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ABSTRUCT
Efficient nitrogen management can optimize productivity, improve profitability, and reduce environmental risks such as nutrient leaching. This activity was conducted to determine optimum nitrogen fertilizer rate and time of application for bread wheat in Arsi zone. The experiment consists of six nitrogen fertilizer rates   (0,23,46,69, 92 and 138 kg/hectare) and three time of nitrogen fertilizer application (full at planting, half at planting and half at mid-tillering and 1/3 at planting, 1/3 at mid tillering and 1/3 at booting stage).Spike length, seeds per spike, grain yield, above ground biological yield and harvest index were significantly affected by both main effects of nitrogen fertilizer rate and time of nitrogen fertilizer application at Lemu-Bilbilo. Plant height, spike length, seeds/spike and grain yield were significantly affected by both main effects of nitrogen fertilizer rate and time of nitrogen fertilizer application at Tiyo location. Parameter like plant height, spike length, seeds/spike and grain yield were significantly affected by nitrogen fertilizer rate and time nitrogen fertilizer applications. Highest values were recorded at different treatments for different locations. Accordingly, highest grain yield 5513.6kg/ha at Lemu-Bilbilo, 5417.4kg/ha at Tiyo and 7294.4kg/ha were obtained at 138kg/ha, 92kg/ha and 69kg/ha of nitrogen fertilizer rate, respectively. 
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1. INTRODUCTION
Wheat is one of the world’s most important cereal crops and serves as a staple food for humans (Minot et al., 2019). Owing to its high caloric and nutritional value, wheat plays a critical role in global food security, supplying about 20% of daily caloric and protein intake. It is the second most significant food crop in developing countries after rice (Iqbal et al.,.2022) providing a dietary foundation for over 35% of the global population. In addition to being high in carbohydrates, dietary fiber, and other nutrients, wheat is also valued for its versatility in food processing (Barnes, 2022).
In the 2024/2025 marketing year, global wheat production reached nearly 793 million metric tons (Navarro, 2025). While some studies cite China, India, Pakistan, and Australia as the largest producers (Daniil, 2024), others identify China (133.2 million tons), India (98.6 million tons), and Russia (76.5 million tons) as the leading producers (Zakharova and Zakharov, 2024). Wheat yields have steadily increased over time, rising from 1.09 t/ha in 1961 to 3.45 t/ha in 2020, with an average growth of 0.202 t/ha every five years (Falcon et al., 2022). Currently, the highest productivity of wheat is observed in Ireland (9.37 t/ha), New Zealand (9.21 t/ha), and the Netherlands (8.77 t/ha) (Zakharova and Zakharov, 2024). However, its production levels are highly influenced by seasonal climate conditions (Kosti´c et al., 2021).
In Africa, Ethiopia ranks as the second largest wheat producer after Egypt, accounting for 18.3% of the continent’s wheat production area (FAO, 2020). Each year, Ethiopia produces about 6 million tons of wheat across 2.1 million hectares, representing 21.7% of Africa’s total production (Erenstein et al., 2022). Within sub-Saharan Africa, Ethiopia is among the leading producers (Minot et al., 2015). Nationally, wheat is the fourth most widely cultivated crop after teff (Eragrostis tef), maize (Zea mays), and sorghum (Sorghum bicolor) in terms of land area, and third in total production (CSA, 2014). Wheat covered about 13.33% of the cultivated land and 15.81% of total grain production (CSA, 2015). Regionally, Oromia produces the majority of this crop (53% of wheat area and 57–58% of production), followed by Amhara (34% of area and 28–32% of production), SNNP (8% of area and production), and Tigray (5% of area and 3–6% of production) (CSA2, 2021) and (USDA, 2022).
Wheat production in Ethiopia is predominantly rain-fed (Esayas et al., 2018). However, to enhance food security, income generation, poverty reduction, and economic growth, Ethiopia has recently prioritized wheat as a strategic crop, promoting irrigation and dry-season cultivation (Tadesse et al., 2022 and Haile, 2015). Wheat provides around 14% of Ethiopia’s total calorie intake. This crop is consumed in diverse forms such as bread, pastries, injera (when mixed with teff), kolo (roasted grains), and nifro (boiled grains) (Hodson et al., 2020). Beyond grain, wheat straw is widely used as livestock feed, fuel, and roofing material.
Despite rising demand growing at about 9% annually, domestic wheat production increases at only 7.8% (Minot et al., 2019). Consequently, Ethiopia continues to import wheat to meet consumption needs (Hei et al., 2017). Productivity remains low compared to the global average due to multiple challenges.  Low-yielding varieties, irregular rainfall, soil acidity, declining soil fertility, waterlogging in Vertisols, and crop diseases are factors that contribute to low productivity (Amanuel et al., 2002; Takala, 2019). Additional factors such as limited access to improved seeds, poor agronomic practices, insect pests, weeds, and cultivation on marginal lands further constrain yields (Semahegn et al., 2021; Harfe, 2017; Nigus et al., 2022).
Low soil fertility and inefficient use of mineral fertilizers are among the most critical constraints on Ethiopian wheat production (Yebo, 2015). Continuous nutrient depletion, minimal organic matter input, and limited fertilizer use exacerbate the problem (Balesh, 2005; Kidane, 2015). In particular, nitrogen and phosphorus deficiencies severely restrict wheat productivity (Minale et al., 2006). Nitrogen is especially vital for wheat growth and yield (Amsal et al., 2000) and efficient nitrogen management can optimize productivity, improve profitability, and reduce environmental risks such as nutrient leaching (Rahmati, 2009).
It is not only the amount of nitrogen fertilizer rate that affects crop growth and yield but also the time of nitrogen fertilizer application. This means the amount of nitrogen applied to plants must be carefully managed to ensure that N will be available throughout the growing season and the vegetative and reproductive development will be not restricted. Therefore the objective of this activity is to determine (optimize) the amount and time of nitrogen fertilizer application in the study areas.
2. MATERIALS AND METHODS
2.1. Description of the study area
This activity was conducted for three years (2020, 2021 and 2022) during main growing season (meher) at three districts (Lemu-Bilbilo, Gedeb Asasa and Tiyo) of Arsi Zone, Oromia Regional State, Ethiopia. Location and weather condition of the study sites is given in table 1 below. Rain fall distribution over locations is illustrated in figures 1, 2 and 3 below.
Table 1 Description of study areas
	Location 
	Latitude
	Longitude
	Altitude
	Mean annual rainfall (mm)
	Minimum temperature
	Maximum temperature (°C ) 

