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ABSTRACT 

Soil acidity is one of the soil chemical degradation problems affecting soil productivity in the 

Ethiopian highlands. So, amendment of these soils is of paramount importance to enhance their 

productivity. This study was conducted during the 2019 and 2020 cropping seasons to examine the effect 

of micro-dosing lime rate application on bread wheat yield and yield components on acidic soils of 

Banja district, northwestern Ethiopia. The study was carried out in two sets where two different types 

of liming materials namely calcitic and quick lime were used separately. Both were a one factor 

experiments constituting five level of lime (0, 6.25, 12.5, 25 and 33.3% of the recommended rate) 

arranged in randomized complete block design with three replications. Lime requirement of the soil was 

calculated based on its exchangeable acidity in which the major quality parameter of liming material: 

chemical (neutralizing value) and physical (fineness) properties were well considered. Wheat grain 

yield, thousand seed weight, biomass yield, harvesting index, plant height, panicle length and number 

of seeds per plant were collected at recommended time. Then data were managed properly using the 

Excel computer software and subjected to the analysis of variance using the SAS software. However, 

mean of plant height, spikes length, numbers of seed per plant, biomass yield and thousand seeds weight 

were progressively increased with incremental levels of lime application. Grain yield recorded from the 

application of 25 and 33.3 % Calcite lime rate resulted in 85.8 and 87.1 % increment to the control and 

36.3 and 37.2% increment to the 6.25% recommended lime rate. Similarly, application of 25 and 33.3 

% Quick lime rate resulted in 52.7 and 53.8 % increment to the control. The optimum economic return 

(21,663.76 and 18,642.06 ETB ha-1) was recorded from 25% recommended Calcite and Quick lime 

rates, respectively. 
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1.  INTRODUCTION 

 

Soil acidity associated to Al toxicities, soil erosion and soil nutrient depletion are the main 

soil related constraints to agricultural development in parts of developing countries relying on 

agricultural to feed their growing population (Tolera et al., 2006). In Ethiopia, huge surface 

areas of the highlands located at almost all regional states of the country are affected by soil 

acidity. From current ATA report it was estimated that about 43% of the total arable land in 

Ethiopia is affected by soil acidity. Soil acidity problem is significant in the north-western, 

south-western, southern and central regions of the country which receive precipitation high 

enough to leach down soluble salts and/or basic cations appreciably from the surface layers 

(root zone) of the soils. Some of the well-known areas severely affected by soil acidity in 

Ethiopia are Ghimbi, Nedjo, Hossana, Sodo, Chencha, Hagere-Mariam and Awi Zone of the 

Amhara Regional State (MoARD, 2007). 

To promote food production among resource constrained acid prone areas, in the recent 

past, a lot of interest has been geared towards finding an efficient and sustainable fertilizer use 

(Nziguheba, 2007). Micro-dosing, which comprises of use of small and affordable amounts of 

lime for planting or top dressing, is such a technology. In Zimbabwe for example micro-dosing 

of 25 - 33% of the recommended N fertilizer increased maize grain yield in resource poor 

farmers fields (ICRISAT, 2008). This enhanced the adoption of fertilizer inputs among the 

resource poor farmers. Research has suggested that with an application of as little as 10 kg N 

ha-1, farmers can increase their crop yield by 50 - 100% (Quinones et al.,1997). On acid soils, 

lower rates of fertilizers can be applied together with lime to achieve higher fertilizer nutrient 

use efficiencies since lime reduces soil acidity related constraints (Kisinyo et al., 2014). 

Most research on micro-dosing has been in different parts of the world using mainly 

inorganic fertilizers in combination with lime on acid sol. Therefore, there is need to test the 

technology on high acid soils prone areas of that limit crop production thereby threaten the 

livelihood of small-scale farmers. The study will benefit resource poor farmers who can’t afford 

and apply full dose of recommended lime on acid soil is a major constraint. Thus, the objective 

of this research was to determine the effect of micro-dosing lime rates application on bread 

wheat yield and yield components in acidic soils. 

