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Abstract 

The adoption of Climate Smart Agriculture (CSA) practices could help smallholder farmers in Ethiopia enhance food security 

and appropriately manage climate change impacts. Conservation agricultural practice is intended to conserve, improve and make 

more efficient use of natural resources. However, despite these potential benefits, CSA is only practiced in some areas of Ethiopia 

and has not been sufficiently adopted by smallholder farmers. Therefore, this experiment was intended to improve the production 

and productivity of maize through different moisture conservation practices and to determine and recommend the best moisture 

conservation practices for agro-pastoralists in Yabello District, Borana Zone. The field experiment was conducted at Qobo, 

Qadale and Colksa Kebeles of Yabello districts for two consecutive years, from 2019 to 2020, the main cropping seasons. The 

experiments had four treatments (Runoff diversion, Furrow, Runoff diversion plus Furrow and Control) laid out in a randomized 

complete block design (RCBD) of three replications. The analysis of variance showed that there was a significant difference 

among treatments in days to maturity, cob diameter, cob length, hundred seed weight and grain yield in all cropping seasons and 

locations. The highest grain yield was obtained from furrow with diversion structure treatment (5.83, 5.59, 4.2 t/ha), followed by 

diversion structure (5.51, 4.84, 3.9 t/ha) at Qadale, Colkasa and Qobo Kebeles, respectively. The lowest grain yield was recorded 

for the control (farmers practice) treatment (3.56, 3.05 and 3.36 ton/ha) at Qadale, Colkasa and Qobo Kebeles, respectively. In all 

sites, moisture conservation treatments (furrow plus diversion, diversion and furrow) have yield advantages of 2.27 t/ha 

(40.68%), 2.54 t/ha (45.44%), 0.84 t/ha (20%), 1.95 t/ha (35.39%), 1.79 t/ha (36.98%), 0.54 t/ha (13.84%) and 1.88 t/ha 

(34.55%), 2.02 t/ha (39.84%) and 0.36 t/ha (9.43%) more than farmer’s practices, respectively. Therefore, moisture conservation 

practices are recommended for optimum production of maize in moisture stress areas of Yabello District, Borana Zone. 
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1. Introduction 

Agriculture is the backbone of the Ethiopian economy and 

it contributes about 50% of the country’s gross domestic 

product (GDP) and more than 80% of its exports [1, 2]. Fur-

thermore, it is one of the main employment sectors with about 

80% of the country's population depending on the agricultural 

sector for their livelihoods [3]. However, the yield of crops on 

these farms is being impeded by several issues, such as severe 

drought and high rainfall attributed to climate change. Addi-

tionally, unpredictable floods and recurrent droughts are 

among the other factors that hinder the transformation of dry 
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lands into productive environments, consequently leading to a 

fragile ecosystem [4]. 

Globally, Climate Smart Agriculture (CSA) has been rec-

ognized as a suitable solution to overcome the challenges of 

food security and climate change impacts on agriculture es-

pecially in vulnerable areas [5]. Thus, the adoption of CSA 

practices could help smallholder farming in Ethiopia to en-

hance food security and appropriately manage climate change 

impacts [6, 7]. However, despite these potential benefits CSA 

is only practiced in some areas of Ethiopia and has not been 

sufficiently adopted by smallholder farmers [7]. This is partly 

attributed to available labor, knowledge and level of educa-

tion [8, 9]. Although Ethiopia’s agriculture has enjoyed in-

creasing governmental support over the years [10]. especially 

land tenure policy and financial and price support schemes are 

described as being insufficient or ineffective. 

