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Response of Barely (Hordeum vulgar L) Genotypes to Inorganic Fertilizers Types under

Acidic Soil of Hagerselam, Southern Ethiopia

Hailu Hameso (B.Sc), Waleligh Worku ((Ph.D.) and Tewodros Ayalew (M.Sc)

School of Plant and Horticultural Sciences, Hawassa University, P.O. Box 05, Hawassa, Ethiopia

ABSTRACT

Barley is one of the most important cereal crops in the world. It is a staple food grain, especially
for Ethiopian highlanders. However, the barley productivity is commonly influenced by different
biotic and abiotic factors. Soil acidity is one of the main environmental factors affecting growth
and crop yield. Field experiment was conducted on acidic soil of Hagereselam, southern
Ethiopia in 2019 cropping season to evaluate the performance of barley genotypes in terms of
yield and yield components under different inorganic fertilizer types. The experiment was laid
out in Randomized Complete Block Design with factorial arrangement with three replication and
consisted of four fertilizer types (control, NP, NPS and NPSB) and four barley genotypes
(217176b, 240478, 234911b and 208855b) and one barley variety (HB- 1307) as a check. Both
main and interaction effects influenced days to physiological maturity, plant height, number of
effective tillers m 2, above ground total biomass and grain yield. However, days to heading,
spike length, number of grain per spike, 1000 grain weight, straw yield and harvest index were
only affected by main effects. Barley Genotype 217176b with NPSB fertilizer exhibited the
highest grain yield of (4.9 ton ha™). However, it did not significantly differ from the yield
obtained from the same genotype under NP (4.72 ton ha™) and genotype 240478 with NPSB
fertilizer application (4.58 ton ha™). The lowest yield was recorded from genotype 208855b with
control fertilizer. Genotypes 217176b and 240478 were categorized as efficient and responsive
to fertilization under the evaluation. The highest marginal rate of return (MRR %), 3745.35,
recorded from the application of recommended rates of NPSB fertilizer for genotype 217176b.
Greater net benefits with more than the minimum acceptance value of 100% of MRR were
obtained for the same genotype with NP. Similarly economically acceptable performances were
obtained for genotype 240478 either with NPSB or NP fertilization. Given the fact that grain
yield performance between the two genotypes in combinations either with NPSB or NP is not
statistically significant, either of the two genotypes with the NPSB or NP fertilizer can be
recommended for barley production in acidic soils of Hagereselam and acidic soils of similar
agro-ecologies in the highlands of Ethiopia. Further studies that are replicated at least over
seasons are needed to investigate response of the two promising barley genotypes to application
of inorganic fertilizers under acidic soil conditions in order to come up with a conclusive
recommendation.

Keywords: Barley Genotypes, Inorganic Fertilizer, Grain Yield, Soil Acidity
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1. INTRODUCTION

1.1.  Background and Justification

Barley (Hordeum vulgare L.) is a grass of the family Poaceae, the subfamily Pooideae and the
tribe triticeae (Voltas et al., 1998). Barley is thought to have originated in the Fertile Crescent
area of the Near East from the wild progenitor Hordeum spontaneum ((Saisho and Purugganan,
2007). Barley is one of the most important cereal crop in the world, ranking fourth in production
area next to wheat, maize and rice (USDA, 2017). Barley is a staple food grain, especially for
Ethiopian highlanders. It can be grown in diverse agro ecologies being grown from 1800 to
3400m altitude in different seasons and production systems (Muluken, 2013). Barley ranks the
fifth important crop after maize, teff, sorghum and wheat in the country (CSA, 2018). Barley
can serve as a substitute for wheat when wheat prices are high. Recent researches have
established several health benefits of barley, predominantly because of its B-glucans content;
hypocholesterolemic, hypoglycemic, obesity controlling, prebiotic, and anticancerous effects
(Mulatu and Grando, 2011). Its grain contains carbohydrate, starch, protein and small amount of

fat (Martin et al., 2006).

The national average yield of barley in Ethiopia is low (2.16 ton ha™) (CSA, 2018). There are
several factors that are contributing to low productivity of barley in the country such as genetic,
environmental and socioeconomic constraints (Mulatu and Grando, 2011). Barley is also among
the major grain cereals dominantly cultivated in the central and southern highlands of Ethiopia

where the soils are often acidic. Barley can be cultivated and gives better yields in the diverse



environmental conditions, except in extreme high rainfall areas, which limit the yields (Getaneh,
2007).

Declining soil fertility is one of the major challenges to barley production and productivity in
Ethiopia (Amsal and Tanner, 2001). Depletion of soil nutrients especially N and P could be one
of the major reasons for the observed decreases in grain yield of barley. Some of the emerging
research findings are also indicating that K is indeed becoming a limiting nutrient in some
Ethiopian soils (Abiye et al., 2013). Significant increases in grain and straw yields of wheat have
been reported in vertisols of central Ethiopia due to application of potassium in the form of
potassium sulphate (Abiye et al., 2004). Abegaze (2008) also reported significant increase in the

yield of barley due to K fertilization of luvisol in Atsibi\WWonberama district in Tigray.

Similarly, nutrients such as sulfur and boron are also, found to be limiting in many soils of
Ethiopia (Atlas, 2016). They further reported that Zn and Cu deficiencies were, observed in 40
and 85 % of maize crop samples, respectively. Ethiopian soil information system (EthioSIS)
project is currently engaged in assessing the soil fertility status to develop soil fertility map of
Ethiopia soils. It also reported wide spread occurrence of several micronutrient deficiencies in
addition to macronutrients such as N and P. Based on such recent results, production and uses of
blended fertilizers containing three or more nutrients have already been started in Ethiopia

regardless of the past fertilizer application history.

Soil acidity determines the availability of nutrients to the plants. Due to complex and numerous
factors involving in nutrient/element deficiencies and toxicities, low activity of beneficial
microorganisms and reduced plant root growth, soil acidity limits nutrient and water uptake
(Fageria and Baligar, 2003). Therefore, soil acidity is the most important soil factors, which

affect plant growth, and ultimately limit crop production and profitability. The problem is

2



common in all regions where precipitation is high enough to leach appreciable amounts of
exchangeable bases from the soil surface (Achalu et al., 2012). There are considerable evidence
in literature that showed that soil pH < 5.5 affects the growth of crops due to high concentration
of aluminum (Al) and manganese (Mn), and deficiency of phosphorus, nitrogen, sulfur and other
nutrients (Abreha, 2013). According to Mesfin (2007), and soil inventory data of EthioSIS
acidic soils tend to be deficient in N, P, S and may be B which result in sever yield loses and

deteriorated nutritional quality of the crops .

Several conventional strategies for farmers have been proposed to ameliorate soil acidity and/or
decrease Al-accumulation through liming, P fertilization, and the production of low Al-
accumulating cultivars through genetic manipulation (Chan and Liao, 2016). However,
continuous application of P fertilizer and lime in soil is not only expensive but also
environmentally risky (Vance et al., 2003). Therefore, low-cost, effective and environmentally
friendly approaches are in high demand. In this regard, the application of adequate mineral
nutrition and use of acid tolerant varieties would be a suitable strategy for minimizing soil

acidity related yield reduction.

Many crop plants have a range of susceptibility to acidic soils, and overall their performance is
highly influenced by Al toxicity (Gupta, 2013). According to Tang et al. (2000), there is

variation among different crops in the sensitivity to acidity/Al**

. Therefore, more attention has
been given to study plant-nutrient—soil interactions as well as to minimize Al toxicity in plants
exposed to acid soil by nutritional amendments (Guo et al., 2017). In acidic soils, most of
agricultural crops show poor performance even with the application of lime (Yasufumi, 2013).

Instead, the soils are characterized by low pH below 5.0 (acidity) and cation (aluminium

and manganese) toxicity especially in medium altitude zones of Kenya (Obura et al., 2010;).

3



This may be responsible for the constantly low barley yields despite the release of high yield

potential varieties.

1.2.  Statement of the Problem

The average yield of barley (2.2 ton ha-') is low compared with the world average yields of 3.1
ton ha™*. The low yield is attributed to the poor agronomic practices and soil nutrient mining, soil
acidity, low fertilizer use, soil erosion, weed infestation and occurrence of pests. Despite the
increase in a fertilizer use in Ethiopia, the type and rate practiced by the small scale-farmer
deviates from the research proved rate and type. High price of fertilizer, farmers’ awareness level
on the use of fertilizers and limited consideration of other packages such as the lack of improved
varieties, and use of un recommended agronomic practice are also among the factors contributing
for the low vyield of barley in Ethiopia. Soil acidity problem is constraints to improve crop
production and productivity in high rainfall regions of Ethiopia in general and in study area in
particular.

Hagereselam, Sidama Zone, has severe yield reduction problems. One reason for reduction is soil
acidity problem. Soil acidity may arise due to, leaching of basic ions since the area receives high
annual rainfall and practices poor soil management practices. Acidic soils may not adequately
respond to inorganic fertilizers and/or may require application of higher rates. This makes the
optimal fertilizer use in the acidic soils expensive for smallholder farmers. Therefore, this
experiment was done to examine the response of barley genotypes, to inorganic fertilizers types

under acidic soil and to evaluate and validate fertilizer types for the acidic soil at the study area.



1.3. Objectives
1.3.1. General objective
The aim of this experiment is to examine the response of barley genotypes to inorganic fertilizer

sources under acidic soil Hagerselam, Sidama Region, Southern Ethiopia.

1.3.2. Specific objectives
1. To investigate the effect of inorganic fertilizers on growth, yield and yield components of

barley genotypes on acidic soil

2. To determine the best performing barley genotypes in response to inorganic fertilizer types
under acidic soil
3. To analyze the economic feasibility of fertilizer application for barley production under acidic

soil conditions.

1.4  Hypothesis
HO= Response of barley to all treatments will be the same irrespective of the application of
different inorganic fertilizers.
Ha= Barley varieties will respond differently to the treatment sets of blended and unblended

fertilizers under acidic soil.



2. LITERATURE REVIEW

2.1. Distribution and Importance of Barley

The domestication of barley assumed to have taken place from two-rowed wild barley (Hordeum
vulgare L.) subsp. spontaneum in the Near East (Molina-Cano et al., 2005). However, the six-
rowed barley originated repeatedly at different times and in different regions, through
independent mutations of allele (two-rowed spike) (Yang et al., 2008). Barley grains are used as
human food, to feed farm animals and for malt production, which in turn is used to make beer,
whisky or other processed food products. In Japan, barley grains are used for special preparations
(Kays et al., 2005).

