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Abstract: The field experiment was carried out at Hawassa, during the 2020 cropping season with the objectives to evaluate 

the impact of maize-common bean intercropping and inoculation on physiological response, nodulation and yield of common 

bean. The treatments consist of two common bean varieties (Hawassa Dume, Nassir), two levels of inoculation (HB-429 

inoculated, un-inoculated) and three spatial arrangements (Sole Common bean, Maize one row - Common bean one row, and 

Maize one row - Common bean two rows). The treatments were laid out in a factorial arrangement in randomized complete 

block design (RCBD) with three replications and comprising twelve treatments. Data on physiological variables, nodulation, and 

yield of common bean were recorded. The results revealed that the main effect of spatial arrangements highly significantly (P < 

0.001) affected the Chlorophyll A and Chlorophyll B, transpiration rate, and intercellular CO2 concentration which were the 

highest on sole cropping common bean. The interaction effects of spatial arrangements and inoculation significantly (P < 0.01) 

affected the total chlorophyll contents, photosynthetic rate and chlorophyll fluorescence resulted in the maximum value on sole 

cropping with inoculated (HB-429). The interaction effects of spatial arrangements and inoculation significantly (P < 0.01) 

affected the number of nodules plant
-1

, nodule dry weight plant
-1

, number of pods plant
-1

, number of seeds pod
-1

, grain yield and 

above ground biomass yield. The highest grain yield of 2.54 t ha
-1

 was recorded from on sole cropping common bean with 

inoculated (HB-429) can be used at Hawassa, and areas with similar agro-ecology. 
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1. Introduction 

Common bean (Phaseolus vulgaris L.) is one of the most 

important food legume crops for direct consumption in the 

world [39]. Common bean - intercropping provided heavy 

shading as though they were a cover crop, this in turn 

influenced physiological response may have been responsible 

for the observed decreases in number of total nodules and 

effective nodules, yield compared to the sole cropping [30]. 

Land scarcity is one of the constraints facing small farmers 

especially in developing countries of Asia and Africa [9]. In 

southern Ethiopia about 30% of farmers have an average land 

holding of 0.5 to 1 ha and a further 40% having 0.1 to 0.5 ha 

[14]. Among the main abiotic factors, solar radiation is the 

most significant one that regulates the photosynthesis 

response, and consequently, the plant survival, growth and 

adaptation. In any habitat the light intensity varies temporally 

(seasonally and diurnally) and spatially. Therefore, plants 

develop acclimation and plasticity to cope with the varying 

light regimes [54]. 

Legume inoculation with effective inoculants can be an 

alternative for the sustainable improvement of soil fertility to 
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enhance crop yields [43]. Thus, supplying N to crops and 

cropping systems through either inoculation or utilization of 

legumes is expected to increase photosynthetic processes, leaf 

area production, leaf area duration as well as net 

photosynthesis rate [3]. In this regard, N2-fixing legumes, 

including common ben, have an advantage over non-legumes 

in their ability to meet their photosynthetic N requirements 

from symbiotic N2-fixation and thereby fulfill the N 

requirement for morpho-physiological functions of plants [21]. 

Light intensity affects the central processes of crops such as 

physiology response, biochemistry and cell division in the 

intercropping system [51]. Physiological differences between 

intercrops affect the benefit from their mutual association [4]. 

Legume intercropping significantly affected the 

physiological performance and structure of the 

photosynthetic apparatus [52]. Crop photosynthesis varies 

spatially and temporally in response to environmental factors 

and from day to day in response to the accumulated effects of 

environments on canopy size and its physiological status [29]. 

Several researches have been done to assess photosynthetic 

activities of plant and their responses under different factors. 

