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[bookmark: _Toc170359175][bookmark: _Toc170777894][bookmark: _Toc173814091]	ABSTRACT
In Ethiopia, nitrogen (N) and phosphorus (P) are the two primary nutrients limiting bread wheat yields. However, optimal N and P rates for wheat production in Northern Gondar, specifically in Debark and Wogera districts, were not well established. This research aimed to determine the best NP fertilizer rates, their economic feasibility, and agronomic efficiency for bread wheat. The study was conducted in 2023/24 main season using the Alidero variety, with a factorial design of four N levels (115, 161, 207, and 253 kg ha-1) and three P2O5 levels (46, 69, and 92 kg ha-1), plus a control treatment (0 N, 0 P2O5). Experiments laid in RCB design with three replications on two farmers' fields. Data were analyzed using SAS software. Results showed that N rates significantly affected growth and yield (p<0.01), while biomass and tiller number were significantly influenced by the interaction of NP rates (p<0.05). The highest grain yield (4952 kg ha-1) was achieved at the rate of 161 kg N ha-1. The maximum dry biomass yield of 14986 kg ha-1 occurred at 161 N/46 P2O5 kg ha-1. Nitrogen uptake peaked at 130.06 kg ha-1 by 161 kg N ha-1. Economic analysis indicated that the NP combination of 161/46 kg ha-1 yielded at marginal rate of return of 660% and a maximum net benefit of 313,460 ETB ha-1. The application of 161/46 N and P2O5 kg ha-1 is recommended for bread wheat production in Wogera, Debark districts, and similar agroecological areas.	
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1. INTRODUCTION
Agriculture in Ethiopia is the basis of the country’s economy; however, its production and food systems are facing challenges due to a fast-growing population and increasing soil fertility depletion (Bouteska et al., 2024). Currently, governmental and non-governmental organizations in Ethiopia have given special attention to the agricultural sector, which plays a leading role in the economic development of the country (Desta et al., 2022). 
The effectiveness of fertilizer application and targeting specific niches in responding to a specific soil fertility problem and its positive economic return (Tamene et al., 2017). Thus, efforts to increase crop productivity through fertilizer application and to narrow the yield gaps in smallholder farming require stratified fertilizer management in agricultural lands (Degaga et al., 2022).
Nitrogen is an essential element of all the amino acids in plant structures, which are the building blocks of plant proteins and enzymes. It is important in the growth and development of vital plant tissues and cell membranes, chlorophyll, proteins, and enzymes necessary for plant growth and photosynthesis. (Luo et al., 2018). 
Phosphorus is the second most essential element for crop production to achieve maximum yield production of wheat. It involves the energy processes to enhance root development and strengthening of straw and affects flowering, fruiting, seed formation, and crop maturation (Kedir et al., 2021). 
Ethiopia is the second largest wheat (Triticum aestivum L.) producer in sub-Saharan Africa. It ranks fourth after Tef (Eragrostis tef (Zucc) Totter), Maize (Zea mays), and Sorghum (Sorghum bicolor L.) in area coverage (CSA, 2019). In Amhara region yield and area coverage of wheat production is 554661.74 hectares, total production of 1404707.48 tons, and yield productivity of 2.53 t ha-1 (CSA, 2018). In Ethiopia, wheat is one of the major staple food security crops and has great nutritional value and contains starch (60-90%), protein (11-16.5%), and fat (1.5-2%) and its straw is good source for animal feed (Ashamo et al., 2012). 
However, lack of optimal use of production inputs, especially nitrogen and phosphorus deficiency, are the major problems for wheat production in Ethiopian highlands (Alambo et al., 2022). Specifically there was limited research conducted concerning NP fertilizer rates in the study areas such as Debark and Wogera. Therefore, the study was initiated to determine the rates of NP fertilizers, agronomic use efficiency and uptake of NP on yield and yield components of bread wheat at Debark and Wogera districts, and to determine the economic feasibility of NP fertilizer rates for smallholder farmers in the study area
[bookmark: _Toc170359196][bookmark: _Toc170777922][bookmark: _Toc173814110]
2. MATERIALS AND METHODS
[bookmark: _Toc170359197][bookmark: _Toc170777923][bookmark: _Toc173814111]2.1 Description of Study Area
The experiment was conducted during 2023/24 main season at Debark and Wogera districts of North Gondar zone, in the Amhara Region, Ethiopia. Debark district is located at 37.500 to 38.166 N longitude and 12.83 to 13.50 latitude and an altitude of 2751 meters above sea level. Whereas Wogera is located at 37.500 to 38.166 longitude and 12.500 to 13.33 latitude and an altitude of 2793 meters above sea level (Figure 1). The dominant soil type in these areas was Cambisols (FAO, 2015).
[image: D:\Melkamu Map.jpg]
Figure 1. Map of the study area
[bookmark: _Toc170359199][bookmark: _Toc170777925][bookmark: _Toc173814113]2.2. Climatic Condition 
Both Wogera and Debark districts have tepid to cool moist highland agro-ecology. The minimum and maximum temperatures of the study site at Wogera was 4.70c and 29.40c, and annual rainfall 1185 mm last five years ago. The minimum and maximum temperature for Debark  also, 4.710c and 23.60c and annual rainfall 1019 mm last five years ago. 

