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Abstract: A decline in soil fertility and a lack of site-specific fertilizer recommendations are among the main factors 
contributing to the low productivity of wheat in Ethiopia in general and Waliso in particular.  A field experiment was 
carried out during the 2022 cropping season at Woliso District to determine the effect of nitrogen rates on growth, grain 
yield, and yield components of bread wheat (Triticum aestivum L.) varieties at Woliso district, central Ethiopia. The 
treatments consisted of five nitrogen rates (0, 23, 46, 69, and 92 kg ha-1) and three varieties. The experiment was laid 
out in a 3*5 factorially arranged in a randomised complete block design with three replications. Data on growth, yield, 
and its components were recorded and subjected to analysis of variance (ANOVA) using SAS version 9.3. The results 
of the analysis of variance showed that N and variety had main effects and interaction effects on leaf area, number of 
productive tillers per plant, number of spike length, thousand-grain weight, dry biomass yield, straw yield, and grain yield 
(all with P ≤ 0.05). However, days to 50% heading, days to 90% physiological maturity, plant height, spikelets per spike, 
grain per spike, and harvest index were only affected (P ≤ 0.05) by the main effects of N rates and varieties. Almost all 
yield parameters went down as the nitrogen rates went up, except for thousand-grain weight and agronomic efficiency. 
This happened up to 92 kg N ha-1. Combining the Wane variety with 92 kg N ha-1 yielded a higher grain yield of 4307.96 
kg ha-1, and this combination was also economically feasible. Days to heading (r = 0.86**), days to physiological maturity 
(r = 0.64**), plant height (r = 0.93**), leaf area (r = 0.92**), and spike length (r = 0.95**) were significant (P < 0.01) and 
positively correlated with grain yield. The correlation between grain yield and productive tillers (r = 0.98**), the number 
of seeds per spike (r = 0.97**), the grain per spike (r = 0.96**), biomass yields (r = 0.98**), and the thousand-grain weight 
(r = -0.45**) was significant and positive. The combination of 92 kg N ha-1 with Wane variety yielded the highest net 
benefits (109,551.04) and marginal rate of return (2753.41). Therefore, we found that applying 92 kg N ha-1 fertiliser 
rates with the Wane variety was both agronomically and economically feasible for bread wheat production in the study 
area. 
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 1. INTRODUCTION 
 
      Wheat is one of the key cereal crops grown 
worldwide, contributing to global food security (FAO, 
2022; USDA, 2022). Wheat contributes about 20% of the 
world's total energy and protein needs (Braun et al., 
2010). Pradhan et al. (2015) predict a 60–110% increase 
in the global demand for food for humans and cattle 
between 2005 and 2050. Wheat production in Africa 
increased steadily at a rate of 0.52 million tonnes per year 
since 1980 to nearly 25.2 Mt in 2020. A much sharper 
increase in wheat imports accompanied such an increase 
in wheat production: since the mid-1990s, wheat imports 
have steadily increased at a rate of 1.45 Mt yr 1, resulting 
in a gap between imports and production of 21.7 Mt in 
2022. The magnitude of the increase in wheat production 
varied across countries. For instance, Ethiopia (the 
largest wheat producer in Eastern Africa) saw spectacular 
increases in wheat production, at a rate of 0.24 Mt yr 1, 
since the early 2000s (FAOSTAT, 2023). Wheat 
contributes approximately 18% to Ethiopia's total cereal 
production, making it the country's second most important 
food staple crop. According to statistics, global wheat 
production rose by 31% in 2021 compared to 1994 levels, 
but the area increased by 29% in the same period. This 
indicates that high-yielding new cultivars, intensive 
management practices, and an increase in the area under 
irrigation are more likely to be responsible for the 
production increase than area expansion (van Ittersam 
and Cassman, 2013). 
       Wheat is the main staple food for about 36% of the 
Ethiopian population (CIMMYT, 2005). After teff, maize, 
and sorghum, wheat ranks fourth in area coverage and 
ranks third in total production. Despite the long history of 
wheat cultivation and its importance to Ethiopian 
agriculture, its average productivity is still very low: 2.97 t 
ha-1 at the national level (CSA, 2022).  In all cases, this 
yield is significantly lower than the global average of 3.52 
t ha-1 (USDA, 2022). 
In Ethiopia, wheat productivity and quality are low due to 
depleted soil fertility (Tanner et al., 1993), low levels of 
chemical fertilizer usage, limited knowledge of the timing 
and rate of fertilizer application (Amsal et al., 1997), poor 
agronomic and soil management practices, and 
diseases.  Low soil fertility, especially N deficiency, is one 
of the major constraints     limiting wheat production in 
the highlands of Ethiopia (Teklu and Hailemariam, 2009). 
      During the rapid phase of crop development, 
nitrogen plays a crucial role in determining the final grain 
yield of wheat. This is because it is essential for high rates 
of spikelet initiation, improving spikelet fertility, increasing 
the number of grains per fertile spikelet, and forming 
biomass (Frank and Bauer, 1982). Walia et al. (1980) said 
that there was a stronger link between grain yields and 
the amount of nitrogen in plants during the tillering,  

