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Abstract: The objective of this experiment was to determine the response of snap bean varieties to different rates of cow 

dung vermicompost and their interaction effects. A 3×4 factorial experiment arranged in a randomized complete block design 

(RCBD) with three replications was carried out under Lath house condition. Factor one consisted three varieties of snap bean 

(Plati, Faraday and BC4.4), while Factor two consisted four rates of cow dung vermicompost application rate and 1 

recommended rate of NPS (R5). The results revealed that, the main effects of vermicompost rates and snap bean variety 

showed significant difference (P≤0.05) for all growth parameters studied except for total leaf chlorophyll content. Accordingly, 

the interaction effect of vermicompost rate and variety were significant for Plant dry weight. Therefore, taking the findings of 

the present study in to consideration, it may be tentatively concluded that, the farmers at the Jimma may apply the combination 

of 45t/ha cow dung vermicompost and Variety BC4.4 would help to improve the growth of Snap bean. However, repeating the 

same study across season and location at field condition would help to draw sound conclusion and recommendations. Hence, 

future studies should look in to these factors to develop cow dung vermicompost fertilizer and snap bean varieties 

recommendation for optimum growth of snap bean in Jimma area. 
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1. Introduction 

Snapbean (Phaseolus vulgaris L.) is dicotyledonous plant, 

and member of the family, Fabaceae. It is a legume crop 

grown worldwide [1]. There are more than 130 varieties of 

snap bean in the world [2]. It is also often called as green 

beans, because, years ago, fibrous string (vascular tissue) run 

along the seam of the bean pod and was noticeable when the 

beans are snapped [3]. The snapping noise is the reason for 

its other nick name “Snap” bean. It has been among the most 

important and highly prioritized crops as a means of foreign 

currency earning in Ethiopia [4]. 

The total worldwide cultivated area of green beans is 

1,527,613 hectares, producing 21,720,588 tons [5]. China is 

the world’s leading producer of green beans, with a total 

cultivated area of 635,385 hectares and a production of 

17,031,702 tons [5]. About 50% and 30% of world 

production comes from Asia and Europe, respectively. 

In Ethiopia, there is no exact information as to when snap 

bean was first introduced; however, some literatures 

indicated that, the crop is cultivated in different major 

growing areas of the country in the early 1970 century with 

the purpose of exporting to different market destinations [6]. 

It covered an area of 1749 ha in 2016 production year with 

total production of 7187 tons, which was equivalent to 4.1 

tons/ha [7]. The area and production of snap bean in Ethiopia 

between the years 2003 and 2013, was increased by 76.5% 

and 77.1%, respectively [8]. 

Vermicompost is an eco-friendly, cost effective and 

ecologically sound bio-fertilizer [9]. Therefore, it is a simple 
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biotechnological process of composting [10]. A widely used 

premium organic fertilizer is the by-product of symbiotic 

interactions between earthworms and microorganisms living 

within them [11]. Use of vermicompost is effective for 

improving soil aggregation, structure, aeration and fertility 

(physical properties); contains most of the nutrients in plant 

available form such as nitrates, phosphates, exchangeable 

calcium and soluble potassium; increases beneficial 

microbial population diversity and activity; improves soil 

moisture holding capacity; contains vitamins, enzymes and 

hormones; and accelerates the population and activity of 

earthworms [12]. 

2. Results and Discussion 

2.1. Plant Height (cm) 

Plant height was highly significantly (P<0.001) affected by 

main effects of vermicompost application rate and snap bean 

variety. Snap bean plants that received 45t/ha vermicompost, 

recorded with significantly the highest plant height (47.809 

cm), (Figure 1A). While the other treatments (0, 15 and 30 

t/ha vermicompost, and 161 kg/ha NPS (positive control) 

were not statistically different from one another. Increase in 

plant height could be due to improvement in the physco-

chemical properties of soil, increase in growth hormones, 

increase in enzymatic activity, increase in microbial 

population and activity and easy availability of macro- and 

micronutrients in relation to humic acid production by 

application of vermicompost. The result is in line with those 

reported by various authors [13-19], observed that 

significantly the highest plant height as a result of 

vermicompost application (75%). 