[bookmark: _Toc171034870]Figure 2:  Average monthly rainfall and mean maximum and minimum temperature at Wogera from 2014 –2023 growing period.
Source: https://gisweb.ciat.cgiar.org

[bookmark: _Toc171034871]Figure 3: Average monthly rainfall and mean maximum and minimum temperature at Debark from 2014 – 2022 growing period. 
Source: https://gisweb.ciat.cgiar.org
[bookmark: _Toc170359201][bookmark: _Toc170777927][bookmark: _Toc173814115]In general, from both districts in the main rainy season (July, August, and September) rainfall contributed the highest percentage of rainfall in the region (Dereje et al., 2012). The maximum and minimum temperatures generally higher from March to December.
[bookmark: _Toc170359204][bookmark: _Toc170777930][bookmark: _Toc173814116]2.3 Planting materials and experimental design
[bookmark: _Toc165520836]The adapted and recommended variety of wheat was Alidero. The Completed factorial arrangement of four levels of N (115, 161, 207, and 253 kg ha-1) and three levels of P2O5 (46, 69, and 92 kg ha-1) and (0) at a satellite plot in a randomized complete block design (RCBD) with three replications was used. The experiment had 13 treatments (Table 1) and applied on two farmers’ fields. Gross plot size was 3 m * 2.5 m (7.5 m2) and net plot size was 2.6 m *2 m (5.2 m2). Spacing of 20 cm, 1 m, and 1.5 m between rows, plots, and blocks respectively were kept. Triple Super Phosphate (TSP) (46% P2O5) used as a source of phosphorus and urea (46% N) used as a source of nitrogen. All phosphorus fertilizer doss were added at the time of planting. Whereas application of urea was 1/3 of N added at planting 1/3 of N at the tiller stage, and the remaining 1/3 of N at the booting stage.
[bookmark: _Toc170359205][bookmark: _Toc170777931][bookmark: _Toc173814117]Table 1: Treatment combination of Nitrogen and phosphorus
	Treatments
	Nitrogen kg ha-1
	P2O5 kg ha-1
	Treatments
	Nitrogen kg ha-1
	P2O5 kg ha-1

	T1
	0
	0
	T8
	207
	46

	T2
	115
	46
	T9
	207
	69

	T3
	115
	69
	T10
	207
	92

	T4
	115
	92
	T11
	253
	46

	T5
	161
	46
	T12
	253
	69

	T6
	161
	69
	T13
	253
	92

	T7
	161
	92
	
	
	








