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ABSTRACT 
Onion production is mostly facilitated by the Gereb Giba small-scale irrigation system, making it one of the major vegetable crops. Inadequate soil fertility management techniques and nutrient deficits are the primary causes of the research area's decreased onion crop productivity. As a result, fertilizer applications are a crucial input to boost onion yields, with the rate of application primarily determined by the soil's fertility. The research was conducted with the intention of the objective is to assess the impact of NPS and goat dung fertilizer combinations on onion variety yield and yield-related characteristics, as well as the physicochemical parameters of the soil and the economic feasibility of combining goat dung and NPS fertilizer on onions. The results of the analysis of variance indicate that there is a significant difference between the 16 treatments for the combined application of inorganic (NPS) and organic (goat dung) fertilizers in response to onions. The target area's soil textural class is sandy clay loam, which has low levels of organic carbon and total nitrogen. The study's findings indicated that the application of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 7.5 t ha-1 organic was superior in terms of production yields, as was the case with 63 kg N ha-1+57 kg P2O5 ha-1+10.5 kg sulfur ha-1 and 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 fertilizer with 15 t ha-1 goat dung. On the other hand, 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 fertilizer with 3.75 t ha-1 goat dung was found to be inferior. Therefore, based on the cost-benefit analysis and its production, farmers in the Gereb giba area and other same agro-ecologies are advised to apply 15 t ha-1 of goat dung along with 63 kg N ha-1, 57 kg P2O5 ha-1, and 10.5 kg sulfur ha-1 (150 kg/ha) of inorganic fertilizer. This combination is both economically feasible and highly recommended.
Keywords: combination of organic and inorganic fertilizers; economic feasibility; onion variety; yield and yield related traits  
 

[bookmark: _Toc40850007]1. Introduction
Part of the Alliaceae family, the onion (Allium cepa L.) is one of the most important vegetables in the world. The onion (Allium cepa  L.) is a vegetable, cultivated species of the genus Allium. There are more than 600 species in the genus Allium. The species which are significantly important in the Ethiopian national economy are onion ( Allium cepa  L.), shallot ( Allium cepa var. ascalonicum  L.), garlic ( Allium sativum  L.) and leek ( Allium ampeloprasum  L.)
Due to its nutritional value and therapeutic applications it is good for human diets. In addition to being used to flavor soups, canned goods, and a variety of other foods, onions can be eaten raw in salads, fried, boiled, or roasted (Gambo et al., 2008). Although the entire plant can be eaten, the lower stem pieces and bulbs are most often used as stew veggies or seasonings. 

Ethiopia's moderate environment, free from excessive heat or cold, is ideal for onion production (Lemma et al., 2006). In Ethiopia Onions are one of the most significant vegetable crops and grown by smallholder farmers in the country for home consumption and export market [43, 11]. It is essential and crucial to the daily diet of Ethiopians since it is a rich source of many minerals and vitamins, as well as significant amounts of flavor and pungency. Onion productivity is determined by a number of factors, including fertilizer application and intervals of watering. The majority of farmers utilize fertilizer as normal using an outdated technique, but they are unaware of the proper dosage, when, and how to apply it for the best onion output. In order to maintain sustainable agriculture, it will be necessary to use organic manure to meet crop nutrient requirements in the future. Organic manure typically enhances the physical, chemical and biological properties of soil while also preserving its ability to hold moisture, which increases crop productivity (Maheswarappa, et al., 1999).

The total area coverage of Gereb-giba small scale irrigation scheme is used for more than 600 households which had created a suitable condition for onion production. However, the productivity of onion yield in the study area is mainly reduced due to deficits of essential nutrients and inappropriate soil fertility management practices. Therefore, applications of fertilizer are an important input to increase yields of onion where its rate mostly depends on the fertility status of the particular soil. The main objective of this investigation was undertaken: to evaluate the effect of NPS and Goat dung fertilizer combinations on yield and yield related characters and measures the economic feasibility on onion.
[bookmark: _Toc40850008]2. Materials and Methods
[bookmark: _Toc40850010]2.1. Experimental Site, Materials, Design and Procedures 
The investigation was carried out in the Ethiopian Tigray Regional States' Gereb Giba Irrigation Scheme in Tanqua Abergelle District. The precise coordinates of its location are 39o 01'29"E longitude and 13o 37' 53"N latitude. Situated at a height of 1450 meters above sea level, the region is especially susceptible to soil erosion. The majority of the soil has a sandy texture, is less fertile, and has a low water-holding capacity. Season to season, the study area's rainfall patterns are variable and unpredictable. The ranges of the average annual temperature and rainfall are 18–42°C and 350–650 mm, respectively.