The highest plant height (45.42 cm) was recorded by the 

snap bean variety BC4.4, followed byvarietyPlati (39.66cm) 

and variety Faraday (36.62cm) both of which were not 

statistically different from one another (Figure 1B). This 

couldbe due to, genotypic difference among varieties. 

 

Figure 1. Effect of vermicompost rate (A) and variety (B) on plant height of snap bean. 

2.2. Number of Primary Branches per Plant 

Vermicompost rate was highly significantly (P<0.001) 

affected number of primary branches per plant. The highest 

number of primary branches (5.22) was obtained from the 

snap bean plants treated with 45t/ha vermicompost rate, 

followed by 30t/ha. Whereas the least number of primary 

branches was obtained from snap bean plants treated with 

15t/ha vermicompost and 161kg/ha NPS as well as the 

control. According to [9], 25% rate of mineral nutrients + 

vermicompost 3.75t/ha in combination gave better results as 

compared to single application. However, vermicompost at a 

rate of 45t/ha and 30t/ha applied alone ever seen with 

increased number of primary branches probably due to 

vermicompost as this activates plant hormones that are 

responsible to promote number of branches. The current 

study result is in line with the study result of [9] who 

declared that, the increased amount of humus in soil through 

application of vermicompost and decomposition of organic 

mulches by earthworms would certainly help favorable 

change in physical, chemical and biological properties of 

soil, and in enhancing the water-holding capacity increased 

plant growth. 

In the current study, variety also affected number of 

primary branches per plant (P<0.05). The analysis of 

variance indicated that, variety Faraday found to be superior 

by producing 4.4 primary branches per plant, followed by 

BC4.4 (4.15) and Plati (3.512). However, statistically there 

was no difference among the first two varieties (Figure 2 B). 

This is probably due to snap bean variety Faraday is more 

responsive to the vermicompost rate it received. This result is 

in line with the result of [20], who reported that, variety 

highly significantly affected the number of primary branches. 
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Figure 2. Effect of vermicompost rate (A) and varietal difference (B) of snap bean on number of primary branches per plant. 

2.3. Leaf Area (cm
2
) 

Leaf area was highly significantly (P<0.001) affected by 

main effects of vermicompost application rate and snap bean 

variety. Snap bean plants treated with 45 and 30t/ha 

vermicompost, recorded the highest leaf area (48.717and 

45.68 cm), followed by snap bean plants treated with 15t/ha 

vermicompost and 161kg/ha as well as control (Figure 3A). 

Increase in leaf area of snap bean plants which received 45 

and 30t/ha vermicompost could be because vermicompost 

improves physco-chemical properties of soil which used in 

the experiment. According to [21], growth of snap bean 

plants was increased because of high porosity, aeration, 

drainage, and water-holding capacity of the soil is improved 

due to vermicompost application. This result is in line with 

the result of [22], who reported tha, increased leaf area due to 

application of vermicompost. 

Variety was significantly (P<0.001) affected leaf area. The 

highest leaf area (49.103cm
2
), was recorded from variety 

BC4.4, followed by Plati (39.583) and Faraday (39.14), both 

of which were not statistically different from one another 

(Figure 3B). Variety BC4.4 has a better performance to use 

nutrient which probably is obtained due to vermicompost 

application which may also be associated with Nitrogen 

nutrient production inside soil [21]. As far as sufficient N is 

found in the soil, plant vegetative growth expected to be 

trigged and give a larger leaf size. 

 

Figure 3. Effect of vermicompost rate (A) and varietal difference (B) of snap bean on leaf area. 