	Lemu-Bilbilo
	07⁰31′22′′ N
	39⁰14′46′′E
	2780m
	981.1
	6.8
	20.9

	Tiyo
	8°00' N
	39°07' E
	2210 m
	897.8
	10.5
	22.9

	Gedeb Asasa
	07°06′N
	39°12′E
	2367
	534.4
	7.2
	20.3





Figure 1 Three years (2020, 2021, and 2022) average annual rain fall distribution at Lemu-Bilbilo

Figure 2.Three years (2020, 2021, and 2022) average annual rain fall distribution at Tiyo district

Figure 3. Three years (2020, 2021, 2022) average annual rain fall distribution at Asasa district
2.2. Experimental methods
The treatments consists of six nitrogen fertilizer rates (0, 23, 46, 69, 92 and 138 kg/hectare) and three time of nitrogen fertilizer applications i.e. T1 (full at planting), T2 (half at planting and half at mid-tillering) and T3 (1/3 at planting, 1/3 at mid tillering and 1/3 at booting stage). Randomized complete block design with split plot treatments arrangements was used. Nitrogen fertilizer rate was assigned to main plot whereas time of nitrogen application was assigned to sub-plot.  Farm field that were covered with wheat/barley in the previous year were selected for the experiment in order to avoid after-effects of legumes. Gross plot size and net plot size 3*2m and 2*2.2m was used for this experiment, respectively.  Distance between blocks and plots were 1.5 m and 1m, respectively. Bread wheat was planted in rows using a manual row marker and the distance between rows was 20cm with recommended seed rate of 150 kg ha-1. Bread wheat variety dendea at Lemu-Bilbilo and king bird at Tiyo and Asasa were used.  Urea and triple superphosphate were used as sources of nitrogen and phosphorus, respectively. Triple superphosphate was applied as basal application at a rate of 100 kg ha-1 at planting time for all plots. All other agronomic managements were done as per as recommendations for bread wheat.
2.3. Soil Sampling and Analysis
Soil samples were taken before planting from each block (replication) at three points with 0-20cm sampling depth to form representative composite soil sample. The soil samples collected were dried, crushed and sieved using 2 mm sieve for analysis. Soil analysis was conducted at Kulumsa agricultural research center soil laboratory. The analyses of soil pH, organic carbon, total nitrogen, and available P were performed following the standard procedures. The hydrometer method was used to determine the particle size distribution of the soil sample. The pH of the soil was measured potentiometrically using a digital pH meter in the supernatant suspension of 1:2:5 soils to liquid ratio where the liquids were water and 1 M KCL solution and the change in pH was determined by subtracting pH (KCL) from pH water. Organic carbon content was determined following the wet digestion method described by (Walkley, 1934). Kjeldahl procedure was followed for total N determination described by (Jackson, 1958). Available phosphorus was determined according to (Olsen, 1982).

2.4. Data collection and analysis 
[bookmark: _GoBack]Bread wheat growth parameters and yield components collected were: days to heading, days to flowering, tillering count, plant height, seed per spike, spike length, grain yield, dry biomass yield, thousand kernel weights and hectoliter weight. The collected data were subjected to analysis of variance using the General Linear Model procedure of R computer software version 4.0.1 (Huang, 2014). Whenever treatment effects were significant, the mean differences were separated using the least significant difference (LSD) at 5% level of significance (Gomez and Gomez, 1984). 