For the research the variety chosen is Bombay red onion type under irrigated conditions. This onion variety was chosen as a recommendation by the Aberegelle Agricultural Research Center based on earlier studies. The variety's seed was planted in rows 15 cm apart in a nursery set up on a well-prepared seed bed and enough seedlings were produced to be used in the field experiment. The combined fertilizer treatments were set up using the national standard inorganic fertilizer application rates of 200 kg/ha NPS (84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1) for the crop and 15 t ha-1 goats dung, which is thought to be the ideal organic fertilizer rate for onions. The treatments were set up as 100, 75, 50, and 25 percent of these rates in all feasible combinations, taking the application of the entire inorganic and organic fertilizer rates combined as the maximum. P2O5, sulfur, and N were obtained in this investigation from NPS and UREA fertilizers, respectively. Three replications of a Randomized Complete Block (RCB) design were used for the field experiment. The distance between two rows within a furrow is 20 cm, while the distance between furrows is maintained at 60 cm. Within an area measuring 1.5 x 3.6 m in length and breadth, there were six rows and 15 plants each row. Plants designated as experimental plants were those in the two rows at the ends of each plot and the two plants at each row's end.

The AbARC livestock research station provided the goat dung (GD). On a 1 x 10 m seed bed, a Bombay Red seed was planted. Until the grass emerged, the beds were covered with dried mulch, and when necessary, water was applied with a watering cane. Following the emergence of the seedlings, the mulch was removed, and the beds were covered with raised shade to shield the seedlings from direct sunlight until eight days were left before transplanting. Using a fine watering cane, watering was done on a weather- and seedling-growth-stage-dependent basis. Before three to four weeks of transplanting, the experimental unit layout was completed after soil data from the experimental site was collected. Goat feces were then applied for each treatment following that. For irrigation, transplanting was completed in March. One week after transplanting on the spot where the initial seedlings are planted, dead seedlings in the field were replenished. Half of the urea source fertilizer was applied 30 days after transplanting, while all rates of NPS source fertilizer were applied during transplanting. To avoid fertilizer from being mixed up and applied to different plots, the irrigation water was provided using the border irrigation method to each plot and row without passing through any of the experimental plots.
Table 1: List of treatments to combined NPS and goat dung fertilizer application
	No
	Treatment combination
	Remark

	1
	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+15 t ha-1 GD
	100% NPS+100% GD

	2
	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+11.25 t ha-1 GD
	100% NPS+75% GD

	3
	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+7.5 t ha-1 GD
	100% NPS+50% GD

	4
	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+3.75 t ha-1 GD
	100% NPS+25% GD

	5
	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+15 t ha-1 GD
	75% NPS+100% GD

	6
	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+11.25 t ha-1 GD
	75% NPS+75% GD

	7
	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+7.5  t ha-1 GD
	75% NPS+50% GD

	8
	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+3.75 t ha-1 GD
	75% NPS+25% GD

	9
	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+15 t ha-1 GD
	50% NPS+100% GD

	10
	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+11.25 t ha-1 GD
	50% NPS+75% GD

	11
	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+7.5 t ha-1 GD
	50% NPS+50% GD

	12
	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 +3.75 t ha-1 GD
	50% NPS+25% GD

	13
	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+15 t ha-1 GD
	25% NPS+100% GD

	14
	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+11.25 t ha-1 GD
	25% NPS+75% GD

	15
	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+7.5 t ha-1 GD
	25% NPS+50% GD

	16
	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+3.75 t ha-1 GD
	25% NPS+25% GD









1

[bookmark: _Toc40850013]2.2. Soil Sampling and Analysis
Farm yard manure was sampled, and its organic carbon, organic matter, pH, total N, P, and K were all analyzed in a lab. Soil samples were obtained with an auger, first in a repetition following treatment harvest, and then in a zigzag (W) pattern, 30 cm below the surface, prior to treatment application. The soil samples were combined, allowed to air dry, ground to pass through a 2 mm sieve, and then examined using standard laboratory techniques at the Mekelle Soil Research Center for textural, physical (silt, clay, and sand) and chemical properties (primarily organic carbon, exchangeable K, total N in the soil, pH, extractable phosphorus, and cation exchangeable capacity, or CEC) analysis).
[bookmark: _Toc40850014]2.3. Data Collection and Analysis 
[bookmark: _Toc40850015]2.3.1. Phenological and growth parameters
Plant height (cm): This was measured from the ground to the tip of the leaves from eight randomly selected plants at maturity.
Leaf number per plant: The total number of leaves per plant was counted from eight randomly selected plants at maturity.
[bookmark: _Toc40850016]2.3.2. Yield and yield related components
Bulb length (cm): The mean bulb of eight samples was measured from the bottom of the bulb up to the top in length at maturity stage.
Average bulb weight (g): The average fresh weight of eight randomly taken mature bulbs was measured by using sensitive balance. 
Marketable bulb yield (t ha-1): This refers to the weight of healthy and marketable bulbs that range from 20 g to 160 g in weight. Bulbs below 20 g in weight were considered too small for market whereas those above 160 g was considered over sized according to Lemma and Shimeles (2003).
Unmarketable bulb yield (t ha-1): The total weight of unmarketable bulbs that are under sized (< 20 g), diseased, decayed and bulbs from plants with physiological disorder such as thick neck and split were measured from a net plot. 
Total bulb yield (t ha-1): The total bulb yield was measured from the total harvest of net plot as a sum weight of marketable and unmarketable yields. 
Data was subjected to analysis of variance (ANOVA) using R software. Duncan’s multiple range tests was used for mean separation at 5% level of significance.