 
 
jointing, and dough stages. They also said that the 
amount of nitrogen in the plant during jointing gave the 
most accurate estimate of the grain. Nitrogen nutrition 
stimulates tillering, probably due to its effect on cytokinin 
synthesis (Botella et al., 1993).  
Studies done in the Nitisol zones of the central highlands 
of Ethiopia showed that wheat responded positively and 
linearly to N fertiliser in some agronomic parameters, 
such as plant height, number of spikes m-2, thousand 
grain weight (TGW), grains m-2, and grain yield (Amsal et 
al., 2000). A similar test in the Vertisol zones showed that 
the N content of wheat grain and straw went up by 36% 
and 57%, respectively, when the highest rate of N fertiliser 
(N164 kg N ha-1) was used compared to the control 
(Amsal and Tanner; 2001). Alcoz et al. (1993) reported 
that increased yield with N applied at the earlier growth 
stages was attributable to a greater number of spikes 
produced per unit area. 
According to CSA (2022), the productivity of wheat at the 
Southwest Shawa Zone was 3 t ha-1, which is well below 
experimental yields of over 5 t ha-1 (Mann and Warner, 
2015). 
       In Ethiopia, with the use of improved production 
technologies, grain yield ranges from 3-6 t ha-1, whereas 
at the research center it goes up to 5-7 t ha-1.  This 
indicates the existence of a yield gap between the uses of 
improved technologies and that of farmers’ attainable 
level (Bekele et al., 1993). 
Poor fertiliser use, soil loss due to erosion, farmer's seed 
dependence, erratic rainfall, and a prolonged dry season 
are all contributing factors to this lower productivity 
(MOARD, 2012). Conversely, the soil-plant system may 
lose the highly soluble nitrogen fertiliser or render it 
unavailable to plants due to processes such as leaching, 
ammonia volatilisation, denitrification, ammonium 
fixation, and N immobilisation (Bock, 1984). Moreover, N 
is required in larger quantities than other nutrients. 
      The Waliso District made little effort to determine 
the agronomic requirements of bread wheat. Agronomic 
practices like low fertilizer rates, poor management 
practices, and the use of low-yielding varieties are the 
most yield-limiting factors in bread wheat production in the 
study area.  To develop sustainable crop wheat 
production practices, it is essential to understand the rate 
of applied N for different bread wheat varieties. Therefore, 
the objective of this study was to improve bread wheat 
productivity in the central highlands of Ethiopia by 
determining the optimal nitrogen fertilizer application rate 
and identifying the best-performing varieties. 
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2. 2. Materials and methods 
 
2.1 Description of the Study Areas 
 
      The experiment was conducted at Obbe Koje Rural 
Kebele, Woloso District, Central Highlands of Ethiopia 
during the 2020 main cropping season. Waliso is located 
114 km from Addis Ababa in the southwest direction on 
the way to Jimma. The experimental site is located at an 
altitude of 2090 m.a.s.l. and occupies a geographic 
coordinate of 80 34'685''N latitude and 38001'027''E 
longitudes. According to the district weather report, the 
total rainfall of the study area during the main cropping 
season (2022) was 1400 mm. The mean minimum and 
maximum temperatures are 10 and 25 °C, respectively. 
The type of soil is Nitisols. 
 
 
2.2 Soil Sampling and Physico-Chemical Analysis 
 
      The soil laboratory at Jimma University College of 
Agricultural and Veterinary Medicine analysed the 
samples taken before planting. Bouyoucos (1962) used 
the hydrometer method to determine the soil's texture. 
Jackson (1962) used the Kjeldhal digestion method with 
sulphuric acid to analyse the total soil N. A filtered 
suspension of 1:2.5% soil to water was used to find the 
pH of the soil. A glass electrode connected to a digital pH 
meter, called a potentiometer (FAO, 2008), was used to 
do this. Organic carbon content was determined by the 
volumetric method (Walkley and Black, 1934).  
     The available P and the cations exchange capacity 
(CEC) of the soil were analysed at the Bedle soil 
laboratory. The available P content of the soil was 
determined following the Bray II method (Bray, 1945). The 
cations exchange 

 
 
 
 
capacity (CEC) of the soil was determined following the 
1N ammonium acetate extraction (pH 7) method. 
 
 
2.3 Soil Properties before Sowing 
 
      Table 1 presented the soil analysis before sowing. 
The experimental site's soil sample had a loam texture, 
with 35% sand, 48% silt, and 17% clay. Tekalign (1991) 
rated the pH at 5.8, indicating it was moderately acidic. 
Table 3. According to Fageria (2011), the normal soil pH 
range for wheat production is 5.5-8.2, where N availability 
is at its peak. This value falls within this range. 
      Cation exchange capacity is an important 
parameter of soil because it gives an indication of the type 
of dominant clay mineral present in the soil and its 
capacity to retain nutrients against leaching. Before 
planting, we found the soil's total nitrogen and cation 
exchange capacity (CEC) to be 0.114% and 11.55 mol 
(+)/kg, respectively. Havlin et al. (1999) and Murphy 
(2007) rated the soil's total nitrogen and cation exchange 
capacity (CEC) as low and medium, respectively. Table 1 
found the organic carbon and organic matter to be 1.326 
and 2.386%, respectively. Tekalign (1991) and 
Westerman (1990) rated the organic carbon and organic 
matter as low and medium, respectively, based on this 
data. Tekalign (1991) found the value of available 
phosphorous in the soil to be 4.347 mg/kg. The total 
amount of available P in soil was very low, according to 
Tekalign's (1991) rating. 
 

