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Performance Evaluation of Mung Bean (Vigna Radiata(L.) Wilczek)
Varieties Under Variable Phosphorous Fertilizer Rates at Alage, Central
Rift Valley of Ethiopia

Habtam Tilahun Asratie(B.Sc), Debre Markos University

Major Advisor:- Walelign Worku (Prof,PhD), Hawassa University
Co- Advisor:- Demelash Kefale (PhD), Hawassa University

ABSTRACT

Mung bean is an important pulse crop in Ethiopia. However, lack of adapted high yielding
varieties and poor soil fertility, especially low levels of nitrogen and phosphorus, have been
demonstrated to be important constraints for the production of the crop. Field experiment
was conducted during the 2019 belg season to determine the Performance Evaluation of
Mung Bean (Vigna Radiata(L.) Wilczek) Varieties Under Variable Phosphorous Fertilizer
Rates at Alage Agricultural Technical and Vocational Education Training college
Experimental field. The treatments consisted of factorial combinations of four mung bean
varieties ( Boreda-1, N26, NVL-1 and shoa robit local) and four phosphorus fertilizer rates
(0, 23, 46 and 69 kg P,Os ha™) laid out in Randomized Complete Block Design with four
replications. Data were collected on plant height , number of nodules plant™®, nodules dry
weight plant™, root dry weight plant®, shoot dry weight plant™, number of branches plant™
,number of pods plant™, number of seeds pod™, hundred seeds weight, grain yield, harvest
index, biological yield, days to flowering and maturity. The variety Boreda-1 showed the best
performance in number of pods plant™, number of seeds pod™ ,and grain yield whereas NVL-
1 gave the lowest performance.Variety Boreda-1 also gave the highest gross benefit of
47624.22 ETB and the highest net benefit of 46749.22 ETB. But the lowest gross return and
net return were obtained from variety NVL-1 ,with 40044.38 ETB and 39169.38 ETB,
respectively. The increasing rates of phosphorous fertilizer showed substantial improvement
in nodules dry weight plant®, shoot dry weight plant® , plant height, grain yield, and
biological yield up to fertilizer rates of 46 kg P,Os ha™. Application of 46 kg P,Os ha™
recorded the highest gross income of 47053.13 ETB and net return of 45003.13 ETB and the
lowest values were recorded from the control; which were 40280.63 ETB and 40280.63 ETB
in that order. From the study,the interaction of variety Boreda-1 with phosphorous
fertilizer rates of 46 Kg P,Os ha™ recorded highest gross income of 50321.25 ETB and
net return of 47396.25 ETB .While, the lowest was recorded from the interaction of variety
NVL-1 with phosphorous fertilizer rates of 0 Kg P,Os ha® with a gross income of
36303.75ETB and net return of 35428.75 ETB. Accordingly,variety Boreda-1 and application
of 46 kg P,Os ha™*,can be used to improve productivity of mung bean in the study area.

Key words: grain yield , growth parameters, variety ,yield components
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1. INTRODUCTION

Legumes have been used for many years by Ethiopian farmers in crop rotation and
intercropping to maintain soil fertility. Legumes also hold a vital importance in improving
food and nutrition security, generation of income, providing livestock feed, soil erosion
control and water conservation, and as a source of fuel (Erana,2020). Mung bean (Vigna
radiata (L.) Wilczek) belongs to the family leguminoseae and sub-family papilionaceae. It is
a tropical, warm season legume crop adapted to a variety of soils (Karim et al., 2014). Mung
bean can be easily grown in newly reclaimed sandy soils and can be irrigated with saltwate
(Mohamed, 2005). The optimum temperature requirements for this crop ranges from 18-24°C
(Karim et al., 2014). Mung beans are a warm season crop requiring 90-120 days of frost free
conditions from planting to maturity (MoANR, 2016). Mung beans are annual legume crops
grown for their grain. Most mung bean grains are either green or yellow while some are

black. It is cultivated in several countries in Asia, Africa, and America (Karanja, 2016).

The world demand for Mung bean is increasing because of its significance to human nutrition
as a source of proteins, complex carbohydrates, vitamins, and minerals. In Ethiopia
mungbean has considerable importance in economical for income generation, as food, fodder
etc.(Tarikua, 2017). Mung bean sprouts are high in protein (21% -28%), calcium,
phosphorus, and certain vitamins. Because they are easily digested they replace scarce animal
protein in human diets in tropical areas of the world (MoANR, 2016). Eating mung beans
helps to reduce the cholesterol level in the body and helps in regulating the blood pressures in
a healthy manner and in that process it maintains the arteries and veins in good condition

(Minh, 2014). °

Mung bean plays key role in economic value, nutrition value and it adds nitrogen fertilizer to

soil through bacterial symbiosis. Although mung bean is not indigenous to Ethiopia, its



cultivation exists at some low land regions. However, mung bean genotypes used by
Ethiopian farmers are very few and still there is no improved cultivar which can tolerate to
different geographical location, resistant to diseases and insects, produce high yield and
nutrition quality (ltefa, 2016). Mung bean will contribute towards soil fertility through
nitrogen fixation; through deep root system that will utilize and recycle nutrients at depth;
through residues that increase organic matter and improve soil structure; and through

protection of the soil from erosion (Asim, 2006).

Farmers prefer Mung bean because of crop characters like, ability to resist harsh conditions
(drought stress, less soil fertility), and early maturing crop. The crop is well adapted under
warm,and drought ecological areas of Ethiopia (Tensay, 2015). There is a need to identify
better-yielding and well adapted cultivars, to develop appropriate agronomic packages and
popularize the crop in order to realize the crop’s potential,and varieties could give relatively
better yield (Fanuel and Walelign, 2013). About four improved varieties were released by
various research centers. Varieties released by Melkassa Agricultural Research Institute were
(NVL-1,and Rasa (N-26)), while by Southern Agricultural Research Institute (MH-97-

6(Boreda-1)),and by Humera Agricultural Institute(Arkebe(SML-6 68)) (MOANR,2016).

Improved technologies, high yielding varieties, and appropriate crop management practices
are major techniques to enhance the productivity of mung bean. Therefore, a concerted effort
by farmers, researchers, development agencies, and government are needed to ensure the
opportunities for Mung bean production (Mesfin, 2017). The requirement for phosphorus is
greater for healthy crop growth with efficient root system and profuse nodulation.
Phosphorus plays a key role in pod filling and ultimately enhances the production (Karim et
al., 2014). Phosphorus helps for better vegetative growth,and photosynthetic activity ascribed

by larger uptake of nutrients,and water from the soil by well developed root systems and



profuse nodulation which caused an increased in N supply from symbiotically fixed N in root

nodules (Sipai et al., 2016).

An adequate and balanced supply of essential nutrients is a cornerstone of improvements in
crop productivity. Improved phosphorous use efficiency will become increasingly important
in the future as farmers strive to achieve higher levels of productivity. In regions where crops
are chronically malnourished, increases in soil P fertility through soil improvement and
fertilizer use will underpin increases in productivity (Bovill et al.,2013). In areas where P has
been applied in excess of the crop requirements, better use of the soil P bank and a more
sustainable use of fertilizer P will be needed (Bovill et al., 2013). Most of the inorganic P
added to soils in fertilizers is usually adsorbed initially, but it may become absorbed by
diffusive penetration of phosphate ions into soil components. It is considered that this added
P is held with a continuum of bonding energies on the surfaces, or within, soil components,
and this gives rise to the differing extractability of soil P and its differing availability to

plants (FAO, 2008).

Khan et al. (2002) obtained a linear increasing trend in total biomass, straw yield, and grain
yield of mung bean with increasing the rates of phosphorous fertilizer from 0 Kg P,Os ha ™ to
100 Kg P,0s ha. Since P is readily mobilized in the plant, when a deficiency occurs the P is
translocated from older tissues to active meristematic tissues, resulting in foliar deficiency
symptoms appearing on the older (lower) portion of the plant. Other effects of P deficiency
on plant growth include delayed maturity, reduced quality of forage, fruit, vegetable, and
grain crops, and decreased disease resistance (Gautam, 2017). Plant-available soil phosphorus
is a term used to mean the portion of soil P that can be taken up from soil by crop roots.
However, the portion of usable or plant-available P in native soils is very low. Much of the
native soil P is contained in soil minerals and in soil organic matter in forms that remain

unavailable to plants. The frequency of crop response to added phosphate fertilizer can be
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strongly influenced by environmental conditions, particularly soil temperature and moisture.
Plant availability of P can be also affected by soil pH. Soil P is slightly more available in a
pH range of 6.0 to 7.5. At higher pH levels (>7.5), calcium,and magnesium may react with
phosphorus;creating forms that have slightly lower availability to plants (McKenzie, and

Middleton, 2013).

Mungbean is not yet produced in the study area eventhogh it can be potential production
area. This requires tests to identify adapted higher yielding cultivars and fertilizer
recommendations. Moreover, farmers in our country generally have a wrong notion about
pulses ,that being a legume crop they do not need any nutrient and usually grow on the
marginal lands without applying any fertilizer. It is important to make recommendations to
farmers in the study area that would help them grow mung bean crop in addition to other
crops by using appropriate varieties,and optimum rates of phosphorous fertilizer. There is a
need to identify the genetic yield potential of the existing improved mung bean varieties with
optimum phosphorus fertilizer rates. Thus, this experiment was done to evaluate the
performance of mung bean varieties under different rates of phosphorous fertilizer in the

study area.

Specific objectives were:

X2 To determine the effects of varieties, and different phosphorous fertilizer rates on
growth, yield and yield components of mung bean.

<> To investigate the possible interaction effects of phosphorous fertilizer rates and
varieties on the growth, yield and yield components of mung bean.

X To determine the economic feasibility of mung bean varieties, different phosphorous

fertilizer rates, and their interactions in the study area.



2. LITERATURE REVIEW

2.1. Origin and Distribution of Mung Bean

It originated in India or in the Indo-Burmese region . Mung bean cultivation spread in early
times to most other Asian countries and later to Africa, Australia and the Americas. In
Uganda, mungbean production is concentrated mainly in the eastern and northern regions and
is mainly cultivated at a subsistence level by smallholder farmers. The crop, however, is
steadily being adopted by large-scale commercial farmers in the country targeting its growing
demand, especially in the regional and international markets in Asia (Mbeyagala et al., 2017).
Presently, mung bean is the most important grain legume in Thailand and the
Philippines; it ranks second in Sri Lanka and third in India, Burma, Bangladesh,and
Indonesia (Sehrawat et al., 2013). The main production areas in south Africa are
Limpopo and Mpumalanga, where it is produced mainly for consumption. Mung beans
are not produced on a commercial scale. Several attempts at research into Mung bean
production have been made in South Africa, but with no success. This is largely because
of late and erratic pod maturing, which makes it difficult to determine the harvesting

period. It is also low yielding and susceptible to disease (DAFF, 2010).
2.2. Description and Climatic Requirements of Mung Bean

Mung bean is in the Legume family of plants and is closely related to cowpea. It is a warm
season annual, highly branched and having trifoliate leaves like the other legumes. The pale
yellow flowers are borne in clusters of 12-15 near the top of the plant. Mature pods are
variable in color (yellowish-brown to black); about five inches long, and contain 10 to 15
seeds. Self pollination occurs in the crop; so insect and wind are not required. Mature seed

colors can be yellow, brown, mottled black or green, depending upon variety (MoANR,



2016). The seeds are free from glycosides. The seed color exhibits a wide range of
variations at maturity from yellow, greenish-yellow, light-green and shiny green to dark-

green, dull green, black, brown, and green mottled with black (DAFF, 2010).