[bookmark: _Toc40850017]2.4. Partial Budget Analysis
The economic analysis of fertilizer application and the combined marketable bulb production data were conducted using a simple partial budget approach. The cost-effectiveness of applying fertilizer is ultimately determined by the crop's potential reaction to the additional fertilizer, planting fertilizer prices, labor and material costs, and cost of Goats dung production (CIMMYT, 1988). 
The economic analysis was done using the formula developed by CIMMYT (1988) and given as follows: 
Gross average fruit yield (kg ha-1) (AvY): is an average yield of each treatment.
Adjusted yield (AjY): the average yield adjusted downward by a 10% to reflect the difference between the experimental yield and yield of farmers.
                 AjY = AvY*(1-0.1)
Gross Field Benefit (GFB): computed by multiplying field/farm gate price that farmers receive for the crop when they sale it as adjusted yield. 
              GFB = AjY*field/farm gate price for the crop
Total cost: is the cost of fertilizers and goat dung used for the experiment. The costs of other inputs and production practices such as labor cost for land preparation, planting, weeding, crop protection and harvesting were considered as the same and/or insignificant among treatments.
Net benefit (NB): was calculated by subtracting the total costs from gross field benefits for each treatment. 
               NB = GFB – total cost
Marginal return (MR): is the measure of increasing in return by increasing input.
Marginal rate of return (MRR %): was calculated by dividing changes in net benefit by change in cost.
                          


[bookmark: _Toc40850019]3. Results and Discussions
[bookmark: _Toc40850020]3.1. Soil Characteristics of the Experimental Site
A naturally occurring element in the earth, soil is made up of both organic and inorganic components. For the management of nutrients, soil testing is also essential. Classifying soil is a common tool used in agricultural development. The drive of this study was to ascertain the amount of sand, clay and silt as well as the field's physicochemical characteristics in order to improve onion productivity and production in the targeted locations. Table 2 displays the findings of the laboratory examination of a few of the soil sample's physico-chemical characteristics.

The soil characteristics of the experimental location were primarily low rates of organic carbon (1.3%), high electrical conductivity (0.72 ms/cm), cation exchange capacity (29.94 Meq/100g), and low total nitrogen (0.1%). The absence of organic materials being incorporated into the soils and the ongoing clearance of crop wastes for competing uses like fuel and feed may be the cause of the low levels of total nitrogen and organic carbon (Morris et al., 2007). In agreement with Tekalign's (1991) results, the ranges for total nitrogen and organic carbon are 0.05–0.12 percent and 0.5–1.5%, respectively. Cation exchange capacity, which measures the soil's ability to provide essential plant nutrients including calcium, potassium, and magnesium, was utilized to indicate the fertility of the soil. The field experiment's soil was thus found to have a medium rate of potassium (143.8 ppm), along with high levels of magnesium (2.87 Meq of Ca/L), calcium (10.96 Meq of Ca/L), and phosphorus (30.4 ppm) and low levels of sodium (7.37 ppm). Since sodium is not a nutrient for plants, it is not required for their growth. Plant development, soil permeability, and soil structure are all negatively impacted by high sodium levels.

The studied site's soil pH of 8.04 was determined to be mildly alkaline. Similar results were reported by Horneck et al. (2011), who indicated that the pH varies from 7.4 to 8.4. Although neutral soil pH of 6-6.5 is ideal for growing onions, the majority of the research region is moderately alkaline soil. Therefore, this could affect the growth and production of onions so that more organic (farm yard manure) and inorganic (NPS) fertilizer can be applied to improve the soil's physical and chemical qualities as well as the onion yield. According to Bosland and Votava (2000), excessive salt content in the soil may cause young seedlings to perish when the salt is transferred to their fragile roots by light rain.

A soil's texture is an innate and largely unchangeable characteristic. After analysis of the soil sample from the test site, it was found that the soil sample contained silt (25), clay (29.38) and sand (46.8). The USDA's soil classification from 1987 said that the experimental station's soil type was sandy clay loam.

