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Evaluation of Row Application of Lime for Bread Wheat on Acidic Soils of Wadla 

District , North Wollo, Ethiopia 

Samuel Adissie*, Kassa Sisay, Habtemariam Teshome, Tadesse Hailu, Adisie Degu and Tesfaye Wubu. 

Sirinka Agricultural Research Center, P.O.B 74, Ethiopia 

*Correspondence: Sammy.ab1990@gmail.com  

Abstract   

Soil acidity is one of the major challenging issues adversely affecting sustainable crop 

production in Ethiopia in general and in Wadla district in particular. Acidic soils are 

deficient in essential plant nutrients. Furthermore, soil acidity affects root development 

leading to reduced nutrient and water uptake. Hence, a field experiment was conducted in 

2017/18 and 2018/19 main cropping seasons to evaluate the effect of row application of lime 

on yield and yield components of bread wheat in acidic soil of Wwadla district using calcium 

hydro oxide direct titration method. The actual lime requirement was splinted in to 12.5, 25, 

50 and 75% to be applied in row. The experiment was comprised of sixtreatments including: 

control (without input), recommended nitrogen and phosphorus only, and four levels of lime 

rates (12.5, 25, 50 and 75%) with recommended NP and was lieddown in randomized 

complete block design with three replications. The collected data on yield and yield-related 

parameters were analyzed using SAS, version 9.1 and subjected to Duncanôs Multiple Range 

Test for mean separation when the analysis of variance was significant. The over year 

combined analysis of an experiment showed no significant (P Ó0.05) yield difference among 

lime rate and recommended NP, except when compared with the control treatment that has no 

lime and recommended NP. The partial budget analysis result revealed that application of 

50% of the actual lime rate in row application brought economically optimum grain yield.  So 

application of 50% of lime could be recommended in the study area. 

Keywords: Lime, Row application, Soil acidity, Wheat  

mailto:Sammy.ab1990@gmail.com
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Introduction  

Wheat (Triticum aestivum L.) is one of the major global cereal crops, ranking second after 

paddy rice both in area coverage and production, and provides more nourishment than any 

other food crop (Curtis, 2002). Wheat provides more protein than any other cereal crops 

(Hussein et al., 2006). It is a major source of energy and proteins for population inhabiting 

most highlands in Ethiopia (Abera Bekele, 1991). Bread wheat in Ethiopia stands fourth in 

both area coverage and total annual production, and second in yield per hectare next to maize 

(CSA, 2017).  

Ethiopia is the leading Sub-Saharan Africa economy depends on smallholder farm agriculture. 

The contribution of the agricultural sector to Gross Domestic Product (GDP) is large (41%); 

85% of the employment opportunity, 90% of the export level, and provides 70% of the 

country 's raw material demand of the large and medium scale industries found from this 

promising sector (MoFED, 2012). Nevertheless, around 29% of its population yet is living 

under poverty (World Bank, 2014). production and productivity of the agricultural sector in 

Sub-Saharan Africa is low due to low technological adoption and techniques among others 

(Binju Abraham et al., 2014; Berihun Kassa et al., 2014). 

Most wheat producing area in Ethiopia lie between 6
o
 and 16

o
 N latitude and 35

o
 and 42

o
 E 

longitudes of an altitude range from 1500 to 3000 meters above sea level (m.a.s.l) (Amare 

Assefa and Mulatu Kassaye, 2017). The most suitable agro-ecological zones, however, fall 

between 1900 to 2700 meters above sea level (Bekele et al., 2000). Currently, Oromia, 

Amhara, Southern Nations Nationalities and peopleôs region (SNNPR) and Tigray regions are 

the major wheat producing areas in Ethiopia. Wheat is grown annually on 1.66 million hectare 

of land in Ethiopia with a total production of 4.23 million tons with an average productivity of 

2.54 t ha
-1

 which makes the country the second largest wheat producers in sub-Saharan 

Africa. Amhara National Regional State is among the most important wheat growing areas of 

the country. The production and area Coverage of wheat in Amhara Region is 0.55 million 

hectare of land with the total production 1.22 million tons with an average productivity of 

2.24 t ha
-1

. The area Coverage and production of wheat in North Wollo is 32,005.82 hectares 

0.474 million tons with the average productivity is 1.5 t ha
-1

 (CSA, 2016). However, its 
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productivity is for below the cropôs potential mainly due to biotic and a biotic constraint. 

Furthermore, wheat has been selected as one of the target crops in the strategic goal of 

attaining national food self-sufficiency, income generation, poverty alleviation and achieving 

socio-economic growth of the county (Mulatu Kassaye, 2015).  

Soil acidification is a complex process resulting in the formation of an acid soil due to 

excessive concentration of non-soluble and toxic ions in the soil solution (Jafer Dawid and 

Gebresilassie Hailu, 2017). The process of acidification results the replacement of basic 

cations Ca, Mg and K in the soil exchange sites with Al, Mn and Fe and increased the 

concentration of H
+
 ion in the soil solution. This condition also usually leads to Al and Mn 

toxicity plus deficiency in N, P, K, Mg, Ca and various micronutrients. Where soil pH is 

lower than optimal (5.5 and below) the availability of nutrients needed for growth is reduced 

(Jafer Dawid and Gebresilassie Hailu, 2017). Soil acidity and nutrient depletion, particularly 

of nitrogen (N), phosphorus (P) and low soil organic matter are some of the constraints 

limiting agricultural production in the high rainfall areas (Opala et al., 2010; Kisinyo, 2011). 

High soil acidity found in the high land area is associated with aluminum, hydrogen, iron and 

manganese toxicities and corresponding deýciencies of phosphorus, molybdenum, calcium, 

magnesium and potassium (Sanchez et al., 1997). 

A major challenge to cereal crop production in the highlands of Ethiopia is low soil pH and 

associated with low fertilizer application and soil fertility problems. Low soil pH reduces 

plant availability of several nutrients, increases levels of some elements to phytotoxic 

concentrations (i.e., Al
3+

 toxicity), and inþuences microbial activity or other soil properties 

(Brady, 1990; Merino et al., 2010). These poor growth conditions can lead to reductions in 

root development which consequently causes slow vegetative growth and low total biomass 

per unit area. Application of lime is no doubt the best alternative to alleviate topsoil acidic 

problem and provide conditions for adequate crop development.  

Soil acidity and Al
3+

 toxicity in surface soil can be ameliorated through liming (Fegeria and 

Baligar, 2008; Haling et al., 2010). Changes in soil pH brought about by liming may have 

profound effects on the availability of many elements absorbed by crops. Liming increases 

soil pH and thus decreases Al
3+

 and Mn toxicities which also increase NO
3-

N, Ca and P 
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availability (Arshad and Gill, 1996; Caires et al., 2005). One of the challenge facing farmers 

in liming is the requirement of huge amount of lime to rise the pH of the soil. To alleviate this 

challenge row application of lime is todays serious issue. A lot of efforts were done to 

improve acid soils of Ethiopian highlands. Among those developed technologies, split lime 

application from the actual requirement determined by ¼ (EAx1.5) is economical and 

applicable to farmers developed by (Asmamaw Demil et al., 2020). Therefore, this proposal is 

initiated to evaluate row application of lime for bread wheat for specific areas of Wadla. 

Materials and Methods 

Site Description: The study was conducted in 2017/18 and 2018/19 main cropping seasons in 

Wadla district of North Wollo zone of the Amhara Region. The district is situated in a 

geographical location of 11Á 49ô59.99ò N and 38Á 49ô 59.99ò E with an altitude of 2000-2800 

meters above sea level. The district receives a mean annual rainfall of 800-1200 mm with 

minimum and maximum temperature of 17  and 22 , respectively.  

Geology of the Study Area: The geology of Eastern Amhara including the study area is 

covered by Cenozoic volcanic rocks with some sedimentary rocks (Kogan et al., 2012). The 

major formations are Ashangi, Tarmaber-Megezez, Alajae, Aiba basalts and Amba-Aradom 

formations covering 49, 18, 14, 12 and 3%, respectively (Mengesha Tefera et al., 1996). The 

geology of the study area belongs to Tarmaber-Megezez formations. Tarmaber-Megezez 

formations are transitional and alkaline basalts (Mengesha Tefera et al., 1996). According to 

FAO (1984) the soils of Wollo area have been developed almost exclusively on Trap Series 

volcanoes.  

Experimental Procedures  

Selection of farmersô fields and lime estimation methods    

Soil samples at a depth of 0-20 cm were collected from ten farmers' fields in 2017/18 and 

2018/19 prior to the start of the experiment. Based on the soil pH (1:2.5 soil: water 

suspension) results, five farmers' fields in 2017/18 and four farmers' fields in 2018/19 were 

selected to condect the experiment. 

CaOH2 direct titration method (Abebe Getu et al., 2020) was used to calculate the actual 
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requirement of lime for each site (Equation 1). Different rate of lime was calculated based 

12.5, 25, 50, and 75% for each site from the actual requirement of lime (Equation 2).  

LR (kgha
-1

) =  based on Ca(OH)2 titration method with scatter plot graph 

equationé.Equation (1) 

,ÉÍÅ ÁÐÐÌÉÃÁÔÉÏÎ ÉÎ ÒÏ×Ó ËÇÈÁρ
  
Ø 9ϷȣȣȢEquation (2) 

Where LR=lime requirement in kg ha
-1  

,
 
Y% =rate of Lime (0 12.5, 50 and 75%) 

The experimental design was randomized complete block design (RCBD) with 3 replications 

for each site. The plots size was 5 x 4m. Recommended rate of 69 N and 69 P2O5 kg ha
-1
 

fertilizers for wheat was applied using urea and NPS sources respectively.  Half of N was 

applied at planting and the remaining N was applied at tillering in the form of split 

application. Full dose of P2 O5 was applied at planting only. The seed was drilled in rows and 

the space between rows was 20cm apart.  

Treatments  

1. Control (0) 

2. 64/69 N/P2O5 

3. 12.5% Lime+64/69 N/P2O5 

4. 25.0% Lime+64/69N/P2O5 

5. 50.0% Lime+64/69 N/P2O5 

6. 75.0% Lime+64/69 N/P2O5 

Data Collected 

Soil data collection: Before planting, the soil samples were collected from representative 

experimental plots after the removal of plant litter and any other material from the soil 

surface. Then,the soil samples were collected in a zigzag pattern to a depth of 0-20cm using 

soil auger. Each of the soil samples from collected from the expermenrtal plots were bulked 

to make a single one kilogram composite soil sample. The pH of the soils was measured in 

water suspension in a 1:2.5 (soil: liquid ratio) potentiometrically using a glass-calomel 

combination electrode (Van Reeuwijk, 1992). Total nitrogen (N) was determined using the 
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micro-Kjeldahl digestion, distillation and titration procedure as described by Bremner (1996). 

Available P was extracted by the Bray-II method using 0.03 M·NH4F and 0.1 M·HCl 

solution (Bray and Kurtz, 1945). The organic carbon content of the soil was analyzed by 

following the wet digestion method and percent soil OM was calculated by multiplying 

percent soil OC by a factor of 1.724 following the assumptions that OM is composed of 58% 

carbon as described by Van Reeuwijk (1992). Exchangeable Al in the soil samples was 

determined by application of 1M NaF which form a complex with Al and released NaOH and 

then NaOH was back titrated with a standard solution of 0.02M HCl. In preparation for 

laboratory analysis, the soil samples were air dried, crushed and made to pass through a 2mm 

sieve for the analysis of soil pH, soil texture, available P and exchangeable acidity and pass 

through 0.5mm sieve for the analysis of soil organic matter (OM) and Total nitrogen. 

Agronomic Data: Above ground biomass: It was measured by taking the weight of the above 

ground biomass of plants in a plot at maturity and converted to kg per hectare. 

Grain yield: was measured by taking the weight of the grains for plants in a plot at harvest 

and converted to kg per hectare after adjusting the grain to 12.5% moisture content. 

Socio economic data: cost of input and application (lime, fertilizer and labor) and output 

(grain yield and straw yield) price for partial budget analysis were taken 

Statistical analysis: The agronomic data variation across each level of treatment/each plot was 

analyzed using Analysis of Variance (ANOVA) using SAS (Version 9.1). Mean separation 

was done using Duncun multiple range test at 5% probability level. Partial budget analysis 

was done according to CIMMYT (1988). 

Results and Discussion 

Selected Physico-chemical Property of the Soil 

The soils of experimental sites were characterized for selected physico-chemical properties 

before the application of treatments as shown (Table 1.1). The result indicated that the 

textural classes of experimental sites were silty clayloam, clay, clayloam and siltyclay (Table 

1). The average soil pH value of the experimental sites ranged from 4.58-5.24 which is 

categorized under strongly acid (Tekalign Tadesse, 1991). The soil total nitrogen ranged from 

0.024-0.053% and OC 2.09-3.42% was found to be low and medium to high (Tekalign 
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Tadesse, 1991), respectively. The available phosphorus content of the experimental site was 

10.91-20.68 mg kg
-1

. According to Jones (2003) available soil P (Bray II method) level was 

rated as low to medium. This may be attributed to the absence of exchangeable Al (Table 1) 

in the study area. 

Table 1. Selected soil property of the experimental site at planting in 2018 cropping season    

Farms 

name 

pH OM TN 

(%) 

AV. 

P(ppm) 

Exch.Al
+3 

(meq/100g soil) 

Exch.H
+
(meq/100g 

soil) 

Textural  

Class 

Farm 1 5.08  2.09 0.053 10.91 0 3.6 Silt clay loam 

Farm 2 4.84  3.42 0.025 20.30 0 5.2 Clay 

Farm 3 4.58  2.17 0.024 14.77 0 4.9 Silt clay 

Farm 4 4.98  2.86 0.024 15.91 0 4.5 Clay loam 

Farm 5 5.24   3.33 0.027 20.68 0 3.9 Silt clay 

 

Effect of lime application on Bread Wheat Grain Yield  

The analysis of variance showed that row application of lime didnôt impose statistically 

significant grain yield over the recommended nitrogen and phosphorus fertilizer, but it is 

significantly higher from control (Table 2). The lowest grain yield (1546.1 kg ha
-1

) was 

obtained from control while, application of 75% lime gave better grain yield (64.7%) over the 

control (Table 2).  

In the second year (2019), significantly higher grain yield were observed in the aplication of 

different rate of lime and recommended NP alone than the control treatment (Table 4). As 

indicated in Table 3 the highest grain yield was obtained in the application of 50% lime rate 

which is not stastically different from other lime rate and recommended NP alone. But 

stastically lowest grain yield were obtained from control (2195.3 kg ha
-1

). 

The over year combined analysis (2018 and 2019) of an experiment showed no significant (P 

Ó0.05) yield difference among lime rate and recommended NP, except when compared with 

the control treatment that has no lime and recommended NP (Table 6). Based on the 

combined analysis result (two years result) the highest grain yield (2794 kg ha
ī1

 ) was 

observed in 50% lime rate, which was statistically similar to 25%, 75% lime rate and RNP 

alone whereas the lowest value (1834 kg ha
ī1

) was recorded in control (Table 6). Our results 
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demonstrated that the application of lime and RNP significantly improved grian yield of 

wheat than the control.  

The findings are in agreement with Athanase (2013) liming is an important practice to achieve 

optimum yields of all crops grown on acid soils. These grain yield result increment agreed 

with Shiferaw Boke and Anteneh Fekadu, (2014) application of lime alone or combined with 

fertilizers significantly increased barley yield over untreated control. Abreha Kidanemariam et 

al., (2013) also confirmed that combined application of lime and NP fertilizers are 

recommended to achieve sustainable wheat crop production on acidic soils of the Tsegede 

highlands. In addition Tadesse Moges et al., (2018) stated that application of lime with P 

fertilizers increased the grain yield of malt barley up to 91.6% compared with the control and 

Temesgen Desalegn et al., (2017) also confirmed that combined applications lime and P 

fertilizer gave 133% more grain yields of barley relative to control (without P and lime).  

Asmamaw Demil, et al (2020), revealed that application of lime at a 25% rate based on 

exchangeable acidity in rows at planting significantly increased the grain yield of wheat (4525 

kg ha
ī1

) in the acidic areas. On the other hand this result was dis agreed with the findings of 

Wanjiru, (2018) who stated that lime plus fertilizer had higher grain yields than the sole 

fertilizer treatment.  

  



Evaluation of Row Application of Lime for Bread Wheat on Acidic Soils of Wadla District                                     Samuel et al. 

 
10 Proceedings of 13th Regional Annual Conference on Completed Research Activities on Soil and 

Water 

Effect of lime application on Bread Wheat Biomass Yield  

Biomass yields of wheat responded significantly to the different rates of lime and 

recommended NP rate (Table 3, 5 and 6). The highest biomass yield of 6786.8 kg ha
-1

, 8379.8 

kg ha
-1

 and 7471.2 kg ha
-1

 was obtained from the application of 75% lime rate during 2018, 

25% lime rate during 2019 and 50% lime rate (combined years) but not significantly different 

from other lime rate and recommended NP. In addition the lowest value of biomass yield was 

noted in control in both cropping years and also in the combined analysis (Table 3, 5 and 6). 

This result in line with the study of Tadesse Moges et al., (2018) who confirmed that the 

lowest total yiomass yield (6.05 ton/ha) was recorded in the treatment without lime and 

application of lime increased Biomass Yield by 16.53% - 22.59%, as compared to the control. 

Shiferaw Boke and Anteneh Fekadu (2014) also stated that biomass yield of barley was 

significantly improved by application of lime and fertilizers alone.  

Table 2. Effect of lime rate on wheat yield (kgha-1) in 2018 at Alpha value 0.05  

Treatments  Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Combined 

Control (0,0) 1503.9
c
 1886.1

bc
 1412.1

d
 2100.8

c
 827.5

b
 1546.1

b
 

RNP 2294
b
 2343.3

b
 2167.1

bc
 2325.8

bc
 1269.5

ab
 2065.6

a
 

12.5% lime 2598.4
ab

 2515.4
ab

 1998.5
c
 3434.1

a
 1470.6

a
 2403.4

a
 

25% lime 2356.8
ab

 2913.4
a
 2411

ab
 2910.5

abc
 1383.4

a
 2395.0

a
 

50% lime 2853.7
a
 2726.1

ab
 2463.6

a
 3253.1

ab
 1237.9

ab
 2506.9

a
 

75% lime 2813.9
ab

 2836.4
ab

 2532.6
a
 2844.8

abc
 1707.5

a
 2547.1

a
 

CV(%) 11.50 11.3 5.9 13.9 14.5 17.4 
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Table 3. Effect of lime rate on wheat biomass (kgha-1) in 2018 at at Alpha value 0.05 

Treatments  Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Combined 

Control (0,0) 
3892.6

c

bb489 
4739.1

b
 3681.2

c
 5391

c
 2202.9

b
 3981.4

b
 

RNP 
6408.4

b

 6449.3
a

 5847.8
b

 6203
bc

 3391.3
ab

 
5625.3

a
 

12.5% lime 
7176.5

ab

 6478.3
a

 5884.1
b

 8725
ab

 3869.6
a

 
6426.6

a
 

25% lime 
6737.8

ab

 7420.3
a

 6811.6
a

 7580
abc

 3956.5
a

 
6501.2

a
 

50% lime 
7868.9

a

 6594.2
a

 7000
a

 9072
a

 3289.9
ab

 
6765.1

a
 

75% lime 
7600.8

ab

 7405.8
a

 7029
a

 7406
abc

 4492.8
a

 
6786.8

a
 

CV(%) 9.3 12.6 5.8 14.9 12.7 16.3 

Table 4. Effect of lime rate on wheat yield (kg ha
-1
) in 2019 at Alpha value of 0.05 

Treatments  Farm 1 Farm 2 Farm 3 Farm 4 Combine  

Control (0,0) 1992.0
b
 2183.0

c
 1680.8

b
 2925.5

b
 2195.3

b
 

RNP 2730.9
ab

 3045.1
ab

 2571.3
a
 3924.0

a
 3067.8

a
 

12.5% lime 2568.3
ab

 3371.6
a
 2142.8

ab
 3719.2

a
 2950.5

a
 

25% lime 2932.8
a
 3272.4

ab
 2385.3

a
 3631.5

a
 3055.5

a
 

50% lime 3270.3
a
 2966.6

b
 2717.4

a
 3658.4

a
 3153.2

a
 

75% lime 2630.9
ab

 3155.3
ab

 2667.4
a
 3847.9

a
 3075.3

a
 

CV(%) 15.85 7.05 15.29 9.02 18.18 

Table 5. Effect of lime rate on wheat biomass (kgha-1) in 2019 at Alpha value of 0.05 

Treatments  Farm 1 Farm 2 Farm 3 Farm 4 Combine  

Control (0,0) 5347.8
b
 5695.7

b
 4631.6

b
 7174.6

b
 5712.4

b
 

RNP 7710.1
a
 8855.1

a
 6982.5

a
 9619.0

a
 8291.7

a
 

12.5% lime 7289.9
ab

 9391.3
a
 6087.7

ab
 9825.4

a
 8148.6

a
 

25% lime 8058.0
a
 9043.5

a
 6719.3

a
 9698.4

a
 8379.8

a
 

50% lime 9115.9
a
 8289.9

a
 6929.8

a
 9079.4

a
 8353.7

a
 

75% lime 7043.5
ab

 8637.7
a
 7175.4

a
 9761.9

a
 8154.6

a
 

CV(%) 16.20 9.02 15.40 5.60 17.74 
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Table 6. Effect of lime rate on grain and biomass yield combined over the two years  

Treatments  Grain yield(kgha-

1) 

Biomass yield(kgha-1) Grain yield excluding (0,0) 

Control  1834.6
b
 4750.8

b
  

RNP 
2530.1

a

 6862.0
a

 2530.1
a

 

12.5% lime 
2646. 6

a

 7191.9
a

 2646. 6
a

 

25% lime 
2688.6

a

 7336.1
a

 2688.6
a

 

50% lime 
2794.1

a

 7471.2
a

 2794.1
a

 

75% lime 
2781.8

a

 7394.7
a

 2781.8
a

 

CV(%) 14.21 12.90 13.34 

Partial Budget Analysis: The partial budget analysis for marginal rate of return Table 3.7 

showed that the recommended NP and row application of lime gave acceptable marginal rate 

of return (i.e., MRR greater than 100%). According to CIMMYT (1988) when there are two 

and more treatments with MRR greater than 100%, the treatment with greater net benefit 

should be selected for recommendation. Therefore, row application of 50% of lime brought 

the maximum net benefit (51894.9 Ethiopian Birr) per hectare while possessing MRR of 

greater than 100% and thus it is economically feasible for Wadla district.  
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Table 7. Partial budget analysis of the variable costs on mean grain and straw yields of wheat in Wadla district for lime rate 

Treatments AGY* GYP ASY SYP TR FC TFC L LiC TLiC LC TVC NB MRR 

Control (0,0) 1651.5 20 2624.6 2 38271.96 14 0 0 0 0 0 0 38272.0  

RNP (69,69) 2277.1 20 3898.7 2 53339.22 14 4200 0 0 0 1000 5200 48139.2 1.90 

12.5% lime + 

RNP 

2381.9 20 4090.1 2 55818.9 14 4200 205.9 0.75 154.4 1600 5954.4 49864.5 2.29 

25% lime + 

RNP 

2419.8 20 4182.8 2 56760.3 14 4200 411 0.75 308.3 1800 6308.3 50452.1 1.66 

50% lime + 

RNP 

2514.7 20 4209.4 2 58712.58 14 4200 823.6 0.75 617.7 2000 6817.7 51894.9 2.83 

75% lime + 

RNP 

2503.6 20 4151.6 2 58375.62 14 4200 1235.4 0.75 926.6 2400 7526.6 50849.1 D 

*  AGY=Adjusted grain yield (kgha-1), GYP=Grain yield price/kg (ETB), ASY= Adjusted straw yield, SYP=Straw yield price, TR=Total revenue, FC=fertilizer cost/kg (ETB kg-

1), TFC total fertilizer cost (ETB), L=lime amount (Kg ha-1), LiC= lime cost/kg (ETB), TliC= Total lime cos, LC= lime cost, TVC= total cost, NB= Net benefit, MRR= 

Marginal rate of return (%) 
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Conclusion and Recommendation 

Acid soils can be made productive by applying lime in different parts of the country as well 

as in the Amhara region. In addition to lime, application of recommended nitrogen and 

phosphorus fertilizer gives equivalent yield with application of different rate of lime in the 

district. As it is observed from the result row application of lime couldn't brought 

statistically significant biological yield difference compared to the recommended NP rate. 

But the partial budget analysis result revealed that application of 50% of the actual lime 

rate in row application brought economically optimum grain yield.  So application of 50% 

of lime could be recommended in the study area. Further research investigation on the long 

term indirect impact of lime (availability of micro nutrients, decomposition of residue in to 

available form due to optimum pH, mineralization of organic N, soil physical conditionsé) 

in the acidic soil of Wadla district should be conducted. 
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Abstract 

Potato (Solanum tuberosum L.) belongs to the family Solanaceae and genus Solanum.  It is 

native to South America and introduced to Ethiopia in 1859 by a German Botanist called 

Schimper. In Ethiopia, about 70% of cultivated land is suitable for potato production. The 

Lowest soil fertility is the major constraints to potato production. Farmers should tackle 

this problem through the application of inorganic fertilizes, which amend the soil 

productivity. The application of appropriate amount of NP fertilizer is a major factor in 

potato production. A field experiment was conduct in 2018 and 2019 main cropping season 

to determine the optimum rate of NP on tuber yield of potato in Amhara Region, North 

Gondar at midland of Chilga and highland Debark districts on farmerôs field respectively. 

The treatments were four levels of nitrogen (0, 46, 92, 138 kgha
-1

) and three levels of 

phosphorus (0, 46, 69 kgha
-1

) combined in factorial arrangements in randomized complete 

block design with three replications. The result of the study showed application of 92kg N 

ha
-1 

is recommend at Debark and similar agro ecology. Even if application of P has no 

effect on potato tuber yield 23 kg ha
-1

 phosphorus fertilizer should applied for soil fertility 

maintenance. For Chilga district and similar agro ecology application of NP at the rate of 

138 kgha
-1

 and 46 kgha
-1

 respectively recommended. 

Keywords: Chiliga, Debark, nitrogen, phosphorus , potato 
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Introduction  

Potato (Solanum tuberosum L.) is a herbaceous plant belongs to the family Solanaceae and 

genus Solanum.  It is native to South America (Eskin and Michael, 1989). According to 

Berga et al., (1994b), potato was introduced to Ethiopia in 1859 by a German Botanist, 

Schimpera. The authors further indicated that potato production in Ethiopia was limited to 

homesteads for many years. Worldwide, potato (SolanumtuberosumL.) ranks next to wheat 

and rice in area production and consumption. 

Its world annual production is about 330 million metric tons with area coverage of 

18,651,838 ha. In Africa, total production of potato is about 17,625,680 tons with total area 

coverage of 1,765,617 ha. In Ethiopia, total production is around 572,333 tons on area 

coverage of 69784 ha. Ethiopia is suitable climatic and edaphic conditions for potato 

production. (FAOSTAT, 2010). 

About 70% of cultivated agricultural land of Ethiopia is suitable for potato production 

(Yilma 1991). The annual potato production in Ethiopia was 1.62 million tons from an area 

coverage of 0.18 million hectares (CSA 2014). The national average yield is 9 tons ha
-1
 

(CSA 2014) which is very low compared to the world mean of 17.7 tons/ha (FAOSTAT, 

2010). One of the contributing factors was poor use of optimum plant nutrition.  

Potato is very important for food security and as a source of income generation for a large 

proportion of the rural households of Ethiopia (FAO, 2008). Because, of its high yield per 

unit of land and time. 

Potato requires a variety of plant nutrients for growth and development. Nitrogen, 

phosphorus and potassium are the most important among the elements that are essential to 

potato. Most of Ethiopian soil Fertility has already declined due to continuous cropping, 

abandoning of fallowing, increase use of manure for fuel consumption and crop rotation 

(Tilahune et al., 2007). 

The Lowest soil fertility is the major constraint limiting to potato production in Ethiopia. 

Farmers should tackle this problem through the application of both organic and inorganic 

fertilizes, which amend the soil environment (Place et al., 2003). 

https://scialert.net/fulltext/?doi=ijss.2012.146.156#42002_con
https://scialert.net/fulltext/?doi=ijss.2012.146.156#51920_an
https://scialert.net/fulltext/?doi=ijss.2012.146.156#51920_an
https://scialert.net/fulltext/?doi=ijss.2012.146.156#51920_an
https://scialert.net/fulltext/?doi=ijss.2012.146.156#51921_an
https://scialert.net/fulltext/?doi=ijss.2012.146.156#954163_ja
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Potato is dramatically responsive to Nitrogen fertilization, which is usually the most 

limiting essential nutrient for potato growth, especially on sandy soils (Errebhi et al., 1998). 

According to many researchers, the application of N fertilizer can play a great role in the 

vegetative growth of potato (White et al., 2007). 

The application of suitable amount of nitrogen fertilizer is a major factor in soil fertility 

management, because the overload of this fertilizer will lead to decrease tuber quality, 

delay plant maturity, decrease tuber yield, dried matter storage into aerial parts rather than 

tubers (Hashemidezfooli et al., 1998). So, the development of new methods using the 

appropriate concentration of N fertilizer has become necessary for potato producers. 

To enhance the productivity of potato soil fertility management has to be the primary role 

of the producers. Different experiments conducted in Ethiopia show that application of 

nutrient has a positive relation to producing a higher yield of potato(Kahsay& Moral, 2019) 

However, enhancing farmers to produce higher yield of potato application of appropriate 

fertilizer is a key issue needed in the study area. Therefore, the objective of this study was 

to determine the optimum rate of nitrogen and phosphorus to improve yield and yield 

components of potato in the Central and North Gondar Zones, Ethiopia 

Materials and Methodss  

Description of Study Area: The study was conduct in 2018/2019 and 2019/2020 cropping 

season on farmersô field. The study area was located in Amhara National Regional State in 

North Gondar zone at Debark and Chiliga Districts. Debark district is located in 12.854
0
N ï 

13.482
0
N and 37.535

0
E ï 38.197

0
E The altitude of Debark district 2885 meter above sea 

level. It has tepid to cool moist highland agro-ecology. The minimum and maximum 

temperature of the study area is 3.7 °C and 23.1°C and it receives 1231 mm mean annual 

rainfall annually. Chilga district is located in 12.290
0
N ï 12.903

0
N and 36.446

0
E ï 

37.232
0
E and the midland agro-ecology with the altitude of 2146 meter above sea level. 

The minimum and maximum temperature of the area is 19°C and 27 °C and its average 

annual rainfall is 1050 mm.  
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Picture 1 Map of Debark and Chilga districts 

Planting Materials and Experimental Methodology 

Adapted and recommended variety of Irish potato called Gudane and Jaleni used for the 

experiment for Chilga and Debark respectively in main season. Twelve treatment 

combinations were randomly replicate three times in factorial randomized complete block 

design. The treatment had three levels of phosphorous (0, 46 and 69) and four level of 

nitrogen (0, 46, 92 and 138) kgha
-1

 used. Source of nitrogen was in the form of urea, while 

P in the form of (TSP). Nitrogen applied in split, half during sowing and the rest half at 

flowering stage. The gross plot size measured 2.8 m x 2.4 m (6.72m
2
). Four rows and eight 

plants per row were plant with 70cm between rows and 30cm between plants and spacing 

of 1.5 m between blocks and 1m between plots. Harvested plot size was 2.4.m *1.4 m or 

two rows was harvest.  



Response of Potato (Solanum tuberosum L.) to different rates of Nitrogen and Phosphorus                           Melkamu et al. 

 
24 Proceedings of 13th Regional Annual Conference on Completed Research Activities on Soil and 

Water 

Collected Data: The following data were collected  number of tuber per hill, number of 

stem per plant, plant height (cm), marketable yield per hectare (ton), and total yield per 

hectare (ton), price of fertilizer (ETB) during planting and price of potato at harvesting 

time. 

Statistical Analysis: Analysis of variance for the collected parameters performed as the 

methods using SAS computer software version 9.0 for (RCBD) and treatments mean 

comparison done by list significance difference (LSD) at 5% confidence level.  

Economic Analysis: It was performed the following the CIMMYT partial budget analysis 

methodology (CIMMYT 1988). Average potato tuber yield were consider for the analysis. 

Total variable cost, gross benefit and net benefit were calculated.  

To estimate the total variable costs, mean market prices of NP was assess at the time of 

planting and market price of potato tuber was estimate after harvest. The prices of potato 

tuber were calculated by adjusting the average market prices of those tubers downward by 

10 percent of on farm tuber yield. To compare the costs that varied with the net benefits, 

marginal analysis done. The marginal analysis involves dominance analysis, net benefits 

curve fitting and calculating the marginal rate of return (MRR). The treatment, which, is 

none dominate and have a MRR of greater or equal to 100%and the highest net benefit was 

consider as economically profitable. 

Soil Sampling and Analysis: Composite soil samples were collect diagonal pattern at depth 

of 0ï30 cm before planting for each site. Samples were air-dried, ground sieved. Total 

nitrogen was determined using the Kjeldahl method (Bremner & Mulvaney, 1982) while 

the available phosphorus was determined following the Olsen procedure (Olsen & 

Sommers, 1982).Soil pH was determined in a 1:2.5 soil to water suspension following the 

procedure outlined by Sertsu and Bekele (2000). Soil organic carbon content was determine 

by the wet digestion method using the Walkley and Black procedure (Nelson & Sommers, 

1982). The exchangeable potassium was measure by flame photometer after extraction of 

the samples with ammonium acetate solution at pH-7 following the procedures described 

by Sahalmedhin and Taye (2000).soil particle size is determine density of soil-water 

suspension measured with Bouyoucos hydrometer method (Sahalmedhin and Taye,2000) 
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Results and Discussion 

Soil physicochemical properties of the study sites 

The results revealed that soil pH of research sites at Debark ranged between 5.6 - 5.65 

(Table 1) and classified as moderately acidic (Hazelton and Murphy, 2016). Soil organic 

carbon ranged from 1.79-1.87 and medium in content based the classification of Tekalign 

(1991). Available phosphorus ranged from 33.27 - 34.61 and fall under very high category 

following Cottenie (1980). The total nitrogen ranged from between 0.22 ï 0.28 and lies in 

the medium to high range (Tekalign 1991). The Cation Exchange Capacity was high (35.82 

ï 47.48) based on Tekalign (1991). Based on FAO (2006) , ex. K
+
 content was low to 

medium, ex. Na
+
 was  low to medium ex. Ca

++
 was very high, and ex. Mg

++
  was very hig 

(Table 1). 

Table 1. Soil physico-chemical properties at Debark 

Soil property Unit 

2018 2019 

Site 1 Site 2 Site 1 Site 2 

Total nitrogen %   0.22 0.28 

Available P P/PPM 34.61 33.27 25.29 14.37 

pH H2O 5.6 5.65 5.58 5.58 

OC % 1.87 1.79 2.53 2.46 

CEC Cmol/kg Ammon. Acet. 47.48 42.45 39.57 35.82 

Ex. K+ Cmol/kg Ammon. Acet. 0.95 1.12 0.55 0.29 

Ex. Na+ Cmol/kg Ammon. Acet.   0.28 0.35 

Ex.Ca+ Cmol/kg Ammon. Acet.   24.72 23.86 

Ex. Mg+ Cmol/kg Ammon. Acet.   12.84 9.52 

Soil proportion      

 Sand % 21.28 39.28 20.72 30.72 

 Clay % 34 22 38 30 

 Silt % 44.72 38.72 41.28 39.28 

Textural class  % clay loam loam Clay loam Clay loam 

Similalry, the soil pH of the experimental sites at Chilga ranged between 5.33-5.73 (Table 

2) and classified as moderately acidic (Hazelton and Murphy, 2016). In addition, soil 

organic carbon of the experimental sites varies between 1.71-2.13% and was medium in 

content (Tekalign, 1991).  Available phosphorus also ranged between 5.83-11.65 ppm and 

rated as low according to Cottenie (1980) and medium Olsen, (1982). Moreover, the total 

nitrogen content of the study sites at Chilga was moderate to high (0.2 to 0.34 %) 
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(Tekalign, 1991). Furthermore, the CEC of the soils of the experimental sites was classified 

as high (Tekalign 1991).  Based on FAO classification ex K
+
  was medium to high, ex. Na

+
 

was medium, ex. Ca
++

   15.52 ï 23.33 high to very high, and ex. Mg
++

 very high (Table 2). 

Table 2. Soil physicochemical properties at Chilga 

Soil property 
 2018 2019 

Unit Site 1 Site 2 Site 1 Site 2 

Total nitrogen %   0.2 0.34 

Available P P/PPM 5.83 5.95 10.28 11.65 

pH H2O 5.73 5.33 5.45 5.67 

OC % 1.71 1.87 2.75 2.13 

CEC Cmol/kg Ammon. Acet. 41.45 43.01 34.11 35.14 

Ex. K+ Cmol/kg Ammon. Acet. 1.15 0.72 0.35 0.63 

Ex. Na+ Cmol/kg Ammon. Acet.   0.33 0.63 

Ex.Ca+ Cmol/kg Ammon. Acet.   15.52 23.33 

Ex. Mg+ Cmol/kg Ammon. Acet.   16.16 8.99 

Soil Proportion      

Sand % 31.28 29.28 24.72 26.72 

Clay % 30 32 46 36 

Silt % 38.72 38.72 29.28 37.28 

Textural class % clay loam clay loam Clay  Clay loam 

 

Effect of Nitrogen and Phosphorus on Potato Plant Height   

Analysis of variance shown that the application of N has significantly affected the plant 

height of potato while P did not influence (Table. The fertilization of nitrogen at a rate of 

138 kg N ha-1 increased plant height by 21.6 cm  and 18.2 cm compared to the control at 

Debark and Chilga districts  below (table 3 and 4) respectively. The response to the N 

fertilization attributed to stem elongation which able to height increment. This study results 

showed that similar with the finding of (Yibekal, 1998 and Zelalem et al.; 2009) who 

reported, nitrogen fertilization increased potato plant height. Other previous studies support 

the current finding Israel et al.; (2012), Fayera (2017), and Alemayehu et al. (2015) they 

obtained that the application of nitrogen fertilizer has a significant effect on plant height. 

They also found that the plant height of potato increasing with an increase in nitrogen 

levels. 
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Effect of Nitrogen and Phosphorus Fertilizer on Potato Tuber Number. 

The application of NP fertilizer has a significant effect on the number of tubers per hill at 

Debark (table 3). The maximum (13.9) and minimum (10.5) tubers obtained through 

(138/0) kg N ha
-1

, in addition to that, the maximum (13.5) and minimum (12.2) tubers were 

recorded at the rate of (69/0) kg ha-1 P respectively 

Likewise, Chilga District (table 4) shown below, on the application of N maximum 8.9 and 

minimum 5.9 tuber number per hill have obtained. Whereas, the application of P have not 

affected tuber number per hill. 

According to Amzallag et al., (1992), application of nitrogen has significant effects on 

tuber formation through its effect on Gibberellins biosynthesis and phytohormone balance 

in the potato. Other studies indicated that application of nitrogen to potatoes before tuber 

initiation; increases the number of tubers per plant and mean fresh tuber weight 

(Kanzikwera et al., 2001). 

Number of Stem per Hill: The application of nitrogen did significantly influence the 

number of stems per hill. Increasing the level of nitrogen from 0 to 138 kg ha-1 increased 

stem number per hill from 5.6 to 7.3. The highest (7.3) and the lowest (5.6) number of stem 

per hill was obtained on the rate of 138 kg N ha
-1

 and control plot, respectively. On the 

contrary, P fertilization was not significantly affected. 

 The present finding in line with, Birtukan B, (2007) have described that the lowest stem 

number of potato was obtained from the control plot (0/0 N/P). 

Effect of Nitrogen and Phosphorus on Potato Tuber Yield 

The application of nitrogen fertilizer significantly affected tuber yield and tuber yield 

components of potato (table 3). Increasing the application rates of nitrogen resulted in 

increasing the total tuber yield from 22.0 to 36.3-ton ha
-1

.The highest yield obtained at 92 

and 138 kg nitrogen ha
-1

 while the lowest yield obtained at zero nitrogen. Therefore, in 

study area of Debark district 92kgha
-1

 N is biological yield and economically feasible.  This 

result is in line with the finding of Zelalem et al., (2009) and (Zewide, et al., 2012) who 

reported that, the application of more nitrogen had opportunity for additional gain in total 

tuber yield of potato. Increasing the application rate of phosphorus from 0-69 kg P2O5 ha
-1
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statistically, have not significant difference on the total tuber yield consequently available 

phosphorus in the soil was recorded sufficient amount (cottenie 1980). 

At Chilga district, the application of nitrogen and phosphorus fertilizer significantly 

affected tuber yield and tuber yield components of potato (table 4). Application of 

phosphorus fertilizer increases from 0 to 69 kgha
-1

 statistically significant difference on the 

total tuber yield that is from 16.7 to 21.5 ton ha
-1

. Whereas the least and the highest tuber 

yield of potato 13.7 ton and 25.3 tons ha
-1

 was record through the application of 0 and 138 

N kgha
-1

 respectively. The experiment confirmed that application of nitrogen and 

phosphorus can improve soil productivity and increases the production of potato. This 

study is in line with Kahsay and Moral (2019) and Powon. (2005) who reported that, the 

application of adequate nutrients (nitrogen and phosphorus) is the option to maximize 

production and productivity of potato. While, the highest yield was obtained at 138 kg N 

and 46 kg P2O5 ha
-1 

which, 25.3ton ha
-1

 but the lowest yield was obtained at (0/0) NP. 

Therefore, for Chilga, district the application of 138kgha
-1

N and 46 kgha
-1

 P2O5 is recorded 

the highest potato tuber yield.  

Table 3. Effect of Nitrogen and Phosphorus on combined mean value of growth and yield of potato 

at Debark district over two years (2018 and 2019) 

Nitrogen (kg ha
-1

) 

Plant 

height 

(cm) 

Number of 

stem/hill 

Number of 

tuber/hill 

marketable 

yield(tha
-1

) 

Total 

yield 

(tha
-1

) 

0 51.9
d
 5.6

b
 10.5

b
 20.3

c
 22.0

c
 

46 63.7
c
 6.8

a
 13.0

a
 27.8

b
 29.8

b
 

92 69.7
b
 7.3

a
 13.7

a
 33.3

a
 35.6

a
 

138 73.5
a
 7.3

a
 13.9

a
 33.7

a
 36.3

a
 

LSD(0.05) 3.5 0.6 1.1. 2.8 2.7 

P2O5  (kg ha
-1

)           

0 65.3 6.8 12.2
b
 28.7 30.7 

46 64.4 6.6 12.6
ab

 29.0 30.9 

69 64.3 6.9 13.5
a
 28.7 31.2 

LSD(0.05) NS NS 0.9 NS NS 

CV (%) 11.6 20.6 18.3 2.4 18.6 
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Table 4. Effect of Nitrogen and Phosphorus on combined mean value of growth and yield of potato 

at Chilga district over two years (2018 and 2019) 

Nitrogen  

(kgha
-1

) 

Plant height 

(cm) 

Number of 

stem/hill 

Number of 

tuber/hill 

marketable 

yield(tha
-1

) 

Total yield 

(tha
-1

) 

0 44.6c 6.71 5.9
c
 13.0

d
 13.7

d
 

46 49.5c 6.38 7.8
b
 16.7

c
 17.7

c
 

92 56.0b 6.58 8.4
ab

 21.1
b
 22.2

b
 

138 62.8a 6.63 8.9
a
 24.2

a
 25.3

a 
 

LSD (0.05) 5.8 0.78 0.7 2.8 2.9 

P2O5  (kg ha
-1

)      

0 52.28 6.48 6.3 15.8
b
 16.7

b
 

46 52.53 6.44 8.4 20.1
a
 20.9

a
 

69 54.93 6.81 8.4 20.5
a
 21.5

a
 

LSD (0.05) NS NS NS 27.1 2.6 

CV (%) 16.3 17.8 16.8 2.4 27.6 

Partial Budget Analysis: Economic analysis was done to identify the most profitable NP 

fertilizer rate. The partial budget analysis showed that, the application of different rate of 

NP fertilization is economically feasible. In the current finding, the application of 92 kg ha
-

1
 N had the highest net benefit (242786.8 ETB ha

-1
) and the highest MRR (38821 %) was 

record. In addition to that, it gave an acceptable rate of return above 100% below (table 5).  

According to Horton (1987), the greater the increase in net income and the higher rate of 

return is the more economically attractive the fertilizer rate is. The author further explained 

that the fertilizer rate is acceptable only if the return is higher than 1.0. The application of 

92 kg ha
-1

 N had 62.57% yield advantage over the control. Therefore, the application of this 
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rate will boost the yield of potato production and increase the income of the farmers.  

Whereas partial budget analysis showed that below (table 6), the application of (138 /46) 

kgha-
1
 N and P2O5 had given the net benefit (169976.0 ETB ha

-1
) and the highest MRR 

(1967%) was record next to (138/69) kg ha
-1

 N/P2O5 had the highest net benefit (187008.3 

ETB ha
-1

) and the MRR (1901 %) was record. The application of 46 and 69 P2O5   with 138 

kgha
-1

 N had 43.11 and 39.18% yield advantage over control respectively. Therefore, the 

application of 46 P2O5 and 138 kg N ha
-1

 had the highest MRR and yield advantage. 

