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RESPONSE OF WHEAT (Triticum aestivum L.) TO PHOSPHORUS AND
POTASSIUM FERTILIZERS RATES AT KECHI, SOUTH WEST ETHIOPIA
Andualem Bezula (BSc), Mengesha Kebede (PhD) and Hussein Mohammed (PhD)
School of Plant and Horticultural sciences, Hawassa University P.O.Box 05, Hawassa,
Ethiopia

ABSTRACT

Wheat is the most significant cereal and staple crop. However, the primary obstacles to output
and productivity are the depletion of soil nutrients and the improper application of fertilizers.
Therefore, this experiment was conducted at Kechi, South West Ethiopia, to evaluate the
growth and yield response of wheat to phosphorus and potassium fertilizer application rates
during the 2023 main cropping season. The experiment comprised 12 treatment combinations
with four rates of phosphorus (P) (0, 10, 20, and 30 kg/ha) and three rates of potassium (K)
(0, 30, and 60 kg/ha) in the form of triple superphosphate (TSP) and murate of potash (KCI),
respectively. The experiment was laid out as a randomized complete block design (RCBD) in a
factorial arrangement and replicated three times per treatment. Data were collected on crop
phenology, growth, yield, and yield components. The collected data were analyzed using
statistical analysis software version 9.2.The outcome showed that the primary effects of
potassium and phosphorus had a considerable effect on the harvest index and the number of
productive tillers. The interaction effect of phosphorus and potassium had a substantial effect
on the following parameters: days to heading, days to physiological maturity, plant height,
and total tiller number, number of grains per spike, thousand seed weight, aboveground
biomass, grain yield, and straw yield. Furthermore, 20 kg/ha P and 30 kg/ha K fertilizer
application rates provided the maximum grain production (4350 kg/ha). The economic
analysis also indicates that a net benefit of 229,815 ETB/ha and a marginal rate of return of
1783.1% were achieved from 20 kg/ha P and 30 kg/ha K combination. As a result, this
combination can be suggested to raise wheat's grain production. However, since this
experiment was conducted in a single season and at one site, repeating over seasons and
locations will be required to come up with a plausible recommendation.

Keywords: Crop phenology, Fertilizer, Growth, Wheat seed



1. INTRODUCTION

The world wheat production reaches about 776.5 million tons in 2020, also estimated and
forecasted to be 778.3 and 770.3 million tons by 2021 and 2022, respectively (FAO,2022).
Wheat is the second largest grain crop worldwide in acreage and second total production
volume. The global production volume of wheat came to almost 785 million metric tons in the
marketing year of 2023/24 (Schroeder, 2021). This was a decrease of about four million tons
compared to the previous year. Wheat is not only the most important food security crop but
also it is currently becoming strategic as a cash crop at the global level (Langridge et al.,
2022).

Wheat (Triticum aestivum L.) (Triticum aestivum, 2n = 6x = 42, AABBDD) is an important
staple food crop in Ethiopia, especially in urban areas. It is a staple food in the diets of several
Ethiopian, providing about 15 percent of the caloric intake for the country’s over 90 million
population (FAO, 2015a), placing it second after maize and slightly ahead of teff, sorghum,
and enset, which contribute 10-12 percent each (Minot et al., 2015). After South Africa,
Ethiopia is the second largest wheat producer in Sub-Saharan Africa (FAO, 2022). It is used
for making bread, biscuit and pastry products, and also for the production of starch and gluten.
Wheat is one of the most important food security crops in Ethiopia. It is cultivated on a total
area of 2.1 million (1.7 million ha rain fed and 0.4 million ha irrigated) hectares annually with
a total production of 6.7 million tons of grain at an average productivity of 3.0 and 4.0 t/ha
under rain-fed and irrigated conditions, respectively during 2021/22 (Tadesse, et al., 2022)
Wheat ranks second next to maize in terms of yield production (5,780,130.596 tons) and third
in terms of area coverage (1,897,405.05 hectares) following teff and maize among cereals for

rain fed production in Ethiopia (CSA, 2022).Wheat is commonly grown at an altitude ranging



from 1500 to 3000 meters above sea level, between 6-15° N latitude and 35-42°E longitude in
Ethiopia (Tirfi et al., 2022). The major wheat producing areas in Ethiopia are located in
Oromia region (Arsi, Bale, Shewa, Wolega, Jimma zone, in Amhara region (North, south and
central Gondar zone, North Shewa and Awi) in Southern Nations Nationalities & Peoples
Region (Guraghe, Hadiya, Kembata tembaro, Wolaita, Keffa, Gamo-Gofa, Silte and Halaba),
Tigray region, Benishangul Gumuz region and Afar region (CSA, 2021).

Soil degradation and depletion of soil nutrients are among the major factors threatening
sustainable cereal production in the Ethiopian highlands (Aleminew and Alemayehu, 2020). In
line with this, low production of wheat has been shown in various parts of the country as a
result of limited nutrient supply (Gebreselassie, 2002). As Taye and Yifru (2010) indicated,
land degradation is the major one because of great deforestation, human and livestock
population pressure, inadequate use of crop residue and animal dung and little or no use of
modern technologies to restore soil fertility. In Ethiopia; the major challenges facing
agriculture are low productivity, low use of improved farm inputs, and dependency on
traditional farming and rain fall. As a result, food insecurity and poverty are prevalent in the
country (Belay et al., 2024).

Phosphorous (P) is one of most limiting plant nutrients in the tropics (Mardamootoo et al.,
2021). Phosphorous required in the early stages of growth (Grant et al., 2001) necessary for
many plant processes including synthesis of phospholipids, energy transfer, and enzyme
activation (Hawkes ford, 2012) for optimum crop production. Inadequate availability is a
major limitation to plant growth and development (Schacht man et al., 1998) and consequently
global crop production (Raghothama and Karthikeyan, 2005). It is usually the most yields
limiting of soil supplied elements, and soil P tends to decline when soils are used for

agriculture (David and David, 2012. It is estimated that 30—40% of global agricultural soils are



limited by P availability and it is second only to nitrogen (N) in limiting agricultural
productivity (Vance et al., 2003). Heavy rains during main cropping season cause substantial
nutrient losses due to intense leaching and erosion on Nitosols (Woldeab et al., 1991).
Phosphorous is deficient in about 70% of the soils in Ethiopia (Mamo, and Haque, 1991). One
of major constraints that are responsible for low yield of wheat crop is P deficiency (Balesh et
al., 2005).

Continuous cropping, in which fertilizer responsive varieties and improved management
practices results in K mining from the soil. Wheat crops can remove more than 400 kg K,O ha’
year® (Hailu et al., 2017). The total absence or low application level of K fertilization
combined with intensive continuous cropping leads to the depletion of soil K reserves. Even
soils which are initially well supplied with K will become deficient under such management
systems.

Total consumption of K from soil by wheat producing yields of 10 t ha™ varies from 160 to
242 kg K ha™* (Kemmler, 1983). The risk of yield decline can be minimized by application of
mineral fertilization balanced in terms of all nutrient elements (Oborn et al., 2005). The
influence of P and K is mainly an aggregate of the functions played by nutrients in mitigating
negative effects of biotic and abiotic stresses. Plants provided with sufficient amounts of P and
K are less vulnerable to water deficiency, low temperatures and pathogen attacks (Ma et al.,
2006). Potassium and phosphorus yield-stimulating functions are different, which stems from
their differentiated influence on the plant growth during the vegetation period.

In addressing this issue, balanced fertilization with an optimum application rate is necessary to
improve soil fertility and thus increasing the productivity of crops including wheat. Poor soil
fertility especially low availability of nitrogen (N) and phosphorus (P) has been demonstrated

to be a major constraint to wheat production in Ethiopia (Aleminew and Alemayehu, 2020)



and (Mamo et al., 1988). Other studies in Ethiopia showed deficient soil K levels (Mamo and
Haque, 1988; Gebeyehu and Mamo, 1999; Bellete, 2014; Mekonnen, 2014; EthioSIS, 2015;
Laekemariam, 2015). In addition limitation of Nitrogen (N), Phosphorus (P), Potassium (K),
Sulfur (S), Zinc (Zn), Boron (B) and Iron (Fe) on the soil of the former SNNPR were reported
(EthioSIS, 2016).