[bookmark: _Toc122626846][bookmark: _Toc122674930]	3. RESULTS AND DISCUSSION 
3.1. Selected physicochemical properties of soils of the experimental sites 
The results showed that the pH of the soils of the experimental sites varied from location to location. Accordingly, Lemu-Bilbilo and Asasa soil pH was 4.89 and 5.20, respectively which is classified as very strongly acid while it is 5.6 for Tiyo   which appeared to be moderately acidic. The determined organic matter content of the soil was 2.72%, 3.05% and 2.94% for Lemu-Bilbilo, Tiyo and Asasa districts, respectively. According to Havlin et al. (1999) rating this is categorized as medium organic content.  Total nitrogen and available phosphorus were 0.199% and 6.52mg kg-1, respectively at Lemu-Bilbilo. Tiyo and Asasa   soil total nitrogen was 0.146% and 0.125%, respectively while available phosphorus was 12.54 mg kg-1 and 18.77 mg kg-1. Soil total nitrogen content is moderate according to (Tekalign, 1991) at all experimental locations whereas available phosphorus was low, medium and high at Lemu-Bilbilo, Tiyo and Asasa, respectively.
3.1. Phenology
Days to heading, days to flowering and days to maturity: there was no significant difference among treatments for these parameters at all locations.
3.2. Plant growth parameters
Seedling density/m2: not significantly affected by interaction effects and main effects also.
Plant height: plant height of wheat was significantly (P < 0.05) affected by both nitrogen fertilizer rate and time of nitrogen fertilizer application at all experimental locations. Highest plant height of wheat (102.6cm and 92cm) was measured at the maximum nitrogen fertilizer rate (138kg/ha) followed by 99.7cm and 90cm at 92kg/ha of nitrogen fertilizer rate at Lemu-Bilbilo and Asasa districts, respectively. Lowest plant height was recorded at 0 nitrogen fertilizer rate at Lemu-Bilbilo and Asasa districts. The highest (91.7cm) and lowest (75.4cm) plant height was recorded at 92kg/ha of nitrogen fertilizer rate and 0  nitrogen fertilizer rate respectively at Tiyo. Increasing nitrogen fertilizer rate from zero to 138kg/ha has increased plant height of wheat. This is the result of nitrogen fertilizer contribution to vegetative growth of plant. In other similar studies, nitrogen resulted in increased plant height and enhanced the overall vegetative growth of bread wheat (Pampana and Mariotti, 2021). Concerning time of nitrogen fertilizer application, highest plant height of wheat was recorded at 1/3 at planting, 1/3 at mid-tillering and 1/3 at booting stage at Lemu-Bilbilo. However, highest plant height was recorded at 1/3 at planting and 2/3 at mid tillering for other locations .This variation is derived from the differences in agro ecologies of these locations. The difference in plant height may be due to continuous supply of N as a result of N splitting following crop phenological stages. The result is in line with (Pampana and Mariotti, 2021) who reported that the plant height of durum wheat increased with the increases of supply of N during the later stages of crop.
Table 2. Main effects of nitrogen fertilizer rates and timing on days to heading,   days to flowering,   seedlings /m2, tillers/plant, plant height and spike length of bread wheat at Lemu-Bilbilo
	Treatments
	Days to heading
	Days to flowering
	Seedlings /m2
	Tillers/  plant
	Plant height(cm)
	Spike length(cm)