 

 

2.  MATERIALS AND METHODS 
 

2. 1. Description of Study Area 

The study was conducted in 2019 and 2020 cropping seasons at Banja District of Awi 

Administrative Zone, Amhara Regional State, Ethiopia. The study area is located at latitude of 

10° 56’ 27-53’’ north and longitude of 36° 52’ 27-55’’ east, an altitude of 2489 masl and 138 

km South of the regional city Bahir Dar and 468 km North of Addis Ababa (Figure 1).  

The mean annual minimum and maximum temperatures of the study area were 7.5 and 

24.1 °C, respectively. The mean annual rainfall is 2097 mm with main wet season from May to 

September usually continued with a less pronounced wet period up to November (Figure 2). 
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Figure 1. Location map of the study area, Banja district, north western Ethiopia 

 

 

 
 

Figure 2. Mean monthly rainfall and mean monthly maximum and minimum temperatures  

of the study area 



World Scientific News 170 (2022) 132-148 

 

 

-135- 

2. 2. Experimental Design and Procedures  

The experiment was conducted at representative highly acid ridden soil employing wheat 

as a test crop. Good quality commercial grade two agricultural limes: Calcite lime (CaCO3) and 

Quick lime (CaO3) with 98% neutralizing value and <250 µm in diameter was used. The control 

represents practice where farmers do not apply lime. All the treatments was received full 

recommended (200 kg/ha) Urea and (100 kg/ha) NPSB blended fertilizer uniformly. Lime and 

fertilizer were applied in band application method at planting. Application of urea was in two 

splits. A high yielding bread wheat variety named Danda’a was used as a test crop at a seed rate 

of 120 kg ha-1. The plot size used was 4×4 m (16 m2). Data were collected on wheat yield and 

yield components. The amount of lime that was applied based on exchangeable Al+3 and H+1 

was calculated on the basis of the mass of soil per 20 cm hectare-furrow-slice and exchangeable 

Al3+ and H+ of the study site as follows: 

 

2000

1000*)/(..*10*15.0*/
)/(,

324

3

mMgDBmmsoilofkgcmolEA
hakgCaCOLR =

 
 

where: LR = Lime Requirement; EA = Exchangeable Acidity; B.D. = Bulk Density 

 

2. 3. Agronomic Data Collection  

Important plant data collected from crop emergence to harvest. Number of tillers was 

counted at late tiller stage (40-45 days after planting) from randomly sampled plants of each 

plot. Plant height, spike length and number of seeds per plant were measured from ten randomly 

sampled plants at physiological maturity. Plant height was measured from the ground level to 

the tip of spike excluding awns. Similarly, spike length was measured from the base to the tip 

of spike by excluding the awns. Grain yield was estimated by adjusting moisture content to 

12.5%.  

 

2. 4. Soil sampling and analysis 

Initially one composite soil sample was randomly collected from surface layer of the 

experimental field in 0-20 cm soil depth. And after harvest of the crop soil samples were 

collected on plot bases at a similar depth of soil sampling. The soil samples collected was air 

dried, sieved to pass 2 mm and stored for the following chemical analysis: Soil particle size 

distribution was determined using the hydrometer method (Bouyoucos, 1962). The USDA 

textural triangle was used when classifying textural classes. Soil pH was determined by 

potentiometric methods at a 1:2.5 soil to water ratio as described by Carter (1993). Soil organic 

carbon (OC) was determined by the Walkley-Black oxidation method (Walkley and Black, 

1934). Total nitrogen (Total N) was determined by the Kjeldahl digestion method (Bremner 

and Mulvaney, 1982). Exchangeable acidity was determined by saturating the soil samples with 

1M KCl solution and titrating with 0.02M NaOH as described by Rowell (1994).  

Exchangeable Al was determined from aqueous solutions extracted by 1M KCl and NaF 

and titrated with 0.02M HCl Rowell (1994). The cation exchange capacity (CEC) was 

determined by extraction with ammonium acetate (Chapman, 1965). Available P was 

determined by the Bray II method (Bray and Kurtz, 1945). Exchangeable bases (Na, K, Ca, and 

Mg) were measured by atomic absorption spectrophotometer (AAS) (Okalebo et al., 2002).  
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2. 5. Statistical Analysis  

Analysis of variance (ANOVA) was performed using SAS statistical software 9.3 version 

(SAS, 2014). Whenever the ANOVA detected significant differences between treatments, mean 

separation was conducted using least significant difference (LSD). Pearson correlation 

coefficients were also used to assess the significance of the relationships between grain yield 

and yield components. 