In the western world barley is becoming less important as a human food, and it is mainly used to
feed farm animals or for malt production. On the other hand, in the highlands of Tibet, Nepal and
Ethiopia and in some areas of North Africa, China and Russia, barley is still an important human
food (Kemelew and Alemayehu, 2011). Because of its low demand as a human food and its
lower vyield potential compared to other cereals like wheat and maize, the barley area in the
major barley producing countries is decreasing. Barley is effective in lowering blood cholesterol
in hypercholesterolemic people with a higher risk of cardiovascular diseases (Ripple et al.,
2009).

Whole grain barley and barley containing products have been allowed to claim that they reduce
the risk of coronary heart diseases by the US Food and Drug Administration (FDA, 2007). The
nutritional and clinical importance of barley foods and public consciousness regarding quality of
daily diet, that is cereal diversification, may have a positive impact on the demand of barley as a

human food in the future. B-glucans occur in the fiber of grasses (Gramineae) such as barley,



oats, rye and wheat, generally in amounts of about 7%, 5%, 2% and less than 1%, 5 respectively.
The main use of B-glucans is in texturizing as fat substitutes. They are recognized as having
important positive health benefits centered on their benefits in coronary heart disease, cholesterol

lowering and reducing the glycemic response (Burkus and Temelli, 2005).

2.2. Cultivation of Barley in Ethiopia

Ethiopia is a center of origin and diversity for many cultivated crops and their wild relatives.
The altitudinal variation, temperature and rainfall differences coupled with edaphic factors create
a wide range of ecological conditions in the country (Mulatu and Grando, 2011). Since a wide
range of agro-climatic conditions characterizes Ethiopia, barley is one of the major cereals grown
in wide agro-ecology of the country with its economic and social importance. The useful
characteristics of Ethiopian barley include high tillering capacity and tolerance to marginal soil
conditions, barley shoot fly, aphids, frost, vigorous seedling establishment and quick grain filling

period (Hailu and Alemayehu, 1991).

Barley is one of the oldest cultivated crops and has been grown in the highland parts of Ethiopia
and various sources agree that it has been in cultivation for at least the past 5000 years and it is
cultivated in all regions of the country (Kemelew and Alemayehu, 2011; Girma, 2014). The first
Ethiopians to have ever cultivated barley are believed to be the Agew people, in about 3000 BC
(reviewed by Zemede, 1996). The area coverage for barley production in Ethiopia over the past
25 years has fluctuated. It was around 0.8 million hectares in the late 1970s, and rose to more
than 1 million hectare in the late 1980s. It then declined and remained between 0.8 and 0.9
million hectare until the beginning of the third millennium. The production of barley usually has

been below 1767518 hectares per year (CSA, 2018/19). Barley is a major staple food crop in the



highlands of northern Ethiopia. The crop is used for preparing various types of traditional food
and beverage consumption such as Kita, Kolo, Beso, Enjera, Giat, Tihlo and many others (Araya,
2011). Concerning drinks the study showed that as many as 6 alcoholic and non-alcoholic local
beverages are brewed in the household from barley grains for daily consumption or for holidays
and celebrations. The barley straw is used in the construction of traditional huts and grain stores

either as thatching or as a mud plaster (Zemede, 2000).

2.3. Effect of Inorganic Fertilizer on Growth, Yield and Yield Components of Barley under
Acidic Soil Conditions.

2.3.1. Phosphorus Fertilizer under Acidic Soil Conditions.

Phosphorus is an essential macro-mineral that plays an important role in plant growth and
development under normal and/or stress conditions (Tariq et al., 2017). In acidic soils, inorganic
phosphate (Pi) is fixed by Al/Fe, it becomes critical when the pH drops and the result is a severe
limitation of Pi in acid soils (Chen et al., 2016). Consequently, plants surviving in acid soils have
to face both Al toxicity and P deficiency. Exogenous application of P alleviates Al toxicity in a
number of plants such as sorghum (Tan et al., 1990), barley (Zheng et al., 2005), and wheat
(Igbal et al., 2013) on acid soils. Tan and Keltjens (1990) found that plant biomass production
was not influenced by a low concentration of Al (0.4 mg-L™"), but plant growth and dry matter

yield (DMY) were severely inhibited at a high Al concentration (1.6 mg-L™") in barley.

In this regard, the addition of P alleviates Al toxicity by increasing root respiration and nutrient
uptake that lead to enhanced DMY. Igbal (2013) observed that P content in wheat seedlings
largely reduced by Al stress (150 mg AICIl; kg™ soil) while conversely pH level is found to be
balanced and P level is increased after addition of exogenous P (160 mg P kg™ soil) to soil. Chen

et al. (2012) provided a threshold of P for alleviating Al toxicity based on tested plants, and
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indicated that if the value of P/Al molar ratio exceeds five in the root cells, Al toxicity could be
alleviated. Recently, P application is reported to enhance plant growth, height, root collar
diameter, and chlorophyll content in barley (Razaq et al., 2017). Studies have indicated that
phosphorus enhanced root system, which provides greater root-soil contact and eventually higher
uptake of phosphorus and other important and low mobility nutrients and absorption of higher

concentration of mineral nutrients (Zafar et al., 2003).

Phosphorus fertilizer on yield and yield components of barley indicated promising effect in
various parts Ethiopia. Research conducted on barley at EllalaVertisols of Northern Ethiopia
depicted that yield and yield components of barley is increased with increasing P fertilizers and
increment of grain yield from 7.4075t/ha at the control plot to 11.1960t/ha at the rate of 20t/ha P
with 50kg/ha of Urea was observed (Fisseha ,2008). Besides study conducted on barley in
northern Ethiopia, Tigray region in three sites characterized by different climatic conditions
during the cropping season of 2009/10 indicated that Grain yield has varied significantly
(p<0.001) in response to phosphorus fertilization across different sites.

However, at one site yield showed declining trend as rate of P increase from 20 to 30kg/ha. The
maximum vyield (1706 kg ha™) was obtained at P rate 20 kg ha™ (Dejen and Fetien, 2014).
Similarly an experiment conducted on the effects of different phosphorus fertilizer levels on
yield and yield components of barley at south eastern Oromia, Bore, in 2009. Cropping indicated
that P application significantly influenced all the parameters of growth and development of
barley and the highest total biomass of 8.91 kg ha™* were obtained from the highest P level of 69

Kg ha™ (Wakene et al, 2014).



2.3.2. Response of Barley to Nitrogen under Acidic Soil Conditions

Continuous application of inorganic fertilizer without soil test and amendment, in the end
increase soil acidity. The use of N fertilizers in form of ammonia is a source of acidification
(Fageria and Nascente, 2014; Guo et al., 2010). When ammonium fertilizers are applied to the
soil, acidity is produced, but the form of N removed by the crop is similar to that found in
fertilizer. Hydrogen is added in the form of ammonia -based fertilizers (NH,), urea-based and as
proteins (amino acid) in organic fertilizers. Transformation of such sources of N fertilizers into
nitrate (NO3) releases hydrogen ions (H") to create soil acidity. In reality, N fertilizer increases
soil acidity by increasing crop vyields, thereby increasing the amount of basic elements being
removed by crop harvest without incorporation. Hence, application of fertilizers containing NH,4
or even adding large quantities of organic matter to a soil can ultimately increase soil acidity and

lower pH (Guo et al., 2010).

Nitrogen is the key nutrient input for achieving higher yield of barley. Barley is very sensitive to
insufficient nitrogen and very responsive to nitrogen fertilization (Alam et al., 2007). Similarly,
Sinebo et al. (2003) also reported that about 65% of grain yield variability in barley was
attributed to nitrogen stress. The most important role of nitrogen in the plant is its presence in the
structure of protein and nucleic acids, which are the most important building and information
substances from which the living material or protoplasm of every cell is made. Nitrogen
increased leaf area, tiller formation, leaf area index and leaf area duration and this increasing is
led to much greater production of dry matter and grain yield (Franklin et al., 2017).Among the
plant nutrients, nitrogen plays a very important role in crop productivity (Oikeh et al., 2007,

Worku et al., 2007).
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Although judicious dose of nitrogen elevates the yield and quality of grain but excessive dose
causes the economic loss as well as reduced yield and quality of barley grain. Barley farmers in
Ethiopia have not fully adopted modern inputs like fertilizer and modern seeds that help boost
production (CSA, 2014). The yield attributes and quality of food barley seed is therefore,
dependent on appropriate dose of nitrogen. Sustaining soil fertility in intensive cropping systems
for higher yields and better quality can be achieved through optimum levels of fertilizer
application. Thus, information on fertility status of soils and crop response to different soil
fertility management is very crucial to come up with profitable and sustainable crop production.
Besides to this, optimum dose of nitrogen depends on the climate and soil of the location as well
as variety used (Shahnaj et al., 2014).

Nitrogen deficiency is common in acidic soil and barley results restricted root growth, poor
tillering, thinner and smaller stems, premature ripening of grains (Mishra and Shivakumar,
2005). Moreno et al. (2003) Working with influence of N fertilizer on yield of malt barley
reported that the main effect of the N was decisive on all the parameters measured and the
treatment without N supply was the least productive. Agronomic traits and yield components

also positively influenced by N application (Fallahi et al., 2008).

Although nitrogen requirements of crop met through addition of nitrogen fertilizer, it is an
expensive input and those reflect its low consumption in Ethiopia highlands (Murinen, 2007).
Nitrogen plays vital role in all living tissue of the plant. No other elements have such an effect
on promoting vigorous plant growth. Abundant of protein tends to increase the size of the leaves
accordingly, to bring about an increase in carbohydrate synthesis (Murenine, 2007). An
appropriate N-application has been recommended by various research workers and reported N

application in barley increased spike length, grain weight and grain yield (Hussuien et al., 2005).
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2.3.4. Response of Barley to Sulfur

Until the 1970’s, S was mainly regarded as a neglected element in soil science, though it has a
pivotal role in the production of protein, vitamins, chlorophyll, and glucoside oil in plants (Scott
et al., 1985). Recently, S has received more attention due to its capacity to modify metal toxicity
as well as having a vital role in plant growth and development (Guo et al., 2017; Dixit et al.,
2016; Saifullah et al., 2016). Several studies have provided evidence that S-containing
components alleviate Al toxicity in wheat (Zhang et al., 2010), barley (Dawood, 2012), oilseed
rape (Qian et al., 2014) and citrus trees (Guo et al., 2017). Recently, S addition (0.5 mM S;
MgSQO, and/or 0.5 mM Na,SO,) was shown to alleviate Al toxicity by increasing minerals (P,
Mg and Ca) and relative water contents and a decrease Al and H,O, contents, and involving S-
metabolism and antioxidant enzymes in citrus (Guo et al., 2017). Additionally, several studies
have reported that S increased mineral components that supported to alleviate several metal
toxicities, along with Al toxicity in plants (Guo et al., 2017; Dixit et al., 2016), and better
increased NOs;  and NH;" levels in the soil compared to an NPK fertilizer treatment

(Skwierawska et al., 2008).

