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1. INTRODUCTION 

Wheat is an important staple food crop all over the world [1]. It is one of the most important cereals 

cultivated in Ethiopia [2]. Ethiopia is one of the largest wheat producer in the Sub-Saharan Africa, 

with yearly estimated production of 4.5 million tons on 1.69 million hectares of land in 2016/17 [3] 

yield per hectares.  Durum and bread wheat are the two major wheat species produced in the country. 

However, bread wheat surpasses durum wheat in recent years [4] due to its wide agro-ecological 

adaptation and better productivity.  

Wheat is one of the major cereal crops in the Ethiopian highlands that lie between a latitude of 6
o
 and 

16
o
N and longitude of 35

o
 and 42

o
 E and is widely grown at an altitude range of 1500 to 3000 meters 

above sea level [5]. Wheat is also a leading source of vegetable protein in human food [6]. It is one of 

Abstract: Bread wheat being one of the major food crops of the study area cultivated for both home 

consumption and market purposes. However, its productivity and grain quality is mainly constrained by lack 

of site specific fertilizer (NPSB) recommendation in the study area. Therefore, a field experiment was 

conducted at Kulumsa Agricultural Research Center during the 2017 main cropping season to evaluate the 

effect of blended NPSB fertilizer rates on yield components, yield and grain protein content; and to determine 

economically feasible rates of blended NPSB fertilizers for bread wheat production. Factorial combination of 

three improved bread wheat varieties (Hidase, Huluka and Kingbird) and four rates of NPSB fertilizers [0, 

100, 150, 200 and NP (73/30)] were laid out in randomized complete block design with three replications. 

Analysis of the results revealed that lodging percentage (LP), number of kernels per spike (NKS), thousand 

kernels weight (TKW), grain yield (GY), hectoliter weight (HLW), and grain protein content (GPC) were 

significantly affected by the main effect of fertilizers; similarly days to 50% maturity (DTH), lodging 

percentage (LP), number of kernels per spike (NKS), thousand kernels weight (TKW), aboveground dry 

biomass (AGB), straw yield (SY), harvest index (HI) and grain protein content (GPC) were significantly 

affected by the main effect of varieties. while lodging percentage (LP), number of kernels per spike (NKS), 

thousand kernels weight (TKW)and grain protein content (GPC) were affected by both main effects of 

fertilizer and varieties. The highest NKS (48.3), TKW (43.8 g), HLW (82.9 kg hL
-1

), were recorded from 150 

kg NPSB, whereas GY (5935 kg ha
-1

) and GPC (16.2%) were recorded from 73/30 kg NP and from no 

fertilizer application, respectively. Among the varieties, Hidase (57.93 days) and Kingbird (61.53 days) 

reached days to 50% heading earlier than Huluka (62.73 days). Variety kingbird score the maximum number 

of kernels per spike (47.1) and gave the highest harvest index (48.5 %) whereas, variety Huluka gave the 

highest above ground biomass (14080 kg ha
-1

) and straw yield (8242 kg ha
-1

). In general, the economic 

feasibility of the fertilizer over varieties combination indicated that application of 100 kg NPSB ha
-1

 to both 

Kingbird and Hidase variety resulted in maximum marginal rates of return of 809.4 % and 796.0 %, 

respectively. On the other hand, application of 100 kg NPSB ha
-1

 led to the highest MRR for the Huluka 

variety as compared to all other treatment, but a net benefit of 79789.1 Birr was obtained for the variety 

Huluka at 150 kg NPSB ha
-1 

with about a 2746.8 NB increment. Therefore, application of NPSB at the rate of 

100 kg NPSB ha
-1 

in the production of Kingbird and Hidase and 150 NPSB kg ha
-1

 in the production of 

Huluka is economically beneficial.  
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the daily diets of the Ethiopian population that contributes significantly to the calorie and protein 

intake. In terms of caloric intake, it is the second most important food in the country next to maize [7]. 

Wheat is one of the most important cereals cultivated in Arsi zone and ranks first in area coverage and 

total production. The total wheat area and production in the Arsi zone was 204,080.97 ha and 

654899.47 tons, respectively, with the productivity of 3.209 tons ha
-1

 in 2016/17 cropping season [3].  

There are several factors that hindered wheat production in these areas such as low soil fertility, lack 

of improved wheat varieties and lack of improved management practices. The yield gap of Arsi zone 

over 3 tons ha
-1

, suggests the potential for increasing production through improved soil and crop 

management practices, particularly increased use of fertilizers and adequate soil fertility maintenance 

program. Continuous cropping and inadequate replacement of nutrients, removed in crop harvest or 

lose through erosion and leaching  are the major causes of soil fertility decline in Ethiopia [8]. In the 

study area, wheat production is mainly constrained by both biotic and abiotic factors such as diseases 

especially rust, poor crop management practices, and poor soil fertility [9].  

Among the above constraints, low soil fertility and slow progress in developing wheat cultivars with 

durable resistance to diseases are considered the most important constraints limiting wheat production 

in Ethiopia [10]. Thus, addition of nutrients such N, P, S and B to less fertile soil is important to 

increase wheat yield, yield components and grain quality of wheat whether it is for consumption or 

industrial purpose. Crop growth requires sufficient, but not excessive supply of essential mineral 

elements for optimal productivity. An insufficient supply of mineral elements may limit plant growth 

and development [11]. Several factors such as improved varieties, adequate cultural practices like 

balanced fertilization and management of other biotic and abiotic factors are very important for higher 

productivity of wheat [12]. Fertilizer is the most important input which contributes significantly 

towards final grain yield of wheat and to exploit the genetic potential of a cultivar [13].  

