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Abstract 

Managing N inputs in wheat production systems is a main issue to achieve maximum profitable production, and decreasing 
environmental impact. To this effect, the experiment was conducted on farmer’s field during the 2017 main cropping season at 
Lemu-Bilbilo district of Arsi zone, southeastern Ethiopia to determine the response of different rates of N fertilizer and its influence 
on yield and yield components of bread wheat varieties. Factorial combinations of two bread wheat varieties (Lemu and Wane) and 
five N- rates (0, 46, 92,138 and 184 kg N ha-1) were used in a Randomized Complete Block Design with three replications. The variety 
Lemu had higher values for effective tillers per plant, spike length, plant height, and number of grains spike-1, grain and straw yields. 
On the other hand, Wane variety exhibited greater values for thousand grain weights, and short phenological periods. Application 
of N significantly prolonged number of days to heading and maturity and grain filling period. Effective tillers, plant height, spike 
length, straw yield, harvest index and thousand grain weight were consistently increased in response to N rates. The interaction 
effect of N and variety were significant on days to heading and grain yield. The longest days to heading and the highest grain yield 
were obtained from 184 kg N ha -1 for both varieties. The highest net benefit was obtained from the application of 184 kg N ha-1 
followed by application of 138 kg N ha- 1, 92 kg N ha-1 and 46 kg N ha-1. Application of 46, 92,138 and 184 kg N ha-1 gave marginal 
rate of return of 769%, 367%, 326% and 445%, which are well above the minimum acceptable rate of return. Therefore, application 
of 92 to 184 kg ha-1 of N with Lemu bread wheat variety were proved to be productive and superior both in grain yield as well as 
economic advantage and recommended for wheat production in study area.

Keywords: Grain Yield; Bread Wheat Varieties; Nitrogen Fertilizer; Marginal Rate of Return

Introduction
Wheat (Triticum aestivum L.) is one of the major staple crops 

in terms of both production and consumption in Ethiopia [1]. 
It is a highly marketable commodity and it is consumed heavily 
in different forms. Wheat and wheat products make up to 14 
percent of the overall calories intake of an average household [2]. 
Central-Eastern Oromia falls within the agro-ecological zones of 
the Ethiopian highlands and of the Rift Valley that is characterized 
by a bi-modal rainfall pattern with mean average rainfall of 900 - 
1000 millimeters per year. Temperature variation is low, ranging 
between 15 - 22 °C throughout the year [3]. Wheat productivity in 
Central-Eastern Oromia has increased steadily over the past years, 
reaching yields as high as 3.6 tonnes per hectare, well above the 
national average which stands at 2.53 tonnes per hectare [4]. The 
zones producing the largest wheat surplus in Ethiopia are Bale,  

 
Arsi and West Arsi in Central-Eastern Oromia, and East Gojjam in  
Amhara regional state. These four zones generate more than two-
thirds of the total wheat surplus across zones [5].

 Despite its potential, Ethiopia remains a net importer of wheat. 
Ethiopia is experiencing a huge gap between production (4.5 
million tonnes in 2016) and consumption levels (5.4 million tonnes 
in 2016), which results in import dependence. For instance, in 
2016 the Ethiopian Grain Trade Enterprise imported 750 thousand 
tonnes from Russia and Argentina and 300 thousand tonnes through 
food aid, resulting in 1.05 million tonnes of imported wheat. It is 
conditioned by diverse factors of which climate, genetics, and crop 
management are the most relevant [6]; attributed to low levels 
of chemical fertilizer usage, limited knowledge on time and rate 
of fertilizer application, complete removal of crop residues from 

https://www.lupinepublishers.com/index.php
https://lupinepublishers.com/agriculture-journal
http://dx.doi.org/10.32474/CIACR.2021.09.000320


Citation: Dereje Dobocha Goda*. Agronomic and Economic Performance of Bread Wheat (Triticum aestivum L.) Varieties in Response to 
N-Fertilizer Rate at Lemu-Bilbilo District, Southeastern Ethiopia. Curr Inves Agri Curr Res 9(4)- 2021. CIACR.MS.ID.000320. 
DOI: 10.32474/CIACR.2021.09.000320

                                                                                                                                                      Volume 9 - Issue 4 Copyrights@ Dereje Dobocha Goda. Curr Inves Agri Curr Res

1263

farmlands, imbalanced use of mineral fertilizers and inappropriate 
method of their application that culminated in low efficiency [7,8].