	
	
	
	
	
	
	

	N rate (kg ha-1)
	 
	 
	 
	 
	 
	 

	0
	91
	103
	147
	2c
	86.3e
	7.2e

	23
	91
	103
	144
	3bc
	91.4d 
	7.7d

	46
	92
	104
	146
	2c
	94.8c 
	8.1c

	69
	92
	104
	136
	3ab
	96.7bc 
	8.3c

	92
	92
	105
	      137
	3a
	99.7ab 
	8.6b

	138
	92
	104
	144
	3a
	102.6a 
	8.9a

	LSD (%)
	1.5
	1.6
	14.2
	0.35
	3.10
	0.2

	N timing
	
	
	
	
	 
	 

	T1
	92
	104
	143
	3
	93.8b 
	7.9b

	T2
	91
	103
	147
	3
	95.3ab 
	8.1ab

	T3
	92
	104
	138
	3
	96.7a 
	8.3a

	LSD (%)
	1.0
	1.1
	10.0
	2.2
	2.1
	0.2

	CV (%)
	1.7
	1.6
	10.9
	13.8
	6.0
	6.7



3.3. Yield and yield components 
Spike length: the analysis of variance revealed that there was significant (P < 0.05) difference in response to nitrogen fertilizer rates and time of nitrogen fertilizer application for spike length of wheat.  Highest spike length was recorded at different nitrogen fertilizer rates for all experimental locations. Spike length increased as nitrogen fertilizer rate increases from zero to 138kg/ha at Lemu-Bilbilo. Consequently, the longest spike length (8.9cm) was recorded at 138kg/ha of nitrogen fertilizer rate. However, longest spike (8.3cm) was recorded at 92kg/ha and 69kg/ha at Tiyo and Asasa, respectively. Among time of nitrogen fertilizer applications 1/3 at planting, 1/3 at mid-tillering and 1/3 at booting stage gave longest spike at Lemu-Bilbilo while 1/3 at planting and 2/3 at mid tillering gave longest spike at Tiyo and Asasa.
Seeds per spike: nitrogen fertilizer rate has significantly (P < 0.05) affected number of seeds per spike at all locations, but time of nitrogen fertilizer application significantly affected seeds per spike only at Tiyo and Asasa. The same as spike length, highest number of seed per spike (60.7) was obtained from the highest nitrogen fertilizer rate (138kg/ha) at Lemu-Bilbilo while highest number of seed per spike (55.3 and57.0) was recorded at 92kg/ha and 69kg/ha at Tiyo and Asasa, respectively. This might be the result of direct relationship between number seeds per spike and spike length. Likewise Tayebeh et. al. (2011) also reported that nitrogen fertilizer rate has significantly affected number of seeds per spike and as nitrogen fertilizer rate increased number of seeds per spike was increased.
Grain yield: three years combined data analysis indicated that grain yield was significantly affected (P < 0.05) by both main effect of nitrogen fertilizer rate and time of nitrogen fertilizer application at all locations. The highest grain yield (5513.6kg/ha) was recorded at the maximum nitrogen fertilizer rate application (138kg/ha) followed by 92kg/ha at Lemu-Bilbilo. However, there was no significant difference among treatments 138kg/ha and 92kg/ha for grain yield. At this agro-ecology increasing nitrogen fertilizer from zero to 138kg/ha, increased grain yield of bread wheat. This is due to high and prolonged rain fall at this area than other locations. Conversely, highest grain yield 5700.9kg/ha at Tiyo and 7294.4kg/ha at Asasa was recorded at 92kg/ha and 69kg/ha of nitrogen fertilizer rate, respectively. Further increase of nitrogen fertilizer rate resulted in decreasing of grain yield of bread wheat at both locations.