Pod maturity in mung bean is not uniform because the plants flower over an extended period.
This makes it difficult to decide when to harvest. Generally harvest should begin when one
half to two-thirds of the pods are mature. Seeds might be between 13%-15% moisture at this
time(Arain, 2012). The optimum temperature range for growth is between 27°C and 30°C.
This means that the crop is usually grown during summer. Seed can be planted when the
minimum temperature is above 15°C. Mung beans are responsive to daylight length. Short
days result in early flowering, while long days result in late flowering depending on variety.
Mung bean is considered to be heat and drought tolerant (Habte , 2018). Adequate rainfall is
required from flowering to late pod filling in order to ensure good yield. Mung beans are
adapted to the same climatic areas as soybean, dry bean and cowpea (MoANR, 2016). Mung
bean is mainly produced in areas having a rainfall record of 600 to 1000mm; sensitive to

water logging (Kidane and Bedru, 2000).

Late plantings which result in flowering during the high temperature-low moisture
periods will reduce yield. High humidity and excess rainfall late in the season can result in
disease problems and harvesting losses due to delayed maturity. Mung beans do best on
fertile, sandy loam soils with good internal drainage and a pH range of 6.3- 7.2. Mung beans
require slightly acid soil for best growth. Root growth can be restricted on heavy clays
(DAFF, 2010). Mung bean requires a starter dose of 18 kg Nitrogen ha™. For supply of
phosphorus 100 kg TSP ha® should be applied. Mung bean is a crop of indeterminate
flowering habits,and its pods mature subsequently. The crop has a slight shattering habit so
mature pods are to be harvested as soon as possible. Generally, two to three pickings are

sufficient. However, if new flowers are produced triggered by rainfall at the time of harvest,

6



two extra pickings may be required then the cumulative harvest increases by 30 percent of the

normal yield (FAO, 2012).
2.3. Mung Bean Production and its Economic Importance in Ethiopia

Mung bean is an important crop in Ethiopia. However, poor soil fertility, especially low
levels of nitrogen and phosphorus, has been demonstrated to be a major constraint to the
production of the crop in the country (Abayneh, 2018). From a total of 12.4 million hectares
of farmland in Ethiopia, the majority is used for production of cereals(9.16 million hectares);
a relatively small area is seeded to pulses (1.41 million hectares) (FAO, 2010). Mung bean is
originated from India and it has diversified to East, South, Southeast Asia (China), and some
countries in Africa. The average yield of the crop is limited to 600-800 kg ha™ due to

different reasons (EPP, 2004).

Mung bean is known locally as “Masho”. It is a recent introduction in the Ethiopian pulse
production and grown in few areas of the country. The volume of production is also very
small,and it is concentrated mainly in North Shewa and South Wollo zones of Amhara region
and in some woredas of Beneshalgul Gumuz region. The ECX mung bean contract classifies
the bean in to two varieties by production areas. These are: Green mung bean Shoa and green
mung bean Asossa type. Best adaptation areas for Mung bean are at 1,000-1,650 meters
above sea level; with annual rainfall of 600-750mm. Its production in Ethiopia is most suited
with clay loam fluvsol, clay eutric fluvisol, and pellic vertisol types of soil. It is usually sown
at “Belge” rainy season between Februarys to April and “Mehere” between Julys to August

when the rain starts to end (EXC, 2009).

Mung bean is a useful crop in drier areas and has a good potential for crop rotation and relay
cropping with cereals using residual moisture. Small holder farmers in drier marginal
environments in Ethiopia grow mung bean. As compared to other pulse crops, its production
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in Ethiopia is very negligible. However, for resource poor farmers in drier marginal
environments it has been an important grain legume (Asrate et al., 2012). There is a need to
expand its production to other potential areas where moisture stress is a challenge for
producing long maturing crops. Even in mung bean producing areas, its farming is based on
local cultivars that are low yielder, late maturing and susceptible to disease. These varieties
are challenged by current climate change. Moreover, there is huge demand for mung bean in

the international market particularly in south-east Asia (Wedajo, 2015).

Mung bean productivity in Ethiopia is estimated to be on average from 1.2 to 1.5 ton ha™
with a volume of production is increasing year to year. Amhara and Beneshangul Gumuz
regions are the two potential production areas of green mung bean. Although green mung
bean is commonly used in some other countries, it is little consumed in Ethiopia even by
those who produce it. It is only produced as a cash crop to generate income by selling it to
exporters. The major export destinations for Ethiopian green mung bean are: Indonesia, India,
Belgium, UAE, and Singapore. Other major global players in mung bean import comprises:
USA, Netherlands, UK, Canada, France, Germany, Norway, Sweden, and Malaysia (EXC,

2009).

There were many studies which deal with genetic variation and yield and yield related traits
of mung bean based up on morphological determination between mung bean genotypes.But
most importantly, genetic improvement of the exiting genotypes at molecular DNA level
biotechnological approaches can easily identify superior genotypes which can adapt to
different geographical location, resistant to diseases, and insects, produce high yield (ltefa
,2016). Despite its growing demand in the international market there is chronic supply gap in
Ethiopia from the production side. However, Ethiopia's mung bean export has grown slightly

from time to time (EPP, 2004).



Mung bean is a widely grown cash crop in the low land areas of North Shewa. How ever its
productivity was very low due to lack of improved seed and high pest and disease infestation
problems (Yehuala et al. ,2018). There is a need to expand its production to other potential
areas where moisture stress is confront for producing long maturing crops like the raya valley
in northern Ethiopia. However, the improved varieties are not yet introduced to farmers in
moisture stress areas (Teame et al., 2017). In Ethiopia local community mostly prepared
mung bean as boiled seed (NIFRO (Ambharic)), split seed (KIK WET (Amharic)), seed
powder (SHERO WET (Amharic)) and SHORBA (Ambharic)). In terms of improving soil
fertility, farmers are experienced on planting of mung bean as crop rotation system with other
cereals. This crop is also one way of good income generation system for farmers even if the

cultivation practice is less (Tensay, 2015).

2.4. Varietal Differences in the Growth, Yield, and Yield Related

Characters of mung bean

The natural variability for yield and yield related traits is very narrow in those highly-self
pollinated crops like mung bean,and further selection for improvement becomes impractical
due to its complex,and delicate floral structure,and very precise micro condition which is
required for pollen dehiscence, and fertilization. However, proper evaluation of the extent of
genetic variation available for yield components, their heritability values, and genetic
advance could be of great help for the breeders in order to choose good genotypes for
improvement (ltefa et al., 2014). Significant differences among genotypes of mung bean
were observed for yield related traits which showed that there is sufficient variability to have

an effective selection (Khan et al., 2017).

Plant height, number of leaves plant™, days to first flowering, effective pods plant™, fertile

seeds pod™ ,number of infertile seeds pod™, yield and seed weight were affected due to



varietal differences at different days after sowing. Generally there were significant
differences in the morphological and reproductive performances of different varieties of
mung bean (Hossain et al., 2016). Another researchers reported that there are differences in
pod length, number of pods plant™, number of seeds pod™, seeds weight, and grain yield
between mung bean varieties (Hossen et al.,2015). Dry matter accumulation differed
significantly among the varieties at all stages of growth. Variety had also significant
effect on number of pods plant?, length of pod and number of seeds pod™ (Dwivedi et
al.,2018). Imran et al.(2016) also reported that cultivars significantly affected plant height,
number of pods plant™, number of seeds pod™, biological yield , seed weight ,and harvest

index.

Varieties of mung bean differed significantly for plant height, dry matter plant™, number of
branches plant™, number of pods branch™, length of pod, number of seeds pod™, and seed
weight. Stover yield, and seed yield were also significantly affected by different varieties
(Zahan et al., 2016). Variety influenced emergence duration, plant height, number of
branches plant™ , total number of days after sowing to flowering, and productivity. These
results can be extremely important to the selection of genotypes with the fastest rate of
growth and development for cultivation programs, in order to obtain new genotypes with
short vegetation periods. The number of pods plant’ represents an important vyield

component, and should be useful as selection criteria (Robu et al., 2014).

The differences among varieties for leaf area and total dry mass were significant at all growth
stages. The morphological (plant height and branches number plant™), phenological
(flowering duration and days to maturity), and reproductive characters (number of opened
flowers plant * and reproductive efficiency) differed significantly among different cultivars. It
appeared that for getting superior characters of yield components, a high yielding mung bean

genotype should posses a relatively larger leaf area with superior growth parameters (Mondal
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et al., 2012). In contrast to the above researchers, Rehman et al. (2009) reported that different
varieties not perform differently in growth, yield and yield related characters such as plant
height, physiological maturity, days to flowering, days to emergence, number of pods plant™,
number of grains pod™, and grain yield. Ullah et al. (2010) also found among the genotypes,
the difference of plant height, number of pods plant™, number of seeds pod™, grain weight,

nodulation, and harvest index were not significant.

2.5. Effect of Phosphorous on the Growth, Yield and Yield Related

Characteristics of Mung bean

Phosphorus is very important for plant growth and yield. It is prone for fixation in the soil.

