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Growth and Yield Response of Common Bean (Phaseolus vulgaris L.)
Varieties to NPSB Blended Fertilizer Rates at Ezha District, Southern
Ethiopia

Desalegn Kebede (B.Sc. Natural Resource Management, Adama Science and
Technology University)

ABSTRACT

The current average yield of common beans is far less than the national attainable yield in
the study area. This is partially due to low soil fertility management and a lack of
improved varieties. A field experiment was conducted to evaluate the effect of blended
NPSB rates on yield and yield components of common bean varieties, to determine the
optimum rate of blended NPSB fertilizer required and the best variety for optimum growth
and yield of common bean, and to investigate economically feasible rates of blended NPSB
fertilizer for common bean production. The experiment was conducted at Ezha district
during 2022 cropping seasons. Treatments consisted of factorial combinations of four
common bean varieties (Sab632, Ser119, Ser125, and Bz2) with four NPSB fertilizer rates
(0, 50, 100, and 150 kg ha™) laid out in a randomized complete block design with three
replications. Data was collected on growth and yield and yield components and analyzed
using SAS (version 9.3). The result showed that NPSB blended fertilizer rate and varieties
significantly influenced most of the tested parameters of common bean. The highest days to
flowering (51.0), nodule dry weight (3.106), number of pods per plant (17.60), above
ground dry biomass (6131.7 kg ha™), and grain yield (2862.7 kg ha™) were recorded due
to the application of 150 kg of NPSB ha™ for variety Ser119. The highest days to maturity
(99.33) and plant height (83.73cm) were recorded from variety Ser125 with a 150 kg
NPSB fertilizer application rate. The maximum number of total nodules (73.67), effective
nodules (43.55) and the highest harvest index (48.89%) were recorded from variety Ser119
with a 100 kg ha™ NPSB fertilizer application rate. With a 150 kg ha™ NPSB fertilizer
application rate, variety Sab632 produced the highest hundred seed weight (42.30). The
highest number of seeds per pod (3.76) was recorded from variety Ser125. Net benefit of
81,123.3 hirr ha™ was obtained from the treatment combination of 100 kg NPSB ha™
application rate for variety Ser119. Thus, based on the study results, the application of 100
kg NPSB ha™ with variety Ser119 could be recommended to enhance the productivity with

the highest net benefits of common bean in the study area. The experiment was done only

xii



at one location and one season therefore it would have to be replicated across location
and season to get best conclusive result and sound full recommendation for specific area in

order to assure finding of the current study.

KEYWORDS; Common bean; Blended NPSB; Varieties; Yield; Partial budget
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1. INTRODUCTION

Common bean (Phaseolus vulgaris L.) belongs to the family members of Leguminosae
subfamily Papilionideae (CIAT, 1986). It is a herbaceous annual plant domesticated
independently in ancient Meso-America and in the Andes. Now it is grown worldwide for
both dry seeds and as a green bean (Shumi et al., 2018). It is one of the most essential
legume crops grown on all continents of the world, with over 23 million metric tons (MT)
of total production, of which 7 million MT were produced in Latin America and Africa
(Desta and Ermias, 2019). Most soil types, from light sands to heavy clays, can support the
growth of common bean, but friable, deep, and well-drained soils are preferred (Desta and
Ermias, 2019), and it grows best in a warm climate with temperatures ranging from 18 to
24 °C (Taminaw and Eman, 2021). It also performs best at the highest nutrient content and
pH range of 5.5 to 6.5 (Salcedo, 2008). Common beans have been cultivated as a field crop
and are an important food legume produced in Ethiopia (Ali et al., 2003). This crop is
considered the main cash crop and protein source for farmers in many low and mid-altitude

zones of the country (Rahmeto, 2007).

In Ethiopia, common bean is grown predominantly by smallholder producers as an
important food crop and source of cash and is one of the fast-expanding legume crops that
provide an essential part of the daily diet and foreign earnings for most Ethiopians (Girma,
2009). In addition to the domestic markets, Ethiopia is also supplying white beans to the
export canning industry in the European Union (EU) and other eastern European markets
(Desta and Ermias, 2019). Next to faba bean, it ranks second in area of production in
Ethiopia (CSA, 2021). It is highly preferred by Ethiopian farmers because of its fast
maturing characteristics that enable households to get cash income required to purchase
food and other household needs when other crops have not yet matured (Shumi et al.,
2018).

Nutritionally, common beans contribute greatly to a balanced and healthy diet. This is
because the grain has a high protein content and good micro-nutrient concentration.
Additionally, their amino acid composition is useful to complement the amino acid profile

of cereal proteins. Hence, the common bean is an important crop in addressing the issue of



nutrition security in southern Ethiopia, where people’s diet is dominated by maize, root,
and tuber crops (Walelign, 2015).

Due to early maturity and a moderate degree of drought tolerance, common bean
production contributes as food, fodder for livestock, and export commaodity, as well as a
source of income and employment to a large supply chain and for risk aversion strategies
to poor farmers during drought (Tumsa et al., 2014). It also provides nitrogen and other
soil health benefits under the cropping system to subsequently grown crops (Abebe and
Mekonnen, 2019).

Improved common bean production encompasses proper use of different agronomic
practices such as improved variety, fertilizer rate, seed rate, spacing, and pesticide

application as per recommendations (Mulugeta, 2011).

According to the CSA report, in Ethiopia, common bean is one of the major grain legumes
cultivated with its production centered in smallholder farmers and produce low average
yields of 1.79 tons ha™. However, this yield is far less than the attainable yield (2.5-3.6
tons ha™) under good management conditions (CSA, 2021). The low yield of common
bean in Ethiopia is attributed to a number of production constraints, including a lack of
improved varieties for various agro-ecological zones; poor agronomic practices such as
low soil fertility management; and untimely and inappropriate field operations (Alemitu,
2011).

Ethiopia's common bean is primarily grown in the Eastern, Southern, South Western, and
Rift Valley regions (Habte et al., 2014). The regional production potential of common bean
consists of 38.5% for Oromia, 28.75% for Amhara, 22% for SNNPR and 3.25% for other
regions of Ethiopia (CSA, 2021). Accordingly, in 2020/21, the Guraghe zone
Administration Agricultural Office reports that the area covered by common bean in the
2020/21 cropping season was 7,922 ha, with an average productivity of 1.85 tons ha™and a
total production of 14,655.7 tons (Guraghe zone Administration Agricultural Office, 2021).

The Agricultural Transformation Agency (ATA) of Ethiopia suggested the general
improvement of the soil fertility management system by considering the addition of more

nutrients in the fertilizer program. The ATA recommended some blended fertilizers such



as NPS, NPSB, NPSBCu, NPSZnBCu, and K fertilizers for crop production in Ethiopia
(Desta and Ermias, 2019).

According to Ethiopia’'s soil fertility status, the soil inventory revealed that the deficiencies
of most of the nutrients are widespread in Ethiopian soils (EthioSIS, 2016) and most of the
soils are lacking in micronutrients (Cu, B, and Zn) that are required to sustain optimal
growth and development of crops because of the long-term frequent cultivation of staple
crops (Shiferaw, 2014). Even though NPSB fertilizer is the newly introduced blended
fertilizer (MoANR, 2014), there is no national and area specific recommendation for

common bean.

Ezha district has the potential for common bean production. According to Ezha district
Agriculture office report, the area covered by common bean in the 2014/15 cropping
season was 28 ha, with an average productivity of 1.4 tons ha™ and a total production of
39.2 tons. But recently, common bean production in the district has been declining because
of different constraints. Among the constraints that account for the low level of
productivity and yield of common bean in Ethiopia and even in the Ezha districts are:
shortage of high-yielding varieties; inadequate provision of quality common bean seed;
insufficient fertilization; inadequate agronomic practices; and postharvest handling

techniques are the most important (Ezha woreda agriculture office, 2022).

In addition to the other factors (like disease, low soil fertility), growers’ traditional
production practices like inadequate rate of NPSB fertilizer and low vyielding varieties
result in low production and productivity of the common bean. Smallholder farmers in
Ezha district have been using a uniform misunderstanding about common bean’s nutrient
requirements, they think fertilizer is not necessary for common bean (own survey,
2021/22). This was initiated to find a specific recommendation of the optimum rate of
fertilizer for common bean production in the district to solve the low productivity problem
of the crop. And also, smallholder farmers in districts are using the low-yielding red bean
varieties for production without considering agro-ecology, soil type, cropping system, and
purpose of production. This also initiated to find specific recommendations of best
varieties for common production in the district to solve the low productivity problem of

common bean.



A recent study showed that the use of blended NPSB fertilizer rate and using the newly
released best variety were important to increasing yields of common bean (Fitsum et al.,
2020). However, the productivity of crops including common bean was much lower than
the expected potential. The district's production and average productivity of common beans
are very low when compared to the national average; this could be due to inefficient
fertilizer use, poor agronomic practices, and planting of low-yielding local varieties (Ezha

woreda agriculture office, 2022).

To the best of our knowledge, there is no research conducted in the area that recommends
the best varieties and optimum rate of NPSB blended fertilizer rate for common bean.
Thus, for the determination of higher yielding common bean varieties, study of crop
nutrient sources beyond N and P, especially fertilizers containing S and B, is important to
increase common bean productivity.
Therefore, the objectives of this study were:-
v'To evaluate the effect of blended NPSB rates on yield and yield components of
common bean varieties.
v'To determine the optimum rate of blended NPSB fertilizer required and the best
performing varieties for optimal growth and yield of common bean.
v'To investigate economically feasible treatments of blended NPSB fertilizer and

varieties for common bean production.



2. LITERATURE REVIEW

2.1 Origin and Geographical Distribution of Common Bean

Common bean was first originated in Tropical America (Mexico, Guatemala, and Peru),
but there are also evidences for its multiple domestication within Central America (Kay,
1979). Domestication occurred independently in South America and Central
America/Mexico, leading to two different domesticated gene pools, the Andean and

Mesoamerican, respectively (Petry et al., 2015).

Common bean is native to Mexico and Guatemala, where the greater part of the diversity
of varieties is found Common bean is the most widely distributed of the related species and
has the broadest range of genetic resources. It is frequently used as a food crop throughout
the world, especially in Latin America and Africa (Taminaw, 2021). The species was
perhaps introduced to the eastern part of Africa by Portuguese traders in the sixteenth
century (Wortmann et al., 2004).

2.2 Economic Importance and Production of Common Bean in Ethiopia

Common bean is one of the most important cash crops and sources of protein for farmers
in many lowlands and mid-altitude zones of Ethiopia. With regard to the economic
importance of common bean, it is used as a source of foreign currency, food crop, means
of employment, source of cash, and plays a great role in the farming system (CSA, 2021).
The country’s export earnings is estimated to be over 85 % of export earnings from pulses,

exceeding that of other pulses such as lentils, faba bean, and chickpea (Taminaw, 2021).

In Ethiopia, common bean ranks third as an export commodity, accounting for
approximately 9.5% of total agricultural export value (FAOSTAT, 2010). It is highly
preferred by Ethiopian farmers because of its fast maturing characteristics that enables
households to get cash income required purchasing food and other household needs when
other crops have not yet matured (Taminaw, 2021).