 

2. 6. Economic Analysis  

The partial budget analysis was employed for economic analysis of lime and P fertilizer 

rates application for each treatment combination. The economic analysis was based on the 

formula developed by CIMMYT (1988) and given as follows: 

 

Gross average seed yield (kg ha-1) (AvY): is an average yield of each treatment 

Adjusted yield (AjY): Was the average yield adjusted downward by a 10% to reflect the 

difference between the experimental yield and yield of farmers. 

 

AjY = AvY- (AvY x 0.1) 

 

Gross field benefit (GFB): Computed by multiplying field/farm gate price that farmers receive 

for the crop when they sell it as adjusted yield. 

 

GFB = AjY*field/farm gate price for the crop 

 

Total cost: For this partial budget analysis only, variable costs were considered. The 

prices of lime, transport and wheat grain were determined through market survey at the 

harvesting time. Labor wage rates for the application of lime war also determined through 

market survey to estimate the labor costs that vary. 

Net benefit (NB): was calculated by subtracting the total costs from gross field benefits for each 

treatment. 

 

NB = GFB – total cost 

 

Marginal return (MR): the measure of increasing in return by increasing input. 

The marginal rate of return (MRR %): had been calculated by dividing the change in net benefit 

by a change in cost. 

 

 
 

where NFBa = NFB with the immediate lower TVC, NFBb = NFB with the next higher TVC, 

TVCa = the immediate lower TCV & TVCb = the next highest TVC Change in NFB and TVC 

also referred to marginal benefits and costs, respectively.  
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3.  RESULTS AND DISCUSSION 
 

3. 1. Soil Physicochemical Properties before Establishment of the Experiment  

The analysis results of the study site indicated that the proportions of soil particle size 

distribution were 20, 24 and 56 % sand, silt and clay respectively with a clay textural class 

(Table 1). The soil pH and exchangeable acidity were 4.74 (pH 1:2.5 H2O) and 2.09 mg/100g, 

respectively. The pH was very strongly acid (Tekalign, 1991) which suggests the presence of 

substantial quantity of exchangeable H+ ions which is associated with acidity. The organic 

carbon and total nitrogen contents of the soil were in the range of moderate (Tekalign et al., 

1991; Hazelton and Murphy, 2007).  

Available P content of the site experimental was 11.55 mg kg-1 and rated as moderate 

range (Clements and McGowen, 1994); and it is indicative of soil capable of significant yield 

responses to application of the appropriate level of the nutrient. According to Hazelton and 

Murphy, (2007) the cation exchange capacity (CEC) of the soil was 22.86 cmol (+) kg-1, is 

moderate CEC.  

 

Table 1. Selected soil physicochemical properties before establishment of the experiment. 

 

Soil properties Value 

Textural class Clay 

Sand (%) 20 

Silt (%) 24 

Clay (%) 56 

Bulk density (g cm-3) 1.35 

pH 1:2.5 (H2O) 4.74 

Organic carbon (%) 3.00 

Total N (%) 0.23 

Available P (mg kg-1) 11.55 

Exchangeable acidity (cmol(+) kg-1) 2.09 

Exchangeable acidity (cmol(+) kg-1) 1.85 

Cation exchange capacity (CEC) (cmol(+) kg-1) 22.86 

 

 

3. 2. Effect of Micro Dosing Lime Rates Application on Wheat Yield and Yield  

        Components  
 

3. 2. 1. Plant Height 

Results showed that application of different rates of Calcite (CaCO3) and Quick (CaO3) 

lime in micro-dosing had highly significant (P<0.01) effect on plant height (Table 2 and 3). 
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Plant height of wheat progressively increased with increase in both lime rates. Plant height 

ranged from 70.04 cm in (control) treatment to 80.07 cm in 33.3% of Calcite lime micro-dosing 

rate treatment (Table 2). The highest plant height recorded in application of 33.3% Calcite lime 

micro-dosing rate was significantly comparable to those obtained in 25% lime rate whereas 

statistically superior to the other treatments. Similarly, application of 33.3 % Calcite (CaCO3) 

lime rate increased plant height by 14.3% against the control treatment.  

