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Abstract: Mung bean is a recent introduction in Ethiopia and is grown in some areas of the North Shewa
lowlands and the South Wollo (Kallu) areas of Amhara Regional State. It is currently advancing to Oromia, the
Southern, Tigray and Benishangul Gumuz regions. It has low local consumption yet has high international
demand. As a result, mung beans are a relatively higher-priced crop than lowland pulses. Recently, the
Ethiopian Commodity Exchange (ECX) installed Mung beans as the sixth commodity to be traded, following
Coffee, Sesame, White Pea Beans, Maize and Wheat. However, despite its importance as a cash crop, food and
feed crop, very little attention has been given to its quantitative and qualitative improvement in the country.
Although plant density and fertilization influence plant establishment, growth, grain yield and the profitability
of a crop, there is limited published information on the optimum spacing and/or sowing rate and fertilizer rate
for mung bean production in Ethiopia. Therefore, this paper reviews the status of spacing/plant density and
fertilizer recommendations in Ethiopia in relation to global perspective.

Key words: Agro-Climate + Optimum - Recommendations - Seed Yield » Spacing

INTRODUCTION

Mung bean (Vigna radiata (L.) Wilczek), commonly
known as ‘masho’ in Amharic, is a legume cultivated for
its edible seeds and sprouts but can also be used as a
green manure crop and as forage for livestock. It is
thought to have originated from the Indian subcontinent,
where it was domesticated as early as 1500 BC. Cultivated
mung beans were introduced to southern and eastern
Asia, Africa, Australia, the Americas and the West Indies.
It is now found throughout the Tropics, from sea level to
1850 meters in the Himalayas [1]. It is a recent introduction
to Ethiopian pulse production and is grown in a few areas
of the North Shewa lowlands and the South Wollo (Kallu)
areas of Amhara Regional State. It is currently also taking
root in the Oromia, Southern, Tigray and Benishangul
Gumuz Regions [2, 3]. Mung beans are high in protein
(20-30%) and easy to digest, with a high starch content
(> 45%), a low lipid content (2%) and variable but
generally low fiber levels (crude fiber of 6.5% on average).
Furthermore, the amino acid profile of mung beans is
comparable to that of soybeans [4]. Locally boiled seeds

(‘nifro”) are consumed in a mixture with maize, sorghum, or
common beans around the Shewarobit areas in northern
Ethiopia.

It is often grown with limited rainfall, by utilizing
residual moisture in the soil, or as the main crop with a
short rainy season and on a wide range of soil types.
Mung beans are quick crops, requiring 75-90 days to
mature. It is a useful crop in drier areas and has good
potential for crop rotation and relay cropping with cereals.
Smallholder farmers in drier marginal environments in
Ethiopia grow mung beans. In the Shewarobit areas, it is
grown by the majority of smallholder farmers in "belg"
(the short rainy season from February to June) and
"meher" (the long rainy season from July to September).
Mung beans occupied an area of 48, 022.34 hectares
and produced 51568.66 tons of grain in the 2020/21 crop
season and the national average is estimated to be 1.07
tons/ha [5]. Green mung bean is one of the products that
has low local consumption yet has high international
demand. Hence, it is expected to have a positive impact on
the country’s export earnings and bring considerable
foreign currency exchange. Accordingly, the Ethiopian
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Commodity Exchange (ECX) installed mung beans as the
sixth commodity to be traded, following coffee, sesame,
white pea beans, maize and wheat [2].

Despite increases in the potential export market, its
production at the country level has no considerable
improvement in quantity as well as the quality of
production to provide it for the central market with the
help of the Ethiopian commodity exchange (ECX) [6].
So far, a blanket recommendations of 25 ¢cm row-to-row
spacing x 10 cm plant-to-plant spacing for short rainy
season and 30 — 40 cm row-to-row spacing and 5 cm plant-
to-plant spacing for main rainy season, respectively, or a
seed rate of 20 — 40 kg/ha depending on seed size
together with DAP fertilizer at the rate of 100 kg/ha, has
been practiced [7]. However, this blanket recommendation
may not represent each locality. Therefore, this paper is
intended to review the status of crop and soil fertility
management recommendations made so far.