Some studies have shown that plant beneficial 

microorganisms (Rhizobia) have enhanced photosynthesis 

because they improve plant nutrition hence increased leaf area 

that reflects photosynthesis [24]. In another study done by 

Nyoki, D & Ndakidemi, A. [36], it was reported that total leaf 

chlorophyll content of cowpea was significantly increased 

following inoculation of Bradyrhizobium japonicum. The 

same results were found in another study by [10], which 

showed that common bean inoculated with Rhizobia had 

increased leaf chlorophyll content compared with that of 

un-inoculated plants. However, the information about their 

effect on physiological response of the intercropping and 

Rhizobium inoculation common bean crops to the 

environment were little studied. Therefore, this study was 

conducted to investigate the effects of maize - common bean 

intercropping on physiology, nodulation, and yield 

performance of the common bean crops. The objectives of 

this study were first to evaluate the influence of maize - 

common bean intercropping and inoculation on gas exchange 

and physiological processes of common bean and second to 

determine the effects of common bean - maize intercropping 

on the nodulation and yield of common bean under 

Rhizobium inoculation. 

2. Material and Methods 

2.1. Description of the Study Area 

The experiment was conducted in the 2020 cropping 

season at the experimental field of Hawassa University, 

Hawassa, Ethiopia. The site is located 270 km south away 

from the capital city Addis Ababa. Geographically the area 

lies at 7° 03' 05.7'' N and 38° 30' 21.1'' E with a mean altitude 

of 1694 m above sea level [35]. The soil of the experimental 

site was tropical Andosols [2], well drained sandy clay loam 

in textural classes with pH value of 7.2. The annual rainfall 

of 1274.5 mm with a mean minimum and maximum 

temperature of 13.6 and 27.8°C, respectively [35]. 

2.2. Source of Planting Materials 

Common bean ((P. vulgaris L.) varieties Nassir, Hawassa 

Dume were obtained from Hawassa Agricultural Research 

Center. This variety was purposefully chosen based on its 

adaptation, high grain yield, acceptability by farmers and seed 

availability and maize hybrid variety (BH-546) was obtained 

from Baco Agricultural Research Center and also Rhizobium 

strain (HB-429) was purchased from Menagesha 

biotechnology PLC, Addis Ababa, Ethiopia. 

2.3. Soil Sampling and Analysis 

Before planting soil samples were taken randomly from the 

experimental field at 0-20 cm depth using augur. The samples 

were mixed well in a plastic bag, sieved and one composite 

representative sample was taken for analysis of physical and 

chemical properties (pH, total N, available P, exchangeable K, 

OM, C: N ratio and CEC) of the soil. The composite soil 

sample was sent to Debrezeit Horticoop Ethiopia 

(Horticulture) soil and water analysis laboratory and analysis 

were done following the standard procedure for each 

parameter. The available P content of the soil is considered to 

be high according to Olsen P rating as described by [20]. Soil 

texture analysis was performed by the Bouyoucous 

hydrometer method [16]. The pH of the soil was measured in 

water at the soil to water ratio of 1:2.5 [37]. Analysis of 

organic carbon content of the soil in a laboratory was 

determined by Walkley and wet oxidation method as 

described by [22]. The soil analysis result is presented in 

Table 1 below. 

Table 1. Physical and some chemical characteristics of experimental soils. 

Physical property  Chemical properties 

Soil texture (%) Texture class pH (H2O) Total N (%) Av. P (ppm) OC (%) 

Silt Clay Sand      

28.5 32.2 40.8 Clay Loam 7.0 0.12 58 1.40 

 

2.4. Experimental Design and Procedures 

The experiment consists of two common bean varieties, one 

Rhizobium strain with control, and three spatial arrangements 

with that makes the total treatments 12 (2 varieties x 2 

inoculation x 3 spatial arrangements). The two common bean 

varieties Hawassa Dume and Nassir, two levels of Rhizobium 

inoculation (HB-429) (I1= Inoculated RS, I 2= Un-inoculated 

RS) and the spatial arrangements of the component crops were 

sole common bean, maize 1:1 common bean and maize 1:2 

common bean. The experiment was arranged factorially in 
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randomized complete block design (RCBD) with three 

replications. 