This result agree with the findings of  (Belete et al., 2018 and Tayebeh et. al. 2011) who reported that bread wheat grain yield was increased as nitrogen rate increased up to 360kg/ha. Another author Hafeez et al. (2023) also illustrated increasing of wheat grain yield as nitrogen fertilizer rate increased up to 210 kg/ha.   This indicates that nitrogen is very important for wheat growth, development and grain yield. In this case yield was increased up to the maximum nitrogen fertilizer rate at Lemu-Bilbilo but there may be diminishing of yield value if there was further increment of nitrogen fertilizer.
There was also a variation of grain yield of wheat for nitrogen timing. Subsequently, the maximum grain yield of wheat (4716.0kg/ha) was obtained at T3=1/3 at planting, 1/3 at mid tillering and 1/3 at booting stage of application at Lemu-Bilbilo. On the other hand, highest grain yield of wheat (4218.0kg/ha) at Tiyo and (5850.6kg/ha) at Asasa was observed at 1/3 at planting and 2/3 at mid tillering of nitrogen fertilizer application, respectively. This indicates that three time split application of nitrogen fertilizer is very advantageous than other application times at higher rain fall areas. The reason behind this is loss of nitrogen fertilizer through leaching and volatilization.
Above ground biological yield: was also significantly (P < 0.05) affected by both main effects of nitrogen fertilizer rate and time of nitrogen fertilizer application at Lemu-Bilbilo. But only nitrogen fertilizer rate has significantly affected above ground biological yield at Tiyo and Asasa. The peak production of above ground biological yield (14.0t/ha) at Lemu-Bilbilo was obtained from 138kg/ha of nitrogen while the lowest was recorded at control treatment which is 0kg/ha of nitrogen. On the other hand three times split application of nitrogen fertilizer gave the highest biological yield compared to other treatments. This is obviously due to the contribution of nitrogen to vegetative growth of plants. 
 The greatest values of above ground biological yield (14.2t/ha) at Tiyo and (15.0t/ha) at Asasa were gained at 92kg/ha and 69kg/ha nitrogen fertilizer rate, respectively.
Harvest index: Both nitrogen fertilizer rate and time of nitrogen fertilizer application have significantly (P < 0.05) affected harvest index at Lemu-Bilbilo but neither at Asasa nor at Tiyo. The greatest harvest index was calculated at zero nitrogen fertilizer rates (table 3). This might be due to low production of biological yield at zero application of nitrogen fertilizer rate which results in low harvest index.
 Table 3 Main effect of nitrogen fertilizer rates and timing on seeds/spike, grain yield, above ground biological yield, harvest index, thousand kernel weight and hectoliter weight of bread wheat at Lemu-Bilbilo 
	Treatments
	 Seeds/ spike
	Grain yield (kg/ha)
	Above ground biological yield(t/ha)
	Harvest index (%)
	TKW(g)
	HLW(kg/hL)

