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Influence of Different Rates of NP Fertilizers Application on Yield and Yield Components of Bread Wheat (Triticum aestivum) in Selected Districts of Wag -Himira Zone, North Eastern Ethiopia
By: 
Alemu Lakewu
Major Advisor: Dr. Getachewu Alemayehu
Co Advisor: Dr. Dereje Ayalewu
[bookmark: _Toc512093780][bookmark: _Toc525298103]ABSTRACT
A field experiment was conducted to study the performance of bread wheat sown under different nitrogen and phosphorous fertilizer rates during 2017/2018 main cropping season on farmer's field at Weleh and Sayda, North eastern Ethiopia. Factorial combinations of four nitrogen (10.25, 20.5 ,41 and 60.5 kg ha-1) and four phosphors rates (23, 46, 69, and 92 kg ha-1) were laid out in a Randomized complete block design (RCBD) with three replications .The analysis was done by using SAS soft ware and means  were  separated through list significance difference. The result showed that using a different NP rate of fertilizer had no significant effect (P≥0. 05) on the number of total and effective tillers in both locations. Similarly, at Sayda,  different rate of nitrogen and phosphorus fertilizers did not show a significant effect on biomass yield, Straw yield and grain Yield. On the other hand, plant height was significantly  affected by the interactions of nitrogen and phosphorus fertilizers. While days to 50% heading, days to 90% maturity, number of kernels per spike and thousand kernel weight were significantly affected by different rate of nitrogen fertilizer. Besides that, Spike length and  number of kernels per spike were significantly affected by phosphorus fertilizer application. At Weleh Harvest, index was significantly affected by the interaction of nitrogen and phosphorous fertilizers. Moreover plant height, days to 90% maturity, number of kernels per spike were significantly affected by nitrogen fertilizer application. Since the homogeneity of error variance was significant, it indicates that both locations were not combine to gather, rather it was done separately. Based on the data wheat sown at 20.5N gave a higher grain yield (2700 kg ha-1) than the blanket 41 recommendations (2300 kg ha-1). According to the partial budget analysis, the combination of 20.5N/23P kg/ha  was economically feasible  at both location . For future conducting of the researches in different seasons and location is important for  sound recommendation.

Keywords: Dry land, NP, partial budget analysis, wheat variety and yield component
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[bookmark: _Toc525298104]CHAPTER 1: INTRODUCTION
1.1 [bookmark: _Toc512093787][bookmark: _Toc525298105]Background and Justification
Bread wheat (Triticum aestivum L.) is one of the most staple food crops in the world and it  is one of the most important cereals cultivated in Ethiopia. Bread wheat in Ethiopia stands fourth in both area coverage and total annual production, and third in yield per hectare (CSA, 2013). It is also one of the most important crops in the Amhara Region. Both the country and in the region, its grain is used for making bread, porridge, soup and consumed as roasted and boiled forms. Moreover, the straw of bread wheat is an important feed for livestock, thatching roofs and bedding. 
In spite of its tremendous importance, bread wheat production in the country as well as in the region has faced immense production constraints affecting both its yield potential and industrial quality. Among these constraints mainly farmers are  using  low yielding local varieties, and blanket recommendation of fertilizer inputs rather than location specific once . Bread wheat is produced by many small holder farmers in the Wag Himra Zone as well as in Amhara region. Bread wheat in Wag Himra Administration Zone stands fourth in area coverage and production next to sorghum, teff and barley. The average productivity of bread wheat in Wag-Himra is 13.82qt/ha and, while the national bread wheat productivity is 21qt/ha (CSA, 2013) and the world average is 30 qt ha-1 (FAOSTAT, 2010). According to Amhara National, State Agricultural Bureau Dryland Crop Production Package (2015) the blanket recommendations for bread wheat are 100k.g DAP(18%N&46P) with 50 Urea (46%N) kg/ha  respectively. Sekota Dryland Agricultural Research Center also adopts the blanket fertilizer recommendation proposed by regional bureau of agriculture. Thise hence calls an urgent research works to find site specific NP fertlizer recommendations for bread wheat and the likes which are appropriate wag himira dry land areas. 


[bookmark: _Toc486966041][bookmark: _Toc512093788]

[bookmark: _Toc525298106]1.2 Statement of the Problem
Nutrient depletion (mining) is a net loss of plant nutrients from the soil or production system due to a negative balance between inputs and outputs. Typical channels of nutrient depletion are nutrient removal through harvest, leaching, denitrification, soil erosion, and run off. As a result of this the average productivity of bread wheat in Wag Himira is very low; about 1.3 tons   ha-1 CSA (2013) which is much below that of the world’s average about 3 ton ha-1 s  (Amare Aleminew et al., 2015).
Among several restricting factors responsible for low yielding of bread wheat in the area is due to severe soil fertility depletion mainly nitrogen and phosphorus. Even an in adequate supply of N and P fertilizers can limit not to harness the potential productivity of the crop. On the other hand too much NP can also cause for the reduction of productivity and reduction of profitability.Determining the appropriate NP fertilizer rate  hence necessary for maximazing economic yields .In the study area  there is no any visible recommendation of NP for bread wheat as well as for other crops except the blanket recomndation of  23 N and 46 P2O5 kg ha-1.Even farmers don't applly NP fertlizers as per the blanket recommedation, rather they use less than the blanket recommendation rates .These all demand research works to study the effect of NP rates on bread wheat growth and yield so as to determine their optimal rates for achieving  the potential productivity of bread wheat in the target areas.

[bookmark: _Toc512093789][bookmark: _Toc486966042].









[bookmark: _Toc525298107]1.3 Objective of the Study
[bookmark: _Toc512093790][bookmark: _Toc525298108]1.3.1 General Objective
[bookmark: _Toc521650052][bookmark: _Toc525298109][bookmark: _Toc512065727][bookmark: _Toc512093792][bookmark: _Toc486966043]The main objective of the present study was: To trigger bread wheat production and productivity in the study areas through using the optimum rates of NP  fertilizers 
[bookmark: _Toc525298110]1.3.2 Specific Objective
· [bookmark: _Toc521650054][bookmark: _Toc525298111][bookmark: _Toc486966044][bookmark: _Toc511454065][bookmark: _Toc512093794]To study  the effect of different rates of NP fertlizer  on growth and yield of bread wheat in dry land areas of Wag-Himra Zone, northeastern Ethiopia; and;
· [bookmark: _Toc521650055][bookmark: _Toc525298112]To suggest  the optimum rates of NP fertilizers for  maximizing bread wheat productivity in the study area
[bookmark: _Toc525298113]1.4 Research   Question
· How is the effect of different rates of NP on yield and yield components of Bread wheat in Sekota District, Wag Himra Zone?
· What would be the optimal rate of NP fertilizers for bread wheat production in the study area? 



[bookmark: _Toc525298114]CHAPTER 2: LITERATURE REVIEW
[bookmark: _Toc525298115]2.1 Brief Description of Bread Wheat
Researchers note that wheat was the first domesticated cereal known to have been domesticated and originated in southwest Asia in the area known as the Fertile Crescent Kingfisher, (2004). Wheat is classed in the grass tribe (Triticeae) in the genus Triticum (Poehlman and Sleper, 1995).
 All wheat species, whether wild or cultivated, belong to the genus Triticum and to  the family Poaceae (a "grass family"). The genus Triticum contains about 30 types of wheat that have enough genetic differences to be  separated in to  species or sub-species (Breth, 1975). Based on their chromosome number, wheat species  are grouped into diploid, tetraploid and hexaploid wheat. Feldman and Sears (1981) listed 13 diploid, 12 tetraploid and 5 hexaploid species of Triticum, of which only two species are of commercial importance (Poehlman and Sleper, 1995).
 These two commercially important wheat species are the hexaploid species, Triticum, aestivum, the bread wheat and the principal wheat in commerce; and the tetraploid species, Triticum turgidum, the durum wheat which is used for making pasta and macaroni. The allohexaploid bread wheat has the genome constitution of AABBDD (2n=6x=42), formed through hybridization of T. urartu (AA) with an unknown diploid B genome (possibly Aegilopsspeltoides), and subsequent  with a diploid D genome,  (Vasil and Vasil, 1997; Gill and Friebe, 2002).
Evidence indicates that diploid and tetraploid wheat first appeared before 8000 BC in the “Fertile Crescent,” an area found within the drainage basins of the Euphrates and Tigris rivers in present-day Syria and Iraq, and most wheat grown today is hexaploid (Martin et al., 2006). It has been cultivated in southwestern Asia, which is considered as  its geographic center of origin, for more than 10,000 years, wild species  related to it   grow in Lebanon, Syria, northern Israel, Iraq, and eastern Turkey (Quisenberry, 1967; Poehlman and Sleper, 1995). Later about 8000 years ago modern hexaploid bread wheat (T. aestivum L. em.Thell.) evolved  and became abundant (Curtis, 2002).
Wheat (Triticum spp.) is the world’s leading cereal grain and most important food crop. It is one of the most important cereal crops worldwide in total production and use (Evans, 1998). The domestication of wheat, more than any other plant, has allowed food to be produced in sufficient quantities to support community settlement, religious/cultural development, and continuing population growth (Gooding and Davies, 1997). Its importance derives from the properties of wheat gluten, a cohesive network of tough endosperm proteins that stretch and expand  with the fermenting dough, yet coagulate and hold together when heated to produce arisen loaf of bread (Poehlman and Sleper, 1995). 
Only wheat, and to a lesser extent rye and triticale, has this property. The diversity of  its uses, its nutritive content, and storage qualities has made wheat a staple food for more than one-third of the world’s population. It is used to make bread, flour, confectionery (cakes, cookies, and pretzels), unleavened bread, semolina, bulgar, and breakfast (Poehlman and Sleper, 1995).
Wheat is poorly adapted to warm or moist climates unless there is a comparatively cool, dry season that favors plant growth and retards parasitic diseases (Martin et al., 2006). According to Martin et al. (2006) wheat crop is  grown in temperate regions where the average  annual rainfall is between 254 to 1780 mm. With the exception of drier irrigated areas; it is mostly grown in tropical  regions having  annual precipitation of 380 to 1,140 mm.
 The ideal daily temperature varies for different stages of wheat development  from 20 to 25oC for germination, 16 to 20oC for good tillering, and 20 to 23oC for proper plant development (Bekele et al., 2000). High rainfall, especially when accompanied by high temperature, is unfavorable for wheat because such condition promotes the development of wheat diseases (Martin et al., 2006). 