 
          Table 1: Soil Physical and chemical Properties before sowing  
 

Parameter Unit Value Rating Reference 

Particle size distribution     

Sand (%) 35 -  

Silt (%) 48 -  

Clay (%) 17 -  

Texteral Class Loam - -  

Ph (%) 5.8 Moder.Acid (Tekalign Tadesse, 199) 

CEC (cmol(+)/kg) 11.5 Low (Tekalign Tadesse, 1991) 

OC (%) 1.326 Low (Tekalign Tadesse, 1991) 

TN(%) (%) 0.114 Medium (Olsen etal.,1954) 

OM(%) (%) 2.386 Medium (Metson, 1961) 

AvP (mg/kg) 4.35 Very Low (Metson, 1961) 
 

CEC = Cation exchange capacity, OC = Organic carbon, OM = Organic matter, TN = Total nitrogen, Av.P = Available 
phosphorus. 
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2.4 Experimental materials 
 
      Three popular bread wheat varieties, namely, 
Kekeba, Kingbird and Wane, were used in the 
experiment. All of them are recommended for the area as 

they are high yielding and resistant to yellow rust. (Table 
2). 

 
         Table 2: Bread Wheat Varieties used for experiment with its agronomic characteristics 

 
Characteristics of Varieties  Kekeba  Kingbird  Wane  

Year of release  2010  2015  2016  

Area of adaption altitude  1300-2200  2000-2200  2000-2300  

Days to maturity  90-120  90-95 120  

Agro ecology  Low land & Mid land  Mid land  Mid land  
On station productivity Quintal ha-1  33-52  40-50  50-65  

 
         Source: Kulumsa Agricultural Research Center (KARC), Wheat breeding program (2017) 
 
 
2.5 Treatments and Experimental Design 
 
      The treatments consist of three improved bread 
Wheat varieties (Kekeba, Kingbird, and Wane) and five 
nitrogen levels (0, 23,46, 69, and 92 kg N ha-1) from urea 
(Table 3). The experiment was laid out in a randomized 
complete block design in a factorial arrangement. The 
three varieties were arranged in a factorial combination 
with the five levels of Nitrogen resulting in a 15 (3*5) 

treatments were replicated three times. Thus, there were 
a total of 45 experimental units. The area of each plot size 
was 3 m x 2 m. The spacing between plots and blocks 
was 0.5 m and 1 m, respectively. Each plot consisted of 
15 rows with a spacing of 20 cm. Treatments were 
assigned randomly to experimental plots within a block. 

 
 
                      Table 3:Treatment Combinations 

 

Treatment No. Varieties N rate 

1 Kekeba 0 kg ha-1 

2 Kekeba 23 kg ha-1 

3 Kekaba 46 kg ha-1 

4 Kekeba 69 kg ha-1 

5 Kekeba 92 kg ha-1 

6 Kingbird 0 kg ha-1 

7 Kingbird 23 kg ha-1 

8 Kingbird 46 kg ha-1 

9 Kingbird 69 kg ha-1 

10 Kingbird 92 kg ha-1 

11 Wane 0 kg ha-1 

12 Wane 23 kg ha-1 

13 Wane 46 kg ha-1 

14 Wane 69 kg ha-1 

15 Wane 92 kg ha-1 
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2.6 Experimental Procedures 
 
2.6.1 Land preparation 
 
     The land was prepared following the conventional 
tillage practice by using, oxen-driven local plow (Maresha) 
before planting the wheat varieties. Accordingly, the field 
was plowed four times, a field layout was prepared and 
each treatment was assigned randomly to experimental 
plots. 

 

2.6.2. Application of mineral fertilizer 
 
The full rate of the Triple super phosphate 46 % P2O5 
(100 kg ha-1) and half of the nitrogen fertilizer were applied 
in basal application prior to planting for all plots and 
incorporated into the soil. The remaining half of urea was 
applied as side-dressing at mid tillering stage of the crop 
(35 days after emergence). 
 
 
2.6.3. Sowing and Harvesting 
 
      Wheat seeds were sown by drilling along the rows 
in each plot placed 20 cm apart on July 18, 2020. Weeds 
were removed by hand weeding at early tillering, 
maximum tillering, and booting stages of growth. 
Harvesting was done manually using hand sickles at the 
physiological maturity of the crop. 
 
 
2.7 Data Collection  
 
2.7.1 Phenological data 
 
      Data on agro morphological traits of wheat varieties 
were collected on a plot and plant basis according to 
Dargicho et al., (2015) and descriptors for wheat.  
 
Days of 50% heading: It was recorded as the number of 
days taken from the day of sowing to the date when 50% 
of the plants produced head .  
 
Days to 90% physiological maturity: It was determined 
as the number of days from sowing to the time when the 
plants reached 90% maturity based on visual observation. 
It was visually assessed by senescence of the leaves as 
well as frees threshing of grain from the glumes when 
pressed between the forefinger and thumb. 
 
 
2.7.2 Growth Parameters  
 
Leaf Area: It was determined by measuring the length of 
the leaf from the base to the tip and the width of the leaf 

from five plants from each plant three leaves in each plot 
and will be determined as length x breadth x 0.8 at the 
flowering stage. 
 
Plant Height: It was measured in cm from ground level to 
the tip of the spike excluding the awn of five randomly 
taken plants from the middle four rows of each plot.  
 
Spike length: The main spikes from the five sampled 
plants from the central four rows of each plot were 
measured in cm and averaged to represent the spike 
length in cm (excluding own). 
2.7.3 Yield and Yield Components Data 
 
Number of Productive Tiller/plant: Number of 
Productive tillers per plant excluding the main plant was 
recorded at maturity and expressed as an average of five 
plants per plot. 
 
A number of spikelets per spike: was recorded by 
counting the number of spikelets on each spike on the 
main tiller of each plant and was expressed as an average 
of five plants in a plot.  
 