Table 2: Soil physicochemical properties of the experimental site for onion before transplanting 
	Soil properties 
	Composition  
	Rate 
	Range with their references 

	physical properties 
	  
	  
	

	Sand (%) 
	46.8 
	  
	< 50 (USDA,1987)

	Clay (%)
	29.38 
	  
	7-27 (USDA,1987)

	 Silt (%)
	25 
	  
	28-50 (USDA,1987)

	Soil texture 
	  
	Sandy clay loam 
	

	chemical properties 
	  
	
	

	Organic carbon (%) 
	1.3 
	Low  
	0.5-1.5 Tekalign (1991) 

	Electrical conductivity (ms/cm) 
	0.72 
	High 
	>0.45 Shaw

	Total nitrogen (%)
	0.1
	Low 
	0.05-0.12 Tekalign (1991)

	pH 
	8.04 
	Mod. alkaline 
	7.4-8.4 (Horneck et al., 2011)

	Cation exchange capacity (Meq/100g) 
	29.94 
	High   
	>25 (Hazalton & Murphy, 2007)

	Available phosphorus (ppm) 
	30.4 
	High 
	25-50 (Horneck et al., 2011)

	Potassium (ppm) 
	143.8 
	Medium    
	121-160 (Daniel, 2018)

	Sodium (ppm) 
	7.37 
	Low  
	< 150 (Horneck et al., 2011)

	Calcium (Meq of Ca/L) 
	10.96 
	High
	>2.0 (Horneck et al., 2011)

	Magnesium (Meq of Mg/L) 
	2.87 
	High 
	>2.5 (Horneck et al., 2011)


Source: Mekelle Soil Laboratory


[bookmark: _Toc40850024]3.2. Phenological and Growth parameters 
Through the phenological and growth parameters shown in Table 3, the analysis of variance results indicate the level of probability for mean separation, indicated as significant differences at p<0.05 among the 16 treatments.
[bookmark: _Toc40850025]3.2.1. Number of leaves per plant and plant height 
Significant differences between variable application rates of fertilizers and goat dung in onion leaves and plant height were observed. The maximum number of leaves per plant (10.98) was recorded by the combined application rate of 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 fertilizer with 7.5 t ha-1 goat dung while minimum number (7.56) was shown by 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 and 7.5 t ha-1 goat dung. Moreover, maximum numbers of leaves were shown in the combined fertilizer rates of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 15 t ha-1 GD (10.4); 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 7.5 t ha-1 GD (10.3); 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 3.75 t ha-1 GD (10.25) and 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 in combination with 11.25 t ha-1 GD (10.08) respectively. The output of states that there is a relatively non significant different among the aforementioned combined rates of organic and inorganic fertilizers. The increase in number of leaves per plant with increase in NPS fertilizer and goat dung level may be contributed in producing high number of leaves and healthy in growth. Similarly, Vachhani and Patel (1993a) reported that the number of onion leaves per plant was highest with the application of 150 kg ha-1 (75%) nitrogen. The increase in leaf number in response to the increased application of phosphate may be attributed to the role phosphorus plays in root growth and development and formation of phosphor-proteins and phospho-lipids that encourage meristematic activity of plants, resulting in increased number of leaves per plant (Bagali et al., 2012). In contrast to Nasreen et al. (2007) reported that as increasing in application of inorganic fertilizer tends to decrease the leaf number of onion.
 
The combined application of NPS fertilizer and goat dung was significantly increased the height of onion plants (P≤0.05). The longest plant heights 41.6 cm and 41.1 cm were exhibited by the combined application rates of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 15 t ha-1 GD goat dung and 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 3.75 t ha-1 goat dung respectively. This shows that plant height of onion supplied with highest and lowest rate of NPS fertilizer and goat dung was registered relatively similar might be influenced due to heritability of the variety. In agreement with Kumar et al. (1998), it has been reported that maximum plant height of onion at highest nitrogen rates of 120 kg ha-1 was obtained. In addition, the tallest in heights registered with non significantly dissimilar between the treatments mentioned above with 42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 and 15 t ha-1 goat dung; 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 15 t ha-1 goat dung; and the combination of 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 and 42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 with 3.75 t ha-1 goat dung. The increase in plant height was registered with the application of nutrients for the growth of onion plants requirement. The increase in plant height in response to the increased application of nitrogen may be attributed to the increment in vegetative growth parameters which could probably be due to the important role of nitrogen in plant photosynthesis by improving leaf area index and chlorophyll contents thus resulting in higher photosynthetic rate and higher vegetative growth (Eastin et al., 1969). Onions are characterized as sulfur-loving plants (Bloem et al., 2004), reports the associated with the combined effect of nutrients in NPS fertilizer including sulfur.