The Effect of Plant Density on Crop Growth, Yield
Components and Yield: Al-Suhaibani et al. [8] defined
plant density as the number of plants per square meter,
which in turn determines the area available to the
individual plant. For most crops, plant density has a major
influence on biomass, crop yield and economic
profitability [9]. For example, as plant density increases,
both biological and economic yields increase with an
increasing plant population up to a certain point and
subsequently, no addition in biological yield can be
obtained and economic yield decreases [10]. On the other
hand, yield per plant decreases gradually as plant density
per unit area increases. However, the yield per unit area is
increased up to a certain level of plant density due to the
utilization of growth factors. Hence, an optimum plant
population is essential for high yields and a net return
[11]. That is, a very high population can result in
excessive plant competition for resources and excessive
seed costs. On the other hand, a below-optimal plant
population can result in inefficient use of resources and
thus lower yields and a lower net return. Thus, the optimal
density or plant population for any given situation results
in mature plants that are sufficiently crowded to use
resources such as water, nutrients and sunlight efficiently
[12, 13]. At this population, production from the entire
field is optimized, although any individual plant might
produce less than what would have occurred with
unlimited space [12, 14]. Schonbeck [15] also indicated
that plants spaced close enough together compete
effectively with weeds, but not so close that the plants
restrict each other’s growth. This is because the closer
together crop plants stand, the narrower the open niches
in space for weeds and the faster they get shaded over by

the crop canopy. A healthy plant population also aids in
the prevention of insect pests and disease transmission
from one plant to the next [9].

According to Mondal et al. [11], there are two
general concepts to describe the relationship between
plant density and seed yield. Firstly, plant density must
be such that the crop develops a canopy able to intercept
more than 95% of the incoming solar radiation during
reproductive growth; and secondly, a nearly equidistant
plant arrangement minimizes interplant competition and
produces maximum seed yield. In the case of higher
density, the individual plant gets a narrow space,
leading to competition for growth factors (such as water,
light and nutrients, which are in interaction) between
plants, resulting in a reduction of yield per plant.
Increasing density causes the crop to compete against
itself, resulting in loss of yield, quality, or both [15, 16].
In general, plant density is one of the important and
effective factors in the fixation of crop yield and is not
stable for one variety in different climatic conditions
[17, 16].

Factors Influencing Plant Density: Lopez-Bellido et al.
[18], noted that for most crops, including grain legumes,
the choice of sowing rate is an important agronomic
practice that influences plant density and crop
establishment. According to Lyon [12], many factors
influence the optimum plant population for a crop:
availability of water, nutrients, sunlight, length of the
growing season, potential plant size and the plant’s
capacity to change its form in response to varying
environmental conditions (morphological plasticity).
One example of this is tillering, which allows small grain
crops like wheat to produce the same number of heads
and final grain yield in a given area over a wide range of
plant densities. Islam et al. [19] reported that plant
population or seed rate is influenced by row width, crop
species, soil, climatic variables and crop use. The space
available for individual plants growing in the field affects
the yield and quality of products and hence, proper
spacing is one of the key factors resulting in the proper
and healthy growth of a crop. In general, both genetic and
environmental factors affect plant density [20].

The Effect of Fertilization on Crop Growth, Yield
Components and Yield of Mung Bean: According to the
review by Yin et al. [21], nitrogen (N), phosphorus (P) and
potassium (K) are essential elements present in high
levels in mung bean and play an important role in its
growth, development and high yield and significantly
affect many mung bean traits. As per this review report,
when soil N levels are low (total N content < 0.05%),