Concerning the effect of Quick lime micro-dosing rates, plant height ranged from 73.67 

cm in (control) treatment to 81.44 cm in 33.3% of lime rate treatment (Table 3). The highest 

plant height recorded in application of 33.3% Quick lime micro-dosing rate was significantly 

comparable to those obtained in 25% and 12.5% lime rates whereas statistically superior to the 

other treatments. Hence, application of 33.3 % Quick lime rate increased plant height by 10.5% 

against the control treatment. Kamaruzzaman et al. (2013) reported that plant height of wheat 

progressively increased with increase in lime rates. According to Asmare et al. (2015) soils 

treated with lime rates increased plant height by 22 to 41% over the non-amended soils. Abreha 

et al. (2013) also reported wheat plant height increment of 26 and 27% over control on soils 

that received Wukro and Sheba limes rates.  

 

3. 2. 2. Panicle length 

The application of different rates of Calcite (CaCO3) and Quick (CaO3) lime in micro-

dosing were significantly (p< 0.05) influenced on spike length of wheat. Spike lengths ranged 

between 9.33 and 6.53cm with a mean of 8.01 cm. Hence, combined mean of overall cropping 

seasons, spike length obtained by applications of 25.0 and 33.3% of Calcite (CaCO3) lime rates 

were statistically similarly, and significantly superior to control plot (Table 2). Application of 

25.0 and 33.3% lime rates increased spike length by 42.9 and 40.4 % against the control 

treatment, respectively. Similarly, combined mean of overall cropping seasons, spike length 

obtained by applications of 25.0 and 33.3% of Quick (CaO3) lime rates were statistically 

similarly, and significantly superior to control plot (Table 3). Application of 25.0 and 33.3% 

lime rates increased spike length by 27.5 and 25.9 % against the control treatment, respectively. 

This result is agreed with Sultana et al. (2009) and Kamaruzzaman et al. (2013) who reported 

that spike length of wheat had significantly increased by the application of lime. Similarly, the 

application of different rates of phosphorus significantly increased the spike length than the 

control (no P addition) plot. Spike length of wheat had significantly increased in to increases 

rates of P application (Tadesse et al., 2018). 

 

3. 2. 3. Number of Seed Per Plant  

The number of seeds per plant was affected statistically (p < 0.01) by application of 

different lime rates. The application of 25.0 and 33.3% of Calcite (CaCO3) lime rates recorded 

the highest (43.66 and 41.63) numbers of seeds per plant, respectively while the lowest (29.26) 

was recorded from control (no lime) treatment (Table 2). Similarly, the application of 25.0 and 

33.3% of Quick (CaO3) lime rates recorded the highest (35.96 and 35.66) numbers of seeds per 

plant, respectively while the lowest (29.19) was recorded from control (no lime) treatment 

(Table 3). Hence, increasing the application of micro dosing limes rate significantly increased 

the number of seeds per plant of bread wheat. Sultana et al. (2009) reported that the maximum 

number of seeds per plant was found in treatment received higher lime rate. Similar, number of 

seeds per plant was significantly increased by increasing the rates of lime applications 
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(Kamaruzzaman et al., 2013). Temesgen et al. (2016) also reported all limed treatments had 

higher mean values of number of seeds per spike relative to control (no lime) both in 2010 and 

2011 cropping seasons. 

 

3. 2. 4. Biomass Yield 

Combined analysis result showed that the highest biomass yields 6258.3 and 6312.5 kg 

ha-1 were obtained from application of 25.0 and 33.3% of Calcite (CaCO3) lime rates, 

respectively whereas the lowest biomass yield (5083.3 kg ha-1) was in control treatment (Table 

2). Application of 25.0 and 33.3% rates increased the biomass yield by 23 and 24.2 % over the 

control. Similarly, combined analysis result showed that the highest biomass yield 7366.7 and 

7472.5 kg ha-1 were obtained from application of 25 and 33.3% of Quick (CaO3) lime rates, 

respectively whereas the lowest biomass yield (4979.2 kg ha-1) was in control treatment (Table 

3). Application of 25.0 and 33.3 % rates increased the biomass yield by 48.0 and 50 % over the 

control. Moreover, increasing application of Calcite and Quick micro dosing limes rate had 

significantly increased biomass yield of wheat. Applications of combined NP fertilizers along 

with Wukro and Sheba limes revealed significant augmentation over control by about 174 and 

172% in total biomass yield, respectively (Abreha et al., 2013). Similar, application lime rate 

recorded 33.3% yield increase compared to lime control treatment (Sultana et al., 2009). 