The major common bean producing regions are Oromia, the Southern Nations Nationalities
and Peoples Region (SNNPR), and Amhara. Common bean is also one of the most

important cash crops and sources of protein for farmers in many lowlands and mid-altitude



zones. The country’s export income is estimated to be over 85% of export earnings from
pulses, more than that of other pulses such as lentils, faba bean and chickpea (Fissha and
Yayis, 2015). The national average yield of common bean in Ethiopia was 1.70 tons ha™
and a total of 520,979.33 tons of yield was produced from 306,186.59 ha of land in the
2017/18 cropping season (CSA, 2018).

There are an extensive range of common bean varieties grown in Ethiopia, including
mottled, red, white, and black varieties (Ali et al., 2008). The most commercial varieties
include pure red and pure white coloured beans, and these are becoming the most
commonly grown types with increasing market demand (Ferris and Kaganzi, 2008).

The major storing and trading sites in the southern Rift Valley area were concentrated in
the towns of Sodo, Hawassa, and Shashemene, while the major accumulation centers for
white beans were in Nazareth, prior to exportation through Djibouti. There are good
prospects that this market will grow as consumers in industrialized countries seek ever

more competitive suppliers (Ferris and Kaganzi, 2008).

2.3 Agronomic Requirements of Common Bean

Common bean is a warm-season crop with an optimum temperature of about 24°C. The
crop does not tolerate frost or long periods of exposure to near-freezing temperatures at
any stage of growth. High temperatures (above 30 °C) are also not tolerated by common
bean, as they can cause flower blasting and bud drop. It requires well-drained soils for
germination and it is sensitive to both moisture stress and water logging. Sandy loam,
sandy clay loam, or clay loam with a clay content of 15 to 35% are ideal for bean
production. With sandy soils, problems of low soil fertility or nematode damage may occur
(Gomez, 2004).

Soils of pH 5.5 to 6.5 are suitable for common bean, as the crop is very sensitive to acidic
(pH< 5.2) soils (Salcedo, 2008 and Katungi et al., 2009). The crop will also not grow well
in soils that are compacted, too alkaline or poorly drained. Common bean needs moderate
amounts of water (300-600 mm). Adequate moisture during the early part of the season is
necessary and essential, especially during the pod filling stage (during and immediately
after flowering). During this stage, the soil should not hold less than 60% field capacity to

ensure proper moisture availability.



Depending on growth habit type and location, full maturity for dry bean seed types can be
attained from 45 to 150 days after emergence. The late-maturing beans were more often

indeterminate while the early ones were determinate (Mafuta, 2017).

2.4 Effects of Low Soil Fertility on Common Bean Production

Low soil fertility is a major constraint limiting common bean production in Africa, with
75% of the soil being deficient in phosphorous, 65% of nitrogen and 20% of the soil acidic,
causing deficiency of most of the essential nutrients required for common bean production
(Kipngetich, 2021).

In Eastern Africa, the primary soil fertility-related problems include low available
nitrogen, phosphorous, exchangeable bases and soil acidity (Wortmann et al., 2004),
caused by continuous cropping, inappropriate cropping systems with little or no input to
replenish soil fertility, inadequate resources to allocate to soil improvement by smallholder
farmers, increasing population, inadequate supply of organic and inorganic fertilizers,
nutrient mining, low nutrient use efficiency, inappropriate fertilizer recommendation and
different responses to fertilizers (Rao et al., 2016). Due to the continuous cropping among
smallholder farmers, nitrogen loss is estimated at 4.4 million tons, phosphorous (P) at 0.6

million tons and potassium (K) at 3 million every year (Kipngetich, 2021).

The declining of soil fertility caused by nutrient mining is the leading cause of decreased
yield and low per capita food production in Africa, particularly in Eastern Africa, with an
annual loss of 41 kg of nitrogen, 4 kg of phosphorous, and 31 kg of potassium per hectare
(Rurangwa et al., 2018). Nitrogen, potassium, magnesium, sulfur, calcium, and
micronutrients zinc, copper, boron, and molybdenum are among the macronutrients and
micronutrients prone to deficiency due to soil degradation, and they affect crop growth,

resulting in low production (Kipngetich, 2021).

2.5 Effects of Good Soil Fertility on Common Bean Production

Soil fertility ensures robust plant growth and high yield, and, the application of mineral
fertilizers is one of the beneficial ways of increasing soil fertility and crop production.
Over the years, there has been an increase in the use of nitrogen, phosphorous, and

potassium (Kipngetich, 2021). Common bean is a nutrient demanding crop because of its



sensitivity to environmental stresses. One of the significant factors causing low yield in
common bean production, is low soil fertility associated with soil acidity, causing nutrient
deficiency and limiting plant nutrition, especially available phosphorous and nitrogen
(Silva et al., 2014).

One way of restoring soil fertility is by applying inorganic fertilizers (Jori, 2014). Nitrogen
is one of the most yield-limiting nutrients in agricultural production; it plays an important
role in plant biochemistry; it is an essential constituent of the enzyme, nucleic acid,
chlorophyll, cell wall, storage of protein, and cellular components (Fageria and Moreira,
2011). Adequate use of nitrogen is fundamental to improving common bean production
(Sinclair and Vadez, 2002). Phosphorous is also an important nutrient after nitrogen, is the
most abundant element in natural and agricultural soils, and functions in three pools: the
soluble pool, the active pool, and the organic pool. It is the second most important essential
nutrient after nitrogen (Sanz-saez et al., 2017).

Micronutrients are essential plant nutrients required for plant growth in lesser amounts, yet
they play a critical role in plant growth, development, and metabolism, while deficiency of
micronutrients leads to plant diseases affecting both the quality and quantity of the plant
(Tripathi et al., 2015). It plays a critical role in improving yield in common bean
production by enhancing metabolic and cellular functions like energy metabolism, primary
and secondary metabolism, cell protection, gene replication, and hormone perception
(Hansch and Mendel, 2009).

There is an indication that the application of micronutrients improves the diversity of
microorganisms in the soil, and when applied at the right rate, it enhances microbial
colonization, mycorrhizal development, and symbiotic nitrogen fixation, resulting in
improved nitrogen fixation in common bean (Kihara et al., 2020). The phosphohatase
enzyme is essential in the hydrolysis of occluded phosphorous in the soil into inorganic
form, which improves the availability of phosphorous for plant growth and development
(Margalef et al., 2017).



2.6 Effect of Variety on Production of Common Bean

Common bean (Phaseolus vulgaris L.) is an important herbaceous annual grain legume
grown throughout the world, primarily as a low-cost protein source for the majority of
Sub-Saharan Africans (Mafuta, 2017).

The Ethiopian Institute of Agricultural Research has released and popularized a number of
improved varieties (high yielding, disease resistant, and early maturity; varieties meeting
the requirements for local consumption and export markets) and management practices
since the early 1960s to increase the productivity of common bean. Amanuel and Girma
(2018) reported that, the low national yield is related to the low adoption of improved

production technologies and a lack of improved varieties.

There are many released and adopted varieties (Hawassa dume, Red Wolayita, Nasir,
Ibbado, Awash-1, Awash-2, Ser125, Awash Melka, Ser119, Sab632, Bz2, etc.) of common
bean and the potential average yield was 2.6 tons ha™* (MoANR, 2016).

Fitsum et al. (2020) reported that the improved common bean varieties (SER-119 and
SER-125) had shown better performance in grain yield than the Nasir. Accordingly, the
cultivation of common bean with improved varieties has been found more productive, and

the yield capacity can be increased by up to 36.15 percent.

According to the report of Abebe and Mokennen (2019), nodulations, plant height, number
of pods, seeds per pod, hundred seed weight, grain yield, and harvest index were

significantly affected by common bean varieties.



2.7 Fertilizer Requirements of Common Bean

2.7.1 Effect of Nitrogen Fertilizer on Common Bean

Nitrogen fertilizer is very essential for plant growth and development because it
participates directly in photosynthesis, it is a basic component of protein (RUBISCO), and
it also participates in the activation of enzymes. The rate of side-dressed N fertilization
recommended ranges from 20 to 90 kg N ha™, depending on expected grain yield and the

N response class of the soil (Taminaw, 2021).

Common bean N fertilizer requirement depends on soil fertility levels; for low soil
nitrogen levels (below 34 kg N ha™), N fertilizer is generally recommended in order for
deficiency indicators not to manifest and for full development up to production.
Furthermore, up to 60 kg N ha™ also promotes increased nodule number, mass, and size,
giving the highest yields. But, nitrogenous activity declines with applied nitrogen,
declining the sink strength and, later, reducing the amount of photo-assimilate partitioned
to nodules and grain. Initial application may also result in extreme vegetative growth,
leading to delayed flowering, reduced pod set, lower seed yield, and a greater risk of

disease infestation (Davis and Brick, 2009).

Common bean requires N in highest amounts because it is a component of proteins, amino
acids, and enzymes among other various biological processes therefore the nutrient has a
marked effect on crop growth and yield (Soratto et al., 2006). In adequate amounts,
nitrogen promotes growth, photosynthesis, nutrient uptake, and improves the immunity of
plants to environmental stresses (Wang et al., 2014). In order to increase common bean
grain yield with N rates exceeding 100 kg N ha™. An increase in common bean grain yield
with the addition of 120-140 kg N ha™ and attributed this effect to the increase of pods per
plant (Soratto et al., 2006).

Common bean grown on N-deficient soils usually responds positively to applied N and the
recommendation is to apply N at planting with no reports of yield responses to later
applications (top-dressing). Previous surveys estimated that over 60% of the bean
production areas in Central, Southern, and Eastern Africa were affected by N deficiency
(Vongai, 2018). Furthermore, when compared to other crop legumes, common bean is

regarded as a poor nitrogen fixer from the atmosphere. Large N inputs (more than 100 kg
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N ha™ year™) would be required to improve bean seed yields above 2,000 kg ha™ per year.
Common bean grain yield increased linearly with nitrogen application up to the highest
applied nitrogen of 100 kg ha™ and, similarly, common bean grain yield with the addition

of a high amount of N ha™ increased the number of pods per plant (Dwivedi et al., 1994).

2.7.2 Effect of Phosphorus Fertilizer on Common Bean

Phosphorus deficiency is extensive in regions where the common bean (Phaseolus
vulgaris) is grown, and apart from nitrogen, phosphorus becomes the second most
important nutrient. Phosphorus deficiency is estimated to limit over 50% of common bean
productivity (CIAT, 1992). It is essential for root growth and development as well as the
production of protein, phytin, and phospholipids in legumes (Rahman et al., 2008). The
yield of common bean is greatly increased by the application of phosphorus fertilizer
(Singh et al. 2008). Combined application of phosphorus and rhizobia inoculation

increases the grain yield of beans as well as yield parameters (Morad et al. 2013).

Application of phosphorus fertilizer has progressive effect on the yield and vyield
components of common bean revealed that grain weight per plant exhibited a pronounced
response to phosphorus application, mean values of grain weight per plant records of
13.0, 17.4 and 20.7 g due to phosphorus fertilization of 0, 50 and 100 kg P,Os ha™,
respectively observed significant increase in grain weight per plant (8.65 g) due to

improved P application up to 75 kg P,05 ha™ (Shumi et al., 2018).