2.4. Number of Leaf Per Plant 

Number of leaf per plant was significantly (P<0.05) 

affected by main effects of vermicompost application rate 

and snap bean variety. From snap bean plants which treated 

with vermicompost at a rate of 45t/ha, recorded with 

significantly the highest number of leaves (38.733), whereas 

treatments 30, 15t/ha vermicompost and 161kg/ha NPS as 

well as control, remained statistically similar (Figure4A). 

The highest number of leaves recorded could be due to the 

improved physco-chemical properties and increased nutrient 

in the media as well as increased growth hormones such as 

Indole acetic acid, gibberellins and cytokinins by 

microorganisms in the root zone of soil after vermicompost 

application. According to [23], snap bean is the most 

responsive plant to vermicompost application out of 

leguminous crops. The current result is consistent with the 

result of [24, 19], who reported that, the highest number of 

leaves per plant from plants grown with the application of 

vermicompost. 

Varietywas also significantly (P<0.05) affected number of 

leaves per plant. The highest number of leaves was obtained 

from variety BC4.4 (37.69), followed by Faraday and Plati 
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varieties, which however, were not statistically different from 

one another (Figure 4B). The highest number of leaves 

obtained from variety BC4.4 probably is related to the snap 

bean nutrient use efficiency. According to [25], variety highly 

affects N use efficiency in snap bean. The result is also in 

conformity with the result of [26, 20], who observed that, 

differences in vegetative growth of cultivars mainly due to 

their genotype variation. 

 

Figure 4. Effect of vermicompost rate (A) and snap bean varietal difference (B) on number of leaf per plant. 

2.5. Total Leaf Chlorophyll Content (µmol/cm
2
) 

 

Figure 5. Effect of vermicompost rate on snap bean total leaf chlorophyll 

content per plant. 

Total leaf chlorophyll content is highly significantly 

(P<0.001) affected by vermicompost application rate. Snap 

bean plant which received 45t/ha vermicompost recorded the 

highest total leaf chlorophyll content (44.772µmol/cm
2
), 

followed by 30t/ha vermicompost (Figure 5). This could 

probably be due to the concentration of nutrients in the 

growing soil which is directly associated with the rate of 

vermicompost it received. [27], reported the highest 

chlorophyll content in Plectranthusambinoicus when diluted 

vermicomposting leachate was used as a nutrient solution. 

This result is in line with the result of [28], who reported that, 

the highest total chlorophyll content in response to high 

application rate ofvermicompost. 

Total leaf chlorophyll content was not affected by snap 

bean varieties therefore, found to be non-significant. 

2.6. Root Volume (cm
3
) 

Vermicompost application rate was significantly (P<0.05) 

affected root volume. The highest root volume (4.35cm
3
) was 

recorded from snap bean plants treated with 45t/ha of 

vermicompost, whereas the least root volume was obtained 

from the control treatment (Figure 6A). This probably is 

because vermicompost improves soil structure and porosity 

which in turn favors the root size increase in the media. 

Consequently, vermicompost also adds some beneficial 

microorganisms and the egg of earth worms that are highly 

beneficial in the opening of ways for the movement of air in 

the soil [23]. Result of the current study is in line with that 

reported by [29], who reported that, vermicomposts have 

been shown to improve plant growth significantly. 

 

Figure 6. Effect of vermicompost rate (A) and variety (B) on root volume of snap bean. 
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Root volume was highly significantly (P<0.001) affected 

by variety. The highest root volume (3.5047 cm
3
) was 

recorded from variety BC4.4 followed by variety Faraday 

(3.0927 cm
3
) and variety Plati (2.9153 cm

3
), both of which 

were not statistically different from one another (Figure6B). 

This study result is in line with the results of [30], who 

reported that, the root surface area is considerably extended 

due to nitrogen is found in the sources of nutrients. As it 

indicates variety BC4.4 could be better nutrient user as 

compared to others. 