[bookmark: _Toc525298116]2.2. Wheat Production in Ethiopia and its Major Constraints
In terms of its place of production wheat  is one of the most important cereals  grown in the Ethiopian highlands. It is grown in altitudes ranging from 1500 to 3000 meters above sea level (m.a.s.l.). However, the most suitable altitude for producing wheat is between 1900 and 2700 m a.s.l where the rainfall has bimodal distribution ranging  between 600 and 2000 mm per annum (Hailu Gebremaryam, 1991). Wheat grain is used to make industrially produced food items  produced food qualities (both leavened and unleavened), traditional recipes and  home made liquor and beverage.
Its  straw provides a valuable fodder. It is also used for making baskets, thatching, package and bedding materials (Tesfaye Tesema and Getachew Belay, 1991).
Ethiopia is the largest wheat producer in sub- Saharan Africa. Both tetraploid and hexaploid wheat are grown in the country. According to Tesfaye Tesema and Jemal Mohamed (1982), estimated that tetraploid and hexaploid wheat occupy 60% and 40% of the total wheat area, respectively, and  although the proportion is shifting against the former. The soil type used for wheat production varies from well drained to heavily logged Vertisols. The small-scale farmers under rain fed condition exclusively grow the tetraploid with Landrace varieties taking the largest share of the seed source. According to Tesfaye Tesema (1986), close to 85% of the cultivated durum wheat in Ethiopia are land races.
The major tetraploid wheat producing regions are the central and northern highlands.
Tetraploid (2n = 4x = 28) wheat has been under cultivation in Ethiopia since ancient times and the country is considered as the secondary center of diversity (Tesfaye Tesema and Getachew Belay, 1991). Wheat in Ethiopia is represented by seven species, Triticum dicocum, Triticum durum, Triticum turgidum, Triticum polonicum, Triticum aestivum, Triticum compactum and Triticum pyramidal (Abebe Demissie and Ghiorgis Hailemariam, 1991).
The two economically important wheat species grown in Ethiopia are tetraploid durum (Triticum durum) and hexaploid bread wheat (T. aestivum). The production of bread wheat dominates the peasant farming systems in the mid to high altitude zones (Tanner et al., 1994). Its production is increasing rapidly (Amsal Tarekegn et al, 1995) due to both a high local demand of high-yielding, input-responsive cultivars adapted to heterogeneous environmental conditions (Hailu Gebremaryam, 1991; Payne et al., 1996). Area coverage of bread wheat has substantially expanded (Payne et al., 1996) mainly by replacing unimproved, input non-responsive traditional cereal crops such as teff (Eragrostis tef), durum wheat (T. durum) and barley (Hordeum vulgare) (Getachew Asmamaw et al., 1993).
Principal constraints to increasing productions are categorized into two groups : technical and socioeconomic. Low soil fertility, weeds, insect Pests and Diseases (Stem and leaf rust) are the principal disease problems in durum wheat. A principal disease affecting bread wheat is stripe (Septaria tritici). Lower yielding varieties are a major constraint to  both bread and durum wheat production. Socioeconomic factors like  unavailability of improved inputs, seasonal labor shortages, draft power shortage, land shortages, low prices, and lack of credit poses major constraint. In addition poor seedbed preparation, water logging of soils vertices and climatic problems rainfall distribution and amount  affect production and productivity of wheat in Ethiopia (Tanner, et al, 1990).
[bookmark: _Toc525298117]2.3 Effect of Nitrogen and Phosphorous on Wheat Growth and Yield
[bookmark: _Toc525298118]2.3.1 Nitrogen (N)
Nitrogen is the major nutrient affecting wheat yield and quality (Fischer, 1989; Bacon, 1995). Yields of cereals have been reported as being roughly proportional to the amount of N applied (Greenwood, 1981). Increased yield of wheat occurs on all soils with the increased N rate, but such increases are reported more frequently on heavy clay soils (Sylvester- Bridget et al., 1984). Several reports have also indicated that increased usage of N fertilizer is considered a primary means of increasing wheat grain in Ethiopia (Asnakew et al.1991; Tanner et al., 1993; Amsal et al., 2000).

The overall effect of N application is to increase the resource capture of the plant as well as to increase the sink capacity, which is determined by the number and size of grain and their rates of growth (Hynes, 1986). Nitrogen is a key factor in achieving optimum cereal grain yield. Nitrogen nutrition affects crop performance through its effects on photosynthetic capacity (Genene Gezu 2003). The same author reported that for higher applied N fertilizer rate bread wheat varieties exhibited higher values for spikes/m2, plant height, harvest index, spike length, number of kernels/m2, straw yield, specific weight and grain yield. 



 
In the highlands as substantial changes in yield and yield components have been affected by the application of N fertilizer  Tilahun et al., 1996; Schulthess et al., 1997; Amanuel et al., 2000; Tilahun et al., 2000). From studies conducted in the Nit soil zones of the central highlands of Ethiopia, a positive and linear response of wheat to applied N fertilizer was noticed in selected agronomic parameters such as plant height, number of spike/m2, thousand kernel weight, grains/m2 and grain yield (Amsal et al., 2000). 
A similar experiment in the vertisol zones showed that the N content of the grain and straw of wheat increased by 36 and 57%, respectively, in response to the high rate of applied fertilizer N (164 kg N ha-1) relative to the control (Amsal and Tanner, 2001). Nitrogen increases chlorophyll contents, leaf size, and delays senescence; stimulates tillering, plant height and grain seed formation (Gooding and Davies, 1997). 
Biomass yield of wheat increased due to N application (Fisseha, 1982; Fowler et al., 1990; Amanuel et al., 1991; Most of the N uptake by wheat plants occurred before anthesis and grain N in the wheat is translocated primarily from vegetative parts after anthesis (Mossedaq and Smith, 1984; Rao, and Dao., 1996; Schultheis et al., 1997). N uptake was best when half of the N was applied at planting and the remainder at tillering (Asnakew et al., 1991). Early application of N, either all at sowing or split applied between sowing and mid-tillering resulted in significantly increased plant height, biomass yield, grain yield ,while late application of N reduced these parameters (Lemma et al., 1992).












