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Abstract 

An expansion of irrigated agriculture is greatly contributing to the build-up of and spread of salinity problems. A small-scale 

evaluation and demonstration of soil salinity reclamation technology was done to evaluate yield and profitability performances 

on onion crop under farmers management conditions at small scale irrigation farms in Dugda district, Oromia, Ethiopia. 

Appropriate sites were selected in collaboration with district level agricultural experts and development agents based on soil 

salinity problems. Plots were divided in to two treatments of gypsum applied at 100 gypsum requirement which is 4ton/ha in 

combination with 2.5ton/ha of compost and farmers fertilization practices with no application of gypsum and compost. The 

treatments were replicated across 10 trial farmers’ fields. Both quantitative and qualitative data were collected and analyzed 

using descriptive statistics, t-test and qualitatively. The best yield was gained from plots where gypsum (4ton/ha) and compost 

(2.5ton/ha) were applied together. This combined approach outperformed the other treatments, and the difference were 

statistically significant based on t-test results. Notably, gypsum treated plots produced a yield advantage of 12.4% higher than 

the untreated plots and a marginal rate of return of 1.75. The participant farmers also gave positive feedback regarding the soil 

salinity reclamation technology. Hence, applying gypsum at 100 gypsum requirement in combination with compost is 

recommended for reclaiming salt affected soils in the district and similar agro-ecologies. 
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1. Introduction 

Global agricultural production suffers from soil degradation 

caused by soil salinity [1, 2]. Globally this condition impacts 

roughly 7% of the total landmass [3]. Such soils are predomi-

nantly found in dryland areas where there is limited rainfall to 

leach the accumulated soluble salt [4]. The accumulation of 

salt in agricultural soil compromises their structural stability 

suppresses microbial activity and leads to a reduction in soil 

porosity [3]. Consequently, vegetative growth is hindered be-

cause of physiological stress, reduced mineral and moisture 

uptake [5]. 

In Ethiopia, in regions where there is escalated evapotran-

spiration outpacing rainfall, severe soil salinity poses a critical 

challenge particularly across heavily irrigated areas [6, 7]. Ac-

cording to [8], in Ethiopia, salinity is a widespread concern 
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affecting the livelihood of 9% of the population. About 44 mil-

lion hectares, or 36% of the national land area are prone to 

salinization, while over 11 million hectares of land remain un-

productive [9, 10]. 

The expansion of salt affected soils represents a driver soil 

degradation undermining agricultural productivity by exerting 

adverse impacts on the biological, physical and chemical dy-

namics of the soil system [11]. One of the areas affected by 

such challenge is East Shewa zone of Oromia, Ethiopia. In the 

zone, where irrigated productions are common soil salinity is 

one of the major challenges due to high evapotranspiration 

rates and lower precipitation [12-14]. According to the study 

by [12] about 75% of the farmers in Lume and Bora districts 

of East Shewa zone are using ground water for irrigation. Yet, 

as highlighted by [12] this reliance has triggered soil sodicity 

problem and farmers using ground water are dealing with soils 

characterized by higher PH vales than 8.2 and Ec under 4 ds/m 

and ESP exceeding 31. While various interventions exist to 

tackle this issue, the choice of strategy depends on availability 

of materials locally and farmers awareness. In Egypt for ex-

ample, where Gypsum is practiced for reclamation of saline-

sodic and sodic soils [15]. The amendment displaces toxic 

Na+ ions from the soil profile via the reaction CaSO4 + 

Na2CO3 = Na2SO4 +CaCO3, yielding a washable neutral salt 

[15]. Pairing this practice with organic matter is a successful 

strategy for improving soil properties [16]. 

In the context of East Shewa zone of Oromia, empirical find-

ings from [17] reported co-applying the full gypsum rate (100% 

GR) combined with 2.5 t ha-1 of compost is effective for the 

reclamation of salt degraded soils. Hence, implementing an in-

tegrated approach that combines gypsum and compost is essen-

tial for restoring soil affected by salinity subsequently boosting 

overall crop production and productivity. Yet, this approach has 

not been demonstrated in the study area. Therefore, demonstrat-

ing and evaluating of the technology under farmers circum-

stance is paramount important. Thus, this study was prepared to 

answer the specific objectives listed below. 

Objectives 

1) To demonstrate and estimate the performances of inte-

grated application of gypsum and compost on soil salin-

ity reclamation under participatory small holder farmers 

managed situations. 

2) To determine the economic viability and net financial re-

turn of integrated soil salinity reclamation strategy 

within small holder farming systems. 

