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Evaluation of Wheat (Triticum aestivum L.) Varieties and Nitrogen Fertilizer Rates on Yield Performance and Profitability at Gedeb, Gedeo zone, South Ethiopia Region


ABSTRACT
The application of nitrogen fertilizer should be based on soil test results and expected nutrient requirements of the crop, due to its dynamic nature in the soil-plant system and its potential negative environmental impacts. An on-farm trial was conducted during the 2022 and 2023 main cropping seasons at Gedeb woreda in Gedeo Zone, South Ethiopia. The objective was to evaluate wheat varieties and N fertilizer rates on yield and yield components and determine the economically optimum N rate for the study area. The trial was conducted using a randomized complete block design with three replications. Five levels of varieties, namely Shorima, Wane, Deka, Lemu, and Shaki, and five levels of nitrogen fertilizer rates (0, 23, 46, 69, and 92 kg nitrogen ha⁻¹) were used for the study. The main effect of variety and nitrogen rate was significant (p < 0.05) for plant height, number of spikes per m², number of tillers per m², thousand seed weight, seed number per spike, and grain yield ha⁻¹. However, the interaction result of the varieties and nitrogen had no significant effect on all measured parameters. The pooled data result showed that Lemu produced the maximum grain yield of 3807.8 kg ha⁻¹, while Shaki and Wane produced the lowest grain yield. Likewise, the application of N fertilizer up to 92 kg N ha⁻¹ can increase wheat yield, but the rate had no significant difference with 69 kg nitrogen ha⁻¹. The profitable rate for wheat production, considering both yield increase and fertilizer costs, was 46 kg nitrogen ha⁻¹. In addition, a simple correlation analysis was also made to see the relationships between grain yield and yield components. Therefore, the studied yield attributes had shown a positive and significant correlation with grain yield. Overall, the Lemu variety and 46 kg nitrogen fertilizer rate ha⁻¹ were selected to achieve better yield and profit. Therefore, it can be suggested for large-scale wheat production.
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1. INTRODUCTION 
Wheat (Triticum aestivum L.) is among the primary cereal crops cultivated in the Ethiopian highlands, playing a crucial role as a source of food and income for farmers. It is a widely cultivated major staple food for most populations in Ethiopia (Macauley and Ramadjita, 2015). Ethiopia ranks as a key wheat-producing country in sub-Saharan Africa and stands as the top wheat producer, yielding an average of 7 million tons annually from 2.3 million hectares, resulting in an average productivity of 3.04 tons per hectare (FAOSTAT, 2022). The important wheat-growing regions in Ethiopia include the Oromia region, which accounts for the production of 57-58%; Amhara, 28-32%; SNNPR, 8%; and Tigray, 3-6%. The largest volumes of wheat production come from the Oromia region. Generally, the production of wheat, both in terms of area coverage and productivity, shows an increasing trend through time in Ethiopia due to several positive opportunities in the sector. Wheat is one of the dominantly grown major cereal crops in the highlands of the Gedeo Zone. The area has a high potential for wheat production, mainly in rain-fed conditions. Farmers have grown the crop as food for home consumption as well as an income source. Despite the conduciveness of the environment and its importance to farmers, its average yield is about 800-1400 kg ha−1 (Toma and Mogiso, 2022), which is very low compared to the national average yield of 3104 kg ha−1 and the world average of 3689 kg ha−1 (FAOSTAT, 2022). The low yield of wheat in the area is due to the problem of low soil fertility, soil acidity, the use of low-yielding varieties, erratic rainfall, monocropping of cereals, and diseases. The crop is produced during the high rainfall season in the zone, and loss of applied N fertilizer through leaching and denitrification is the major factor that resulted in inefficient use of N fertilizer (Chanie, 2017). However, growing N-efficient varieties, using appropriate N fertilizer rates, and timing the application are among the major management options to increase N use efficiency (Fageria, 2009) and thereby increase grain yield.  Numerous studies have investigated how different nitrogen rates impact wheat production, revealing that grain yields and their associated components respond variably to the application of different nitrogen rates (Nour et al. 1989; Abo Soliman et al. 1990; and Atia and Aly 1998). Therefore, this study was conducted to assess the influence of nitrogen fertilizer rates on the yield and yield components of various bread wheat varieties and to determine the economically optimal nitrogen rate and wheat variety for the study area.


