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Abstract: Maize (Zea mays) - Haricot bean (Phaseolus vulgaris) intercropping is a recent practice at shashamane district,
west-Arsi Zone of Oromia region and there is an inadequate information on its productivity and soil fertility management. Poor
soil fertility and lack of financial resources to purchase mineral fertilizers have emerged as the greatest biophysical constraints
to improve agricultural productivity in the study area. Therefore, a field experiment was conducted at Shashamane district
during the 2020 and 2021 crop growing seasons to evaluate the effect of intercropping maize and haricot beans on soil fertility
and yield improvement. The experimental materials were one maize hybrid (BH-546) and three haricot bean varieties
(Dinknesh, SER-119 and Nasir). The experiment was laid out in a randomized complete block design with three replications.
The soil analysis result showed intercropping of maize-haricot beans were highly influenced soil total nitrogen and available
phosphorus. Improvement of soil total N was found in plots where haricot beans was grown in an intercrop with maize. In
contrast available P content was reduced in post-harvest soils of all plots in which maize was intercropped with haricot beans.
Higher grain yield of maize and haricot beans were obtained from sole cropping compared to intercropping. Intercropping of
maize with haricot bean had total LER value greater than one which showed the benefit of intercropping over mono-crops. The
combined yields obtained from intercrops were more profitable than sole haricot beans and maize. Therefore, intercropping
agro-ecologically suitable haricot beans with maize are advantageous in terms of grain yield and soil nutrient improvement
than the corresponding mono-crops.
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1. Introduction

Soil degradation is expressed in quality and quantity of
soil nutrients, physical and biological soil characteristics
which are linked to stagnation and decline in yields in the
most intensive agriculture [15]. The decline in soil properties
is interrelated to the improper use of inorganic fertilizer and
lack of organic fertilization, practices that are now
widespread in the most intensive agriculture in developing
countries [18]. The majority of farmers lack financial
resources to purchase sufficient amounts of mineral
fertilizers to replace soil nutrients removed through harvested
crop products [11], crop residues, and through loss by runoff,

leaching and as gases [4]. Consequently, poor soil fertility
has emerged as one of the greatest biophysical constraints to
increasing agricultural productivity, hence threatening food
security [20]. Intercropping is advanced as one of the
integrated soil fertility management practices consisting of
growing two or more crops in the same space at the same
time, which have been practiced over the years and achieved
the soil fertility restorations and crops yield in agriculture
[19]. Intercropping has some advantages over monocultures
[12]. Intercropping supplies efficient resource utilization,
reduces risk to the environment and production costs, and
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provides greater financial stability, making the system more
suitable particularly for labor- intensive, small farmers [2].
Intercropping presents a large level of risk reduction for the
smallholder. If one crop is entirely lost to pest or drought
damage, the farmer may still harvest the other crop in the
field.

In cereal-legume cropping systems, legumes play an
important role in nitrogen fixation and are an important
source of nutrition for both humans and livestock. According
to [25], intercropping cereal and grain legume crops helps
maintain and improve soil fertility, because crops such as
cowpea, soybean and groundnuts accumulate from 80 to 350
kg nitrogen (N) ha”. Moreover, intercropping maize with
soybean was reported to be profitable in terms of land
utilization, in western Kenya [13].

In Ethiopia intercropping cereals and haricot beans is not a
new practice. In Southern and Eastern parts of the country,
intercropping haricot beans with maize and sorghum is
widely practiced as means of income generation and
important food crops for smallholder farmers [6]. In the
Eastern highlands of Ethiopia, cereal and legume
intercropping is also known for its soil fertility improvement
[7]. But, there is no publication or research information with
regard to the role of cereals and haricot bean intercropping on
improvement of soil fertility and crop yield in West Arsi
zone of Oromia region. In West Arsi Zone, in addition to
mono-cropping culture, most farmers are not seen while they
are using crop rotation and thus in turn affect the soil nutrient
and crop productivity.

Therefore, by considering the environmental problems and
risk of crop failure associated with current mono-cropping
systems, the project was designed to evaluate the effect of
intercropping maize and haricot beans on soil fertility and
yield improvement in Shashamane District.

