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Bread wheat (Triticum aestivum L.) Response to Potash Fertilizer Application in Siya 

Debirina Wayu District, Amhara National Regional State, Ethiopia 

                          Yenialem Atlaw (BSc), Ambo University, Ethiopia 

        Advisors: Asmare Melese (PhD), Debre Berhan University,Ethiopia 

                          Prof. Tekalign Mamo, Senior Director, Agricultural Commercialization Clusters, ATA 

ABSTRACT 

Potassium (K) status of agricultural soils in Ethiopia is repeatedly reported as adequate for 

crop production and most Ethiopian farmers have not been using K fertilizers. However, 

recent researches showed a positive response of crops to applied K fertilizers where 

determining optimum rate with economically feasible level is urgently needed.  Hence, an 

experiment was conducted on Vertisols of Sidebrena Wayu district on farmers’ field with six 

levels of K fertilizer (0, 40, 80, 120,160 and 200 of K kg/ha) as KCl at Wele Deneba and 

Ejersa-Kubetin experimental sites on bread wheat variety Danda’a. Treatments were 

arranged in RCBD with three replications. Pre-sowing and post-harvest soil analysis was 

done as well as consecutive agronomic data was recorded from emergence to harvesting. 

Besides, NPK concentrations in grain and straw were analyzed after harvest based on 

standard procedures. Soil analysis results before sowing revealed that the soil was slightly 

acidic and clay texture with medium available P and organic matter. CEC and K values of 

soils was in high rate whereas the area has low N. In post-harvest soil analysis, generally, the 

highest accumulation of available K was found at higher levels of K and lowest value was 

recorded at control plot. Regarding the agronomic attributes, days to 50% emergence, days to 

50% heading, days to 75% grain-filling period were not significantly affected by applications 

of K fertilizer. Vegetative growth attributes and yield components such as number of tillers, 

plant height, spike length, number of grain per spike and thousand seed weight were affected 

due to application of K. Grain yield, biological and harvest index were significantly influenced 

by different rates of K at Wele-Deneba experimental site.Whereas,in Ejersa-Kubetin 

experimental site only grain yield and harvest index was remarkably influenced by rates of K. 

Applications of different rates of K had shown significant influence on N, and K concentration 

of the grain and straw but not phosphorus. Lowest K uptake by straw and total plant uptake 

was recorded from control treatment where accumulation of K in grain was statistically in par 

in both experimental sits. Application of K fertilizer resulted in increasing total N uptake by 

grain, straw as well as by the whole plant as compared to the control except in Wele-Deneba 

where grain TN uptake was statistically non-significant. Generally, applications of K fertilizer 

at 160 kg/ha had shown positive yield and yield attributes in both experimental sites. 

Agronomic use efficiency and Apparent K recovery were significantly higher at 160K kg/ha 

and 200K kg/ha, respectively in both experimental sites. However, K harvest index and was 

not shown significant variation due to applied K rate.  Partial budget analysis results also 

shown that application of 160 K kg/ha at Wele-Deneba and Ejersa-Kubetin experimental sites 

had the highest yield with an acceptable marginal rate of return 895% and 805% respectively, 

which can be a tentative recommendation. However, it is vital to verify these results in multi-

location with diverse soil type and many years for complete applications of these results 

 Key words: Potassium, Vertisols, Grain yield, Harvest index, Use efficiency, partial budget 
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1. INTRODUCTION 

1.1 Background of the Study 

Ethiopia is an agrarian country on which the economy is highly dependent on agriculture. The 

agricultural sector represents 42% of the Gross Domestic Product (GDP) of the country and 

employs nearly 85% of the total labor force (CSA, 2015).  

Agricultural production continues to be constrained by a variety of biotic (e.g., pathogens, 

insects and weeds) and abiotic (e.g., low soil fertility, drought, salinity, cold, frost and 

waterlogging) factors that can significantly reduce the quantity and quality of crop production. 

Evidence indicates that biotic stress can cause a 28.2% yield loss of wheat (Bray, 2000). 

Meanwhile, yield losses from abiotic stress were estimated to be 82.1% for wheat (Oerke, 

2006). 

Soil nutrient depletion in smallholder farming systems is recognized as a causal force leading 

to food insecurity and rural poverty in Africa (FAO, 2015). In Ethiopia, the depletion rate of 

nitrogen (N), phosphorus (P) and potassium (K) was estimated to be 122 kg/ha/year, 

13 kg/ha/year and 82 kg/ha/year, respectively (Haileselassie et al., 2005). The loss of soil 

nutrients in Ethiopia is related to cultural practices such as low fertilizer use, removal of 

vegetative cover (such as straw or stubble) and burning plant residues or the annual burning of 

vegetation on grazing land (Endale, 2011). In Ethiopia only 35% of farmers apply fertilizer on 

about 40% of area under crop production (Tekalign et al., 2011).  

The highland soils of Ethiopia are characterized by low soil fertility with low to high level of 

K content (EthioSIS, 2014). Previously, only N and P were considered to be the limiting 

nutrients in Vertisols of Ethiopia (Tekalign, 1988). However, many soils in the highlands of 

Ethiopia are poor in available plant nutrients and organic matter content (OM) (Tekalign, 

2002). Recently, the results of national soil fertility mapping initiative has also indicated that 

other nutrients including K, sulfur (S), iron (Fe), zinc (Zn) and boron (B) are also found to be 

deficient in these soils (EthioSIS, 2015).  

Potassium is one of the essential macro elements required by plants for their growth and 

development. It promotes the control of stomata opening, enzyme activation in plants, 
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especially those responsible for energy transfer and formation of sugars, starch and protein as 

well as promotion of microbial activities and the nutrition and health of man and livestock (Al-

Zubaidi et al., 2008; Yawson et al., 2011).  

Application of potassium as fertilizer has not been practiced in Ethiopian soils due to the 

prevailing belief that Ethiopian soils are not deficient in K. On the other hand, farmers 

conventionally apply wood ash on their plots to increase productivity. This may also a sign 

that K is limiting on the soils since wood ash contains more than 50% K (Wassie, 2009). 

Abiye et al. (2004) and Bereket et al. (2011) indicated that application of N and P fertilizers 

without considering other nutrients led to the depletion of other important nutrient elements in 

soils such as K, S, and micronutrients. Application of K and S fertilizers in an area increased 

N and P use efficiency by 80 to 100%, N and P fertilizers saved from blanket recommendation 

alone could be sufficient to pay the extra cost that farmers incurred due to application of S and 

K (EthioSIS, 2015).   

Fixation of K is correlated with the percentage of clay and is highest in Vertisols. Potassium 

fixation is enhanced by the presence of smectite and amorphous materials. The limited 

response of crops to applied K and the often high levels of exchangeable K found in most 

Ethiopian soils have led researchers and development agents to conclude that the K 

fertilization need in these soils is minimal. However, continuous cropping, in which fertilizer 

responsive varieties and improved management practices are used, results in K mining from 

the soil. Even soils, which are initially well supplied with K, will become deficient under such 

management systems. Clay provides hiding places for K to bind and become unavailable for 

plant uptake (Juff, 2014).  

Ethiopia is the largest wheat producer in sub-Saharan Africa and has a favorable wheat 

growing climatic environment. Wheat is currently grown on 1.66 million hectares in Ethiopia. 

According to CSA, 2014) estimates, Ethiopia produced 4.2 million tons of wheat.  , making it 

the largest wheat producer in sub-Saharan Africa (Hailu, 2004).  

Research conducted in Saudi Arabia indicated that wheat yield increased with increasing 

application rate of K fertilizer and the highest yield was obtained at the rate of 200 kg K2O/ha 
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(Alderfasi et al., 2010 ). Moreover, Singh and Wanjari (2012) in India showed that response of 

wheat to applied K, increased yield despite the available K content of the soil being greater 

than that generally considered as high status.  

 

Moreover, application of 50 kg/ha of  K2SO4 in the on-farm trial conducted in Vertisol 

cropping system in Ethiopia significantly increased grain and straw yields of wheat (Abiye et 

al., 2004).  The same authors also indicated that availability of extra potassium in these soils 

improved the utilization of N by the crop. Nowadays, potassium is not included in the blended 

fertilizer, and it is recommended to be used separately as KCl at the rate of 100 K kg/ha 

(EthioSIS, 2016). However, K fertilizer is not used by the farmers like that of other fertilizers 

throughout the country.  

1.2  Statement of the problem 

Report of Murphy (1968) underline that Ethiopian soil have adequate potassium nutrient for 

crop production. However, results of national soil fertility mapping initiative indicated that 

nutrients such K, S, Fe, Zn and B are also found to be deficient in these soils (EthioSIS, 2015). 

Besides, widespread K deficiency in soils and crops has been observed in recent years as 

reported by Abayneh and Berhanu (2006) and Haile and Boke (2011). Other studies also 

showed acutely deficient soil K levels in the country (Bellete, 2014; Mekonnen, 2014; 

Tilahun, 2014; EthioSIS, 2015; Laekemariam, 2015).   

Recently, reports in Ethiopia, indicated that crop responded to K application on Vertisols.  

(Abiye et al., 2004; Wassie, 2009; Muluwerk et al., 2010; Wassie and Tekalign, 2013; Gidena, 

2014; Hillite et al., 2017). It is obvious that continuous cropping, in which fertilizer responsive 

varieties and improved management practices are used, results in K mining from the soil. Even 

soils, which are initially well supplied with K, will become deficient under such management 

systems. This could also be because approximately 90-98% of total soil K is found in the 

unavailable form, feldspars and micas are minerals that contain most of the K (Mengel et al. 

(2001). Moreover, the high fixing characteristics of Vertisols leads to the fact that using K 

fertilizer may be reasonable. Farmers have not been using K fertilizers in Siya Debirina Wayu 

district where the area has Vertisols.  
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However, the different research results conducted in different parts of country indicated that 

different crops have different response for different rates of K fertilizer applications. Although 

positive responses to K fertilizer applications were reported in different parts of the country, 

there is no research conducted on bread wheat in Siya Debirina Wayu. According to Ethiosis 

(2016) soil analysis conducted in Amhara National Regional State, Siya Debirina Wayu was 

one of K deficient District. Therefore, with this background, it is vital to conduct a research on 

K fertilizer rate at Vertisols of Siya Debirina Wayu to evaluate the results as well as to 

determine the required rate of K for bread wheat.  

 1.3. Objectives 

       1.3.1 General objective 

 To evaluate the response of bead wheat to potassium fertilizer rate in Vertisols of 

Siya Debirina Wayu district, North Shoa zone 

       1.3.2. Specific objectives  

 To verify the effect of K fertilizer on the yield and yield components of bread 

wheat 

 To determine the K uptake and efficiency of bread wheat  

 To determine economic feasibility of K rate on bread wheat in the study area 
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2. LITERATURE REVIEW 

2.1. Potassium in Soil  

George et al. (2002) indicated that the total K content of soils frequently exceeds 20,000 mg/ 

kg. Nearly all of this is in the structural component of soil minerals and is not available for 

plant growth. Potassium is found in the soil in three forms i.e. unavailable, slowly available or 

fixed, readily available or exchangeable. According to Mengel et al. (2001), depending on soil 

type, approximately 90-98% of total soil K is found in the unavailable form, feldspars and 

micas are minerals that contain most of the K. Plants cannot use the K in this crystalline-

insoluble form. Over long periods, these minerals weather (break down) and K is released. As 

these minerals weather, some K moves to the slowly available pool. Some also moves to the 

readily available pool (Romheld, 2010). This process, however, is too slow to supply the full 

K needs of field crops.   