Table 5. Partial budget analysis at debark 
Treatments 

(P2O5,N) 

respectively 

Market

able 

yield 

(tha
-1
) 

Adjust

ed 

yield  

(tha
-1
) 

fertilizer 

Applicat

ion Cost 

(ETB) 

fertilizer 

Cost 

(ETB) 

Total 

variabl

e cost 

(ETB) 

Gross 

benefit 

(ETB) 

Net  

benefit 

(ETB) 

dom

inan

ce 

anal

ysis 

MRR 

(%)* 

(0,0) 21.1 19.0 0.0 0.0 0.0 151920 151920.0     

(46,0) 19.5 17.5 0.0 1558.5 1558.5 140162.4 138603.9 D   

(0,46) 25.0 22.5 700.0 1456.6 2156.6 180302.4 178145.8   1216 

(69,0) 20.5 18.4 0.0 2337.8 2337.8 147362.4 145024.7 D   

(46,46) 29.5 26.5 700.0 3015.1 3715.1 212342.4 208627.3   1955 

(0,92) 34.3 30.8 900.0 2913.2 3813.2 246600 242786.8   34821 

(69,46) 28.8 25.9 700.0 3794.4 4494.4 207360 202865.7 D   

(46,92) 33.1 29.8 900.0 4471.7 5371.7 238262.4 232890.7 D   

(0,138) 34.3 30.9 1100.0 4369.8 5469.8 246902.4 241432.6 D   

(69,92) 32.6 29.3 900.0 5251.0 6151.0 234417.6 228266.7 D   

(46,138) 34.1 30.7 1100.0 5928.3 7028.3 245397.6 238369.3 D   

(69,138) 32.8 29.5 1100.0 6707.6 7807.6 236282.4 228474.9 D   

* :MRR is marginal rate of return 
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Table 6. Partial budget analysis at chilga district 
Treatment 

arrangement 

(P2O5, N)  

 

marketab

le yield (t 

ha
-1
) 

Adju

sted 

yield  

(t ha
-

1
) 

fertilizer 

Applicati

on Cost 

(ETB) 

fertilize

r Cost 

(ETB) 

Total 

variable 

cost 

(ETB) 

Gross 

benefit 

(ETB) 

Net  

benefit 

(ETB) 

domin

ance 

analysi

s 

MRR 

(%)* 

(0,0) 10.9 9.8 0.0 0.0 0.0 73278.0 73278.0   

(46,0) 15.7 14.1 0.0 1791.5 1791.5 105826.5 104035.0  1716 

(0,46) 13.8 12.4 700.0 1327.5 2027.5 93001.5 90974.0 D  

(69,0) 12.4 11.2 0.0 2687.3 2687.3 83922.8 81235.5 D  

(46,46) 20.8 18.7 900.0 2655.0 3555.0 140400.0 136845.0  1860 

(0,92) 16.9 15.2 700.0 3119.0 3819.0 113852.3 110033.3 D  

(69,46) 19.6 17.6 700.0 4014.8 4714.8 132003.0 127288.3 D  

(46,92) 17.7 15.9 1100.0 3982.5 5082.5 119252.3 114169.8 D  

(0,138) 21.5 19.4 900.0 4446.5 5346.5 145273.5 139927.0  172 

(69,92) 21.0 18.9 900.0 5342.3 6242.3 141527.3 135285.0 D  

(46,138) 26.2 23.6 1100.0 5774.0 6874.0 176850.0 169976.0  1967 

(69,138) 28.9 26.0 1100.0 6669.8 7769.8 194778.0 187008.3  1901 

*  MRR is marginal rate of return 

Conclusion and Recommendation 

Potato is one of the most widely cultivated vegetable crops in the highlands of Ethiopia. 

Production and productivity of potato are very low when compared to the world national 

average yield. Among different factors, soil fertility and nutrient management are the key 

factors affecting crop productivity and soil nutrient depletion. To improve the production 

and productivity of potato soil fertility management has to be the principal role of the 

producers. Different experiments conducted in Ethiopia show that application of different 

nutrients has a positive relation to producing a higher yield of potato. The current 

experimentations confirmed that adequate application of nutrients increase the production 
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of potato and economic feasibility. Therefore, application of 92 kgha
-1

 nitrogen fertilization 

is recommend for high lands of Debark district and similar agro ecology. Even if 

application of phosphorus fertilizer, have not significant effect on potato, tuber yield in case 

of Debark, it should be applied the least (23 kgha
-1

 P2O5) for soil fertility maintenance. 

Whereas as at Chilga district and similar agro ecology the application of 138kgha
-1 

nitrogen 

and 46 kg ha
-1 

phosphorus is, recommend.   
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Abstract 

The average yield of barley in Ethiopia is lower compared to the world and potential yield.  

It is mostly constrained by the depletion of soil fertility, caused by imbalanced 

fertilization, limited application of organic manure, intensive cropping. A field experiment 

was conducted at two locations for three consecutive years (2014-2016) to determine the 

effect of S on yield components, and yield of food barley.  An experiment consisting of six 

levels S (0, 10, 20, 30, 40, and 50 kg ha
-1

) laid out in RCB design with three replications. 

The results revealed that, yield components of barley were not affected by various levels of 

S. On the contrary, grain and straw yield was significantly affected by S levels compared to 

control treatment. Application of S at 20 kg ha
-1
 increased grain and straw yield of food 

barley by 16.8 and 20.2 % compared to control respectively. The partial budget analysis 

result revealed that, application of 20 kg S ha
-1
 produced the highest net benefit (39174.5 

ETB), while, compared to the marginal rate of return (MMR), application of 10 kg S ha
-1

 

produced the highest MRR(4899.8 %) value. The current finding complements additional 

evidence to research entitlements that S is becoming the limiting nutrients in Ethiopian 

soils and barley yields have been improved by the application of S nutrient. Therefore, 

based on biological data and net benefit, the application of 20 kg S ha
-1
 is found to be the 

further most economically feasible treatment for food barley production in the Basona 

woreba district. 

Keywords: Balanced fertilization, Sulfur, Food barley 
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Introduction  

Barley (Hordeum vulgare L.) is an ancient cereal crop and is the fourth-largest grown 

cereal crop in the world with a share of 7% of the global cereal production (Pal et al., 

2012).  It is a cool-season crop that is adapted to high altitudes (Bayeh and Berhane, 2011). 

In Ethiopia, barley is one of the most important crops for food, feed, malt, and income 

generation for many smallholder farmers in the highlands. Furthermore, it is used as animal 

fodder, as a source of beverages, and as a constituent of various health foods. Traditionally, 

barley grains are used for making homegrown recipes and drinks such as Dabo, kolo, 

genfo, kinche, 'beso,' tela', 'borde', and other types of food (Bekele et al., 2020). The crop is 

considered as a poor manôs crop and better adaptable to problematic soils and marginal 

lands (Verma et al. 2011).  

The world average productivity of barley in 2018/19 is 2.89 tha
-1
 (Dukhnytskyi, 

2019). The average yield of barley in Ethiopia is lower (2.18 tha
-1

), compared to the world 

average (2.89 t ha
-1

) and its potential yield of 6 tha
-1

. Barley in Ethiopia occupies about 

811,782.08 hectares of land annually with an estimated production of 48,380,740.91 

quintals (CSA, 2019). Currently, barley consumption in Ethiopia is increasing due to the 

growth of population and a gradual change of lifestyle, but its productions have not 

expanded as required, and productivity is still low. This is due to several constraints such as 

depletion of soil fertility, which is caused by intensive cropping, imbalanced fertilization, 

limited application of organic manures, and soil erosion (Birhan et al., 2016; Parashar et 

al., 2020).  

Balanced fertilization is efficient fertilizer utilization for sustainable high yields 

which indicates a total plant nutrition system that is capable of taking care of all deficient 

nutrients which occur in an area, they may be of macro-or micro-nutrients (Ryan, 2008). It 

is also seen as a dynamic approach that responds to the need for higher productivity and the 

emergence of any new deficiencies or disorder (Lin, 1997). For fertilizer use to be efficient 

and environment-friendly, balanced use is a prerequisite. Therefore, adequate mineral 

fertilization is considered to be one of the most important requirements for better yield and 

quality of crop (Parashar et al., 2020). Soils in the highlands of Ethiopia usually have low 
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levels of essential plant nutrients, like low availability of nitrogen, and others are limiting 

nutrients to crop production (Taye et al., 2002; Menna et al., 2016; Assefa et al., 2017). 

In addition to N and P nutrients, sulfur (S) deficiency is also distributed in Ethiopian 

soils. For example, Assefa (2016),  Shawl et al. (2020), and Shawl et al. (2021) studied the 

response of the wheat crop to S application and reported that significantly responded to S 

fertilizer application. Soils in those studies had S content below the critical level (11-14 mg 

SO4
-2

-S kg
-1

 dry soil) for optimum production of the crop. Other study reported that, the 

effect of S on cereal crop grown in the semi-arid region of Ethiopia found that grain yield 

and S uptake was significantly increased due to S application (Kiros Hagos and Singh, 

2009). Likewise, a field experiment was conducted in barley, shown that the application of 

30 kg S ha
-1

 significantly increased the plant height, dry matter production, and number of 

tillers of barley (Kumawat et al. 1997).  The national soil inventory data also revealed that 

in addition to NP, sulfur nutrient deficiency (92%) is widespread in Ethiopian soils 

including the study area (Ethio-SIS, 2013). 

Without adequate supply of S, crops cannot reach their full potential in terms of yield 

or protein content (Zhao et al., 1999). Among the essential elements, S is very much 

beneficial for increasing crop production and involved in the synthesis of chlorophyll, 

amino acids and some plant hormones (Rahmanet al., 2007). Continuous removal of S from 

soils through plant uptake without replenishment has led to widespread S deficiency and 

affected soil S budget all over the world, even including the industrialized ones, areas 

where industrial pollutions can contribute S for plants (Imran et al., 2014). Hence, it is 

necessary to generate more information on S effect on barley production in the study area. 

Therefore, the present study was designed to investigate the effect of S application on yield 

and yield components of food barley grown in Basona werena District, North Centeral 

highland of Ethiopia.  

Materials and Methods 

Description of the Study Areas: The experiment was conducted for three consecutive 

(2014-2016) cropping seasons /years on two locations at Goshebado (147 km) and 
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Gudoberet (172 km) to northwest, and East from the capital City, Addis Abeba, Ethiopia 

respectively. Geographically, the field experiment lies between 09
0
, 43ô, 58.4ò to 09

0
, 44ô, 

45.8ò N and 039
0, 
25ô, 39.1ò to 039

0
, 27ô, 29.4ò E with an altitude of 2796 to 2990 m.a.s.l at 

Goshebado and 09
0
, 46ô, 21.2ò to N 09

0
, 47ô, 06.5ò and 039

0
, 39ô, 37.3ò to 039

0
, 40ô, 08.5ò 

E with an altitude of 2914 to 3043 m.a.s.l at Gudoberet. The study locations and the district 

as a whole are characterized by having a uni-modal rainfall pattern and receives an average 

annual rainfall of 921.2 mm. Nitisols and Cambisols are the dominant soil type in 

Goshebado and Gudoberet experimental location respectively. Major crops grown in both 

locations are wheat, Barley, lentil, faba bean, chickpea, field pea, and grass pea in 

decreasing orders of area coverage.   

Soil Sampling and Analyses: Before planting of barley crop, the composite soil samples 

were collected from each site from a depth of 0-20 cm using augur randomly from 15 spots 

by walking in a zigzag pattern. After carefully mixing the composite samples, 1 kg of sub-

sample was taken and brought to Debre Berhan Agricultural Research Center soil 

laboratory. The submitted soil sample was air-dried and grounded to pass a 2 mm mesh 

sized sieve.  

The processed samples were analyzed for texture following the Bouyoucous 

hydrometer method (Bouyoucous, 1962). The pH of the soil was measured using a pH-

water method by making soil to water suspension of 1: 2.5 ratio and was measured using a 

pH meter (VanReeuwijk, 1992). The soil OC content was determined by the wet digestion 

method (Walkley and Black, 1934). Total nitrogen (TN) was determined by using the 

modified micro Kjeldahl method (Cottenie, 1980). Available P (ava. P) was analyzed by 

using Olsen colorimetric method as described by Olsen et al. (1954). 

Treatments, Design, and Experimental Procedure: The experiment consisting of six 

levels of S (0, 10, 20, 30, 40, and 50 kg ha
-1

) and laid out in randomized complete block 

design (RCBD) with three replications. The recommended dose of 69 P205, 80 K20, 92 N kg 

ha
-1

, and micronutrients (2Zn, 0.5Cu, and 0.5B kg ha
-1

) was applied in each plot to avoid 

the limiting nutrients. Gypsum (CaSO4*2H2O), Borax, Zinc Sulfate, Copper Sulfate, 

Murat of potash and Triple superphosphate (TSP) were used as S, B, Zn, Cu, K and P 
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sources respectively. The test crop, barley variety, HB-1307 was planted in a unit plot size 

of 3.6 x 3.4m with row spacing of 20 cm apart at a rate of 137.7 kg ha
-1

. The whole doses 

of gypsum (CaSO4*2H2O), KCl, and TSP fertilizers were applied as basal before planting 

as per the treatment. The Urea-N was splited; one half of N was applied at planting and the 

remaining one half was applied one month after planting. Micronutrients (Zn, B, and Cu) in 

the form of ZnSO4, Borax, and CuSO4 respectively were applied in foliar form two times at 

the tillers developments stage of the crops.  All agronomic management of the experiments 

were done as per the specific recommendation for the crop. 

Data Analysis: The collected data were subjected to statistical analysis of variance 

(ANOVA) using SAS software program (SAS version 9.3; SAS Institute Inc, 2011). After 

verifying normality and homogeneity of error variance across years and locations, a 

combined analysis for the 3 years and locations was done by using the procedure of SAS 

software version 9.3 (SAS Institute Inc, 2011).  Mean comparisons were done by Least 

Significant Difference (LSD) according to the procedure of Gomez and Gomez (Gomez 

and Gomez, 1984) at a 5% level. 

Partial Budget Analysis: Partial budget analysis was done to determine the economic 

feasibility of S fertilizer for food barley production around the study areas following 

procedures described in CIMMYT (1998). The mean grain and straw yield data of barley 

were employed in the analyses. Furthermore, the grain and straw yield obtained from each 

treatment were adjusted down by 10 % to narrow the possible yield gap that may happen 

due to differences in field management. The average prices of relevant inputs required to do 

the partial budget analyses were collected from different sources.  The prices of gypsum 

fertilizer during the planting of this experiment was collected from Debre Berhan town. 

Accordingly, the price of gypsum was 2.4 Ethiopian Birr (ETB) kg
-1

. The field prices of 

grain and straw yield at the district local market around the study area were used. 

Accordingly, prices of grain and straw yield of barley were 7 and 2.4 ETB kg
-1
 

respectively. The economic analysis procedure recommended by CIMMYT (1988) was 

applied as follows:  

Average yield (AY) (kg ha
-1

):  It is the average yield of each treatment converted to hectare. 
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Adjusted yield (AJY): The adjusted yield for treatment is the average yield adjusted 

downward by 10% to reflect the difference between the experimental yield and the yield 

farmers could expect from the same treatment. AJY = AY - (AY x 0.1).  

Gross benefit (GB): The gross field benefit for each treatment was calculated by 

multiplying the field/farm gate price that farmers receive for the crop when they sale it as 

adjusted yield. GFB = AJY x field/farm gate price of a crop.  

Total variable costs (TC): This is the sum of all the costs that vary for a particular 

treatment. Net benefits (NB): This was calculated by subtracting the total costs from the 

gross field benefit for each treatment. NB = GFB ï TC  

Dominance analysis (D): This was carried out by first listing the treatments in order of 

increasing costs that vary. Any treatment that has net benefits that are less or equal to those 

of treatment with lower costs that vary is dominated.  

Marginal rate of return (MRR): This was computed by dividing the marginal net benefit 

(i.e., the change in net benefits) with the marginal cost (i.e., the change in costs) multiplied 

by hundred and expressed as a percentage.  

 

Where NB=Net benefit, TVC= total variable cost, MRR= Marginal rate of return. Thus, 

(MRR) of 100% implies a return of one Birr on every Birr of expenditure in the given 

variable input.  

Results and discussion 

Soil Physical and Chemical Properties: Prior-planting soil analyses of selected 

physicochemical properties of samples collected from experimental locations at Goshebado 

and Gudoberet are summarized in (Table 1). The soils of Goshebado and Gudoberet was 

belonging to clay and clay loam textural class respectively. Goshebado soil reaction (soil 

pH) ranged from slightly acidic to neutral whereas the soil of Gudoberet ranged from 
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moderately acidic to neutral reaction (Murphy, 1968). Goshebado TN ranges from low to 

moderate and whereas OC is low categories (Tekalign, 1991). The OC and total nitrogen 

(TN) content of Gudoberet is in low categories. The available P content of Gudoberet is 

low to the medium range while at Goshebado is ranged from medium to high categories 

(Olsen et al., 1954).  

Table 1: Soil Physico-chemical properties of the study sites across years 

Parameters 

Locations 

Goshebado   Gudoberet 

2014 2015 2016  2014 2015 2016 

pH (1:2.5) 6.34 6.81 6.8  6.68 5.8 5.6 

Av. P (ppm) 6.90 7.90 6.70  24.78 15.50 13.80 

TN (%)  0.10 0.15 0.15  0.07 0.08 0.09 

OC (%) 1.17 1.46 1.40  0.75 0.77 0.77 

C: N 11.47 10.01 9.62  11.20 9.85 8.63 

Sand (%) 22 22 22  36 26 25  

Clay (%) 52 46 46  28 34 35 

Silt (%)  26 32 32  36 40 40 

Textural Class Clay Clay Clay  clay loam clay loam clay loam 

 

Effect of Sulfur on Yield Components of Barley: The yield components of food barley didnôt 

respond significantly to S, the interaction of sulfur (S) by location (L), S by year (L) (S*L 

and S*Y), and interaction of S by L and Y (S*L*Y) (Table 2). While, the main effect of 

Year (Y) and location (L) highly significantly (p<0.01) affected the yield components of 

food barley (Table 2).  

The analysis of variance showed that, the maximum mean plant height (97.5 cm), spike 

length (6.9 cm), total tillers (7.9) and fertile tillers (7.2) was obtained in year 3 (Table 3). 

While, the lowest value of the above mentioned parameters was obtained in the first year 

(year 1). While considering location effect on yield components of food barley, 

significantly higher values of these parameters were obtained at Goshebado than 
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Gudoberet. At Goshebado, plant height, and spike length were higher by 4.5 and 4.7 % 

respectively over that produced in Gudoberet irrespective of treatments. 

Table 2: Effect of S on overall mean of yield components of barley 

S-rate (kg ha
-1
) Plant height (cm) Spike length (cm) Total tillers plant

-1
 Fertile tillers plant

-1
 

0 87.4 6.3 6.1 5.7 

10 89.9 6.0 6.7 6.2 

20 91.9 6.5 6.4 6.1 

30 88.6 6.2 6.5 6.1 

40 89.4 6.2 6.6 6.2 

50 91.3 6.5 6.4 5.9 

LSD (p<0.05)     

S*  ns ns ns ns 

L 5.9 1.01 ns ns 

Y 3.4 0.25 ns ns 

S*L ns ns ns ns 

S*Y ns ns ns ns 

S*L*Y  ns ns ns ns 

CV (%) 13.58 6.38 11.36 11.98 

*S=sulfur level, L=location, Y=year 

 

Table 3: Main effect of year and location on yield components of barley 

Year* Plant height (cm) Spike length (cm) Total Tilers plant
-1
 Fertile Tillers plant

-1
 

1 81.3c 5.4b 4.33c 4.0c 

2 90.5b 6.6a 6.97b 6.7b 

3 97.5a 6.9a 7.9a 7.2a 

LSD (<0.05) 5.9 1.01 0.95 0.41 

Location         

Goshebado 91.8a 6.4a 6.44 5.9 

Godoberet 87.7b 6.1b 6.39 6.0 

LSD (<0.05) 3.4 0.25 ns ns 

*1=2014, 2=2015, 3=2016 



Food Barley (Hordeum vulgare L.)  Yield and Yield Components Response to the Application of Sulfur ΧΧ                       Shawel et al. 

 

 
44 Proceedings of 13th Regional Annual Conference on Completed Research Activities on Soil and 

Water 

Effect of Sulfur on Grain and Straw Yield of Barley: Grain and straw yield of food barley 

respond significantly (p<0.01) to main effect of S nutrient , but no, respond significantly to 

the interaction of sulfur (S) by location (L),  S by year, and interaction of S by L and Y (  
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Table 4). While the overall mean of grain and straw yield of barley were significantly 

(p<0.05) affected by the main effect of years and locations.  

Data in   
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Table 4 showed that the effects of S on grain and straw yield of barley.  The increasing S 

rates up to 20 kg ha
-1

 showed an increasing trend and attained the maximum grain and 

straw yield of barley. However, the increase of S rates beyond 20 kg ha
-1

 showed a 

decreasing trend in grain and straw yield of barley. Application of S at 10 and 20 kg ha
-1

 

significantly increased grain yield by 12.8 and 16.8% over the control respectively.  

Similarly, these treatments increased straw yield by 16.7 and 20.2% over the control 

respectively. Therefore, the present finding revealed that barley yield has been improved by 

the application of S fertilizer. 

Data regarding to main effect of year and location on grain and straw yield of barley 

presented in Table 5. The higher values of grain and straw yield were obtained in year 3 

than in year 1 and 2. In year 3, grain yield was higher by 8.6 and 18.4% and straw yield by 

2.0 and 8.1 % over that produced in year 1 and 2 respectively. This might be due to better 

rainfall distribution and temperature suitability in year 3 than year 1 and 2. 

Location has significantly affected grain and straw yield of food barley. Accordingly, 

significantly higher values of grain and straw yields were obtained in Goshebado than 

Gudoberet location. At Goshebado, grain and straw yields were higher by 13.0 and 19.7% 

over that produced in Gudoberet irrespective of treatments (Table 5). This could be possible 

be due to better microclimate condition of food barley used in Goshebado than Gudoberet. 
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Table 4: Effect of Sulfur  on grain and straw yield of barley 

S-rate (kg ha
-1
) Grain yield (kg ha

-1
)  Straw yield (kg ha

-1
) 

0 4028.0c  5452.7c 

10 4620.1ab  6543.2ab 

20 4840.8a  6833.1a 

30 4577.0ab  6290.9b 

40 4665.4a  6278.3ab 

50 4658.3a  6121.5b 

LSD (<0.05)    

S* 513.4  523.7 

L  **   **  

Y **   **  

S*L  ns  ns 

S*Y ns  ns 

S*L*Y  ns  ns 

CV (%)  14.62  13.17 

*S=sulfur level, L=location, Y=year 

Table 5: Main effect of year and location on grain and straw yield of food barley 

Year*  Grain Yield (kg ha
-1
)  Straw Yield (kg ha

-1
) 

1  4130.0c  6051.5b 

2  4517.9b  6173.2b 

3  5059.0a  6586.0a 

LSD (<0.05)  316.58  325.5 

Location       

Goshebado  4243.67b  5580.85b 

Godoberet  4879.2a  6948.67a 

LSD (<0.05)  608.23  1189.32 

*1=2014, 2=2015, 3=2016 

Partial Budget Analyses: The results of partial budget analysis data of S fertilizers are 

summarized in Table 6. Accordingly, treatments produced higher net benefit (NB) relative 

to the control treatment, which indicates the feasibility of S fertilizer application for barley 

production in the study district. Therefore, the highest NB (39174.5 ETB) was produced by 

the application of S at 20 kg ha
-1

 followed by application of S at 10 kg ha
-1

 which produced 
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(37124.9 ETB). When it comes to the marginal rate of return (MRR), the highest value of 

MRR (7274.1%) was produced by application of S at a rate of 10 kg ha
-1

 followed by 20 kg 

S ha
-1

.   

Table 6: Partial budget analysis of barley to the study areas 

S-rate (kgha
-1
)*  

Adj grain 

yield  
Adj straw yield  TVC GB NB MRR MRR (%) 

0 3625.2 4907.4 5217 37154.2 31138.2 -   - 

10 4158.09 5878.9 5300 43215.9 37124.9 72.74 7274.1 

20 4396.72 6059.8 5383 46320.5 39174.5 48.99 4899.8 

30 4119.3 5661.8 5466 42423.4 36182.4 21.10 D 

40 4198.8 5650.5 5550 42953.3 36637.3 17.40 D 

50 4192.47 5509.4 5633 42569.7 36178.7 12.99 D 

*S=Sulfur, Adj=Adjusted, TVC=Total variable cost, GB=Growth benefit, NB=Net benefit, MRR=Marginal rate of return 

Discussions 

Sulfur (S) is an essential plant nutrient needed for higher crop yields and improved 

nutritional value, in recent decades the occurrence of S deficiency has increased and 

fertilizer S may steadily increase, this may lead to inefficient crop utilization of S and result 

in negative footprints on the environment (Aula et al. 2019). Previous research result 

revealed that, sulfur deficiency is capable of reducing crop yield even without expressing 

visual symptoms on plants (Tandon, 1995; Sharma and Gupta, 2003).  

Currently, deficiency of sulfur is increasingly being reported in soils of Ethiopia. For 

instance, Assefa (2017), Shawl etal., (2020) and Shawl etal., (2021) research report 

indicated, the sulfur content of the expeimental soils were below the critical level and 

application of sulfur using wheat as a test crop significantly improved grain and straw yield 

of the test crop. In the present study, the application of S is improved barley yield. The 

increasing rate of S up to 20 kg ha
-1

 showed an increasing trend and attained the maximum 

grain and straw yield of barley. It was also observed from a previous study that, sulfur 

fertilizer improved yield and yield components of barley (Togay et al. 2008). Another study 

result indicated that the application of S plays an important role in barley nutrition (Environ 
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Abstract 

Sesame is considered one of the most important oil crops (ñQueen of oil seedsò) in the 

world because its seed has high contents of oil and protein. A field experiment was carried 

out during the 2019 cropping season at the metema and tacharmacheho district, West 

Gondar zone, to verify the effects of phosphorus (P) fertilizer level on the yield and yield-

related components of sesame and validate soil fertility maps of the lowland areas of the 

Amhara region. The government has launched the óEthioSISô project to develop soil fertility 

maps and generate soil fertility map-based balanced fertilizer recommendations in the 

country. The map shows seven nutrients (N, P, K, S, B, Zn, and Cu) deficiencies in many 

cultivated and cultivable areas of Amhara region. Phosphorus is an essential plant nutrient 

which involves in all physiological activities of the crop production. The experiment was 

laid out in a randomized complete block design (RCBD) with three replications and the 

treatment consisted of one rate of N fertilizer (46 N kg ha-1) and four levels of phosphorus 

fertilizer (8.3, 16.6, 24.9, and 33.3 kg ha
-1

). Phosphorus application had a significant effect 

on 100 seed-weight. The highest thousand seeds weight was recorded on 46 kg P2O5 ha
-1
 

(Trt 4) while the control plot (0 kg P2O5 ha
-1

) had the lowest thousand seeds weight. The 

highest grains yield (936.6 kg ha
-1

) was recorded in 46 kg P2O5 ha
-1

and the lowest grain 

yield (678.6 kg ha
-1

) was recorded in the control plot. Application of different rates of P 

fertilizer provided a statistically significant difference in grain yield of sesame. 

Keywords: Metema, Phosphorus, Sesame, Soil map, Tach armacheh
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Introduction  

Sesame is considered one of the most important oil crops (ñQueen of oil seedsò) in the 

world because its seed has high contents of oil and protein (Berhanu et al., 2016). World 

production of sesame seed gradually increased from 5.2 million tons year
-1

 in the 2011s to 

6.1 million tons year
-1

 in 2014, due to increasing demand for sesame oil worldwide 

(FAOSTAT, 2016). According to the FAO, in 2016, the reserved area for sesame planting 

in the world was 11.06 million hectares with a production rate of 6.08 million tons year-1 

and an average yield of 1.11 t ha
-1

. In Africa, Ethiopia stands fifth in the area after Sudan, 

Tanzania, Nigeria, and Burkina Faso, however, in productivity, Ethiopia stands eighth after 

the Central African Republic, Egypt, Somalia, Benin, Nigeria, Cameroon, and Morocco 

(FAOSTAT, 2016). The major sesame seed-producing regions are situated in the North 

West and South West Ethiopia in Humera, Gondar, Wollega, and Metekel (Dawit and 

Meijerink, 2010; CSA, 2011). 

 In Ethiopia oil seeds added 6.68% (about 846,493.53 hectares) of the grain crop area and 

2.79% (about 8,550,738.16 quintals) of the production to the national grain total. Neug, 

sesame, and linseed covered 2.29% (about 290,494.94 hectares), 2.92% (about 370,141.06 

hectares) and 0.62% (about 79,044.51 hectares) of the grain crop area and 1.06% (about 

3,233,448.82 quintals), 0.84% (about 2,559,034.30 quintals) and 0.29% (about 882,096.51 

quintals) of the grain production, respectively (CSA,2018). 

Nitrogen, phosphorus, and potassium are often called primary macronutrients because of 

the large quantities taken up from the soil relative to other essential nutrients. The need for 

phosphorus is critical during the early stage of growth when normal meristem development 

and rapid shoot growth are necessary for high yield. Plants use about 1/10 as much 

phosphorus as nitrogen. It is part of plant nucleoprotein and hence important in plant 

heredity. Phosphorus also plays a role in energy transfer reactions, metabolic processes, cell 

division, stimulates fruit setting, and seed production (Miller and Donahue, 1995; Tisdale et 

al., 1995). The physical and chemical properties of soil were reported to influence the 

solubility of phosphorus and its absorption reaction in soils. These include the nature and 

amount of soil mineral, soil pH, cation effect, anion effect, extent of P saturation, and 
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fertilizer management (Tisdale et al., 1995). Lack of improved varieties, moisture stress, 

poor crop management practices, and the growing of sesame on the same land for a long 

time without crop rotation are considered as some of the reasons for the reduction of the 

yield in Ethiopia (Berhanu et al., 2016). Therefore, this research aimed to verify the 

response of sesame to different phosphorus levels application and validate soil fertility 

maps on metema and tach armacheho districts in the lowlands of the Amhara region. 

Materials and Methods 

Description of Study Area: The experiment was conducted on the farmerôs field at Kokit 

and Aftit kebeles in Metema and Sanja and Fendeqa kebeles in Tache armacheho districts 

in the West and Central Gondar administrative zone respectively in the Amhara region, 

Ethiopia. The experimental areas are located 35.51
0
-37.24

0
 and 12.25

0
-13.14

0
 and 36.62

0
-

37.59
0
 and 12.78

0
-13.29 14

0
 longitudes and latitude of Metema and Tache armacheho 

respectively. Vertisols are the dominant soil type and sesame, sorghum, soybean, 

mungbean, and cotton were the main crops growing in the study areas. The study areas has 

mixed crop-livestock farming system.  

 

Figure 1. Map of the study areas 
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The altitude of the areas ranges from as low as 550 to 1608 masl while the mean annual 

temperature ranged between 22 and 28 
0
c. Daily temperature becomes very high from 

March to May, where it may get to as high as 43 
0
c in the Metema district. Nearly all the 

land in the area is in the lowlands except some mountain tops which fall outside. According 

to the available digital data, the mean annual rainfall for the area ranges from about 850 to 

around 1100 mm. Based on this digital data, about 90% of the area receives a mean annual 

rainfall of between 850 and 1000 mm. The rainy months extend from June until the end of 

September. However, most of the rainfall is received during July and August (NMSA, 

1985). 

 

  

Figure 2. Annual rainfall (mm) and Minimum and Maximum Temperatures at Metema 

district (2011 E.C) 
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           Figure 3. Annual rainfall (mm) and Minimum and Maximum Temperatures (
0
C) at Tache armacheho (2011 

E.C) 

Experimental Research Design and Treatments 

The experiment was laid out on a randomized complete block design and the treatments 

were; 0 P2O5, 19 P2O5, 38 P2O5, 46 P2O5, and 57 kg P2O5 ha
-1

. The recommendation of 

fertilizer used for sesame was 65 kg Urea ha
-1

. The plot size was 4.8 m * 5 m wide and 

length. There were 1m, 1.5 m, 40 cm, and 10 cm between plots, replications, rows, and 

plants respectively. 

Soil Sampling Technique and Analysis 

Eighteen soil samples were randomly collected in a diagonal pattern before sowing from a 

depth of 0-20cm on each experimental site and taken one composite sample. The composite 

soil sample was air-dried and passed through a 2 mm sieve for physicochemical analysis. 

The soil was analyzed for texture, soil total nitrogen, available phosphorous, pH, OC, and 

CEC before sowing. The texture of the soil was determined by the hydrometer method 

according to (Bouyoucos, 1962). Total soil N was analyzed by the Kjeldahl digestion 

method with sulphuric acid (Jackson, 1962). Soil pH was determined from the filtered 

suspension of 1:2.5 soils to water ratio using a glass electrode attached to a digital pH 
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meter, a potentiometer (FAO, 2008). Organic carbon, was determined by oxidizing carbon 

with potassium dichromate in sulfuric acid solution following the Walkley and Black 

method (Walkley and Black, 1934). The available soil phosphorus was determined by the 

Olsen method (Olsen et al; 1954). Exchangeable potassium was extracted by ammonium 

acetate at pH 7 (Sahalmedhin and Taye, 2000) and determined by an Atomic absorption 

spectrometer. The cations exchange capacity (CEC) of the soil was determined following 

the 1N ammonium acetate extraction (pH7) method. 

Land Preparation and Sowing: The experimental field was prepared for the conventional 

tillage practice of the area. It was manually leveled and then divided into blocks and plots; 

the blocks were separated by a 1.5 meter wide open space where the plots in the block were 

1m apart from each other. Each plot consisted of 12 rows of 5 m in length and spaced 0.4 m 

apart. The selected sesame variety (Abasyena) seeds were sown manually at the equal 

spacing between plants and rows with a seed rate of 4 kgha-1 and depth (3-5 cm) mid-way 

on the row and slightly covered by soil. 

Fertilizer Use, Thinning, and Weeding: The full dose of TSP fertilizer was applied during 

sowing, while urea was applied in the split as a 1/3 urea (i.e., as per treatment) was applied 

uniformly in rows at planting. The remaining 2/3 of each nitrogen fertilizer treatment was 

side-dressed after 45 days from sowing. The weeds observed in the plots were controlled 

manually at the same time for all treatments. Thinning of seedlings was done three weeks 

after sowing and the second thinning was also done a week after the first thinning to have 

10 cm spacing between plants as recommended and practiced in the area to get the 

recommended stand population. All other typical agronomic practices of the area were 

performed uniformly to all plots. 

Data Collected: Plant height; the mean height of ten randomly selected plants at 

physiological maturity, measured from the base to the tip. Number of branch per plant: at 

maturity, ten plants from central rows were chosen at random and their branch was counted 

from each plant. Number of pod per plant is recorded as the mean of ten randomly selected 

plants at physiological maturity. Seeds per pod was counted on ten randomly selected pods 

at physiological maturity and recorded the mean value. Thousand seed weight; the weight 
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Table 1. Physico-chemical properties of the experimental sites 
Parameters Metema Tach armacheho 

Site 1 Site 2 Site 1 Site 2 

Soil pH (H2O) 6.18 6.37 6.42 6.48 

Organic Carbon (%) 1.14 0.99 0.73 0.99 

Total N (%) 0.17 0.17 0.18 0.20 

Available P (mg kg
-1
) 4.6 3.06 4.6 3.12 

CE.C (cmol kg
-1
) 45.90 46.72 49.90 50.20 

Exch. K+ (cmol kg
-1
) 0.06 0.10 0.14 0.17 

Sand (%) 16.72 18.72 16.72 18.72 

Silt (%) 21.28 27.82 23.28 25.28 

Clay (%) 62 54 60 56 

Textural class Heavy clay Clay Clay Clay 

 

 Growth Character: Plant height: The application of phosphorus shows a significant effect 

on plant height of sesame. The highest (144cm) and lowest (137cm) were recorded on 

treatment 4 (46 kg P2O5 ha
-1

) and treatment 1(Control) respectively. A similar result was 

found from the findings of Nushrat et al., (2019) they stated that the highest plant height of 

sesame was recorded from 46 kg P2O5 ha
-1

. However, the longest plant height was obtained 

on treatment (4) there was a significant effect on the other treatments (2, 3, & 5) except the 

control plot. These results might be due to the stimulating effect of phosphorus on 

metabolic activity, cell division and expansion, leading to higher plants (Marschner, 1986). 
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Table 2. Effect of phosphorus on growth and yield parameters of sesame 

Treatment (P2O5 kgha
-1
) pH* NPP TSW GY 

0 (Control) 137
b
 25

c
 2.6

b
 678.6

c
 

19  142
ab

 32
ab

 2.6
b
 829.5

b
 

38  143
ab

 33
ab

 2.6
b
 879.8

ab
 

46  144
a
 36

a
 2.7

a
 936.3

a
 

57  140
ab

 31
ab

 2.6
b
 828

ab
 

Mean 141 31 2.7 830.4 

CV (%) 4.1 18.8 5.1 7.6 

LSD (Sig) *  *  *  *  

*  Plant height (PH), Number of pod per plant (NPP), 1000 seed-weight (TSW), Grain yield (GY kg ha
-1
), 

Coefficient of variance (CV), Least significance difference (LSD) and * significant at 5 % level. 

Yield Contributing Characters 

Number of Pods/Plant: Analysis of variance showed that the number of pods/plant was 

much affected by different levels of phosphorus. The phosphorus application at increasing 

levels showed significant effect on number of pods per plant up to 46 kg P2O5 ha
-1

 then 

reduced. The greatest numbers of pods/plant (36) and the smallest number of pods/plant 

(25) were recorded on 46 kg P2O5 ha
-1

 (Trt 4) and control, respectively.  Similarly, this 

finding agreed with the report of Habte Berhanu and Adugna Hunduma,2017 they indicate 

that the highest pods per plant (68.67) was recorded from the application of 40 kg P2O5 ha
-1

 

and the lowest pods per plant (48.52) was recorded from zero levels of phosphorus fertilizer 

(control). 

1000 Seed Weight: Phosphorus application had a significant effect on 100 seed-weight. The 

highest thousand seeds weight was recorded on 46 kg P2O5 ha
-1

 (Trt 4) while the control 

plot (0 P2O5 ha
-1

) had the lowest thousand seeds weight. Increasing phosphorus fertilizer 

rate up to 95 kg P2O5 ha
-1

 significantly increased the 1000-seed weight of sesame (Hafiz 

and El-Bramawy, 2012). According to Ali et al. (2002), 1000-seed weight was influenced 

significantly by the application of phosphorus. The present finding agrees with Nushrat et 

al, 2019. 
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 Grain Yield: The highest grains yield (936.6 kg ha
-1

) was recorded in 46 kg P2O5 ha
-1

 and 

the lowest grain yield (678.6 kg ha
-1

) was recorded in the control plot. Nushrat et al. (2019) 

showed that the highest seed yield of sesame was recorded from 46 kg P2O5 ha
-1

 but the 

lowest seed yield of sesame was recorded from control (0 kg P2O5 ha
-1

). The result is 

supported by the findings of (Shehu, E.H.et al, 2010 and Haruna, M. 2011) who reported 

that increasing phosphorus levels has significantly increase grain yield. Hafiz and El-

Bramawy (2012) found that increasing phosphorus fertilizer rate up to 95 kg P2O5 ha
-1
 

significantly increased the seed yield of sesame. 

Conclusion and Recommendation 

The present study indicates that different levels of phosphorus showed a significant effect 

on growth and yield of sesame. The result of the experiment showed the application of 

different rates of P fertilizer provided a statistically significant difference in grain yield of 

sesame; and adding P fertilizer could increase the grain yield of sesame when compare to 

unfertilized plot (0 P). Therefore, further research on the factorial combination of various P 

and N fertilizer rates should be done to recommend the optimum rate of NP fertilizer for 

sesame in the lowland areas of the west Gondar zone. 
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Abstract   

Soils are affected by human activities, including agricultural activities, which often 

result in soil degradation. To prevent soil degradation and rehabilitate the potentials of 

degraded soils, a critical and detailed study of the description, characterization, and 

classification of the major soil types in a given area is important. Therefore, the soil 

physical and chemical properties were characterized based on the FAO 2006 manual at 

Metema irrigation station, which is one of the irrigation research stations of Gondar 

Agricultural Research Center. For laboratory analysis, three profiles were opened, 

described, and sampled from each generic horizon. Twenty-four soil profile samples 

and 10 PF (p of power, F of free energy of water) rings samples (core sampler) were 

collected for laboratory analysis. Soil observations on parallel fixed grids of 30 m apart 

were laid across the land, and auger observations were taken every 30 m along the grid 

line. The auguring was made staggered with "Edelman" auger to a depth of 1.20 m. The 

soil characterization result revealed that three mapping units such as Eutric Orthofluvic 

Fluvisols (Loamic), which are somewhat excessively drained soils that occur in the 

northern part of the research site along the Guang River, Pellic Vertisols (Hypereutric), 

which is poorly drained soils that occur in the southern part of the research site, and 

Pellic Vertisols (Hypereutric) which refer to well-drained soils that occur in the eastern 

part of the research site are identified in the research site. Generally, the dominant soils 

of the Metema Irrigation Research station are Vertisols and Fluvisols, which are very 

deep and less eroded. The major constraints are water-logging, poor workability, and 

depletion of nutrients, leading to low productivity. Therefore, soil and water 

management strategies that cope with these constraints should be identified further.   

Keywords: Fluvisols, generic horizon, soil characterization, soil profile, soil property 
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Introduction  

Soil is one of the vital land resources which is a basis for agricultural production; it 

influences crop suitability and choice of land utilization types. An increase in food 

production will require an integrating sustainable use of natural resources (Zelleke et 

al., 2010;United Nations, 2013). Soils are affected by human activities, such as 

industrial, municipal, and agriculture, which often result in soil degradation and loss or 

reduction in soil functions (Keesstra et al., 2016). The consequence tracks back to 

humans and nature; it affects yield reduction, forest degradation, and uncomfortable 

condition for micro-organisms (United Nations, 2013). Reliable soil data are the most 

prerequisite for the design of appropriate land-use systems, soil management practices 

(to rehabilitate degraded soils). Soil survey needs to understand the natural properties, 

dynamics, and function of soils (FAO, 2006). Thus, extensive soil surveys and 

investigations have to be carried out to meet the goal of sustainable agricultural 

production of an area. Accurate soil information about the current status of surface soil 

characteristics and soil factors is critical in achieving the goals of sustainable agriculture 

in the 21st century (Scherr & McNeely, 2008; United Nations, 2013). 

 

Soil potential management and exploitation is based on the critical and detailed study of 

the description, characterization, and classification of the major soil types in a given 

area. It serves as the basis for soil classification, site evaluation, and interpretations of 

the genesis and environmental functions of the soil ( FAO, 2006; Mesfin et al., 2017).  

 

The assessment of soil suitability for different agriculture uses usually requires details 

on land resources inventory for the future crop management system. The soil studies of 

the Metema irrigation site were done during the Metema woreda soil study at a 1: 

50,000 scale in 1995. However, taking into account the objective of the present study, it 

was carried out at a 1:2000 scale achieving a density of eleven auger hole observations 

per hectare (ha) as required under the terms of reference (TOR).  

 

Objectives of the Study 

The overall objective of the soil survey study is to provide detailed information on the 

soil of the Metema Irrigation Research Site for irrigated agricultural purposes. The 

specific objectives of the study were: 
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1. To investigate and identify different soil types of Metema Irrigation Research 

Station  

2. To describe soils' physical and chemical characteristics 

3. To map the distribution of the soil units at 1:2,000 scale, and  

4. To identify constraints and potentials of major soils before development 

intervention. 

 

 Materials and Methods 

Area description: Metema irrigation research site is located in Amhara National 

Regional State, West Gonder Administrative Zone in Metema Yohanes woreda, at about 

47 km northwest of Genda Wuha town (on Gendawuha to Metema road and bifurcates 

to the North at 39 km). This irrigation research site lies in the Tekeze River Basin, and 

its geographic extent in UTM (WGS 84) ranges from 1433455 m to 1433710 m North 

latitude and 202922 m to 203355 m East longitudes. The lowest altitude is 680 meters 

above sea level, while its highest is 690 meters above sea level. A map showing the 

location of the Metema irrigation research site is provided in Figure 1. 
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Figure 1. Location of Metema Irrigation Research Site 

Climate: There is a meteorological recording station located in the close vicinity of the 

study area. The meteorological data were obtained from Ethiopia National 

Meteorological Agency (NMA) at Metema station. The meteorological parameters like 

monthly mean minimum and maximum temperature and mean annual rainfall is 

presented in annex 3a and 3b. According to the Ethiopia National Meteorological 

Agency (NMA) data records at Metema station (from 1997 to 2015), the annual rainfall 

ranges between 663mm to 1371mm with the mean annual value of 987.81mm. It has a 

uni-modal rainfall pattern where the rainy season is from June to September, during 

which 86.6% of the annual rainfall occurs (annex 3a). However, 25.5% of the mean 

annual rainfall occurs in August. It indicates that the area has an uneven distribution of 

rain that causes soil erosion in sloping topography. The mean monthly average rainfall 

records of the last 19 years are shown in Figure 2. 
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Figure 2. Mean monthly rainfall of the study area 

 

The mean annual temperature is 27.25
0
c, and the yearly mean minimum and maximum 

temperatures are 19.24
0
c, and 35.25

0
c, respectively (Annex 3b). August is the coldest 

month (24.83
0
c), while March and April are the hottest (30.22 to 31.67

0
c). According to 

the climatic classification developed in the Agroecological zones of Ethiopia, the study 

area falls in the category of warm sub-moist lowlands with a characteristic temperature 

of 24.83
0
c ï 31.67

0
c and length of growing 61-120 days. The altitude of the study area 

varies from 680 ï 690 m.a.s.l.  The slope of the land goes down towards the North.  