The size of the experimental plot was 3.2m x 2.10m (6.72 

m²), net area 241.9m
2
, and total area 438.4m

2
. The space 

between plots and between blocks was 80 cm and 1m 

respectively. Seeds of one maize hybrid (BH-546) were 

planted with a spacing of 80×30 cm inter and intra row 

spacing, respectively, in a plot consisting of four rows of 

maize. Seeds of common bean varieties (Nassir and Hawassa 

Dume) for Rhizobium inoculation treatment were coated with 

charcoal based Rhizobium inoculum (HB-429). For this, fresh 

inoculum impregnated in charcoal was purchase from 

Menagesha biotechnology PLC, Addis Ababa, Ethiopia, in a 

week time of seeding date. The charcoal base Rhizobium 

inoculum was mixed thoroughly with seeds with sticker for 

proper coating. Then the coated seeds were dried under shade 

for approximately 20 - 30 minutes and then seeded 

immediately. The detailed procedure is summarized in [34]. 

Un-inoculated common bean seeds were planted in their 

respective plots first then the inoculated seeds were planted to 

avoid contamination. The sole common bean planting was 

40x10 cm inter and intra row spacing, respectively. Under 

maize row intercropping common bean 1:1 maize row 

arrangements, was planted and intercropping common bean 

2:1 maize rows arrangements. 

2.5. Data Collection and Measurements 

2.5.1. Physiological (Gas-Exchange) Parameters 

Photosynthetic rate, Transpiration rate, and CO2 substomata 

were measured from three randomly selected plants leave 

from the central rows of each plot were used at flowering stage. 

Using portable infrared gas exchange analyzer LCA-4 ADC 

(Analytical Development Company, Hoddeson, England). 

The measurements were done the time between 10:00-12:00 

am and 2:00-4:00 pm hours. Chlorophyll contents were 

extracted from randomly selected plant and well developed 

leaves from each treatment. To extract chlorophyll content of 

each common bean varieties, leaf sizes of 15 mm
2
 of fresh 

leaves were taken and grinded with mortar and pestle using 5 

ml acetone 80%. The optical density of the supernatant was 

determined at 645 and 663 nm using spectrophotometer. 

Chlorophyll a, Chlorophyll b, and total Chlorophyll, were 

computed using Arnon’s equation [8]. The calculation was 

done using the equation 1, 2, and 3 described below. 

Chl a (µg/ml) = 12.7 (A663) - 2.69 (A645)      (1) 

Chl b (µg/ml) = 22.9 (A645) - 4.68 (A663)      (2) 

Total chlorophyll (µg/ml) =chl a + chl b      (3) 

Where; A = Absorbance, Chl a = Chlorophyll a, Chl b = 

Chlorophyll b. 

Chlorophyll fluorescence was measured from three 

randomly selected plants leaves in each plot from each 

treatment using Hansatech Instruments Ltd Handy PEA Data. 

The measurements were done of the time between 8:00am 

and 9:00am hours. 

2.5.2. Nodule Determination 

Number of nodules was taken from five randomly selected 

plants at the mid-flowering stage from each plot and counted 

carefully to determine the average number of nodules plant
-1

. 

Nodules dry weight after recording the fresh weight, the same 

nodules were oven-dried at 70°C for 48hr to determine nodule 

dry weight. 

2.5.3. Yield Related Parameters 

Number of pods plant
-1

 was determined from ten plants 

harvested from three central rows of each plot and the average 

was taken as the number of pods plant
-1

. Number of seeds 

pod
-1

 the plants harvested for pod number determination were 

threshed and then total seeds were divided by total pods to 

calculate the average seed number pod
-1

. Above ground 

biomass yield (t ha
-1

) it was measured from plants manually 

harvested from the central rows of each plot. The harvested 

plants were sun dried in an open air four days and the average 

total biological yield was reported in t ha
-1

. Grain yield (t ha
-1

) 

the harvested plants from central rows for biological yield 

determination were threshed and weighed, then converted to t 

ha
-1

 to determine the grain yield.
 