Specific objective:

1) To evaluate the effect of different varieties of haricot

bean intercropping with maize on soil fertility

2) To evaluate the effect of different varieties of haricot

bean intercropping with maize on yield of maize

2. Materials and Methods
2.1. Description of the Study Area

The experiments were conducted at two Farmer Training
Center (FTC) of Shashamane district, West Arsi zone, of
Oromia Region. Shashamane is located in West Arsi Zone,
Oromia Regional State about 240 km south of Addis Ababa
lying on the main road to Hawassa. The geographical extent
of Shashamane district ranges from 7°0°50” to 7°22°45” N
and 38°23'00" to 38°48'00" E. The area receives an annual
rainfall of 800 — 1300 mm and has bimodal rainfall type. The
altitude ranges between 1500 and 2000 meters above sea
level. The area has an annual average minimum and
maximum temperature of 12 and 28°C, respectively [23].
The dominant soil types of the area are: Vitric Andosols,
Eutric Vertisols, Mollic Andosols, Haplic Luvisols, Haplic

Luvisols and Lithic Leptosols [28].
2.2. Materials

Maize hybrid BH-546 and three haricot beans were used as
an experimental crop. The selection of the crop is based on
recommended agro ecology. So, for our experiment haricot
beans which were recommended for all haricot beans
production areas in Ethiopia such as Nasir, Dinkinesh and
SER-119 were used.

2.3. Methods

Field activities and treatment application

The experiment was conducted during 2020 and 2021 at
the rainy season. Experimental Fields were prepared by Oxen
plough followed by manual work. The experiment had seven
treatments with three replications designed in RCBD. The
areas were 3 mx4 m for each plot. Maize (BH-546), which is
the most commonly used by the farmers in the area, was used
to evaluate the treatments.

The most commonly grown haricot beans in the area were
used as intercropping with maize. The intercropping was
done at a ratio of 1:1 (i.e. single row of haricot beans in
between maize rows). Maize was planted at 75 cm space
between rows and 30 cm within rows and at the time of
intercropping haricot beans were planted at a plant spacing of
10 cm [1]. Each plot was separated by 1m walkways in order
to reduce inter plot effect. Wedding and other agronomic
practices such as hoeing were done according to
recommendations. Fertilization, at the time of planting all
plots received NPS at the rate of 100 kg ha ™' basal
application. Nitrogen was applied in the form of urea (46 %
N) at the rate of 100 kg ha™ in split form in which one third
application was done at knee height stage of maize, while the
remaining two third was applied just before tasseling to all
plots except the sole haricot bean assuming the bean would
be benefited from the fixed nitrogen. Haricot beans were
intercropped one month after planting of maize.

The treatments of the experiment were:-

T1: Single row of Nasir in between maize rows (1:1)

T2: Single row of Dinknesh in between maize rows (1:1)

T3: Single row of SER-119 in between maize rows (1:1)

T4: Sole maize (100 % maize)

T5: Sole Nasir

T6: Sole Dinknesh

T7: Sole SER-119
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Figure 1. Haricot Beans-Maize Intercropping Field Performance Picture
July, 2020.

Soil sampling and analysis

One composite soil sample per replication, each made
from five sub-samples, was collected in a diagonal pattern
from 0-20 cm soil depth before planting. Soil samples were
also collected from every plot after harvesting to evaluate the
effect of different varieties of haricot bean intercropping with
maize on soil chemical properties like soil pH, CEC, total N,
available P, and Organic Carbon using standard laboratory
procedures.

Total N in the soil was determined by the Kjeldahl method
[5]. Organic carbon content of the soil was determined by [30]
method. Soil P" was analyzed by (1:2.5 soils to water)
method and available P was determined following the
method of [22]. Cation exchange capacity (CEC) of soil was
determined using ammonium acetate method at pH 7.0 [10].
All the above soil chemical properties were analyzed at Batu
soil research center.

Data Collection and Measurements

Yield and yield components were collected after
harvesting from all plots. Grain yield per plot (g/plot) was

measured using electronic balance and then adjusted to 12.5%
seed moisture content and converted to hectare basis.

Land equivalent ratio (LER)

The benefit of intercropping and the effect of competition
between component crops were calculated by land equivalent
ratio. LER which verifies the effectiveness of intercropping
for using the resources of the environment compared to sole
planting. The LER values were computed using the following
formula described by [31].

Yab = Yba
LER = ——+ -

Where, Yab and Yba are yield of maize and haricot bean
in an intercropping system respectively and Yaa and Ybb are
yield of maize and haricot bean in pure stand of each crop
respectively.

Data Analysis

Analyses of variances for the data recorded were
conducted using the SAS GLM procedure version 9.0. Least
significant difference (LSD) test at 5% probability was used
for mean separation when the analysis of variance indicates
the presence of significant differences [8].

3. Results and Discussion
3.1. Soil Sample Collection and Laboratory Analysis

Table 1. Soil chemical characteristics of experimental site before treatments
application at Bute FTC.

