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Abstract
Mung bean (Vigna radiata L. Wilczek) is one of the most important short-season grain legumes and has good content of protein. However,
due to the recent introduction of mung bean crop, appropriate recommendations of fertilizer and optimum crop water requirement are lacking
for the farmers in Ethiopia. This study investigates the effects of water deficit and levels of phosphorus on growth, yield, yield components, water
use efficiency, and economic feasibility of mung bean crop production. The twelve treatments- three irrigation levels (50%, 75% and 100% of
crop water requirements (ETc)) and four rates of phosphorus (0, 23, 46 and 69kg P2O5 ha-1) were laid out in a split-plot design and irrigation was
assigned to main plots and phosphorus to subplots and replicated thrice. The highest grain yield (1.124t ha-1) was obtained from the application
of irrigation water at 100% ETc which was statistically at par with that from 75% ETc irrigation level. The highest grain yield (1.072t ha-1) was
produced by application of 46kg P2O5 ha-1. The partial budget analysis showed that both 75% and 100% ETc, and 46kg P2O5 ha-1 gave marginal
rate of returns above the minimum acceptable values. Therefore, it can be concluded that, for the intention of sustainable water resource use and
increase water use efficiency application of 75% ETc irrigation and 46kg P2O5 ha-1 phosphorus may possibly be recommended for better mung
bean production at the study area and areas with similar agroecology.
Keywords: Mung bean; Grain yield; Deficit irrigation; Phosphorus; Water use efficiency

Abbreviations: ANOVA: Analysis of Variance; ASW: Available Soil Water; BD: Bulk density; CEC: Cation Exchange Capacity; CIMMYT: International
Maize and Wheat Improvement Center; CPW: Cumulative Pan Evaporation; CROPWAT: Crop Water Requirement Estimation Model; CSA:
Central Statistical Agency; CWUE: Crop water use efficiency; ETc: Crop Evapotranspiration; ETo: Reference evapotranspiration; FAO: Food and
Agricultural Organization; FC: Field Water Capacity; IWUE: Irrigation water use efficiency; Kc: Crop Coefficient; Ky: Yield Response Factor; LSD:
Least Significant Difference; P: Phosphors; PWP: Permanent Wilting Point; SAS: Statistical Analysis System; TSP: Triple Super Phosphate; WUE:
Water Use Efficiency

Introduction
Mung bean (Vigna radiata L.) is one of the most important
short-season grain legumes that belongs to the family Fabaceae,
and subgenus Ceratotropis in the genus Vigna. The crop is
characterized by fast growth under warm conditions, low water
requirement, and excellent soil fertility enhancement via nitrogen
fixation [1]. Among pulses, mung bean is noted for its protein and
lysine-rich grain, which supplements cereal-based diets [2]. The
crop is utilized in several ways; seeds, sprouts and young pods are
all consumed and provide a rich source of amino acids, vitamins
and minerals [3]. It is known by its nutritive value and digestibility
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and contains 28% protein, 1.3% fat, 60.4% carbohydrates and a
reasonable number of vitamins and essential micronutrients [4,5].

According to Asfaw et al. [6], in Ethiopia mung bean is mostly
grown by smallholder farmers under drier marginal environmental
conditions and the production capacity is lower than other pulse
crops. Mung bean is mostly produced in Amhara regional state
particularly in some areas of North Shewa and South Wollo. It
is currently being cultivated in the Oromia, Tigray, Benishangul
Gumuz, and Souther Nation and Nationalities Peoples Regional
State. According to CSA [7], in the years of 2015/16 and 2016/17,
001
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the production area of Ethiopia increased from 27,085 to 37,774
hectares and production was improved from 27,158.98 tons to
42,915.55 tons with 39.46% and 58.02% changes, respectively. In
the same way, the area under mung bean production in the country
is increasing from time to time mainly due to its high profitability
per unit area and the increases in small-scale irrigation areas
during off-season. The crop is produced both under rain-fed in
the rainy season and under irrigation in the off season. Rehman
et al. [8] reported that mung bean is grown in several types
of cultivation systems, including sole cropping, intercropping,
multiple cropping and relay cropping, where it is planted after
cereals using the residual moisture. It has good potential for crop
rotation system under dry farmland cultivation areas as well as
irrigated condition areas [9].
Ethiopian farmers mostly depend on rain-fed agriculture.
Because of the erratic nature of rainfall and frequent drought,
there are frequent crop failures which have resulted in a chronic
food shortage [10]. Montazar [11] stated that to produce more
food with less water would require increasing water productivity
through adaptation of genotypes and development of new water
management technologies in arid and semi-arid regions for better
utilization of the limited water resource. Under conditions of water
stress and drought, deficit irrigation can lead to greater water use
efficiency by maximizing yield per unit of water used. The yield
response can vary depending on crop sensitivity at that growth
stage when water deficit occurs during a specific crop development
period [12]. Therefore, timing the water deficit appropriately is a
tool for scheduling irrigation for efficient utilization of irrigation
water. Mung bean plants under water stress attained maturity
earlier than the well-watered treatment but number of floral buds
and pods per plant were affected [13].

Growth, development, and yield of mung bean are greatly
affected by nutrient management. Like other legumes, mung bean
requires nitrogen, phosphorus, potassium, calcium, magnesium,
and sulfur for growth and development [14]. Phosphorus (P) is
among the most needed elements for crop production in most
tropical soils, which tends to be P deficient [15]. Phosphorus
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deficiencies primarily result from either inherent low level of soil
P or depletion through cultivation. Phosphorus has a vital role in
plant nutrition by enhancing nitrogen absorption, influencing pods
and seeds formation in legumes and contributing significantly to
plant energy processes [16]. Phosphorus applications increase the
growth, yield and yield components of mung bean, and improve
the quality of its product [17]. As Iqbal et al. [18] reported the
application of phosphorus increases plant dry matter, seed yield
and P uptake of mung bean. Phosphorus application along with
micronutrients can increase the biological activity, which can
result in improvements to plant height, number of nodules per
plant, number of pods per plant and enhanced straw quality
[19]. Singh et al. [20] reported that growth characters such as
branches per plant, leaves per plant, leaf area index and plant dry
matter accumulation, and yield attributes like pod length, pods
per plant, grains per pod and 1000 grain weight of mung beans
were significantly affected by different levels of irrigation and
phosphorus. The uptake of phosphorus in the plants increased
with increased irrigation levels. However, water use efficiency
decreased with increasing levels of irrigation.

