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Abstract 

Soil acidity is among the major soil fertility bottlenecks causing low crop productivity worldwide. The addition of agricultural 

lime is used to mitigate soil acidity. Therefore, this study was conducted to Participatory evaluation and demonstration of 

Agricultural Lime with Site specific NPS Fertilizer on wheat production and Amelioration of soil Acidity at Burka jiren 

community watershed. The experiment was implemented during 2024 crop season in Gechi district at Burka Jiren community 

watershed. The treatments was consisted two level; T1= Recommendation 100% of P2O5 from NPS without Lime application, 

T2= Recommendation 100% of P2O5 from NPS with Recommended Agricultural lime and the recommended N fertilizer rate of 

92 kg ha-1 was used for each treatment at equal ratio. The collected data was analyzed using T-test and interpreted as mean and 

standard deviation by SAS software version 9.0. Results indicated that the grain yield of bread wheat was significance (P<0.05) 

influenced between two treatments. The highest grain yield (28.167 qt/ha) was recorded from treatment two which treated by 

agricultural lime with site specific NPS fertilizer. However the lowest grain yield (11.25 qt/ha) was obtained from NPS 

fertilizer alone. The application of agricultural lime significantly increased the mean of soil pH from 5.07 to 5.57. Both 

treatments presented similar levels of organic carbon and total nitrogen. Farmers in the Burka Jiren community watershed should 

consider integrating agricultural lime with site specific NPS fertilizer to mitigate soil acidity and enhance crop productivity. 
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1. Introduction 

Soil acidity is among the major soil fertility bottlenecks 

causing low crop productivity worldwide [1]. Acidic soils 

consist of nearly 40-50% of the world’s total potential arable 

land [2]. Besides, about 43% of agricultural land in the Ethio-

pian highlands is affected by soil acidity [3]. The west, north-

west, southwest and south regions of the country that receive 

high amounts of rainfall and have good potential for agriculture 

are mainly affected by soil acidity [4]. High concentrations of 

Al, Mn and Fe, and extreme deficiency of essential plant nu-

trients such as P, N, S, Ca and Mg are considered to be the main 

constraints limiting plant growth and sustainable crop yields in 

acid soils [5]. High contents of Al and Fe cause extreme P 
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fixation, which decreases the availability and use efficiency of 

soil P by the crops [6]. Phosphorus can be strongly adsorbed on 

the soil surfaces by forming chemical bonds with oxides and 

hydroxides of Fe and Al in acidic soils. Besides, Al toxicity 

primarily causes stunting of the primary root, inhibition of cell 

elongation and lateral root formation [7]. Poor root growth 

impaired nutrients and water uptake, making plants more sus-

ceptible to drought stress [8]. Bread wheat (Triticum aestivum 

L.) is one of the most important cereal crops playing a vital role 

in the country’s economy, food security, and consumption. In 

Ethiopia, wheat covers an estimated area of 1.7 million ha with 

total annual grain production of 4.6 million tons by 4 million 

smallholder farmers. In terms of area of production, wheat 

ranks fourth after tef (Eragrostis tef [Zucc.] Trotter), maize 

(Zea mays L.) and Sorghum (Sorghum bicolor L.) and third in 

total grain production after tef and maize in Ethiopia [3]. 

However, the productivity of wheat is still low with a national 

average yield of 3 t ha-1 stations, i.e., 5 t ha-1 compared to yields 

obtained from the research [9]. Soil nutrient deficiency associ-

ated with severe soil acidity [10] and low nutrient inputs ap-

plication are among the primary drivers of low wheat yields in 

the highlands of Ethiopia [11]. According to [12] research done 

on Maize at Omo Nada district stated that NPS and NPSB alone 

did not affect the yield but their combined application with lime 

significant affect maize yield. This increased yield might in part 

due to increased pH and reduced exchangeable aluminum and 

in part might be due to improved nutrients recovery as a result 

of lime application. Similarly liming has been considered an 

effective method to mitigate soil acidity, increase soil pH, nu-

trient availability, and crop yields [13]. Previous studies re-

vealed that lime application significantly decreased ex-

changeable and soluble aluminum levels and increased soil pH, 

available soil nutrients such as P, N, exchangeable Ca and Mg 

[2]. Furthermore, lime application enhances microbial activities, 

organic matter mineralization, availability and uptake of nu-

trients [14]. Liming with optimal rate also substantially im-

proves soil structure by binding the soil particles into more 

stable aggregates [15]. However, the practice of liming by 

smallholder farmers is inadequate in the study area due to its 

limited to supply. Thus, developing feasible mechanisms that 

can minimize the lime amount for resource-poor farmers is 

necessary. Information about the optimum lime rate to be ap-

plied is so far lacking. Therefore these study objectives initiated 

to demonstrate effect of NPS on calibrated soil test-based crop 

response with and without lime application on Bread wheat 

production and amelioration of soil acidity by lime application 

and to collect farmer’s perception the use of lime application to 

ameliorate soil acidity and wheat production. 