Legumes, including common bean have high P requirement due to the production of
protein having compounds, in which N and P are important constituents, and P
concentration in legumes is generally much higher than that found in grasses. High seed
production of legumes predominantly depends on the amount of P absorbed. The yield of
common bean increases with P application and its nodulation can be improved with the

application of phosphorus (Taminaw, 2021).

According to Amare et al. (2014), beans respond to the application of phosphorus and
production increases proportionally with the increase of phosphorus. The authors also
reported that 2326 kg ha™ yield from the rate of 20 kg P205 ha™ and 1922 kg ha™ from the
control treatment for each variety. Many research indicated that phosphorus availability in
the soil is a great limitation for bean production in the tropics (Morgado and Willey, 2003).
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Girma (2009) also stated that 69 kg P205 ha® is recommended for common bean
production in semi-arid zones of the Central Rift Valley. Fertilizer application in common
bean production varies according to production area and soil fertility. The highest total P
uptake (32.59 kg ha*) was reported at 30 kg ha™ and increased with increasing rates of P
application, whereas apparent P recovery was found to be highest at 20 kg ha™.
Physiological P use efficiencies of the crop were highest at the rate of 10 kg P ha™.
Therefore, application of 10 kg P ha™ was recommended for better common bean

production.

Meseret and Amin (2014) also stated that there was a significant difference among five
levels of P fertilizer rates where the maximum (75.5 gm per plant) dry matter yield was
reported at an application of P 20 kg ha™, whereas the minimum (28.9 gm per plant) was
recorded from the control. Highest number of seeds per pod (6.46) and seed yield (2.45 t
ha') were reported from the Awash-Melka variety under irrigation than from other
varieties with the application of P-fertilizer (Gebre-Egziabher et al., 2014). Varieties such
as Awash-1 and Mexican-142 matured earlier (90-94 days) under irrigation than under
rain-fed growing conditions. However, application of P-fertilizer was not significant in
seeds per pod, seed yield and maturity of the common bean varieties (Gebre-Egziabher et
al., 2014).

2.7.3 Effect of Sulfur Fertilizer on Common Bean

Sulfur is found in both organic and inorganic forms in the soil. Although the first form
represents more than 90% of total S in most soils (Fageria et al., 2011), it is the inorganic
form (sulfate anion - SO, ) that is absorbed by plants. Thus, the soil's ability to meet the
demand for plant nutrients is closely related to the content of soil organic matter and the
mineralization of organic S to inorganic forms, such as sulfate. In the soil solution, sulfate
is easily leached because it is weakly retained by the coordination mechanism of
adsorption, and the sulfate adsorption is higher in clayey soils rich in iron and aluminum
oxides (Adriano et al., 2017).

Sulfur is one of the essential nutrients for plant growth, and it accumulates 0.2 to 0.5% in
plant tissue on a dry matter basis. It is required in the same proportion as phosphorus (Ali
et al., 2008). Development of the reproductive structure and production of assimilates to

fill an economically important sink. Sulfur is one of the crucial plant elements recorded as
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a secondary nutrient. It is necessary for all plants and is vital for their growth and

metabolism.

The application of sulfur at the optimum rate enhances plant height, branches, pods per
plant and hundred seed weight in chickpea. Total number of nodules and active nodule
significantly increased with application of S up to 20 kg S ha® for Soybean crop
(Ganeshamurthy and Sammi, 2000). It is required in a comparable amount to that of
phosphorus. Organic sulfur is present as a heterogeneous mixture form, partly included in
microbial biomass and partly in the soil organic matter, and very little is known about the
chemical identity of the specific sulfur-containing molecules. Sulfur is associated with the

production of crops of superior nutritional and market quality (Ali et al., 2008).

The symptoms of sulfur deficiency are similar to those of nitrogen deficiency. But,
nitrogen deficiency symptoms first appear in the older leaves; generally, sulfur deficiency
symptoms first appear in the younger leaves because sulfur does not easily translocate in
the plant. Sulfur-deficient plants are stunted, pale green to yellow in colour, and have
elongated thin stems. The deficiency of sulfur may delay maturity in grain crops;
interveinal chlorosis may occur (Nebret and Nigussie, 2017).

Root development is restricted, and shoot to root ratios usually decrease for plants grown
under sulfur deficiency. Sulfur deficiency can be easily adjusted to root ratios usually
decrease for plants grown under sulfur deficiency. Sulfur deficiency can be easily adjusted
by the application of chemical fertilizers containing sulfur. Since concentrated fertilizers
with low sulfur content are now widely used, sulfur deficiency problems appear more
often. As a result, the significant increase in yield obtained with sulfur fertilization appears
to be the result of increased sulfur concentrations in various parts of the cluster bean,
which helped to maintain the critical balance of other essential nutrients in the plant and

resulted in increased metabolic processes in plants (Nebret and Nigussie, 2017).

According to Endrias (2017), sulfur plays a great role when combined with nitrogen and
phosphorus fertilizer. He showed that the increase in NPS rate from 0 kg NPS ha™ to 100
kg NPS ha™ increased the number of days required to reach 50% flowering from 39.61
days to 44.11 days and the number of days required to reach physiological maturity from
73.56 days to 76.72 days for common bean.
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2.7.4 Effect of Boron Fertilizer

Boron is a micronutrient necessary for plant growth. It plays an important role in cell wall
synthesis, sugar transport, cell division, cell development, auxin metabolism, good
pollination and fruit set, seed development, synthesis of amino acids and proteins, nodule
formation in legumes, and regulation of carbohydrate metabolism. Boron deficiencies
occur over a much wider range of soils and crops than do deficiencies are found most often

in light soils, low organic matter content and high soil pH levels (Marchner, 1995).

The availability of boron in soil is affected significantly by soil pH. The boron content in
legumes is higher than in other species. Boron is mobile in the xylem, but once it reaches
the leaves, it becomes immobile. Hence, the first symptoms appear in the young part of the
plant. Most of the boron compounds are soluble at low pH, but in the case of sandy soils
having low pH, B is lost down the profile by leaching if rainfall is high. It is found
primarily in organic matter in surface soil, and as the profile B content decreases, its
deficiency results in the formation of a bushy plant with drooping leaves (Muthanna,
2017). Boron plays an essential role in nodulation, cell integrity, carbohydrate transport,

and reproductive growth, improving common bean growth (Kipngetich, 2021).

Boron deficiency does not impede common bean development by slowing down activity in
the meristematic tissue, but when deficiency is severe, it can kill the growing point because

it strongly influences cell division (Oerili and Richardson, 1970).
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3. MATERIALS AND METHODS

3.1. Description of the Study Area

The experiment was conducted from March 25, 2022 to July 29, 2022 at Agujtereh Keble,

Ezha district, Gurage zone, SNNPR during the short rainy season, Belg, 2022. The study

site is located 186 km away from Addis Ababa, the capital city of Ethiopia, and about 30

km from the capital of the Gurage zone, Wolkite. The area is located between an altitude of

1900-2000 m.a.s.] and approximate geographic coordinates of 8° 12’ 29° N latitude and

37° 53’ 74”’E longitude. The annual rainfall is about 1100-2300 mm with a minimum

temperature of 11 °C and maximum of 27 °C. The major soil type of the study area is

vertisols (Ezha woreda Agriculture and natural resource office, 2022).
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3.2. Soil Sampling and Analysis

To evaluate the soil fertility status of the study site, a composite soil sample was collected
from 10 spots of the experimental site in a zigzag pattern before planting, at a depth of 0—
30 cm using a soil auger. Then, the samples were dried in the oven and crushed with
mortar and allowed to pass through a sieve size of 2 mm. Particle size distribution (soil
texture), soil pH, Cation Exchange Capacity (CEC) (Cmol (+) kg™), organic carbon (%),
available phosphorus [mg/kg (ppm)], total nitrogen (%), available sulfur (ppm) and
available boron (ppm) were analyzed at Wolkite and Areka soil laboratories.

The soil pH was determined by a 1:2.5 soil to water ratio using a glass electrode attached
to a digital pH meter. The soil textural class was determined by the Bouyoucos hydrometer
method (Bouyoucos, 1962). The organic carbon of the soil is also determined by the
volumetric method based on the oxidation of organic carbon with an acid potassium
dichromate (KCO) medium using the Walkley and Black (1934) method.

Total nitrogen was determined according to the modified Kjeldahl method with sulfuric

acid by Dewis and Freitas (1984). Available phosphorus (ppm) was determined by Olsen’s
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method (Olsen, 1954). Available sulfur (meq/IS204) was determined by the turbdimetric
phosphate extraction method (Aaron et al., 2008), and available boron was determined
using the dilute hydrochloric acid method (Pannamperuma et al., 1981). CEC is
determined titrimetrically by distillation of ammonia that has been displaced by sodium
(Na) (Sahlemedhin and Taye, 2000).

3.3. Experimental Materials

The treatment consisted of four varieties of common bean (Sab632, Ser119, Serl125 and
Bz2) and NPSB blended fertilizer was used as inorganic fertilizer at four levels of NPSB
blended fertilizer rates. The varieties were obtained from Melkassa Agricultural
Research Center. The nutrient compositions of NPSB are 18.9N, 37.7P;,0s,
6.95S and 0.1B (EthioSIS, 2016).

Table 1 General description of common bean varieties

Variety Altitude Seed Yield on Yield on Year of
(m) range Colour station farm Release
(tha™) (tha™)
Sab632 (Tafach) 1450-2000  Speckled 2.2-2.6 1.9-24 2015
Serl19 1450-2000 Red 3.3 2.5 2014
Ser125 1450-2000  Red 3.5 2.2 2014
Bz2 (Derash) 1450-1800  Speckled 1.8 15 2016

Fitsum et al., (2020); MoANR, (2016)

3.4 Treatments and Experimental Design

The treatments consisted of four levels of NPSB inorganic fertilizer (0, 50, 100, 150 kg ha’
1) rates and four varieties of common bean (Sab632, Ser119, Ser125, and Bz2), a total of
sixteen treatment combinations. The experiment was laid out as a 4x4 factorial
arrangement in a randomized complete block design (RCBD) with three replications. The
treatments were assigned randomly in each block. The gross plot area was 3.2 mx 2.4 m
(7.68m?) consisting of 8 rows of 2.4 m length. The one outermost row from each side and
three plants from both ends of each row were considered as a border, and one row was
used for destructive sampling for determining the nodulation parameters and above-ground

dry biomass at physiological maturity. Thus, the net plot size was 2m x 1.8m (3.6m?) with
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5 net rows. The spacing between blocks and plots was 1m and 0.5 m, respectively. All the
other variables out of the experimental treatments were kept uniform and as per the

recommendations.

3.5 Experimental Procedure and Management

The experimental site was ploughed to a depth of 25-30 cm, and the plots were leveled and
ridges were made manually. The soil was cleared of unwanted materials and plant residues.
The field was divided into three blocks, with sixteen plots in each block. The treatment
was assigned to each plot randomly. The spacing between rows and plants was 40 cm and
10 cm, respectively. One seed per hill at the specified spacing was sown at a depth of about
2-5 cm. NPSB fertilizer was hand drilled in rows at the time of sowing. Weeding (2 times)
was done at the appropriate time, i.e., the first weeding was done 3 weeks after planting
and the second weeding was done before flowering, 5 weeks after planting. All necessary
agronomic management was carried out uniformly and properly for each plot, starting from
the field preparation to harvesting. When the plant reached physiological maturity, i.e.,

when the bottom of the common bean pods started to dry, harvesting was done.
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3.6 Crop data collection

3.6.1 Phonological and Growth Parameters

Days to 50% flowering: this was determined by counting the number of days from
planting to the time when first flowers appeared in 50% of the plants in a plot by counting

the number of plants.