Number of Kernels per spike: Total number of grains in 
the main spike was counted at the time of harvest from 
five randomly taken plants and to be expressed as an 
average and recorded from central rows of each plot.  
 
Biomass yield per hectare: Biomass weight was taken 
after harvesting from the whole plant parts, including 
leaves and stems, and seeds from the whole plot. 
 
Straw yield per hectare: After threshing and measuring 
the grain yield, the straw yield was measured by 
subtracting the grain yield from the total above-ground 
biomass yield. 
 
Grain yield per hectare: Grain yield was measured by 
harvesting the crop from 13 rows in the net middle plot 
area of 4.16m2 to avoid border effects. Then the grain 
yield of each treatment was adjusted to the standard 
moisture level by computing the conversion factor for 
each treatment to get the adjusted yield using the 
following formula (Biru, 1979): 
Conversion factor (C.F) =(100-Y)…………………….(1) 

(100-X)  
Where Y is actual moisture content and X is the standard 
moisture content to which the yield is to be adjusted (for 
cereals the standard moisture content is 12.5%). 
Adjusted yield = C.F*Grain yield-------------------------- (2) 
 
Harvest index(%): The harvest index was calculated as 
the ratio of grain plant mass to the total above-ground 
biomass and expressed in percentage (Singa, 1977). 
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Mathematically, HI = (GY / BY)*100 = where GY = Grain 

yield and BY = Biomass yield(Above ground biomass 

yield). 

 
2.8. Statistical analysis  
 
      The data were subjected to analysis of variance 

(ANOVA) as per the design used in the experiment using 

statistical software (SAS), and interpretation was made 

following the procedure of Gomez and Gomez (1984). 

Mean separation was conducted using the least 

significant difference test (LSD) to evaluate the different 

nitrogen levels on bread wheat varieties at a 5% level of 

significance. The correlation analysis was performed to 

determine relations between phenological, growth 

parameter, and yield and yield components as 

influenced by nitrogen application rates. 

 
3. RESULTS AND DISCUSSION 
 
3.1 Phenological Parameter 
 
3.1.1 Days to 50% heading 
 

      The analysis of variance indicated that days to 

50% heading was statistically (P ≤ 0.05) affected by 

varieties and nitrogen levels, but their interactive 

response was insignificant. Kingbird variety had delayed 

days to heading (68.5), whereas Kekeba variety had the 

earliest days to heading (64.6) (Table 4). This might be 

due to variation in genotypes. Similarly, Dabi et al. 

(2019.) reported that wheat genotypes differ in days to 

heading. 

The highest nitrogen fertiliser rate (92 kg ha-1) recorded 
the longest days to heading (71.9), while the control 
treatments yielded the shortest days to heading (60). As 
the levels of N fertiliser increased from the lowest (0 N) 
to the highest (92 kg N ha-1), the days to heading also 
consistently increased. The behavior of increased N 
fertiliser, which increases the vegetative growth of crops 
and thereby delays the heading time, could explain this. 
Mekonen (2005) found that applying N fertiliser at the 
highest rate significantly delayed the day to heading for 
wheat and barley production, compared to applying it at 
the lowest rate. Similarly, Cock and Ellis (1992) have 
also reported that N fertiliser application had a significant 
effect on days to heading. 
 
3.1.2 Days to 90% psychological maturity 
 
      The days to 90% physiological maturity were 

statistically (P ≤ 0.05) affected by varieties and nitrogen 

levels, but their interactive response was insignificant. 

Wane appeared as a late-maturing variety (108 days), 

while Kekeba proved early maturing (90.5) (Table 4). 

Among nitrogen levels, we observed the delayed 

maturity day (109 and 106.1) at 92 and 69 kg ha-1 

nitrogen, respectively, and the early maturity day (92) at 

no N at control levels (Table 4). The results align with 

Marschener's (1995) observation that excess N 

application delays crop maturity by disrupting 

photosynthesis during the critical reproductive phase. 

Moreover, excess N application to wheat reduces the 

sugar concentration in leaves during the early ripening 

stage, thereby inhibiting the translocation of assimilated 

products to spikelets (Tanaka, 1994). 

Table 4: Main effect of Varieties and Nitrogen levels on Phenological parameters Day to heading and Day to Maturity 

of bread wheat at Waliso district 

Varieties              Day to 50% heading            Day to 90% Maturity                                                   

Kekeba                      64.6c                      90.5c 
King bird                    68.5a                      105b 
Wane                       66.5b                      108.8a 

LSD (5%)                    1.5                        2.81 

Nitrogen level (kg ha -1) 

0                            60.1e                     92.44d 
23                           64.3 d                     98c 
46                           67.1c                     101.66b 
69                           69.1b                     106.1a 
92                           71.9 a                     109a 

Mean                        66.5                       101.33                     

LSD (5%)                     1.94                       3.6 

CV (%)                       3.0                        3.7    

Means followed by the same letters within a column for the main factors are not significantly different at (p ≤ 0.05). 
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3.2 Growth Parameters 
 
3.2.1 Leaf area at heading stage 
 
      The current study found that the bread wheat crop's 
leaf area had a very important (p ≤ 0.01) impact on the 
main effect varietal difference, N rates, and how they 
interacted with each other (Table 5). The combination of 
Wane variety and nitrogen rate 92 kg Nha-1 yielded the 
highest leaf area value (27.16 cm2), while the 
combination of Kekaba variety at 0 kg N (control) yielded 
the lowest leaf area value (14.72 cm2). Increasing N 
fertiliser rates increased the leaf area in all varieties. This 
implies that the application of N fertiliser can increase leaf 

area and that an increase in leaf area of plants contributes 
to the increment of solar radiation absorption. This, in 
turn, could lead to an increase in the process of 
photosynthesis and the growth of yield components. 
Furthermore, Iqtidar et al. (2006) and Minale et al. (2006) 
discovered that an increase in nitrogen rates also led to 
an increase in the leaf area of barley. The development of 
individual leaf area and total leaf area of crop plants 
ultimately contributed towards higher grain yield. 