2. MATERIALS AND METHODS 

Description of the Study area  
[bookmark: _Toc466019346]The experiment was carried out for two successive years, 2022 and 2023, in the Gedeb woreda. The Gedeb woreda is one of the seven woredas within the Gedeo zone in the South Ethiopia regional state, situated in the southern part of the Gedeo zone. In terms of agro-ecology, the woreda comprises 75% highland and 25% midland. The specific location of the experiment is Gedeb Gubeta kebele, situated 2 kilometers from Gedeb town. It is positioned at a latitude of 5°54” N and longitude of 38°15” E, with an elevation of 2311 meters above sea level. The region experiences a bimodal rainfall pattern, consisting of two distinct rainy periods. The short rainy season lasts from March to May, while the main rainy season starts in July and continues until December. The average monthly temperatures range from 18°C to 25°C, resulting in an average annual temperature of 20.6°C (GARDO, 2021).
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[bookmark: _Toc467030272]Figure 1: Map of the study area

Soil physico-chemical properties of the study site

The result of soil physico-chemical soil properties has been shown below in Table I. Based on the soil laboratory result the soil was clay in textural classes. The soil pH was 5.0, which was strongly acidic. The total N and available phosphorus concentration of the farm was found in high and medium range respectively. The organic carbon (2.43%) and organic matter (4.19%) concentrations were also laid in medium range. The CEC concentration was 30.8 (meq/100g) and laid under medium range.

Table I: Physico-chemical properties of experimental soil before sowing  
	Parameters 
(soil properties) 
	Result
	Rating
	Method 

	Sand (%) 
	18.00
	
	

	Silt (%)
	38.00
	
	

	Clay (%)
	44.00
	
	

	Textural class
	Clay
	
	

	pH 1:2.5 (H2O)
	5.0
	Strongly acidic
	Tekalign, 1991

	Total nitrogen (%)
	0.20
	High   
	Tekalign, 1991

	Available Phosphorus (mg/Kg soil)
	11.08
	Medium
	Roy et al., 2006

	OC (Organic carbon) (%)
	2.43
	Medium
	Tekalign, 1991

	OM Organic matter (%)
	4.19
	Medium 
	Tekalign, 1991

	CEC (Cation Exchange capacity)
	30.8
	Medium
	Salemedhin and Taye, 2000



[bookmark: _Toc466020992]Experimental Design and Treatments 
The bread wheat consisted of five levels of varieties, namely, Shorima, Wane, Deka, Lemu, and Shaki, which were released by the Kulumsa Agricultural Research Center in 2011, 2016, 2016, 2018, and 2021, respectively. They were high-yielding and disease-resistant varieties. The fertilizer treatments consisted of five levels of nitrogen (i.e., 0, 23, 46, 69, and 92 kg N ha⁻¹) in the form of urea (46% N). Nitrogen was applied in two equal splits; half of the nitrogen was applied immediately after the establishment of seedlings and the remaining half at the tillering stage.

[bookmark: _Toc466020993]Experimental Procedures
Twenty five treatments having five levels of variety and five levels of nitrogen fertilizer were used in the study. The trial was laid out in a factorial randomized complete block design with three replications. The plot size of the trial was 6.4 m² (1.6 x 4 m), and 5.12 m² (1.6 m x 3.2 m) used as a net plot size. The space between the replication was 1.0 m, whereas plots were spaced 0.5 m away from each other. The rows were prepared with 20 cm interval. Sowing was done by drilling seeds in the rows at the rate of 150 kg ha−1. All experimental plots uniformly received a total dose of phosphorus in the form of triple superphosphate (TSP) 46% P2O5 per hectare at sowing. Conversely, other suggested agronomic practices for wheat cultivation were uniformly applied in all experimental plots.
[bookmark: _Toc466020994]
Soil Sampling and Analysis
Before sowing, surface soil samples (0-30 cm) were collected from 15 spots throughout the experimental area using an auger in a zigzag pattern to have a single composite sample for soil property analysis.  The collected soil samples were air dried, crushed, and sieved through a 2 mm sieve for analysis. The soil was analyzed for its physico-chemical soil properties at the Hawassa Agricultural Research Center soil laboratory, focusing on texture, pH, organic carbon (OC), organic matter (OM), total nitrogen (N), available phosphorus (P), and cation exchange capacity (CEC).

