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Abstract
Mungbean is one of the most important pulse crops for protein supplement in subtropical zones of the world. 

The experiment was conducted at Adami Tulu, Lume and Dugda districts during 2020 and 2021 with the objective to 
determine economically beneficial and optimum NPS fertilizer rates on growth and yield of mung bean. The experiment 
was consisted of factorial combination of three mung bean varieties (Borda, Rasa (N-26) and Shoa Robit) and six 
fertilizer rates of (0, 50, 100, 150, 200 and 250 kg NPS ha-1) were laid out in factorial arrangement of randomized 
complete block design (RCBD) with three replications. Analysis of variance revealed that the combined main effects of 
days to flowering (DF), days to maturity (DM), plant height (PH), pod length (PL), number of pods per plant (NPP) were 
significant differences among varieties and days to maturity (DM) and number of pods per plant (NPP) were observed 
a significant differences among the fertilizers applications. The early DF (53.31 days) from Rasa, DM (94.51 days) 
from Rasa, the highest PH (40.60 cm) from Shoa Robit, PL (9.86 cm) from Rasa, NPP (24.32) from Shoa Robit were 
recorded among varieties as well as the early DM (94.26 days) from 100 kg NPS ha-1 and the highest NPP (25.12) from 
250 kg NPS ha-1 were recorded among fertilizer applications. The results of economic analysis indicated that fertilizer 
applications of (50 kg NPS ha-1 with Borda, 50 kg NPS ha-1 with Shoa Robit, 150 kg NPS ha-1 with Borda variety) was 
obtained the maximum net benefit of (67454.1, 74720.7 and 117381.6 ETB ha) with marginal rate of return (524, 776 
and 1497%) at Adami Tulu, Dugda and Lume respectively. Therefore, application of (50, 50 and 150 kg NPS ha-1) 
fertilizers at time of sowing with Borda, Shoa Robit and Borda variety at Adami Tulu, Dugda and Lume respectively was 
recommended to the mungbean growers in the study area.
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Introduction 
Mungbean (Vigna radiata (L.) Wilczek) is one of the most 

important pulse crops for protein supplement in subtropical zones of 
the world [1]. Mungbean contains 51% carbohydrate, 24-26% protein, 
4% mineral, and 3% vitamins [2]. Hence, on nutritional point of view, 
mungbean is considered as the best of other pulse. Besides providing 
protein in the diet, mungbean has the remarkable quality of helping 
the symbiotic root rhizobia to fix atmospheric nitrogen and hence to 
enrich soil fertility [3]. Mungbean is an important short-duration grain 
legume crop with wide adaptability, low input requirements, and the 
ability to improve the soil by fixing atmospheric nitrogen [4]. It is an 
important edible bean in the human diet worldwide. It not only plays an 
important role in human diet but also in improving the soil fertility by 
fixing the atmospheric nitrogen [5]. Mung bean is a drought-tolerant 
crop that rich in mineral and its sprouts contain high amounts of 
vitamin C and iron [6]. The crop is characterized by fast growth under 
warm conditions, low water requirement and excellent soil fertility 
enhancement via nitrogen fixation [7]. Among pulses, mung bean is 
the most important cash crops in the world [8, 9]. It is a vital crop in 
developing countries where it is consumed as dry seeds, fresh green 
pods or leaves due to its high protein, vitamin and mineral content. It 
is also consumed as forage or green pods and seeds as vegetables [10, 
11].  However, its growth, development, and yield restricted or limited 
by insufficient or unbalanced nitrogen (N), phosphorus (P), and Sulfur 
(S) fertilization. Despite this, there are few studies on NPS fertilizers 
levels and the optimal fertilization for improving mung bean yield and 
quality at the study areas. Optimal fertilization measures, however, 
varied with variety, planting density, and soil conditions [12, 13]. So, it 
is very important to evaluate different varieties of mung bean and NPS 
fertilizer rates across locations. Therefore the study was, initiated with 
the following objectives.   

To determine optimum NPS fertilizer rates with variety on growth 

and yield of mung bean;

To identify economically feasible rates of NPS fertilizer in the study 
area  

Materials and Method

Description of the study area

The field experiment was conducted at Adami Tulu, Dugda and 
Lume site from July to November of 2020 and 2021 years under rain fed 
conditions at each location.

