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Abstract: 

Soil fertility depletion is a major challenge to agricultural productivity and natural resources integrity in the highlands of Ethiopia. 

Improving crop management practices are believed to mitigate the effect and increase crop productivity. An on-farm study was 

conducted during the cropping season of 2017 in Arjo District, Eastern Wollega of Oromia Regional State with the objective of 

evaluating soil bund and maize (Zea Mays L.)-Haricot bean (Phaseolus Vulgaris) intercropping effects on maize productivity and 

soil moisture availability. The study involved a split plot design where soil bund (with and without) and intercropping (sole-maize 

and maize- haricot bean intercropping) were the main and sub plot factors, respectively replicated on 15 farmers’ fields. Soil 

moisture content during the growing season and agronomic parameters (Days to maturity, hundred seeds weight, biomass, and 

grain yield of maize) were determined. Analysis of Variance (ANOVA) was carried out to test the main and interaction effect of 

the treatments. Results showed that soil bund increased soil moisture availability during the entire growing period, which may be 

related to the likely reduction in surface runoff and increase infiltration. Consequently, the maize yield and most of the yield 

components were significantly increased due to soil bund. On average, soil bund increased maize grain yield from 5998 kgha
-1 

to 

6668 kgha
-1

with a corresponding increase in biomass from 13973 kgha
-1 

to18056 kgha
-1

. Also, significantly higher maize grain 

(6783 kgha
-1

) and biomass (18256 kgha
-1

) yield were obtained due to intercropping of maize  with haricot bean than sole maize, 

which resulted in 14831 kgha
-1 

biomass and 5882 kgha
-1 

grain  yield. Because of the higher soil moisture during the grain filling 

period with soil bund, which extended days to maturity has led to the increased hundred seeds weight, biomass, and grain yield. 

Therefore, the use of soil bund and intercropping of maize with haricot bean have a potential for increasing crop productivity. 

However, as this is based on a single year data, further investigation is needed to establish undisputed evidence base to 

recommend the practices as a strategy to reverse land degradation, increase productivity and build resilience and increase 

adaptation to shocks such as climate change.  
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1. INTRODUCTION 
 

Land degradation is a serious global problem. Loss and 

degradation of this natural resource is widespread, particularly 

in developing countries like Ethiopia. Of the world’s 8.7 

billion ha of agricultural land, pasture, forest and wood land, 

nearly 2 billion ha (22.5%) have been degraded since 1950, 

and 5-10 million ha (0.36–0.71 %) of global arable land) are 

lost every year due to severe degradation (20). If such trend 

continues; 2.8 percent of the total agricultural, pasture and 

forest land will be lost by the year 2020 (10). The immediate 

consequence of land degradation is reducing crop yields, 

which leads to economic decline and increasing social stress 

(33; 19).  
 

Soil erosion affects an estimated 1,100 million hectares of 

land worldwide and transport of soil to the oceans each year. 

Similarly, soil erosion is one of the principal environmental 

problems in Ethiopia resulting in reduction of productivity of 

arable lands. About 1.5 billion tons of soil is lost from 

Ethiopia and Eritrea alone per year (19) and 2 million hectares 

of land in Ethiopia has been severely degraded. An annual 

yield reduction of 1-2 percent is estimated due to soil erosion 

in Ethiopia (19). Erosion removes the most productive portion 

of the soil, that is, the chemically active part such as organic 

matter and clay fractions. It also causes a deterioration of soil 

structure, moisture holding capacity through lowering soil 

depth, increasing bulk density, soil crusting, and reducing 

water infiltration. 