2.6. Statistical Analysis 

All data collected were subjected to analysis of variance 

(ANOVA) appropriate to factorial experiment in an RCBD by 

statistical analysis system using the General Linear Model 

SAS version 9.0 [44]. Treatments means were compared using 

the least significant difference (LSD) at 5% level of 

significance. 

3. Results and Discussion 

3.1. Effect of Intercropping on Physiological Gas 

Exchanges 

3.1.1. Chlorophyll (Chl a) and (Chl b) 

The main effect of spatial arrangement showed a highly 

significant (P < 0.001) difference in chlorophyll A (Chl a) and 

Chlorophyll B (Chl b) (Table 2). The highest each of Chl a, 

(11.05 mg/g) and Chl b (4.24 µg/ml) was observed in sole 

common bean. Lowest was recorded at both intercropping 

Chl a, and Chl b (Table 2). Significantly higher chlorophyll A, 

(62%) and Chlorophyll B, (75%) were obtained from the sole 

cropping as compared to both intercropping treatments (Table 

2). The increment in chlorophyll A and Chlorophyll B with the 

sole cropping might be due to light-harvesting maximization 

in the condition of a light distribution involved in the 

photosynthetic reaction [17]. Under the intercropping system, 

lowest Chl a, and Chl b, might be due to low light availability 

to the plant’s leaf and the shading effect reduced leaf thickness. 

Similar studies have shown shading effects response 

minimizes light-harvesting in the intercropping condition 

through reduced chlorophyll a/b [17]. In conformity with the 

current result [48]. Reported, Chl a, Chl b contents decrease as 

the shading density increases. This is because Chl a, and Chl 

b are important elements as leaves pigment that affect by 
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maize canopy than sole common bean [45].

Table 2. Main effect of spatial arrangement on chlorophyll a/b, transpiration rate (E), and intercellular CO2 concentration (Ci) of common bean. 

Treatments 
Chlorophyll µg/ml 700nm 

Chl a Chl b E mmol m-2 s-1 Ci mmol ml-1 

Variety     

Nassir 8.26a 3.06a 3.16a 419.57a 

Hawassa Dume 8.42a 3.12a 2.89a 420.83a 

Spatial arrangement     

Sole 11.05a 4.24a 3.95a 427.89a 

M1: 1CB 7.16b 2.63b 2.60b 416.23b 

M1: 2CB 6.82b 2.41b 2.53b 416.47b 

Inoculation     

Inoculated 8.63a 3.21a 3.06a 420.32a 

Un-inoculated 8.05a 2.97a 2.99a 420.08a 

LSD (0.05) 2.46 1.02 0.76 16.50 

CV% 17.35 19.49 13.84 1.80 

Means followed by the same letter are not significantly different at P < 0.05. 

3.1.2. Transpiration Rate 

The main effect of spatial arrangement showed a highly 

significant (P < 0.001) difference in transpiration rate (E) at 

700 nm (Table 2). The highest transpiration rate (E) was 

observed in sole cropping common bean at 700 nm (3.95 

mmol m
-2

s
-1

.). Both spatial arrangement treatments resulted 

in lower transpiration rate (Table 2). As compared to sole 

cropping, common bean the transpiration rate significantly 

decreased by 75.38% under both intercropping treatments at 

700 nm (Table 2). The increment transpiration rate (E) under 

sole cropping might be due to the leaves have greater 

photosystem activity and better light intensity which may be 

resulted in a higher transpiration rate. Similar result was 

found by [49]. Recorded transpiration rates of 3.2, 4.1 mmol 

m
-2

s
-1

 in two different peanut crops at 62 days after sowing 

under open conditions. Similarly, [5] showed that transpiration 

rate (E) ranging from 2.70 to 3.29 mmol m
-2

 s
-1

 in ten different 

cowpea genotypes. There was a reduction of transpiration rate 

(E) under intercropping might be due to the shading effects of 

maize canopy and reduced light intensity which may resulted 

to a lower transpiration rate. According to [38], transpiration 

is a necessary evil as it is a vital unavoidable phenomenon of 

plants. 