Sutaliya et al. (2003) reported that the highest plant height is obtained from the rate of 45 kg S
ha™ in barley. The sulphur application improved the soil structure and it increased the usefulness
of other plant nutrients. Dewal and Pareek (2004) stated that the plant height in barley increased
as the doses increased and the highest plant height obtained from 40 kg S ha™ application in
wheat. Chaudhary et al. (2003) reported that the highest plant height is obtained from 60 kg S ha

! application in wheat.
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Sutaliya et al. (2003) reported that the highest spike length is obtained from 45 kg S ha™
application. Gupta et al. (2004) observed that the highest spike length is obtained from 45 kg S
ha™ application in barley. Sutaliya et al. (2003) found that the highest number of seed per spike
is obtained from 45 kg S ha™ application. Dewal and Pareek (2004) reported that the number of
seed per spike increased as the sulfur doses increased and they found the highest number of seed
per spike with 40 kg S ha™ application in wheat. Gupta et al. (2004) reported that the highest

number of seed per spike is obtained from 45 kg S ha™ application.

2.3.5. Response of Barley to Boron

Boron is an essential micronutrient, which is reported to decrease the accumulation of toxic Al in
several plants. Effect of boron application on harvest index is claimed (Tahir et al., 2009). The
most effect of boron application on harvest index is reported anthesis stage in barley, As a result
of the general immobility of boron in plants that is characteristic of most species; plants require a
constant supply of boron during all phases of plant growth. The increase in the Harvest index due
to micronutrients is attributed to its influences in enhancing the photosynthesis process and
translocation of photosynthetic products to economic parts as well as increase enzymatic activity
and other biological activities (Bameri et al., 2012). Tahir et al., (2009) observed minimum grain
yield in the control i.e. without boron application. In addition, they have an opinion that grain
yield increased with boron treatment due to the reason that the application of Boron enhanced
pollen tube germination and grain setting. These inferences are in accordance with the Moeinian
et al,. (2011) that believe Boron application has a key role in plant metabolism, root growth
increase and by better use of nitrogen and synthesis of more carbohydrates and proteins and

efficient water use.
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2.4. Effect of Soil Acidity on Nutrient Availability and Crop Yield.

The detrimental effect of soil acidity on plant growth and yield is mainly attributed to
the deficiency of phosphorus, which is caused by adsorption of P to colloidal fractions and
conversion to insoluble Al and/or Fe compounds and toxicity of aluminum, iron and
manganese (Brady and Weil, 2016). Deficiencies of calcium, magnesium, potassium and
molybdenum have also been reported to limit crop yield in acid soils (Sumner, 2000). The
solubility and availability of important nutrients to plants is closely related to the pH of
the soil (Marschner, 2011). Soil pH affects the availability of plant nutrients. Effects of high
acidity in a soil are shortage of available Ca, P and Mo on the one hand, and excess of soluble

Al, Mn and other metallic ions on the other (Agegnehu and Sommer, 2000a).

Acid soil limits the availability of crucial nutrients such as P, K, Ca and Mg, and affects the
movement of soil organisms plants need to stay healthy. If a particular soil is too acidic for plants
to grow healthy, it is necessary to raise the pH by applying alkaline substance. Soil acidity and
associated low nutrient availability is one of the constraints to crop production on acid soils. If a
pH of a soil is less than 5.5 phosphates can readily be rendered unavailable to plant roots as it is
the most immobile of the major plant nutrients (Agegnehu and Sommer, 2000b), and yields of
crops grown in such soils are very low. In soil pH between 5.5 and 7, P fixation is low and its
availability to plants is higher. Toxicity and deficiency of Fe and Mn may be avoided if the soil
reaction is held within a soil pH range of 5.5 to 7 because this pH range seems to promote the
most ready availability of plant nutrients. The quantity o f P in soil solution needed for optimum
growth of crops lies in the range of 0. 13 to 1.31 kg P ha™* as growing crops absorb about 0.44 kg

P haper day (Lawlor, 2004).
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2.5. Soil Acidity Management

The management of acid soils should aim at improving the production potential by the addition
of amendments to correct the acidity and manipulate the agricultural practices to obtain optimum
crop yields. The soil’s acid/alkali balance (measured by pH) of the soil is very important in
maintaining optimum availability of soil nutrients and minimizing potential toxicities. For
example, at a very low pH Al may become more soluble and can be taken up by roots -
becoming toxic, P may become unavailable and Ca levels can be low. At high pH, Fe and other
micronutrients (except Mo) are rendered unavailable since they are locked up as insoluble

hydroxides and carbonates (Slattery and Hollier, 2002).

2.5.1. Using Acid Tolerant Crop Varieties

If soil pH is low, using tolerant species/varieties of crops and pasture can reduce the impact of
soil acidity. This is not a permanent solution because the soil will continue to acidify without
liming treatment. A number of management practices can reduce the rate of soil acidification.
Management of nitrogen fertilizer application is the most important practice to reduce nitrate

leaching in high rainfall areas.

Less acidifying options in crop rotations can also help, e.g. replace legume hay with a less
acidifying crop or pasture (Bolland et al., 2004). The number of plant species of economic
importance are generally regarded as tolerant to acid soil conditions. Many of them have
their center of origin in acid soil regions, suggesting that adaptation to soil constraints is part of
the evolutionary process. Although the species as a whole does not tolerate, some varieties of
certain species also possess acid soil tolerance. Quantitative assessments of plant tolerance to

acid soil stresses include tolerance to high levels of Al or Mn, and to deficiencies of Ca, Mg, P,
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etc. Species and genotypes within a species have been reported to have considerable variation in
their tolerance to Al and Mn. The selection of varieties or species that perform well at high Al
saturation levels and thus need only a fraction of the normal lime requirement is of great
practical importance. In the highlands of Ethiopia, barley is mainly grown on Nitisols, where
soil pH is low. This means that barley has been already adapted to acid soil conditions. Among
five released barley varieties evaluated under limed and unlimed condition on acidic soils
at Endibir, two varieties (HB-42 and Dimtu) performed well under limed condition (Kochian et

al., 2004).

2.6. Genotypic Differences in Response to Fertilizer Application under Acidic Soil

Acid tolerance has been evaluated by different methods around the world (Hossain et al., 2005).
Some barley varieties with high Al tolerance were identified, although most of them were
sensitive (Maxim and Duta, 1996). In general, 6-row cultivars are more tolerant than 2-row and
4-row types; husked ones are more tolerant than naked and winter cultivars are more tolerant
than spring ones (Xu et al., 1991). All eight tolerant barley cultivars ranked by Minella and
Sorrells (1992) are six-row cultivars. Two row barleys having Al tolerance have also been
reported (Raman et al., 2002). Acid tolerance in barley has been assessed by root staining using
hematoxylin (Tang et al., 2000) and eriochrome cyanine (Wang et al., 2006). These qualitative
variations have been assessed as stained, unstained and partially stained to represent Al-sensitive,
tolerant and intermediate genotypes respectively. Al tolerance based on relative root re growth in

barley has also been assessed as a quantitative trait (Raman et al., 2005).

2.7. Mechanisms of Barley Tolerate to Acidic Soil
Around 30% of arable land in the world is acidic (von uexkull and Mutert, 1995). Plant species

vary widely in their ability to grow and yield on acid soils (Foy, 1983). Some species and even
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cultivars within certain species have evolved mechanisms to adapt to acid soils. Barley is
considered one of the most soil acidity sensitive cereal crops, and rice the most resistant. Two
main mechanisms of resistance have been proposed as exclusion mechanism and resistance
mechanism.

The exclusion mechanism prevents Al from entering cells and minimizes Al toxicity, while the
resistance mechanism allows plants to take up Al and accumulate Al within their cells ( Kochian
et al., 2004 ). In addition, aluminum resistance between resistant wheat and barley was
significantly different. For example, in nutrient solutions, Al resistant wheat ‘ET8” can grow well
with over 90% of relative root length at 20 uMAICI , whilst the resistant barley ‘Dayton’ can

only achieve this level of root growth in 2 pMAICI (Zhou et al., 2013 ).

In Barley, Lima Echart et al. (2002) indicated that the F2 generation analyzed with haematoxylin
staining followed the Mendel“s segregation ratio of 3:1 for Al toxicity tolerant to susceptible
plants; revealing the fact that the trait is controlled by single dominant gene. It is generally
agreed that Al tolerance in barley is conditioned by the Alplocus which is located on the long
arm of chromosome 4H. This locus is associated with Al-induced efflux of citrate from root
apices of tolerant barley varieties (Wang et al., 2006). A gene encoding a multidrug and toxic
compound extrusion protein is proposed as a candidate gene for Al-tolerance in Barley (Wang et
al., 2007). In addition, quantitative trait loci that could explain 50% of the phenotypic variation
are also associated with the same chromosomal location (JianFeng et al., 2004). Similarly,
Raman et al. (2005b) identified quantitative trait loci for root elongation under aluminum stress

on 3H, 4H, 5H and 6H chromosomal locations.
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3. MATERIALS AND METHODS

3.1. Description of Study Site
This study was conducted at Hagerselam, southern Ethiopia during the main cropping seasons of

2019. Hagerselam is located at 38° 27°44°’E longitude and 06° 26’59, N latitude. The altitude
of the experimental site is 2648 m a s I. The climate of the site is sub-humid type with bi-modal
rainfall pattern. The main rainy season is extends from June to September and mean annual
precipitation of the site range from 1000-to- 1300 mm. According to Ethiopian agro-ecological
classification the area is grouped under highland with intensive rainfall. Among the cereal crops,
the major crops grown in the area include wheat (Triticum aestivum L.) and barley. According to

FAO, (1998) soil classification system the dominant soil type of the study site is Nitiosls, with

textural class of clay loam.
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Figure 1. Geographical location map of the study area
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3.2. Treatments, Experimental Design and Procedures

Factorial experiment consisting of four fertilizer types (control (N), NP, NPS, NPSB), and four
barley genotypes from Ethiopian Biodiversity institute (217176b, 240478 and 234911b)
collected from Keficho Shekicho Zone, Decha worda, Chena woreda and Masha Anderacha
woreda respectively. Genotype (208855b) collected from Hagereselam, Sidama Region and one
variety (HB-1307) was developed by Holetta Agricultural Research Center and released in
2006 for mid and high altitude areas were used as experimental material. A Total of 20
treatments combination (4X5) was laid out in RCBD with three replications (Table 2.). The
spacing between plots and block was 0.5 m and 1m, respectively. The plot size was 1.6 x 1.5 m
(2.4 m?) accommodating eight rows of barley seed was sown at a spacing of 20 cm between
rows. Two outer most rows and 0.15 m row length at both ends were considered as borders. The
sample was taken from six middle rows. The recommended rates of NPS at 100 kg ha * NPSB at
100 kg ha *and NP at100 kg ha ™ fertilizer were applied as basal dressing at the time of sowing

barley.

