwuoke, C. U., Asogwa, A. A., Okwo, C. R., Onu, F. M., Eze, G. E., & 
Onah, F. C. (2021). Effects of planting distance and seed rate on the 
growth and yield of Egusi melon (Citrullus colocynthis). Legume 
Research, 44(3), 328-333. 

[37] Sadeghi H and J Bohrani, (2001). Effect of Plant Density and Amount of 
Nitrogen Fertilizer on Yield and Yield Components of Maize. Iranian 
Journal of 
Agricultural Sciences, 3: 1-11. 

[38] Shewangizaw, B., Argaw, A., Feyisa, T., Wold-Meskel, E., & 
Abdulkadir, B. (2019). Response of chickpea (Cicer aritienum L.) to 
sulphur and zinc nutrients application and rhizobium inoculation in north 
western Ethiopia.  

[39] Tahir M. M, Abbasi M. K, Rahim N, Khaliq A. and Kazmi M. H. (2009). 
Effects of Rhizobium Inoculation and N, P Fertilization on Growth and 
Yield of Soybean (Glycine max L.) in the Sub-Humid Hilly Region of 
Rawalakot Azad Jammu and Kashmir, Pakistan. African Journal of 
Biotechnology, 8(22): 6191-6200. 

[40] El-Bassiony, A. M., Fawzy, Z. F., Abd El-Baky, M. M. H., & Mahmoud, 
A. R. (2010). Response of snap bean plants to mineral fertilizers and 
humic acid application. Res. J. Agric. Biol. Sci, 6(2), 169-175.  

[41] Tairo, E.V. and Ndakidemi, P.A. (2013) Bradyrhizobium Japonicum 
Inoculation and Phosphorus Supplementation on Growth and Chlorophyll 
Accumulation in Soybean (Glycine max L.). American Journal of Plant 
Sciences, 4, 2281.  

[42] Tolasa Guta, B., Alemayehu, D. Y., & Adare, M. K. (2019). Response of 
Common Bean (Phaseolus Vulgaris L.) Varieties to Phosphorus Fertilizer 
Rates at Haramaya, Eastern Ethiopia (Doctoral dissertation, Haramaya 
university).  

[43] Huda M.d, Shahadat Hossain, Tanzim Jahan, M.d. Arfan Ali, Md. Golap 
Hossain. (2022). Effect of planting density on growth, development and 
yield of Tomato (Solanum lycopersicum L.); IJB, V21, N3, September, 
P209-214.  

[44] Ayodele, O. J., Alabi, E. O., & Aluko, M. (2015). Nitrogen fertilizer 
effects on growth, yield and chemical composition of hot pepper 
(Rodo). International Journal of Agriculture and Crop Sciences, 8(5), 
666.  

[45] Lamptey, S., Ahiabor, B. D. K., Yeboah, S., & D. Osei. (2014). Effect of 
rhizobium inoculants and reproductive growth stages on shoot biomass 
and yield of soybean (Glycine max (L.) Merril). Journal of Agricultural 
Science 6:44-54.  

[46] Edu, N.E., Agbor, R.B. and Kooffreh, M. (2015). Effect of Organic and 
Inorganic Fertilizer on the Growth Performance of Fluted Pumpkin 
(Telfairia occidentalis) Hook Fil. Bulletin of Environment, Pharmacology 
and Life Science, 4(10): 29-32. 

[47] Nkaa, F., Nwokeocha, O. W., & Ihuoma, O. (2014). Effect of phosphorus 
fertilizer on growth and yield of cowpea (Vigna unguiculata). IOSR 
Journal of Pharmacy and Biological Sciences, 9(5), 74-82. 

[48] Ayodele, O. J., & Oso, A. A. (2014). Cowpea responses to phosphorus 
fertilizer application at Ado-Ekiti, south-west Nigeria. 

[49] Tesfaye Adugna, Liu, D.L., and Vance, C.P. (2007). Genomic and genetic 
control of phosphate stress in legumes. Plant Physiology 144:594-603. 

[50] Desta, Y., Habtegebrial, K., & Weldu, Y. (2015). Inoculation, 
phosphorous and zinc fertilization effects on nodulation, yield and 
nutrient uptake of Faba bean (Vicia faba L.) grown on calcaric cambisol 
of semiarid Ethiopia. Journal of Soil Science and Environmental 
Management, 6(1), 9-15. 