 

 

Figure 3.  Mean minimum and maximum monthly temperature 
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Physiography and Geology: The Metema Irrigation Research Site has two 

physiographic units, ranging from very gently to gently sloping lowlands with a 1.5 to 
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the study site were classified according to the World reference base for soil resources 

2014 
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measured in the suspension of a 1:2.5, while the electrical conductivity was measured in 

a 1:5 soil to water ratio. Organic carbon was determined using the Walkley-Black 

oxidation method (Walkley & Black, 1934). Total nitrogen was determined by the 

micro-Kjeldahl digestion, distillation, and titration method (Bremner, 1960) and the 

available P was determined using the standard Olsen extraction method (Olsen et al., 

1954). Total exchangeable bases were determined after leaching the soils with 

ammonium acetate (Reeuwijk, 2002). The concentrations of K
+
, Na

+
, Ca

2+
, and Mg

2+
 in 

the leachate were analyzed by Ammonium Acetate leachate Solution. Cation exchange 

capacity was determined at a soil pH level of 7 after displacement by using the 1N 

ammonium acetate method (Schollenberger & Simon,). The available micronutrient contents 

of the soil were extracted by diethylenetriaminepentaacetic acid (DTPA) method (Tan, 

1996) and concentrations were determined by Atomic Absorption Spectrometry (AAS). 

 

 Data Elaboration and Manipulation: All the data collected in the field survey and 

laboratory results have been entered into a database in Microsoft Excel for storage and 

data processing.  The soil database consists of location and site description, soil horizon 

description, and soil physicochemical properties. To characterize properly the final soil-

mapping units, the soil databases were checked and all the field observation points 

(profile pits and auger holes) were plotted in the digital map. All homogeneous 

observations within one mapping unit were used to characterize that specific mapping 

unit. 

 Soil Mapping Units and Classification: The field observation and laboratory data 

interpretation were carried out. The data was analyzed for various soil properties and the 

preliminary field soil mapping unit was reclassified accordingly.  Location map of the 

different soil observation sites, detailed mapping units, and soil map digitized produced 

at the scale of 1:2,000 with an extended legend from the data collected during the field 

survey was prepared. The soil mapping unitsô legend was constructed using slope, soil 

depth, surface soil texture, and dominant soil type.  

The soil mapping unit symbol (e.g., 2a11-FL-of.eu-lo) is explained as follows: The first 

Arabic number represents the slope class (2), the lower case letter (a) represents the soil 

depth class, the second Arabic number (11) represents the surface soil texture class, and 

the two upper case letters (FL) after hyphen represent soil reference group followed by 
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lower case letters (of.eu-lo) principal and supplementary qualifiers, respectively. These 

symbols in combination form the soil mapping unit as per WRB 2014. 

2a11-FL-of.eu-lo wherein, 

¶ 2= slope class (1-2 % slope, very gently sloping) 

¶ a= soil depth class ( >150cm soil depth, very deep) 

¶ 11= soil surface texture code ( Sandy loam) 

¶ FL= soil reference group ( Fluvisols) 

¶ of = principal qualifier ( Orthofluvic) 

¶ eu= principal qualifier (Eutric) 

¶ lo= supplementary qualifier (Loamic)  

Therefore, this soil mapping unit can be read as Eutric Orthofluvic Fluvisols (Loamic). 

The distinguishing criteria for each unit are stated in Table 1.  

Table 1.  Distinguishing criteria of the mapping unit 

Slope % Soil depth (cm) Surface soil texture  

 (0-30cm) 

Dominate Soil Type 

Range Code Range Code Type Code 2
nd

 level classification Description  

0-1 1 >150 a Heavy clay 1 Eutric Orthofluvic 

Fluvisols (Loamic) 2a11-FL-of.eu-lo 

1-2 2 100-150 b Clay 2 Pellic Vertisols 

(Hypereutric) 3a1-VR-pe-je 

2-5 3 50-100 c Silty clay  3   

5-10 4 30-50 d Sandy clay 4   

10-15 5 <30 e Silt  5   

15-30 6   Loam  6   

30-45 7   Clay  loam 7   

45-60 8   Silty clay loam 8   

>60 9   Silty loam 9   

    Sandy clay 

loam 

10   

    Sandy loam 11   

    Loamy sand 12   

    Sand  13   



Characterization of the Soil Physical and Chemical ProperǘƛŜǎ ƻŦ aŜǘŜƳŀ LǊǊƛƎŀǘƛƻƴ ΧΧ                                         9Ǌǘƛōŀƴ Ŝǘ ŀƭΦΦ 

 
76 Proceedings of 13

th
 Regional Annual Conference on Completed Research Activities on Soil and Water 

Accordingly, three soil mapping units were identified in the project area (Table 2). The 

soil mapping unit and soil map of the project area are presented at 1:2,000 scale in 

Figure 5.  

Table 2. Soil mapping units of Metema irrigation research site 

Soil Mapping 

Unit  

Profile 

No. 

Soil classification Area 

1
st
 level classification 2

nd
 level classification ha % 

2a11-FL-of.eu-lo Gmp3 

Fluvisols Eutric Orthofluvic Fluvisols 

(Loamic) 

3.34 44.95 

3a1-VR-pe-je Gmp1 Vertisols Pellic Vertisols (Hypereutric) 2.30 30.96 

3a2-VR-pe-je 

        

Gmp2 

Vertisols Pellic Vertisols (Hypereutric) 1.79 24.09 

TOTAL 7.43 100 

 

Results and Discussion  

Physico-Chemical Characteristics of the Mapping Units  

Three mapping units such as 2a11-FL-of.eu-lo, 3a1-VR-pe-je, 3a2-VR-pe-je were 

identified at the research site. The distribution of these soil units at the site is shown in 

Figure 5 and the soil units are characterized and mapped using different land and soil 

distinguishing parameters (Table 3). The analytical data of the three opened soil profiles 

are given in annex 2.  The physical and chemical characteristics of each soil mapping 

unit are as follows:   
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Figure 5. Soil map of Metema irrigation research site  

   

Table 3. Soil map legend 

Soil symbol/ 

description 

Represent

ative Pits 

Slope 

range 

Soil depth 

(cm) Soil texture Soil Unit 

Area 

ha % 

2a11-FL-of.eu-lo Gmp3 
1-2 

>150 
Sandy loam 

Eutric Orthofluvic 

Fluvisols (Loamic) 3.34 44.95 

3a1-VR-pe-je Gmp1 
2-5 

>150 
Heavy clay 

Pellic Vertisols 

(Hypereutric) 2.30 30.96 

3a2-VR-pe-je Gmp2 
2-5 >150 

Clay Pellic Vertisols   

(Hypereutric 1.79 24.09 

Total 7.43 100 

Note: GMP3 is a profile code stands for profile 3, GMP1, profile 1, GMP2, profile  

Mapping Unit 2a11-FL-Of.Eu-Lo (Eutric Orthofluvic Fluvisols (Loamic)) 

This unit refers to somewhat excessively drained soils that occur on a very gently 

sloping (1-2%) valley bottom landscape in the northern part of the research site along 

the Guang River. It covers 3.34 ha or 44.95 % of the research site. Soils of this mapping 
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unit are very deep (>150 cm), excessively drained, and black (7.5YR3/4) color in moist. 

The surface texture is sandy loam with a weak medium sub-angular blocky structure. 

These soils have a very friable consistency when moist, sticky, and slightly plastic when 

wet.  

 

According to the pH category of (Jones, 2002), the pH value of the surface soil is 7.27 

(neutral) and varies in the subsurface horizons from 7.17 to 7.64, which are neutral to 

slightly alkaline. The smaller pH values were obtained at the surface soils with higher 

pH values at the depth. Similar results were confirmed and reported (Sebnie et al., 

2021). The rise of soil pH with depth could be because of vertical movements of 

exchangeable bases and fewer H+ ions released from the decomposition of organic 

matter (Bekele et al., 2021).  

 

The electrical conductivity ranges between 0.023 and 0.041dS/m. The EC values 

indicate non-saline soils. The EC values measured in the Irrigation Research Station 

soils showed that the concentrations of soluble salts are below the threshold at which 

growth and productivity of most crops are affected due to soil salinity (Jones, 2001).  

 

The cation exchange capacity is high (39.74 to 60.71 cmol(+)/kg soil) throughout the 

horizons based on London (1991) as cited by (Ali et al., 2010) CEC values are rated < 5 

as very low, 5 - 15 as low; 15 - 25 as a medium, 25 - 40 as high and > 40 as very high. 

The studied soil has a higher base saturation (82 to 100%), suitable for crops. Base 

saturation indicates the percentage of the cation exchange capacity (CEC) of the soil 

colloids by the cations calcium (Ca2+), magnesium (Mg2+ ), potassium (K+ ), and 

sodium (Na+) (Jones, 2002).  

 

According to (Jones, 2002) rating, the organic matter content is very low to medium 

(0.08 -3.88 %), while the total nitrogen (TN) content of the studied surface and 

subsurface soils for this profile is low to medium (0.020-0.153%) throughout the 

horizons. That could be due to the land use of the area; in a cropland use system, there 

are burning of grass cover in the lowland for land preparation which lower SOM content 

of the topsoil, or all above ground biomass is removed for fodder or grazed by animals 

(Sebnie et al., 2021).  In addition, fast mineralization of soil organic matter because of 
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cultivation that ables disturbs soil aggregates, thereby increasing aeration and microbial 

accessibility to organic matter (Emiru and Gebrekidan, 2013).  

 

Carbon to nitrogen ratio (C: N ratio) is <10:1 except 21:1 at the second horizon. The C: 

N ratio of the site indicating optimum microbial activity for the humification and 

mineralization of organic residues (Sebnie et al., 2021). 

 

According to the sufficiency range of P (Horneck et al., 2011 and Eyasu et al., 2020), 

the available phosphorus (Olsen) is medium to high (7.93 to 13.37 ppm) in the upper 

two horizons, and it is very low to medium in the lower horizons. High available P 

values in the surface horizon compared to the subsurface horizons might be related to 

the difference in organic matter contents and application of P-containing fertilizer (Ali 

et al., 2010).  

 

Available potassium is very low in all horizons (51 to 74 ppm), except it is medium in 

the eighth and twelfth horizons (89 - 156 ppm). Exchangeable sodium percentage (ESP) 

is medium throughout the horizons but low and high at the second and fifth horizons, 

respectively.  The diethylenetria- menepentaacetic acid (DTPA) iron is sufficient (4.26 -

17.98 ppm) in the upper six horizons, and it varies low to marginal in the lower 

horizons.  The DTPA copper is high (1.13 to 5.45 ppm) throughout the horizons. Zinc is 

low in the upper three horizons and low to high in the lower horizon. 
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Table 4.  Analytical data of Eutric Orthofluvic Fluvisols (Loamic))-Mapping unit 2a11-FL-of.eu-lo in Metema irrigation 

Horizon Gmp3/01 Gmp3/02 Gmp3/03 Gmp3/04 Gmp3/05 Gmp3/06 Gmp3/07 Gmp3/08 Gmp3/09 Gmp3/10 Gmp3/11 Gmp3/12 

Depth (cm) 0-23 23-50 50-70 70-90 

90-103 103-120 

120-130 130-145 145-155 155-172 

172-190 190-

205+ 

% Sand 54 20 30 40 30 56 72 50 70 64 70 88 

% Silt 28 44 42 36 42 28 16 30 18 20 22 6 

% Clay 18 36 28 24 28 16 12 20 12 16 8 6 

Textural class 

Sandy 

loam 

Silty clay 

loam 

Clay 

loam 

Loam Loam Sandy 

loam 

Sandy 

loam 

loam Sandy 

loam 

Sandy 

loam 

Sandy 

loam 

Loamy 

sand 

PH-H2O (1:2.5) 7.27 7.17 7.41 7.43 7.64 7.45 7.33 7.55 7.55 7.55 7.49 7.52 

EC (ds/m) 0.041 0.033 0.030 

7.457.457.45
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Av. Cu "ppm 5.41 2.07 5.45 2.11 1.67 1.13 2.15 4.13 1.37 3.39 1.57 2.27 

Av. Zn ppm 0.77 0.71 0.58 0.23 1.09 0.40 1.32 0.92 0.82 0.43 0.30 0.44 

Av. Fe ppm 14.2 17.26 17.98 4.59 4.26 3.44 7.92 8.80 5.98 9.64 6.54 0.72 

Ca/Mg 2.45 2.27 2.10 2.83 2.47 2.52 2.72 2.03 1.92 2.99 1.74 2.95 

Mg/K 61.85 115.23 119.21 92.75 43.18 92 70.47 36.93 128.43 55.89 100.14 50.09 

(Ca+Mg)/K 221.16 384.54 379 365 165.36 332.53 269.47 115.88 383.57 230.94 282.43 204.68 

K:CEC Ratio 230 467 382 373 167 334 271 116 394 232 284 208 

Bulk Density (g/cm
3
) 1.23 1.23 1.16          

FC (% vol) 37.29 49.47 45.49          

PWP (%vol) 20.50 27.46 24.54          
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Figure 6:  Profile view of soil mapping unit 2a11-FL-of.eu-lo (profile code Gmp3) 

Mapping Unit 3a1-VR-Pe-Je  

This unit refers to poorly drained soils that occur on gently sloping lands (3%) in the 

southern part of the research site. It covers 2.30 ha or 30.96% of the research site. The soils 

of the unit are very deep (>150 cm) and very dark gray (10YR3/1) color in moist. The 

surface texture is heavy clay with a strong medium and coarse sub-angular blocky structure. 

These soils have a firm consistency when moist, very sticky, and very plastic when wet.   
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According to (Jones, 2002) the soil pH value in the first two horizons is 7.3 (neutral), which 

increased from 7.43 to 8.97 (slightly alkaline to strongly alkaline) in lower horizons. Soil 

pH can significantly influence plant growth by affecting the composition of the soil 

solution and the availability (sufficiency or toxicity) of essential and nonessential elements 

(Jones, 2002). The electrical conductivity ranges between 0.036 and 0.162ds/m nonsaline, 

indicting salinity effects mostly negligible (Jones, 2002).  

 

The cation exchange capacity is very high (53. 6 to 70.26 cmol (+)/kg soil), and it is highly 

base saturated (85 to 98%), which indicates a sound soil fertility status for crop production. 

The base saturation (BS), calculated as the sum of exchangeable bases divided by the CEC 

and multiplied by 100. The organic matter content is very low (0.80 %) at surface horizons, 

and its range is 0.58 to 1.35% in the subsurface horizons is very low. Total nitrogen content 

is low in the upper horizons (0.0.060 to 0.107%), and it has low to medium in the lower 

horizons (0.0.031 to 0.226%). Available phosphorus is very low (0.11 to 2.04 ppm) 

throughout the horizons. Available potassium is medium in the surface horizon (121ppm) 

and low to medium in the lower horizons (66-199 ppm).  

 

According to the sufficiency range of K (Landon, 2013), the balance of potassium to other 

cations is very low. Exchangeable sodium percentage (ESP) is medium (2.01 to 3.22%) 

throughout the horizons, except it is high (8.51%) and low (1.79%) at the fourth and fifth 

horizons, respectively. Soil iron content is sufficient at the surface, and it ranges low to 

marginal in the sub-surface horizons. Soil copper content is high (0.63 to 5.09 ppm) 

throughout the horizons, while zinc is low (0.50 ppm) in the upper horizons and low to high 

(0.34 to1.08 ppm) in the lower horizons. The carbon to nitrogen ratio is good (<10), except 

it is medium (14) in the lowest horizon.  
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Table 5. Analytical data of Pellic Vertisols (Hypereutric) /3a1-VR-pe-je/ in Metema Irrigation 

Research Site 

Horizon Gmp1/01* 

Gmp1/02 Gmp1/03 Gmp1/04 Gmp1/0

5 

Gmp1/06 

Soil depth (cm) 0-15 15-30 30-55 55-120 120-150 150-190+ 

% Sand 
16 18 14 22 24 42 

% Silt 
20 14 18 14 22 20 

% Clay 
64 68 68 64 54 38 

Textural class 
Heavy clay Heavy clay Heavy clay Heavy clay clay Clay loam 

PH-H2O (1:2.5) 7.3 7.3 7.43 8.35 8.48 8.97 

EC (ds/m) 
0.036 0.0262 0.046 0.072 0.081 0.162 

TN % 0.061 0.060 0.107 0.0226 
0.085 0.031 

OC  % 0.46 0.56 0.78 0.34 
0.77 0.37 

OM  % 0.80 0.97 1.35 0.58 
1.32 0.64 

C/N  7.5 9 7 1.5 
9 12 

Ex. Ca (cmol+/kg) 43.34 37.02 40.45 34.67 
26.75 31.14 

Ex. Mg pmm 12.84 20.87 16.69 13.27 
33.71 25.36 

Ex. Na pmm 1.37 1.63 2.21 4.56 
1.17 1.19 

Ex. K ppm 0.31 0.19 0.18 0.18 
0.51 0.17 

Sum Bases ppm 57.86 59.71 59.53 52.68 
62.14 57.86 

Base Satutation. % 92 85 87 98 
95 98 

CEC (Cmol+/kg) 62.72 70.26 68.65 53.56 
65.23 59.09 

Av.  P (ppm) 2.04 0.45 2.04 0.11 
0.17 0.40 

ESP 2.18 2.32 3.22 8.51 
1.79 2.01 

Av. Cu ppm 5.09 1.93 3.09 0.63 
4.39 3.53 

Av. Zn ppm 0.50 0.50 1.08 0.34 
0.88 0.54 

Av. Fe ppm 10.68 4.11 6.66 5.46 
4.02 0.58 

Ca/Mg 3.38 1.77 2.42 2.61 
0.79 1.23 

Mg/K 41.42 109.84 92.72 73.72 
66.10 149.18 

(Ca+Mg)/K 186.65 314.26 330.72 292.67 
121.84 340.35 

K:CEC Ratio 202 370 381 298 
128 348 

Bulk density (g/cm
3
) 1.13 1.24 1.55    

FC (%vol) 58.44 56.82 55.65  
  

PWP (%vol) 39.52 40.35 39.05  
  

*  Gmp1: field code for profile 1, CEC: cation exchange capacity, FC: field capacity, PWP: permanent wilting 

point  
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Figure 7. Profile view of soil mapping unit 3a1-VR-pe-je (profile code Gmp1) 

 

Mapping Unit 3a2-VR-Pe-Je 

This unit refers to well-drained soils that occur on gently sloping lands (2-5%) in the 

eastern part of the research site. It covers 1.79 ha or 24.09% of the research site. The soils 

of the unit are very deep (>150cm) and black (10YR2/1, moist). The surface texture is clay 

with a strong medium and coarse sub-angular blocky structure. These soils have a firm 

consistency when moist, very sticky, and very plastic when wet.   
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The pH values of the first two horizons are neutral (7.33 to 7.36), which are slight to 

strongly alkaline (7.43 to 8.24) (Jones, 2002). The pH values in the lowest horizons are 

strongly alkaline (8.02 to 8.24); similar results were confirmed and reported by (Sebnie et 

al., 2021). The rise of soil pH with depth could be because of vertical movements of 

exchangeable bases and fewer H+ ions released from the decomposition of organic matter 

(Bekele et al., 2021). 

 

The electrical conductivity ranges between 0.022 to 0.102 ds/m. According to (Jones, 2002) 

the EC results obtained in soils of the study area indicated that the concentration of soluble 

salts in soils of the irrigation research site were below the levels at which most crop 

cultivation is not affected by salinity. 

 

According to the sufficiency range of CEC (Landon, 2013), the cation exchange capacity is 

very high (48.19 to 63.74 cmol (+)/kg soil) throughout the horizons, and it is very highly 

base saturated (74 to 98%). The high amount of CEC in the soils of the study area may be 

due to the presence of active clay mineralogy (Mohammed et al., 2018) and indicating that 

the soils have adequate basic cation to support plant growth (Chekol & Mnalku, 2012).  

 

The organic matter content is very low (0.08 to 2.52%) throughout the horizons. Nitrogen is 

low in the upper horizons and low to medium (0.034 to 0.175%) in the lower horizons.  

The difference in organic matter and nitrogen content along soil depth could be attributed to 

variation in land-use systems along the topo-sequence. Intensive and continuous cultivation 

aggravated organic carbon oxidation and resulted in the reduction of total N compared to 

fallow land (Ali et al., 2010). 

 

The carbon to nitrogen ratio (C: N) is medium at the surface and sub-surface horizon (0.7 to 

14), generally less than 25%. That showed that decomposition might undertake at the 

maximum rate possible under environmental conditions (Mohammed et al., 2018). In 

general, a C: N ratio of about 10:1 shows a relatively better decomposition rate, serving as 

an index of improved nitrogen availability to plants and possibilities to incorporate crop 
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residues into the soil without having any adverse effect of nitrogen immobilization (Assen 

& Yilma, 2010). 

 

According to Eyasu (2013), available phosphorus is medium (9.07 ppm) at the surface and 

very low in sub-surface horizons. The available phosphorus is medium at the surface 
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Table 6. Analytical data of Pellic Vertisols (Hypereutric) /3a2-VR-pe-je/ in Metema Irrigation 

Research Site 

Horizon 

Gmp2/

01* 

Gmp2/02 Gmp2/03 Gmp2/04 Gmp2/05 Gmp2/06 Gmp7 

Depth (cm) 0-20 20-60 60-95 95-130 

 

130-150 

150-200  

390-400 

% Sand 24 24 22 28 50 62 56 

% Silt 24 24 26 32 26 26 30 

% Clay 52 52 52 40 24 12 14 

Textural class Clay  Clay  Clay  Clay  Sandy clay loam Sandy loam Sandy loam 

pH-H2O (1:2.5) 7.33 7.36 7.47 7.64 7.91 8.24 8.02 

EC (ds/m) 0.068 0.028 0.016 0.022 0.052 0.102 0.042 

TN% 0.102 0.083 0.175 0.043 0.034 0.063  

OC  % 1.46 0.83 0.37 0.05 0.18 0.05  

OM  % 2.52 1.43 0.64 0.09 0.31 0.08  

C/N  14 10 2 1.16 5.2 0.7  

Ex. Ca (Cmol+/kg) 33.28 38.84 40.55 37.99 34.78 32.31 26.54 

Ex. Mg ñ 11.45 17.23 14.12 20.54 15.41 13.16 20.22 

Ex. Na " 0.85 3.43 1.3 1.28 1.3 1.65 2 

Ex. K " 0.54 0.27 0.31 0.17 0.14 0.09 0.14 

Sum Bases " 46.12 59.77 56.28 59.98 51.63 47.21 48.9 

Base Satutation. % 74 98 89 95 96 98 99 

CEC (Cmol+/kg) 62 60.75 63.34 63.32 53.91 48.19 49.2 

Av.  P (mg/kg) 9.07 1.70 0.11 2.38 2.72 0.96  

ESP (%) 1.37 5.65 2.05 2.02 2.41 3.42 4.06 

Av. Cu  (mg/kg) 4.43 5.09 7.23 4.23 1.99 1.19  

Av. Zn (mg/kg) 0.40 1.27 1.19 0.73 0.14 0.04  

Av. (Fe mg/kg) 12.78 9.90 10.90 3.58 0.76 1.86  

Ca/Mg 2.91 2.25 2.87 1.85 2.26 2.46 1.31 

Mg/K 21.20 63.81 45.55 120.82 110.07 146.22 144.43 

(Ca+Mg)/K 85.41 221.37 181.55 352.82 368.79 524.56 349.29 

K:CEC Ration 115 225 204 372 385 535 351 

Bulk Density (g/cm
3
) 1.01 1.20 1.41     

FC (%vol) 52.73 53.69 54.45     

PWP (%vol) 33.52 34.49 35.60     

*Gmp2: field code for profile 2, CEC:cation exchange capacity, FC:field capacity, PWP: permanent wilting 

point  
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Figure 8.  Profile view of soil mapping unit 3a2-VR-pe-je (profile code Gmp2) 

 

Major Soil Units, Their Potentials and Limitations 

Fluvisols 

Fluvisols accommodate genetically young soils in alluvial soils (FAO, 2006). They 

developed in alluvial deposits along Guang River and on the valley bottom part of the 

research site. Only Eutric Orthofluvic Fluvisols (Loamic) were found in the northern part of 

the research site at valley bottoms and mapped as 2a11-FL-of.eu-lo. This soil is neutral, 

deep, excessively drained and its organic matter and total nitrogen contents are very low 
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and medium, respectively. Fluvisols have a high range of available phosphorus, base 

saturation, iron, and zinc at the surface. According to the rating of Landon (2013), the 

available potassium is low, but the cation exchange capacity is very high. The phosphorus 

level is high at the surface and low at subsurface horizons. This high-level phosphorus at 

surface soil indicates the residual effect of applied fertilizer in recent cropping seasons. 

This soil has a medium to coarse texture, leading to poor available water holding capacity.  

 Since Fluvisols are under cultivation, Applying phosphorus, potassium, nitrogen fertilizers, 

and organic fertilizers such as manure will improve soil fertility and increase crop yield. 

Appropriate irrigation scheduling will be necessary when this soil is cultivated during dry 

months. Their area coverage is 3.34 ha or 44.95% of the research site. 

 

Vertisols 

Vertisols are heavy clay soils with a high proportion of swelling clays that form deep, wide 

cracks from the surface downward when they dry out. Cracks result from the swelling and 

shrinking of expanding clays in dry seasons. The formation of slickensides and wedged-

shaped structural elements in the subsurface horizons is the effect of swelling and shrinking 

of expanding clays (FAO, 2006).  

Vertisols found in the research site are very deep, poorly drained, and have more than 30% 

clay texture, with coarse, angular, blocky structure elements. They have slickensides and 

wedge-shaped structural elements in the subsurface horizons. In the research site, these 

soils are mapped as 3a1-VR-pe-je and 3a1-VR-pe-je and cover 4.09 ha, representing 

55.05% of the total project area.  

 

These soils are neutral, very deep, poorly drained, and slightly eroded. Currently, these 

soils are under cultivation of cereal and oil crops. They have very low organic matter and 

total nitrogen content in the surface horizons. Available phosphorus and potassium are very 

low to medium in the surface horizons. Their cation exchange capacity, base saturation, and 

iron contents are very high, while copper and zinc contents vary from low to high. This 

finding is in line with various works that stated that Zn contents are variable and Fe and Mn 

contents are usually at an adequate level in Ethiopian soils (Fisseha 92 as cited by (Chekol 

& Mnalku, 2012). The physical properties and soil moisture regime of Vertisols represent 
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severe management constraints. The heavy soil texture and domination of expanding clay 

minerals result in a narrow soil moisture range between moisture stress and water excess. 

Tillage is hindered by stickiness when the soil is wet and hardness when dry. Therefore, 

these soils' major constraints are poor workability and low infiltration rate (FAO, 2006). 

According to FAO (2006), management practices for crop production in vertisol should be 

water control in combination with soil fertility improvement. 

 

Overall Physical and Chemical Characteristics of the Study Soils (Fluvsols and Vertisol) 

Physical Properties 

Texture: The particle analysis results indicate that most of the soils (fluvisol and vertisol) 

within the research site are clay textured, containing a relatively high proportion of clay. 

Only sandy loam textured soils occur in Fluvisols in the eastern and western parts of the 

research site.  

 

Soil Structure: About 65% of watershed soils have strongly developed angular structures 

with poor workability. In contrast, the remaining soils have weakly developed subangular 

blocky structures with poor water holding capacity.  

 

Bulk Density: It is an indicator of soil compaction. It is calculated as the dry weight of soil 

divided by its volume. This volume includes the volume of soil particles and the volume of 

pores among soil particles. The calculated bulk density values of surface soils are medium, 

ranging from 1.01 to 1.55 g cm-3. These bulk density values indicate that the soils are not 

compacted to restrict root development. 

 

Soil Depth: The soil depth of the research site is very deep. There is no soil depth limitation 

to crop types in the research site. 

Chemical Properties 

Soil Reaction: The pH values range between 7.2 and 7.3 in surface soils. The pH values 

increased with depth, and its values are between 7.43 to 8.24, which are slight to 

moderately alkaline soils, which cover the research site. The pH values of the surface soil 

in the research site are ideal for crop production.   
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Cation Exchange Capacity and Base Saturation Percentage: The cation exchange capacity 

of the soils ranges between 43.76 to 62.72cmol (+)/kg soil in the surface horizons. In 

general, is the values are within the acceptable CEC range. The base saturation percentage 

increases with depth, which could be due to the leaching of bases to the subsurface 

horizons, except in Fluvisols, which is variable due to its formation nature. 

 

Cation Balance: Soils of the Metema irrigation research site are very high base saturated. 

However, this does not prove a balanced proportion of the exchangeable bases. Thus, the 

cations ratio is used to evaluate the status of the relative proportions of cations. The ratios 

of Ca to Mg, Mg to K, and Ca+Mg to K range between 2.45 to 3.38, 21.20 to 61.95, and 

85.41 to 221.16, respectively. According to Frank (1990), these ratios indicate the presence 

of an unfavorable balance between the cations (Table 16). The balance of Ca to Mg is less 

favorable in the soil mapping unit of 2a1-VR-pe-je and 2a2-VR-pe-je and unfavorable in 

the mapping unit of 2a11-FL-of.eu-lo. The balance of Mg to K and (Ca+ Mg)/K is low, 

indicating a lack of potassium in all soil mapping units (Esayas et al., 2005).  

 

Table 7. The basic cation saturation ratio in the surface horizons of mapping units  

Soil mapping unit        Ca/Mg       Mg/K (Ca+Mg)/K 

  ratio         status ratio    status ratio status 

2a11-FL-of.eu-lo 2.45  Low Ca, not favourable 61.95 Lack of K 221.16 Lack of K 

2a1-VR-pe-je 3.38 

Low  to moderate Ca,   less 

favourable 41.42 Lack of K 186.65 Lack of K 

2a2-VR-pe-je 2.91 

 Low  to moderate Ca,   less 

favourable 21.20 Lack of K 85.41 Lack of K 

 

 Conclusion 

The dominant soils of the Metema irrigation research site are classified as Vertisols and 

Fluvisols. These soils are very deep and less eroded. All soil types have very low organic 

matter content, very low to medium levels of total nitrogen, available phosphorus, and 

file:///C:/Users/Geb/Desktop/maybar%20cation%20balance.xlsx%23Sheet1!A3
file:///C:/Users/Geb/Desktop/maybar%20cation%20balance.xlsx%23Sheet1!A3
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potassium in the surface horizons, except available phosphorus, which is high in Fluvisols. 

All the research site soils have almost neutral pH values and have unfavorable (Ca+Mg)/K 

cation balance. There is no risk of salinity throughout the site. The primary constraints are 

waterlogging, poor workability and depletion of nutrients, low productivity, and poor water 

holding capacity in the mapping unit of 2a11-FL-of.eu-lo. These constraints could be 

alleviated by applying NPK fertilizers, bio-fertilizers, green manure, drainage 

improvement, and adopting appropriate agronomic practices after determining the 

application rate based on crop types. The balanced availability of cations in the soil will 

significantly improve crop production. 
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Annex 1. Profile descriptions 

Profile number:  GMP1       Date: 04/07/2018  

Soil classification (FAO): Pellic Vertisols (Hypereutric)    

Profile description status: Routine profile description 

                                                                                      Coordinate (WSG84) N: 1433516 

Local soil name: Mezega     E: 203098 

Location: Metema Irrigation station 

Author(s):  Gebeyehu Belay    Map unit symbol: 3a1-VR-pe-je 

Land form: Plain 

Position in land form: South to north Elevation (asl): 688m 

Micro topography: Termite hills    Depth to bedrock: >200cm  

Slope class: 3       Depthtogroundwater: Not   

encountered 

Rootable depth: > 190cm     Sealing/capping: Medium 

Slope gradient: 3%                                                     Bleached sand: None 

Rock out crops: None     Flooding frequency: None  

Surface cracks: Medium closely spaced deep cracks   Flooding duration:  None 

Slope form: Straight       Permeability: Slow 

Position: Upper slope     Surface stones & boulders: None 

Surface coarse fragments: None       Fertilizer: DAP and UREA  

Parent material: Quaternary aged undifferentiated       Climate: Warm sub moist lowlands 

                              alluvial deposits                     Soil drainage class: Poorly drained

 Moisture status: 0-30cm moist and slightly                  Human influence: Ploughing                                            

                              moist below                                         Surface drainage: Rapid 

Land cover: Harvested field of sesame       Salt status: None 

Land use: Annual field cropping                                      Effective soil depth: >190cm                                                                                                            

Crop Type: Oil crop    

Erosion status: a. Site: About 20% of the unit is affected by slight sheet erosion 

                          b. Surrounding: About 25% of the unit is affected by slight rill and severe 
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sheet   water erosion 

PROFILE DESCRIPTION  

 

AP 0-15cm     Very dark gray (10YR 3/1) moist; heavy clay; strong medium and coarse sub 

angular blocky structure; none mottles; very sticky and very plastic when 

wet, firm when moist; wide closely spaced deep racks; none coatings; none 

coarse fragments; not cemented and compacted; none mineral 

concentrations; non calcareous; many fine and medium roots; many fine 

interstitial pores; clear and smooth boundary.  

  

A1  15-30cm    Very dark brown (10YR 2/2) moist; heavy clay; strong coarse and medium 

sub angular blocky structures; none mottles; very sticky and very plastic wet, 

firm when moist; medium closely spaced deep racks; none coatings; none 

coarse fragments; not cemented and compacted; none mineral concretions; 

none calcareous; few fine roots; many fine interstitial pores; gradual and 

smooth boundary.  

  

A2  30-55cm    Black (10YR2/1); heavy clay; strong coarse angular blocky structure; none 

mottles; very sticky and very plastic wet, friable when moist; fine 

moderately widely spaced surface racks; few distinct partly intersecting 

slickenside; none coarse fragments; not cemented and compacted; none 

mineral concretions; none calcareous; few fine roots; common fine 

interstitial pores; clear and smooth boundary.  

 

A3  55-120cm   Black (10YR 2/1) moist; heavy clay; strong medium angular blocky; none 

mottles; very sticky and very plastic wet, firm when moist; none surface 

cracks; common distinct predominantly intersecting slickensides; none 

coarse fragments; non-cemented and non-compacted; none mineral 

concretions; none calcareous; very few fine roots; few fine interstitial pores; 

clear and smooth boundary.  
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A4 120-150cmVery dark gray (10YR 3/1) moist; clay; moderate medium sub angular 

blocky; none mottles; sticky and plastic wet, firm when moist; none surface 

cracks; ; common distinct predominantly intersecting slickensides; none 

coarse fragments; not cemented and compacted; none mineral concretions; 

slightly calcareous; none abundance of roots; few fine interstitial pores and 

few termite channels; abrupt and smooth boundary.  

 

AC 150-190+cmDark brown (10YR 3/3) moist; clay loam; moderate medium sub angular 

blocky; none mottles; slightly sticky and non plastic wet, firm when moist; 

none surface cracks; none coatings; very few fine fresh coarse fragments; 

non-cemented and non-compacted; none mineral concretions; moderately 

calcareous; none abundance of roots; few fine interstitial pores and few 

termite channels.  

 

Profile number:  GMP2        Date: 05/07/2018  

Soil classification (FAO): Pellic Vertisols (Hypereutric)               

Profile description status: Routine profile description 

                                   Coordinate (WSG84) N: 1433603 

Local soil name: Mezega     E: 203180 

Location: Metema Irrigation station 

Author(s):  Gebeyehu Belay   Map unit symbol: 3a2-VR-pe-je 

Land form: Plain 

Position in land form: South to north Elevation (asl): 687m 

Micro topography: Termite hills    Depth to bedrock: >200cm  

Slope class: 3       Depth to ground water: Not 

encountered 

Rootable depth :> 200cm     Sealing/capping: Medium 

Slope gradient: 2.5%                                                     Bleached sand: None 

Rock out crops: None    Flooding frequency: None  

Surface cracks: Fine moderately widely spaced 
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                            medium cracks                                    Flooding duration:  None 

Slope form: Straight       Permeability: Slow 

Position: Lower slope    Surface stones & boulders: None 

Surface coarse fragments: None    Human influence: Ploughing 

  

Moisture status: 0-30cm moist and slightly moist     Fertilizer: DAP and UREA 

                            below      Salt status: None   

Parent material: Quaternary aged undifferentiated       Climate: Warm sub moist lowlands 

                              alluvial deposits                                  Effective soil depth:>200cm 

                                                        Soil drainage class: Imperfectly 

drained                                                                              Surface drainage: Moderately 

rapid                                                                                       

Land cover: Harvested field of sesame   

Land use: Annual field cropping 

Crop Type: Oil crop    

Erosion status: a. Site: About 25% of the unit is affected by slight sheet erosion 

                          b. Surrounding: About 30% of the unit is affected by slight rill and severe 

sheet   water erosion 

PROFILE DESCRIPTION  

 

AP 0-20cm    Black (10YR 2/1) moist; clay; strong medium and coarse sub angular blocky 

structure; none mottles; very sticky and very plastic when wet, firm moist 

when moist; none surface cracks; none coatings; none coarse fragments; not 

cemented and compacted; none mineral concentrations; none calcareous; 

common fine roots; many fine interstitial pores and few termite channels; 

clear and smooth boundary. 

  

A1  20-60cm     Very dark brown (10YR 2/2) moist; clay; strong coarse and medium 

angular blocky structures; none mottles; very sticky and very plastic wet, 
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firm when moist; none surface cracks; few distinct partly intersecting 

slickensides; none coarse fragments; not cemented and compacted; none 

mineral concretions; none calcareous; common fine roots; many fine 

interstitial pores and few termite channels; clear and smooth boundary.  

  

A2  60-95cm     Very dark gray (10YR3/1); clay; strong medium angular blocky structure; 

none mottles; sticky and plastic wet, firm when moist; none surface cracks; 

common distinct predominantly intersecting slickensides; none coarse; 

fragments; not cemented and compacted; none mineral concretions; none 

calcareous; few    fine roots; few fine interstitial pores and few termite 

channels; clear and smooth boundary.  

 

A3  95-130cm  Very dark grayish brown (10YR 3/2) moist; clay; strong medium sub 

angular blocky; none mottles; sticky and plastic wet, firm when moist; none 

surface cracks; few faint partly intersecting slickensides; few fine fresh 

coarse fragments; non-cemented and non-compacted; none mineral 

concretions; slightly calcareous; none abundance of roots; many fine 

interstitial pores and few termite channels; gradual and smooth boundary.  

 

AC 130-150cm Dark grayish brown (10YR 4/2) moist; sandy clay loam; moderate medium 

sub angular blocky; none mottles; slightly sticky and slightly plastic wet, 

friable when moist; none surface cracks; none coatings; few fine fresh coarse 

fragments; not cemented and compacted; none mineral concretions; 

moderately calcareous; none abundance of fine roots; common fine 

interstitial pores and coarse termite channels; abrupt and smooth boundary.  

 

C 150-200+cm Brown (10YR 4/3) moist; sandy loam; moderate medium sub angular 

blocky; none mottles; non sticky and non plastic wet, friable when moist; 

none surface cracks; none coatings; few fine fresh coarse fragments; non-

cemented and non-compacted; few fine black soft manganese mineral 

concretions; strongly calcareous; none abundance of roots; common fine 
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interstitial pores and common coarse termite channels.  

Profile number:  GMP3        Date: 05/07/2018  

Soil classification (FAO): Eutric Orthofluvic Fluvisols (Loamic)               

Profile description status: Routine profile description 

                                     Coordinate (WSG84) N: 1433650 

Local soil name: Shina     E: 203231 

Location: Metema Irrigation station 

Author(s):  Gebeyehu Belay    Map unit symbol: 3a11-FL-of.eu-lo 

Land form: Plain 

Position in land form:  South to north                              

Elevation (asl): 681m 

Micro topography: Termite hills      Depth to bedrock: >200cm  

Slope class: 2        Depth to ground water: Not 

encountered 

Root able depth :> 200cm      Sealing/capping: Medium 

Slope gradient: 1.5%                                                      Bleached sand: None 

Rock out crops: None       Flooding frequency: None  

Surface cracks: None                                                             Flooding duration:  None 

Slope form: Straight        Permeability: Rapid 

Position: Bottom slope                                                   Surface stones & boulders: None 

Surface coarse fragments: None        Human influence: Ploughing 

Parent material: Quaternary aged undifferentiated       Climate: Warm sub moist lowlands 

                              alluvial deposits                                  Salt status: None                

Moisture status: 0-30cm moist and slightly                    Effective soil depth: >200cm                                                                        

                             moist below  

Soil drainage class: Somewhat excessively   drained  

Land cover: Harvested field of sesame                             Surface drainage: Slow                                                    

Land use: Annual field cropping                                       Fertilizer: DAP and UREA  

Crop Type: Fruit and fiber crop    

Erosion status: a. Site: About 5% of the unit is affected by slight sheet erosion 
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                            b. Surrounding: About 10% of the unit is affected by slight rill and 

severe sheet   water erosion 

PROFILE DESCRIPTION  

 

AP 0-23cm      Black (7.5YR 2.5/1) moist; sandy loam; weak medium sub angular blocky 

structure; none mottles; sticky and slightly plastic when wet, very friable 

when moist; none surface cracks; none coarse fragments; not cemented and 

compacted; none mineral concentrations; non calcareous; many fine roots; 

many fine interstitial pores; clear and smooth boundary.  

  

1A  23-50cm  Very dark brown (7.5YR 2.5/2) moist; silty clay loam; weak medium sub 

angular blocky structures; none mottles; sticky and plastic wet, friable when 

moist; none surface cracks; none coarse fragments; not cemented and 

compacted; none mineral concretions; none calcareous; common fine roots; 

few fine interstitial pores and few termite channels; clear and smooth 

boundary.  

  

2A  50-70cm     Very dark gray (7.5YR3/1); clay loam; weak fine sub angular blocky 

structure; none mottles; sticky and plastic wet, friable when moist; none 

surface cracks; none coarse fragments; not cemented and compacted; none 

mineral concretions; none calcareous; common    fine roots; few fine 

interstitial pores and few termite channels; gradual and smooth boundary.  

 

3A  70-90cm   Dark brown (7.5YR 3/2) moist; loam; weak fine single grain structure; none 

mottles; sticky and plastic wet, friable when moist; none surface cracks; 

none coarse fragments; non-cemented and non-compacted; none mineral 

concretions; none calcareous; few fine roots; common medium interstitial 

pores; clear and smooth boundary.  

 

4A 90-103cm Very dark gray (10YR 3/1) moist; loam; weak fine sub angular structures; 
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none mottles; sticky and plastic wet, friable when moist; none surface 

cracks; none coarse fragments; not cemented and compacted; none mineral 

concretions; none calcareous; very few fine roots; common medium 

interstitial pores; clear and smooth boundary.  

 

5A 103-120cmVery dark brown (7.5YR 2.5/2) moist; sandy loam; weak fine sub angular 

blocky; none mottles; sticky and plastic wet, friable when moist; none 

surface cracks; none coarse fragments; non-cemented and non-compacted; 

few fine black soft manganese mineral concretions; none calcareous; 

common fine roots; common medium interstitial pores; clear and smooth 

boundary.  

 

6A 120-130cm Dark brown (7.5YR 3/2) moist; sandy loam; weak fine sub angular blocky; 

none mottles; sticky and plastic wet, friable when moist; none surface 

cracks; none coarse fragments; non-cemented and non-compacted; few fine 

black soft manganese mineral concretions; none calcareous; common fine 

roots; common medium interstitial pores; clear and smooth boundary. 

7A130-145cm Very dark brown (7.5YR 2.5/3) moist; loam; weak fine sub angular blocky; 

none mottles; sticky and plastic wet, friable when moist; none surface 

cracks; none coarse fragments; non-cemented and non-compacted; few fine 

black soft manganese mineral concretions; none calcareous; few fine roots; 

common medium interstitial pores; clear and smooth boundary. 

8A 145-155cm Dark brown (7.5YR 3/3) moist; sandy loam; weak fine sub angular blocky; 

none mottles; sticky and plastic wet, friable when moist; none surface 

cracks; none coarse fragments; non-cemented and non-compacted; few fine 

black soft manganese mineral concretions; none calcareous; few fine roots; 

common medium interstitial pores; clear and smooth boundary. 

9A 155-172cm Dark brown (7.5YR 3/3) moist; sandy loam; weak fine sub angular blocky; 

none mottles; sticky and plastic wet, friable when moist; none surface 

cracks; none coarse fragments; non-cemented and non-compacted; few fine 
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black soft manganese mineral concretions; none calcareous; few fine roots; 

common medium interstitial pores; clear and smooth boundary. 

10A 172-190cm Dark brown (7.5YR 3/3) moist; sandy loam; weak fine single grains; none 

mottles; sticky and plastic wet, friable when moist; none surface cracks; 

none coarse fragments; non-cemented and non-compacted; few fine black 

soft manganese mineral concretions; none calcareous; few fine roots; few 

fine interstitial pores; abrupt and smooth boundary. 