2.7. Tap Root Length (cm) 

Tap root length was highly significantly (P<0.001) affected 

by the rate of vermicompost application. The highest tap root 

length (41.143cm) was obtained from snap bean plants that 

treated with45t/ha vermicompost, followed by 30t/ha (36.293cm) 

and 15t/ha (35.442cm), both of which were not statistically 

different from one another (Figure 7A). The least tap root length 

(28.157cm) was obtained from the control which however was 

not statistically different from those which received 161kg/ha 

NPS. The 45t/ha vermicompost application increased tap root 

length of snap bean plants by 31.56%. This probably is resulted 

due to increase in percent of organic matter, percent of total N 

and average P in the growing media after vermicompost 

application. According to [14], Vermicompost can enhance soil 

fertility physically, chemically and biologically. Vermicompost 

application increases macro pore space ranging from 50 to 500 

µm, resulting in improved air-water relationship in the soil 

which favorably affects tap root length [31]. This result is in line 

with the result ofwhere concluded that, nutrient content in plant 

and organic C, available N, P, K, and CEC in post-harvest soil 

were also significantly improved by the application of enriched 

vermicomposts [32]. 

Variety also highly significantly (P<0.001) affected Tap 

root length. The highest tap root length (37.15cm) was 

obtained from variety BC4.4, which however was not 

significantly different from the variety Faraday (35.95cm), 

while the least tap root length (30.25cm) was recorded from 

variety Plati (Figure 7B). 

 

Figure 7. Effect of vermicompost rate (A) and variety (B) on tap root length of snap bean. 

2.8. Total Nodule Number 

Total nodule number is highly significantly (P<0.001) 

affected by vermicompost application rate. The highest 

nodule number (168.25) was recorded from snap bean plants 

treated with 45t/ha vermicompost, however it was not 

significantly different from those treated with 30 and 15t/ha, 

whereas the least total number of nodule per plant is recorded 

from the control which however was not statistically different 

from those treated with 161kg/ha NPS (Figure 8A). The snap 

bean plants treated with 45t/ha vermicompost increased total 

nodule number by 29.57% as compared to the control. 

Theincrease in total nodule number could probably be due to 

increases in microorganisms which might be responsible in 

increasing nodule number as a result of vermicompost 

application [31]. Vermicompost also can be used as 

rhizobium inoculant since available N2 in vermicompost used 

as starter for symbiotic bacteria in the soil for N2 fixation. 

This result is in line with those reported by various scholars 

[33, 34] in which nodule number of bean crops was affected 

by organic matter status of the soil. 

Variety was significantly (P<0.001) affected number of 

nodule per plant. The highest number of nodule (167.93) was 

recorded by variety BC4.4, followed by Faraday (138.083) 

and Plati (137.7) varieties, both of which were not 

statistically different from one another (Figure 8B). Increased 

root volume and tap root length might have contributed in 

producing much secondary roots which in turn might have 

produced more nodule sites. In addition to this, due to the 

highest level vermicompost incorporated with the growing 

soil, the roots can easily penetrate throughout the growing 

media as vermicompost can improve the structure and texture 

of the soil. These results are in line with the study results of 

[23], who reported the highest number of nodules in 

vermicompost treated plantsthan in compost, control and N: 

P: K treatments. 
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Figure 8. Effect of vermicompost rate (A) and variety (B) on number of nodule per plant of snap bean. 

2.9. Nodule Weight per Plant (g) 

Nodule weight per plant was highly significantly (P<0.001) 

affected by vermicompost application rate. The highest nodule 

weight (1.725g) per plant was recorded from snap bean plant 

treated with 45t/ha. However, statistically it was not different 

from snap bean plants (1.65g) treated with 30t/ha 

vermicompost, whereas the least nodule weight (1.1867g), was 

recorded from the control (Figure 9A). Increase in nodule 

weight could probably be due to the increased number of 

nodule recorded which is associated with vermicompost 

application. The result is in line with the result of [35], who 

reported that nodule weight is affected by number of nodule 

and the type of inoculant used for naturally found rhizobia. 