Soil pH was measured with a digital pH meter in a 1:2.5 suspension of soil-to-water, following the method outlined by Sahelemedhin and Taye (2000). The soil texture was analyzed using the hydrometer method as described by Bouyoucos (1962). Cation exchange capacity (CEC) was measured after extraction of samples with the ammonium acetate method (Chapman, 1965). The content of soil organic carbon was measured via the wet digestion approach, and the percentage of soil organic matter (OM) was calculated by multiplying the percentage of soil organic carbon by a factor of 1.72 (Walkley and Black, 1934). The determination of available phosphorus in the soil was carried out using a Bray-II double beam UV-Vis spectrophotometer. Total nitrogen was determined using the Kjeldahl digestion and distillation technique (Jackson, 1958).

Data analysis
The data were subjected to factorial analysis of variance (ANOVA) using the General Linear Model (GLM) procedures in SAS version 9.3 (SAS Institute, 2002-2010) to determine the best nitrogen fertilizer rate and variety on grain yield and its attributes. The means of the significant treatment effects were compared using the Least Significant Difference (LSD) test at a 5% significance level (P < 0.05). Pearson correlation analysis was performed to investigate the relationships between grain yield and its components.

Economic analysis
At the time of sowing the total cost, market prices of the inputs were taken from the market. In addition, the market price of wheat was taken after harvesting for profitability estimation. The partial budget analysis was carried out as procedures described by CIMMYT (1988). The average grain yield was adjusted downward by 10% to reflect the difference between the experimental field and yield under farmers’ management. The nitrogen level was decided, based on the acceptable marginal rate of return, to be equal to or more than 100%. For estimating the total cost, the market price of urea fertilizer was taken from the market assessment at the time of planting. The unit prices of grain at harvest and urea were 50.00 and 39 Birr per kg-1, respectively.

Data collected: 
Plant height (cm): It was measured from the ground level to the top of the spike at physiological maturity.
Spike length (cm): It was measured from the point it originates on the node to the end of the spike.
Number of tillers: The number of tillers was determined by counting tillers within a 0.4 m x 0.4 m area row plants using a quadrant for each plot.
Number of spikes: The count of spikes was obtained by counting the spikes within a 0.4 m x 0.4 m area of plants from each plot.
Number of seeds per spike: The number of seeds was determined by counting the seeds from five randomly chosen spikes and then dividing by the number of spikes.
 Thousand grain weights (g): it was determined by weighing randomly drawn 1000 grains of well-developed, whole, or undamaged grains and then adjusted to 12% MC.
Grain weight: it was determined by weighing grain samples from the net plot area using sensitive balance and adjusted to 12% MC.

3. RESULT AND DISCUSSION 

Growth and Yield and Yield components of bread wheat varieties as influenced by different rates of N fertilizer
The result of analysis of variance showed a significant (P < 0.05) difference for the main effect of variety and nitrogen rate on the growth and yield and yield components (Table II). However, the interaction effect was not significant for all the recorded parameters in the study.

