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ABSTRACT

Usually crop failure due to moisture shortage in soils is very much common due to high
evaporation. Sometimes famers try to combat this problem by using mulches of crop
residues in the study area. However, this is also highly challenged shortage because the crop
residues used as feed for animals. Therefore, using the advantage and opportunity of cover
legumes as an intercrop is the solution of the problems simultaneously in addition to their
contribution improving soil nutrient balance and other many fold benefits. Therefore, this
study aimed for evaluating the effect of maize-legume covers intercropping on soil moisture
improvement and crop yield in moisture stress areas of the study area. The entire grain yield
of maize and legumes, as well as soil moisture data were collected. The result on soil
moisture revealed that intercropping of maize with cowpea had better soil moisture contents
during active crop development (15.98%) and after harvest (16.70%) in average as compared
to the others. The current finding also showed that adopting intercropping of maize with
cowpea-boosted yield by 5256.24 kg ha* maize and 977.45 kg ha* cowpea in average with
higher moisture improvement as compare to the other treatments. Therefore, intercropping
of maize with cowpea is important to farmers since it would provide additional crop yield
with the same piece of land. However, to get considerable changes on soil and water
balances, other soil physic-chemical properties and crop yields, conducting similar studies
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in more than two years period at permanent field plots is paramount in the future.
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Introduction

Intercropping of cereals and legumes is important
for the development of sustainable food
production systems, particularly in cropping
systems with limited external inputs and
fragmented land distribution. Many studies
confirmed the magnificent benefits of
intercropping of cover legumes over sole
cropping. High productivity and profitability,
improvement of soil fertility, efficient use of
resources, reducing damage caused by pests,
diseases and weeds due to increased diversity
(Chalk, 1998, Javanmard et al., 2009, Dahmardeh
et al., 2010) are some of the benefits concluded
after study. Different studies verified that cover
legumes such as lablab, cowpea and vetch are
highly effective in this regard (Ozpinar, 2009,
Lemlem, 2013, Takim, 2012; Javanmard et al,

2009). When combined with conservation tillage,
it indicated that the contribution of these cover
legumes in improving soil quality, moisture
holding capacity, weed suppression and crop yield
is many fold (Carrera et al., 2004).

In addition, due to their cover nature, these
legumes are also highly effective in conserving
soil moisture and reducing soil erosion. However,
this important aspect of the legumes is usually
bypassed and more focus is being given to their
contribution to soil nutrients balance. When
intercropped with maize verified that cover
legumes such as cowpea (Bayer et al., 2000), and
lablab (Janeth et al., 2014) could significantly
contributed for soil moisture conservation and
increased soil productivity as compared to sole
maize cropping.

International Journal of Agricultural Research Innovation & Technology An open access article under



Ayele (2020)

Effect of maize-legume intercropping on soil moisture in southern Ethiopia

In arid and moisture stress areas, usually crop
failure due to moisture shortage in soils is very
much common. There is high evaporation of
water out of soil due to increased temperature.
Sometimes farmers try to cop up with thk
problem by using mulches of crop residues in the
study area of Bena-Tsemay District of South Omo
Zone. However, this is also highly challenged
shortage because the crop residues are used as
feed for animals. Therefore, using the advantage
and opportunity of cover legumes as an intercrop
in moisture stress areas solve the problems
simultaneously in addition to their contribution
improving soil nutrient balance and other many
fold benefits. However, the impact of
intercropping on soil moisture improvement and
soil erosion control by reducing evaporation
from farm and prevent loss of soil material from
farmlands has not been studied.

Therefore, this study aimed to evaluating the
effect of legume covers (cowpea and lablab)
intercropping with maize on soil moisture

conservation and crop yield in moisture stress
areas of Bena-Tsemay District of South Omo
Zone.

Materials and Methods
Description of the study area

The experiments were conducted for two
consecutive years (2018 and 2019) at Bena-
Tsemay district of South Omo Zone southern
Ethiopia (Fig. 1). The experimental site is
geographically located with the ranges of 05°01'-
05°73' N and 36°38'-37°07' E with an elevation of
<500-2500 m.a.s.l. It is found southern direction
with 483 km distant from regional capital city of
Hawassa. The study site has a bi-modal rainfall
pattern with shorter rainy season from March-
May and longest rainy season from August-
November. The total annual rainfall is 250 mm.
The annual mean minimum and maximum
temperatures are 16°C and 40°C, respectively
(Admasu et al., 2010).
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Fig. 1. The study area map.