 
Table 4: Interaction effect of varieties and nitrogen levels on Leaf area of bread wheat at waliso district 

 
Varieties                        Nitrogen rates (kg ha -1) 
          ______________________________________________________________ 

0          23        46          69            92 

Kekeba     14.72i      16.60gh    18.01f      19.77e        21.97c       
King bird   16.20h      18.21f     20.27de     22.25c        25.20b       
Wane      17.33fg     20.85d     22.12c      25.65b        27.16a      

Mean      16.08       18.55      20.13       22.55         24.78 

LSD(0.01)                                0.97 
CV(%)                                   2.85 

Means followed by the same letters are not highly significant different at (p ≤ 0.01). 
 
3.2.2 Plant height 
 
      The results indicated that the main effect of both 
wheat varieties and nitrogen levels had a highly significant 
(P ≤ 0.01) difference in plant height. Table 6 shows that 
their interaction did not significantly impact plant height. 
The Wane variety produced the tallest plants (76.84 cm), 
while Kekeba yielded the shortest plants (72.76 cm) 
(Table 6). Plant height differences among various 
cultivars are generally due to their genetic constitution 
(Sial et al., 2009). 
      Of nitrogen levels, the tallest plants (81.07 cm) were 
observed at a nitrogen level of 92 kg ha-1, while the 

shortest plants (66.05 cm) were recorded at 0 kg (control) 
level of nitrogen fertilisation (Table 6). The results 
indicated that plant height increases as nitrogen levels 
increase. Increased plant height and spike length with 
increased nitrogen fertilization likely resulted from 
increased nitrogen availability, which may have favored 
the vegetative growth of plants. Ali et al. (2003) reported 
similar results of plant height increment with N rate 
increase. Research findings also confirmed that 
maximizing N fertilization increased plant height 
(Amanuel et al., 1990). 

 
Table 5: Main effect of varieties and nitrogen levels on Plant height of bread wheat at Waliso district 
 

 Varieties                               Plant height (cm)                                                                          

 Kekeba                                     72.72b                                       
 King bird                                   75.96a                                        
 Wane                                      76.62a                                       

 LSD (0.01)                                   1.49                                          

 Nitrogen level (Kgha -1) 

 0                                           65.76e                                      
 23                                          73.56d                                      
 46                                          76.21c                                      
 69                                          78.67b                                      
 92                                          81.30 a                                     

 Mean                                       75.1                                         

 LSD (0.01)                                   1.93                                         

 CV (%)                                      2.7                                           

Means followed by the same letters within a column for the main factors are not highly  significant different at (p ≤ 0.01). 
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3.2.3 Spike Length  
 
      The results showed that spike length had a highly 
significant (p ≤ 0.01) effect on wheat varieties, nitrogen 
fertilization levels, and their interactions (Table 7).  The 
longest spike length (9.2 cm) was observed with the 
combination of 92 kg N ha-1 and Wane variety, whereas 
the shortest spike length (5.3 cm) was recorded with the 
combination of 0 kg N rates (control) treatment with 
Kekeba variety (Table 7). The increment in spike length 
with increasing N rates might be attributed to the effective 
role of N as an essential constituent of chlorophyll on dry 
matter production and spike length. In agreement with this 
result, Noureldin et al. (2013) reported that increasing the 

rate of nitrogen up to 75 kg ha-1 significantly increased 
spike length by 36.2% over the control treatment. 
Similarly, Ali (2011) found the maximum spike length 
(11.3 cm) with the application of 130 kg N ha-1. 
Furthermore, the application of the highest N fertiliser 
(125 kg ha-1) produced the longest spike (9.24 cm) of 
wheat in comparison with the control (Noureldin et al., 
2013). Increasing the rate of nitrogen significantly 
enhanced its availability to maintain plant health, 
ultimately leading to an increase in spike length (Ejaz et 
al., 2002). 

 
Table 6: Interaction effect of varieties and nitrogen levels on spike length of bread wheat at Waliso district 

 

Varieties                           Nitrogen rates (kg ha -1) 
             ___________________________________________________________ 
             0       23      46         69       92         Mean 

Kekeba      5.3j     6.76i    7.66fg     8.03ef    8.7bc        7.29   
King bird    6.46i    7.63g    8.1de      8.86ab   9.13a         8.04 
Wane       6.4 i    7.16h    7.76efg     8.43cd   9.2a          7.79 

Mean       6.03    7.18     7.84       8.44      9.01                     

LS(0.01)                                 0.37 
CV(%)                                  2.87 

Means followed by the same letters are not highly significant different at (p ≤ 0.01). 
 