As Sisay et al. [21] noted that mung bean is moderately
sensitive to drought and has a potential to grow in Ethiopia arid
and semiarid regions. Amount and frequency of irrigation and
fertilization influence yield and quality of mung bean. However,
due to the recent introduction of the mung bean crop, appropriate
recommendations are lacking for the farmers throughout
Ethiopia, particularly in the study area (Alage), which are vital
to enhance productivity and expansion of the crop. In view of
the existing problem, this study was conducted to investigate
the effects of water deficit and levels of phosphorus on growth,
yield, yield components and water use efficiency of mung bean
under Alage condition. The specific objectives of this study were
to determine effects of deficit irrigation and phosphorus rates
on growth, yield and yield component of mung bean, to assess
the water use efficiency under deficit irrigation regimes and to
evaluate comparative economic benefits among the various deficit
irrigations and P rates.

Description of the study area
Table 1: Summary of climatic data (2007-2016) of Alage used for determination of ETo.
Month

Min.To (°C)

Max.To (°C)

Humidity (%)

Wind (km/day)

Sun Hours

Rad (MJ/m²/day)

ETo (mm/day)

January

11

28.7

58

77

8.2

19.9

3.87

March

12.2

31

60

78

8.8

23

4.68

May

12.1

February
April
June

12

12.5

30.5

12

27.5

July

11.8

September

11.9

August

002

29.3

11.6

28.6
26.5
25.5
26.7

56
63
74
76
78
75
75

79
80
81
97
54
38
70

8.3
8.2
7.8
6.8

21.2
22.1
20.9
19

4.22
4.59
4.16
3.8

5.5

17.2

3.35

5.6

17.9

3.53

5.7

17.9

3.35
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October

10.5

27.1

71

71

8.4

21.5

4.01

December

10.2

28.4

55

86

8.5

19.9

3.87

November

9.5

28.2

61

87

Source: Alage Meteorological station: ETo calculated using CROPWAT.

8.9

21.1

4.03

The study was conducted at Alage Agricultural Technical and Vocational Education Training College in central rift valley of Ethiopia
during the 2017/2018 dry season. The college is located 217km south of Addis Ababa city and 32km west of Bulbula town in the vicinity
of Rift valley lakes (Lake Abidjata and Shalla). It is situated at 70 65’ N latitude and 380 56’ E longitudes and at an altitude of 1600 meters
above sea level. The area is characterized by a bimodal rainfall pattern. The mean annual rainfall is 800mm, the annual mean minimum
and maximum temperatures are 110C and 29˚C, respectively (Table 1). The soil had silty clay loam, slightly alkaline (pH = 7.8), medium
in total nitrogen, low in phosphorus, high in organic carbon, medium in organic matter and high in cations exchange capacity (CEC)
(Table 2).
Table 2: Physico-chemical characteristics of the experimental soil.
S.No.

Soil Properties

Values

Standard Rating

1

pH

7.8

7.2 - 8.2 (slightly alkaline)

Total Nitrogen (%)

1.82
3.14
0.16
11.4

Avail. Phosphorus (mg/kg soil)

4.2

2

3
4
5
6

Organic Carbon (%)
Organic Matter (%)
Carbon: Nitrogen

7

Cation Exchange Capacity (cmol
(+) kg-1)

28.85

9

Sand (%)

19

8

Electric Conductivity (ds/m)

10

Experimental design and treatments

0.16 - 0.25 (medium)
< 5 (low)

> 25 (high)

1-2 (low salinity)

56

Clay (%)

12

2 - 4 (medium)

1.24

Silt (%)

11

> 1.5 (high)

25

Textural Class

Silty clay loam

plot design in factorial arrangement using irrigation levels as
main plot and phosphorus rates as sub-plot and replicated three
times. Each treatment combination was assigned randomly to the
experimental units within a block (Table 3).

The experiment consisted of three irrigation levels [50%, 75%
and 100% of crop water requirement (ETc)] and four phosphorus
rates (0, 23, 46 and 69kg P2O5 ha-1) which were laid out in split

Table 3: Description of Factorial Combination of Irrigation and Phosphorus Treatments.
Irrigation Levels (% ETc)

0

Phosphorus (P2O5) Fertilizer Rates (kg/ha)
23

69

50

0 + 50

23 + 50

46 + 50

69 + 50

100

0 + 100

23 + 100

46 + 100

69 + 100

75

0 + 75

23 + 75

Full irrigation (100% ETc) implies the amount of irrigation
water applied in accordance with the computed crop water
requirement with the aid of CROPWAT model software program
version 8.0. CROPWAT is meant as a practical tool to carry out
standard calculations for reference evapotranspiration, crop
water requirements and irrigation water requirements. The mung
bean seed was sown on the plots with spacing of 10cm between
plants and 30cm between rows. Each experimental plot had 2m
length and 2.4m width having an area of 4.8m2, with 8 rows (lines)
with 20 plants per row (line) and had a total of 160 plants per plot.
003

46

46 + 75

69 + 75

The distance between subplots, main plots and blocks were 1m,
1.5m and 1.5m, respectively.

First, the land was selected, then ploughed and leveled by
tractors and was made ready for sowing after which the seed
of Rasa variety was sown by dibbling methods. The calculated
phosphorus fertilizer in the form of TSP was applied in band
application method near to mung bean seed at the time of sowing.
The recommended 18kg/ha nitrogen fertilizer was applied in all
plots in split application style once at sowing and another was 40
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days after planting. Before starting deficit irrigation treatments,
full irrigation water (100% ETC) was applied for one week up
to 50% emergence of seeds to ensure good plant establishment.
Then after, the respective irrigation treatments were applied to
individual plots according to the treatments designed. Other than
the treatments, uniform field management, disease, pest and weed
control and cultivation were performed to all plots as per the
recommendation made for the crops [22].