Experimental material

The treatments was consisted of factorial combination of three 
mung bean varieties (Borda, Rasa (N-26) and Shoa Robit) and six 
fertilizer rates of (0, 50, 100, 150, 200 and 250 kg NPS ha-1) were tested 
as the experimental materials. The NPS (19% N, 38% P2O5 and 7% S) 
contents from 100 kg were used as sources of fertilizers. Three mung 
bean varieties that adapted to the study area were used.       

Soil sampling and analysis    

One representative soil sample was taken at a depth of 0-30 cm 
from five randomly selected spots diagonally across the experimental 
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field using auger before planting. The sample was analyzed for selected 
physico-chemical properties, namely organic carbon, texture, soil pH, 
cation exchange capacity (CEC), total N, available P and S.  

Treatment and Experimental design 

The treatments were consisted of factorial combination of three 
mung bean varieties (Borda, Rasa (N-26) and Shoa Robit) and six 
NPS fertilizer rates of (0, 50, 100, 150, 200 and 250 kg ha-1) were used. 
The experiment was arranged in a randomized complete block design 
(RCBD) with three replications in factorial arrangement of 3 x 6 = 18 
treatment combinations.   

Experimental procedure   

The study was conducted under rain fed for two consecutive years. 
The experimental plot was laid out in Randomized Complete Block 
Design (RCBD) with three replications. The plot size was 2 m x 3.0 m = 
6 m2. The spacing between rows, plants, plots and blocks was 0.30, 0.10, 
0.5 and 1 m, respectively.             

Data collected     
Days to flowering 

Number of days taken for 50% flowering from five randomly 
selected plants per plot was recorded by visual observation. 

Days to maturity

Number of days taken from planting to physiological maturity per 
plot was recorded.

Plant height (cm) 

The height of five randomly selected of plants in the central two of 
plot was measured from ground surface to apex leaf and then average 
was taken.

Pod length (cm) 

Length of pod in cm of sampled plants was recorded from base of 
pod to the tip with the help of meter scale and then averaged. 

Number of pods per plant 

Number of pods in sampled five plants was counted. The average 
number were computed and expressed as number of pods per plant. 

Number of seeds per pod 

The number of grains in pods of observational plants was counted. 
The average number were computed and expressed as number of 
grains per pod.

Grain yield (q ha-1) 

Weight of grains obtained after threshing, cleaning and sun drying 
was taken and finally recorded in quintal per hectare. 

Straw yield (q ha-1) 

After picking the pods, the remaining portion of the plant was 
harvested. The straw yield was calculated after the plant was completely 
dried. Then yield was converted into quintal per hectare.  

Harvest index (%) 

The harvest index was calculated as the ratio of economic yield 
(grain) and biological yield. Its value was expressed in percentage, 

using the following formula. 

HI (%) =   Grain Yield (q ha-1)   x 100

                 Biological yield (q ha-1)

Data analysis  

Data was analyzed using GenSTAT statistical software package 
and mean values or Least Significant Differences (LSD) was compared 
using the procedures of Duncan’s at the 5% level of significance.

Partial budget analysis

The partial budget analysis was done based on the formula 
developed by CIMMYT (1988). All costs and benefits were calculated 
on hectare basis in Birr. The dominance analysis shows non-profitable 
treatments or negativity and is dominated treatment (marked as 
“D”). The net benefit (NB) and% marginal rate of return (MRR) was 
calculated using the formula:  

NB= GFB -TVC

Where, GFB = Gross Field Benefit, TVC = Total Variable Cost

MRR (%)   =   x 100 

Where, NBa = NB with the immediate lower TCV, NBb = NB with 
the next higher TCV, TVCa = the immediate lower TVC and TVCb = 
the next highest TCV. 

Results and Discussion 
Soil Physico-chemical properties of the experimental site

According to the laboratory analysis, the soil texture of the 
experimental area is loam across three locations of two years except 
Dugda in 2020 is clay loam. Mung bean is highly sensitive to water 
logging and weeds effects; it needs a well drained soil and good 
management options [14-19]. The soil fertility status of the study area 
was not such good and improving with recommended fertilizer rate 
is important. However, the low level of organic matter and Nitrogen 
content of the soil across locations could influence the availability 
of nutrients for the later season unless it could be properly amended 
by nitrogen fixing legumes, cover crops and by leftover of such crops 
(Table 1).       