 

3. 2. 5. Grain Yield  

Combined mean analysis over year for grain yield indicated the highest 2206.2 and 2221.5 

kg ha-1 were recorded under 25.0 and 33.3% of Calcite (CaCO3) lime application of plots, 

respectively (Table 2). The lowest grain yield (1187.4 kg ha-1) was recorded in control plots. 

Also, the highest application of 25.0 and 33.3% lime rates increased grain yield of wheat by 

85.8 and 87.1 % related to control plot and 36.3 and 37.2% increment to the 6.25% 

recommended lime rate, respectively.  

Similarly, combined mean analysis over year for grain yield indicated the highest 2756.6 

and 2775.7 kg ha-1 were recorded under 25.0 and 33.3% of Quick (CaO3) lime application of 

plots, respectively (Table 3). The lowest grain yield (1804.9 kg ha-1) was recorded in control 

plots. Likewise, the highest application of 25.0 and 33.3% Quick lime rates increased grain 

yield of wheat by 52.7 and 53.8 % related to control plot, respectively. According to Achalu et 

al. (2012), the increase in crop yield through application of lime may be attributed to the 

neutralization of Al3+, supply of Ca2+ and increasing availability of some plant nutrients like P. 

This is in agreement with (Osundwa et al., 2013) who stated that application of lime 

significantly increased grain yield. Surface liming caused increases up to 140% in the grain 

yield of wheat (Caires et al., 2006). In line with the report of Mekonnen et al. (2014) the grain 

yield showed more than 200% and 100% yield increment due to the application of lime and 

phosphorus, respectively. Progressive increases in grain yields were recorded with incremental 

levels of lime and P fertilizer application (Getachew et al., 2017). 

 

3. 2. 6. Thousand Seed Weight 

The analysis of variance showed that Quick and Calcite limes rate significantly (p< 0.05) 

improved the thousand seed weight of acidic soil (Table 3). However, application of Calcite 

lime at different rates showed a non-significant (p< 0.05) effect on over year combined analysis 

thousand seed weight (Table 2). The Analysis of Variance showed that the combined main 
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effects of urea stable and conventional urea rates had significant effect on thousand seed weight. 

The highest thousand seed weights of 4075 g was recorded from application of 25% Quick lime 

rates whereas lowest 34.29g was recorded from the control plot (Table 3). This is in agreement 

with (Temesgen et al., 2016) who stated that all limed treatments had higher mean values of 

thousand seed weight relative to control (no lime) both in 2010 and 2011 cropping seasons.  

 

3. 2. 7. Harvesting Index 

The result of main over years and combined analysis of harvesting index were showed 

non-significant (P<0.05) affected by Quick and Calcite limes rate applied in micro dosing 

(Table 2 and 3). This is in disagreement with (Getahun and Bobe, 2017) who indicated that all 

land use types that were not treated with lime produced the lowest harvest index. 

 

Table 2. Effect of Calcite (CaCO3) lime micro-dosing levels on yield and yield components 

of wheat production 

 

Treatments 
PH 

(cm) 

PL 

(cm) 
NSPP 

BMY 

(kg/ha) 

GY 

(kg/ha) 

TSW 

(gm) 

HI 

(%) 