Growing plants cannot use much of the slowly available K during a single growing season, but 

it can serve as a reservoir for readily available K. Some of the readily available K can also be 

fixed between clay layers and thus converted into slowly available K (Mengel et al., 2001). 

The amount of K fixed in the slowly available form varies with the type of clay that dominates 

in the soil. If illite clays soils are dominant, these clays fix K when soils become dry because 

K is trapped between the layers in the clay mineral. This K, however, is released when the soil 

becomes wet. If Illite clays are dominant in most of the soils, these clays also fix K between 

layers when they become dry, but do not release all of the fixed K when water is added. This 

fixation without release causes problems for management of potash fertilizers for crop 

production.  

Potassium that is dissolved in soil water plus that held on the exchange sites on clay particles 

(exchangeable K) is considered readily available for plant growth. The exchange sites are 

found on the surface of clay particles. This is the form of K measured by the routine soil 

testing procedure (McLean et al., 1985). As George et al. (2002) reported, plants readily 

absorb the K dissolved in the soil water. As soon as the K concentration in soil water drops, 

more is released into this solution from the K attached to the clay minerals. The K attached to 
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the exchange sites on the clay minerals is more readily available for plant growth than the K 

trapped between the layers of the clay minerals. 

2.2. Potassium in Plant Physiology  

Soils supply some K for crop production, but when the supply from the soil is inadequate, it is 

important to supply in the form of K. If K is deficient or not supplied in adequate amounts, 

growth is stunted and yields are reduced. In line to this, Williams et al. (2001) found that 

increased K fertilizer significantly reduced the disease incidence of stem rot and aggregate 

sheath spot. Moreover, Holzmueller et al. (2007) also reported that in many cases, K deficient 

plants tend to be more susceptible to infection than those with an adequate supply of K and 

higher K+ concentrations decreased the internal competition of pathogens for nutrient 

resources. This enables plants to allocate more resources to developing stronger cell walls for 

preventing pathogen infection and insect attack and to obtain more nutrients to be used for 

plant defense and damage repair (Mengel et al., 2001). On the other hand, the variable effects 

of K on disease incidence could be affected by the amount and source of K, plant and 

pathogen species (Prabhu et al., 2007).   

 

Adequate K increases phenol concentrations, which play a critical role in plant resistance 

(Prasad et al., 2010). Furthermore, Sarwar (2012) concluded that less pest damage in higher K 

plants can be attributed to lack of pest preference under sufficient nutrient concentrations as 

well as the synthesis of defensive compounds leading to higher pest mortality. On the other 

hand potassium uptake by plants is affected by several factors such as soil moisture, soil 

aeration and oxygen level, soil temperature and tillage system (George et al., 2002). 

Potassium is an essential nutrient and is also the most abundant cation in plants. The 

concentration of K+ in the cytoplasm has consistently been found to be between 100 and 200 

mM (Shabala et al., 2010). Potassium plays essential roles in enzyme activation, protein 

synthesis, photosynthesis, osmoregulation, stomatal movement, energy transfer, phloem 

transport, cation-anion balance and stress resistance (Marschner, 2012). 

According to Lakudzala (2013), it plays significant roles in transportation of water, nutrients, 

nitrogen utilization, and stimulation of early growth and in insect and disease resistance. In 
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addition, Imran and Gurmani (2011) indicated that potassium is important in water regulation 

and loss of water by transpiration, reduces the negative effects of salts and  transportation of 

prepared food from leaves to the rest of the plant parts, quality of seeds and fruits, early 

ripening of crops, strengthens the roots, stem and branches of plants and reduce lodging.  

Crops fertilized with potassium are associated with improved crop quality as well as better 

handling and storage properties. Plants deficient in potassium are stunted and develop poor 

root systems. Symptoms begin as interveinal chlorosis near the edges of lower leaves, and 

develop into a firing or scorch as the deficiency continues (George et al., 2002). This firing 

moves inward until the entire leaf dies and is shed. Since K deficiency can result in leaf 

shedding, it reduces the ability of the plant to produce carbohydrates, and ultimately, yields. 

Plants, especially small grains and corn, are prone to lodging when they are deficient in 

potassium. Severe deficiency causes premature defoliation, delayed maturity, and plant death 

(Steven, 2014). 

2.3. The Role of Potassium in Stress Resistance 

2.3.1. Potassium and Biotic Stress Resistance  

Increased evidence has shown that crop production is significantly restricted by biotic stresses. 

Oerke et al. (2004) estimated that weeds produce the highest potential loss (32%), followed by 

animal pests (18%), fungi and bacteria (15%) and viruses (3%) from 1996 to 1998. These 

numbers reflect the total attainable production for eight major crops (wheat, rice, maize, 

barley, potatoes, soybeans, sugar beets and cotton). In many cases, K-deficient plants tend to 

be more susceptible to infection than those with an adequate supply of K. For example, the 

rate of rice borer infestation was greatest when there was no supply of K, but decreased 

rapidly as the K concentration increased (Sarwar, 2012). 

Potassium fertilizer is widely reported to decrease insect infestation and disease incidence in 

many host plants. Perrenoud (1990) reviewed 2449 references and found that the use of K 

significantly decreased the incidence of fungal diseases by 70%, bacteria by 69%, insects and 

mites by 63%, viruses by 41% and nematodes by 33%. Meanwhile, K increased the yield of 
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plants infested with fungal diseases by 42%, bacteria by 57%, insects and mites by 36%, 

viruses by 78% and nematodes by 19%. 

Potassium is also essential to the performance of multiple plant enzyme functions, and it 

regulates the metabolite pattern of higher plants, ultimately changing metabolite 

concentrations (Mengel, 2001; Marschner, 2012). In a K-sufficient plant, the synthesis of 

high-molecular-weight compounds (such as proteins, starches and cellulose) was markedly 

increased, thereby depressing the concentrations of low-molecular-weight compounds, such as 

soluble sugars organic acids, amino acids and amides, in the plant tissues. 

2.3.2. Potassium and Drought Resistance 

The major limitation for plant growth and crop production in arid and semi-arid regions is soil 

water availability. Plants that are continuously exposed to drought stress can form ROS 

(reactive oxygen stress), which leads to leaf damage (Foyer, 2002; Oerke, 2004; Cakmak, 

2005) and ultimately, decreases crop yield. During drought stress, root growth and the rates of 

K+diffusion in the soil towards the roots were both restricted, thus limiting K acquisition. The 

resulting lower K concentrations can further depress the plant resistance to drought stress, as 

well as K absorption. Maintaining adequate plant K is, therefore, critical for plant drought 

resistance.  

2.3.2.1. Potassium and osmotic adjustment 

The maintenance of a favorable water status is critical for plant survival under drought stress. 

Osmotic adjustment is a major trait that is associated with maintaining high cellular turgor 

potential and water retention in response to drought stress (Wang et al., 2013). Many studies 

have shown that osmotic adjustment of leaves is positively correlated with drought tolerance 

in various plant species (DaCosta et al., 2006). As one of the most prominent inorganic 

osmotic in plants, K+ plays a key role in formation of the osmotic adjustment ability, even 

under drought conditions (Marschner, 2012). Cell turgor recovery in osmotically generated 

stress was regulated by increasing K+Cl− and Na+ uptake by root cells, which was partly 

mediated by voltage-gated K+ transporters at the cellular plasma membrane (Shabala et al., 

2002). Furthermore, sufficient K induces solute accumulation, thus lowering osmotic potential 
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and helping to maintain plant cell turgor under osmotic stress. An adequate K status may 

facilitate osmotic adjustment, which maintains higher turgor pressure, relative water content 

and lower osmotic potential, thus improving the ability of plants to tolerate drought stress 

(Kant et al., 2002). 

2.3.2.2. Potassium and stomata regulation 

One of the major functions of the stomata is to control plant water loss via transpiration (Wang 

et al., 2013). During drought stress, quick stomatal closure and internal moisture preservation 

are essential for plant adaptation to drought conditions. K plays a crucial role in turgor 

regulation within the guard cells during stomatal movement (Marschner, 2012). As stomatal 

closure is preceded by a rapid release of K+ from the guard cells into the leaf apoplast, it is 

reasonable to think that stomata would be difficult to remain open under K-deficient 

conditions. Conversely, many studies suggest that K had no effect on stomatal conductance 

and photosynthetic rates under well-watered conditions, but K starvation could favor stomatal 

opening and promote transpiration, compared with K sufficiency in several plants under 

drought stress (Pervez et al., 2004).  

The effects of drought stress on stomata closure in olive trees and sunflower plants were found 

to be dependent on the K+ nutrient status (Benlloch-Gonzalez et al., 2008). When plants were 

supplied with different K+ concentrations and then subjected to drought stress, their stomatal 

conductance was more markedly reduced in normal K plants than in low K plants. (Benlloch-

Gonzalez et al, 2010) explained that the low plant K status could inhibit water-stress-induced 

stomatal closure via ethylene synthesis, and stomatal conductance could be significantly 

reduced in K+-starved plants after the adding of an ethylene synthesis inhibitor (cobalt). K+ 

starvation increase the transcription of genes involved in ethylene production and signaling 

and stimulate ethylene production (Benlloch-Gonzalez et al., 2010 and Shin et al., 2004). 

During drought stress, the stomata cannot function properly in K+-deficient plants, resulting in 

greater water loss. Drought stress did not decrease water use efficiency, whereas it did increase 

water use efficiency by rapid stomata closing during water deficit (Egilla et al., 2005). 

Adequate levels of K nutrition enhanced plant drought resistance, water relations, WUE and 

plant growth under drought conditions (Egilla et al., 2005). 
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2.3.2.3. Potassium and low-temperature stress 

Cold stress inhibits plant growth and development, which results in limited crop productivity. 

It affects plants by directly inhibiting metabolic reactions and indirectly influencing cold-

induced osmotic, oxidative and other stresses. The effect of increasing K+ applications on 

yield and cold tolerance studied by Devi et al. (2012) in Panax ginseng showed that a high 

K+ concentration activated the plant’s antioxidant system and increased levels of ginsenoside-

related secondary metabolite transcripts, which are associated with cold tolerance. Cold stress 

may destroy photosynthetic processes and reduce the effectiveness of antioxidant enzymes, 

resulting in ROS accumulation (Suzuki et al., 2006). K improved plant survival under cold 

stress by increasing antioxidant levels and reducing ROS production (Devi et al., 2012). 

2.3.2.4. Potassium and waterlogging stress 

Waterlogging affects approximately 10% of the global land area (Setter, 2003) and is a serious 

impediment for sustainable agriculture development. Yield losses due to waterlogging may 

vary between 15% and 80%, depending on the crop species and growth stage, soil type and 

duration of the stress (Zhou, 2010), resulting in severe economic penalties in some area. The 

important biological consequence of waterlogging is that the respiration of roots and 

microorganisms depletes the residual oxygen and the environment becomes hypoxic (i.e., 

oxygen levels limit mitochondrial respiration) and, later, anoxic (i.e., respiration is completely 

inhibited) (Wegner, 2010). 

Waterlogging is known to block the oxygen supply to the roots, thus inhibiting root 

respiration, resulting in a severe decline in energy status of root cells, affecting important 

metabolic processes of plants. Else et al. (2001) found that under waterlogged conditions, the 

stomata conductance, photosynthesis rate and root hydraulic conductivity of plant were 

hampered. Exogenous application of K could effectively ameliorate the adverse effects of 

waterlogging on plants. K supplement under waterlogging not only increased plant growth, 

photosynthetic pigments and photosynthetic capacity, but also improved plant nutrient uptake 

as a result of higher K+, Ca2+, N, Mn2+ and Fe2+ accumulation (Ashraf et al.,2011).  
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2.4. Potassium Deficiency Symptoms 

Potassium deficiency in crops does not immediately result in visible symptoms because of the 

high rate of redistribution between mature and developing tissues. At first there is only a 

reduction in growth rate (hidden hunger) and only later do chlorosis and necrosis begin in the 

more mature leaves (Mengel et al., 2001; Gardia et al., 1980). As Rengel et al. (2008) 

reported, Potassium is mobile in plants and will move from lower to upper leaves in most plant 

species, the older leaves show chlorotic and necrotic symptoms as small stripes along the leaf 

margins, beginning at the tips and enlarging along leaf margins in the basal direction.  

