Verification of Soil Test Crop Response Based on Calibrated Phosphorus for Food Barley (Hordeum Vulgare L.) Production in Goba District, Bale Zone, Oromia Region, Southeast Ethiopia. 







Abstract
Food barley (Hordeum vulgare L.) is a key cereal crop widely cultivated in the Ethiopian highlands, playing a crucial role in food security, income generation, and livestock feed. However, its productivity is limited by declining soil fertility, especially phosphorus and nitrogen. This study was conducted in Goba District, Bale Zone, during the 2024/2025 main cropping season to compare soil test–based crop response fertilizer recommendations (STBFR) against the conventional blanket recommendation (BR) and a control (no fertilizer. Treatments included optimal nitrogen (46 kg N/ha) and phosphorus rates determined using a critical P value of 20 ppm and a phosphorus requirement factor (Pf) of 4.60. Agronomic and economic evaluations were performed on yield and yield components, using ANOVA and CIMMYT partial budget analysis methods. The results showed that STBFR significantly increased plant height (84.8 cm), biomass yield (9360 kg/ha), grain yield (3966.8 kg/ha), and thousand kernel weight (36.86 g) over both BR and control treatments. Partial budget analysis confirmed the economic superiority of STBFR, which generated the highest net benefit (245,859.6 ETB/ha) and a marginal rate of return of 618.51%, well above the minimum acceptable threshold of 100%. Reinforcing the value of site-specific nutrient management in enhancing yield and profitability in smallholder systems. Thus, scaling up STBFR is recommended for sustainable barley production in Ethiopia's highland agroecology.
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Introduction 
Food barley (Hordeum vulgare L.) is one of the earliest cereal crops, crucial to the development of agriculture (Malla et al., 2021). Barley is one of the most significant cereal crops in the world, ranked fourth behind rice, wheat, and maize. For many smallholder farmers in the Ethiopian highlands, it is the most significant crop for food production, animal feed, and revenue (Bayeh and Berhane, 2011). However, several problems influence food production despite its great significance and utility for economic development and food security (Melle et al., 2015). Due to erosion, leaching, and low nutrient recycling are the possible reasons for poor nutrient contents, particularly those in the highlands of Ethiopian soils (Malla et al., 2021). 
In Ethiopia's highlands, one of the main problems restricting barley production is the depletion of soil fertility (Bayeh and Berhane, 2011, and Agegnehu et al., 2011). As a result, improving low soil fertility in the form of nutrient additions from various fertilizer sources is crucial for boosting soil productivity and sustained crop output. In large-scale agricultural regions, phosphorus and nitrogen are the two plant nutrients that are most limiting crop productivity. According to Ketema and Mulatu (2018), barley is highly responsive to nitrogen fertilization and extremely sensitive to low nitrogen levels. Nonetheless, urea, diammonium phosphate (DAP), NPS, and other blended fertilizers are mainly based on a single blanket recommendation, particularly in the study area. This blanket recommendation often does not consider variations in resource soil types, climate risks, ideal agricultural productivity, and the economically significant. Thus, there is an urgent demand for crop response fertilizer recommendations based on soil testing.
The quantity of phosphorus in kilograms required to raise soil phosphorus by 1 mg kg-1 is the phosphorus requirement factor (Pf), and it aids in calculating the amount of P required per hectare to raise soil test levels by 1 mg kg-1 and supply available P levels above the critical level. The amount of phosphorus in the soil that provides the optimum yield response to P treatment is the critical P value (Pc). The critical P value (Pc) is the level of phosphorus in the soil that gives the optimal yield response to P application, but above this value causes a decrease, unpredictability, or zero yields. The critical value of soil P for optimum crop yield varies based on soil type, crop species, and environmental conditions (Mulugeta et al., 2022).
As a result, the optimal nitrogen rate (46 N kg ha-1), P critical (20 ppm), and P requirement factor (4.60) for food barely production from the 2019–2021 cropping season were determined by previously conducted soil test–based phosphorus calibration studies in Sinana District (Mulugeta et al., 2022). Therefore, in the district's food-barely producing areas, farmers' fields should be used for verification of these technologies before their dissemination, demonstration, and scaling up (Mulugeta et al., 2022). Therefore, this study aimed to verify the critical phosphorus (Pc) and phosphorus requirement factor (Pf) for food barley production in the study area.