[bookmark: _Toc165520838][bookmark: _Toc170359207][bookmark: _Toc170777932][bookmark: _Toc173814119]2.4. Soil sampling and analysis
Composite soil samples were collected from the experimental sites before planting at depth of 20 cm. Collected soil samples taken to soil laboratory to determine soil texture, soil pH, Organic carbon, total nitrogen, available phosphorus, Cation exchange capacity (CEC) and exchangeable base values. 
[bookmark: _Toc165520839][bookmark: _Toc170359208][bookmark: _Toc170777933][bookmark: _Toc173814120]2.5 Plant sampling method
Grain and straw samples collected from each net plot during trashed and dried at 70 °C until recorded constant weight. The dried samples were milled, and the grain and straw NP content of the plant samples were determined using the micro-Kjeldahl and Olsen methods respectively as stated by the American Association of Cereal Chemists (AACC) (2000). To measure agronomic efficiency (AE) as showed Eq.1. The NP uptake of grain and straw were calculate by multiplying the grain or straw yield (kgha-1) by the NP concentration in (%) of grain and straw on each treatment as shown eq.2. 
AE= GYF (kg) – GYU (kg) /quantity of applied fertilizer (kg) ---------eq. 1
Note: - AE = Agronomic Efficiency (kg kg-1), GYF = grain yield of fertilized crop, GYU= grain yield of unfertilized crop
NP = uptake of grain or straw (kg ha-1) = Yield of grain or straw (kg ha-1) * NP concentration of grain or straw (%) x 10-2 -----------------eq.2
2.6 Collected data 
[bookmark: _Toc165520840][bookmark: _Toc170359209][bookmark: _Toc170777934][bookmark: _Toc173814121]2.6.1 Agronomic data 
Days to heading date: days to spike heading was determined as the number of days taken from the date of planting to the date of 50% heading of the plants from each plot by visual observation.
Days to 90% physiological maturity: Days to physiological, maturity were determined as the number of days from planting to the date when 90% of the peduncle turned yellow in straw color. It was recorded when no green color remained on glumes and peduncles of the plants, i.e. when grains are difficult to break with a thumbnail.
Plant height (cm): Plant heights were measured above soil surface to the tip of the spike excluded awns randomly 10 plants selected from the net plot at maturity. 
Spike length (cm): measured from the bottom of the spike to the tip of the spike excluding the awns of 10 randomly tagged plants randomly selected from the entire net plot.
Number of effective tillers: Determined from the 0.5 m length of two rows counted at emergency from the net plot and counted again at physiological maturity.  Then the number of plants at physiological maturity minus the number of plants at emergency divided by counted number of plants at the emergency 
Thousand seed weight (gm): It was determined based on the weight of 1000 kernels sampled from the grain yield of each net plot by counting using an electronic seed counter and weighing with a sensitive balance. Then, the weight of seed was adjusted to 12.5% standard moisture content.
Aboveground dry biomass (kg ha-1): It was determined from plants harvested from the net plot area after sun drying to a constant weight and converted to kg per hectare.
Grain yield (kg ha-1): Grain yield was taken by harvesting the biomass yield from the net plot with a sack to prevent wastage during trashing. After trashing yield weighted in kg per plot by using a sensitive balance then converted to kgha-1 and adjusted by standard moisture content of cereal crops at 12.5%. Adjusted grain yield was calculated kg ha-1 by using equation 3 as follows. AGY= actual yield (kg ha-1) * (100 – MC (%)/ (100 – 12.5) -------eq .3
Note: - AGY= Adjusted Grain Yield, MC= moisture content of actual yield
Harvest index (%): It is the ratio of grain to total shoot dry matter and is a measure of reproductive efficiency. It calculated by dividing grain yield by the aboveground dry biomass yield and multiplied by 100.
[bookmark: _Toc170359210][bookmark: _Toc170777935][bookmark: _Toc173814122]2.6.2 Economic analysis
Economic analysis was performed using CIMMYT’s (1988) methodology. Average prices for wheat grain, wheat straw were considered for benefit. Whereas fertilizer cost, labor for application, and cost of transport were considered in Ethiopian birr (ETB) costs. Gross return was the value of the two products, i.e. wheat grain, and straw for various treatments estimated at the farm get price. Wheat grain and Straw yields were adjusted 10% downwards that assuming farmers would obtain yields 10% lower than those obtained in this experiment would. The price of fertilizer was urea and NPS (39.40 ETB kg-1 and 39.65 ETB kg-1), respectively and labor cost for transport and urea split application was 3.95 ET Birr kg-1. The average local market price of wheat grain and straw was 70.00 and 2.00 ETB kg-1 respectively.
The dominance analysis and marginal rate of return (MRR) were calculated to select the best economically and biologically feasible treatment as shown. 
NR= TR – TVC	
TR= AGY x Price of the wheat grain +farm gate price of straw
TVC= Cost of N fertilizer + Cost of P fertilizer + cost of N application and cost transport
AGY= GY – (UGY x 10%)
Note: -MRR =marginal rate of return, ▲NR =change of net return, ▲VC= change of variable cost, TVC= total variable cost, TR=total revenue, AGY=adjusted grain yield by 10% downwards, GY=actual grain yield, UGY=unadjusted grain yield
[bookmark: _Toc170359211][bookmark: _Toc170777936][bookmark: _Toc173814123]2.7 Statistical Analysis
Analysis for collected parameters subjected to statistical analysis software (SAS) version 9.4 using the General linear model (GLM) procedure. Mean comparison among treatments done by least significance difference (LSD) at 5% confidence level. 
[bookmark: _Toc170359212][bookmark: _Toc170777937][bookmark: _Toc173814124]3. RESULTS AND DISCUSSION
3.1. Physicochemical properties of Soil 
Physicochemical properties of soil at Wogera and Debark sites had a clay loam and clay textural class respectively (Table 2) (Bouyoucos, 1951). Soil pH results considered as slightly acidic according to a rating by Sahlemedhin and Taye (2000), which are generally suitable for most crops. Soil pH from 6.0 to 7.5 is the acceptable range for wheat production in Ethiopia (Takala B., 2019). Available phosphorus was medium according to Cottenie (1980) rating. Organic carbon and total nitrogen was moderate according to Debele B., (1980). Cation exchange capacity (CEC) ranged under high level according to Debele B., (1980). In general, both sites have higher CEC, which is favorable for crop production (Tolosa S., 2012). 
Table 2: Soil physicochemical properties at Wogera and Debark districts 
	Soil physicochemical properties
	Unit 
	Amount
	 