Soil characteristics Value at Bute value at Chabi
pH 5.79 6.09

OC (meq/100g soil) 2.07 243

Total nitrogen (%) 0.09 0.10

Available P (ppm) 27.78 9.60

CEC (meq/100g soil) 12.22 17.06

Table 2. Soil chemical properties after harvesting at Bute and Chabi FTC.

Treatments At Bute FTC At Chabi FTC

pH TN (%) OC (%) CEC me/100g P (ppm) pH TN (%) OC (%) CEC me/100g P (ppm)
1 583a 0.lla 2.12a 1491a 24.59ab 6.21a 0.19a 2.73a 17.42a 7.95bc
2 5.82a 0.12a 2.16a 15.45a 23.33b 6.12a 0.19a 2.80a 17.63a 7.86bc
3 5.86a 0.lla 2.13a 14.17a 26.5ab 6.14a 0.15b 3.36a 16.73a 7.83¢
4 5.80a  0.08b 2.23a 15.75a 28.36a 6.08a 0.08c 2.35a 18.20a 9.56a
5 5.78a 0.12a 2.16a 13.14a 23.70b 6.07a 0.16ab 2.88a 19.43a 8.43bc
6 58la 0.lla 2.26a 15.12a 26.00ab 6.06a 0.18ab 3.16a 18.8a 8.58abc
7 5.83a 0.12a 2.25a 14.36a 25.6ab 6.12a 0.17ab 2.66a 17.91a 8.96ab
mean 5.82 0.11 2.19 14.27 25.44 6.11 0.16 2.85 18.02 8.45
CV (%) 1.27 11.12 5.37 17.76 6.55 2.17 12.55 30.0 8.76 7.34
LSD 0.02 4.32 0.036 1.10
P (<0.05) ns = ns ns = ns = ns ns =

Means with in same column followed by the same letter (s) are not significantly different at 5% level of significance

3.2. Effect of Different Varieties of Haricot Bean
Intercropping with Maize on Soil Fertility

3.2.1. Effect on Soil pH

The soil-pH of both Bute and Chabi FTC before treatments
application and after crop harvest is shown in Tables 1 and 2.
The result showed that intercropping of haricot bean with

maize did not significantly affect soil pH at both FTC (Table 2)
indicating that the cropping systems of maize and haricot bean
did not affect the pH values of the soil. Similarly, [3] reported
that pH values of the rhizosphere soil continued fairly constant
during the cropping cycles of intercropping maize with
soybean. In contrast [24] have reported that pure stand of field

beans had greater effect in raising the soil pH over pure maize.
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3.2.2. Total Nitrogen (TN)

Before and after planting total soil nitrogen was not
significantly different for sole maize, whereas nitrogen
contents of the soil had shown significant (p<0.05) difference
before and after harvesting by interaction of maize-haricot
bean intercropping and for sole haricot beans (Table 2). The
improvement of soil N in experimental plots where haricot
beans was grown in an intercrop and sole of haricot beans in
the present study might be due to the decay of roots and
nodules causing the release of N from the legume
components into the rhizosphere during the cropping season
[27]. It was agreed with works of [32] that reports, cereal-
legumes intercropping patterns’ effect on total soil N as
significant. Exudates that produced by maize may stimulate
nodulation in haricot beans which in turn lead to better N
under intercropped treatments [26].

3.2.3. Soil Organic Carbon

The organic carbon contents of the soil did not
significantly (P<0.05) varied before and after planting among
maize-haricot bean inter cropping and sole maize at both
FTC (Tables 1 and 2). This was not in agreement with [21]
who reported that, the soil organic carbon increase in the
legume-cereal intercropping, while in mono-cropping cereal
there was a small decrease.

3.2.4. Exchange Cation Capacity (CEC)

The Cation exchange capacity (CEC) of the soil was not
affected by inter-cropping systems (Table 2). The unchanged
in CEC might be due to the unchanged organic matter among
treatments. In line with these finding [24] reported the non-
significant variation on CEC in intercropping of maize with
field beans.

3.2.5. Available Phosphorus (P)

Available phosphorus was significantly higher for sole
maize than intercropped maize in both Bute and Chabi FTC
(Table 2). The cause for the reduction of soil available
phosphorous in intercropping might be due to intercropping
exploits various soil phosphorous sources by different plant
parts. Haricot beans have high phosphorous requirements for
the process of N2 fixation and production of protein containing
compounds. Thus, phosphorous concentration in haricot bean
is generally much higher than that of cereals. The study result
showed that available P content of the experimental soil before
planting was higher than after harvesting both under sole and
intercropping in both sites (Tables 1 & 2). Similarly report by
[17] showed that available P content was reduced in post-
harvest soils of all plots in which maize was intercropped with
soybean and groundnut at varying row proportion compared to
the initial and sole maize.