Irrigation scheduling was done using the CROPWAT model
software program of FAO Penman–Monteith method [23] to
calculate reference crop evapotranspiration (ETo), crop water
requirement (ETc), crop irrigation requirement and estimate
optimum crop water requirement (ETc) on daily time steps and
adopting the three days irrigation interval. Crop growth stage,
crop coefficient (Kc), root depth, critical depletion coefficient,
yield response factor and maximum crop height were taken from
FAO irrigation and drainage paper 56 (Table 4).

Table 4: Mung bean crop parameters adopted from FAO irrigation and drainage Paper No. 56 used in CROPWAT model.
Growth stages

Initial

Development

Mid

Late

Rooting Depth (m)

0.1

>>>

0.6

0.6

Critical Depletion Coefficient

0.45

Crop Coefficient (kc)

0.45

0.4

Number of Days

>>>

15

Yield Response Factor (ky)

0.45

1.05

25

0.2

Max. Crop Height (optional)

0.45

0.35

30

1.1

25

0.75

95

0.2

0.4

Source: Allen et al. [23].

Total

1.15

Note: “>>>” indicates the value is found between the right and the left column.

The amount of irrigation water applied to each treatment was
calculated after estimation of crop water requirement by using
CROPWAT. The volume of water applied to each plot was then
calculated by multiplying the depth of water (gross irrigation)
with the area of the plot [24] as:

Where, V = Volume of water to be applied (lit), A = Area of the
plot (m2) and D = Depth of application (m)
1000 = Constant to convert m3 to liter.

The calculated volume of water was measured with a bucket
of known volume and applied as per the irrigation treatment to
each plot manually.

V = A ∗ D ∗ 1000

Table 5: CROPWAT estimations net and gross irrigation (depth of irrigation water) applied to each treatment throughout the growth season.

75% ETc

50% ETc

100% ETc

Gross Irrigation (mm)

75% ETc

50% ETc

Init

8.2

13

#

#

18.5

#

#

Init

8.3

#

7.6

6.23

4.15

11.8

8.85

5.9

4.6

3.45

6.6

4.95

Dev

11.5

8.63

5.75

16.6

12.45

Dev

4.7

2.35

6.7

5.03

3.35

7.5

5

Day

Stage

9-Jan

1

Init

7

Init

12-Jan
15-Jan

4

18-Jan

10

24-Jan

16

Dev

22

Dev

21-Jan
27-Jan
30-Jan
2-Feb
5-Feb

8-Feb

11-Feb
14-Feb

17-Feb
20-Feb
23-Feb
27-Feb
2-Mar
5-Mar

004

13
19

25
28

31
34
37
40

Init

Dev

Dev

8.2
7

2.3

5.18

3.45

4.13

2.75

3.53
6.15

5.25

17.03

11.35

19.8

14.85

9.9

10.35

6.9

15.1

9.46

Mid
Mid

0.5

14.3

0

10.73

3.9

22.7

0

3.8
0

3.3

7.15

10

10.1

16.4
4.6

22.4
20.4

8.78

8.3

10.55

13.8

Mid

5.85

3.3

4.95

15.83

Mid

7.2

7.8

7.43

5.4

21.1

4.35

0

9.9

8.1

#

7.4

10.78

10.6

11.1

10.8

#

11.7

3.5

15.2

5.5

11.7

4.1

Dev

50
56

5.5

3.8

14.8

Dev

Mid

53

6.9

5.7

#

Dev

43
47

Net Irrigation (mm)
100% ETc

Date

6.33

11.55
3.7

16.8
15.3

5.85
2.55
6.7
0
9

10.2
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8-Mar

59

Mid

15.3

11.48

7.65

22.9

17.18

11.45

14-Mar

65

Mid

14.8

11.1

7.4

21.1

15.83

10.55

11-Mar

62

17-Mar

Mid

68

20-Mar

Mid

71

23-Mar
26-Mar
1-Apr

7-Apr

14.2

10.65

End

7.9

5.93

3.95

226.13

150.95

End

9.4

End

6.6

End

89

4.95

275.2

6.75

15.15

25.2

10.1

18.9

11.3

3.3

10.1

10.13

20.2

8.9

10.25

15.15

13.5

7.1

10.55

15.38

20.2

4.7

13.35

15.83

20.5

7.1

7.05

17.8

21.1

7.2

End

80

End

Total

10.8

10.65

End

86

7.4

14.2

74

83

4-Apr

11.1

14.4

Mid

77

29-Mar

14.8

12.6

8.48

9.4

5.65

7.05

403

4.7

339.61

229.1

# = the same water applied to all plot; Init = initial growth stage of the crop; Dev = development stage of the crop; Mid = middle stage of the crop
and End = End or late stage of the crop.

The minimum (3.35mm/day) and maximum (4.68mm/day)
ETO value occurred in the months of August and March respectively.
Generally, the evaporative power of the atmosphere was under
moderate range (3-5mm/day) [23]. For optimal condition the
total water requirement of mung bean in the growing period of
89 days with irrigation efficiency of 70% was the net irrigation
of 275.2mm, and the gross irrigation of 403mm but unexpected
17mm amount of rain was rained (Table 5). Therefore, the amount
of gross irrigation for non-stressed experimental unit was 1,999
liters with a plot area of 2m x 2.4m.

Data Collection and analysis

Phenology and growth parameters: Plant phenological
parameters such as days to 50% flowering and 95% physiological
maturity were recorded on plot basis from the four central rows.
Plant height, number of branches per plant, number of nodules
per plant, nodule dry weight and shoot dry matter were recorded
on plants basis by selecting five plants randomly from each
plot. Pod length and number of pods were recorded from five
randomly selected plants per plot. Five pods were randomly taken
to determine the average number of seeds per pod. At maturity,
whole plants from the four central rows of net plot area (2m x
1.2m = 2.4m2) were manually harvested, sundried and threshed

Results and Discussion

to calculate hundred seed weight, grain yield, biological yield,
harvest index and crop and irrigation water use efficiency.