The experimental field was prepared by using local plough (Maresha) according to farmers'
conventional farming practices. The urea was applied 45 days after planting of the experiment at
the rate of N fertilizer in the form of urea was applied to all treatments with low proportion of N
in order to meet the recommended dose of N fertilizer. Other Agronomic managements such as
weeding, cultivation and pest control were done as per the recommendation for barley production

in Ethiopia.
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Tablel: Combinations of the Treatments under the Study.

Barely genotypes  Types of fertilizers Treatment combination
217176b Control (N) 217176b x control
NPS 217176b x NPS
NPSB 217176b x NPSB
NP 217176b x NP
208855b Control 208855b x control
NPS 208855b x NPS
NPSB 208855b x NPSB
NP 208855b x NP
234911b Control 234911b x control
NPS 234911b x NPS
NPSB 234911b x NPSB
NP 234911b x NP
240478 Control 240478  x control
NPS 240478 x NPS
NPSB 240478 x NPSB
NP 240478 x NP
HB — 1307 (check) Control HB - 1307 x control
NPS HB - 1307 x NPS
NPSB HB - 1307 x NPSB
NP HB - 1307 x NP

Table 2: Types and the nutrient contents of the fertilizers used for the experiment

Types of fertilizers N (kgha-") P,Os(kg ha™) S (kg.ha') B (kg ha™)
Control 46 0 0 0

NP 64 46 - -

NPS 65 38 7 -

NPSB 64.9 37.7 6.95 0.1

3.3. Pre-Sowing and Post Harvest Soil Analysis

Soil analyses for specific parameters relevant to the current study were carried out at the
soil laboratory of Hawassa soil testing laboratory .Surface soil samples (0-20 cm), 25 in number,
were collected randomly by Auger sampler in a zigzag pattern before sowing the crop from the

entire experimental field and composited into one sample. Soil samples after harvesting were
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taken with treatments base and from this mixture, a sample weighing 1.0 kg was taken. Air-dried
soil sample was ground with a wooden pestle and mortar under shading. Before analysis, the
sample was sieved through a 2-mm sieve mesh. Soil pH was determined by glass electrode pH
meter method (Piper, 1967) in 1:2.5 soil water suspensions as described by Jackson, (1973).
Organic carbon was determined by Walkley and Black’s rapid titration method (1934) as
described by Piper (1966). The total nitrogen in soil was determined by alkaline potassium
permanganate method as described by Subbiah and Asija (1965). Available phosphorus was
estimated by the ascorbic acid method as described by Olsen, (1954). Available boron was

determined using hot water method (Havlin et al., 1999).

3.4. Data Collection and Analysis

Days to emergence was determined by counting the number of days from sowing to the time
when 50% of the plants started to emerge from the tip of panicles through visual observation.
Day to heading was determined as the number of days from sowing to the time when the plants
reached heading based on visual observation. Days to maturity were determined as the number
of days from sowing to the time when the plants reached full physiological maturity. Plant height
was measured at physiological maturity from the ground level to the tip of panicle from five
randomly selected plants in each plot. Spike length was the length of the spike from the node
where the first spike branches emerge to the tip of the spike, and was determined from an
average of five selected plants per plot. The numbers of tillers were determined by counting the
tillers from an area of 1 m x 1 m plants by throwing a quadrant into the middle portion of each
plot. Five ears were taken randomly from each plot and number grain/ spike, was measured

at physiological maturity of the crop prior to harvest.
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The weight of 1000 seeds was determined by carefully counting the grains and weighing them
using a sensitive balance. Grain yield was measured after harvesting the crop from the net plot
area of 1.8 m? containing from six rows to avoid border effects. Biomass yield was measured by
weighing the sun dried total above ground plant biomass (straw + grain) of the net plot. Straw
yield was measured by subtracting the grain yield from the total above ground biomass yield
after threshing. Harvest index was calculated by dividing grain yield by the total above ground
air dry biomass yield. Grain yield response index (GYRI) was calculated for each genotype
according to Fageria and barbosafilho (1981) by selecting fertilizer that caused the highest

response, using the following equation:

Grain Yield Under NPSB Fertilizer Applid—Grain Yield Under Zero Fertilizer

GYRI = high NPSB level-low NPSB level

x kg grains kg NPSB™

3.5 Economic Analysis of Treatment Effects

Economic analysis was performed following the CIMMYT partial budget methodology
(CIMMYT, 1988). The net benefit was calculated as the difference between the gross field
benefit (ETB ha™) and the total variable costs (ETB ha™). The average price of each type of
inorganic fertilizers was determined in Birr per 100 kg. Labor cost for fertilizer application was
estimated as day required applying fertilizer. Each person-day labour cost was determined in
Birr. Following the CIMMYT partial budget analysis method, total variable costs (TVC), gross
benefits (GB) and net benefits (NB) was calculated. Then treatments were arranged in an
increasing TVC order and dominance analysis was performed to exclude dominated treatments
from the marginal rate of return (MRR) analysis. A treatment is said dominated if it has a higher
TVC than the treatment which has lower TVC next to it but having a lower net benefit. A
treatment which is non-dominated and having a MRR of greater or equal to 100% and the

highest net benefit is said economically profitable (CIMMYT, 1988).
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3.6. Statistical Analyses

Data on yield components, grain and straw yields were subjected to ANOVA using SAS
software version 9.0 (SAS, 2004). For parameters those ANOVA tested significant with respect
to treatment effects, further means separation was done using least significant difference method

(LSD) at 0.05 probability level.
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4. RESULTS AND DISCUSSIONS

4.1. Physico-Chemical Properties of the Study Soil

4.1.1. Soil Physico-Chemical Properties of the Experimental Site before Sowing

According to the laboratory analysis, the soil texture of the experimental area was dominated by
clay. The soil texture (proportion of sand, silt and clay in the soil) of experimental site was 31%
sand, 32% silt and 47 % clay. Thus, the texture of the soil was clay loam (table 3). The textural
properties of the soil influence water holding capacity, plant water , aeration, root penetration

and soil fertility.

The pH of the soil was 4.48 (Table 3) which was strongly acidic (Tekalign, 1991). Brady and
Weil (2002) have established a pH range of 5.5 to 7.0 to be associated with satisfactory
availability of plant nutrients. Therefore, the soils of experimental site need reclamation to
raise the pH and make them favorable for plant growth. This low value of soil pH could be
due to loss of base forming cations down the soil profiles through leaching and drain to

streams in runoff (Nigussie and Kissi, 2012).

The OC concentration of the study site was 2.38% (Table3). According to Landon (2014) the
categories for the OC content of soils are: Very low (< 2%), low (2- 4), medium (4 - 10),
high (> 10). Thus, the OC content of the soil is rated as low. This could be due to intensive
agricultural activities that led to depletion of soil organic matter content. In addition, removal of
crop residues for livestock feed and constriction of house aggravated depletion of SOC. Total
nitrogen value of the experimental soil was (0.14). According to Ethio SIS (2014) TN content

<0.1, 0.1-0.15, 0.15-0.3, 0.3-0.5, and >0.5 is rated as very low, low, medium, high and very
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high, respectively. The result indicated N is a limiting factor for crop growth. The optimum N
level needed for crop production under most soils of Ethiopia is reported to be <0.2 % according
to EthioSIS (2013). Due to this nitrogen amendment is important at study area. Available P
content of the experimental sit was 4.21 mg kg™ (Table 3). According to Bray (1995) when the
range of phosphorus in Bray method is <7, 8-19, 20-39, 40-58 and >59, it is rated as very
low, low, medium, high and very high, respectively. EthioSIS (2014) suggest optimum P
content for most Ethiopian soil as 15 mg kg™. Based on this, the available phosphorous of the
study area is very low and needs phosphorous fertilizer. This low phosphorous content is due to
intensive mining of the farm fields and fixation by heavy metals (Al, Fe and Mn). Masresha
(2014) also reported low amount of P content on soils which are cultivated repeatedly due to P
fixation and P mining. Similarly, Habtamu, et al. (2015) reported that under acidic soil low

content of P was due to fixation problem.

The CEC of the site was 19.78cmol kg™ (Table 3). Landon, et al. (1991) reported that soils
having CEC of >40, 25-40, 15-25, 5-15< 5 cmol kg™ are categorized as very high, high,
medium, low and very low, respectively. According to the result obtained from soil laboratory,
the value of CEC was in medium range. Available boron in the study area was 0.47 mg kg™
(Table 3). According to Ethio SIS (2014) critical B value for most Ethiopian soils is 0.8 mg kg™.
This shows that soils of the study area are deficit in B suggesting application for fertilizer which
contains B. Intensive cultivation and crop residual removal in the area might be responsible for

low B content of the soil.
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Table 3: Physic- chemical Characteristics of the Experimental soil before sowing

Soil properties Value
Sand 31%
Silt 32%
Clay 37%
Texture class Clay loam
PH 4.48
oC 2.38
TN% 0.14
Available P(mg kg™) 3.56
B (mg kg) 0.47
CEC (Cmol (+) kg™ 19.78
Exchangeable acidity (cmolc kg™) 0.92

4.1.2. Soil Physico-Chemical Properties of the Experimental Site after Harvesting

The result of the data depicted that the greater pH (4.75, 4.73, and 4.71) were recorded from
NPSB followed by NPS (4.54, 4.53, and 4.51) and the minimum pH was 4.44, which was
recorded from control and NP (Table 4). This may be due to the fact that NPSB fertilizer is
soluble and easy for uptake by the crop. Crops under acidic soil take nitrogen in the form of NH,
rather than No'3 because microorganism activity is slow in acidic soil to change NH,to No's. Due
to this there was no H* releasing to the soil. But due to application of NP there was H" releasing
to the soil and also NP is not easily soluble and the crop cannot take nutrients easily and there
was H" releasing to the soil from NH, The use of N fertilizers in the form of ammonia is a

source of acidification (Fageria and Nascente, 2014).
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The result of the data depicted that the maximum residual available nitrogen (0.153%) was
recorded from NP and the minimum available nitrogen (0.14 and 0.142 %) was recorded from
control and NPSB. This is because NPSB is soluble and the available N from NPSB is absorbed
by plant and leached into sub surface of the soil due to high rainfall. Gong et al. (2009) reported
that balanced application of N and P fertilizers for 18 years showed higher N contents of the light

and heavy fractions than in unbalanced N and P fertilizer treatments.