For the last four to five decades, Ethiopian agriculture depended solely on imported fertilizer 

products; only urea and Di-ammonium phosphate (DAP), as sources of N and P, respectively. 

However, recently it is perceived that the production of such high protein cereals like wheat can be 

limited by the deficiency of S and other nutrients [14]. It is true that farmers and extensionists can aim 

at increasing crop yields only in quantity by applying significantly higher amounts of NP from urea 

and DAP. But, in such conditions, failure to supplement S in balanced-fertilizer programmes can 

rapidly deplete available soil reserve leading to hidden S deficiency [14]. Nitrogen is considered as 

the most deficient nutrients in soils of Ethiopia [15].  

Nitrogen plays an important role in plant metabolism and all plant processes are related to nitrogen. If 

there is no enough amount of nitrogen fertilizer, the yield and quality of wheat will become worse and 

on the contrary, excessive nitrogen application will result in lower use efficiency of nitrogen in wheat 

and more environmental pollution [16]; [17]. Increasing N fertilizer greatly affected grain yield and 

quality of wheat protein content [18]. Adequate phosphorus enhances many aspects of plant 

physiology like photosynthesis, flowering, seed maturity and seed development [19]. Application of 

phosphorus stimulates root growth and photosynthesis [20]. Sulfur is an essential nutrient required to 

build yield and achieve grain quality. Nitrogen fertilizer may not be fully utilized if S is deficient and 

correct S fertilization improves quality of grains. The capabilities of nitrogen fertilizer is to increase 

protein content, while sulfur fertilizer affects protein composition [21]. Boron is essential for cell 

division and elongation in meristematic tissues, floral organs and  for  flower  male  fertility,  pollen  

tube  germination  along  with  its  elongation  and  seed/fruit  formation. Boron deficiency impairs 

grain setting in wheat, resulting in increased number of open spikelet's and decreased number of 

grains per spike [22]. 

Ethiopia is moving from blanket recommendations for fertilizer application rates to recommendations 

that are customized based on soil type and crop [23]. This is a move towards diversification and away 

from DAP and urea, which have long been the only types of fertilizer imported for grain crops. The 

prevailing blanket fertilizer rate recommendation through out the country on all soil types and agro-

ecological zones justifies the existence of little information on the fertility status of Ethiopia’s soils 

[24].  

Varieties are one of the factors which play an important role in producing higher yield of wheat[12]. 

The three varieties of wheat Hidase, Huluka and Kingbird are selected based on their adaptability to 

the agro ecological conditions and rust disease resistance such as stem rust (Ug99) and yellow rust. 
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Wise use of fertilizers increase crop yield and production; the reverse will lead to decline in 

production and ecological imbalance. Efficient use of fertilizers depends on performances of variety. 

So that cultivar selection plays a very important role in determining grain yield and quality [25]. A 

study was conducted to know the response of two wheat cultivars (Galama - HAR 604 and Sofumer - 

HAR 1889) and four N rates (30, 60, 90, and 120 kg N ha
-1

) at Kulumsa [26]. The result showed that 

variety Sofumer out smart Galama in grain yield at fertilizer rate of 30 kg N ha
-1

.  

Recent studies have indicated that elements like N, P, K, S and Zn levels as well as B and Cu are 

becoming depleted and deficiency symptoms are being observed on major crops in different areas of 

the country [27]. Most Ethiopian soils are deficit in macronutrients (N, P, K and S) and micronutrients 

(Cu, B, and Zn) [28]. Macro-nutrients as well as micronutrients are of primary importance in our 

agriculture system but due to unawareness of the farmers about importance of applying micronutrients 

and unavailability, the soils are becoming deficient in micronutrients [29]. Micronutrients are 

essential for plant growth and play a vital role in increasing crop yields as they develop plant nutrition 

and increase soil efficiency [30].  

The farmers in most parts of the country have limited information on the impact of different types and 

rates of fertilizers except blanket recommendation of nitrogen (41 kg N ha
-1

) and phosphorus (46 kg 

P2O5 ha
-1

), i.e. 50 kg Urea and 100 kg DAP per ha
-1

 for wheat while according to the soil fertility map 

made over 150 districts, most of the Ethiopian soils lack about seven nutrients (N, P, K, S, Cu, Zn and 

B) [31]. Except blanket recommendation of nitrogen and phosphorus, the effect of other fertilizers on 

yield components, yield, and grain quality of bread wheat are unknown, even though new blended 

fertilizers such as NPSB are currently available. Moreover, the response of wheat plant to application 

of fertilizer varies with varieties, rainfall, soils, agronomic practices, expected yield etc. Thus, there is 

a need to develop location specific recommendation on the fertilizer rates to increase the productivity 

as well as grain quality of wheat.  

The increases in crop yields from application of B, Cu, Fe, Mn, Mo, and Zn occur in many parts of the 

world [32]. The NPSB fertilizer rate and its effects on bread wheat yield and quality have not been 

studied extensively. The application of NPSB fertilizers to improve both yield and quality has become 

necessary in Ethiopia. Information is particularly lacking on effects of NPSB fertilizer rate on wheat 

yield and quality.  

Therefore, this study was undertaken with the following objectives: 

 to determine the effect of  rates of blended NPSB on yield components, yield and grain 

quality of bread wheat varieties; and  

 to estimate economically feasible rates of blended NPSB for bread wheat production. 