2. Materials and Methods 

2.1. Descriptions of the Study Area 

The watershed is situated in the Gechi district of Buno 

Bedele zone, southwestern Ethiopia (Figure 1). The spe-

cific place of the watershed is Bido Jiren Kebeles, and so 

the local communities named the watershed Burka Jiren 

Community Watershed. The watershed lies between 

8°12’50.4” or 8°14'52.8 N latitudes and between 

36°25’27.48” or 36°26'52.8" E longitudes. Burka Jiren 

Community Watershed is about 15 km from Gechi town in 

Gechi district and about 35 km from Bedele town in Buno 

Bedele zone. The watershed covers about 535.13 hectares, 

and 148 smallholder households benefit from the water-

shed. According to the Google Earth Pro software, the 

length of the Burka Jiren Community Watershed is about 

6 kilometers from the watershed in-late to the outlet. 

Based on slope gradient, Burka Jiren Community Water-

shed is characterized mostly by slop, gently slop, and 

strongly slop. The dominant soil type of the watershed is 

nitosols, and the common crops produced by the commu-

nities are tef and wheat. 

 
Figure 1. Map of Burka Jiren Community Watershed. 

2.2. Sites, Farmer’s Selection and Technology 

Promotion Events 

The activity was conducted in purposively three selected 

farmers from the watershed based on wheat production po-

tential, initial available phosphorus level of soil and their 

accessibility for determine the amount of P2O5 from NPS was 

determined. One FREG having 15 members (male and fe-

male) was established in each upper, middle and lower parts 

of the watershed. After, stablished of FREG three host farm-

ers were selected among the FREG members and the activity 

were implemented on their farm land. The farmers Selection 

was done with collaboration of district experts and develop-

ment agents. After the establishment of FREGs Mini-field 

day and training was provided for development agents, sub-

ject matter specialists (SMS) and FREG members on the use 

of lime application with and without chemical fertilizers, 

wheat production, management and its dissemination meth-

ods. 
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2.3. Materials and Research Design 

The gross plot size of 100 m2 (10 m x 10 m) was allot-

ted for each two treatments: Recommended Phosphorus 

fertilizer (P2O5) from Soil test based was applied in all 

treatment equal amounts. Phosphorus rate was calculated 

and was applied according to the formula, P (kg ha-1) = 

(Pc - Po)*Pf, where Pc= Phosphorus critical level, Po = 

initial soil phosphorus in the soil and Pf= phosphorus re-

quirement factor. The treatments was consisted two level; 

T1= Recommendation 100% of P2O5 from NPS without 

Lime application, T2= Recommendation 100% of P2O5 

from NPS with Recommended Agricultural lime and the 

recommended N fertilizer rate of 92 kg ha-1 was used for 

each treatment at equal ratio. (at sowing and at knee time) 

and Kingbird bread wheat variety was used as a test crop 

with a seed rate of 150 kg ha-1 and row spacing of 20 cm. 

Full recommended dose of P2O5 fertilizer was applied as 

per the treatment and ¼ N was applied at sowing. Whereas, 

¾ N was top-dressed at 30 days after planting and rec-

ommended Agri. Lime was applied one month before 

sowing to buffer soil acidity. 

2.4. Soil Sampling and Analysis 

Before planting, composite soil samples were randomly col-

lected per farmer’s field up-to 0-20 cm soil depth using an auger 

to determine the amount of lime recommended for the experi-

mental field. The collected samples were ground and air-dried to 

pass 2 mm sieves, prepared, and analyzed for soil pH, and ex-

changeable acidity. The pH of the soils was measured potenti-

ometrically and in water suspension of 1:2.5 (soil: water ratio) 

[16], whereas the exchangeable acidity was determined by satu-

rating the samples with potassium chloride solution with sodium 

hydroxide titration [17]. 

2.5. Data to Be Collected 

Grain yield, Farmers’ perception towards the growth per-

formance of bread wheat due to application of agricultural 

lime with chemical fertilizers and alone chemical fertilizers 

and Soil PH due to application of agricultural Lime. And total 

number of farmers participated in training was collected. 