	
	
	Wogera
	Debark

	PH 
	
	6.23
	6.47

	Cation exchange capacity 
	Cmol (+)/Kg soil
	61.48
	50.204

	Available P
	Mgkg-1
	11.49
	13.58

	Total nitrogen
	%
	0.189
	0.169

	Organic carbon
	%

	1.94

	1.99


	Texture class
	 
	clay loam
	Clay


[bookmark: _Toc170359213][bookmark: _Toc170777938][bookmark: _Toc173814125]3.2 Crop Phenology and Growth Parameters
[bookmark: _Toc170359214][bookmark: _Toc170777939][bookmark: _Toc173814126]3.2.1 Days to heading 
[bookmark: _Toc165520847]Days to 50% heading was significantly (p < 0.001) affected by the main effects of N-rate while there was no significant difference for the application of phosphorus rates. Increasing N fertilizer rates from 115 to 253 kg ha-1 extended the number of days to 50% heading from 71 to 75 days (Table 3). Days to heading showed an increasing tendency with rising N rates. That related to the increased N rates and its effect in extending vegetative growth and hence prolonging days to heading. On the other hand, the use of low N fertilizer rates for wheat production shortens the intervals between the growth phases due to the accessibility of inadequate nutrients. The current finding is in line with the studies of Godebo et al. (2021) who reported that, days to heading showed an increasing trend with increasing N fertilizer rates from 0 to 69 kg ha-1.
[bookmark: _Toc170359215][bookmark: _Toc170777940][bookmark: _Toc173814127]3.2.2 Days to 90% maturity 
[bookmark: _Toc165520848]The results showed that the main effects of the N fertilizer rate were highly significant (p < 0.001) on days to 90% physiological maturity. However, applying P has no significant difference on days to 90% physiological maturity. Conversely, the interaction effects of the N and P did not significantly affect days to 90% physiological maturity. The shortest date recorded (122) days on the plot, which received 115 kg ha⁻¹ of nitrogen, while the longest dates 126 days were observed at 207 kg ha⁻¹ nitrogen rates, respectively (Table 3). In contrast, the control plots matured earlier at 118 days. That might be attribute to the role of nitrogen in enhancing vegetative growth, thereby delaying maturity. These results align with the study by Kabato et al. (2022), which reported that applying 55.2% NP fertilizers delayed the maturity of wheat, whereas control levels led to earlier maturity. Similarly, Haileselassie et al. (2014) found that the highest doses of nitrogen delayed physiological maturity due to increased nitrogen uptake, which promotes high photosynthetic activity and extends the vegetative growth period.
[bookmark: _Toc173814128][bookmark: _Toc170359216][bookmark: _Toc170777941]3.2.3 Plant height 
[bookmark: _Toc165520849]The analysis of variance shows that plant height was significantly (p < 0.01) affected by application of Nitrogen rates.  However, the application of phosphorus and the interaction of NP fertilizers had no significant effect on the growth of plant height. The highest plant height was recorded from plots where, at N rates of 161 and 253 kg ha-1 received (103 cm) equally. Whereas the shortest was recorded on, control plots 89 cm (Table 3). The significant plant height difference due to different N rates might indicate that nitrogen is essential for increased cell division and elongation. The finding in line with the result of Hordofa et al. (2022) stated that increasing nitrogen rates increases the plant height up to the optimal level of N, and balanced and adequate soil nutrient management is important practice.
[bookmark: _Toc173814129][bookmark: _Toc170359217][bookmark: _Toc170777942]3.2.4 Spike length 
The application of Nitrogen and phosphorus fertilizer rates did not significantly affect individuals or their interaction with spike length. However, there was a significant difference as compared to the control plot (Table 3). This finding is in line with Dugassa et al. (2019) who reported that spike length is insignificant due to different rates of N and P, which may probably spike length, is sensitive to environmental and genetic factors.
Table 3: Effect of NP fertilizers on the mean value of crop phenology and growth parameters
	N
ka-1
	HD
	MD
	PH
	SPL

