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INTRODUCTION 
The efficient use of water in agricultural systems is needed to improve crop production and resilience to 

environmental adversities that may be caused by climate change and extended droughts, especially in arid and semi-arid 

areas. Marginal and erratic rainfall aggravated by the loss of water by runoff and evaporation are the main causes of low 

crop production in this area 
[28]

. Ethiopia has been dependent on subsidence rain-fed agriculture for centuries, and crop 

production has thus been heavily reliant on the availability of rainwater 
[3, 28]

. Out of these a biotic stresses, moisture 

stress is the most pronounced problem in the study area 
[12]

. 

 

Out of the 13.6 million ha of cultivated land in Ethiopia, close to 97% is rain-fed implying that the nation’s annual 

harvests depend heavily on the patterns of the seasonal rains 
[4, 11]

. Analysis of maize crop yield patterns since the 1970s 

shows that crop yields are mainly dependent on season quality (rainfall quantity and distribution) thereby making rainfall 

the most important crop yield determinant and depression 
[19]

 and crop failure due to moisture stress is thus a common 

phenomenon in the semi-arid areas. Moisture stress is a prolonged period of short precipitation resulting to water 

deficiencies and lack of soil moisture to support crop production 
[25]

. It is a great hazard in the world that frustrates the 

Abstract 
The experiment was conducted in Negele Arsi and Shala districts of West Arsi Zone of Oromia regional State  for 

three consecutive  (2018, 2019 and 2020) cropping season in Negele Arsi and for two consecutive (2018 and 2019) 

cropping season in shala district during the main rainy seasons under rainfall condition. The main objectives of the 

activities were to investigate the effects of in-situ moisture conservation techniques (Tied Ridge and Furrow Closed 

at both ends) and flat bed and identify the best soil types in retaining moisture and recommend relevant treatment 

with the view of maize yield. The experiment was laid out in a Randomized Complete Block Design (RCBD) in 

factorial arrangement with three replication. Data analyzed using SAS version 9.0 software for analysis of variance 

appropriate to general linear model (GLM). The yield and thousand seed weight were highly significant difference 

(P< 0.001) on tied ridge as compare to flatbed in Negele Arsi district. But in Shala district, only thousand seed 

weight was significant difference (P< 0.05) on tied ridge as compare to flatbed. The plant height was significant 

difference (P<0.05) on Vitric Andosols than Mollic Andoslos. The yield advantages of maize on tied ridge and 

furrow closed at both end were 24.41 and 17.86 % over flatbed respectively in Negele Arsi district. In addition, the 

yield advantages of maize on tied ridge and furrow closed at both end were 17.86 and 15.21 % over flatbed 

respectively in Shala district. The result showed that in-situ moisture conservation techniques significantly 

increased maize yield and yield components as compared to flat bed. To overcome the moisture deficit and yield 

reduction problem, in situ moisture conservation techniques are recommended to demonstrate and scale up in study 

area and similar agro-ecology. On other hand, use of in-situ moisture conservation structure is advisable and could 

be appropriate for maize production in the study area even though further (like soil moisture determination) testing 

is required to come up with strong recommendation.   
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productivity of agricultural crops 
[20]

. Water deficits are triggered when the soil is drying from field capacity and 

evaporative loss of water exceeds passive water movement into plant roots. 

 

In study area, high moisture deficit is the primary problem that is highly constrains the productivity of farmers of the 

district (priority problems raised by farmers). In moisture scant environments like Central Rift valley in generally, 

particularly in Negele Arsi and Shala districts crop would face shortage of moisture available in the soil throughout the 

growing season. In Negele Arsi and Shala, there is an uneven distribution of rainfall, late start and early finish of rainfall. 

In addition, the distribution of rainfall is not sufficient to sustain crop growth and development in the study area. The 

moisture deficit leading to low crop production and productivity in the study area. 

 

Farmers in the semi-arid zones have developed strategies, including Rain Water Harvesting (RWH), to cope with this 

uncertain and erratic rainfall patterns. Water harvesting techniques (WHTs) have played a key role in improving the 

efficient use of rainwater and have increased the sustainability and reliability of rain-fed agriculture 
[8]

. Planting crops 

using  in-situ moisture conservation reduces problems of soil moisture stress by reducing runoff through increased 

infiltration and storage of water in the soil  profile, the onset  and  occurrence of severe  water  stress  is  delayed  thereby 

buffering  the crop against damage caused by water deficits during dry periods 
[22]

.  