African J. Basic & Appl. Sci., 14 (1): 01-07, 2022

the application of a small amount of N fertilizer induces
rhizobia formation and promotes the growth of strong
mung bean seedlings. During the early growth stages
before the branches develop, mung bean cannot
efficiently fix atmospheric N because it has few or no
rhizobia. Hence, increasing the application of N fertilizer
during the early growth period promotes vegetative
growth and creates conditions favoring high yield. As the
plant grows, the rhizobia increase and its ability to fix
atmospheric N improves. However, during the late growth
period, rhizobia activity is inhibited if excess N fertilizer is
applied. In this situation, flower bud differentiation and
yield formation are impeded. Yin ef al. [21] also noted that
P fertilizer promotes root growth, disease resistance,
drought tolerance and enhances nutrient and water
absorption in the seedlings after they have depleted their
endosperm reserves. On the other hand, K fertilizer
improves sugar metabolism, enhances osmotic cell
concentration, maintains stomatal guard cell turgor, helps
regulate stomatal opening, participates in photosynthesis,
enhances drought resistance and increases yield [21].
Hence, appropriate use of fertilizers is of great importance
to crop growth and productivity.

Achievements in Spacing and/or Seed Rate Research:
In Ethiopia, traditionally, farmers are accustomed to using
broadcast sowing for most crops, including mung beans.
However, recently, some spacing recommendations have
been made in different parts of the country. For example,
Mebrate et al. [22] experimented to assess the effects of
inter-row spacing on two varieties of mung bean at
different localities in the Jema valley and Shewarobit areas
in central Ethiopia and recommended production of both
varieties (the local and the improved variety "Rasa")
at Jema valley and variety "Rasa" at Shewarobit areas at
a row-to-row spacing of 20 to 30 cm and plant-to-plant
spacing of 5 cm. Abayneh [23] reported maximum grain
yield from a treatment combination of 5 cm intra-row
spacing and 25 cm inter-row spacing in the Gozamin
district, north-western Ethiopia (Table 1). From a similar
experiment conducted in the North Gondar Zone, in
Ethiopia, economically optimum yield was obtained at a
spacing of 40 cm x 15 cm inter-row spacing and intra-row
spacing, respectively [24]. Gebrelibanos and Fiseha [25]
also reported maximum grain yield at inter-row spacing
and intra-row spacing of 30 cm and 5 cm, respectively
(Table 2) at Humera, Northern Ethiopia. Similarly, the
combination of 10 cm intra-row spacing and 30 cm
inter-row spacing significantly increased the grain yield of
variety "Rasa" at Jile Timuga District, North-Eastern
Ethiopia (Table 3) [26].

Table 1: Effect of intra- and inter-row spacing on yield of mung bean at

Gozamin district in 2015 main cropping season

Biological yield Grain yield Straw yield
Treatments (t/ha) (t/ha) (t/ha)
Intra-row spacing (cm)
5 3.62 1.03 2.59
10 3.46 0.95 2.51
15 3.31 0.87 2.44
Significance level ** Frk wokk
Inter-row spacing (cm)
25 4.14 1.25 2.88
30 3.69 1.05 2.64
35 3.24 0.85 2.39
40 2.79 0.64 2.15
Significance level * ok ok
CV (%) 2.09 2.62 0.69

Source: Abayneh [23]

Table 2: Interaction effect of inter and intra-row spacing on grain yield
(kg/ha) of mung bean

Intra-row spacing (cm)

Inter-row spacing (cm) 5 10 15 20

20 2.21% 1.80b-f 1.56fg 1.60fg
25 2.34¢be 1.92a-f 1.81b-f 1.75cdef
30 2.46a 2.38ab 1.71ef 1.50fg
35 2.33abed 1.89a-f 1.54fg 1.72def
40 1.74cdef 1.64ef 1.56fg 1.02g
CV (%) 10.20

Source: Gebrelibanos and Fiseha [25]

Table 3: Effect of intra-row- and inter-row spacing on grain yield (kg/ha) of

mung bean
Intra-row spacing (cm)
Inter-row spacing (cm) 5 10 15
25 0.57% 0.64j 0.97f
30 0.78h 1.34a 1.16¢d
35 0.85g 1.25b 1.20c
40 0.71i 1.05¢ 1.13d