The serious problem of fixation reduces p-use efficiency and enhances cost of production.
P-solubilizing microorganisms are boon for this problem and confer many other benefits to
plants (Gupta , and Sahu , 2017). The higher fertilizer rates up to 60 kg P ha™ result in
better production of crop based on optimum inputs availability, and genetic makeup (Khan
et al., 2015). Growth parameters of mung bean, viz. plant height, number of branches plant™,
number of nodules plant™, plant dry weight (g), crop growth rate (g m? day™) and relative
growth rate(g g day™) are influenced by different sources of phosphorus. Yield attributes
such as number of pods plant™, number of grains pod™, seed yield (kg ha™), stover yield (kg
ha™), and test weight of mung bean also increased significantly due to different sources of
phosphorus (Kumar et al.,2017). Phosphorus helps to increase grain yield, seed quality,
regulate photosynthesis, govern physiological and biochemical processes as well as the
development of roots and nodulation which facilitates nitrogen fixation (Muchira et al.,
2018). Application of phosphorus enhanced dry matter and seed yield of mung bean over

control (Uddin et al., 2010).
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The response to applied P was more pronounced on soils low in available phosphorus than in
the other soils. Gradual increase in shoot dry matter yield over control was observed in low,
medium and high available P soils at all the P levels, and was found to be statistically
significant (Muralidharudu et al., 2003). Mung bean plants showed significant variation in
respect of plant height, number of branches, number of pods plant™, number of seeds pod™,
pod length, weight of seeds, seed yield (t ha™) and stover yield (t ha™) when phosphorus in
different doses were applied (Rahman et al., 2015 and Hamza et al., 2016). Yadav (2017)
reported that with the application of phosphorus, there was a significant increase in total
number of nodules on Mung bean as compared to the control. However, the increase in total
nodules with 60 kg P,Os ha™ was statistically at par with 40 kg P,Os ha™. Significantly the
highest plant height, seeds pod™ and test weight were observed under the treatment of higher
doses of P,Os ha™ over control (Sipai et al.,2016). In contrast to this Rani et al.(2016)

reported that plant height was not affected significantly with phosphorus application.

Parameters of green gram are influenced by graded levels of phosphorous. These parameters
were growth parameters like plant height, number of branches plant™, root dry weight, leaf
dry weight, stem dry weight and total dry weight of the plant and yield attributes viz., number
of pods plant™?, pod length, seed yield, straw yield, seed index, number of seeds plant™ (Khan
et al., 2017). Dry matter of plants at different growth stages increased with increase in
doses of phosphorus. Application of phosphorus resulted significant increase in all yield
attributing characters viz, number of pods plant®, grains pod™*,and length of pod with
increasing phosphorus. Phosphorus application accelerates the production of
photosynthates and its translocation from source to sink which ultimately reflected for higher
values of yield attributing characters. Application of phosphorus increased grain, and
straw vyield significantly with every increase in dose of phosphorous from 0 to 60kg P,Os

ha™ (Dwivedi et al., 2018). Phosphorous application had significant response on seed yield
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and straw yield production of summer green gram. All the higher doses of P significantly

enhanced the seed yield and straw yield production (Dharwe et al., 2018).

The effects of P on the yield of mung bean were found to be positive and significant. All the
levels of phosphatic fertilizer showed significant impact on mung bean crop compared to the
control plots. The application of phosphatic fertilizer at higher doses gave the maximum
number of pods plant®, number of grains pod®, and grain weight resulting ultimately
maximum grain yields (Ali et al., 2010). Different phosphorus levels significantly affected
the number of days to flowering, grain yield as compared to the control. Different doses of
phosphorus fertilizer significantly affect plant height, number of grains pod™, and number of
branches plant® in mung bean.Variable doses of P produce significantly different seed
grain weight. But maturity period was non significantly affected by different phosphorus

levels (Karim et al., 2014).

Yield attributes such as number of pods plant®, pod setting percentage, grains pod™, and
yield plant™ and grain weight increased significantly with increasing levels of phosphorus
from 0 to 80 kg P,0s ha™. Grain and straw yield increased significantly with increasing levels
of phosphorus. Increase in harvest index with phosphorus application is the indication of
better translocation of photosynthates from source to sink (singh et al., 2018). Plant height,
seeds pod™, seed weight, nodules plant™, nodules weight plant™, grain yield and straw
yield of mung bean significantly affected by different levels of phosphorous from 0 to 40

Kg P,0s ha (Sipai et al., 2016).

Plant height is the important component of straw yield and may also affect the grain yield. It
is a function of both the genetic makeup of the plant and the environmental conditions which
the plant is subjected during the growth. The minimum plant height and number of seeds

were recorded in plots where no phosphorus was applied. Maximum number of seeds pod™
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was recorded from higher phosphorous levels. Seed weight, and water use efficiency were
significantly affected by phosphorous levels. Biological yield of crop shows overall growth
performance of crops. It was influenced by different levels of phosphorus (Khan et al.,1999).
Phosphorous levels from 0 to 60 kg ha™ significantly affected plant height, number of pods
plant™, number of seeds pod™, biological yield, seed yield, seed weight, and harvest index

(Imran et al., 2016).

The plant height at maturity is influenced by phosphorus levels(0 to 90 Kg ha™). The
number of pods plant™ is also affected by various phosphorus levels. Number of seeds
pod™t is an important parameter that directly imparts in exploiting yield recovery. The
number of seeds per pod is significantly affected by different levels of phosphorus. Among
various parameters contributing towards economic yield of a crop, grain weight is of prime
importance and phosphorous significantly affected grain weight. There is significant
nodulation response of mung bean plants treated with different phosphorus levels. All

phosphorus levels showed non significant effect on harvest index (Ullah et al., 2010).
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3. MATERIALS AND METHODS

3.1 Experimental Site Description

An experiment was conducted at Alage Agricultural Technical and Vocational Education and
Training (ATVET) College which is located about 217 km south west of Addis Ababa and 32
km west of Bulbula town. It is situated at longitude of 38°30" East and latitude of 07°30" North.
It lies at an altitude of 1600 m above sea level in the dry agro-ecology of the south western part
of the Ethiopian central rift valley. The area has three distinct seasons, hamely main rainy (June
to September), short rainy (March to May), and dry(October to February) seasons. Based on ten
years data (1996-2005), the mean annual rainfall of the area is 800 mm, with mean minimum and

maximum temperatures of 11 and 29°C, respectively (Addisu ,2007).
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3.2. Treatments and Experimental Design

The treatments consisted of the factorial combinations of four mung bean varieties(MH-97-6
(Boreda-1), Rasa (N-26), NVL-1) and Shoa robit and four levels of phosphorus(0, 23, 46, 69 Kg
P,Os ha™). The source of P fertilizer was TSP. The treatments were laid out in Randomized
Complete Block Design with four replications. The description of the improved varieties are
given in table-1. A plot having uniform fertility,and even topography was selected for
experimental trial. Finally the lay out was done to meet the requirements of the experimental

design. The plot size was 2.5 x 2.1m and were kept 1m and 1.5m apart between plots and blocks

respectively.The spacing was 30 and 10cm between rows and plants respectively.

Table 1: Description of improved mung bean varieties

Varieties

Characteristics MH-97-6 NVL-1 Rasa (N-26)

(Boreda-1)
Altitude(masl) 1100 - 1750 1100 - 1750 900-1700
Rain fall (mm) 500 500 350-550
N:P Fertilizer (kg ha®) | N:18; P, 0546 N:18 ; P, O5:46 N:18 ; P, O5:46
Growth habit Indeterminate Determinate Determinate
Maturity group Medium Medium Medium
Flower Color White Yellow Yellow
Yield in research 1350 800-1500 800-1500
field(kgha ™)
Yield in farmer field(kg | 1000 500-1000 500-1000
ha™)
Year of release 2008 2014 2011
Breeder /Maintainer SARI/AWRC NirmalPIc/EIAR/MARC EIAR/MARC

Source: (MARC, 2014)
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3.3. Agronomic practices

Three improved Mung bean varieties; which were released by Hawassa Research Centre (MH-
97-6 (boreda-1)) and Melkassa Research Centre (Rasa (N-26), and NVL-1), and one local variety
called Shoa robit were used for the experiment. Phosphorous was applied at 4 rates or levels of
application(0, 23, 46, and 69 Kg P,Os ha™). The source of phosphorous fertilizer was TSP and all
the required amounts of phosphorus were applied in band method of application at planting time.
Nitrogen was applied at rates of 18 Kg N ha™* and the source of the fertilizer was Urea. Urea was
applied in split methods of application two times; half of the rates were applied at time of sowing
as starter fertilizer in bands beside seed rows; and the rest were applied after 3 weeks of the first

application.

3.4. Soil sampling and analysis

Pre-planting soil samples were taken randomly in a zigzag fashion from the experimental field at
the depth up to 20cm. Ten soil samples were taken by an auger from the whole experimental
field and combined to form a composited sample. From this mixture, a sample weighing one kg

was filled in to a plastic bag and prepared for the analysis.

The soil was air dried and sieved through a 2mm sieve. Then, soil pH was determined by diluting
the soil in a 0.01 M CaCl, solution in the ratio of 1 soil volume to 2.5 volume of the CaCl,
solution. Thus, twenty-five ml of the 0.01M CaCl; solution was added into soil sub samples each
weighing 10g. After equilibrating for 2-3 hours, the suspensions were filtered and the pH
measured by a glass electrode. Texture of the soil was determined by sedimentation method
(Hesse, 1971). The soil samples were analyzed for total nitrogen, exchangeable potassium, and

available phosphorous and organic carbon. Total nitrogen of the soil was determined by the
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Kjeldhal procedure (Bremner,1959). Organic carbon was determined by the method of Nelsen
and Sommers(1982). Available phosphorous content of the soil was determined by extraction
with 0.5M NaHCO3 (Olsen et al., 1954). Phosphorus in the extracts was determined with atomic
absorption spectrophotomer calorimetrically according to the molybdenum blue color method of

Murphy and Riley (1962).

3.5. Data Collection

3.5.1. Phenological parameters

Days from planting to flowering was recorded by counting the number of days when 50% of the
plants plot™ had the first open flowers. Number of days taken from planting to maturity was also

recorded when 90% of pods are matured plot™.

3.5.2. Nodule and growth parameters

Number of nodules plant™ were counted after five plants were selected randomly in sample rows
of each plot and uprooted carefully. The soil mass embodying the roots of the plants were then
removed and the total root nodules were counted to record average number of nodules plant™.
Nodule dry weight plant® were calculated after the total root nodules obtained from five
randomly selected plants from each plot were oven dried at 70° C for 48 hours. After complete
drying, the material was weighed on sensitive balance, and then average was written as nodules
dry weight plant™. Dry weight of roots plant™ were taken after five randomly selected plants

were uprooted and the soils embodying the roots were removed, oven dried and weighed.

Plant height was measured in centimeters from the ground level to the top of the plant at

physiological maturity of five randomly selected plants from each plot. The total number of
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branches were counted at physiological maturity from five randomly selected plants plot™ and
the average was calculated as number of branches plant™. To find out the effect of different
treatments on shoot dry weight plant™ of the crop, five plants were randomly uprooted from
rows of each plot. After removing the root portion, the above ground parts of the five plants were

dried in an electric oven at 70°C for 72 hours, and was weighted on balance and recorded.
3.5.3. Yield and Yield Related Characters

The pods of five randomly selected plants were counted and the average was worked out and
recorded as number of pods plant™. Number of seeds pod™ was recorded at harvest by counting
the number of seeds of five randomly selected pods from five plants and the average number of
seeds pod™ was calculated. The grain yield was harvested from three central rows (2.25m? area)
for five rounds. The grain yield was adjusted to 10% moisture content. Selected central rows
were harvested and weighed the total biomass as biological yield of the treatment by adding with
seed yield of that rows and converted into t ha™. Hundred seed weight was taken from hundred
seeds of plants from each plot and were weighted using a digital balance. Harvest index was

expressed as the ratio of mature seed yield to the total biological yield.