The result of the data indicated that the maximum available phosphorus (4.99, 4.97 and 4.96) mg
kg ~'were obtained from recommended NP and minimum available phosphorus was (3.22) mg kg
- recorded from control fertilizer due to NP is slowly soluble and P is not mobile in soil and not
susceptible to leaching. Maximum organic carbon (2.57%) was reported from NP while
minimum organic carbon (1.25%) was recorded from control. Application of NP fertilizers with
optimum level resulted in increased residual inorganic N, which can enhance mineralization and
increase of SOC. Ladha et al. (2011) observed overall averages of 8% higher SOC with fertilizer
N than with zero-N. Significant increase in the SOC was observed in the optimum fertilizer
applications of N and P treatments as compared to in the no-fertilizer treatment Tian et al.

(2015).
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Table 4: Effect of different types of Inorganic Fertilizers and Barley Genotypes Combinations on

Soil Chemical Properties under Acidic Soil, After Harvesting

PH EA oC

pH(1:2.5) CEC(Cmol P(mg B(mg cmolc o

Genotypes  Fertilizers wiv () kg-1)  N% kg') kg-1) kg* 0
217176 control 4.45 2298 0.143 325 042 093 127
NPS 451 23.11 0.149 489 043 059 246
NPSB 4.73 2442 0.146 476 0.52 053 223
NP 4.46 23.18 0.151 497 045 0.65 251
28855h control 4.43 2296 0.139 322 041 096 1.29
NPS 451 23.13 0.148 491 0.44 058 244
NPSB 4,71 2441 0.141 479 057 052 224
NP 4.45 2319 0.153 451 043 0.62 253
234911Db control 4.42 2298 0.14 3.23 044 096 1.25
NPS 4,53 23.14 0.147 487 042 0.61 244
NPSB 4.75 2445 0.142 479 055 054 225
NP 4.45 23.2 0149 499 042 0.64 254
240478 control 441 2297 0142 324 0.40 096 1.25
NPS 4.53 23.12 0.147 492 0.44 0.57 249
NPSB 4,73 2441 0.144 477 0.59 051 225
NP 4.44 2317 0.15 496 0.46 0.63 254
HB-1307 control 4.44 2296 0.141 3.26 0.43 096 1.29
NPS 4.54 23.12 0.145 487 0.44 058 243
NPSB 4.75 2445 0.143 475 0.62 0.53 222
NP 4.47 23.19 0.149 451 045 0.66 257

4.2. Crop Phenology and Plant Height

4.2.1. Days to Emergence and Heading

Days to emergence was significantly (P< 0.001) affected by genotypes but not by the types of
inorganic fertilizers and their interaction with the genotypes. The mean numbers of days required
to emergence were between 6 to 9 days for the tested genotypes (Table 5). The shortest days to
emergence was recorded from barley genotype 240478, while the longest day to emergence was
recorded from HB-1307. Significant variation was not observed on days to emergence by
fertilizer application. This is due to the fact that, during germination the seedling mostly

depends on stored food than on external nutrient. This is in conformity with the findings of
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Shrivastava et al. (1992) who reported that plants depend mostly on stored food than on

external nutrients for germination and early establishment.

Days to heading was significantly (P < 0.001) affected by the main effects of genotypes and
fertilizers, but the interaction effect was not significant for days to heading (Table 5). The
shortest day to heading 56 days was recorded from genotype 240478 while the longest day to
heading 93 days was recorded from HB-1307. This could be due to variation in genetic makeup.
Similarly, Daniel et al. (2013) reported that barley genotypes differ in days to heading. This
result is also in line with the findings of Aynewa et al. (2013) on their work on participatory
evaluation of barley genotypes for yield and other agronomic traits that showed significant

difference among ten genotypes on both days to heading and maturity.

All fertilized plots had relatively shorter days for heading compared to the control with no
significant difference among the fertilizer types (Table 5). The lack of significant difference
among the fertilizer types on days to heading might be due to the constant N and P level as N and
P are the major nutrient affecting such phenological parameters. This result is in line with
Debritu (2013) who suggested that that the supply of N and P contribute to vigorous, rapid

growth and early heading of wheat crop.
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Table 5: Main Effects of Inorganic Fertilizers and Barley Genotypes on Days to Emergence and

Heading under Acidic Soil, during 2019 cropping season

Treatments Day to emergence Day to heading

Fertilizers types

control 8 78a
NP 8 73b
NPS 8 72b
NPSB 8 71b
Fertilizer NS faleie
LSD - 1.15
Genotypes

217176b 7c 65d
240478 6d 56e
234911b 8b 72¢c
208855b 9a 81b
HB- 1307 9a 93a
Genotype —— N
Fertilizer x genotypes NS NS
cVv 2.89 2.13
LSD 0.19 1.29

Means followed by the same letters are not significantly different at (p < 0.05).

4.2.2. Effects on Days to Physiological Maturity

Days to physiological maturity was significantly (P< 0.001) affected by the main effects of
genotypes, the types of inorganic fertilizers and by their interaction (Table 6). The number of
days required to physiological maturity varied between 77 and 140 days among genotypes.
Longest mean value of day to maturity was recorded from the check HB-1307 with control
fertilizer. The shortest day to maturity was recorded for barley genotype 240478 at NPSB
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followed by genotype 240478 with NP and NPS application. The significant difference among

the genotypes for these phenological traits may be attributed to their genetic difference

which reflects their differential response to environmental conditions. Similarly, Wosene et al.

(2015) reported that genotypes could differ in days to physiological maturity.

Table 6: Interaction Effect of Barley Genotypes with the Types of Inorganic Fertilizers on

Physiological Maturity.

Days to physiological maturity

Genotypes Types of fertilizer

Control NP NPS NPSB
HB-1307 140a 120 b 120b 120b
208855b 106c 100d 102d 99d
234911b 92e 85fg 86 f 84f
217176b 90e 83fg 85fg 82gh
240478 85fg 79hi 79hi 77i
Interaction il
CcVv 2.306
LSD 3.73

Means followed by the same letters across rows and columns are not significantly different at (p

<0.05).

4.2.3. Plant Height

Analysis of variance showed that plant height was significantly (P<0.001) affected by the main

effects of barley genotypes, main effect of inorganic fertilizers and their interaction effect (Table
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7). In plant height, mean value of genotypes ranged from 63 cm to 110 cm. Similarly longer
plant heights of 110.287, 109 and 105.95 cm were recorded from genotype 217176b with the
applications of NPSB, NP and NPS respectively. There was no significant difference on the plant
heights recorded from genotype 217176b with fertilizers types and from genotype 240478 with
NPSB and NP. The shorter plant heights were recorded from all genotypes with control fertilizer.
The variation in the response may be due to differences in genetic makeup among the genotypes
tested. Shahzad et al. (2007) reported that height of the crop is mainly controlled by the
genetic makeup of a genotype and it can also be affected by the environmental factors.
Phosphorus application was reported to enhance plant growth, height, root collar diameter, and
chlorophyll content in barley (Razaq et al., 2017). This result is in agreement with Minale et al.
(2011) and Wakene et al. (2014) who reported that plant height of barely was increase with
application of N fertilizer. In line with this result, Debnath et al. (2011) reported that boron
application had significant effect on the plant height of wheat showing a range of heights from
89.7-97.3 cm. Boron is an essential micronutrient, which is reported to decrease the

accumulation of toxic Al in several plants and enhance the nutrient uptake ( Tahir et al., 2009).

4.3. Yield Components Affected by Barley Genotypes and Inorganic Fertilizer Types

4.3.1. Number of Effective Tillers

The analysis of data revealed significant difference (P <0.001) due to interaction effects of
genotypes with types of inorganic fertilizers on effective tiller number. Greater mean number of
effective tillers m-? was recorded from genotype 217176b treated with recommended NPSB, and
this had no significant difference to that produced by 217176b genotype with NP and NPS and
also to that from genotype 240478 with NPSB. Whereas, the lower mean number of effective
tillers were recorded from genotype 208855b treated with all types of fertilizers and also from
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HB-1307 with control fertilizer (Table 7). Generally, genotype 217176b tended to respond better
to NSPB, NP, and NPS fertilization and also genotype 240478 for NPSB. This might be
attributed to different capacity of genotypes in tillering and also due to environmental factors.
This is in agreement with that of Suleiman et al. (2014), who reported significant difference
among varieties for tillering. In line with this result, Frehiwot (2014) reported that N and P

fertilizer had potential role in number of total and effective tiller production per plant.

This variation could also happened due to the synergetic effects of boron nutrients increasing
nitrogen nutrient use efficiency on genotype 240478. Boron is an essential micronutrient, which
is reported to decrease the accumulation of toxic Al in several plants and increase nitrogen
nutrient use efficiency (Tahir et al., 2009). Similarly, Berhan (2012) reported that application of
blended fertilizer brought significant difference in this parameter. The yield of crops is
dependent upon the combined effect of many factors. Among these factors, the number of tillers
per plant has a vital position, controlling yield of barley. The more the number of tillers, the

better will be the stand of crop, which ultimately increase the yield (Jamawal and Bhagat, 2004).
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Table 7: Interaction Effect of Barley Genotypes and Types of Inorganic Fertilizers on Plant

Height and Number of Effective Tillers.

Treatments Plant height (cm) Number of effective tiller (m™)
217176b  NPSB 110.28a 69.33a
NP 109.03a 65.33ab
240478  NPSB 108.86a 65.0ab
NP 102.7abc 59.3bcd
217176b  NPS 105.95ab 62.3abc
240478  NPS 98.2bc 58.6bcd
234911b NPSB 94.98cd 55.3cd
NP 87.51de 54.0d
NPS 85.59¢f 53.3d
HB-1307 NPSB 79.4971g 36.33ef
NP 76.25gh 36.0ef
NPS 75.98gh 36.0ef
208855b NPSB 79.843efg 27.3gh
NP 75.807gh 24.6gh
NPS 74.673gh 24.66gh
217176b  control 71.24gh 35.667ef
240478  control 73.81gh 38.66e
234911b  control 66.77hi 30.33ef
HB-1307 control 62.89i 28.3gh
208855b  control 68.61hi 22.66h
Interaction il falaled
CVv 5.69 9.55
LSD 8.16 7.01

Means followed by the same letters across column are not significantly different at (p < 0.05).

4.3.2. Spike Length

Spike length was significantly (p < 0.001) influenced by the main effects of types of inorganic
fertilizers and genotypes, but not, by the interaction effect (Table 8). Genotype 217176b and
240478 produced longer spike length with no significant difference between the two genotypes

and lower spike lengths were obtained from variety HB- 1307 and genotype 208855b.