Days to flowering

The combined analysis of variance revealed that a significant 
difference (P < 0.05) with variety on days to flowering but not significant 
with NPS fertilizer rates. The early days to flowering of variety (53.31 
days) was observed from Rasa (N-26) variety, while the late flowering 
(54.26 days) was observed from Borda variety (Table 3). The early days 
to flowering (53.65 days) was observed in response to 50 and 150 kg 
NPS ha-1 fertilizers applications. However, the late flowering (54.26 
days) was observed from control (Table 3). This may due to the reason 
of NPS fertilizer enable plants to more active shoot growth and to 
synthesize hormones for more flower initiations [19].  

Days to maturity 

The combined main effect of variety and fertilizers were highly 
significant at (P < 0.001). The interaction effect of variety and fertilizers 
rates had also highly significant at (P < 0.001). The early maturity days 
of (94.51) was observed with Rasa (N-26) variety and the late maturity 
days of (95.90) observed with Borda variety. In case of fertilizer the 
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early maturity days (94.26) recorded with 100 kg ha-1 NPS fertilizer 
rates. The late maturity days of (96.49) observed with 250 kg ha-1 NPS 
fertilizer rates (Table 2). This may be due the combined elements of 
NPS fertilizer is better for growth and developments of the crop. [20] 
reported that application of biofertilizer with urea performed better 
in growth and development than single application of biofertilizer or 
urea. 

Plant height (cm)  

The combined main effect of variety were highly significant at (P 
< 0.001) difference but not with NPS fertilizer rates. The highest plant 
height (40.60 cm) was recorded with Shoa Robit variety. While, the 
lowest Plant height of (36.66 cm) was recorded from Rasa (N-26). 
In case of fertilizer, the highest plant height (39.89 cm) was recorded 
from 250 kg NPS ha-1 and the minimum plant height of (36.67 cm) was 
observed from control (Table 3). The response of NPS fertilizers uptake 
for mungbean on plant height vary from variety to variety. This may be 
due to the uptake capacity of variety for nutrient genetically limited. 
[21] reported that the maximum numbers of seeds pod-1 were recorded 
at the rate of 90-120 kg N-P2O5 ha-1. [22] concluded that application 
of 60 kg P2O5 ha-1 significantly increased leaf area index, chlorophyll 
content at flower initiation and plant height, dry matter accumulation 
at harvest, higher number of seeds per pod, test weight, higher seed and 
stalk yield over other lower levels (0, 20 and 40 kg P2O5 ha-1).     

Pod length (cm) 

The combined main effect of variety were highly significant at (P 

< 0.001) difference but not with NPS fertilizer rates. The highest pod 
length for variety (9.86 cm) was observed from Rasa (N-26) variety and 
the minimum pod length (7.93 cm) was observed from Borda variety 
(Table 3). The highest pod length of (9.01 cm) was recorded from 150 
kg NPS ha-1 and the lowest (8.56 cm) were recorded from control. The 
highest pod length recorded from one variety at all locations, this may 
be due to the genetic makeup of variety. [23] reported that the longest 
(14.72 cm) pod length was recorded at 162 kg NPS ha-1 fertilizer rate 
while the shortest from the control treatments.  

Number of pods per plant

The combined main effect of variety was highly significant at (P < 
0.001) and the significant (P < 0.05) data was recorded for fertilizers. 
The highest Number of pods per plant (24.32) was recorded from Shoa 
Robit variety and the minimum Number of pods per plant (21.27) was 
recorded from Rasa (N-26) variety (Table 3). In case of fertilizer, the 
highest number pods per plant (25.12) recorded at 250 kg NPS ha- 
fertilizer level while the lowest (21.04) was from control. This may be 
due to the early application of NPS fertilizer develop vegetative growth 
and produce maximum number of pods per plant. With high rate of P 
nutrient in the soil (Table 1) and NPS fertilizer additions soil sites are 
satisfied and P level increase to sufficiency for crop production. This 
is particular importance because of; the role of P in plant nutrition; 
enhancing nitrogen absorption, influencing pod and seed formation in 
legumes and contributing significantly in plant energy processes [24]. 
[25] reported that (30.80) maximum number of pods per plant. [26] 