 

Soil fertility decline due to soil erosion and crop uptake is 

among the manifestation of land degradation prevalent in Sub- 

Saharan Africa (SSA). Soil erosion, which affects about 30 % 

of the cropland, leads to a grain loss of about 7,000 tons per 

year in Ethiopia (5). Soil erosion is a serious problem in 

Western Ethiopia, due to intense rain storms, steep slopes, and 

low infiltration capacity of the soil and high volumes of 

runoff. It has also been indicated that nowhere is the severe 

effect of poverty and environmental degradation more evident 

than in Ethiopia (12). Consequently, maintenance of soil 

fertility and organic matter content has become a major issue 

for agricultural research and development in Sub-Saharan 

Africa (7). 
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To reverse the current trend of soil fertility decline, there is an 

urgent need for adopting economically viable soil 

conservation measures. Crop water productivity modeling 

approach, that maize grain yield can increase from 2.5 Mg ha
-1

 

to 6.4 and 9.2 Mgha
-1

 under poor, near optimal and non-

limiting soil fertility conditions, respectively (9). The crop 

yield from rain fed agriculture in sub-Saharan Africa remains 

low, although the potential is high especially in areas 

receiving ample rainfall (9). 

 

Soil bund is among the commonly used measures to overcome 

soil erosion and nutrient depletion (19). Soil bunds are ridges 

and ditches made of soil, dug across the slope along the 

contour and they are used to prevent run-off, conserve soil and 

water, applied to maximize infiltration, drain excess water 

from rainstorms and to retain moisture in the soil, allowing 

chemical fertilizers to be used effectively (34).  

 

Maize is the main staple food in world diet (3). Between 15 

and 18 million persons may depend on the production of corn 

for their livelihood. World production of corn averages 450 

million metric tons a quarter of global grain production (13). 

The use of maize in Ethiopia has doubled between 2003 and 

2012 and the yield was 3.23 tons per hectare and is produced 

two million hectares of land which is the largest of crop 

harvest in Ethiopia (Ethiopian Herald, November 27, 2014). 
 

Farmers in Africa traditionally practice intercropping to 

achieve greater land productivity and as insurance in case one 

fail (35). Intercropping is a type of mixed cropping and 

defined as the agricultural practice of cultivating two or more 

crops in the same space at the same time. In Ethiopia, farmers 

intercrop maize and sorghum with sesame, haricot-bean, sweet 

potato, mustards and other cereals depending mainly on the 

region (16). 

 

 In addition to fixing atmospheric nitrogen, leguminous plants 

play a significant role in conserving NO3 (8; 36). It is well 

recognized that legume can add organic N and their residues 

contribute to the improvement of soil structure and microbial 

activity. Food production practices through an integrated 

approach of cultivating intercropping practices for sweet corn, 

maize with legumes (haricot bean) and organic farming to 

minimize the dependence on mineral fertilizers (14).  

 

Inclusion of grain legumes or green manure legume crops in 

rotation with corn can protect degradation of soil fertility, 

improve soil structure, water holding capacity and result in 

greater productivity and higher income, while minimizing 

production risk and ensuring long-term sustainability, as well 

as ensure a greener environment(26).  Indeed, legumes have 

been proven to be commendable in terms of their positive 

effects to improve soil health for productivity of crops (14).  

 

The availability of water is one of the most important factors 

determining productivity in cereal legume intercropping 

systems in Arjo areas. The amount of rainfall received in a 

particular area is only an indication of the potential of such an 

area to support crop production (9). The effects of landscape 

position, crop type and variety, and agronomic management 

practices, such as method of planting, tillage frequency and 

use of compost, on land and water productivity of the crop-

livestock system in the Blue Nile basin are important factors 

determining crop productivity. 

 

Soil erosion in Arjo District is a serious problem due to 

intense rain storm, continues cultivation of crops, over 

grazing, steep slopes, poor soil infiltration capacity and high 

volumes of runoff. High volumes of runoff, washes the upper 

top soil as a result of which fertility of top soil is declining 

(personal communication with District DA). This leads to low 

crop productivity and food insecurity in the area. Although 

there is an ongoing attempt by the agricultural extension 

system to introduce soil and water conservation measures, soil 

bund being the dominant practice implemented and there is 

dearth of information on the effects of soil bund and inter 

cropping on crop productivity in the area.  

 

Therefore, the goal of this study is to investigate the effects of 

soil bund and legume (haricot bean) intercropping and their 

interaction effects on productivity of maize and soil moisture 

availability at Didessa Kebele, in the lowland areas of Arjo 

District in Western Ethiopia. 