Partial budget analysis was carried out by using the
methodology described in CIMMYT [25]. Some of the concepts
used in the partial budget analysis are average grain yield ha1
, adjusted grain yield ha-1, total variable cost (TVC), gross field
benefit (GFB), and the net benefit (NB). The following formula
was used to estimate the cost and benefits of different treatment
combinations:
Gross field benefit = Adjusted yield x unit price

Adjusted yield = Average yield - (Average yield*0.10)
Marginal rate of return

(%) =

change in net benefit
change in total cost

x100

The minimum acceptable rate of return was set 100%.

The collected data was subjected to analysis of variances
(ANOVA) using SAS computer software program (version 9.0) and
significant treatment means were compared using least significant
difference (LSD) at P<0.05 probability level. Correlation among
parameters was done using Pearson simple correlation coefficient.

Phenology and growth parameters
Table 6: Main effects of irrigation levels and phosphorus rates on days to flowering, days to physiological maturity, plant height, No. of branches
plant-1 and shoot dry matter.
Treatments

Days to Flowering

Days to Physiological Maturity

Plant Height (cm)

50% ET

c

32.50

58c

21.01b

3.

100% ETc

37.67a

69a

35.01a

6.29a

c

75% ETc
LSD0.05
0

005

3 58b
5.

1.31

36.7

8a

Irrigation Levels

6

26.4 b

4b

1.72
66.4

4a

9a

9.95

P2O5 (kg h 1)
a-

22.67c

No

of Branches Plant-1

82b

Shoot Dry Matter (g)

77c

8.

76

4. b

13.85b

1.27

1.04

4.14c

15.66a

10.31d
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23

46

36.67a

33. b
56

65.11b

25.74b

4.69b
5.45a

14.00b

8.09

9.39

61. c
44

31. a
18

69

34.00b

61.33c

30.42a

CV%

2.57

1.69

10.67

.05

LSD0

0.899

1.065

2.9

5. a
54

0.397

11.51c

15.24a
1.19

LSD = Least significant difference, CV = coefficient of variations. Means followed by the same letter within the column are not significantly different
at P<0.05.

Days to flowering: The obtained result showed that days to
50% flowering was significantly (P<0.001) affected by the main
effect of irrigation and phosphorus treatments. However, the
interaction effect was non-significant. The 100% ETc had delayed
flowering (38 days) while 50% ETc (33 days) the earliest to days
to flowering from emergence (Table 6). The crop that imposed to
full irrigation extended days to flowering by an average of 5 days
as compared to 50% deficit irrigation. The result obtained is in
line with the findings of Sisay et al. [21] who noted that days to
flowering tend to decline under deficit irrigation and increase
in optimal irrigation. This might be due to the circumstance of
plants under water stress, which tends to complete their life cycle
a few days earlier than those under normal or high soil moisture
conditions. This enables them to escape unfavorable conditions,
thereby ensuring the perpetuation of the species [26].
Days to flowering was also significantly delayed by the
application of phosphorus at the level of 23kg P2O5 ha-1 and control
(0kg P2O5 ha-1) while shortened by the application of 46 and 69kg
P2O5 ha-1 (Table 6). Generally, as P rate increase from 0 to 46kg
P2O5 ha-1 the days to flowering were reduced from 37 to 34. The
delay in days to flowering with the reduction in P supplies has also
been reported for mung bean [27,28] and common bean [29].

Days to physiological maturity: Days to physiological
maturity were significantly (P<0.001) influenced by irrigation
levels and phosphorus rates. However, the interaction effect was
non-significant. The result indicated that the plants treated with
50% ETc were the earliest to mature (58 days) while 100% ETc
(69 days) the latest to mature (Table 6). The plant that was treated
by 100% ETc on average had a 16% delay in days to physiological
maturity as compared to 50% ETc. This result is in line with Sisay
et al. [21], Thomas et al. [30], and Uddin et al. [31] who reported
that mung bean plants under deficit irrigation attained maturity
earlier than optimal irrigation.
The effect of P on days to physiological maturity showed
that plants treated with 69kg P2O5 ha-1 were the earliest (61
days) while the latest was treated with 0kg P2O5 ha-1 (66 days) to
mature. However, there was no significant difference between 46
and 69kg P2O5 ha-1 rates (Table 6). This result agrees with those
of Dereje et al. [32] and Nkaa et al. [33] who reported that P
fertilizer application reduces the days to physiological maturity by
monitoring some key enzyme reactions that involve in hastening
crop maturity in cowpea and haricot bean. On the contrary, Rama
[34] and Singh et al. [20] reported that increasing phosphorus
006

application delayed days to flowering and maturity in mung bean
and french bean, respectively.

Plant height: The obtained result showed that only the main
effects of irrigation levels and phosphorus rates had significant
(P<0.001) influence on plant height. The effect of irrigation levels
indicated that plants treated with 100% ETc had the tallest plant
height (35cm) whereas plants treated with 50% ETc had the
shortest plant height (21cm) (Table 6). The 50% ETc reduced
mean plant height by about 40% as compared to the 100% ETc.
The shortest plant height at 50% ETc might be since under soil
moisture stresses the physiological process of the plant like
assimilation, photosynthesis and translocation are slowing down,
and ultimately decrease the plant height by inhibiting cell division
and cell enlargement. This finding agrees with the finding of Sisay
et al. [21] who reported that mung bean plants that received the
optimal amount of irrigation water throughout the whole growth
stages have higher plant height than those under water stress.
Similarly, Merkebu [35] also reported that the plant height values
of soybean were taller at lower water deficit levels (0% and 25%)
than those grown under the relatively higher water deficit levels
(50% and 75%) in a greenhouse condition.
Regarding phosphorus effect, the tallest plant height was
recorded from 46kg P2O5 ha-1 (31.18 cm) while plants treated with
no P2O5 supply had the shortest plant height (22.67cm) (Table 6).
The plant height was increased with increasing the levels of P2O5
up to 46kg ha-1 and then remained constant afterward. This result
is in accordance with the findings of Imran et al. [36] and Imran et
al. [37], who noted that the maximum plant height was recorded
up to the optimum range of phosphorus application in mung bean.