[bookmark: _Toc525298119]2.3.2 Phosphorus (P)

Phosphorus has long been known to be an essential element in the nutrition of plants. It plays key roles in cellular energy transfer, respiration, and photosynthesis (Price, 1970). In addition, Phosphorus plays an essential role in many physiological and biochemical processes (Mathews et al., 1998) and is an essential component of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) (Olsen and Khasawneh, 1980). 
As stated by Degus (1973), phosphorus promotes the growth of root systems, activates seed formation, and hastens to ripen. In order to stimulate early growth and development, care should be taken to provide the crop with a sufficient amount of easily available P (Tisdale et al., 1993). Phosphorous has lower mobility than any other nutrients and  does not remain in a free state for long (Parnes, 1990). Although nitrogen is generally the most limiting nutrient for crop production, soils are also low in available phosphorus (Schulthesis et al., 1997). Plants deficient in phosphorus are stunted and in contrast to those lacking nitrogen, are often dark green colors. Deficiency of P in wheat caused reduced tillering, reduced leaf area and increased susceptibility to a number of diseases. Besides, maturity is often delayed in P deficient plants as compared to plants containing abundant phosphate (Marschner, 1995).
Plant P uptake is influenced by P supply, characteristics of the soil and P requirement of crop plants. When P was withheld at early growth period of the plant, tillering and secondary root development was hindered. Early tillering was significantly higher and plants developed both root systems due to adequate P fertilization than only primary or adventitious roots under P deficient conditions (Strongh and Soper, 1974). Hamid and Sarwar (1977) reported that phosphorous absorption by wheat begins in the seedling stages. In early stages of development, crop plants absorb phosphorous faster from fertilizer than from soil and hence a high proportion of the total P absorbed by young plants is derived from the fertilizer. Therefore, P application at later stages of the crop may result in a greater P uptake but would have less effect on yield. On the contrary, applying P at the heading stage in wheat was found to be adequate to produce maximum dry matter and grain yield  By far, a larger part of P taken up by the plant is accumulated in the grain (Degus, 1973). 



2.3.3 Nitrogen and Phosphorus Interactions (NP)
Interactions occur when the supply of one nutrient affects the absorption, distribution, or function of another nutrient. The result may induce deficiencies, toxicities, modified growth responses and modified nutrient composition (Robson and Pitman, 1983). If two nutrients are limiting or nearly limiting growth or concentration where adding only one of the nutrients has little effect while adding both brings a considerable effect, the effect is a positive interaction. Similarly, if adding the two together brings less effect as compared to   added separately, the effect is said to be negative interaction (Martin, 1993).
Nitrogen can increase P concentration in plants by increasing root growth, by increasing the ability of roots to absorb and translocate P, and by decreasing soil pH as the result of absorption of NH4+ and thus increasing the solubility of fertilizer P (Miller, 1974). Responses to both N and P are small at low levels of the other nutrients, but increase markedly for a combination of N and P at higher rates of N and P. Nitrogen stimulated the uptake of P and vice versa, because increased growth requires more nutrients to maintain tissue composition within acceptable 
Increasing  yields through the applying  of nitrogen alone depletes the soil of  other plant nutrients because higher yields take up greater amounts of other nutrients mainly phosphorus and potassium. Without applying phosphorus application, nitrogen efficiency declined, which indicates the existence of an interaction between these nutrients (FAO, 2000). Phosphorus is required for absorption and assimilation of nitrogen by cereal crops for translocation of nitrogen from vegetation to grain and for high grain yields which might indirectly affect protein concentration (Porter and Paulose, 1983).



[bookmark: page24][bookmark: _Toc525298120]

              CHAPTER 3: MATERIALS AND METHODS
[bookmark: _Toc525298121]3.1 Description of the Study Areas 
The study was conducted at Sekota district  in 2017/2018 main cropping season in Wag Himra Zone North Eastern Ethiopia. Its latitude and longitude  range lies 12.65N and 39.03E. This is the place where food insecurity is a chronic problem for the majority of the rural population. The town, Sekota is  located 720 km north east of Adis Ababa and 430km from Bahir dar. The  two  sites of  testing are with in Sekota district, namely Weleh and sayda. They  are found  in the latitude and longitude range of 12.60’N and 39.05’E and12.40′N and 38.20′E respectively. The site is far apart from Sekota  about 15 and 16 km respectivelly. Weleh has altitude range of 2000 m abave sea level where as  sayada has altitude  range of 2200 m above sea level. With respect to rainfall sites has 566mm and 520 mm annual rain for weleh and Sayda  respectivelly. The minimum temperature for both locations was 14(°C), while the maximum temperature  was, 26 (°C) and 24 (°C) for  weleh and sayda respectivelly. Beside that both  of the experimental sites have  black (Vertisol) soil type. 
The dominant types of cropping system in the study area are mono-copping and crop rotation whereas inter-cropping is rarely practiced in the District. The common
type of inter-cropping activities in the study site  are: tef + , Saff flower  and  Sorghum +haricote bean  Similarly, the common types of crop rotations practiced in the District are: Teff—barley--pulse crops—teff; Pulse crops-- teff---barley--pulse crops; and wheat/barley (Sekota District Agricultural and Rural Development Office, 2009).


[bookmark: page25][bookmark: _Toc483904635][image: C:\Users\user\Desktop\Location Map (1).jpg]
[bookmark: _Toc512328837][bookmark: _Toc512329002]                    Figure 3.2.1 Location map of the experimental sites




[bookmark: _Toc525298122][bookmark: _Toc512093797]3.2 Planting Material Used for the Study
[bookmark: _Toc521650067][bookmark: _Toc525298123]A bread wheat variety "Sekota-1" was the planting material  for the present study. The variety was officially released by Sekota Dry Land Agriculture Research Center in 2013 for moisture deficit areas of Eastern Amhara Region and similar agro-ecologies of the country. During its releasing, the variety had 30 % yield advantage over the local check and 10% over the standard check. Seed of the variety was drilled by 20cm row spacing on the experimental plots uniformly at 125 kg/ha seeding rate. 
[bookmark: _Toc525298124]3.3 Experimental Treatments, Design and Procedures
A factorial combination of  four N rates (10.25, 20.5, 41 and 60.5 kg/ha) and four rate of P2O5 23,46, 69 and 92 were laid out in randomized complete block design with three replications.  After preparing the experimental plot repeatedly with oxen plow, the land was sub divided into blocks and plots as per the design and the treatments of the study .The gross plot size was 2.5 x 2.4 m (6 m2) with the net plot size of 2.3 x 2m (4.60 m2) excluding two outer rows and edge of 10cm length at both ends of each plot. Adjacent blocks and plots  with in  blocks were separated by 1.0m and 0.5m respectively. Using the lottery method, treatment combinations were assigned randomly to the experimental plots each block. DAP (18%N and 46%P2O5) and Urea (46%N) were used as sources of nitrogen and phosphorous. A full doses of P-treatments and half doses of N-treatments were applied in band at planting time, while the remaining half N-treatments were top dressed at a mid-tillering stage after the second weeding.

[bookmark: _Toc512327797].  
       
                                          
                                  











               Table 3.1Treatment combinations used for the present study
	N  Fertilizer Rate
	P Fertilizer  Rate
	Possible Treatment  Combination

	N1(10.25)
	
	

	
	23(P1)
	NIP1(T1)

	
	46 (P2)
	N1P2(T2)

	
	69 (P3)
	N1P3(T3)

	
	92 (P4)
	N1P4(T4)

	N2(20.5)
	
	

	
	23(P1)
	N2P1(T5)

	
	46 (P2)
	N2P2(T6)

	
	69(P3)
	N2P3(T7)

	
	92(P4)
	N2P4(T8)

	N3(41)
	
	

	
	23(P1)
	N3P1(T9)

	
	46(P2)
	N3P2(T10)

	
	69(P3)
	N3P3(T11)

	
	92(P4)
	N3P4(T12)

	N4(60.5)
	
	

	
	23(P1)
	N4P1(T13)

	
	46(P2)
	N4P2(T14)

	
	69(P3)
	N4P3(T15)

	
	92(P4)
	N4P4(T16)

	
	
	