Variety was highly significantly (P<0.001) affected nodule 

weight per plant. The highest weight (1.68g) of nodule was 

recorded from snap bean variety BC4.4, followed by variety 

Plati (1.4g), while the least nodule weight (1.364g) was 

obtained from variety Faraday (Figure 9). This is may be 

because of variety BC4.4 recorded the highest tap root 

length, root volume and number of nodule, which in turn 

might have increased the weight of nodule. 

 

Figure 9. Effect of vermicompost rate (A) and variety (B) on nodule weight per plant of snap bean. 

2.10. Effective Number of Nodule Per Plant 

Effective nodule number per plant was highly significantly 

(P<0.001) affected by vermicompost application rate. The 

highest number of effective nodules (155.56) was recorded from 

the snap bean plants that were treated with 45t/ha vermicompost, 

which however, was not statistically different from those which 

received 30t/ha, whereas the lowest effective nodule number per 

plant (98.27) was recorded from the control (Figure 10A). 

Increase in effective nodule number could probably be due to 

improvement in the physco-chemical properties of soil, increase 

in enzymatic activity, increase in microbial population and 

activity and easy availability of macro- and micronutrients in 

relation to humic acid production by application of 

vermicompost. A typical symbiotic relationship is going on in 

effective nodule [36], so that the effective nodules are expected 

to produce N2. The study undertaken by [33], confirmed that, 

common bean can fix atmospheric N and incorporate it in to the 

soil from 36 kg to 98 kg per hectare of land. These results are in 

harmony with the result of [34], where he concluded that, the 

number of effective nodules in bush bean, winged bean and yard 

long bean was also observed to be significantly higher in the 

vermicompost treated plants. 

Varietal differences among snap bean plants, obtained to 

be significantly affected effective nodule number per plant at 

(P<0.001). In this case, the highest effective nodule number 

(155.58) was recorded from variety BC4.4 followed by 

variety Faraday (126.45) and variety Plati (122.29) both of 

which were not statistically different from one another 

(Figure 10B). Therefore, variety BC4.4 is found to be a 

superior over other varieties, probably be due to the genotype 

difference and Rhizobium strains found in nodule. It also 

indicated that, this variety is producing more N2 for the 

growth and development of the crop which is also directly 

determining factor to increase or decrease the yield of the 
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crop. This study is in line with the result of [37], who 

concluded that, in beans, significantly different effects 

between cultivars and Rhizobium strains in plant growth. 

 

Figure 10. Effect of Vermicompost rate (A) and varietal difference among snap bean (B) on effective nodule number per plant. 

2.11. Plant Biomass (g) 

Plant biomass was affected highly significantly (P<0.001) 

by vermicompost application rate. The highest plant biomass 

(36.5g) was recorded from snap bean plant which received 

161kg/ha NPS rate (positive control), while the least plant 

biomass (27.167g) was recorded from the control (Figure 

11A). This however was not statistically different from those 

which treated with 45, 30 and 15t/ha vermicompost. The 

highest plant biomass (expressed in terms of weight of the 

root and above ground shoot) recorded from plants treated 

with 161kg/ha NPS could probably be due to lower amount 

of nutrients are used by the plant to produce the pod, while 

the remaining nutrients contributed for the highest plant 

biomass. According to [38], the amount of N applied had a 

small, non-significant influence on yield, but increased the 

vegetative growth. The weight of the vegetative plant 

partsaremostly related with the responsiveness of the crops to 

NPS fertilizer that could be better than that of vermicompost. 

These results are in line with the findings of [39], who 

reported a significant amount of N accumulated in biomass 

part, but with less effect on yield. 