2.5.  Potassium Status in Ethiopian Soils 

The role of potassium fertilizer on crop production in Ethiopia was not prioritized for many 

years due to the view that potassium was not deficient in Ethiopian soils (Murphy, 1968). 

Some studies show acutely deficient soil K levels in the country (Bellete, 2014; Mekonnen, 

2014; Tilahun, 2014; EthioSIS, 2015; Laekemariam, 2015). Similarly, recent research findings 

such as Tena and Beyene (2011) indicated that potassium was deficient in different parts of the 

country.   

Potassium deficiency also associated with soil acidity occurring in areas where there is high 

rainfall and crop production has been practiced for many years. In such situations, most of the 

cations including K are leached and mined as a result deficiency of such essential elements 

could occur (Getachew, 2009).According to the soil analysis conducted in Amhara National 

Regional State on 12500 composite soil samples collected from 134 districts has been 

characterized by K deficiency which extends more than 90% of the agricultural land, mainly 

on acid soils and clay soils  (Vertisols) as indicated in fertilizer recommendation for Amhara 

Region (EthioSIS, 2016). Similarly, the soil fertility atlas of Tigray, which was developed by 

Ethiopian Soil Information System (EthioSIS) indicated a potassium deficiency in various 

districts of the region (EthioSIS, 2014) and 76% were deficient in Potassium (Kebede and 

Yamoah, 2009).  
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Recently, crop response to applied K on Vertisols have been reported (Abiye et al., 2004; 

Wassie, 2009; Muluwerk et al., 2010; Wassie and Tekalign, 2013; Gidena, 2014; Hillite et al., 

2017; Brhane et al., 2017) For instance, Abiye et al. (2004) found that application of 50  kg/ha 

of  K2SO4 in the on-farm trial conducted in Vertisol cropping season in Ethiopia significantly 

increased grain and straw yields of wheat on Vertisols at Cheffe Donsa, in east Shoa. Similarly 

Hillite et al. (2017) reported that combined use of P with K could be beneficial to enhance 

productivity and nutrient uptake of wheat in central highland Vertisols of Ethiopia. The same 

outer found that yield increase was observed at both locations over the two cropping seasons 

with the combined use of P with K. Likewise, Wassie (2009) reported that application of 

potassium along with N and P fertilizers has significantly and appreciably increased the yield 

of potato grown on farmers’ fields at Hagere Selam, southern Ethiopia, In harmony, Wassie 

and Tekalign, (2013) conducted a field experiment on acidic soils of Chencha in Southern 

Ethiopia for two years showed significant increase on tuber yield of Irish potato over the 

control due to K application. The same author, found that increasing level of K application has 

successively increased the tuber yield up to K level of 150 kg/ha.  

 

Gidena (2014) also conduct a research on barley in Tigray region Enda-Mohoni district under 

rain fall condition. According to the same Authors finding, use of KCl at a rate of 60 K kg/ha 

along with the recommended N and P could increase barley production and productivity in 

Vertisols and Luvisols. Similarly, Brahne et al. (2017) K reported that biological yield (straw 

+ grain) and grain yields of wheat were increased with K rates from 0K kg/ha up to 90 kg 

K/ha. 

2.6. Wheat Production in Ethiopia 

Wheat is an important food crop in Ethiopia. According to CSA estimates, Ethiopia produced 

4.2 million tons of wheat in 2014-15, making it the largest wheat producer in sub-Saharan 

Africa (Hailu, 2004).Wheat is currently grown on 1.66 million hectares in Ethiopia. This 

makes wheat the fourth most widely grown crop in the country, after teff, maize, and sorghum. 

Today, wheat is among the most important crops grown in Ethiopia, both as a source of food 

for consumers and as a source of income for farmers. Wheat and wheat products represent 
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14% of the total caloric intake in Ethiopia. This makes wheat the second-most important food, 

behind maize (19%) and ahead of teff, sorghum, and enset (10-12% each) (FAO, 2014).  

The average wheat yield was 2.5 tons/hectare (CSA, 2015).The second-largest producer is 

South Africa with 1.7 million tons, followed by Kenya with just 0.5 million tons. On the other 

hand, Ethiopian production is relatively small by global standards. Its production is surpassed 

by two North African countries, Egypt and Morocco, with more than 7 million tons each, and 

27 other countries. Ethiopia represents just 0.6 percent of the 713 million tons produced 

globally (FAO, 2015). Wheat grows in the Ethiopian highlands, at altitudes ranging from 1500 

to 3000 masl (Bekele et al., 1994) and the most suitable area falls between 1900 and 2700 

masl (Hailu, 1991). 

Wheat grows best at temperatures between 7oC and 21oC and with rainfall between 750 

mm/year and 1600 mm/year. Since temperature in Ethiopia is strongly influenced by altitude, 

this means that most wheat is grown at altitudes of 1500 meters above sea level and above. For 

this reason, wheat is grown on the central plateau in the regions of Oromia, Amhara, Tigre, 

and the SNNP and more than half of Ethiopian wheat production takes place in Arsi, Bale, 

West Hareghe.  

2.7. Wheat Production Constraints in Ethiopia  

In Ethiopia, low soil fertility is one of the factors limiting the yield of crops, including wheat. 

It may be caused by removal of surface soil by erosion, removal of nutrients from the soil by 

crop, total removal of plant residue from farmland and low or absence of organic and 

inorganic fertilizer inputs (Tekalign et al., 1988). In addition, depletion of soil fertility, low 

fertilizer usage, limited information is available on various sources of fertilizers K, S, Zn, B 

and other micronutrients, and the unavailability of others, like that of luck of improved seeds, 

luck of weed and diseases management system and inaccessibility of farmers to finance, farm 

machinery and training (Anderson and Scneider,2010).  

 



   

14 

 

3. MATERIALS AND METHODS 

3. 1. Description of the Study Area  

3.1.1. Location   

The field study was conducted in Siya Debirina Wayu district located in North Shewa zone of 

Amhara National Regional State. The district shares common boundaries with Wuchale 

Abichuga districts of Oromiya Regional State to the South and Moretena Jiru to the North 

Basona Werena to the West, and Ensaro to the East of district. It has a total area of 45, 263 

hectare and geographically located in between 380 59’ 56” - 390 22’50” East and 90 41’ 12” - 

90 53’ 7” North and an altitude of 1,599 - 2,762 meter above sea level (masl) (Siya Debirina 

Wayu district Office of Agriculture Report, 2017). 

 Figure 1: Location map of the study area 
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3.1.2. Climate and Agro-ecology 

The major agro ecological zones fall in Cool Sub moist and Tepid Sub moist Mid Highlands. 

Dominantly Dega Zone in Traditional zonation, where most of the middle altitude crops such 

as wheat commonly grown. Mean monthly RF of the area ranges from 2.48 - 437.7 mm. Based 

on RF and temperature data taken from the nearest weather station to the study site, the total 

annual RF of the recent ten years ranging between 930.2 and 1701.2 mm and mean monthly 

minimum temperature ranges between 3.88 to 8.58 0c and the maximum 19.7 to 24.460c (See 

Figure 2).  

 

Figure 2: Mean monthly rainfall (mm), minimum/maximum temperature (0
C) of the study  

                  area,  

Source: National Meteorology Agency (2018)  
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3.1.3. Soil 

Vertisol is among the high potential soils common in the study area, but their severe hydro-

physical limitations constrain their productivity. Because of their rich unweather minerals and 

their location on flat to gentle slopes, they are relatively fertile and deep (Mesfin, 1998). Broad 

bed and furrows commonly used in the area to drain out excess soil water.  

3.1.4. Farming system 

The farming system of the area is mixed crop livestock. The major crops grown in the area are 

wheat, teff, faba bean, lentils, chickpea and others. Wheat, Teff and lentils are widely grown 

for food as well as income generating crop in the study area. Wheat is more dominant in this 

farming system which is used for seed multiplication and provision for different enterprises 

and cooperatives. Legume-cereal rotation is common practice in Siya Debirina Wayu. 

Likewise, cattle, equine, sheep and goats are the livestock kinds in the study site.  

The major traditional soil management practices are Vertisols management with local 

instruments shurube and shag. In this area oxen, mainly used for plough power. Regarding the 

information farmers have been using three types of fertilizers over the past five years, urea (46 

% N) and NPS (19 % N, 38 % P2O5 and 7% S). They usually apply one-third and two-thirds of 

the nitrogen dose at sowing and tiller stage, respectively. They use an oxen-drawn traditional 

wooden plough, with human power for the construction of raised beds and furrows to facilitate 

surface drainage through the furrows between the beds to grow crops on the beds (Siya 

Debirina Wayu District Office of Agriculture report, 2017).). The improved bread wheat 

variety Denda’a that released during 2010 by the Kulumsa Research Centre was the most common 

cultivar cultivated in the study sites.  

3.2. Experimental Treatment, Design and Procedures  

The experiment was conducted on Vertisols of farmer’s field (Wele Deneba abd EjersaKubetin 

kebeles) with 6 levels of potassium fertilizer (0, 40, 80, 120,160 and 200 K kg/ha) as KCl, in 

addition recommended blended fertilizer (NPSZnB) and urea applied uniformly to all 

treatments at the rate of 225kg/ha and applied 275kg/ha, respectively (ARARI, 2014).  
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The treatments were laid out in Randomized Complete Block Design (RCBD) in six 

treatments with three replications. The net plot size was 2.60 m length x 2.60 m width (6.76 

m2) with spacing 1 m between blocks and 0.5 m between plots.  

The seeds of an improved bread wheat variety Danda’a. It was planted manually at a seed rate 

of 150 kg/ha similar with the seed rate of wheat used in Debre Berhan Research Center, and it 

was sown using manual row maker with a spacing of 0.20 m between rows. 

The blended fertilizer was normally applied at planting, while the urea and KCl fertilizers 

were applied twice during the crop growth stage that is 1/3 at planting and 2/3 at tiller stage 

(35 days after planting).  

3.3. Soil Sampling, Preparation and Analysis  

3.3.1. Soil sampling and  preparation  

 From each farmers filed representative one composite surface soil samples before planting 

and 18 composite surface soil samples after planting from each treatment with three 

replications in zigzag pattern at a depth of 0-20 cm were taken. The soil samples were  air 

dried, crashed, and made to pass through a 2mm sieve  for the analysis of  soil pH, texture, 

available P ,exchangeable bases  and CE, whereas for the analysis of organic carbon and total 

N samples were made to pass through 0.5mm sieve size. 