. 
[bookmark: _Toc483986888][bookmark: _Toc512093800][bookmark: _Toc525298125]3.4 Data Collection and Measurements
[bookmark: _Toc512093801][bookmark: _Toc521650070][bookmark: _Toc525298126] Data of important study parameters of bread wheat were collected on plant or plot basis. Data of Phenological parameters and different kinds of yield including biomass, grain and straw yields were collected on plot basis in the net plot areas, while ,vegetative growth and some yield parameters were collected on plant basis by taking 5 sample plants randomly in the net plot areas. Detailed methods and procedures used for collecting phenological, vegetative growth and yield related parameters are presented below.
[bookmark: _Toc525298127][bookmark: _Toc483986889] 3.4.1 Phenological parameters
[bookmark: _Toc480554775]Days to 50% heading (DH): was measured as a number of days elapsed from sowing to the date on which 50% of the plants on the net plot area produce their first head.
Days to 90% physiological maturity (DM): were taken as a number of days elapsed from emergence to the stage when 50% of the plants in the net plot area reached physiological maturity.
[bookmark: _Toc512093802][bookmark: _Toc525298128][bookmark: _Toc480554776][bookmark: _Toc483986890]3.4.2 Vegetative growth parameters
[bookmark: _Toc465323008]Plant height (cm): This  was determined as a distance in centimeter from the soil surface to the tip of the spike excluding the awns at maturity and expressed as the average of five plants per plot.
Number of total tillers: This  was determined  by counting  numbers of total tillers in 1m row length in the net plot areas during physiological maturity. 
[bookmark: _Toc483986891]Number of effective tillers per plant: It was also estimated by counting plants that have heads/spikes in 1m row length in the center of the plots during physiological maturity Spikes length (cm):  Average length of 5 randomly selected spikes of the main tiller measured during physiological maturity in cm from base to tip excluding the awn.
3.4.3 Yield related traits	
umber kernel per spike: It was the average number of kernels of five randomly selected tillers of  plants taken in the net plot areas.
Thousand kernels weight (gm): Weight in a gram of randomly taken sample of thousand seeds per plot after threshing and cleaning 
Biomass yield (t/ha): Biomass yield  (t/ha): It was determined by weighing the total air dried aboveground biomass harvested from net plot areas rows and expressed in t/ha.
Grain yield (t/ha): Grain yield per ha (t/ha): Weight of grains recovered from harvested wheat plants in the net plot areas after sun-drying threshing and cleaning converted into t/ha.
Straw yield (t/ha):  It was estimated as the difference between biomass yield and grain yield
Harvest index (%): It was calculated as a ratio of dry weight of the grain to dry weight of the total aboveground biomass yield (%) multiplied by 100.
Variable costs (Birr/ha) NP fertilizer  costs were considered to analyze the partial budget analysis.
[bookmark: _Toc483986892]
[bookmark: _Toc512093803]




[bookmark: _Toc525298129]3.4 Data Analysis
The collected data were subjected to analyses of variance (ANOVA) using SAS version 9.0. Combined analysis of the two site data was heterogeneous after testing the homogeneity of  error variance using F test and gestalt software it was done separately. (Gomez and Gomeze,1984). Mean separation for statistically different treatments was done using least significant difference (LSD) method at 0.01 or 0.05 level of significance depending upon the ANOVA result. Simple correlation analysis was carried out by calculating simple calculation coefficients to see the  relationship between yield and yield components as influenced by the application of different rates of NP.
Economic analysis was performed following the CIMMYT partial budget analysis methodology (CIMMYT, 1988) to identify economically profitable NP rate.

1

[bookmark: page26][bookmark: _Toc512093805]CHAPTER 4: RESULTS AND DISCUSSION
4.1 Phenological Parameters of Bread Wheat as Influenced by Different Rates of Nitrogen and Phosphorous
Results of analysis of variance showed that both days to 50% heading and 90 % maturity of bread wheat were significantly (P<0.05) affected by different rates of nitrogen at Sayda (Table 4.1). Whereas, at Weleh, days to heading and maturity were responded differently to different rates of nitrogen. Days to heading at Weleh was not significantly (P≥0.05) influenced by different rates of nitrogen, while days to maturity was influenced significantly (Table 4.1). As the rate of nitrogen increased, there was a prolonged trend of heading at Weleh and of both heading and maturity at Sayda.
On the contrary to nitrogen, different rates of phosphorous didn't significantly affect days to heading and maturity at Sayda and to maturity at Weleh, but days to heading at Weleh was exceptionally affected by different rates of phosphorous significantly (Table 4.1).
 At both Weleh and Sayda, days to heading and maturity of bread wheat were not significantly (P≥0.05) affected by the interaction effect of nitrogen and phosphorous (Table 4.1).Delay of heading and maturity of bread wheat due to higher levels of nitrogen with in its optimum ranges would be associated with vegetative promoting effect of nitrogen. Similar to the present result, Russell, (2014) indicated that high levels of nitrogen promoted greater vegetative development before the beginning of reproductive phase and thereby attributed to the delay of and maturity. The present result is line with Yohannes Erkeno, (2014) who reported that day to heading of wheat plants was hastened under lower N rates compared to the higher N rates. According to this author the most prolonged duration of heading was recorded on plants grown at the rate of 60.5 kg N ha-1, whereas the shortest duration to heading was recorded on plants grown at the lowest amount of nitrogen rate. 
[bookmark: _Toc512327798]In agreement with the present result, days to maturity were increased with the increase of nitrogen rates (Woinshet Tariku, 2007; Damene Darota, 2003)). Unlike the results of the present study, Cock and Ellis (1992) reported that optimum level of nitrogen application resulted in rapid growth and heading. According to these authors, too little N application resulted in slow growth rate and delayed heading, and growth, whereas excessive N application kept vegetative growth active and eventually finally resulted in delayed heading and flowering. 

Table 4.4.1: Main effect of nitrogen and phosphors fertlizer rate on the phenological parameter of bread wheat in 2017 main cropping season at weleh and sayda
	The main effect of N (Kg)
	        Weleh	
	        Sayda
	

	
	HD
	MD
	HD
	MD

	10.25
	57.00
	90.00c
	60.00bc
	93.00c

	20.50
41.00
60.50
	59.00
57.00
57.00
	96.00b
97.00ab
99.00a
	65.00ab
67.00a
66.00ab
	95.00bc
99.00a
96.00ab

	Sig. Difference
	ns
	*
	*
	*

	The main effect of P (Kg)
	
	
	
	

	23
46
69
92
	50.00c
55.50b
57.92ab
59.66a
	96.58
96.50
96.25
96.66
	67.67
64.49
65.35
65.91
	98.86
97.20
98.98
96.74

	Sig. Difference
NXP
CV
SE±
	*
ns
3.88
0.92
	ns
ns
0.70
1.78
	ns
ns
4.45
1.72
	ns
ns
6.78
1.82



Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; DH = days to 50% heading; DM; = days to 90% maturity; SE± = standard error =; CV= coefficient of variation


[bookmark: _Toc525298130]4.2 Vegetative Growth of Bread Wheat as Affected by Different Rates of Nitrogen and Phosphorous

[bookmark: _Toc525298131]4.2.1. Plant Height 
The result of analysis of variance showed that the interactions between nitrogen and phosphorous rates were found to be significant (P < 0.05) to  plant height at Sayda  while, it was not significant at weleh. It was significantly increased due to main effect of Nitrogen (P<0.05) and phosphorus fertilizer application at weleh and on the contrary it was non sigficant at sayda (Table 4.4.2).
  The average plant height for Sayda and Weleh was in the 76.87 -88.86 cm and 80.93 -86.07 cm ranges respectively.
The highest plant heights (88.86 and 86.07 cm) were recorded on conjointly interactions of 60.5Nx23P at Sayda and individually act of 60.5N and 69 P fertilizer rate at weleh. Whereas the shortest plant heights (76.87 cm and 80.10 cm) were recorded in the interaction of 10.25N X 23P fertilizer rate and main effect of 10.25N and 23P at Sayda and Weleh locations respectively. This finding confirms Plant height increasing tendency with increasing nitrogen application rates from 10.25 to 60.5 kg N ha-1.
Consequently, the maximum plant height (85.36 cm) was obtained when 60.5 kg ha-1 of N rates was applied to the soil followed by application of 41 kg ha-1 N (84.86 cm), which was 6% higher over lowest rate with the mean of 80.93 cm in agreement with the findings of (Selamyihun et al., 1999; Abdo et al., 2012; Haile et al., 2012;; Girma et al.,2012; Gerba et al., 2013). Increasing N rate increased plant height mean values for nitrogen rates showed that plant height increased with increase in nitrogen rates from the control to the highest rate. The increased plant height at the highest level of nitrogen was probably due to the availability of more nutrients, which helped, in the maximum vegetative growth of the wheat plant. This result was in line with Khan et al. (2000) who reported that increasing nitrogen rates increased the plant height.
[bookmark: _Toc512327799]





Table 4.4.2: Intraction effect of NP Fertilizer Rate on Plant Height of Bread Wheat at Sayda Location
	
	Sayda
	

	N
	P
	PH

	10.25
	
	

	
	23
	76.87e

	
	46
	79.86de

	
	69
	80.93cde

	
	92
	87.27ab

	20.50
	23
	84.53abcd

	
	46
	84.86abcd

	
	69
	83.20abcd

	
	92
	80.93cde

	41.00
	
	

	
	23
	81.47cde

	
	46
	83.06bcd

	
	69
	86.20abc

	
	92
	86.66abc

	60.5
	
	

	
	23
	88.86a

	
	46
	83.87abcd

	
	69
	84.86abcd

	
	92
	86.46abc

	Sig.Difference(NXP)
	
	   *

	CV
	
	4.13

	SE±
	
	1.25



Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; PH = Plant height; LSD = Least significant difference; CV=Coefficient of variation


[bookmark: _Toc525298132]4.2.1. Number of total tiller and productive tillers per 1meter row
Result of analysis of variance showed that both total tiller and productive tiller were not significantly (P>0.05) affected by  different rate of Nitrogen, Phosphorus fertilizer and their interaction at both locations (Table 4.4.3). It agrees with Asefa et al,(2017) who found that with respect to tiller number there is no significant  between diﬀerent N levels of barley (Hordeum vulgare).
Wakened et al, (2014) report that NTT was not significantly affected by N and NP interaction. On the contrary Maqsood et al (1999) reported that the increase in the number of fertile tillers with  the increase in  nitrogen levels could be attributed to the well-accepted role of nitrogen in accelerating the vegetative growth of plants. It agrees with the result obtained by Prystupa et al (2004), who reported that number of productive tillers/1m row was significantly affected by the NP fertilizer application. 