Despite the significant area of wheat production in Ethiopia, the average productivity of wheat
at national level, the former South Nations Nationalities and People Regional State (SNNPRS)
and Dawro Zone is 2.67, 2.58, 1.45 ton ha-1, respectively (CSA, 2021).

South-West Ethiopia's Kechi Woreda, in the Dawro Zone, is home to Kechi Research Farm.
Farmers have long owned it, using intensive and inadequate management techniques, and the
region receives a lot of rain each year. Additionally, a preliminary evaluation of the farm
revealed nutritional limitations for N, P, S, and B. Furthermore, the soil reaction was highly
acidic (pH less than 5.5). Crop residue clearance, basic ion leaching (Ca+2, Mg+2, K+, Na+),
and inadequate soil management techniques can all contribute to this. Thus, increasing wheat
output and productivity on a sustainable basis depends critically on reaching the ideal pH and
nutrient levels in the soil.

The impact of P and K rates on wheat plant yields has not been thoroughly studied. According
to a study done in the Kokate, Wolaita area, applying 150 kg NPS ha™ and 50 kilogram KCI
ha® increased wheat output (Tesfay et al., 2021). To provide the ideal P and K fertilizer rates,
more research is necessary. The purpose of this study is to ascertain the optimal degree of P
and K fertilization for wheat development, yield components, and yield, at the Wolaita Sodo

University research farm site, Kechi, located in the Dawro zone in South West Ethiopia.



Therefore, this experiment was designed with the following objectives:
Objectives:
e To evaluate the growth and yield response of wheat to P and K fertilizers rates at Kechi
during 2023 main cropping season.

e To determine the optimum combination rates of P and K fertilizer for optimal wheat
crop production at Kechi during 2023 main cropping season.

e To determine the economic feasibility of various phosphorus(P) and potassium (K)
fertilizer rate for optimal wheat crop production at Kechi during 2023 main cropping

season.



2. LITRATURE REVIEW

2.1. Origin and Taxonomy of Wheat

According to the earliest historic records, wheat was an important cultivated cereal in south-
western Asia, its geographical center of origin. Many wild species of Triticum are found in
Lebanon, Syria, Northern Israel, Irag, and Eastern Turkey. Wheat was cultivated in ancient
Greece and Egypt in prehistoric times. The central Asia, Near East Mediterranean, and
Ethiopian regions are the world’s most important centers of diversity of wheat and its related
species (Kundu and Nagarajan, 1996). Bread wheat arose farther northwest, away from the
Fertile Crescent, in the corridor extending from Armenia in Transcaucasia to the southwest
coastal areas of the Caspian Sea in Iran (Dvorak et al., 1998). In this region, Ae. tauschii var.
strangulata is predominant, which evidently hybridized with cultivated emmer to produce T.
aestivum. In a recent study, Wang et al. (2013) genotyped using single nucleotide
polymorphism (SNP) markers 477Ae. tauschii and wheat accessions collected from eastern
Turkey to China. Wheat is grown in most temperate and subtropical countries and in many
tropical countries (Peterson, 1965).

The majority of the cultivated wheat varieties belong to three main species of the genus
Triticum. These are the hexaploid, T. aestivum L (bread wheat), the tetraploid, T. durum, and
the diploid, T. dicoccum. Schrak and T. monococcum. Globally, T. aestivum is the most
important species, which covers 90 percent of the area under wheat cultivation. The second
most popular wheat is durum wheat, which covered about 9 percent of the total area, while T.
diccous and T. monococcum cover less than 1 percent of the total area (Shashikale, 2006). In
Ethiopia, all three main species of the genus Triticum are found. From this, T. aestivem is
produced in most parts of the country, while T. durum and T. dicoccum are small in their area

coverage. Both wild and cultivated Triticum genera belong to the family Gramineae, the grass



family. Triticum is only one of some 600 genera belonging to this family, which itself

comprises over 5000 species (Peterson, 1965).

2.2. Importance of Wheat

As one of the main cereal crops grown in Ethiopia today, wheat influences food preferences
and dietary customs and is a significant source of protein and energy for the people living in
the country's highlands. Furthermore, in order to achieve national food self-sufficiency, wheat
has been chosen as one of the target crops. With the greatest crop area dedicated to it and the
highest yield of any crop, wheat is one of the most abundant food crops in the world and
provides the world's population with both energy and protein. Increasing wheat production is
crucial for ensuring food security (Chhokar et al., 2006). Bread wheat flour is used to
manufacture Arabic bread, French bread, chapatti, cookies, and pastries.

Wheat has played a fundamental role in human civilization and improved food security at the
global and regional levels. It provides about 19% of the calories and 21% of protein needs of
daily human requirements at the global level (Braun et al., 2010). Wheat is a staple food for
40% of the world’s population, mainly in Europe, North America, and the western and
northern parts of Asia. The demand for wheat is growing fast in new wheat-growing regions of
the world, such as eastern and southern Africa (5.8%), West and Central Africa (4.7%), and
South Asia and the Pacific (4.3%). Demand is also growing in the traditional wheat-growing
regions of Central Asia (5.6%), Australia (2.2%), and North Africa (2.2%) (Shiferaw et al.,
2013). Wheat is the most traded agricultural commodity at the global level, with a trade
volume of 144 million tons and a total value of 36 billion US dollars (Shiferaw et al., 2013).
Many of the developing countries that depend on wheat as a staple crop are not self-sufficient

in wheat production, and accordingly, wheat is their single most important imported



commodity. Wheat also accounts for the largest share of emergency food aid (Dixon et al.,
2009).

2.3. Effect of Phosphorus and Potassium Application on Growth and Yield of Wheat
2.3.1. Effect of Phosphorus on Growth and Yield of Wheat

After nitrogen, phosphorus (P) is one of the nutrients that limits the growth and development
of plants. It is the second most important nutrient in crop production and is crucial for plant
growth (Salim, N. and Raza, A., 2020). The physiological functions of living things, especially
plants, depend heavily on phosphorus (Mengel et al., 2000). As a component of nucleic acids
and phospholipids, phosphorus is an essential macronutrient that plays multiple roles in plant
macromolecular structures. These roles include energy metabolism, participation in signal
transduction pathways through phosphorylation and dephosphorylation, and regulation of
important enzyme reactions (Wang et al., 2019). It is one of the key macronutrients that
regulate a variety of physiological processes in plants, influencing plant growth and overall
production (Khan et al., 2023). Phosphorus plays key roles in regulating plants’ physiological
responses to abiotic stresses. In plant cells, P is a component of nucleic acids, membrane lipids
and phosphorylated intermediates of energy metabolism (Pratt et al., 2009).

In addition, phosphorus regulates important enzyme processes and metabolic pathways like
the Krebs cycle, glycolysis, and feedback inhibition (Brady and Weil, 2002). According to
Hossain and Hamid (2007), it is important for energy conversions in plants and has a variety
of functions in seed production. P encourages the growth of the root system and speeds up
ripening, and enough P improves several physiological processes, including photosynthesis,
blooming, seed formation, and maturation (Brady, 2002). Melese (2007) also reported P aids

in the metabolism of energy transfer, signal transduction, macromolecular biosynthesis,



photosynthesis, respiration chain reactions, and biomass production of micronutrients (Shenoy
and Kalagudi, 2005).