11A 190-205cm Dark brown (7.5YR 3/2) moist; loamy sand; massive structures; none 

mottles; sticky and plastic wet, friable when moist; none surface cracks; 

none coarse fragments; non-cemented and non-compacted; few fine black 

soft manganese mineral concretions; none calcareous; none abundance of 

roots; porous. Abundant of rounded shaped fresh gravels and stones at 

230cm. Deep auguring stopped due to gravels and stones 
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Annex 2. Metema irrigation research site soil analytical data 

 

 

 

 

 

 

 

 

 

  

Ca+ K+ Na+ Mg+

Gmp1 0-15 16 20 64 Heavy Clay 7.3 36 0.46 0.80 43.34 0.31 1.37 12.84 0.061 2.040 62.72 57.86 92 5.092 0.5 10.682

Gmp1 15-30 18 14 68 Heavy Clay 7.3 26.2 0.46 0.80 37.02 0.19 1.63 20.87 0.060 0.453 70.26 59.71 85 1.932 0.504 4.112

Gmp1 30-55 14 18 68 Heavy Clay 7.43 46.3 0.46 0.80 40.45 0.18 2.21 16.69 0.107 2.040 68.65 59.53 87 3.092 1.08 6.662

Gmp1 55-120 22 14 64 Heavy Clay 8.35 72.1 0.46 0.80 34.67 0.18 4.56 13.27 0.226 0.113 53.56 52.68 98 0.632 0.34 5.462

Gmp1 120-150 24 22 54 Clay 8.48 81.2 0.46 0.80 26.75 0.51 1.17 33.71 0.085 0.170 65.23 62.14 95 4.392 0.878 4.022

Gmp1 150-190+ 42 20 38 Clay loam 8.97 162 0.46 0.80 31.14 0.17 1.19 25.36 0.031 0.397 59.09 57.86 98 3.532 0.544 0.582

Gmp2 0-20 24 24 52 Clay 7.33 67.6 0.46 0.80 33.28 0.54 0.85 11.45 0.102 9.065 62 46.12 74 4.432 0.404 12.782

Gmp2 20-60 24 24 52 Clay 7.36 28.3 0.46 0.80 38.84 0.27 3.43 17.23 0.083 1.700 60.75 59.77 98 5.092 1.265 9.902

Gmp2 60-95 22 26 52 Clay 7.47 16.03 0.46 0.80 40.55 0.31 1.3 14.12 0.175 0.113 63.34 56.28 89 7.232 1.194 10.902

Gmp2 95-130 28 32 40 Clay 7.64 21.7 0.46 0.80 37.99 0.17 1.28 20.54 0.043 2.380 63.32 59.98 95 4.232 0.728 3.582

Gmp2 130-150 50 26 24 Sandy clay loam 7.91 52 0.46 0.80 34.78 0.14 1.3 15.41 0.034 2.720 53.91 51.63 96 1.992 0.144 0.762

Gmp2 150-200+ 62 26 12 Sandyloam 8.24 102.7 0.46 0.80 32.31 0.09 1.65 13.16 0.063 0.963 48.19 47.21 98 1.192 0.038 1.862

Gmp2 390-400 56 30 14 Sandy loam 8.02 41.9 0.46 0.80 26.54 0.14 2 20.22 49.2 48.9 99

Gmp3 0-23 54 28 18 Sandy loam 7.27 40.6 0.46 0.80 28.78 0.19 1.28 11.77 0.153 13.371 43.76 42.02 96 5.412 0.768 14.122

Gmp3 23-50 20 44 36 Silty clay loam 7.17 32.9 0.46 0.80 34.03 0.13 0.85 14.98 0.107 7.932 60.71 49.99 82 2.072 0.71 17.262

Gmp3 50-70 30 42 28 Clay loam 7.41 29.5 0.46 0.80 35.1 0.14 1.13 16.69 0.071 4.873 53.44 53.06 99 5.452 0.584 17.982

Gmp3 70-90 40 36 24 Loam 7.43 24.2 0.46 0.80 31.46 0.12 1.09 11.13 0.047 2.776 44.77 43.8 98 2.112 0.232 4.586

Gmp3 90-103 30 42 28 Loam 7.64 20.78 0.46 0.80 29.85 0.28 4.08 12.09 0.130 0.283 46.8 46.3 99 1.672 1.088 4.262

Gmp3 103-120 56 28 16 Sandy loam 7.45 37.8 0.46 0.80 34.78 0.15 1.15 13.8 0.042 3.456 50.03 49.88 100 1.132 0.4 3.442

Gmp3 120-130 72 16 12 Sandy loam 7.33 20.1 0.46 0.80 32.53 0.17 1.13 11.98 0.020 2.153 45.99 45.81 100 2.152 1.324 7.922

Gmp3 130-145 50 30 20 Loam 7.55 22.5 0.46 0.80 29.96 0.4 1.22 14.77 0.052 5.099 46.35 46.35 100 4.132 0.918 8.802

Gmp3 145-155 70 18 12 Sandy loam 7.55 16.52 0.46 0.80 34.45 0.14 1.13 17.98 0.022 1.360 55.15 53.7 97 1.372 0.824 5.982

Gmp3 155-172 64 20 16 sandy loam 7.55 25.9 0.46 0.80 30.07 0.18 1.26 10.06 0.039 8.839 41.69 41.57 100 3.392 0.43 9.642

Gmp3 172-190 70 22 8 Sandy loam 7.49 17.38 0.46 0.80 24.4 0.14 0.98 14.02 0.074 7.479 39.74 39.54 99 1.572 0.304 6.542

Gmp3 190-205+ 88 6 6 Loamy sand 7.52 20.8 0.46 0.80 32.53 0.22 1.26 11.02 0.036 4.136 45.73 45.03 98 2.272 0.44 0.718

Field 

code depth(cm)

BD(g/

cm3) FC PWP

Gmp1 0-15 1.130 58.444 39.519

Gmp1 15-30 1.240 56.824 40.353

Gmp1 30-55 1.546 55.649 39.047

Gmp1 55-120 1.246 58.250 40.248

Gmp2 0-20 1.015 52.725 33.519

Gmp2 20-60 1.203 53.685 34.491

Gmp2 60-95 1.408 54.446 35.604

Gmp3 0-23 1.227 37.289 20.499

Gmp3 23-50 1.235 49.472 27.461

Gmp3 50-70 1.162 45.488 24.541

Annex 2  Metema Irrigation Research Site soil analytical data
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Annex 3. Metema irrigation research site climate data 

 

 

 

 

 

 

 

 

 

 

 

 

year Jan. Feb. March April May June July August Sept Octo. Nov. Dec.

Annual 

Total

1997 0 0 91 23.6 89 156.7 194.5 271.2 166.1 32.5 0 0 1024.6
1998 0 0 0 2 67.1 138.7 258.4 204.3 208.9 15.6 0 0 895
1999 0 0 0 0.3 77 143.8 265.5 251 223.2 164.6 0 0 1125.4
2000 0 0 0 25.5 133.3 327.6 202.6 127 163.7 86.5 0 0 1066.2
2001 0 0 0 0.2 5.1 161.4 331.1 324.5 138.5 23 0.1 0 983.9
2002 0 0 0 10.9 35.1 244.9 158.1 218.3 178.7 35.4 3 0 884.4
2003 0 0.3 0 0.1 37.9 332.3 262.1 296.5 185.9 3.4 0 0 1118.5
2004 0 0 0 0 28.6 160.4 119.9 119.8 144.6 85.4 4.2 0 662.9
2005 0 0 4.7 3.2 64.9 213.3 271.8 260.9 243 66.2 0 0 1128
2006 0 0 0 18.6 177.6 171.8 203.4 297.9 207.8 33.2 0 0 1110.3
2007 0 0 0 22.5 43 142.1 320.5 332.5 254.2 52.7 25.5 0 1193
2008 0 0 0 61 85.6 163.7 369.2 286.5 326.6 78.4 0 0 1371
2009 0 0 0 3.3 64.4 163 189.2 223.2 88.1 0 0 0 731.2
2010 0 0 0 0 67.9 165.7 228.1 213.6 215.3 35 0 0 925.6
2011 0 0 31.6 0 0 93.7 121.2 217.4 138.2 22.6 0 0 624.7
2012 0 0 0 0 55.9 216.5 230.8 327.7 381.6 0.7 0.8 0 1214
2013 0 0 0 1.2 40.4 196.5 214.1 352.7 150.4 40.1 0 0 995.4
2014 0 0 0 60.4 57.2 89.3 198.7 223.2 324 127.9 0 0 1080.7
2015 0 0 0 0 40.1 0 103 244.2 199 46.7 0.5 0 633.5

monthly 

mean 0 0.01579 6.7 12.25 61.58 172.71 223.3 252.23 207.25 49.995 1.795 0 987.81

Annex 3a Rainfall
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Month Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

January15.59 36.69 14.83 36.12 14.71 37.47 16.07 37.33 13.55 35.71 14.94 35.65 15.62 37.21

February18.37 37.24 15.72 37.21 18.09 40.88 17.01 37.37 17.88 38.38 18.59 38.81 19.46 36.92

March 22.89 39.85 20.89 39.99 15.79 39.55 21.51 40.02 20.36 39.32 22.34 38.92 21.85 39.67

April 22.88 39.09 23.04 42.10 22.93 39.85 23.16 38.93 24.17 41.08 24.78 38.32 18.44 41.17

May 21.97 35.84 23.29 40.78 21.90 37.80 21.95 37.09 14.83 25.28 24.24 40.01 19.12 40.32

June 20.84 33.55 21.50 36.15 20.56 35.19 20.72 34.33 20.51 33.13 21.97 34.36 19.48 34.55

July 20.32 31.27 20.88 30.19 20.29 29.59 19.74 30.38 19.99 29.44 20.63 31.62 19.67 30.69

August 18.16 28.62 20.05 30.27 19.64 29.63 19.23 29.62 20.22 29.25 20.01 30.15 19.62 29.82

September20.01 34.12 19.39 31.09 18.88 31.07 18.69 31.99 19.67 31.03 19.18 31.96 18.06 31.80

October19.63 34.84 19.98 33.67 18.84 31.39 18.63 33.45 19.93 33.34 19.21 35.87 19.34 34.98

November15.30 29.60 14.86 29.50 15.79 36.54 15.61 35.42 13.85 36.87 17.67 37.43 16.25 36.93

December16.39 36.89 14.43 35.63 15.73 36.38 14.93 36.41 11.09 27.30 15.18 35.60 15.42 35.94

MEAN 19.36 34.80 19.07 35.23 18.60 35.44 18.94 35.19 18.00 33.35 19.89 35.73 18.53 35.83

Month Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.

January16.40 35.12 15.71 34.97 17.02 39.32 15.20 34.65 17.40 34.99 15.25 36.76 17.28 37.19

February16.14 35.68 19.81 38.76 19.13 40.17 16.64 37.86 18.56 36.84 20.57 38.34 19.86 38.59

March 17.46 38.57 21.10 38.88 20.45 39.84 21.65 40.29 20.99 40.08 22.22 40.32 21.82 39.60

April 18.68 38.56 25.58 41.50 23.39 40.46 23.32 40.53 24.29 38.38 23.70 40.37 26.00 42.00

May 18.50 37.17 23.22 39.91 21.65 37.05 23.76 39.20 22.89 38.69 23.95 39.75 24.91 38.54

June 18.52 32.65 21.20 34.50 21.00 33.82 21.38 35.40 21.13 35.30 21.73 36.36 21.09 34.19

July 18.17 22.82 20.31 30.62 20.58 31.30 27.93 31.43 19.74 30.51 20.86 31.44 19.61 27.44

August 18.71 30.25 20.25 30.69 20.12 30.08 19.89 29.10 19.81 30.01 20.39 31.14 20.17 30.25

September18.41 32.32 19.93 31.73 18.98 29.33 19.52 31.00 20.22 31.70 19.62 33.75 19.83 31.06

October17.15 35.09 19.52 34.68 20.01 31.78 19.11 33.26 18.89 33.13 19.37 36.01 19.44 33.76

November17.40 36.40 16.78 38.15 16.41 33.44 17.29 36.14 15.68 36.35 17.73 37.55 17.00 37.39

December16.97 35.16 15.06 38.63 15.59 33.01 14.93 36.95 15.26 36.58 16.31 36.55 15.65 36.22

MEAN 17.7 34.1 19.9 36.1 19.5 35 20.1 35.5 19.6 35.2 20.1 36.5 20.2 35.5

Annex 3b Metema Irrigation Research Site Minimum and Maximum Temperature

2003

2004 2005 2006 2007 2008 2009 2010

1997 1998 1999 2000 2001 2002
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Abstract  

A field experiment was carried out at Adet Agricultural Research Center to determine the 

effect of vermicompost in relation to the NP fertilizer on grain yield of wheat (Triticum 

aestivum) and chemical properties of soil at Adet experimental station in Western Amhara, 

Ethiopia. The treatments include a combination of 0, 3, 6, 9, and 12 ton vermicompost in 

factorial combination with 0 + 0, 46 kg N + 23 kg P2O5 and 92 kg N + 46 kg P2O5 ha
-1
. The 

experiment was laid in a randomized complete block design with three replications. The 

higher (4125.6 kg ha
-1

) grain yield and net benefit (62459.15 ETB ha
-1

) were obtained with 

the combination of 9 ton vermicompost with 46N+23P2O5 kg ha
-1

. The highest marginal 

rate of return (373.62%) with a net benefits of 48994.17 ETBha-1 was obtained from the 

combination of 3ton vermicompost with 92 N+46P2O5kg /ha. Soil chemical properties like 

soil pH, Total Nitrogen, Organic matter and availability of phosphorus improve from the 

initial.  

Keywords: Available Phosphorous, Biomass, Grain yield, Soil pH, Total nitrogen 
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Introduction  

Wheat (Triticum aestivum L.) is one of the main cereals cultivated in Ethiopia as it provides 

14 percent of the total caloric intake, ranking as the second most important food behind 

maize (FAO, 2019). Wheat is used to prepare traditional food and beverages such as Dabbo 

(homemade bread), Enjera and Nifro, Tela, etc. It is also being used by food processing 

industries to prepare local bread, biscuits, pasta and macaroni. Although the production is 

dominated by smallholder farmers and almost the entirety of wheat is produced under rain-

fed conditions, Ethiopia is the largest wheat producer in Sub-Saharan Africa. In Ethiopia, 

4.8 million farmers are engaged in wheat production, namely about 32 percent of total 

farmers of grain cultivation (FAO, 2019). 

Despite, large area of land cultivated and suitable climate for wheat production in Ethiopia, 

the country is unable to produce sufficient amount of wheat grain to meet its annual 

domestic need. The Central Statistical Agency (2019.) reported that out of the total cereal 

crop area, 81.39% wheat took up 13.78% about 1,747,939.31 ha of area coverage with 

annual average yield of 27.64 quintal.  

 

Thus, decline in soil fertility among others is the main cause of low productivity of wheat 

in the country. Application of inorganic fertilizer especially those containing N and P have 

long been practiced to improve soil fertility for enhanced wheat and other crop production 

as these nutrients are the most limiting nutrients in almost all Ethiopian soils (ATA, 2014). 

However, fertilizers were applied irrespective of soil and crop types as well as agroecology. 

Such kind of blanket application of fertilizers are unrealistic due to the fact that the amount 

and type of fertilizer that should be applied can widely vary based on soil and crop type, 

and agroecology. Inorganic fertilizers are considered to be an important source of major 

elements in crop production. Always use of inorganic fertilizer resulted in a deficiency of 

micronutrients, imbalance in soil physicochemical properties and unsustainable crop 

production (Jeyathilake et al., 2006). To ensure soil productivity, plants must have an 

efficient and balanced supply of nutrients that can be realized through integrated nutrient 

management where both natural and synthetic sources of plant nutrients are used (Gruhn et 

al., 2000). Vermicompost is produced through the processing of organic matter by a large 
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variety of earthworm genera, but commonly with Eisenia fetida (Ăred wiggler ) (Edwards, 

1988, Mitchell, 1997). It can be produced from a variety of organic material from different 

sources, farm wastes (Azarmi et al., 2008), animal wastes (Atiyeh et al, 2001) garden 

wastes, sewage sludge from municipal wastewater and water treatment plants (Sinha et al., 

2009), Vermicomposting technology using earthworms (as versatile natural bioreactors for 

effective recycling of organic wastes to the soil) is an environmentally acceptable means of 

converting waste into nutritious composts for crop production (Edward et al., 1985). 

Organic fertilizer can serve as a source of SOM and source of nutrients needed for the 

growth and production of crops. However, it is difficult to have sufficient amount of 

vermicompost that can supply adequate amount of nutrients needed by crops in smallholder 

famersô fields. Thus, integrate applications of inorganic and organic fertilizers are 

important to ensure adequate and balanced supply of nutrient to crops. With integrated 

nutrient management approach, the inorganic fertilizer can supplement with readily 

available nutrients to plants at early stages whereas organic fertilizers at later growth stages 

of plant that can boost yield and reduce the associated risks of chemical fertilizers (Mitiku 

et al., 2014). Integrated application of inorganic and organic fertilizers increases fertilizer 

use efficiencies, ensure balanced nutrient supply to crops, improve soil sustainability, etc. 

There are several authors indicating the multiple advantages with combined application of 

organic and inorganic nutrient sources over that obtained with sole application of either 

source (Sangiga and Woomer, 2009; Singh et al., 2011;Kumar et al., 2015;). Therefore, the 

objectives of this experiment was to determine the residual effects of integrated 

applications of vermicompost and NP fertilizers on the yield and yield components of bread 

wheat. 

 

Materials and Methods  

Description of Study Area: The study was conducted for three consecutive years during 

2017 to 2019 GC main cropping seasons at Adet agricultural research center main station in 

western Amhara Ethiopia. The center is located at 11Á 17ô N latitude and 37Á 43ô longitudes 

on an altitude of 2240 m above sea leve. The center receives average annual rainfall of 

1250 mm and the average temperature is 18°C.    
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 Experimental Setup: The treatments consisted of factorial combinations of five levels (0, 3, 

6, 9 and 12 ton ha
-1

) of vermicompost (VC) and three levels (0, 50% (N46 kg
-1

and P2O523 

kg
-1

) and 100% (N92 kg
-1

and P2O546 kg
-1

) of recommended fertilizers. The experiment was 

laid out in RCB design with three replications. Vermicompost was processed by earthworm 

(Eisinea fetida) using cow manure, fababean, maize and wheat straw as main feedstock. 

Urea and TSP, were used as nitrogen (N), phosphorus (P) sources. Gross plot size was 3 × 3 

cm and net plot size was 2.6 ×3 cm. The spacing between plots was 1 meter and between 

block was 1.5 meter. Then seed of wheat variety, Tay was planted on row as a test crop. 

The spacing between rows was 20cm. The entire dose of phosphorous was applied at 

planting, while N was applied in split, half at sowing and the remaining half side dressed at 

tillering stage of wheat. The experimental plots were kept permanent to observe the residual 

effects of vermicompost over years.  

Soil Sampling and Analysis: Prior to planting and before application of vermicompost 

composite soil samples were taken from the experimental site using soil auger from the 

depth of 0-20 cm. At harvesting, soil samples from each treatment were taken and 

independently analyzed. Soil samples were air dried under shade, grounded by mortar & 

pestle, and sieved to pass through 2 mm mesh. 

Soil and Vermicompost Analysis: The pH was determined using glass electrode pH meter in 

1:2.5 soils to water ratio. Available phosphorous was determined by Olsen (Olsen & 

Sommer, 1982) method. Organic carbon (OC) was determined following the Walkley and 

Black wet digestion method (Van Reeuwijk, 1992). Total nitrogen was analysed by 

Kjeldahl method (Bremner and Mulvaney, 1982). 

Table 1. Some initial chemical properties of the soil and vermicompost used in experiment. 

Parameter Sample source 

Soil Vermicompost (VC) 

pH 5.85 7.8 

Av P (ppm) 4.10 12.69 

Total N (%) 0.13 0.97 

OC (%) 1.42 10.19 

C/N 10.92 10.50 

Agronomic Data Collection and Interpretation:  Data on soil, dry biomass, and grain yield 

were subjected to analysis of variance (ANOVA) using SAS software version 9.0 (SAS, 
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2002). Mean were separated using least significance difference (LSD) method at 0.05 

probability level. 

Economic Analysis of Treatment: Partial budget analysis of treatments was done according 

to CIMMYT (1988). The mean grain yield data of wheat which were produced by each 

treatment over three experimental years (2017 and 2019) were used to do the partial budget 

analysis. The mean grain and straw yield data were also further adjusted down by 10% to 

minimize the yield gap that may occur due to plot management difference by researchers 

and farmers (CIMMYT, 1988).  

The average prices of relevant data which were needed to do the partial budget analysis 

were collected from different sources. Thus, the field price of 1 kg of wheat in 2020 at local 

market was 14.5 Ethiopian Birr (ETB) and was taken as a field price of wheat. The current 

price of Urea was 12.5 ETB kg-
1
, and TSP 14.5 ETB kg-

1
. The price of phosphorous source 

fertilizers (TSP) was calculated by the current price NPSZn fertilizer. 

Results and Discussion 

Grain Yield and Aboveground Biomass: Main effects of vermicompost with NP fertilizers 

on biomass and wheat grain yield of all year data are presented in Table 2. All 

vermicompost rates produced significantly above ground biomass and grain yield of wheat 

than the control. But the highest values of these parameters were obtained with 9 ton 

followed by 3 ton VC in that order. This is in agreement with findings of Joshi et al., (2013) 

who reported that application of vermicopost to soil significantly increases the yield of 

wheat. Besides, different studies have also illustrated the beneficial effect of vermicompost 

application at different rates on the yields of other crops such (Kashem et al., 2015), maize 

and barley (Mitiku et al., 2014). As vermicopost is a source of different plant nutrients, its 

application in soil with low nutrient content will definitely increase the growth, yield and 

yield components of crops including wheat. However, in addition to being sources of 

various   nutrients, vermicompost is also supposed to have growth promoting hormones 

(Edwards et al., 2004) which might facilitate higher nutrient uptake by plants and this could 

be an addition factor for the positive impact of vermicompost on crops.  Similarly, all NP 

fertilizers rates produced significantly higher above ground biomass and grain yield of 
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wheat than the control (Table 2). 92N and 46 P2o5
-1

(100%) produced the highest yield than 

that produced by all other fertilizer treatments and it increased the biomass and grain yield 

by 63.6% and 48.4% over the control, respectively.  

Table2. Main effects of vermicompost and NP on biomass and grain yield. 
Treatment 2017 2018 2019 Combined 

NP (kgha
-1
) BM 

kgha
-1
 

GY 

kgha
-1
 

BM 

kgha
-1
 

GY 

kgha
-1
 

BM 

kgha
-1
 

GY 

kgha
-1
 

BM 

kgha
-1
 

GY 

kgha
-1
 

0 NP 3836.1 2278.2 3191.7 1344.7 2785.5 1259.1 3271.1 1643.3 

46 N + 23 P2O5 

(50%) 

4929.5 2872.2 4874.1 3275.4 4389.5 3187 4731 3111.5 

92 N + 46 P2O5 

(100%) 

5230.9 3513.2 5739.7 3540.1 4436.5 3114.7 5135.7 3389.3 

LSD 5% 709.09 397.94 836.5 233.2 606.6 370.4 441.2 227.5 

VM (t ha
-1
)                 

0 2894.8 1893.9 3092.9 2057.2 3783.8 2203.9 3257.1 2078.3 

3 4510.1 2668.4 4853.4 2663.3 3336 2512.3 4233.2 2614.7 

6 5074.4 3267.6 5053.2 2970.9 3961.3 2514.6 4696.3 2917.7 

9 6000.1 3559.2 5761 3219.9 4199.8 2860.9 5320.3 3213.3 

12 4848 3050.2 4248.6 2688.9 4071.7 2509.7 4389.4 2749.6 

LSD 5% 915.4 513.7 1079.9 301 NS NS 569.6 293.7 

NP*VC **  **  NS NS NS **  NS NS 

CV %  20.6 18.6 24.6 11.6 21.2 19.9 24.1 20.1 

** (highly significant at p<0.01) 

The positive effects of vermicompost and NP fertilizers application on wheat seen in this 

experiment suggest that the study soils are low in its nutrient contents particularly of NP 

this showed on the result of initial soils analyses data (Table 1). Vermicompost by NP 

fertilizer interaction effect was highly significant (P<0.001) for biomass and grain yield of 

wheat during the first year (Table 2). Accordingly, the highest biomass and grain yield was 

produced by treatment involving 9ton with 46N and 23 P2o5
-1

. This produced significantly 

higher biomass and grain yield of wheat than that produced by sole application of 

vermicompost and NP fertilizers. The result suggests that there was a synergistic interaction 

between the two nutrient sources in availing nutrients to the growing wheat and the 

research is in agreement with report of Davari et al (2012). In line with the current finding, 

Seal et al. (2014) reported that biomass and grain yield, is also significantly increased by 

the combined application of vermicompost and NP fertilizers. 
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Table3. Interaction effects of vermicompost and NP fertilizers on Biomass and Grain yield of Wheat 

Treatment BM kgha
-1
 GY kgha

-1
 

0 tVM + 0N, 0P2O5 (0%NP) 1489.9 648.9 

0 tVM + 46N,23 0P2O5 (50% NP) 3258.3 2088 

0 tVM + 92N,46 0P2O5 (100% NP) 4689.9 3475.9 

3 tVM + 0N, 0P2O5 (0%NP) 2960.3 1587 

3 tVM + 46N, 23P2O5 (50% NP) 4531.6 2885 

3 tVM + 92N,46 P2O5 (100% NP) 5207.7 3372.1 

6 tVM + 0N, 0P2O5 (0%NP) 4859.3 1896.8 

6 tVM + 46N,23 P2O5 (50% NP) 4228.7 3291.9 

6 tVM + 92N,46 P2O5 (100% NP) 5001 3564.3 

9 tVM + 0N, P2O5 (0%NP) 3480 2174.9 

9 tVM + 46N,23 P2O5 (50% NP) 6859.8 4125.6 

9 tVM + 92N,46 P2O5(100% NP) 5621.1 3339.6 

12 tVM + 0N, P2O5 (0%NP) 3232.8 1886.9 

12 tVM + 46N,23 P2O5 (50% NP) 4776.8 3167.2 

12 tVM + 92N,46 P2O5 (100% NP) 5158.7 3194.7 

CV %  18.7261 16.651 

LSD 5% 761.66 421.73 

 

Chemical Properties of Compost: The organic carbon and total nitrogen contents of the 

compost was 10.19 and 0.97 %, respectively with result show little extent C: N ratio of 

about 10.50. This indicates the vermicompost that was applied to experimental field was 

well decomposed (Brady and Weil, 2002) recommends C: N ratio of below 20 to have good 

impact from application of compost. The concentration of available phosphorus was 12.69 

ppm. The average pH (1:2.5 H2O) was 7.8 where most essential plant nutrients are 

available for the crop. Likewise, (Goh and Haynes, 1977) reported similar result. 

Chemical Properties of Soil  

Organic Matter:  Initial organic matter content of the soil was 2.44% before the addition of 

organic materials and this value changed depending on application doses. At the end of the 

experiment the highest organic matter 2.98% value was obtained with vermicompost 

applied in 9 t ha
ī1

 dose and the lowest value 2.61 was with the control treatment. This 

difference was found to be statistically significant (ὖ < 0.05). The combined result of three-
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year data show that, vermicompost increased the organic matter content depending on their 

application rate compared to the control. 

However, no significant difference was observed between NP applied in the different doses. 

The data indicate that vermicompost application has significant effect on soil organic 

matter vermicompost can be considered as a good alternative to improve soil organic 

matter. Several reports support this conclusion and indicate that vermicompost improves 

soil physical and chemical properties by providing humus to soil (Nethra, et al. 1999). 

Nitrogen:  Initial total nitrogen percentage of the experimental field was 0.13 % found in 

low range Sahlemedhin (1999); Landon (1991) and Bruce and Rayment, (1982). At the end 

of the combined result of all year data revealed that, total nitrogen values ranged from 

0.133% (the control) to 0.152% (6 t ha
ī1 

vermicompost) (Table 4).  Release of mineral 

nitrogen early in the process is caused when organic matter with a carbon: nitrogen ratio of 

less than 20 decomposes (Kirishan, 2005). When organic fertilizers are added to soil in 

order to fill organic matter storage, nitrogen is one of the major nutrients supplied to soil. 

Therefore, in our study, it was not impressing to observe that vermicompost upgrade the 

nitrogen content of soil. Even though 6 ton ha
-1 

VC showed high nitrogen content on the 

contrary 3,9,12 t ha
-1

 vermicompost recorded less than that. It was found that some of 

organic nitrogenous compounds in organic materials are converted to nitrogen and that this 

nitrogen is generally released slowly (Doube and Brown 1998). 

Table 4. Effect of Vermicompost and NP on soil chemical property 
NP N (%)  PH P (ppm) OC (%)  OM (%) 

0 0.141 5.872 4.849 1.664 2.868 

50 0.142 5.847 4.980 1.564 2.697 

100 0.145 5.851 5.143 1.678 2.892 

LSD 5% NS NS NS NS NS 

VM      

0 0.133 5.843 4.370 1.518 2.616 

3 0.139 5.852 4.973 1.609 2.773 

6 0.152 5.875 5.244 1.708 2.943 

9 0.145 5.833 5.173 1.735 2.989 

12 0.145 5.880 5.194 1.608 2.772 

LSD 5% NS NS NS 0.151 0.261 

NP*VM  NS NS NS NS NS 

CV%  18.49 2.12 26.82 17.15 17.16 
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Available Phosphorus: Pre planting available phosphorus content of the soil was 4.1 ppm. 

At the end of the experiment, depending on time, the values varied between 4.97 ppm and 

5.24 ppm (Table 4). According to (Olson, 1954) phosphorus level which observed in our 

study included under low level. The soil pH of our soil data indicated that a moderate range 

which was between 5.84-5.88 under these level macro nutrients was low. This study related 

to (D.A Horneck. et al, 2011) revealed that when soil pH is in between 5.2-6 the availability 

of P and N are decreased. Even though the P level was in low range the highest available 

phosphorus value was obtained with 6 t ha
ī1

 vermicompost application and the lowest with 

the control. Where there was no significant difference between vermicompost by NP 

applied to soil as increased available phosphorus content compared to the initial soil data. 

The application of 100% NP (92N and 46P2O5
-1

) increased by 1.04ppm of available 

phosphorous from the initial. 

pH: Vermicompost applied in 12 t ha
ī1

 dose resulted in higher soil pH values. Soil pH is an 

important soil property that has direct impact on plant growth, availability of nutrients, and 

microbial activity. It is generally thought that applications of organic materials like VC 

reduce soil pH. However, contrary to the general belief, we observed that soil pH in 

treatments with vermicompost almost above the control. This may be due to the fact that 

vermicompost used in our study have moderate alkaline reaction (Table 1). In fact, some 

researchers determined that organic fertilizers with high pH might not lower soil pH 

(Whalen and Carefoot 2000). 

The Effects of Vermicompost and NP Fertilizer on Economic Feasibility of Wheat 

Production: Partial budget analysis of the combination of VM with NP fertilizer was 

presented in Table 5. The net benefit of ETB 62459.15 ha
-1

 and marginal rate return of 

12.07 % was obtained from combination 9 ton with (50% NP) 46N and 23 P2O5kg ha-1. 

The net benefit ETB 48994.17 ha
-1

, and the highest marginal rate return of 373.62% was 

gained from the use of 3ton VM with (100%NP) 92N and 46 P2O5kg ha-1 fertilizer.  
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Table 5. Partial budget analysis of VM and NP fertilizer for Wheat production 
Tretment TVC 

(ETB
-1
)*  

GY 

(kgha
-1
) 

AdGY 

(kgha
-1
) 

STY 

(kgha
-1
) 

AdSTY 

(kgha
-1
) 

NB (ETB 

ha
-1
) 

MRR

% 

0 tVM + 0N, P2O5 0 648.9 584 841 756.9 13388   

0 tVM + 46N,23 P2O5 1975 2088 1879.2 1170.3 1053.3 32119.66 3.38 

0 tVM + 92N,46 P2O5 3950 3475.9 3128.3 1214 1092.6 48512.4 3.5 

3 tVM + 0N, P2O5 1800 1587 1428.3 1373.3 1236 26944.16 13.28 

3 tVM + 46N,23 P2O5 3775 2885 2596.5 1646.6 1481.9 43506.86 3.48 

3 tVM + 92N,46 P2O5 5750 3372.1 3034.9 1835.6 1652 48994.17 373.62 

6 tVM + 0N, P2O5 3600 1896.8 1707.1 2962.5 2666.3 38483.87 25.53 

6 tVM + 46N,23 P2O5 5575 3291.9 2962.7 936.8 843.1 42864.58 D 

6 tVM + 92N,46 P2O5 7550 3564.3 3207.9 1436.7 1293 47368.81 D 

9 tVM + 0N, P2O5 5400 2174.9 1957.4 1305.1 1174.6 30617.28 D 

9 tVM + 46N,23 P2O5 7375 4125.6 3713 2734.2 2460.8 62459.15 12.07 

9 tVM + 92N,46 P2O5 9350 3339.6 3005.6 2281.5 2053.4 47578.56 D 

12 tVM + 0N, P2O5 7200 1886.9 1698.2 1345.9 1211.3 25297.56 D 

12 tVM + 46N,23 P2O5 9175 3167.2 2850.5 1609.6 1448.6 41573.12 D 

12 tVM + 92N,46 P2O5 11150 3194.7 2875.2 1964 1767.6 42030.24 D 

*AGY = Adjusted grain yield, GB (GY) = Gross benefit, TVC  = Total variable costs, NB (Birr/ha) = Net 

benefit and MRR (%) = Marginal rate of return, D = Dominated treatment and ETB = Ethiopian Birr. 
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Conclusion and Recommendation 

Result on crops response to vermicompost and NP fertilizer rates is mandatory to come up 

with feasible and sustainable wheat production. The objective was to determine the effect 

of Vermicompost in relation to the NP fertilizer for wheat production in 2017-2019 GC. 

The interaction of VM and NP fertilizer application on wheat was found significant effect 

of biomass and grain yield of wheat. The combined result of three year data of vermicompst 

by NP fertilizer had no interaction effect. The combined analysis of variance of treatments 

over years showed significant. The results of soil pH, total nitrogen, organic matter and 

available P increased as compared from the initial. The combined application of 3ton with 

100% NP ha
-1

 with the net benefit of ETB 48994.17 ha
-1

 and marginal rate return of 373.62 

% was generated optimum grain yield and economically reasonable. Therefore, the 

combination 3ton with 100% NP ha
-1

 were recommended for the study location and similar 

agro-ecologies in bread wheat producing areas of Ethiopia. 
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Abstract 

Salinity is a major problem affecting crop production all over the world: 20% of 

cultivated land in the world, and 33% of irrigated land, are salt-affected and degraded. 

This process can be stressed by climate change, excessive use of groundwater (mainly if 

close to the sea), increasing use of low-quality water in irrigation, and massive 

introduction of irrigation associated with intensive farming. The objective of this 

research was to show the effects of different mulching materials on salinity problems for 

onion production. The experimental treatments were four variables as no much 

(control), Green manure, incorporated Corotolaria junicea, organic mulch (grass 

Typhalatifolia±filla±) and black plastic. The experimental design was randomized block 

design (RCBD) with four replications. The statistical analyses were performed using 

Analysis of Variance (ANOVA) procedure of the SAS 9.1 software. The experimental 

result indicated on the electrical conductivity increased over year in all treatments 

however, the result of electrical conductivity in each year lower concentration of the 

salt observed on filla (0.79, 0.917 and 1.548 EC ds/m) and black plastic mulching (0.89, 

0.9417 and 1.578 EC ds/m) material treatment than green manure incorporation (1.61, 

1.7425 and 2.925 EC ds/m) and no mulch treatment (1.52, 1.2858 and 1.925 EC ds/m). 

Similarly, the ±filla± and black plastic mulch materials have shown highly significant 

difference on marketable yield as compared to control with 32.82% and 25.24 % yield 

advantage respectively. Therefore, ±filla±organic mulching material and black plastic 

are recommended as mulching materials to get high onion yield with reduced effect of 

salinity level. And further investigation should be done on the minimizing the electrical 

conductivity. 

Key words: electrical conductivity, green manure, mulching, onion, salinity  
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Introduction  

Salinity is a major problem affecting crop production all over the world: 20% of 

cultivated land in the world, and 33% of irrigated land, are salt-affected and degraded. 

Soil salinity has been a major concern to global agriculture throughout human history 

(Lobell, et al., 2007). In recent times, it has become even more prevalent as the intensity 

of land use increases globally. Salinity of arable land is a problem that is becoming 

more and more important in many areas where irrigation is a regular agro-technical 

measure, and in semi-arid and arid regions in the world where atmospheric 

precipitations are not sufficient to flush the salts from the root zone.  

In Australia, Africa, Latin America, and in the near and the Middle East these soils are 

widely present. About 951 million hectare of soil is affected worldwide and 80.4 million 

hectares of it is shared by Africa (Abrol et al., 1988). Ethiopia is not an exception to the 

problem although irrigation is not widely developed compared to the potentially 

irrigable area. In fact, it stands first in acreage of saline soil in Africa (Abrol et al., 

1988). According to FAO (2005), Ethiopia has 10.61-million-hectare saline and 425,000 

ha sodic land. The semi-arid and arid lowlands and valleys have major problems of 

salinity and alkalinity. Tamirie reported that 44 million ha (36 % of the countryôs total 

land area) is potentially susceptible to salt affected. Out of the 44 million ha, 75 % have 

dominantly salinity problems, 18 % have combined salinity and alkalinity problems and 

7 % have dominantly alkalinity problems. 

In the study area the maximum temperature reaches 32
o
c and annual evapotranspiration 

is 1517 mm and the annual rainfall is 1007.8 mm which is precipitation to evaporation 

ratio is 0.66 Soil salinity is a major environmental factor causes reduction in plant 

growth and productivity in arid and semiarid areas, where precipitation to evaporation 

ratios is 0.75 or less (Brady, N.C. and R.R. Weil, 1999). Salinity problem has 

manifested itself to the extent that farmers are experiencing tremendous yield losses, 

especially on vegetable crops, and some farms had to be abandoned or farmers had to 

switch to producing more salt tolerant crops. Adjacent to the study area Efratana Gidim 

Wereda at Negesso Kebele, about twenty farmers lost their fields due to saline sodic 

(Yonas and Gizaw 2007).  
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The use of mulching is one of the easy and effective mechanism to reduce the effect of 

salinity through the evaporation.  Some reported by scholars mulching of soil surface 

with different materials used to reduce evaporation losses (Li et al., 1999; Deng et al., 

2003; Qiao et al., 2006) and reduce salt build-up in the soil (Pang et al., 2009). Mulches 

may be inorganic (generally thin sheets of polyethylene) or organic (generally plant 

residues such as straw). Plastic mulches reduce the evaporation of water from the soil 

surface by 50-80% (Allen et al., 1998). Inorganic mulches are durable, but deteriorate 

with time and may generate disposal problems, whereas organic mulches are 

biodegradable, decompose more quickly and must be replaced more frequently than 

inorganic mulches. Deng et al. (2006) reported that mulching with crop residues 

improved water-use efficiency by 10ï20% as a result of reduced soil evaporation and 

increased plant transpiration. As a consequence of reduced evaporation, soil mulching 

benefits the conservation of water, particularly in the topsoil, decreases the evapo-

transpiration rate and lower the concentration of the salts present in the irrigation water 

and the soil solution (Zhang et al., 2008), Therefore, these research focuses to 

investigate the effect of mulching on minimize the salinity effect on onion yield 

production. 

Materials and Methods 

 Study Area Description: The study area is located at 10
o
 5±32±N Latitude and 39

o
 

54±51±E longitude at about 1197 m.a.s.l average elevation.  The area is administered by 

Kewet District, Yellen Kebele. It is located at a distance of about 235 km to the North 

East of Addis Abeba on the way to the Northern part of the country (Figure1). The 

district is classified under hot to warm moist agro-ecological zone. The annual average 

rainfall as 18 years data recorded at Yellen town is 1007.8 mm and the temperature 

ranges from 16.5
o
C to 32

o
C (Kewet district bureau of agriculture).   
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Figure1. Geographical location of study area 

Weather Data: Rainfall temporal variability over the year the first year was higher than 

the second year this effect on the electrical conductivity value. The rainfall distribution 

during the experimental year was highly variable in amount and distribution. The total 

annual rainfall during the first year (2015/16) was 1065.5 mm while during the second 

year (2016/17) was 730.4mm. Similarly, in the irrigation season the rainfall distribution 

and amount was variable. For first year, the seasonal rainfall was 456.9mm and 70.4mm 

during the second-year irrigation season (Figure 2). 
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Figure 2. Distribution of rainfall during the experimental years (2015/16-16/17) 

The maximum and minimum air temperature of the experimental area during the 

conducted year was variable from year to year. Maximum temperature was 30.5 and 

31.7 
0
C and minimum temperature was 13.3 and 14.1 

0
C for first and second year 

respectively (Figure 3).  

 

Figure 3. Maximum and minimum temperature of experimental years (2015/16-16/17) 

The average potential evapo-transpiration of the study area is 5.47 mm/day. This value 

determined using CROPWAT 8.0 software (Table 1) 
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Table 1. Evapo-transpiration on the study site at Yellen 

Month Min T Max T RH Wind Sunshine Radiation      ETo 

  °C °C % km/d hours MJ/m²/day  mm/day 

Jan. 11.1 28.5 67 173 10.5 22.3 4.6 

Feb. 12.7 29.9 67 173 10.6 24.1 5.12 

Mar. 12.8 29.7 68 173 10.7 25.7 5.42 

Apr. 14.8 32.2 68 173 11.2 26.9 5.99 

May 15.5 33.1 67 173 11.6 26.9 6.1 

Jun. 16.2 35.8 66 173 12.7 28 6.63 

Jul. 16.3 32.9 69 173 11.1 25.8 5.89 

Aug. 16.9 31.3 71 173 9.8 24.3 5.43 

Sept. 15.4 30.4 70 173 9.8 24.3 5.31 

Oct. 11.7 31.5 65 173 11.9 26.3 5.68 

Nov. 11.9 29.6 67 173 10.7 22.9 4.83 

Dec. 9.2 28.8 65 173 11.4 23 4.69 

Average 13.7 31.1 67 173 11 25 5.47 

 

Irrigation scheduling: The irrigation scheduled for onion crop was determined using 

fixed interval method with the help of CROPWAT 8.0 software. As shown the tables 

below the initial stage within 4 days interval and for other stage every 7 days interval 

were used for all treatments (Table 2 and 3). In the first-year, low irrigation water used 

due to more rainfall distribution with deducted the effective rainfall in growing season. 

While for the second year used irrigation water due to low to nil effective rainfall in 

growing season.  
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Table 2. Irrigation schedule during the first year 2015/16 

Date Day Stage * Eff. Rain Depl Ks ETa Net Irr Deficit Loss Gr. Irr Flow 

      mm % fract. % mm mm mm mm l/s/ha 

4-Feb 4 A 0 58 0.68 70 28.8 0 0 41.2 1.19 

8-Feb 8 A 0 20 1 100 10.8 0 0 15.5 0.45 

12-Feb 12 A 0 29 1 100 17.7 0 0 25.2 0.73 

16-Feb 16 A 0 26 1 100 17 0 0 24.3 0.7 

20-Feb 20 A 0 23 1 100 15.9 0 0 22.7 0.66 

27-Feb 27 B 12.3 10 1 100 8.3 0 0 11.8 0.2 

6-Mar 34 B 0 21 1 100 18.7 0 0 26.8 0.44 

13-Mar 41 B 19.9 15 1 100 14.7 0 0 21 0.35 

20-Mar 48 B 0 20 1 100 21.2 0 0 30.4 0.5 

27-Mar 55 C 21.7 7 1 100 7.4 0 0 10.6 0.18 

3-Apr 62 C 24.2 16 1 100 17.4 0 0 24.9 0.41 

10-Apr 69 C 0 23 1 100 24.4 0 0 34.8 0.58 

17-Apr 76 C 26.6 6 1 100 6.3 0 0 9 0.15 

24-Apr 83 D 0 17 1 100 18.3 0 0 26.1 0.43 

1-May 90 D 0 28 1 100 30.5 0 0 43.5 0.72 

7-May End D 0 0 1 0           

*A is initial stage, B is development stage, C is mid stage and D is late stage
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Table 3. Iirrigation schedule during the second year 2016/17 

Date Day Stage * Eff. Rain Depl Ks ETa Net Irr Deficit Loss Gr. Irr Flow 

      mm % fract. % mm mm mm mm l/s/ha 

5-Jan 4 A 0 67 0.53 62 33.3 0 0 47.6 1.38 

9-Jan 8 A 0 29 1 100 16.1 0 0 23 0.67 

13-Jan 12 A 0.5 26 1 100 15.9 0 0 22.6 0.66 

17-Jan 16 A 0.5 24 1 100 15.8 0 0 22.6 0.65 

21-Jan 20 A 0 24 1 100 16.7 0 0 23.9 0.69 

28-Jan 27 B 0 35 1 100 27.5 0 0 39.3 0.65 

4-Feb 34 B 0 34 1 100 30 0 0 42.9 0.71 

11-Feb 41 B 0 34 1 100 32.6 0 0 46.5 0.77 

18-Feb 48 B 0 28 1 100 30 0 0 42.8 0.71 

25-Feb 55 C 0 31 1 100 33.8 0 0 48.2 0.8 

4-Mar 62 C 0 29 1 100 30.8 0 0 44 0.73 

11-Mar 69 C 0 33 1 100 35.8 0 0 51.1 0.84 

18-Mar 76 C 0 31 1 100 34 0 0 48.6 0.8 

25-Mar 83 D 0 34 1 100 36.7 0 0 52.4 0.87 

1-Apr 90 D 0 34 1 100 36.7 0 0 52.4 0.87 

7-Apr End D 0 18 1 0           

*A is initial stage, B is development stage, C is mid stage and D is late stage 
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Initial soil and water status of the experimental site 

From the experimental site pre planting the composite soil sample were taken from 5 

point diagonally and composite it, then after were taken 1 kg soil sample for lab 

analysis. While for water sample were taken 1 liter. The result presented in table below 

(Table4). 

Table 4. Initial pre-planting composite soil and water result 

2008                            pH                          ECw ds/m 

Soil 8.16 1.98 

Water 8.42 3.21 

 

Experimental Design and Treatment Setup 

The experimental treatments were no mulch as 1) control, 2) green manure i.e., 

incorporated Corotralia junciea, 3) organic mulch (grass Typha latifolia ±filla±) and 4) 

Black plastic mulch replicated four times.  The experimental design was Randomized 

Complete Block Design (RCBD).  Total number of plots was 4 repôs x 4 mulching (total 

16 plots). Each plot area was 2.88 m
2
 (1.8* 1.6 m).  The farmland was leveled and 

chemical fertilizer was applied at the rate of 82 kgha-1 N, 92 kgha-1 P2O5. For black 

plastic treatment, the black polythene plastic sheet was laid over the entire bed and 

water was applied over it to make it stick.   