Days to physiological maturity: It was determined as the number of days from planting to
the time when 90% of the plants in each net plot showed yellowing of the pods. This was

done by counting the number of plants.

Number of total nodules per plant: bulk of the roots of 3 randomly taken plants from
destructive rows in each plot were carefully exposed at 50% flowering and uprooted for
nodulation study. Roots were carefully washed using tap water on a sieve, and nodules

were separated and counted.

Effective nodules per plant: For determination of the effective number of nodules, the
inside color of nodules was observed by cutting each nodule with the help of a sharp blade,
and the pink-colored nodules were considered as effective nodules, while green-colored

nodules were considered non-effective.
Nodule Dry Weight (NDW)

The nodules were detached from roots, oven-dried at 70 °C for 24 hours and then weighed

to calculate nodules dry weight per plant.

Plant height: it was measured as the height of 10 randomly chosen plants from the ground
level to the apex of each plant at the time of physiological maturity from the net plot area.

3.6.2. Yield Parameters
Number of pods plant™

The number of pods per plant was recorded based on 10 pre-tagged plants in each net plot

area at harvest and the average was taken as the number of pods per plant.

Number of seeds pod™
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The total number of seeds in the pods of 10 plants were counted and divided by the total
number of pods to find the number of seeds pod™.
Hundred seed weight (g)

The weight of 100 seeds was determined from each plot using a sensitive balance.

Above-ground dry biomass total

At physiological maturity, 10 plants were randomly taken from the destructive rows of
each net plot and used to determine above-ground dry biomass yield, which was measured
after oven drying to a constant weight. The dry biomass per plant was then multiplied by
the total number of plants per net plot and converted into kg ha™. This value was used to

calculate the harvest index as well.

Grain yield (kg ha™)

Grain vyield was determined after threshing the seeds harvested from each net plot. The
seed yield was converted to 10% moisture content using a moisture analyzer, and it was

converted to kg ha™.

Wf = 100-MCi
100-MCf
Where; Wf = final weight, MCi = initial moisture content and MCi = final moisture
content
Harvest Index (HI)
The harvest index was calculated by dividing grain yield per plot by the total above-ground

dry biomass yield per plot multiplied by 100.

HI1 (%) = Grain yield X 100

Above ground dry biomass

3.7. Partial Budget Analysis

An economic analysis was done using a partial budget procedure described by CIMMYT

(1988). The cost of NPSB and labor costs involved in the application of the fertilizer were
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considered as variable costs. The net benefits and other economic analysis parameters were
calculated using the formula developed by CIMMYT (1988) and given as follows:

Adjusted grain yield (AGY) (kg ha™): AGY is the average yield adjusted downwards by
10% to reflect the difference between the experimental yield and the yield of farmers.

Gross field benefit (GFB) (ETB ha™): GFB is computed by multiplying the field/farm
gate price that farmers receive for the crop when they sell it as an adjusted yield. GFB =
AGY xfield/farm gate price for the crop.

Total variable cost (TVC) (ETB ha) : TVC is calculated by summing up the costs that
vary, including the cost of NPSB fertilizers at the time of planting and, according to Ezha,
farm daily payment of labor cost for application of NPSB. The costs of other inputs and
production practices, such as labor costs for land preparation, planting, weeding, and

harvesting, were considered the same for all treatments or plots.

Net benefit (NB) (ETB ha™): NB is calculated by subtracting the total variable costs
(TVC) from gross field benefits (GFB) for each treatment as: NB = GFB — TVC.

3.8. Data Analysis

The data collected and measured parameters from the experiment were subjected to
statistical analysis as per the experimental design for each parameter using Statistical
Analysis Software (SAS version 9.2) to analyze the data using ANOVA and GLM
procedures. The mean separation of significant treatment means was carried out using the
least significant difference (LSD) test at a 5 % level of probability (Gomez and Gomez,
1984). Similarly, simple linear correlation analysis was carried out between growth and

yield parameters.
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4. RESULT AND DISCUSSION

4.1. Physiochemical Properties of the Experimental Site soil

The soil physical and chemical characteristics of the study area are as shown in Table 2. It
was 28% clay, 36% silt, and 36% sand, which is a texture under the category of clay loam
soil that is suitable for common bean production due to its good ability to retain nutrients
and available water. The pH of the soil was 5.7, which is moderately acidic as shown by
Marx et al. (1996), who classified the soil based on the pH content as strongly acidic
(below 5.1), moderately acidic (5.2-6.0), slightly acidic (6.1-6.5), neutral (6.6-7.3),
moderately alkaline (7.3-8.4), and strongly alkaline (above 8.5). Common bean grows best
in a wide range of soils but it performs best on deep, friable and well aerated soil type with
optimum pH range 5.5-6.5 (Salcedo, 2008).

Tekalign et al. (1991) classified soil organic carbon (%) as <0.5 very low, 0.5-1.5 low, 1.5-
3 medium, and >3 high. The organic carbon content of the study area was high (3.65).
According to the OM content rating criteria established by Berhanu (1980) sited in Dagne
(2016), soils having less than 0.8% very low, between 0.80% and 2.60% low, between
2.60% medium and > 5.20% rated as high. Thus, organic matter content of the study area
was high (6.39%). Tekalign et al. (1991) also classified soil nitrogen availability of
<0.05% as very low, 0.05-0.12% as poor, 0.12-0.25% as moderate, and >0.25% as high.
Thus, the nitrogen availability of the study site was high (0.31%). According to the
classification of Olsen (1954), available phosphorus <10ppm low, 10-25ppm medium, 25-
50 high and >50 were excessive. The result of the study site revealed that the available

phosphorus level (3.22mg/kg) was low.

In general, soils high in CEC content are considered agriculturally fertile. According to
Landon and Manual (1991), top soil having a CEC greater than 40 meq/100g of soil is
rated as very high and 25-40 meq/100g soil as high, 15-25 as medium, 5-15 as low, and <
5 meqg/100g of soil as very low in CEC. Thus, the soil of the site had a very high (44
meq/100g soil) CEC. This shows that the soil has the capacity to hold nutrient cations and
supply to the crop. Horneck et al., (2011) ratings of Sulphur as <2ppm very low, 2-5ppm
low, 5-20 ppm medium, and > 20 ppm high. The available sulfur value of the study area

was 18.2 ppm, which is categorized under the medium range.
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According to Horneck et al., (2011) rating report, Boron that had <0.2ppm very low, 0.2-
0.5ppm low, 0.5-1ppm medium, 1-2ppm high, and >2ppm excessive. The result of the
study site showed that the available boron level (0.74ppm) was medium. Thus, according
to the soil laboratory results, the soil of the study area was appropriate for common bean

production with the application of deficient fertilizers.

Table 2 Result of Selected Physiochemical Properties of Soil of the Experimental Site

before sowing

Soil properties Results Rating Reference

Soil particle size

Clay (%) 28

Silt (%) 36

Sand (%) 36

Textural class Clay loam

Soil pH (1:2 H,0) 5.7 Moderately Marx et al., (1996)
acidic

Organic carbon (%) 3.65 High Tekalign et al., (1991)

Organic matter (%) 6.29 High Dagne, (2016)

Kjeldahl Nitrogen (%) 0.31 High Tekalign et al., (1991)

CEC (meq/100g soil) 44 Very high Landon (1991)

Available Phosphorus (mg/kg soil)  3.22 Low Olsen et al., (1954)

Available Sulphur SO4 (ppm) 18.4 Medium Horneck et al., (2011)

Available Boron (ppm) 0.74 Medium Horneck et al., (2011)

4.2. Phonological and Growth Parameters

4.2.1. Days to 50% flowering
The analysis of variance revealed that the interaction of varieties and NPSB blended

fertilizer rates had highly significantly (P<0.01) affected the days to 50% flowering of
common bean (Appendix Table 1 and Table 3).

Relatively the longer (51.00) days to flowering was recorded by the interaction of variety
Ser119 with highest rate of NPSB (150 kg ha™) blended fertilizer rates followed by
treatment combinations of variety Ser125 with 100 and 150 kg ha™ NPSB (50.67 days)
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blended fertilizer rates and variety SAB with 150kg ha™® (49.33 days) respectively.
However, short days to flowering (38.33 days) were recorded at the treatment combination
of the Bz2 variety with 0 kg ha™ NPSB fertilizer rate (Table 3). This means Bz2 variety
without fertilizer flowered 12.67 days earlier than the variety Serl119 combined with
150kg™ NPSB. And this showed that planting of common bean by applying more NPSB
blended fertilizer has delay the days for flowering, whereas less or no application of

fertilizer has shorten the days for flowering of common bean.

The plot that received a high dose of blended NPSB fertilizers for nutrient supply took a
longer time to establish and grow than the plots without fertilizer, and variety Bz2 was
found to be early flowering as compared to the other varieties across all NPSB fertilizer
rates. Prolonged days to flowering at a high rate of N, P, S, and B fertilizer might be
associated with the availability of enough nutrients in the soil that lead to the promotion of
vegetative growth of the variety, which in turn prolongs days to flowering, and this is due
to the delaying effect of nitrogen obtained from NPSB fertilizer. On the other hand, early
flowering of a variety with an unfertilized treatment might be due to nutrient deficiencies
causing the plant to go into stress, causing the plant to flower early. The difference among
the varieties in days to flowering might be due to be genetic differences as common bean

has high diversity in such phenological characters.

In agreement with this result, Farkhanda et al. (2019) reported that the interaction effect of
varieties and NPS blended fertilizer rates had a significant effect on days to 50% flowering
on common bean. The variety Long Red Bean with 250 kg NPS ha™ had the longest days
to 50% flowering, whereas the variety Kashmir with 0 kg NPS ha™ was the earliest to
reach 50% flowering. Endrias (2017) also reported that application of the NPS rate
significantly influenced the days to 50% flowering in common bean. Increasing the NPS
rate from 0 kg NPS ha™ to 100 kg NPS ha™ increased the number of days required to reach
50% flowering from 42.67 to 49.33 days.

Similarly, the finding of Nuru (2020) who reported that the interaction effect of varieties
and NPS blended fertilizer rates had a significant effect on days to 50% flowering on
mungbean. The variety Boreda, with a 0 kg ha™ rate, was the earliest to 50% flowering
(40.93), while Rasa, with a 150 kg NPS ha™ rate, had the longest days to reach 50%
flowering (54.22).

24



In line with this result, Atinafu (2020) reported that days to 50% flowering were highly
significantly affected by the application rates of blended fertilizers on common bean.
Increasing the rate of blended NPSB fertilizers from 0 kg ha™ to 200 kg ha™ increased the
number of days required to reach 50% flowering from 39.0 days to 46.33 days.

Table 3 Interaction effects of varieties and NPSB fertilizer rates on Days to 50% flowering

of common bean

NPSB (kg ha)

Varieties 0 50 100 150
Sab632 42.33° 48.00° 48.33" 49.33%°
Ser119 48.00° 49.67%° 49.67%° 51.00°
Ser125 45.33¢ 50.00%° 50.67° 50.67°
Bz2 38.33 39.67' 38.67" 40.00'
LSD(0.05) 1.93

cV 2.5

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.