3) To document participant farmers feedbacks. 

2. Material and Methods 

2.1. Description of the Study Area 

The study was carried out in Dugda district, an area within 

East Shewa Zone, Oromia, Ethiopia where small-scale irriga-

tion farming is the economic cornerstone of local farming 

community. Despite its agricultural prominences the district 

faces land degradation driven by escalating soil salinity con-

straints. Geographically, the districts capital town Meki is lo-

cated at 135km from Addis Ababa, and 100km from zonal 

capital, Adama. Dugda district spans a total landmass of 751 

km2 representing roughly 5.2% of East shewa zone aggregate 

area partitioned with 18 administrative kebele’s. Climatologi-

cally, the district features a mean annual temperature of 26°C 

paired with mean annual rainfall of 636mm. The local agricul-

tural landscape is divided into rainfed and irrigation produc-

tions where the rainfed production is dominated by wheat, teff 

and maize while the irrigation production prioritizes cash 

crops such as tomato, onion, pepper and head cabbage. 

 
Figure 1. Map of the study district. 
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2.2. Site and Farmers Selection 

The study was done within selected kebele of Dugda dis-

tricts of East Shewa zone, Oromia, Ethiopia. A purposively 

sampling approach was employed to select targeted Kebele, 

prioritizing onion cultivation potential and pronounced soil 

salinity constraints. Consequently, a Farmers Research Group 

(FRG) approach was used to select and organize farmers. The 

organized group had 15 members among which three of them 

were host or trial farmers who allocated required land size for 

the trail establishment. 

2.3. Awareness Creation Sessions 

Prior to implementing the demonstration trials capacity 

building session regarding onion production along with salt 

affected soil mitigation strategies were delivered. Furthermore, 

informative field sessions with farmers and agricultural ex-

perts to witness field performances of the crop as well as to 

exchange practical knowledge and skill on soil salinity recla-

mation technologies were conducted. 

2.4. Demonstration Design 

The demonstration trial was laid down on a simple plot de-

sign on a 10*10m land size per treatment replicated across 

trial farmers. The treatments were. 

2.5. Treatments 

1) Onion planted with applied gypsum at 100% GR (4ton/h) 

and (2.5t/ha) of compost. 

2) Onion planted using farmers practice/no application 

gypsum and compost (Control). 

2.6. Agronomic Management 

The management of the demonstration were done in collab-

oration with researchers and the trial farmers. The trial farmers 

have conducted everyday activities with frequent technical 

and financial support. Throughout the duration of the crop, re-

searchers provided routing and delivered technical guidance 

regarding optimal agronomic management practices for the 

onion crop. 

Packaged Production technologies (spacing, fertilizer man-

agement) were used to establish the demonstration plots. 

Bombay red onion variety was the onion variety used. The on-

ion plants were irrigated using furrow irrigation system with 

farmers’ practice of irrigation intervals. The plans were estab-

lished with 20cm spacing between rows and 5-7.5cm between 

plants. NPS fertilizer was applied at planting time. Nitrogen 

application was executed using split dose of urea, with the in-

itial 50% applied as half dressing after 15 days of transplant-

ing and the rest was applied 45 days later. The full dose of 

phosphorus was applied at the time of planting. Plots were 

also be kept free of weeds and pant protection activities were 

done using agro chemicals. 

2.7. Data Collected and Method of Data 

Collection 

The following data were collected while implementing the 

activity: 

1) Crop yield and yield components data. 

2) financial data, costs incurred, and revenues gained. 

3) Gender disaggregated attendance log on involvement of 

farmers across training and field demonstration sessions. 

4) Farmers opinions/ feedbacks. 

The data were collected using checklists and data collection 

sheets. 

2.8. Data Analysis 

To evaluate treatment variances onion bulb yields were sub-

jected to SPSS v20 software. Descriptive statistics mainly 

mean was used to analyze the yield. Independent T-test was 

also used to see if there is statistical significance among treat-

ments. To determine the financial viability of the treatments 

partial budget analysis was employed. Farmer feed backs/ 

preferences were summarized using qualitatively described 

using ranking. 

3. Result and Discussion 

3.1. Yield Performances 

The following table describes the tuber yield performances 

across the two treatments presented as demonstrations. The 

findings revealed that the integrated use of gypsum (4 t/ha) 

and compost (2.5 t/ha) significantly enhanced crop yield com-

pared to other treatments. Statistical analysis using the t-test 

confirmed these differences to be significant, and as evi-

denced in the figures, gypsum-treated plots achieved a yield 

superiority of 12.4% over the untreated plots. Thus, the results 

found is in line with studies made by [13, 18, 19] where soil 

salinity reclamation could be beneficial in getting better yields. 
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Table 1. Onion Tuber yield performances with /without soil salinity treatments. 