To improve dry land agricultural production adopting 

in-situ rainwater harvesting has greater potential to effec-

tively conserve adequate soil moisture [11]. It is an im-

portant strategy to increase infiltration and storage of water 

in soil and reduce the effects of drought stress on maize grain 

yield [12]. The idea of in situ moisture conservation is to 

make appropriate use of runoff or harvested rainwater during 

times of drought. This is particularly true in semi-arid and 

arid areas, where rainfall is erratic and water is a scarce 

resource for agriculture [13]. A number of agronomic prac-

tices such as mulching, ridging, manuring, and other small 

farm structures such as field ridges/bunds, contour bunds, 

bench terraces within cropped area and others, could fall 

under in situ moisture conservation category [14]. Accord-

ing to Milkias et al. in-situ water harvesting techniques such 

as furrow ridges, tied ridges and contour ridges improve soil 

moisture stored within the root zone, improve the agronomic 

components and produce higher grain yields [15]. Besides, 

in-situ moisture conservation practices are important to 

improve crop yields by enhancing soil moisture, conserving 

rain water and controlling erosion [16]. Addressing the 

problem of moisture stress requires means of supplying 

additional water for crops to meet their Evapo-transpiration 

demand with the help of either irrigation or on-farm water 

harvesting techniques. 

Borana pastoral and agropastoral Communitys are de-

pendent of rainfall for water resources, both in domestic and 

livestock watering. To protect its livelihoods, enhancing 

resilience of agriculture to climate risk is paramount. 

Therefore, climate smart agriculture such as the adoption of 

conservation agriculture incorporating in rangeland man-

agement, which includes different innovative technologies, 

is able to contribute towards the improvement of food secu-

rity, improve the productivity of the dryland ecosystem of 

Borana Rangeland and maintain the stability of the envi-

ronment. Therefore, the objectives of the study were to im-

prove the production and productivity of Maize under dif-

ferent soil moisture conservation structures and to determine 

and recommend best moisture conservation practice for 

agro-pastoralists of Borana Zone. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study was conducted at moisture stress areas of Borana 

zone of yabello District during a main cropping season for 

testing adoption and introduction to conservation agriculture 

on grain yield of maize (Mekasa-1 variety). Three peasant 

associations (Qobo, Qadale and Colkasa) were purposively 

selected from Yaballo District where moisture stress is the 

primary problem for crop production. Yabello is located at 

570km from south of Addis Ababa, Ethiopia. Its altitude 

varies from 1000 to 1800 meter above sea level (masl) at the 

latitude and longitudes of 5°0 0́´́– 5°23 0́´́ N and 38°2 0́´́ – 

38°15 0́´́ E, respectively (Coppock, 1994). 

2.2. Experimental Design and Management 

For this study the treatments used were: runoff diversion, 

furrowing, runoff diversion+ furrowing and control treat-

ments. The treatments were designed in RCBD with three site 

replication. The furrow structure was constructed with 1m 

spacing and 30cm deep ripping and the Diversion was con-

structed in trapezoidal channel width of 0,5 m, depth of 1 m 

and at 1% slope of bottom width of runoff structures on 

standard maize plot was design for the treatment. Each entry 

was planted in a plot having 6 rows of 5.5 m length. Four rows 

were harvested and two border rows were left to exclude 

border effect. The row and plant spacing was kept at 40 cm 

and 10 cm, respectively. Individual plot size was 5.5 m × 5 m 

= 27.5 m2 and 1.5 m and 2 m between plot and block, re-

spectively. 100 kg NPS/ha and 100 kg urea/ha Fertilizers were 

applied at the time of planting. All other agronomic man-

agements were applied uniformly in all experimental plots, as 

per national recommendation for the crop. 
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Figure 1. Location map of the study area. 

2.3. Data Collection 

The data on yield attributes and biological yield were col-

lected from all treatments equally. Plot base collected data 

were: days to physiological maturity and grain yield. Plant 

base collected data were hundred seed weight, plant height, 

Ear height, Ear length and Ear diameter. 

(i) Cob diameter (cm): The length of five randomly se-

lected cobs from each of the five randomly selected 

plants was measured at harvesting and the average was 

used. 

(ii) Cob length (cm): The length of the maize cob, which is 

the central stalk of the maize plant on which the ker-

nels grow of five randomly selected cobs and the av-

erage was used. 

(iii) Days to physiological maturity: The number of days 

from emergency to the date when 90% of the plant in 

each plot are physiologically matured determined by 

the formation of black layer at the base of each kernel. 

(iv) Thousand seed weight (g): After shelling, random 

kernels from the bulk of each plot were counted using 

a photoelectric seed counter and weighed in grams 

after the moisture was adjusted to 12.5%. 

(v) Grain yield (kg ha-1): grain yield per plot was meas-

ured using electronic balance and then adjusted to 

12.5% moisture and converted to a hectare basis. 