2. Materials and Methods 
2.1. Descriptions of the Study Area 
Goba District is situated in the Bale Zone of the Oromia Regional State in southeastern Ethiopia, approximately 445 km southeast of Addis Ababa. The district spans from 6°32′0′′ to 7°14′40′′ N latitude and 39°44′0′′ to 40°5′20′′ E longitude, with elevations ranging from 2,400 to 4,377 meters above sea level (Deyou and Haji, 2022).
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Figure.1. Description of study area.

2.1.1. Agroecological and Climatic Characteristics
Goba District encompasses two dominant agroecological zones:
· Highland – covering the majority of the district with a cool and humid climate.
· Midland – representing transitional zones with moderate rainfall and temperature.
The area receives annual rainfall ranging from 900 to 1,400 mm, primarily during the main rainy the year features a long dry season from June to September and a brief rainy season from March to May. The average yearly temperature ranges from 4°C in high altitudes to 25°C in lower elevations (Fekadu et al., 2020).
2.1.2. Land Use and Topography
Land use in the Goba District is distributed as follows:
· 13% arable land is used for crop cultivation.
· 27.6 of % pasture used for grazing.
· 54.6% forested, much of which is part of the Bale Mountains National Park.
· 4.8% degraded or marginal land (Goba Woreda Agricultural Office, 2021).
The topography is mountainous and rugged, particularly in areas bordering the Sanetti Plateau, making agricultural mechanization difficult but favoring diverse ecological niches.
2.1.3. Agricultural Systems
Agriculture in Goba is predominantly mixed crop-livestock farming.
Major Crops:
· Cereals: wheat, barley, maize.
· Pulses: faba bean, field pea, lentil.
· Vegetables: potato, carrot, cabbage.
2.2. Experimental Design and Layout 
The trial was conducted for a year during the main cropping season in 2024/2025 on the farms of seven farmers. Three treatments were used in the experimental field: blanket recommendations, soil test-based P fertilizer recommendations with an optimal nitrogen rate of 46 kg ha-1, and control (without fertilizer). Sources of fertilizer were urea and TSP for N and P, respectively, and a 125 kg ha-1 rate of food barley Welashe variety on a 10 m x 10 m (100 m2) plot size was used. 
Phosphorus fertilizer rate (kg ha-1) = Pc- Pi) *Pf … (1) 
Where Pf = phosphorus requirement factor (4.60), Pi =initial available phosphorus, and Pc = phosphorus critical level (20 ppm) was adopted from Sinana District (Mulugeta et al., 2024).

2.3. Soil Sampling, Preparation, and Laboratory Analysis 
Before planting, soil samples were taken from the experimental sites at a depth of 0–20 cm using an auger sampling point, and composites were prepared from them. The composite soil samples were labelled with the necessary information, air-dried, ground using a mortar and pestle, and passed through a 2-mm mesh sieve. The initially available phosphorus was selected to be below the critical concentration identified for the area. The analysis was conducted at the Sinana Agricultural Research Center according to standard laboratory procedures. Particle size distribution was determined using the Bouyoucos hydrometer method (Bouyoucos,1962). Finally, soil texture classes were assigned using the USDA texture triangle classification system (USDA,1987). Before planting, soil samples were taken from the experimental sites using auger sampling points at 0 - 20 cm soil depth, and composites were prepared. The composite soil samples were labeled with the relevant information, air-dried, and crushed with a mortar and pestle through a 2 mm mesh sieve. The analyses were conducted at the Sinana Agricultural Research Center. A pH meter was used to determine the soil's pH in the supernatant suspension of a 1:2.5 soil-to-water ratio (Rhoades, 1982). According to Walkley (1934) was used to determine the amount of organic carbon. The Olsen method was used to determine available P (Olsen et al., 2017). 

2.4. Agronomic Data Collection 
Agronomic data related to food, such as plant height, the number of productive tillers, the number of seeds per spike, above-ground biomass, and grain yield, were collected and subsequently subjected to statistical analysis using R version 4.1.1 software. The LSD at a 5% probability level test for mean separation for significant treatments (Gomez and Gomez, 1984). 

2.5. Statistical Analysis 
The collected data were subjected to analysis of variance (ANOVA) using R software version 4.1.3. Significant differences among treatment means were separated by least significant differences (LSD) at a 5% level of probability and using a linear correlation coefficient matrix.