 

In general, Central Rift Valley (CRV) is one of those environmentally vulnerable areas, particular in some parts of 

Arsi Negelle and Shala districts where poverty and natural resource degradation are intertwined. The problems of semi-

arid regions are so complex that there is little interest to solve them through intervention or research. Unfortunately, most 

dry spells occur during critical crop growth stages and hence the need of dry spells mitigation by improving water 

productivity in the study area. Apart from soil nutrient loss, water stress is also a major limiting factor to food production 

in rain fed farming systems. The maize crop failed at development stage before seed setting in some parts of study area 

and farmers obtained low yield from their farmland. Thus, most of the population living in the lowland of study area is 

under aid by Safety Net programs, Catholic Relief Service and other NGOs.  

 

 In-situ moisture conservation structures were expected to give solution to the dwindling maize yield production in 

study areas. So far, the significance of the problems of soil moisture deficit in the study area leading to low crop 

productivity of maize yield. Therefore, this research was required to fill the gaps to enable the farmers use in-situ water 

harvesting techniques in order to boost the production of maize crop. However, there is no sufficient research works on 

evaluating the effects of in-situ moisture conservation technologies on yield of maize and yield components in the study 

area. The objectives of this research were to investigate the effects of in-situ moisture conservation techniques on maize 

yield and recommended relevant treatment with a view to improve the yield of maize under rain-fed farming in moisture 

stress areas of Negele Arsi and Shala districts, West Arsi zone. 

 

Materials and Methods 

Description of Study Area 

The experiment was conducted in Negele Arsi and Shala districts, which is found in West Arsi zone of Oromia 

regional state. It is located at a distance of 282 km south- west of Addis Ababa and 32 km south-west of Shashemene 

town on the main road of Shashemene to Arba Minch. Geographically, it is located between 38°21’ E latitude and 7°18’ 

N longitude (Figure 1). The altitude of the study area ranges from 1500 to 1926 m above sea level. In addition, the 

experiment was conducted in Negele Arsi district, which is found in West Arsi zone of Oromia regional state. It is 

located at 225 km south of the Addis Ababa. Geographically, it is situated in the central rift valley system between 7° 

09’-7° 41’ N longitude and 38°25’-38° 54’ E latitude (Figure 1). The altitude of the study area ranges from 1500 to 2300 

m above sea level and falls in weyna dega Agro-ecological Zone (Husen et al, Esimo et al and Getachew et al (2017)). 

The average annual temperature of Negele Arsi district varies from 10 to 25°C, while the annual rainfall varies between 

800 and 1200 mm 
[23]

. 
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Figure-1: Map of study areas 

 

Methods  

The experiment was carried out at the Negele Arsi and Shala districts, on farmers’ farmland to investigate the effects 

in situ moisture conservation on maize yield and yield components. The three kebele were extracted from Ethio kebele 

shape file by using Arc GIS version 10.3. The three kebele were selected purposively based on its maize production, 

moisture deficit and dominant soil type. The one (Vitric Andosols) dominant soil type was selected from Shala ditrict. 

Whereas, two (Eutric Cambisols and Mollic Andosols) selected major soil types were from Negele Arsi. The farmers in 

each kebele were selected purposively based on their willingness and recommendation by districts agricultural expert and 

Development agents (DAs) for conducting experiment. The experiment was conducted on similar slope. All experimental 

plots were ploughed three times by oxen before imposing any treatments. The BH540 maize variety was used as testing 

crop. Based on previous recommendations of fertilizer application on maize by Debelle and Friessen 
[10]

, 100 kg ha
-1

 

Urea in two applications (50 kg ha
-1

 during sowing and another 50 kg ha
-1

 was applied 45 days after sowing) and 100 kg 

ha
-1

 of DAP in one application (only during sowing) were applied. 