Because of mobility in the plant, the deficiency symptoms first appear on the older leaves.
However, with a more severe deficiency, plants become dark green to purplish in color.
Phosphorus deficiency can reduce both respiration and photosynthesis, but if respiration is
reduced more than photosynthesis, carbohydrates will accumulate, leading to dark green
leaves. A deficiency can also reduce protein and nucleic acid synthesis, leading to the
accumulation of soluble nitrogen (N) compounds in the tissue. Ultimately, cell growth is
delayed and potentially stopped. As a result, symptoms of P deficiency include decreased
plant height, delayed leaf emergence, and reductions in tillering, secondary root development,
dry matter yield, and seed production (Fageria et al., 2003). Plants respond to P deficiency by
adaptations that maximize the likelihood of producing some viable seed. Generally, P stress
decreases the number of seeds produced more than seed size. In cereal crops, the reduction in
seed number occurs through reduced numbers of fertile spikes and reduced numbers of kernels
per spike. Reduction in leaf expansion and leaf surface area is the most striking effect in plants
suffering from P deficiency (Brady and Weil, 2002). The deficiency of phosphorus might also
limit nitrogen fixation through its effects on growth and survival of Rhizobia, nodule
formation, nodule functioning, and host plant growth (Tang et al., 2001). Phosphorus
deficiency is a yield-reducing factor also in fertilized soil, particularly soils high in calcium
carbonate, which reduces phosphorus solubility (Ibrikei et al., 2005). Several authors indicated
that application of P fertilizer at different levels has a significant impact on phenological,
growth, yield parameters, and yield. It also stimulates root growth and photosynthesis (Singh
and Sale, 2000). Wheat grain yield and yield contributing traits were significantly improved

with fertilization of optimum P through soil application (Ahmad et al., 2010; Rahim et al.,



2010; and Rahmatullah et al., 2007). Liakas et al. (2001) indicated that application of
phosphorus and potassium favored the tillering of wheat. Ali et al. (2005) stated that the
application of K and P on wheat crops increases the components of yield. Many studies
revealed that application of phosphorus to wheat crops significantly increased the plant height,
number of tillers per plant, straw, and grain yield over control (Noonari et al., 2016). It
strengthens the straw and increases flower formation and fruit production. Fixation limits its
availability to plants in the soil environment (Brhan, 2012). Phosphorus promotes absorption
of other nutrients and plant growth (Akamine et al., 2007). Alam et al. (2003), who observed
that applications of phosphorus significantly affected the harvest, index of wheat crops. Plants
acquire P in its inorganic form as orthophosphate H2PO4-/HPO42- from the soil solution
(Marschner, 2012). The uptake mainly occurs in the form of H2PO4-ions in acid soils and in
the form of HPO42-ions in basic or alkaline soils.

2.3.2. Effect of Potassium on Growth and Yield of Wheat

Potassium (K) is one of the essential nutrients required by plants in large amounts and plays a
key role in plant growth and reproduction. Potassium is considered a primary mineral nutrient
controlling crop plant response to various environmental stresses (Rengel and Damon, 2008).
Potassium fertilization is frequently associated with improved crop quality as well as better
handling and storage properties. Yawson et al. (2011) indicated that K promotes transportation
of assimilates, controls stomata opening and enzyme activation, and promotes microbial
activities in plants. Potassium increased the growth of macronutrient concentrations of leaves
as well as enhanced the chlorophyll content of plants (Asgharipour and Heidari, 2011). Wheat
takes more amount of K during the period of intensive biomass increment, i.e., from the
beginning of stem elongation to the end of heading. At the end of vegetative development, K

is the nutrient that decides about the pace of transport of assimilates into the ear. Limitation of
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K supply at the stage of plant intensive growth results in disturbances of building the elements
of yield structure. Adequate fertilization of K has a prominent role in decreasing certain plant
diseases and improving quality. Potassium plays significant roles in transportation of water,
nutrients, nitrogen utilization, stimulation of early growth, and insect and disease resistance,
(Lakudzala, 2013; Jan, R., 2022). Potassium affects nitrate (NO3) absorption, where rapid
NO3 depends on adequate K in the soil solution.

Potassium is a mobile nutrient in plants, and hence the deficiency symptoms appear on the
older leaves, and it will move from lower to upper leaves, (Ali et al., 2023). Some crops
exhibit characteristic deficiency symptoms when adequate amounts of K are not available for
growth and development. In wheat, potassium deficiency may result in shorter internodes,
weaker straw, increased lodging, and slower growth. A yellowing of the leaf tip followed by
marginal yellowing and dying of the tip may be noted. According to Madar et al., (2020),
approximately 90-98% of total soil K is found in the unavailable form depending on soil type.
Feldspars and micas are minerals that contain most of the K, and some K moves to the slowly
available pool whereas others move to the readily available pool. Laboratory tests from soil
and plants indicated that the major deficiency symptoms observed in the plants are burning at
leaf edges, which looks like disease, short internodes, relatively long leaves, and marginal and
tip browning of leaves (FAO, 1995). Thus, deficiency of K in soils may result in decreased
wheat yield Li, C., Zhao, X., et al 2020) and low enzyme glutamine syntheses and reduced
yield in wheat K is deficient (Ali et al., 2005). Findings of research proved that application of
K at different levels significantly affects the phenological, growth parameters, and yield
components. The beneficial effect of K on increased wheat yield is due mainly to higher
kernel weight, which resulted from increasing either the photosynthetic capacity or productive

life flag leaves, which account for up to 80% of grain filling. A shortage of potassium is a
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cause for a reduction the physiological sink size in crop plants (Ali et a., | 2022). In the
present day, intensive and high-yield-oriented agriculture, there is a negative K balance, and
soils are being mined for this essential element (Tan et al., 2005). Increasing K amount in
wheat increased dry matter, TSW, tillers, and K contents in plant, plant height, protein
contents, and grain yield (Kubar et al., 2022). Fertilization of K increased crop quality, plant
nutrition, and increased protein content (Gu, X., Liu, Y., et al 2021), productive tillers
(Godebo, T., Laekemariam, F. et al 2021), plant height (EI-Mageed, T.A.A., Semida, et al
2023) and grain yield (Tisdale et al., 2002). Baque et al. (2006) reported that the maximum
effective tillers were recorded in wheat plants receiving a higher level of potassium. Potassium
application significantly affects the harvest index of wheat (Brhane et al., 2017). Improved
plant K status can increase grain set and yields in wheat under frost, likely by maintaining
physiological functions such as cell osmoregulation, plant photosynthesis, and anti-oxidant
systems (Ma et al., 2019).

2.3.3. Response of wheat to interaction effect of phosphorus and potassium

Nutrient interactions have a critical role in improving the growth and yield of the crop. Two or
more elements working together to create an overall improved physiological state in the plant
is called physiological synergism, while an excess of one nutrient reducing the uptake of
another nutrient is called physiological antagonism. It is influenced by factors such as
concentration of nutrient, temperature, light intensity, soil aeration, soil moisture, soil pH,
architecture of root, the rate of plant transpiration and respiration, plant age and growth rate,
plant species, and internal nutrient concentration of plants. Both P and K are essential for
photosynthesis, enzyme/energy-driven reactions, seed formation and quality, stress tolerance,
and crop maturity. These two mineral elements together shape nitrogen management in high-

yield cultivation technologies, illustrating the agronomic and economic benefits of eliminating
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P and K as limiting factors in crop production (Marschner, 1986). Several authors reported
that the response of wheat to the combination of P and K. According to Hailu et al. (2017), the
concurrent use of P and K significantly increased yield and the N, P, and K uptake of wheat as
compared to the levels obtained with either P or K applied alone. Integration of P and K
application improved the uptake of N, P, and K of wheat (Sharshar et al., 2000; Slaton et al.,
2007). Akram et al. (2007) reported that P enhanced the crop growth, yield, and nutrient
uptake more than K, whereas the best results were observed with the combined application of
P and K. Liakas et al. (2001) indicated that the combined application of P and K favored the
tillering of wheat. The application of K and P had significant effects on the dry matter yield,
and the improvement in the grain yield due to the K and P additions could be attributed to the
ameliorative effects of plant nutrition (K and P) on plant growth under salt stress conditions

(Hussain et al., 2016).

2.3.4. Current Wheat Production Status in Ethiopia
Wheat production in Ethiopia is projected to reach a record level of 5.7 million metric tons

(MT) for the 2022/23 season (Feyisa et al 2023). The Government of Ethiopia (GOE) has
prioritized increasing production and productivity through initiatives such as small and large-
scale irrigation development, financing agricultural inputs, encouraging cluster farming, and
reducing post-harvest losses. Despite these efforts, challenges such as ethnic conflicts, security
issues, and the impact of global events like Russia's war in Ukraine have affected farming

activities and wheat supplies (USDA Foreign Agricultural Service, 2022).

2.3.5. Global and Local Adaptation Strategies for Wheat Production
Wheat is one of the most widely cultivated crops globally, and its adaptation strategies are
crucial for ensuring food security. Researchers have identified adaptive genes, such as those

related to vernalization and photoperiod response, which help wheat adjust to different
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climatic conditions by optimizing flowering and reproductive cycles (USDA, 2022).
Expanding irrigation infrastructure and developing heat-tolerant crop varieties are key
strategies, with countries like Canada and the U.S. investing in research to create wheat
varieties that can withstand higher temperatures and drought conditions (Alam et al., 2003).
Using climate models to predict future conditions helps in planning and implementing
adaptation measures, including adjusting sowing dates and selecting appropriate crop varieties
(Brhane et al., 2017).