2019 year 

Control (no lime) 68.30d 6.80c 31.23c 3541.7c 1018.8c 28.27d 28.73 

6.25% 

Recommended lime 
74.50c 7.33bc 33.30c 4375.0b 1371.4bc 30.30c 31.56 

12.5% 

Recommended lime 
75.37bc 7.57b 36.63bc 4625.0b 1611.6b 31.83bc 34.97 

25.0% 

Recommended lime 
79.07a 9.10a 46.50a 6025.0a 2024.4a 34.20a 33.60 

33.3% 

Recommended lime 
78.80ab 9.03a 43.40ab 6133.3a 2030.0a 33.33ab 33.14 

LSD (0.05) 4.3995 0.6978 7.3544 815.25 359.43 1.9728 Ns 

CV (%) 2.5 4.7 10.2 8.8 11.9 3.3 7.3 

Significance *** *** ** *** *** *** Ns 

2020 year 

Control (no lime) 71.78b 6.27c 27.30c 3950.0c 1356.0c 36.41c 34.28b 

6.25% 

Recommended lime 
75.26b 7.03c 29.37bc 5458.3b 1867.0b 39.91b 34.01b 

12.5% 

Recommended lime 
80.15a 8.13b 33.15b 6183.3ab 2082.8ab 41.01ab 33.46b 

25.0% 

Recommended lime 
80.89a 9.57a 40.81a 6491.7a 2387.7a 42.43a 36.58a 

33.3% 

Recommended lime 
81.33a 9.30a 39.85a 6491.7a 2413.1a 41.73a 36.91a 
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LSD (0.05) 4.673 1.073 5.136 998.51 354.99 1.540 1.771 

CV (%) 3.2 7.1 8.0 9.3 9.2 2.0 2.7 

Significance ** *** *** ** *** *** ** 

Over year combined analysis 

Control (no lime) 70.04c 6.53c 29.26c 3745.8c 1187.4c 32.34 31.50 

6.25% 

Recommended lime 
74.88bc 7.18bc 31.34bc 4916.7bc 1619.2bc 35.10 32.78 

12.5% 

Recommended lime 
77.76ab 7.85b 34.89b 5404.2ab 1847.2ab 36.42 34.22 

25.0% 

Recommended lime 
79.98a 9.33a 43.66a 6258.3a 2206.1a 38.32 35.09 

33.3% 

Recommended lime 
80.07a 9.17a 41.63a 6312.5a 2221.5a 37.53 35.03 

LSD (0.05) 4.902 1.156 5.346 1266.4 514.2 ns Ns 

CV (%) 5.4 12.1 12.4 19.9 23.7 14.7 7.7 

Significance ** *** *** ** ** ns Ns 

Note: PH = plant height, PL = panicle length, NSPP = number seed per plant, BMY = biomass 

yield, GY = grain yield and TSW = thousand seed weight, HI = harvesting index, *** 

Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05, ns – no significant 

difference. Means along the column with the same letter are not significantly different. 

 

 

Table 3. Effect of Quick lime micro-dosing levels on yield and yield components of wheat 

production. 

 

Treatments 
PH 

(cm) 

PL 

(cm) 
NSPP 

BMY 

(kg/ha) 

GY 

(kg/ha) 

TSW 

(gm) 

HI 

(%) 

2019 year 

Control (no lime) 73.27b 7.00c 32.20c 5083.3c 1846.6c 30.80b 36.38 

6.25% 

Recommended lime 
75.63ab 7.80b 33.80bc 6958.3b 2281.6b 31.70b 32.83 

12.5% 

Recommended lime 
78.20a 8.33ab 36.00abc 7666.7ab 2583.7ab 34.07a 33.83 

25.0% 

Recommended lime 
79.13a 8.90a 37.63ab 7833.3ab 2866.6a 35.57a 36.40 

33.3% 

Recommended lime 
78.80a 8.83a 38.03a 7986.7a 2940.3a 35.37a 36.69 
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LSD (0.05) 4.3995 0.707 4.104 986.34 418.76 1.6756 Ns 