2.4. Data Analysis 

Analysis of variance (ANOVA) was computed for grain 

yield and other traits as per the methods described by Gomez 

and Gomez [17] using SAS computer software (Version 9) for 

Randomized Complete Block Design. Comparison of treat-

ment means was made using Duncan Multiple Range test 

(DMRT) at 5% level of significance. 

ANOVA model Xij= µ+Ti+Bj+Eij            (1) 

Where, Xij = Observed value, µ = general mean, Ti = effect 

of treatments, Bj = effect of replication (block), Eij = residual 

effects or experimental error 
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3. Results and Discussions 

3.1. Effect of In-Situ Soil and Water  

Conservation Structures on Soil Moisture 

Content 

The effects of in-situ soil and water conservation structures 

on soil moisture content at Qobo, Qadale and Colkasa Kebeles 

during first and second cropping seasons are shown in Figure 

2. The in-situ moisture conservation showed that high soil 

moisture content was recorded from the furrow plus diversion 

and furrow alone, with mean values of 25% and 22% respec-

tively, at Qobo site during the first cropping season. However, 

low soil moisture was recorded from control and diversion 

with mean values of 15% and 20%. In this season (2019) high 

erratic rainfall was occurred, which causes dry spells. Due to 

this the soil moisture content was very low compared to the 

second season. Besides, in the second cropping season (2020) 

the result of moisture content (%) at Qadale site shows that 

high soil moisture content was recorded from furrow plus 

diversion and diversion with mean values of 32 and 30 while 

low soil moisture was recorded from control with mean values 

of 20%. In similar manner, at Colkasa site high moisture 

content (%) was obtained from furrow plus diversion and 

diversion with mean value of 33% and 30%, while low 

moisture was recorded from the control one with mean value 

of 22%. This finding was in line with the findings of Ayalaa et 

al. and Mudatenguha et al. who found that in-situ moisture 

conservation can improve soil moisture storage, extend the 

period that moisture is available, enhance crop growth, and 

increase economic production [18, 12]. Additionally, Milkias 

et al. stated that water collected in the channels feeds the soil 

until it reaches the impermeable layer, at which point it begins 

to flow laterally or upward, developing a reservoir of water 

for the crop at a depth in which, on clay or heavy-textured 

soils, it rises through capillarity during dry spells to ensure the 

crop's benefits [15]. 
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Figure 2. The effect of in-situ Soil and Water conservation structures on soil moisture content (%) at three locations between 2019 and 2020. 

3.2. Effect of In-Situ Soil and Water  

Conservation Structures on Yield and Yield 

Component of Maize Production 

3.2.1. Phenology and Growth Traits 

The findings from the initial year of the study, conducted in 

2019, revealed that the furrowing plus diversion of the 

structures exhibited the best performance in relation to both 

yield and yield components. Conversely, the maize yield was 

observed to be the lowest under the control treatment. These 

results suggest that conservation agriculture may hold sig-

nificant promise for enhancing maize yield in regions char-

acterized by moisture stress, such as the Yabello District. 

Besides, the results of analysis of variance (ANOVA) reveals 

that there was a significant difference (P < 0.05) among 

treatments on maturity date, cob diameter and cob length 

among in-situ moisture conservation practices during 2019 

and 2020 cropping season at both locations. 

Table 1. Mean performance value of Maize under different moisture conservation structures during main cropping season of 2019 at Qobo site. 

Treatments MD (day) CD (cm) CL (cm) HSW (gm) Grain yield (t/ha) 

Diversion 113.3ab 4.44a 15.60 a 27.5 a 3.90ab 

Furrowing 112 ab 4.35b 15.24 a 28.17 a 3.71 ab 

Furrowing +Diversion 114 a 4.40 a 15.50 a 28.8 a 4.21 a 

Control 110 b 4.10 c 13.86 b 26.8 a 3.36 b 

LSD 1.98 0.15 1.13 2.59 0.28 

CV 1.38 1.86 3.99 9.16 7.81 

MD- Maturity date, CD- cob diameter, CL-cob length and HSW-hundred seed weight. 