Contrarily, the shortest in height (33.6 cm) was shown in the applied fertilizer rate of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 7.5 t ha-1  goat dung. It gives that, there is lack of nutrient availability which supports for the growth of onion, so the soil needs to supply nutrients for crop growths. According to Tisdale and Nelson (1993) reported that the organic fertilizer like farm yard manure biogas, compost chicken, pigeon and green manure are good sources of essential macro and micro nutrients for plant growth. 

[bookmark: _Toc40850026]



3.3. Bulb Yield and Yield Related Components
As shown in Table 3, the analysis of variance reveals a large and highly significant difference between the 16 treatments based on onion yield and yield-related components.

3.3.1. Bulb Length and Width
The major difference among the treatments was observed by the trait of bulb length. The highest length was shown in the combination of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 15 t ha-1 goat dung which is 4.6 cm followed by 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 11.25 t ha-1 and 3.75 t ha-1 goat dung which are 4.5 cm and 4.36 cm respectively. Moreover, an increasing trend in the length of onion bulb was exhibited with increasing the concentrations of NPS levels. The result of this investigation was in harmony with Reddy and Reddy (2005) reported an increased onion bulb length in response to nitrogen fertilizers. In contrary, lowest in bulb length was observed in the combination of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 11.25 t ha-1 and 3.75 t ha-1 of goat dung respectively which is relevance with applied rate of 42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 and 7.5 t ha-1 goat dung. The result shows that further application of NPS with optimum rate of goat dung might be needed for better size of bulb length. 

Among the treatments there is an important difference in bulb width. The combined fertilizers of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 7.5 t ha-1 goat dung followed by 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 and 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 15 t ha-1 goat dung were wider in their widths. The result of this study indicated that the width of onion bulb mostly increased with increased inorganic fertilizer rates and goat dung. On the other hand, small in width was observed in the combined fertilizers of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 3.75 t ha-1  and 11.25 t ha-1 goat dung followed by 42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 and 7.5 t ha-1 goat dung. The outcomes stated clearly that, the supplied inorganic fertilizer rate reduced the width also decrease this might be influenced in onion growth due to low rate of the essential nutrients. 

Therefore, an optimum amount of the combined fertilizers was an important source for good sizes of the bulb. All over, the result revealed that the maximum rate of combined goat dung and inorganic fertilizer (NPS) had taller and/or wider in bulb length and width than the minimum application of combined fertilizers which considering the deficiencies of nutrients in the soil and needs to applying both the combination of fertilizers for wider and large sizes of onion bulb in the study areas.
   
[bookmark: _Toc40850027]3.3.2. Average Bulb Weight
The study of variance was marked highly significant differences through the average bulb weight. The organic fertilizer application at the rates of 15 t ha-1 followed by 7.5 t ha-1 with the combination of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 was recorded maximum in weight. It indicates that the supplied high amount of both fertilizers was better to improve the bulb weight than the lowest rates. In line with Aliyu et al. (2007) stated that increased bulb weights of onions with increase in nitrogen application in Ethiopia. 

The combined application rate of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 7.5 t ha-1 and 3.75 t ha-1 goat dung were observed minimum in their average bulb weights might possibly be affected by insufficient amounts of fertilizers. According to Abbey and Kanton (2004) reported the application of combined farm yard manure and inorganic fertilizer resulted in an increase of the average bulb yield of onion.
 
[bookmark: _Toc40850028]3.3.3. Marketable and Unmarketable Bulb Yield 
Significantly different and highest total and marketable bulb yield of onion was obtained from the combined rate of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 7.5 t ha-1 goat dung followed by 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 and 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 fertilizer with 15 t ha-1 farm yard manure. The important relationships of bulb length, width and weights with good marketable yield were contributed for maximum yields by those treatments. Patel et al. (2000) stated that the combination of organic with inorganic fertilizers was vital for crop nutrient demands but it is not satisfy when the inorganic fertilizer used alone.
In contrary, the lowest marketable yield was exhibited by 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 fertilizer in combination with 3.75 t ha-1 and 7.5 t ha-1 of goat dung followed by 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 3.75 t ha-1 organic fertilizer. The minimum production of marketable yield was shown in lower combination rates of both NPS and goat dung; this might be due to the limitation in nutrient availability of onion in order to enhance the productivity as compared with the other treatments. 

Unmarketable bulb yield was revealed knowingly maximum by the combination rates of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 with 7.5 t ha-1 goat dung followed by 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 3.75 t ha-1 and 15 t ha-1 farm yard manures respectively. Almost similar amount of unmarketable yield was registered in most combined applications of organic and inorganic fertilizer. On the other side, significantly minimum unmarketable yields were shown by the application rate of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 in combination with 3.75 t ha-1 organic fertilizers followed by 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 combined with 11.25 t ha-1 and 7.5 t ha-1 goat dung. 