Harvest Index=Economic yield (t ha™)*100% ( Ismail (1993))

Biological yield (t ha™)

3.6. Statistical Analysis

The growth ,nodule and yield and yield related data were subjected to analysis of variance using

9.0 version of SAS soft ware. The means that differ significantly were separated using the LSD
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procedure at 5% level of significance. Correlation coefficient was also determined for important

parameters.
3.7. Economic analysis

An economic analysis was done using partial budget procedure as described by CIMMYT (1988)
in which prevailing market prices for inputs at planting and for outputs at harvesting were used.
The following were some of the parameters quantified. Unadjusted grain yield (UGY) (kg ha™)
is an average yield of each treatment. Adjusted grain yield (AGY) (kg ha™) is the average yield
adjusted down ward by 10% to reflect the difference between the experimental yield and yield of
farmers. Gross field benefit (GFB) (ETB ha™) was computed by multiplying field/farm gate price

that farmers receive from the crop when they sell it as adjusted yield.
GFB = AGY x field/farm gate price for the crop.

Total variable cost (TVC)(ETB ha™) were calculated by summing up the costs that vary,
including the cost of TSP fertilizer(14.5 ETB) ,cost for fertilizers application, and the price of
mung bean seeds at market(35 ETB). The net field benefit (NFB) were calculated by subtracting

the total variable costs (TVC) from gross field benefits (GFB) for each treatment.
NFB =GFB - TVC

Marginal rate of return were calculated by dividing change in net benefit (ANFB) by change in
total variable cost (ATVC) then multiplied by 100. The treatment with highest net benefit and

MRR > 100 was considered for recommendation.
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4. RESULT AND DISCUSSION

4.1. Soil physico-chemical properties of the experimental site

The soil physico-chemical properties of experimental site were determined before sowing as
shown in Table-3. The soils in the study area are silty loam in textural class. According to
Walkley and Black (1934) ranking, organic carbon (OC) <1.2% is categorized as low, 1.2-2% is
categorized as moderate , and more than 2% as high. The organic carbon of the soils in study
area was high. Soils are classified depending on their percent of total nitrogen content, as very
low (<0.1), low (0.1-0.15), medium (0.15-0.25), and high (>0.25) (Havlin et al., 1999). Thus, the
soils of the study area have low nitrogen content. Olsen P rating shows very low(<3 mg kg™),
low (4-7 mg kg*), medium (8-11.5 mg kg™), high (>12mg kg™) as described by Havalin et al.
(1999). The available P content of the soil in study area was medium.

According to the ratings of Landon (1991), top soils having CEC of >25, 15-25 cmol (+) kg™, 5-
15 cmol (+) kg* and <5 cmol (+) kg™ classified as high, medium, low and very low,
respectively. The cations exchange capacity (CEC) of the soils in study area categorized as high.

Soil pH has strong effects on nutrient availability. Soil pH of the study area was slightly alkaline.
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Table-2: Physio-chemical properties of soils of the experimental site

Parameters Methods Unit Values
Sand % 32

Silt % 51.5
Clay % 18.5
Textural Bouycos hydrometer Silt loam
class

pH pH meter pH(H20) 7.8
oC Walkley and Black % 2.3
TN Kjeldahl % 0.12
EC Electro Conductivity meter dsm* 0.34
Av.P Olsen method mg kg™ 11.24
Av.K Ammonium acetate (LIMN4OAC) | mg kg™ 570
CEC Ammonium acetate (LMN4OAC) | cmol kg™ 32.74

NB: TN = Total nitrogen,OC=0rganic Carbon, EC = Electrical conductivity, AV.P = Available

Phosphorus, AV.K = Available potassium, CEC =cat-ion exchange capacity.

4.2. Effect of Phosphorus application and variety on phenological parameters

of mung bean

The mung bean varieties showed significant variation in days to flowering of mung bean
(p<0.05). The variety boreda-1 was the latest in days to flowering(42days) which was
statistically similar with variety shoa robit(42days). Varieties(Rasa and NVL-1) were earlier

which takes 40 days for flowering and were statistically similar. The same result was observed

4.2.1 Days to flowering
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by Imran et al.(2016), Tarikua(2017), and Habte(2018) who noted that varieties significantly

affected days to flowering of mung bean crop.

In the present study P levels also significantly(p<0.001) affected days to flowering of mung bean
crop(Table-3). Among fertilizer rates 46kg P,Os ha™* was earlier in days to flowering(40 days
);but was statistically similar with 69 Kg P,0s ha*(40 days). The latest was recorded at 0 kg
P,Os ha™ (43 days) rates of phosphorous fertilizer. This might be due to phosphorous improves
flower formation and seed production. In line with this research finding Geletu and Mekonnen
(2018) , Karim et al. (2014) and Arebu et al. (2019) reported that phosphorous fertilizer rates
significantly affected the flowering date of mung bean crop. However, the interaction between
phosphorous fertilizer rates and variety in this experiment showed no significant effect on days

to flowering(Table-3).
4.2.2. Days to physiological maturity

Analysis of variance showed that days to physiological maturity was significantly(p<0.001)
responded to varieties of mung bean. The variety Boreda-1 took more number of days to
maturity(64 days); but was statistically similar with variety shoa robit(64 days). Variety N26 was
the earliest(60 days) which was statistically at par with variety NVL-1(62 days). Geletu and
Mekonnen(2018) and Mondal et al.(2012) also reported that varieties have showed significant
differences(p<0.05) on days to physiological maturity. Tarikua(2017) on mung bean and Gebre-
Egziabher et al. (2014) on haricoat bean crop reported that variety showed highly
significant(P<0.01) variation on days to physiological maturity. On the other hand, abscence of
significant variation among cultivars for maturity duration in mung bean have been reported

(Rehman et al., 2009 ; Habte, 2018).
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Phosphorous fertilizer rates in this experiment showed significant effect on days to maturity
(Table-3). The result showed that highest phosphorous rates(69 Kg P,Osha™) took shorter
number of days to physiological maturity(61 days) than the control(65days). The reason for
higher phosphorous rates to shorten number of days to maturity may be because phosphorous is
responsible for crop maturity when applied at the right time. Plants that lack phosphorous take
more time to mature(Tajer ,2016). Geletu, and Mekonnen(2018) and Arebu et al.(2019) reported
that phosphorous fertilizer rates have showed significant effects on days to physiological
maturity. Gifole et al.(2011) also reported in common bean crop that the level of phosphorous
supply had significantly influenced days to physiological maturity. In contrast to this; the
maturity period is non significantly affected by different phosphorus levels (Karim et al., 2014).
The data analysis from the present study showed that there was a non-significant effect of the
interaction of phosphorous fertilizer and variety on days to maturity of mung bean crop. This
result is in agreement with that of Takele et al. (2017) who reported that the interaction among

phosphorous fertilizer rates and lentil crop cultivars was non significant.
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Table-3: Main effects of phosphorus levels on days to flowering, and maturity of mung

bean varieties in 2019, at Alage.

Treatments DTF DTM
Varieties
Boreda-1 42° 642
N26 40° 60"
NVL-1 40° 62°
Shoa robit 42° 64°
L.SDo.05 1.56 1.50
P,Oskg ha™

0 43 65
23 41° 63°
46 40° 61°
69 40° 61°
L.SDo.05 1.56 1.50
CV (%) 5.37 3.37
PXV NS NS

LSD = Least significant difference, CV= coefficient of variations, P*V = the interactions of
phosphorus with variety, NS= non significant, DTF=days to flowering, DTM=Days to
maturity.Means followed by the same letter within the column are not significantly different at

P<0.05.
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4.3.Effect on Nodule and Growth parameters of mung bean crop

4.3.1. Number of nodules plant™

Analysis of variance of the present study showed that there was significant response of mung
bean varieties for number of nodules plant™(p<0.01)(Table-4). The variety N26 produced more
number of nodules plant(20.16 ) but was statistically similar with NVL-1(19.98). The lowest
was recorded from Shoa robit local(16.28). This is in agreement with Madhu (2013), Geletu,and
Mekonnen(2018), and Gebre-Egziabher et al.(2014) who reported that varieties differed
significantly from each other in nodules number plant™. In contrast, Tarikua (2017) and Ullah et
al.(2010) reported that number of nodules plant™” revealed no significance difference among

different varieties of mung bean.

Phosphorous fertilizer rates also showed significant difference for nodules number plant®
(p<0.01). Maximum number of nodules plant™ was recorded from 69Kg P,Os ha*(20.91) and the
minimum was from the control(15.69). The reason for this significant difference may be because
phosphorus helps in better nodulation and efficient functioning of nodule bacteria for fixation of
nitrogen. Similar results were reported by Jackson(2014) on soybean , and Arebu et al. (2019)
on mung bean who reported that phosphorous fertilizer rates have showed significant effects on
nodules number plant™. Amare et al.( 2014) in haricot bean and Abdul-Aziz(2013) in soybean
crop also reported that number of nodules plant™ were significantly affected by phosphorous
fertilizer. Yadav (2017) and Sipai et al. (2016) observed that with the application of phosphorus,
there is a significant increase in total number of nodules plant™ in mung bean crop as compared
to the control(OKg ha™). Similar to our result, Ullah et al. (2010) reported absence of significant

variation by the interaction among genotypes and phosphorus levels on nodules number plant™ in
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mung bean. In contrast, Amare et al.(2014) observed that nodules number was
significantly(P<0.01) affected by the interactions between variety and phosphorous in haricoat
bean crop. The variation in the reported results could be attributed to differences in soil,

genotype and species composition, and soil and weather conditions.

4.3.2. Dry Weight of Nodules plant™

Analysis of variance showed that nodules dry weight plant™ was significantly(p<0.001) affected
by main effects of variety, phosphorous levels and by their interaction(Appendix table-2). The
highest nodules dry weight(0.42g plant™) was recorded from variety NVL-1 and the lowest was
from shoa robit (0.34g plant™) ;but was statistically similar with boreda-1(0.34g plant™)(Fig.2).
Similar to this result, Das (2017) on common bean reported that there is significant difference in
the dry weight of nodules plant™ among different varieties. On the contrary; Abdul-Aziz (2013)
and Aziz et al. (2016) reported that variety had no significant(P>0.05) effect on nodules dry

weight of soybean crop.