In Ethiopia, climate change poses significant challenges due to altered temperature and
precipitation patterns affecting wheat productivity. Land suitability analysis, considering soil
properties, climate variables, and topographic characteristics, is used to identify suitable areas
for wheat farming (USDA Foreign Agricultural Service, 2022). Developing and adopting new
wheat cultivars, such as the Dandaa and Kakaba, which show better adaptation potential under
different climate scenarios, is crucial. Implementing recommended agronomic practices, such
as proper weeding and chemical spraying, enhances wheat productivity and resilience (Brhane
et al., 2017). These adaptation strategies are essential for maintaining food security and

supporting agricultural sustainability in Ethiopia.

2.3.6. Utilization of Wheat

Wheat is an incredibly versatile crop with a wide range of applications. It is primarily used in
the production of food products, such as bread, pasta, noodles, cereals, and various baked
goods. Wheat grains are milled into flour, which is a staple ingredient in many culinary
recipes around the world (Alam et al., 2003). Additionally, wheat bran and other by-products
from the milling process are commonly used in animal feed, providing essential nutrients for
livestock (Brhane et al., 2017). Industrially, wheat can be fermented to produce ethanol, which
is used as a biofuel, and wheat starch is utilized in the production of biodegradable plastics
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and certain types of textiles and paper products (USDA Foreign Agricultural Service, 2022).
Moreover, wheat germ and wheat bran are rich in vitamins and minerals, often used in dietary
supplements, while wheat grass is popular in health foods and beverages for its high nutrient
content. Wheat extracts and oils are also ingredients in various cosmetic products due to their
beneficial properties for skin and hair. In many cultures, wheat is part of traditional dishes and
rituals, reflecting its cultural significance beyond just nutrition. This diverse range of
applications makes wheat a crucial crop in global agriculture, contributing significantly to

food security, economic stability, and industrial innovation.

2.3.7. Wheat Production, Demand, and Supply in Ethiopia

Wheat production in Ethiopia is projected to reach a record level of 5.7 million metric tons
(MT) for the 2022/23 season, despite challenges such as ethnic conflicts and the impact of
global events like Russia's war in Ukraine (USDA Foreign Agricultural Service, 2022). The
Government of Ethiopia (GOE) has prioritized increasing production and productivity through
initiatives such as small and large-scale irrigation development, financing agricultural inputs,
encouraging cluster farming, and reducing post-harvest losses (USDA Foreign Agricultural
Service, 2022). However, the demand for wheat has surpassed its production, and the country
must import a projected amount of 1.4 million tons of wheat to meet its domestic consumption
needs in the 2022/23 marketing year (USDA Foreign Agricultural Service, 2022). Economic
growth and urbanization have further increased the demand for wheat flour, making it
essential to address the supply-demand gap through continuous and sustainable production

interventions (Brhane et al., 2017).
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2.3.8. Proportion of Imported and Domestically Produced Wheat in Ethiopia

Ethiopia imports a significant proportion of its wheat to meet domestic demand. Despite
efforts to increase local production, the country still relies on imports to fill the supply gap. It
is estimated that Ethiopia imports around 30-40% of its wheat needs, with the remaining
demand being met through domestic production (USDA Foreign Agricultural Service, 2022).
This reliance on imports is due to various factors, including climate variability, limited arable

land, and the need for improved agricultural practices and technologies (Brhane et al., 2017).
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3. MATERIALS AND METHODS

3.1 Description of the Experimental Site
The experiment was carried out at Kechi Research Farm of Wolaita Sodo University, in Kechi

Woreda of the Dawro Administrative Zone, South West Ethiopia, from July to November

during the major cropping season of 2023. The study region spans 37°13'49.10"” to

37°14'18.05" E and 6°54'29.96" to 6°55'16.78" N with Elevation of the research site is 2090

m.a.s.l. The site, receives 1355.4 to 2565.6 mm of annual rainfall, and experiences mean

monthly temperatures ranging from 11.7 to 23.5 °C. Rainfall occurs in two distinct seasons:

the short rainy season falls between March and May, while the long rainy season spans from

June to September. The majority of the region is mountainous, with soil that is well-drained

and has weathered somewhat. The farm soil in Kechi is classified as a luvisol (Abass, 2021).
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Figure 1: Location map of Kechi Woreda of Dawro Administrative Zone, South West

Ethiopia
Source: Ethio-Shape files 2021
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3.1. Meteorological Data of the Experimental Sites
3.1.2 Monthly average rainfall, maximum and minimum temperatures

Monthly average rainfall as well as the maximum and minimum temperatures during the
cropping season of Kechi received 164.07 mm of rainfall during the main growth season,
which ran from July to November (Figure 2). The study site experienced notably increased
rainfall, with 232.5 mm recorded in August during the cropping season. This rainfall is critical
for crop development, especially during the reproductive (flowering) stage. During this stage,
enough water decreases floral abortion, promotes spike initiation and development, and
increases seed and biological yield. Whereas, reduced the quantity of rainfall, is crucial for
safe harvesting, especially November’s minimal rainfall which recorded at 70.5 mm.

During the cropping season, the mean monthly maximum temperatures in Kechi range from
15°C to 19°C, with November being the highest and July being the lowest. During the primary
agricultural season, October and November had the lowest and highest mean monthly

minimum temperatures, respectively, ranging from 12.3 t014.5. °C. (Figure 2)

mmm Rain fall ==Minmum TO ==m=Maximum TO0

90

10
60 5
o« 1l ]

0

Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec

= 270 25
E 240

= 210 N\ 2
= —

= 180 .
o

> 150

S 120

c

o

>

c

S

>

o O

Mean Monthly Temperature (°C)

Annual Months

Figure 2. Total Annual Rainfall and Mean Minimum and Maximum Temperatures at Kechi
Research Site, Dawro Administrative Zone, South West Ethiopia, during the 2023 Main
Cropping Season.

Source; (PDAV: Power data access viewer); accessed November 2023
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3.2. Treatments and Experimental Design
Treatments used in this trial were four levels of P (0, 10, 20, and 30 kg/ha) and three levels of

K (0, 30 and 60 kg/ha) in the form of triple supper phosphate (46 kg P205) and KCI (murates
of potash, 60% K20), respectively. The treatments were laid out in a randomized complete
block design (RCBD) using a factorial arrangement with three replications with a plot area of
2 m X 1.8 (3.6 m2) and a net plot area of 2 m x 1.4 (2.8 m?. Wheat variety, Hidase, which
was released by Kulumsa Agricultural Research Center in 2012, was used as a test crop. This
variety is grown in wide environmental conditions, having an altitude of 2200 to 2600 m.a.s.l.
and rainfall of greater than 500 mm. The variety is able to produce grain yields of 4.4-7 t/ha
on station and 3.5-6 t/ha on farm station (MOA, 2013). Planting was carried out in the first
week of July following the planting practices of the farmers in the area. The full dose of
fertilizers was applied at planting by drilling along the rows at 20 cm intervals with a seed rate
of 125 kg/ha.

Table 1: Treatment Combinations of the Experiment

Treatment Combination Phosphorus (P) Levels(kg/ha) | Potassium (K) Levels (kg/ha)
1. 0 P kg/ha x 0 K kg/ha 0 0
2. 0 P kg/ha x 30 K kg/ha 0 30
3. 0 P kg/ha x 60 K kg/ha 0 60
4. 10 P kg/ha x 0 K kg/ha 10 0
5. 10 P kg/ha x 30 K kg/ha 10 30
6. 10 P kg/ha x 60 K kg/ha 10 60
7.20 P kg/ha x 0 K kg/ha 20 0
8. 20 P kg/ha x 30 K kg/ha 20 30
9. 20 P kg/ha x 60 K kg/ha 20 60
10. 30 P kg/ha x 0 K kg/ha 30 0
11. 30 P kg/ha x 30 K kg/ha | 30 30
12. 30 P kg/ha x 60 K kg/ha | 30 60
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3.3. Agronomic Practice
The experimental field was ploughed, pulverized, and leveled in order to get a smooth

seedbed. All plots received an equal application of 69 kg/ha of the optimal amount of nitrogen
(46 kg N) in the form of urea, with the first half being treated during planting and the
remaining N being administered as top dressing during tillering. Every aspect of crop
management, including weeding, cultivation, and so on, is done as intended. Observations

were made of diseases and insect damage throughout the crop-growing season.