Treatment 

Parameters 

Sample size (n) 
Mean Tuber 

Yield (Qt/ha) 

Min Tuber Yield 

(Qt/ha) 

Max Tuber yield 

(Qt/ha) 
SD SE 

Land treated with Gypsum 10 275.22 258.20 292.67 13.15005 4.15841 

Farmer’s practice 10 241.09 183.13 269.20 23.79554 7.52481 

 

Table 2. T-test result Onion Yield performances with /without soil sa-

linity treatments. 

t-test  Result 

t-statistic 3.97 

Degrees of Freedom (df) 18 

P value 0.001 

3.2. Yield Component Performances 

The study also tried to see the performances on the onion 

crop in terms of its yield components performances when the 

land planted on is treated with integrated application of gyp-

sum and compost or not. Hence, improved performances were 

observed as expected. Accordingly, the land treated with gyp-

sum has better plant height, leaf number per plant and bulb 

sizes than farmers' practice. Which generally indicators of 

healthy plant growth and optimal growing conditions as dis-

cussed by [18, 19]. 

Table 3. Onion Yield component performances with /without soil salinity treatments. 

Treatment 

Parameters 

Plant height (cm) Leaf no/plant (no) Bulb size (mm) 

Land treated with Gypsum 39.5 8 43.5 

Farmer’s practice 34.5 7.2 42.3 

 

3.3. Financial Performances 

In-terms of profitability both practices were found to be 

profitable in their benefit cost ratio. Yet, treating land with 

gypsum and compost has an additional productions advantage 

which yielded a MRR of 1.75. A Marginal Rate of Return 

(MRR) of 1.75 indicates that for every additional birr invested 

the return generated is 1.75 birr (75% return) suggesting as the 

investment is profitable. Thus, the practice generates more in-

come than it costs, which is a positive sign for decision-mak-

ing. The following table describes further quantifications. 

Table 4. PBA of Onion Production compared by using the two treatments. 

Location: Dugda District 

Parameters 

Treatments 

Farmers Practice Land treated with Gypsum and compost 

Tuber Yield in qt/ha 238.98 273.42 

Selling Price of onion/qt 4000 4000 
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Location: Dugda District 

Parameters 

Treatments 

Farmers Practice Land treated with Gypsum and compost 

Total Revenue gained 955,920.00 1,093,680.00 

Variable costs (TVC) 184000 234,000 

Fixed costs (Land rent cost) 75000 75000 

Total Cost (TVC + Fixed Cost) 259000 309,000 

Gross Margin (GM) = TR-TVC 771,920.00 859,680.00 

Profit= GM-TFC 696,920.00 784,680.00 

Benefit Cost Ratio 2.69 2.54 

Change in Profit  87,760.00 

Change in costs  50,000 

MRR  1.75 

 

3.4. Farmers Feedbacks 

The participant farmers were let to observe the perfor-

mances of the test crop onion on the land treated with inte-

grated gypsum and compost application and their own prac-

tices. The participant farmers then were let to provide their 

feedbacks and select among the practices. Thus, treating salt 

affected lad with integrated application of gypsum and com-

post at the specified rates was selected due to observable good 

yield, Good plant height bulb sizes, healthy plants. 

Table 5. Farmers feedback regarding the practices. 

Practice Rank Reasons 

Treatment of salt affected lands with Gypsum and compost 1 
Good yield, Good plant height bulb sizes, healthy plant, better 

profitability 

Farmer’s practice 2 Lower yield, lower performances when compared 

 

4. Conclusion and Recommendations 

The study provided a practical platform for small holder 

farmers to directly assess the effectiveness of salt affected soil 

reclamation technology on onion crop. Subsequent statistical 

evaluations verified that; the evaluated salinity reclamation 

practices yielded a statistically significant differences in onion 

productivity. Better yield and profitability were also recorded 

from land treated with integrated gypsum and compost appli-

cations. The participant farmers also selected the practice 

given its good yield and yield component performances. Thus, 

integrated application of gypsum at 100% GR and (2.5t/ha) of 

compost is recommended to reclaim for salt affected soils in 

the study areas. 

Abbreviations 

FRG Farmers Research Group 

GR Gypsum Requirement  

MRR Marginal Rate of Return 
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