[bookmark: _Toc512327800]Table 4.4.3: Main Effect of Nitrogen and Phosphorus Fertilizer Rate on Growth Parameter of Bread wheat in 2017 Main Cropping Season at Weleh and Sayda location

	Main Effect of N
	
	Weleh

	
	      Sayda
	

	
	PH(Cm)
	NTT
	NET
	  NTT
	NET

	10.25
	  81.95ab
	111.25
	111.25
	110.92
	110.92

	20.50
	85.10a
	114.17
	114.17
	115.67
	115.67

	41.00
	75.76c
	127.50
	127.50
	112.75
	112.75

	60.50
	  83.36ab
	127.50
	127.50
	125.33
	125.33

	Sig.Difference
	     *

	   ns
	   ns
	    ns
	    ns

	Main Effect of P
	
	
	
	
	

	23
	80.80b
	116.00
	116.00
	115.56
	115.56

	46
	 83.38ab
	117.67
	117.67
	115.38
	115.38

	69
	84.45a
	119.25
	119.25
	112.97
	112.97

	92
	 82.55ab
	114.17
	114.17
	120.76
	120.76

	Sig.Difference
	*
	ns
	ns
	   ns
	ns

	Sig.Difference(NXP)
	ns
	ns
	ns
	   ns
	ns

	CV
	16.15
	18.91
	19.42
	25.84
	25.84

	SE±
	1.72
	9.26
	9.26
	12.50
	12.50



Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; PH = Plant Height; NTT=Number of Total Tiller; NET =Number of Effective Tiller; SE± =Standard Error =; CV=Coefficient of variation




[bookmark: _Toc525298133]4.4 Yield Related Traits as Influenced by Nitrogen and Phosphors Fertilizer
[bookmark: _Toc525298134]4.4.1 Spike length	
Result of Analysis of variance showed that spike length was not signficantlly (P>0.05) affected by different rate of nitrogen at both location. On the contrary to nitrogen application of different rate of phosphorus fertilizer signficantlly affect spike length at weleh, while it was non signficantlly affect at sayda (Table 4.4.4). As the rate of Phosphorus increased there was a prolonged trend of  spike length at weleh. 
The interaction effect of these factors on the same parameter was not significant (P > 0.05). As indicated in (Table 4.4.4), the highest rate (92 P kg/ha) resulted in the highest spike length (8.03cm) and the lowest number of spikes (7.68cm) was obtained at the rate of (46PK.g/ha) indicating an increment of P shows a 5 % advantage over the blanket recommendation. Generally, each increment in the rate of applied P fertilizer resulted in significantly differing spike length.
[bookmark: _Toc512327801]Table 4.4.4: Main effect of Nitrogen and phosphorus fertilizer Rate on Grain related Trait of Bread Wheat at Weleh and Sayda
	
	Weleh
	
	
	Sayda

	Main Effect of N
	SL(Cm)
	NKPS
	TKW(Gr)
	
	
	SL(Cm)
	NKPS
	TKW(Gr)

	10.25
	7.58
	41ab
	32.77ab
	
	
	7.62
	32ab
	  18.02c

	20.50
	7.73
	39ab
	25.26c
	
	
	7.52
	28bc
	22.50ab

	41.00
	7.66
	45a
	29.26b
	
	
	7.96
	30ab
	20.66b

	60.50
	7.90
	35c
	37.73a
	
	
	7.73
	37a
	23.33a

	Sig.Difference
	    ns
	*
	*
	
	
	  ns
	*
	*

	Main Effect of P
	
	
	
	
	
	
	
	

	23
	7.68ab
	46ab
	83.75ab
	
	
	7.78
	33bc
	21.66

	46
	7.42c
	43c
	 93.64a
	
	
	7.72
	42a
	21.52

	69
	7.69 b
	47a
	83.96ab
	
	
	7.60
	39ab
	20.83

	92
	8.03a
	42bc
	 75.23b
	
	
	7.78
	32c
	22.52

	Sig.Difference
	*
	*
	*
	
	
	ns
	*
	ns

	Sig.Difference(NXP)
	ns
	ns
	ns
	
	
	ns
	ns
	ns

	CV
	7.38
	10.32
	21.47
	
	
	0.22
	7.15
	17.69

	SE±
	0.22
	1.69
	2.87
	
	
	7.15
	21.47
	1.51


Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; SL = Spike Length; NKPS=Number Kernel per Spike;  TKW =Thousand KernelWeight; SE± =Standard Error =; CV=Coefficient of variation


[bookmark: _Toc525298135]4.4.2 Number of kernels per spike (NKPS)
 Result of analysis of variance showed that  number of kernels per spike was significantly (P<0.05) affected by nitrogen and Phosphorus fertlizer at both locations. However, the interaction effect of N and P on this parameter was  not significant (P > 0.05). This finding confirms that the highest number of kernels per spike (45/ 47) was obtained with the application of NP at the rate of 41 kg N / 69P/ha and the lowest kernel per spike (35/42) was recorded from the treatment combination of  10.25 N/ha/ 92P/ha was applied at weleh and on the other hand at Sayda 60.5N/46P/ha was the highest (37/42) and 20.5N/92P/ha was the lowest (28/32) (Table 4.4.4). As the rate of nitrogen  increased there was  an increament    trend of number of kernel per spike  at both location .On the contrary to nitrogen, as the rate of Phosphorus increased there was a decrement  trend of number of kernel per spike  at both location.
This finding was  in line with the data reported by Ali et al. (2003) who observed that an increased application of nitrogen increases the number of kernel per spike. Similarly, Kanugo and Rout (1994) indicated that  increasing nitrogen  rate up to optimum amount  increase number kernels  per  spike. 




[bookmark: _Toc525298136]4.4.3 Thousand-Kernel Weight (gm)
Result of analysis of variance showed that thousand kernel weight was signficantlly (P<, 0.05) affected by different rate of nitrogen at both location. In contrast to sayda different rate of phosphorus fertlizer was sigficantlly affect thousand kernel weight at weleh (Table 4.4.4). At both sayda and weleh thousand kernel weight did not signficantlly affect by an interaction effect of nitrogen and phosphorus fertilizer.  
This result was in line Damene Darota, (2003).Moreover the main effect of neither P nor its interaction with N brought any significant change in thousand kernel weight. Similar results were reported by Gooding and Davies (1997), who, despite increased in yields found a significant reduction in thousand kernel weight of wheat by N fertilizer application, Melesse (2007) reported no significant effect of the application of different rates of N fertilizer on the thousand seed weight of bread wheat.
Gurmessa (2002) also indicated that neither the main effect of N and P nor their interaction brought about significant change in 1000 grain weight. Other similar reports, Gooding and Davies (1997), Mekonen (2005), Lemma et al. (1992) reported that a non-significant effect on 1000kernel weight due to different doses of N and P fertilizers.

 Increased number of spikelets per spike and vigorous vegetative growth owing to high N application induce competition for carbohydrate available for grain filling and spikelet formation Hasegawa, T.Y. (1994). This reduced the grain weight because of insufficient supply of carbohydrate to the individual grain.


[bookmark: _Toc525298137] 4.4.4 Straw yield (kg ha-1)
 Result of analysis of variance revealed that straw yield was not sigficantlly affected  (>0.05) by the main effect of nitrogen and   phosphorus  at sayda and their intraction at both location (Tables 4.4.6). In contrast to Sayda at Weleh, the main effect of the nitrogen and phosphorus fertlizer rate was significant( p < 0.05), influencing the straw yield ( table 4.4.6).
  It increased with the increasing trend of N, the lowest straw yield was recorded at the lowest (6247kg ha-1) rate of nitrogen whereas the highest recorded was  at the highest  rate (7370 kg ha-1) at weleh. 
 The maximum straw yield of 7370kg ha-1was obtained with an application rate of 60.5Kg/ha which had 15 % advantage over the lowest rate N similar trend was observed by (Teklu and Teklewold. 2009; Abdo et al., 2012; Girma et al., 2012; Haile et al; 2012; Tolera et al. 2012). In terms of  phosphorous fertilizer rate,  the highest straw yield was recorded at 46kg ha-1  rate of P (7400kg ha-1) as compared to the highest rate of P(5300kg/ha-1) with statistical significance of (P>0.05). This result  has been confirmed  with  the result of (Haileselassie et al, 2014).