4.2.2. Days to 90% physiological maturity

The analysis of variance showed that days to 90% physiological maturity were highly
significantly (P<0.01) influenced by the main effect varieties and NPSB blended fertilizer

rates and also their interaction (Appendix Table 1 and Table 4).

The highest rate of NPSB fertilizer rate (150 kg ha™) resulted in delayed days to maturity
within all varieties. Variety Ser125 showed the longest days to physiological maturity
(99.33 days) with a combined application of 150 kg NPSB ha™ followed by treatment
combinations of variety Ser125 with 100 kg ha™ NPSB (99 days) and variety Ser119 with
150 kg ha™ NPSB (98.67 days) respectively. A relatively short day to physiological
maturity (74.66 days) was recorded from the Bz2 variety without NPSB blended fertilizer
(Table 4).

The difference in days to maturity might be due to the variations in N, P, S and B

availability and genetic differences, as common bean has high diversity in such
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phenological characters. The delay in days to maturity at the highest blended NPSB
fertilizer could also be due to N fertilizer that increasing vegetative growth of the plant.

Similarly, the finding of Farkhanda et al. (2019) who reported that the interaction effect of
varieties and NPS blended fertilizer rates had significant effect on days to 90%
physiological maturity on common bean. Long Red Bean had the longest days to 90%
physiological maturity with 250 kg NPS ha™*, while Kashmir had the shortest days to 90%
physiological maturity with 0 kg NPS fertilizer. The results of the current study were also
in line with the findings of Shumi, (2018), who reported that the delayed physiological
maturity of common bean was associated with an increase in NPS fertilizer rates where the
highest number of days required to physiological maturity (99.33 days) was recorded for
the highest rate of blended NPS application rate (250 kg ha™) while the shortest days to
physiological maturity (91.33 days) was reported with a 0 kg NPS application.

In agreement with this result, Nuru (2020) reported that the interaction effect of varieties
and NPS blended fertilizer rates had a significant effect on days to 90% physiological
maturity on mungbean. The variety Rasa with 150 kg NPS ha™ had the longest days to
90% physiological maturity (81.22 days), whereas the variety Boreda with 0 kg NPS ha™
rate was the earliest to reach days to 90% physiological maturity (67.93).

Table 4 Interaction effects of varieties and NPSB fertilizer rates on days to 90%
physiological maturity of common bean

NPSB (kg ha)

Varieties 0 50 100 150
Sab632 82.67' 94.00%% 94.67"% 94,33Pcd®
Ser119 91.66% 97.33% 97.00%°¢ 098.66°
Ser125 91.33° 98.00° 99.00° 99.33?
Bz2 74.66" 77.00%" 75.67" 79.00¢
LSD(0.05) 3.30

CcVv 2.197

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.
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4.2.3. Plant height

The analysis of variance showed a highly significant (p<0.01) effect of the main factors
varieties and NPSB fertilizer rates and a significant (p<0.05) effects of their interaction on
plant height at physiological maturity (Appendix Table 2 and Table 5).

The application of the highest rate of NPSB fertilizer (150 kg ha™) produced the highest
plant height in almost all varieties of common bean. Variety Ser125 had the highest plant
height (83.73 cm) with a combined application of 150 kg NPSB ha™, followed by the
treatment combination of variety Ser125 with 100 kg ha™ (82.1 cm), while Bz2 had the
shortest plants (29.266 cm) without NPSB fertilizer application (Table 5). The plant
heights of Bz2 and Sab632 varieties were shorter at all fertilizer rates than those of Ser119
and Ser125 varieties.

The increase in plant height in response to the increased blended NPSB application rate
might be due to higher N, P, S, and B availability that leads to the maximum vegetative
growth of the plants. The integrated actions of fertilizer nutrients significantly affected
plant height. Nitrogen helps in chlorophyll formation; phosphorus establishes a strong root
system; sulfur enhances the formation of chlorophyll and encourages vegetative growth;
and boron plays a vital role in the translocation of photosynthates (Moiruzzaman et al.,
2008). The increase in plant height might also be attributed to better root formation due to
sulfur, which in turn activated higher absorption of N, P, S, and B from the soil and

improved metabolic activity inside the plant.

In agreement with this result, Shumi et al. (2018) reported that the interaction of NPS
fertilizer rates and varieties had a significant effect on the plant height of common bean.
The highest plant height (99.72cm) was observed from Nasir in combination with a 150kg
ha® NPS rate and the shortest plant height (31.08cm) was recorded at variety Ibado in

combination with a 0 kg ha™ NPS fertilizer rate.

Similarly, Nuru (2020) reported that the interaction of NPS fertilizer rates and varieties had
a significant effect on the plant height of common bean. The highest plant height (104.02
cm) was observed from Red-Wolayita in combination with a 100 kg ha™ NPS rate, and the
lowest plant height (45.82 cm) was recorded from the variety Nasir in combination with a
0 kg ha™* NPS fertilizer rate.
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In line with this result, Desta and Ermias (2019) also reported that the highest plant height
was recorded from the application of 150 kg NPSB ha™, while the lowest was recorded
from a 0 kg NPSB fertilizer rate. Moniruzzaman et al., (2008) also found that plant height
was significantly increased up to 160 kg N ha™ and that application of phosphorus at the

highest level (120 kg P,0s) increased plant height in French bean.

Table 5 Interaction effects of varieties and NPSB fertilizer rates on plant height of common

bean
NPSB (kg ha™)

Varieties 0 50 100 150
Sar632 32.00' 37.80" 48.06" 47.80™
Ser119 51.60" 66.00° 76.13° 76.83"
Ser125 59.53° 79.26% 82.13%® 83.73°
Bz2 29.26' 44.13° 43.53° 44.209
LSD(0.05) 5.72

cV 6.08

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.

4.2.4. Number of total nodules per plant

The analysis of variance showed that the total number of nodules was highly significantly
(p<0.01) influenced by the main factor varieties and NPSB blended fertilizer rates and the
interaction of both (Appendix Table 2 and Table 6).

Variety Ser119 with the combination of 100 kg NPSB ha™ had the highest number of
nodules per plant (73.67), followed by treatment combinations of variety Ser119 with 150
kg ha NPSB (72.33) and variety Sab632 with 150 kg ha™ NPSB (65.67), respectively.
However, Bz2 with no NPSB fertilizer application had the lowest number of nodules
(25.77) (Table 6).

The increase in the total number of nodules at 150 kg NPSB ha™ might be due to
phosphorus, which is needed in relatively large amounts by legumes for growth and to

promote leaf area, biomass, yield, nodule number, and nodule mass in different legumes. In
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line with this finding, Amare et al. (2014) found that nodule number increased
significantly with increasing phosphorus levels, with the lowest (12.8) and highest (31.35)
numbers in common bean obtained from the control treatment and application of 20 kg ha™
P205 ha, respectively. The total number of nodules also increases with the increase in
sulfur due to the formation of nitrogenase enzymes that promote nitrogen fixation in
legumes. And it also might be the vital role of boron because it is essential for nodule
formation in legumes and because it is an essential nutrient for the development of

nitrogen-fixing root nodules in legumes.

In agreement with this result, Nuru and Taminaw (2021) reported that the interaction effect
of NPS fertilizer rate and variety had a significant effect on the total number of nodules per
plant of common bean. The highest number of total nodules (50.80) was observed from the
variety Beshbesh in combination with 100 kg NPS ha™ while the variety Tabor, with a 0 kg
NPS rate, produced the lowest number of total nodules (6.87). Similarly, Atinafu (2020)
also reported that the mean maximum number of nodules per plant of common bean was
recorded at 200 kg NPSB ha™ while the minimum number of nodules was recorded at 0 kg

NPSB fertilizer application.

In line with this result, Amanuel et al. (2018) reported that the interaction of varieties and
P rates had a significant effect on the number of nodules per plant of common bean. The
maximum number of nodules per plant was recorded for variety Tatu with the application
of 69 kg P,Os ha™, while the minimum number of nodules was recorded for variety

Remeda without the application of P,0s.

Similarly, Nuru (2020) reported that the interaction effect of NPS fertilizer rate and variety
had a significant effect on the total number of nodules per plant of common bean. The
highest number of total nodules (68.53) was observed from the variety Nasir in
combination with 100 kg NPS ha™ while the variety Red-Wolayita, with a 0 kg NPS rate,

produced the lowest number of total nodules (9.87).
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Table 6 Interaction effects of varieties and NPSB fertilizer rates on total nodules number of

common bean

NPSB (kg ha)

Varieties 0 50 100 150
Sab632 30.00™ 38.00%" 61.67° 65.66%°
Ser119 33.11°1 34.78%" 73.67° 72.34%
Ser125 36.66% 40.67% 62.55" 61.22°
Bz2 25.77° 45.00¢ 45.00° 59.22°
LSD(0.05) 10.06

CcV 12.29

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level
of significance.

4.2.5. Effective nodules per plant

The main factor varieties and NPSB blended fertilizer rates and the interaction of both
were found to have a highly significant (p<0.01) influence on the number of effective
nodules (Appendix Tables 2 and 7).

Variety Ser119 with the combination of 100 kg NPSB ha™ recorded the highest number of
effective nodules per plant (43.55), followed by treatment combinations of variety Ser119
with 150 kg ha™ NPSB (42.77) and variety Sab632 with 150 kg ha’ NPSB (40.11),
respectively, while the lowest number of effective nodules was recorded from variety Bz?2
(15) and variety Sab632 (19.55) of both without NPSB fertilizer application (Table 7).

The increment in the number of effective nodules with the increase in NPSB application up
to 100 kg ha™ and 150 kg ha™ NPSB fertilizer might be due to the vital role of phosphorus
in increasing the number and size of nodules and the amount of nitrogen assimilated per
unit of nodules. In agreement with this result, Bashir et al. (2011) reported that phosphorus
plays a vital role in increasing root growth and decreasing the time needed for developing
nodules to become effective for the benefit of the host legumes. It might also be from
increased sulfur application, which might be due to the high dose of sulfur and increasing
its availability along with other major nutrients. In legume plants, a high sulfur supply

shows greater rates of N2 fixation, and conversely, legumes grown on sulfur poor soils
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have minimized nitrogen’s activity and readily respond to sulfur fertilizers by increasing

yield and nitrogen content (Scherer, 2008).

In agreement with this result, China (2018) recorded that the highest number of effective
nodules per plant (20.67) was recorded from variety Dhera with the application of 129 kg
NPSZnB ha® while the lowest effective nodule per plant (4.43) was obtained from the
interaction of the Natoli variety with a lower fertilizer (64.4 kg) blended NPSZnB ha™

application on chickpea.

Similarly, Wondwosen and Tamado (2017) also reported that the interaction effect of
common bean varieties with NP fertilizer rates showed a highly significant (p<0.01) on the
number of nodules per plant and that the variety Chercher with 36 kg N and 92 kg P205
had the highest effective nodules, while Awash Melka with no fertilizer had the lowest
effective nodules (19.50).