Longer spike lengths were recorded from the plots treated with recommended NPSB and NP

application without significant difference between each other. These were improvements by
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66.591 and 63.36% from NPSB and NP as compared to the shortest spike length (6.72 cm)
obtained from zero fertilizer, respectively. The result indicated that macronutrient (N, P and S)
and micro nutrient (boron) might have enhanced spike length of plants. On other hand, nitrogen
and phosphorus had played a major role for cell division and elongation. The result is in
agreement with the results of Debnath et al. (2011), Fayera et al. (2014), and Nasser (2009) who
reported that the spike length of wheat significantly increased as a result of applying B blended
fertilizer with macro nutrients. Bekalu and Mamo (2011) also reported that, optimum application

of balanced nutrients has significant effect on spike length growth.

4.3.3 Number of Grain per Spike

The analysis of variance showed that grain number per spike of barley was significantly
influenced (P <0.001) due to main effects of genotypes and different types of inorganic fertilizers
but not interaction effect (Table 8). The highest mean numbers of grain per spike (46.23) was
recorded from genotype 217176b while the lowest mean (20.31), was obtained from genotype
208855h. This might be due to the presence of genetic difference among the tested genotypes.
Adane (2015) reported presence of genotypic differences of barley in spikelet per spike, which in
turn resulted in higher numbers of grains per spike. Reports have shown the variation in number
of grain per spike as a function of differences in barely genotypes (Ryan et al., 2009). This result
is also in agreement with that of Guluma et al. (2010) who reported significant difference

among three varieties of wheat on number of kernels per spike and 1000 kernel weight.

The highest mean numbers of grain per spike (41.9) was recorded from NPSB while the lowest
mean (26.12), was obtained from the zero fertilizer (Table 8). This could be due to enhanced

uptake of nitrogen, phosphorus and sulfur resulting from blending the nutrients with Boron.
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Moeinian et al,. (2011) suggested that boron application has a key role in plant metabolism and
root growth as contributes to better use of macro and micronutrients and synthesis of more
carbohydrates and proteins. In agreement with this result Debnath et al. (2011) reported that
Boron application enhanced a significant improvement in the number of seeds per spike of

wheat.

4.3.4. Thousand Grain Weight

Analysis of variance revealed that thousand-grain weight (TGW) was significantly different
among the tested genotypes (P < 0.001), due to main effect of genotypes and types of inorganic
fertilizers but no interaction effect. Genotypes 217176b produced the highest thousand-seed
weight (38.03g) (Tables 8). On the contrary, the lowest value of thousand-grain weight (27.749)
was recorded from 208855b genotype. This may be due to the suitable genetic behavior of
217176b that led to an increased photosynthesis process and accumulations of carbohydrate in
seed to produce heavy kernels and consequently increased seed weight per spike. Similarly,
Rashid and Khan (2008) and Yetsedaw et al. (2013) reported presence of variation in thousand

grain weight among barely genotypes.

Greater thousand-grain weights were obtained from the recommended rates of NPSB and NP
without statistically significant difference between the two treatments. The lowest grain weight
(20.96 g) was obtained from the control. The absence of significant difference on thousand grain
weights between NPSB and NP might be due to the constant application of major nutrients (N

and P) in both fertilizers, which play the major role in growth and development of a crop.
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Table 8: Main Effect of Barley Genotypes and Types of Inorganic Fertilizers on Spike Length

(SL), Number of Grain per Spike (NGS) and Thousand Grain Weight (TGW) under acidic soil

SL NGS TGW
Fertilizers
NPSB 9.9093a 41.901a 37.5120a
NP 9.4320ab 39.351b 36.2160ab
NPS 8.8880b 38.416b 35.5847b
control 6.7213c 26.120c 20.9560c
Fertilizer ool falekad falekad
LSD 0.72 2.33 1.47
Genotypes
217176b 10.9858a 46.231a 38.0333a
240478 10.3292a 43.502b 35.9700b
234911b 8.2367b 39.474c 31.1600c
HB- 1307 6.8425¢ 32.723d 29.9300c
208855b 7.294c 20.306e 27.7425d
Genotype ool falekad falekad
Fertilizer X genotypes NS NS NS
cVv 11.26 8.65 6.11
LSD 0.81 2.6 1.64

Means followed by the same letters are not significantly different at (p < 0.05).

4.4 Yield Traits Affected by Barley Genotypes and Inorganic Fertilizer Types

4.4.1 Above Ground Biomass

The analysis of variance showed that, above ground biomass yield was significantly (P < 0.001)

different among genotypes, the main effect of inorganic fertilizer types and the interaction effect

of fertilizer and genotypes (Figure 2). The significantly higher biomass yields of 9.96 and 9.54
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ton ha' were recorded from genotypes 217176b and 240478, respectively while genotype

208855b had the lowest biomass yield 5.62 ton ha™ (Figure 2).

The highest biomass yield (9.64 ton ha™) was obtained with application of NPSB and the lowest
(4.60 ton ha™) from the control (with zero fertilizer). Compared to control fertilizers, the above

ground biomass was increased by 47.71%, due to application of blended fertilizer NPSB.

The analysis of variance showed also that biomass yield of barley was significantly influenced (P
<0.05) due to interaction effects of genotypes and the different types of inorganic fertilizers
(Figure 2). The significantly higher biomass yields were obtained from genotypes 217176b and
240478 with application of NPSB and NP fertilizers without statistical difference among them.
Lower biomass yields were recorded for all genotypes under the zero fertilizer (Figure 2). This
may be due to the significant increase in spike length, number of seeds per spike, number of
effective tillers, 1000 grain weight, Number of grain per spike and grain yield by NPSB and NP
fertilizer contributed for the significant increase in total biomass under two types of fertilizers
than NPS and control fertilizer. The result is in agreement with the finding by Fayera et al.
(2014) who reported that above ground dry biomass yield of teff was significantly influenced by
application of blended fertilizer. The other report Shiferaw (2012) also indicated that above

ground dry biomass yield was significantly affected by application of blended fertilizer and NP.
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Figure 2: Interaction effects of barely genotypes and inorganic fertilizer types with regard to
above ground biomass yield (ton ha™).

4.4.2. Grain Yield

The analysis of variance revealed that, significant (P < 0.001) difference due to interaction
effects of genotypes by types of inorganic fertilizers on grain yield (Figure 3). Genotype
217176b with NPSB fertilizer exhibited the highest grain yield (4.9 ton ha™) which had no
significant difference with yield obtained under NP fertilizer with same genotype (4.72 ton ha™)
and the yield from genotype 240487 with NPSB fertilizer (4.58 ton ha™). On the other hand,
lower grain yields of 1.02, 1.13 and 1.2 ton ha™, were recorded from genotype 208855b, 234911

and cultivar HB-1307, respectively with control.

NP is an excellent source of P and N for plant nutrition and it is good soluble and thus dissolves
quickly in soil to release plant available phosphate and ammonium. Due to application of DAP,
the content of phosphorus that added to soil is increased rather than phosphorus in NPS, which
alleviate Al toxicity. In this regard, the addition of P alleviates Al toxicity by increasing root

growth and nutrient uptake that lead to enhanced grain yield. This conform the findings of Rut et
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al. (2019) who recorded similar yields from application of recommended NP and NPSB on
wheat varieties. Igbal (2013) observed that P content in wheat seedlings largely reduced by Al
stress (150 mg AICI; kg™ soil) while conversely pH level is found to be balanced and P level is
increased after addition of exogenous P to soil. Chen et al. (2012) provided a threshold of P for
alleviating Al toxicity based on tested plants, and indicated that if the value of P/Al molar ratio

exceeds five in the root cells, Al toxicity could be alleviated.

These inferences are in accordance with the Moeinian et al. (2011) that believe boron application
has a key role in plant metabolism, root growth will increase and by better use of nitrogen and
synthesis of more carbohydrates and proteins and plants use water more efficiently. Feyera et al.
(2014) reported that the agronomic performance was improved through application of blend of
macro with micronutrient in a suitable fertilizer in nutrient deficient soil, as a result improved
nutrient use efficiency of teff which increased the grain productivity. In this experiment,
presence of boron in NPSB formulation did not lead to a significantly different improvement in

grain yield compared to NP alone.

It seems that the presence of S in NPS formulation has depressed yield while presence of boron
had promoting effect on performance especially compared to NPS. The ion SO4-form of sulfur is
negatively charged and is retained better by acidic soils. It is important to remember that when
elemental sulfur is added to soil, it creates sulfuric acid (lowering pH) and sulfur cannot be easily
incorporated to soil after plants are sown and surface applied sulfur provides some pH reduction.
During application to acidic soils, the soil adjacent to the granule will also be acidified slightly

and affect crop roots interception restricting phosphorus and nitrogen uptake.
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Figure3: Interaction effects of barely genotypes and inorganic fertilizer application with regard to
grain yield (ton ha ™).

4.4. 3. Straw Yield

The analysis of variance showed that straw vyield of barley was significantly influenced
(P <0.001), due to main effects of genotypes and different types of inorganic fertilizers but not
by the interaction effect (Table 9). Significantly higher straw yields were obtained from
genotypes 240478, 217176b and 234911b without statistical difference among them. Whereas
the lowest straw yields (3.7325ton ha™) was recorded from genotype of 208855. All fertilizer
types gave significantly greater straw yields compared to the control fertilizer and there was no
statistical difference among the effects of NP, NPS and NPSB. It suggests that uniform
application of nitrogen in three types of fertilizers enhances the vegetative growth of barley crop
that delays senescence which ultimately increase biological yield. In agreement with this report,
Amsal et al. (2000) reported that N significantly enhanced the straw yield of wheat, since N

usually promotes the vegetative growth of a plant.
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4.4.4. Harvest Index

Analysis of variance indicated that the harvest index was significantly (p< 0.001) affected by
genotypes and inorganic fertilizers. But, interaction effects were not significant (p>0.05) (Table
9). Harvest index is the ratio of grain yield to the aboveground biomass yield expressed as
coefficient of effectiveness. Thus, harvest index is the balance between the productive part of the
plant and the reserve which form the economic yield. Genotypes 217176b and 240487 produced
greater harvest indices without statistical difference between them. Whereas, the lower harvest
indices of 32.025 and 33.208 % were recorded from genotype 234911b and 208855b,
respectively. There was variation in harvest index of different barley genotypes due to barley
inherent variability. Harvest index as a quantitative trait is an indicator of plant efficiency to

distribute dry matter to grain (Shahryari and Mollasadeghi, 2011).

In response to fertilizer, greater harvest indices of 38.6%and 37.7% were obtained from
applications of NPSB and NP fertilizer, respectively (Table 9). Riggs et al. (1981) reported a
high significant and positive relation between harvest index and grain yield in barley. The lowest
HI (28.10%) was obtained from the zero fertilizer. These results were supported by the findings

of Harfe. (2017) who reported that minimum harvest index from control plot.
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Table 9: Main Effect of Barley Genotypes and Types of Inorganic Fertilizers on Straw Yield and

Harvest Index under Acidic Soil of Hagereselam.