	115
	71c
	122c
	100b
	10.1

	161
	72c
	124b
	103a
	10.3

	207
	74b
	126a
	102ab
	10.1

	253
	75a
	126a
	103a
	10.4

	LSD (5%)
	1
	1
	1.8
	0.3

	Sig.
	**
	**
	*
	ns

	P2O5 kg ha-1
	
	
	
	

	46
	73
	124
	102
	10.2

	69
	73
	124
	101
	10.4

	92
	72
	124
	102
	10.1

	LSD (5%)
	1
	0
	2
	0.3

	Sig.
	ns
	ns
	ns
	ns

	CV (%)
	2.58
	0.47
	2.66
	4.71

	Control (0,0)
	66
	118
	89
	8.4


NB: ** = highly significant at P<0.01, * = significant at P<0.05, ns  = non-significant, CV = coefficient of variance, HD = 50% heading date,LSD = least significant difference, MD =  90% maturity date, N = nitrogen, P2O5 = phosphorus,  PH  = plant height (cm),  SPL = spike length (cm).    
[bookmark: _Toc165520851][bookmark: _Toc170359218][bookmark: _Toc170777943][bookmark: _Toc173814130][bookmark: _Toc165520850]3.3 Yield and Yield Related Components
[bookmark: _Toc170359219][bookmark: _Toc170777944][bookmark: _Toc173814131]3.3.1 Number of effective tillers
[bookmark: _Toc165520852]An effective number of tillers per plant was significantly influenced (p < 0.01) by the interaction effect of N*P application rates. The maximum effective number of tillers per plant recorded was 4.62 and 3.95 from the plots, which received 161/69, 115/69, and 115/92 N P2O5 kg ha-1 equally. While the lowest number of effective tillers was from the control plots (2.2 in number) (Table 4). This finding is supported by Haileselassie et al. (2014) who reported that nitrogen and  phosphorus application increased significantly the number of effective tillers per plant. According to Gebremedhin  T., (2019) number of effective tillers per plants were significantly affected by various levels of phosphorous and nitrogen fertilizers, and the highest number of effective tillers per plant (nine tillers) was recorded when 150 N kg ha-1 and 92 kg ha-1 P2O5 was applied. 
[bookmark: _Toc170359220][bookmark: _Toc170777945][bookmark: _Toc173814132]3.3.2 Aboveground dry biomass
[bookmark: _Toc165520853]Aboveground dry biomass was significantly (p < 0.05) influenced by the interaction effect of nitrogen and phosphorus rates. The maximum and minimum yield of biomass (14984 kg ha-1) and (6194 kg ha-1) was recorded from plots, which received 161 /46 N P2O5 kg ha-1 and control plots respectively (Table 4). That might related to nitrogen and phosphorus role in accelerating plant vegetative growth and the increase plant height and tiller number could increase biomass production. 
This finding is supported by Kabato et al. (2022) the highest biological yield (9.84 ton ha-1) was achieved combined application of the NP (55.2%: 46%) while the lower yield (5.74 ton ha-1) was recorded at the control level. However, the finding contradicts with Dugassa et al. (2019) who stated that N and P's interaction effect was insignificant on the yield of biomass and he concluded that the application of only 96 kg N ha-1 fertilizer is advisable. Conversely, the current finding is not in line with Haileselassie et al. (2014) who stated that yields of wheat straw insignificantly due to the interaction effect of NP fertilization.
[bookmark: _Toc171034843]Table 4 : Interaction effect of NP fertilizers on the number of tillers and dry biomass
	 
N kgha-1
	P2O5 kg ha-1

	
	Effective tiller number
	Above-ground Dry biomass (kg ha-1)