 
3.3 Yield and Yield Components 
 
3.3.1 Productive tillers 
 
      There was a very big (p ≤0.01) effect on the number 
of productive tillers per plant of bread wheat when 
nitrogen levels and varieties were looked at separately 
and together (Table 8). The combination of 92 kg N ha-1 
and wane variety recorded the highest (6.4) number of 
productive tillers at the maturity stage, while the control 
treatment with kekeba variety yielded the lowest (1.16) 
number of productive tillers at the maturity stage. 
       As the nitrogen rates increased, so did the number 
of productive tillers. The mean number of productive tillers 
per plant increased to 2.77, 3.53, 4.8, and 5.76 in the 

application of 23, 46, 69, and 92 kg N ha-1 over control 
treatments (1.6). This could be attributed to the role of 
nitrogen fertilizer in accelerating plant vegetative growth, 
and the stimulation of tillering caused by nitrogen's effect 
on cytokine/protein synthesis. The results were in 
agreement with Abdullatif et al. (2010), who reported an 
increase in the number of productive tillers with nitrogen 
fertilization. Bereket et al. (2014) and Abdollahi et al. 
(2012) also reported that nitrogen fertilization has a 
significant effect on the number of productive wheat tillers. 

 
Table 7:  Interaction effects of Varieties and nitrogen levels on productive tillers of bread wheat at waliso district 

 
Varieties                       Nitrogen rates (kg ha -1) 
               _________________________________________________________ 
                0          23        46        69         92          

Kekeba         1.2i         2.7g      3.1f       4.3de      5.2c           
King bird       1.7h         2.6g      3.4f       4.7d       5.7b           
Wane          1.9h         3.0fg     4.1e       5.3bc      6.5a           

Mean          1.6          2.77      3.53       4.77      5.8                

LS(0.01)                                    0.4 
CV(%)                                     6.5 

Means followed by the same letters are not highly significant different at (p ≤ 0.01)3.3.2. Number of Spikelets Per Spike 
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      Spikelets per spike was statistically highly 
significant (p ≤ 0.01) with wheat varieties and nitrogen 
levels, while it was not significantly affected by interaction 
(Table 9). The Wane variety recorded the highest number 
of SPS (36.80), while the Kekeba variety recorded the 
lowest number (32.44) (Table 9). The number of SPS 
differences among various cultivars is generally due to 
their genetic constitution. 
      At a nitrogen level of 92 kg N ha-1 nitrogen 
application, we observed the highest number of SPS 
(42.76), while the nitrogen zero level (control) of nitrogen 
fertilisation recorded the lowest number of SPS (26). The 
reason for this is that the nitrogen availability met the 
plant's growth and development requirements at 92 kg 
ha-1, allowing the plants to produce more spikelets per 
spike. This result was statistically similar, aligning with the 
findings of Mosalem et al. (1997) and Sobh et al. (2000), 
which suggested that an increase in nitrogen levels led to 
a proportional increase in the number of spikelets per 
spike. 

 

3.3.3. Number of Seeds per Spike 
 
      The grains per spike, an important yield component 
of grain yield, determine the wheat spike's yield potential. 

Varieties and nitrogen levels statistically significantly 
increased the number of grains per spike, but the 
interaction did not significantly affect it. The Wane variety 
recorded the highest number of seeds per spike (NSPS) 
at 59.65, while the Kekeba variety recorded the lowest 
number at 55.65. This result was statistically similar to the 
findings of Cost and Kronstad (1994), indicating that a 
genotypic difference in wheat affects both yield and yield 
components. (Table 9). 
In terms of nitrogen levels, we observed the highest 
number of SPS (67.18) at a nitrogen level of 92 kg N ha-
1 during nitrogen application, and the lowest number of 
NSPS (46.67) at the nitrogen zero level (control) during 
nitrogen fertilisation (Table 9). This can be justified with 
the reason that nitrogen availability satisfied the plant 
requirement for growth and development at 92 kg ha-1, 
which enabled the plants to produce a greater number of 
seeds per spike. The findings are in line with the data 
reported by Ali et al. (2003), who observed that increased 
application of nitrogen increases the number of grain 
yields per spike. 
 

 

 

 
Table 8:  Main effect of Varieties and Nitrogen levels on Spikelets per spike and Number of seed per spike bread wheat 
at Waliso district 

 

Varieties Spiklets per spike Number of seed per spike 

Kekeba 30.7c 55.65c 

Kingbird  34.6b 57.61b 

Wane 36.2a 59.65a 

LSD(0.01) 1.47 0.96 

Nitrogen level (kg ha-1) 

0 26.38e 46.67e 

23 34d 53.00d 

46 34.76c 58.9c 

69  37.02b 62.43b 

92 39.82a 67.18a 

Mean 33.86 57.64 

LSD(5%) 1.9 1.2 

CV(%) 5.8 2.2 

Means followed by the same letters within a column for the main factors are not highly significant different at (p ≤ 0.01). 
 
 
3.3.4 Biological Yield (Above ground biomass Yield) 
 
      The total above-ground biomass of the crop was 
highly and significantly influenced by varieties, nitrogen 
levels, and their interaction.(Table 10)  

The interaction result shows that the highest biological 
yield (9299.10 kg ha-1)  was obtained from the Wane 
varietiy interacted with 92 kg N ha-1 nitrogen levels. The 
lowest biological yield (4058.5 kg ha-1) was produced with 
kekeba variety interacting with zero (0 kg ha-1) levels of  
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nitrogen application (Table 10). Similarly, the nitrogen 
application enhanced the vegetative growth of the wheat 

crop, which ultimately increased biological yield with an 
increase in straw yield (Allam, 2003).  