3.4. Soil and Plant Sampling and Data Collection

3.4.1. Soil data

Before planting, 10 random (0-20 cm) soil samples were obtained from the entire experiment
field in a zigzag pattern using a soil auger to form one composite sample. After being allowed
to air dry and powdered until it could fit through a 2 mm filter, the sample was examined for a
few key physico-chemical characteristics. Particle size analysis was carried out using a
hydrometer (Bouyoucos, 1962), soil pH (Roades, 1982), organic matter (Walkley and Black,
1934), and the ammonium acetate method (Busenberg and Clemency, 1973) to determine the
cation exchange capacity (CEC). Total nitrogen was assessed by the Kjeldhal method
(Bremner et al., 1982). Using the Mehlich-111 technique, extractable B, Zn, and Fe,
exchangeable K+, available phosphorus, sulfur, calcium (Ca), and magnesium (Mg) were

obtained (Mehlich, 1984).

20



3.5. Data Collection
3.5.1. Phenological parameters

Days to Heading: This stage is determined by counting the number of days from the date of
emergency to when 50% of the plants has reached the heading stage, where 50% of the spikes

of ten randomly selected plants are producing seeds.

Days to Physiological Maturity: This is determined by counting the number of days from
emergency to the date when 90% of the straw has a yellow color, indicating the plants have

reached physiological maturity.

3.5.2. Growth parameters
Plant height: It was measured at physiological maturity from ten randomly selected plants per

plot from ground level to tip excluding the own.

3.5.3. Yield and yield components

Number of tillers: The number of tillers per unit area was calculated using ten randomly pre-
tagged plants per plot at the heading.

Number of Productive Tillers: This is determined by counting all spikes producing seeds
from ten randomly selected plants. Each spike producing seeds from these selected plants is
considered for the count to provide a representative measure of productive tillers.

Numbers of Grains per Spike: The mean number of grains per spike was calculated by
averaging 10 randomly selected spikes from the central unit area, which were then threshed
and the grains counted with an electronic seed counter.

Thousand Seed Weight (TSW): This was determined by randomly selecting 1000 seeds from
the standing crop, specifically from plants sampled for yield data. These seeds were then

weighed using a sensitive balance. The seed weight was corrected to 12% moisture content
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using a grain moisture meter (Model GMM) to ensure accuracy and consistency in the
measurements.

Biomass Yields (ABM) (kg ha™): Biomass yields were recorded from the net plot area,
which is the central unit area encircled within the plot. This was done by weighing the total
above-ground biomass at the time of harvesting.

Straw yield: It was calculated by subtracting the total grain yield from the corresponding
total above-ground biomass yield.

Grain Yields (kg ha™): Grain yields were measured at harvesting from plants within the
central unit area of the plot. The harvested grains were then adjusted to 12% moisture content
to ensure consistency and accuracy in the yield measurements. The adjustment to 12%
moisture content was done using the following formula:

(Harvest yield) (100 — Harvest moisture %)
(100 — Standard moisture%

Moisture content =

Where:
Harvest Yield is the yield measured at harvesting.
Harvest Moisture % is the moisture content of the grains at the time of harvest.
Standard Moisture % is the desired moisture content, which is 12%.
Harvest index (%): From the above ground biomass yield and grain yield data, the crop
harvest index plot™ was calculated using the formula.

) Grain yield
Harvest index = - X100
Above ground biomas

3.6. Data Analysis

The data were analyzed using the general linear model (GLM) procedure of Statistical

Analysis System (SAS) version 9.20 (SAS, 2008). Mean separation was done using least
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significant difference (LSD) at 5% of probability level whenever significance differences

among treatment are detected.

3.7. Economic Analysis

The economic analysis aimed to assess the profitability of KCI and TSP fertilizer and
determine their agronomic effectiveness using the partial budget method outlined by
CIMMYT (1988). Economic analysis were calculated using the formula established by
CIMMYT (1988)

Unadjusted Grain Yield (UGY) (t ha™): It was the average yield of each treatment.

Adjusted grain yield (AGY) (t ha™®): It was the average yield adjusted downward by 10% to
reflect the difference between the experimental yield and the yield that a farmer could expect
from the same treatment without the researchers’ involvement (CIMMYT, 1988).

Gross field benefit (GFB) (ETB ha): It was computed by multiplying the field/farm gate
price (65 ETB kg™) that farmers receive for the crop when they sell it as an adjusted yield.
GFB = AGY x field/farm gate price for the crop.

Total variable cost (TVC) (ETB ha™): It included the current price of TSP fertilizer (275
ETB kg™), and price of KCI fertilizer (250 ETB kg™*) Wheat seed (90 ETB kg™), and as well
as the labor cost for all activities, which was considered the sum of all costs variable.

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

Dominance analysis involved organizing treatments in order of increase TVC and the
corresponding NB. Treatments with higher TVC but lower NB compared to the preceding
treatment with lower TVC but higher NB were identified as dominant (marked as "D").
Marginal rate of return (MRR) (%b): It was calculated as the change in net benefits (ANB =
NB Treatment-NB Control) by the change in total variance cost (ATVC=TC Treatment-TC
Control) and then multiplied by 100. MRR (%) = x 100
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4. RESULTS AND DISCUSSION

4.1. Soil Physico-chemical properties at the Study Site
Selected soil physicochemical properties of the study site evaluated before conducting the

experiment are presented in Table 2. The soil of the study area is clay- textured, with a particle
size distribution of 42% clay, 38% silt, and 20% sand. The soil pH was 5.8, which is
considered mildy acidic (EthioSIS, 2014). It implies the existence of significant quantities of
cations such as H™ Fe3", and AI3"™ Wheat has been shown to grow well in pH value ranges of
67, although the optimum growth occurs at pH 5.5-7, and any pH below these ranges inhibits
its growth. Toxic elements (A" and Fe™) concentrations in such acidic soils reduces wheat’s
uptake of K, Ca, Mg, and B. Farmers can improve the soil quality in acidic soils by liming to
adjust pH to the levels needed by the crop to be grown. The OC content in the soils was 4.48
percent, which is rated as ranked low, and the soil total nitrogen percentage (TN%) was
0.44%, categorized under medium soil TN content and requires nitrogen application (Landon,
2014). The low percent of OC and TN in soil could be attributed to the complete removal of
residue (Fanuel and Kibebew, 2020) and excessive tillage (Saljinkov et al., 2009).

The available P (2.74 mg kg™) is rated as very low (EthioSIS, 2014). The cation exchange site
was occupied in the order of Ca>Mg>K>Na. The soil had Ca, Mg, K, and Na values (cmol (+)
kg?) of 4.33, 0.75, 0.24, and 0.07 cmol (+) kg™, respectively which were rated as low
(Landon, 2014). The concentration of micronutrients in soil was found to be in the order
Fe>Mn>Zn>Cu>B. According to EthioSIS, 2014to Fe was very high, B was very low, Mn
was high, and Zn and Cu were at their optimum. Furthermore, high Fe concentrations are

harmful to most of the crop species (Jones, 2003).
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Table 2: Soil physicochemical characteristics of Kechi before experiment application during
2023 main cropping season
Where: CEC=Cation Exchanging Capacity OC= Organic carbon, TN =Total nitrogen

Parameter Unit Result Rate References
Soil particle size
distribution
sand % 20
Silt % 38
Clay % 42
Soil textural triangle
(Marcel
Soil texture Clay Dekker Inc., 2004)
Moderately
pH 5.8 acidic EthioSIS, 2014
% OC % 4.48 Low Landon, 2014
%TN % 0.44 Medium Landon, 2014
Available P mgKg™ 2.74 Very low EthioSIS, 2014
cmol(+)K
Available potassium g 0.24 Low EthioSIS, 2014
cmol(+)K Hazelton and Murphy
CEC g* 37.72  Very high (2007)