 

Experimental design and Treatments 

The experiment was laid out in a Randomized Complete Block Design (RCBD) in factorial arrangement with three 

replication. The experiment was conducted for three years under rain fed condition. Two levels of treatments (tied ridge 

and furrows closed at both end) and flatbed (without in-situ moisture conservation structure) as control were used. In tied 

ridging, ridge furrows were blocked with earth ties spaced at 1.75m apart from each other in the field. The tied ridge, 

compartment and furrow closed at both ends were prepared manually by hand hoe. Each treatment was applied on a plot 

size of 5.25*4.5m (23.631m
2
) separated by a distance of 1.5 m between blocks and 1 m within plots. The height of tied 

ridge was 30cm and planted at spacing of 25cm between plant and 75cm between plots. 
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Figure-1: Preparing layout by hand hoe (A) and planting of BH-540(B) 

 

 

Figure-2: Preparation of In-situ moisture conservation structure (A), harvested water in the structure (B) and status of 

maize (C) 

 

Agronomic data collected 

Measured parameters include plant height, yield per hectare, number of cobs per hectare, thousand seeds weight and 

yield advantages. The plant height was recorded by taking the random five plants from the central three rows of each 

plot. Yield and other yield components were recorded from the net area of 4 m
2 
(2 m*2 m). Yield recorded was air dried 

weight of seeds and expressed as Qtha
-1

. The number of cobs (heads) per hectare were determined by counting the 

number of cobs in the net area and converted into hectare. Seed weight was determined by taking a random sample of 

thousand seeds. Thousand seeds weight were determined by taking a random sample of thousand seeds and their weight 

recorded in grams. The yield advantage (%) of in-situ moisture conservation structure on control was determined by Eq.1 

                 ( )  
                                            

                       
           

 

 

Statistical analysis  

All the agronomic data was recorded and being subjected to analysis. Analysis of variance was performed using the 

GLM procedure of SAS Statistical Software Version 9.0. Mean separation least significant difference (LSD) was used to 

compare and separate treatments mean at 1 to 5% probability level.  
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RESULTS AND DISCUSSIONS 
Effects of In-Situ Moisture Conservation structures and soil types on grain yield and yield components of maize 

 

Table-1: Summary of grain yield and yield components of maize as affected by selected in-situ moisture conservation in 

Negele Arsi and Shala districts 

 
Negele Arsi district Shala district 

Trts Plh 

(cm)  

NCha
-1 

Yld 

(Qtha
-1

)  

1000 

SW(gm)  

Yld.ad(%)  PH 

(cm)  

NCha
-1

 Yld 

(Qtha
-

1
)  

1000 

SW(gm)  

Yld.ad(%)  

TR  202.58
a
  58,303

a
  84.30

a
  427.70

a
  24.41 231.9

a
  58,740

a
   84.6

 a
   443.3

 a
  17.86 

FCE  204.42
a
  55,650

a
  78.60

a
  422.15

a
  17.86 224.7

a
  55,031

a
   82.7

 a
  445.6

 a
   15.21 

FB  200.76
a
  52,850

a
  66.69

b
  380.14

b
   212.2

a
  51,163

a
   71.78

 b
   392.2

a
  

Mean 204.50 55,733 75.82 408.14   222.9 54,978  79.67  427.04  

CV 

(%) 

18.70 21.90 25.07 14.55   8.65  25.81  12.61  13.60  

P- 

value 

0.7
 

0.34
 

<0.001** <0.001**  0.11  0.64 <0.05*  0.11  

LSD 

(0.05) 

19.06 5840.2 9.36 28.03   18.85  13873 9.82  56.77  

 
*Treatment values within a column followed by the same letter are not significantly different at 5%.  

TR: Tied Ridge, FCE: Furrow closed at both Ends, FB: Flat Bed (FB), CV: Coefficient of variation, %= percent, LSD: 

Least of significance Difference, Trts=Treatments, Yld=Yield, Qtha
-1 

= Quintal per hectare,  Plh=Plant height, NCha
-1

= 

Number Cobs per hectare, MC=Moisture Conservation, ,*, ** and *** level of significance at P<0.05 and P<0.001  

respectively and NS = not significant difference 

 

Effects of In-Situ Moisture Conservation structures on grain yield and yield components 