2. MATERIALS AND METHODS 

2.1. Description of the Study Site 

The field experiment was conducted at Kulumsa Agricultural Research Center (KARC) from July to 

November 2017 under rain fed conditions. KARC represents mid-altitude production areas which is 

located at 08°05'N latitude and 39°10'E longitude at an altitude of 2200 m a.s.l, mean annual rainfall 

of 820 mm, dark clay loam soil texture, soil pH of 6.0 and  with mean minimum and maximum 

temperatures of 10.5°C and 22.8 °C, respectively [33]. It is located in Arsi Administrative Zone of 

Oromia Regional State, 167 km South-east of Addis Ababa.  

2.2. Experimental Materials 

2.1.1. Plant Materials 

Three bread wheat varieties (Hidase, Huluka, and Kingbird) were used as planting material. Those 

varieties are selected based on their adaptability to agro-ecological conditions of the area (Table 1).  

Table1. Descriptions of the bread wheat varieties used in the experiment 

No Varieties 

name 

Year of release Area of adaptation Maturity days On station productivity tons ha
-1 

Altitude (m) Rain fall (mm) 

1. Hidase 2012 2200-2600 500-800 121 4.5-7.0 

2. Huluka 2012 2200-2600 500-800 133 4.4-7.0 

3. Kingbird 2015 1500-2200 450-800 95-105 3.7-4.6 

Source: [34] and [33] 



Effects of Blended (NPSB) Fertilizer Rates on Yield Components, Yield and Grain Quality of Bread 

Wheat (Triticum Aestivum L.) Varieties at Kulumsa, South-Eastern Ethiopia 

 

International Journal of Research Studies in Biosciences (IJRSB)                                                      Page | 17 

 

2.1.2. Fertilizer Materials  

The blended NPSB fertilizer rates (18.9% of N, 37.7% of P2O5, 6.95% of S and 0.1% of B) shown in 

Tegbaru [35] was used as the fertilizer source. The nitrogen source was urea (46% N) and was applied 

uniformly to all treatments except for zero.  

2.1.3. Soil Sampling and Analysis  

One representative soil sample was taken at a depth of 0-30 cm from five randomly selected spots 

diagonally across the experimental field using auger before planting. The sample was air dried under 

shade. One composite soil sample was submitted to the Ethiopian Construction Design and 

Supervision Works Corporation Research laboratory and training center in Addis Ababab for the 

analysis. The sample was ground using pestle and mortar and allowed to pass through a 0.5 mm for 

nitrogen, and in 2 mm sieve for others. The sample was analyzed for selected physico-chemical 

properties, namely organic carbon, texture, soil pH, cation exchange capacity (CEC), total N, 

available P, S and B.  

Organic carbon was determined by Walkley and Black oxidation method[36]. Total nitrogen was 

analyzed by Kjeldhal method [37]. The pH of the soil was determined by potentiometric test method 

on 1: 2.5 (weight/volume) soils to water ratio using a pH meter[38]. The cation exchange capacity 

(CEC) was measured after saturating the soil with 1N ammonium acetate (NH4OAc) and displacing it 

with 1N NaOAc [39]. Available phosphorus was determined by the Olsen method [40]. Available 

sulfur (mg/kg SO4
-2

) was determined by ammonium acetate method[38]. Available B was determined 

using hot water method[41]. 

2.3. Treatments and Experimental Design 

The experiment had 15 treatments in factorial combination of three improved bread wheat varieties 

(Hidase, Huluka and Kingbird) and four rates of NPSB fertilizers [0, 100, 150, 200 and NP (73/30) of 

local control] arranged in a randomized complete block design (RCBD) with three replications (Table 

2). The gross plot size was 12 rows of three meter length (3 m×2.4 = 7.2 m
2
) with net harvestable 

rows of 10 with 2.5 m length (2.5 m×2.0 m = 5 m
2
) were considered as net plot. The spacing between 

rows, plots and blocks were 0.20, 0.5 and 1 m, respectively. 

Table 2. Rates of fertilizer treatment used with their nutrient contents in kg ha
-1

 for the experiment 

S. No Fertilizer rates N P2O5 S B 

1 0 kg NPSB + 0 kg N ha
-1 

0 0 0 0 

2 100 kg NPSB + 73 kg N ha
-1 

91.9 37.7 6.95 0.1 

3 150 kg NPSB +73 kg N ha
-1

 101.4 56.55 10.43 0.15 

4 200 kg NPSB +73 kg N ha
-1 

110.9 75.4 13.9 0.2 

5 NP(73/30) as local control 73 69 0 0 

2.4. Experimental Procedures and Field Management  

The experimental field was ploughed with tractor and oxen to a fine tilth four times and the plots were 

leveled manually. Then, a field layout was made and each treatment was assigned randomly to the 

experimental units within a block. Bread wheat seed was sown at the recommended seed rate of 150 

kg ha
-1

 in rows of 20 cm spacing manually by drilling. The whole amount of blended (NPSB) was 

applied at sowing and the 2/3 and 1/3 of nitrogen was applied at the time of sowing and top-dressed at 

tillering respectively. Weeding was done as needed; and harvesting and threshing was done manually. 

2.5. Data Collection and Measurements 

 Days to 50% heading (DTH)  Days to spike heading was determined as the number of days 

taken from the date of sowing to the date of 50% heading of the plants from each plot by visual 

observation. 

 Days to 90% physiological maturity (DTM) Days to physiological maturity was determined as 

the number of days from sowing to the date when 90% of the panincles turned to yellow straw 

color. It was recorded when no green color remained on glumes and panincles of the tagged 

plants, i.e. when grains are difficult to break with thumb nail. 

 Plant height (PH)  Plant height was measured from the soil surface to the tip of the spike (awns 

excluded) of 10 randomly tagged plants from the net plot area at physiological maturity. 
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 Spike length (SL) It was measured from the bottom of the spike to the tip of the spike excluding 

the awns from 10 randomly tagged spikes from the net plot. 