Number of branches per plant: The main effects of irrigation
regimes and phosphorus rates significantly (P<0.001) influenced
the mean number of branches per plant. The 100% ETc recorded
the highest branches number plant-1 (6.29) while 50% ETc
recorded the smallest (3.82) (Table 6). Similarly, Raza et al. [38]
and Uddin et al. [31] reported that the number of branches plant-1
of mung bean decreased when the water stress was increased.
The highest number of branches plant-1 was observed on
a plant treated with 46kg P2O5 ha-1 (5.54) while the lowest was
recorded at 0kg P2O5 ha-1 (4.14) (Table 6). The increment in
several branches plant-1 could be due to the importance of P for
cell division and elongation activity, leading to the increase of
plant height and number of branches, and consequently increased
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plant dry weight [39]. This result is in conformity with Parvez et
al. [40] and Singh et al. [20] reported that increased levels of P2O5
increased the number of branches per plant of mung bean.

Shoot dry matter: Shoot dry matter showed highly significant
(P<0.001) response to irrigation regimes and phosphorus rates.
The highest (15.66g plant-1) was at 100% ETc while the lowest
(8.77g plant-1) was at 50% ETc (Table 6). This could be since
water helps for cell enlargement and expansion because of turgor
pressure and cell division which ultimately increase the growth of
the plant. The similar observation has also been reported by Uddin
et al. [31] in mung bean and Fening et al. [41] in forage legumes.
The highest shoot dry matter (14g plant-1) was recorded from
46kg P2O5 ha-1 whereas the lowest was (10.31g plant-1) recorded
from no supply of phosphorus (Table 6). Significantly higher
(32.35%) shoot dry matter was obtained from the application
of 46kg P2O5 ha-1 as compared to the control treatments. This
increment in shoot dry matter with the addition of P fertilizer
might be due to the supply of sufficient amount of P that resulted
to an increase in a number of leaves plant-1, and leaf area, which in
turn increased photosynthetic area, leading to higher assimilation
and enhanced growth. This consequently increased dry matter
accumulation and yield. An increased production of dry matter
indicates the better utilization of nutrients along with better use

of solar energy. This agrees with the research outcomes of Singh et
al. [20] who observed that the maximum dry matter of mung bean
was produced from the application of 45kg P2O5/ha.
Nodulation

Number of nodules per plant: Number of nodules per plant
was significantly (P<0.01) affected due to both the main and
interaction effects of deficit irrigation and phosphorus rates. The
maximum number of nodules plant-1 (25.5) was recorded from
100% ETc combined with 46kg P2O5 ha-1 while the minimum
number of nodules plant-1 (6.7) was recorded from 50% ETc
combined with no P2O5 addition (Figure 1). Variation in nodule
number had become larger and significant among irrigation
regimes at higher rates of P2O5 application that included rates
of 46 and 69kg ha-1. This increment in number of nodules due to
the fact that adequate soil moisture and higher dose of P enhance
the uptake of nutrients, and other numerous biochemical and
enzymatic reactions in the soil which in turn hastened the growth
of plants, stimulation of root development, initiation of nodule
formation and eventually produce more number of nodules
per plant. Sharma et al. [42] reported that the highest dose of
phosphorus and the wettest regime of irrigation results in the
highest availability and uptake of P by the plant.

Figure 1: Interaction effects of irrigation levels and phosphorus rates on number of nodules plant-1.

Number of effective nodules per plant: The variability of
effective number of nodules per plant was significantly (P<0.001)
influenced by the main and interaction effects of deficit irrigation
and phosphorus rates. Legume nodules having pink, red or dark
red color centers are caused by the pigment leghemoglobin that

controls oxygen flow to the rhizobia which are an indication for
the effectiveness of the strain used and has a positive correlation
with nitrogen fixed [43,44]. Whereas white and/or green nodule
color, which indicated the ineffectiveness of the existing native
rhizobium population in the soil.

Figure 2: Interaction effect of irrigation levels and phosphorus rates on effective number of nodules plant-1

The highest effective nodule numbers plant-1 (24.3) was
recorded at 100% ETc combined with 46kg P2O5 ha-1 whereas
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the lowest (6.4) was recorded at 50% ETc combined with control
treatment (Figure 2). As the result showed the combination
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of 100% ETc and 46kg P2O5 ha-1 had 73.6% higher effective
nodule number plant-1 than the combination of 50% ETc and
control treatment (no fertilizer). This might be since adequate
soil moisture and phosphorus in the soil enhances the root and
microbial activities and facilitates aeration in the root zone of
the plant which in turn increases the absorption and fixation of
nutrient, and ultimately increases the effective number of nodules
per plant.

Nodule dry weight: The obtained result showed that
significant (P<0.01) effect of irrigation regimes, phosphorus rates

and the interaction on nodule dry weight. The highest nodule
dry weight (0.27g plant-1) was recorded at 100% ETc combined
with 46kg P2O5 ha-1 while the lowest (0.08g plant-1) was at 50%
ETc combined with control treatment (Figure 3). The reduction
of nodule dry weight with the increase of water stress and
phosphorus deficiency could be due to the limited growth and
development as well as dry matter accumulation by the host
plant. Nodule dry weight significantly and positively correlated
with shoot dry matter (r = 0.79***) and grain yield (r = 0.76***)
(Figure 4).

Figure 3: Interaction effects of irrigation levels and phosphorus rates on nodules dry weight (g).

Figure 4: Correlation between (a) nodule dry weight and shoot dry matter, and (b) nodule dry weight and grain yield.

Yield and yield components
Pod length: Pod length plant-1 on mung bean plants was
significantly (P<0.001) affected by only the deficit irrigation and

phosphorus application. The 100% ETc irrigation level giving the
longest pod length (10.93cm) while the shortest pod length plant-1
(9.27cm) was obtained under 50% ETc irrigation (Table 7).