CV (%) 3.0 4.6 6.1 7.4 8.9 2.7 6.7 

Significance * ** * *** *** *** Ns 

2020 year 

Control (no lime) 74.07c 6.10d 26.19c 4875.0c 1763.1b 37.78b 35.5 

6.25% 

Recommended lime 
78.33bc 6.57cd 30.30b 5950.0b 2060.7b 38.47b 34.7 

12.5% 

Recommended lime 
81.85ab 6.97bc 32.15ab 6625.0ab 2472.4a 42.37ab 37.4 

25.0% 

Recommended lime 
83.93a 7.80a 34.30a 6900.0a 2646.7a 45.93a 38.4 

33.3% 

Recommended lime 
84.07a 7.67ab 33.30ab 6958.3a 2611.0a 41.58ab 37.5 

LSD (0.05) 5.0718 0.7567 3.1196 876.67 396.79 4.8171 Ns 

CV (%) 3.3 5.7 5.3 7.4 9.1 6.2 5.3 

Significance ** ** ** ** ** * Ns 

Over year combined analysis 

Control (no lime) 73.67c 6.55d 29.19c 4979.2c 1804.9d 34.29c 35.96 

6.25% 

Recommended lime 
76.98b 7.18c 32.05b 6454.2b 2171.2c 35.08c 33.78 

12.5% 

Recommended lime 
80.03a 7.65b 34.07ab 7145.8a 2528.0b 38.22b 35.60 

25.0% 

Recommended lime 
81.53a 8.35a 35.96a 7366.7a 2756.6ab 40.75a 37.41 

33.3% 

Recommended lime 
81.44a 8.25a 35.66a 7472.5a 2775.7a 38.47ab 37.08 

LSD (0.05) 2.9601 0.4341 2.2054 583.69 242.23 2.3365 Ns 

CV (%) 3.12 4.8 5.5 7.3 8.4 5.9 6.9 

Significance *** *** ** *** *** * Ns 

Note: PH = plant height, PL = panicle length, NSPP = number seed per plant, BMY = biomass 

yield, GY = grain yield and TSW = thousand seed weight, HI = harvesting index, *** 

Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05, ns – no significant 

difference. Means along the column with the same letter are not significantly different. 
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3. 3. Relationships between Wheat Grain Yield and yield components  

The correlation between grain yield and yield components are presented in Tables 4 and 

5. Grain yield was positively correlated with biomass yield, thousand seed weight, stand count 

at harvesting, number of tillers per plant, plant height, number of seeds per plant and spikes 

length, and the correlation was significant at (p< 0.05). Moreover, grain yield was most strongly 

correlated with biomass yield (r = 0.999), followed by plant height (r = 0.991) and harvesting 

index (r = 0.988) on Calcite lime. Similarly, grain yield had positive and significant correlation 

(p< 0.01) with plant height, number of seeds per plant, biomass yield, number of seeds per plant 

and panicle length on Quick lime. Similar results obtained by numerous authors (Ortiz et al., 

2002; Abeledo et al., 2003; Temesgen et al., 2016) indicated that significant associations of 

barley grain yield with its yield components. 

 

Table 4. Correlation among wheat grain yield and yield components of Calcite lime rate 

 

Parameters GY BMY PH PL NSPP TSW HI 

GY 1.000 0.999*** 0.991*** 0.977** 0.952** 0.986** 0.988** 

BMY  1.000 0.993*** 0.969** 0.941* 0.987** 0.985** 

PH   1.000 0.944* 0.910* 0.991*** 0.992*** 

PL    1.000 0.995*** 0.950** 0.962** 

NSPP     1.000 0.926* 0.937* 

TSW      1.000 0.984** 

HI       1.000 

Note: GY = grain yield; BMY = biomass yield; TSW = thousand seed weight; PH = plant 

height; NSPP = number of seeds per plant; PL = panicle length, HI = harvesting index, *** 

Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05 

 

 

Table 5. Correlation among wheat grain yield and yield components of Quick lime rate. 

 

Parameters GY BMY PH PL NSPP TSW HI 

GY 1.000       

BMY 0.971** 1.000      

PH 0.997*** 0.98194 1.000     

PL 0.990*** 0.944* 0.982** 1.000    

NSPP 0.997*** 0.975** 0.996*** 0.993*** 1.000   
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TSW 0.927* 0.854ns 0.927* 0.939* 0.931* 1.000  

HI 0.582ns 0.373ns 0.539ns 0.628ns 0.554ns 0.711ns 1.000 

Note: GY= grain yield; BMY = biomass yield; TSW = thousand seed weight; PH = plant 

height; NSPP = number of seeds per plant; PL = panicle length, HI = harvesting index, *** 

Significant at P < 0.001, ** significant at P < 0.01, *significant at P < 0.05 

 

 

3. 4. Economic Analysis 

Table 6 and 7 shows economic analysis data of benefits, costs and marginal rate of return 

of treatments using partial budget techniques. Treatments that produced lower NFBs were not 

worth for investment. Some of the treatments did not realize economically viable returns. 