 Lodging percent (LP) The degree of lodging was assessed just before the time of harvest by 

visual observation based on the scales of 1-5 where 1(0-15
o
) indicates no lodging, 2(15-30

o
) 

indicate 25% lodging, 3(30-45
o
) indicate 50% lodging, 4(45-60

o
) indicate 75% lodging and 5(60-

90
o
) indicate 100% lodging[42]. The scales were determined by measuring the angle of 

inclination of the main stem from the vertical line to the base of the stem by visual observation. 

Data were normalized using Arcsine transformation. 

 Number of total tillers (NTT) Number of total tillers per plant was determined from ten 

randomly pre-tagged plants per net plot at full tillering stage by counting the number of tillers and 

then the mean was determined. 

 Number of productive tillers (NPT) Number of productive tillers was determined at maturity by 

counting all spikes bearing kernels from ten randomly pre-tagged plants per net plot at full 

tillering stage and then the mean was determined. 

 Number of kernels per spike (NKS) Ten main tiller plants were taken randomly from the net 

plot area of each plot and number of kernels per spike was counted carefully and then the mean 

was determined.   

 Thousand kernels weight (TKW) The TKW was determined by weighing 1000 kernels sampled 

from the net plot using a sensitive balance and the seed was adjusted to 12.5% moisture content. 

 Aboveground dry biomass (AGB) The above ground dry biomass was determined from plants 

harvested from the net plot area after sun drying to a constant weight and converted to kg per 

hectare. 

 Grain yield (GY) Grain yield was taken by harvesting and threshing the grain yield from net plot 

area. The grain yield was adjusted to 12.5% moisture content as: 

Adjusted grain yield = Grain yield obtained (kg ha
-1

) x (100 - MC)  

                                                                                         (100 - 12.5) 

Where MC- is the moisture content of bread wheat grains at the time of measurement and 12.5 is the 

standard moisture content of bread wheat in percent. Finally, yield per plot was converted to kg ha
-1

 

 Straw yield (SY) Straw yield was obtained by subtracting grain yield from the total above ground 

dry biomass yield for respective treatment and expressed in kg ha
-1 

. 

 Harvest index (HI) Harvest index was calculated as ratio of grain yield per plot to total 

aboveground dry biomass yield per plot expressed as percent. 

                  HI (%) = 
𝐺𝑟𝑎𝑖𝑛   𝑦𝑖𝑒𝑙𝑑   

𝐴𝑏𝑜𝑣𝑒𝑔𝑟𝑜𝑢𝑛𝑑  𝑑𝑟𝑦  𝑏𝑖𝑜𝑚𝑎𝑠𝑠  
 × 100   

 Hectoliter weight (HLW)It is the weight of flour density produced in a hectoliter of the seed and 

it was measured using a standard laboratory hectoliter weight apparatus at Kulumsa agricultural 

research center. 

 Grain protein content (GP 

 C) Grain protein content (GPC) was determined on a dry weight basis by near infrared reflectance 

spectroscopy (NIRS), by using “ Infratec
TM

 1241 Grain Analyzer ” equipment at Food Science 

and Nutrition Laboratory of Kulumsa Agricultural Research Center. After calibrating the 

equipment for bread wheat, cleaned and prepared sample of 300 g seeds was added to the 

equipment and waited for one minute. Then the equipment read grain protein near infrared and 

displayed on screen. 

2.6. Data Analysis 

All data collected were subjected to analysis of variance (ANOVA) procedure using GenStat (17
th 

edition) software [43]. The comparisons among treatments means with significant difference for 

measured characters was done by LSD test at 5% level of significance. 

2.7. Economic Analysis 

The economic analysis was carried out by using the methodology described in [44] in which 

prevailing market prices for inputs at planting and for outputs at harvesting were used. All costs and 
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benefits were calculated on hectare basis in Birr. The concepts used in the partial budget analysis were 

the mean grain yield of each treatment, the gross benefit (GB) ha
-1

 (the mean yield for each treatment) 

and the field price of fertilizers (the costs of NPSB and Urea and the application costs). The benefit of 

straw yield was included in the calculation of the benefit since the farmers of the study area use it. 

Marginal rate of return, which refers to net income obtained by incurring a unit cost of fertilizer and 

its application, was calculated by dividing the net increase in yield of bread wheat due to the 

application of each fertilizers rate. The net benefit (NB) was calculated as the difference between the 

gross field benefit and the total variable (TVC) using the formula  

NB= GFB -TVC  

Where GFB  = Gross Field Benefit, TVC = Total Variable Cost  

Actual yield was adjusted downward by 10% to reflect the difference between the experimental yield 

and the yield farmers could expect from the same size field.  

The dominance analysis procedure as described in CIMMYT was used to select potentially profitable 

treatments from the range that was tested. Any treatment that has higher TVC but net benefits that are 

less than or equal to the preceding treatment (with lower TVC but higher net benefits) is dominated 

treatment (marked as “D”). The dominance analysis illustrates that to improve farmers' income, it is 

important to pay attention to net benefits rather than yields, because higher yields do not necessarily 

mean high net benefits. The discarded and selected treatments using this technique were referred to as 

dominated and undominated treatments, respectively. For each pair of ranked treatments, % marginal 

rate of return (MRR) was calculated using the formula: 

                            MRR (%) = 
Change  in  NB  (NBb−NBa )

Change  in  TCV  (TVCb −TVCa )
× 100 

Where NBa = NB with the immediate lower TCV, NBb = NB with the next higher TCV, TVCa = the 

immediate lower TVC and TVCb = the next highest TCV. 