 
Table 9: Interaction effects of varieties and nitrogen levels on above ground biomass yield (Kg ha-1) of bread wheat at 
waliso district 

 
Varieties                            Nitrogen rates (kg ha -1) 

______________________________________________________ 
                 0          23          46         69           92          

Kekeba        4058.5j       4521.5j     5672.9g     6822de      7729.6de                                                 
King bird      4499.9i       5628.5g     6617.9e     7785.6c      8637.3b                            
Wane         4394.0i       6069.9f     7065.6c     7889.6c      9299.1a                                                       

Mean         4317.46       5406.63    6452.13     7499.06      8555.33                               

LSD (0.01)                                     277.38                                                                                                                    
CV (%)                                        2.56                                                                                                                      

Means followed by the same letters are not highly significant different at (p ≤ 0.01) 
 
 
3.3.5 Straw yield 
 
      The result regarding the straw yield of the crop was 
highly and significantly influenced by varieties, nitrogen 
levels, and their interaction. (Table 11).  
      The interaction effect of variety and nitrogen rates 
showed that the highest straw yield (4991.11 kg ha-1) was 
recorded from wane variety at N rate of 92 kg ha-1 while 
the lowest straw yield (2952.62 kg ha-1) was obtained from 
kekeba variety  under the 0 kg N ha-1 (control) treatment 
(Table 11).  
The increase in the straw yield at higher N rates might be 
due to increased plant height and tillering. In line with this 
result, Annicchiarico et al.,(2005) reported that N 
significantly enhanced straw yield of wheat, since N 
usually promotes the vegetative growth of a plant. In 
agreement with this result, Geleto et al.,(1996) reported 

straw yield increments of 24% to 29% for 120 over 60 kg 
N ha-1 from experiments conducted in central and 
southeastern Ethiopia.  
      Moreover, the result from the experiment done on 
Vertisols of the central highlands of Ethiopia by 
Selamyihun et al.,(1999) showed that straw yield of durum 
wheat increased significantly with each incremental dose 
of N from 0 to 60 kg ha-1. Iqtidar et al.,(2006) also 
indicated N application rates of 70, 140, and 210 kg ha-1 
resulted in significantly higher straw yield than the yields 
under zero N rate where the highest N rate gave the 
highest straw yield which was significantly differed from 
other rates. Furthermore, Taye et al.,(2002) reported 
linear and quadratic responses of straw yield to N rate 
with mean values ranging from 2324 to 4073 kg ha-1 
during favorable growing seasons

.  
 
Table 10: Interaction effects of Varieties and nitrogen levels on straw yield (kg ha-1) of bread wheat at waliso district 
. 

Varieties                            Nitrogen rates (kg ha -1) 
               ________________________________________________________________ 

            0            23         46          69           92          

Kekeba      2952.62i        3156.23gh    3321.84g    3907.95e      4276.65d                                          
King bird    3273.46gh       3593.22e     3918.66e    4464.14c      4641.85b                                                  
Wane       3138.38h        3945.50e     4220.92d    4310.73dc     4991.11a                                          

Mean       3121.48         3564.98      3820.47     4227.60       4636.53                                        

LSD (0.01)                                    162.33                                                                                                             
CV (%)                                      3.78                                                                                                                       

Means followed by the same letters are not highly significant different at (p ≤ 0.01). 
 
3.3.6 Thousand Seeds Weight  
 
      The weight of 1000 grains was measured at a seed 
moisture content of 12.5%. The thousand seed weight of 
wheat was highly and significantly affected by different 

wheat varieties, levels of nitrogen, and their interaction. 
(Table 12). 
When the Wane variety interacts with zero nitrogen levels, 
the thousand seed weight is heavier (41.0 g), but when 
the Kekeba variety interacts with 23, 46, 69, and 92 kg ha- 
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1 nitrogen levels, the thousand seed weight is lighter 
(30.5, 29.5, 25.83, and 24.5 g) (Table 12). 
      Regardless of varities, the N rates increase as the 
seed weight decreases. This result aligns with the findings 
of Gooding and Davies (1997), who found that applying 
nitrogen fertiliser at rates optimized for yield response 
does not always lead to a comparable increase in 1000-

grain weight. The increased number of spikelets per spike 
and the vigorous vegetative growth resulting from high 
nitrogen application lead to competition for the 
carbohydrate available for grain filling and spikelet 
formation (Hasegawa, 1994). This results in a decrease 
in grain weight due to the inadequate availability of 
carbohydrates for each individual grain. 

 
 
Table 11: Interaction effects of Varieties and nitrogen levels on Thousand Seeds Weight (g)  of bread wheat at waliso 

district 

 

Varieties                            Nitrogen rates (kg ha -1)   
______________________________________________________ 

                  0         23         46          69          92        

Kekeba         32.16ef     30.5gh      29.5hi       25.83j       24.5j         
King bird       34.33d      33.33de     31.16 fg     30.5gh       29.5hi       
Wane          41.0a       40.0a       38.16b      36.5 c        28.16 i         

Mean          35.88       34.64      32.94        30.94        27.38 

LS(0.01)                                     0.94 
CV(%)                                      3.01 

Means followed by the same letters are not  highly significant different at (p ≤ 0.01). 
 