Source: Mohammed et al. [26]

In similar experiments, several spacing recommendations
have been reported in different countries depending on
the climatic and growth conditions of mung beans. For
example, Mansoor et al. [27] reported the highest grain
yield from the combination of a seed rate of 40 kg/ha with
a row spacing of 30 cm in the Pakistan Dera Ismail Khan
areas, which could be the result of optimum space
between rows that resulted in efficient light interception
and photosynthetic activity. In another experiment, Jan et
al. [28] reported a lack of significant interaction among
five cultivars of mung bean (NM-92, NM-19-19, NM-121-
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25, N-41 and local) with a seed rate of 10, 20, 30 and 40
kg/ha. However, a seed rate of 20 kg/ha seems optimum
for the production of mung bean varieties under the
dryland conditions of the Karak areas in Pakistan. On the
other hand, mung bean variety BINA moog7 interacted
favorably with a seed rate of 30 kg/ha to produce the
highest grain yield in the Mymensingh areas of
Bangladesh [29]. Similarly, Rasul et al. [30] reported the
interaction of variety NM-98 with 30 cm row spacing that
exhibited significantly higher yield than other treatments
and was recommended for the agro-climatic conditions of
Faisalabad. In another experiment, variety BARIMung-2
planted at 30 cm x 10 cm spacing yielded the highest seed
yield in the Mymensingh areas of Bangladesh [31].
Ahamed et al. [32] also reported the highest grain yield at
a spacing of 20 cm x 10 ¢cm for the variety BARI mung-2 at
Dehaka, Bangladesh.

Also, Singh et al. [33] recommended 25 cm x 10 cm
and 50 cm x 10 cm row-to-row and plant-to-plant spacing
in India for loamy sand soil and in Taiwan for sandy loam
soil, respectively. Thsanullah et al. [34] also suggested
20 cm row-to-row spacing with 15 cm plant-to-plant
spacing for an irrigated condition to get a higher grain
yield. On the other hand, Dainavizadeh and Mehranzadeh
[35] reported higher yields from a seed rate of 20 kg/ha for
irrigated dryland areas of Quetta in Khuzestan, Iran.
AVRDC [36] noted that sowing summer mung bean on a
raised bed (67.5cm) with three rows at 20 cm spacing gives
a better yield than flatbeds with row-to-row spacing.
According to Gentry [37], mung beans have been
successfully grown using a wide range of planting
equipment and row spacing ranging from 18 c¢cm to one
meter (1 meter) in Australia. The available planting
equipment at the time and the farm layout will largely
influence the final decision on the row spacing and
planting configuration. The recent trend is toward an
increasingly higher percentage of the mung bean crop
being grown in wider rows of 50 to 100 cm. This is mainly
due to the greater number of row crop planters now
available, controlled traffic and the adoption of shielded
and band spraying. Gentry also noted that lodging could
be a problem when plant populations exceed 40 plants per
square meter, especially on wider row spacing. According
to him, if the emerged plant population is less than 10
plants per square meter, consideration of re-sowing is
important.

Achievements in Fertilizer Management Research:
Depending on the experimental results, Mota et al. [38]
found that the growing of improved variety N-26 with the
drill application of NPS fertilizer at the rate of 100 kg/ha