3.3.2. Soil analysis   

Soil texture, organic matter content, pH, CEC, total N, available P and exchangeable K were 

determined for the collected soil samples before planting, and N,P and K were determined 

after planting. The pH of the soils was measured potentiometrically in the suspension of a 1: 

2.5 soil to water ratio using a pH meter as described by Chopra and Kanwar (1976). Soil 

texture was determined by using the Bouyoucos hydrometer method (Days, 1965). Organic 

carbon was determined using the wet oxidation method (Walkely and Black, 1934) where by 

the carbon was oxidized under standard conditions with potassium chloride in sulfuric acid 

solution. Total nitrogen was determined by the micro kjeldhal method (Jackson, 1967) while   

available P extracted using the sodium bicarbonate solution following the procedure described 
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by Olson et al. (1954).The exchangeable bases (Ca2+, Mg2+, K+, and Na+) in the soil were 

extracted with 1M ammonium acetate (NH4Ac) solution at pH 7.0 (Jackson, 

1967).Exchangeable Ca2+ and  Mg2+ in the leachate were determined by atomic absorption 

spectrophotometer, while Exchangeable , K+, and Na+ were  determined by flame photometry 

(Rowell,1994). The potential cation exchange capacity (CEC) of the soil was determined from 

NH4
+ saturated samples that were subsequently replaced by K+ using KCl solution. The salt 

was removed by washing with ethanol and the ammonium that was displaced by K+ was 

measured using the micro-kjeldahl procedure (Chapman, 1965) and reported as CEC.  

3.4. Crop Data Collection and Analysis 

After maturity, ten bread wheat plants per plot from the central rows were randomly selected 

and partitioned into grain and straw parts. Samples collected from each plot were then bulked 

to give composite plant tissue sample per treatment. The grain and straw samples were 

separately air dried and oven dried at 70 0C for 24 hours. After drying, the plant tissue samples 

were milled to pass through a 0.5 mm sieve and   analysis of plant tissue N, P and K content 

were done. 

  

Plant samples were analyzed by using dry ashing method, where by the plant material is 

calcinated in a muffle furnance, dissolved in 20% nitric acid and filtered for the determination 

of P and K. The concentration of P in the filtrate was determined by spectrophotometer and K 

was determined by flame photometer. Nitrogen in the plant material was analyzed by wet-

oxidation of the modified Kjeldhal procedure (Nelson and Sommers, 1973).  

Days to 50% emergency: The date of germination when it reached above 50%. 

Days to 50% heading (days): Determined as the number of days from sowing to the time 

when the plants reached 50%heading based on visual observation. 

Grain filling period: Determined as the number of days from sowing to the time when the 

plants 75% reached heading based on visual observation. 

Number of tillers per plant (NT/P): Tillers were counted on 10 randomly sampled plants 

from central rows of each plot and the average of the ten observations was used for analysis.  
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Number of fertile tillers per plant (NFT/P): Tillers were counted on 10 randomly sampled 

fertile plants from central rows of each plot and the average of the ten observations was used 

analysis.  

Plant height (PH) (cm): The height of 10 randomly sampled plants from the central rows of 

each plot was measured from the bases of the ground to the top of the spike excluding awns) 

and the average of the ten observations was used for analysis.  

Spike length (cm): It is the length of the spike from the node where the first spike branches 

emerge to the tip of the spike, which was determined from an average of ten selected plants 

per plot. 

Number of seed per spike: Seeds were counted and recorded at time of harvesting.  

Thousand seed weight: The weight of 1000 seeds was determined by carefully counting the 

grains and weighing them using a sensitive balance. 

Grain yield (GY) kg/ha): Weight of all kernels after harvesting was measured in gram per 

plot at 12.5% moisture content on plot basis and converted into kg/ha for analysis. 

Straw yield: After threshing and measuring the grain yield, the straw yield was measured by 

subtracting the grain yield from the total above ground biomass yield.  

Biomass yield: The grain yield and the straw yield was measured by summed to express as 

biomass yield. 

Harvest Index (%): This was estimated as grain yield divided by biological yield which were 

done on plot basis. 

Potassium harvest index (KHI): Was the ratio of K uptake by the grain to the total K uptake  

                                      

Apparent K recovery (AKR): was estimated by subtracting  total K uptake in control from  

total K uptake in treated plot divided by total K up take in treated plot multiplied by hundred  
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Agronomic K-use efficiency (AKUE): Was estimated by subtracting grain yield in control 

from grain yield in applied K divided by K applied multiplied by hundred. (Fageria 2000; 

Baligar, Fageria, and He. 2001) 

                 

3.5. Economic Analysis 

Partial budget was used to organize experimental data and information about the costs and 

benefits of various alternative treatments. The average yield was adjusted downwards by 10%, 

assuming that farmers could get 10% less yield (CIMMYT, 1988). The 2018 year mean farm 

get price (Birr/ kg) for bread wheat was used in the analysis. Any treatment that has net 

benefits less than or equal to those of a treatment with lower costs was considered as 

dominated and excluded in margin analysis. 

Gross average yield (GAY) (kg/ha) is the average yield of each treatment  

Adjusted yield (AJY) is the average yield adjusted downward by a 10% to reflect the 

difference between the experimental yield and yield of farmers (CIMMYT, 1988).  

AJY= GAY-(GAY*0.1) 

Gross field benefit (GFB) was computed by multiplying field or farm gate price that farmers 

receive for the crop when they sale it as adjusted yield.  

GFB= AJY* (field or farm gate price of a crop) 

Total cost (TC) mean current prices of potassium chloride fertilizer (KCl)   

Net benefit (NB) was calculated by subtracting the total variable cost form the gross field 

benefit for each treatment 
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NB= GFB-TC 

Marginal cost (MC) = change in costs between treatments  

Marginal benefit (MB) = change in benefits between treatments  

Marginal rate of return (MRR) = (MB/MC) 

3.6. Data Analysis 

All agronomic and soil data were collected and managed properly using the Excel computer 

software. The collected data was subjected to the analysis of variance using SAS computer 

package version 9.13 (SAS institute, 2003). Fisher’s least significant difference (LSD) at 5% 

probability level were used whenever treatment were shown significant variation. 
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4. RESULTS AND DISCUSSION 

4.1. Soil Properties before Planting   

The physical and chemical properties of the soils of the experimental fields before planting 

are indicated in Table 1. The analytical results indicated that the particle size distribution of 

the surface soil (0–20cm) of both experimental sites were dominated by clay. The high clay 

contents found in this study agree with the findings of Hillite et al. (2017) who reported that 

the high clay content (above 53%) the particle size distribution of the surface soils of the 

study sites in both Chffe Donsa and Akaki Vertisol area were dominated by clay area. 

Table 1. Physico- chemical Properties of Soil Result before Sowing  

 

        

The pH of the soil was found to be 6.30 and 6.33 in Wele-Deneba and Ejersa-Kubetin 

respectively showing the nature of the soil was slightly acidic (Table1).The permissible soil 

 

Parameters  

              Experimental areas  

Wele-Deneba            Ejersa-Kubetin 

%Sand          18                20 

%silt           22                 24 

%Clay            60                 56 

Textural class           Clay                Clay 

pH          6.30                6.33 

OM (%)          1.706                1.534 

TN (%)          0.11                 0.08 

Av.P (ppm)         10.54                 9.36 

CEC (cmolc kg-1)         66.59                 58.60 

Na (cmolc kg-1)           0.19                 0.22 

K (cmolc kg-1)           1.01                 0.96 

Ca (cmolc kg-1)           51.43                 45.47  

Mg (cmolc kg-1)         11.02                  9.05  
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pH for wheat production ranges from 5.5 to7.0 (Doll, 1964).Thus, the pH of both experimental 

soil result showed optimal for wheat production. Available P was 10.54 ppm and 9.36 ppm 

before planting in Wele-Deneba and Ejersa-Kubetin experimental sites, respectively. The 

levels of available P in the study sites were medium (Holford and Cullis, 1985). According to 

Holford and Cullis (1985) classification, soils having available P content greater than 10 mg 

kg-1 are rated as high, 5-10 mg kg-1 as medium and < 5mg kg-1 as low. The current results 

agreed to the results found by Hailu et al. (2015) in wheat cropping system in Vertisols area.  

Soil having the values within 1.70– 3.00% level of organic matter is rated as moderate 

(Charman and Roper, 2007). Accordingly, the experimental soil in the area has a value of 

1.71% and 1.50%, which is rated as moderate in OM in Wele-Deneba and Ejersa-Kubetin 

experimental sites, respectively. More importantly total N in the experimental area was found 

0.11% and 0.08% in both Wele-Deneba and Ejersa-Kubetin experimental sites, respectively, 

which is low rate according to Bruce and Rayment (1982). 

The soil analysis results showed that Wele-Deneba and Ejersa-Kubetin experimental sites have 

a CEC values 66.79 and 56.80 (cmolc kg-1) respectively, which is rated as high according to 

(Hazelton and Murphy, 2007). The experimental soils have high levels of exchangeable K 

with a value of 1.01 (cmolc kg-1) and 0.96 (cmolc kg-1) and rated high according to (Peverill et 

al. 1999; Hazelton and Murphy, 2007) who suggested that soils with (0.7-2.0 (cmolc kg-1) is 

less likely to respond to K application. Similarly, Ca2+cation with a value of 51.43 cmolc kg-1) 

and 45.47 (cmolc kg-1) in the high rate and dominate cation in the experimental fields. Whereas 

the exchangeable sodium with a value of 0.22 (cmolc kg-1) and 0.19 cmolc kg-1 was in low 

range and exchangeable Mg2+ of the experimental soil was 11.02 and 9.05 and in moderate 

(Metson, 1961).   

4.2. Soil Chemical Properties after Harvest  

4.2.1. Available potassium 

Results of analysis of variance indicated that the available K were significantly (p<0.05) 

affected by different rate of K applications in both Wele-Deneba and Ejersa-Kubetin 

experimental site (Appendix Table 1). Generally, the highest accumulation of available K was 
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found at higher levels of K and lowest value was recorded at control plot (Table 2). In 

accordance to the current results, Gidena (2014) also found that available K increased with 

increasing applications of K fertilizer rate in barley crop in Tigray. Similarly, Teixeira et al. 

(2011) reported that the changes on soil K could be due to K fertilizer application. Similarly, 

Baque et al. (2006) reported that K applied as KCl is more accumulated at the soil surface.  

4.2.2. Soil pH, organic carbon, total nitrogen and available phosphorus  

The data in Appendix Table 1 indicated that the soil pH and organic carbon were not 

significantly (P>0.05) affected by different rate of K fertilizer applications in both Wele-

Deneba and Ejersa-Kubetin experimental sites. Compared to the pre-soil analysis the reduction 

in organic carbon after harvest may be due to the utilization by the crop. 

Table 2: Effects of K rate on soil pH, total nitrogen (TN), organic carbon (OC), Available P 

(Av.P) and Available K (Av.K) in Wele-Deneba and Ejersa-Kubetin experimental site   

K 

(Kg/ha) 
Wele-Deneba Ejersa-Kubetin 

 pH 

(1:2.5) 

TN 

(%) 

OC 

(%) 

Av.P 

ppm 

Av. K 

mg kg-1 

pH 

(1:2.5) 

TN 

(%) 

OC 

(%) 

Av.P 

ppm 

Av. K 

mg kg-1  

0 6.27  0.081  0.82  9.6 416.7c 6.25  0.08b 0.86 15.59 683.3c 

40 6.26  0.080  0.85  6.9 483.3bc 6.22  0.103a 0.88 14.78 1083.3b  

80 6.27  0.080  0.77  7.4 666.6abc  6.26  0.07b 0.86 14.29 1133.3b 

120 6.28  0.081 0.78  9.3 750.0ab 6.25  0.075b 0.88 14.26 1183.3b 

160 6.29  0.074  0.79  7.6 816.7a 6.26  0.072b 0.84 14.41 1250.0ab 

200 6.21  0.078  0.71  10.32 900.00a 6.22  0.082b 0.87 14.30 1383.3a 

LSD (5%) 0.09 0.013 0.14 3.96 314.96 0.071 0.016 0.087 5.299 236.43 

CV (%) 0.87 9.45 9.09 25.22 25.75 0.63 11.06 5.52 20.18 11.61 

Means in the same column not indicated by letter are not significantly different  

Results of analysis of variance indicated that the total nitrogen (TN) were not significantly 

(p>0.05) affected by different rate of K applications in Wele-Deneba. Conversely,  TN was 

shown significantly (p<0.05) different in Ejersa-Kubetin experimental site (Appendix Table 1) 

the highest value of TN was found from experimental plots received K fertilizer application 
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40kg/ha as compared to the other treated plots. Different plants may respond to fertilizer 

applications in different site. Generally, analysis on the soil samples after harvesting showed 

reduction in TN compared to the contents before planting. The reason for the reduction of TN 

may be due to the removal of soil N through the crop and other possible loses such as 

denitrifications, leaching, volatilization and/or other combination.  