The % MRR between any pair of undominated treatments was the return per unit of investment in 

fertilizer. To obtain an estimate of these returns, the % MRR was calculated as changes in NB (raised 

benefit) divided by changes in cost (raised cost). Thus, a MRR of 100% implied a return of one Birr 

on every Birr spent on the given variable input.  

The fertilizer cost was calculated for the cost of each fertilizer of NPSB (Birr 11.60 kg 
-1

), TSP/P (Birr 

40.00 kg 
-1

) and N/UREA (Birr 9.42 kg 
-1

) during sowing time. The cost of straw (Birr 0.2 kg 
-1 

), the 

cost of NPSB at sowing and Urea top dressing at tillering (Birr 210 ha
-1

), respectively and the average 

open price of bread wheat at Asella market was Birr 14.00 kg 
-1

 in January 2018 during harvesting 

time.  

3. RESULTS AND DISCUSSION 

3.1. Soil Physico-Chemical Properties of the Experimental Site 

According to the laboratory analysis, the soil texture of the experimental area is clay loam. The soil 

texture influences water contents, water intake rates, aeration, root penetration, and soil fertility. The 

pH of the soil was 6.56, which is slightly acidic according to [45]. [46] reported that the preferable pH 

ranges for most crops and productive soils are 4 to 8. [47] reported optimum pH range of 4.1 to 7.4 for 

wheat production. Thus, the pH of the experimental soil was within the range for productive soils. The 

analysis for other soil chemical properties indicated that the experimental soil had values of 0.21%, 

2.48%, 19.01 mg P2O5 kg
-1

 soil, 32.47 mg kg
-1

 SO4
-2

, 0.67 mg kg
-1

 B soil, for total nitrogen, organic 

carbon, available phosphorous, available sulfur and available boron, respectively.  

The fertility status of the area was good and it could be amended with the addition of recommended 

fertilizer rate. However, the low organic matter content of the soil could influence the release and 

availability of nutrients in the subsequent cropping season unless corrected properly (Table 3).  

Table3. Selected physico-chemical properties of the soil of the experimental site before sowing 

No        Soil characters    Values    Rating    Reference 

1. Soil texture:   

                         Sand (%) 

                         Clay (%) 

                         Silt (%) 

 

26.86 

36.02 

37.12 

  

 Texture Class Clay loam            [48]  
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2. pH (by 1: 2.5 soil to water ratio) 6.56 Medium             [49]  

3. Organic carbon (%) 2.48 Low             [49] 

4. Total nitrogen (%) 0.21 Medium             [49] 

5. CEC (meq/100 g of soil) 54.20 Very high             [49] 

6. Available phosphorous (mg kg
-1

)  19.01 Medium             [50]  

7. Exch.K (meq/100 g of soil) 2.7 Excessive             [50] 

8. Available Sulfur (mg kg
-1

) 32.47 High             [50] 

9. Available Boron (mg kg
-1

) 0.67 Medium              [50] 

Table4. Main effects of variety and blended fertilizer on Number of kernels per spike, thousand kernels weight, 

Aboveground biomass, and Grain yield of bread wheat  

Treatments 

 

Number of kernels 

per spike 

Thousand kernel 

weight (g) 

Aboveground 

 biomass (kg ha
-1

) 

Grain yield (kg 

ha
-1

)  

Variety          

Hidase 43.7
b
 43.7

a
 13200

b
 5628 

Huluka 43.0
b
 37.9

b
 14080

a
 5838 

Kingbird 47.1
a
 40.1

b
 11220

b
 5423 

LSD (0.05) 2.80 2.93 1851 NS 

Fertilizer (kg ha
-1

)     

0 43.3
b
 38.1

b
 11550 4866

b
 

100 NPSB 44.7
ab

 40.9
ab

 13017 5934
a
 

150 NPSB 48.3
a
 43.8

a
 13383 5848

a
 

200 NPSB 43.0
b
 39.7

ab
 13383 5565

a
 

73/30 N/P 43.7
ab

 40.4
ab

 12833 5935
a
 

LSD (0.05) 4.94 5.07 NS 641 

CV (%) 8.1 9.1 15.9 8.3 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= non-significant, 

Means in column followed by the same letters are not significantly different at 5% levels of Significance 

3.2. Number of Kernels Per Spike  

The result revealed that fertilizer showed significant (p<0.05) effect with respect to the number of 

kernels per spike. While, the main effect of varieties had highly significant (p<0.01) effect on number 

of kernels per spike. However, the interaction between the two factors was not significant.  

Variety Kingbird had the highest number of kernels per spike (47.1) while varieties Hidase and 

Huluka had significantly lower number of kernels per spike. The difference among varieties might be 

due genetic variability's among the varieties. In agreement with this result [51] reported that highly 

significant differences among the tested cultivars for number of kernels per spike with largest impact 

belongs to the genetic variability (63.92%). Similarly, [52] observed significant differences among the 

wheat varieties for number of grains per spike. In contrast to this result [53] reported non significant 

difference  among wheat cultivars for number of grains  per spike in response to NPK fertilizer 

treatments which on an average varied only from 43.9 to 44.25. 

The effect of fertilizer also showed that the highest number of kernels per spike (48.3) was recorded 

from NPSB fertilizer rate of 150 kg ha
-1

 (Table 4). Such response can be attributed to the adequate 

nitrogen availability which might facilitate the tillering ability of the plants, resulting in a greater 

spike population. These results agreed with the study by [54] who observed significant effects of 

nitrogen application on grain number per spike. Similarly [55]  stating that  number of grains per 

spike was significantly increased with each increment of NPK fertilizer. [56] also reported higher 

number of spikes per unit area at 120 kg N ha
-1 

fertilized plots than the control.  

