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ABSTRACT

The in-situ moisture conservation and mulching are techniques that help retain moisture at the root zone, reduce
evapotranspiration, and increase the time of infiltration for maize production. This study was focused on the evaluation
of the best moisture conservation techniques in combination with mulching under rain-fed conditions for maize
production in the study area. The experiment was laid out in a randomized complete block design (RCBD) with three
replications. Five treatments, namely, control (without structure and mulching), mulching, furrow ridge with open-
ended furrow with mulching, furrow ridge with closed-ended furrow with mulching, and tied ridge with mulching,
were compared for two consecutive seasons (2021 and 2022) in terms of soil moisture conservation and maize grain
yvield. The highest mean grain yield (6134.84 kg ha”') and soil moisture content were recorded from the plot of T5
(Tied Ridge + Mulching). The result revealed that tied ridges with mulching showed better grain yield and conserved
moisture over the others, followed by furrow ridges with close-ended furrows with mulching, respectively. Therefore,
tied ridges with mulching as in-situ moisture conservation practices is an effective technique for storing moisture and
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increasing the time of infiltration as compared to other practices.
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INTRODUCTION

Maize (Zea mays L.) is one of the most highly produced crops
around the world (Orfanou et al., 2019). Ethiopia is the seventh
maize-producing country in Africa. Maize production is the
second in area coverage next to tef (Eragrostis tef Zucc.), with
a total land area of 10,478,217 ha being under cereals, of which
maize covered about 17.68% (2,274,305.93 ha) (CSA, 2019).
In the Bale zone, Maize accounts for 27,909.21 of total areal
coverage with 1,078,968.65 production in quintals which yields
38.66 Quintal per hectare in the Mcher season (CSA, 2022).
Despite the large area under maize production, its current
national average yield is about 4.2 t ha! (CSA, 2019), which is
far below the world’s average yield of 5.8 t ha! (FAOSTAT, 2019).

An increase in agricultural productivity demands optimum
utilization of natural resources like soil and water (Marwein
et al., 2029). The sound performance of agriculture warrants

the availability of food crops and also heralds a positive aspect
of the economy. In regard to this, collective efforts are being
geared to securing agricultural outputs of the desired level so
that self-reliance in food supply can be achieved and disaster
caused food shortages be contained in the shortest possible time
in Ethiopia (CSA, 2022). Declining agricultural productivity has
been a challenge in Sub-Saharan Africa (SSA) especially in the
Bale lowlands. Low agricultural productivity has been attributed
to factors such as poor farm management practices, soil moisture
stress, soil infertility, and soil degradation (Ndegwa et al., 2023).
Lack of maintainable soil management practices has led to
huge land degradation and the loss of nutrients through soil
erosion and leaching. In order to increase soil fertility, reduce
soil depletion rates, and improve agricultural productivity,
integrating soil fertility and soil and water conservation practices
such as in-situ moisture conservation in the farming systems
would be desirable (Martinez-Mena et al., 2020).To increase
water availability to crops, it is necessary to adopt in-situ
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moisture conservation techniques including large-scale soil
and water conservation practices and various water harvesting
measures (Lannotti, 2007; Chavan et al., 2009).

Mulching is one of the important practices for restoring water;
among various mechanical and agronomic measures, it reduces
soil erosion, increases in-situ soil moisture storage and improves
the productivity of crops (Bhatt & Rao, 2005). Mulching can
help to improve crop yield and optimize water use (Parmar
et al., 2013; Prasad et al., 2014; Saikia et al., 2014). Covering
soils with mulch increases water productivity (WP) in arid and
semi-arid areas in the dry season (Bu et al., 2013). Smallholders
practicing crop residues and different mulching materials on
maize growth in Sub-Saharan Africa (Mupangwa et al., 2016).
Mulch influences soil properties giving rise to significantly better
root growth and yield of maize compared to no mulch treatment
due to increased soil water content resulting from reduced
evaporation and increased infiltration (Agber et al., 2017).
Besides this mulch proved to be one of the weed protecting
mechanisms in maize production (Anane et al., 2020).
Mulches are used for improving soil moisture content (SMC),
water productivity (WP), and maize yield (Yisfa et al., 2023).
Mulching with dry leaves significantly increased crop growth and
yield of maize. This mulching technology can be widely adopted
by farmers to conserve soil moisture, reducing runoff, soil loss
and nutrient losses (Shashikanth & Thimmegowda, 2022). The
combination of mulch with N fertilizer application(Wang et al.,
2020), with drip irrigation techniques (Wang et al., 2022) have
been widely applied to save water and increase crop productivity.
Straw strip mulching in maize production has shown a positive