There are two main species of wheat in Ethiopia: bread wheat 
(Triticum aestivum) and durum wheat (Triticum turgidum durum) 
[9]. Both are cultivated in Central-Eastern Oromia, which is among 
the most productive areas of the country. Bread wheat accounts for 
slightly more than half of the area planted and are generally grown 
in the highland and semi-highland areas. Durum wheat covers about 
40 percent of the cultivated area, but reliable information is limited 
[10]. Wheat consumption is higher in urban than rural areas due to 
high population growth, changes in lifestyle, and the rising prices 
for tef [11]. Poor agronomic and soil management, inadequate level 
of technology generation and dissemination are the most significant 
constraints to increased wheat production in the highlands and 
mid highlands of Ethiopia [12, 13]. Wheat is mainly grown in the 
highlands of Ethiopia, which lie between 6°N and 16°N and between 
35°E and 42°E, at altitudes ranging from 1,500 to 2,800 m above sea 
level and with mean minimum temperatures of 6°C to 11°C [14]. Of 
the current total wheat production area, about 75% is located in the 
Arsi, Bale, and Shewa wheat belts [15]. 

 Wheat productivity of these areas in terms of yield per unit area 
of land is very low due to poor agronomic and soil management 
practices. As a result of this, the Ethiopian government is forced to 
import wheat every year because of higher demand than supply 
[16]. To increase and sustain wheat production and to narrow 
down the gap between supply and demand, adoption of proper 
soil fertility managements is of paramount importance. Low soil 
fertility, especially nitrogen (N) deficiency, is one of the major 
constraints limiting wheat production in Ethiopian highlands [1]. 
Nevertheless, fertilizers are applied by less than 45% of farmers, on 

about 40% of the cultivated land for crop production, most likely 
below-optimal dosage levels are applied [17].Nitrogen is often the 
most deficient of all the plant nutrients. Wheat is very sensitive to 
insufficient nitrogen and very responsive to nitrogen fertilization 
[18]. The increase of agricultural food production worldwide over 
the past four decades has been associated with a 7-fold increase in 
the use of N fertilizers [19]. Hence, application of nitrogen fertilizer 
at the right rate and time is vital for the enhancement of soil fertility 
and crop productivity. Therefore, the experiment was conducted to 
determine the response of different rates of nitrogen fertilizer rates 
on yield and yield components of bread wheat varieties at Lemu 
Bilbilo district. 

Materials and Methods
Description of the Study Areas  

Field experiment was conducted at Lemu-Bilbilo district of 
Arsi Administrative Zone, Oromia Regional State, Ethiopia during 
the 2017 main crop season (Figure 1). Lemu Bilbilo district is 
located at 235 km away from Addis Ababa to southeast direction. 
The geographical location of the experimental field is 7° 32’ 41’’ N 
and 39° 15’ 17’’ E, respectively. The experimental site is situated at 
2796 m above sea level. The average mean minimum and maximum 
temperature are 7.9 and 18.6°C respectively. It receives mean 
annual rainfall of 1020 mm with pseudo bi-modal distribution and 
maximum (202 mm) occurs in August (KARC, unpublished). Wheat, 
malt and food barley, faba bean and field pea are the most common 
crops cultivated in study site. Pre-experiment soil analyses result 
revealed that the soil was silty clay in texture, medium in total N, 
slightly acidic in reaction and medium in organic matter content as 
shown in Table 1.

Figure 1: Location map of the study area.

http://dx.doi.org/10.32474/CIACR.2021.09.000320


                                                                                                                                                      Volume 9 - Issue 4 Copyrights@ Dereje Dobocha Goda. Curr Inves Agri Curr Res

Citation: Dereje Dobocha Goda*. Agronomic and Economic Performance of Bread Wheat (Triticum aestivum L.) Varieties in Response to 
N-Fertilizer Rate at Lemu-Bilbilo District, Southeastern Ethiopia. Curr Inves Agri Curr Res 9(4)- 2021. CIACR.MS.ID.000320. 
DOI: 10.32474/CIACR.2021.09.000320

1264

Table 1: Pre-planting physicochemical characteristics of soil (0-20 cm depth) for the experimental site.