Table 3. Maize Haricot bean Intercropping Relative Grain Yield Advantages and LER result of two FTC (Chabi and Bute).

Treatments Maize grain yield in kg/ha Haricot bean Grain Yield (kg/ha) RYT (M+HB=Kg/ha) LER

Chabi Bute Chabi Bute Chabi Bute Chabi Bute
BHS560 vs Dinknesh 6112a 3828.7a 1152.3a 702.3a 7264.3 4531 1.63 1.36
BHS560 vs Nasir 6016a 3733.4a 996.3a 760.2a 7012.3 4493.6 1.44 1.27
BHS560 vs SER119 5428a 4171.6a 1126.8a 765.3a 6554.8 4936.9 1.65 1.64
Sole BH560 6195a 4183.3a
mean 5743.7 3904 1091.8 742.6
CV% 6.4 25 17.7 4.8
Sole Dinknesh 2301.9ab 1855.1ab
Sole Nasir 2992.6a 2427.8a
Sole SER-119 1730.6b 1356.2b
mean 2341.7 1879.7
CV% 21 20.6

Means with in same column followed by the same letter (s) are not significantly different at 5% level of significance

3.3. Effect of Maize Haricot Beans Intercropping on Grain
Yield

The analysis of variance showed that the overall mean
value for all the treatments were not significantly (P>0.05)
affected by intercropping maize and haricot beans. Study by
[29] also concluded that planting haricot beans in association
had no appreciable effect on the yield of maize. Similarly,
[14] indicated that although intercropping maize with beans
tended to lower maize grain yield, the effects were not
significant. Higher grain yield of maize (6195 kg/ha) and
(4183.3 kg/ha) were obtained from sole cropping compared
to intercropping both at Chabi and Bute FTC respectively
(Table 3). Compare to other haricot beans intercrop, grain
yield of maize intercropped with Dinknesh showed better at
Chabi (which is low land area of the district) while grain
yield of maize intercropped with SER-119 showed better at

Bute (which is midland area of the district).

The analysis result revealed that there was a significant
(P<0.05) difference among the sole haricot bean for the grain
yield in the overall of the two locations. Sole Nasir showed
better grain yield than sole Dinknesh and SER-119 at both
Chabi and Bute sites. Hence, Nasir is more productive in both
agro-ecology as a pure stand than both SER-119 and Dinknesh
and less productive than the two as an intercropping in both
sites (Table 3). In all sole planting haricot beans (SER- 119,
Dinknesh and Nasir) planted as a pure stands recorded greater
yield of 1730.6kg ha', 2301.9 kg ha' and 2992.6kg ha’
respectively at Chebi and 1356.2 kg ha”, 1827 kg ha™ and
2427.8 kg ha™' respectively at Bute than that produced from
intercropped with maize at both site (Table 3). The higher
grain yield of sole SER-119, Dinknesh and Nasir could be
attributed to the least competition in sole haricot beans. In line
with these finding [9] recorded higher yield of soybean form
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sole cropping than that produced from intercropped soybean
due to the shading effect of maize over soybean.

Land equivalent ratio was more than one (1) for all intercrop
treatments (Table 3), which indicates maize-haricot bean
intercrop was productive. The highest LER was recorded for
SER-119 haricot bean intercropping at both Chabi (1.65) and
Bute (1.64) locations. The collective yields obtained from
intercrops were more profitable than sole haricot beans and
maize. The highest relative grain yield advantage was noted by
Dinkinesh intercropping (7264.3 kg/ha) at Chabi and by SER-
119 (4936.9 kg/ha) at Bute site (Table 3). In line with this [29,
16] reported that intercropping gave significantly higher
combined yield than mono-cropping.

4. Conclusion and Recommendation

The results revealed that intercropping systems were more
useful than monocultures of the components. The soil
analysis result showed significant change in soil total
nitrogen and available phosphorus for the cropping system
after harvest. But, there was no significant difference in soil
pH, organic carbon and CEC between intercropping and
monocultures. The results of this study showed that
productivity can be improved by intercropping haricot beans
between maize plants as confirmed by high LER. The LER
exceeded one in both farmers training centers (FTC)
indicating that intercropping was beneficial due to higher
utilization of the limited resources. The result indicates that
haricot bean yield in the intercropping varies with the bean
varieties used at different locations. Therefore, it is important
to know that, Dinkinesh can go well to increase production in
the haricot bean- maize intercropping at Chabi FTC area (in
lowland area), while SER-119 is preferable to increase
production in the haricot bean- maize intercropping at Bute
FTC area (in midland area).
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