[51] Namvar, A., and R. S. Sharifi. (2011). Phenological and morphological 
response of chickpea (Cicer arietinum L.) to symbiotic and mineral 
nitrogen fertilization. Žemdirbystė (Agriculture) 98 (2):121-130. 

[52] Chemining’wa, G, Ambuko, J.L. and Koile, S. (2018). Effect of 
fertilizers, time of pinching and harvesting method on growth and yield 
of spider plant (Cleome gynandra). International Journal of Agronomy 
and Agricultural Research, 13(5): 9-21. 

[53] Hamid A. A, Salih S. O, Abdalla A. E, El Naim A. M. (2010). Effect of 
Sowing Date and Plant Density on Growth and Yield of Tomato 
(Lycopersicon Esculentum, Mill.). Research Journal of Agriculture and 
Biological Sciences 6(5), 665-669. 

[54] Jiaying, M. A., Tingting, C., Jie, L., Weimeng, F., Baohua, F., Guangyan, 
L., & Guanfu, F. (2022). Functions of nitrogen, phosphorus and potassium 
in energy status and their influences on rice growth and 
development. Rice Science, 29(2), 166-178. 

[55] Chinasho, E. (2017). Effect of Nitrogen-Phosphorus-Sulfur-Blended 
Fertilizer and Rhizobium Inoculation on Yield Components and Yield of 
Common Bean (Phaseolus vulgaris L.) Varieties at Bolosso Bombe 
District, Southern Ethiopia (Doctoral dissertation, Haramaya university). 

[56] Habete, A., & Buraka, T. (2016). Effect of Rhizobium inoculation and 
nitrogen fertilization on nodulation and yield response of common bean 
(Phaseolus vulgaries L.) at Boloso Sore, Southern Ethiopia. J Biol Agric 
Healthc, 6(13), 72-5.  

[57] John, L.W., Jamer, D.B., Samuel, L.T. and Warner, L.W. (2004). Soil 
Fertility and Fertilizers: An Introduction to Nutrient Management. 
Pearson Education, India, 106– 153. 

[58] Kacha, H.L., Jethaloja, B.P., Chovatiya, R.S. and Giriraj, J. (2017). 
Growth and yield of watermelon affected by chemical fertilizers. 
International Journal of Chemical Studies, 4(4): 1701-1704. 

[59] Dereje, S. H., Nigussie, D., Setegn, G., & Eyasu, E. (2016). P Use 
efficiency of common bean (Phaseolus Vulgaris L.) and response of the 
crop to the application of p, lime, and compost in Boloso Sore and Sodo 
Zuria Districts, Southern Ethiopia. East Afr. J. Sci, 9(1), 57. 

[60] Shen, J., Yuan, L., Zhang, J., Li, H., Bai, Z., Chen, X., & Zhang, F. (2011). 
Phosphorus dynamics: from soil to plant. Plant physiology, 156(3), 997-
1005. 



Kirimi et al.  International Journal of Research in Engineering, Science and Management, VOL. 8, NO. 5, MAY 2025 20 

[61] Cichy, K. A., Blair, M. W., Galeano Mendoza, C. H., Snapp, S. S., & 
Kelly, J. D. (2009). QTL analysis of root architecture traits and low 
phosphorus tolerance in an Andean bean population. Crop Science, 49(1), 
59-68. 

[62] Gobez Legese, (2015). Evaluation of common bean varieties at 
phosphorus deficient and sufficient condition in southern Ethiopia.  Ash 
Ese Journal of Agricultural Sciences 1(4):20-27.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	1. Introduction
	2. Materials and Methods
	A. Study Site
	B. Experimental Design
	C. Data Collection
	D. Data Analysis

	3. Results and Discussion
	A. Effect of Plant Density, Phosphorus and Rhizobium Inoculant on Chlorophyll Content
	B. Effect of Plant Density, Phosphorus and Rhizobium Inoculant on the Number of Leaves
	C. Effect of Plant Density, Phosphorus and Rhizobium Inoculant on the Number of Branches
	D. Bean Grain Yield

	4. Conclusion
	References