In line with this result, Hassen (2020) reported that the number of effective nodules per
plant increased with the increased rate of blended NPS application. The increase in blended
NPS fertilizer from 0 to 200 kg ha™ enhanced the number of effective nodules per plant.
The maximum number of effective nodules per plant (33.67) was recorded at a rate of 200
kg NPS ha’ while the minimum number of effective nodules per plant (24.27) was
recorded at a rate of 0 kg NPS ha™.

Table 7 Interaction effects of varieties and NPSB fertilizer rates on number of effective

nodule of common bean

NPSB (kg ha™)

Varieties 0 50 100 150
Sab632 19.57' 23.67% 37.33° 40.11%¢
Ser119 21.10" 21.44" 43.55% 42.77%
Ser125 23.66°" 24.33% 36.89 37.11°«
Bz2 15.00¢ 28.33° 27.33° 34.23¢
LSD(0.05) 5.76

cVv 11.60

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
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Means in the columns followed by the same letter are not significantly different at 5% level
of significance.

4.2.6. Nodule dry weight

The analysis of variance showed that the number of nodules dry weight was highly
significantly influenced by the main effects of variety and blended NPSB fertilizer
application rates (p<0.01) and significantly (p<0.05) affected by their interaction
(Appendix Table 2 and Table 8).

Variety Ser119 with the combination of 150 kg NPSB ha™ recorded the highest number of
nodule dry weight (3.10), followed by treatment combinations of variety Ser119 with 100
kg ha® NPSB (2.95) and variety Sab632 with 150 kg ha™ NPSB (2.77), respectively, while
the lowest number of nodule dry weight was recorded from variety Bz2 (1.26) without
NPSB fertilizer application (Table 8).

The increase in the nodule dry weight at 150 kg NPSB ha™ might be due to phosphorus,
which is needed in relatively large amounts by legumes for nodule number and effective
nodule, which in turn increase nodule weight. In line with this result, Attar et al. (2012)
reported that various levels of P fertilizer applications significantly affected the nodule dry
mass of common bean. The highest nodule dry weight (0.64) was recorded from the
application of 90 kg P,0s, while the lowest nodule dry weight was recorded from a 0 kg
P,Os application.

In agreement with this result, Lake and Jemaludin (2018) found that the highest nodule dry
weight was obtained from a 100 kg blended NPSZnB ha™ application rate and the lowest
nodule dry weight was recorded from a 0 kg blended NPSZnB application rate on common
bean. Similarly, Tesfa (2022) reported that NPS fertilizer had a significant effect on the
nodule dry weight of soybean. The maximum nodule dry weight (0.205) was recorded
from the application of 150 kg NPS ha™ and the lowest nodule dry weight was recorded
from 0 kg NPS ha™.

In agreement with this result, Rodino et al., 2021 found that the highest (18.3) nodule dry
weight was obtained from variety PMB-0285 while, the lowest (8.19) nodule dry weight

was recorded from variety PMB-0286 of common bean.
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Table 8 Interaction effects of varieties and NPSB fertilizer rates on nodule dry weight of

common bean

NPSB (kg ha)

Varieties 0 50 100 150
Sab632 1.63" 1.66™" 2.11% 2.77%°
Ser119 1.27" 1.60™" 2.95% 3.10°
Ser125 1.27" 1.88°" 1.86°" 2.56"
Bz2 1.26" 1.479" 1.81°% 2.27°
LSD(0.05) 0.50

cV 15.37

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.

4.3. Yield Parameters

4.3.1. Number of pods plant™

The analysis of variance showed a highly significant (p<0.01) effect of the main factors
varieties and NPSB fertilizer rates and a significant (p<0.05) effects of their interaction on
number of total pods per plant (Appendix Table 3 and Table 9). These indicated the
differential response of varieties to fertilizer rates with regard to the number of pods per
plant. The number of pods per plant is known to be determined by several traits, including
the number of flowers, the number of branches, and the number of pods set, and this
indicates the proportion of flowers that produce pods. Therefore, it is expected that these
traits will be highly influenced by fertilizer effects and display differential responses

among varieties.

Variety Ser119 with an application of 150 kg blended NPSB ha-1 fertilizer rate scored the
highest number of total pods per plant (17.60), followed by Ser119 with 100 kg ha-1
(17.53) and Ser125 with 150 kg ha-1 (16.20) NPSB blended fertilizer rate, respectively,
while the lowest number of total pods per plant (5.46) was from variety Sab632 without
blended NPSB application rate (Table 9). In most fertilizer rates, the number of pods per
plant of the Bz2 and Sab632 varieties was lower than that of the Serl19 and Serl25

varieties.
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Increasing the application rate of blended NPSB fertilizer from 0 to 150 kg NPSB ha™
resulted in a progressive increase in the number of pods per plant. The highest number of
pods at the highest NPSB (150 kg ha™') may be attributed to the fact that NPSB promotes
common bean establishment, node formation, canopy development, and pod setting, and
that the increase in number of pods at this level may be due to various enzymatic activities
that controlled flowering and pod formation. This result is in agreement with the finding of
Shumi et al. (2018), who reported that increasing the application of blended NPS fertilizer
from 0 to 250 kg ha™ increased the number of pods per plant of common bean from 8.7 to
18.5.

This result was also in agreement with the finding of Desta and Ermias (2019), who
reported that the interaction effect of varieties and NPSB blended fertilizer rates, had a
significant effect on the number of pods per plant. Variety Nassir with 200 kg NPSB ha™
produced significantly the highest number of pods per plant (34.3). In contrast, lowest
number of pods per plant was recorded for variety Hawassa-Dume with 50 kg ha™ NPSB
fertilizer (12.7).

Similarly, Moniruzzaman et al., (2008) reported that the maximum number of pods per
plant (25.49) was obtained with the application of 120-120-60-20-4-1 kg N-P,05-K,0-Zn-
B. Many scientists agree that the increasing number of pods per plant due to the application
of phosphorus fertilizer confirms the fact that P fertilizer promotes the formation of nodes

and pods in legumes (Hassen, 2020).

In line with this result, Taminaw (2019) also reported that the main effects of varieties,
NPS fertilizer rates, and their interaction had a highly significant (p<0.01) effect on the
number of pods per plant. Variety Awash-melka with 200 kg NPS ha™ produced the
highest number of pods per plant (28.4), while variety Awash1 without NPS fertilizer gave
the lowest number of pods per plant (13.71).

Table 9 Interaction effects of varieties and NPSB fertilizer rates on number of pod plant™

of common bean

NPSB (kg ha™)

Varieties 0 50 100 150

Sab632 5.46" 8.46" 9.80°™ 12.40°%%
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Ser119 8.20%" 11.93°% 17.53% 17.60°

Ser125 10.40%" 12.13%% 13.46™ 16.20%
Bz2 8.53™ 12.46°* 11.40%% 13.06%
LSD(0.05) 2.95

CcVv 14.95

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.

4.3.2. Number of seeds pod™

The analysis of variance showed that the number of seeds per pod was highly significantly
(p<0.01) affected due to varieties and also significantly (p<0.05) affected by NPSB
fertilizer rates, but not significantly affected due to the interaction of varieties with blended
NPSB fertilizer rates (Appendix Table 3 and Table 10).

The maximum number of seeds per pod (3.76) was recorded for variety Serl125, and it was
statistically on par with variety Serl19 (3.74); while the lowest number (3.08) was
recorded for variety Bz2 (Table 10). The significant difference among the varieties for seed
number pod™ might be attributed to their genetic differences rather than the management,
and this could also be attributed to the variation in size of the seeds of the varieties. In line
with this, Fageria and Santos (2008) reported that the number of seeds per pod of different
common bean varieties varied in the range of 3.1 to 6 and attributed the difference to the

genetic variation of varieties.

The highest number of pods per plant (3.70) was obtained with a blended NPSB rate of
100 kg ha™* applied, and it was statistically at par with 100 kg ha™ (3.65), and the lowest
(3.14) was recorded at a 0 kg NPSB ha™ rate (Table 10). The increase in the number of
seeds per pod with NPSB fertilizer application rates might be due to the fact that P is an
essential component in seed formation. Phosphorus plays a vital role in protein synthesis,
along with phospholipids and phytin, all of which are important in seed formation and

development (Rahman et al., 2008).

In agreement with this result, Desta and Ermias (2019), who stated that the application rate

of blended NPSB fertilizer had a significant effect on the number of seeds per pod. The
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highest number of seeds per pod (4.4) was recorded with the application of a 200 kg ha™
NPSB fertilizer rate, while the least (3.8) was recorded without fertilizer application.
Similarly, Meseret and Amin (2014) also reported that the number of seeds per pod of
common bean was increased from 3.14 to 4.2 with increased levels of P from 0 to 92 kg
P205 ha™.

This result was in line with Wondwosen and Tamado (2019), who reported that the number
of seed pod-1 was significantly affected due to common bean varieties. The maximum
number of seeds per pod (4.65) was recorded from the variety Awash Melka, while the
lowest number of seeds per pod (3.98) was recorded from the variety Red-Wolayita.

Table 10 Main effects of varieties and NPSB fertilizer rates on Number of seed per pod of

common bean

Treatments Number of seed per pod
Varieties

Sab632 3.21°
Ser119 3.74°
Serl25 3.76°
Bz2 3.08"
Mean 3.447
LSD(0.05) 0.413
NPSB rates (kg ha™)

0 3.14°
50 3.29%
100 3.70°%
150 3.65°%
Mean 3.445
LSD(0.05) 0.41
CcVv 14.36

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.
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4.3.3. Hundred Seed Weight (g)

The result of this experiment showed that hundred seed weight was highly significantly
(p<0.01) affected by the main effects varieties and NPSB fertilizer rates and significantly
(p<0.05) affected by the interaction of varieties and blended NPSB fertilizer rates
(Appendix Table 3 and Table 11).

The highest hundred seed weight (42.3) was recorded from variety Sab632 with a
combination of 150 kg NPSB ha™® while the lowest hundred seed weight (25.40) was
recorded from variety Ser119 without NPSB fertilizer application (Table 11). This seed
weight variation might be due to the genetic constituents of plant varieties that determine
the size of grain and nutrients (N, P, S, and B) in critical growth periods of plants, which
were improved at the optimum level of blended NPSB fertilizer rates. Similarly, according
to Mfilinge et al. (2014), the P-fertilized crop produced more pods per plant, which were
better filled with heavier seed than the control. The increase in hundred seed weight might
also be attributed the presence of a difference in seed size among common bean varieties,
as hundred seed weight increases with increasing seed size.

In line with this finding, Farkhanda (2019) reported that Long Red Bean with 200 kg NPS
ha® had the heaviest seed weight (54.33 g), while Nasir with 50 kg blended NPS
application rates had the lightest seed weight. The increase in hundred seed weight as a
result of P application might also be attributed to the important role the nutrient plays in

the vegetative growth of crops, leading to increased seed size (Zafar et al., 2013).

In agreement with this result, Habtamu et al., (2017) also reported that the interaction
effect of varieties and NP fertilizer rate had a significant effect on the hundred seed weight
of common bean. Variety Deme with the highest NP rate (46 kg ha™* of P205 and 41 kg ha’
1of N) scored the maximum hundred seed weight (54.2), while the minimum was recorded

from variety Awash with the lowest NP rate (0 kg ha™).