The onion seedling was transplanted after seven weeks with 40 cm x 20cm x *10cm 

spacing between furrow, raw and plant respectively.  For incorporated mulch, Carotralia 

junicea was chopped and incorporated in the soil one month before transplanting.  Grass 

±filla± was as organic mulch was used. For all experimental treatments, urea fertilizer 

was applied at two split applications at planting and vegetative stage.  

Data Collection Method and Analysis 

Composite soil samples were collected before planting while, at mid stage and at 

harvesting from each plot were collected, weather data, soil data, planting date, 

harvesting date, plant height, stand count, bulb diameter, number of marketable and 

unmarketable bulb, marketable and unmarketable yield. The 0-30 cm depth soil samples 
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were taken with a 4 cm diameter Edelman auger in four vines (i.e., replications) of each 

plot. For simplicity and representativeness of root zone salinity, the results presented are 

the means of the values. The collected soil samples were brought to the laboratory and 

analyzed for soil pH and saturation extract electrical conductivity (ECe) in 2015/16 and 

2016/17.  

 Data Analysis: The statistical analyses were performed using Analysis of Variance 

(ANOVA) and General Linear Model (GLM) procedure of the SAS 9.1 software (SAS 

Institute, 2004). The means were separated using the Tukeyôs multiple comparison test 

at p = 0.05 (Gomez, A.K. and Gomez, A.A. 1984).  

Results and Discussion 

Mulching Materials and Soil pH and Ece: The analysis of variance revealed that the 

concentration of salt over years increased due to the rainfall variability , when the 

rainfall increased the salt is diluted and leached with rain water due to this the level of 

salt concentration minimized. The rain water is generally acidic in nature. The result of 

electrical conductivity in each year was lower concentration of salt observed on filla 

(0.79, 0.917 and 1.548 EC ds/m) and black plastic mulching (0.89, 0.9417 and 1.578 EC 

ds/m) material treatment than green manure incorporation (1.61, 1.7425 and 2.925 EC 

ds/m) and no mulch treatment (1.52, 1.2858 and 1.925 EC ds/m) (Table 5). The 

electrical conductivity showed increased over year in all treatments. Generally, the 

variation of the pH value was no significant variation among the treatment except the 

first year. While pH value lower in green manure incorporation treatment (7.42) than 

other treatments. As reported the scholars mulching reduce evapotranspiration and salt 

accumulation (Zhang et al., 2008), and maintain moisture content in the root zone, and 

also reduce soil temperature, evaporation and salt accumulation (Abou-Baker et al., 

2011; Swarup, 2013; Alharbi, 2015).  
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Table 5. Soil pH and ECe for Evaluation of mulching materials on salinity reduction for onion 

at Shewarobit (2015/16) at harvesting 

** The values in the parenthesis are transformed values 

Irrigation Water pH and ECw 

There was seasonal variation of salt concentration of irrigation water. On the average 

result showed that during initial- stage of the ECw was less than that of the mid-stage. 

But pH of the irrigation water was higher at the initial-stage and lower at the mid stage 

of the growing stage of onion (Table 6).  The result may come from the rainfall and 

temperature effect.  Soil mulching benefits the conservation of water, particularly in the 

topsoil, decreases the evapo-transpiration rate and lower the concentration of the salts 

present in the irrigation water and the soil solution (Zhang et al., 2008). On average, the 

electrical conductivity of irrigation water was 3.16 ds/m and pH value were 7.935 these 

values are for most vegetables above the threshold dS/m ECw (Appendix Tables 1&2)). 

Even if the values above the threshold relatively better onion yield obtained on mulched 

treatments than no mulched treatments. 

Treatment ECe ds/m 

2015/16 at 

harvesting 

ECe ds/m 

2016/17 at 

mid stage 

ECe ds/m 

2016/17 at 

harvesting 

pH 2015/16 

at harvesting 

pH 

2016/17 

at mid 

stage 

pH 

2016/17 

at 

harvesting 

No mulch 1.52(0.39)
 a
 1.2858

b
 1.925

b
 7.48b(0.928)

 

ab
 

7.8096 7.764 

GM 1.61(0.41) 1.7425
a
 2.925

a
 7.42b(0.915)

 

b
 

7.7675 7.762 

Black plastic 0.89(0.26)
 b
 0.9417

c
 1.578

c
 7.66a(0.94)

 a
 7.7879 7.695 

Typha 

latifolia 

/ôfillaô/ 

0.79(0.24)
 b
 0.9171

c
 1.548

c
 7.73a(0.93)

 

ab
 

7.8825 7.666 

Cv (%)    

41.53(29.8) 

         24.3         21.7       

5.84(7.62) 

      4.19           3.8 

LSD (0.05)    

0.14(0.0274) 

           0.17         0.234   0.12 

(0.0201) 

       ns           ns 
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Table 6. Irrigation water pH and ECw at initial and mid stage of irrigation season 

Sample taken ECw ds/m pH 

During initial- stage 3.05 8.36 

During mid-stage 3.27 7.51 

Average 3.16 7.935 

Mulching material  on soil moisture at mid and harvesting stages 

Soil moisture result showed that significant difference between treatments.±filla± and 

black plastic mulch material were highly significant results as compared to without 

mulch and green manure incorporated at the mid stage in both years. At harvesting 

±filla±  treatment was highly significant difference among the treatments in both years 

(Table 7).  
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Table 7. Response of soil moisture on mulching materials at mid and harvesting stages 2015/16 and 2016/17 

Mulch Mid stage 2015/16 Harvesting stage2015/16 Mid stage 2016/17 Harvesting stage 2016/17 

No 23.529
b
 19.577

c
 19.179

b
 14.341

c
 

GM 24.846
b
 21.024

c
 20.566

b
 15.862

c
 

Black plastic 37.032
a
 31.514

b
 32.682

a
 26.278

b
 

Typha latifolia /ôfillaô/ 37.998
a
 35.361

a
 33.648

a
 30.122

a
 

Grand Mean 30.851 26.869 26.519 21.651 

CV(%) 10.39 10.12 12.18 12.79 

LSD (0.05) 3.5049 2.973 3.5321 3.0278 
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Mulching Materials on Yield and Yield Components of Onion 

The first-year result showed that all parameters have significant difference between 

treatments, on the effect of mulch with assuming that constant depth and interval for all 

treatment (Table 8).  ±Filla±and black plastic mulch have high results on marketable yield 

got 26.1% and 23.9 % yield advantage over control treatment (without mulch) respectively. 

Some reported by scholars mulching of soil surface with different materials used to reduce 

evaporation losses (Li, et al., 1999; Deng et al., 2003; Qiao et al., 2006) and reduce salt 

build-up in the soil (Pang et al., 2009). 

The second-year results were similar trend with first year result. It showed that for all 

parameters of yield and yield components have significant difference between treatments, 

on the effect of mulch with assuming constant interval and depth for all treatments (Table 

8). ±filla± and black plastic mulch material have shown highly significant results on 

marketable yield compared to without mulch have 40.73% and 18.5 % yield advantage 

respectively.  

Table 8. Yield and yield component of onion in the first year (2015/16) 
Mulch material Marketable 

yield kgha-1 

Unmarketable 

yield kgha-1 

Total 

yield kgha-1 

Bulb 

diameter 

mm 

plant 

height 

cm 

No 9679.0(3.96)
 b
 1794.0(3.2)

 b
 11473.0(4.03)

 b
 36.3b

c
 33.0

b
 

GM 9217.09(3.95)
 b
 1972.1(2.97)

 b
 11190.0(4.04)

 b
 35.4

c
 32.9

b
 

Black plastic 12719.0(4.093)
 a
 2170.3(3.1)

 b
 14889.0(4.16)

 a
 40.0

a
 39.9

a
 

Typha latifolia /ôfillaô/ 13114.0(4.097)
 a
 3036.4(3.4)

 a
 16150.0(4.19)

 a
 39.2

ab
 40.5

a
 

CV(%) 29.31(3.02) 45.99(15.37) 27.89(2.83) 10.09 13.12 

LSD(0.05) 2722.7(0.1) 856.8(0.4) 3109.6(0.09) 3.16 3.98 

** The value in the parenthesis is transformed value 
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Table 9. Yield and yield component of onion in the second year (2016/17) 

Treatments Marketable 

yield kgha-1 

Unmarketable 

yield kgha-1 

Total yield 

kgha-1 

Bulb 

diameter 

mm 

Plant 

height 

cm 

No mulch 6232(3.72)
 b
 550(2.73)

 a
 6782 (3.78)

 b
 35.38

b
 33.95

b
 

GM 5111(3.70)
 b
 454(2.64)

 ab
 5566(3.73)

 b
 29.89

c
 31.98

b
 

Black plastic 7648(3.81)
 ab

 333(2.50)
 b
 7981(3.84)

 ab
 36.61

ab
 34.97

b
 

Typha latifolia /ôfillaô/ 10515(3.94)
 a
 486(2.66)

 ab
 11001(3.97)

 a
 40.17

a
 44.32

a
 

CV (%) 48.58(6.33) 55.32(8.14) 43.08(5.28) 13.66 16.32 

LSD (0.05) 3130.1(0.245) 220.23(0.226) 3084.5(0.206) 3.99 4.82 

** The value in the parenthesis is transformed value 

The combined result also showed similar trend with individual year result. It showed that 

for all parameters of yield and yield components have significant difference between 

treatments except unmarketable yield, on the effect of mulch with assuming constant 

interval and depth for all treatments.±filla± and black plastic mulch material have shown 

highly significant results on marketable yield compared to without mulch have 32.82% and 

25.24 % yield advantage respectively (Table ). Our results are similar to findings of Bu et 

al. (2002), who reported that surface-applied mulches provide benefits to crop production 

through improving water, heat energy and nutrient status in soil, preventing soil and water 

loss, preventing surface soil salinity and controlling weed. Also, straw mulch helps to retain 

soil moisture, reduce temperature, and conserve soil, control weeds and increase soil 

fertility.  

Table 10. Yield and yield component for Evaluation of mulching materials on salinity reduction for 

onion at Shewarobit (combined) 

Treatments Marketable yield 

kgha-1 

Unmarketable yield 

kgha-1 

Total yield kgha-1 Bulb 

diameter 

mm 

Plant 

height 

cm 

No mulch 8007(3.85)
 b
 1195.6(2.97) 9166(3.91)

 b
 35.83

b
 33.45

c
 

GM 7960(3.86)
 b
 1543.9(3.00) 9417(3.93)

 b
 32.67

c
 32.45

c
 

Black plastic 10710(3.97)
 ab

 1379.8(2.91) 12041(4.02)
 ab

 38.32
ab

 37.41
b
 

Typha latifolia /ôfillaô/ 11920(4.02)
 a
 1739.9(3.04) 13656(4.08)

 a
 39.69

a
 41.42

a
 

CV(%) 43.14(5.28) 87.2(7.2) 44.7(4.7) 12.03 14.88 

LSD (0.05) 2839(0.12) 901(0.06) 333.75(0.11) 2.5 2.18 

** The value in the parenthesis is transformed value 
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Conclusion and Recommendation 

Soil salinity is becoming a major constraint to vegetable crop production. Vegetable crop 

production requires a high input of fertilizers and water; these are possibly increasing soil 

salinity. Mulching management strategies must consider minimizing the effects of salinity 

on onion bulb production. Mulching with grass (±filla±) and with black black plastic 

increases onion bulb yield and keeps the moisture content to reduce the effect of soil 

salinity. The experimental result indicated on the electrical conductivity increased over year 

in all treatments due to rainfall variability. however, the result of electrical conductivity in 

each year lower the concentration of salt observed on filla (0.79, 0.917 and 1.548 EC ds/m) 

and black plastic mulching (0.89, 0.9417 and 1.578 EC ds/m) material treatment than green 

manure incorporation (1.61, 1.7425 and 2.925 EC ds/m) and no mulch treatment (1.52, 

1.2858 and 1.925 EC ds/m). Considering the costs to use the mulching materials were used 

black plastic mulching material not recommended but for sustainable land use and 

minimizing the effect of salt ±filla± mulching is better. As the results of (first, second and 

combined) year ±filla±and black plastic mulch have high results on marketable yield got 

26.1%, 40.73% 32.82% and 23.9 %, 18.5%, 25.24% yield advantage over control treatment 

(without mulch) respectively.  

Therefore, we recommended that ±filla±organic mulching material is the best mulching 

material to get high onion production with the lowest effect of salinity. And also, further 

research will be done with the variation of water amount and frequency and with different 

crops and vegetables in addition to onion. And also, should be done further water treatment 

otherwise the FTC ground water doesnôt use for sensitive vegetable like; onion and 

tomatoéDuring irrigation season.  
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Annex 

Appendix Table 1. Salt tolerance of vegetable crops as determined by soil salinity (ECe) and 

irrigation water salinity (ECW) 

Vegetable Soil Threshold 1 

(dSĿmī1) Ece 

Irrigation Water Threshold 1 

(dSĿmī1) Ecw 

Rating 

Asparagus 4.1 2.7 T 

Bean 1 0.7 S 

Broccoli 2.8 1.9 MS 

carrot 1 0.7 S 

Cauliflower - 1.9 MS 

Celery 1.8 1.2 MS 

Eggplant 1.1 0.7 MS 

Lettuce 2 0.9 MS 

Muskmelon 1 - MS 

Okra 1.2 - S 

Onion 1.2 0.8 S 

Pea 1.5 - MS 

Pepper 1.5 1 MS 

Potato 1.7 1.1 MS 

Tomato 2.5 1.7 MS 

Strawberry 1 0.7 S 

*ECe: electrical conductivity (EC) of saturated paste extract of soil, ECW: electrical conductivity (EC) of 

irrigation water, S: sensitive, MS: moderately sensitive, MT: moderately tolerant, T:  tolerant 
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Appendix Table 2.  Vegetable crops ð water salinity tolerance (ECw) 

Vegetable crop No reduction (dS/m) 10% reduction (dS/m) 25% reduction (dS/m) 

Tomato 1.5 1.9 2.4 

Spinach 1.3 2.2 3.5 

Cabbage 1.2 1.9 2.9 

Celery 1.2 2.3 3.8 

Broad bean 1.1 1.7 2.8 

Potato 1.1 1.7 2.5 

Sweet potato 1 1.6 2.5 

Onion (3) 0.8 1.2 1.8 

Radish (4) 0.8 1.3 2.1 

Eggplant 0.7 1.7 3.1 

Carrot 0.7 1.1 1.8 

Bean 0.7 1 1.5 
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Effect of Variable Irrigation Schedules on Yield and Water Productivity of Field Pea 

in NW Amhara, Ethiopia: A Case Study in Koga and Rib Irrigation Schemes                           

Alebachew Enyew*, Atakltie Abebe, Amare Tsgie, Dires Tewabe, and Mulugeta Worku 

Adet Agricultural Research Center, Bahir Dar, Ethiopia;  

*Correspondence: alebachewenyew6@gmail.com 

Abstract:  

This study investigated the effects of different irrigation frequency and depth on yield and 

water productivity of field pea at Koga and Rib irrigation scheme, NW Amhara region, 

Ethiopia for two years. Variable irrigation scheduling for field pea was determined using 

CROPWAT version 8. It was a factorial experiment laid out in a split-plot design with three 

replications of two irrigation intervals and five irrigation depths at both locations. Data on 

water productivity, yield, and yield attributes were collected and analyzed using SAS 

version 9. Irrigation frequency, irrigation depth, and their interaction showed a positive 

influence on grain yield and water productivity of field pea at both experimental sites but 

the interaction effect did not show a significant response in water productivity at Rib 

irrigation scheme. At Koga, irrigating 100 % CWR at a 10-day interval gives 2.12 t ha
-1

 

and 0.55 kg m
-3

 optimal grain yield and water productivity respectively. At Rib, irrigating 

75 % CWR at a 10-day interval produces 3.2 t ha
-1

 and 1.055 kg m
-3

 optimal grain yield 

and water productivity respectively. The irrigation water requirement of field pea was 

found to be 406 mm and 349 mm as a net irrigation requirement corresponding to 10 

irrigations at Koga and Rib respectively. Therefore, to attain an optimum yield and water 

use efficiency at Koga, Rib, and similar agro-ecology, field pea can be irrigated based on 

the recommended scenarios. 

 Keywords:  Irrigation scheduling, Field pea, Koga, Rib 
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Introduction  

Recently precision agriculture in humid areas is already being used to increase yield and 

water productivity thereby making irrigation feasible (DeJonge & Kaleita, 2006). If there is 

proper irrigation management i.e., schedule irrigation timing and amounts based on 

accurate crop water use, irrigation has a positive effect on yield provided planted crops are 

not stressed before water application. In countries with large rainfall amounts over years 

and within the same year, temporal variation in storm frequency does not always coincide 

with crop needs at critical periods. Hence, irrigation scheduling remains one of the critical 

needs for efficient water management in crop production in humid areas (Thomas, 

Harrison, & Hook, 2004). Irrigation scheduling and yield have a positive correlation (Al -

Jamal, Sammis, Ball, & Smeal, 1999; Rockström, Barron, & Fox, 2003). The relationship 

between the total quantity of water applied and the yield of a specific crop is a complicated 

one which agree may vary in frequency and amount. Problems associated with the 

sequential nature of irrigation water inputs stem from the fact that the crop-yield response 
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only 1.24 t ha 
-1

in Ethiopia (FAO, 2012) which is far below the potential 4-5 t ha
-1
 

traditional archive in Europe and the world average yield of 1.7 t ha
-1 

(Smýkal et al., 2012). 

The yield of field pea may be reduced by inappropriate irrigation water management in 

addition to a lack of improved variety, disease, and poor fertility of the soil. Construction 

and expansion of irrigation schemes and water management is an opportunity to improve 

the existing field production. 

 

Field pea planted under irrigation conditions cannot withstand over flood irrigation. Under 

such conditions, the plant may die.  Irrigation at an interval of two to three weeks through 

the crop growing period and based on the plant indicator and soil moisture condition is a 

common practice in the study area. However, in Ethiopia particularly in the Amhara region, 

irrigation scheduling under which water is optimum volume has not yet been established 

for field pea. Hence, the objectives of this study were to determine the crop water 

requirement and irrigation schedule of field pea and to determine the effect of variable 

irrigation scheduling on yield and water productivity in a humid tropical environment.  

Materials and Methods 

The experiment was conducted in 2013 and 2014 at the experimental field of Adet 

agricultural research center at Koga irrigation schemes and farmers field at the Rib 

irrigation command area. Koga irrigation scheme is located in Mecha district; 41 kilometers 

from Bahir Dar on the way to Addis Abeba road (37°7'29.721" East and 11°20'57.859" 

North. Rib irrigation site is located in the Fogera district, 60 kilometers far from Bahir Dar 

and geographically located at 37°25' to 37°58' East and 11°44' to 12°03' North. Both the 

irrigation schemes are characterized as a mid altitude agro-ecology. 
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Figure 1.  The map  description of the study area 

Table 1. Physicochemical properties of soil at Koga and Rib irrigation schemes 

Parameters 
Irrigation schemes 

Koga Rib 

FC (%) 32 59.25 

PWP (%) 18 21.0 

Total nitrogen (%) 0.21 0.003 

PH (1:2.5 H2O) 4.75 6.7 

CEC (cmol kg
-1
) 2.88 33 

Available Phosphorus (ppm) 8.7 36 

Soil texture Clay Clay 
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Table 2. Climatic characteristics of the experimental sites 

Parameters Koga scheme Rib scheme 

Minimum temperature (ºc) 11.8 8.10 

Maximum temperature (ºc) 26.8 29.6 

Relative humidity (%) 58.0 67.0 

Sunshine  hour (hr) 8.00 7.90 

Radiation (MJ m
-2
day

-1
) 20.5 20.3 

Reference evapotranspiration  (mm day
-1
) 3.46 3.56 

Wind speed (km/day) 1.00 1.00 

 

CROPWAT 8.0 for Windows was used to estimate daily reference crop evapotranspiration 

(Table 3 & 4) and generate the crop water requirement (CWR) and the irrigation schedule 

for field pea in the study areas. Calculations of the crop water requirements and irrigation 

schedules were carried out by taking inputs of climate, soil, and crop data. To estimate the 

climatic data (wind speed, sunshine hours, relative humidity, minimum and maximum 

temperature) LOCCLIM, local climate estimator software (I. FAO, 1992) was used both at 

Koga and Rib where there is no class A meteorological station. The estimator uses real 

mean values from the nearest neighboring stations and it interpolates and generates climatic 

data values for the study site. The field application efficiency at Koga and Rib considered 

were 70% and 90 % respectively for the gross water requirement calculation using the 

CropWat model since the model was performed at 100% application efficiency. The 

demand for water during the plant's growing season varies from one growth stage to 

another and from crop to crop. The values of reference evapotranspiration (ETo) estimated 

were adjusted for actual crop ET.  

Principally, CropWat outputs generated by default were used to identify irrigation timing of 

when 100% of readily available moisture occurs and application depth where 100% of 

readily available moisture status is attained. To verify the CROPWAT output, field 

experiments were carried out for two consecutive years at Koga and Rib irrigation scheme. 
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 Reference Evapotranspiration (ETO) Calculation 

FAO Penman-Monteith Method: It is a combination approach that combined the 

aerodynamic and heat balance equations into one equation. This equation was used by 

CROPWAT (Allen et al., 1998) for estimating reference crop evapotranspiration (ETO) 

given below: 

%4Ï
πȢτπψЎὙ Ὃ ‎

ωππ
4 ςχσό Ὡ Ὡ

Ў ‎ρ πȢστό
 

Where: ET0 is reference evapotranspiration (mm day
- 1

), T, G, and Rn are daily mean 

temperature 
o
C at 2 m height, soil heat flux density (MJ m-2 day-1), and net radiation value 

at crop surface (MJ m
-2

 day
-1

) respectively. Also, u2, es, ea, (esïea), D and c represent wind 

speed at 2 m height (m s
-1

), saturated vapor pressure at the given temperature (kPa), actual 

vapor pressure (kPa), saturation vapor pressure deficit (kPa), the slope of the saturation 

vapor pressure curve (Pa/
o
C) and psychometric constant (kPa/ºC), respectively. 

Effective Rainfall (Pef): To account for the losses due to runoff or percolation, a choice can 

be made of one of the four methods given in CROPWAT 8.0 (Fixed percentage, 

Dependable rain, Empirical formula, USDA Soil Conservation Service). In this experiment, 

to calculate the effective rainfall the USDA Soil Conservation Service method was used. 

ὖ ὖᶻρςυzπȢςz σὖ Ⱦρςυ  for P <= 83.3mm 

ὖ πȢρὖ for P>83.3mm 

Where P = percipitaion and Pef = effective percipitation (rainfall) 
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Table 3. Climate and ETO data of Koga irrigation scheme 

Month  Min. 

temp (ºc) 

Max. 

temp (ºc) 

Humidity 

(%) 

Wind (km 

day
-1
) 

Sunshine 

hour (hr) 

Radiation 

(MJm
2-

1
day

-1
 

ETo(mm 

day
-1
) 

January 7.5 26.5 51 1 9.8 21.3 3.13 

February 9.2 28.0 45 1 9.8 22.8 3.48 

March 12.0 29.5 42 1 9.1 23.1 3.80 

April  13.3 29.8 43 1 8.8 23.1 3.98 

May 14.4 28.9 53 1 8.6 22.4 4.03 

June 14.0 26.6 67 1 6.7 19.2 3.59 

July 13.7 24.4 76 1 4.4 15.9 3.01 

August 13.6 24.4 77 1 4.3 15.9 3.00 

September 12.9 25.1 72 1 5.9 18.2 3.30 

October  12.5 26.2 63 1 9.0 21.9 3.70 

November  10.4 26.3 57 1 9.5 21.2 3.35 

December 7.9 26.2 54 1 10 21.0 3.11 

Average  11.8 26.8 58 1 8.0 20.5 3.46 

Table 4. Climate and ETo data of Rib irrigation scheme 

Month  Min. 

temp(ºc) 

Max. 

temp(ºc) 

Humidity 

(%) 

Wind (km 

day
-1
) 

Sunshine 

hour(hr) 

Radiation 

(MJm
2-

1
day

-1
 

ETo 

(mm day
-

1
) 

January 4.6 30.5 54 2 9.2 20.3 3.12 

February 6.3 33.0 51 2 10 22.9 3.73 

March 8.0 33.0 49 2 10 24.4 4.17 

April  9.0 32.7 51 2 8.5 22.6 4.07 

May 10 31.6 65 2 6.7 19.6 3.76 

June 10.4 28.5 80 2 5.4 17.4 3.41 

July 9.8 25.0 85 1 1.6 11.8 2.39 

August 10.1 25.5 86 1 6.7 19.6 3.57 

September 9.8 27.0 82 1 9.0 22.9 4.08 

October  7.4 29.0 76 2 10 23.2 3.99 

November  6.7 30.0 69 2 10 21.6 3.55 

December 5.6 30.0 61 1 7.4 17.3 2.81 

Average  8.1 29.6 67 2 7.9 20.3 3.56 
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Table 5. Crop Water and Irrigation Requirements of field pea at Koga irrigation scheme 

Month Decade Stage Kc coeff. ETc 

(mm day
-1
) 

ETc 

(mm dec
-1
) 

Eff. Rain 

(mmdec
-1
) 

Irr. Req. 

(mmdec
-1
) 

Dec. 2 Init. 0.40 1.32 13.2 0.0 13.2 

Dec. 3 Init. 0.40 1.35 13.5 0.0 13.5 

Jan. 1 Deve 0.41 1.40 14.0 0.0 14.0 

Jan. 2 Deve 0.60 2.10 21.0 0.0 21.0 

Jan. 3 Deve 0.88 3.29 32.9 0.0 32.9 

Feb. 1 Mid 1.15 4.54 45.4 0.0 45.4 

Feb. 2 Mid 1.20 5.04 50.4 0.0 50.4 

Feb. 3 Mid 1.20 5.20 41.6 0.1 41.4 

Mar. 1 Mid 1.20 5.36 53.6 2.0 51.6 

Mar. 2 Late 1.20 5.50 55.0 3.0 52.0 

Mar. 3 Late 0.91 4.24 46.6 4.8 41.8 

Apr. 1 Late 0.50 2.39 19.1 5.3 12.5 

Total      399 15.3 342.4 

 

Table 6. Crop Water and Irrigation Requirements of field pea at Rib 

Month Decade Stage Kc coeff. ETc 

(mm day
-1
) 

ETc 

(mm dec
-1
) 

Eff. Rain 

(mmdec
-1
) 

Irr. Req. 

(mmdec
-1
) 

Dec. 2 Init. 0.40 1.08 1.1 0.0 1.1 

Dec. 3 Init. 0.40 1.14 12.5 0.0 12.5 

Jan. 1 Deve 0.41 1.23 12.3 0.0 12.3 

Jan. 2 Deve 0.59 1.84 18.4 0.0 18.4 

Jan. 3 Deve 0.86 2.85 31.3 0.0 31.3 

Feb. 1 Mid 1.11 3.91 39.1 0.0 39.1 

Feb. 2 Mid 1.16 4.33 43.3 0.0 43.3 

Feb. 3 Mid 1.16 4.50 36.0 0.1 35.9 

Mar. 1 Mid 1.16 4.68 46.8 2.0 44.8 

Mar. 2 Late 1.16 4.83 48.3 3.0 45.3 

Mar. 3 Late 0.88 3.63 39.9 4.8 35.1 

Apr. 1 Late 0.49 2.02 16.2 5.3 9.5 

Total     345.2 15.3 328.6 
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Experimental Design: The field experiments were arranged with a split-plot design with 

three replications and carried out from December to April. This is because those months are 

the irrigation season for field pea production in the case of the Koga and Rib irrigation 

scheme. The on-farm trial was conducted in the dry season with ten different treatments at 

Rib, and Koga under the consideration of two factors.1) two irrigation intervals i.e. 10 and 

14 days and 2) irrigation depth (i.e 50 %, 75 %,100 %, 125 %, and 150 % CWR) of 

variable depths at four growth stages are selected based on CROPWAT 8.0 and farmers 

traditional practices in the area and this amount of water was taken from the full amount of 

irrigation water applied in the field. 

The test crop was field pea with variety Birkitu was planted on 3 m by 6 m plot size at 

Koga and 2.6*4 at Rib irrigation scheme. Spacing between treatments is 1m and Spacing 

between each block will be 1.5m. The spacing between row and crops was 0.5 m and 0.1 m 

respectively.  DAP fertilizer was applied at a rate of 100 kg ha
-1

 at planting. All the 

agronomic practices were uniformly performed for each treatment. Agronomic data such as 

stand count, yield, and seed weight were collected. Irrigation water productivity was 

calculated as the ratio of crop yield (seed yield) and applied irrigation water.  

Data Analysis: The means of the above parameters were subjected to analysis of variance 

(ANOVA) using SAS version 9 computer software. The mean comparison was done by 

using the least significant difference test at a 5% probability level. 
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Results and Discussion 

The effect of different irrigation scheduling treatments on crop growth parameters, yield, 

and water productivity at the Koga and Rib irrigation scheme was presented below the 

tables. At Koga, the analysis showed that yield and water productivity had a significant 

difference over a year and the interaction of year and treatment. While the irrigation 

interval, irrigation depth, and the interaction of irrigation frequency and depth were highly 

significant at (P< 0.01) on the yield and water productivity of field pea in the case of the 

Koga irrigation scheme. 

On the other hand, the ANOVA analysis showed that the yield and water productivity were 

highly significant differences over the year in the case of the Rib irrigation scheme. The 

irrigation, frequency was not significant at (P< 0.05) on the yield and its attributes whereas 

the irrigation depth had a significant difference at the Rib irrigation scheme. Similarly, the 

irrigation depth and the interaction of irrigation frequency and depth had a significant 

difference at (P< 0.05) on the yield of field pea at the Rib irrigation experimental site.  

Table 7. ANOVA for yield and water productivity at Koga irrigation scheme 

Source of variation Degree  of 

freedom 

Mean square 

Yield WP 

Year 1 0.23 ** 0.003 ns 

Replication 2 0.049 * 0.0038 ns 

Frequency 1 0.27 ** 0.0005 ns 

Depth 4 0.08 ** 0.29 ** 

Year*Treatment 4 0.15 ** 0.1 ** 

Replication*Frequency 2 0.003 ns 0.0003 ns 

Frequancy*Depth 4 0.34 ** 0.06 ** 

Error 28 0.01 0.001 

CV(%)  6.79 6.7 

ns = not significant, * = significant, and ** = highly significant 
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Table 8. Yield and water productivity analysis result of Koga irrigation scheme 

Treatments Year 1 Year 2 

Frequecy Depth Yield (t/ha) WP (kg/m3) Yield (t/ha) WP (kg/m3) 

10 50 1.71 0.89 1.59 0.83 

10 75 1.49 0.51 1.57 0.54 

10 100 2.12 0.55 1.87 0.53 

10 125 2.20 0.48 1.66 0.34 

10 150 2.05 0.42 1.73 0.30 

14 50 2.00 0.88 1.73 0.98 

14 75 1.83 0.69 1.71 0.64 

14 100 1.77 0.50 1.58 0.41 

14 125 1.45 0.33 1.76 0.40 

14 150 1.32 0.25 1.48 0.28 

 CV (%) 4.29 4.44 6.18 6.54 

 F 0.0001 0.03 0.40 0.02 

 D 0.0009 0.0001 0.30 0.0001 

 F*D 0.0001 0.0001 0.01 0.001 

*  D = irrigation depth, F = irrigation frequency, and CV = coefficient of variation 

Grain Yield of Field Pea: The grain yield of field pea showed an extraordinary for both 

years, while the parameter was significant over year and interaction of year and treatment. 

100 % CWR irrigation depth at a 10-day irrigation interval gives stable grain yield and 

water productivity. In the first year Irrigation frequency, irrigation depth, and their 

interaction showed a highly significant difference in grain yield of field pea (P < 0.01, 

Table 7& 8). The lowest (1.32t ha
-1

) and the highest (2.2 t ha
-1

) grain yield of field pea were 

obtained for 150 and 125 % CWR at 14 and 10-day irrigation intervals respectively. Grain 

yield showed an increasing trend with the increase of water level and the reverse is true at 

10 and 14-day irrigation intervals respectively. Year 2, Irrigation frequency and depth were 

not a significant difference in grain yield of field pea (P < 0.05, Table 7&8) while doing 

their interaction. The lowest (1.48t ha
-1

) and the highest (1.87 t ha
-1

) grain yield of field pea 

were obtained for 150 and 100 % CWR at 14 and 10-day irrigation intervals respectively.  
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The production was low compared to 4-5 t/ha traditional archives in Europe and slightly 

bigger than the world average yield of 1.7 t ha
-1

(Smýkal et al., 2012). This might be due to 

the soil climate of Koga. Suitable PH for field pea is in a range of 5.5 to 7 while 4.63 at 

Koga. The soil at Koga has very low organic matter content and available phosphorus 

content according to the category by Clements and McGowen (1994). Besides, the 

maximum daily temperature above 25.6 
0 

C during the reproductive phase of the crop 

harmed yield (Lesznyák, Hunyadi, & Csajbók, 2007). Irrigation frequency, irrigation depth, 

and their interaction showed a highly significant difference in grain yield of field pea (P < 

0.01, Table 8). The lowest (2.45 t ha
-1

) and the highest (3.21 t ha
-1

) grain yield of field pea 

were obtained for 150 and 75 % CWR at 14 and 10-day irrigation intervals respectively. In 

the second year irrigation frequency, irrigation depth, and their interaction was not 

significantly different in grain yield of field pea (P < 0.05, Table 9).  

 

Applying optimum amount of water at an exact time can improve the field pea yield up to 

one t ha
-1

 which compared to the finding of  (Cherinet & Tazebachew, 2015), who reported 

2.2-2.4 t ha
-1

was achieved using birkitu and tegenche field pea variety under irrigation in 

Koga and Rib. The total grain yield of field pea at Fogera plain was much larger than the 

Koga irrigation scheme, this might be the soils at Fogera are fluvisols which are deposited 

from upper catchments and have good nutrient content. However, the production was low 

compared to 4-5 t ha
-1

 traditional archives in Europe and slightly greater than the world 

average yield of 1.7 t ha
-1

(Smýkal et al., 2012) this might be due to optimum temperature 

and safe environment for field pea production. The suitable maximum temperature for field 

pea is less than 25.6ºc while at the Rib irrigation scheme the average monthly temperature 

becomes 29.6 ºc which is close to the threshold temperature. Also, the finding is in line 

with Lesznyák et al. (2007), who reported the maximum daily temperature, above 25.6 
0 

C 

during the reproductive phase of the crop harmed yield at the specific growth stage even if 

the seed yield is better and may increase more. 
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Table 9. ANOVA for yield and water productivity at Rib irrigation scheme 
Source of variation Degree of freedom Mean square 

Yield WP 

Year 1 9335968.8 ** 1.12 ** 

Replication 2 20231.0 ns 0.0018 ns 

Frequency 1 47137.5 ns 0.0017 ns 

Depth 4 100528.091 * 1.07 ** 

Year*Treatment 4 70483 ns 0.0068 ns 

Replication*Frequency 2 3682 ns 0.001 ns 

Frequency*Depth 4 84725 * 0.02 ns 

Error 28 26938.7 0.003 

CV  6.99 8.4 

 ns: not significant, * significant at 5% and ** highly significant at 1% 

Table 10. Thousand seed weight, yield, and water productivity analysis result of Rib 

         Treatments  Year 1 Year 2 

Frequency  Depth  Yield (t/ha) WP (kg/m3) Yield (t/ha) WP (kg/m3) 

10 50 2.471 0.88 1.922 0.53 

10 75 3.217 0.82 1.747 0.62 

10 100 2.737 0.46 1.708 0.58 

10 125 3.019 1.35 1.891 0.98 

10 150 2.876 1.07 2.152 0.64 

14 50 2.500 0.76 1.883 0.48 

14 75 2.724 0.60 1.947 0.40 

14 100 2.841 0.48 2.036 0.37 

14 125 
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Water Productivity: Irrigation frequency, irrigation depth, and their interaction showed a 

highly significant difference in water productivity of field pea (P < 0.01, Table 7&8). The 

lowest (0.25-0.28 kg m
-3

) and the highest (0.88-0.89 kg m
-3

) water productivity were 

obtained for 150 and 50 % CWR both at 10 and 14-day irrigation intervals at Koga 

irrigation scheme. The water productivity showed a decreasing trend with the increase in 

water level both at 10 and 14-day irrigation intervals. The results are in close agreement 

with Kebede (2003), Bekele, and Tilahun (2007) who reported that when irrigation water 

becomes a limiting factor, yield losses due to reduced soil moisture could be compensated 

for by water use efficiency. 

In the case of the Rib irrigation scheme, the response of water productivity to irrigation 

frequency and depth was highly significant at (P < 0.01). The lowest (0.37-0.48 kg m
-3

) and 

the highest (0.98-1.35 kg m
-3

) water productivity were obtained for 150 % CWR and 50 % 

CWR irrigation depth respectively. However, their interaction was not significant (P Ò 

0.05). The water productivity decreased when the increasing application depth of irrigation. 

These results are also in close agreement with Kebede (2003), Bekele and Tilahun (2007) 

who reported that when irrigation water becomes a limiting factor, yield losses due to 

reduced soil moisture could be compensated for by water use efficiency (Table 10). 

Conclusion and Recommendations 

The effects of irrigation scheduling were assessed by examining their effects on yield and 

water productivity of field pea. The combined result of the current study revealed that the 

interaction effect of irrigation frequency and depth had a positive effect on yield both at 

Koga and Rib irrigation scheme and water productivity respond only for Koga. At Koga, 

irrigating 100%CWR at a 10-day interval gives 1.87-2.12 t ha
-1

 and 0.53-0.55 kg m
-3

 stable 

grain yield and water productivity respectively. At Rib, irrigating 75 % CWR at a 10-day 

interval gives 3.2 t ha
-1

 and 1.05 kg m
-3

 optimal grain yield and water productivity 

respectively. 

Hence from the foregoing statistical analysis results, if irrigation scheduling is aimed at 

maximizing yields per unit of irrigated area. Therefore irrigating 75 % CWR at a 10-day 

irrigation interval gave a high yield of 3.2 t ha
-1

 in the case of the Rib irrigation scheme. 

While 100 to 125% CWR at the 10-day irrigation frequency gave a high yield of 2.12 to 2.2 
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t ha
-1 

with the water productivity ranges 0.58 to 0.48 kg m
-3

 at the Koga irrigation scheme. 

Also, the scheduling objective is to maximize yield per depth of water applied as a result 

water is the limiting resource 50 % CWR at 14-day irrigation interval gave promise yield of 

1.7 to 2.2 t ha
-1 

and the water productivity ranges 0.88 to 0.89 kg m
-3 

at Koga and 50% 

CWR gave 2.4-2.5 t ha
-1

 and high water productivity 1 to 1.35 kg m
-3  

at Rib similar 

agroecology is recommended. Saved water will help to cultivate additional land and 

increase production for the teeming human population in Ethiopian highlands. 
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Abstract 

The importance of irrigation scheduling is that it enables the irrigator to apply the exact 

amount of water to achieve the goal, optimize production and minimize adverse 

environmental impact. Therefore, the objective of this study is to quantify the effects of 

irrigation regimes on yield and yield components of Maize in the two Lake Tana basin 

experimental sites (Koga and Rib) during 2016/17 and 2017/18. The treatments were 

factorial combinations of five irrigation depths (50, 75, 100, 125, and 150 % of ETc) and 

two irrigation intervals (14 and 21 days) and laid out in a randomized complete block 

design with three replications. The collected data were analyzed using SAS 9 software and 

significant treatment means separated using least significant difference at 5 %. Application 

of optimum irrigation regime increased the grain yield over the deficit and excess 

irrigation regime plot, and their interaction showed no significant effect on the average 

grain yield and water use efficiency of maize.  In Koga, the highest grain yield (7.3 t ha
-1

) 

and water use efficiency (0.9 kg m
-3

) were obtained from 100 % ETc. In the case of Rib, the 

highest grain yield (10.97 t ha
-1

) and water use efficiency (1.9 kg m
-3

) was obtained from 21 

days irrigation interval. Therefore, for Koga and similar agro-ecologies, maize can be 

irrigated with 562 mm net irrigation depth and 21-day irrigation interval while at Rib and 

similar agro-ecologies, maize can be irrigated with 447 mm net irrigation depth and 21- 

days irrigation interval. 

Key words:  Irrigation interval, Irrigation scheduling, Koga and Rib 
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Introduction 

Water demand in all aspects is increasing globally more than the rate of population increase 

(UN, 2018). Besides, expansion of irrigated agriculture, change in consumption pattern and 

climate change aggravate the demand (Ercin et al., 2014). However, most farmers who live 

in developing countries cultivate most crops using flood, border and furrow irrigation 

techniques that result in losing up to 50% water through deep percolation and tail water loss 

(Tewabe et al., 2020).  

To meet food demand by 2050, sub-Saharan Africa maize output must increase up to four-

fold (Hein et al., 2019). Introducing appropriate water management is pertinent to provide 

sufficient food for the rapid population growth. Ethiopia has experienced severe drought, 

temporal and spatial variations of water resources for the last four decades even though an 

ample amount of water resources from precipitation, surface, and subsurface source 

(Muktar and Yigezu, 2016). The population is growing rapidly and is expected to continue 

growing, which inevitably leads to increased food demand. To maintain self-sufficiency in 

the food supply, one viable option is to raise the production and productivity per unit of 

land through irrigation (Awulachew et al., 2005). Implementing sound irrigation water 

management practices is essential. Since irrigation is widely expanded in the Amhara 

region particularly in the Lake Tana basin. Farmers can irrigate their crops based on 

traditional know-how causing nutrient leaching, waterlogging, and severe water shortage 

problems in the study area. Proper amount and timing of irrigation water applications is a 

crucial decision for a farm manager to meet the water needs of the crop, to prevent yield 

loss, and maximize the irrigation water use efficiency resulting in beneficial use and 

conserve water resources (Allen et al., 1998). Therefore, the objective of this study was to 

determine crop water requirements and irrigation scheduling using the CROPWAT model 

for better resource allocation and crop productivity.  

Materials and Methods 

Description of the Study Sites: The field experiment was conducted in two sites of the 

Amhara region during the dry seasons of 2016/17 and 2017/18, North West Ethiopia. Koga 

irrigation scheme is located in the Northwest of Ethiopia at Mecha district, 41 km to the 
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West of Bahir Dar city and 543 km to the North of the capital city, Addis Abeba at 37° 7' 

29.72" Easting and 11° 20' 57.85" Northing and an altitude of 1953 m a.s.l. The average 

annual rainfall of the area is about 1118 mm. The mean maximum and minimum 

temperatures are 26.8 
0
C and 9.7 

0
C respectively. Rib irrigation site is located in Fogera 

district Northwest of Ethiopia, 60 kilometres to the East of Bahir Dar city and 644 km 

North of the capital city, Addis Abeba at 37° 25' to 37° 58' Easting and 11° 44' to 12° 03' 

Northing and an altitude of 1794 m a.s.l. It receives 1400 mm mean annual rainfall. The 

mean daily maximum and minimum temperature of the study area was 30°c and 11.5°c. 

The area is characterized by mild altitude agro-ecology. The available phosphorous (ppm) 

and pH (1:2.5H2O) of the study area is 36.7 & 6.7 at Rib and 6.1 and 4.6 at koga. The trial 

was conducted in 2013 and 2014 at the experiment field of Adet agricultural research centre 

in Koga irrigation scheme and farmersô field at Rib irrigation scheme, Western Amhara, 

Ethiopia (Figure 1). 

  

Figure 1. Location of the study area 
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Experimental Design and Setup  

Experimental Setup: The on-farm trial was conducted with ten different treatments and 

arranged with a random complete block design with three replications (Figure 2). Two 

irrigation intervals i.e. 14 and 21 days and five irrigation depths (50, 75, 100, 125 and 150 

% Evapotranspiration of the crop (ETc)) of variable depths at four growth stages were 

selected based on CROPWAT 8.0. Besides, we used 70 % field application for the trial. 

Thus, the treatments were set and evaluated for verification of the CROPWAT prediction 

with field experimentation (Table 1). The test crop maize a variety of BH-545 planted on 3 

m by 6 m plot size, spacing between treatments and block was 1 and 2 m respectively. The 

test crop maize had 0.75 m and 0.3 m spacing between row and plants respectively. P2O5 

fertilizer applied at a rate of 92 kg ha
-1

 at planting and 46 kg N ha
-1 

applied half at planting 

and the remaining half at 45 days after planting. The water application method was a 

surface irrigation technique that applies through furrow and a siphon hose was used for 

measuring the amount of water we applied using a constant head. The flow rate was 

estimated using the volumetric method. This has been done by collecting water in a tank of 

known volume. Q = V/t where, V = volume of the container (m
3
), t = time taken (hr) and Q 

= discharge of irrigation water (m
3
 hr
ī1

) for both experimental sites (Gore and Banning, 

2017). 

Table 1. Treatment combination 

Treatment Frequency (days) 
Total net irrigation depth (mm) 

Koga Rib 

1 14 307 277 

2 14 435 373 

3 14 562 469 

4 14 690 566 

5 14 818 662 

6 21 267 276 

7 21 368 361 

8 21 469 447 

9 21 570 532 

10 21 670 618 
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Figure 2. Field Layout of the experiment  

Note: W1: 150 % CWR, W2: 125 % CWR, W3: 100 % CWR, W4: 75 % CWR, W5: 50 % 

CWR while F1 and F2 are 14 day and 21 day irrigation frequency respectively. 

Data Analysis: Description of CROPWAT model: CROPWAT software model is a 

computer program used for irrigation planning and management developed by FAO and; is 

widely used to estimate reference evapotranspiration (ETO) and crop evapotranspiration 

(ETc) (Abdalla et al., 2010). It allows the development of recommendations for improved 

irrigation practices, the planning of irrigation schedules under varying water supply 

conditions, and the assessment of production under rain-fed conditions or deficit irrigation 

(Clarke et al., 2001). Although several methods exist to determine ETO; the Penman-

Monteith method has been recommended as the appropriate combination method to 

determine ETO based on climatic data (Allen et al., 1998). 