was the most suitable treatment combination to improve
the income of farmers and increase the productivity of
mung beans at Humbo district in Wolaita Zone, Southern
Ethiopia. In another experiment, Dikr and Garkebo [39]
obtained the highest yield from the highest rate of
phosphorus (60 kg P,Oyha) combined with 40 cm x 10 cm
row spacing of mung beans at Adamitulu Jido Kombolcha
district in southern Oromia Zone, Ethiopia. Several similar
research findings have been reported by different
scholars in different countries. For example, Varma et al.
[40] suggested the use of NPK fertilizer at the rate of
20:40:20 kg/ha (N,: P,0:K,0) and 200 kg lime/ha to
neutralize the soil acidity and increase mung bean
productivity in the Vindhyan region of India. Sadeghipour
et al. [41] recommended an application of 90 kg N/ha and
120 kg P,0Os/ha for mung bean production in the Tehran
areas of Iran. The study in Subukia, Kenya, recommended
spacing of 45 cm x 15 cm and application of DAP at a rate
of 100 kg/ha for improved growth and grain yields of
mung beans [42]. In an experiment conducted in a
low-nutrient environment, the application of 60 kg N/ha
recorded 14.2 g per plant, which was a 48% increase over
control [43]. Sheoran et al. [44] indicated that the supply
of 12.5 kg N + 40 kg P,0/ha to mung beans leads to an
increase in seed yield by 4.3 percent over no fertilizer
application under rainfed conditions. Application of
vermicompost at the rate of 5 t/ha gave an almost 16-17%
higher seed yield in mung bean compared to control [45].
In another study, Malik et al. [46] reported that the
combined application of 25 kg N and 75 kg P,Oy/ha results
in a higher seed yield of mung bean. The experiment
conducted by Sharma et al. [47] revealed that the
increasing rates of N and P up to 20 and 60 kg/ha,
respectively, increased the seed yield in mung bean.
In another experiment, the application of 30 kg N/ha with
a combination of 60 kg P,Os/ha significantly recorded a
higher seed yield of mung bean [48]. Similarly, application
of biochar at the rate of 25 tons/ha in combination with
FYM and mineral nitrogen at the rates of 10 tons/ha and
30 kg N/ha, respectively, is recommended for improving
mung bean productivity while using 60 kg P/ha as a basal
application at Peshawar, Pakistan [49]. From the pot
experiment conducted to determine the phosphorus
requirement of mung bean (Vigna radiata) using sorption
isotherms, a solution P concentration level of 0.2 pg/g
equivalent to 8.38 kg/ha gave the best grain yield in the
soils of Bende, South Eastern Nigeria, as well as a
concentration of 0.3 pg/g equivalent to 26.5 kg/ha gave
the best grain yield in the soils of Amaeke, South Eastern
Nigeria [50].
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CONCLUSIONS

In Ethiopia, mung bean production is getting
attention in the lowland areas, especially in the Amhara
region (North Shewa lowlands and South Wollo at Kallu
areas), in Oromia (some areas), the Southern Regional
State (in two zones), Tigray (Western Zone) and
Benishangul Gumuz Regional States. It is also produced
on a large scale on some private and state farms. In the
Shewarobit areas, it is being produced both in the short
rainy season (belg) and the main season. Its consumption
is not well known locally, but around Shewarobit areas,
boiled seeds are being used as "Nifro, " mixed with maize
and bean seeds. On the other hand, the export option to
Asian countries could be used as an opportunity to scale
up its production. Accordingly, it has been considered as
a commodity crop for foreign exchange and its price is
getting higher, though market accessibility is a big
challenge for the producers. Its production also remained
low due to the low attention given to improving its
production and productivity. Furthermore, mung bean
crop grain yield is a function of the cumulative effect of
various yield components, which are influenced by the
genetic make-up of the variety, various agronomic
practices and environmental conditions. The various
findings suggested that the management of nutrients in
an integrated manner and the adjustment of plant spacing
and density improved both the yield-attributing traits and
the final yield of mung bean. As indicated above, plant
density is one of the important factors in the fixation of
crop yield and is not stable for similar varieties in different
climatic conditions. The review of research results
covered in this paper supports the above statement by
reporting different spacing recommendations within
Ethiopia using a similar variety called "Rasa" (N-26).
Similarly, in different countries, different recommendations
have been made using plant spacing and/or seed rate and
fertilization, confirming the above statement.

In conclusion, for deciding plant density or seed rate,
the growing season, cropping system, average seed size
(100-seed weight) and the vigor of genotype, soil type
and environmental conditions are the major factors. Low
plant populations always give poor yields and excessive
plant  populations are disadvantageous and
uneconomical.
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