Similar findings were reported by Teame et al., (2020), who showed that the highest
hundred seed weight (28.43 g) was recorded in the Nasir variety with a combination of 20
X 45 kg ha™ PS rate, whereas the lower hundred seed weight (24.20 g) was obtained from

Awash-Melka in the treatment combination of 30 x 60 kg ha™.
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Table 11 Interaction effects of varieties and NPSB fertilizer rates on hundred seed weight

of common bean

NPSB (kg ha)

Varieties 0 50 100 150
Sah632 41.27%° 41.47® 40.46° 42.30°
Ser119 25.40" 25.63%" 26.06°™" 26.04°""
Ser125 25.76'" 26.67°%" 26.70°" 26.85°
Bz2 33.93¢ 34.11¢ 35.48° 35.83¢
LSD(0.05) 1.04

CcV 2.0

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.

4.3.4. Above-ground dry biomass

The analysis of variance computed for above ground biomass yield showed a highly
significant (p<0.01) difference for all the main effects and a significant (p<0.05)
differences for the interaction (Appendix Table 4). These indicated the differential
response of varieties towards a fertilizer rates with regard to the performance of above
ground biomass yield. It is known that above ground biomass yield is a constituted from
several traits and genes; such as plant height, number of pods, leaf number and size, grain
yield and straw vyield. That indicates the involvement of many parameters for its
manifestation. Therefore, it is expected that this parameter to be highly influenced by
fertilizer effects and display differential responses among varieties.

Ser119 variety, with an application of 150 kg blended NPSB ha™ scored significantly the
highest above ground dry biomass (6131.7 kg ha™). It was statistically par with variety
Ser125 with a 150 kg NPSB fertilizer rate (6106.7 kg ha™) and followed by treatment
combinations of variety Sab632 with 100 kg ha™* NPSB (5840 kg ha™) and variety Ser119
with 100 kg ha™ NPSB (5838.3 kg ha™), while the lowest above ground dry biomass
(3106.7 kg ha*) was recorded from variety Bz2 with a 0 kg blended NPSB ha™ application
rate (Table 12).
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The results generally showed an increase in biomass production with an increase in the rate
of blended NPSB in most of the bean varieties. The increase in above-ground dry biomass
of the varieties across blended NPSB might be attributed to the fact that the higher
availability of nitrogen significantly increased plant height, the number of pods per plant,
and the overall vegetative growth of the crop, which contributed to higher above-ground
dry biomass.

In agreement with this result, Asmachew et al., (2022) reported that the interaction of
varieties and NPSZnB fertilizer rates had a significant effect on the above-ground dry
biomass of soybean. Planting variety Pawe-03 with the application of a 200 kg ha™
blended NPSZnB fertilizer rate gave the highest (6944.44kg ha™) above ground dry
biomass yield, while the lowest (2874.60kg ha™) above ground dry biomass was recorded

when variety Pawe-01 was planted with a 0 kg application of fertilizer.

In conformity with this result, Shumi (2018) reported the highest above-ground dry
biomass (10278 kg ha™*) was recorded from variety Angar in combination with 250 kg NPS
ha®, whereas the lowest above-ground dry biomass (4045 kg ha™) was obtained from
variety Nasir under the 0 kg NPS rate.

Table 12 Interaction effects of varieties and NPSB fertilizer rates on AGDBM of common

bean
NPSB (kg ha)

Varieties 0 50 100 150
Sab632 3246.7' 4318.3° 5840%° 5796.7°°°
Ser119 4403.3° 5373.3° 5838.3%° 6131.7°
Ser125 4365° 5098.3¢ 5813.3% 6106.7%
Bz2 3106.7' 4186.7° 4528° 5276.7%
LSD(0.05) 533.96
CcVv 6.45

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.
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4.3.5. Grain yield

The analysis of variance showed that the grain yield was highly significant (p<0.01)
influenced by the main effects of varieties and blended NPSB fertilizer rates and their
interaction (Appendix Table 4 and Table 13).

Variety Ser119 with 150 kg NPSB ha™ produced 66.25% (1897 kg ha™) more yield than
variety Bz2 without fertilizer application, and it was statistically equivalent with variety
Ser119 with 100 kg NPSB fertilizer rate (2849.3 kg ha™); it was followed by the treatment
combination of variety Ser125 with 150 kg NPSB ha-1 (2802.4 kg ha™). while the lowest
grain yield (966.1 kg ha™) was recorded from variety Bz2 with a 0 kg ha™ NPSB fertilizer
rate, and this was also followed by variety Sab632 (994.1 kg ha™) without NPSB fertilizer
application (Table 13).

This might be due to the genetic variation within common bean varieties. Grain yield
increased significantly as NPSB fertilizer rate was increased. This might be due to
increased nutrient uptake and better growth due to the synergetic effect of the nutrients,
which enhanced yield and yield components at the highest NPSB rate. The contribution of
this balanced NPSB fertilizer was great in order to increase yield components through
higher uptake of all nutrients and increased translocation of assimilates from source to
sink. The number of pods per plant and the number of seeds per pod are associated with
grain yield; the variety with a higher number of pods and seeds per pod significantly

contributes to a higher grain yield.

According to this experiment, it was concluded that using blended nutrients with
supplementary nitrogen is more effective than using single elements as fertilizer in order to
get a high grain yield. In agreement with the result of this study, Hassen (2020) observed
significant variations due to the interaction effect of variety and blended NPS fertilizer
rates on common bean grain yield. Variety Fadis, with the application of 150 kg ha™
fertilizer, recorded the highest seed yield (2565 kg ha™), while the lowest grain yield (1383

kg ha™) was recorded from variety Babile with a 0 kg NPS ha™ application rate.

In agreement with these results, Asmachew et al., (2022) also reported that different rates
of blended NPSZnB fertilizer rates, varieties, and interaction effects of NPSZnB rates and

varieties had highly significant effects on the seed yield of soybean. The maximum grain
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yield (2876.98 kg ha™) was produced when the Pawe-03 variety was planted with the
application of 100 kg ha™ NPSZnB fertilizer, while the minimum grain yield (1030.16 kg

ha) was recorded when the Pawe-01 variety was planted with nil fertilizer applications.

In line with this result, Kawte et al., (2020) reported that the interaction effect of mung
bean varieties and blended NPS fertilizer was significant on grain yield. The maximum
grain yield (1244.7 kg ha™) was recorded for variety N-26 at 150 kg ha™, while the lowest
grain yield (655.7 kg ha™*) was recorded for Shewarobit at a 0 kg rate of NPS. Similarly, in
agreement with this result, Negash and Rezene (2015) also reported that the application of
NP (27 kg N and 69 kg P205) had a significant effect on the grain yield of common bean.

Table 13 Interaction effects of varieties and NPSB fertilizer rates on grain yield of

common bean

NPSB (kg ha')

Varieties 0 50 100 150
Sab632 994.1" 1461.1° 2481.9" 2459.1"
Ser119 1367.4° 2168.8% 2849.3 2862.7°
Ser125 1453.6° 1949.6% 2751.7%° 2802.4°
Bz2 966.1" 1595.5' 1574™ 1826.2°
LSD(0.05) 319.97

cV 9.73

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.
Means in the columns followed by the same letter are not significantly different at 5% level

of significance.

4.3.6. Harvest Index (HI)

Harvest index is the ratio of grain yield to total dry biomass and is a measure of
reproductive efficiency. The result of this experiment showed that the harvest index was
significantly (p<0.05) influenced by the interaction of varieties and blended NPSB
fertilizer rates (Appendix Table 4 and Table 14).

The highest harvest index (48.79%) was recorded from the Serll9 variety with the
application of 100 kg ha™* followed by treatment combinations of variety Ser125 with 100
kg ha™® NPSB (47.32%) and variety Ser119 with 150 kg ha™ NPSB (46.79%), respectively,
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whereas the lowest harvest index (30.91%) was obtained from variety Sab632 without the
application of NPSB fertilizer (Table 14). The variation in harvest index could be due to
synergetic effect of blended fertilizer and genetic variability of varieties in response to
blended fertilizer; higher grain yield at higher fertilizer rate. From this investigation we can
conclude that increased rate of blended NPSB fertilizer can increases ratio of harvest index
which indicates the higher production of grain yield.

In agreement with this result, Uddin et al., (2020) reported that the interaction of variety
and boron had a significant effect on the harvest index of French bean. The variety Bahri
Jharseem-3 had the highest harvest index (37.19) when fertilized with 1.5 kg of boron ha-
1.Whereas the minimum harvest index (30.68%) was recorded from Bahri Jharseem-1,
which was not fertilized with boron (0 kg ha™). Similarly, in line with this result, Shumi
(2018) reported that the interaction of varieties and blended NPS fertilizer rates had a
significant effect on the harvest index of common bean. The highest harvest index (53%)

was recorded for variety Angar with an application of blended NPS fertilizer at 150 kg ha
1

In conformity with this result, Wondwosen and Tamdo (2017) also reported that the
highest harvest index (49%) was obtained from variety Awash1 with the application of 18
kg P: 46 kg P205 ha™, whereas the lowest harvest index (26%) was recorded from the
Chercher variety without fertilizer application.

Table 14 Interaction effects of varieties and NPSB fertilizer rates on Harvest index of

common bean

Treatments harvest index (%)

Varieties 0 50 100 150
Sab632 30.91° 33.86™" 42.50™° 42.43%°
Ser119 31.12" 40.46° 48.89° 46.79%
Ser125 33.27% 38.35% 47.32° 45.91%
Bz2 31.34 38.10°% 34.76% 34.56%
L.SD(0.05) 6.6

CcVv 10.26

LSD (0.05) = Least significant difference at 5% level; CV (%) =Coefficient of variation.

42



Means in the columns followed by the same letter are not significantly different at 5% level
of significance.

4.4. Correlation Analyses among Growth and Yield Parameters

The correlation between growth and yield components of common bean as influenced by
the application of blended NPSB fertilizers was computed and its results are shown in
Table 15. The present study indicated that Plant height was highly significantly and strong
positively correlated with number of pod per plant (r=0.84***), number of seed per plant
(r=0.82***), hundred seed weight (r=0.79***), grain yield (r=0.67***), nodule dry weight
and above ground dry biomass (r=0.40**) and also significantly and positively correlated
with total number of nodule (r=0.30*) and effective nodule number (r=0.29%). Days to
maturity highly significantly and negatively correlated with total number of nodules (r=-
0.56*). Total number of nodule was highly significantly and positively correlated with
effective nodule number (r=0.98***) and nodule dry weight (r=0.71***), above ground
dry biomass (r=0.49**), number of pod per plant (r=0.42*), number of seed per plant
(r=0.43*), hundred seed weight (r=0.41*) and grain yield (r=0.36%*). Similarly, effective
nodule per plant was highly significantly and positively correlated with nodule dry weight
(r=0.74***) and above ground dry biomass (r=0.53***) and also significantly and
positively correlated with number of pod per plant (r=0.41*), number of seed per plant
(r=0.42%), hundred seed weight (r=0.39*) and grain yield (r=0.37*). Nodule dry weight
was highly significantly and positively correlated with number of pod per plant
(r=0.53***), grain yield (r=0.70***) and above ground dry biomass (r=0.69***) and
negatively correlated with harvest index.