2.6. Data Analysis 

The collected data was analyzed using T-test and inter-

preted as mean and standard deviation. Partial budget 

analysis was done to identify economically feasible rec-

ommended agricultural lime with inorganic fertilizer rate 

and fertilizer alone. 

3. Results and Discussions 

3.1. Soil Chemical Properties Before Planting of 

Experimental Field 

The soil PH (H2O) of the study sites were strongly to 

moderately acidic the value ranged from 4.80 to 5.39 ac-

cording to the rating indicated by [18]. Thus the pH of the 

experimental soil was needed to amend by Lime (CaCO3) in 

order to buffer the soil PH to become productive for plant 

growth. The available phosphorus contents of the soil were 

very low which ranged from 0.74 to 0.92 ppm this results 

agreed with [18] indicated that the available Phosphorus 

which put under less than 5 ppm was very low. The results of 

organic carbon indicated medium with value ranged from 

4.23 to 5.85% this obtained results linked with [18]. The gain 

results of Total Nitrogen of the study sites before planting was 

medium with value ranged 0.36 to 0.5% it is also, agreed with 

[18] and Cation Exchange capacity of the soil ranged from 

14.7 to 16.0 cmol (+)/kg soil, results shows medium level. 

Table 1. Soil Chemical properties of experimental sites before 

planting. 

Soil properties Site 1 Site 2 Site 3 Mean 

PH (H2O) 4.8 5.39 5.01 5.07 

Exchangeable acidity 

(meq/100gm soil) 
2.32 0.12 1.32 1.25 

Available P (ppm) 0.74 0.92 0.62 0.76 

Organic carbon (%) 4.23 5.85 4.03 4.70 

Total nitrogen (%) 0.36 0.5 0.35 0.40 

CEC (cmol (+)/Kg soil) 14.7 16 14 14.90 

The soil chemical properties of experimental sites after 

harvesting wheat, comparing two treatments: 

The application of agricultural lime significantly increased 

the mean of soil pH from 5.07 to 5.57, (Tables 1 & 2) 

demonstrating its effectiveness in reducing soil acidity. Or-

ganic Carbon and Nitrogen: Both treatments presented similar 

levels of organic carbon and total nitrogen, telling that lime 

application did not negatively influence these soil health 

indicators. The combined use of NPS fertilizer and agricul-

tural lime improved soil pH (reducing acidity) without com-

promising organic carbon or nitrogen content, supporting 

better wheat production in acidic soils. These results linked 

with [19] who stated that application of lime rates signifi-

cantly affected soil chemical properties. 
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Table 2. Soil Chemical properties of experimental sites after harvesting. 

Treatments Mean of soil PH Mean of organic carbon Mean of total nitrogen 

NPS fertilizer alone 4.77 2.89 0.25 

NPS fertilizer with Agricultural lime 5.57 3.04 0.26 

 

3.2. Participatory Mini-Field Visit Based 

Training for Participants 

Participatory min-field visit based training was given to 

participants on the concept and principles of FREG, the role 

and accountability of the FREG members in management of 

the trial, application of Site specific NPS Fertilizer on wheat 

production and Amelioration of soil Acidity and importance 

of Agricultural Lime makes difference yield performance, 

improving soil reaction (PH) and at the end of the training; 

participants visit the trial field as all FREG members practice 

on their own field and whereas others share the experience. A 

total of 23 participants among which 15 farmers (13 male 

and 2 female), 2 DAs (2 male and 0 female) and 6 other 

concerned stakeholders (5 male and 1 female) were partici-

pated on field visit based training. 

Table 3. Stakeholders participated on field visit based training 

events. 

Watershed Participant Male Female Total 

Burka Jiren 

Community 

Farmers 13 2 15 

DAs 2 0 2 

Other 

stakeholders 
5 1 6 

Total  20 3 23 

3.3. Effects of Site Specific NPS-fertilizer with 

Agricultural Lime and NPS-fertilizer Alone 

on Wheat Grain Yield 

The obtained results revealed that indicates statistical sig-

nificance (p < 0.05). This means the difference in yields be-

tween the two treatments is very unlikely due to random 

chance, confirming that adding agricultural lime to NPS fer-

tilizer significantly improves wheat grain yield. The lowest 

grain yield gained from T1 which by NPS fertilizer alone 

(11.25 qt/ha), with a high standard deviation of 3.75, indi-

cating significant variability in yield under this treatment. 