Treatments and experimental design

The experiments were laid out in randomized
complete block design (RCBD) with five
treatments and with three replications on
farmers’ field of moisture stress area. The

treatments were: Sole Maize (T1), Sole Lablab
(T2), Sole Cowpea (T3), Lablab + Maize (T4) and
Cowpea + Maize (T5) with 1:1 ratio. The
experimental field was prepared by using oxen
driven local plow (Maresha). The plot size of 5 m
x 5 m and 1 m spacing between plots, also in
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intercropped treatments, maize was planted
based on the recommended spacing (between
rows of maize 75 cm and between plants 25 c¢m)
was used. However, the nitrogen fixing legume
covers were planted in space between the rows of
maize and in 10 cm spacing between plants with
two seeds in a single hole, then one of which was
avoided. 100 kg of NPSB ha' was applied at
planting but, 75 kg of Urea was split twice; 50 kg
was applied at planting for maize and legume
crops as starter N. However, the remainder was
applied after 35 days of planting. NPSB and Urea
was used as a source of Nitrogen, Sulphur, Boron
and Phosphorous. All agronomic management
practices such as: weeding, pest control etc. was
done in the trial period per research
recommendations for maize and legumes crops.
Data collection

Soil sampling 2.1
For monitoring soil moisture status of each plot
and their replication, disturbed core subsample
was taken at a depth of 0-30 cm from each
treatment at three stages: at planting, at flowering
time of maize (at development stage) and after 95
days (at harvesting). However, at flowering time
of maize (at development stage), core subsample
was collected from the intra-row spacing of maize
and each legume covers from three different
points in zigzag movement. In similar manner, for
those non-intercropped plots core subsample was
collected from the intra-row spacing from there
different points. Then, the weight of the wet soil
sample was measured and then, taken to the
laboratory for oven drying at 105°C for 24 hours.
Finally, gravimetric method was used to
determine the soil moisture content (available
water for plant) in gram then changed in
volumetric base.

Results and Discussion

The soil physico-chemical properties

In addition, at planting time composite
subsurface soil sample was collected. However, at
harvesting time subsurface soil samples were
collected separately from each plot for the
analysis of soil physic-chemical parameters (soil
pH, organic-carbon concentration (OC), total
nitrogen concentration (TN), availability of
Phosphorus, and exchangeable acidity was
analysed.

Crop data

Grain Yield and biomass of maize and legumes
were determined by harvesting the entire net plot
area of (16 m2) out of the 25 m?2 of total plot and
converted into kilogram per hectare basis for
grain yield and ton per hectare basis for biomass.
Grain yield was adjusted to 12.5% moisture level;
whereas biomass was weighed after leaving it in
open air. Disease and pest event also was
monitored.

Data analysis

The collected data were subjected to one way
analysis of variance (ANOVA) using R software
version R x64 3.4.1 and Least Significant
Difference (LSD) was used to separate means at p
<0.05 levels of significance.

For intercropped plots, Land Equivalent Ratio
(LER) will be calculated to know the total
production. The LER will be estimated through
the following relationship (Willey and Osiru,
1972):

YMint

- YMsol

YLint

LER + YLsol

Where,

YMint = Yield of maize under intercropping conditions.
YMsol = Yield of maize under sole crop conditions.
YLint = Yield of legume under intercropping conditions.
YLsol = Yield of legume under sole crop conditions.

Table 1. The soil physico-chemical properties of sub-surface soil before the experiment.

Clay % 18 Sandy loam
Silt % 10

Sand % 72

pH No 5.50 -
Organic Carbon % 0.86 -
Total Nitrogen % 0.07 -
Availability of Phosphorus (ppm) 11.77 -
Availability of Potassium (ppm) 109.95 -
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Table 2. The soil physico-chemical properties of sub-surface soil after the experiment.