Fertilizers Straw yield ton ha™ Harvest index (%)
NPSB 5.908a 38.593a
NP 5.8147a 37.69ab
NPS 5.60a 35.487b
control 3.2687b 28.993c
Fertilizer ikl folelal

LSD 0.56 2.96
Genotypes

217176b 5.88a 38.63a
240478 5.93a 37.38ab
234911b 5.65a 32.025¢
208855b 3.7325¢ 33.208c
HB- 1307 4.54b 34.767bc
Genotype ool fleka

LSD 0.62 3.32
Fertilizer X genotypes NS NS

Cv 14.71 11.42

Means followed by the same letters are not significantly different at (p < 0.05).

4.5. Grain Yield Response Index

Grain yield response index (GYRI) was calculated at control and recommended rate of NPSB.
GYRI indicated the relative efficiency of barley genotypes for producing higher grain yield at
control (0) fertilizers and their response to NPSB fertilizer. Accordingly, it is possible to classify
barley genotypes into four groups: (i) efficient and responsive (ER) that produce high grain yield

at O fertilizers as well as for application of recommended NPSB; (ii) efficient and not responsive
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(ENR) that produce high grain yield at zero fertilizer with lower response to application of
recommended NPSB than ER; (iii) not efficient but responsive (NER) that has low grain yield
with response to recommended NPSB fertilizer; and (iv) neither efficient nor responsive (NENR)

that has low grain yield with low response to the application of recommended NPSB fertilizer.

Barley genotype 217176b and 240478 (Figure 4 ) belongs to ER group, which exceeded the
averages of grain yield at zero fertilizer application and GYRI, while genotypes 234911b and
variety HB- 1307 were NER being with lower grain yield at zero fertilizer and higher GYRI than
the average. Barley genotype 208855b was NENR, where both grain yield at zero fertilizer and
GYRI were lower than the averages. According to GYRI parameter, results indicated clearly
considerable differences among barley genotypes for absorbing and utilizing nutrients from

deficient soils.

Genotypes 217176b and 240478 exhibited less reduction in yield under low nutrient availability
soil ( under acidic soil) indicating the significance of focusing on these two genotypes as an
efficient gene pool to incorporate the adaptation for low nutrient availability (in the acidic soil)
and with high efficiency in the utilization of N, P, S and B fertilizer applied. This is also true for
application of NP fertilizer since the genotypes produced comparative yields under NPSB and
NP fertilizer types. At low nutrient supply, differences among genotypes for GYRI were largely
due to variation in utilization of accumulated nutrient, but with high nutrient, they were largely
due to variation in uptake efficiency. It should be concluded that nutrient availability in the soil
could be manipulated together with the genetic diversity of the crop as a breeding tool for barley

cultivars development through improving nutrient uptake and/or utilization efficiency.
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Figure 4: Grain Yield Response Index

Where: GYRI: grain yield response index, ER: efficient and responsive, NER: not efficient and

responsive and NENR: not efficient and not responsive.

4.6 Correlations

The correlation coefficient result indicated that grain yield had highly significant and positively
association with number of effective tillers (r = 0.88 ***), spikes length (r= 0.81***), number of
grain per spike (r= 0.86 ***), aboveground dry biomass mass yield (r= 0.95 ***), straw yield (r
=0.84 ***), grain weight (r = 0.94 ***) and harvest index (r= 0.76 ***) (Table 10). The results
on the association of grain yield with aboveground dry biomass yield in this study agreed with
the findings of Gebreyes (2008) who reported that grain yield was positively and highly
significantly associated with total above ground biomass of wheat. Similarly, grain yield had
positively association with plant height (r = 0.90***). Plant height was positively correlation
with aboveground dry biomass yield (r= 0.84 ***), spike length (r=0.87 ***), number of
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grain per spike (r=0.83*), effective tillers per plant (r=0.91*** ) | thousand grain weight (r=-

0.88***) and harvest index (r = 0.68***). However, grain yield was negatively and significantly

correlated with date of emergence (r = -0.55***), date of heading (r = -0.57***), and date of

physiological maturity (r = -0.53).

Tablel10: Correlation Coefficients between Mean Agronomic Traits of Barley Genotypes Grown

With Types of Inorganic Fertilizers under Acidic Soil at Hagerselam

DE
DH
DM
PH
NET
SL
NG
BY

GY
SY
TGW
HI

DE DH DPM  PH NET SL NGS AGBM GY SY TGW
1000

0.89”™" 1000

0.79™" 0.93™ 1000

-0.68™" -0.72"" -0.68" 1000

0.747 072" -066"7 0917 1000

0.697 -0.747 077" 0877 0817 1000

-0.68"" -0.64"" -058"" 0837 0927 0.807 1000

0497 -058"" -0547" 0847 0847 077 0847 1000

-0.53" -0577" -0537 097 0.88" 0817 086 095 1000

043" -054™ 0527 073 07677 0687 0767 0977 0.84™ 1000

0437  -052"" -049™ 088 080 0817 0797 0917 094™ 0.827° 1000
-0.357 0347 -029" 068 0617 0597 0597 0547 0767 0337 0727

DE = date of emergence, DH = date of heading, DM = date of maturity, PH= plant height,

NET= number of effective tillers M, SL= spike length, NGS= number of grain spike™, AGBY =

above ground biomass yield, GY= grain yield, SY= straw yield, TGW= thousand grain weight
and HIl= harvest index. *, ** and *** = significantly different at 0.05, 0.01, 0.001 probability

levels respectively.
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4.7. Economic Analysis

In the result of present study, the costs of fertilizers, urea, NP, NPS and NPSB, labor costs for
agronomic practice were used for the analysis. To identify treatments with the optimum return to
the farmers’ investment, marginal rate of return analysis was performed on non-dominated
treatments. According to CIMMYT (1988), the minimum acceptable marginal rate of return

(MRR %) should be 100% for acceptance.

Partial budget analysis of the combination of barley genotypes with different types of fertilizers
was presented in Tables 11 and 12. The highest net benefit of ETB 59932.75 ha ™ and marginal
rate return of 3745.35% with value to cost ratio of ETB 10.32 per unit of investment were
obtained from combination of genotype 217176b with NPSB for barley production. This was
followed by net benefit of ETB 55700.5 ha™* and marginal rate of return of 3664.28 % with value
to cost ratio of ETB 9.7 per unit of investment from combination of barley genotype 240478 and
NPSB. This means that for every 1.00 birr invested for NPSB fertilizer, for barley genotypes
217176 band 240478 in the field, producers can expect to recover 1.00 Birr and obtain an

additional of 37.45 and 36.64 Birr, respectively (Table 12).

Similarly, the genotype 217176b with application of NP gave a comparatively high net benefit
and MRR well above the threshold level for acceptance. Moreover, genotype 240478 either with
NPSB or NP fertilizer provided adequately high net benefit and MRR much greater than the
minimum required 100%. Therefore, the combination of genotype 217176b and 240478 with
either NPSB or NP were economically feasible for barley production under Acidic soil of

Hagerselam.
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Table 11: Partial Budgets and Dominance Analysis of Barley Genotypes Yield Influenced By

Types of Inorganic Fertilizer Application

Treatments Average  Adjusted Gross field Total Net Dominance
grain grain benefits variable cost  benefits
yield yield (Birr ha™) (Birr ha™) (Birr ha™)
(ton ha™) (ton ha™)
control 208855b  1.01 0.909 12953.25 1338 11615 -
HB-1307 1.2 1.08 15390 1541 14052 -
234911b 1.13 1.017 14492.25 1545 13154.25 D
240478  1.59 1.431 20391.75 1767 19053.75 -
217176b 1.74 1.566 22315.5 1889 20977.5 -
NPS  208855b  2.03 1.827 26034.75 2568 23466.75 -
HB-1307 2.71 2.439 34755.75 2875 32187.75 -
234911b 3.08 2.772 39501 3089 36933 -
240478 3.8 3.42 48735 3396 46167 -
217176b  3.87 3.843 54762.75 3587 5219475 -
NP  208855b 2.17 1.953 27830.25 3592 25000.25 D
HB-1307 2.89 2.601 37064.25 3895 3423425 -
234911b  3.47 3.123 44502.75 4163 41672.75 -
240478  4.45 4.005 52071.25 4394 4924125 -
217176b  4.72 4.248 60534 4645 55889 -
NPSB 208855b  2.33 2.097 29882.25 4652 2684425 D
HB-1307 3.25 2.925 41681.25 5127 38643.25 -
234911b 3.56 3.204 45657 5339 42619 -
240478  4.58 4.122 58738.5 5696 55700.5 -
217176b  4.91 4.419 62970.75 5809 57161.75 -
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Table 12: Marginal Analysis of Barley Genotypes Yield Influenced With Types of Inorganic

Fertilizers.
Treatments Total Net Marginal Marginal Marginal
variable cost  benefits  variable ~ netbenefits Rate  of
(Birr ha®) (Birrha™) cost (Birrha™)  Return%

control 208855b 1338 11615 -
HB-1307 1541 14052 203 2437 1200.98
234911b 1545 13154.25 - - D
240478 1767 19053.75 222 5899.5 2657.43
217176b 1889 20977.5 122 1923.75 1576.84

NPS 208855b 2568 23466.75 679 2489.25 366.6
HB-1307 2875 32187.75 307 8721 2840.71
234911b 3089 36933 214 4745.25 2217.40
240478 3396 46167 307 9234 3007.81
217176b 3587 52194.75 191 6027.75 3155.89

NP 208855b 3592 25000.25 - - D
HB-1307 3895 34234.25 303 9234 3047.52
234911b 4163 41672.75 268 7438.5 2775.59
240478 4394 49241.25 231 7568.5 3276.40
217176b 4645 57704 251 8462.75 3371.61

NPSB 208855b 4652 26844.25 - - D
HB-1307 5127 38643.25 475 11799 2484
234911b 5339 42619 212 3975.75 1875.35
240478 5696 55700.5 357 130815 3664.28
217176b 5809 59932.75 113 4232.25 3745.35

N.B: Prices of Urea: 13.38 birr/kg, NPS: 12.30, DAP: 14.92 birr/kg NPSB: 15.52, Price of
barley: 14.25 birr/kg, Family labor cost was assigned and different labor time and cost was used
on each treatment based on yield increment.
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5. SUMMARY AND CONCLUSION

The experiment was conducted on farmer training field at Hagereselam, Southern Ethiopia to
determine the response of barley genotypes to inorganic fertilizers types under acidic soil. The
factorial combinations of four fertilizer types (Control, NP, NPS and NPSB) and five barley
genotypes (217176b, 240478, 234911b, 208855b and variety HB- 1307) were laid out in a

randomized complete block design with three replications.