4.2. Crop Phenology

4.2.1. Days to heading

Statistical analysis indicated that days to heading were significantly influenced by the main
effects of P and K fertilizer rates and their interaction (Appendix Table 1). The days to
heading ranged from 52 to 62, observed in plots treated with 30 kg/ha P and 60 kg/ha K and
unfertilized plots, respectively (Figure 3). The results indicated that increasing rates of both P
and K fertilizers tended to reduce the days to wheat heading. This is likely because the
combined application of P and K enhances plant growth by improving nutrient uptake. This
timely nutrient availability promotes early vegetative growth and the subsequent initiation of
reproductive growth. This finding is in line with results of Brady (2002), Marschner (2012),
and Lakudzala (2013) who reported that an adequate supply of P and K stimulated early

growth and flowering in wheat.
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Figure 3. Days to heading as affected by the interaction of P and K fertilizer rates at Kechi
during 2023 main cropping season

4.2.2. Days to physiological maturity
Days to physiological maturity were significantly (P< 0.05) influenced by the main effects of

P and K fertilizer rates and their interaction (Appendix Table 1). In general, days to
physiological maturity as affected by the interaction of P and K fertilizer rates ranged from
101.To 117 (Figure 4). Days to physiological maturity exhibited inconsistency with increasing
P rates across all levels of K as well as with increasing K rates across levels of P rates. The
longest days to physiological maturity (117) were recorded from non-fertilized plots. While
the shortest (101) from 20 kg/ha P combined with 30 kg/ha K fertilizer rate. The difference of
16 days was recorded between the longest and shortest days to physiological maturity (Figure
4). That is the evidence the physiological maturity in wheat was shorted as P and K fertilizer
rates increased. This might be due to the applied nutrients activating the transportation of
water and nutrients in the plant that improved the photosynthetic reaction of the plant, which

resulted in simulation of early growth and maturation. This result is concomitant with the
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reports of Ma et al. (2006) and Slaton et al. (2007), who indicated the potential benefits of
providing sufficient P and K for wheat, as well as other plants, for promoting early plant
maturity. Therefore, the combined application of P and K fertilizers fastened the early growth

and maturation.
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Figure 4. Days to physiological maturity of wheat as affected by interaction of P and K at
Kechi during 2023 main cropping season

4.3. Growth Parameters

4.3.1. Plant height

Analysis of variance showed main factors of P and K fertilizer rates and their interaction
resulted in significant (P < 0.05) differences in plant height (Appendix Table 1). All plots
fertilized with P and K had taller plants as compared to unfertilized plots. The tallest plants
(95.3 cm) were observed at P rate 20 kg/ha combined with K rate 30 kg/ha, P rate 30 kg/ha
combined with K rate 60 kg/ha, P rate 20 kg/ha combined with K rate 60 kg/ha, and fertilizer
combination of 30 kg/ha P with 30 kg/ha K with a mean plant height of 94.5 cm (Figure 5).
While the shortest plant height was recorded from unfertilized plots 0 kg/ha P with 0 kg/ha K

(54.7 cm) (Figure 5). This result clearly indicated plant height is closely associated with
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increasing levels of P and K fertilization. This could suggest that they stimulate the
physiological processes in plants that increase in the number and size of growing cells,
resulting in increased plant height in wheat. However, without fertilizers, plants lack essential
nutrients necessary for their growth processes. Deficiencies in P and K can lead to stunted
growth due to inadequate energy transfer and poor root development. Unfertilized plots might
not provide sufficient organic matter or micronutrients needed for healthy plant development.
This result is in agreement with the findings of Noonari et al. (2016) and Rahmatullah et al.
(2007) that P and K fertilization significantly influenced plant height of wheat. Similarly,
Chapman and Mason (1969) stated that plant heights of wheat were increased by combining

the P and K nutrients.
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Figure 5. Plant height (cm) of wheat as affected by interaction effect of P and K fertilizer rates
at Kechi during 2023 main cropping season
4.4. Yield and Yield Components

4.4.1. Total tiller number

The total tiller number of plants per unit area was significantly influenced by the main effects
of P and K fertilizer rates and their interaction (Appendix Table 2). The highest total tiller
number per plant (510) was recorded from the combined P and K rates of 20 kg/ha P with 30
kg/ha K, followed by the combination of 30 kg/ha P with 60 kg/ha K, with a mean total tiller

number per unit area of 497. The least total tiller number per plant (345) was recorded from
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plots with 0 kg/ha P and 10 kg/ha P combined with 0 kg/ha K, which share the same letter,
indicating no significant difference between them. The least tiller number (346) was also noted
from the combination of 20 kg/ha P with 0 kg/ha K, showing a slight increase but still low
tiller numbers.

This increase in total tiller number per plant in fertilized plots is attributed to the improved
root systems that allow for better absorption of water and nutrients from the soil. Adequate
nutrients enable plants to produce more chlorophyll and carry out photosynthesis more
efficiently, promoting the production of more tillers. In contrast, unfertilized plots, where no
additional nutrients are provided, lack essential nutrients like P and K, limiting the plant’s
ability to grow optimally. Without sufficient nutrients, plants cannot produce enough energy
through photosynthesis, resulting in fewer tillers as the plant prioritizes survival over
reproduction. This finding aligns with Liakas et al. (2001), who indicated that the application
of P and K favored the tillering of wheat. Furthermore, adding P and K to wheat increased the

number of tillers (Alam et al., 2002; Bachmanyar and Ranjbar, 2008).
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Figure 6. Total tiller number (m2) of wheat as affected by interaction of P and K fertilizer at
Kechi during 2023 main cropping season

4.4.2. Productive tiller number
Productive tiller number per m? was significantly (P<0.05) affected by P and K rates, but not

by their interactions (Appendix Table 2). The number of productive tillers did not consistently
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increase with P fertilizer rates. The highest number of productive tillers (365.53) was observed
at a P rate of 30 kg/ha, while the lowest number (331.91) was seen at a P rate of 10 kg/ha,
combined with 0 kg/ha K. This shows that the response to P rates varied depending on the
specific combination of P and K rates used.

Enhanced nutrient uptake due to adequate phosphorus can support more vigorous growth and
better tiller survival rates. However, insufficient P can lead to stunted growth and fewer tillers,
as seen in the lower productive tiller numbers at certain P rates. The results indicate the
complexity of nutrient interactions and their effects on plant growth, consistent with the
findings of Bashir et al. (2015), who noted increased productive tillers with adequate P
nutrients.

Similarly, K fertilizer rates resulted in significant differences in the number of productive
tillers (Appendix Table 2). The number of productive tillers generally increased with higher K
rates. The highest number of productive tillers (355.39) was recorded at a K rate of 60 kg/ha,
closely followed by 30 kg/ha K with a mean productive tiller number of 354.72. The least
number of productive tillers (331.42) was observed at 0 kg/ha K. Potassium influences
hormonal balance within plants, particularly auxins and Cytokinins, which are critical for cell
division and differentiation processes leading to tiller formation. Higher potassium levels
promote better root growth, enabling plants to access more water and nutrients from the soil,
thus supporting more tiller formation. Lack of potassium results in suboptimal physiological
processes within wheat plants, leading to fewer productive tillers. This finding aligns with
Tahir et al. (2003), who reported that increased K fertilization promotes the production of

productive tillers.
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Table 3. Productive tillers (m?) as affected by main effects of P and K fertilizer rates at Kechi
during 2023 main cropping season

P rate

(Kg/ha) Productive tillers
0 341.03

10 331.91°

20 348.01%

30 365.53°

LSD (0.05) 20.747

K rate

(kg/ha) Productive tillers
0 331.42°

30 354.722

60 355.39°

LSD (0.05) 17.967

CV (%) 6.11

LSD (0.05) =Least Significant Difference at 5% level; CV=Coefficient of Variation; Means in
column followed by the same letters are not significantly different at 5% level of significance
4.4.3. Number of grains per spike
Grains per spike revealed that the main and interaction effects of P and K fertilizer application
rates had a significant (P<0.05) effect on the number of grains spike™ (Appendix Table 2). The
number of grains per spike increased with increasing K rates at all levels of P fertilizer rates.
On the other hand, a higher number of grains per spike was observed at a K rate of 30 kg/ha
for all levels of P rates (Figure 7). In general, all fertilized plots outperformed the unfertilized
plots. The greatest number of grains per spike (58.333) was recorded at a P and K fertilizer
rate combination of 20 kg/ha P with 30 kg/ha K and a P rate of 10 kg/ha combined with 30
kg/ha K, with a mean number of grains per spike of 51.833. The least number of grains per
spike (23.167) was obtained from non-fertilizer application plots (Figure 7). The result showed
that the combination of 20 kg/ha P with 30 kg/ha increased the number of grains per spike by
151.7 % higher than the control. According to the result, application of P and K fertilizer

showed increased grains per spike than the treatments without fertilizer applied, and that might

be the response of the applied fertilizer contribution to hasten flowering and seed formation by
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producing more grains. The result showed that application of P and K fertilizers promoted
grain formation and development in wheat through enhancing transportation of assimilates
enzyme activation, protein synthesis, and flowering. This result agreed with the finding of
Laghari et al. (2010), who reported that the application of K and P to wheat significantly
enhanced yield components. Similarly, Damene, (2003) and Baque et al. (2006) reported that
application of P and K, respectively stimulated the growth and development of wheat and

leading to a higher number of grains per spike.
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Figure 7: Number of grain per spike of wheat as affected by interaction of P and K fertilizer
rates at Kechi during 2023 main cropping season