No Soil characters Values of soil samples Source 
Adami Tulu Dugda Lume

1 Soil texture ₰ 2020 2021 2020 2021 2020 2021
Sand (%) 48.00 38.71 32.87 47.62 36.02 46.16
Clay (%) 19.76 19.02 32.51 23.05 25.59 21.53
Silt (%) 32.24 42.27 34.61 29.33 38.39 32.30
Texture Class Loam Loam Clay Loam Loam Loam Loam

2 pH-Water (H2O) ₩ 7.79
Mildly alkaline

8.05
Moderately alkaline

6.88
Neutral

8.64
Strongly alkaline

6.95
Neutral

8.49
Strongly alkaline

[14] 

3 EC(mS/cm) ₵ 0.25
Non-saline

0.75
Non-saline

0.16
Non-saline

0.26
Non-saline

0.09
Non-saline 

0.12
Non-saline 

[15]

4 CEC(meq/100 gm soil) ₶ 31.60
high

38.94
High

31.85 high 36.36 high 33.71 high 35.86 high [15]

5 Organic carbon (OC) (%) ₺ 0.58
Low

1.66
Low

1.04
Low

1.22
Low

0.76
Low

0.69
Low 

[16]  

6 Total Nitrogen (N) (%) ₸ 0.07
Poor 

0.09
Poor 

0.13
Moderate 

0.07
Poor 

0.04
Very Low

0.04
Very Low

[17]

7 Available phosphorus(P) 
(mg P2O5/kg soil) ₯

44.83
Very high 

19.44
High   

46.09
Very high 

30.34
Very high 

9.60
Medium 

12.05
High 

[18]

8 Available sulfur (S) (mg/kg 
soil) ₴

117.76
Very high 

95.70 
High 

114.59
Very high 

13.89
Low 

21.17
Optimum 

7.11
Low 

[16]

Table 1: Selected physico-chemical properties of the soil of the experimental site before sowing.

Source of 
variation

df GY (q/ha) DF DM PH PL NPP NSPP HI ADB SY

Rep 2 49.64ns 17.694ns 94.172ns 149.98ns 1.524ns 79.57ns 4.438ns 111.85ns 82.76ns 16.77ns
Var 2 68.91** 26.090*** 53.716*** 423.98*** 104.553*** 271.13*** 6.889*** 72.77ns 150.82ns 10.47ns
Locations 2 2104.44*** 430.965*** 315.306*** 5305.66*** 8.226*** 193.98** 136.347*** 70.11ns 10583.38*** 3159.42***
Fr 5 29.43ns 4.503ns 39.954*** 75.46ns 1.774ns 118.80ns 1.519ns 40.06ns 82.25ns 32.82ns
Var. Locations 4 28.97ns 1.021ns 2.619ns 65.03ns 4.409*** 33.72ns 1.894ns 104.10** 54.71ns 61.38ns
Var.Fr 10 22.92ns 3.506ns 14.817*** 51.36ns 1.093ns 50.63ns 1.137ns 61.80ns 120.00ns 70.51ns
Locations.Fr 10 20.96ns 0.845ns 2.438ns 16.36ns 0.559ns 10.11ns 1.002ns 42.16ns 120.79ns 63.14ns
Var.Loc.Fr 20 15.76ns 0.462ns 2.825ns 32.76ns 0.295ns 12.26ns 1.058ns 53.81ns 76.78ns 38.59ns

Table 2: The combined means square values of ANOVA for Mung‑bean varieties and fertilizers at Adami Tulu, Dugda and Lume districts tested for two years.
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observed that nitrogen (20 kgha-1) and phosphorus (60 kgha-1) application 
resulted in significant differences in leaf area ratios indicating better 
dry matter partitioning, increased number of pods and seed yield. 
Maximum number of pods per plant was 26.71 obtained when potash 
applied at 90 kg ha-1 and Minimum number of pods per plant was 21.34 
obtained in plots with a control [27].  