 

 2. MATERIALS AND METHODS 
 

2.1. Description of the study site 
 

The study was conducted in Didessa Kebele, close to Didessa 

River and around Arjo Didessa Sugar Factory in South-

western part of the Abbay River. Geographically located 

between 09
0
10’N and 09

0
0’N latitude and 36

0
10’E and 

36
0
30’E, longitude, about 370 km from Addis Ababa and 

48km from Nekemte town to the West in the Arjo Districts of 

Eastern Wollega Zone of Oromia Regional States. The area 

shares boundaries with Bunno Bedele Zone in the West, 

Getema District in the East, Chewaka District in the North and 

Leka Dulecha in the South (23).  

 

Didessa Kebele is one of the 18 Kebeles in Arjo District. The 

study areas was selected by researchers purposively based on 

the vulnerabilities of the land degradation due to soil erosion, 

gradient of farming types and varying socioeconomic 

conditions (10). The dominant soil color of the area is red in 

the middle altitude, and black in the low land and generally 

classified as Acrisols and Alisols, with some occurrence of 

Vertisols and Nitosols (10). 

 

The area receives bimodal rainfall pattern with short rainy 

season from March to April and main rainy season from June 

to September. The mean annual rainfall ranges between 1376 

and 2007mm (DOA, 2010, unpublished report). The study 

area has an average rain fall and temperature of 1900mm and 

31
0
c respectively. The study area covering a total of 139,389 

ha has variable agro ecology. The major crop is maize 

followed by sorghum, sesame and finger millet in mid and low 

altitude agro-ecologies while teff, finger millet, and niger seed 

are major crops in representative highland agro-ecology 

(WOA, 2016, unpublished report).  

 

2.2. Socio-economic features and farming system 
 

Farmers, commonly practice crop rotation cultivation in the 

area. Mango trees (Mangiferaindica L) and Eucalyptus 

(Eucalyptuscamaldulensis) is common especially at lower 
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land agro-ecology as cash crop. Honey bee production for 

food and market is common in the forest found at eastern part 

of the watershed. Timber production for home construction 

and market are common (23). 

 
High population pressure exists in the mid altitude where 

human beings were settled first and in low land areas, the 

distribution of population was low and scattered. According to 

Agriculture Bureau, Arjo District has a total population of 

about 33,695over 90 % of which are dependent on agriculture 

for livelihood (6; 23).  

 

Cultivation in steep slopes which aggravates soil erosion and 

plant nutrient depletion decreased soil fertility caused by soil 

erosion and crop uptake are major limiting factors for crop 

production and crop productivity in the area (38).  In response 

to productivity decline, farmers open a new agricultural land 

which increases deforestation. Maize, sesame and finger millet 

are the dominant crops (23). Crop production and animal 

husbandry are the two agricultural practices in the Districts 

(Arjo Didessa Agricultural Office, 2016). The main crops 

grown in the study area are; Teff (Eragrostistef) Finger millet, 

Noug(Guizotiaabyssinica), Faba bean (Viciafaba) and 

Barely(Hordeumvulgare) in the middle altitude and Maize, 

Sorghum, Seasam (Sesamumindicum L) and Haricot bean are 

grown in the low land areas (38). 

 

2.3. Treatments and Experimental Design 

 
From the total of 18 Kebeles of the District, Didessa Kebele 

was selected for the study. For experimental work 30 farmers’ 

plots a quarter of a hectare each, were randomly selected and 

the experimental protocol was as follows: 

I. Fifteen farm plots were with soil bund, and each plot 

was sub divided into two equal parts, one for sole 

maize and another one for maize inter cropped with 

haricot bean. 

II. Fifteen farm plots were without soil bund and each 

plot was sub divided into two equal parts: one for 

sole maize and another one for maize inter cropped 

with haricot bean 
 

Four treatments including:  

(1) pure stand maize on a plot without soil bund (T1) 

(2) pure stand maize on a plot with soil bund (T2) 

(3) maize intercropped with haricot bean on a plot with 

soil bund (T3) 

(4) Maize intercropped with haricot bean  on a plot 

without soil bund (T4) 
 

The treatments were arranged in a split plot design where soil 

conservation practice (soil bund) was the main plot and 

cropping system (intercropping) was the sub-plot factor with 

15 replications (Figure 1). 