Treatments pH (No.) (%0C)
Maize only 5.99 1.01
Lablab only 6.02 0.93
Cowpea only 5.90 1.05
Lablab + Maize 5.87 0.98
Cowpea + Maize 5.96 1.21

(%TN) APh (ppm) AP (ppm)
0.08 7.26 70.95
0.09 7.29 67.29
0.09 8.55 50.23
0.09 9.36 51.69
0.12 7.26 78.51

Note: NT: Total Nitrogen, OC: Organic Carbon, APh: Availability of Phosphorus and AP: Availability of Potassium.

After experiment the soil physico-chemical
properties shows differences. Before and after
experiment, intercropping of cowpea with maize
has profound effect on soil organic carbon. The
soil organic carbon on this treatment was
increased from 0.86 to 1.21. But, in all other
treatments the soil organic carbon was decreased.
The result agrees with the finding of Ofori et al.
(2014) where soils organic carbon increased from
0.37 to 0.82 under intercropped maize with

cowpea; generally contain greater organic carbon
than the other type. However, the organic carbon
increment was recorded, this was may be
occurred due to addition of organic matter in the
soil. This study indicated that the experiments
were carried out on a sandy loam soil and
moderately acidic area. Pre-experiment the
results of soil analysis were highly very strong
acidic as compare to the result after
experimentation.

Effect of intercropping on soil moisture contents

= 9%smc at planting time
— %smc at dev't stage (after 65 days)
18.00 %smc at harvesting
16.00 16.35
14.00 13.75 12.43 12:89 14.14
12.00 — i */
&) 11.99 L1230 11.99
S 10.00
7 9.75
¥ 8.00
6.00
4.00
2.00
0.00
sole maize sole lab sole cow Lablab+Maize Cowpea+Maize
Treatment
Fig. 2. Effects of intercropped maize-legume covers on %SMC at first year.
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Fig. 3. Effects of intercropped maize-legume covers on %SMC at second year.
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The study showed that there were significant
effects of cropping systems on soil moisture
content. Soil moisture content had significant
effect at the growth stages of maize and legumes
(Fig. 1 and 2). In intercropped maize with cowpea
was recorded the highest moisture content.
Intercropping of maize with cowpea had better
soil moisture contents during active crop
development (15.98%) and after harvest (16.70%)
in average as compared to the others. However, in
intercropped maize with cowpea, sole lablab and
sole cowpea were recorded higher moisture
content than sole maize at development stage of
crops. Soil moisture content in the soil was
reduced dramatically in the sole crop of maize due
to high evapotranspiration potential; on the
contrary soil moisture content in the soil was
increased dramatically in the sole crop of cowpea

due to low evapotranspiration potential for
growth period. Season also had significant effect
on soil moisture content. Thus, in the cowpea-
maize intercrop, there might be a more fully
exploitation of the soil moisture than in sole
maize. Similar findings were shown by other
researcher (Izaurralde et al, 1994) including
greater water use efficiency in a pea-barley
intercrop than in either of the sole crops. The soil
collected in first year planting season had
significantly lower soil moisture content than soil
collected in second year planting season.

In summary, the measured soil water contents in
the sole maize system were lower than those in
the intercropping systems, especially when
compared with the maize intercropped with
cowpea.

Effect of intercropping on yield and some yield components of maize and legumes

Table 3. 15t and 21d year biomass and plant height result of maize crop from intercropped maize with

legume crops.

Treatment Year one Year two
Biomass (t ha?) Plant height (cm) Biomass (t ha?) Plant height (cm)

Maize only 45.20 ab 172.13 58.20 169.32
Lablab + Maize 51.70 a 167.40 58.30 177.30
Cowpea + Maize 39.60b 171.20 46.25 174.50

CV (%) 20.90 1.62 7.04 1.71

Mean 42.20 170.24 54.26 173.71

LSD (5%) 10.00 NS NS NS

Note: Mean values with different letters within the column are statistically different at P < 0.05.