	
	
	
	
	
	
	

	N rate (kg ha-1)
	 
	 
	 
	 
	 
	 

	0
	43.4c 
	3137.5e 
	7.4d
	42.6a
	40.8c
	75.8d

	23
	50.1b 
	4009.4d 
	10.6c
	39.6bc
	44.3b
	78.5c

	46
	51.8b 
	4366.9cd 
	11.7bc
	38.6bcd
	45.0b
	78.9bc

	69
	54.7b 
	4638.8bc 
	13.1ab
	36.6d
	46.5ab
	80.5ab

	92
	54.1b
	5215.1ab 
	14.4a
	37.3cd
	46.4ab
	79.9abc

	138
	60.7a 
	5513.6a 
	14.0a
	40.3ab
	48.3a
	81.3a

	LSD (%)
	5.4
	576.5
	2.0
	2.9
	2.6
	1.9

	N timing
	 
	 
	 
	 
	 
	 

	T1
	50.4
	4208.0b 
	10.6b
	40.4a
	44.3 
	78.7

	T2
	52.5
	4516.7ab
	11.8ab 
	39.5ab 
	45.0 
	79.0 

	T3
	54.5
	4716.0a 
	13.1a 
	37.6b 
	46.3
	79.7

	LSD (%)
	ns
	407.6
	1.4
	2.0
	1.8
	Ns

	CV (%)
	19.1
	23.9
	31.5
	13.8
	10.9
	4.6


T1=1/2 at planting and ½ at mid tillering, T2=1/3 at planting and 2/3 at mid tillering, T3=1/3 at planting, 1/3 at mid tillering and 1/3 at booting stage NS=Non-significant at 5% significance level. Means with the same letter(s) in the same column of each trait are not significantly different at 5% probability level.

Table 4. Main effect of nitrogen fertilizer rates and timing on plant height, spike length, seeds/spike, grain yield, above ground biological yield and harvest index at Tiyo
	Treatments
	PH(cm)
	SL(cm)
	S/S
	GY(kg/ha)
	BY(t/ha)
	HI (%)

	N rate (kg ha-1)
	 
	 
	 
	 
	 
	 

	0
	75.4f
	6.3f
	39.1f
	2718.2f
	7.0d
	39.0

	23
	81.3e
	6.9e
	45.4e
	3433.7e
	9.2c
	38.0

	46
	84.5d
	7.1d
	47.5d
	3987.2d
	10.0c
	40.4

	69
	86.1c
	7.5c
	49.6c
	4435.2c
	11.5b
	39.7

	92
	91.2b
	8.3a
	55.3a
	5417.4a
	14.2a
	38.7

	138
	88.2a
	7.7b
	51.8b
	4728.0b
	12.3b
	39.0

	LSD (%)
	1.1
	0.1
	0.8
	126.0
	1.0
	NS

	N timing
	 
	 
	 
	 
	 
	 

	T1
	83.9b
	7.2b
	47.6b
	4035.8b
	10.7
	38.5

	T2
	85.0a
	7.4a
	48.6a
	4218.0a
	11.1
	38.8

	T3
	84.4b
	7.3b
	48.2ab
	4106.0b
	10.3
	40.1

	LSD (%)
	0.8
	0.1
	0.6
	89.07
	NS
	NS

	CV (%)
	1.9
	1.7
	2.6
	4.6
	13.4
	11.0



[bookmark: OLE_LINK1] T1=1/2 at planting and ½ at mid tillering, T2=1/3 at planting and 2/3 at mid tillering and T3=1/3 at planting, 1/3 at mid tillering and 1/3 at booting stage NS=Non-significant at 5% significance level. Means with the same letter(s) in the same column of each trait are not significantly different at 5% probability level.