Table 7: Main effects of irrigation levels and phosphorus rates on pod length plant-1, No of pods plant-1, No of seeds pod-1 and hundred seed
weight.
Treatments

50% ETc
75% ETc

100% ETc
LSD0.05
0

23
46
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Pod Length Plant-1 (cm)

9.27b

No of Pods Plant-1

No of Seeds Pod-1

Hundred Seed Weight (g)

10.52b

9.53b

5.92c

Irrigation Levels

9.82ab

13.85ab

10.43b

7.41b

.19

5.11

1.21

0.32

10.93a
1

.16c

9

9.84b

10.72a

18.60a

P2O5 (kg ha-1)

11.68a

8.15a

11.48b

9.71d

6.67d

16.68a

11.36a

7.63a

13.04b

.27c

10

7.03c
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LSD0.05
CV%

10.36a

16.09a

10.87b

7.32b

.3

12.59

4.5

3.3

0.5

57

1.79

0.47

0.23

LSD = Least significant difference, CV = coefficient of variations, NS = non-significant. Means followed by the same letter within the column are not
significantly different at P<0.05.

The longest pod length (10.72cm) was obtained from 46kg
P2O5 ha-1 whereas the shortest pod length (9.16cm) was obtained
from control treatments. The similar observation has also been
reported by Parvez et al. [40] in mung bean and Dereje [32] in
haricot bean.

Number of pods per plant: The obtained result showed that
number of pods per plant were significantly (P<0.001) influenced
by variations in levels of irrigation and phosphorus rates but the
interaction had non-significant effect. The 100% ETc had produced
the highest number (18.60) of pods per plant while 50% deficit
(50% ETc) the least number (10.52) of pods per plant (Table
7). The reduction in number of pods per plant might have been
due to abortion and abscission of flowers and pods, incomplete
fertilization, and limitation of dry matter partitioning to the
reproductive sink under moisture stress. Although our results
generally higher, similar observations have been made by Sisay et
al. [21] and Sadeghipour [12] who reported that 12 pods/plant
under optimal irrigation application while the 9.20 pods under
50% deficit irrigation throughout the growing season and 17.22
pods/plant under optimum irrigation, whereas 9.22 pods/plant
when water stressed at the flowering stage respectively.
The greatest number of pods plant-1 (16.68) was obtained at
P levels of 46kg P2O5 ha-1 which was statistically at par with 69kg
P2O5 ha-1, whereas the smallest number of pods plant-1 (11.48)
was obtained in the control treatment (Table 5). The increment
of number of pods plant-1 with increase in P application might be
because P has a strong role in the reproductive growth of the crop
in promoting flowering and pod formation. Similar observations
have also been reported by Parvez et al. [40] and Rathore et al.
[45] in mung bean and Girma et al. [46] and Tessema & Alemayehu
[29] in common bean.

Number of seeds per pod: The number of seeds per pod were
significantly (P<0.001) influenced by irrigation and phosphorus
application. However, the interaction effect of irrigation and
phosphorus was not significant. The maximum number of seeds/
pod (11.68) was recorded at 100% ETc while the minimum
number of seeds/pod (9.53) was recorded at 50% ETc (Table 7).
The 50% deficit level gave the lowest number of seeds per pod
that was reduced by 18.4% compared to the 100% ETc (control).
The increment of the number of seeds per pod under optimal
irrigation might be due to the presence of enough moisture,
which is crucial on the photosynthetic surface area to produce
assimilates and the production of assimilates that are ultimately
needed to produce seeds. The reduction of number of seeds per
pods due to the adverse effect of water deficit stress on meiosis
and pollen fertility is observed in many cereals [47]. This result
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supported by Thomas et al. [30] and Merkebu [35] who found that
the number of seeds per pod decreased consistently with increase
in water deficit level on mung bean and soybean, respectively.

The maximum number of seeds pod-1 (11.36) were obtained at
P levels of 46kg P2O5 ha-1, whereas the minimum numbers of seeds
pod-1 (9.71) were obtained in the control treatment (Table 7). This
finding agrees with the findings of Parvez et al. [40], Singh et al.
[20], and Tessema & Alemayehu [30] who reported that number
of seeds pod-1 increased with the increased phosphorus rates on
mung bean and common bean, respectively.

Hundred seed weight: The weight of hundred seeds was
significantly (P<0.001) influenced by irrigation and phosphorus
application but the interaction had non-significant effect.
The highest 100 seed weight (8.15g) was recorded at optimal
irrigation while the lowest value (5.92g) was recorded at 50%
deficit irrigation (Table 7). The 50% deficit irrigation level
compared to the control, reduced hundred seed weight by 27.36%
indicating that water deficit at this level produced relatively
light seeds. Furthermore, seeds produced at 50% deficit levels
were comparatively smaller in size and were shriveled in their
morphology. As reported by Tesfaye [48], the pod filling stage
is sensitive to water deficit and water stress may lead to source
limitation making the sink to accumulate less dry matter. In line
with this, Merkebu [35] and Ghassemi-Golezani et al. [49] reported
that reduced seed weight due to increase the water deficit levels of
soybean and faba bean respectively.

The highest hundred seed weight (7.63g) was obtained from
46kg P2O5 ha-1, whereas the lowest hundred seed weight (6.67g)
was recorded in the control treatment (Table 7). This result is
supported by earlier studies of Mitra et al. [50] and Sadeghipour
et al. [51] reported that increased number of pods per plant,
number of seeds per pod, 1000 seeds weight and seed yield of
mung bean with increased levels of phosphorus. Similarly, Dereje
[32] observed that phosphorus application made significant
differences in hundred seed weights of haricot bean.
Grain Yield: The grain yield (t ha-1) significantly (P<0.001)
response to irrigation levels and phosphorus rates but the
interaction had not significant effect. The maximum grain yield
(1.124 t ha-1) was obtained at 100% ETc, whereas the lowest
yield (0.695 t ha-1 was obtained from 50% ETc (Table 8). The yield
attained from 100% ETc was 38.2% greater than the yield attained
from 50% ETc. There was no statistical difference between the
yield under optimal irrigation and that of 75% ETc irrigation.
This result agrees with the finding of Sisay et al. [21] who
reported that the 34% yield reduction at 50% deficit irrigation
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throughout the growing season as compared to the yield under
optimum irrigation. Similarly, Malik et al. [52] and Thomas et al.

[30] reported that water stress reduced plant growth and yield of
mung bean.