3.3. Thousand Kernels Weight (TKW) 

The result revealed that fertilizer rate showed significant (p<0.05) effect on the Thousand kernels 

weight and the varieties showed highly significant (p<0.01) difference while the interaction effect was 

not significant. Variety Hidase had the highest thousand kernels weight (43.7 g) whereas variety 

Huluka had the lowest thousand kernels weight (37.9 g) (Table 4). This might be due to good grain 

filling period and favourable environmental condition increases the thousand seed weights differ 

among the varieties. In line with this result the significant variation with the highest 42.96 g and 

lowest 39.58 g thousand seed weight among the varieties was reported by [57].  
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The effect of fertilizer rate showed that the highest thousand kernels weight (43.8 g) was recorded 

from NPSB fertilizer rate of 150 kg ha
-1

 while the lowest thousand kernels weight (38.1 g) was 

obtained with no fertilizer application (Table 4). This may be due to the provision of balanced 

nutrients application have enhanced accumulation of assimilate in the grains and thus resulting in 

heavier grains of wheat. This could also be due to adequate and better nutrition of the plants resulted 

in good grain filling and development of better seed size. The fact that higher amount of nitrogen 

application resulted in higher percentage of weight gain in grain filling stage in kernels and there by 

thousand kernel weight increased [58]. [59] also reported that 1000 kernels weight increased with the 

increase in nitrogen rate up to 100 kg ha
-1

. In similar to this result, [60] also reported that increasing N 

rate from 92 kg N ha
-1

 to 138 kg N ha
-1

 decreased thousand kernels weight of bread wheat by about 

3.7%.  

3.4. Above Ground Biomass ( Kg Ha-1) 

Analysis of variance showed that the main effect of variety had a highly significant effect (p<0.01) on 

aboveground dry biomass yield. On the other hand, the main effect of fertilizer rate and the interaction 

effect of variety and fertilizers were not significant. Variety Huluka produced the highest 

aboveground dry biomass yield (14080 kg ha
-1

) while the lowest biomass (11220 kg ha
-1

) was 

produced from variety Kingbird (Table 4). This might be due to increase in number of tillers per plant, 

increase length of leaves and due to increase in vegetative growth of the plants.  

Though the difference was statistically non-significant, the aboveground dry biomass was increased as 

the rate of NPSB increased from 0 to 200 kg ha
-1

 (Table 4). The increase in aboveground dry biomass 

at the highest rates of NPSB might have resulted from improved root growth and increased uptake of 

nutrients favoring better growth and delayed senescence of leaves of the crop due to synergetic effect 

of the nutrients. 

In conformity with this result, [61] reported vegetative growth and biological yield has much 

dependence to consumption of chemical fertilizers, application of the fertilizers led to increasing 

biological yield of wheat. Similarly, [62] also reported that increasing N rates from 23 to 69 kg ha
-1

 

increased aboveground dry biomass of wheat by about 22.6%. Likewise, [63] stated that supply of 

P2O5 at rate of 69 kg ha
-1

 in wheat found to be adequate to produce maximum aboveground dry 

biomass. [64] also reported the maximum aboveground dry biomass of wheat have obtained with 

application of 140 kg N ha
-1

 at sowing and 20 kg S ha
-1

 at anthesis.  

3.5. Grain Yield ( Kg Ha-1)  

The result regarding grain yield showed highly significant (p<0.01) differences in grain yield among 

fertilizer rates and not significant differences among wheat varieties and the interaction of fertilizer 

rate and varieties. Thus, the highest grain yield (5935 kg ha
-1

) was obtained at the rates of 73 kg N and 

30 kg P ha
-1

 whereas, the lowest grain yield (4866 kg ha
-1

) was recorded at no fertilizer application 

(Table 4). 

The increase in grain yield at NP rate might have resulted from improved root growth and increased 

uptake of nutrients and better growth favored due to the synergetic effects of both nutrients which 

enhanced yield components and yield. In agreement with this result, [65] found that increasing N rate 

from 0 to 120 kg N ha
-1

increased grain yield of bread wheat. [60] also reported that increasing P rate 

from 46 to 69 kg P2O5 ha
-1

 increased grain yield of bread wheat by about 6.8%. Similarly, [66] 

reported that application of nutrients like K, S, Zn, Mg and B used in experiments significantly 

increased grain yield and yield component of bread wheat as compare to the control (no fertilizer).  

Table5. Main effects of variety and blended fertilizer on straw yield, harvest index. Hectoliter weight and Grain 

protein content of bread wheat  

Treatments 

 

Straw yield  

(kg ha
-1

) 

Harvest index (%) Hectoliter weight 

(kg hL
-1

)  

Grain protein 

content (%) 

Variety          

Hidase 7573a 43.5
b
 82.2 16.2

a
 

Huluka 8242a 42.0
b
 82.6 15.2

b
 

Kingbird 5797
b
 48.5

a
 82.3 15.2

b
 

LSD (0.05) 1616 4.67 NS 0.59 
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Fertilizer (kg ha
-1

)     

0  6684 42.7 81.7
b
 16.2

a
 

100 NPSB 7082 46.7 82.9
a
 14.9

c
 

150 NPSB 7535 44.5 82.9
a
 15.1

bc
 

200 NPSB 7818 42.2 82.0
ab

 15.9
ab

 

73/30 N/P 6899 47.3 82.5
ab

 15.7
abc

 