 

Main plots Subplots 

 

 

Intercropped 

 

 

x15 

Sole maize 

 

 

x15 

 

Intercropped 

 

 

x15 

Sole maize 

 

 

x15 
 

Figure 1: Experimental design 

2.4.   Land preparation and agronomic practices 
 

The experimental plots were prepared by farmers following 

their traditional practices such as two to three times tillage. 

Those having soil bund already constructed on their land  did 

maintenance and repair supported by the Technical Staff from 

the District Office of Agriculture, while those who were 

selected for the treatments involving soil bund, but did  not 

have soil bunds on their land constructed new ones following 

the guidelines provided by the Office of Agriculture. Maize 

Hybrid (BH543), which is adapted to the agro-ecology of the 

area (22), was planted at 75 cm x 60 cm spacing while Haricot 

bean (Nasir) was planted at 37.5 cm x 30 cm spacing. 

Intercropped maize was 75 cm from maize to maize and 37.5 

cm from maize to haricot bean rows in arrangement. Two 

seeds planted per hill for both maize and haricot bean, but 

haricot bean was planted at 36-40 day’s interval after maize 

planting. 
 

Nitrogen-phosphorous-sulfur (NPS) fertilizer was applied (100 

kgha
-1

) at planting and Nitrogen in the form of UREA was 

top-dressed (100 kgha
-1

) at about 36-40 days after planting. 

Weeding was done by hand three times for all plots and 

harvesting was done after crop maturity and leaf senescence. 
 

2.5. Monitoring soil moisture 
 

Soil sample was taken from all plots at 0-60cm depth every 

fifteen days throughout the study periods for gravimetric soil 

With soil bund 

  15 

Without soil bund 

 15 
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moisture content determination. The soil moisture content was 

determined by drying the soil to constant weight and 

measuring the soil sample mass after and before drying. The 

water mass was calculated as the difference between the wet 

and oven dry samples. 

 

This was done as follows: initially weighing the field samples 

(10 g) using sensitive balance and drying the field samples at 

105
0
c for 48hours in the oven and weighing them again. The 

percentage of water held in the soil was calculated as the 

weight difference of the field and oven-dried soil divided by 

weight of soil sample before oven dry, multiplied by 100 

(Equ. 1) 
 

% 𝑀𝐶

=
𝑊𝑒𝑖𝑔𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 − 𝑂𝑣𝑒𝑛 𝑑𝑟𝑖𝑒𝑑

𝑊𝑒𝑖𝑔𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑒𝑓𝑜𝑟𝑒 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦
× 100___________________________𝐸𝑞𝑢. 1 

 

And the soil moisture content changed into (mm/depth), 

according to the following equation form (http://www.bulk 

density calculator.com): 

 

𝑆𝑜𝑖𝑙𝑚𝑜𝑖𝑠𝑢𝑟𝑒𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑚𝑚 = 𝑀𝐶 × 𝐵𝐷 × 𝐷𝑒𝑝𝑡, 
 

Where, MC= Fraction of soil moisture content, BD=Bulk 

density (g/cm
3
) and mm= millimeter 

 

2.6. Agronomic Data Collection 

 

Agronomic data recorded included planting date, date of 

weeding, days to 50% flowering, days to maturity,  number of 

cob and number of fertile cobs  per plant and number of seeds 

per cob were recorded taking five plants randomly. 

 
 Days to maturity (DM): It was recorded as the number of 

days after sowing to the formation of a black layer at the point 

of attachment of the kernel with the cob. 

 

Yield and yield components 

 

Biomass: It was calculated at harvesting stage by measuring 

the biomass using spring balance from three randomly 

selected samples using a 2mx2m quadrant at each plot. Then 

about 5kg from each plot was taken to laboratory after making 

the average to calculate dry biomass. 