The data in Appendix Table 1 indicated that the available phosphorus were not significantly 

(p>0.05) affected by different rate of K fertilizer applications in both Wele-Deneba and 

Ejersa-Kubetin experimental site. The increment in amount of available P recorded from the 

analytical soil analysis in Ejersa-Kubetin experimental site after harvest as compared to pre-

sowing soil testing results may be because of added recommended P fertilizer where most 

crops do not take up more than about 10-15% of the P added in fertilizers during the year 

applied. This is due not only to the tendency of the soil to fix the added P but also to the slow 

rate of movement of this element to the plant roots in the soil solution (Brady, 1990). 

Similarly, Swarup and Singh (1989) indicated that continuous use of P and K fertilizers 

increased progressively the P and K status of the soil under intensive cultivations.  

4.3. Effects of Potassium Rate on Yield and Yield Components of Bread Wheat  

4.3.1. Days to 50% emergence 

In the current research findings, days to emergence was not significantly (p>0.05) affected by 

different rates of K fertilizer (Appendix Table2) in both Wele-Deneba and Ejersa-Kubetin 

experimental sites. This could be due to the fact that root and shoot protrusion of the embryo is 

entirely dependent on endosperm nourishment rather than on external nutrient. Because of 

this, significant variation was not observed on days to emergence by fertilizer application, 

rates and fertilizer sources. This is in agreement with the findings of Khan et al. (2002) who 

reported that plants depends mostly on stored food or reserved food for its germination than 

external nutrients for germination until it becomes autotrophic. Similarly, Muluwerk et al. 

(2010) reported that days to emergence has no significant difference due to the application of 

different rates of K.  
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4.3.2. Days to heading and grain filling period  

The analysis of variance results showed that days to heading and grain filling periods were not 

significantly (p>0.05) affected by different rates of K fertilizer (AppendixTable2). With 

increasing applied K fertilizer, there was statistically similar time required for days to heading 

and grain filling (Figures 3 and 4). This current result in contrary with Tariq and Shah (2002) 

from experiment conducted on wheat, indicating that significant differences due to K 

treatments were observed in the field and plant heading was delayed. Tahir et al. (2004) also 

reported statistically significant result due to the effect of K fertilizer on maize under irrigation 

in Pakistan. The inconsistent results could be due to the variability in varieties, environment 

and edaphic factors. Moreover, reproductive cycles of plants are more controlled by genetic 

factors rather than soil fertility and other environmental factors.  

 

Figure 3: Mean values of days to 50% emergence, days to 50%heading and days to 50% grain filling 

period at Wele-Deneba experimental site 
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Figure 4: Mean values of days to 50% emergence, days to 50%heading and days to 50% grain filling 

period at Ejersa-Kubetin experimental site 

4.3.3. Number of tillers per plant 

Results of analysis of variance indicated that number of tillers per plant had significantly 

affected by different rates of K fertilizer (Appendix Table 2) in both Wele-Deneba and Ejersa-

Kubetin experimental areas.  As shown in Table 3, the highest number of tillers per plant was 

obtain from experimental plots received K fertilizer application 120 K kg/ha as compared to 

the lower K treated plots in Wele-Deneba. However, it was not statistically significant with 

other K fertilizer rates. Application of 120 K kg/ha had increased number of tillers per plant by 

32.02% compared to plots with control (0K kg/ha) treatments at Wele-Deneba experimental 

site (Table 3). On the other hand, as shown in Table 3, significantly higher number of tillers 

were obtained at 120 and 160K kg/ha compared to control and 40 K kg/ha treated experimental 

plots of Ejersa-Kubetin experimental site. In similar manner, the control treatment showed 

lower number of tillers as compared to the other rate except 40 kg K/ha (Table 3) in both 

experimental site indicating that bread wheat had shown positive response for external 

application of K fertilizer. Potassium plays a foremost role in translocation of carbohydrates, 

photosynthesis, water relations, resistance against insects and diseases and sustains balance 

between monovalent and divalent cations (Brar and Tiwari, 2004) where accumulation of 

photo assimilate is essential for cell growth and development in plants. 
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4.3.4. Number of fertile tillers per plant 

Number of fertile tillers per plant is one of the important yield attributes in cereals. Analysis of 

variance results revealed that number of fertile tillers of bread wheat was significantly 

(p<0.05) affected by different rates of K in Ejersa-Kubetin experimental area (Table 3). 

Significantly higher fertile tiller numbers was recorded in 160 K kg/ha as compared to the 

control and 200 K kg/ha application but, statistically similar results was obtain as compared 

with 40, 80 and 120kg K/ha application. Similarly, number of productive tillers per plant was 

affect significantly by K fertilizer application (Mohiti et al. 2011) in rice under salinity stress 

and high nitrogen nutrition (Bhiah et al., 2010).Potassium also plays a significant role in 

photophosphorylation, turgor maintenance, photo assimilate transport from source tissues via 

phloem to sink tissues, stress tolerance and enzyme activation in plants (Usherwood, 2000) 

which is crucial for enhancement of reproductive parts of the plant.  

Table 3: Mean value of number of tillers per plant, number of fertile tillers per plant and spike 

length of bread wheat as affected by different rates of K at Wele-Deneba and Ejersa-

Kubetin 

K 

(kg/ha) 

Wele-Deneba Ejersa-Kubetin 

PH(cm) NT/P NFT/P SL(cm) PH(cm) NT/P NFT/P SL(cm) 

0 99.76c 5.37b 4.70c 14.23c 86.80 5.33c 4.67c 11.00b 

40 101.66c 6.67ab 6.40b 14.60bc 96.33 6.00bc 5.67bc 14.00a 

80 105.23bc 7.53a 7.40ab 15.03abc 97.67 7.33ab 7.00a 15.16a 

120 105.96a 7.90a 7.50ab 15.23ab 99.50 7.50a 7.10a 15.50a 

160 106.47a 7.87a 7.77a 15.23ab 100.00 7.50a 7.33a 15.50a 

200 107.36a 7.76a 7.70a 15.60a 103.00 7.33ab 6.67ab 15.33a 

LSD (5%) 3.87 1.41 1.23 0.81 18.87 1.48 1.00 2.00 

CV (%) 2.04 10.76 10.15 2.97 10.67 11.95 8.61 7.89 

Means in the same column followed by the same letter are not significantly different where NT/P= number of 

tillers per plant, NFT/P= number of fertile tillers per plant, SL spike length, LSD= least significant 

difference and CV= coefficient of variations  

4.3.5. Plant height  

Different rates of K fertilizers had non-significant effect on plant height of bread wheat in 

Ejersa-Kubetin experimental area (Appendix Table 3). However, the mention growth attribute 

had shown remarkable variation under the varied K fertilizer in Wele-Deneba experimental 

area (Appendix Table 3). The tallest plant were recorded from 200 K kg/ha (107.36 cm) 

received plots and shortest plants were in control (99.76 cm) (Table 3). Bahmanyar and 
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Ranjbar (2008), Abdul et al. (2010), Muluwerk et al. (2010) and Hussain et al. (2011) reported 

contradicted findings.  For example, Bahmanyar and Ranjbar (2008) who reported 

significantly higher plant height of wheat from application of K fertilizer and Abdul et al. 

(2010) reported that application of different levels of K significantly affected plant height of 

wheat cultivars whereas; the lowest plant height was observed from treatment where no 

fertilizer was applied. Similarly, Tahir et al. (2008) found that   significant effect K application 

on plant height of wheat the maximum being 91.55 cm obtained with 60 K/ha treated plot 

while the minimum (85.90 cm) obtained with none fertilized plots. Differential response of 

plant height at Wele-Deneba experimental site could be due to relatively high in herent soil 

total N, available P, CEC and OC compared to Ejersa-Kubetin as elucidated in Table 1. 

4.3.6. Spike length 

Applications of K rates had shown significant (p<0.05) effect on spike length in both Wele-

Deneba and Ejersa-Kubetin experimental sites (Appendix Table 2). In Wele-Deneba the 

highest spike length were found at the highest rate (200 kg K/ha) and the lowest values were 

recorded from the control plots (Table 3).In Ejersa-Kubetin the highest value were obtained 

from 120 and 160 K kg/ha rates and the lowest values were recorded from the control.  There 

was an increasing trend in spike length with increasing K application rates even though the 

differences among and control treatment was not being enough to warrant statistically 

difference. Kiran et al. (2014) also suggested that application of K fertilizer source increased 

the dynamics of K in the soil and resulted increments in relation to growth, yield and yield 

component of plants. The inconsistent results in both experimental areas could be due to the 

variation in inherent soil fertility (Table 1).   

4.3.7. Number of seeds per spike 

As shown in Appendix Table 2, number of seeds per spike of bread wheat were significantly 

(p<0.05) affected by different rates of K at Wele-Deneba and Ejersa-Kubetin experimental 

areas. The lowest number of grain seeds per spike were obtained in the lower K rates and 

higher number of grains per spike were obtained at 200 kg K/ha in Wele-Deneba and at 120 K 

kg/ha as compared to 40 K kg/ha and control (0K kg/ha) treatment plots (Table 4). In 

accordance to the current results, Muluwerk et al. (2010) also reported that numbers of grain 
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seed per spike were positively influenced by levels of K fertilizer for wheat and maize plants. 

Abdul et al. (2010) and Bhiah et al. (2010) also reported similar findings. K has greater water 

use efficiency, improving growth of plants and cell division; make hydrocarbon, proteins, and 

quick transfer towards grain (Marschner, 1995). 

4.3.8. Thousand-seed weight 

The applications of K had significant (p<0.05) effect on thousand-seed weight of bread wheat 

at both Wele-Deneba and Ejersa-Kubetin experimental areas (Appendix Table 3). The 

thousand-seed weight was increased with increasing K (Table 4). The highest value of 1000- 

seed weight was obtained from plots treated by 200 K kg/ha fertilizer but statistically in par 

with 80, 120 and 160 kg K/ha and the lowest value were recorded at control (0 K kg/ha ) 

treatment (Table 4). The lowest value obtained in control treatment could be hampered due to 

the imbalance of essential nutrients resulted in poor performance of the plants.  Similar 

phenomena were also reported Baque et al., (2006) and Khan et al. (2007) where lowest 

numbers of kernels per plant were recorded under low K level. Hussain et al. (2011) evaluated 

different levels of potash fertilizer and reported that 1000-seed weight, number of 

branches/plant, protein content of seed was increased at level of 120 kg K/ha in wheat. Dong 

et al. (2004) underline that K deficiency is also closely associated with low chlorophyll 

content, decreased stomatal conductance, poor chloroplast and increased mesophyll resistance. 

Thus, to improve the yield of bread wheat in the current study area, application of K fertilizer 

is admissible.  