In the present study, phosphorous fertilizer rates of 46 Kg P,Os ha™ recorded the highest nodules
dry weight(0.40g plant™) and the lowest was from 0 Kg P,Os ha™ (0.34g plant™). In line with
this, Rekha et al. (2018) observed that dry weight of root nodules were significantly increased
with increasing phosphorous levels from 20 to 40 kg P, Os ha™*. Jackson (2014) on soy bean, and
Arebu et al. (2019) on mung bean also reported that different phosphorus fertilizer rates
significantly(P<0.05) affected nodules dry weight. Yumnam et al. (2018) also reported
application of phosphorus showed marked improvement and significant difference in dry weight
of nodules plant™ over control for lentil crop.Analysis of variance also showed that there was
significant response of mung bean crop by the interaction of variety and phosphorous fertilizer

rates. The varieties N26 and NVL-1 at 46 and 69 Kg P,Os ha™ produced heavier dry weights of
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nodules plant™® and the lower dry weights were obtained from all cultivars at control fertilizer
rate(Fig.2). More importantly, only cultivars N26 and NVL-1 responded to P fertilizer
application while the remaining two did not show a response. Differently,Abdul-Aziz(2013) on
soy bean crop and Takele et al. (2017) on lentil crop reported that the interactions of variety and

phosphorous fertilizer rates had no significant effect on nodules dry weight.
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Figure 2: The interaction effects of variety and phosphorous on nodules dry weight plant™ of
mung bean crop.

Where NDW= nodule dry weight, var=variety
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4.3.3. Root dry weight plant™

Analysis of variance showed that mung bean varieties differ significantly for dry weight of roots
plant™ (p<0.05)(Table-4). The variety NVL-1 produced the highest root dry weight(4.07 g plant
1) which was statistically similar with variety N-26 (4.05 g plant™) : but the lowest root dry
weight (3.73 g plant™) was recorded by variety shoa robit(Table-4). Similar results were also
explained by Jaidee et al.(2012) who reported that soybean cultivars had significantly different
root dry weights. In the present study; phosphorous fertilizer application in different rates also
showed significant difference in Mung bean for root dry weight(p<0.01)(Table-4). Significantly
highest root dry weight was recorded from phosphorous fertilizer rates of 69 Kg P,Os ha™'(4.17g
plant™) followed by 46 Kg P,Os ha?(3.91g plant™) and the lowest root dry weight was from the
control(3.64g plant™) (Table-4). The reason may be that phosphorous boosts the development of
the roots necessary for the plant to get nutrients from the soil (Tajer, 2016). These results were
confirmed by the findings of Khan et al. (2017) and Bhuiyan et al. (2008) who observed that the
difference in the root dry weight of Mung bean is significant due to different levels of

phosphorous.
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Table-4: Main effects of phosphorous on nodules number and root dry weight of mung

bean varieties in 2019, at Alage.

Treatments NN NDW(g plant™) RDW(g plant™)
Varieties

Boreda-1 16.82° 0.34° 3.77°
N26 20.16 0.36" 4.05°
NVL-1 19.98° 0.40% 4.07°
Shoa robit 16.28" 0.40° 3.73°
L.SDq.0s 2.47 0.02 0.25
Pkg ha™

0 15.69° 0.34° 3.64°
23 18.29° 0.40° 3.90°
46 18.35° 0.42° 3.91°
69 20.91° 0.34° 4.16°
L.SDq.0s 2.47 0.02 0.25
CV (%) 18.94 7.73 8.94
PXV NS 0.04 NS

LSD = Least significant difference, CV= coefficient of variations, P*V = the interactions of
phosphorus with variety, NS= non significant, NN=Nodule number, RDW=Root dry weight per
plant.Means followed by the same letter within the column are not significantly different at

P<0.05.
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4.3.4. Plant height

Analysis of variance showed that there was significant difference among mung bean varieties for
plant height(p<0.001)(Table-5). The longest plant height was recorded from variety boreda-
1(51.15cm); but was statistically similar with shoa robit(48.93cm)(Table-5). The shortest plant
height was recorded from variety N26(rasa)(42.7cm). In line with this finding, Geletu,and
Mekonnen (2018), Mondal et al. (2012), Imran et al. (2016) and Madhu(2013) reported that the
variation among varieties for plant height is significant. Khan et al. (2017) and Fantaye et al.
(2019) found that there is highly significant differences(P=0.01) among the genotypes for plant
height. Amare et al.(2014) also reported significant differences(P<0.01) in plant height among
varieties of haricot bean crop. These findings are in contradiction with those reported by Ullah et
al.(2010) and Rehman et al.(2009) that the differences of plant height is non significant among
different cultivars. Aziz et al. (2016) , and Abdul-Aziz (2013) on soya bean crop also obtained

non significant (P>0.05) effect of varieties on plant height.

Analysis of variance also showed that plant height was significantly affected by phosphorous
fertilizer rates. The highest plant height was recorded from p rates of 46 Kg P,Os ha™*(51.93cm)
and the lowest was recorded from the control(40.24cm). The reason for this may be that
phosphorus plays a key role in plants that enough phosphorous helps all parts become well
developed and grow quickly (Tajer, 2016). In agreement to this finding, Imran et al. (2016),
Singh et al. (2017) , Rekha et al. (2018), and Rahman et al. (2015) showed that P levels
significantly affected plant height of mung bean crop. Plant height increased significantly as the
rates of phosphorous increased in common bean crop(Mesfin et al., 2014). Application of
phosphorus resulted in significant increase in plant height at different stages of growth up to 60

kg P,Os ha™(Dwivedi et al., 2018). In contrast to this result, Nikfarjam et al. (2015), Rani et al.
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(2016), and Gifole et al. (2011) observed that plant height is not significantly affected by
phosphorus application. The interaction between phosphorus and variety showed non significant
difference among treatments for plant height. The same result was reported by Imran et al.(2016)
that the interaction between variety and phosphorous on plant height showed non significant

effect in mung bean crop.

4.3.5. Number of primary branches plant™

The results from data analysis showed that there was significant(p<0.001)(Table-5) effect of
varieties on number of primary branches plant™ in mung bean crop. The maximum number of
branches plant™ were obtained from variety boreda-1(6.14) followed by shoa robit(5.48) and the
lowest was recorded from variety N26(4.78) (Table-5). Variation in number of primary branches
plant™ might have occurred due to the differences in genetic make-up of the tested varieties.
Similarly, Achakzai et al.(2012), Madhu (2013) , and Dwivedi et al. (2018) reported that
branches number plant™ differed significantly among the studied varieties. In contrary to this,
Tarikua (2017) obtained non significant effect of variety on the number of primary branches

plant™.

In case of phosphorous fertilizer rates, treatments fertilized with 69kg P,Os ha™ produced higher
number of branches plant™ (6.42) and the treatment not fertilized produced the lowest(4.25)
number of branches plant™ (Table-5). The reason may be due to phosphorus supplying might
have stimulated the rate of various physiological process favouring increased growth and yield
attributes(Verma et al., 2017). Similar to this research finding, Gautam (2017), Rahman et al.
(2015), and Hamza et al. (2016) reported that number of branches plant™ varied significantly due

to the different levels of phosphorus. Similarly, Geletu and Mekonnen (2018) and Bhuiyan et
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al.(2008) reported phosphorous levels have showed significant effects (p < 0.05) on number of
branches plant®. Meseret ,and Amin (2014) reported that the application of phosphorous
fertilizer significantly affected the number of branches plant™ in haricoat bean crop. In contrasts,
Khan et al.(2017) found that different levels of phosphorus has non significant effect on
branches number plant™. In the case of the interaction of mung bean varieties and phosphorous
fertilizer rates, significantly (p<0.05) maximum number of branches plant™ was recorded from
the interaction of variety boreda-1 with p rates of 69 Kg P,Os ha™(7.51) and the lowest was from
the interaction of variety NVL-1 with control (4.07)(Fig.3). Similarly,Mesfin et al.(2014) on
haricot bean crop reported that the interaction of varieties and phosphorous fertilizer rates
significantly affected number of branches plant™. In contrary to the present result, Takele et
al.(2017) reported that the number of branches plant™ were not significantly affected by the

interaction of variety of lentil crop with phosphorous fertilizer rates.
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Figure 3: The interaction effects of variety and phosphorous on number of branches plant™ of
mung bean crop.

Where NB=number of branches
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4.3.6. Shoot dry weight plant™

The results from this research finding showed that mung bean varieties and phosphorous
application significantly affected shoot dry weight of mung bean crop(p<0.001)(Table-5).
Significantly highest shoot dry weight(19.93 g plant™) was recorded from variety boreda-1
followed by shoa robit (17.71 g plant™) ; but the lowest was recorded from variety Rasa (N-26)
(12.67 g plant™). The present finding was supported by Jaidee et al. (2012) who reported
soybean cultivars were significantly differ in shoot dry weight. These findings are in conflict
with the results of Aziz et al. (2016) and Abdul-Aziz (2013) who reported shoot dry weight

(biomass) at mid-flowering was not significantly influenced by varieties of soy bean.

In case of phosphorous fertilizer rates, the highest shoot dry weight was recorded from 46 Kg
P,0s ha™ (19.17 g plant™) and the lowest was from the control(12.19 g plant™). The reason may
be due to phosphorus supplying might have stimulated the rate of various physiological process
favouring increased growth and yield attributes(Verma et al., 2017). This research results were
also supported by Khan et al. (2017) on mung bean,Abdul-Aziz (2013) and Jaidee et al. (2012)
on soybean who reported that the differences in the dry weight of the plant due to levels of
phosphorus was significant. Bhuiyan et al.(2008) also found significant effect of phosphorous on
shoot dry weight of mung bean. Jackson (2014) on soybean and Arebu et al. (2019) on mung
bean observed that phosphorus fertilizer rates response were highly significant(p<0.05) on shoot

biomass.
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Table-5: Main effects of phosphorous on growth parameters of mung bean varieties in

2019,at Alage.

Treatments Plant Height(cm)  Number of Branches  Shoot Dry Weight(g plant™)
Varieties

Boreda-1 51.15° 6.14° 19.93%
Rasa(N-26) 42.70° 4.78° 12.67°
NVL-1 44.69" 4.87° 15.29°
Shoa robit 48.93° 5.48" 17.71°
L.SDo.s 3.48 0.25 1.71
Pkg ha’

0 40.24° 4.25° 12.19°
23 47.55 4.88° 15.37°
46 51.93% 5.70° 19.17°
69 47.75° 6.42° 18.88°
LSD o5 3.48 0.25 1.71
CV (%) 10.43 6.72 14.65
PXV NS 0.51 NS

LSD = Least significant difference, CV= coefficient of variations, P*V = the interactions of
phosphorus with variety, NS= non significant, PH=plant height, NB=number of branches per
plant, SDW=shoot dry weight per plant.Means followed by the same letter within the column are

not significantly different at P<0.05.
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4.4. Yield and Yield Components of Mung Bean Crop

4.4.1. Number pods plant™

Analysis of variance showed that varieties effects was significant(p<0.001) on number of pods

plant'l. Higher number of pods plant'1 were recorded from variety boreda-1(36.71) followed by

N26 (34.38) and the lowest number of pods plant'l was recorded from variety NVL-1(23.86).