[bookmark: _Toc466019347]Table II: Mean square values for yield and yield components as affected by variety and N fertilizer rates
	Parameters 
	Mean squares

	
	Var (4)
	NR (4)
	Var*NR(16)
	CV (%)

	Plant height (cm)
	1624.09*
	713.11*
	17.22 ns
	6.55

	Spikes number m2
	25392.11*
	56210.17*
	1115.17 ns
	16.52

	Tiller number plant m2 
	33040.16*
	60076.29*
	1401.36 ns
	15.86

	Seed number Spikes1
	791.48*
	717.26*
	10.19 ns
	11.62

	Thousand grain weight (gm)
	643.06*
	334.56*
	8.35 ns
	7.44

	Grain yield Ha-1
	8487066.38*
	19832273.36*
	64583.49 ns
	14.28


Var = variety; NR = Nitrogen rate; Values enclosed in parentheses denote the degrees of freedom for each source of variation; *, ns = significant and non-significant at the LSD (%) 0.05 probability level, while CV (%) = coefficient of variation.
Plant height 
The varieties showed significant differences in plant height (Table III). Lemu produced the highest plant height of 86.1 cm, whereas Wane and Shaki produced the shortest heights of 68.3 and 70.9 cm, respectively. The observed difference in height between the varieties may be due to the inherent genetic difference among tested varieties and their response to applied nitrogen fertilizer. 
 
On the other hand, nitrogen fertilizer application had shown a significant difference between the applied rates. The tallest height was recorded at the rate of 92 kg N ha⁻¹, whereas the shortest height (70.6 cm) was recorded at the control level. The plant height increased with the increase in N rates from the control to the highest rate. The taller plant height observed at the highest nitrogen level was likely due to the availability of optimal nitrogen for wheat plant growth, which supported peak vegetative growth. This result was similar to Lakew (2019), who reported that increasing N rates increased the plant height.

Thousand grain weight
Variety Shaki produced the highest (43.6 gm) thousand-grain weight compared to others (Table III). Conversely, the lowest weights recorded were 32.3 and 32.5 grams for Lemu and Shorima, respectively.  The variations in thousand-grain weight among the varieties might be due to inherent genetic differences among the varieties. The application rates of nitrogen had shown a significant difference for thousand-grain weight (Table lll). The highest thousand-grain weight (39.5 gm) was recorded at the rate of 69 kg N ha⁻¹. However, the lowest grain weight (31.4 gm) was recorded for control N rate. The application of nitrogen fertilizer has contributed to the formation and weight of seeds by supporting photosynthesis and increasing plant growth (Tamirat et al., 2022). The result is in agreement with that of Tehulie (2021).

Tiller number plant m2 
Number of tillers were significantly (P < 0.05) influenced by N rate and variety. Varieties Lemu, Shorima, and Daka had shown better performance than others. The response of the wheat varieties in terms of the number of tillers was higher at 92 kg N ha⁻¹. The lowest number of tillers was recorded in the control plots, likely because N plays a crucial role in promoting tiller growth. The result was in agreement with that of Tehulie (2021). The application of nitrogen fertilizer promotes the production of tillers (Zhang et al., 2020). The application of nitrogen fertilizer promotes the production of tillers, which develop into fertile spikes that contribute directly to yield (Zhang et al., 2020).

Spikes number m2
The number of spikes was highly significantly influenced by the applied N rate and varieties tested. The result indicated that varieties Lemu, Shorima, and Deka had better performance in spike production than other tested varieties (Table III). However, the lower spike number was recorded for varieties Wane and Shaki. On the other side, varieties responded positively with the increasing N rate at this location. The highest spike number (349.3) was recorded at the highest N rate, which was statistically not significant with the N rates at 46 and 69 kg N ha⁻¹. The lowest number of tillers was recorded in the control plots, likely because N plays a crucial role in promoting spike development and growth. The application of nitrogen fertilizer promotes the production of tillers, which develop into fertile spikes that contribute directly to yield (Zhang et al., 2020). This result was in agreement with that of Tehulie (2021).
Seed number Spikes1
The result indicated that varieties Lemu, Shorima, and Deka had better performance in seed number per spike (Table III). However, the lower spike number was recorded for varieties Wane and Skaki. The application of different N fertilizer rates had an effect on the number of seeds per spike. The result indicated the highest number of seeds per spike at the highest rate (92 kg ha−1) of N fertilizer application, but it was not statistically significant with the rate of 46 kg ha-1 (Table III). The optimal rate of nitrogen fertilizer application maximizes the production of seeds per spike (Tafere, 2024). The lowest number of seeds per spike was recorded at the control plot; it was likely due to inappropriate soil N limiting the development of individual seeds. The availability of nitrogen in the soil affects both the quantity of florets per spikelet and the fertility of those florets, which in turn affects the number of grains (Rashid et al., 2008). The application of nitrogen fertilizer increases the number of grains per spike in wheat (Ahmed et al., 2008). The result is in line with the previous result of Tehulie (2021).