Table 5. Main effect of nitrogen fertilizer rates and timing on plant height, spike length, seeds/spike, grain yield, above ground biological yield and harvest index at Asasa
	Treatments
	Plant height(cm)
	Spike length(cm)
	Seeds per spike
	Grain yield (kg/ha)
	biological yield(t/ha)
	Harvest index (%)

	N rate (kg ha-1)
	
	
	
	
	
	

	0
	83.3f
	6.9f
	44.9f
	3949.7f
	8.6e
	46.4

	23
	85.2e
	7.3e
	48.7e
	4817.2e
	10.2d
	46.7

	46
	86.8d
	7.5d
	50.5d
	5652.7d
	11.9c
	48.1

	69
	89.0c
	8.3a
	57.0a
	7294.4a
	15.0a
	50.0

	92
	90.6b
	7.7c
	52.4c
	6125.4c
	13.0b
	47.2

	138
	92.8a
	7.9b
	54.1b
	6764.3b
	13.5b
	53.6

	LSD (%)
	0.6
	0.1
	0.5
	115.3
	0.9
	NS

	N timing
	 
	 
	 
	 
	 
	 

	T1
	87.6b
	7.6b
	51.0b
	5717.4b
	11.9
	49.8

	T2
	88.3a
	7.7a
	51.6a
	5850.6a
	11.9
	49.0

	T3
	87.9ab
	7.6b
	51.2b
	5733.8b
	12.3
	47.1

	LSD (%)
	0.4
	0.1
	0.3
	81.6
	NS
	NS

	CV (%)
	1.0
	1.9
	1.4
	3.0
	11.2
	21.1



3.4. Quality parameters 
Thousand kernel weight: was significantly affected by only nitrogen fertilizer rates. Even though, there was no significant difference among treatments 138kg/ha, 92kg/ha and 69kg/ha, the largest seed size (48.3g) of bread wheat was recorded at highest nitrogen fertilizer rate. The high thousand seed weight with high N rate application might be attributed to a better nutritional status of the plants, which resulted in good grain filling.  In contrast the smallest seed size was observed at no nitrogen fertilizer application table 2. This result indicates that as nitrogen rate increases the value of thousand kernel weight increases. This result is similar to the findings of Tayebeh et. al. (2011) who reported that increasing nitrogen rate increased thousand kernel weight of bread wheat. The result is also in line with the findings of (Sissons et al., 2023) who reported maximum thousand kernels weight in response to N supplemented at rate of 92 kg ha-1 and above.
Hectoliter weight: Like thousand kernel weight, hectoliter weight was also significantly affected by only nitrogen fertilizer rates. Highest hectoliter weight was recorded at 138kg/ha of nitrogen fertilizer rate. This means there will be quality flour at this rate than other treatments.
 4. CONCLUSION AND RECOMMENDATION
Soil fertility management, specifically site-specific nitrogen optimization, is a crucial aspect of bread wheat production. This study demonstrated that different nitrogen fertilizer rates provide optimum grain yields for bread wheat at different locations. For example, the highest grain yield for the Lemu-Bilbilo district was recorded at a nitrogen rate of 138 kg/ha, while 92 kg/ha and 69 kg/ha produced the highest yields in the Tiyo and Asasa districts, respectively. Moreover, the timing of nitrogen fertilizer application is a critical factor in optimizing bread wheat yield across different locations. Maximum grain yield was achieved in Lemu-Bilbilo when nitrogen was applied in three splits (1/3 at planting, 1/3 at mid-tillering, and 1/3 at the booting stage). However, a two-split application—1/3 at planting and 2/3 at mid-tillering resulted in the highest grain yield at both Tiyo and Asasa districts. In short, areas with long rainfall duration, such as the highlands of Lemu-Bilbilo, require relatively higher nitrogen rates and three-time splitting compared to mid-altitude areas like Tiyo and Asasa. This is because frequent and prolonged rainfall causes higher rates of nitrogen leaching and denitrification. Therefore, the recommendation for nitrogen fertilizer depends heavily on the specific production area. 
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