Crop Water Requirement and Irrigation Scheduling: Crop water requirement and irrigation 

scheduling were estimated using CROPWAT 8.0. Then the generated crop water and 

irrigation requirements values are shown in (Table 2). Besides dependable rainfall, 

(FAO/AGLW formula) method was used for the estimation of effective rainfall.  
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Table 2. Crop and irrigation water requirements of maize in Koga and Rib 

Month Decade Stage 
Koga Rib 

Kc* ETc1 ETc2 ER IWR  Kc ETc1 ETc2 ER IWR  

Dec 2 Init 0.30 0.99 1.0 0.0 1.0 0.30 0.90 0.9 0.0 0.9 

Dec 3 Init 0.30 1.01 11.1 0.0 11.1 0.30 0.90 10.0 0.0 10.3 

Jan 1 Dev 0.31 1.06 10.6 0.0 10.6 0.30 1.00 9.6 0.0 9.6 

Jan 2 Dev 0.51 1.79 17.9 0.0 17.9 0.50 1.50 15.0 0.0 15.3 

Jan 3 Dev 0.81 3.01 33.1 0.1 33.0 0.80 2.40 27.0 0.0 26.8 

Feb 1 Dev 1.10 4.37 43.7 1.0 42.7 1.00 3.40 34.0 0.0 34.0 

Feb 2 Mid 1.29 5.37 53.7 1.4 52.3 1.20 4.10 41.0 0.0 40.7 

Feb 3 Mid 1.29 5.56 44.5 1.7 42.8 1.20 4.20 34.0 0.0 33.6 

Mar 1 Mid 1.29 5.73 57.3 1.9 55.4 1.20 4.30 43.0 0.0 43.3 

Mar 2 Mid 1.29 5.90 59.0 2.2 56.8 1.20 4.50 45.0 0.0 44.5 

Mar 3 Late 1.21 5.66 62.3 2.8 59.5 1.10 4.30 47.0 0.0 46.7 

Apr 1 Late 0.90 4.30 43.0 1.3 41.7 0.80 3.30 33.0 2.0 30.8 

Apr 2 Late 0.58 2.86 28.6 0.8 27.8 0.60 2.20 22.0 3.0 19.5 

Apr 3 Late 0.38 1.84 5.5 2.9 0.7 0.40 1.50 4.5 1.0 2.6 

 Total         471.3 16.1 453.3     365.0 6.0 359.0 

*  Kc is crop coefficient, ETc1 is potential crop evapotranspiration in mm day
-1
, ETc2 is potential crop 

evapotranspiration in mm dec
-1
, ER is effective rainfall in mm dec

-1
, IWR is irrigation water requirement in 

mm dec
-1
, Init, Dev, Mid and Late stands for initial, development, middle and late-stage respectively. 

Statistical Analysis: The collected data were subjected to analysis of variance (ANOVA) 

using SAS version 9. The mean comparison was done by using the least significant 

difference test at 5 % probability level. 

Results and Discussion 

Dynamics of Soil Volumetric Moisture Contents: Changes in the volumetric soil water 

content of the irrigation regime treatments during the first year experimental periods are 

shown in (Figure 3). Although the experiment was conducted during the dry season, there 

was a rainfall (31 mm at Rib and 42 mm at Koga) during the middle stage of the crop in 

both years, leading to an increase in the soil moisture content of the entire treatments. Even 

though both 14 and 21-day interval received the same rainfall, irrigation depths of a 21-day 
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interval is below field capacity (FC) due to less irrigation volume as compared to 14-day 

interval irrigation depths.  

 

Figure 4. Average volumetric soil moisture content in four-crop growth stage vs irrigation regimes 

during 2016/17 experimental season (a) Koga (b) Rib irrigation scheme 

(b) 
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Effect of Irrigation Regime on Grain Yield, Yield Component and Water Use Efficiency 

As shown in Table 3, most parameters showed no significant difference for the interaction 

of irrigation interval and irrigation depth at (P < 0.05).  

Grain Yield: Effect of variable irrigation regime on yield is presented in table 4a, irrigation 

depth alone significant (P < 0.05) in Koga (Table 3).  The maximum (7.3 t ha
-1

) grain yield 

was scored at 100 % ETc. This implies that the application of an optimum irrigation regime 

increased the grain yield over the deficit and excess irrigation regime. This is in line with 

the finding of Ekubay (2020) that showed the maximum grain yield (7.3 t ha
-1

) achieved in 

100 % ETc in northern Ethiopia. In the case of Rib, the irrigation interval showed a 

significant difference and the maximum (10.97 t ha
-1

) grain yield was scored at 21-day 

irrigation interval and the minimum (9.97 t ha
-1

) at 14-day irrigation interval as described in 

Table3. Maximum yield response to 21-day irrigation interval was due to high water 

holding capacity of the soil and manageable volumetric soil moisture content during the 

experimental season as shown in Figure 3a. Besides, 75 % ETc gives maximum yield 

(10.88 t ha
-1

) as compared to full irrigation. This might be the occurrence of rainfall during 

the middle stage of the crop which leads to an increased soil moisture content of the deficit 

treatments. The finding is in line with Demelash and Ranamukhaarachchi (2004), Song et 

al (2019), and Ekubay (2020) irrigating sufficient water during the reproductive period of 

maize increase the grain yield. Generally, this study showed improvements in water amount 

and frequency of irrigation numbers as compared to conventional practice. The Previous 

finding of Ashiber (2017) indicated that 14-day irrigation interval with 140 % ETc is 

convenient to produce maize in North West Ethiopia.  

The grain yield production at the Koga irrigation scheme is low as compared to Rib. This 

might be due to poor soil fertility and acidification at Koga and good nutrient content at Rib 

as mentioned in the site description section. Maize is sensitive to soil acidity and its suitable 

pH ranges from 5.8 to 7, while at Koga, it was about 4.6 that was below the critical level. 

Besides, the soil organic matter and available phosphorus was very low based on Clements 

and McGowen (1994) category. 
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Green cob number:  Application of optimum irrigation regime increased the green cob 

number over the deficit and excess irrigation regime plot as shown in Table 3. Irrigation 

interval showed a significant difference in green cob number (P < 0.05) in Koga. The 

maximum 50,148 and the minimum 44,481 green cob number (approximately 1 cob per 

plant) was scored at 21 and 14-day irrigation interval respectively. The finding is in line 

with Amare et al. (2018) showed that the maize variety BH-545 gives one cob number per 

plant with 14-day irrigation interval in the Koga irrigation scheme. Despite the non-

significance response of irrigation regime to cob number in Rib, the maximum 47527-cob 

number scored at 21 - day irrigation interval.   

Cob Length and Cob Diameter: The maximum 14 cm cob length and 3.9 cm cob diameter 

scored at 21- day irrigation interval in Koga (Table 3).  Similarly, the maximum 17.5 cm 

cob length and 4.96 cm cob diameter were scored at 21- day irrigation interval in Rib. Cob 

length and cob diameter do have not a strong correlation with the grain yield. This might be 

the occurrence of rainfall in the sensitive stage of the maize as described in Figure 3 above. 

Water Use Efficiency: The interaction effect between irrigation interval and depth showed a 

non-significant (P < 0.05) in both locations (Table 3). Increasing the water depth from 50 to 

150 % ETc resulted in a decrease of water productivity from 2.7 to 1.1 kg m
-3

 at Rib and 

1.4 to 0.6 kg m
-3

 at Koga irrigation scheme. By reducing the frequency of irrigation from 

14 to 21 days water productivity increased from 1.6 to 1.9 kg m
-3

 at Rib and 1.2 to 1.4 kg 

m
-3

 at Koga irrigation scheme. Compared with the optimum irrigation regime, the deficit 

irrigation treatments saved a significant depth of water with a minimum yield loss. Other 

authors like Song et al. (2019), Ekubay (2020) and Enyew et al. (2020) reported similar 

findings.  
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Table 3. Combined mean of yield and yield component  

   

Koga Rib 

  Gy Gcn CL CD WUE Gy Gcn CL CD WUE 

D* 1 6.2 44630 13.6 3.9 1.4 10.49 44912 16.9 4.92 2.7 

  2 5.6 47315 14 3.8 0.9 10.88 45328 17.58 4.8 2.1 

  3 7.3 49537 13.7 3.9 0.9 10.34 47448 17.1 4.9 1.6 

  4 6.9 48148 13.3 3.9 0.7 10.57 45787 16.6 4.95 1.3 

  5 7.1 46944 14 3.9 0.6 10.1 47447 17.5 4.96 1.1 

F 1 6.6 44481.5 13.5 3.9 1.2 9.97 44858 16.8 4.9 1.6 

  2 6.6 50148 14 3.9 1.4 10.97 47527 17.5 4.92 1.9 

LSD (5%) D 0.01 0.44 0.14 0.12 0.001 0.87 0.8 0.09 0.018 0.001 

  F 0.86 0.001 0.008 0.66 0.13 0.04 0.12 0.004 0.57 0.0001 

  F*D 0.91 0.58 0.047 0.35 0.95 0.3 0.19 0.04 0.11 0.2 

CV(%)   19.6 13.5 5.7 3.6 19.1 18.1 14.4 5.3 2.7 19.8 

*  F- irrigation water frequency (day), D- Irrigation depth (mm), Gcn-Green cob number (no/ha),  Gy-Grain 

yield (t ha
-1
), CL- Cob length (cm)  CD- Cob diameter (cm), and WUE- water use efficiency (kg m

-3
) 

Conclusion 

The result of the current study revealed that the effect of the irrigation regime was not 

significant on grain yield, cob number, cob length, and cob diameter and water use 

efficiency. In Koga, most parameters respond for irrigation depth than irrigation frequency, 

giving water below or above 100 % ETc affects most parameters. In the case of Rib, most 

parameters respond to irrigation frequency than irrigation depth. The net irrigation water 

requirement was found to be 447 mm to 562 mm throughout the growing season in the 

Lake Tana basin. Therefore, 100 % ETc and 21 days irrigation interval is recommended for 

Koga and similar agro-ecologies. For Rib and similar agro-ecologies, 75 % ETc and 21 

days irrigation interval is recommended.  
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Abstract 

Proper water management is becoming a must since shortage started to cause serious problems in 

Koga Dam, which is a large-scale irrigation scheme in the upper Blue Nile. Finding optimal 

solutions under high demand and limited irrigation is complex and requires the use of optimization 

models. Therefore, the application of efficient water management and resource allocation technique 

is pertinent. This study aims to maximize the net revenue of the Koga irrigation scheme under 

alternative deficit irrigation techniques. Linear programming model was applied to allocate land 

and water resource thereby maximizing net return in the Koga irrigation scheme using five different 

scenarios i.e., Full irrigation, Regulated Deficit Irrigation (10 %, 20 %, and 30 %), and Alternative 

Furrow Irrigation (AFI). The study was subjected to available water, total area, and non-negative 

constraints. Microsoft excel solver function was used for optimization technique and CROPWAT 8.0 

model was used for estimation of crop and irrigation water requirement. The study revealed that the 

maximum net benefit of $ 23.12 million was obtained using Scenario V (Alternative Furrow 

Irrigation). It improved the farm revenue by 81 % from existing practice, 37 % from full irrigation 

and 36% from 20 % regulated deficit irrigation. Moreover, this technique creates a chance to 

irrigate additional land of 2,159 ha over the existing practice, 2,882 ha over full irrigation, and 

1,517 ha over 20 % regulated deficit irrigation concerning regional limitations and water 

availability. Therefore, using Alternative Furrow Irrigation and using appropriate cropping 

patterns enables irrigating 8341 ha with maximum net benefit.  

Keywords: Alternative furrow irrigation, Deficit irrigation, Koga, Linear programming,  

  

mailto:amaretsigegenet@gmail.com


Optimal allocation of water and land resource under deficit irrigation ΧΦΦ                                        !ƳŀǊŜ Ŝǘ ŀƭΦ 

 
177 Proceedings of 13

th
 Regional Annual Conference on Completed Research Activities on Soil and Water 

Introduction 

Access to water provides a basis for livelihoods, culture, and progress otherwise it creates social 

instability and potentially violent conflicts (Smit and Wandel 2006). The increasing world 

population and expansion of irrigated agriculture are the major factor for global water stress 

(Vorosmarty et al 2000; Ercin et al 2014). Moreover, the water resource is highly variable both 

spatial and temporal (Ayalew 2018). Besides, most irrigation schemes adopt flood irrigation 

systems, which is poor in water use efficiency. Realizing the importance of irrigation agriculture, 

the Ethiopian governments start to invest in irrigation infrastructure development (Abate 1994). 

 Koga large dam and irrigation project is one of the infrastructures located in the Blue Nile Basin, 

Ethiopia. The irrigable potential of the Koga irrigation scheme is 7583 ha (Mac Donald 2006, 

unpublished). However, the actual irrigable area for the last five years (2014 to 2019) ranges from 

3620 ha to 6182 ha of land with more than twelve cultivated crops (Koga irrigation management 

office report 2020, unpublished). This reveals that the released water from the reservoir was either 

not sufficient, poor cropping patterns, or mismanaged water to cultivate the irrigable land. Improved 

agricultural water management practices and techniques are essential for the improvement of farm 

profitability and water productivity in the period of limited water supplies (Ali 2010). Effective 

water resource allocation saves water and increases the farm gate revenue. To optimize irrigated 

agriculture and crop productivity, optimization is pertinent in a water-limiting environment (Faisal 

2009; Chartzoulakis and Bertaki 2015). Therefore, under such conditions more efficient water 

management (deficit irrigation) methods and optimization techniques must adapt.  

Deficit irrigation is a strategy to increase water use efficiency (Fereres and Soriano 2007). In 

principle, there are two deficit irrigation techniques, regulated deficit irrigation (RDI) where a 

reduced amount of water is applied uniformly to the root zone, and alternative furrow irrigation 

(AFI), where water is applied on a reduced area of the root zone. The feasibility of deficit irrigation 

was studied extensively in different crops and found a remarkable result of water-saving with 

insignificant yield reduction (Bogale et al 2016; Hassene and Seid 2017; Eba 2018).  Though drip 

and sprinkler irrigation have higher water-saving potential compared to furrow irrigation, AFI is 

inexpensive, easy to implement, and avoids the cost associated with investment and management 

(Casa and Rouphael 2014).  

Linear programming technique (LP) has a wider application for optimum allocation of natural 

resources in irrigated areas due to its simplicity in usage (Reddy et al 2002). Dires (2019); Tewabe 

and Dessie (2020) apply the LP model to enhance water productivity with nine crops under different 
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levels of regulated deficit irrigation. Birhanu et al (2015) also apply the LP model to develop a rule 

curve with five crops under different inflow probability expedience. However, the contribution of 

those studies is limited because the study did not consider the scheme already design under deficit 

irrigation and the system already implemented in the scheme. In the main time, the investigators did 

not catch there was a problem in irrigation duration.  Moreover, the dynamics of the market, 

cropping pattern, and climate uncertainty need up-to-date modification of the existing practice with 

an introduction of high-value crops to the farmer. Therefore, this study aims to maximize the net 

revenue of the Koga irrigation scheme under alternative deficit irrigation concerning regional 

limitations and water availability using linear programming. 

Materials and Methods 

Description of the Study Area 

Koga irrigation scheme is located in the Mecha district. It is 41 km far from Bahir Dar on the way to 

Addis Ababa which is the capital city of Ethiopia (Figure 1). The Koga catchment lies between 37° 

02' 29.72" to 37° 11' 19.12" Easting and 11° 20' 57.85" to 11° 32' 17.81" Northing. The average 

annual rainfall of the area is about 1,431 mm. The mean maximum and minimum temperatures is 

26.8 
0
C and 9.7 

0
C respectively. The soil type is generally light clay luvisols. The average field 

capacity and permanent wilting point of the study area were 32 to 45.4 and 18 to 30.6 (%) 

respectively (AARC laboratory report, unpublished). Koga irrigation scheme is a semi-homogenous 

earth-fill dam to irrigate 7,000 ha of land that has a maximum storage capacity of 83.1 million m
3
 

and designed with an 80 % probability of inflow storage capacity of 72.44 million m
3 
(Mac Donald 

2008, unpublished). It consists of a 22,000 ha catchment area, 19.7 km long main canal, and 12 

individual irrigation command areas serviced by 12 secondary canals (SC), 95 territory canals and 

11 Night Storage Reservoirs (NSR) supplied by the main canal (MC) (MacDonal 2008, 

unpublished). The dam was constructed on 2,000 m original ground level, 2006.1 m dead storage 

levels; 2015.25 m spillway crest level, and 2020 crest level of the dam (Mac Donald 2006; Mac 

Donald 2008). 
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Figure 1. Location of the study area 

Dataset 

 Primary data such as conveyance efficiency was measured using a current meter and measuring 

tape. Besides, application efficiency was also measured using RBC flume. Secondary data such as 

irrigation water release, area of irrigated, cropping pattern, agricultural input, length of the growing 

period, and farm gate price were collected from the Koga irrigation and water management office 

and direct interviews with clients (Table 1). Both primary and secondary data helps to determine 

scheme efficiency, set new water allocation, and cropping pattern trend. Besides, it helps as a 

benchmark to maximize the scheme revenue. 

The study area has only temperature and rainfall data records. Hence temperature and rainfall data 

were taken from the site while the remained from Bahir Dar, Adet, and Dangla metrological station 

using the Thiessen polygon method (Table 2).  
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Table 7: Maximum yield, Production cost, Farmgate price, and cultivated area for 2019/2020 

Crop 
Maximum yield (t 

or cob no ha
-1
) 

Production cost 

($ha
-1
) 

Farm gate price 

($t
-1
) 

Cultivated Area 

(ha) 

Wheat 3 287 221 3,216 

Barley 3 143 201 166 

Green Maize 5,453 268 0 524 

Pulses 3 287 303 7 

Potato 25 541 158 1,114 

Cabbage 38 395 73 201 

Tomato 37 407 86 79 

Melon 44 268 303 17 

Garlic 8 2,225 667 76 

Onion 24 480 303 488 

Pepper 8 287 222 280 

Avocado 15 909 303 13 

Total 
  

222
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Table 8: Munthly average climate data of the study area  

Month 
Min Temp Max Temp Humidity Wind Sun Rad ETo RF 

°C °C % m/s hours MJ/m²/day mm/day mm 

January 7.5 27.4 51 0.7 9.8 21.3 3.69 1.5 

February 9.2 29.3 45 0.8 9.8 22.8 4.25 1.8 

March 12.0 29.5 42 0.9 9.1 23.1 4.62 13.9 

April  13.3 29.8 43 1.0 8.8 23.1 4.85 26.8 

May 14.4 28.9 53 0.8 8.6 22.4 4.57 72.8 

June 14.0 26.6 67 0.8 6.7 19.2 3.91 191.3 

July 13.7 24.0 76 0.7 4.4 15.9 3.17 438.7 

August 13.6 24.0 77 0.5 4.3 15.9 3.11 397.3 

September 12.9 25.1 72 0.7 5.9 18.2 3.51 193.2 

October 12.5 26.2 63 0.5 9.0 21.9 3.93 81.7 

November 10.4 26.3 57 0.6 9.5 21.2 3.71 9.9 

December 7.9 26.2 54 0.5 10.0 21.0 3.44 4.5 

Analysis 

Model formulation  

The model was formulated for the optimal allocation of available water and land resources to 

maximize net farm revenue. The model consists of an objective function and a set of constraints. 

Meanwhile, the developed model was solved using a Microsoft Excel Solver function. The study 

considered that land and water were the only limitations for optimal allocation. The input and 

output cost of crop productions (including fertilizer, labor, and pesticide) were considered during 

the formulation of the model. ñBesides, this study considers the reduction of yield that comes due to 

water stress does not affect the market price of the crops.ò 

The response of yield to the water supply for regulated deficit irrigation is quantified through the 

yield response factor (ky) which relates relative yield decrease to relative evapotranspiration deficit. 

It is assumed that the relationship between the relative yield and the relative evapotranspiration is 

linear and valid for water deficits up to about 50 % (Doorenbos and Kassam 1979). On the other 

hand, the response of yield to the water supply for alternative furrow irrigation quantified on 

average as 10 % yield reductions with 35 % of water-saving, which were generated from local field 
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experimental results of wheat, maize, potato, tomato, and onion (Bogale et al 2016; Hassene and 

Seid 2017; Eba 2018).  
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Where, GIR is the gross irrigation requirement for crop i, Ai is the area for crop i, Rwr is the 

average released water from the reservoir.  

Crop area restriction 

The crop area restrictions are considered based on the general cropping pattern in the region; which 

is 60 % of vegetables, 25 % of cereals or food crops, 10 % of oil and fiber crops, and 5 % of fruit 

crops (MOA 2018). The selection of these crops is based on their productivity in the area and the 

farmerôs preference for the crops. Therefore, the area allocated to each crop should be less than or 

equal to the maximum allowed land in the cropping pattern and mathematically expressed as; 

ὃὭ  ὃάὥὼ  3 

Where, Amax is the maximum allowed area of crop.  

Non-negativity constraint 

Al l parameters should be greater than or equal to zero. 

ὃὭȟὋὍὙȟὙύὶπ    4 

Results and Discussion 

Possible Irrigable Land 

As shown in Table 3, the irrigable land increase is proportional to the increment of scenarios. 

Scenario III, Scenario IV, and Scenario V have 643 ha, 1571 ha, and 2159 ha area advantage while 

Scenario I and II have (-722 ha) and (-122 ha) disadvantages as compared to the existing practice 

respectively. This is attributed to the high water requirement of the two scenarios. As shown in the 

table the available water was not sufficient to irrigate the potential area of the scheme. Birhanu et al 

(2014), reported that the reservoir water is not sufficient to meet 100 % irrigation demand for entire 

command areas and a need to introduce deficit irrigation. Consequently, applying deficit irrigation 

techniques in the scheme shows improvement on the total irrigable land as well as the crop area. 

The finding is in line with Dires (2019); Dires and Mekete (2020), reported that deficit irrigation 

has the potential to irrigate more land with a better net benefit and water productivity.  

The area of Fruit, vegetable, and pulse increase with the increment of the scenarios while not wheat, 

barley, and green maize as shown in Table 3. This might be due to the enterprise choice and the 

water productivity of the crop. The finding is in line with Dires and Mekete (2020), who reported 
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that adopting high yielder and cash crop cultivars has the potential to increase water productivity 

with a better net benefit.  

Table 3: Area allocation under different crops for different scenarios 

Crop 

Actual irrigated 

land 

scenario 

I scenario II 

scenario 

III  

scenario 

IV  

scenario 

V 

Wheat 3216 1124 1247 1405 1596 1717 

Barley             166 58 64 73 82 89 

Green Maize 524 183 203 229 260 280 

Pulses             7 546 606 682 775 834 

Potato             1114 1623 1802 2029 2305 2480 

Cabbage 201 293 325 366 415 447 

Tomato             79 115 128 144 164 176 

Melon 17 25 28 32 36 39 

Garlic 76 110 123 138 157 169 

Onion 488 701 778 876 995 1070 

Pepper 280 409 454 511 580 624 

Avocado 13 273 303 341 388 417 

Total area (ha) 6182 5460 6060 6825 7753 8341 

Net Benefit 

As shown in Table 4, all scenarios show positive net benefit as compared to existing 

practice. Scenario I, II, III, IV, and V give a net benefit increment of 31.6 %, 31.9 %, 32.5 

%, 32.4 %, and 80.9 % as compared to the existing practice. This remarkable result (80.9 % 

increment) indicated that Scenario V is the prior option in water-saving with minimum 

yield reduction as compared to other scenarios. Bogale et al (2016); Hassene and Seid 

(2017); Eba (2018) state a similar report, alternative furrow irrigation improves water 

productivity as compared to the regulated deficit and full irrigation technique. Despite the 

positive net benefit of scenario IV, the incremental increase turns down. This decrement is 

due to the reason that as the deficit level is increased the yield loss significantly increased. 

The result is in line with Dires and Mekete (2020), who reported that deficit irrigation gives 

a better net benefit and water productivity. Unlike the area of irrigable land size, Scenario I 
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and II show a better net benefit as compared to existing practice. This is due to the choice of 

the cropping pattern. Nimah et al (2003) state a similar report, available irrigation water 

increases the cropping pattern tends to have few field crops, more vegetable and high-water 

consuming trees. 

Table 4: Net benefit for different scenarios 

crop 

Existing 

practice scenario I 

scenario 

II  

scenario 

III  scenario IV 

scenario 

V 

Wheat 2.11 0.74 0.72 0.71 0.68 1.01 

Barley             0.09 0.03 0.03 0.03 0.03 0.04 

Green Maize 0.86 0.3 0.29 0.28 0.27 0.41 

Pulses             0.01 0.52 0.54 0.55 0.56 0.72 

Potato             4.28 6.24 6.37 6.55 6.72 8.57 

Cabbage 0.55 0.80 0.8 0.81 0.81 1.10 

Tomato             0.25 0.36 0.36 0.36 0.35 0.50 

Melon 0.23 0.34 0.33 0.33 0.33 0.46 

Garlic 0.37 0.54 0.54 0.53 0.51 0.75 

Onion 3.49 5.01 4.95 4.88 4.76 6.89 

Pepper 0.48 0.70 0.69 0.68 0.67 0.97 

Avocado 0.06 1.23 1.23 1.23 1.22 1.69 

Total benefit (M $) 12.78 16.82 16.86 16.94 16.92 23.12 

Based on the area of the land and maximum net benefit a given cropping pattern for the monthly 

scheme supplies of Koga irrigation scheme is present in (Table 5). The variation of the released 

volume of water is due to the variation of irrigation water requirements at the different growth 

stages and the amount of water harvested in the reservoir. The new water allocation presented 

below (Table 5) can use for the water release schedule for the Koga irrigation scheme for maximum 

net benefits using alternative furrow irrigation.  
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Table 5: Water allocation using alternative furrow irrigation 

Crop Jan Feb Mar Apr Jun Oct Nov Dec 

Wheat 74 102 96 11 0 0 1 39 

Barley 103 102 65 0 0 0 1 63 

Green Maize 92 108 90 4 0 0 1 48 

Pulses 93 101 44 0 0 0 2 60 

Potato 88 101 109 22 0 0 2 67 

Cabbage 65 79 108 107 0 0 3 90 

Tomato 64 95 120 103 0 0 0 55 

Melon 63 91 106 22 0 0 0 46 

Garlic 83 92 98 0 0 0 3 91 

Onion 73 91 108 26 0 0 0 64 

Pepper 63 90 110 59 0 0 0 55 

Avocado 72 79 105 110 14 31 35 56 

Net scheme 

IWR 

mm day
-1
 4.2 5.7 5.2 1.6 0.0 0.1 0.1 2.0 

L s
-1 

h
-1
 0.5 0.7 0.6 0.2 0.0 0.0 0.0 0.2 

Irrigated area (% ) 100 100 100 87 5 5 77 100 

Water release (Mm
3
) 15.8 19.3 19.5 5.1 0.01 0.02 0.4 12.1 

Conclusion 

The available water in the Koga reservoir is not sufficient to irrigate the entire command 

area.  Therefore, the adoption of efficient water management and resource allocation 

techniques is very important for the optimal allocation of water and land. The result 

revealed that Scenario V (Alternative furrow irrigation) maximizes the net benefit of Koga 

irrigation scheme as compared to the regulated deficit and full irrigation technique. 

Alternatively, scenario III, 20 % deficit irrigation gives a better net benefit and water 

productivity next to Scenario V. Moreover, the choice of the cropping pattern and farm gate 

price improve the net benefit against the area of irrigable land size with poor cropping 

pattern and farm gate price. The principle of deficit irrigation technique is to improve water 
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productivity and use the saved water to irrigate additional land and thereby increase benefit. 

Scenario II to IV, 10 to 30 % regulated deficit irrigation, increases the irrigable land size in 

the range of 11 to 43 % as compared to Scenario I (Full irrigation). Similarly, Scenario V 

(Alternative furrow irrigation) increases the irrigable land by 53 %. Linear programming is 

relatively easy to apply and thus decision-makers and scheme managers could adopt these 

agricultural water management options during the planning and real-time management.  
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Optimizing Irrigation Frequency and Amount  on Yield and Water Productivity of 

Snap Bean (Phaseolus vulgaris L.) NW, Ethiopia: A Case Study in Koga and Rib 

Irrigation Scheme 

Atakltie Abebe, Amare Tsige, and Mulugeta Worku 

Adet Agricultural Research Center, P.O. Box 08, Bahir Dar, Ethiopia 

Abstract 

 

This study was investigated the effects of different irrigation frequency and depth on yield 

and water productivity of snap bean at koga and Rib irrigation scheme, NW Amhara, 

Ethiopia from 2010 to 2012. Variable irrigation scheduling for snap bean was determined 

using CROPWAT version 8.  It was a factorial experiment laid out in split plot design with 

three replications of two irrigation interval and five variable irrigation depth at Koga and 

Rib irrigation scheme. Data on yield and water productivity were collected and analyzed 

using SAS 9. While irrigation depth showed significant effect on marketable yield, total 

yield and water productivity than irrigation frequency and their interaction showed not 

significant effect on marketable yield, total yield and water productivity of snap bean. 

Water productivity showed decreasing trend where irrigation depth increase from 50 to 

150% CWR at 7 and10 day irrigation interval both at koga and Rib irrigation scheme.  At 

Koga, application of 50%CWR gave marketable yield, total yield and water productivity of 

10.98 t ha
-1

, 11.04 t ha
-1

 and 3.14 kg m
-3

 respectively. At Rib, independent results show that 

application of 125% CWR at 7days interval gave marketable yield, total yield and water 

productivity of 13.16 t ha
-1

, 13.6 t ha
-1

 and 2.63 kg m
-3

 respectively. At optimum yield and 

water productivity, Irrigation water requirements of snap bean were found to be 345.7 mm 

and 326.6 mm net irrigation requirement corresponding to 13 and 9 irrigation applications 

at Koga and Rib irrigation scheme respectively. Therefore, in order to attain an optimum 

yield and water productivity, at koga, Rib and similar agro ecology snap bean can be 

irrigated with 50%CWR at 7 days interval and 75%CWR at 10 days interval respectively. It 

can be applicable especially in areas where irrigation water resource scarce or limited.  

Keywords:  Irrigation scheduling, snap bean, Koga, Rib  
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Introduction  

In Ethiopia, the population is growing rapidly and is expected to continue growing, which 

inevitably lead to increased food demand. To maintain self-sufficiency in food supply, one 

viable option is to raise the production and productivity per unit of land through irrigation. 

Proper amount and timing of irrigation water applications is a crucial decision for a farm 

manager to meet the water needs of the crop to prevent yield loss and maximize the 

irrigation water use efficiency resulting in beneficial use and conservation of the local 

water resources (Richard et.al 1998).  
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resulting in beneficial use and conservation of the local water resources; and 3) minimize 

the leaching potential of nitrates and certain pesticides that may impact the quality of the 

groundwater.  

Effective irrigation is possible only with regular monitoring of soil water and crop 

development conditions in the field, and with the forecasting of future crop water needs. 

Delaying irrigation until crop stress is evident, or applying too little water, can result in 

substantial yield loss. Applying too much water will result in extra pumping costs, wasted 

water, and increased risk for leaching valuable agrichemicals below the rooting zone and 

possibly into the groundwater.  

Irrigation criteria, in terms of frequency of irrigation and amount of application per 

irrigation, seasonal net irrigation requirement and gross irrigation requirement for most of 

the lowland crops that are grown in the middle awash region of Ethiopia have been 

quantified by Melka Werer Research Center. However there was little effort undertaken in 

the highlands of Ethiopia especially in Amhara region. Crop water use studies which was 

conducted in some other area are not adopted because it highly location specific.   

As a cash crop, snap bean is produced worldwide for export and canning industry.in 

Ethiopia, different plant types of diverse pod character of the crop are produce for export 

purposes. Snap bean production steadily increasing; due to the involvement of state 

horticulture enterprises. Local and foreign private investors and farmers (Dessalegn, 2003) 

and thus occupies the highest share (94%) of export potential among all vegetables 

(Dessalegn et al., 2006; Desalegn, 2011). In the last five years, there have been 12 fold 

increases of export potentials. Beside its export value, the crop is becoming important in 

local markets, big hotels, and festivals and in making various dishes (Dessalegn et al., 

2006).However; such promising endeavours are not fully supported by the research system. 

The net irrigation requirements and irrigation schedule of snap bean is not yet known. 

Using climatic data is one of the quickest and fairly reliable means of crop water 

requirements. In the study area as such there is no an attempt to determine crop water 

requirements of irrigated crops. Therefore, this study was conducted to determine irrigation 

schedule of snap bean and to statistically determine effect of variable irrigation scheduling 
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on yield and water productivity in humid tropical environment using CROPWAT computer 

model and verify the result with field trial in Koga and Rib irrigation project area. 

Materials and Methods 

The trial was conducted from 2010 to 2012 at the experiment field of Adet agricultural 

research center in Koga irrigation schemes and farmers field at Rib irrigation command 

area.  Koga irrigation scheme is located in Mecha district; 41 kilometres from Bahir Dar in 

the way to Addis abeba road (37°7'29.721"Easting and 11°20'57.859"Northing and at an 

altitude of 1953m a.s.l). The average annual rainfall of the area is about 1118 mm. The 

mean maximum and minimum temperatures are 26.8 
0
C and 9.7 

0
C respectively. The soil 

type is generally light clay nitisoil in its nature.  The field capacity (FC) and permanent 

wil ting point of the study area is 32(%w/w) and 18(%w/w) respectively.The soil chemical 

properties of koga was 4.6, 0.92-2.88, 0.62-2.35,1.54-5.23,0.18-0.24,3.54-8.69, 1.01 and 

2.34-4.44 Exchangable Al 
3+

 ,H
+
, acidity (cmol/kg), total N(%), available P(ppm), ECe 

(mmhos/cm) and organic matter(%) respectively. 

Rib irrigation site is located in fogera district, 60 kilometres from Bahir Dar in the way to 

Gondar road (37°25' to 37°58' Easting and 11°44' to 12°03' Northing and at an altitude of 

1774 m a.s.l).  It recieves 1400mm mean anual rainfall. The mean daily maximum and 

minimum tempreture of the study area was 30°c and 11.5°c. The area is characterized as 

mild altitude agro-ecology. The soil at the experimental site is fluvisol(an alluvial deposit). 

The soil has high available phosporous(36.71ppm) and low nitrogen content(0.003). The 

exchangeable cation capacity(CEC) is high(33.0). The feild capacity(FC) and permanent 

wilting point(PWP) of the study area is 59.25(%w/w) and  21.(%w/w) respectivily.   

CROPWAT 8.0 for Windows was used to estimate daily reference crop evapotranspiration 

(table 1 &2) and generate the crop water requirement and the irrigation schedule for onion 

in the study areas. Calculations of the crop water requirements and irrigation schedule were 

carried out taking inputs of climate, soil and crop data. In order to estimate the climatic data 

(wind speed, sunshine hours, relative humidity, minimum and maximum temperature) 

LOCCLIM, local climate estimator software (FAO, 1992) was used both at Koga and Rib 

where there is no class A meteorological stations. The estimator uses real mean values from 

the nearest neighbouring stations and it interpolates and generates climatic data values for 
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the study site. Assuming 90 and 70 % application efficiency at Rib and Koga respectively, 

the gross water requirement was calculated. The demand for water during the plants 

growing season varies from one growth stage to another and from crop to crop. Values of 

potential evapotranspiration (ET0) estimated were adjusted for actual crop ET. Table 3 and 

4 shows CROPWAT 8 Windows tables for ET. 

Principally, CropWat outputs generated by default were used to identify irrigation timing of 

when 100% of readily available moisture occurs and application depth where 100% of 

readily available moisture status is attained. To verify the CroWat output, field experiments 

were carried out for two consecutive years in both locations. The on-farm trial was 

conducted in the dry season with ten different treatments in both locations at Rib and Koga. 

Two irrigation intervals i.e. 7 and 10 days and five irrigation interval (50, 75,100,125 and 

150 % CWR) of variable depths at four growth stages are selected based on CROPWAT 

8.0 and farmersô traditional practices in the area. 
 

The field experiments were arranged with split plot design with three replications and 

carried out from December to April. The test crop snap bean a variety of LP was used to 

sow on 3 m by 6 m plot size at Koga and 3*3 at Rib. The spacing between treatments was 

1m and Spacing between each block will be 1.5m.  The test crop was snap bean and the 

spacing betweenrows and plants were 0.5m and 0.1m respectively. DAP fertilizer was 

applied at a rate of 100 kg ha
-1

 at planting and 100 kg Urea ha
-1 

was applied half at planting 

and the remaining half at 45 days after planting. All the agronomic practices were equally 

done for each treatment. Agronomic data such as stand count, pod length, marketable and 

total yield were collected. Irrigation water productivity was calculated as the ratio of crop 

yield (marketable yield) and applied irrigation water.  

Data Analysis  

The means of the above parameters were subjected to analysis of variance (ANOVA) using 

SAS version 9 computer software. Mean comparison was done by using least significant 

difference test at 5% probability level.  
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Results and Discussion 

Effect of different irrigation scheduling treatments on crop growth parameters, yield and 

water productivity at koga irrigation scheme was presented in (Table 1). ANOVA table 

showed that marketable yield, total yield and water productivity which are collectively 

termed farm productivity parameters were not significant difference over year and year by 

frequency and depth. Pod length and water productivity had Interaction effect of irrigation 

frequency and depth while marketable and total yield respond only for irrigation depth. At 

Rib, most biological parameters are not significant for irrigation frequency at (p<0.05) 

while do for irrigation depth. The production of snap bean was low at koga than Rib; this 

might be due to soil climate. Suitable PH for snap bean is in a range of 6-6.5 while 4.63 at 

koga. Snap bean is very sensitive to soil acidity, especially for Al
3+

 toxicity. The critical 

level of exchangeable Al
3+

 for onion is 0.4-0.8 extracted by CaCl2 (Hazelton and Murph, 

2007) while exchangeable Al
3+

 at Koga is 0.92-2.88 which is above the critical level. In 

addition, the soil at Koga has very low organic matter content and available phosphorus 

content according to the category by Clements and McGowen (1994). The total pod yield 

of snap bean at Fogera plain was much larger than Koga irrigation scheme, this might be 

the soils at Fogera are fluvisols which are deposited from upper catchments and have good 

nutrient content. This also in line with findings of Baye et al. (2010) and Birhanu et al. 

(2014), where the effect of phosphorus and its interaction with nitrogen was found 

statistically non-significant for most of vegetable yield parameters. 

Table 1: ANOVA for pod length, marketable, total yield and water productivity at Koga (2010/11 and 

2011/12) 

  Degree of 

Freedom 

Pod length (cm) Marketable yield Total yield Water productivity 

year 1 0.87 ns 2 ns 2.1 ns 0.07 ns 

rep 2 0.47 ns 20.4 * 21.4 * 0.68 * 

frequency 1 57.4 ** 4.2  ns 4.1 ns 0.1 ns 

depth 4 0.4 ns 4.5 * 4.5 * 10.2 ** 

y*f*d  13 0.1 ns 0.1 ns 0.1 ns 0.01 ns 

r*f  2 2.8 * 8.7 * 8.7 * 0.79 * 

f*d  4 1.95 * 2.4 ns 2.4 ns 0.33 * 

error 28 0.57 1.53 1.58 0.09 

CV(%)   8.6 11.9 12.1 15.1 
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Table 2: pod length, marketable yield, Total yield and water productivity result at Koga 

 Irrigation 

frequency 

(day) 

 Irrigation 

depth 

(%CWR) 

Pod length 

(cm) 

Water 

productivit

y (kg/m3)  

  Marketable 

yield (t/ha) 

Total yield  

(t/ha) 

7 50 10.1 3.34 7 10.59 10.66 

7 75 9.84 2.89 10 10.06 10.13 

7 100 9.54 2.36       

7 125 8.88 1.14 50 10.98 11.04 

7 150 10.2 0.84 75 10.46 10.54 

10 50 7.7 2.94 100 9.57 9.63 

10 75 7.3 2.6 125 9.8 9.89 

10 100 7.9 2.2 150 10.8 10.87 

10 125 8.2 1.45       

10 150 7.7 1.12       

 

Table 3: pod length, marketable yield, Total yield and water productivity result at Rib 

 Irrigation 

frequency 

(day) 

 Irrigation 

depth (%CWR) 

Pod 

length 

(cm) 

Marketable 

yield (t/ha) 

Total 

yield 

(t/ha) 

water 

productivity 

(kg/m3) 

7 50 8.07 9.8 9.94 4.90 

7 75 8.13 9.14 9.34 3.05 

7 100 8.56 10.78 11.07 2.69 

7 125 8.59 13.16 13.6 2.63 

7 150 8.33 11.23 11.49 1.87 

10 50 8.2 9.96 10.09 4.57 

10 75 7.91 13.38 13.52 
4.10 

10 100 8.6 10.52 10.7 2.42 

10 125 7.9 11.28 11.49 
2.07 

10 150 8.23 12.1 12.26 1.85 

    5.6 17.1 16.8   

  F ns ns ns   

  D ns 1.57 1.57   

  F*D ns 1.35 1.403   

Pod length 
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At Koga, Irrigation level was not significant for pod length of snap bean at (P < 0.05). The 

effect of irrigation frequency pod length and interaction of irrigation depth and frequency 

was significant at P < 0.05. The lowest (7.3 cm) and the highest (10.2 cm) marketable pod 

yield of snap bean were obtained at 75 and 150% CWR at 10 and 7 day irrigation interval, 

respectively. 

At Rib, Irrigation frequency and depth showed not significant (P < 0.05) effect pod length 

of snap bean. The interaction of irrigation depth and frequency was also not significant at P 

< 0.05. The lowest (7.9 cm) and the highest (8.6 cm) pod length of snap bean were obtained 

at 125 and 100% CWR at 10 day irrigation interval, respectively. 

The pod length is low in both locations as compared to central rift vally of Ethiopia which 

is in a range of, 10.6-12.8 cm (Hussien et al, (2015); this might be due to variety LP which 

is out dated and lack of monitoring the soil-water regime. 

Marketable Yield  

At Koga, Irrigation level showed positive respond for marketable pod yield of snap bean at 

(P < 0.05). The effect of irrigation frequency on marketable pod yield and interaction of 

irrigation depth and frequency was not significant at P < 0.05. The lowest (9.57 t ha-1) and 

the highest (10.98 t ha-1) marketable pod yield of snap bean were obtained at 100 and 50% 

CWR irrigation depth, respectively. The production is low as compared to central rift vally 

of Ethiopia which is in a range of, 12.17-21.23 (Hussien et al, (2015); this might be due to 

soil climate of koga. Suitable PH for snap bean is in a range of 5.5-7 while 4.63-5.1 at 

koga. In addition, the soil at Koga has very low organic matter content and available 

phosphorus content according to the category by Clements and McGowen (1994).  

At Rib, Irrigation frequency showed not significant (P < 0.05) effect on marketable pod 

yield of snap bean. The effect of irrigation levels on the marketable pod yield and 

interaction of irrigation depth and frequency was significant at P < 0.05. The lowest (9.14 t 

ha-1) and the highest (13.38 t ha-1) marketable pod yield of snap bean were obtained at 

75% CWR and 7 and 10 day irrigation interval, respectively. 
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Total pod Yield  

At Koga, Irrigation level showed positive respond for total pod yield of snap bean at (P < 

0.05). The effect of irrigation frequency on total pod yield and interaction of irrigation 

depth and frequency was not significant at P < 0.05. The lowest (9.63 t ha-1) and the 

highest (11.04 t ha-1) total pod yield of snap bean were obtained at 100 and 50% CWR 

irrigation depth, respectively 

At Rib, Irrigation frequency showed not significant (P < 0.05) effect on total pod yield of 

snap bean. The effect of irrigation levels on the total pod yield and interaction of irrigation 

depth and frequency was significant at P < 0.05. The lowest (9.34 t ha-1) and the highest 

(13.6 t ha-1) total pod yield of snap bean were obtained 75 and 125 %CWR at 7 day 

irrigation interval, respectively. 

The total green pod yield of snap bean at Fogera plain was much larger than Koga irrigation 

scheme as well as in line with the central rift vally a production of green pod psnapbean, 

this might be the soils at Fogera are fluvisols which are deposited from upper catchments 

and have good nutrient content. This is in line with findings of Husein et al. (2015), where 

the yield of green pod snap bean was high in fluvi soil of Hawasa. This also in line with 

findings of Baye et al. (2010) and Birhanu et al. (2014), where the effect of phosphorus and 

its interaction with nitrogen was found statistically non-significant for all of the onion yield 

parameters 

Water productivity  

Interaction effect between irrigation frequency and depth had significantly influence on 

water productivity of snap bean (P Ò 0.05; Table 5&6). Irrigation depth has positive effect 

on water productivity. The water productivity, however, decreased with increasing depth of 

irrigations. When irrigation depth increase 50 to 150 % CWR; water productivity of snap 

bean increase 0.84-3.34 and 1.12-2.94 kg/m3 at7 and 10 days irrigation interval, 

respectively. These results are also in a close agreement with Kebede (2003) Samson and 

Ketema (2007) who reported that when irrigation water becomes a limiting factor, yield 

losses due to reduced soil moisture could be compensated for by water use efficiency. 
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At Rib, Interaction effect between irrigation frequency and depth had significantly (P Ò 

0.01) influence on water productivity of snap bean (Table 7). Both irrigation frequency and 

depth have positive effect on water productivity. The water productivity, however, 

decreased with increasing depth of irrigations, whereas increasing irrigation frequency 

significantly increased water productivity when it lowers from 7 days to 4 day interval. 