Table 8: Main effects of irrigation levels and phosphorus rates on grain yield, biological yield, harvest index, crop water use efficiency and irrigation
water use efficiency.
Treatments

GY (t ha-1)

BY (t ha-1)

50% ETc

0.695b

3.416b

100% ETc

1.124a

3.967a

75% ETc
LSD0.05
0

23

1.042a
5

0.1

0.844b

0.077

CV%

8.19

20.34c

0.41a

0.28a

2.22

0.057

0.33b

0.22b

23.38b

0.33b

0.23b

26.90a

0.42

0.29a

3.610b
3.909a

L 0.05
SD

IWUE (kg/m3)

0.55

1.008a

1.072a

69

CWUE (kg/m3)

25.63b

0.891

46

HI (%)

4.066a

3

b

Irrigation Levels

28.34a

P2O5 (kg ha-1)

.760ab

3.985a
0.25
6.69

23.70b

0.40a

0.35b
a

25.79a

0.39a

6.85

7.95

1.68

0.03

0.27a
0.04

0.24b
0.27a
0.02
7.95

LSD = Least significant difference, CV = coefficient of variations. Means followed by the same letter within the column are not significantly different
at P<0.05.

The maximum grain yield (1.072t ha-1) was obtained at applied
P levels of 46kg P2O5 ha-1 whereas the minimum grain yield (0.844t
ha-1) was recorded in the control treatment (Table 8). The average
yield significantly increased with increasing levels of phosphorus
up to 46kg P2O5 ha-1. Increase in grain yield due to phosphorus
application could be due to increase branching, fruiting, number
of pods per plant, number of seeds per pod, and 100 seeds
weight. Such increase in yield could also be due to improved
root development, and translocation of photosynthates towards
the sink development [53,54]. Similar results were reported by
Singh et al. [20] that P application at the rate of 45kg P2O5 ha-1
gave higher yield as compared to 30kg P2O5 ha-1, 15kg P2O5 ha-1
and control plots in mung bean. Consistent with the results of this
study, other researchers reported significant increases in the grain
yield of mung bean in response to phosphorus application under
field conditions [17,28].

The grain yield showed significant and positive correlation
with plant height (r = 0.86***), branches plant-1 (r = 0.81***),
pods plant-1 (r = 0.84***), pod length plant-1 (r = 0.68***), seeds
pod-1 (r = 0.77***), hundred seed weight (r = 0.74***), shoot dry
matter (r = 0.85***), biological yield (r = 0.84***) and harvest
index (r = 0.81***). This result is in accordance with the findings
of Canci & Toker [55] who reported that grain yield is significantly
and positively correlated with the biological yield (r = 0.688), pods
per plant (r = 0.682), plant height (r = 0.602), branches per plant
(r = 0.585), straw yield (r = 581), grains per pod (r = 0.574), and
pod number (r = 0.51) of mung bean.
Biological yield: The biological yield was significantly
influenced by variation in levels of irrigation and phosphorus
rates, but the interaction effect was not significant. The maximum
biological yield (4.066t ha-1) was obtained from the 75% ETc
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irrigation application which had statistically at par with 100%
ETc, whereas the minimum biological yield (3.416t ha-1) was
gained from 50% ETc irrigation application (Table 8). Similarly,
Sadeghipour [12] who reported that increased total biomass
of mung bean was responsive to the amount of irrigation water
applied in both throughout the growth stages and at the specific
growth stages.

The biological yield was significantly (P<0.05) influenced
by phosphorus rates. The highest biological yield (3.985t ha-1)
was obtained at applied P levels of 46 kg P2O5 ha-1, whereas the
lowest biological yield (3.610t ha-1) was recorded in the control
treatment (Table 8). However, there was no statistically significant
difference among 23, 46 and 69kg P2O5 ha-1 rates. The variation
in biological yield of the crop between control treatment and P
applied treatments could be due to the constructive effects of P
in leaf area index, which may affect photosynthesis and photoassimilate synthesis. The increases in biomass are the increase in
P supply has been reported for mung bean [56], and for haricot
bean [46,57]. Biological yield was significantly and positively
associated with Plant height (r = 0.70***), no of branches/plant
(r = 0.59**) and no of pods per plant (r = 0.67***). Similarly, Canci
& Toker [55] who explained that the biological yield of mung bean
was positively correlated with straw yield (r = 0.989), plant height
(r = 0.834), kernels per pod (r = 0.690) and pods number (r =
0.479).
Harvest index: Harvest index (HI) was significantly (P<0.01)
affected by the main effects of irrigation levels and phosphorus
rates but the interaction effect was not significant. The maximum
harvest index (28.40) was obtained under 100% ETc while the
minimum harvest index (20.30) was obtained under 50% ETc
(Table 8). Harvest index of mung bean were reduced as a result of
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soil moisture stress has been reported for mung bean Hossain et
al. [58] and Sisay et al. [21] and for soybean Merkebu [35].

The highest harvest index (26.67) was obtained at applied P
levels of 46kg P2O5 ha-1 whereas the lowest harvest index (23.21)
was recorded in the control treatment (Table 8). However, there
was no significant difference between control treatments and
23kg P2O5 ha-1, and between 46 and 69kg P2O5 ha-1. In line with
this result, Amanullah et al. [28], Parvez et al. [40] and Singh et al.
[20] who indicated that harvest index of mung bean increases in
response to P application.

Water use efficiency

Crop water use efficiency: The main effects of irrigation
water levels and phosphorus rates significantly (P<0.001)
influenced the mean values of CWUE but the interaction effect was
non-significant. The maximum (0.41kg/m3) was obtained when
50% of the crop water requirement while the minimum (0.33kg/
m3) was obtained from 100% ETc (Table 8). The plausible reason
why water use efficiency increased under deficit irrigation water
application may be attributed to reduced water loss through
evaporation and wisely use irrigation water. This result is in
conformity with Sisay et al. [21] who noted that the maximum
water use efficiency of mung bean was gained when applied 50%
of the crop water requirement throughout the entire seasons; the
range between optimum irrigation and 50% deficit irrigation is
from 0.413kg/m3 to 0.507kg/m3. Onder et al. [59] also reported
that the maximum water use efficiency of cotton was obtained

Table 9: Partial Budget and Marginal Analysis of deficit irrigation levels.