LSD (0.05) NS NS 1.03 0.90 

CV (%) 24.8 11.6 0.91 4.22 

LSD (0.05) = Least Significant Difference at 5% level; CV = Coefficient of Variation; NS= non-significant, 

Means in column followed by the same letters are not significantly different at 5% levels of Significance 

3.6. Straw Yield 

The result showed highly significant (P<0.01) difference among the varieties of wheat on straw yield 

while the fertilizer rate and the interaction between the two factors were not-significant. Variety 

Huluka had the highest straw yield (8242 kg ha
-1

) whereas variety Kingbird had the lowest straw yield 

(5797 ka ha
-1

) (Table 5). This might be due to varying response of varieties to fertilizer application or 

differences in genetic make-up of the varieties. Similarly, [67] and [68] found that straw yield of 

wheat significantly varied among the varieties.  

The result showed that an increase in straw yield when fertilizer rate increased from the lowest to the 

highest rate. The highest straw yield of 7818 kg ha
-1

 was obtained at the highest NPSB rate of 200 kg 

ha
-1

 whereas the lowest straw yields of 6684 kg ha
-1

  was from the control(Table 5). The significant 

increase in straw yield in response to the highest rate of blended NPSB might be attributed to the 

synergistic roles of the nutrients that enhanced growth and development of the crop. The result is 

consistent with that of [69] who reported increased straw yield of wheat with increase in NP fertilizers 

rates up to 90/45 kg ha
-1

. [60] also reported that the highest straw yield was recorded at the highest 

nitrogen rate of 69 kg N ha
-1

. Similarly, [68] reported that higher nitrogen application (160 kg ha
-1

) 

has more contribution in higher straw yield production (9098.65 kg ha
-1

) as compared to control 

treatment (5302.97 kg ha
-1

).  

3.7. Harvest Index (HI)  

Harvest Index (HI) was highly significantly (p<0.01) affected by varieties. But the fertilizer rate and 

the interaction between the two factors were non-significant. Harvest index shows the efficiency of 

the distribution of photosynthetic materials between different plant organs. Variety Kingbird gave the 

highest HI of 48.5% as compared to varieties Hidase and Huluka which gave significantly lowest HI 

(Table 5). Harvest indices of the varieties, averaged across all treatments, varied [70]. As to the other 

experiment, non-significant effect of N supply on harvest index has been reported for wheat [71].  

3.8. Hectoliter Weight (HLW) 

The result showed a highly significant (p<0.01) effect of fertilizer rates on Hectoliter weight, while 

the effect of varieties and their interactions were non-significant. The highest HLW  was obtained 

from the  NPSB fertilizer rate of 100 kg ha
-1

 and 150 kg ha
-1

, as compared to the other fertilizer rate of 

0 kg NPSB ha
-1

 (Table 5). Significantly higher HLW with the application of blended NPSB rate might 

be due to the role of balanced nutrients on quality of wheat such as flour yield [72]. This result is in 

line with that of [73] who reported that hectoliters weight increased significantly with application of 

NPK fertilizer and was the highest with  application of 125 kg
 
NPK ha

-1
. The  increase in the level of 

applied N also increased hectoliter weight of the wheat grain[74]. [75] also indicated that hectoliter 

weight ranged from about 57.9 kg hL
-1

 for poor wheat and to about 82.4 kg hL
-1 

for sound wheat. The 

current result indicated hectoliter weight ranged from 81.7 to 82.9 kg hL
-1

 which is in good quality 

range.  

3.9. Grain protein content (%)  

Grain protein content was significantly (p<0.01) affected by fertilizer rate and varieties, but the 

interaction between the two factors was non-significant. Variety Hidase gave the highest GPC of 

16.2% whereas varieties Huluka and Kingbird gave significantly lower GPC of 15.2% (Table 5). The 

variation in grain protein content of the varieties may be attributed to their variation in nutrient uptake 

and translocation capacities to the sink. In line with this result, [76] concluded that the grain quality 

and physical properties of the different wheat varieties examined were strongly influenced by the 

cultivars. 
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With respect to the effect of fertilizer, the maximum GPC of 16.2% was recorded from control and it 

was statisticaly at per with 200 kg NPSB ha 
-1 

and 73/30 NP while 100 kg NPSB ha
-1

 gave the lowest 

GPC of 14.9% (Table 5). The lower GPC at the highest NPSB rate may be due to high amount of N 

component fertilizer applications causes lodging as a result the quality of the crop decreased. This is 

supported by the soil analysis result prior to planting where medium amount of nitrogen and high 

amount of available sulfur content were recorded in the field (Table 3). The result is in agreement 

with [77] who reported that over supply of N may cause lodging, disease incidence and lower grain 

quality. Adequate nitrogen supply improves protein content of vegetative organs as well as storage 

tissues and manufactures protein from carbohydrates[78]. Mature wheat grains contain 8-20% 

proteins[79]. [80] reported higher GPC in all three experiments: 14% in the N rate experiment; 14.7% 

in the fertilizer timing and splitting experiment and 16.2% in the type of fertilizer experiment. [81] 

also reported the protein content in wheat grains ranged from 9.23% to 15.11%.  

3.10. Partial Budget Analysis 

Partial budget analysis is important to identify experimental treatments with an optimum return to the 

farmer’s investment and to develop recommendation for the agronomic data. Experimental yields are 

often higher than the yields that farmers could expect using the same treatments; hence in economic 

calculations, yields of farmers are adjusted by 10% less than that of the research results [44]. As 

indicated in Table 6, the partial budget analysis showed that highest net benefit of (79789.1) Birr ha
-1

 

was obtained for variety Huluka that received 150 kg NPSB ha
-1

. However, the lowest net benefits of 

(58479.3) Birr ha
-1

 were obtained from the unfertilized treatment with the variety Kingbird.  