   Table 3: Mean values of yield and yield related components of onion in response to NPS fertilizer and Goat dung 
	
Combined NPS fertilizer rates and Goat dung (t ha-1)
	
BL(cm)
	
AvBW(g)
	
BW(cm)
	
NLPP
	
PH(cm)
	MKY (t/ha) 
	UNMY (t/ha)
	TBY (t/ha)

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+15 t ha-1
	4.6a 
	116.8a 
	2.8ab 
	10.4ab 
	41.6a 
	14.8a 
	1.59ab
	16.39ab 

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+11.25 t ha-1 
	4.5ab 
	102.1a-d 
	2.15ab 
	9.33ab 
	38.15ab 
	12.07b-e 
	 1.75ab
	13.82c-e 

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+7.5 t ha-1
	4.1bc 
	109.98ab 
	2.1ab 
	10.3ab 
	40.63a 
	15.1a 
	1.77ab 
	16.87a 

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+3.75 t ha-1 
	4.36ab 
	94.35b-d 
	2.3ab 
	10.25ab 
	38.58ab 
	12.48a-e 
	1.68ab 
	14.2c-e 

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+15 t ha-1 
	4.3a-d 
	106.7abc 
	2.65ab 
	9.96ab 
	38.08ab 
	14.6ab 
	2.1ab 
	16.7a 

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+11.25 t ha-1 
	4.03b-d 
	88.08c-e 
	2.28ab 
	8.2ab 
	37.1ab 
	14.3a-c 
	0.72b
	15.02a-c 

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+7.5  t ha-1 
	3.8b-d 
	95.8b-d 
	2.27ab 
	10.98a 
	38.4ab 
	12.55a-e 
	0.9b 
	13.45de 

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+3.75 t ha-1 
	3.6b-d 
	96.7a-d 
	2..2ab 
	9.6ab 
	40.3a 
	11.67c-e 
	2.12ab 
	13.78c-e

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+15 t ha-1 
	3.8b-d 
	90.9b-e 
	2.1ab 
	9.08ab 
	40.85a 
	13.15a-e 
	1.2b 
	14.35c-e 

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+11.25 t ha-1 
	3.83b-d 
	97.6a-d 
	2.0ab 
	9.93ab 
	39.37ab 
	14.17a-c 
	1.32b 
	15.48a-d 

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+7.5 t ha-1 
	3.53cd 
	86.7c-e 
	1.98ab 
	9.0ab 
	37.03ab 
	14.07a-c 
	0.98b 
	15.05a-d 

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+ 3.75 t ha-1 
	3.8b-d 
	93.13b-d 
	2.017ab 
	8.25ab 
	40.25a 
	12.48a-e 
	1.2b 
	13.7de 

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+15 t ha-1 
	3.63b-d 
	90.88b-e 
	2.13ab 
	9.86ab 
	38.8ab 
	13.8a-d 
	1.3b 
	15.1a-d 

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+11.25 t ha-1 
	3.4d 
	92.12b-d 
	1.9b 
	10.08ab 
	38.8ab 
	13.77a-e 
	1.15b 
	14.92cd 

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+7.5 t ha-1 
	4.1b-d 
	71.06e 
	3.22a 
	7.56b 
	33.6b 
	11.35de 
	2.93a 
	13.27de 

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+3.75 t ha-1 
	3.5cd 
	83.75de 
	1.8b 
	9.36ab 
	41.1a 
	11.15e 
	0.28b 
	11.43e 

	LSD (5%)
	0.76 
	17.95 
	1.05 
	2.69 
	5.43 
	2.3 
	1.37 
	2.13 

	CV (%)
	11.5 
	11.4 
	27.9 
	17 
	8.4 
	10.4 
	54.7 
	8.7 


Mean values assigned by the same letter indicates non significantly different at P<0.05; BL= Bulb length, AVBW= average bulb weight, BW= bulb width, NLPP= number of leafs per plant, PH= plant height, MKY= marketable yield, UNMY= unmarketable yield and TBY= total yield 