The soil of the experimental field was clay loam in texture with a pH of 4.48 which was strong
acidic and availability of most essential nutrients are low and crop respond to exogenous

application of nutrients.

The phenological and growth parameters showed significant differences due to the main effects
of barley genotypes and types of inorganic fertilizers treatments and the interaction effect. The
results showed that day to emergence significantly (P<0.001) affected by the main effect of
barley genotypes and day to heading was significantly (P<0.001) affected by the main effect of
barley genotypes and inorganic fertilizers. But day to physiological maturity was affected by

interaction effect of genotypes to fertilizers types under acidic soil.

The analysis of variance showed significant differences (P<0.001) on plant height and number of
effective tillers per m? due to interaction effect. The tallest plant height was recorded from
genotype 217176b at NPSB, NP and NPS respectively without significant difference among each

other and also genotype 240478 with NPSB.

The results revealed highly significant (P < 0.001) to interaction effects of genotypes with

different types of inorganic fertilizers on effective tiller number. The highest mean number of
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effective tillers m? 69.33, 65.33 and 62.3 were recorded from genotype 217176b treated with
recommended NPSB, NP and NPS respectively without statically difference among each other

and also genotype 240478 with NPSB.

Spike length was significantly (p < 0.001) influenced by the main effects of types of inorganic
fertilizers and genotypes. Genotypes 217176b and 240478 produced longer spike length 10.98
and 10.33cm respectively with no significant difference between them. The highest spike lengths
9.91 and 9.43 cm were recorded from the plot treated with recommended NPSB and NP
application without significant difference among each other. The highest mean numbers of grain
per spike 46.23 was recorded from genotype 217176b. Genotypes 217176b produced the highest
thousand-grain weight (38.03g).The highest mean thousand-grain weight 37.51 and 36.22 g were
obtained from recommended rate of NPSB and NP respectively without statistically significance

among each other.

The significantly higher biomass yields were obtained from genotypes 217176b and 240478 with
application of NPSB and NP fertilizers without statistical difference among these treatments.
Genotype 217176b with NPSB fertilizer gave the highest grain yield (4.9 ton ha) but was
statistically not par with that obtained under NP fertilizer with same genotype (4.72 ton ha™).
This also had no significant difference with grain yield obtained from genotype 240478 with
NPSB fertilizer (4.58 ton ha™). The significantly higher straw yields 5.9342, 5.8825 and 5.65 ton
ha® was obtained from genotypes 240478, 217176b and 234911b without statistical difference
among them. All fertilizer types gave significantly greater straw yields, as compared to the zero
fertilizer and there was no statistical difference among the straw yield recorded from NP, NPS

and NPSB. Genotypes 217176b and 240478 produced greater harvest indices without statistical
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difference between them. Similarly greater harvest indices were obtained from applications of

NPSB and NP fertilizer.

Barley genotypes 217176b and 240478 belong to ER, while genotypes 234911b and variety HB-
1307 were NER. But Barley genotype 208855b was NENR. Grain yield had highly significant
positive association with number of effective tillers, spikes length, number of grain per spike,
aboveground dry biomass mass yield, straw yield, number of 1000 grain weight and harvest

index.

The economic analysis revealed that highest net benefit of Birr 59932.75 Birr ha™ was obtained
from application of recommended rate of NPSB fertilizer for genotypes 217176b. The highest
marginal rate of return (MRR %) 3745.35 was recorded from the application of recommended
rate of NPSB fertilizer for genotype 217176b. Similarly, the same genotype with application NP
gave a comparatively high net benefit and MRR well above the threshold level for acceptance.
Moreover, genotype 240478 either with NPSB or NP fertilizer provided adequately high net
benefit and MRR much greater than the minimum required 100%. Given the fact that grain yield
performance between the two varieties in combination with either NPSB or NP is not statistically
significant, either of the two genotypes with the recommended rates of NPSB or NP fertilizer can
be used for production of barley in acidic soils of Hagereselam and acidic soils of similar agro-
ecologies in the highlands of Ethiopia. The experiment did not show adequate evidence to favor
use of NPSB in preference to NP. However, it would be too early to reach at a conclusive
recommendation, since the current study was carried out only in one location and one cropping
season. Further studies that are replicated at least over seasons are needed to investigate
response of the two promising barley genotypes to application of inorganic fertilizers under

acidic soil conditions in order to come up with a conclusive recommendation.
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7.1. Tables in Appendices

7. APPENDICES

Tablel: Mean square values date of emergency, date of heading and date of maturity.

Source of variation DF DE(days) DH(days) DM(days)
Block 2 0.26 NS 0.80 NS 9.5I1NS
Genotypes 4 14.26*** 2443.77** 3927.9%**
Types of Fertilizers g 0.00NS 123.79*** 328.11***
Genotype X Fertilizers 11 0.0NS 0.64NS 28.83***
Error 39 0.056 2.449 4.86

CVv 2.98 2.127 2.306

* ** &*** nsindicate significant, highly significant and non significant variations respectively.

Table2: Mean square values of plant height, number of effective tiller, Spike length and Number

of grain per spike.

Source of Number of Number of Spike Number of

Variation grain per effective length (cm) grain per
spike tillers (m?) spike

Block 37.78 NS 23.21 NS 2.18 NS 9.57NS

Genotypes 1757.96*** 2439.04*** 40.52%** 2887.17***

Types of 1772.95*** 1169.17*** 29.71*** 743.57***

Fertilizers

Genotype X 88.44** 103.83*** 0.89NS 14.89NS

Fertilizers

Error 23.78 17.79 4.86 9.94

CcVv 5.69 9.55 11.26 8.65

* ** &*** ns indicate significant, highly significant and non significant variations respectively
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Table 3: Mean square values of above ground total biomass, grain yield and Straw yield.

Source of Variation  Degree Above ground Grain yield Straw yield

Freedom total biomass (ton ha™) (ton ha™)
(ton ha™)

Block 2 1.61 NS 0.126 NS 2.32 NS

Genotypes 4 35.96*** 7.52%** 11.31%**

Types of Fertilizers 3 82.61*** 17.92%** 23.79***

Genotype X 11 1.70** 0.40*** 0.5INS

Fertilizers

Error 39 0.59 0.058 0.57

Cv .9.58 8.25 14.71

*, ** &*** nsindicate significant, highly significant and non significant variations respectively.

Table4: Mean square values of 1000s grain weight and Harvest index.

Source of Variation Degree 1000s grain weight (g)  Harvest index
Freedom (%)

Block 2 5.16 NS 73.26NS

Genotypes 4 221.01*** 91.13***

Types of Fertilizers 3 908.44*** 281.64***

Genotype X Fertilizers 11 8.00NS 3.79NS

Error 39 3.96 16.11

CVv .6.11 11.40

* ** &*** nsindicate significant, highly significant and non significant variations respectively.
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Table 5: Soil pH rating for 1: 2.5 soils to water ratio suspension

PH Ratings

>4.5 Very strongly acidic
4.5-5.2 Strongly acidic
5.3-5.9 Moderately acidic
6.0-6.6 Slightly acidic
6.7-7.3 Neutral

7.4-8.0 Moderately alkaline
> 8.0 Strongly alkaline

Source: Tekalgn (1991).

Table 6: Mean monthly and annual maximum temperature (°C) at Hagerselam hula woreda
(2010-2019)

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

2010
192 194 196 205 207 205 158 160 182 197 196 20.2

2011 200 200 197 197 189 186 185 171 186 208 20.7 NA
NA
2012 245 245 242 184 186 182 171 178 189 20.0 24.1
NA NA NA NA NA 239 272
2013 26.0 25.8 193 191 1838
2004 NA NA NA NA NA 225 218 192 196 198 216 234

2015 273 254 240 197 189 191 186 186 19.7 198 201 20.6

2016 216 205 226 198 186 180 186 19.0 194 197 225 256
2017 273 261 263 236 NA NA 177 177 186 198 213 255

2018 264 237 197 193 201 212 203 211 NA NA NA NA
2009 NA NA NA NA NA NA 193 200 201 222 216 245

Source: (NMSA, 2019)
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Table7: Mean monthly and annual minimum temperature (°C) at Hagerselam Hula woreda
(2010-2019).

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 6.0 6.7 7.2 8.2 9.1 8.0 7.2 74 7.3 7.0 5.9 5.1
2011 6.0 6.2 6.7 7.1 7.6 7.3 6.2 65 7.3 5.9 6.1 0.0
2012 5.2 5.5 6.9 5.4 5.6 55 0.0 6.1 6.0 5.6 5.7 4.6
2013 5.2 5.1 NA 5.6 5.6 5.5 NA NA NA NA 5.8 3.4
2014 NA NA NA NA NA 6.1 5.1 3.8 49 6.0 6.4 4.5
2015 6.5 6.3 5.3 4.6 4.7 5.0 3.8 42 4.1 4.4 4.7 4.7
2016 5.0 5.4 5.6 5.3 4.7 3.7 3.5 34 4.2 4.1 3.3 3.1
2017 2.7 4.2 4.2 3.9 NA NA 3.0 28 3.2 3.9 3.8 34
2018 4.7 3.7 3.3 2.7 34 4.9 3.8 3.8 NA NA NA NA
2019 NA NA NA NA NA NA 4.9 45 47 4.6 4.4 4.2

Source: (NMSA, 2019)

Table 8: Monthly and yearly total rainfall (mm) at Hagerselam Hula woreda (2010-2019).
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2010 259 1816 200.7 263.1 3299 1111 96.3 130.6 1932 2145 36 6.1
2011 181 357 51.3 484 3684 150.2 143.3 1545 150.2 1994 259.7 NA
2012 2.4 2.1 245 264.7 137.2 1122 89.1 78.8 1589 1451 39.2 345
2013 5.9 NA NA 3224 3284 1169 NA NA NA NA 1192 0.0
2014 381 773 NA 354 2244 2623 137.7 239.3 2452 2054 110.6 18.2
2015 30.0 226 357 2441 2449 113.8 585 1358 1221 1164 1524 74.2
2016 295 105 753 1998 283.0 179.6 1335 1822 159.6 176.8 47.8 0.0
2017 1.0 5.2 504 71.6 NA NA 218.8 206.0 365.1 3421 345 16.1
2018 46 1099 137.7 476.7 1724 1186 106.0 112.2 167.3 1858 112.8 34.9
2019 NA NA NA NA NA NA 3644 160.1 161.7 100.7 179.3 60.0

Source: (NMSA, 2019)
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7.2: Figures in Appendices

Figure 1: Land Preparation

Figure 2: Day of Sowing
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Figure4: Day of urea Application
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Figure5: Field supervision
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Figure7: Day of harvesting
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