Average Yield (kg ha-1)

Adjusted Yield (kg ha-1)

by applying 50% of the crop water requirement throughout the
whole seasons.

The highest CWUE (0.42kg/m3) was obtained at applied P
levels of 46kg P2O5 ha-1, whereas the lowest CWUE (0.33kg/m3)
was recorded in the control treatment (Table 8). This result is in
conformity with the result of Dwangan et al. [60] who found that
water use efficiency was increased with phosphorus application.
On contrary, Singh et al. [20] and Singh [61] reported reduction
of water use efficiency in response to phosphorus application
which is due to higher proportionate increase in grain yield than
consumptive use.
Irrigation water use efficiency: Only the main effects of
irrigation levels and phosphorus rates on irrigation water use
efficiency were significant (P<0.001). The highest (0.28kg/m3)
was obtained when 50% ETc while the lowest (0.22kg/m3) was
obtained when 100% ETc (Table 8). Similarly, Sisay et al. [21]
also reported irrigation water use efficiency of mung bean were
0.248kg/m3 and 0.304kg/m3 under optimum and 50% deficit
irrigation, respectively.

The irrigation water use efficiency was significantly
influenced by phosphorus rates. The highest IWUE (0.29kg/m3)
was obtained at applied P levels of 46kg P2O5 ha-1 whereas the
lowest IWUE (0.23kg/m3) was recorded in the control treatment
(Table 8). However, there was no significant difference between
no phosphorus and 23kg P2O5 ha-1, and between 46 and 69kg P2O5
ha-1.
Deficit Irrigation (% ETc)

50

75

695

1042

625.5

1011.6

1300

1500

18765

28134

Total Cost that Vary ETB ha-1

1000

1300

1000

1124

937.8

GFB ETB

Labour Cost for Irrigation Application ETB

100

30348
1500

Net Benefits ETB ha-1

17765

26834

28848

Marginal Net Benefit (Birr ha-1)

-

9069

2014

Marginal Cost (Birr ha-1)

Marginal Rate of Return (%)

-

300

-

3023

Table 10: Partial budget and marginal analysis of different rates of phosphorus.

Average Yield (kg ha-1)

Adjusted Yield (kg ha-1)

759.24

23

1007

kg P2O5 ha-1

46

891.4

1071.8

802.26

964.62

69

1008

907.2

GFB ETB

22777.2

24067.8

28938.6

27216

Fertilizer Cost ETB ha-1

0

725

1450

2175

23142.8

27288.6

24841 D

Labour Cost for Fertilizer application ETB
Total Cost that Vary ETB ha-1
Net Benefits ETB ha-1

Marginal Cost (Birr ha-1)

0011

0

843.6

200

0
0

22777.2
-

200
925

925

200

1650
725

200

2375
-
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Marginal Net Benefit (Birr ha-1)
Marginal Rate of Return (%)

-

Partial budget analysis: Partial budgeting is a method of
organizing experimental data and information about the costs
and benefits of various alternative treatments. The partial budget
and marginal rate of return was calculated basis on CIMMYT
[25]. The analysis of the marginal rate of return (MRR) for this
experiment revealed that 75% and 100% ETc irrigation levels, and
46kg P2O5 ha-1 phosphorous application rates had given a marginal
rate of return above the minimum acceptable rate (100%). This
indicated that farmers at the study area need to use 100% ETc
irrigation water level and 46kg P2O5 ha-1 application rate in order
to maximize their profitability. However, due to the absence of
significant yield difference between 100% and 75% ETc and in the
interest of sustainable resource use, farmers can have profitable
mung bean production by applying preferably 75% ETc and 46kg
P2O5 ha-1 (Table 9 & 10).

Summary and Conclusion

The results of this experiment showed that both the main effect
of irrigation levels and phosphorus rates significantly (P<0.05)
influenced the days to flowering, days to physiological maturity,
plant height, number of branches per plant, shoot dry matter, pod
length per plant, number of pods per plant, number of seeds per
pod, hundred seed weight, grain yield, biological yield, harvest
index, CWUE, IWUE and post-harvest soil phosphorus status.
However, there were no significant interaction effects of irrigation
levels and phosphorus rates on those parameters. The interaction
effects of irrigation and phosphorus also significantly (P<0.01)
influenced the total number of nodules per plant, effective number
of nodules per plant and nodule dry weight.
The highest grain yield (1.124t ha-1) was obtained from the
application of irrigation water at 100% ETc but not statistically
significant difference was showed with 75% ETc irrigation level.
However, the lowest grain yield (0.695t ha-1) was obtained from
50% ETc irrigation water application. The highest grain yield
(1.072t ha-1) was produced by the application of 46kg P2O5 ha-1
while the lowest grain yield (0.844t ha-1) was produced from
control treatments. Correlation analysis indicated that grain yield
significantly and positively correlated with all phenology, growth,
yield and yield component parameters. The highest water use
efficiency was obtained under 50% ETc irrigation level which was
statistically similar with 75% ETc irrigation level. However, 100%
ETc irrigation level had significantly lower water use efficiency
this implies that increase water use reduces efficiency. The highest
water use efficiency was recorded from 46kg P2O5 ha-1 which was
statistically at par with 69kg P2O5 ha-1.
The analysis of the marginal rate of return (MRR) at study area
revealed that 75% and 100% ETc irrigation levels, and 46kg P2O5
ha-1 phosphorous application rates had given a marginal rate of
return above the minimum acceptable rate (100%). In general,
Rasa (N-26) cultivars had given higher grain yield at 100% ETc
0012

365.6
39.5

4145.8
571.8

-

irrigation water which was statistically at par with that from 75%
ETc irrigation water, and 46kg P2O5 ha-1 phosphorus was applied.

Therefore, it can be concluded that, for the intention of
sustainable water resource use and increase water use efficiency
application of 75% ETc irrigation and 46kg P2O5 ha-1 phosphorus
may possibly be recommended for better mung bean production
at the study area and areas with similar agroecology. Since this
study was undertaken in single location and season using only a
few levels of irrigation water it is important to repeat the study
over different locations using additional levels of irrigation to
come up with a conclusive recommendation.
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