[bookmark: _Toc40850029]3.4. Partial Budget Analysis
The results obtained from onion  from the combined fertilizer application rates was utilized to determine whether or not farmers profit. CIMMYT (1988) states that in order to calculate the potential net benefit and marginal rate of return from various treatment options, a partial budget analysis was required. Table 4 displayed the anticipated net benefits for 16 treatments.
The combined application of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 7.5 t ha-1 goat dung was the maximum net benefit of 113529.4 ETB/ha followed by 109099.4 and 108258.05 ETB/ha in the application of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 and 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with the combination of 15 t ha-1 goat dung respectively. It clearly shows that as the inputs and/or total costs increased the net benefit also increased. 
However, the minimum net benefit was also exhibited by the application of 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 in combinations with 3.75 t ha-1 (85246.5 ETB/ha) and 7.5 t ha-1 goat dung’s (85866.5 ETB/ha); 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 3.75 t ha-1 goat dung; and 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 11.25 t ha-1 which had an estimated net benefit of 87525.05 and 87892.73 ETB/ha respectively. This shows that the lowest net benefit was taken by the reduced in onion yield paired with the maximum cost predominate the combination of NPS and goat dung. 
[bookmark: _Toc40850030]3.4.1. Dominance Analysis and Net Benefit Curve 
Stephen and Nicky (2007) stated that a dominated treatment is any treatment that has net benefits that are less than those of a treatment with lower cost that vary. Accordingly, the preference of farmers was to get high yields by considering the application of fertilizers by low in cost with high profitability. Based on the procedures of CIMMYT (1998), the dominance analysis used to select potentially profitable treatments from the range that was tested that serve to eliminate some of the treatments from further consideration and thereby simplify the analysis. It was used to rank the treatments from lowest to highest costs that vary. The net benefit curve was used to proof the reason behind to the calculation of marginal rates of return by comparing the increments in costs and benefits among a couple of treatments. This indicated that as the cost increases from lowest to high the net benefit was also increase in proportioned. 

Table 4: Net benefit estimates for response of onion to combined application of different rates of NPS and Goat dung fertilizers
	Combined NPS fertilizer rates and Goat dung (t ha-1)
	AvY (qt/ha)
	AjY (qt/ha)
	FP/qt (ETB)
	GFB (ETB/ha)
	TVC (ETB/ha)
	NB (ETB/ha)
	B:C 
ratio

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+15 t ha-1
	148
	133.2
	900
	119880
	10780.6
	109099.4
	10.12

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+11.25 t ha-1 
	120.7
	108.6
	900
	97740
	9847.27
	87892.73
	8.93

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+7.5 t ha-1
	151
	135.9
	900
	122310
	8780.6
	113529.4
	12.93

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+3.75 t ha-1 
	124.8
	112.3
	900
	101070
	7780.6
	93289.4
	11.99

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+15 t ha-1 
	146
	131.4
	900
	118260
	10001.95
	108258.05
	10.82

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+11.25 t ha-1 
	143
	128.7
	900
	115830
	9068.6
	106761.4
	11.77

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+7.5  t ha-1 
	125.5
	112.9
	900
	101610
	8001.95
	93608.05
	11.69

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+3.75 t ha-1 
	116.7
	105.03
	900
	94527
	7001.95
	87525.05
	12.5

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+15 t ha-1 
	131.5
	118.35
	900
	106515
	9223.3
	97291.7
	10.55

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+11.25 t ha-1 
	141.7
	127.5
	900
	114750
	8289.97
	106460.03
	12.84

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+7.5 t ha-1 
	140.7
	126.6
	900
	113940
	7223.3
	106716.7
	14.77

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+3.75 t ha-1 
	124.8
	112.3
	900
	101070
	6223.3
	94846.7
	15.24

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+15 t ha-1 
	138
	124.2
	900
	111780
	8113.5
	103666.5
	12.78

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+11.25 t ha-1 
	137.7
	123.9
	900
	111510
	7180.17
	104329.8
	14.53

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+7.5 t ha-1 
	113.5
	102.2
	900
	91980
	6113.5
	85866.5
	14.5

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+3.75 t ha-1 
	111.5
	100.4
	900
	90360
	5113.5
	85246.5
	16.67


AvY= average yield, AjY= adjusted yield, FP= field price, GFB= gross field benefit, TVC= total variable cost, NB= net benefit and B:C ratio= benefit cost ratio 

Based on leading analysis, the net benefit of all treatments was not dominated excluding the combined application of 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 3.75 t ha-1 and 11.25 ha-1 goat dung; and 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 3.75 t ha-1 and 11.25 ha-1 organic fertilizer; and 42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 with 15 t ha-1  goat dung. It reveals that the net benefit was augmented in some proportion as the total cost increases. Hence, the customers were preferred from the non dominated treatments for further estimation of the marginal rate of returns. 
[bookmark: _Toc40850031]3.4.2. Marginal Rate of Return
Since the farmer's cost is one birr, the range of the net benefit-cost ratio for non-dominant treatments was 8.93 to 15.24 birr. Table 5 displayed the expected marginal rate of return. As one birr is invested in input purchases, the analysis of non-dominant treatments reveals the potential for recovery with profitability of 0.62 birr/ha, 81.8 birr/ha, 94.3 birr/ha, 55.3 birr/ha, 1.4 birr/ha, 90.2 birr/ha, 15.8 birr/ha, 14.4 birr/ha, 131.6 birr/ha and 1.08 birr/ha from the minimum combined application of fertilizers up to maximum rates of NPS in combination with organic fertilizers respectively.