The on-farm experiments did not present
significant differences in maize plant height
between cropping system in both years at P<0.05
(Table 3). Similarly, in terms of biomass there was
no significant difference in the second year at
P<0.05. However, there was significant difference
among cropping systems in first year at P<0.05.
The highest biomass was observed from the maize
intercropped with lablab, when the lowest was
observed from the maize intercropped with
cowpea. The results showed that no significant
difference in yield parameters (plant height and
biomass) of maize among cropping systems. This

result is similar to the study of (Thwala and
Ossom, 2004; Arun, 2016) in which no significant
difference was found in yield components (plant
height, active leaf number per plant and grain
number per cob) when maize was intercropped
with groundnut and sugar bean. Mburu et al.
(2011) reported that in intercrops usually the
maize has a competitive advantage over legumes
for light and water since they are tall and with
larger root system and hence experience limited
competition.

Table 4. 15t and 21 year biomass and plant height result of legume crop from intercropped maize -

legume COVers Crops.

Treatment Year one Year two
Biomass (t hat)  Plant height (cm) Biomass (t ha) Plant height (cm)

Lablab only 17.92ab 56.33 39.56a 58.42
Cowpea only 14.68b 55.80 24.69b 56.70
Lablab + Maize 26.04a 54.07 36.04a 53.02
Cowpea + Maize 25.00a 55.00 21.85b 58.90

CV (%) 24.60 6.60 10.64 6.20
Mean 18.41 55.30 30.53 56.76

LSD (5%) 6.49 Ns 9.05 Ns

Note: Mean values with different letters within the column are statistically different at P < 0.05.
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The study result revealed that the biomass of

legume crops was significantly different at
P<0.05. The highest was recorded from the maize

intercropped with lablab (26.04 t hat) and the
lowest was recorded from the cowpea only sown
treatment.

Effect of intercropping on land use efficiency

Table 5. Land Equivalent Ratio of intercropping of maize with legume crops at first year.

Treatment GY of Lablab GY of cowpea GY of maize LER
(kg ha) (kg ha) (kg ha)

Maizeonly . e 5259.58

Lablab only 1150

Cowpeaonly ... 1110 e

Lablab + Maize 860 e 5038.53 1.7

Cowpea + Maize @ ... 977.45 5256.24 1.9

Note: LER stands for land equivalent ratio.

The effect of intercropping maize-legume covers
on maize yield and yield components was
evaluated for two years period. Land equivalent
ratio was used to evaluate the land use efficiency
and that means evaluating of intercropping
efficiency in yield relative to the mono-cropped
condition. The calculated LER for the grain yield
of maize and lablab was 1.7, while 1.9 LER was
obtained from the intercropping of maize with
cowpea. Therefore, intercropping showed an
advantage over sole cropping in the trial seasons.
The higher yield under mono-cropped condition
is directly related with lack of competition for
nutrient and moisture. However, the analysis
result in the (Table 5) above, indicated that the
equivalent ratio (LER) of maize intercropped with
lablab and cowpea was greater than 1 which
indicated the benefits of intercropping. This result
is similar to the study of (Gebremichael et al,
2019) who reported that intercropping sorghum
cowpea increases the land productivity (LER>1)
indicating the benefits of intercropping.

Conclusion and Recommendation

Usually crop failure due to moisture shortage in
soils is very much common due to high
evaporation. Sometimes famers try to combat this
problem by using mulches of crop residues in the
study area. But this is also highly challenged
shortage because the crop residues are used as
feed for animals. Therefore, using the advantage
and opportunity of cover legumes as an intercrop
is the solution of the problems simultaneously in
addition to their contribution improving soil
nutrient balance and other many fold benefits.

The current study result indicated that in terms of
biomass of maize and legume intercropping of
maize with lablab gave the highest biomass.
However, in terms of LER of yield and soil
moisture improvement intercropping of maize
with cowpea was the best advantageous. Also in
terms of farmers preference intercropping of
maize with cowpea was chosen by farmers.
Obtaining additional food grain is an attractive

option for the farmers having land shortage to
plant maize and cow pea separately. The benefit
of obtaining additional legume grain would have
positive advantage on food security and land use
efficiency. Hence, for better productivity of the
intercropping system, further study should be
done by considering other factors of production.
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