4.4.4. Thousand Seed weight
Thousand seed weights significantly (P<0.05) differed due to the main effect of P and K

fertilizer rates and their interaction (Appendix Table 2). The highest thousand seed weight
(54.9 g) was achieved from P rate 20 kg/ha combined with 30 kg/ha K fertilizer, followed by
the combination of 30 kg/ha P with 60 kg/ha K with a thousand seed weight of 52.5 g. The
lowest thousand seed weight (30.57 g) was seen on the unfertilized plot (Figure 8). This result
might signify the role of P and K in improving photosynthetic activity and enhancing

assimilate transport to grain ripening, which resulted in heavier grains, increased grain
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number, and 1000 grain weight. While the lowest seed weight was recorded from an
unfertilized plot due to a lack of sufficient phosphorus, plants might struggle with energy
transfer processes necessary for growth and reproduction. Additionally, a lack of potassium
can result in poor water regulation within the plant cells, leading to stress conditions that
inhibit growth. Overall nutrient deficiency can lead to stunted growth and reduced seed size
due to inadequate resources being available for developing seeds. The result agreed with Ali et
al. (2005), who stated the application of P and K had a significant effect on the thousand seed

weight.

LSD=2.86
70.00 CV=3.74

60.00
50.00
40.00
30.00
20.00
10.00

0.00

Potassium rates (kg/ha)

=0 ®30 m60

Thousand seed weight (gm)

Phosphrous rates (kg/ha)

Figure 8.Thousand seed weight (gm) of wheat as affected by interaction of P and K fertilizer
rates at Kechi during the 2023 main cropping season.

4.4.5. Above ground biomass yield

The result revealed that the main effects of P and K fertilizer rates as well as their interaction
showed a significant difference in above-ground biomass yield of wheat (Appendix Table 3).
Above-ground biomass yield was affected by the interaction of P and K fertilizer rates, which
ranged from 2893.3 to 9646.7 kg/ha (Figure 9). All fertilized plots out yielded the unfertilized
ones. Above-ground biomass yield showed the tendency to increase with increasing P rates at

all levels of K fertilizer rates. Similarly, it increased with K rates across all levels of P
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fertilizer rates. Above-ground biomass is a function of numerous interacting environmental
and genetic factors, and its production is directly related to potential growth and development
factors such as solar radiation, water supply, availability of mineral nutrients, and crop
management practices. The greatest above-ground biomass yield (9646.7 kg/ha) was recorded
at a P rate of 30 kg/ha combined with a K rate of 60 kg/ha, followed by 20 kg/ha P combined
with 60 kg/ha K with a mean biomass yield of 9280 kg/ha. The lowest biomass yield (2893.3
kag/ha) was achieved from unfertilized plots (Figure 9). Different authors reported application
of P alone or its combination with K associated with positive contribution on biomass
production in wheat. This finding is in conformity with those reported by Hailu et al. (2017)
that application of P and K significantly improved the aboveground biomass yield of wheat.
Jiang et al. (2006) indicated that P applications resulted in increased production of leaf area,
LAI, and tillers, leading to increased biomass yield production. The findings of Hussein et al.
(2004) and Wassie et al. (2013) showed that increasing rates of P and K fertilizer

corresponded to a proportional increase in biomass production in wheat.
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Figure 9 Above ground dry biomass (kg/ha) of wheat as affected by interaction effect of P and
K fertilizer rate at Kechi during 2023 main cropping season

4.4.6 Grain yield
Grain yield of wheat was significantly (P<0.05) influenced by the main effects of P and K

fertilizer rates as well as their interaction (Appendix Table 3). Grain yield varied from 649.7 to
4724.3 kg/ha (Figure 10). In general, grain yield tended to increase with increasing P rates at
certain levels of K fertilizer rates, but this trend was not consistent across all levels. For
instance, at a K rate of 0 kg/ha, the grain yield decreased from 649.7 kg/ha at 0 kg/ha P to
3210.0 kg/ha at 10 kg/ha P, but increased again at higher P rates. Conversely, grain yield
tended to increase with K rates up to 30 kg/ha and then declined with further increases above
30 kg/ha K for all P fertilizer rates.

The greatest grain yield (4724.3 kg/ha) was recorded at a combined P and K rate of 20 kg/ha P
and 30 kg/ha K, followed by 30 kg/ha P combined with 30 kg/ha K with a mean grain yield of
4406.3 kg/ha. The lowest grain yield (649.7 kg/ha) was obtained from the control plot with no
fertilizer application. This indicates that all fertilized plots generally produced higher grain

yields compared to unfertilized plots.
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Crop vyield is influenced by several factors and processes, such as the amount of light
intercepted by the canopy, the metabolic efficiency of plants, and the translocation efficiency
of photosynthesis from leaves to economic parts. These processes are enhanced by adequate P
and K fertilization. Differences in P and K fertilizer rates significantly impacted wheat grain
yield by influencing yield components. For example, the interaction rate of 20 kg/ha P and 30
kg/ha K resulted in 627.2% higher yields compared to the control, demonstrating the
importance of optimal P and K fertilizer combinations. Excessive K beyond 30 kg/ha resulted
in reduced yields, highlighting the need for balanced fertilization.

The synergistic effect of P and K fertilization on grain yield is due to their contributions to
physiological processes such as photosynthesis, flowering, seed formation, maturation, and
disease resistance. This aligns with findings from Laghari et al. (2010) and Hailu et al. (2017),
who reported significant yield increases with the concurrent use of P and K compared to single
applications. Zhang et al. (1999) also found that P fertilization improved tiller numbers,
photosynthetic activity, and translocation to grain filling, leading to increased grain yield.
Furthermore, studies by Hussein et al. (2004), Haile et al. (2012), and Maurya et al. (2014)

showed that P and K fertilizers alone or in combination significantly increased wheat grain

yield.
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Figure 10 : Grain yield (kg/ha) of wheat as affected by the interaction effect of P and K
fertilizer rate at Kechi during 2023 main cropping season
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4.4.7. Straw yield

Analysis of variance revealed that the main effects of P and K fertilizer rates and their
interaction had significant (P<0.05) differences on straw yield (Appendix Table 3). All
fertilized plots yielded higher straw yield than unfertilized plots. However, the differences
among fertilized plots for straw yield were not statistically significant (Figure 11). The
increase in straw weight may have been due to the role of applied nutrients to increase
tillering, leaf area, and also plant height. This application of phosphorus significantly
increased straw of wheat over control (Alam et al., 2002). Another finding of Astatke et al.

(2004) and Saha et al. (2010) reported that potassium fertilizer increased straw yield of wheat

at various rates.
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Figure 11 Straw yield (kg/ha) of wheat as affected by the interaction of P and K fertilizer rates
at Kechi during 2023 main cropping season
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4.4.8. Harvest index
Phosphorus (P) Rates: The HI ranged from 0.224 c to 0.490, representing an increase of

approximately 68% when comparing the unfertilized plots to the plots treated with 20 kg/ha of
P (highest HI). The highest HI (0.490) was recorded at a P rate of 20 kg/ha, followed by a
mean HI of 0.444 at 30 kg/ha. The lowest HI (0.224) was observed in unfertilized P plots. This
indicates that increasing P rates tend to enhance the HI, suggesting more efficient nutrient and
dry matter partitioning into grain production. This finding is consistent with Alam et al.
(2003), who also noted significant effects of phosphorus application on the harvest index of
wheat.