Grain yield ha-1
There was a significant difference among the varieties for grain yield. Lemu recorded the highest (3807.8 kg ha⁻¹) grain yield per hectare. However, the lowest yield was recorded for the varieties Shaki (2542.2 kg ha⁻¹) and Wane (2679.1 kg ha⁻¹). Studies have reliably indicated remarkable differences in grain yield across different bread wheat varieties. This variability is largely attributed to the different genetic makeup of each variety and physiological traits (Geneti et al., 2022). Wheat varieties differ in their ability to store more nitrogen in leaves as well as increase stomatal conductance to the applied rate of N fertilizer (Hirasawa et al., 2010; Belete et al., 2018). The production of grain yield increases with the increasing N fertilizer rate in all the tested varieties. The highest grain yield was produced for varieties at the maximum rate of N application (92 kg ha⁻¹) with a grain yield of 3929.6 kg ha⁻¹, which was statistically similar to the rate one level down at 46 kg N ha⁻¹ (3736.5 kg ha⁻¹). An adequate nitrogen supply enhances photosynthetic capacity and dry matter accumulation, leading to higher grain yield (Tehulie, 2021). Nitrogen-based fertilizers improve the photosynthetic efficiency of wheat by raising biomass production, chlorophyll content, and leaf area, which leads to an enhanced ability to absorb light energy and transform it into sugars, ultimately increasing crop yield (Yokamo et al., 2022). The result is in line with the previous result of Tehulie (2021). Cai et al. (2008) concluded better grain yield that the photosynthetic response to the N application rate is variable among wheat cultivars. Likewise, nitrogen requirement for wheat vary with variety used, soil condition and environmental factors. In contrary, Sarker et al (2022) reported that the application of 160 kg N per hectare with the rate of 120 kg wheat seed rate on their previous results. In contrast, the earlier findings from Sarker et al (2022) suggested that applying 160 kg of nitrogen per hectare along with a seeding rate of 120 kg of wheat would lead to improve grain yield. In general, appropriate nitrogen fertilizer application, selecting nitrogen-efficient varieties, and timely weeding are among the most critical factors for maximizing wheat yield.

[bookmark: _GoBack]Table III: Effect of variety and nitrogen fertilizer rate on growth, yield and yield components at Gedeb 
	Variety
	Plant height (cm)
	Spikes number m2
	Tiller number plant m2 
	Seed number Spikes1
	Thousand  grain weight (gm)
	Grain yield ha-1

	Daka 
	77.03
	320.60
	343.47
	42.93
	36.63
	3419.6

	Wane 
	68.27
	265.00
	286.13
	36.02
	34.70
	2679.1

	Shorima
	81.63
	312.07
	346.27
	42.48
	32.47
	3338.0

	Lemu 
	86.07
	340.60
	369.33
	45.47
	32.27
	3807.8

	Shaki
	70.93
	289.93
	307.87
	33.29
	43.57
	2542.2

	LSD (0.05)
	2.57*
	25.88*
	26.88*
	2.38*
	1.37*
	230.98*

	Nitrogen rate
Kg N ha-1
	 
	 
	
	
	
	 