Similarly, number of pod per plant was highly significantly and strong positively
correlated with number of pod per plant (r=0.84***), number of seed per plant
(r=0.98***), hundred seed weight (r=0.83***), grain yield (r=0.78***) and above ground
dry biomass (r=0.60***). Number of seed per pod was highly significantly and strong
positively correlated with hundred seed weight (r=0.83***), grain yield (r=0.74***) and
above ground dry biomass (r=0.61***). In agreement with this study, Amanuel et al.
(2018) obtained a highly significant and positively correlated number of pods per plant,
and similarly, the number of seeds per pod showed a positive and highly significant

correlation with grain yield and above ground dry biomass.
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Growth parameters and yield components contributed to grain yield increment because
grain yield was found to be highly significantly and positively correlated with plant height
(r=0.67***), nodule dry weight (r=0.70***), number of pod per plant (r=0.78***), number
of seed per plant (r=0.74***), hundred seed weight (r=0.68***), and above ground dry
biomass (r=0.59***), total number of nodule (r=0.36%*), effective nodule per plant
(r=0.37%). In line with this result, Beruktawit et al. (2012) reported that grain yield was
highly correlated with the number of pods per plant, number of seeds per plant, above
ground dry biomass, and hundred seed weight. Similarly, Atinafu (2020) reported a
comparable investigation in which he found a highly significant and positive relationship
between grain yield, above-ground dry biomass, plant height, hundred seed weight,
number of pods per plant, number of seeds per pod, days to flowering and maturity,

number of total nodules per plant, and number of effective nodules per plant.
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Table 15 Simple correlation coefficient (r) of growth and yield parameters of common bean in Ezha district

DF
DM

PH
TNPP
ENPP
NDW
NPPP
NSPP
HSW
GY
AGDBM
HI

DF
1

0.00™°
0.00"°
0.0054"°
0.00™°
-0.0021M°
-0.0047M°
0.041N°
0.105™°
-0.11N°
0.028M°
-0.025™°

DM

1
0.00"°
-0.56%**
-0.054%***
0.031™°
-0.12"°
-0.16™°
-0.23"°
0.19"™°
-0.08"°
-0.32"°

PH

1
0.30*
0.288*
0.40**
0.84%**
0.82%**
0.79%**
0.67***
0.40**
0.06"°

TNPP

1
0.98***
0.71%**
0.42*
0.43*
0.41*
0.36*
0.49**
-0.39**

ENPP

1
0.74%**
0.41*
0.42*
0.39*
0.37*
0.53***
-0.42*

NDW

1
0.53***
0.52**
0.46**
0.70%**
0.69%**
-0.75%*

NPPP

1
0.98***
0.83***
0.78***
0.60***
-0.07"°

NSPP

1
0.83%**
0.74%%*

0.61***
-0.06"°

HSW

1
0.68***
0.53**
-0.018"°

GY

1

0.59%**
-0.46%*

AGDBM

1
0.47%*

HI

1

***= very highly significant, **= highly significant, *= significant, NS= none significant, DF= Days to 50% flowering, DM = Days to 90%
physiological maturity, PH= Plant height, TNPP = Total nodule number per plant, ENPP= effective nodule number per plant NDW=nodule
dry weight, NPPP= number of pod per plant, NSPP = Number of seeds per pod, HSW= Hundreds seed weight, GY= grain yield, AGDBM=

Above Ground Biomass yield, and HI= Harvest index
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4.5. Partial Budget Analysis

The partial budget analysis of the 16 treatments is shown in Table 15. Based on this result,
the highest net benefit of 81,123.3 Birr ha™ was obtained from the treatment combination
of 100 kg NPSB ha™ application rate for variety Ser119 followed by the treatment
combination of Ser119 with 150 kg ha™ NPSB blended fertilizer (79,408.51 Birr ha™). On
the other hand, the lowest net benefit (18,129.07 Birr ha™) was obtained from variety Bz2
with a 0 kg ha® NPSB blended fertilizer rate (Table 14). Therefore, the most productive
and attractive variety with NPSB fertilizer application rate for producers or farmers with a
higher net benefit was Ser119, with a 100 kg NPSB ha™ fertilizer application rate. In
agreement with this result, Desta and Ermias (2019) obtained the highest net benefit of
28,635.3 Birr with the application of 100kg NPSB ha™ for common bean.

Table 16 Summary of partial budget analysis of response of common bean varieties to

the application of NPSB fertilizer

Treatment AGY (kgha~ GFB (ETBha TVC (ETB NB (ETB
Variety  NPSB (kg ha™) ) Y ha™) ha™)
0 894.713 35,788.457 16,650.00 19,138.45
Sabh632 50 1314.96 52,598.364 19,250.00 33,348.36
100 2233.72 89,348.92 21,450.00 67,898.92
150 2213.167 88,526.574 23,650.00 64,876.57
0 1230.647 49,225.83 16,650.00 32,577.83
Serll9 50 1951.88 78,075.123 19,250.00 58,825.12
100 2564.33 102,573.303 21,450.00 81,123.30
150 2576.46 103,058.519 23,650.00 79,408.51
0 1308.243 52,329.63 16,650.00 35,679.63
Serl25 50 1754.63 70,185.154 19,250.00 50,935.15
100 2476.52 99,060.802 21,450.00 77,610.80
150 2522.193 100,887.809 23,650.00 77,237.80
0 869.477 34,779.074 16,650.00 18,129.07
Bz2 50 1435.95 57,438 19,250.00 38,188
100 1416.33 56,653.2 21,450.00 35,203.2
150 1643.58 65,743.2 23,650.00 42,093.2
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Where; AGY =Adjusted Grain Yield, GFB = Gross Field Benefit, TVC =Total Variable
Cost, NB=Net Benefit and ETB = Ethiopian Birr. Cost of NPSB = 44.00 ETB kg, Farm
gate price of Common bean = 40.00 ETB kg™ and Labor cost = 150.00 ETB day™
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5. SUMMARY AND CONCLUSION

Common bean is among the most important pulse crops cultivated in Ethiopia. It is highly
preferred by Ethiopian farmers because of its fast maturing characteristics that enable
households to get the cash income required to purchase food and other household needs
when other crops have not yet matured. However, the current national average yield of
common beans is far less than the attainable yield. This is partly due to low soil fertility
management and a lack of improved varieties. Thus, a field experiment was conducted
during the 2022 cropping season to evaluate the growth and yield response of common
bean varieties to blended NPSB fertilizer rates at Ezha district, Gurage zone of Southern

Ethiopia.

Almost all parameters were significantly and highly significantly influenced by the
interaction of both factors. Days to flowering, days to physiological maturity, total nodule
per plant, effective nodule per plant and seed yield were highly significantly (p<0.01)
affected due to the interaction of both factors while, plant height, nodule dry weight,
number of pod per plant, hundred seed weight, above ground dry biomass and harvest
index were significantly affected by the interaction of both factors but, number of seed per
pod was not significantly affected by the interaction of varieties and NPSB fertilizer rates.

The application of 150 kg of NPSB ha™ resulted in the highest days to flowering (51.0),
nodule dry weight (3.106), number of pods per plant (17.60), AGDBM (6131.7 kg ha™),
and seed yield (2862.7 kg ha™) for variety Ser119. The maximum days to maturity (99.33)
and plant height (83.73cm) were recorded from variety Serl25 with a 150 kg NPSB
fertilizer application rate. The highest number of total nodules (73.67), effective nodules
(43.55) and the highest harvest index (48.89%) were recorded from variety Ser119 with a
100 kg ha™* NPSB fertilizer application rate.

The highest hundred seed weight (42.30) was recorded from variety Sab632 with 150 kg
ha' NPSB fertilizer application rate. The highest number of seeds per pod was recorded

from variety Ser125.

Most of the crop parameters considered were significantly and positively correlated with

each other as a result of the applied NPSB blended fertilizer. The result indicated that grain
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yield was found to be highly significantly and positively correlated with plant height,
number of pods per plant and above ground dry biomass.

The economic analysis showed that the highest net benefit of 81,123.30 birr ha’ was
obtained from the treatment combination of 100 kg NPSB ha™ application rate for variety
Ser119. Thus, it can be concluded from the result of the present study that the use of
Ser119 variety with the application of 100 kg NPSB ha™ could be recommended to
enhance the productivity of common bean in the study area. However, the results of the
present study need to be validated and proven in the same agro-ecologies and seasons with

further experiments.
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7. APPENDIX

7.1 List of Tables in the Appendix

Appendix Table 1. Mean squares of analysis of variance for phonological and growth

parameters of common bean affected by varieties and NPSB fertilizer rates

Means squares

Sources of variation  DF DF DPM
Replication 2 1.52 1.33
Variety 3 281.41** 1070.35**
NPSB fertilizer rates 3 41.96** 147.69**
Variety x NPSB 9 4.78** 12.08**
rates

Error 30 1.34 3.93

CV (%) 2.5 2.197

DF= degree of freedom; ns= non-significant; *= significant at 5% level of significance;
**= significant at 1% level of significance; DFF= Days to 50% flowering; DPM= Days to

physiological maturity

Appendix Table 2. Mean squares of analysis of variance for phonological and growth

parameters of common bean affected by varieties and NPSB fertilizer rates

Means squares

Sources of variation  DF PH TNPP ENPP NDW
Replication 2 5.67 2.43 4.06 0.14
Variety 3 4005.36**  196.85** 77.06** 0.57**
NPSB fertilizer rates 3 1037.21**  3117.52**  986.74**  4.16**
Variety x NPSB rates 9 35.79* 147.92** 54.29** 0.27*
Error 30 11.75 36.39 11.93 0.091
CV (%) 6.08 12.29 11.60 15.37

DF= degree of freedom; ns= non-significant; *= significant at 5% level of significance;
**=significant at 1% level of significance; PH= Plant height; TNPP= Total nodule per
plant; ENPP= Effective nodule per plant; NDW= Nodule dry weight
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Appendix Table 3. Mean squares of analysis of variance for yield components of
common bean affected by varieties and NPSB fertilizer rates

Means squares

Sources of variation DF NPPP NSPP HSW
Replication 2 4.55 0.046 0.91
Variety 3 53.88** 1.47** 659.18**
NPSB fertilizer rates 3 97.15** 0.91* 2.83**
Variety x NPSB rates 9 7.04* 0.33ns 0.89*
Error 30 3.12 0.24 0.39

CV (%) 14.95 14.36 2.0

DF= degree of freedom; ns= non-significant; *= significant at 5% level of significance;
**= significant at 1% level of significance; NPPP= Number of pod per plant; NSPP=
Number of seed per pod; HSW= Hundred seed weight

Appendix Table 4. Mean squares of analysis of variance for yield and vyield

components of common bean affected by varieties and NPSB fertilizer

rates
Means squares

Sources of variation  DF AGDBM GY HI
Replication 2 51301.56 33785.17 14.89
Variety 3 3485059.03** 1736714.02** 134.77**
NPSB fertilizer rates 3 9952914.58** 4385552.92** 344.72**
Variety x NPSB rates 9 248019.68* 153288.74** 35.25*
Error 30 102536.01 35818.90 15.84
CV (%) 6.45 9.72 10.26

DF= degree of freedom; ns= non-significant; *= significant at 5% level of significance;
**= significant at 1% level of significance; AGDBM= Above ground dry biomass;
SY= Seed yield; HI= Harvest index
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