effect (Lan et al., 2020).

Planting of Maize under soil and water conservation practices
positively enhanced its production and maintained soil fertility
while retaining soil moisture in place (Uwizeyimana et al., 2018;
Salifuet al., 2019; Bekele, 2020; Gezahegn et al., 2020; Kugedera
et al., 2020; Wolde et al., 2020; Husen & Shalemew, 2021;
Chakravarthy et al., 2022; Wafula et al., 2022; Handiso, 2023;
Kamara et al., 2023). Several researchers (Chiturike et al., 2023)
used in-situ moisture conservation and substantially increased
maize production under dry condition. In many parts of the
country particularly, eastern Ethiopian highlands with uses of
crop residue in combinations of tied ridges and closed ended
furrow planting was remarkably used to conserve soil moisture
(Ademe et al., 2018; Chimdessa et al., 2019; Desta et al., 2021;
Abera & Sibhatu, 2022; Ayala et al., 2023).The use of in situ
moisture conservation techniques needs outstanding attention.
Since, the efficiency of the soil physic-chemical properties and
water conservation techniques depends on the soil type, climate,
crop grown and the cropping methods followed. Therefore,
planting crops using in situ moisture conservation reduces
problems of soil moisture stress by reducing runoff through
increased infiltration capacity of the soil and storage of water
in the soil profile. Therefore, this study aimed to evaluate the
best moisture conservation techniques in combination with
mulching under rainfed conditions for maize production in
the study arca.
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MATERIALS AND METHODOLOGY
Description of the Study Area

The study was conducted at the Dello-Menna District in the
Southern Bale Zone of Southeastern Ethiopia (Figure 1). The
district is located to the south of Robe town at the distance
of 125 km or it is found at 555 km to the southeast of Addis
Ababa, the capital city of Ethiopia (Abera, 2009). The district
covers 483,335 hectares. Delo Mena District is located in the
Oromia National Regional State in the Bale Administrative
Zone, Ethiopia. Geographically, it lies between 5°91” to 6° 71
N latitude and 39° §7" to 40° 26’ E longitude. The dominantly
major soil types are Chromic vertisol, Pellic vertisol, Chromic
fluvisol and Eutric fluvisol. The altitude of the district ranges
from 500 to 2464 meter above sea level and it increases from
the south to north and from west to east. About 64% of the
land is characterized as flat with a slope of less than 10%

(BOFED, 2008).
Effect of Climatic Factors on Maize Yield

The district experiences bimodal rainfall type with the
minimum of 628 mm and maximum of 775 mm per annum.
The first rainfall season is a bit longer and extends from April to
June and the second season starts in the middle of September
and ends at the beginning of November. The mean annual
temperature is 29.5 °C while the minimum and maximum
temperatures of 21 °C and 38 °C recorded respectively (Mchadi
et al., 2016).

The three major climatic factors (Precipitation, Temperature,
and Relative humidity) affecting maize yield were undergone
time series analysis. These factors were analyzed for consecutive
months during the maize growth stages (April-August) in the
Delomena District. The observed temperature range is optimal
to promote healthy growth and ensure proper reproductive
process uniformly. The observed relative humidity range is
balanced and moderate throughout the maize growth stages
which are generally favorable (Figure 2).