 
3.3.7 Grain yield 
 
      Yield is a very complex trait. It is a final product of a 
number of components. Thus, it is essential to detect the 
variables having the greatest effect on the yield and their 
relative contribution to its total variability.  Varieties, 
nitrogen levels, and their interaction significantly impacted 
the grain yield of wheat. (Table 13) 
The Wane variety recorded the highest grain yield 
(4307.96 kg ha1) at the 92 kg ha1 nitrogen rate, likely due 
to its high response to nitrogen and its efficient use. When 
the varieties interacted with the control (0 kg N ha-1)  

 
treatment, they recorded the lowest grain yield (1105.83) 
(Table 13). The findings of this study are similar to those 
of Channabasavanna and Setty (1994), who reported that 
increasing N levels increased grain yield by increasing the 
magnitude of yield attributes. The study found a 
significant and positive correlation between grain yield 
and productive tillers (r = 0.98**), spikelet per spike (r = 
0.92**), number of seeds per spike (r = 0.97**), and 
biomass yield (r = 0.98**). Goodings and Davies (1997) 
also confirmed a close relationship between those 
parameters and the improvement in wheat yield. 

 
 
Table 12:  Interaction effects of varieties and nitrogen levels on Grain yield of bread wheat at waliso district 

 
Varieties                              Nitrogen rates (kg ha -1) 
         ____________________________________________________________________ 
            0           23            46            69            92            

Kekaba   1105.83j      1792.97i       2351.01g       2914.09        3452.91cd                             
Kingbird  1226.49j      2035.27h      2699.20f        3321.44d       3995.44b   
Wane    1255.60j      2124.35h       2844.66ef       3578.89C       4307.96a                          

Mean   1195.97       1984.19        2631.62        3271.47        3918.77 

LSD (0.01)                                    162.33                                                                                                                                                                          
CV (%)                                        4.00                                                                                                                      

Means followed by the same letters are not highly significant different at (p ≤ 0.01). 
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3.3.8 Harvest Index 
 
     The harvest index was not affected by wheat 
varieties and their interaction but highly and significantly 
affected by nitrogen levels. Among the nitrogen levels, the 
highest harvest index (0.45) was obtained at 92 kg ha-1 
nitrogen application levels. The lowest harvest index 

(0.27) was obtained with the control treatment (Table 14). 
The finding is similar to Thakur, R. B. (1993) who reported 
an increasing trend of harvest index to a certain level of N 
and a decreasing one with further increase in its rate of 
application.     

 
Table 13:. Main effects of Varieties and nitrogen levels on Harvest Index of bread wheat at waliso district 
 

Varieties                                    Harvest Index                                                

 Kekeba                                       0.39a                                       
 Kingbird                                      0.39a                                        
 Wane                                         0.39a                                       
 LSD(0.01)                                     NS                                          

 Nitrogen level (K g ha -1) 

 0                                            0.27e                                      
 23                                           0.35d                                      
 46                                           0.40c                                      
 69                                           0.43b                                      
 92                                           0.45a                            Mean                                         
0.38                                                                              

LSD(0.01)                                      0.015                                           

CV (%)                                        4.15                                              

Means followed by the same letters within a column for the main factors are not highly significant different at (p ≤ 0.01). 
 
 
4. SUMMARY AND CONCLUSION 
 
     Bread wheat production is heavily dependent on the 
available nutrients in the soil and other environmental 
conditions for plant growth. Information on crops' 
responses to N fertilizer rates and improved variety is 
crucial to coming up with profitable and sustainable bread 
wheat production.  The experiment aimed to identify the 
optimal N-rates and variables that produced the best 
wheat growth, yield, and yield component. Additionally, it 
sought to determine the most cost-effective N fertiliser 
rates for bread wheat production, taking into account the 
current input and output price levels in the study area. 
      The experiment showed that N and variety had 
main effects and interaction effects on leaf area, number 
of productive tillers per plant, spike length, thousand-grain 
weight, above-ground biomass yield, straw yield, and 
grain yield (P < 0.05). However, days to 50% heading, 
days to 90% physiological maturity, plant height, spikelets 
per spike, and number of seeds per spike were only 
affected (p ≤ 0.05) by the main effects of N levels and 
varieties. When the application of nitrogen rates 
increases, nearly all yield parameters, with the exception 
of thousand-grain weight and agronomic efficiency, 
decrease as the nitrogen rates increase, reaching up to 
92 kg N ha-1. Increases in N fertiliser rates led to an 
increase in days to heading and maturity, leaf area, the 
number of tillers, plant height, spike length, spikelet per 
spike, the number of seeds per spike, total biomass yield, 
straw yield, and harvest index of bread wheat. However, 

an increase in N dose resulted in a decrease in the 
thousand-grain weight of bread wheat. 
      The Wane variety outperformed other bread wheat 
varieties in terms of leaf area, number of productive tillers, 
spike length and grain per spike, above-ground biomass 
yield, and straw yield. It also produced the highest grain 
yield at a nitrogen rate of 92 kg ha-1, and the combination 
of 92 kg N ha-1 with the Wane variety yielded the highest 
net benefits (109,551.04) and the highest marginal rate of 
return (2753.41). We can conclude from this 
investigation's output that applying nitrogen at a rate of 92 
kg ha-1 enhanced wheat productivity and produced the 
maximum grain yield. 
      In most cases, fertilizer recommendations for crops 
are based on a soil test for plant-available nutrients.  A 
major limitation is that, for the same sites, plant varieties, 
and management systems, the absolute plant yields may 
differ from year to year due to different weather 
conditions. Therefore, as the current study only focused 
on one location, one cropping season, and a limited 
number of bread wheat varieties, it would be premature to 
make a definitive recommendation. Therefore, we need to 
conduct further studies that replicate across seasons and 
locations, with the aim of recommending an agronomically 
optimal and economically viable approach that enhances 
the yields of bread wheat varieties and establishes a 
feasible level of N fertilizer. 
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