Soil parameters Value Rating Reference

pH(1:2.5 Water) 5.6 Moderately acidic [28]

Available Phosphorus(mg kg-1) 16.7 High [30]

Organic carbon (%) 3.5 Medium [30]

Total Nitrogen (%) 0.15 Low [30]

Sand (%) 9.1

Silty clay Textural ClassSilt (%) 40.4

Clay (%) 50.5

Bulk Density (g cm-3) 1.2 Low [31]

Treatments and Experimental Design
Factorial combination of two improved bread wheat varieties 

(Lemu and Wane) and five rates of nitrogen (0, 46, 92, 138 and 184 
kg ha-1) were used in the experiment and arranged in a randomized 
complete block design with three replications. Following the history 
of preceding production season, farmland that was covered with 
wheat or barley in the preceding year was selected for planting. 
Plot size was 4 m and 2.6 m with 20 cm spacing. The net harvestable 
plot size of the experiment was 3.20 m long and 2 m wide with 16 
central rows. The spacing between plots and replications were 1 
and 1.5 m, respectively. Lemu and Wane were released from KARC 
during 2016 for its adaptation in the highlands and mid to high 
land agro-ecologies of southeastern Ethiopia. Both bread wheat 
varieties were planted in rows using a manual row marker at the 
recommended grain rate of 125 kg ha-1. Urea (46% N) was used 
as source of N in triple application (1/3 at planting, tillering and 
flowering stages of development). Basal application of triple super 
phosphate (TSP) was used as source of phosphorous (P) at the rate 
of 100 kg ha-1 at planting. Other agronomic practices were properly 
carried out as per the recommendations of the areas.

Soil Sampling and Analysis
Pre planting, 15 random surface soil samples (0-20 cm) were 

collected from the experimental site in zigzag walk and bulked to 
make one representative composite soil sample. The composite 
soil sample was air-dried, ground and passed through a 2 mm sieve 
size and analyzed for texture, pH, organic carbon, total nitrogen 
and available P. For determinations of total nitrogen and organic 
carbon, a 0.5 mm sieve was used. Soil texture was determined using 
the Bouyoucos hydrometer method [20]. The pH of the soil was 
measured in the supernatant suspension of a 1:2.5 soil to water 
ratio using a pH meter by potentiometer method [21]. Organic 
carbon was determined by wet oxidation method as described by 
[22]. Available P was determined by [23] method. Total nitrogen 
was determined using Kjedahl method as described by [24]. 

Pre plowing, three undisturbed soil samples were taken by 
using the core sampler from three randomly selected places 
of the experimental site. During sampling, the three cylinders 
were carefully separated, the soil sample flush with each end of 

the cylinder was carefully trimmed and sealed on each end and 
transported to soil laboratory. The soil samples were dried in an 
oven at 105 °C for 24 hours. The weight of the oven dry sample was 
weighed. Finally, the bulk density (g cm-3) of the soil was calculated 
from weight of oven dry soil core (g) and volume of soil core (cm3) 
[25].

Data collected
Data on the phenological, growths, yield and yield components 

parameters were taken from the 16 central rows of harvestable 
areas of the experimental plots as follows:

a) Days to Heading: Numbers of days from date of sowing to 
the stage where 50% of the spikes have fully emerged were 
recorded.

b) Days to Maturity: Number of days from date of sowing to the 
stage where 90% of the plants in the plot reached physiological 
maturity was recorded.

c) Days to Grain Filling: It was obtained by the number of days 
to maturity minus the number of days to heading.

d) Number of Effective Tillers: It was recorded from randomly 
selected 10 plants in each experimental plot at physiological 
maturity.

e) Plant Height (cm): It was measured from the ground level to 
the tip of spike excluding the awn at physiological maturity.