Grain Yield 

The grain yield of maize was highly significant difference (P < 0.001) on tied ridge and furrow closed at both end as 

compare to flatbed (without conservation) in Negele Arsi district for three consecutive cropping seasons (Table 1). Also 

the grain yield of maize was significant difference (P<0.05) on tied ridge as compare to flatbed (without in-situ moisture 

conservation structure) in Shala district for two consecutive cropping seasons (Table 1). In this study, it was noted that 

the higher grain yield of maize obtained from tied ridges than other moisture conservation practices. The recorded 

maximum yield on the tied ridge might be attributed to the efficiency of tied ridge to conserve and retain moisture and 

more infiltration of water in the soil. This implies that in-situ moisture conservation structures enhance moisture in the 

soil. This result fully agreed with findings of Solomon 
[26]

, Yoseph 
[27]

, Ahmed et al., 
[1]

, Naba et al., 
[21]

 Husen, D .and 

Shalemew, Z. 
[16]

 and Legese and Gobeze 
[17]

 who reported that maize grain yield and sorghum was significantly affected 

by moisture conservation practices. In addition, this result agreed with the findings of Ramachandrappa et al. 
[24]

, 

reported that the higher yield and yield components of rabi sorghum in moisture conservation treatments could be 

attributed to vigorous crop growth resulting from increased availability of soil moisture. And Milkias et al. 
[18]

 studied 

different in situ RWH methods on soil water storage and on the growth, grain yield and water-use efficiency of sorghum 

in the Central Rift Valley and concluded that in-situ moisture conservation structures were increased soil moisture when 

compared to flatbed/control/. Thus, efficiently conserving rainwater through in-situ moisture conservation structures 

boosting production when compared with control and practicing in-situ rainwater harvesting structures is imperative for 

enhancing maize yield per unit area.  

 

Thousand seed weight(gm) 

The thousand seed weight was significantly (p< 0.001) difference on tied ridge as compared to flatbed in Negele Arsi 

district for three consecutive cropping seasons (Table1). However, there is no significant (p<0.05) difference on thousand 

seeds weight in Shala district for two consecutive cropping seasons. Even though, there was no significant difference 

between the treatments, but the mean of thousand seeds weight increased on in-situ moisture conservation than flatbed. 

This implied that in-situ moisture conservation structures improve thousands seeds weight by retaining surface runoff 

and increase infiltration within the catchment. In fact, the seeds which were supplied with adequate moisture did mature 

well to have heavier seed weight than flatbed (without conservation). This could be attributed to the fact that the 

relatively higher soil moisture accumulated in the in-situ moisture conservation permitted late maturity of the crop and as 

a result giving enough time for the maize plant to develop their seeds properly with adequate and continued moisture 

supply. This result agreed with Dagnaw et al. 
[9]

, reported that tied ridge was harvest more water than flat bed. In 
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addition, this result agreed with the Gebreyesus 
[13]

 and Husen, D .and Shalemew, Z. 
[16]

, reported that in-situ soil 

moisture conservation had a significant effect on thousand seeds weight. 

 

Yield advantage (%) 

The tied ridge and furrow closed at both end were gave yield advantages of 24.41 and 17.86 over flatbed in Negele 

Arsi district respectively. And the tied ridge and furrow closed at both end were gave yield advantages of 17.86 and 

15.21 over flatbed in Shala district respectively. This result agreed with the previous findings of Heluf and Yohannes 
[15]

, 

reported that tied ridge has resulted in yield increments of 15 to 50% for maize and 15 to 38% was recorded for sorghum 

on different soil types of eastern Ethiopia and Biazin and Stroosnijder 
[7]

 reported an increase of 26% in maize grain yield 

under tied ridging as compared to flat bed in the Central Rift Valley of Ethiopia around Langano. 

  

Similarly, Tekle 
[27]

 and Hailemariam 
[14]

 reported that tied ridge had a grain yield advantage of 26% for cowpea and 

34.5% for sorghum over flat bed/control. Barron and Okwach 
[6]

 showed that, rainwater harvesting technique increased 

maize yield by about 70% in semi-arid Kenya and Yoseph and Gebre 
[29]

 and Amisalu et al., 
[2]

 reported that, the average 

sorghum and maize grain yield under tied ridges increased 55.72% and 143.14% over flatbed respectively. In addition, 

Husen, D. and Shalemew, Z. 
[16]

 reported that the average maize grain yield under tied ridge and furrow closed at both 

end increased 45.5 and 30.6% for maize over the flatbed respectively in Dudga district. According to this result, it 

concluded that the highest grain yield and yield components obtained from in-situ moisture conservation structure might 

be attributed to the fact that the availability of the retained moisture in the in-situ moisture conservation structures. 