3.1.3. Intercellular CO2 Concentration 

The main effect of spatial arrangement showed a highly 

significant (P < 0.001) difference in intercellular CO2 

concentration (Ci) at 700 nm (Table 2). The highest 

intercellular CO2 concentration was observed in sole cropping 

common bean (427.89 micromole mol
-1

) at 700 nm. Whereas 

both spatial arrangement treatments resulted in lower 

intercellular CO2 concentration (Table 2). The increased 

intercellular CO2 concentration in sole cropping might be due 

to sun exposed leaves with greater photosystem activity, speed 

of electron transport, quantum yield, carboxylation efficiency, 

and photosynthetic capacity as compared to shaded leaves 

[26]. Similar result was found by [40], who reported that sole 

plants might show increased growth due to higher stomatal 

opening, leading to increased uptake of CO2. The lower 

intercellular CO2 concentration was observed under 

intercropping that might be shading of maize crop canopy, 

which reduced CO2 availability that regulates stomatal 

opening and closing [31]. 

 

Figure 1. Interaction effects of spatial arrangement and inoculation on total chlorophyll contents of common bean. 

3.2. Effect of Inoculation on Gas Exchange 

3.2.1. Total Chlorophyll Contents 

Total chlorophyll contents were significantly (P < 0.01) 

affected by the interaction effects of spatial arrangement and 

inoculation (Figure 1 and Table 3). The highest total 

chlorophyll content (0.79µg/ml) was recorded on the sole 

cropping with inoculated treatments. Both spatial 

arrangements (M1-1CB and M1-2CB) on both inoculated 

and un-inoculated treatments resulted in lowest total 
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chlorophyll content (Figure 1 and Table 3). The increase in 

total chlorophyll content might be due to better light use 

efficiency and the Rhizobium strains (HB-429) enhanced soil 

fertility which contributed to leaf color change, chlorophyll 

content play a critical role in plant growth and greatly to the 

appearance of plants [23]. Similar results were found by [10] 

which showed that common bean inoculated with Rhizobium 

strains (HB-429) had increased leaf chlorophyll content 

compared with that of un-inoculated plants. It is evident from 

different literature that Rhizobium inoculation and mineral 

element supplementation increase the chlorophyll content of 

leaves, and hence improves plant biomass production [10]. 

The decrease of leaf chlorophyll contents under both 

intercropping with inoculated and un-inoculated conditions. 

This might be due to directly related to light shading effects of 

maize crop, which affect leaf chlorophyll contents. This 

indicates that the greenness of plant leaves in intercropped and 

leaf pigment lowest responds to the total chlorophyll contents. 

The intercropping practice has been reported by many 

researchers [28]. 

3.2.2. Photosynthetic Rate 

Photosynthetic rate was significantly (P < 0.01) affected by 

the interaction effects of spatial arrangement and inoculation 

at 700 nm (Figure 2 and Table 3). The highest photosynthetic 

rate (25 µmol m
-2

 s
-1

) was recorded on sole cropping with 

inoculated at 700 nm. Whereas, both intercropped with 

inoculated and un-inoculated resulted in lowest 

photosynthetic rate at 700 nm (Figure 2 and Table 3). The 

increase photosynthetic rate in sole cropping common bean 

and Rhizobia inoculation (HB-429) might be due to increased 

chlorophyll contents that is necessary in the photosynthesis 

Rhizobium also contribute for the increased leaf 

photosynthesis as it supplies nitrogen [55]. 

Similar result was recorded by [56] which indicates 

maximum photosynthetic rates of 23.1, 22.9 and 22.3 µmol 

m
-2

 s
-1

 in different bean genotypes under normal condition. 