f) Spike Length (cm): It was the length of the spike from the 
node where the spike emerges to the tip of the spike, excluding 
the awn.

g) Grains per spike: It was taken from ten randomly selected 
spikes per net plot at harvest and averaged per plant basis.

h) Above Ground Dry Bio-Mass Yields (kg ha-1): It was obtained 
from plants harvested at maturity from 16 central rows of 
each plot and sun dried it for 72 hrs. and then the data was 
converted to kg per hectare.

i) Grain Yield (kg ha-1): Was harvested from 16 central rows 
that were considered for dry biomass yield were threshed to 
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determine grain yield after adjusting the moisture content of 
the grains 12.5%. Finally, yield per plot was converted to per 
hectare and the average yield was reported in kg ha-1.

j) Thousand Grain Weight (g): It was the weight of 1000 grains 
determined by carefully counting the grains harvest of each 
experimental plot by grain counter and weighing them using 
sensitive balance.

k) Straw Yield (kg ha-1): It was measured by subtracting the 
grain yield from the total above ground biomass yield (after 
threshing).

l) Harvest Index (HI %): It was the ratio of dried grain weight 
to the dried total above ground biomass weight per plot 
multiplied by100.

Data Analysis
The collected data of crop phenology, growth, yield and yield 

components were subjected to analysis of variance using the 
General Linear Model procedure of R computer software version 
4.0.1[26]. Whenever treatment effects were significant, the mean 
differences were separated using the least significant difference 
(LSD) at 5% level of significance [27].

Economic Analysis 
The economic analysis was performed whenever significant 

difference was observed for mean grain yields with respect to the 
applied N rates as per the procedures of [28]. Accordingly, those 
factors with significant effect were considered for partial budget 
analysis, dominance and marginal analysis. The average grain yield 
was adjusted downward by 10% to make it more representative 
with average grain yield obtained from farmers’ field. Then, gross 
yield benefit (total revenue) was obtained by multiplying the 
adjusted yield by the price of grain. The mean market price of wheat 
was obtained by assessing the market price during 2017 cropping 
season. Total variable cost (TVC) equals to fertilizer cost Birr ha-1 
plus fertilizer application and transport cost in Birr. Net revenue 
(NR) was obtained by subtracting TVC from total revenue (TR). 

Finally, marginal rate of return (MRR) in percentage was calculated 
as the change in net revenue (NR) divided by the change in total 
variable cost (TVC) multiplied by hundred.

Results and Discussion
Selected Physicochemical Properties of Soils of the 
Experimental Site

The results of the soil physic-chemical characteristics analysis 
at the study site revealed that, the soil texture distribution of the 
experimental site was silty clay (Table 1). The soil reaction of the 
experimental site is moderately acidic [28] rating. This indicates 
that the soil of experimental site is suitable for optimum growth 
and yield of most crops. It was found that, plant nutrients are most 
available at pH varying from 5.5 to 7 [29]. Organic carbon (3.5%) 
and total nitrogen contents (0.15%) were low in this study site, 
while available P level (16.7 mg kg-1 of soil) was high [30]. The low 
availability of total N at experimental site indicates maximizing 
N- application at the study area is critical to maximize wheat 
production. The bulk density of the soils of the experimental site 
was (1.2 g cm-3) which is found in low range as [31].

Effects of Nitrogen Rate and Variety on Crop Phenology

Days to heading

Days to heading was significantly affected by N, varieties and 
their interactions (Figure 2). Days to heading showed an increasing 
tendency with rising N rates for both varieties at experimental site 
(Figure 2). Short number of days to heading was recorded from plots 
without nitrogen fertilization while the longest days to heading 
was recorded for plots that received 184 kg N ha-1. The same with 
this result, [32] reported that days to heading were significantly 
delayed when N fertilizer was applied at the highest rate for wheat 
and barley production compared to the lowest rate. This could be 
due to the fact that higher N rates enhance more vegetative growth 
and larger photosynthesis than reproductive parts. This result 
is consistent with other studies that reported increased days to 
heading of wheat with increasing nitrogen fertilizer rates [33].