4.3.9. Grain yield  

Grain yield is the economic yield of the crop in bread wheat. Results of analysis of variance 

indicated that grain yield was significantly (p<0.05) influenced by different rate of K at both 

Wele-Deneba and Ejersa-Kubetin experimental areas (Appendix Table 3). As shown in Table 

4, the highest grain yield were recorded from treatments received 160 K kg/ha amount but it 

was statistically similar with 80 K kg/ha, 120 K kg/ha and 200 K kg/ha. Similar to the current 

results Hailu et al. (2017) reported that up to 7.6 ton/ha wheat grain yield were reported due to 

K and P application Cheffe Donsa and Akaki (Hailu et al., 2017). In accordance to the current 

results, Arif et al. (2017) reported that grain yield of wheat was increase with increasing K 
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fertilizer applications. Likewise, Baque et al. (2006) also shown that applications of K 

improved the yield irrespective of moisture stress. The positive effect due to applications of K 

could be because K is a major element that plays an important role in several metabolic 

processes such as protein synthesis and osmotic adjustment (Marschner, 1995). Khan et al. 

(2007) and Tekalign (2013) reported that application of different levels of K significantly 

affected grain yield of wheat. Carter and Balwant (2004); Kulkarni et al. (2005); Arun et al. 

(2007), and Wassie (2009) also indicated similar findings on the effect of K on grain yield 

were K fertilization was effective in attaining higher grain yield. The higher yield obtained 

from Wele-Deneba experimental area i.e. 6.3 ton/ha and even from the control treatment (4.9 

ton/ha) as compared to Ejersa-Kubetin may be due to the variation in inherent soil fertility.  

Table 4: Mean value of number of seed per spike, thousand seed weight and grain yield of 

bread wheat as affected by different rates of K at Wele-Deneba and Ejersa-Kubetin 
K (Kg/ha) Wele-Deneba Ejersa-Kubetin 

NS/Spike TSW(g) GY(kg/ha) NS/Spike   TSW(g) GY(kg/ha) 

 0 50.83d 47.98d 4881.3c 49.90c 48.69c 4068.0c 

 40 56.13c 48.44cd 5436.0bc 53.67bc 49.80bc 4684.4bc 

 80 57.20bc 48.76bcd 5657.7abc 57.17ab 50.19bc 5570.0ab 

120 59.60abc 52.90abc 5768.4ab 60.40a 52.83ab 5670.7ab 

160 60.67ab 53.20ab 6323.4a 59.67ab 54.62a 6163.7a 

200 62.033a 55.77a 5436.0bc 57.00ab 54.22a 6040.4a 

LSD (5%) 4.49 4.74 1069.9 6.27 3.42 1274.6 

CV (%) 4.27 5.08 7.67 6.12 3.64 13.01 
Means in the same column followed by the same letter are not significantly different Where NS/S= number of 

seed per spike, TSW= thousand seed weight, GY= Grain yield  

4.3.10.  Straw yield 

The analysis of variance showed that straw yield of bread wheat were not significantly 

(p>0.05) affected by different rate of K applications in both Wele-Deneba and Ejersa-Kubetin 

experimental sites (Appendix Table 3). Gidena (2014) reported similar results on barley and 

Kiran et al. (2014) on wheat. The current results were disagree with Wassie and Tekalign 

(2013) the authors observed that application of K fertilizer increased the straw yield. The 

inconsistent results reported with current findings may be due to variation in soil fertility, 

variety, and environmental factors. An increase straw yield had shown up to 120kg K/ha and 

then starts to decrease with increasing K rate (Table 5).  
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4.3.11. Biological yield 

Application of potassium fertilizer had no significant (p>0.05) effect on biological yield of 

bread wheat in Ejersa-Kubetin but statistically acceptable difference were found in Wele-

Deneba experimental area (Appendix Table 3). At Wele-Deneba area the highest value of 

biological yield were measured at rate of 160 K kg/ha compared to 40 K kg/ha and 0 K kg/ha 

(Table 5).  Application of 40 and 80 K kg/ha had no variation in biological yield compared to 

the control. Nevertheless, application of 120, 160 and 200 K kg/ha had shown significant 

variation as compared to the control. In harmony to this, Bahmanyar and Ranjbar (2008) 

observed that application of K fertilizer increased the total biomass and straw yield of wheat.  

Table 5: Mean biological yield, straw yield and harvest index of bread wheat as affected by 

different rates of potassium at Wele-Deneba and Ejersa-Kubetin experimental sites 
 Wele-Deneba Ejersa-Kubetin 

K (Kg/ha) SY(kg/ha) BY(kg/ha) HI SY(kg/ha) BY(kg/ha) HI 

0 5103.0 9984.3c 0.36d 6410.3 10478.3 0.39c 

40 5547.0 10983.0b 0.41cd 6287.0 10971.4 0.42bc 

80 5990.4 11204.4b 0.42bcd 6533.5 12204.1 0.46ab 

120 6101.7 11437.4ab 0.46abc 6289.0 11957.6 0.47ab 

160 5546.7 12425.1a 0.49a 6293.0 12452.7 0.49a 

200 5436.0 11206.4b 0.48ab 6410.3 12450.7 0.48a 

LSD (5%) 1069.9 1046.8 0.06 1262.7 2223.5 0.05 

CV (%) 10.46 5.13 8.04 10.89 10.40 6.60 
Means in the same column followed by the same letter are not significantly different Where SY=straw yield, BY: 

biological yield and HI= harvest index 

4.3.12.  Harvest index  

Harvest index stands for physiological ability to convert photosynthesis product in to 

economic yield.  Harvest index of bread wheat was significantly (p<0.05) influenced by 

application of different K levels in both Wele-Deneba and Ejersa-Kubetin experimental site 

(Appendix Table 3). More shown in (Table 5), K at rate of 0 K kg/ha was shown the lowest 

harvest index than 80, 120, 160 and 200 K kg/ha respectively, but statistically in par as 

compared to 40 K kg/ha. Generally, an increase in the rate of K increased harvest index of 

bread wheat (Table 5). Kusro et al. (2014) who reported that the K content and K uptake were 

increased as the K fertilizer rates increased in different cereal crops. In spite of high K soil test 

values at both locations, the response of wheat crop to applied K could be due to increase in 
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estimates of K availability on drying soil. In fact, in actual moist conditions, K status is 

probably less than required as reported by Khan et al. (2014). Reviewing the results of a large 

number of studies carried out in many countries revealed that, on drying, ammonium acetate 

extractable K in soil increases tremendously (~2 to 3 fold) compared to moist soil. This could 

be a possible reason for crop response to applied K because the available K status is very low 

in moist soil whereas fertilizer recommendations are made on the basis of K estimates 

analysed in dry soil. 

4.4. Effects of K Rate on Straw and Grain NPK Concentration and Uptake 

4.4.1. Potassium concentration and uptake 

Analysis of variance results revealed that applications of different rates of K had significant 

(p<0.05) effects on K in the straw, grain and total in both experimental sites (Appendix Table 

5&6). This result is also in line with that of Baque et al. (2006) who reported that K uptake of 

wheat was  higher level of K rate (312 K kg/ha). Similarly, Kusro et al. (2014) who reported 

that the K content and K uptake were increased as the K fertilizer rates increased in different 

cereal. Yadav et al. (2012) observed similar results in wheat and K uptake in the shoot was 

significantly influenced by K rate in rice (Fageria et al., 2010). In accordance to the current 

results, Kabir et al. (2011) also reported that lowest K uptake in straw and grain had recorded 

from absolute control than fertilized plots. Jat et al. (2014) also showed that K uptake in wheat 

straw, grain and total uptake had positively influenced by K fertilization. 

Brhane et al. (2017) K uptakes by grain and straw of wheat showed a linear increasing trend 

with increasing K rates though there were some inconsistencies and the lowest grain and straw 

K uptake obtained from the control treatment. The increased K uptake by wheat due to K 

fertilization might be due to combined effect of increased dry matter yield and higher K 

concentration in grain and straw (Abedin et al., 1998). The better nutritional environment 

helped the plant to absorb more K from soil consequently leading to higher photosynthesis and 

their translocation to different plant parts would have enhanced the K content in both seed and 

straw.
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Table 6:  K concentration in straw and grain and K uptake by straw, grain and total uptake of bread wheat in both experimental sites 

                                                   Wele- Deneba Ejersa-Kubeti 

    K 

kg/ha 

StrawK 

(mg kg-1) 

GrainK 

(mg kg-1) 

KUS 

kg/ha 

KUG 

kg/ha 

TKU 

kg/ha 
StrawK 

(mg kg-1) 

GrainK 

(mg kg-1) 

KUS 

kg/ha 

KUG 

kg/ha 

TKU 

kg/ha 

0 9033d 3300.0 46.66b 17.1 64.75b 11133b 4200.0 69.01b 15.43 82.00b 

40 11733cd 3800.0 66.25ab 19.01 85.27ab 17267a 4266.7 98.00ab 19.47 117.48a 

80 12333bc 4433.3 73.88a 21.18 95.07a 16400a 4600.0 100.59a 23.86 124.85a 

120 14867ab 3733.3 80.92a 24.05 105.08a 15933a 4466.7 102.79a 24.26 126.65a 

160 13400abc 4466.7 81.03a 24.49 106.45a 15667a 4133.3 103.11a 27.37 130.47a 

200 15467a 3533.3 85.57a 25.54 110.07a 15867a 3800.0 110.65a 27.98 138.63a 

LSD (5%) 3098 1390.2 23.11 7.6 25.19 3762.4 382.73 28.60 8.22 31.50 

CV (%) 13.29 19.70 17.55 19.17 14.72 13.45 11.69 15.22 19.59 14.43 

Means in the same column followed by the same letter are not significantly different Where KUS= potassium uptake in straw, KUG= potassium 

uptake in grain, TKU=total potassium uptake by the grain and straw (kg/ha),
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4.4.2. Total Nitrogen concentration and uptake 

As shown in Appendix Table 4 total nitrogen in straw, grain and in both straw and grain of 

bread wheat had not significantly affect by different rates of potassium rate in both 

experimental sites. The availability of applied K in the soils improved the extraction of N by 

the wheat crop. Sharma and Ramna (1993) indicated that the application of K released the 

fixed NH4+ ion from the soil and helped the crop improve its uptake of N. K application 

enhanced N uptake of wheat Hailu et al. (2017). The lowest uptakes of N by grain and straw 

were find in the control. This is due to K aff ects nitrogen absorption and reduction, and rapid 

nitrogen (NO3) uptake depends on adequate K in the soil solution (Crops, 1998). In this 

experiment nitrogen concentration in grain is higher than straw (Table 7). Similarly, 

Jankowski et al. (2016) reported that micronutrient and macronutrient fertilization resulted in a 

significantly greater increase in macro-element concentrations in winter wheat grain than in 

straw. 
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Table 7:  N concentration in straw and grain, and both straw and grain uptake of bread wheat in both experimental sites  

  K                                          Wele- Deneba Ejersa-Kubeti 

     

kg/ha 

Straw            

N   (%) 

Grain     

N (%) 

NUS 

(kg/ha) 

NUG 

(kg/ha) 

TNU 

(kg/ha) 

Straw     

N (%) 

Grain   

(N %) 

NUS 

(kg/ha) 

NUG 

(kg/ha) 

TNU 

(kg/ha) 