Similarly, [52] reported that sole cropping and effective 

Rhizobium bacteria condition in the soil increased 

photosynthetic rate. The reduction of photosynthesis rate 

under intercropping condition might be due to the shading of 

main crop canopy reduced light intensity, which may result in 

lower photosynthesis rate. Similar finding by [50] showed 

that heavy shade results in reduce photosynthesis due to the 

decrease in Photosystem II and electro transport rate. The 

reductions in photosynthetic rate is reported to occur due to 

two main reasons; either due to decreased CO2 diffusion into 

leaves, decrease in intercellular CO2 and stomatal 

conductance, or due to inhibition of photosynthesis by 

inhibition of the leaf growth and enlargement by controlling 

the cell proliferation [51]. 

 

Figure 2. Interaction effects of spatial arrangement and inoculation on photosynthetic rate µmol m -2 s -1 at 700 nm of common bean. 

3.2.3. Chlorophyll Fluorescence 

 

Figure 3. Interaction effects of spatial arrangement and inoculation on chlorophyll fluorescence of common bean. 

Results of analysis of variance showed that the interaction 

effects of spatial arrangement and inoculation had significantly 

influenced chlorophyll fluorescence (Fv/Fm) (Figure 3 and Table 

3). The highest chlorophyll fluorescence (0.90) was recorded for 

inoculated common beans on sole cropping. Whereas, both 

spatial arrangements with both inoculated and un-inoculated 
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treatments resulted in lowest chlorophyll fluorescence (Figure 3 

and Table 3). The increase chlorophyll fluorescence in sole 

cropping with effective Rhizobium bacteria condition in the soil 

might be due to changes in leaf photosynthetic performance and 

higher absorbed light energy. Leaf photosynthetic rate was 

increased dramatically with the development of the light addition 

technique which could resolve chlorophyll fluorescence 

quenching into photochemical efficiency higher under sole 

cropping better light intensity [12]. Lower chlorophyll 

fluorescence might be due to directly related to light shading 

effects as this affect chlorophyll fluorescence. Similarly, [25] 

indicated that chlorophyll fluorescence reduced leaf 

photosynthetic performance as shading increases. This might be 

due to photochemical efficiency was lower under intercropping 

which reduced light intensity. Moreover, [41] reported induced 

chlorophyll degradation reduced photosynthesis and chlorophyll 

fluorescence under shading conditions. 

3.3. Effect of Treatments on Nodulation of Common Bean 

3.3.1. Number of Nodules Plant
-1

 

Number of nodules plant
-1

 was significantly (P<0.01) 

affected by the interaction effects of spatial arrangement and 

inoculation (Table 3). The highest number of nodules plant
-1

 

(47.70) was recorded from inoculated sole cropping plot. The 

lowest nodule number plant
-1

 was recorded from 

un-inoculated intercrops (Table 3). The increased number of 

nodules in sole cropping and inoculated plot might be due to 

improved light use efficiency and N nutrition because of the 

inoculation in the soil. Similar results were reported by several 

authors [46, 30]. These results are also in line with the findings 

of [6] who revealed a significant improvement in nodule 

number with inoculation sole cropping common bean. 

3.3.2. Nodule Dry Weight Plant
-1

 

The nodule dry weight was significantly (P < 0.01) 

affected by the interaction effects of spatial arrangement and 

inoculation (Table 3). The highest nodule dry weight (0.56 g 

plant
-1

) was recorded by sole cropping with Rhizobium 

inoculant (HB-429). Significantly lower nodule dry weight 

was recorded by both intercropping with inoculated and 

un-inoculated (Table 3). The increased nodule dry weight in 

sole cropping and effective Rhizobium strains (HB-429) 

might be due to in the soil more nodule formation. A similar 

promoting effect of seed inoculation on the dry weight of 

nodules plant
-1

 were reported by [36]. This result was in 

agreement with the work of [19]. Similarly, [11] studied the 

effect of nodulation on soybean and stated that inoculation 

significantly increased nodule dry weight of legumes under 

sole cropping condition. Similar effects of seed inoculation 

on nodule dry weight were also reported by [18]. 

Table 3. Interaction effects of spatial arrangement x inoculation on total chlorophyll contents (TCC), chlorophyll fluorescence (CF), photosynthetic rate, number 

of nodules plant-1 (NN), and nodule dry weight plant-1 (NDW) of common bean. 