Experimental Design and Treatments

Field experiments were conducted on farmers’ fields in
2020/2021 in a randomized complete-block (RCBD) design with
three replications and a plot size of 6 m x 8 m was used. The
furrow ridge height of the ridges, furrow interval and spacing
between consecutive furrows were 20 ¢cm, 5 ¢cm, and 75 c¢cm
respectively and 1.5 m distance between plots and block was
used. Maize (Malkassa 2 variety) was sown on the plot area of 48
m’ using the reccommended seed rate of 30 kg ha! (144 g/plot).
The treatments were arranged as;

T1 = Control (without structure and mulching)

T2 = Mulching

T3 = Furrow ridge with open ended furrow + Mulching

T4 = Furrow ridge with close ended furrow + Mulching

T5 = Tied ridge + Mulching
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Figure 1: Location map of the study area
Soil Sampling Preparation and Laboratory Analysis

Soil samples were taken at different depths (0-20 ¢cm, 20-50 cm)
for physico-chemical analysis, and moisture storage measures
from the experimental sites were prepared. The composite
soil samples were labeled with necessary information then air
dried and crushed using a mortar and pestle to pass through a
2 mm mesh sieve for most soil physicochemical properties. The
initial available phosphorus below the critical concentration
determined for the district was selected to conduct the
experiment. The analyses were conducted following standard
laboratory procedures at Sinana Agricultural Research Center
Soil Laboratory. Particle size distribution was determined using
the Bouyoucos hydrometer method (Bouyoucos, 1962). Finally,
the textural class of the soil was assigned using the USDA
textural triangle classification system (USDA, 1987). The pH of
the soil was measured in the supernatant suspension of a 1:2.5
soil to water ratio using a pH meter (Rhoades, 1982). Walkley
and Black (1934) method was used for the determination
of organic carbon. Total nitrogen was determined using the
Kjeldahl method as described by Bremner and Mulveny (1982).
Available P was determined following the Olsen method (Olsen,
1954) using ascorbic acid as a reducing agent.

Land Preparations and Managements

The experimental land was ploughed three times by oxen plough
using the local Maresha before imposing any of the treatments.
Mulching materials was prepared from ecasily accessible material
(grass). Afertilizer of 100 kg ha! NPS and 100 kg ha™! was uniformly

applied based on the blanket recommendation of the districts.
RESULTS AND DISCUSSIONS

Selected Soils Physicochemical Properties

Even though soil is frequently referred to as the fertile substrate,
not all soils are suitable for growing crops as affected by its
physical, chemical, and biological parameters. The results of
the analysis of soil parameters are shown in Table 1.

The observed textural class is clayey and the percent textural
classes were sand (32%), silt (22%), and clay (46%). The analysis
Vol 8
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of selected soil chemical characteristics/parameters showed that
all of them are categorized as low according to the standard
rating as indicated in Table 2 particularly, the pH (7.23), soil
organic matter (1.43), total Nitrogen (0.072), and Available
Phosphorus (2.53). This result revealed the low availability of
cach parameter and that is why integrated in-situ soil moisture
conservation and mulching are needed under maize plots.

Effect of Soil Moisture Conservation Techniques on Soil
Moisture Storage

In the study, in-situ moisture conservation practices significantly
affected the moisture storage of the soil. The greater soil
moisture was recorded on the tied ridge with mulching followed
by the furrow ridge with close ended furrow with mulching
(Table 2). Soil moisture is an important component used as
a medium for the supply of nutrients to growing plants. The
grainyield (6134.84 kg ha!) and biomass (4525.00 ton ha) were
increased in the tied ridge with mulching were directly related
to moisture present in the soil. The results of this study agreed
with the findings of Solomon (2015) who reported that in-situ
moisture conservation practices increase the moisture retention
of the soil by reducing evapotranspiration and increasing the
time of infiltration.