(Table 7). Thus at 4 day interval, decreasing irrigation depth from 150  to 50 % CWR 

increase water productivity of onion 2.29 to 6.2. These results are also in a close agreement 

with Kebede (2003) Samson and Ketema (2007) who reported that when irrigation water 

becomes a limiting factor, yield losses due to reduced soil moisture could be compensated 

for by water use efficiency. 

Conclusion and Recommendations 

The effects of irrigation scheduling were assessed by examining their effects on yield and 

water productivity of snap bean. The result of current study revealed that irrigation depth 

had a significant effect on marketable yield, total yield and water productivity than 

irrigation frequency both at koga and Rib irrigation scheme. Pod length had positive 

respond for irrigation frequency as well as their interaction at koga; while not Rib. At Rib, 

Marketable and total yield had positive correlation with irrigation depth up to 125%CWR at 

7 day irrigation interval. However, further increase in depth showed negative response. 
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Abstract 

The applicability and functionality of rainwater harvesting structure is very poor in the 

North West Ethiopia despite the government had engage in a massive expansion of on-farm 

RWH structures for improving agricultural productivity. Therefore, this research was 

initiated to evaluate the performance of a rainwater harvesting structure and put possible 

strategies for dry season challenges. This study was carried out for three successive years 

in North West Ethiopia. A total of 117 water harvesting structures were observed and 

characterized, of which 10 were selected as experimental sites.  The data were analyzed 

using the daily water balance model and other performance indicators (number of water 

days, relative irrigation supply, runoff storage efficiency and marginal rate of return). At 

the inception, it was established that the existing rainwater harvesting system performs 

very low, with runoff storage efficiency below 46%, no zero water day above 50%, relative 

irrigation supply below 27 % and marginal rate of return from 12 to 65%.  However, the 

greater the volume of the rainwater harvesting structure the higher runoff storage 

efficiency, higher relative irrigation supply, and lower no water day under different 

irrigation technique was achieved. For attaining household irrigation water demand in the 

dry season, the user should adopt a storage capacity of 630 m3 in Nitisols and 361 m3 in 

Vertisols for double cropping and 273 m3 in Rigosol for supplemental irrigation. Hence, 

applying rainwater harvesting technologies with efficient water management techniques 

enhances the net benefit of the system. 

Keywords: Pond, optimization, performance efficiency, water scarcity and water shortage 
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Introduction  

In Ethiopia, drought occurs once every three or four years due to various reasons (Fentaw 

2011) and the drought occurred between 1965 and 2008 and affected about 54 million 

people (EM-DAT 2010). These extreme events result in economic losses and negative 

impacts on ecosystems and human health (Mulatu, et al. 2016). Moreover, 40 % of the 

population lives below the national poverty line (Yesuf Abdella et al. 2020).  Rainwater 

harvesting (RWH) has been practiced and promoted to address the temporal and spatial 

variability of rainfall. Between 2003 and 2005, the government has been engaging in a 

massive expansion of on-farm RWH structures and constructed about 952,120 ponds and 

cultivated about 20,000 ha of land (Daniel 2007). However, the average adoption rate of 

water harvesting technology is as high as to 22¬ - 42% at the regional as well as at the 

national level (Begashawe 2005; Mekonnen et al. 2012). The major factors are funding, 

material availability, high water loss to seepage and evaporation and limited technical 

design capacity and irrigation calendar skills (Begashawe 2005; Mekonnen et al. 2012; 

Teka K 2018).  

The rainwater harvesting system incorporated technical components to ensure good 

harvested water quantity and a water-level monitoring system. Performance assessment 

parameters no water days (NWDs), rainwater storage efficiency (RSE), relative irrigation 

supply (RIS), marginal rate of return (MRR) and water level in storage pond (WL) were 

defined and used. However, the system was inadequate because water users suffered for 

several days without water during the dry season. In an attempt to minimize NWDs and 

increase RIS and RSE using the existing system, a socio-technical strategy with variable 

demand application was introduced (Mwamila et al. 2015). Despite the strategyôs potential 

in some demand scenarios, demand still poses a challenge for this technology and daily 

water demand is hard to meet. Therefore, this research initiated to evaluate the performance 

of rainwater harvesting system and put possible strategies in the study area. 
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Materials and methods 

Description of the Study area 

The study was conducted in the upper Blue Nile basin, Northwest Ethiopia (Figure 1). The 

rainfall pattern is a unimodal regime, while the rainy season runs from April to October in 

the South West and June to September in the North East (Bekele, 1997). The mean annual 

rainfall is estimated between 800 to 1600 mm, with 74 % in the four wet months of June to 

September (Figure 2). The farming practice of the Nile gorge in north east side mostly used 

the early sate variety and the plain was medium to late sate variety, mainly Wheat, Maize 

and Tef.  The topography is very complex, with elevations ranging from 500 m in the 

lowlands at the Sudan border to 4160 m in the upper parts of the basin. The basin has five 

major soil groups, Nitisolss, Leptosols, Luvisols, Vertisolss, cambisols, Alisols, 

Phaeozems, Regosols and Fluvisols (Teklu Erkossa, 2009). 

 

Figure 1.  Location map of the study area 
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Figure 2. Rainfall pattern of the study area 

 

Data collection  

Primary and secondary data were collected from different districts through questionnaires, 

group discussions, and field observation.  Besides the functionality of the structure was 

categorized based on the fulfillment of pre-defined purposes, having near-optimal 

functionality, maintaining acceptable safety, economically justifiable and meeting 

environmental, legal, social, and other relevant requirements  Table 1.  

Twelve weredas were purposively chosen (Figure 1) from the North West Amhara 

Regional States. The selection process was in consultation with zonal experts. Accordingly, 

a total of twelve peasant kebeles were chosen from the sample weredas in consultation with 

wereda experts. The selection of RWH Users was undertaken through a systematic 

sampling technique. Moreover, the selection of 10 experimental rainwater harvesting 

structures was done based on rainfall pattern, soil types, road accesses and functionality of 

the structure. Measurements of daily water input and output (abstraction, rainfall, runoff, 

evaporation and seepage) from the storage were measures following international 

standards. 
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Table 9. Status of rainwater harvesting systems (RWHS) 

Types of 

the pond 

Number 

of 

structure 

Fulfillm

ent of 

intende

d 

purpose 

Functionalit

y 

 (%) 

Non-

functio

nal 

 (%) 

economic

al 

justifiabl

e 

maintain ELS status 

Environm

ent Legal 

soci

al 

Trapezoi

dal 

/plastic 

lined/ 19 

No to 

little 47.4 52.6 No moderate 

modera

te No 

Trapezoi

dal 

/unlined/ 89 

No to 

little 7.9 92.1 No moderate 

modera

te No 

Circular 

/cemente

d 9 No 0 100 No moderate 

modera

te No 

Total 

117(10*

)               

Note * is an experimental water harvesting structure 

Data type and source 

The basic parameters adopted for performance evaluation of the RWH system included a 

storage volume of 129 m3, irrigable land of 200 m2, and average landholding size of 2000 

m2and catchment area less than200 m2 (mixed land use type), a runoff coefficient of 0.56. 

ETo, water level and irrigation demand data were used as shown in Figures 3 and 4. 

Irrigation demand is estimated using the CROPWAT 8.0 model. All calculation procedures 

used in CROPWAT 8.0 are based on FAO No. 56 and No. 33. Then the generated crop 

water and irrigation requirements values under furrow irrigation are shown in Figure 5 and 

Table 2. At the inception full irrigation was given for all treatments to create a favorable 

environment for crop root distribution and emergencies.  
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Figure 3. Reference evapotranspiration pattern of the study area 

a) High rainfall regime 

 

b) Low rainfall regime 

 

Figure 4.  Rain water harvesting structure Water level and irrigation demand of the study area 
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irrigation merit. Regulated deficit irrigation strategies reduced actual crop 

evapotranspiration by 2ï27% (Yang et al. 2018) and alternate furrow irrigation methods 

saved 33 to 50% of water as compared with every furrow irrigation (Eba AT2018). Besides, 

the treatment setup considers the allowable depletion level of the hot pepper, 30 %. This 

approach is a better strategy for water stress areas. 

Table 10. Irrigation water requirement for different irrigation method 

Irrigation depth 
Nitisols (mm) 

Vertisols 

(mm) 

Rigosols 

(mm) 

Full irrigation 

(conventional 

furrow) 

582 362 285 

80 % ETc (Regulated 

deficit irrigation) 
500 304 228 

60 % Etc  

(Alternative furrow 

irrigation) 

418 246 171 

The performance of a system is usually measured using its efficiencies, operational 

methods, and construction cost. It was carried out for both the existing system and the 

consideration of additional systems in the community.  
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Table 11. RWHs investment cost  

a) high rainfall pattern 

 Catchment 

size (m
2
) 

Irrigable 

land (m
2
) 

Rainwater 

harvesting 

structure 

size (m
3
) 

Construction cost 

(Ethiopian Birr) 

Remark 

Plastic lined 

(Nitisols) 

<300 125 129 35966 Existing 

case 

Unlined (Vertisols) <300 150 129 19791 Existing 

case 

Plastic lined (40% 

deficit Niti/Vertisols) 

>1000 1550/1676 669/367 

167250/91750 

Proposed 

case 

Plastic lined (20% 

deficit Niti/Vertisols) 

>1500 1507/1639 800/453 

200000/113250 

Proposed 

case 

Plastic lined (Full 

irrigation 

Niti/Vertisols) 

>2000 1471/1600 931/540 

232750/135000 

Proposed 

case 

b) Low rainfall pattern 

 Catchment 

size(m
2
) 

Irrigable 

land (m
2
) 

Rainwater 

harvesting 

structure 

size(m
3
) 

Construction cost 

(Ethiopian Birr) 

Remark 

Plastic lined >1000 200 129 35966 Existing case 

unlined >1000 200 129 19791 Existing case 

Plastic lined 

(40% deficit) 

<1500 1804 171 

42750 

Proposed 

case 

Plastic lined 

(20% deficit) 

1500-2000 1744 273 

68250 

Proposed 

case 

Plastic lined 

(Full irrigation) 

>2000 1676 399 

99750 

Proposed 

case 
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Results and Discussion 

Performance evaluation of the existing RWH system 

The existing system showed poor performance in both parameters under any of the 

scenarios (Figure 5). The runoff storage efficiency in Vertisols was as high as 0.46 percent 

and the plastic-lined rainwater harvesting structure performs above 0.70 while expecting an 

approach to one.   The major reasons for the low storage performance of Vertisols are 

evaporation and seepage loss. It shares 6.5% evaporation and 40% seepage from the total 

harvested water. Consequently, reduce irrigable land by 33.4 %. The finding is in close 

agreement with Amare et al. (2018) and Eyasu et al. (2006) who reported protecting the net 

harvested water from evaporation and seepage loss had a great contribution to irrigating 

more land.  Besides, the relative irrigation supply gives 16 to 27% while expecting 70 to 

100 % (Mwamila et al. 2015). No water day contains 40 to 80% while expecting an 

approach to zero (Mwamila et al. 2015). This implies the planning was poor and needs a 

revisit. The result concedes with the finding of MoARD (2000), Begashawe (2005), 

Mekonnen et al. (2012), and Teka K (2018), who reported diversity and economics is not 

well taken into account when a program is designed 

Performance evaluation of extending rainwater-harvesting technology  

To promote and uphold the efficiency and effectiveness of a system, graphical 

extrapolation was done until the relative irrigation supply approach to one and no water day 

approach to zero as shown in (Figure 6). The graph serves as a menu to design the program 

considering diversity, economics and operation scenario. When an attempt was made to 

reduce NWD and increase RIS, 42,68 and 100 % RIS with uniform zero water day for 

Alternative furrow irrigation, regulated deficit irrigation and full irrigation were achieved 

respectively. The implementation cost is 4.6 to 6.8 times that of the existing system. The 

finding is in line with Mwamila (2016), the implementation cost increase more than four 

times as RIS goes to one and NWD to zero. 

Plastic-lined Vertisols shows higher RIS and low initial investment cost than plastic-lined 

Nitisols. This is due to the water holding capacity of irrigable land. Tesfaye et al. (2018) 

reported similarly, the irrigation requirement for pepper in Vertisols is much less than in 

Nitisols. 
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Figure 5. Average performance efficiency on rainwater harvesting systems 

 

Figure 6. Performance of proposed RWHs with cost implication 

 

Proposed strategies to mitigating water shortages for the dry season and dry spell 

The simulation model runs for different degrees of water availability to a given crop. The 

result showed that as the availability of irrigation water increases, the yield also increases 

while water resource availability increments above 75% (Nitisols), 80 % (Vertisols), and 

66.7 %(Rigosol) the rate of increment in yield was insignificant. Thus, the optimum 
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reservoir size, relative irrigation supply, marginal rate of return and irrigable area were 

determined using the water balance principle under normal rainfall years (Table 4).  

Table 12.Optimization values 

irrigation 

type soil type 

Rainwater harvesting 

structure size(m3) 

Relative 

irrigation 

supply (%) 

MRR(

%) Irrigable 

area(m2) 

Double 

cropping 

 

Nitisols 630 75 127.4 1500 

Vertisol

s 

361 80 230.7 1600 

any 129 18 12 250 

Supplemental 

irrigation 

 

Regosol

s 

273 67.7 124 1744 

any 129 27 65 1530 

Despite the optimal value, the construction cost per irrigated land was extremely high; it 

was as high as 541500 to 1177500 Birr ha
-1

 for planned irrigable land in the humid area. 

However, the cost/ha for river diversion and storage dams in the Amhara region and East 

Africa range was70,000 to 120,000 and 250,000 to 400,000 respectively (BOA, 2019; 

Inocencio A et al. 2007). Therefore, it was wise to give priority to alternative irrigation 

technologies based on the water resource available instead of constructing the same type of 

systems all over the region.  

CONCLUSION 

The applicability and functionality of the rainwater harvesting system in the Northwest 

Amhara region is very poor against the intended purpose of increasing crop production, and 

productivity and thereby improving the socio-economic standard of the society. The 

existing rainwater-harvesting system showed poor performance in both parameters under 

any of the scenarios. Increasing the volume of rainwater harvesting structure and applying 

deficit irrigation technique improves the performance parameters; relative irrigation supply 

and runoff storage efficiency to one and no water day to zero and reasonable marginal rate 

of return. Thus to mitigate water shortage the society should adopt a size of 630m
3
(Nitisols) 

and361m
3
 (Vertisols) for double cropping and 273 m

3
 (Rigosol) for supplemental irrigation. 

Moreover, the study reveals that the rainwater harvesting system is economically viable in 

the study area. The simulation test and analysis described in this study are based upon the 

main assumption of flow and demand will repeat them in the future. The performance of 
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the system can be improved by monitoring water levels and adhering to demand and supply 

guidelines. 
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Abstract 

In the arid and semi-arid part of Eastern Amhara, water is the most important yield-limiting factor 

for agricultural production. Application of the right amount of irrigation water at a right time helps 

to optimize water loss and increases crop yield. Therefore, the field experiment was conducted at 

Kobo irrigation scheme to determine the optimal crop water requirement and irrigation frequency 

for yield and water use efficiency of groundnut. To validate the CROPWAT model output the three 

crop water levels as 75 % ETc (30 mm), 100 % ETc (40 mm), 125 % ETc (50 mm) and three 

irrigation intervals (6 days, 8 days and 10 days) were tested in factorial RCBD design with three 

replications. The statistical analysis was carried out using Genstat 15.0 software and the least 

significant difference (LSD) test was used to separate the means at p = 0.05. The response of the 

three crop water levels and three irrigation intervals for groundnut agronomic parameters was 

evaluated. The analysis revealed that the crop water use efficiency was significantly (P<0.05) 

affected by the main effects of crop water levels, irrigation interval and by their interaction, 

whereas the grain yield didnôt show a significant (p>0.05) response. As the water levels declined 

and the irrigation intervals varied, the grain yield tends a fairly constant trend. However, based on 

the commerciality of the crop, application 75 % ETc (30 mm) with 8 days irrigation interval gave 

numerically maximum grain yield of 3466.9 kg ha-1 and it has nearly more than 200 kg relative 

yield advantage over most treatments. The highest water use efficiency (0.9 kg/m
3
) was recorded 

from the combination 75 % ETc (30 mm) with 10 days; while it was statistically at par with 75 % 

ETc with 8 days interval (0.8 kg/m
3
) applied treatment. From the result, it could be concluded that 

the maximum yield and maximum water productivity were simultaneously achieved by combined 

application of 75 % ETc with 8 days interval and saves 4600 m
3
 water to irrigate an additional 1.2 

ha compared with 125 % (50 mm) ETc with 6 days interval applied treatment.  

Keywords: Crop water level, crop water use efficiency, grain yield, irrigation interval 
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Introduction  

Groundnut (Arachis hypogaea L.) is an important monoecious annual legume to make oils 

and animal feed all over the world (Shirts et al., 2003; Upadhyaya et al., 2006). It is the 

main source of food in various forms and used as a component of crop rotation in many 

countries (Waktole, 2018). As a legume, it improves soil fertility by fixing nitrogen and 

thereby increasing the productivity of the semi-arid cereal cropping systems (Sanogo et al., 

2017). Groundnut is also a high-value crop; that can be marketed with little processing and 

it is the second-largest source of vegetable oils next to soybeans (Okello et al., 2010).  

Groundnuts are also a significant source of cash income in developing countries that 

contribute significantly to food security and alleviate poverty (Baiphethi and Jacobs, 2009). 

The lowlands and rift valley areas of Ethiopia have considerable potential for increased oil 

crop production including groundnut. The estimated production area and yield of groundnut 

in Ethiopia in 2010/2011 cropping season were 49,603 hectares and 716,068 quintals, 

respectively (CSA, 2011). Similarly, in Kobo valley pulse crops like groundnut variety 

were highly adaptable and gave a better production.  

However, food production in many parts of Ethiopia is challenged by the inadequate and 

unreliable supply of water. The fact that the countryôs water use in general and agricultural 

water, in particular, is inefficient due to increases the water demand in all water use sectors 

(Ayana et al., 2015). In arid and semi-arid parts of Eastern Amhara, including Kobo Girana 

valley; water is the most important yield-limiting factor for agricultural production as the 

rainfall is erratic and non-uniform in time and space. This leads to a common phenomenon 

of recurrent drought and crop failure. The Raya Kobo valley has good potential in terms of 

ground and surface water, fertile land and livestock production. Due to the lack of 

appropriate on-farm water management, many productive lands are posed by soil salinity 

and alkalinity. The poor practices of irrigation management discourage efforts in the 

irrigation development sector (Getahun, 2014; Sisay, 2021). For the long-term 

sustainability of an irrigation system, improvements of the current on-farm water 

management seem to be more necessary than any other practice (Sarwar et al., 2001).  
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The two main reasons for studying irrigation scheduling are to save water and protect the 

environment. However, for farmers and irrigation managers, the usual driving pressure for 

adopting irrigation scheduling is economic ï scheduling is used because it makes or 

saves money (Henggeler, 2004). The Food and Agriculture Organization (FAO) created the 

CROPWAT software application to aid irrigation engineers and agronomists in doing 

common calculations for water irrigation studies, as well as in the management and design 

of irrigation systems (Salam et al., 2019). To provide better irrigation water management 

today, anticipated crop water use and irrigation timing should be validated on the field 

(USDA, 1993). Application of the right amount of irrigation water at a right time helps to 

optimize water loss and increases crop yield. Hence, the present study was focused to 

determine optimal crop water depth and frequency on yield and water use efficiency of 

groundnut at the kobo valley irrigation scheme.  

Materials and Methods 

The field experiment was conducted at Kobo experimental site from January to June in 

2016 and 2017. The site is found at about 50 km from Woldia town to the North-East 

direction and 570 km in the North of Addis Ababa. Geographically, it is located 

between12.03-12.08° N latitudes and 39.28°- 39.42♀ E longitudes. It has an altitude of 

1470 m.a.s.l. with the average annual rainfall, mean monthly minimum and maximum 

temperatures are 644.08 mm, 8.49 °C, and 36.58 °C respectively (Kobo Metrological 

Station, 2002 - 2015). As indicated in Figure 1 ten years (2006-2015) of long-term climatic 

data (mean maximum and minimum temperature, relative humidity, wind speed and 

sunshine hours) of the study site was collected from Kobo metrological station. 
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Figure 5: Monthly rainfall (mm), maximum and minimum temperature of the study area. 

ETo values were calculated using the FAO Penman-Monteith method with the aid of 

CROPWAT 8.0 model. Furthermore, actual evapotranspiration (ETc) was calculated using 

the crop data as an input parameter (Table 1). Those parameters include; Kc, length of total 

growing season, length of each growth stage, critical depletion level (p) and maximum 

effective rooting depth were (Allen et al., 1998). The actual evapotranspiration (ETc) was 

calculated as:- 

ὉὝὧὉὝέzὯὧ         (1) 

Where ETc = actual evapotranspiration 

ETo = Reference evapotranspiration 

Kc = Crop factor 

Based on the climatic and crop parameters 40 mm ETc with 8 days irrigation interval was 

generated by the model as a full (100 %) schedule of groundnut. The FAO Penman-

Monteith equation is always used as a preliminary study for irrigation planning and design 

purposes. The modeling approach has always certain deviations for under or overestimates 

of scheduling. Field evaluations and ground-truthing should always be utilized to fine-tune 

the estimations used in irrigation system planning (USDA, 1993). During irrigation 

scheduling, the researcher should always pay attention and consider the simulated ETc and 
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irrigation interval (100 %) as the initial starting point. Rainfall varies dramatically over 

time (Figure 1), therefore irrigation scheduling must be based on real-time information with 

correlated the long-term expected rainfall used by the model (Rhoades et al., 1992; Allen et 

al., 1998; Savva and Frenken, 2002). 

Table1: Relevant groundnut agronomic data for irrigation scheduling as follows: 

Growth stage  Initial Development Mid Late Total 

Stage lengths (days)  35 35 35 35 140 

Crop coefficient (Kc)  0.50 >> 1.05 0.75  

Rooting depth (m)  0.5 >> 0.75 0.5  

Depletion levels (P)  0.50 0.50 0.50 0.50  

The irrigation requirement at each event was computed by monitoring daily actual rainfall 

data throughout the experimental season (Kobo meteorological station 2016 and 2017). The 

effective rainfall which occurred above crop water demand and the mean expected rainfall 

(2006-2015) was due attention. Is estimated as: 

)2  %4Ã ɀ 0            (2) 

Where )2 Net irrigation requirement (mm),  

ὉὝὧ= Crop water requirement (mm) and 

0 = Effective rainfall (mm).  

Effective rainfall is a part of rainfall that entered into the soil and is made available for crop 

production. It can be calculated by using the AGLAW or dependable rain formula. 

Because, the dependable rainfall is the rain that can be accounted for a certain statistical 

probability (Allen et al., 1998);  

0ÅÆÆ  πȢφz Ð ρπȾσ  If P <       (3)  

0ÅÆÆ πȢψz Ð    If P >        (4) 

Where, 0 = precipitation (mm/month) 

0  Monthly decades of effective rainfall (mm). 
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Experimental Setup: The full irrigation scheduling (100 %) which was simulated by the 

Penman-Monteith equation mostly varied with the approximation of 20 % probability level 

(Rhoades et al., 1992; Allen et al., 1998). To validate the model output the three water 

levels of 75 % (30 mm), 100 % (40 mm) and 125 % (50 mm) of the ETc with 75 % (6 

days), 100 % (8 days), and 125 % (10 days) of the optimal irrigation interval were tested on 

the field. Totally nine treatments were examined in a factorial randomized complete block 

design with three replications. Each experimental plot sizes of (3m * 2.4 m = 5.4 m
2
) and 

the distance between blocks and plots were 2 and 1 m respectively. The spacing between 

rows and plants was 30 and 10 cm respectively. Two days prior to sowing an equal amount 

of irrigation water was applied up to field capacity (mm) for one irrigation event to initiate 

seed germination. The irrigation scheduling experimental treatments were started 6 days 

after sowing. The amount of irrigation water was applied using a partial flume flow 

measuring device. The treatment combinations are constructed indicated in Table 2. 

Table 2. Treatment combination 

Factor 1 (Crop water levels in mm) Factor 2  (Irrigation intervals in days) 

75% ETc (30 mm depth) 6 8 10 

100% ETc (40 mm depth) 6 8 10 

125% ETc (50 mm depth) 6 8 10 

 

Data Collection and Analysis: Agronomic parameters like plant height at maturity, number 

of pod per plant, number of seed per pod and grain yield were recorded from each net plot 

and changed to hectare base to make it ready for statistical analysis. However, water use 

efficiency is a derived parameter calculated as (Sinclair, 1984): 

#75%
  

          
    (5) 

Statistical Analysis; The analysis of variance was carried out using Genstat 15.0 software 

following the statistical procedure described by Gomez and Gomez (1984). The least 

significant difference (LSD) was used to separate the means with the probabilities of 5%. 
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Results and Discussion 

Effect of Crop Water Levels and Irrigation Frequency on Yield-Related Parameters 

A significant difference (P<0.05) was exhibited for mean plant height due to the interaction 
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The number of seeds per pod was not significantly affected by the interaction effect of 

water application depth and irrigation frequency (P >0.05) in each year and combined over 

years.  The number of seeds per pod (2) remains constant across years for all treatments. 

According to the findings of Jeyaramraja and Fantahun (2014), the number of pods per 

plant for practically all groundnut types is expected to be two.  

Table 3. Effects of crop water levels and irrigation frequency on the grain yield of groundnut  

Treatments 

Plant height (cm) Number of pods per plant Number of seeds per pod 

2016 2017 Combined 2016 2017 Combined 2016 2017 Combined 

40 mm-8  45.9
ab

 50.9
a
 48.0

ab
 24 23

ab
 25 2 2 2 

30 mm-8 44.3
ab

 44.3
bc

 44.8
bcde

 24 23
ab

 23 2 2 2 

50 mm-8  47.9
a
 53.6

a
 50.7

a
 25 25

a
 25 2 2 2 

40 mm-6  44.9
ab

 45.6
b
 45.2

bcd
 28 22

ab
 25 2 2 2 

30 mm-6  41.8
ab

 42.1
bc

 42.1
cde

 27 18
b
 23 2 2 2 

50  mm-6  46.9
ab

 44.7
bc

 45.8
bc

 23 21
ab

 22 2 2 2 

40 mm-10  40.7
b
 41.5

c
 41.1

e
 27 20

b
 24 2 2 2 

30  mm-10  41.3
ab

 42.6
bc

 42.0
de

 24 20
b
 22 2 2 2 

50 mm-10  43.9
ab

 44.9
bc

 44.3
bcde

 26 18
b
 24 2 2 2 

CV (%)*  9.3 4.4 7.31 16.4 10.85 17.06 13.2 

 

9.7 

LSD (5 %)    ns 5 ns ns  ns 

*  ns: non-significant difference, CV: coefficient of variation in percent, LSD: list significant difference at 5 % 

probability level, 30, 40 and 50 mm are crop water levels, 6, 8 and 10 days are irrigation intervals. 

Effect of crop water levels and irrigation interval on grain yield  

The interaction effect of crop water levels and irrigation frequency in Table 4 revealed a 

non-significant difference (p>0.05) on grain yield of groundnut in each year and combined 

of two years (2016 and 2017). However, groundnut is a highly commercial oil crop and the 

numerically higher mean combined grain yield (3466.9 kg) was recorded by 75 % (30 mm) 

crop water depth with 8 days interval applied treatment. It was numerically closer 

compared with 100% ETc (40 mm) with 8 days applied treatment. A yield reduction of 

treatments that receive the maximum amount of water (50 mm) with a relatively closer 
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frequency (6 days) could be due to a result of poor aeration and nutrient leaching. This 

implies that the application of the right amount of water at the right time optimizes water 

stress, water loss and nutrient uptake to attain maximum yield. The study in line with the 

finding of Aruna (2017) states that the availability of the right amount of water enhances 

the development and final yield of groundnut as reduction imposes stress thus making use 

of available nutrients for growth and yield. 

Table 4. Effects of crop water application depth and irrigation frequency on grain yield  

Treatments 
Grain yield (kgha-1) 

Combined over years 
2016 2017 

40 mm-8 3361.1
a
 3571.9

a
 3464.4

a
 

30 mm-8 3435.5
a
 3308.1

a
 3466.9

a
 

50 mm-8 3228
a
 3468

a
 3348

a
 

40 mm-6 3265.9
a
 3283.1

a
 3274.5

a
 

30 mm-6 2889.8
a
 3383.6

a
 3110.7

a
 

50  mm-6 2978.6
a
 3080.7

a
 3029.7

a
 

40 mm-10 3117.4
a
 3427.3

a
 3272.4

a
 

30  mm-10 3094.5
a
 3022.4

a
 3058.4

a
 

50 mm-10 3070.8
a
 3371.1

a
 3209.9

a
 

CV (%)*  19.02 12.94 15.32 

LSD (5 %) Ns Ns Ns 

*  ns: non-significant difference, CV: coefficient of variation in percent, LSD: list significant difference at 5 % 

probability level, 30, 40 and 50 mm are crop water levels, 6, 8 and 10 days are irrigation intervals. 

Crop water levels as the main effect (Figure 2) showed there was a non-significant (p>0.05) 

response on grain yield in each year and combined of the two years. As the water levels 

decreased the grain yield tends to a fairly constant trend because the groundnut manages the 

moisture by controlling its vegetative growth. It is obvious that there is high evaporation in 

semi-arid areas resulting in the application of a high amount of water at one irrigation event 

not usable by crops. On the other hand, the application of a large amount of water at a time 

promotes waterlogging and nutrient leaching which poses yield reduction. The numerically 
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maximum combined grain yield of 3337.8 kg ha
-1

 was recorded from the application of 

100% ETc and followed by 3188.95 kgha-1 for 75% ETc applied treatment (Table 5). 

Figure 2: Effects of crop water levels on grain yield 

The irrigation intervals as the main effect exhibited a non-significant response (p>0.05) on 

grain yield (Figure 2). As the intervals between two irrigation events increased, the grain 

yield becomes nearly constant. The numerically highest combined grain yield of 3395.5 

kgha-1 was recorded from 8 days interval applied treatment followed by 3183.9 kgha-1 for 

6 days interval applied treatment. 
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Figure 3: Effects of irrigation interval on grain yield 

The interaction of crop water levels and irrigation interval (Table 5) showed a significant 

effect (p<0.05) for water use efficiency in each year and combined over years. Application 

of 75 % (30 mm) crop water depth with 10 days irrigation interval gave the highest mean 

water use efficiency (0.9 kg/m
3
) followed by 75 % (30 mm) crop water depth with 8 days 

irrigation interval (0.8 kg/m
3
). Especially, maximum yield and maximum water 

productivity were simultaneously achieved by the application of 75 % crop water depth 

with 8 days. This treatment saves 4600 m
3
 water and can be irrigated an additional 1.2 ha 

compared with 50 mm crop water depth with 6 days interval applied treatment. In 

comparing with the full irrigation (100%) which generated by the CROPWAT model (40 

mm with 10 days interval) application of 30 mm crop water depth with 8 days interval has a 

comparative advantage to save 1400 m
3 
water for 0.33 ha groundnut production.  
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Table 5. Effects of crop water application depth and irrigation frequency on water use efficiency  

Treatments 
Volume of water used ( m

3
/ha)         Crop water use efficiency (kg/m

3
) 

2016 2017 2016 2017 Combined 

40 mm-8 5200 5200 0.65
c
 0.7

bc
 0.6

bc
 

30 mm-8 3900 3900 0.9
ab

 0.7
ab

 0.8
ab

 

50 mm-8 6500 6500 0.5
cd

 0.5
cd

 0.5
ef
 

40 mm-6 6800 6800 0.5
cd

 0.5
de

 0.45
fg
 

30 mm-6 5100 5100 0.6
cd

 0.7
bc

 0.6
de

 

50  mm-6 8500 8500 0.4
d
 0.4

e
 0.3

g
 

40 mm-10 4000 4000 0.8
bc

 0.9
a
 0.85

ab
 

30  mm-10 3000 3000 1.03
a
 1.01

a
 0.9

a
 

50 mm-10 5000 5000 0.6
c
 0.7

bc
 0.6

de
 

CV (%)* 

 

  20.71 12.89 16.4 

LSD (0.05)           

*CV: coefficient of variation in percent, LSD: list significant difference at 5 % probability level, 30, 40 and 

50 mm are crop water levels, 6, 8 and 10 days are irrigation intervals. 

The combined and each year analysis (Table 6) showed that the water levels as the main 

effect were a significant effect on crop water use efficiency. As the water levels increased 

from 75 to 125 % the crop water use efficiency also linearly decreased from 0.79 to 0.48 

kg/m
3
. The maximum crop water use efficiency of 0.79 kg/m

3 
was recorded from the 75 % 

ETc applied treatment. 

Table 6. Effects of crop water levels on crop water use efficiency 

Water application level 
Crop water use efficiency (kg/m

3
) 

2008 2009 Combined 

75% (30 mm) 0.8
a
 0.85

a
 0.79

a
 

100% (40 mm) 0.60
b
 0.65

b
 0.65

b
 

125% (50 mm) 0.47
b
 0.49

c
 0.48

c
 

CV(%)* 16.3 11.5 15.5 

LSD (0.05) 0.13 0.085 0.09 

CV*: : coefficient of variation in percent, LSD: list significant difference at 5 % probability level. 
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The effect of irrigation interval on crop water use efficiency was exhibited a significant 

difference (Table 7). As the interval between irrigation events increased from 6 to 10 day 

the mean crop water use efficiency tends to increase from 0.5 to 0.8 kg/m
3
 respectively. 

The highest mean combined crop water use efficiency of 0.8 kg/m
3
 was recorded by the 

application of 10 day irrigation interval. 

Table 7. Effects of irrigation interval on crop water use efficiency 

Irrigation frequency (day) 
Crop water use efficiency (kg/m

3
) 

2016 2017 Combined 

6 0.49
b
 0.52

c
 0.5

c
 

8 0.65
a
 0.67

b
 0.65

b
 

10 0.77
a
 0.82

a
 0.8

a
 

CV(%)*  16.30 11.50 15.50 

LSD 0.13 0.09 0.09 

CV: coefficient of variation in percent, LSD: list significant difference at 5 % probability level. 

Conclusion and Recommendations 

In this study, an attempt was made to evaluate three crop water application levels and three 

irrigation intervals in Kobo irrigation scheme for groundnut production. The three crop 

water application levels were 75 % (30 mm) ETc, 100 % (40 mm) ETc, 125 % (50 mm) 

ETc and the three irrigation intervals were expressed as 6 days, 8 days and 10 days. The 

experiment was designed by a combination of the two-factor levels formed as nine 

treatments using factorial Randomized Complete Block Design (RCBD) with three 

replications. The effects of treatments were examined using plant height, number of pods 

per plant, number of seeds per pod, grain yield and crop water use efficiency. The overall 

result indicates that the crop water levels and irrigation intervals as the main effect do not 

have a significant response on grain yield. On the other hand the crop water use efficiency 

tends to increase due to the decreased and increased of water levels and irrigation intervals 

respectively. The interaction of 75 % ETc with 8 days irrigation interval provides to 

achieve a simultaneously higher grain yield, water use efficiency and can save a substantial 

amount of water to irrigate additional land. The present study concludes that for the Kobo 
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irrigation scheme combined application 75 % (30 mm) ETc with 8 days irrigation interval 

gave the highest crop water use efficiency without affecting the grain yield. 
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Abstract  

In the Raya Kobo Valley, irrigation is a vital resource using surface and groundwater. The 

optimal utilization of the current water resources is crucial for irrigation agriculture 

sustainability. The field experiment was conducted to determine the crop water requirement 

and scheduling for haricot bean (Awash-2) during 2016 and 2018. Totally nine treatments 

were formulated by a factorial combination of three crop water levels as 75 % ETc (30 

mm), 100 % ETc (40 mm) and 125 % ETc (50 mm) with three irrigation intervals (10 days, 

14 days and 18 days). The treatments were arranged in a randomized complete block 

design with three replications. The analysis was performed using Genstat 15.0 software 

and the mean separation was done by Duncan multiple range test at a 1 % probability 

level. The analysis of variance showed that the grain yield and water productivity were 

highly significantly (p<0.01) affected by treatments. Due to the occurrence of high rainfall 

in 2018 the grain yield and water productivity were decreased than 2016 and treatment by 

year interaction was highly significant (p<0.01). The grain yield and water productivity of 

haricot bean does not decrease when the crop water levels declined and the irrigation 

interval is relaxed. In 2016 the significantly higher grain yield (2.12 t/ha) and water 

productivity (1.769 kg/m
3
) were recorded by 30 mm with 18 days applied treatment. 

Similarly, in 2018 this treatment was gave 1.05 t/ha and 0.876 kg/m
3
 for grain yield and 

water productivity respectively. The study concludes that the optimal grain yield and crop 

water productivity were obtained by applying 75 % ETc (30 mm) in 18 days interval.  

Keywords: Crop water level, crop water use efficiency, grain yield, irrigation interval 
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Introduction  

Ethiopia is known as the homeland of several crop plants. It is ranked 13
th
 among pulse 

producing countries in the world (FAO 2015). The country produced about 1.3 million tons 

in 2014 (CSA 2015). Pulses play crucial economic, and food and nutrition security roles in 

Ethiopia. Recently, the production and supply of pulses, increased due to increased demand 

in both local and international markets, thus enhancing smallholdersô income  (IFPRI 

2010). Haricot bean (Phaseolus vulgaris L.) has been an export pulse crop for Ethiopia for 

more than 50 years and probably been grown as food crop for a much longer period in the 

low and mid land altitude areas of the country (Ephrem 2016). The crop is widely grown in 

areas between 1400-2000 m.a.s.l. The main production areas include the East Hararghe, 

West Wellega, East shewa, West Arsi, Sidama, Wolayita, Wollo and East Gojam (Ephrem 

2016). Haricot beans are among the most important grain legumes produced by small-scale 

farmers for both subsistence and cash, mainly in the lowlands and in the rift valley areas of 

Ethiopia. They are high in starch, protein, and dietary fiber, and are an excellent source of 

minerals and vitamins(FAO 2015) .  

The production increase from year to year. Production is carried out by smallholder 

farmers, which were estimated to be about 3.1 million in 2012 (CSA 2012). Due to high 

demand in the international and domestic markets, Ethiopian haricot bean production has 

increased more than twofold from 138 to 463 thousand tones between 2005 and 2012 (FAO 

2015). 

Irrigation, defined as the application of water to the soil for the purpose of supplying the 

moisture essential to the plant growth, is primarily a means of overcoming water deficit in 

arid and semi-arid climatic regions in the form of insurance for humid conditions so that an 

optimum supply is always available (Suarez, Wood, and Lesch 2006). Irrigation scheduling 

includes three components; how much to irrigate, when to irrigate, how to irrigate. The 

effect of water stress on the growth and yield depends both on the degree of stress and on 

the stage of the growth at which stress occurs (Hsiao et al. 1976).  

Amhara National Regional State with the aim of enhancing food security through irrigation 

development in the Kobo-Girana valleys, established Kobo Girana Valley Development 
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Program Office (KGVDPO 2015). The water Works Design and Supervision Enterprise 

(2008) Raya valley pressurized irrigation project report, previous studies and drilling was 

focused on pressurized irrigation systems. Pressurized irrigation project was initiated by the 

Commission for Sustainable Agriculture and Environmental Rehabilitation in Amhara 

Region (Co-SAERAR) to tackle the food insecurity in the valley. In Kobo valleys, a 

number of boreholes were drilled and irrigation structures constructed. Farmers are 

cultivating both cereal and vegetable crops using complimentary irrigation system. Those 

farmers participating in the irrigation activities are found to have better income and 

improved life styles. Even though the farmers are getting benefit from this intervention, the 

sustainability of the project and also the resource itself has to be examined from current 

development and utilization trend point of view. Cash crops are the only dominant crops 

growing by farmers like onion, tomato sometimes pepper at irrigation season, but these 

crops price fall due to surplus production and a smaller number of consumers at the 

irrigation season. Farmers should be shift to cultivate cereals and other export crop to 

increase the income level and earns foreign currency of the country. Haricot bean exports 

account for about 41 percent of pulse production and exports from 2005 to 2012 (FAO 

2015). Its contribution to national export earnings was 95.3 million USD in 2012 (FAO 

2015). However, the present study was focus on the specific objective to determine the 

effect of irrigation depth and frequency on yield of haricot bean (awash-2) variety at kobo 

valley irrigation scheme.  

Materials and Methodss 

Description of the Study Area 

The Experiment was conducted at kobo irrigation scheme for two years (2017 and 2018). 

Kobo research station is located at distance of 52 km from Sirinka agricultural research 

center and 613 km away from the capital of Addis Abeba or 50 km from Woldia town north 

east direction at 12.08
0
 N latitude and 39.28

0
 E longitudes at altitude of 1470 m.a.s.l. The 

20 year mean annual rainfall is 690 mm the average and maximum daily evapotranspiration 

rate of 5.94 mm and 7.69 mm respectively.  
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Estimation of crop water requirement is determined from the interrelationships of the ET, 

Soil Type, bulk density of the soil, field capacity and permanent wilting point of the soil 

and the effective root zone of the experimental site. The crop evapotranspiration (ETc) was 

estimated by FAO Penman-Monteith equation which is as defined below: 

ETc = Kc (ETo) 

                          Where 

                   ETc = Crop Evapotranspiration 

                   ETo = Reference Crop Evapotranspiration 

                   Kc = Crop Factor / Crop coefficient 

The CROPWAT program developed for the FAO Penman-Monteith method (FAO-2005) 

was utilized for estimating the crop water requirement and irrigation scheduling of the crop. 

Soil and climatic data from meteorological stations and also crop data were collected, to 

calculate crop water requirement and scheduling. 

Experimental design  

By using CROPWAT version 8.0 window, we had generated the crop water requirement 

and irrigation schedule for haricot bean (awash2) variety in the study area. To estimate the 

irrigation water requirement and schedule, climatic, wind speed, relative humidity, sunshine 

hour, and minimum and maximum temperature data were taken from kobo meteorological 

station. The CROPWAT generated output result were 100% readily available moisture 

status attended with application timing.  

The initial CROPWAT generated depth and interval at 100% readily available moisture, 

was 40mm depth with 14 days interval. The guide line 100% readily available moisture 

with its interval plus and minus 25% was determined. The factorial combination of (10, 14, 

18) days interval with (30mm, 40mm, 50mm) depth were used. The experimental design 

was randomized complete block design with three replication and 27 treatment units.     
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 Table 1. Treatment setup  

Irrigation interval 

(days) 

Irrigation 

depth (mm) 

Irrigation 

frequency 

Seasonal irrigation 

(mm) 

14 40 6 240 

14 30 6 180 

14 50 6 300 

10 40 8 320 

10 30 8 240 

10 50 8 400 

18 40 4 160 

18 30 4 120 

18 50 4 200 

The test crop was Awash-2. The experimental plot size was 3m by 2m, at 10cm plant 

spacing and 40cm between furrows had planted and the experimental field was carried out 

from February to June at kobo research trial site. Irrigation water is applied using cans and 

its irrigation water application estimated to be 80%. Irrigation water efficiency is generally 

defined as crop yield per water used to produce the yield (Viets 1962),(Dr. Punmia et al. 

2009). Thus, irrigation water use efficiency (IWUE) was calculated as fresh weight(kg) 

obtained per volume of irrigation water applied (m
3
).  

ὍὡὟὉ
ώὭὩὰὨ

ὃὴὴὰὭὩὨ ύὥὸὩὶ
 

IWUE is an important factor when considering irrigation system and water management, 

and probably will become more important as access to water becomes more limited 

(Hatfield, Sauer, and Prueger 2001). All agronomic practice was equally done for each 

treatment such as weeding, water application method, available moisture test in the soil and 

the data collection parameters such as stand count, total yield, marketable yield, 

unmarketable yield was collected. Irrigation water productivity was calculated as the ratio 

of crop yield or marketable yield and applied irrigation water.   
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Statistical procedures 

For statistical analysis GenStat software was used. In addition, Duncanôs multiple mean 

tests were used to compare treatment means. All the measured parameters were subjected to 

analysis of variance (Gomez and Gomez 1984) using GenStat computer programming. 

Least significant difference (LSD) was used to separate the means and the interpretation of 

the data at P<0.05. 

Result and discussion  

Soil properties of the study area 

A composite soil sample representing five surface soil sampling from experimental field 

before planting was taken and analyzed at Sirinka Agricultural Research Center soil 

laboratory. Accordingly, the soil sample recorded in the experimental site soil textural class 

clay loam with FC and PWP was 11.5% and 3.2% on volume basis respectively. The site is 

characterized by an average infiltration rate of 8mm/hr. and ph. value of 7.8. Some of the 

chemical and physical properties of the soils in the experimental field were listed on Table 

2. 

Table 2.  Soil properties of the study sites 

Location Depth (cm) pH EC(DS/M) 
 % 

OM 

Av K 

mg/kg 

P ppm 

 
%TN 

Soil textural 

classification 

Kobo 
0-30 6.9 0.048  1.11 0.49 26 0.14 Clay loam 

30-60 6.7 0.064  1.15 0.36 35.8 0.168 Clay loam 

Where: EC- electrical conductivity, OM- organic matter, Av K- available potassium, p- available phosphorus 

Grain yield and water productivity result  

As clearly seen in the ANOVA (Table 3), the combined result of the analysis showed that 

the grain yield and water productivity analysis were highly significantly different between 

treatments at 5% probability level. The trial of haricot bean at kobo treatment by year 

interaction effect was non-significant for more agronomic parameters, like stand count, 

plant height, and thousand seed weight. The yield and water productivity result shows that 

year variation and its interaction with treatment were statistically significant at 5% 
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probability level. The main priority is yield, with optimum water productivity. So that we 

canôt combined two yearsô data.  