The reason for this significant difference might be due to the differences in the genetic make up
of the tested varieties. Similarly, Habte (2018), Imran et al.(2016), Madhu (2013), and Zahan et
al.(2016) reported that cultivars significantly affected number of pods plant™®. Gebre-Egziabher
et al. (2014) also found significant differences (P<0.001) among haricoat bean varieties for
number of pods plant™. Khan et al. (2017) found highly significant differences(P=0.01) among
the genotypes for number of pods plant™. In contrast, Khan et al.(2015), Fantaye et al. (2019)
and Rehman et al. (2009) obsevred no significant difference on number of pods plant™ among

mung bean cultivars.

The results from data analysis showed that phosphorous fertilizer rates of 69 Kg P,Os ha™
produced higher number of pods plant™ (32.69) followed by 46 Kg P,Os ha™ (31.02) and the
lowest was from 0Kg P,Os ha'(26.52). The reason for higher phosphorus rates produce more
number of pods plant™ might be P plays a key role in pod filling and ultimately enhances the
production (Karim et al., 2014). Similarly, Gautam(2017), and Imran et al.(2016) reported that
phosphorous levels significantly affected number of pods plant™. Ullah et al. (2010) also found

that mung bean crop showed highly significant response to phosphorus fertilization on number of
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pods plant'l.ln contrast,Khan et al.(2015) found that number of pods plant® showed no

significant variation for the different phosphorous levels.

Analysis of variance showed that there was significant difference by the interaction of variety
and phosphorous fertilizer rates(p<0.01). Significantly higher number of pods plant® was
recorded from the interaction of variety Boreda-1 with 69 Kg P,Os ha™ (39.38) ,but it was
statistically similar with other interactions such as the interaction of variety Boreda-1 with 23
and 46 Kg P205 ha™ and variety Rasa(N-26) with 23 and 69 Kg P205 ha™. While the lowest
was from the interaction of variety NVL-1 with the control (21.09) though statistically at par
with the interaction of this variety with 23 Kg P205 ha™ (Fig.4). The interaction also showed
that the varieties Boreda-1 and N26 repsonded more to P application compared to the control,
than the remaining two varieties. This result is in agreement with that of Khan et al. (1999) who
reported that number of pods plant™ significantly influenced by the interaction of different levels
of phosphorus and varieties of mung bean. Amare et al.(2014) on haricot bean also reported that
application of phosphorus at 40 kg P,Os ha™ produced the maximum significant pods number
(19.011) while the lowest number of pods(12.944) was obtained from the control. Conversly,
Ullah(2010),and Imran et al. (2016) reported that the interaction effect of P fertilizer and mung

bean cultivars for number of pods per plant was non significant .
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Figure 4: The interaction effects of variety and phosphorous on number of pods plant™ of

mung bean crop.

Where:NP=number of pods plant™

4.4.2. Number of seeds pod™

Analysis of variance showed that varieties had shown significant variation(p<0.05) in number of
seeds pod™ of mung bean crop(Table-6). Higher number of seeds pod™ was recorded from
variety Boreda-1(12.46) ;but was statistically similar with variety Rasa(N-26)(12.46) and the
lowest was from variety NVL-1(12.04). In line with this research finding, Habte (2018) , Zahan
et al. (2016), Khan et al. (2015), Hussain et al. (2011), Khan et al. (2017), and Madhu (2013)
reported that number of seeds pod™ showed significant differences among the tested varieties.

Tarikua( 2017) also reported that variety MH-97-6 had significantly higher number of seeds pod
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! (10.08) than variety N-26 (9.41). Contrary to this, Rehman et al. (2009) showed that different

varieties showed non significant difference on number of grains pod™ in mung bean.

In case of phosphorous fertilizer rates, significantly(P<0.001) higher number of seeds pod™ was
recorded from 46Kg P,Os ha*(12.52),and the lowest was from 0 Kg P,Os ha™'(11.82) (Table-6).
The reason for the significant difference may be that phosphorus is required in relatively large
quantities for seed production(FAIAT,2019). Similarly Dwivedi et al.(2018), Yadav(2017), Rani
et al.(2016), and Bandani et al.(2014) reported that number of seeds pod™ is significantly
affected by phosphorous levels. Karim et al.(2014) found that various phosphorus levels(0-100
Kg P hal) had highly significantly affected the number of grains pod™. Meseret , and Amin
(2014),and Mesfin et al. (2014) also found that seeds pod™ showed significant response to
phosphorous levels in haricoat bean crop. Rahman et al.(2015) found number of seeds pod™
increased with P levels from 0-20 kg ha™ then declined. In contrst with the present study, Khan
et al.(2015) observed that fertilizer application had non significant response on number of seeds
pod™. The present research result showed that the effect of the interaction between variety and
phosphorous was non-significant on number of seeds pod™. Similarly Imran et al.(2016) reported

that the effect of interaction of phosphorous fertilizer levels and variety is not significant.
4.4.3. Grain yield ha™

The data from this research revealed that varieties (p<0.001) influenced grain yield of mung bean
(Table-6). The higher grain yield was recorded from variety boreda-1(1.51 t ha™) followed by
N26 (1.42 t ha) and the lowest was from NVI-1(1.27 t ha™). Varietal differences revealed that,
the mung bean genotypes used in the present study possessed a high variability and are

genetically diversified for grain yield. Similar to this finding, Kabir and Sarkar(2008) , Ahmad et
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al. (2003), Fantaye et al. (2019), Dwivedi et al. (2018) and Mondal et al. (2012) observed
significant variation in seed yield among different varieties of mung bean. Wedajo (2015) also
reported highly significant difference between varieties for seed yield. The highest seed yield
was recorded from variety MH-97-6(Boreda-1) followed by N-26, and Shewarobit. Different
from the present investigation, Rehman et al.(2009) on mung bean,and Abdul-Aziz (2013) on

soy bean observed varietal differences to be non significant (p<0.05) for grain yield.

In case of phosphorous fertilizer rates, grain yield was significantly increased with increasing
phosphorous fertilizer rates up to 46 Kg P,Os ha™ (p<0.001)(Table-6). The higher grain yield
was obtained from 46 Kg P,Os ha*(1.5 t ha™) followed by 69 Kg P,Os ha™'(1.41 t ha™) fertilizer
rates though statistically at par. The lowest grain yield was recorded from the control(1.28 t ha™).
The increase in grain yield with P application might be due to the increase in source capacity
viz., plant height, branches plant™ and dry matter accumulation as well as sink capacity viz.,
pods plant™, grain number plant™. Moreover, it could be attributed to the role of P towards better
utilization of photosynthate towards sink formation(Singh , 2018). Similarly,Sipai et al.(2016),
Serawat et al. (2018), Karim et al. (2014), and Khan et al. (2017) reported that grain yield of
mung bean is significantly affected by different phosphorous levels. Khan et al. (1999) also
reported that application of 60, 90, and 120 kg P,Os ha™ resulted in highest yields that were
statistically similar.While, minimum seed yield recorded from the control. Dwivedi et al. (2018)
obtained that application of phosphorus fertilizer increased grain yield significantly with every
increase in dose of phosphorous upto 40 kg P,Os ha™l. The present research result showed that
the effect of the interaction between variety and phosphorous was non-significant on grain yield

of mung bean crop.
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Table-6: Main effects of phosphorous and variety on number of seeds pod™, and grain yield

ha* of mung bean crop, in 2019, at Alage.

Treatments NPPP NSPP Grain Yield(t ha™)
Varieties

Boreda-1 26.52° 12.46° 1.51°
N26 30.69" 12.46° 1.42°
NVL-1 31.02° 12.04° 1.27°
Shoa robit 32.69° 12.09" 1.33°
L.SDq.05 1.41 0.33 0.078
Pkg ha™

0 36.71° 12.19° 1.28°

23 34.38° 11.82° 1.36"
46 23 .86" 12.52° 1.5
69 25.97° 12.52° 1.41°
L.SDq.05 1.41 0.33 0.078
CV (%) 6.55 3.79 7.96
PXV 2.82 NS NS

LSD = Least significant difference, CV= coefficient of variations, P*V = the interactions of P
with variety, NS= non significant, NSPP=number of seed per pod, GY=grain yield ha™*.Means

followed by the same letter within the column are not significantly different at P<0.05.
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4.4.4. Biological yield ha™

The results from the present research showed that variety and phosphorous application had
significantly affected biological yield of mung bean crop(p<0.001)(Table-7). But their
interaction was non significant. The highest biological yield was recorded from variety Boreda-
1(4.23 t ha') but was statistically similar with shoa robit(4.14 t ha™'),and the lower was from
N26(3.89 t ha'). In agreement to the present study, researchers reported that cultivars
significantly varied for biological yield in mung bean crop(Imran et al., 2016). Khan et al. (2017)
observed highly significant variation(P=0.01) among genotypes for biological yield. In contrary
to this, Rasul et al. (2012) and Khan et al. (2015) reported that biological yield is not

significantly affected by varieties of mung bean crop.

Statistically higher biological yield was recorded from phosphorous fertilizer rates of 46 Kg P,0s
ha?(4.29 t ha™); but was statistically at par with 69 Kg P,Os ha™. The lowest biological yield
was obtained from the control(3.81 t ha™®). The reason may be due to the fact that phosphorus
fertilizer helps the crop to produce more seed and other reproductive parts that ultimately
contributed to total biological yield. Similar to the present research finding other researchers
reported that phosphorous application had significantly affected biological yield of the mung
bean crop(Khan et al., 2015, and Imran et al., 2016). Higher rate phosphorous treatments resulted
in significantly higher total biomass over the control (Gifole et al., 2011). Hamza et al. (2016)
also reported that phosphorous application had significantly affected biological yield of mung
bean crop. In the present finding, the interaction effect between variety and phosphorous rates

was showed to be non significant on biological yield of mung bean crop.
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4.4.5. Harvest index

The analysis of variance from the present study showed that mung bean varieties significantly
affected harvest index(p<0.001)(Table-7). The highest harvest index was recorded from variety
Rasa(N-26)(36.72%) ,but was statistically similar with boreda-1(35.81%). The lowest harvest
index was obtained from NVL-1(32.24%). In line with the present research finding, Kabir and
Sarkar (2008), and Imran et al.(2016) obtained that cultivars significantly affected harvest index.
Khan et al.(2017) also reported highly significant variation(P=0.01) among the genotypes for
harvest index. Tarikua (2017) reported that variety ‘MH-97-6" gave significantly higher harvest
index (32.38%) than variety Rasa(N-26) with harvest index of 26.77%. In contrasts, Ullah et al.