 

Moisture content of the straw: was calculated by taking 

about 20 g weight and oven drying at 65
o
c for 48 hours and 

oven-dried biomass were recorded again to get %moisture 

straw. 

 

% 𝑺𝑴

=
𝑭𝑩 − 𝑶𝑫

𝑭𝑩
× 𝟏𝟎𝟎_________________________________________𝑬𝒒𝒖. 𝟐 

 

Where, SM= Straw Moisture, FB =fresh biomass, OD=oven 

dried biomass 

 

Hundred seeds weight: This was determined by counting 

seeds randomly from each yield sample used for grain yield. A 

total of 300 oven dried seeds were counted by hand, weighed 

using sensitive balance and then divided by three. 

 

Grain yield: Grain yield from 2 m x 2 m per plot was 

measured using electronic balance and then adjusted to 12.5% 

moisture and converted to hectare basis after oven drying the 

samples. 

 

Harvest index: This was calculated from ten-plant sampled at 

each plot and calculated as (seed weight/total sample weight) 

x100. 

 

2.7. Data analysis 

 
The data was subjected to analysis of variance (ANOVA) 

using SAS software (SAS, 2004, version 9.1). Least 

Significance Difference LSD (5%) was used to separate the 

means when the analysis of variance indicated the presence of 

significant difference (Gomez & Gomez, 1984).  

 

3. RESULTS AND DISCUSSION 

 

3.1. Effects of Soil bund and intercropping on yield and 

yield components of maize 

 

3.1.1. Effects on days to flowering and days to maturity 

 

Soil bund and intercropping have no significant effect on date 

of flowering (Table 1).  This means that using either soil bund 

or intercropping did not bring difference on flowering 

variation on maize crop.  Unlike days to flowering, early cob 

and early formation of kernel are indicators for good 

performance.  

 
Soil bund had highly significant effect (p<0.001) on days to 

physiological maturity (DPM) and harvesting maturity (DHM) 

(Table 1). Intercropping which was the second treatment 

factor for this experiment also has significant effect on the 

date of maturity and it extends the date of crop maturity (Table 

1).  

 

Also, there was significant effect on date of maturity and 

delayed maturity of crops observed as soil bund and maize 

intercropped with haricot bean interacted (Table 2). The 

maximum day to reach maturity was 167 days from 

intercropped plots with soil bunds, while the minimum 160 

days was recorded from the sole maize without soil bund.  It 

was due to early senescence physiological activities of plants 

that grew without soil bund and low moisture contents. Plants 

in the control treatment matured at the earliest, while plants in 

the soil bund showed delayed maturity. The same was 

observed by (3) who reported that maturity day of crop was 

based on soil moisture availability. These results are 

corroborated with the observation of (2) who reported that, the 

maturity days of crops and physiological maturity increase 

with increases in soil moisture content. As a result, the yield of 

plots with intercropped and soil bund was higher than the plots 

with sole maize and without soil bund.  

 

As soil bund conserves water for plant growth, more average 

number of seeds per cob, which gave high crop yield per 

hectare and seed quality as indicated in Table 3. This moisture 
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conserving benefits of soil bund was not only increasing the  

yield by extending maturity, but it also increased soil moisture 

contents by reducing soil erosion and avoid sediment loss by 

reducing water runoff. This finding goes well with the studies 

of (21), who reported that conservation agriculture can reduce 

runoff and nutrient loss. Thus soil bund and intercropping 

maximize infiltration, to drain excess water from rainstorms 

and to retain moisture in the soil as reported by (2). 

 

Table1: Effects of soil bund on days to flowering and maturity on maize crop at Didessa Kebele. 

 

Treatment 

 

 

Days to flowering 

 

Days to maturity 

Conservation measures     

With soil bund 65 167
a
 

Without soil bund 66 160
b
 

LSD (5%) NS 2.89 

CV (%) 4.06 3.42 

Cropping system     

 Intercropped 65 164 

Sole maize 65 162 

LSD (5%) NS NS 

CV (%) 4.06 3.42 

Means within the same column or row followed by the same letter are not significantly different. 
 