	
	46
	69
	92
	46
	69
	92

	115
	3.02d
	3.95ab
	3.95ab
	13140ab
	12472b
	12356b

	161
	3.08d
	4.62a
	3.88bc
	14984a
	12719ab
	13091ab

	207
	3.48bcd
	3.62dcb
	3.48bcd
	13131ab
	13489ab
	14124ab

	253
	3.48bcd
	3.08d
	3.22cd
	14658ab
	13366ab
	13367ab

	LSD (5%)
	0.72
	
	2351
	

	CV (%)
	17.36
	
	7.7
	

	Control  plot(0,0)
	2.2
	
	6194
	


NB: CV = coefficient of variance, LSD = least significant difference, N=nitrogen, P2O5 = phosphorus
[bookmark: _Toc170359221][bookmark: _Toc170777946][bookmark: _Toc173814133]3.3.3 Thousand seed weight
[bookmark: _Toc165520854]The analysis of variance showed that thousand seed weight of bread wheat was significantly (p < 0.05) influenced by different rates of nitrogen fertilizer. The highest and the lowest thousand seed weight obtained 43.9 gm and 41.5 gm at the plots, which received 115 N kg ha-1 and 253 kg N ha-1 respectively (Table 5). Thousand seed weight was consequently reduced with increasing nitrogen rates. The current study is similar to Asargew et al. (2014) who stated that thousand seed weights responded only to the application of nitrogen and reduced with increasing of N. 
[bookmark: _Toc165520855][bookmark: _Toc170359223][bookmark: _Toc170777948][bookmark: _Toc173814135]3.3.5 Grain yield 
The result of the analysis of variance showed that the grain yield of bread wheat was significantly (p < 0.05) affected by different rates of nitrogen fertilizer. The maximum and minimum grain yield (4952 kg ha-1) and (2196 kg ha-1) was obtained on plots that received 161 kg N ha-1 and control plot respectively (Table 5). The application of N above 161 kg ha-1 has no significant difference on the yield. That indicates the optimum grain yield has already attained at the rate of 161 kg N ha-1. The study is supported by the report of Belete et al. ( 2018) who stated that the highest grain yield of wheat was recorded (5457.6 and 5324.55 ) kg ha-1 up to N rate of 240 kg ha-1 and above this have not significant difference. He also concluded that the increase in wheat yield with increasing N rates up to adequate levels of N and above these rates, the grain yields become decreased. However, the result disagree with the study of  Menamo and Nebyou (2016), who conclude that the highest mean yield of 63.96 quintals was recorded from the interaction of 50 /150 N and P2O5 kg ha-1  fertilizers. 
[bookmark: _Toc171034844]
Table 5, Effect of NP on the mean value of Bread wheat yield and yield components 
	N (kg ha-1)
	GY( kg ha-1)
	TSW (gm)
	HI (%)

	115
	4590b
	43.9a
	36.1

	161
	4952a
	42.7b
	36.7

	207
	4699ab
	41.9c
	34.6

	253
	4850ab
	41.5c
	35.2

	LSD (5%)
	273
	1.1
	2.0

	Sig.
	*
	**
	ns

	P2O5 kg ha-1
	
	
	

	46
	4769
	42.3
	34.3b

	69
	4863
	42.7
	37.3a

	92
	4686
	42.6
	35.4b

	LSD (5%)
	236
	1.0
	1.8

	Sig.
	ns
	ns
	**

	CV (%)
	8.56
	3.97
	8.58

	Satellite plot (0,0)
	2196
	42.2
	28.2

	NB: ** = highly significant at P<0.01, *  = significant at P<0.05, ns  = non-significant,CV = coefficient of variance,  GY = Grain yield (kg ha-1),  HI = harvest index, LSD = least significant difference, N = nitrogen, TSW  = thousand seed weight (gm)