(2010) reported that difference in harvest index is non significant among different cultivars.

In the present research result analysis of variance showed that there was non significant
difference among different rates of phosphorous fertilizer and by the interaction of mung bean
varieties and P rates for harvest index. Similarly, Amare et al. (2014) and Gifole et al. (2011)
reported that phosphorous fertilizer rates have not produced any significant effect on harvest
index of haricot bean crop. Conversly, Daniel, and Tefese (2018),and Khan et al.(2017) observed
that harvest indices varied significantly(P<0.01) among phosphorous fertilizer levels in field pea
crop. Hamza et al. (2016) also reported that various levels of phosphorus have significant effect
on harvest index. The interaction among genotypes and phosphorus levels was also non
significant. In the same manner various treatment combinations of phosphorous fertilizer by

variety has not influenced harvest index(HI) significantly(Ullah et al., 2010).
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4.4.6. Hundred Seed weight

Results showed that varieties of mung bean significantly(p<0.05) affected hundred seed
weight(Table-7).Significantly heavier hundred seed weight was recorded from variety Rasa(N-26
)(5.069); but was statistically similar with variety NVL-1(5.04 g ). Smallest seed weight was
recorded from variety shoarobit(4.73 g). Variation in seed weight between varieties may be
attributed to differences in genetic make up of the crop plants. Similarly Tarikua ( 2017),
Yehuala et al. (2018),and Abdul-Aziz (2013) reported varietal differences to be significant
(p<0.05) for seed weight. Gebre-Egziabher et al. (2014) obtained that haricot bean varieties had
a significant variation among each other for seed weight. Hussain et al. (2011), Rasul et al.
(2012), Zahan et al.(2016) , Ahmad et al. (2003) and Rehman et al. (2009) also reported that
different varieties have significantly differed in grain weight. On the other hand,Khan et al.
(2015) obtained that mung bean cultivars produced seeds of the similar weight with out no

significant difference.

Phosphorus fertilizer rates of 69 Kg P,Os ha™ gave heavier seed weight(5.17g) followed by 46
Kg P,Os ha (4.9g) and the lowest was from the control(4.63 g). Similarly, Yin et al. (2018)
reported that seed weight of mung bean significantly increased with kg of P ha(0-26 Kg P,0s
ha™). Ullah et al. (2010) ,Gautam (2017),Imran et al. (2016) also reported that phosphorous
fertilizer rates significantly affected grain weight. Karim et al. (2014) also reported that the
variable doses of P,0s(20 to 100kg ha™) led to production of significantly heavier seeds as

compared to control.
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Table-7: Main effects of phosphorous and variety on biological yield, harvest index, and

hundred seed weight of mung bean crop, in 2019, at Alage.

Treatments  Biological Yield(t ha™) Harvest Index(%0) HSW(g)
Varieties

Boreda-1 4.23° 35.81° 4.77°
N26 3.88" 36.72° 5.06
NVL-1 3.94° 32.24° 5.04°
Shoa robit 4.14° 32.36" 4,73
LSDo.0s 0.166 2.16 0.25
Pkg ha’

0 3.81° 33.77 4.63°
23 3.98" 34.33 4.89°
46 4.28° 34.92 4.90°
69 4.12% 34.12 5.17°
LSD 005 0.166 NS 0.25

CV (%) 5.75 8.87 7.13
PXV NS NS NS

LSD = Least significant difference, CV= coefficient of variations, P*V = the interactions of
phosphorus with variety, NS=non significant, BY=biological yield, HI=harvest index,
HSW=hundrad seed weight. Means followed by the same letter within the column are not

significantly different at P<0.05.
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4.5.Correlation Analysis

Correlation coefficients were computed to assess the relationships between growth, yield
and yield components of the mung bean varieties at different phosphorous levels(Appendix
table-6). Number of nodules plant™ had positive and significant correlation with nodules dry
weight (0.49 ), root dry weight(0.62) and hundred seed weight(0.70) of mung bean crop. Grain
yield had positive and significant correlations with plant height (r=0.55), number of branches
plant™ (0.52), shoot dry weight(0.5), number of pods plant™ (0.64), number of seeds pod™ (0.37
),biological yield (0.49) ,harvest index (0.74). These positive correlations among growth and
yield related parameters elucidated that all of them had a cumulative contribution for increasing
the grain yield in mung bean.This leads to the conclusion that an increase in those growth and
yield related parameters simultaneously increased the total yield. In contrast, days to 90%
maturity negatively correlated with yield, which means these factors had negative effect on grain
yield. Teame et al.( 2017) reported that plant height (r=0.80), days to flowering (r=0.38), number
of pods plant™ (r=0.95), number of seeds pod™ (r=0.88) and hundred seed weight (r=0.93) are

correlated positively with grain yield.

Plant height has positive and significant correlation with number of branches plant™ (0.58), shoot
dry weight (0.71) ,number of pods plant* (0.31), grain yield(0.55) and biological yield(0.85).
These results are in agreement with Gebre-Egziabher et al.(2014) who reported that plant height
had highest positive correlation with number of pods plant™ , grain and biomass yield. Plant

height had a negative correlation with days to flowering, seed weight, and nodulation.
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4.6 Economic analysis

The highest gross return and net return were recorded from variety boreda-1 which are 47624.22
ETB and 46749.22 ETB respectively. But the lowest gross return and net return were obtained
from variety NVL-1 ,with 40044.38 ETB and 39169.38 ETB, respectively. Ahmad et al. (2003)
and Yehuala(2018) also reported differences in NFB among mung bean cultivars. In case of
phosphorous fertilizer application, the gross return and net return were increased with increase in
each level of phosphorus up to 46 Kg P,Os ha™. Application of 46 kg P,Os ha™ recorded highest
gross income of 47053.13 ETB and net return of 45003.13 ETB and the lowest was recorded
from the control with a gross income of 40280.63 ETB and net return of 40280.63 ETB. This is
in line with Dwivedi et al. (2018) and Singh (2018) who stated that the gross return increased
with increasing level of phosphorous application in mung bean crop. From the study, the
interaction of variety Boreda-1 with phosphorous fertilizer rates of 46 Kg P,Os ha™
recorded highest gross income of 50321.25ETB and net return of 47396.25 ETB .While, the
lowest was recorded from the interaction of variety NVL-1 with phosphorous fertilizer rates of 0

Kg P,Os ha* with a gross income of 36303.75ETB and net return of 35428.75 ETB.
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Table-8 :Partial budget Analysis of main and interaction effects of variety and
phosphorous fertilizer rates for mung bean at Alage,in 2019.

Treatments Unadjusted Adjusted GFB(ETB) | TCV(ETB) Net field
yield(Kg ha™) yield(Kg ha™) benefits

A. Variety

Boreda-1 1511.88 1360.692 |  47624.22 | 875 46749.22
N-26 1423.13 1280.817 44828.6 | 875 43953.6
NVL-1 1271.25 1144.125 |  40044.38 | 875 39169.38
Shoa robit 1333.75 1200.375 |  42013.13 | 875 41138.13
B.Phosphorous

0 KgP,0sha™ | 1278.75 1150.875| 40280.63| 0 40280.63
23 Kg P,0s ha™ | 1362.50 1226.25 |  42918.75 | 1325 41593.75
46 Kg P,Os ha™ | 1493.75 1344.375 |  47053.13 | 2050 45003.13
69 Kg P,0s ha™ | 1405.00 1264.5 442575 | 2775 41482.5

C. Variety*Phosphorous

Boreda-1*0 1432.50 1289.25 45123.75 875 44248.75
Boreda-1*23 | 1485.00 1336.5 16777 5 | 2200 445775
Boreda-1*46 | 1597.50 143775 | 5032125 | 2925 47396.95
Boreda-1*69 1532.50 1379.25 4827375 | 3690 44623.75
N-26*0 1302.50 117225 |  41028.75 | 87° 40153.75
N-26*23 1412.50 127125 | 44493.75 | 2200 42293.75
N-26*46 1525.00 13725 480375 | 2925 451125
N-26*69 1452.50 1307.25 |  45753.75 | 3690 42103.75
NVL-1*0 1152.50 1037.25 |  36303.75 | 87° 35428.75
NVL-1*23 1257.50 113175 |  39611.25 | 2200 37411.25
NVL-1*46 1390.00 1251 43785 | 2925 40860
NVL-1* 69 1285.00 1156.5 404775 | 3650 368275
Shoa robit*0 1227.50 1104.75 38666.25 | 87° 37791.25
Shoa robit*23 | 1295.00 11655 40792 5 | 2200 38592 5
Shoa robit*46 | 1462.50 1316.95 46068.75 | 2925 4314375
Shoa robit*69 | 1350.00 1215 4512375 | 3690 41473.75
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Table-9: Marginal analysis of main and

interaction effects of variety and

phosphorous fertilizer rates for mung bean production at Alage,in 2019.

Treatments GFB(ETB) TCV(ETB) Net Field Benefits | MRR(%)
A. Variety

Boreda-1 47624.22 | 875 46749.22 | -
N-26 44828.6 | 875 43953.6 | -
NVL-1 40044.38 | 875 39169.38 | -
Shoa robit 42013.13 | 875 41138.13 | -

B. Phosphorous

0 Kg P,0s ha™ 40280.63 | O 40280.63 | -

23 Kg P,0s ha” 42918.75 | 1325 41593.75 | 99.1
46 Kg P,0s ha™ 47053.13 | 2050 45003.13 | 470.25
69 Kg P,0s ha™ 442575 | 2775 414825 | -

C. Variety*Phosphorous

Boreda-1*0 45123.75 | 875 44248.75 | -
N-26*0 41028.75 | 875 40153.75 | -
NVL-1*0 36303.75 | 875 35428.75 | -
Shoa robit*0 38666.25 | 875 37791.25 | -
Boreda-1*23 46777.5 | 2200 44577.5 | 512.17
N-26*23 44493.75 | 2200 42293.75 | -
NVL-1*23 39611.25 | 2200 37411.25 | -
Shoa robit*23 40792.5 | 2200 38592.5 | -
Boreda-1*46 50321.25 | 2925 47396.25 | 1214.31
N-26*46 48037.5 | 2925 451125 | -
NVL-1*46 43785 | 2925 40860 | -
Shoa robit*46 46068.75 | 2925 43143.75 | -
Boreda-1*69 48273.75 | 3650 44623.75 | 204.14
N-26*69 45753.75 | 3650 42103.75 | -
NVL-1* 69 40477.5 | 3650 36827.5 | -
Shoa robit*69 45123.75 | 3650 41473.75 | -
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5. SUMMARY AND CONCLUSION

Mung bean is an important pulse crop in Ethiopia. However, lack of adapted high yielding
varieties and poor soil fertility, especially low levels of nitrogen and phosphorus, have been
demonstrated to be important constraints for the production of the crop in the country. The
producers of mung bean crop also grow the crop in low soil fertility fields rather than using
fertilizers essential for good productivity and yield. The field experiment was conducted at Alage
ATVET college, central rift valley of Ethiopia to investigate the effect of variety and
phosphorous levels on growth, yield and yield components of mung bean. Randomized Complete
Block Design (RCBD) with four replications was used to lay the experiment. The treatments
consisted factorial combination of four varieties of mung bean(Boreda-1(MH-97 6), Rasa(N-26),
NVL-1, and Shoa robit) and four levels of phosphorous(0, 23, 46, and 69 P,Os ha™) and each
arranged in a factorial method. From the present study it is possible to conclude that both variety
and phosphorous fertilizer rates affect most of the growth, yield and yield related traits of mung

bean crop.