 NS= Not significance difference 

 

3.1.2. Interaction effects of soil bund and intercropping on 

days to maturity 

 
Interaction effects of soil bund and intercropping effects, on 

days to maturity of maize crop at Didessa Kebele is presented 

in Table 2. Soil bund and intercropping have significant 

effects on crop maturity and seed quality. Increased soil 

moisture, can increase maize biomass production significantly 

(23). The results further showed that, the maturity day of 

maize was delayed under intercropping system when 

compared to sole cropping system. 

It is thus concluded that, days to maturity was significantly 

different with interaction of soil bund with intercropping 

(Table 2), but there was no significant found on days to 

flowering. Intercropping reduces raindrops and increases 

infiltration capacities and moisture contents of soil for crops to 

mature late and   grow longer. Further, intercropping reduces 

diseases, weeds and crop failure and increases crop 

productivity. More similar observation has been made by (32), 

who reported that, intercropping suppressed the growth of 

weeds and increased production thereby increased income 

than the sole crop.  

 

Table 2: Interaction effects of soil bund and intercropping effects, on date of flowering and maturity maize crop at Didessa 

kebele. 

 Days to flowering Days to maturity 

Conservation 

measures 

Intercropp

ed 

Sole 

maize Mean 

Intercropp

ed 

Sole 

maize Mean 

With soil bund 64 65 65 

 

168 165 167
a
 

Without soil bund 66 65 66 160 159 160
b
 

LSD, (5 %)   NS   2.89 

CV (%)   4.06   3.42 

 

Means within the same column or row followed by the same letter are not significantly different at 95% confidence limit. 

NS= not significantly. 

 

3.2. Effects of soil bund on agronomic parameters 

 
One of productivity indicators for maize is number of fertile 

cob per plant, which gives end output yield. Higher average 

number of fertile cob per plant gives higher yield per plant and 

per hectare. While this finding confirms that soil bund gives 

more number of fertile cobs (1.53 cobs/plant) than control 

plots (1.17 cobs/plant) (Table 3), the same trend was observed 

for intercropping also. This finding is also in line with the 

trend observed by (20) who reported that “the grain yield is 

the magnitude of hundred grain weight, number of grains per 

cob and biological yield and the potential of a crop yield 

depends upon its yield contributing factors, such as hundred 

grain weight of the crop”. 

 

Unlike average number of fertile cob per plants, average 

number of seeds per cob was not significant for soil bund but 

it was highly significant for intercropping which was 642 and 

586 for intercropping and control plots respectively at 95% 

confidence interval (Table 3). 
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The average number of cob per plant was analyzed and the 

results indicated that, no significant difference was found for 

both treatments. Average number of cobs per plant was, 2.67 

for soil bund and 2.4 for control plots, whereas, 2.6 for 

intercropping and 2.47 for control plot at LSD (5%), (Table 3). 

 

Table 3: Mean effects of soil bund and intercropping on average number of cob, fertile cob and average number of seed per cob of 

maize crop collected at Didessa Kebele /2017/2018 

 

Treatment Number of cobs per 

plant 

Number of fertile cobs 

per plant 

Number of seeds 

per cob 

Conservation measures       

With soil bund 2.67 1.53
a
 613 

Without soil bund 2.4 1.17
b
 616 

LSD (5%) NS 0.155 NS 

CV (%) 19.96 22.18 10.94 

Cropping systems       

Intercropped 2.6 1.53
a
 642

a
 

Sole maize 2.47 1.17
b
 586

b
 

LSD (5%) NS 0.155 34.8 

CV (%) 19.96 22.18 10.94 

 

Means within the same column or row followed by the same letter are not significantly different at 95% confidence limit. NS= not 

significantly. 

 

3.3. Interaction effects of soil bund and intercropping on 

some agronomic parameters 

 
The interaction between soil bund and intercropping is highly 

significant only for the number of fertile cob per plant. There 

was no significant interaction on number of cob and average 

number of seeds per plants between soil bund and 

intercropping (Table 4).Number of seeds per cob and average 

number of cob were the only parameter which was not 

affected by the interaction treatments. The interaction between 

soil bund and intercropping was highly significant for the 

number of fertile cob per plant, since grain yield is the 

magnitude of hundred grain weights, number of grains per cob 

and biological yield, and the potential of a crop yield depends 

upon its yield contributing factors, such as hundred grain 

weight of the crop. 