[bookmark: page30][bookmark: _Toc525298138]4.4.5 Biomass yield (kg ha-1)
Result of analysis of variance showed that biological yield of bread wheat was sigficantlly (P <0.05) affect by both main effect of nitrogen and phosphorous fertlizer, but exceptionally intraction effect was not sigficantlly affect at weleh. On the contrary to weleh, both main effect as well as their intraction did not sigficantlly affect biological yield at sayda.  Biological yield is the sum total of all dry matter produced through physiological and biochemical processes occurring in the plant system. Biological yield is an important factor because farmers are also interested in straw in addition to grain.
Increased biomass production was observed with increasing rates of N, due to this reason application of 60.5 kg N ha-1 increased the relative biomass by 1930.62 kg ha-1 (19.36%) than the blanket recommendation. The highest (9970.62 kg ha-1) and lowest (8860kg ha-1) total biological yields were obtained with the application of 60.5 kg N/23P /ha and (10.25N/46P), respectively at weleh (Table 4.4.6). Generally, as N rates increased, the total biological yield also increased. Increase and decrease in biomass yield did not show a consistent trend with respect to P level increment.
The current results agree with the extent of yield component's response to nitrogen fertilizer be contingent on the expanse or quantity of the nutrient supplied (Teklu and Teklewold, 2009; Abdo et al., 2012;, Girma et al., 2012; Haile et al., 2012; and Gerba et al., 2013). Similarly, the nitrogen application enhanced the vegetative growth of the wheat crop, which ultimately increased biological yield with an increase in biological yield Allam, A.Y (2003). The result obtained from this study was similar to the research findings of Minale et al. (1999) who reported that as N rate increased the biological yield also increased.

[bookmark: page31][bookmark: _Toc525298139] 4.4.6 Harvest index (%)

[bookmark: _Toc525298140]Result of analysis of variance indicated that harvest index of bread wheat was not sigficantlly (p>0.05) affect by main effect of different rate of nitrogen and phosphorous fertlizer at both location. While intraction effect of nitrogen and phosphorous fertlizer was sigficantlly (P<0.05) affect harvest index at weleh, but it was not sigficantlly (P>0.05) affect at sayda. 
Harvest index is an indicator of dry matter partitioning towards the reproductive organs. The highest was a record on 41x92NP (41.55) but  the lowest harvest index (16.58%) was obtained with lowest treatment combination 20.5NX23P. The finding was 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 a further increase in its rate of application.


[bookmark: _Toc512327802]












	
	                Weleh
	
	

	N
	P
	HI (%)
	

	10.25
	
	
	

	
	23
	36.48ab
	

	
	46
	21.12de
	

	
	69
	16.58e
	

	
	92
	26.26bcde
	

	20.50
	23
	21.20de
	

	
	46
	26.85bcde
	

	
	69
	26.52bcde
	

	
	92
	33.62abc
	

	41.00
	
	
	

	
	23
	22.98cde
	

	
	46
	25.44bcde
	

	
	69
	33.48abc
	

	
	92
	41.55a
	

	60.5
	
	
	

	
	23
	22.56bcde
	

	
	46
	24.97bcde
	

	
	69
	29.00bcd
	

	
	92
	30.40abcd
	

	Sig.Difference(NXP)
	
	*
	

	CV
	
	4.13
	

	SE±
	
	1.25
	


Table 4.4.5: Intraction effect   Nitrogen and Phosphors Fertilizer Rate on Plant Height of Bread   Wheat at Sayda Location
Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; HI = Harvest Index; LSD = Least significant difference; CV=Coefficient of variation
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[bookmark: _Toc525298141]                         4.4.7 Grain yield (kg ha-1)
Result of analysis of variance showed that grain yield of bread wheat was not sigficantlly (p>0.05) affect by different rate of phosphorous fertilizer as well as though their intraction effect at both location (Table 4.4.6). However, application of different rate of nitrogen fertilizer significantly (P<0.05) affect grain yield at weleh but it was not sigficant at sayada. 
The mean values for the  grain yield were observed at Weleh in the range from 2300 kg ha-1 to 2700 kg ha-1.The maximum grain yield of 2700 kg ha-1 was obtained in plots that had a nitrogen rate of 20.50 kg ha-1 and the lowest was achieved at a rate of 41 kg ha-1
This finding is in line with Haileselassie et al., (2014) in which grain yields of wheat were not significantly affected by the main effect of phosphorus. In line with Damene Darota (2003), yields of wheat were not affected significantly due to the interaction effect of nitrogen and phosphorus fertilization in both experimental fields. The amount of nitrogen applied also significantly affected grain yield. Grain yield increased as the amount of nitrogen increased from the low level to 41 kg ha-1. This result agrees with the findings of Teklu and Teklewold, 2009; Abdo et al., 2012; Tolera et al., 2012, Girma et al., 2012; Haile et al., 2012; and Gerba et al., 2013.
The highest grain yield of any crop is the result of the positive relationships of most yield components due to nitrogen fertilizer application (Teklu and Teklewold, 2009; Abdo et al., 2012; Girma et al., 2012; Haile et al., 2012; and Gerba et al., 2013). The solicitation of N at the rate of 20.5 kg N/ha resulted in highest grain yield, which was significantly higher than N applied at the rates of 10.25, 41 and 60.5 kg/ha. 
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Table 4.4.6: Main Effect of Nitrogen and Phosphorus Fertilizer Rate on Grain yield and yield related trait of Bread wheat in 2017 Main Cropping Season at Weleh and Sayda location

	Main Effect of N
	                           Weleh
	
	                                    Sayda

	
	SY(kg/ha)
	BY(kg/ha)
	GY(kg/ha)
	
	SY(kg/ha)
	BY(kg/ha)
	GY(kg/ha)
	HI(%

	10.25
	6400.40bc
	  8860.60bc
	2260.20c
	
	1.80(7099.80)
	9340.30
	2240.50
	27.26

	20.5
	6247.70b
	9008.60b
	2760.90a
	
	1.80(5970.10)
	8220.10
	2430.70
	27.91

	41
	7650.00a
	  9650.00ab
	2300.00c
	
	1.78(5859.40)
	8260.30
	2400.90
	29.87

	60.5
	7370.62ab
	 9970.62a
	 2600.00ab
	
	1.73(6506.90)
	8707.30
	2230.10
	29.77

	Sig.Difference
	    *
	*
	*
	
	         ns
	ns
	ns
	ns

	Main Effect of P
	
	
	
	
	
	
	
	

	23
	6550.70
	9270.80a
	2720.10
	
	1.76(6409.60)
	8770.50
	2360.90
	26.72

	46
	7470.60bc
	8040.80b
	2420.30
	
	1.79(6916.20)
	9306.40
	2390.20
	26.74

	69
	5329.70b
	9090.00ab
	2710.30
	
	1.77(6090.60)
	8390.60
	2300.60
	26.88

	92
	6149.80a
	8560.10c
	   2410.30
	
	1.75(5121.90)
	7502.30
	2380.40
	26.98

	Sig.Difference
	   *
	*
	ns
	
	        ns
	ns
	ns
	ns

	Sig.Difference(NXP)
	   ns
	ns
	ns
	
	        ns
	ns
	ns
	ns

	CV
	 24.25
	16.15
	405
	
	        8.10
	16.15
	12.71
	9.94

	SE±
	 517.14
	116.45
	402.98
	
	       115
	222.17
	311.26
	2.27



Means followed by the same letter within a column are not significantly different from each other at P< 0.05 according to Fishers LSD; SY = Straw Yield; BY=Biological Yield;  G.Y; =Grain Yield; HI = Harvest Index; SE± =Standard Error =; CV=Coefficient of variation
[bookmark: _Toc483986906]

4.5 Correlation Analysis

 At both location heading date and  maturity date , number of  total tiller  and number of effective tillers   show signficant positively correlation  in  both location. Biomass yiled and harvest index were signficantlly postivelly correlate at weleh, while at sayda it was significantly negatively correlated. The result revealed that grain yield with harvest index and thousand kernel weights were correlated highly significantly positively at both locations.
Thousand kernel weight and spike length with effective tillers per plant was non significantly positively correlated at both locations. Harvest index was strongly and positively correlated with grain yield at both locations. Beside biomass yield was negatively and strongly correlated with harvest index at both locations. The result revealed that Plant height with harvest index  was significantly at sayada   and non significantly correlated at   weleh . Effective tiller  at both locations correlated with harvest index positively, but not significantly (Table 5.1 & Table 5.2). 
[bookmark: _Toc512327804]Table 4.5.1 Correlation at weleh 
	 