Yield and Yield Components of Maize

Results of the effect of different methods of moisture
conservation practices on yield and yield components (PH,
NPKE, BM, and GY) of maize at the Dallomanna district of Bale
zone indicated that there were statistically higher significant
differences between treatment groups whereas, NPKE and TKW
were statistically non-significant (Table 3).

Grain yield

There was a significant variation in grain yield among all
treatments. All in-situ moisture conservation plots had
comparatively better maize grain yield and yield components
over the control plot (farmer practices). This means farmer
moisture conservation techniques/practices were performed
at the lowest value of grain yield and yield components due to
moisture shortage (moisture stress) in the Dallomana districts.
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Table 1: Status of the selected soil parameters of the Dello Mena

Soil Properties Result Rating Reference

Chemical
pH (1:2.5 H,0) 7.23 Neutral Bruce & Rayment, 1982
SOM (%) 1.43 low Emerson, 1991;

Charman & Roper, 2000

TN (%) 0.072 low Bruce & Rayment, 1982
Ava. P (ppm) 2.53 low Cottenie, 1980

Physical
Sand (%) 32
Silt (%) 22
Clay (%) 46
Textural Class Clayey

SOM=Soil organic matter, TN=Total Nitrogen, Ava. P =Available
Phosphorus

Table 2: Soil moisture contents under treatments
Treatments

Soil Moisture Content

T5 34.6%
T4 28.5°
T3 26.56°
T2 23.9¢
Tl 14.75¢
Mean 25.66
LSD (0.05%) 1.02
CV (%) 2.11

Table 3: Mean yield and yield components of Maize under in-situ
moisture conservation practices

Treatments PH NPKE NRPE BM GY TKW
Tl 149.57* 28.7* 13.43 2072.92° 4371.05° 183.10
T2 139.83° 25.37° 12.60 2437.50™ 4422.05° 177.56
T3 146.86® 27.20%® 13.20 3131.25"° 4979.16* 167.40
T4 165.32° 29.07* 12.73 4258.33% 5641.95* 188.30
T5 164.00* 30.63* 13.40 4525.00° 6134.84* 170.26
Mean 148.7 28.19 13.07 15.77 5110 177.3
LSD (0.05%) 19.21 4.74 NS 3.83 882.76 NS

CV (%) 10.55 14.14 7.73 20.44 14.52 17.98

T1=Control (without structure and mulching), T2=Mulching,
T3=Furrow ridge with open ended furrow+ Mulching, T4=Furrow
ridge with close ended furrow+Mulching, T5=Tied ridge+ Mulching,
PH=Plant height (cm), NPKE=Number of productive kernels per
Ear, NRPE=Number of rows per Ear, BM=Biomass yield (kg/plot),
GY=Grain yield (quintal/hectare), TKW =Thousand kernels weight (g)

The highest mean grain yield (6134.84 kg ha') was recorded
from the plot of T5 (Tied ridge + Mulching) followed by
mean grain yield (5641.95 kg ha') and (4979.16 kg ha'') which
recorded from the plot of T4 (Furrow ridge with close ended
furrow + Mulching) and T3 (Furrow ridge with open ended
furrow + Mulching) respectively (Table 3). The results of this
study are in line with the findings of Taye and Yifru (2010),
Ademe et al. (2018) and Chimdessa et al. (2019) reported
that in situ moisture conservation practices (tied ridge)
increase the yield and yield components of maize by reducing
evapotranspirtation and increasing the time for the water to
penetrate the soil thereby retain soil moisture at root zone area
for maize. Gebreyesus (2004) and Sibhatu and Qaim (2017)
report that tied ridges and mulching have a positive interaction
with soil moisture storage and yield of sorghum.
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Figure 2: Climatic factors at Delomena

There was no statistically significant but numerically different
variation between T'1 (Control/without structure and mulching),
and T2 (Control + Mulching) the plots from which the lower
grain yields (4371.05 kg ha, and 4422.05 kg ha respectively)
were recorded. This shows the low performance of farmer
practices in the absence of in-situ soil moisture conservation
measures.