Number of seeds per pod   

The analysis variance reveled that the combined main effect of 
variety and fertilizer was not significant. The highest number of seeds 
pods per pod (11.38) was recorded from Rasa (N-26) variety and the 
lowest number of seeds pods per pod (10.94) was recorded from Borda 
variety (Table 3). In case of fertilizer, the highest number of seeds pods 
per pod (11.30) recorded at 150 kg NPS ha-1 fertilizer level, while the 
lowest (10.89) was from control. The result showed that as the amount 
of Phosphorus in the NPS fertilizer increases the number of seed 
set per pod. This may be due to early application and the optimum 
content of P is required for mungbean to set seeds per pod. Similar 
studies reports that yield, pods per plant, seeds per pod, and 100-seed 
weight of mung bean are significantly affected by the application of N, 
P, and K fertilizers [28]. P deficiency suppresses growth and lowers 
yield, whereas, excessive amounts of P delays maturation and seed set 
[29]. As the levels of P fertilizer increased, the seeds per pod sharply 
increased then gradually decreased [30]. [31] reported significantly 
higher number of pods per plant, number of seeds per pod, test 
weight and seed yield with 45 kg P2O5 ha-1 than all the lower levels of 
phosphorus. [32] reported that the application of nitrogen at the rate 
of 40 kg ha-1 produced significantly higher number of seeds per pod 
(10.80) than all other treatments. [25] reported that (12.48) maximum 
number of seeds per pod. 

Above ground dry biomass (q ha-1)

The analysis of variance indicated that variety and fertilizers on 
above ground dry biomass was not significant. The highest (43.19 q 
ha-1) from Shoa Robit variety and the lowest (32.26 q ha-1) above 
ground dry biomass were recorded from (Rasa (N-26) variety. In case 
of fertilizers, the highest above ground dry biomass of (44.40 q ha-1) 
from 150 kg NPS ha-1 and the lowest (41.18 kg NPS ha-1) recorded from 
control. [33] reported that maximum (37.11 q ha-1) biological yield was 
recorded in plots treated with 60 kg P ha−1 followed by 40 kg P ha−1 
application.     

Grain yield (q ha-1)  
The combined main effect of variety and fertilizer was not 

significant on grain yield statistically.  However, the highest grain yields 
of (17.85 q ha-1) were recorded from Borda variety and the lowest (16.32 
q ha-1) were recorded from Rasa (N-26) variety. In case of fertilizer, 
the highest grain yield of (18.29 q ha-1) was recorded from 150 kg NPS 
ha-1 fertilizer applications, while the lowest (16.39 q ha-1) recorded from 
control (Table 3). NPS fertilizers perform a significant role in mung 
bean grain yield as due to the P element in NPS fertilizer has ability 
to nodulate legumes in low Nitrogen soils. Phosphorus element is 
important for nodule increase implying more nitrogen fixation then 
finally the main mechanisms for yield increments. It might also due to; 
Phosphorus has the role of structural, energy transfer and improvement 
of root growth and also adjusts the effect of extra nitrogen in maturity 
delay [34]. Nodules are strong sink for P, reaching concentrations 
three fold higher than in other organs [35]. It may also be due to the 
early application of N feed as NPS improve vegetative development 
and increases rhizobia activities to produce high yields. Lowering the 
application of N fertilizer for mung bean after the branches developed 
may helps rhizobia to freely fix atmospheric Nitrogen. During the 
early growth stages before the branches develop, mung bean cannot 
efficiently fix atmospheric N because it has few or no rhizobia, observed 
that application of 12.5 kg N ha-1along with 20 kg P2O5 ha-1 produced 
significantly higher seed yield over control.        

Straw yield (q ha-1)    

The combined main effect of variety and fertilizer was not significant 
on straw yield on mung bean. The highest (25.73 q ha-1) straw yield 
was recorded from Shoa Robit variety while the lowest (25.12 q ha-1) 
recorded from Rasa (N-26) variety (Table 3). In case of fertilizers, The 
highest (26.50 q ha-1) straw yield was recorded from 150 kg NPS ha-1, 
while the lowest (24.66 q ha-1) recorded from 200 kg NPS ha-1 followed 
by control (Table 3).    

Harvest index (%)   

The combined main effect of variety and fertilizer was not 
significant difference at harvest index. The highest (41.37%) harvest 
index recorded from Borda variety and the lowest (39.74%) was 
recorded from Rasa (N-26) variety. In case of fertilizer, the highest 
(41.83%) harvest index was recorded from 200 kg NPS ha-1 and the 
lowest (39.81%) was recorded from control (Table 3).    