0 0.180b 1.246 9.108b 57.99b 69.77b 0.150b 1.06c 9.50b 43.16b 52.64b 

40 0.336a 1.735 18.295a 95.71a 114.00a 0.347a  1.44ab 18.41a 69.17a 87.58a 

80 0.275a 1.801 16.505a 101.43a 117.94 0.241ab 1.64a 17.24a 82.96a 100.20a 

120 0.340a 1.599 20.703a 102.53a 121.90 0.313a 1.54ab 18.53a 87.88a 102.41a 

160 0.365a 1.792 19.734a 103.54a 123.28 0.315a 1.42ab 19.30a 93.52a 112.81a 

200 0.302a 1.693 16.706a 96.04 109.41 0.344a 1.37b 19.57a 87.55a 107.11a 

LSD (5%)  0.09 0.56 5.36 26.53 30.33 0.12 0.24 5.88 27.47 29.57 

CV (%) 17.31 15.34 17.49 15.69 15.24 24.83 9.53 18.94 19.52 17.21 

Means in the same column followed by the same letter are not significantly different Where NUS= nitrogen uptake in straw, NUG= nitrogen 

uptake in grain, TNU=total nitrogen uptake by the grain and straw (kg/ha),
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4.4.3. Phosphorus concentration and uptake 

Applications of different rates of K had non-significant (p>0.05) effect on phosphorus in the 

straw, grain and total uptake of bread Wheat in Wele-Deneba, howevere applications of 

different rates of K had significant (p<0.05) effects on P in  grain and total uptake as indicated    

(Appendix 5&6),respectively. The highest value of grain and total uptake of P in Ejersa–

Kubetin experimental site was recorded from the application of 160 K kg/ha (Table 8).The 

current result agree with the findings of Mosaad and Fouda (2016) who reported that  P and  

K-uptake by (wheat grain & straw) increased with increasing potassium rate up to 94.8 K 

kg/ha in wheat.Similarly, Baque et al. (2006) reported that uptake of P was enhanced with the 

increasing potassium levels in wheat under water stress. 
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Table 8: P concentration in straw and grain and P uptake by straw, grain and total uptake of bread wheat in both experimental sites 

                                                   Wele- Deneba  Ejersa-Kubeti 

    K 

kg/ha 

StrawP 

(mg kg-

1) 

GrainP 

(mg kg-1) 

PUS 

kg/ha 

PUG 

kg/ha 

TPU 

kg/ha 

Straw P 

(mg kg-1) 

Grain P 

(mg kg-1) 

PUS 

kg/ha 

PUG 

kg/ha 

TPU kg/ha 

0 388.33 2969.4 2.03         14.43         16.40         685.8        3452.2       4.44      13.94c           18.38c 

40 477.57 2708.6 2.69 14.47 17.06 789.9 3660.5  4.80 16.90bc 21.72bc 

80 358.58 2693.7 2.15 15.29 17.44 700.7 3943.1 4.58 20.34ab       25.02ab 

120 462.69 2887.0 2.44 18.30 20.7 819.7 3601.0 5.02 19.98ab 25.07ab 

160 337.55 3006.0 1.82 17.30 19.14 745.3 3303.5 4.68 22.48a       27.07a 

200 387.33 2768.1 2.16 15.15 17.31 767.9 3827.6 5.34 17.07bc        22.41bc 

LSD (5%) 157.02 970.62 0.98 4.3 4.3 242.94 1130.4 1.21 4.53 4.35 

CV (%) 21.46 18.79 24.06 14.78 13.0 17.77 17.11 13.80 13.49 10.29 

Means in the same column followed by the same letter are not significantly different Where PUS= Phosphorus uptake in straw, PUG= phosphorus 

uptake in grain, TPU=total Puptake by the grain and straw (kg/ha),  
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4.5. Effects of Potassium Rate on Potassium Harvest index, Apparent K recovery 

and Agronomic K use efficiency of Bread wheat   

4.5.1. Potassium Harvest index (KHI) 

Analysis of variance results revealed that applications of different rates of K had shown non-

significant (p>0.05) variation in KHI in both Wele-Deneba and Ejersa-Kubetin experimental 

sites (Table 9). Though non-significant among the treatments, larger values were obtain from 

lowest K rate in both Wele-Deneba and Ejersa-Kubetin experimental sites (Table 9). Lowest 

value KHI were report by Fageria (2009) and elaborated, as high values of KHI in the low 

rates of K applied means improving KHI did not improve grain yield. The difference in 

nutrient uptake and utilization may be associated with better root geometry, ability of plants 

to take up sufficient nutrients from lower concentrations, plants’ ability to solubilize nutrients 

in the rhizosphere, better transport, distribution, and utilization within plants, and balanced 

source–sink relationship (Fageria et al., 2006). 

4.5.2. Apparent K recovery and agronomic K use efficiency 

Apparent potassium recovery is a measure of the ability of the crop to extract K from the soil 

(Fageria, 1992). Whereas agronomic efficiency is the amount of additional yield produced 

from each additional kg of fertilizer applied (Mengel and Kirkby, 2001). As shown in 

(appendix Table 5 and Table 9), the different K rates were significantly (p<0.05) affected the 

apparent K recovery in Wele-Deneba but not in Ejersa-Kubetin experimental site. The highest 

value of apparent K recovery was recorded from the application of 200 K kg/ha as compared 

to the control plot (Table 9).Agronomic use efficiency of bread wheat was significantly 

(p<0.05) affect by different rates of K at Wele-Deneba but not in Ejersa-Kubetin (Appendix 

Table 5). The highest value of agronomic use efficiency was found with 160 K kg/ha followed 

by 80 and 40kg K/ha (Table 9). Generally, as the amount applied K increased above 120 kg 

K/ha, the agronomic use efficiency was decreased. In similar manner, Yang et al. (2003) 

reported agronomic use efficiency decreased with increase of K rate.  
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Table 9: Mean value of apparent K recovery (AKR), agronomic K use efficiency (AKUE) 

and potassium harvest index (KHI) of bread wheat at both experimental sites 
     K                            Wele-Deneba  Ejersa-Kubetin  

 (kg/ha) AKR AKUE KHI AKR AKUE KHI 

0 - - 0.26 - - 0.10 

40 37.48b 22.03b 0.23 37.93 29.72 0.16 

80 46.45ab 34.52ab 0.22 42.19 34.52 0.18 

120 51.66a 33.86ab 0.23 40.19 33.86 0.19 

160 52.13a 39.81a 0.24 43.78 39.81 0.21 

200 53.40a 38.43a 0.22 47.71 38.42 0.20 

LSD (5%) 14.04 15.06 0.07 16.60 10.25 0.05 

CV (%) 15.46 23.72 17.41 20.73 15.44 14.99  

Means in the same column followed by the same letter are not significantly different AKR= apparent K recovery, 

AKUE= agronomic K use efficiency, KHI=potassium harvest index 

4.6. Partial Budget Analysis of Potassium Fertilizer in Bread Wheat 

Economics is the major criteria to evaluate the best treatments which is economically sound 

and that can accept by farming community. In this experiment, not all other input costs were 

consider except potassium fertilizer, since all farming practices for bread wheat production 

are common costs for all treatments. In the present study, the maximum gross returns, net 

returns and marginal rate of return (MRR) were realize with potassium fertilizer and the 

control treatments used as reference treatment.   
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Table 10: Partial budget analysis of Potassium fertilizer in Bread wheat in Wele-Deneba and 

Ejersa-Kubetin experimental sites 

 Wele-Deneba 

K GY (Kg/ha) SY(kgha-1) AJGY  AJSY TVC GFB NB MRR 

0 4881.30 5103.00 4393.170 4592.700 0 47735.7 47735.7 0.00 

40 5436.00 5547.00 4892.400 4992.300 506 53117.5 52611.5 9.64 

80 5657.70 5990.40 5091.930 5391.360 1012 55352.2 54340.2 3.42 

120 5768.40 6101.70 5191.560 5491.530 1518 56433.4 54915.4 1.14 

160 6323.40 5436.00 5691.060 4892.400 2024 61468.5 59444.5 8.95 

200 5447.00 5546.70 4902.300 4992.030 2530 53221.4 50691.4 D 

 Ejersa-Kubetin 

K GY (Kg/ha) SY(Kg/ha) AJGY  AJSY TVC GFB NB MRR 

0 4068.05 6410.26 3661.243 5769.231 0 40462.3 40462.3 0.00 

40 4684.42 6286.98 4215.976 5658.284 506 46248.2 45742.2 10.43 

80 5570.61 6286.98 5013.550 5658.284 1012 54622.7 53610.7 15.55 

120 5670.61 6533.53 5103.550 5880.178 1518 55645.3 54127.3 1.021 

160 6163.71 6286.98 5547.337 5658.284 2024 60227.4 58203.4 8.055 

200 6040.43 6410.26 5436.391 5769.231 2530 59101.3 56571.3 D 

GY= grain yield, SY= straw yield, AJGY= adjusted grain yield, AJSY= adjusted straw yield, TVC= total 

variable cost, GFB= gross field benefit, NB= net benefit, MRR= marginal rate of return 

In the present investigation, in both Wele-Deneba and Ejersa-Kubetin experimental sites the 

highest net benefit of grain and straw yield per hectare were obtained from treatments 

received 160kg/ha potassium fertilizer. However, the lowest net benefit with ETB 47735.7 per 

hectare was obtain at the control. According to CIMMYT (1988), the minimum acceptable 

rate of return should be 100 %. Therefore, the marginal rate of return obtained at all 

treatments except 200kg/ha was above the minimum acceptable rate of return of 100% for 

both experimental sites. The treatment with the highest yield together with an acceptable 

MRR becomes tentative recommendation (CIMMYT, 1988).  
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Therefore, application of 160 kgKha-1 for Wele-Deneba and Ejersa-Kubetin experimental sites 

that had the highest yield with an acceptable marginal rate of return 895% and 805% (Table 

6) respectively can be a tentative recommendation study areas. 

Net benefit curve: Before proceeding with the net benefit curve and the calculation of 

marginal rates of return, an initial examination of the costs and benefits of each treatment, 

called dominance analysis, may serve to eliminate some of the treatments from further 

consideration and thereby simplify the analysis (CIMMYT, 1988). In treatment six (200kg/ha) 

there is negative value (Table 9). A dominance analysis was also performed to eliminate 

negative values put letter ‘D’ according to CIMMYT (1988). 

 

Figure 5: Net benefit curve of different rate of potassium fertilizer application 

 



   

43 

 

The net benefit curve is useful for visualizing the changes in costs and benefits in passing 

from one treatment to the treatment of next highest cost. In a Net benefit curve each of the 

treatments is plotted according to its net benefits and total costs that vary. The alternatives 

that are not dominated are connected with lines.  
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5. SUMMARY, CONCLUSION,AND RECOMMENDATIONS 

5.1. Summary and Conclusions 

The beneficial effect of adding mineral nutrients to soils to improve plant growth has been 

exploited in agriculture for more than 2000 years. Since then, large amounts of fertilizer have 

been applied to improve crop yield. However, the changes in soil fertility levels with 

continued fertilization and cropping needs reassessment of the nutrient dynamics and the 

amount of fertilizers needed under different cultural practices for increasing production and 

productivity. Although potassium (K) status of agricultural soils in Ethiopia is repeatedly 

reported as adequate for crop production, and taken as a tradition to be K is unnecessary to 

apply by the farmers, recent researches shown a positive response of crops to added K falsify 

the traditional believe. By picturing this fact, an experiment was conducted on Vertisols of 

Sidebrena wayu district on farmer’s field with six levels of potassium fertilizer (0, 40, 80, 

120,160 and 200 of kg K/ha) as KCl at Wele-Deneba and Ejersa-Kubetin experimental sites 

improved bread wheat variety Danda’a in 2017. Pre-sowing and post-harvest soil analysis was 

done. Nitrogen, phosphorus and potassium concentration in grain and straw was analyzed 

after harvest based on standard procedures to investigate the effects of different rates of 

applied potassium. 