 

Table 4: Mean interaction effects of soil bund with intercropping on average number of cob, fertile cob and average number of 

seed per cob of maize crop. 

 Number of cobs per plant Number of fertile cobs per plant Number of seeds per cob 

Treatment Cropping systems 

Conservation 

measures 

Intercropped 

Sole 

maize Mean 

Intercropp

ed Sole maize Mean 

Interc

roppe

d 

Sole 

maze Mean 

With soil bund   2.67 2.67 2.67 1.8    1.27 1.53
a
 641 584 613 

Without soil 

bund 

  2.53 2.27 2.4 1.27   1.07 1.17
b
 643 589 616 

LSD, (5%)   NS   0.16   NS 

CV (%)   19.96   22.18   10.9 

 

Means within the same column or row followed by the same letter are not significantly different at 95% confidence limit. 

NS= not significantly different. 

 

3.4. Effects of soil bund and intercropping on biomass and 

grain yield of maize 

 
Both biological and physical land management practices are 

the two important parameters, one supports the other, and one 

without the other is not as much effective in improving 

cropland productivity. However, application of a set practice 

of biological and physical land management practices on the 

farmland simultaneously would have improved cropland 

productivity (Table 5). This is the reason why we constructed 

soil bund and applied intercropping together to improve maize 

crop productivity through land intensification.  

The soil bund plots gave high biomass (18056kg ha
-1

) and 

highly significant (p<0.0001) as compared with that of the 

control plots (13973kgha
-1

). Also, biomass obtained from 

intercropping was 17642kg ha
-1

 which is significantly 

different as compared to plots without intercropping (14745kg 

ha
-1

). A similar observation was made by (29) that, the 

cultivation of nitrogen fixing and non-nitrogen fixing crops 

would increase productivity than sole cropping system either 

nitrogen fixing or non-nitrogen fixing crops. 

 

The interaction between soil bund and intercropping was 

significant for the biomass production (Table 6). This 
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indicates that the magnitude of the difference between soil 

bund treatments and intercropping depend on intercropping 

system, and vice-versa. The percentage   increase of biomass 

between treatment and control maize cropping plots was 

29.2% and 20 %respectively both for soil bund and 

intercropping plots (Table 5), and 36.8 % for interaction 

treatments over control plots (Table 6).The same was true for 

grain yield which were, 11.2 % and 15.3 % grain yield 

increased due to soil bund and intercropping treatment over 

control plots respectively as indicated in Table 5. Also the 

same was reported that, biomass yield of wheat, maize and teff 

increased with increased level of treatments (9). The same 

observation was also reported (18) that, the level of soil bund 

without any agronomic or biological techniques showed 

decreased production. 

 

Table 5: Effects of soil bund and intercropping on biomass and grain yield 

Treatment Biomass 

(kgha
-1

) 

Grain yield 

(kgha
-1

) 

Percent’s increased due to treatment 

 

Conservation measures   Biomass Maize grain yield 

With soil bund 18056
a
 6668   

Without soil bund 13973
b
 5998   

LSD (5%) 1682 NS   

CV (%) 20 23 29.2 11.2 

Cropping system     

intercropped 17642
a
 6783

a
   

Sole maize 14745
b
 5883

b
   

LSD (5%) 1682 806   

CV (%) 20 23 20  15.3 

 

Means within the same column or row followed by the same letter are not significantly different at 95% confidence limit. 

NS= not significantly different. 