Biomass

There was a significant variation in biomass between all
treatment groups. The lowest Biomass yield (2072.92 kg ha™)
was recorded from the plot of the control treatment (farmer
practice). The highest Biomass yield (4525 kg ha') recorded
from the plot of T5 (Tied ridge + Mulching) was preceded
by a biomass yield of 4258.33 kg ha™! which was recorded from
plots of T4 (Furrow ridge with close ended furrow + Mulching).
The current result also agrees with the finding of Ademe et al.
(2018), who reported that tied ridge cultivation could increase
maize grain yield and biomass in the Vertic Andosol of Southern
Ethiopia.

The results of this study revealed that there was a significant
variation in plant height between treatment groups T5, T3,
T2, and T1. There was no significant variation in plant height
between T'5 and T4. The lowest plant height (149.57 cm) was
recorded from the plot of control treatment (farmer practice).
The higher plant heights (165.32 cm and 164 cm) were recorded
from the plot of T4 and T5 respectively. The result is agreed
with Taye and Yifru (2010) who reported that under in-situ
moisture conservation, maize recorded the highest plant height.

Germination and seedling stages

There was sufficient rainfall at the Germination and seedling
stages (April). This shows that there was adequate moisture
which is essential during this stage for proper germination.
Under this stage, the corn seed absorbs water equal to
approximately 50% of its weight (Plumblee, 2022; Larson, 2024).

Tasseling and silking stage

In this stage (June), the observed rainfall was low as per the
maize water requirement. This mean the rainfall contribution is
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below the maize water requirement. Because of that, this stage
is highly sensitive to water stress, and inadequate rainfall can
significantly reduce pollination and kernel formation, leading
to low grain yield as of control plot. Under this research, the
moisture conservation measures significantly contributed to
yield via retaining soil moisture in place (for instance, tied
ridges). This result is similar to the finding of Teame et al. (2017)
who report that in-situ moisture conservation and mulch had
an influence on reducing environmental stress such as water
stress by conserving moisture that serves the plant to facilitate
growth and development.

Grain filling stage

In this stage (July), the observed rainfall was low as per the
maize water requirement. Adequate moisture during grain
filling is crucial for optimal kernel development and grain yield.
Alack of water during this stage can reduce the size and weight
of kernels. Therefore, the observed variation was not due to
rainfall, it might be due to moisture conservation measures and
treatment of tied ridge with mulch is better moisture around the
root zone at this stage according to soil moisture storage data.

Maturation and harvest

In this stage (August), the rainfall showed a decreasing trend
and the observed rainfall was optimal as per the maize water
requirement at this stage. During the maturation phase, a
decrease in rainfall is generally preferred as it aids in the drying of
the crop before harvest. However, some moisture is still needed
to maintain grain quality and this moisture is high in tied ridge
with mulching treatments when compared to others.

CONCLUSION

Soil moisture shortage caused by erratic and poorly distributed
rainfall has been one of the crop production constraints in
rainfed agriculture of arid and semi-arid arcas. However, in-situ
moisture conservation and mulching are the best techniques
to retain moisture in the root zone of crops and reduce
evapotranspiration. This study was conducted to determine
the best moisture conservation techniques with mulching for
maize production under different rainfed conditions on maize.
A comparative study between five treatments showed different
moisture storage capacities. So based on the experiment
conducted at Dallomanna districts for two consecutive cropping
seasons (2021 and 2022), tied ridge with mulching showed
a promising result on maize grain yield and soil moisture
conservation as compared to other practices.

RECOMMENDATIONS

Based on this finding, it’s better to further demonstrate tied
ridge with mulching at first and a furrow ridge with close ended
furrow with mulching at second to retain soil moisture in the
soil and thereby maximize maize grain yield for the study area
and similar agro-ecology.
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