	HAD
	MD
	PH
	NTT
	NET
	SL
	TKW
	SY
	GY
	HI

	HAD
	 1.000
	
	
	
	
	
	
	
	
	

	MD
	0.045ns
	1.000
	
	
	
	
	
	
	
	

	PH
	-0.085ns
	-0.088ns
	1.000
	
	
	
	
	
	
	

	NTT
	0.071ns
	-0.066ns
	-0.021ns
	1.000
	
	
	
	
	
	

	NET
	0.241ns
	-0.098ns
	-0.098ns
	-0.016ns
	1.000
	
	
	
	
	

	SL
	0.241ns
	    0.098*
	-0.098*
	-0.016ns
	1.000
	1.000
	
	
	
	

	TKW
	0.024ns
	-0.092ns
	-0.338ns
	   0.317*
	0.030ns
	0.030ns
	1.000
	
	
	

	SY
	-0.186ns
	0.003ns
	0.124ns
	-0.155ns
	-0.091ns
	-0.091ns
	-0.067ns
	1.000
	
	

	GY
	0.205ns
	0.180ns
	0.234*
	0.169ns
	0.025ns
	0.025ns
	0.001ns
	-0.077ns
	1.000
	

	HI
	0.203ns
	0.042ns
	-0.209ns
	-0.042ns
	    -0.051*
	-0.051ns
	-0.227ns
	0.140ns
	-0.069ns
	1.000





[bookmark: _Toc512327805]Table 4.5.2 Correlation analysis at sayda

	 
	HD
	MD
	PH
	NT
	NET
	SL
	NKPS
	BM
	SY
	TKW
	GY

	HD
	1.000
	
	
	
	
	
	
	
	
	
	

	MD
	-0.101ns
	1.000
	
	
	
	
	
	
	
	
	

	PH
	0.058ns
	-0.304ns
	1.000
	
	
	
	
	
	
	
	

	NT
	-0.162ns
	-0.109ns
	0.104ns
	   1.000
	
	
	
	
	
	
	

	NET
	0.182ns
	0.128ns
	0.064ns
	0.252**
	 1.000
	
	
	
	
	
	

	SL
	0.034ns
	0.031ns
	-0.057ns
	-0.236ns
	0.115ns
	1.000
	
	
	
	
	

	NKPS
	0.034ns
	0.031ns
	-0.057*
	-0.236ns
	0.115ns
	0.122ns
	1.000
	
	
	
	

	BM
	.018nsns
	0.024ns
	-0.051ns
	0.174**
	0.180*
	    0.177*
	0.177ns
	  1.000
	
	
	

	SY
	-0.166ns
	0.104ns
	0.157*
	0.286*
	0.233*
	-0.156ns
	-0.156ns
	  0.7**
	 1.000
	
	

	TKW
	-0.447ns
	0.070ns
	-0.174*
	-0.127ns
	-0.417ns
	-0.141ns
	-0.141ns
	-0.022ns
	-0.188ns
	1.000
	

	GY
	-0.441ns
	0.091ns
	-0.174ns
	-0.156
	0.433**
	-0.125ns
	     0.5**
	-0.019
	   -0.183ns
	0.993**
	1.000
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[bookmark: _Toc525298142]4.6 Partial budget Analysis
In the present study, the costs for the NP fertilizer rates was considered as variable cost where as other costs were constant for each treatment. In order to recommend the present finding in the study area, it is necessary to estimate the minimum rate of return acceptable to producers in the recommendation domain. Based on partial budjet analysis 20.5/23NP had better than in terms of net benefit(82455.07) and MRR ( 33.31) than 10.25/46NP  which had the net benefit of (69038.41) and  MRR (7.24) even though both were situated at the acceptable range at sayda. At weleh 10.25/46 NP  fertlizer rate had highest MRR(55.34)and lowest net benefit (68404), while  20.5/23NP had the highest net benefit(84355.07)  but its MRR was lowest  as compared to 10.25/46 NP fertlizer rate (Table 4.6.1 and Table 4.6.2).

The partial budget was calculated to compare gain and losses between one treatment and another. It was done based on the following methodology prescribed by CIMMYT(1988).It was considered the analysis of gross benefit (GB) , total variable cost (TVC), the net benefit (NB) and finally the analysis  of marginal rate of return(MRR).

G.B= (YAXPA) + (YBXPB).
TVC = (The sum of all the costs which vary between treatments.
NB=GB-TVC





· 


[bookmark: _Toc512327806]                 Table 4.6.1 Comparison of net benefit with respect to the marginal rate  at  return at sayda

	[bookmark: _Toc483974968][bookmark: _Toc483986908]Treatments (NxP)

	Unit price
Qt-1
	 GY (Qt ha-1 
	SY (Qt ha-1
	Unit priceQt-1
	TGB (Eth. birr/ha) 
	TVC (Eth.birr) 
	NB (Eth.bir) 
	  DA
	    MRR(%

	10.25/23.00
	2500
	23.03
	58.66
	150
	66368.12
	447.50
	62952.50
	
	-

	10.25/46.00
	2500
	21.50
	90.43
	150
	67308.89
	561.59
	69038.41
	
	724.00

	10.25/69.00
	2500
	25.00
	89.22
	150
	75883.49
	780.83
	67219.17
	D
	-

	10.25/92.00
	2500
	23.67
	58.99
	150
	68026.93
	789.85
	67510.15
	D
	-

	20.50/23.00
	2500
	24.56
	68.22
	150
	77732.71
	894.93
	82455.70
	
	 3331.46

	20.50/46.00
	2500
	24.32
	61.62
	150
	70032.54
	1018.11
	79981.89
	D
	-

	20.50/69.00
	2500
	23.00
	65.02
	150
	68730.48
	1114.17
	77835.83
	D
	-

	20.50/92.00
	2500
	24.40
	61.77
	150
	70255.88
	1123.19
	70626.81
	D
	-

	41.00/23.00
	2500
	24.24
	61.93
	150
	69877.50
	1228.26
	81621.74
	D
	-

	41.00/46.00
	2500
	23.19
	55.84
	150
	66346.93
	1447.50
	63802.50
	D
	-

	41.00/69.00
	2500
	23.19
	55.78
	150
	66338.04
	1456.52
	68043.48
	D
	-

	41.00/92.00
	2500
	24.88
	57.22
	150
	70780.80
	1561.59
	53488.41
	D
	-

	60.50/23.00
	2500
	15.30
	35.39
	150
	43553.34
	1684.78
	52065.22
	D
	-

	60.50/46.00
	2500
	19.89
	59.53
	150
	58647.46
	1789.85
	60960.15
	D
	-

	60.50/69.00
	2500
	24.56
	44.25
	150
	68030.62
	2018.11
	64981.89
	D
	-

	60.50/92.00
	2500
	24.56
	45.72
	150
	68251.01
	2180.00
	73820.00
	D
	-



TVC, GB, NB and MRR, Total gross benefit, Total variable cost, Net benefit and Marginal rate of return, respectively


[bookmark: _Toc512328838][bookmark: _Toc512329003][bookmark: _Toc512327808]	Figure 4.6.1  graphical presentation of partial budjet analyses at sayda
Table 4.6.3 Comparison of net benefit with respect to the marginal rate of return at weleh
	Treatments (NxP)
	Unit price Qt-1
	 GY(Qt ha-1 
	  Sy(Qt      ha-1
	 Unit   priceQt-1
	  TGB     (Eth. birr/a
	 TVC (Eth.birr
	  NB (Eth.birr
	 DoA
	          MRR(%)