[bookmark: _Toc170777949][bookmark: _Toc173814137]	
[bookmark: _Toc170359222][bookmark: _Toc170777947][bookmark: _Toc173814134]3.3.4 Harvest index
The analysis of variance indicated that the harvest index of bread wheat was significantly (p < 0.01) influenced by different rates of phosphorus fertilizer. The application of phosphorous rates increased from 46 to 69 kg ha-1 P2O5, harvest index showed an increase from 34.3 to 37.3 % then, it decreased above 69 kg ha-1 P2O5. The highest and lowest harvest indexes 37.3 % and 28.2% obtained on plots, that received 69 kg ha-1 P2O5 and control plots respectively (Table 5). The results contradict Gebremedhin T., (2019) findings who stated that the harvesting index of wheat not affected significantly by the application of phosphorous fertilizer rates from (0 to 115 kg ha-1 P2O5) and the maximum harvesting index (49.03%) was recorded control plots.
3.4 Nutrient Use Efficiency
3.4.1 Agronomic N efficiency 
The agronomic efficiency of N (AEN) was significantly (p < 0.01) influenced by the application of N. The application of 115 kg ha−1 N produced the maximum AEN (20.92 kg grain per kg N) whereas the lowest AEN (10.54 kg grain per kg N) was recorded at high N rate of 253 kg ha−1 (Table 6). The study showed that AEN increases up to 115 kg N ha−1 and above this rate of N, it was reduced. This result is in line with Wogenie and Anjulo (2017) who reported that the highest AEN was obtain at lower rate of nitrogen. Similarly, Godebo et al. (2021) conclude that at the lower rate of N, the wheat plant utilized most of the supplied N for grain yield production, however at a high rate of N, efficiency of N decreased. Likewise, Haileselassie et al. (2014) reported that the agronomic efficiency of wheat decreases with increasing N rates.
[bookmark: _Toc170777950][bookmark: _Toc173814138]3.4.2 Agronomic P efficiency 
The agronomic efficiency of phosphorus (AEP) was significantly (p < 0.05) influenced by the main effect of N and P but their interaction was not significant. The maximum AEP (43.54 and 56.19 kg kg−1) were recorded from the rate of 161 kg N ha−1 and 46 kg P2O5 ha−1 although, the lowest one is 37.47 and 27.19 kg kg−1 from 115 kg N and 92 kg P2O5 ha−1 respectively. The result showed that the agronomic P efficiency decreases with the increasing rate of NP rates after supplying 161 and 46 kg ha−1 respectively (Table 6). The result of the study is adjacent to the findings of Dobocha et al. (2019) who indicated that the agronomic efficiency of P was 50.48 kg kg−1 at the rate of 46 kg ha-1 nitrogen. 
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The analysis of variance indicated that nitrogen uptake by the grain (GNU) was significantly (p < 0.05) influenced by the rate of N. While P rates and their interaction were not significant. Whereas, N uptake of straw (SNU) was significantly (p < 0.05) affected by the main effect of NP.
The maximum and the minimum values of nitrogen uptake by the grain (GNU) were (130.06 and 43.08) kg ha−1 recorded from the rates of 161 kg N ha−1, and control plots respectively. The application of N rates above 161 kg N ha-1 has not significant difference within N rates. The grain yield was found to have higher content of N than straw. The result in line with Daba A., (2017) reported that, the highest amount of nitrogen uptake by grain (104.9 kg ha-1) was recorded at the rate of 120 kg N ha-1.
 The maximum value of N uptake by straw were (46.35 and 45.11) kg ha-1 at the rate of 207/46 N P2O5 and the minimum value was recorded at control plot (Table 6). Other authors Assen and  Debele, (2000) was reported that nitrogen uptake significantly increased in straw with increasing N rates. 
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The analysis of variance showed that phosphorus in grain uptake (GPU) was not significantly affected by the application of NP and their interaction; while the main effects of N had significant (p < 0.05) effects on straw p uptake (SPU). The maximum (12.91 kg ha-1) and minimum (4.09 kg ha-1) uptake of P in straw was observed at the rate of 207 kg ha-1 N and control plots respectively (Table 6). The result indicated that the amount of nitrogen uptake by the grain is higher than straw. The straw yield of wheat found to have higher content of nitrogen than phosphorus. The finding is in line with Godebo et al. (2021) who concluded that the grain yield has a higher content of N and P than straw. 
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	Nitrogen
 kg ha-1
	GNU
Kg ha-1
	SNU
Kg ha-1
	GPU
Kg ha-1
	SPU
Kg ha-1
	AEN 
 kg kg-1
	AEP
 kg kg-1

	115
	112.96b
	34.16b
	16.43
	7.95b
	20.92a
	37.47b

	161
	130.06a
	33.30b
	15.76
	9.34b
	17.19b
	43.54a

	207
	128.39ab
	46.35a
	16.21
	12.91a
	12.15c
	39.68ab

	253
	133.30a
	42.23ab
	16.42
	9.91ab
	10.54d
	42.26a

	LSD (5%)
	16.9
	9.6
	6.7
	3.1
	1.07
	3.96

	Sig.
	*
	*
	ns
	*
	*
	*

	P2O5 kg ha-1
	
	
	
	
	
	

	46
	128.92
	45.11a
	14.56
	9.04
	15.05
	56.19a

	69
	133.80
	38.33ab
	14.55
	10.86
	15.74
	38.82b

	92
	123.31
	33.58b
	19.50
	10.17
	14.80
	27.19c

	LSD
	14.6
	8.3
	5.9
	2.7
	0.92
	3.43

	Sig.
	ns
	*
	ns
	ns
	ns
	*

	CV (%)
	10.3
	19.4
	32.8
	24.7
	10.46
	14.46

	(0,0)
	43.08
	19.78
	8.44
	4.09
	
	

	NB: ** = highly significant at P<0.01, * = significant at P<0.05, ns = non-significant,  AEN= agronomic efficiency of nitrogen, AEP = agronomic efficiency  of phosphorus, CV = coefficient of variance, GNU = grain nitrogen uptake, GPU = grain phosphorus uptake, LSD = least significant difference,  SNU = straw nitrogen uptake,  SPU = straw phosphorus uptake
4. Partial Budget Analysis