In this study, Huluka varieties gave economic benefit of (77042.4 ha
-1

) with marginal rate of return 

(664.1%) at 100 kg NPSB ha
-1 

fertilizer rate but economic benefit of (79789.1 ha
-1

) Birr was obtained 

for the variety Huluka at 150 kg NPSB ha
-1 

with about a (2746.8) net benefit increment. whereas, in 

case of both varieties namely Hidase and Kingbird at 100 kg NPSB ha
-1

 fertilizer rate gave the 

maximum economic benefit (75092.1 ha
-1

) with marginal rate of return (796.0%) and maximum 

economic benefit (71267.8 ha
-1

) with marginal rate of return (809.4%), respectively. According to 

[44] suggestion, the minimum acceptable marginal rate of return should be more than 100 %. The 

results of this study indicated that an application of NP kg ha
-1

 to both varieties Huluka and Kingbird 

gave un acceptable range with marginal rate of return (58.1 %) and (76.9 %), respectively.  

Therefore, the two varieties Hidase and Kingbird at 100 kg NPSB ha
-1

 and for Huluka varieties at 150 

kg NPSB ha
-1

 were economical and recommended for production of Bread wheat in the study area and 

other areas with similar agro ecological condition. In line with this result, [18] recommended 92 kg N 

ha
-1

 and 46 kg P2O5 ha
-1

 for production of wheat for moist and humid midland vertosols areas of Arsi 

zone. [62] also reported that N application at 69 kg ha
-1

 is effective in attaining higher grain yield and 

economic benefit of wheat in southern part of Ethiopia.  

Table6. Summary of economic analysis of the effects of blended fertilizer (NPSB) rates on bread wheat varieties 

at Kulumsa in 2017 cropping season 

Treatments AGY 

(kg ha
-1

) 

ASY  

(Kg ha
-1

) 

Income (ETB ha
-

1
) 

Gfb 

(Etb Ha
-

1
) 

Tvc(Etb 

Ha
-1
) 

Nb(Etb 

Ha
-1
) 

MRR 

(%) 

Varieties Fertilizers     Grain   Straw 

Hidase 0 4379.4 6015.6 61311.6 1203.1 62514.7 0 62514.7  

Hidase 100 5376.6 6998.4 75272.4 1399.7 76672.1 1580 75092.1 796.0 

Hidase 150 4970.7 6414.3 69589.8 1282.9 70872.7 2160 68712.7 D 

Hidase 200 5022.9 7847.1 70320.6 1569.4 71890.0 2740 69150.0 75.4 

Hidase NP 5573.7 6801.3 78031.8 1360.3 79392.1 4523.6 74868.5 320.6 

Huluka 0 4650.3 7229.7 65104.2 1445.9 66550.1 0 66550.1 183.9 

Huluka 100 5525.1 6354.9 77351.4 1270.9 78622.4 1580 77042.4 664.1 

Huluka 150 5730.3 8624.7 80224.2 1724.9 81949.1 2160 79789.1 473.6 

Huluka 200 5077.8 7792.2 71089.2 1558.4 72647.6 2740 69907.6 D 

Huluka NP 5289.3 7085.7 74050.2 1417.1 75467.3 4523.6 70943.7 58.1 

Kingbird 0 4108.5 4801.5 57519 960.3 58479.3 0 58479.3 275.5 

Kingbird 100 5121 5769 71694 1153.8 72847.8 1580 71267.8 809.4 

Kingbird 150 5089.5 5305.5 71253 1061.1 72314.1 2160 70154.1 D 

Kingbird 200 4924.8 5470.2 68947.2 1094.0 70041.2 2740 67301.2 D 

Kingbird NP 5160.6 4739.4 72248.4 947.9 73196.3 4523.6 68672.7 76.9 
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Where, AGY = adjusted grain yield; ASY = adjusted straw yield; GFB = gross field benefit; TVC = total 

variable costs; NB = net benefit, MRR = marginal rate of return; ETB ha
-1 

= Ethiopian Birr per hectare; D = 

dominated treatments. Market price of wheat = 14.00 ETB kg
-1

; Cost of NPSB= 11.60 kg
-1

; Cost of Urea =9.42 

ETB kg 
-1

; Cost of TSP fertilizer = 40 ETB kg
-1

; cost of straw = 0.2 ETB kg 
-1 

 or 1 quantals=20 ETB; Labour 

cost for fertilizer application = 6 persons ha
-1

,
 
each 35 ETB day

-1
; Labour cost for urea top dress fertilizer 

application at tillering = 6 person ha
-1

, each 35 ETB day
-1

. 

4. SUMMARY AND CONCLUSIONS 
In Ethiopian recently it is perceived that the production of such high protein cereals like wheat can be 

limited by the deficiency of S and other nutrients. Thus, addition of nutrients such N, P, S and B to 

low fertile soil is important to increase yield, yield components and quality of wheat whether it is for 

consumption or industrial purpose. The results regarding to partial budget analysis showed that, 150 

kg NPSB ha
-1

 fertilizer application was found to be economically beneficial with net benefit of 

79789.1 Birr ha
-1

 with MRR of 473.6 % for Huluka varieties compared to the other treatments in the 

study area. Therefore, application of NPSB at the rate of 100 kg NPSB ha
-1 

in the production of 

Kingbird and Hidase and 150 NPSB kg ha
-1

 in the production of Huluka is economically beneficial.  
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