2.6. Partial Budget Analysis 
The average grain yield was adjusted by ten percent (10%) to minimize the overestimation of grain yield when the small plot was converted to a hectare basis. The average open market price (Birr kg-1) of bread wheat, phosphorus (TSP), and urea (N) fertilizers was considered for analysis. Finally, a partial budget analysis was performed using CIMMYT to determine the economic feasibility of the treatments (CIMMYT,1988).

3.  Results and Discussion 
3.1. Plant Height (PH, cm)
Plant height was significantly greater under Soil Test–Based Fertilizer Recommendation (STBFR) (84.80 cm) compared to Blanket (67.08 cm) and Control (62.84 cm), with differences exceeding the LSD of 13.18 cm. This shows that soil-test–based fertilization enhances vegetative growth, as it provides balanced nutrients matching crop demand. Recent studies in Ethiopia (Shiferaw et al., 2021; Amare et al., 2023) confirm that site-specific fertilizer application significantly increases wheat height, especially in soils with varying nutrient status.
3.2. Spike Length (SL, cm)
Spike length ranged from 7.40 to 7.88 cm across treatments, but differences were not statistically significant (NS). This suggests spike length is not strongly influenced by fertilizer type. Ethiopian findings by Mesfin et al. (2020) also show that spike length shows minimal variation in response to blended or site-specific fertilization in certain wheat varieties.
3.3. Number of Tillers (NT)
Though numerically different (Control = 3.12, STBFR = 2.80, BK = 2.60), the number of tillers was statistically nonsignificant. Research by Tadesse et al. (2022) in central Ethiopia found that tillering often depends more on moisture availability and genotype than nutrient application alone, especially under rainfed conditions.
3.4 Biomass Yield (BM, kg/ha)
Biomass yield was significantly higher under STBFR (9360 kg/ha) than BK (6392 kg/ha) and Control (4784 kg/ha), exceeding the LSD of 2433.25 kg/ha. This is supported by Bekele et al. (2023), who found that site-specific nutrient management significantly improves aboveground biomass in wheat due to better nitrogen and phosphorus synchronization.
3.5. Grain Yield (GY, kg/ha)
STBFR resulted in the highest grain yield (3966.8 kg/ha), significantly higher than BK (2820.0 kg/ha) and Control (2121.2 kg/ha), above the LSD of 868.45 kg/ha. This confirms evidence from recent Ethiopian studies (Debelo et al., 2020; Amare et al., 2023) that soil fertility diagnosis followed by tailored fertilization enhances wheat productivity more effectively than blanket approaches.
3.6. Thousand Kernel Weight (TKW, g)
TKW improved under fertilized plots, especially STBFR (36.86 g) and BK (35.96 g), compared to the Control (30.06 g). The LSD (3.36 g) confirms the statistical significance of the improvement. According to Shiferaw et al. (2021), enhanced kernel weight is due to improved nutrient uptake and grain filling supported by adequate P and N.

Table 1: Yield and yield components of Food Barely in Goba District 
	Trt (Combined)
	PH (cm)
	SL (cm)
	NT
	BM (kg)
	GY (kg)
	TKW

	Control 
	62.84b
	7.50
	3.12
	4784b
	2121.20b
	30.06

	BK
	 67.08 b
	 7.40
	2.60
	6392b
	 2820.00b
	35.96 

	STBFR
	84.80 a 
	7.88
	2.80
	9360 a
	3966.80a
	36.86 

	Mean
	71.57
	7.59
	2.84
	6845.33
	3169.33
	34.29

	LSD (0.05%)
	13.18
	NS
	NS
	2433.25
	868.45
	3.3629

	CV (%)
	 12.62 
	4.79
	15.51 
	24.37
	18.79
	6.72


Where: BK = blanket recommendation, STBFR = soil test-based crop response fertilizer recommendation, PH = plant height; SL = Spike length, SPS = seed per spike, NT = Number of productive tillers, BM = above ground biomass, GY = Grain yield, TKW = thousand kernel weigh

4. Partial Budget Analysis 
Based on the results, the partial budget analysis indicated that the soil test-based fertilizer recommendation (STBFR) is economically feasible for food barley production in the study area. Accordingly, the use of site-specific nutrient management is advisable, having the highest net benefit (245,859.6 ETB/ha) with an acceptable marginal rate of return (MRR) of 618.51% (Table 2). This economic advantage is attributed to better alignment of nutrient supply with crop demand and soil fertility status, resulting in enhanced productivity and profitability. These findings are consistent with those of (Abate et al., 2021; Fite et al., 2022; Tadesse et al., 2023) who reported the superiority of tailored fertilization over blanket recommendations in the Ethiopian highlands.
Table 2: Partial Budget Analysis  
	Treatment
	UnGY (kg/ha)
	AGY (kg/ha)
	GB (Birr/ha)
	TVC (Birr/ha)
	NB (Birr/ha)
	MRR (%)