	0
	70.55
	242.87
	265.00
	33.73
	31.43
	2014.7

	23
	73.93
	281.40
	308.60
	36.50
	33.47
	2614.1

	46
	76.98
	318.27
	338.93
	40.90
	37.57
	3491.7

	69
	79.18
	338.33
	368.47
	43.49
	39.47
	3736.5

	92
	83.29
	347.33
	372.07
	45.58
	37.70
	3929.6

	Means
	76.78
	305.64
	330.61
	40.04
	35.92
	3157.34

	LSD (0.05)
	2.58*
	25.88*
	26.88*
	2.38*
	1.37*
	230.98*

	CV (%)
	6.55
	16.52
	15.86
	11.62
	7.44
	14.28



[bookmark: _Toc466019367]Association between growth, yield and yield components of wheat 
Pearson’s correlation coefficient was done to see the strength and relationship between the yield and its components in wheat varieties (Table IV). The results indicated that significant and positive correlations were observed for grain yield with all the tested parameters except thousand seed weight, i.e., with tiller number per m² area (r = 0.63), seed number per spike (r = 0.77), spike number per m² area (r = 0.60), plant height (r = 0.69), and r = 0.87. A strong and positive association was observed between yield and yield components, indicating a positive contribution of yield components to increased grain yield. A similar result was reported previously by Shiferaw and Tarekegn (2024).

Table IV: Pearson’s correlation coefficient between yield and yield components of wheat 
	 
	TSW
	PHT
	SPN
	SNP
	TN
	GYD

	TSW
	1.00
	 -0.12ns
	 0.23*
	 -0.05ns
	 0.17ns
	 0.12ns

	PHT
	
	1.00
	 0.55*
	 0.58*
	 0.57*
	 0.68*

	SPN
	
	
	1.00
	 0.50*
	 0.98*
	 0.61*

	SNP
	
	
	
	1.00
	 0.55*
	 0.73*

	TN
	
	
	
	
	1.00
	 0.62*

	GYD
	
	
	
	
	
	1.00


TGW = Thousand grain weight; PHT= Plant height; SPN = Number of spikes m2; SNP = Number of seeds per spike; TN = Tiller number per m2; GYD = Grain yield; *, ns = non-significant, significantly different at 5% confidence interval.

Partial budget analysis
In this research, partial budget analysis was employed to calculate the total variable costs and the net benefits associated with each treatment, aiming to assess their economic viability. The analysis revealed that the highest net benefit (168632.0 Birr ha⁻¹) was achieved from the application of the highest N fertilizer rate, while the control treatment gave the lowest net benefit (90661.5 Birr ha⁻¹) (Table V). The marginal rate of return is crucial for evaluating treatments based on economic profitability instead of solely focusing on gross field benefits, as high production costs may negate potential advantages (CIMMYT, 1988). Consequently, the highest marginal rate of return of 18% was recorded for 46 kg N ha⁻¹, with the net benefit of 153026.5 birr recommended for the study area for large-scale wheat production.

[bookmark: _Toc466019369]Table V: Partial budget analysis for the nitrogen fertilizer rates on wheat yield
	N Rate
(kg N ha-1)
	Mean grain yield (kg ha-1)
	Adjusted grain yield
(kg N ha-1)
	Gross farm gate price
(ETB ha-1)
	Total variable cost (ETB ha-1)
	Net benefit
(ETB ha-1)
	Marginal rate of return
(%)

	0
	2014.7
	1813.23
	90661.5
	0
	90661.5
	 

	23
	2614.1
	2352.69
	117634.5
	2050
	115584.5
	12.16

	46
	3491.7
	3142.53
	157126.5
	4100
	153026.5
	18.26

	69
	3736.5
	3362.85
	168142.5
	6150
	161992.5
	4.37

	92
	3929.6
	3536.64
	176832
	8200
	168632
	3.24




4. CONCLUSION 

The pooled data result showed that Lemu produced the maximum grain yield of 3807.8 kg ha⁻¹, while Shaki and Wane produced the lowest grain yield. Likewise, the application of N fertilizer up to 92 kg N ha⁻¹ can increase wheat yield, but the rate had no significant difference with 69 kg nitrogen ha⁻¹. The profitable rate for wheat production, considering both yield increase and fertilizer costs, was 46 kg nitrogen ha⁻¹. Overall, variety Lemu and a 46 kg nitrogen fertilizer rate ha⁻¹ were resulted in better yield and profit. Therefore, it can be suggested for better wheat cultivation in the study area and other areas with similar environmental conditions.
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