Treatments Parameters 

Spatial arrangement Inoculation TCC CF Photosynthetic rate NN NDW (g) 

Sole 
Inoculated 0.79a 0.90a 25.0a 47.70a 0.56a 

Un-inoculated 0.58b 0.81b 20.6b 31.61b 0.30b 

M1:1CB 
Inoculated 0.28c 0.72c 4.8c 28.06c 0.24c 

Un-inoculated 0.27c 0.71c 4.7c 22.56d 0.20c 

M1:2CB 
Inoculated 0.28c 0.72c 4.6c 27.34c 0.23c 

Un-inoculated 0.26c 0.72c 4.5c 24.81cd 0.21c 

LSD.(0.05)  0.14 0.08 1.62 6.81 0.06 

CV%  19.07 4.94 9.21 13.12 12.92 

Means followed by the same letter are not significantly different at P <0.05. 

3.4. Effect of Treatments on Yield and Yield Components of 

Common Bean 

3.4.1. Number of Pods Plant
-1

 

Number of pods plant
-1

 was significantly (P < 0.01) 

influenced by the interaction, of spatial arrangement and 

inoculation (Table 4). The highest pods number plant
-1

 

(22.51) was recorded from inoculated sole cropping 

common bean. Whereas, the lowest number of pods plant
-1

 

was recorded on under both intercropped with inoculated 

and un-inoculated (Table 4). The improvement in nodule 

number for the inoculation treatment can be associated with 

enhanced N nutrition due to N2 - fixation. This is because 

improved N supply improves light use efficiency and 

reduced abortion and abscission of flowers and pods. 

Similarly, [7], who also reported that number of pods per 

plant increased due to Bradyrhizobium inoculation in sole 

soybean. The current result is in agreement with the work of 

[19] who reported an increased number of pods plant
-1

 with 

inoculation in green gram and sole cropping soybean. 

Lower number of pods per plant in both intercropped with 

and without inoculated might be due to the shading effect of 

maize as the main crop caused a reduction in physiological 

processes. A similar finding by [13] related this reduction of 

photosynthesis due to the shading of associated crops to a 

level that the legume plants compensated by decreasing the 

amount of assimilate allocation to reproductive growth or 

grain production. 

3.4.2. Number of Seeds Pod
-1

 

Interaction effects of spatial arrangement and inoculation 

showed a significant (P < 0.01) difference for number of 

seeds pod
-1

 (Table 4). Highest number of seeds pod
-1

 (5.8) 

was record from inoculated sole cropping. Whereas, the 

lower number of seeds pod
-1

 was recorded from both special 

arrangements either inoculated or not (Table 4). The 
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increment in number of seeds pod
-1

 might be due to the 

presence of sufficient light, the photosynthetic surface area of 

leaves to produce assimilates and Rhizobium inoculation 

provided nitrogen that the assimilates are ultimately needed 

for the production of seeds per pods. These results are in line 

with the findings of [32] who found, seed inoculation 

increased the number of seeds per pod in addition to grain 

yield. The reduction of a number of seeds pod
-1

 might be due 

to the intercropping conditions that reduce net canopy 

photosynthesis during these periods might have reduced 

flower-set and number of seeds. Similar result is in 

agreement with the finding of [33] reported that shading 

effects imposed by significantly reduced the photosynthetic 

assimilates which indicated that low light condition is 

unavailable to the legume plants flower to lower seed per 

pods. Similar result was also recorded by [53] on 

sorghum-haricot bean intercropping and they found 

significant difference in seeds per pods. 

Table 4. Interaction effects of spatial arrangement x inoculation on number of pods plant-1 (NPPP), number of seeds pod-1, gain yield and above ground biomass 

yield (AGB) of common bean. 