	Control
	2121.2
	1909.08
	152,726.4
	0
	152,726.4
	–

	BR
	2820
	2538
	203,040
	37,000
	166,040
	348.76

	STBFR
	3966.8
	3570.12
	285,609.6
	39,750
	245,859.6
	618.51


Note: BK: Blanket recommendation; STBFR: Soil Test-Based crop response Fertilizer Recommendation; UnGY: Unadjusted Grain yield; AGY: Adjusted Grain Yield; GB: Gross Benefit; TVC: Total Variable Cost; NB: Net Benefit; MRR: Marginal Rate of Return 

5. Correlation Analysis 
The correlation matrix among Plant Height (PH), Number of Tillers (NT), Spike Length (SL), Biomass (BM), Grain Yield (GY), and Thousand Kernel Weight (TKW) highlights key agronomic relationships for barley production. A strong positive correlation between Plant Height and Biomass (r = 0.81) suggests that taller plants tend to accumulate more biomass, which directly supports higher yield potential. This observation aligns with findings by Mulugeta et al. (2022) in southeastern Ethiopia, who reported significant effects of plant height on biomass and yield in food barley. Similarly, Grain Yield positively correlates with Biomass (r = 0.65) and Thousand Kernel Weight (r = 0.50), underscoring their roles as primary determinants of productivity. These results are consistent with Bayeh and Berhane (2011), who emphasized biomass and kernel weight as major contributors to barley yield in Ethiopian highlands.
 Conversely, Number of Tillers showed weak or negative correlations with both Biomass (r = -0.01) and Grain Yield (r = -0.20), indicating that increasing tiller number alone may not improve yield under the given environmental conditions, an outcome also reported in wheat by Zhang et al. (2020). Moderate correlations between Spike Length and both Biomass (r = 0.51) and Plant Height (r = 0.45) suggest spike morphology influences productivity but less strongly than biomass or height. The positive correlation of Thousand Kernel Weight with Grain Yield supports its importance in yield improvement, consistent with findings by Li et al. (2023).
Overall, these correlations imply that in the Ethiopian barley production context, breeding programs targeting increased plant height and biomass accumulation are likely to be more effective in improving grain yield, while the role of tiller number requires further study. This aligns with recent agronomic research focusing on optimizing morphological traits for sustainable barley production in Ethiopia (Mulugeta et al., 2022; Bayeh & Berhane, 2011).
Table 3 Correlation 
	
	PH
	NT
	SL
	BM
	GY
	TKW

	PH
	1
	
	
	
	
	

	NT
	0.27
	1
	
	
	
	

	SL
	0.45
	0.33
	1
	
	
	

	BM
	0.81
	-0.01
	0.51
	1
	
	

	GY
	0.59
	-0.20
	0.10
	0.65
	1
	

	TKW
	0.45
	0.10
	0.20
	0.47
	0.50
	1



6. Conclusion and Recommendation 
6.1. Conclusion 
The study demonstrated that soil test–based fertilizer recommendation (STBFR) significantly improved food barley yield and related agronomic traits compared to blanket recommendations and the control. STBFR produced the highest grain yield (3570.12 kg/ha adjusted), biomass, and thousand kernel weight, showing its effectiveness in aligning nutrient supply with crop demand.
Economically, STBFR also outperformed the other treatments, yielding the highest net benefit (245,859.6 ETB/ha) and a marginal rate of return (MRR) of 618.51%, far exceeding the minimum acceptable threshold (100%). These results affirm that STBFR is both agronomically effective and economically viable for smallholder farmers in the Ethiopian highlands.

6.2. Recommendation:
 Based on these findings, it is recommended that:
· STBFR should be adopted for food barley production in the Goba District and similar highland areas.
· Soil testing services should be expanded and integrated into extension programs to support location-specific nutrient management.
· Further scaling up and demonstration trials will be conducted across diverse agro-ecological zones to validate and promote site-specific fertilizer use for sustainable barley production.
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