Whereas, the highest grain yield was recorded from treatment 

T2 which treated by NPS with Agricultural lime (28.167 

qt/ha), The mean grain yield increased substantially to 28.167 

qt/ha, with a lower standard deviation of 2.81, suggesting 

more consistent and higher yields compared to using NPS 

fertilizer alone. Depending on these results agricultural lime 

plays a critical role in ameliorating soil acidity, which en-

hances the effectiveness of NPS fertilizer, leading to higher 

and more stable wheat yields. The obtained results agreed 

with [20] who stated that the highest grain yield was obtained 

from combined use of Agricultural lime and NPSB blended 

fertilizer than the control (no lime only NPSB) fertilizers. 

Table 4. The Effect of site specific NPS and Agricultural Lime on 

bread wheat grain yield (qtha-1). 

Treatments Mean of Standard Deviation 

NPS fertilizer alone 11.25 3.75 

NPS fertilizer with Ag-

ricultural lime 
28.167 2.81 

P-value 0.003  

3.4. Farmer’s Preference of Wheat Production 

Farmers selected T2 which treated by site specific NPS 

with agricultural lime rather than alone NPS fertilizer de-

pending on the result obtained. 

Table 5. Reason for preference of result obtained on wheat grain 

yield. 

Treatments Rank Reason of farmers preference 

NPS fertilizer alone 2nd 

Poor performance of head, short 

length, deep brown color, and 

short head 

NPS fertilizer with 

Agricultural lime 
1st 

Very good performance than 

T1, full head, attractive green 

color, longer than T1 and long 

head 

3.5. Economic Partial Budget Analysis 

The partial budget analysis of the treatments was done 
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considering all variable costs and all benefits (grain yield). 

The analysis of marginal rate of return (MRR) revealed that 

the rate of return per unit cost of production was highest for 

application of site specific NPS fertilizer plus RN from Urea 

with Recommended agricultural lime (% MRR =372). This 

showed that it would yield gave 3.72 Ethiopian Birr for every 

Birr invested. Thus, applications of site specific NPS fertilizer 

plus RN from Urea with recommended agricultural lime ha-1 

of is economically beneficial as compared to the NPS ferti-

lizer plus recommended N from urea alone treatments, be-

cause the highest net benefit (NB) and marginal rate of return 

(MRR) was above the minimum level (100%). 

Table 6. Partial budget analysis for the site specific NPS and Agricultural Lime on bread wheat grain yield. 

Variables 

Treatments 

Bread Wheat with lime application Bread Wheat without lime application 

Yield obtained (qt ha-1) 28.167 11.25 

Sale price (ETB/qt) 8,000 8,000 

Total Revenue (Price * Qt) 225,336 90,000 

Variable Costs/ha in ETB. 

Land preparation 4,000 4,000 

Seed purchase 6,500 6,500 

Fertilizers purchase 7,838 7,838 

Cost of lime 600 0 

Cost of labor for weeding 3,200 3,200 

Cost of labor for lime application 1,200 0 

Cost of Labor for harvesting 3,300 3,300 

Cost of Labor for threshing 4,000 4,000 

Total Variable Costs 30,638 28,838 

Cost of Land ETB/ha 30,000 30,000 

Total cost (TVC + TF C) 60,638 58,838 

Gross Margin (GM)=TR-TVC 194,698 61162 

Net Profit=TR-TC or GM-TFC 164,698 31,162 

Benefit-cost ratio=Total Revenue/Total Cost 3.72 1.53 

 

4. Conclusions and Recommendations 

The results indicated that farmers in acidic soils should 

consider combining NPS fertilizer with agricultural lime to 

maximize productivity. 

In generally, the data strongly support the use of agricul-

tural lime alongside NPS fertilizer to boost wheat production 

in acidic soil conditions. The combined use of NPS fertilizer 

and agricultural lime improved soil pH (reducing acidity) 

without compromising organic carbon or nitrogen content, 

supporting better wheat production in acidic soils. This aligns 

with the study's goal of demonstrating sustainable soil man-

agement practices. Farmers in the Burka Jiren community 

watershed should consider integrating agricultural lime with 

site specific NPS fertilizer to mitigate soil acidity and enhance 

crop productivity. 

Abbreviations 

FREG Farmers Research Extension Group 

SMS Subject Matter Specialists 

Das Development Agents 

NB Net Benefit 

MRR Marginal Rate of Return 

ETB Ethiopian Birr 

Qt Quinlat 

TVC Total Variable Costs 
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TFC Total Farmers Land Cost 

GM Gross Margin 

TR Total Revenue 
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