 

Effects of selected soil types on yield and yield components  

Table-2: Summary of grain yield and yield components of maize as affected by selected major soil types in Negele Arsi 

and Shala districts 

 

Soil Types Yield (Qtha
-1

)  1000 Seed weight (gm) 
 

Number of cobs ha
-1

 Plant height (cm) 

Vitric Andosols 79.69
a
  421.11

a
  54,978

a
 222.92

a
 

Eutric Cambisols 73.41
a
  426.89

a
  55,984

a
  216.03

ba
  

Mollic  Andosols 81.03
a
  442.89

a
  56,502

a
  208.17

b
  

Mean 78.04 431.13 55,898 215.05 

CV (%) 24.25 12.05 21.02 9.35 

P-value 0.20
 
 0.22

 
 0.88

 
 <0.05* 

LSD(0.05) 9.32 25.63 5797 9.92 

Soil types*MC NS NS NS NS 

 

The plant height was significant difference (P <0.05) on Vitric Andosols than Mollic Andosols (Table 2). The grain 

yield and thousand seeds weight of maize were higher under crop grown on Mollic Andosols than others. The increments 

of grain yield and thousand seeds weight of maize on Mollic Andosols (site) might be due to good climate (rainfall) 

condition than Vitric Andosols and Eutric Cambisols (sites). On other hand, this result in lines with Bagegnehu .B and 

Yenealem .G 
[5]

 who reported that Mollic Andosols which have excellent waterholding and nutrient capacity and good 

aggregate stability and high permeability.  In addition, according to Bagegnehu .B and Yenealem .G 
[5]

 reported that on 

their inherent characteristics, cambisols are erodible soil type. Thus, Mollic Andosols was best for retaining more 

moisture and better for boosting maize yield in the study area. The soil types did not have any interactions with in-situ 

moisture conservation. 

 

CONCLUSIONS AND RECOMMENDATIONS 
The low crop productivity in the country particularly in the study area caused by shortage of rainfall, irregular 

distribution of rainfall and erratic rainfall characteristics are the major limiting factor for crop production at rain fed 

agricultural system. However, the problem of moisture stress for rain fed agricultural systems can be mitigated by using 

in-situ moisture conservation practices that improved storage of soil moisture at root zone. The in-situ moisture 

conservation structures were vital for successful and boosting crop production and it is necessary to adopt in the study 

area. The selected in-situ moisture conservation structures were affects the maize yield and yield component in the in 

study area. In this respect, the tied ridges showed significant difference at these specific areas. The tied ridge structure 

gave higher mean grain yield of maize than other treatments. In addition, furrow closed at both end was also high in 

mean grain yield and yield components as compare to flat bed in both districts. In-situ moisture conservation structure 

was provided a better yield advantages over flat bed and showed a promising result on maize grain yield and yield 

components. 
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Generally, planting maize under tied ridge and furrow closed at both end gave high yield advantages over flat bed . 

The magnitude of yield response to in-situ water harvesting techniques and the relative effectiveness of the different 

harvesting methods tend to vary with in-situ moisture conservation techniques.  

 
Therefore, in-situ moisture conservation structures were better for mitigation moisture stress and boosting maize 

production and productivity in both districts. The Mollic Andosols were best for retaining more moisture and boosting 

maize yield and recommended as the soil that retain more moisture in the study area. Finally, it could be recommended 

that in-situ moisture conservation techniques are crucial to agricultural operations for successful maize production in the 

study area and similar areas. As future recommendations, strong extension worker is need for demonstration and 

popularization of this technologies and recommended technologies should have great attention in the study area and 

similarly agro-ecology. On other hand, use of in-situ moisture conservation structure is advisable and could be 

appropriate for maize production in the study area even though further (like soil moisture determination) testing is 

required to come up with strong recommendation.  
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