Potassium (K) Rates: The HI ranged from 0.224 to 0.356, showing an increase of
approximately 22% when comparing the unfertilized plots to the plots treated with 30 kg/ha of
K (highest HI). The highest HI (0.356) was recorded at 30 kg/ha of K, while the lowest HI
(0.224) was observed in unfertilized plots. The application of K fertilizer significantly
increased the HI of the wheat crop, corroborating the findings of Brhane et al. (2017), who
reported similar effects of potassium application on the harvest index of wheat.

The HI is a valuable measurement for assessing nutrient and dry matter partitioning in crop
plants, indicating how efficiently the plant utilizes acquired nutrients for grain production. A
higher harvest index suggests a greater partitioning of dry matter into grain.

Table 1: Harvest index of wheat as affected main effects of P and K fertilizers application
rates at Kechi during 2023 main cropping season

P Rates (kg/ha) HI

0 0.224°¢
10 0.406°
20 0.490°
30 0.444°
LSD (0.05) 0.0312
K Rates (kg/ha) HI

0 0.224°
30 0.356 2
60 0.299°
CV (%) 7.66

LSD (0.05) =Least Significant Difference at 5% level; CV=Coefficient of Variation; Means in
column followed by the same letters are not significantly different at 5% level of significance
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4.5. Economic Analysis

In this study, the average wheat yield across all tested treatments was adjusted downward by
10%, following CIMMYT (1988) guidelines, to compensate for differences between
experimental results and what farmers might expect in the absence of researchers. Using the
partial budget procedure outlined by CIMMYT (1988), the total variable cost (TVC)
considered the current prices of TSP fertilizer (275 ETB kg™), wheat seed (90.00 ETB kg™),
KCI fertilizer (250 ETB kg™), and labor costs for all activities (land preparation, planting,
weeding, harvesting, and transportation) across different treatments (Table 4).

The economic analysis revealed that the highest net return of 229815 ETB ha™ was achieved
from the wheat produced with combined application of 20 P kg/ha with 30 K kg/ha fertilizer
application, with a marginal rate of return (MRR) of 1783.1%. Whereas, the lowest net benefit
of 141205.5 ETB ha® was recorded from 0 P kg/ha with 30 K kg/ha fertilizer application
(Table 4). Using the marginal rate of return (MRR %) as a basis for recommendations, the
combination 20 P kg/ha with 30 K kg/ha fertilizer application was found to be economically

feasible at the study sites and areas with similar agro-ecologies.
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Table 2: Profitability of wheat production as affected by P and K fertilizer rates at Kechi during 2023 main cropping season

K SC TSP Av. GFB
P rate rates (ETB ETB KCI(ETB LC(ETB Y(kgy ADTY(kg/ (ETBha TVC(ETB NB
(kg/ha) (kg/ha) ha') ha') ha') ha™) ha ha) D) ha™) (ETBha’) MRR (%)

0 5400 _ _ 4950.00 610 549 35685 10350 25335 .

30 5400 _ 7500 5184.50 2740 2466 160290 18084.5 141205.5 1498.1%
0 60 5400 _ 15000 2064.50 2390 2151 139815 22464.5 114450.5 D

0 5400 2750 _ 8048.00 2710 2439 158535 14198 144337 -3990.6

30 5400 2750 7500 6596.00 3410 3069 199485 22246 177239 388.6
10 60 5400 2750 15000 7562.50 3340 3006 195390 30712.5 164677.5 D

0 5400 5500 . 9020.50 3230 2007 130455 19920.5 110534.5 D

30 5400 5500 7500 8210.0 4350 3945 256425 26610 229815 1783.1%
20 60 5400 5500 15000 8315.5 4010 3609 234585 34215.5 200369.5 D

0 5400 8250 . 7754.5 3510 3159 205335 21404.5 183930.5 D

30 5400 8250 7500 8860.5 4270 3843 249795 30010.5 219784.5 416.6%
30 60 5400 8250 15000 6056.0 4190 3771 245115 34706 210409 D

SC = Seed cost; TSP = Triple super phosphate; ADY = adjusted grain yield; GFB = gross field benefit; MRR = marginal rate of return;
LC= Labor cost; TVC = total variable cost
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5. SUMMARY AND CONCLUSION
Wheat is the most widely grown cereal crop and staple food in Ethiopia. However, soil

nutrient depletion becomes a serious threat to the productivity of wheat in the Kechi area,
Dawro zone, south-west Ethiopia. Balanced fertilization with an optimum application rate is
necessary to increase the productivity of wheat. In this context, this experiment was conducted
at the Kechi farm site of Wolaita Sodo University during the 2023 cropping season with the
objective of suggesting the optimum rate of P and K fertilizer for the wheat crop. The
experiment comprised four levels of P (0, 10, 20, and 30 kg/ha P) and three levels of K (0, 30,
and 60 kg/ha K). It was laid out in a randomized complete block design with a factorial
arrangement involving three replications. Data were collected on crop phenology, growth,
yield and vyield-related parameters. The collected data were subjected to analysis using
Statistical Analysis System (SAS) version 9.20 (SAS, 2008).

The result showed that all measured parameters were significantly affected by P and K
fertilizer application with different rates. Most of the measured parameters are significantly
affected by the interaction of P and K rates, which are phenological, plant height, total tillers,
number of seeds per spike, thousand seed weight, above-ground biomass yield, grain, and
straw yield. However the productive tillers and harvest index of wheat were significantly
influenced only by the main effects of P and K rates. Increasing the rate of P and K shortened
the duration of heading and physiological maturity of wheat. On the other hand, growth
parameters yield, and yield components increased as the rate of P and K increased, The
maximum grain yield (4350 kg/ha) was obtained from where 20 kg/ha P and 30 kg/ha K were
applied, while this maximum yield was six fold higher in comparison to the lowest grain yield

(649.7 kg/ha) that was obtained from unfertilized plots.
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similarly, the partial budget analysis of the studied treatments revealed that the highest net
benefit of 229815 ETB ha' with a marginal return of 1783.1% was attained from the
application rate of 20 kg/ha P and 30 kg/ha, while the net benefit of 141205.5 ETB ha™ was
attained from the application rate of 0 kg/ha P and 30 kg/ha. Thus, 20 kg/ha P and 30 kg/ha K
could tentatively increase wheat productivity and economic profit in the study area and areas
with similar agro-ecological. However, the experiment was conducted over a single season at
one site; further study across multiple seasons and locations is needed for a more reliable

recommendation.
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7. APPENDICES

Appendix Table 1. Mean square of ANOVA for day to heading, day to physiological maturity,
and plant height of wheat at Kechi during 2023 main cropping season

Days to Days to
Source DF heading Maturity Plant height
Rep 2 0.1719 12.751 0.654
P 3 20.4684* 79.320* 587.410*
K 2 72.3336* 125.284* 605.810*
P*K 6 6.3784* 29.603* 150.021*
Error 22 1.8619 10.891 2.866

*=significant at 0.05 probability level, DF=Degree of freedom

Appendix Table 2. Mean squares of ANOVA for number of total tillers, number of productive
tillers, grains per spike and 1000 seed weight of wheat at Kechi during 2023 main cropping
season

No. of

Total tiller Productive  Grains per 1000 Seed
Source of variance DF number tillers Spike Weight
REP 2 3930.2 434.7 2.14 13.8
P 3 76102.2* 1758.2* 151.08* 183.683*
K 2 40426.6* 2237.0* 1210.38* 527.9*
P*K 6 20255 * 12339.3"™ 104.07* 13.7*
Error 22 772.8 450.4 16.73 2.856

*=significant at 0.05 probability level, ns=not* significant, DF=Degree of freedom
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Appendix Table 3. Mean squares of ANOVA for above ground dry biomass, grain yield, straw
yield, and harvest index of wheat at Kechi during 2023 main cropping season

Source of Above ground Straw Harvest
variance DF Biomass yield Grain Yield yield Index
REP 2 31306.0 421 38190 0.00032
P 3 1.065E+07* 9146925* 418593* 0.07148*
K 2 1.840E+07* 4457661* 7698424*  0.02890*
P*K 6 5116730* 618811 * 2314986*  0.00227™
Error 22 17170.9 35804 73437 0.00102

*=significant at 0.05 probability level, ns=not* significant, DF=Degree of freedom
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