Means with the same letter are not significantly different but means with different letter are significantly different, at P<0.05 

Table 2. Mean performance value of Maize during main cropping season of 2020 at Qadale site. 

Treatments MD (day) CD (cm) CL (cm) HSW (gm) Grain yield (t/ha) 

Diversion 115 ab 4.49a 15.87a 31.53a 5.51a 

Furrowing 112 b 4.34b 14.80ab 31.93a 5.44a 

Furrowing +Diversion 116 a 4.49a 15.27ab 33.50a 5.83a 

Control 111 c 4.13c 14.20b 27.13b 3.56b 

http://www.sciencepg.com/journal/wjast


World Journal of Agricultural Science and Technology http://www.sciencepg.com/journal/wjast 

 

51 

Treatments MD (day) CD (cm) CL (cm) HSW (gm) Grain yield (t/ha) 

LSD 0.92 0.137 1.28 3.2977 0.87 

CV 1.81 1.66 4.51 5.65 9.12 

MD- Maturity date, CD- cob diameter, CL-cob length and HSW-hundred seed weight. 

Means with the same letter are not significantly different but means with different letter are significantly different, at P<0.05 

Table 3. Mean performance value of Maize during main cropping season of 2020 at Colkasa site. 

Treatments MD (days) CD (cm) CL (cm) HSW (gm) Grain yield (t/ha) 

Diversion 114.2 4.39a 15.33a 26.00a 4.84a 

Furrowing 112 4.35a 15.67a 28.0ab 5.07a 

Furrowing +Diversion 115 4.30a 15.73a 29.0ab 5.59a 

Control 110.5 4.07b 13.47b 25.66b 3.05b 

LSD 1.45 0.165 0.9844 3.17 1.49 

CV 1.60 2.05 3.47 6.196 17.12 

MD- Maturity date, CD- cob diameter, CL-cob length and HSW-hundred seed weight. 

Means with the same letter are not significantly different but means with different letter are significantly different, at P<0.05 

(i). Days to Maturity 

Days to maturity of Maize among different moisture struc-

tures was ranged from 110 to 114, with a mean of 112.3 days to 

maturity at Qobo site. Among them, furrow plus diversion 

structure was late to attain maturity (114 days) and control 

(without any structure) (110) of the treatments attained days to 

maturity earlier than the others (table 1). Similarly, the results 

from Qadale (table 2) and Colkasa (table 3) indicate that maize 

harvested early came from the control (farmers practice), while 

maize that matured later was obtained from the furrow plus 

diversion structure. This indicates that late-maturing crops can 

extend the growing season, allowing for a longer period of 

photosynthesis and potential yield accumulation. 

(ii). Cob Diameter (cm) 

Analysis of variance showed that a significance difference 

among different soil moisture conserving structures (p<0.05) 

in cob diameter. The information indicates that the furrow 

plus diversion soil moisture conservation structures resulted 

in the highest cob diameter compared to all other structures at 

the Qobo, Qadale, and Colkasa sites, with average diameters 

of 4.4, 4.49, and 4.39 cm, respectively. On the other hand, the 

control group (farmer practice) had the smallest cob diameter 

with average measurements of 4.1, 4.13, and 4.07 cm at the 

Qobo, Qadale, and Colkasa sites, respectively. This indicate 

that, the use of different soil moisture conservation structures 

led to plants producing cobs with larger diameters compared 

to those grown on flat bed (farmer’s practices). In line with the 

current finding, Ayalaa et al. observed significant differences 

among in-situ moisture conserving structures in growth traits 

of sorghum crop at the moisture deficit area of Daro lebu and 

Boke districts [18]. 

(iii). Cob Length (cm) 

The effect of in-situ moisture structures on cob length was 

presented in Tables 1, 2 and 3, at p<0.05, the cob diameter has 

shown significant difference between treatments with in-situ 

moisture conserving structures and control (without any 

structure). Among the given soil moisture conservation 

structures, diversion showed highest cob length than all other 

structures, while control (farmer practice) showed lowest cob 

diameter at both Qobo and Qadale sites. However, in Colkasa 

site, Furrow plus diversion had the longest cob length than 

other treatments. 