Soil analysis results before sowing revealed that the experimental sites had slightly acidic in 

reaction and clay nature. The available P and OM was medium and total N was low level in 

both experimental sits. CEC and K values of soils was in high rate with Ca2+ is the dominant 

cation. In post-harvest soil analysis; generally, the highest accumulation of available K was 

found at higher levels of K and lowest value was recorded at control plot. Similarly, 

significantly, highest value of total soil N was measured from plots received 40 kg K/ha. Soil 

pH, organic carbon and available phosphorus had not shown any variation due to application 

of K in both experimental sites.  

Results indicated that days to 50% and days to 50% heading, days to 75% grain-filling period 

was not significantly affected by applications of potassium fertilizer. Vegetative growth 

attributes and yield components such as number of tillers, plant height, spike length, number 
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of grain per spike and thousand seed weight was affected due to application of potassium in 

Wele-Deneba and Ejersa-Kubetin. Grain yield, biological and harvest index was significantly 

influenced by different rates of potassium at Wele-Deneba experimental site. Whereas, in 

Ejersa-Kubetin experimental site only grain yield and harvest index was remarkably 

influenced by rates of K.  

Applications of different rates of K had shown significant influence on nitrogen , potassium 

and phosphorus. Lowest potassium uptake by straw and total plant uptake was recorded from 

control treatment where accumulation of K in grain was statistically in par in both 

experimental sits. Application of K fertilizer resulted in increasing total N uptake by grain, 

straw as well as by the whole plant as compared to the control except in Wele-Deneba where 

grain TN uptake was statistically significant.  

5.2. Recommendation  

Generally, applications of potassium fertilizer at 160 kg/ha had shown positive yield and yield 

attributes in both experimental sites. Partial budget analysis results also shown that 

application of 160 kg K/ha at Wele-Deneba and Ejersa-Kubetin experimental sites had the 

highest yield with an acceptable marginal rate of return 895% and 805% respectively, which 

can be as a tentative recommendation. However, it is worthy to verify these results in large 

scale, multi-location with diverse soil type and many years for complete applications of these 

results.  

 

This study suggest that in the test woreda should take into account all three major nutrients-N, 

P, and K. However, to arrive at conclusive result, fertilizer program in test woreda should be 

based on the results of long-term experiments, which provide a continuing list of 

recommendations. The research system should test N, P, and K fertilizers in appropriate 

combinations and at arrange of levels with provision for adequate supplies of secondary and 

micronutrients. The results should be examined by economists to provide an economic basis 

for recommendations to farmers. Particular attention should be given to interactions of other 

nutrients with potassium and to the effects of fertilizers on the health of crops and on quality 
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of produce. The experiments would also serve for the calibration of soil testing on which 

fertilizer recommendations to individual farmers could be made. 
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7. APPENDICES 

Appendix Table 1: Analysis of variance for soil pH, EC, total nitrogen, organic carbon, Available P and Available K in Wele-

Deneba and Ejersa-Kubetin experimental site 

Source of 

variance   

 Wele-Deneba Ejersa-Kubetin 

DF pH EC TN OC Av.P Av.K pH EC TN OC Av.P Av.K 

Treatment  5 0.002ns 0.0011** 0.00003ns 0.007ns 5.85ns 107888.89* 0.0026 0.0066** 0.00044* 0.0007ns 1.74ns 169472.22* 

Replication  2 0.0031ns 0.004ns 0.0006ns 0.014ns 1.32ns 3472.22ns 0.0037ns 0.0013ns 0.000024ns 0.0001ns 1.20ns 7222.22ns 

Error 10 0.002 0.00014 0.00005 0.005 4.63 29972.27 0.0015 0.0008 0.000081 0.0023 8.48 16888.88 

CV  0.87 8.26 9.45 9.09 25.22 25.75 0.63 13.22 11.06 5.52 20.18 11.61 

Total  17  

EC= Electrical conductivity, TN= total nitrogen, OC= organic carbon, Av.P= Available phosphorus, Av.K= Available potassium 

Appendix Table 2: Analysis of variance for days to 50% emergence, days to 75% heading, grain filling period, number of tillers 

per plant, number of fertile tillers per plant, number of seed per spike and pike length as affected by different rates of K in 

Wele-Deneba and Ejersa-Kubetin experimental site 

Source of 

variance   

 Wele-Deneba Ejersa-Kubetin 

D

F 

DE DH GFP NT/P NFT/P NS/S SL DE DH GFP NT/P NFT/

P 

NS/S  SL 

Treatment  5 0.056n

s 

12.63n

s 

0.22n

s 

3.00* 4.353*

* 

48.62** 0.73* 0.067n

s 

11.68n

s 

0.456n

s 

2.60* 3.20** 46.37* 9.36* 

Replication  2 0.097n

s 

45.16 0.38 3.24* 3.56** 22.33ns 0.917

* 

0.291n

s 

29.56* 0.889n

s 

0.17 0.24ns 7.81ns 0.98ns 

Error 10 0.081 4.10 0.32 0.597 0.494 6.087 0.199 0.108 7.022 0.0822 0.67 0.30 11.89 1.29 

CV  3.59 2.69 0.58 10.76 10.15 4.27 2.97 4.20 3.53 0.921 11.95 8.61 6.12 7.89 

Total  17  

DF= Degree of freedom, DE= days to emergence, DH= Days to75% heading, GFP= grain filling period, NT/P= number of tillers per plant, NFT= number of 

fertile tillers per plant, NS/S= number of seeds per spike, SL= spike length 
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Appendix Table 3: Analysis of variance for plant height, thousand seed weight, grain yield, straw yield, biological yield and 

harvest index of bread wheat as affected by different rates of K in Wele-Deneba and Ejersa-Kubetin experimental site  
Source of 

variance   

 Wele-Deneba Ejersa-Kubetin 

DF PH TSW GY SY BY HI PH TSW GY SY BY HI 

Treatment  5 27.69** 31.05

* 

672355.02* 408644.46ns 1849220.79* 0.006* 93.54ns 18.58

* 

2054569.36

* 

30393.04ns 2072805.2ns 0.0046* 

Replication  2 7.06ns 3.55 233579.9ns 670262.98ns 492970.58ns 0.00037ns 134.11ns 6.44ns 372314.71ns 53187.82ns 144366.93ns 0.00097ns 

Error 10 4.52 6.78 183728.88 345827.31 331071.49 0.001 107.63 3.54 490847.56 481729.65 1493817.81 0.00089 

CV  2.04 5.08 7.67 10.46 5.13 8.04 10.67 3.64 13.01 10.89 10.40 6.60 

Total  17  

PH= plant height, TSW= thousand seed weight, GY= Grain yield, SY= straw yield, BY= biological yield, HI= Harvest index 

Appendix Table 4: Analysis of variance for concentration of N in straw and grain and N uptake in straw, in grain and total N uptake 

                bread wheat as affected by different rates of K in  Wele- Deneba and Ejersa-Kubetin Wele-Denaba experimental site 

 

Source of 

varitions   

 Wele-Deneba Ejersa-Kubetin 

DF TNs TNg NUS NUG NTU TNs TNg NUS NUG NTU 

Treatment  5 0.013* 0.131ns 51.19** 133.54* 1208.09* 0.0172* 0.119** 43.65* 1045.95* 1481.10* 

 Replication  2 0.0098ns 0.038ns 14.43ns 0.024ns 296.14ns 0.0045ns 0.57ns 1.669ns 257.12 289.419ns 

Error 10 0.0026 0.063 8.68 212.60 277.68 0.0049 0.0182 10.47 227.98 264.29 

CV  17.31 15.34 17.49 15.69 15.24 24.83 9.53 18.94 19.52  17.21 

 Total  17           

Means in the same column followed by the same letter are not significantly different Where TNs = concentration of N in straw, TNg= concentration of N in grain, 

NUS =N uptake in straw, NUG = N uptake in grain, NTU = Total N uptake  
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Appendix Table 5: Analysis of variance for concentration of K and P in straw, in grain and K and P uptake in straw, in grain, and  

               total K and P uptake, apparent K recovery, agronomic K use efficiency of bread wheat as affected by different rates of K in  

               Wele-Denaba experimental site   
Sources of 

variations  

DF Av. Ks Av. Kg KUS KUG TKU KHI Av. Ps Av. Pg PUS PUG TPU AKR AKUE 

Treatment 5 16371222.22* 680888.89ns 613.92* 140.409ns 954.15* 0.0007ns 9484.36 54217.97 0.283ns 8.11ns 8.057 129..22* 147.54* 

Replicatio

n 

2 277222.22ns 1193888.89ns 180.27 62.40 124.52 0.008 44216.21 1184946.52 1.359 51.71 136.302 79.63 87.34ns 

Error 10 2899888.9 583888.89 161.405 17.36 191.85 0.0016 7449.38 284646.75 0.284 51.71 5.50 55.59 64.01 

CV  13.29 19.70 17.55 19.17 14.72 17.41 21.46 18.79 24.06 14.78 13.00 15.46 23.72 

Total 17              

Means in the same column followed by the same letter are not significantly different Where Av.Ks= concentration of potassium in straw, Av.Kg= 

concentration of potassium in grain, KUS=potassium uptake in straw  kg/ha), KUG = potassium uptake in grain ( kg/ha), TKU= Total K uptake( kg/ha), 

KHI= Potassium harvest index,  Av. Ps= Concentration of P in straw, Av. Pg = concentration of  P in grain ,PUS= uptake in straw ( kg/ha),PUG=  P uptake 

in grain, TPU= Total P uptake, AKR= apparent K recovery, AKUE= agronomic K use efficiency 
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Appendix Table 6: Analysis of variance for concentration of K and P in straw, in grain and K and P uptake in straw, in grain, and  

               total K and P uptake, apparent K recovery, agronomic K use efficiency of bread wheat as affected by different rates of K in  

               Ejersa-Kubetin experimental site 

Sources of 

variations  

DF Av. Ks Av. Kg KUS KUG TKU KHI Av. Ps Av. Pg PUS PUG TPU AKR AKUE 

Treatment 5 13955555.56* 232888.89ns 718.26* 69.52* 1184.95* 0.00069ns 7996.14ns 166196.18 0.32ns 28.10* 28.55* 41.38ns 47.92ns 

Replication 2 5242222.2ns 8888.89ns 171.34ns 9.34 115.36 0.0014ns 133341.21 393333.68 5.59 3.62 17.74 26.54ns 85.53ns 

Error 10 4276888.9 246222.22 217.919 20.43 300.19 0.0008 17831.76 386097.75 0.44 6.20 5.74 77.69 29.65 

CV  13.45 11.69 15.22 19.59 14.43 14.99  17.77 17.11  13.80 13.49 10.29  20.73 15.44 

Total 17              

Means in the same column followed by the same letter are not significantly different Where Av.Ks= concentration of potassium in straw, Av.Kg= 

concentration of potassium in grain, KUS=potassium uptake in straw  kg/ha), KUG = potassium uptake in grain ( kg/ha), TKU= Total K uptake( kg/ha), 

KHI= Potassium harvest index,  Av. Ps= Concentration of P in straw, Av. Pg = concentration of  P in grain ,PUS= uptake in straw ( kg/ha),PUG=  P uptake 

in grain, TPU= Total P uptake, AKR= apparent K recovery, AKUE= agronomic K use efficiency 
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Appendix 6: Land preparation and sawing  

     

 

 

Appendix 7: Field visit during wheat grain field period 
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Appendix 8: Harvesting and putting the harvested wheat to the labeled sacks for drying 

   

  

 

 

Appendix 9: Total biomass yield in the labeled sacks (grain yield plus biomass) 
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Appendix 10: Separating the wheat grain from the straw  

 

   

 

 

Appendix 11: Labeled grain yield 
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Appendix 12: weighting wheat grain yield  
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Appendix 13: Counting of thousand seed weight 

 

 

 

Appendix 14: Soil sampling after harvesting wheat 

 

  