Varietal differences highly significantly (P<0.01) affected 

plant biomass. The highest plant biomass (37.183g) was 

obtained from variety BC4.4, followed by variety Plati 

(29.127g) and variety Faraday (27.117g) (Figure 11B). This 

is probably due to the genotype difference between varieties 

used in the experiment. This result is in line with the results 

of [25], who reported that, variety highly affects N use 

efficiency in snap bean due to varietaldifference. 

 

Figure 11. Effect of vermicompost rate (A) and snap bean variety (B) on plant biomass. 

2.12. Plant Dry Weight 

Results shown in Table 1 indicated that, there were a 

significant (P<0.05) interaction effect of vermicompost rate 

and variety on plant dry weight of snap bean. The highest 

plant dry weight (10g) was recorded from the combination of 

variety BC4.4 and 45t/ha vermicompost rate. However, it 

was not statistically different from the combination of variety 

Plati with 15t/ha vermicompost rate, variety BC4.4 with 

161kg NPS, Variety BC4.4 with 30t/ha vermicompost rate, 

Variety Plati with 161kg NPS and Variety BC4.4 with 

15t/havermicompost rate. Whereas, the least plant dry weight 

(6.33) was recorded from the variety Faraday and 45t/ha 

vermicompost rate combination. The highest plant dry weight 

obtained from the combination of variety BC4.4 and 45t/ha 

vermicompost application rate, could probably be because 

this varietyis more efficient than others in utilizing the 

highest vermicompost rate it received. [40], who reported 

that, the difference in the performance of the cultivars due to 

their genetic nature. This result is in line with the results of 

[41], who reported that, effective results in terms of plant dry 

weight as a result of application of organic fertilizer. 
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Table 1. Interaction effect of Snap bean variety and Vermicompost rate on 

plant dry weight. 

Factors 
 

Plant dry weight 

Variety Rate of VC 
 

Plati 0 6.5de 

 
15t/ha 9.08ab 

 
30t/ha 7.83bcde 

 
45t/ha 6.33e 

 
161kg/ha NPS 8.75abc 

Faraday 0 6.58de 

 
15t/ha 6.5de 

 
30t/ha 7cde 

 
45t/ha 6.8de 

 
161kg/ha NPS 7.58bcde 

BC4.4 0 7.5bcde 

 
15t/ha 8.25abcd 

 
30t/ha 8.83abc 

 
45t/ha 10a 

 
161kg/ha NPS 8.92ab 

LSD (0.05) 
 

1.8471 

CV (%) 
 

2.04523 

Means followed by the same letter within a column in a treatment are not 

significantly different at P=0.05. VC=Vermicompost, NPS=Nitrogen 

Phosphorus and Sulphur, LSD=Least significant difference, CV= Coefficient 

of Variance. 

3. Conclusion 

The findings of the studies revealed that, different rates of 

vermicompost significantly influenced the growth, attributes 

of snap bean. Application of 45t/ha vermicompost rate 

produced the highest value for plant height, number of 

primary branch per plant, leaf area, number of leaf per plant, 

total leaf chlorophyll content, root volume, tap root length, 

total nodule number, nodule weight and effective number of 

nodule. The highest plant biomass was obtained from the 

positive control treatment (161kg/ha) NPS. Whereas, the 

interaction of variety BC4.4 and 45t/ha vermicompost 

recorded with highest plant dry weight. Of varieties used in 

this study, variety BC4.4 recorded the highest value on plant 

height, leaf area, number of leaf per plant, root volume, tap 

root length, total nodule number, nodule weight and effective 

nodule number. Whereas, variety Faraday was also recorded 

with highest number of primary branch per plant which was 

also at par with variety BC4.4. 

Future Line of Works 

1. Similar experiment is suggusted to be carried out at 

field condition during the main rainy season involving 

different vermicompost produced from different feed 

stalks and varieties. 

2. Assessment of effect of integrated use of vermicompost 

and some inorganic fertilizer such as NPS, NPSB etc, 

on growth of snap bean. 
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