Figure 2: Interaction effect of N and variety on number of days to heading of bread wheat.
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Effects of Nitrogen Rate and Variety on Crop Phenology

Days to heading

Days to heading was significantly affected by N, varieties and 
their interactions (Figure 2). Days to heading showed an increasing 
tendency with rising N rates for both varieties at experimental site 
(Figure 2). Short number of days to heading was recorded from plots 
without nitrogen fertilization while the longest days to heading 
was recorded for plots that received 184 kg N ha-1. The same with 
this result, [32] reported that days to heading were significantly 
delayed when N fertilizer was applied at the highest rate for wheat 
and barley production compared to the lowest rate. This could be 
due to the fact that higher N rates enhance more vegetative growth 
and larger photosynthesis than reproductive parts. This result 
is consistent with other studies that reported increased days to 
heading of wheat with increasing nitrogen fertilizer rates [33-39].

Spike length  

Spike length was significantly influenced by the main effects of 
N rate, and variety but their interactions showed non-significant 
(Table 2). It is evident from the results that the spike length was 
markedly higher (7.6 cm) in variety Lemu than variety Wane (7.2 cm), 
and differences between these values were statistically significant; 
suggesting that variety Lemu is genetically superior to Wane for 
spike length character. In line with this result it was reported that 
the length of spike plays a vital role in wheat towards the grains 
spike-1 and finally the yield [40]. This result was in agreement with 
those of [41] who reported that individual genotypes responded 
differently to spike length for different varieties of wheat. The spike 
length was consistently increased with increasing N rates (Table 
2). In agreement with this result it was reported that increasing N 
application increased spike length [42]. 

 Table 2: Main effect of variety and N- rate on days to maturity, days to grain filling, number of effective tillers plant-1, plant 
height and spike length of bread wheat.

Treatments Days to maturity Days to grain filling Effective tellers plant-1 Plant height(cm) Spike length (cm)

Variety

Lemu 148.5a 73.8a 4.9a 97.7a 7.6a

Wane 137.8b 71.5b 4.1b 94.7b 7.2b

LSD (%) 1.0 1.1 0.2 0.8 0.2

N rates (kg ha-1)

0 133.7e 70.7c 3.1e 92.7d 6.2e

46 138.7d 72.0bc 4.0d 95.0c 6.6d

92 143.5c 73.3ab 4.6c 96.8b 7.4c

138 148.3b 74.2a 5.1b 97.8ab 8.0b

184 151.5a 73.0ab 5.5a 98.8a 8.8a

LSD (5%) 1.5 1.8 0.3 1.3 0.3

CV (%) 1.0 2.0 5.4 1.1 3.4

Number of Effective Tillers

Number of effective tillers were highly (p<0.001) significantly 
influenced by N rates and varieties, but their interaction was non- 
significant. Corresponding to this growth parameter, variety Lemu 
had better performance than variety Wane (Tables 2). The response 
of the crop in terms of number of effective tillers was consistently 
increased with increasing N rates and the highest number of 
effective tillers was recorded from 184 kg N ha-1 (Table 2). The 
lowest numbers of effective tillers were recorded from the control 
plots; which might be due to the role of N in accelerating vegetative 
growth of plants. The results were in agreement with that of [43] 
who reported that increasing in the number of effective tillers with 
nitrogen fertilization. The findings of other researches also showed 
that numbers of effective tillers was significantly increased by 
increasing N fertilization levels [44, 45].

Effects of Nitrogen Rate and Variety on Yield and Yield 
Components
Number of grains per spike 

The analysis of variance showed significant difference (P<0.01) 
on number of grains per spike due to the main effects of variety 
and rates of N, but their interactions were non- significant (Table 
3). Higher number of grains per spike (48.3) was recorded in 
variety Lemu than Wane (48.5) at experimental site (Table 3). 
Lower number of grains spike-1 was recorded in control plot than 
fertilized plots. Number of grain spike-1 was consistently increased 
with increasing N rates and the highest values of grain spike-1 was 
obtained from 184 kg N ha-1 which was statistically at par with that 
of 138 kg N ha-1. The results were in conformity with that of [46] 
who stated that increasing N level significantly increased number 
of grain spike-1. Also, other authors reported that increasing N 
level increased grain spike-1 [47].
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Thousand Grain weight

The results revealed that the main effect of varieties and N 
rates showed highly significant (p<0.001) difference with respect 
to thousand grain weight, but not for their interactions (Table 4). 
Variety Wane exceeded variety Lemu by 4.9% in thousand grain 
weight at experimental site (Table 3). This could be due to the 
late maturity of variety Lemu which might have suffered from 
unfavorable environmental condition lately in the growing season. 