3.2.2. Post Harvested Data 

(i). Hundred Seed Weight (gm) 

The analysis of variance revealed no significant difference 

among various soil moisture structures (p<0.05) in terms of 

hundred seed weight in 2019 and 2020 across all locations. 

However, the control treatment (farmer practice) consistently 

exhibited the lowest hundred seed weight compared to the 

other structures. This indicates, that the effect of in-situ 

moisture structure enhances the productivity of the Maize 

http://www.sciencepg.com/journal/wjast


World Journal of Agricultural Science and Technology http://www.sciencepg.com/journal/wjast 

 

52 

crop over traditional farming methods (control), that result in 

lower hundred seed weights. 

(ii). Grain Yield (ton/ha) 

Analysis of variance showed significance differences 

among different soil moisture structures (p<0.05). Furrow 

plus diversion soil moisture conservation structures showed 

highest grain yield than all other structures, while control 

(farmer practice) showed lowest grain yield. The result indi-

cated that diversion and furrowing plus diversion of water 

treatment was best in terms of yield. This may indicate that 

conservation agriculture has a promising contribution for 

improving Maize yield in moisture stress areas like Yabello 

District. In general, the analysis of variance showed that there 

was significant difference among treatments in days to ma-

turity, cob diameter, cob length, hundred seed weight and 

grain yield in all cropping seasons and locations. The highest 

grain yield was obtained from furrow with diversion structure 

treatment (5.83, 5.59, 4.2 ton/ha), followed by diversion 

structure (5.51, 4.84, 3.9 ton/ha) at Qadale, Colkasa and Qobo 

Kebeles respectively. The lowest grain yield was recorded 

from control (Farmers practice) treatment (3.56, 3.05, 3.36 

ton/ha) at Qadale, Colkasa and Qobo Kebeles respectively. 

Moisture conservation treatments had 2. 27 t/ha (40.68%), 

2.54 t/ha (45.44%), 0.84 t/ha (20%), 1.95 t/ha (35.39%), 1.79 

t/ha (36.98%), 0.54 t/ha (13.84%) and 1.88 t/ha (34.55%), 

2.02 t/ha (39.84%), 0.36 t/ha (9.43%) yield advantage over 

farmers practice for furrow plus diversion, diversion and 

furrow, respectively. In line with the present study the finding 

of Wolde et al. 2020 showed that In-situ moisture conserva-

tion measures (Targa) is the best solution to solve the soil 

moisture stress to enhance the maize productivity in dry land 

agriculture of Mirab Abaya Woreda, Southern, Ethiopia [19]. 

All treatments with in-situ soil moisture structure have 

performed much better than the controlled treatments. This 

might be due to the fact that the in-situ moisture conserving 

structures store rainwater, enhancing infiltration, which 

provide a reservoir of water to the crop at depth, where 

heavy textured soils (sandy clay), rises by capillarity during 

dry spells and ensure the crop benefits. This result is in 

agreement with the finding of Gebreyesus stated that, 

tied-ridge and fertilizer interaction significantly influenced 

the yield and yield components of sorghum and resulted in 

up to 48% increments [20]. 

4. Conclusions and Recommendation 

Conservation agriculture in the moisture stress area im-

proves the soil moisture rooting zone. This is due to im-

proved soil infiltration rates, catches run off at the time of 

rainfall, which increased the grain yield of early maturing 

Maize in the study area. These structures were furrow, runoff 

diversion and their combinations. Generally, furrow, runoff 

diversion and a combination of furrow with diversion pro-

duced higher grain yields of maize than control (farmer's 

practices). The maximum mean grain yield was recorded 

from combination of furrow with runoff diversion than from 

they alone and farmers practices. This is due to soil moisture 

retention, preventing runoff and keeping rainwater as much 

as possible. Therefore, farmers of Yabello and similar 

agroecology areas, those with their farmland with steep 

slopes, should use furrow plus runoff diversion soil moisture 

conservation structures. Therefore, moisture conservation 

practice is recommended for optimum production of Maize 

in moisture stress areas of Borana Zone. Promotion of the 

technology should be done to improve agricultural produc-

tion in similar agroecologys and Further, studies are required 

for detection of the effects of in-situ soil moisture conser-

vation on soil erosion and water balance. 
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