Partial budget analysis

The results of the partial budget analysis of the experiment showed 
that maximum returns over cost of the treatments. Combined mean of 

Treatments Parameters
Varieties GY (q/ha) DF DM PH PL NPP NSPP HI ADB SY

Borda 17.85 54.26 b 95.90 b 38.29 a 7.93 a 23.56 b 10.94 41.37a 43.16 25.31
Rasa (N-26) 16.32 53.31 a 94.51 a 36.66 a 9.86 c 21.27 a 11.38 39.74a 41.13 25.12
Shoa Robit 17.46 54.02 b 95.42 b 40.60 b 8.57 b 24.32 b 10.96 40.66a 43.19 25.73 
LSD (0.05) NS 0.6*** 0.7*** 2.30*** 0.26*** 1.69*** NS  NS NS NS

NPS (kgha-1)  
0 16.39 54.26 96.01cd 36.67 8.56 21.04 a 10.89 39.81 41.18 24.78

50 17.24 53.65 94.88 ab 37.91 8.58 22.38 ab 11.23 39.94 43.46 26.23
100 17.23 53.72 94.26 a 39.52 8.79 22.34 ab 11.16 40.75 42.13 25.13 
150 18.29 53.65 94.59 ab 38.96 9.01 24.37 bc 11.30 41.34 44.40 26.50
200 17.71 54.21 95.44 bc 38.15 8.89 23.03abc 11.06 41.83 42.37 24.66
250 16.41  53.70 96.49 d 39.89 8.89 25.12 c 10.92 39.86 41.41 25.00 

LSD (0.05) NS NS 1.0*** NS NS 2.38** NS NS NS NS
CV (%) 23.5 3.0 2.3 16.4 12.9 33.7 11.3 15.7 20.9 26.0 

Table 3: The combined main effects of varieties and fertilizer on Mung bean tested at Adami Tulu, Dugda and Lume districts for two year.
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adjusted yields are downward by 10% less than that of the actual research 
results. The maximum net benefit of Ethiopian birr (ETB) 67454.1 ha−1, 
74720.7 ha−1 and 117381.6 ha−1 with an acceptable marginal rate of 
return (MRR) (>100%) of (524, 776 and 1497%) was obtained from 
Borda variety with 50 kg NPS ha-1, Shoa Robit variety with 50 kg NPS 
ha-1 and Borda variety with 150 kg NPS ha-1 at Adami Tulu, Dugda and 
Lume respectively (Table 3). The economical NPS fertilizer rate with 
the same variety was highest at Lume as compered to Adami Tulu. It 
could be due the very low amount of (0.04%) Nitrogen content results 
of the soil laboratory analysis at Lume (Table1). At Adami Tulu the 
Shoa Robit variety with 100 kg NPS ha-1 gave maximum net benefit 
of (70924.5 ETB ha−1) but with un-acceptable range of the marginal 
rate of return less than hundred percent of (7%). In case of Dugda, 
the lowest MRR (776%) from Shoa Robit variety with 50 kg NPS ha-1 
gave with about  (2453.4 ETB ha−1) net benefit increment advantage 
than the highest MRR (985%) at Borda variety with 150 kg NPS ha-1 
because higher yields do not necessarily mean that high net benefits 
(Table 3). Therefore, Borda variety with 50 kg NPS ha-1, Shoa Robit 
variety with 50 kg NPS ha-1 and again Borda variety with 150 kg NPS 
ha-1 at Adami Tulu, Dugda and Lume respectively were economical 
and recommended for mung bean production in study area.  

Conclusions and Recommendation   
The influence of different fertilizer levels on the growth and 

productivity of three mungbean cultivars across three locations was 
evaluated for two years. NPS fertilizers are an essential at sowing time 
and play important roles on growth, development, high yield and 
significantly affect mung bean varieties. The 50, 50 and 150 kg NPS 
ha-1 fertilizer rates are optimum at sowing time with Borda, Shoa Robit 
and Borda variety gives an important growth and productivity across 
Adami Tulu, Dugda and Lume respectively was economically beneficial 
and suggested for mung bean production in study area.                              
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