Previous finding showed that 100-grain weight exhibited highly 
significant difference in wheat genotypes [48]. On the other hand, 
thousand grain weight was increased with increasing N rates, while 
did not show significant difference between 46 and 92 kg ha-1 N 
rates in thousand grain weight at experimental site. The result was 
the same to [49] who reported number of grains spike-1 and 1000 
grain weight were significantly enhanced by increasing nitrogen 
levels. 

Table 3: Main effect of variety and N- rate on grains per spike, straw yield, harvest index and thousand grain weight of bread 
wheat.

Treatments Grains spike-1
Straw yield

(kg ha-1)
Harvest index (%) Thousand grain weight (g)

Variety

Lemu 48.3 7409.5 45.5 41.0b

Wane 48.5 7329.5 45.7 43.0a

LSD (5%) NS NS NS 9.1

N rates (kg ha-1)

0 37.2d 6991.8b 35.5d 38.0d

46 41.7c 7196.8b 47.0c 41.5c

92 50.5b 7451.3ab 47.5bc 42.2c

138 55.1a 7472.0ab 48.8ab 43.7b

184 57.7a 7735.5a 49.3a 46.5a

LSD (5%) 3.9 485.4 1.8 1.4

CV (%) 6.6 5.4 3.2 2.8

Grain yield

The results revealed that main effect of varieties and N rates 
as well as their interactions showed highly significant (p<0.001) 
difference with respect to grain yield (Figure 3). The highest and the 
lowest grain yield were obtained at the N rate of 184 kg ha-1 and 
control, respectively for both varieties (Figure 3). Relatively Lemu 
variety was more productive than Wane at experimental site. The 
relative advantage in grain yield of Lemu over Wane variety might be 

largely attributed to its higher number of grains per spike, number 
of effective tillers and spike length. This result is in agreement with 
[48] who reported a notably superior performance of between 
bread wheat varieties. This could be due to its longest spike length, 
which plays a vital role in wheat on the number of grains per spike 
and finally the yield [40]. Nitrogen fertilizer applied at rate of 184 
kg ha-1 had 40.2 % and 37.0 % more grain yield improvement than 
control for Lemu and Wane varieties, respectively (Figure 3). 

Figure 3: Interaction effect of nitrogen and variety on grain yield of bread wheat.
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In line with the result of this study, [44] reported that increasing 
rate of nitrogen fertilization increased grain yield of wheat. On the 
other hand, grain yield of both Lemu and Wane variety did show a 
consistent increasing trend with increasing N rates. With greater N 
input, higher grain yield was realized in parallel with an increase 
in photosynthetic area [50]. The most efficient production in 
both varieties associated with the highest N applications defined 
nitrogen use efficiency as grain production per unit of N supplied 
(i.e. available N for the plant during the growth period, including 
initial inorganic N in the soil, applied N fertilizer, and mineralized 
N from organic N during this period) [51]. This result corresponds 
with the findings of other researchers [52,53] who reported 
increasing of nitrogen fertilization rate increased significantly the 
average grain yield of bread wheat if compared to control.

Straw yield

 The analysis of variance indicated that the main effect of N 
fertilizer rate exhibited highly (p<0.001) differential responses in 
straw yield whereas the main effect of varieties and the interaction 
effect of varieties and N rates didn’t show significant (Table 3). 
Straw yield increased with increasing N rates, whereby the lowest 
and highest straws yield were obtained from control plots ( 6991.8 
kg ha-1) and from plots that received 184 kg N ha-1 (7735.5 kg ha-1), 
respectively (Table 3). This might be due to N increases vegetative 
growth of plants, especially at higher doses. Besides, the significant 
increase in plant height, spike length and number of fertile tillers 
by N rate contributed to the significant increase in straw yield. In 
agreement with this result, [33] and [44] reported that wheat straw 
yield increased with increasing N rates.