Based on the result of this study, among the four varieties of mung crop boreda-1 is superior in
plant height, number of branches plant™, number of pods plant™, number of seeds pod™, grain
yield, and biomass yield than other three varieties. Therefore, this study revealed that variety
boreda-1 performed better and gave highest gross benefit of 47624.22 ETB and net benefit of
46749.22 ETB. In case of phosphorous fertilizer rates, application of 46Kg P,Os ha™ exhibited
best performance of mung bean growth, yield and yield related traits over the rest of the levels.

Grain yield was increased with increasing phosphorous fertilizer rates up to 46 Kg P,Os ha™
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which produced grain yield of 1.5 t ha™. Also, the highest gross field benefit(47053.13 ETB) and
net benefit(45003.13ETB) with acceptable marginal return was obtained from application of 46
kg P,Os ha™. Whereas most growth, yield and yield components of mung bean were not
significantly affected by the interaction effect of variety and different phosphorous fertilizer
rates. But the highest gross benefit (50321.25) and net benefit (47396.25) was recorded from the
interaction of variety Boreda-1 with phosphorous fertilizer rates of 46 Kg P,Os ha™ . The lowest
gross benefit (36303.75) and net benefit(35428.75) was recorded from the interaction of variety
NVL-1 with phosphorous fertilizer rates of 0 Kg P,Os ha™ . Thus, based on the findings of the
study, variety Boreda-1 with application of 46 kg P,Os ha™ can be used to improve productivity
of the mung bean in the study area.However, as this study was based on only one season and one

location, it requires further study over the years and location to give conclusive recommendation.
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7. APPENDIXES

Appendix table 1: Mean squares of days to flowering and maturity of mung bean crop at
Alage during belg seasons of 2019

Source of Variation DF Mean squares
Crop parameters

DTF DTM
\ 3 17.94* 57.84%***
P 3 36.6*** 54.49***
R 3 2.27ns 0.27ns
V*P 9 4.92ns 0.72ns
Error 45 4.8 4.45
Where, DF = degree of freedom, DTF= days to flowerings, DTM = days to maturity, V =
variety, P = phosphorous, R = replications, V*P = interaction effects of variety with

phosphorous, * = Significant at 0.05, ** = Significant at 0.01, *** = Significant at 0.001, ns =
not significant at 0.05 level of probability.

Appendix table 2: Mean squares of nodule number, nodule dry weight, and root dry weight
plant™ at Alage during belg seasons of 2019

Source of Variation DF Mean squares
Crop parameters

RDW NN NDW
\Y/ 3 67.09** 0.03*** 0.49*
P 3 72.52** 0.02*** 0.74**
R 3 32.04ns 0.001ns 0.32ns
V*P 9 8.12 ns 0.008 *** 0.08ns
Error 45 12.03 0.0008 0.12

Where, DF = degree of freedom, NN = nodule number plant®, NDW = nodule dry
weight, RDW = Root dry weight, VV = variety, P = phosphorous, R = replications, V*P =
interaction effects of variety with phosphorous, * = Significant at 0.05, ** = Significant
at 0.01, *** = Significant at 0.001, ns = not significant at 0.05 level of probability.
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Appendix table-3: Mean squares of plant height, number of branches plant™ and shoot dry
weight at Alage, during belg seasons of 2019

Source of Variation DF Mean squares

Crop parameters

PH NB SDwW
\V 3 238.37*** 6.36*** 156.56***
P 3 377.49%** 14.34%** 173.58***
R 3 38.28ns 0.19ns 13.20ns
V*P 9 3.86ns 0.32* 3.11ns
Error 45 23.9 0.13 5.78

Where, DF = degree of freedom, PH = plant height, NB = number of branches plant®, V =
variety, P = phosphorous, R = replications, V*P = interaction effects of variety with
phosphorous, * = Significant at 0.05, ** = Significant at 0.01, ***= Significant at 0.001, ns = not
significant at 0.05 level of probability.

Appendix table 4: Mean squares of number of pods plant™, number of seeds pod™ and
grain yield at Alage during belg seasons of 2019

Source of Variation DF Mean square

Crop parameters

NPPP NSPP GY
Vv 3 628.53*** 0.85* 176976.02***
P 3 110.28*** 1.76*%** 129011.27***
R 3 7.06ns 0.21ns 4360.6ns
V*P 9 14.74** 0.14ns 1272.57ns
Error 45 3.93 0.22 12170.62

Where, DF = degree of freedom, NPPP = number of pods plant™, NSPP = number of seeds pod™,
GY = grain yield ha™, V = variety, P = phosphorous, R = replications, V*P = interaction effects
of variety with phosphorous, * = Significant at 0.05, ** = Significant at 0.01, *** = Significant
at 0.001, ns = not significant at 0.05 level of probability.
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Appendix table 5: Mean squares of biological yield yield, harvest index and hundred seed
weight at Alage during belg seasons of 2019

Source of Variation DF Mean square

Crop parameters

BY HI HSW
\V 3 408202.56*** 86.23*** 0.49*
P 3 667702.14*** 3.71ns 0.78***
R 3 41681.72ns 1.83ns 0.32ns
V*P 9 12954.97ns 0.51ns 0.085ns
Error 45 54126.97 9.24 0.12

Where, DF = degree of freedom, GY= grain yield, HI = harvest index, HSW = hundred seed
weight, V = variety, P = phosphorous, R = replications, V*P = interaction effects of variety with
phosphorous, ** = Significant at 0.01, *** = Significant at 0.001, ns = not significant at 0.05
level of probability.
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Appendix table-6:

linear correlation analysis among nodule, growth, and yield parameters of mung bean.

variables | DTF DTM NN NDW RDW | PH NB SDW NP NS GY BIO HI HSW
DTF 1
DTM 0.37** | 1.00
NN -0.48*** | -0.39** | 1.00
NDW -0.55*** | -0.53*** | 0.49*** | 1.00
RDW -0.28* -0.34*** | 0.62*** | 0.35** | 1.00
PH -0.08ns | -0.01ns | -0.06ns | 0.00ns 0.10ns | 1.00
NB -0.15ns | -0.15ns | 0.11ns 0.04ns 0.16ns | 0.58*** | 1.00
SDW -0.22ns | 0.03ns | -0.01ns | 0.06ns | 0.08ns | 0.71*** | 0.77*** | 1.00
NP -0.12ns | -0.21ns | 0.13ns | 0.00ns |0.13ns | 0.31* 0.44*** | 0.25*** | 1.00
NS -0.24ns | -0.30* 0.13ns | 0.17ns | 0.24ns | 0.30* 0.45*** 1 0.33** | 0.50*** | 1.00
GY -0.24ns | -0.15ns | 0.18ns | 0.10ns | 0.10ns | 0.55*** | 0.52*** | 0.50*** | 0.64*** | 0.37** | 1.00
BIO -0.13ns | 0.00ns | 0.02ns | 0.10ns | 0.07ns | 0.85*** | 0.59*** | 0.70*** | 0.28* 0.32** | 0.49** | 1.00
*
HI -0.15ns | -0.18ns | 0.18ns 0.02ns 0.04ns | -0.06ns | 0.11ns 0.0lns | 0.51*** | 0.17ns 0.74** 1-0.23ns | 1.00
*
HSW -0.38** | -0.36** | 0.70*** | 0.43*** | 0.36** | 0.00ns |0.20ns |-0.04ns | 0.16ns |0.33** |0.13ns | 0.00ns |0.13n | 1.00
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Appendix Table-7.Long-term Climatic Data of Alage (2006-2019 G.C.) for Reference

evapotranspiration (ETo) based on Penman-Monteith method

Summary of meteorological data (2006-2019) of Alage

Months Min. Max. Humidity Wind  Sun Rain ETo* Rad
Temp Temp (%)  (km/day) (hours)  (mm) (mm/day) Mj/m2/day
(°C) (°C)
January 7.9 29.07 37.09 7179 7.38 7.5 3.85 19.88
February 11 30.57 37.01 67.046 7.95 34.7 3.93 19.54
March 11.95 31.054 53.31 68.07 7.87 79.2 4.56 21.49
April 14.83 29 50.89 69.36 7.83 86.4 3.98 19.8
May 11.9 28.6 74 78 8.9 90.6 4.38 22.5
June 12.3 28 75 95 8.1 107.5 4.11 20.9
July 12.8 255 78 52 6.3 139 3.46 18.4
August 12.6 26 77 35 6.7 123.7 3.6 19.5
September  12.5 27 77 69 7.1 103.5 3.83 20.2
October 10.5 319 71 69 9.2 20.8 4.53 22.7
November 9.2 29.1 58 86 10.2 8.4 4.39 23
December  8.89 28.08 37.2 79.6 8.1 2.6 3.84 19.42

Data source: C/CROPWAT/CLIMWAT/ ALAGE METROLOGY STATION Longitude 38° 56’ E,

Latitude 7° 65' N Altitude of 1600 m. a. s. .
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Appendix 8: Time of sowing of mung bean crop seeds
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Appendix-10: Irrigation of mung bean crop at experimental field
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Appendix-11: Thinning of mung bean crop at experimental field
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Appendix-12: Nodule parameters data collection for mung bean crop.
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Appendix -13: nodules of mung bean crop at the time of nodule data collection




Appendix -14: Pods of mung bean crop at the experimental field
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Appendix -15: Mung bean crop starts to maturity at fields of the experiment

78