	10.25/23.00
	2500
	22.23
	56
	150
	63400
	447.50
	62952.50
	
	               -

	10.25/46.00
	2500
	24.56
	64
	150
	69600
	561.59
	68404.00
	
	           5534.30

	10.25/69.00
	2500
	23.15
	70
	150
	68000
	780.83
	67219.17
	D
	

	10.25/92.00
	2500
	23.00
	72
	150
	68300
	789.85
	67510.15
	D
	

	20.50/23.00
	2500
	29.00
	85
	150
	85250
	894.93
	84355.07
	
	          4594.90

	20.50/46.00
	2500
	27.00
	90
	150
	81000
	1018.11
	79981.89
	D
	

	20.50/69.00
	2500
	26.85
	93
	150
	78950
	1114.17
	77835.83
	D
	

	20.50/92.00
	2500
	23.62
	95
	150
	71750
	1123.19
	70626.81
	D
	

	41.00/23.00
	2500
	28.00
	99
	150
	84850
	1228.26
	83621.74
	D
	

	41.00/46.00
	2500
	21.00
	85
	150
	65250
	1447.50
	63802.50
	D
	

	41.00/69.00
	2500
	23.58
	80
	150
	69500
	1456.52
	68043.48
	D
	

	41.00/92.00
	2500
	18.56
	67
	150
	55050
	1561.59
	53488.41
	D
	

	60.50/23.00
	2500
	17.30
	75
	150
	53750
	1684.78
	52065.22
	D
	

	60.50/46.00
	2500
	20.21
	85
	150
	62750
	1789.85
	60960.15
	D
	

	60.50/69.00
	2500
	22.82
	80
	150
	67000
	2018.11
	64981.89
	D
	

	60.50/92.00
	2500
	25.24
	90
	150
	76000
	2180.00
	73820.00
	D
	



TGB TGFB, TVC, NB and MRR, Total gross benefit, Total variable cost, Net benefit and Marginal rate of return, respectively
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CHAPTER 5: CONCLUSION AND RECOMENDATIONS
[bookmark: _Toc483986911][bookmark: _Toc512093808][bookmark: _Toc525298143]5.1 Conclusion
The result of this study clearly indicated that different nitrogen rate and phosphorus fertilizer rate had a significant effect on parameters of plant height, heading date spike length, number of kernels per spike, straw yield,harvest index and grain yield. However, a more careful analysis revealed that  NP had no significant effect on a number of tillers, number of effective tillers, thousand kernel weight, number of kernels per spike, the weight of kernel per spike and harvest index. Phosphors fertilizer rate alone did not have a significant effect on parameters like 1000 kernel weight, maturity date, straw yield biological yield, and grain yield. The main effect of nitrogen was affected heading date, maturity date, straw yield, plant height,   biological yield and grain yield. Based on the data wheat sown at NP rate of 20.5/23 gave a higher grain yield as  well  highest net benefit according to  partial budget analysis at both location . 
[bookmark: _Toc483986912][bookmark: _Toc512093809][bookmark: _Toc525298144]5.2 Recommendations
Based on the above data most parameters were statically significantly affected by  main effect of nitrogen  for most paramers and grain yield as well as main effect of  phosphorous fertlizer was sigficantlly affect  for spike length, heading date and  maturity date. Therefore,  based on the partial budget analysis it  can  recommended that  20.5 N kg/ha with 23 kg/ha phosphorous fertlizer rate  is an appropriate and economically feasible for Sekota -1 variety in the study area and similar agro-ecologies. However, this finding was based on the one-year data or environment so it is better to repeat on wider temporal and spatial scale for better result. 
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 Appendix tables
	Source of variation
	df
	              Weleh
	          Sayda

	
	
	days to heading 
	days to maturity
	days to heading
	days to maturity

	Block
	2
	0.25ns
	3.93ns
	3.37ns
	23.62ns

	Nitrogen rate(N)
	3
	0.07ns
	5.72ns
	38.48ns
	19.36ns

	Phosphorous rate(P)
	3
	0.29ns
	0.38ns
	2.40ns
	14.58ns

	Intraction(NXP)
	9
	0.83ns
	4.33ns
	21.23ns
	6.26ns

	Error
	30
	4.82
	3.82
	19.91
	7.46


[bookmark: _Toc521650090][bookmark: _Toc522132518]Appendix Table 1: ANOVA mean squares of phenological parameters of bread wheat as influenced by different rates of NP at Woleh and Sayda sites 






[bookmark: _Toc521650091][bookmark: _Toc522132519]        Appendix Table 2: ANOVA mean squares of vegetative growth parameters of bread wheat as influenced by different rates of NP at   Weleh and Sayda sites
	Source of  variation
	
	
	                               Weleh
	
	                              Sayda

	
	
	df
	
	PH
	NTT
	NET
	SL
	
	PH
	NTT
	NET
	SL

	Block
	
	2
	
	6.82ns
	190.58ns
	190.58ns
	38.77ns
	
	71.93ns
	3177.52ns
	3177.52ns
	0.05ns

	Nitrogen rate(N)
	
	3
	
	41.87ns
	636.63ns
	636.63ns
	48.84ns
	
	47.86**
	437.80ns
	437.80ns
	0.42ns

	Phosphorous rate(P)
	
	3
	
	28.50ns
	57.29ns
	57.29ns
	72.65ns
	
	15.48*
	616.25ns
	616.25NS
	0.80ns

	Intraction(NXP)
	
	9
	
	9.93ns
	469.18ns
	469.18ns
	25.83ns
	
	28.17*
	938.49ns
	938.49ns
	0.14ns

	Error
	
	30
	
	20.84
	376.25
	376.25
	0.22
	
	9.28
	686.87
	686.87
	0.38






[bookmark: _Toc513560552][bookmark: _Toc521650092][bookmark: _Toc522132520] Appendix Table 3: ANOVA mean squares of yield related traits as influenced by different rates of nitrogen and phosphorous at Woleh and Sayda
	Source of variation
	
	Weleh
	

	                                      Sayda

	
	df
	NKPS
	TKW
	BY
	GY
	SY
	HI
	
	NKPS
	TKW
	BY
	GY
	SY
	HI

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Block
	2
	38.77ns
	0.47ns
	973.56ns
	38.77ns
	38.77ns
	38.77ns
	
	34.92ns
	1.75ns
	3020.25ns
	5.08ns
	3207.63**
	250.02ns

	Nitrogen rate(N)
	3
	48.84ns
	4.34ns
	1245.02ns
	48.84ns
	48.84ns
	48.84ns
	
	160.25ns
	28.97ns
	530.69ns
	13.64ns
	508.39ns
	20.85ns

	Phosphorous rate(P)
	3
	72.65ns
	1.26ns
	855.26ns
	72.65ns
	72.65ns
	72.65ns
	
	38.83ns
	5.63ns
	157.21ns
	0.25ns
	157.21ns
	4.08ns

	Intraction(NXP)
	9
	25.83ns
	2.47ns
	613.96ns
	25.83ns
	25.83ns
	25.83ns
	
	40.28ns
	10.08ns
	602.16ns
	4.39ns
	621.27ns
	53.012ns

	Error
	30
	0.22
	1.30
	220.57
	0.22
	0.22
	13.2
	
	48.91
	10.08
	319.71
	9.59
	314.96
	24.26
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                          Appendix Figure 5  plant height measurement  at sayda
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  Appendix Figure 7 measurement of thousand seed weight by seed counter machine





[bookmark: _Toc512328846][bookmark: _Toc512329011][bookmark: _Toc511453237][bookmark: _Toc511453764][bookmark: _Toc511454675][bookmark: _Toc512096562][bookmark: _Toc512093811][bookmark: _Toc483986915]            






[bookmark: _Toc525298147]BIOGRAPHICAL SKETCH
The author was born in 1981 in Sekota district of Wag himra zone Amhara Regional State of Ethiopia to his father Lakewu Mogese and his mother Weyzer Lakewu. He attended primary and junior secondary education at Sekota School from 1989-1992 E.C at Azba and 1993-1995 at Medhnealem Junior School. He completed secondary education at Sekota Wag seyum Secondary School in 1999. He then joined Wollo University in 2000E.C and graduated with the Degree in Plant science in 2002.After graduation; he employed by the Ministry of Agriculture and assigned to work At Wag himra Administrative Zone, Dehana wereda as Wereda Expert. He worked in that wereda for two years. After that, he joined Sekota dry land agriculture research center as an Assistant researcher in agronomy in the Department of Crop Production and Protection,. Now He joined the School of Graduate Studies of Bahir dar University in 2016 to pursue a study leading to the Degree of Master of Science in Agronomy.










Partial budjet analsise at sayada
TVC	10.25/23	20.5/23	41/23	20.5/46	10.25/69	20.5/69	10.25/92	60.5/69	613.75	767.5	1075	1227.5	1533.75	1687.5	1993.75	2287.5	MRR	10.25/23	20.5/23	41/23	20.5/46	10.25/69	20.5/69	10.25/92	60.5/69	6634.25	-1251.32	2607.0300000000002	-1990.3899999999999	1902.309	-1173.93	-145.69	NB	10.25/23	20.5/23	41/23	20.5/46	10.25/69	20.5/69	10.25/92	60.5/69	53680.27	63726.68	59571.360000000001	63394.58	56992.77	59763.82	55862.41	51304.32	N/P
image2.jpeg
Location Map of Experimental sites

Ethiopia

Ambhara Region

Experimental Sites At Sekota Zuria Wereda

Legend

|Site_Name
O sayda
@ Woleh
[ sekota_zuria Woreda

Scale = 1:636,000





image3.png




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg
- # \ e
y oy " 3
' 7
| &
< \
~rhl




image8.png




image9.jpeg




image1.png
Wischomas thie:sowroe:of thie BhueNile