Treatments Parameters 

Spatial Arrangement Inoculation No of Pod Pant-1 Seeds No Pod-1 Grain yield (t ha-1) AGB (ton ha-1) 

Sole 
Inoculated 22.51a 5.8a 2.54a 12.30a 

Un-inoculated 15.94b 4.7b 1.96b 10.60b 

M1:1CB 
Inoculated 9.05c 4.0c 1.35de 8.26de 

Un-inoculated 8.58c 4.0c 1.28e 7.93e 

M1:2CB 
Inoculated 9.51c 4.1c 1.54c 9.55c 

Un-inoculated 9.15c 4.1c 1.44cd 8.95cd 

LSD. (0.05)  0.64 0.72 1.62 1.01 

CV%  6.43 9.94 8.96 6.29 

Means followed by the same letter are not significantly different at P <0.05. 

3.4.3. Grain Yield 

The analysis of variance for grain yield indicated significant 

(P < 0.01) influence of the interaction of spatial arrangement 

and inoculation (Table 4). Highest grain yield (2.54-ton ha
-1

) 

was recorded for inoculated sole cropping, while lower grain 

yield was recorded when the un-inoculated with M1:1CB 

ratio (Table 4). Higher grain yield for sole cropping with 

inoculated plot might be, reduced competition to capture 

environmental resources (water, light, and nutrients). The 

results coincide with the findings of [42], who concluded that 

the treatments sole with Rhizobium inoculation gave higher 

grain yield than those without inoculation. It may also be due 

to more number of pods and seeds due to sole cropping with 

Rhizobium inoculation. Similarly, [3] found that increased 

grain yield in inoculated plants may be attributed to the 

symbiotic relationship of Rhizobium (bacteria) with the roots 

of leguminous crops, which fix the atmospheric nitrogen into 

the roots. It may also be due to more nodule, and plant height, 

as according to the source sink relationship, more 

carbohydrates were produced due to more number of pods per 

plant and grain production. The lower grain yield from 

M1:1CB row arrangement might be associated with the 

shading effects of maize canopy and higher competition due 

to the extensive root system of maize. Similar result was 

found by [47], who indicated maize-common bean 

intercropping reduced seed yield by 80% common bean 

varieties. 

3.4.4. Above Ground Biomass 

Analysis of variance revealed that the above ground 

biomass yield was significantly (P < 0.05) influenced by the 

interaction effects of spatial arrangement and inoculation 

(Table 4). The highest above ground biomass (12.30-ton ha
-1

) 

was recorded from inoculated sole cropping. M1-1CB 

arrangement with and without inoculation resulted with the 

lowest aboveground biomass (Table 4). The above ground 

biomass production in this experiment was highly responsive 

to the sole cropping and Rhizobium inoculation (HB-429). 

This might be due to important role sun light in an open area 

for better intercepted light and the Rhizobium inoculant 

(HB-429) add N which might result to higher biological yield. 

This finding was in agreement with [27] who reported that the 

highest biomass yield (kg/ha) was obtained from sole 

cropping faba bean. Similarly, [1] reported that above ground 

total biomass yield of soybean was increased up to 75% by 

the inoculation of different strains of Rhizobia as compared 

to un-inoculated. The reduction of above ground biomass 

under the intercropped might be due to the effect of shading of 

main crops resulted in lower aboveground biomass because of 

reduced plant growth. This result is in conformity with the 

finding reported by [15] where intercropping reduced soybean 

biological yield by 87% when compared with sole cropping, 

because of reduced plant growth and photosynthetic 

assimilation. 

4. Conclusion 

In this study inoculated sole common bean resulted in better 

physiological responses, nodulation formation, and economic 

yield than intercropping system. The physiological responses 

of plots were influenced by cropping systems that 

intercropping and un-inoculated reduced gas exchange and 

photosynthesis rate. The highest grain yield of 2.54 t ha
-1

 was 

recorded from on sole cropping common bean with Rhizobium 

inoculated (HB-429). Therefore, the observed improvement in 

physiological traits of inoculated and sole common bean 

varieties confirms the importance of Rhizobium inoculation to 

enhance the physiological performance and associated yield 
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advantage of common bean varieties. 
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