The study shows that all the treatments are above the minimum required of acceptance in the marginal rate of returns except treatment 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 in combination with 7.5 t ha-1 organic fertilizer. Therefore, the combined application rate of 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 15 t ha-1 goat dung was finest recommended for the farmers those are in Gereb giba areas and similar agro-ecologies. According to CIMMYT (1988), the minimum rate of return to farmer’s recommendation is 50%-100%. Additionally, the best recommendation for treatments subjected to marginal rate of return is not based on the highest return, rather than based on the minimum acceptable marginal rate of return and the treatments with the highest net benefit together with an acceptable marginal rate of return becomes the tentative recommendation (CIMMYT, 1988).   
 
Table 5: Dominance analysis and Marginal Rate of Return for response of onion to combined application of different rates of NPS and Goat dung fertilizers
	Combined NPS fertilizer rates and Goat dung (t ha-1)
	TVC  (ETB/ha) 
	NB (ETB/ha) 
	Dominance 
	MC (ETB/ha) 
	MB (ETB/ha) 
	MRR (%) 

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+3.75 t ha-1
	5113.5
	85246.5
	
	
	
	

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+7.5 t ha-1
	6113.5
	85866.5
	
	1000
	620
	62 

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 +3.75 t ha-1
	6223.3
	94846.7
	
	109.8
	8980.2
	8178.7 

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+3.75 t ha-1
	7001.95
	87525.05
	Dominated 
	
	
	

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+11.25 t ha-1
	7180.17
	104329.8
	
	178.22
	16804.75
	9429.2 

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+7.5 t ha-1
	7223.3
	106716.7
	
	43.13
	2386.9
	5534.2 

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+3.75 t ha-1
	7780.6
	93289.4
	Dominated
	
	
	

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+7.5  t ha-1
	8001.95
	93608.05
	
	221.35
	318.65
	143.96 

	21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1+15 t ha-1  
	8113.5
	103666.5
	
	111.55
	10058.45
	9016.99 

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+11.25 t ha-1  
	8289.97
	106460.03
	
	176.47
	2793.53
	1583 

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+7.5 t ha-1
	8780.6
	113529.4
	
	490.63
	7069.37
	1440.9 

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 +11.25 t ha-1  
	9068.6
	106761.4
	Dominated
	
	
	

	42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1+15 t ha-1
	9223.3
	97291.7 
	Dominated
	
	
	

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+11.25 t ha-1  
	9847.27
	87892.73
	Dominated
	
	
	

	63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1+15 t ha-1 
	10001.95
	108258.05
	
	154.68
	20365.32
	13166.1 

	84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1+15 t ha-1
	10780.6
	109099.4 
	
	778.65
	841.35
	108.1 


TVC= total variable cost, NB= net benefit, MC= marginal cost, MB= marginal benefit, and MRR= marginal rate of return

[bookmark: _Toc40850032]4.  CONCLUSION  
Onion is one of the most important vegetable crops dominantly grown under Gereb giba small scale irrigation scheme. The aim of the study is to evaluate the effect of NPS and goat dung fertilizer combinations on yield and yield related traits of onion and measuring the economic feasibility and physicochemical properties of the soil under small scale irrigation farms. The analysis of variance shows that there is an important difference among the 16 treatments of the combined application of organic (goat dung) and inorganic (NPS) fertilizers in response to onion. The soil textural class of the target area is sandy clay loam with low in total nitrogen and organic carbon. Results of the study revealed that the application of combined fertilizers of 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 7.5 t ha-1 organic followed by 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 and 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 fertilizer with 15 t ha-1 goat dung were superior in their production yields, but inferiority was shown in 21 kg N ha-1+19 kg P2O5 ha-1+3.5 kg sulfur ha-1 fertilizer with 3.75 t ha-1 goat dung.

The marginal rate of return for most treatments were above the minimum acceptable rate of return and not dominated except for the combined application rates of 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 with 11.25 t ha-1 ; 42 kg N ha-1+38 kg P2O5 ha-1+7 kg sulfur ha-1 with 15 t ha-1; 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 with 11.25 t ha-1 ; 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 and 84 kg N ha-1+76 kg P2O5 ha-1+14 kg sulfur ha-1 in combinations with 3.75 t ha-1 inorganic fertilizers and goat dung respectively. Accordingly, the cost benefit analysis and its production the combined application of 63 kg N ha-1+57kg P2O5 ha-1+10.5 kg sulfur ha-1 (150 kg/ha) inorganic fertilizer with 15 t ha-1 goat dung is best recommended and economically feasible to farmers which are located in Gereb giba area and similar agro-ecologies.
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