Table 3. Mean square value of grain yield, water productivity of haricot bean at kobo 

  

 

 

 

 

 

Where: yyear, Trt-treatment, Df-degree of freedom, and ** - highly Significant at 5% level  

The uneven distribution of rainfall within two consecutive years the main reason significant 

difference between treatments across years (Fig. 1). The climate of Ethiopia is 

characterized by high rainfall variation such climate conditions have caused major 

constraints to agricultural development. In 2018 the two months, March and April had high 

amount of rainfall from expected. The maximum and minimum amount of rainfall was 

126.7mm, and 2.2mm at April and June respectively. There was excess amount of rainfall 

during flowering and maturity stage. The high vegetative coverage was directly available 

for photosynthesis and reducing light allowing to pass directly to the soil, where it may be 

dissipated as latent heat removing water from the root zone (Wilson V. E., Teare 1972). 

The maximum input of rainfall to generate depth and frequency in CROPWAT model was 

80mm, from February to June. Thus, high rainfall occurrence in April, 2018 was over 

saturation of the soil and almost uniformity and reduction of yield.  

Source of 

variation 
df 

Mean square 

Grain yield (t/ha) Water productivity (kg/m
3
) 

Yr 1 4.9644** 1.60521** 

Trt 8 0.2902** 0.68323** 

Trt*yr  8 0.3069** 0.14694** 

Error 34 0.1128 0.02985 
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Figure 1.  Monthly rainfall data of 2016 and 2018 irrigation seasons at study site
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The optimum seasonal irrigation water requirement by CROPWAT generated depth was 

240mm applied in 6 irrigation frequencies. In Table 4, the mean separation of yearly and 

combined yield and water productivity results shows that, the grain yield analysis of the 

first-year result, 40 mm depth with18 days interval were highly significance difference 

relatively with 30mm, 40mm depth. The overall productivity was low compared to the first 

year. In first year, 40 mm depth with every 18 days interval at 4 irrigation frequency (table 

4) maximum yield (2.22 t/ha) was obtained. The water productivity is (1.39kg/m
3
). Even if 

the water productivity analysis, 30 mm depth with 18-days interval was 1.76 kg/m
3
 highly 

significant different but the yield is not significant because the priority is yield with 

optimum water application.  

        Table 4. Mean grain yield of harict bean and water productivity at Kobo combined over years 

Treatments 

Grain yield (t/ha) Water productivity (kg/m
3
) 

seasonal 

CWR  (mm) 

1
st
 year 2

nd
 

year 

Average 

result 

1
st
 year 2

nd
 year Average 

result 

 

40 mm, 14 days  1.49
c
 0.91

b
 1.206

b
 0.625

de
 0.380

d
 0.433

d
 240 

30 mm, 14 days 1.96
ab

 0.96
ab

 1.459
ab

 1.088
c
 0.533

c
 0.718

c
 180 

50 mm, 14 days  1.68b
cd

 1.20
a
 1.443

ab
 0.560

de
 0.401

d
 0.425

d
 300 

40 mm, 10 days  1.71b
cd

 1.15
ab

 1.433
ab

 0.536
e
 0.359

de
 0.396

d
 320 

30 mm, 10 days  1.37
c
 0.97

ab
 1.172

b
 0.573

de
 0.404

d
 0.419

d
 240 

50 mm, 10 days  1.60
c
 1.12

ab
 1.201

b
 0.401

e
 0.281

e
 0.299

d
 400 

40 mm, 18 days  2.22
a
 1.07

ab
 1.649

a
 1.392

b
 0.669

b
 0.926

b
 160 

30 mm, 18 days 2.12
ab

 1.05
ab

 1.587
a
 1.769

a
 0.876

a
 1.183

a
 120 

50 mm, 18 days 1.71
bcd

 1.17
ab

 1.444
ab

 0.855
cd

 0.589
bc

 0.638
c
 200 

Grand mean 1.743 1.069 1.399 0.867 0.499 0.604  

CV (%) 13.3 13.5 19.5 19.2 10.8 27  

                     Cv = coefficient of variation 

The second-year grain yield result of haricot bean, a treatment 50 mm depth with 14-days 

interval is (1.2 t/ha) and its water productivity had (0.4 kg/m
3
),

 
but the best water 

productivity result is 30mm depth with 18-days interval was 0.8kg/m
3
, however yield is 

non significance difference between this treatment. 
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In general, the average result shown above in Table 4, haricot bean cultivation at kobo 

irrigation scheme applying 30 mm depth irrigation water with 18 days interval gave a mean grain 

yield of 1.58 t/ha and its water productivity were 1.18 kg/m
3
. But, the production reaches up to 2.22 

t/ha by applying 40 mm depth with 18 days interval and also its water productivity was 

raised up to 1.39 kg/m
3
. The total water requirement reaches from 120mm- 380mm 

considering other water losses. Melekasa agricultural research center (MARC) were 

implemented haricot bean kc determination in the rift valley of Awash, the yield was 2.5 

t/ha by applying 160mm-448mm irrigation water (Laike, Tilahun, and Hordofa 2006). 

Comparatively the yield of haricot bean at kobo irrigation scheme research trial with 

Awash rift valley result gaps 0.7 t/ha. This research result gap due to its research trial 

objective, soil type and climate variability. Haricot bean prefers optimum amount of water 

needed to get a better yield at kobo irrigation scheme. If you applying excess water beyond 

the range and below 120mm depth plant is under stress, production yield will be decreased. 

Because excess water being high canopy cover of the plant, these result pod setting fall.       

Conclusion and recommendation 

The initial CROPWAT generated depth a 100% readily available moisture and interval 

were 40 mm depth with14 dayôs irrigation interval but this generated depth and interval is 

loss of water and cost. The research trial approves 40 mm depth with 18 dayôs irrigation 

intervals is a sufficient yield and water productivity. So that the CROPWAT generated 

depth improves 25 % irrigation frequencies from the initial 100% interval. In kobo 

irrigation scheme, the source of water is ground water it covers 2500ha of land by 

submersible motor pump. Now a day, the main problem is shortage of electric power to 

pump the water to the surface and irrigate adequate land with its optimum depth. By 

applying optimum amount, that is 40mm depth with 18-days interval it can save 80mm 

depth of irrigation water at a season. Saving water means in semi-pressurized irrigation 

system it can also save additional power cost. This 80mm depth of irrigation water at a 

season irrigates additional land and it can produce 1.1t/ha of haricot bean. At kobo 

irrigation scheme farmers to produce haricot bean from January to June irrigation season, 

will recommended to use 40mm depth of irrigation water with 18 days interval by using 

furrow irrigation systems.    
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Abstract 

Water shortages in semi-arid areas of eastern Amhara are the extreme constraints for agriculture. 

Rainfall is tremendously variable; therefore, the harvesting of rainwater is important to safeguard 

improved crop production. A study was conducted with the objective of characterizing and 

evaluating performance and assessing the most pertinent issues related to existing rainwater 

harvesting (RWH) systems in Wag-Lasta areas. For our study, twelve rainwater-collecting 

structures (i.e., seven functional and five non-functional ponds) were selected from six kebeles at 

sekota and lasta districts.  Primary and secondary data were used to collect and evaluate with 

descriptive statistics to assess the technical performance of rainwater harvesting ponds through 

field observations, direct measurements and interviews with pond owner, zonal and woreda experts, 

and kebele development agents. The technical performance evaluation showed that the collected 

runoff and system efficiency were negligible for the constructed rainwater-harvesting pond of the 

study site. Of the harvested water, 21.54%, 12.96% and 27.71% were used for irrigation, other 

purposes and lost as evaporation, respectively. This indicates that the efficiency of runoff storage 

was below one. The average sedimentation rate was 0.43% in the storage ponds. Comparing across 

ponds, the performance of silt traps ranges from 8.3% to 86.6%. The average water productivity of 

crops under irrigation was 4.94kg/m
3
. Poor selection of sites, lack of maintenance, and technical 

standardization were the main issues that resulted in a non-functional pond, and although some of 

them were effective with low performance. Improving the maintenance operation of the ponds and 

additional training and encouragement of farmers on the planning and construction of ponds help 

to increase the efficiencies of the ponds.                                                                

Keywords: Catchment area, Efficiency, Pond, Rainwater harvesting, Technical performance  
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Introduction  

Ethiopia is one of the nine nations in Africa with plenty of water potential for rainwater 

harvesting. This potential could feed 520million people of the country (Kassahun, 2007). 

Despite what might be expected some challenges hinder this potential to make it realized. 

Keeping and preserving this precious resource, when it falls abundantly from the sky and 

then to temporally store it and distribute it properly for efficient use during needed is a 

prerequisite.  

Water harvesting history in Ethiopia took us back to 560 BC in the Axumite kingdom. 

There is a starting effort of this practice on increasing crop production through government-

initiated soil and water conservation programs (Habtamu, 1999). The 1971ï74 drought 

disasters were the main drivers of this continuous effort, which were intended to come up 

with opportunities; like employment, to the victims (Ngigi, 2003, Seyoum, 2003).  

Annual rainfall of Ethiopia ranges between 2700mm in the Southwestern plateaus and less 

than 200mm in some parts of the Northern and Southeastern lowlands with a further 

decrease to 100mm in the Northeastern lowlands. Overall, the mean yearly precipitation of 

the country is approximately1090mm (Hugo, 2003). Besides, 70% of the absolute arable 

land in Ethiopia gets yearly precipitation of less than 750mm (Seyoum, 2003, Temesgen, 

2012). On the other hand, an estimated 110 billion cubic meters rainwater lost each year 

through surface runoff (Wubetu et al., 2016). This corresponds to a 1m deep square pond 

with side lengths of 330 km.    

Some rain-fed parts in the Amhara region, which receive low rainfall, suffer from 

insufficient and variable rainfall and resulting in unreliable crop yield. In these areas, water 

productivity is too low that the vast majority of them are gone from the soil through surface 

evaporation and surface runoff (Roba et al., 2022, Araya and Stroosnijder, 2010, 

Rockström et al., 2010). According to Abegaz and Mekoya (2020), Shefine (2018), Hugo 

(2003), the variability of yearly precipitation in Amhara and Tigray is high ranging from 

20% to 40%. Similar to other regions the variability is high but the quantity of precipitation 

in the region is not the main problem; rather the collection and storage of runoff and 

rainwater are the main issues.  
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In practice, extension experts propose household ponds and shallow wells for irrigation to 

produce fruits, and vegetables, which should help the individual farmer to obtain additional 

income and increase household consumption. This means planting root vegetables in the 

summer season and extending the growth period into the dry season where better crop 

prices are achieved. Vegetable production under irrigation using simple bucket is feasible 

for plot sizes ranging from 150-200 m
2
. Lack of labor force and water limitations in the 

ponds during the late crop growth stages are the main causes that hamper the use of this 

system for boosting irrigated production using ponds (Rämi and OCHA-Ethiopia, 2003). 

The main drivers of misusing the water harvesting ponds are physical, technical, and socio-

economic and policy gaps. To have reliable rainwater harvesting schemes, the storage 

volume must be assessed carefully whether it meets the seasonal irrigation demand. For 

rainwater harvesting in all areas of Amhara region, the capacity of the ponds is 129m
3
 

(SMIS, 2016), which are promoted under some projects of government and donor agencies 

without proper analysis of the storage volume required by a household considering demand, 

catchment area, and rainfall variabilities and soil conditions.  

The government of Ethiopia has made investments both financial and material for the 

expansion of RWH ponds. This makes it unmotivated for farmers to build and use RWH 

systems because of the higher demand for investment costs. Besides, knowledge 

inadequacy in terms of which size, how, where, and when these structures have to be 

constructed is very evident. This work is undertaken to identify the specific gaps in the 

current water harvesting systems (specific to ponds) in the Wag-Last area of Amhara region 

in all the technical aspects. Therefore, this research was showed to characterize and 

evaluate the performance of selected household RWH and assess the most significant 

problems relevant to the existing RWH systems. 

Materials and Methods 

Description of the Study Area: The research was conducted for two years during 2018 and 

2019 at Sekota and Lasta woreda. The geographical location of the study areas ranges from 

latitude 1319013 to 1414094 N and longitudes 500019 to 522735 E with an altitude of 1885 

to 2407 m.a.s.l (Fig. 2). The rainfall was seasonal varying in-depth, space, and time. There 

is a short belg and heavy summer season, that occurs between late june and early 
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september. The mean annual long-term rainfall in the study areas at Sekota and Lasta was 

585.8 mm and 799.3 mm and both characterized with irregular and inconsistent in 

distribution (Fig.1). The mean minimum and maximum long-term temperature was 12.4 & 

26.8 
o
c at Sekota and 13.4 & 24.8 

o
c at Lasta woreda respectively (Fig.1). The area is 

intensively cultivated and the production is subsistence farming. Rain-fed agriculture is the 

main practice in the study area. However, with the introduction of water harvesting 

structures like ponds, supplementary irrigation practices were performed. The main crops 

grown in the study area are sorghum, teff, wheat, barley, faba beans, garlic, potato, tomato, 

onion, pepper, cabbage and shallots. 

 

Figure 1. Climate characteristics of the study site 
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Figure 2. Location maps of the study areas 

Selection of water harvesting ponds: The areas of study were selected based on the type, 

quantity, and distribution of the targeted rainwater harvesting systems from various agro-

ecologies. Two agro-ecologies of the study areas were considered to pick the study woreda 

where the targeted rainwater harvesting structures are available. To select the kebeles with 

rainwater harvesting structures, field visits and discussion with zonal, woreda, and kebeles 

experts were held. Three kebeles were purposefully selected from each of the studies 

woreda. Based on expertsô experiences and current observations, the existing water 

harvesting structures in the selected kebeles were evaluated, characterized, and therefore 

categorized. Categories were done as good and poor in their existing relative performance.  

A total of 99 rainwater-harvesting ponds from households have been assessed initially in 

the study areas. These household ponds are located in Tsemera, Fekre Selam, Tiya, Genete 

Mariam, Tefelamay, and Kulmesk. Out of these, 12 rainwater-harvesting ponds were 

selected for comprehensive analysis and study. For a detailed study, two water-harvesting 

structures were selected in each kebele. 
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Data collection: Reliable and accurate primary and secondary data were gathered at 

household, kebeles, woreda, and zone levels using various questionnaires, data collection 

formats, and using direct measurements. In addition, the literature available was reviewed, 

and discussions with the concerned institutions were held. 

Primary data: The required data were collected from the selected kebeles (Tsemera, Fekre 

Selam, and Tiya in Sekota woreda) and (Genet Mariam, Tefelamay, Kulmesk in Lasta 

woreda) and on the rainwater, harvesting structures using a structured and semi-structured 

questionnaire and direct measurements. The questioners were addressing zonal to Kebele 

agricultural experts. Additional information was collected through interviews and focus 

group consultations with the farmers and woredas.  Data collectors were assigned to take 

daily measurement of rainfall, runoff, sediment yield, water consumed, evaporation, daily 

water level in the pond, and other related activities from water harvesting structures. To 

characterize the system, data on land use and land cover in the catchment, size, physical 

performance, and current capacity of each component of the system (i.e. catchment, 

diversion channel, and silt trap, storage and command area) were collected from the study 

kebeles. 

Soil analysis: Soil samples for the bulk density determination and soil texture analysis were 

collected from the catchment, silt trap, and command area of each rainwater harvesting 

ponds. 

Texture: Soil samples were collected from each water harvesting site's catchment, silt trap, 

and command field, from a depth of 0-30 cm using soil auger for textural analysis. It was 

because soil loss occurred mainly from the catchment surface and this depth was necessary 

for the study. For this determination, three composite samples were taken from each 

catchment surface, silt trap, and command area. The analysis of particle size was performed 

using the hydrometer method in the soil laboratory of the Sekota Dry-Land Agricultural 

Research Center and the texture group was determined using USDA textural triangle. The 

soil texture, along with the slope and land use, was used to estimate the surface runoff 

coefficient value. 
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Bulk density: For each water harvesting system selected for detailed analysis, the samples 

were collected from the catchment, silt trap, and command area using core-sampling 

methods. This sample depth of 0-15 cm was taken from the silt trap to assess the sediment's 

bulk density for analyzing sediment load. The soil sample is oven dried at 105oc for 24 

hours. Then, the dry bulk density was obtained by dividing the soil's dry mass with the 

volume of the same soil that was found by the core samplerôs internal diameter and length. 

Once the sediment's bulk densities was estimated and total sediment (kg) was measured by 

multiplying the sediment mass per unit volume of water by total discharge, used to measure 

the annual sediment deposits (m3) in the water harvesting system and then calculating the 

sediment rate using equation 8. 

Secondary data: The secondary information included several constructed rainwater 

harvesting systems, design and actual structural measurements, crop rotational history, list 

of observed problems, structural operational and maintenance status, irrigation methods, 

and type of water usage, crop selection, crop yield, and socioeconomic details. The 

information was collected from governmental organizations such as research centers, water 

offices, agricultural and rural development offices. 

Sedimentation Analysis  

Runoff Sediment Concentration: During the time of runoff harvesting, one liter of runoff 

sample was taken at the inlet and outlet of the silt trap and storage inlet. The sediment 

sampling done at the inlet was sampled using plastic bottles. For the water harvesting 

system, which has a silt trap, the runoff sample was collected from the inlet of the pond. 

The samples were collected for all rainstorms that include both low and high storms that 

could generate runoff. Each runoff sample was allowable to settle down after collection. 

The collected runoff was then filtered with filter paper and weighed to get the constant dry 

weight of the sediment after oven drying. The total sediment was determined by 

multiplying the sediment weight per unit water volume by the total runoff water collected 

in the pond. The amount of sediment deposited in the silt trap represents the difference 

between the inlet sediment and the trap outlet. Finally, mean sediment results were taken 

for trap efficiency analysis using equation (9).  
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Water input and output from the storage  

Storage Level: The gross water production accumulated in the pond was estimated over the 

water harvesting area as the sum of runoff inflow and direct rainfall falling on the pond. 

The water level in the pond was assessed every morning and evening (8:00 AM and 6:00 

PM) before and after the occurrence of rainfall using a graduated stick placed at the middle 

of the pond as a standard foundation. This measurement was done during rainstorms at 

which water samples for sediment concentration measurement were collected. This 

provided the sum of inflow that reached the storage pond after every occurrence of rainfall. 

Meanwhile, the amount of rainfall from the manual rain gauges mounted at the study areas 

were observed.  

Water Abstraction: The water consumed was measured using graduated sticks before and 

after consumption using watering cane with a known 10 liters volume for either irrigation, 

livestock, or other purposes.  

Crop water requirement (CWR): is an essential factor in water harvesting ponds design and 

involves irrigation and domestic water consumption. In the field, the Cropwat computer 

model was used to assess the crop water requirements of irrigated crops (pepper, tomato, 

garlic, carrot, cabbage, and onion). This method is the FAO penman-monteith equation for 

calculating evapotranspiration of reference crops, ETo (Allen et al., 1998). The CWR 

estimation depends on calculating the ETo values using the available climate data, and this 

was multiplied by Kc at different crop growth stages. 

%4Ã%4Ïz+Ã Equation (1) 

Where,   ETc = evapotranspiration of crops (mm / day) 

   ETo = reference crop evapotranspiration (mm / day) 

     Kc = coefficient for crops 

The main function of the rainwater-harvesting pond was primarily for supplementary 

irrigation and annual fruit trees in the study areas. 

Water losses through evaporation: This data was calculated using a pan evaporimeter at the 

study sites, and this value was multiplied by the pan coefficient to adjust from the water-

collecting pond to the actual evaporation. The standard pan mounted was adequate for a 
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thorough analysis of selected rainwater harvesting ponds to estimate the evaporation. The 

coefficient for the pan varies from 0.6 to 0.8 and the mean value of 0.7 was taken for our 

analysis. 

Water Losses through Seepage:  Seepage loss was determined as the difference between 

water input (rainfall and runoff) to the storage and water flow out from the storage (water 

consumed and evaporation losses) and available water in the storage.  

 Catchment Characteristics: Characterization of the main catchment variables was done to 

assess the current catchment that contributes runoff to the water-harvesting pond. 

Measurement of the catchment area was achieved using DEM derived from point data that 

was obtained with GPS. The catchment land use and land cover were assessed using field 

observation. 

Structural Characterization: The structure type (trapezoidal, hemispherical), dimension 

(side slope, bottom and top width or diameter, structure height, length, and size), volume, 

structural stability, soil, and lining material were assessed and evaluated.  It was determined 

whether the silt trap was used in the system or not. If silt traps exist in the system, its 

dimensions, frequency of cleaning, the position of construction relative to the pond, number 

of chambers, whether a mesh is used in the silt trap system were characterized and 

evaluated.  The diversion channel was assessed and characterized by its dimensions 

(L*W*D) and performance (scouring, sediment depilation, surface roughness, etc.). 

Spillway availability, its functionality, and its appropriate location and dimension in the 

system were evaluated.   

Irrigation Command Area: The existing size of the irrigable area, crop type, and irrigation 

purpose, method of irrigation, planting period, crop rotation system, and use of inputs 

(fertilizer, agrochemicals), weeding frequency, harrowing frequency, irrigation frequency 

and amount of irrigation were assessed and quantified.  

Performance Evaluation: The main purpose of performance evaluation is to recognize 

deficiencies and recommend improvements to be made to enhance and sustain the quality 

and effectiveness of a system (Molden et al., 1998). The efficiency of the rainwater-
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harvesting scheme also requires a combination of runoff harvesting efficiency, runoff 

storage efficiency, and system efficiency (Goma et al., 2015, Gammoh and Oweis, 2011, 

Jones and Hunt, 2010). The water productivity, sedimentation rate, and economic 

efficiency of the performance can be evaluated (Arega, 2003). In general, a system's 

efficiency is calculated using its efficiencies. Efficiency factors were determined using the 

data collected to evaluate the system performance. The following equations were used to 

calculate the catchment-command area ratio, runoff harvesting efficiency, runoff storage 

efficiency, system efficiency, storage to excavated volume ratio, water productivity, and 

sedimentation rate. 

1) Runoff Harvesting Efficiency (RHE): This can be calculated by the ratio of water 

harvested or input to storage and the amount of runoff in the catchment (Quraishi 

and Molla, 2013, Begashaw, 2005).   

2(%
 

  
Equation (2) 

2) Runoff Storage Efficiency (RSE):  The ratio of the amount of runoff available in the 

storage to the amount of runoff input that reaches the storage unit. The ratio can be 

one if and only if no seepage and evaporation occur in the pond(Quraishi and Molla, 

2013). 

23%
 

 
Equation (3) 

3) System Efficiency (SE): It measures the effectiveness of the whole system that 

indicates how much of the runoff produced on the catchment of rainwater 

harvesting systems is consumed for irrigation or any other purpose. It is calculated 

as follows (Suresh, 2012).  

3%
 

 
Equation (4) 

4) Storage to Excavation Volume Ratio (SER): If the ratio is one, then the storage is 

least economical (storage contains the same amount of water as excavated). The 

storage to excavation volume ratio is greater than one which is economically 



Perormnce Evaluation of Technical Aspects of Ex-Situ Rain Water Harvesting Systems ΧΦΦ                                                       Aemro et al. 

 
256 Proceedings of 13

th
 Regional Annual Conference on Completed Research Activities on Soil and Water 

feasible if the excavated soil is used to form a bank to store the water above the 

original ground level (Suresh, 2012).  

3%2
 

    
Equation (5) 

5) Water Productivity (WP): The ratio of a crop 's actual yield (kg) to the volume of 

water used for irrigation (m
3
) for both rainfall and supplemental irrigation (Arega, 

2003).  

70
   

Equation (6) 

6) Relative Irrigation Supply (RIS):  

 The ratio of the irrigation water (m
3
) to that of the cropôs irrigation demand. The demand 

for irrigation was calculated using the penman monteith equation, based on the study area's 

crop type, soil, and climate. To contrast, the respective effects of the water harvesting 

system, a reasonable field application efficiency was cited from various pieces of literature.  

2)3
)ÒÒÉÇÁÔÉÏÎ ÓÕÐÐÌÙ

)ÒÒÉÇÁÔÉÏÎ ÄÅÍÁÎÄ
%ÑÕÁÔÉÏÎ χ 

7) Sedimentation  

The sediment load and deposition have environmental and technical effects (Kirby et al., 

2002). Loss of storage capacity will occur when the reservoir's effective storage volume is 

filled by a certain amount of sediment deposition. The rate of sedimentation is expressed in 

terms of the percentage of the reservoir's annual capacity lost through the formula (Suresh, 

2012, Kirby et al., 2002).  

              3 ρzππ %ÑÕÁÔÉÏÎ ψ 

Where, S = annual loss of reservoir capacity (%) 

            Sa = annual deposition of silt (m
3
) 

             C = reservoir capacity (m
3
)  
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The reservoir trap efficiency is the amount of sediment that is trapped in the storage and the 

total load that enters with the runoff. Using this equation the silt trap efficiency (STE) was 

determined (Suresh, 2012, Kirby et al., 2002). 

34% ρzππ %ÑÕÁÔÉÏÎω 

Where, STE = silt trap efficiency (%) 

             S1 = the sediment entered into the silt trap (gm) 

             S2 = the sediment discharged out of the silt trap (gm) 

8) The Storage Capacity Of The Pond And Runoff Predictions  

The measuring tape was used to measure the top, bottom, and width of the trapezoidal 

water collection pond to assess the total storage capacity of the pond (SMIS, 2016). The 

formula used to calculate the size of the very common trapezoidal-shaped storage pond 

type. 

6
(

σ
!4 !" Ѝ!4z!" %ÑÕÁÔÉÏÎρπ 

Where, V= storage capacity m
3
, H= water storage depth m,  

             AT= top area of storage= UL*UW, m
2
 UL= upper length, UW= upper width 

             AB= base area of storage= BL*BW, m
2
 BL= bottom length, BW= bottom width 

For storage capacity of hemisphere-shaped water ponds (SMIS, 2016) was calculated as 

follows 

6
ς

σ
ʌ2 %ÑÕÁÔÉÏÎρρ 

Where, V= storage capacity, m
3
 R= radius of the pond m & “ = 3.14 

The amount of water collected from the catchment area is a function of the amount of 

runoff that is produced by the region's rainfall. Since not all runoffs can be used due to deep 

percolation, evaporation, and other losses, they do need to be multiplied by an efficiency 

factor 0.6 (Quraishi and Molla, 2013). 

                                          1 2&z!z #z %ÆÆȢ %ÑÕÁÔÉÏÎρς 

 Where, Q = discharge volume (m
3
), RF =mean annual rainfall (mm) 

              A = catchment area (m
2
), C = runoff coefficient, Eff. = efficiency factor. 
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Assessment of Issues of Water Harvesting Systems  

The most important problem for the study of the household rainwater harvesting ponds was 

identified in line with the performance evaluation. The problems were established by 

interviews, field observations and direct measurements (such as silt depth, catchment slope, 

current dimensions, and channels) made. 

Results and Discussion 

Catchment Characteristics of Studied Ponds 

Runoff from surface catchments was collected using the rainwater collection ponds with 

land surface and roof catchment (Table 1). The topography of the slope varies from 3 to 25 

percent and the elevation of the catchment ranges from 1885 to 2407 m. Areas of the 

catchment for all rainwater storage ponds were greater than the command areas.  

Table 1. Presents the catchment area, command area, land use & ground cover, and slope of each of 

the RWH pond under study.  

Ponds Catchment  

area (ha) 

Command 

area (ha) 

Land use & land cover Average 

slope (%) 

P1 0.58 0.043 Bare & bush land 15         

P2 0.36 0.028 Cultivated 4     

P3 0.47 0.005 Cultivated & bare  land 9     

P4 0.5 0.014 Bush land 25   

P5 0.65 0.032 Grazing land 19   

P6 0.6 0.005 Cultivated & roof 3     

P7 0.52 0.002 Forest & grazing 15    

P8 0.57 0.036 Cultivated & bush land 10   

P9 0.62 0.025 Bare, bush land & road 17   

P10 0.54 0.017 Bare, bush land & road 18   

P11 0.52 0.036 Cultivated, shrub, bush & road 16  

P12 0.54 0.023 Forest & road 25  

Mean  0.539 0.022  14.7 

Std  0.076 0.013  7.1 
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Dimensions of Ponds 

Diversion channels: The earthen channel diversion was used to divert the runoff from the 

catchment to the silt trap or directly to the storage (Fig 3). The channel was constructed 

using earthen material with a width of 0.25 to 0.53 m and a depth of 0.18 to 0.32 m and was 

desi
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Table 2. Silt trap dimensions of RWH ponds under study 

Pond  Length (m)  Width (m)  Depth (m) Remark 

P1 Damaged  Two-chamber 

P2 2.3 1.15 0.85 Two-chamber 

P3 2.3 1.15 0.85 Two-chamber 

P4 Damaged Two-chamber 

P5 2.9 1.15 0.8 Two-chamber 

P6 2.9 1.15 0.8 Two-chamber 

P7 No silt trap  

P8 No silt trap  

P9 No silt trap  

P10 No silt trap  

P11 No silt trap  

P12 No silt trap  

The Dimension and Storage of Ponds  

Studied ponds have been developed with different storage capacities, depending on the 

volume of water to be harvested and the accessibility of construction materials (Table 4). 

The Geomembrane plastic sheet with the required size of 13.5x 13.5 m was used in the 

study site after digging soil to cover the floor and wall of the pond. The plastic was placed 

on a very well-shaped and smooth trapezoidal rainwater storage surface. The government 

gave the plastic sheet with the least cost. The typical depth for the hemispheric form of 

rainwater harvesting ponds was 3m. The pondôs current and plan dimensions are given in 

the table 3. 
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Table 3. The dimension, storage volume and status of the ponds at the study site 

Ponds  Dimension (m)* Side slope 

(H: V) 

Storage volume (m
3
) Status 

P1 D= 6,   B=3, d=3  No storage Non-functional 

P2 T= 8,   B=3, d=3 2:1 97 Functional 

P3 T= 7,   B=4, d=3 2:1 93 Functional 

P4 D= 6.5, B=6, d=2.7  No storage Non-Functional 

P5 D= 6,    B=6,  d=3  56.5 Functional 

P6 D= 6,    B=6,  d=3  56.5 Functional 

P7 T= 8,    B=4, d=3 2.7:1 112 Functional 

P8 T= 9,    B=6.5, d=3 1.3:1 193 Functional 

P9 T= 8,    B=3, d=3 3.3:1 97 functional 

P10 T= 9,    B=3.5, d=3 4:1 No storage Non-functional 

P11 D= 7,     B=3, d=3  No storage Non-functional 

P12 T= 8,    B=3, d=3 3.3:1 No storage Non-functional 
          *  T= top width, B= bottom width, D= diameter, d= depth 

The existing capacity of the ponds was not designed based on the precipitation of the area. 

Therefore, the structures were not adjusted based on runoff diverted from the catchments 

and direct rainfall falling in the pond thereafter, the proportions need to be adjusted and 

corrected according to the catchment runoff (Table 4).  

Table 4. Lining material and runoff coefficient in the study area based on total runoff from the 

catchment area. 

Pond  Lining material  Catchment area (ha) Runoff coefficient  Total runoff ,m
3
 

P1 Concrete   0.58 0.4 815 

P2 Plastic  0.36 0.35 442 

P3 Plastic 0.47 0.38 627 

P4 Concrete 0.5 0.34 597 

P5 Concrete 0.65 0.37 844 

P6 Concrete 0.6 0.55 1159 

P7 Plastic 0.52 0.36 898 

P8 Plastic 0.57 0.38 1040 

P9 Plastic 0.62 0.39 1160 

P10 Plastic 0.54 0.39 1011 

P11 Concrete 0.52 0.4 998 

P12 Plastic   0.54 0.38 985 
Total runoff = P*A*C*eff., where, P is seasonal rainfall, C is the runoff coefficient, A is the catchment area 

(Quraishi and Molla, 2013). 

Command Area: The size of the command area was variable from farmer to farmer as 

shown in Table 11, varying from 0.002 to 0.036ha. According to the Bureau of Agriculture 

in the Amhara Region (BoA, 2003), the ponds were normally designed to irrigate 0.043ha 

of land using 129m
3
 storage capacity. However, the study stated that the average land 
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irrigated by the farmers was 0.019 ha which was not according to the plan since the water 

stored was used for perennial fruit trees and other purposes. 

Because of poor design, lack of a silt trap, and low pond storage, the farmers could not 

harvest water that could be harvested from the existing catchments. Therefore, by 

increasing the pond's storage capacity, farmers could produce more water and increase their 

irrigated areas. The main crops in the study ponds include vegetables such as cabbage, 

onion, and pepper. The nonfunctional ponds had no storage and unable to let water for 

crops so that no actual irrigated area was found. 

Water Lifting Mechanisms and Application Methods: Farmers who use water-harvesting 

ponds used watering cane to draw water from the pond.  So far, most of the farmers in the 

study area were not aware of how to effectively extract and apply the water. A water loss 

caused by poor application was so high. Most of the farmers interviewed were not satisfied 

with how they utilize the stored water. They felt that water harvesting is laborious, less 

efficient, and time-consuming. 

The study conducted by Ngigi (2003) indicated that combining drip irrigation with a system 

of rainwater harvesting was economically viable and increase water productivity, and a 

farmer could recover the full investment costs within four years while making significant 

net income during the repayment period. In this respect, it is important to educate and 

advise farmers of the use of drip irrigation technology, so that the efficiency of water 

consumption can be dramatically improved (Hailemariam and Quraishi, 2012). 

Soil Texture and Bulk Density: For each water harvesting system, three composite samples 

were collected from the catchment, command field, silt trap/diversion path, for soil texture 

analysis. The findings of the soil texture analysis showed that the mean composition of 

clay, silt, and sand in the catchment areas was 4.7, 11, and 84.3 percent, in the command 

areas 7, 15.2, and 77.8 percent, and the silt trap 4.3, 12.4 and 83.3 percent, respectively. 

The texture classification of the catchment, command area & silt trap was dominantly sand, 

sandy loam, and sand correspondingly according to the USDA soil textural triangle (Table 

5). These groups of soil texture were used to determine the coefficient of runoff from which 

total runoff had been designed.  
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Soil samples were also taken from the catchment area, command area, and silt trap and 

study site water harvesting ponds using core sampling methods, to estimate the soil bulk 

density. An average of 1.87, 1.51, and 1.44 g/cm3 was found to be the bulk density of the 

catchment, command & silt trap respectively (Table 6). The sedimentôs bulk density was 

estimated, and the total sediment (kg) was calculated by multiplying the sedimentôs weight 

per unit volume of water by the total collected runoff. It was used to calculate the deposited 

annual sediment (m3) in the water-collecting pond and was intended to transport the 

sediment. The concentration of sediment in the silt trap and storage ponds ranged from 1.4 

to 17.95 g/lit and 0.85 to 42.5 g/lit respectively (Table 6). Compared with the other ponds, 

the sediment concentration for the pond (#p11) was high (42.5 g/lit).  
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Table 5. Textural class of the catchment area, command area, and silt trap  

Ponds Particle size distribution 

Catchment area Command area Silt trap 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Textural  

class 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Textural  

class 

Sand 

(%) 

Clay  

(%) 

 Silt 

(%) 

Textural 

 class 

P1 91 3 6 Sand 87 6 7 Loamy  sand 93 1.4 5.6 sand 

P2 65 20 15 Sandy clay loam 67 10 23 Sandy loam 65 13 22 Sandy loam 

P3 83 6 11 Loamy sand 81 6 13 Loamy sand 87 2 11 Sand 

P4 93 2 5 Sandy loam 75 6 19 Sandy loam 91 2 7 Sand 

P5 81 6 13 Loamy sand 87 6 7 Loamy sand 71 6 23 Sandy loam 

P6 87 2 11 Sand 79 8 13 Loamy sand 93 1 6 Sand 

P7 87 0 13 Sand 67 12 21 Sandy loam     

P8 86 3 11 Loamy sand 69 8 23 Sandy loam     

P9 85 0.7 14.3 Loamy sand 77 8 15 Sandy loam     

P10 89.8 2 8.2 Sand 85 4 11 Loamy sand     

P11 73 10 17 Sandy loam 89 6 5 Sand     

P12 91 2 7 Sand 71 4 25 Sandy loam     

Mean 84.3 4.7 11.0  77.8 7.0 15.2  83.3 4.3 12.4  
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Table 6. Sediment concentration of storage ponds and silt traps, and bulk density  

Pond Sediment concentration (g/l) Bulk density (g/cm
3
)                  

At the inlet of a 

silt trap 

At the outlet of a silt 

trap 

Silt trap Catchment  

area  

Command 

area 

P1 Damage 1.86 2.14 1.95 

P2 1.4 0.85 2.50 2.72 1.80 

P3 17.95 2.40 0.87 1.57 1.17 

P4 Damage 1.63 1.70 1.17 

P5 4.25 3.30 1.1 1.7 1.4 

P6 2.4 2.20 0.73 1.40 1.59 

P7 No silt trap 12.7   1.45 

P8 No silt trap 3.85   - 

P9 No silt trap 5.00   1.69 

P10 No silt trap 7.85   1.50 

P11 No silt trap 42.50   1.43 

P12 No silt trap 4.30   1.44 

Mean  6.5 8.5 1.44 1.87 1.51 

Std  6.6 12.4 0.7 0.5 0.2 

 

Evaluation of RWH Ponds Using Efficiency Parameters:  In the study, seven functional 

rainwater-harvesting systems were evaluated using different criteria for technical 

performance evaluation.  It also identified five non-functional rainwater-harvesting systems 

to classify the major problems that cause non-functionality. 

Technical Performance Evaluation: The rainwater harvesting system's technical efficiency 

analysis indicated that the efficiency of runoff harvesting and system efficiency was low for 

the studied rainwater harvesting ponds with a mean of 0.13 and 0.03 respectively (Table 7). 

It is because the catchment areas for each rainwater harvesting ponds were wide and 

produced a high amount of runoff that could have been collected, but due to the limited 

storage capacity of the ponds, the actual volume of water collected was small. Besides, silt 

trap efficiency was found to vary from 8.3% to 86.6%. The average water productivity of 

crop used for stored vegetable production (tomato, pepper, onion, cabbage, carrot) was 4.94 

kg/m
3 
(Table 7). 
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Table 7. Technical performance efficiency of functional ponds 

Ponds RHE* RSE SE % SER WP kg/m3 RIS SR % STE % 

P2 0.219 0.69 0.027 1 - - 0.085 39.3 

P3 0.148 0.69 0.025 1 4.8 0.25 0.24 86.6 

P5 0.067 0.54 0.011 1 -

 

-

 P3 0.54 86.6 86.6 4.8 P2 
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Table 8. Loss of evaporation from the ponds 

Pond Water stored 

(m
3
) 

Average surface 

area (m
2
) 

Evaporation  

loss 

Net harvested 

water 

m m
3
 % m

3
 % 

P2 97 32.3 0.942 30.4 31.34 66.6 68.66 

P3 93 31 0.931 28.9 31.08 64.1 68.92 

P5 56.5 28.26 0.925 26.1 46.19 30.4 53.81 

P6 56.5 28.26 0.925 26.1 46.19 30.4 53.81 

P7 112 37.3 0.725 27.0 24.11 85 75.89 

P8 193 60.58 0.725 43.9 22.75 149.1 77.25 

P9 97 32.3 0.717 23.2 23.92 73.8 76.08 

Mean  100.71 35.71 0.84 29.37 32.23 71.34 67.77 

Std  45.90 11.38 0.11 6.80 10.14 40.14 10.14 

*  Average area ὃρ ὃς Ѝὃρὃς) (Quraishi and Molla, 2013, Rämi and OCHA-Ethiopia, 2003, Te 

Chow, 2010), Where, A1= surface area when storage was full, A2= surface area at the end of december. The 

evaporation from pan (0.942m)*pan coefficient (0.7) = 0.659 m 

The magnitude of the loss from evaporation was usually related to the rainwater harvesting 

ponds' surface area. The net collected water was used for irrigation in the study areas and 

other purposes after the rainy season. Vegetables such as cabbage, onion, and pepper were 

crops grown by most households. During the growing period, the respective gross irrigation 

requirement was around 465.6, 525.6 & 745 mm at the Sekota site and 422, 469.5 & 650.9 

mm at the Lasta site for optimum yield of cabbage, onion, and pepper in that order. 

Pond Water Balance: The water balance results during July to December showed that the 

average irrigation and other consumption were 22.82 and 13.74 m
3
 respectively (Table 9). 

The consumption represented 34.5 percent of the total average water collected. The owner 

of pond P6 used the stored water effectively with the high water productivity of crops 

because of the water balance, while pond P2 could not use efficiently the completely stored 

water. Storage of available water in P6 was minimum at the end of December. It is largely 

due to high use of irrigation. Farmers should produce short growing crops with increasing 

command area and allow good use of the stored water instead of exposing the stored water 

to evaporation for a prolonged period.  
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Figure 4. The relation between the pond surface area and the loss of evaporation 

Table 9. Water balance of the ponds  

Pond Water 

harvested, m
3
 

Evaporation 

loss, m
3
 

Consumption, m
3*

 

Irrigation Other purposes Sum OS, m
3
 SA, m

3
 

P2 97 30.4 - 12 12 42.4 54.6 

P3 93 28.9 15.75 - 15.75 44.4 48.6 

P5 56.5 26.1 - 9.6 9.6 35.7 20.8 

P6 56.5 26.1 21.6 - 21.6 47.7 8.8 

P7 112 27.0 25.2 7.5 32.7 59.7 52.3 

P8 193 43.9 31.2 30 61.2 105.1 87.9 

P9 97 23.2 20.4 9.6 30 53.2 43.8 

Mean  100.71 29.37 22.83 13.74 26.12 55.46 45.25 

*  OS= out of storage, SA= storage available  

Catchment to Command Area Ratio: Analysis of the catchment to command area ratio 

reveals that the catchment size on the current rainwater harvesting ponds was greater than 

the command area and its average ratio was 78.25:1(Table 10), which was far higher than 

the recommended 3:1 catchment command area ratio (BoA, 2003). The excess runoff 

coming from the catchment was then removed from the storage. The water collection ponds 

command areas in the study areas are to be increased. According to water harvesting ponds 

design by the Amhara region bureau of agriculture, 0.043 ha of land should be irrigated 
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with 129m
3
 of water (BoA, 2003). Yet the farmers had just 0.019 ha of irrigated land on 

average. 

Table 10. Catchment to command area ratio of the ponds 

Pond C value Catchment area, ha Command area, ha CCAR 

P2 0.35 0.36 0.028 12.9 

P3 0.38 0.47 0.005 94.0 

P5 0.37 0.65 0.032 20.3 

P6 0.55 0.6 0.005 120.0 

P7 0.36 0.52 0.002 260.0 

P8 0.38 0.57 0.036 15.8 

P9 0.39 0.62 0.025 24.8 

Mean  0.40 0.54 0.02 78.26 

 

Issues Identified in Water Harvesting Ponds: This investigation showed that there were 

practical problems in the rainwater harvesting of ponds. The following issues were 

identified from field surveys. 

1) Poor Selection of the Site 

The failure of five rainwater ponds (P1, P4, P10, P11 & P12) was seen solely because of 

inadequate site selection and lack of maintenance.  It has been shown that selection of the 

site was done quickly and without experience and the technical standards of the probability 

of runoff and water collection were neglected with the significance that a portion of the 

ponds did not hold water. Identifying potential sites suited to water harvesting ponds is 

therefore an important factor in achieving rainwater collection ponds. Thus, the absence of 

technical information such as precipitation, hydrology, and topography were the key factors 

contribute to the failure of water harvesting structures at those sites. 
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2) Lack of Technical Considerations 

Technical standards and evidence were not considered during the planning and building of 

water collection ponds. For instance, the dimensions of the pond and the data about 

precipitation were not carefully considered.  In addition, silt traps were not built to allow 

design standards, and even some ponds had no silt traps. 

3) Operations and Maintenance 

The primary reasons for the failure and low performance of rainwater harvesting ponds 

were unfortunate management and a lack of maintenance. The evaluation found that most 

of the ponds were inefficient because of inadequate construction and maintenance 

requirements. More or less rainwater storage ponds were completely silted up and silt traps 

destroyed. Once the physical construction of the rainwater harvest is in progress, the owner 

of the pond typically has to take over operation and maintenance. Numerous of the ponds 

surveyed used below their capacity only after the owner failed to fulfill his obligation.  

 

         Figure 5. Silt trap full of sediments 

4) Sedimentation and Evaporation 

Sedimentation and evaporation lead to reduce the capacity of ponds. These problems occur 

in most cases because of non-functional silt traps and inlet structures. On the other hand, 

the risk of sedimentation was still high, as most of the ponds were not properly constructed. 

The field observation showed that circular rainwater collection ponds were completely 

silted up and more or less filled with sediments about the depth of 60-170 cm.  Effective 

management of the catchment and daily maintenance of silt traps and storage ponds may 
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have avoided sedimentation of the channels before the onset of rain. Absolutely, the ponds 

did not have evaporation avoidance mechanism at all and therefore water loss was high due 

to evaporation.  

 

               Figure 6. Sediment-filled ponds 

5) Labor Shortage 

Ponds demand intensive labor. However, labor shortage is critical to construct the pond and 

maintenance of ponds. The small number of family members may be the causes of these 

problems. 

6) Financial Shortages 

The high labor costs of digging the pond, the high investment and operation costs of 

agricultural products such as vegetables and building materials (geomembrane sheet), and 

the lack of credit facilities were observed as the considerable problems under this type of 

rainwater harvesting pond. When the plastic sheet was torn out, farmers were unable to 

replace it due to financial constraints. 

7) Accessibility of Raw Materials 

Obtaining the source of geomembrane plastic coating, a lack of roof shelter and fence for 

additional ponds, which caused high evaporation and the fall of animals and children into 

the pond. The pond also a lack of water lifting and watering equipment, and knowledge 

about irrigated vegetable production were discovered to be due to either the failure of the 

rainwater harvesting ponds or the underlying efficient operation of the ponds. 




























































































































































































































































