Harvest index 

Harvest Index (HI) was highly (p<0.01) significantly influenced 
by N rate, but the main effect of varieties and the interaction 
between the two factors were non-significant at experimental 
site. With increasing N rates from 0 to 184 kg N ha-1, there was 
increasing trends of HI (Table 3). It might be due to grain harvest 
index was used to indicate the physiological adaptations of crops 
to soil N availability, as it expressed by the allocation of biomass to 
grain in relation to the whole aboveground plant. A mean harvest 
index of about 50% with a positive trend due to increasing N rate 
was previously reported in Ethiopia [53]. In contrast, [54] reported 
that rates and sources of N did not affect harvest index of wheat. 

Economic Analysis of Nitrogen Rates 
The result of Partial budget analysis of the experimental site 

was presented in Table 4. The identification of a recommendation 
is based on a change from one treatment to another if the marginal 
rate of return of that change is greater than the minimum rate of 
return (100%). It can be determined that the highest net benefit 
of ETB 66,740 ha-1 was obtained from the application of 184 kg 
N ha-1 followed by application of 138 kg N ha- 1 (ETB 62,603 ha-1), 
92 kg N ha-1 (ETB 59,890 ha-1) and 46 kg N ha-1 (ETB 56,690 ha-1) 
(Table 4). Higher marginal rate of return of 769% was obtained 
with application of 46 kg N ha-1 followed by 184, 92 and 138 kg N 
ha-1 with marginal rate of return of 445,367 and 326%, respectively 
(Table 4). The value to cost ratio was ranged from 3.6 to 3.9 profits 
per unit of investment. Therefore, applications of 92 to 184 kg N 
ha-1 were economically feasible and recommended for bread wheat 
production in Lemu bilbilo district of Arsi zone.

Table 4: Partial budget analysis of bread wheat as influenced by N fertilizer rates at study site.

Nitrogen rate 
(kg ha-1)

Average yield

(kg ha-1)

Adjusted yield

(kg ha-1)

Total gross benefit

(ETB ha-1)

Total variable cost

(ETB ha-1)

Net benefit 
(ETB)

Benefit to cost 
ratio

MRR 
(%)

0 5422 4880 61000 13335 47665 3.6

46 6344 5710 71375 14685 56690 3.9 769

92 6736 6062 75775 15885 59890 3.8 367

138 7083 6375 79687.5 17085 62603 3.7 326

184 7558 6802 85025 18285 66740 3.6 445

ETB=Ethiopian Birr; Cost of grain = 15 Birr kg-1; Urea = 1350 Birr 100 kg-1; TSP = 1250 Birr 100 kg-1; Field Sales price = 12.5 Birr kg-1; 
MRR= Marginal Rate of Return

Summary and Conclusions
The results of the experiment revealed that days to maturity, 

days to grain filling, plant height, number of effective tillers, 
number of seeds per spike, thousand seed weight, and straw yield 
were significantly affected by main effects of variety and N fertilizer 
rate, whereas days to heading and grain yield were influenced 

by the main effects of variety, N rate as well as their interactions. 
Straw yield and harvest index were highly and significantly affected 
by N fertilizer rate only. Corresponding to all studied parameters, 
variety Lemu had better performance than variety Wane at study 
site. Grain yield of both varieties were nearly consistently increased 
with increasing N rate and the highest grain yields were recorded at 
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of 184 kg N ha-1. Partial budget analysis indicated that N rate of 92 
to 184 kg N ha-1 were greater than the minimum rate of return and 
economically beneficial. Generally, based on considered agronomic 
parameters of bread wheat and grain yield, net benefit, MRR, N rates 
of 92 to 184 kg N ha-1 could be recommended for Lemu bread wheat 
variety production in the study area and similar agro ecologies 
considering farmers income. However, since this study was lead 
only at one location for single cropping season it is advisable to 
conduct further research across locations, soil type, and over 
seasons to make reliable and acceptable recommendations.
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