The Dominance analysis indicated that treatments were produced lower net benefits were not significant for investment. These treatments dominated and dropped from competition and were marked “D” (Table 7). These un-dominated treatments were 161/46, 115/69, and 115/46 kg ha-1  NP combination gave net benefits of 313,460.00 ETB, 295,061.00 ETB, and 284,437.00 ETB and acceptable marginal rate of return range of 660%, 760% and 1060%, respectively. The maximum net benefit of 313,460 ETB ha-1 with an acceptable MRR of 660% was recorded due to the application of 161/46 N and P2O5 kg ha-1.
According to CIMMYT (1988), the recommendation is not necessarily based on the highest (MRR) rather, it based on the lowest cost, the highest net benefit with acceptable MRR. This finding also, in line with Asargew et al. (2014) who recommended 276 N and 90 P2O5 kg ha-1 to get maximum yield and economic advantage based on maximum net benefit of 22,120.6 ETB ha-1 with acceptable MRR. Therefore the rates of 161/46 kg ha-1 N and P2O5  gave the highest grain yield (4,468 kg ha-1), provided the highest net benefit and within the acceptable MRR (660%). 
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Table 7: Dominance Analysis and marginal rate of return of NP on grain yield and straw yield 
	NP fertilizer
	AGY(kgha-1)
	ASY
(kg-1)
	Total
GB(ETB)
	TVC
(ETB)
	NB
(ETB)
	DA
	MB(ETB)
	MC(ETB)
	MRR
%

	N(kg ha-1)
	P2O5(kg ha-1)
	
	
	
	
	
	
	
	
	

	0
	0
	1976
	3598
	145544.4
	0.00
	145544.4
	 
	
	
	

	115
	46
	4029
	7797
	297601.2
	13164
	284437.2
	138892
	138892.5
	13164.3
	1060

	115
	69
	4219
	7156
	309625.2
	14564
	295061.2
	10624
	10624.2
	1399.8
	760

	115
	92
	4144
	7126
	304347.8
	15964
	288383.8
	D
	
	
	

	161
	46
	4468
	9017
	330809.9
	17350
	313459.9
	25076
	18398.6
	2786.1
	660

	161
	69
	4486
	6961
	327932.5
	18750
	309182.5
	D
	
	
	

	161
	92
	4416
	7366
	323853.8
	20150
	303703.8
	D
	
	
	

	207
	46
	4207
	7611
	309696.8
	21536
	288160.8
	D
	
	
	

	207
	69
	4441
	7700
	326241.0
	22936
	303305.0
	D
	
	
	

	207
	92
	4041
	8671
	300193.2
	24336
	275857.2
	D
	
	
	

	253
	46
	4465
	8577
	329685.1
	25722
	303963.1
	D
	
	
	

	253
	69
	4361
	7668
	320634.5
	27122
	293512.5
	D
	
	
	

	253
	92
	4270
	7760
	314424.4
	28522
	285902.4
	D
	
	
	


NB: AGY = Adjusted grain yield kg ha-1, ASTRY = Adjusted straw yield (kg ha-1), DA = Dominance analysis, D = Dominated, GB = gross benefit in Ethiopian Birr, NB = Net benefit, NP = nitrogen and phosphorus combination (Kg ha-1), TVC = Total variable cost.
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5. CONCLUSION AND RECOMMENDATION
Based on the analysis of variance results, the application of nitrogen rates generally affected crop phenological and growth parameters. Concerning yield and yield components, N rates significantly affect grain yield, and thousand seed weight. The productive tiller number and dry biomass were significantly (p < 0.05) influenced by the interaction effects of N and P2O5 rates. 
The maximum and the minimum grain yield was obtained at the rate of 161 and 0 N application and dry biomass yield was obtained at the rate of 46 kg ha-1 and 0 P2O5 respectively. The agronomic efficiency of nitrogen (AEN) was significantly influenced by nitrogen rates, with the highest value recorded at 115 kg ha−1 N. The agronomic efficiency of phosphorus (AEP) influenced by NP application, with the highest value recorded at 161 /46 kg N and P2O5 ha−1. In terms of NP uptake in grain and straw, the analysis variance showed that, nitrogen uptake by the grain significantly influenced by the N rates.
The combination of 161/46 N and P2O5 kg ha-1 was recorded high net benefits and an acceptable range of MRR. Therefore, the application of 161 kg ha-1 N and 46 kg ha-1 P2O5 is biologically as well as economically feasible and recommended in the study area. 
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