However, results of the partial budget analyses revealed that maximum net benefit of 

51,586.53ETB ha-1 with an acceptable marginal rate of returns (MRR) 351.7% and 

64,125.26ETB ha-1 with an acceptable marginal rate of returns (MRR) 115.8% were recorded 

in the treatments that received 25% recommended Calcite and Quick limes rate (Table 6 and 

7), respectively. This Calcite and Quick limes rate generated 21,663.76 and 18,642.06 ETB ha-

1 more compared to the control treatment, respectively. From the economic point of view, it 

was apparent from the above results that 25% recommended Calcite and Quick limes rate are 

more profitable than the rest of treatments. The findings in line with that of Mekonnen et al. 

(2014) who showed the combined application of 5 t manure and 2.2 t ha-1 lime was found to be 

economical feasible to improve wheat yield and yield components and residual soil P of acidic 

soils of the Gozamin district. Similar observations were also reported by Woubshet et al. 

(2017). 

 

Table 6. Effect of Calcite lime micro-dosing levels on economical feasible of wheat 

production. 

 

Treatment 

Calcite 

Lime 
AGY GFB TVC NB MRR 

(kg/ha) (kg /ha) (ETB) (ETB) (ETB) (%) 

Control (no lime) 0 1068.7 29922.77 0.00 29922.77 - 

6.25% Recommended 

lime 
278.3 1457.3 40804.86 1001.88 39802.98 986.2 

12.5% Recommended 

lime 
556.6 1662.4 46548.41 2003.76 44544.65 473.3 

25.0% Recommended 

lime 
1112.8 1985.5 55592.61 4006.08 51586.53 351.7 

33.3% Recommended 

lime 
1481.8 1999.4 55982.61 5334.48 50648.13 -70.6 

Note: GFB = grain field benefit, TC = total cost, NB = net benefit, MRR = marginal rate of 

return and AGY = adjusted grain yield 
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Table 7. Effect of Quick lime micro-dosing levels on economical feasible of wheat 

production 

 

Treatment 

Quick 

Lime 
AGY GFB TVC NB MRR 

(kg/ha) (kg /ha) (ETB) (ETB) (ETB) (%) 

Control (no lime) 0 1624.4 45483.20 0.00 45483.20 - 

6.25% Recommended 

lime 
278.3 1954.0 54712.98 1335.84 53377.14 590.9 

12.5% Recommended 

lime 
556.6 2275.2 63706.59 2671.68 61034.91 573.3 

25.0% Recommended 

lime 
1112.8 2481.0 69466.70 5341.44 64125.26 115.8 

33.3% Recommended 

lime 
1481.8 2498.1 69946.62 7112.64 62833.98 -72.9 

Note: GFB = grain field benefit, TC = total cost, NB = net benefit, MRR = marginal rate of 

return and AGY = adjusted grain yield 

 

 

4.  CONCLUSION 

 

Poor wheat production in Banja area has been associated with soil acidity viz. Al-toxicity 

and/or P deficiency. Overall, results showed that application of lime had significantly improved 

plant height, spikes length, numbers of seed per plant, biomass yield and thousand seeds weight. 

Grain yield recorded from the application of 25 and 33.3 % Calcite lime rate resulted in 85.8 

and 87.1 % increment to the control and 36.3 and 37.2% increment to the 6.25% recommended 

lime rate. Similarly, application of 25 and 33.3 % Quick lime rate resulted in 52.7 and 53.8 % 

increment to the control.  

The optimum economic return (21,663.76 and 18,642.06ETB ha-1) was recorded from 

25% recommended Calcite and Quick lime rates, respectively. From the economic point of 

view, it was apparent from the above results that 25% recommended Calcite and Quick limes 

rate are more profitable than the rest of treatments. The micro dosing lime rates obtained in this 

study could serve as a reference to boost wheat production in the study area and areas with 

similar ago-ecology have soil acidity problems. 
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