 

The highest maize yield (6783 kgha
-1

) was obtained from 

intercropping treatments (Table 5). Intercropping maize with 

haricot bean increased the yield and that was the main reason 

why maize intercropped with haricot bean to increase the 

maize yield.  The grain yield of maize consistently increased 

as the total biomass increased. According to (29), 

intercropping increases yield and crop productivity as well as 

avoid crop failure, which confirmed the present finding. Also 

(29) reported that, the mixing up of nitrogen fixing crop and 

non-fixing crop give great productivity than sole maize 

cropping. Maize yield obtained from intercropping was higher 

as compared to sole cropping systems, which were 6783kgha
-1

 

and 5883kgha
-1

 respectively. Also (18) reported that, the level 

soil bund without any agronomic or biological techniques 

showed decreased production. At the end, for interaction 

effects of soil bund with intercropping, no significant effect 

was found on yield. Also, even if it was not significant, the 

treatments increased the yield by 6.2 percent, as compared to 

sole maize cropping systems (Table 6). 

 

Table6: Interaction effects of soil bund and intercropping on biomass and grain yield of maize 

 

Main plot* sub plot Biomass (kgha
-1

) Grain yield (kgha
-1

) 

Treatment  

Conservation 

measures Intercropped 

Sole 

maize Mean Intercropped 

Sole 

maize Mean 

With soil bund 19256 17510 19114
a
 7178 6157 6668 

Without soil bund 15794 12152 13973
b
  6387 5609 5998 

LSD (MP), (5%)   1681   NS 

LSD (SP), (5%)   1682   NS 

CV (%)     20   20 

 

Means within the same column or row followed by the same letter are not significantly different at 95% confidence limit. 
 

NS= not significantly different, *= interaction treatment 
 

In terms of sustainability, these treatments would have long-

term positive and significant impacts on agricultural 

productivity as compared to the sole application of crop 

managements without intercropping and without soil bund.  

Results showed that, yield components of maize were 

significantly affected by the application of different integrated 

soil fertility management practices. Maize grain yield and total 

biomass were significantly responded to the application of 

different soil and crop productivity improvement and methods 

of crop management methods as indicated in Table 5 and 6. 

This suggests that to intensify land and to increase crop 

productivity, an interaction treatment of soil bund with 

intercropping was mandatory for small land holder of 

households’ like Arjo Districts and it can hold true for similar 

ecological conditions like the study site.  
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Figure 2: Maize grain harvested from a trial plot 

 

3.5. Effects of soil bund and (haricot bean-maize) 

intercropping on harvest index and kernel weight of maize 

Harvest index 

The harvest index which was used to assess crop efficiency 

and forecast grain yields was recorded as 32.78% for soil 

bund, and 32.36% for plots without soil bund, whereas, 33.03 

% and 32.11 % were recorded for intercropped and sole maize 

cropping systems(Table 7). For interaction treatments, 32.78 

% was obtained for treatments and 32.36 % was for control 

plots (Table 8). The harvest index was insignificantly different 

for all the treatments; both soil bund and intercropping. It was 

also true on interaction effects of soil bund and intercropping 

systems. The harvest index for both treatments and control 

plots was between 30% and 50% (Table 7 and 8). With similar 

fashion (27) indicated that, the average harvest index was 

ranging between 30 and 50%.  

 

Kernel weight 

Soil bund and intercropping had significant effects on kernel 

weight of maize, as indicated in Table 7. It was significantly 

different for soil bund effects on hundred seed weight which 

were 36 g and 33 g, respectively for soil bund and plots 

without soil bund (Table7). While considering subplot 

treatments, it was highly significant (p<0.0002), for 

intercropping effects on hundred seed weight which were, 36 

g and 32 g, respectively for intercropping and sole cropping 

systems (Table 7). 

The interaction effects of the two factors did influence kernel 

weight of maize. When the soil bund interacted with 

intercropped, the hundred seed weight was affected as 

compared with control plots which were 36 g and 33g 

respectively, which indicated that hundred seed weight, was 

significantly different as indicated in Table10. Also (23), 

repeated an increased kernel weight with increasing moisture 

level and formation of more leaf area which might have 

intercepted more light and produced more carbohydrates in the 

source which was probably 35 % trans-located into the sink 

(the grain) and resulted in more increased kernel weight than 

the control. 

 

Also soil bund contributed enhanced growth period that 

increased seed quality and a legume and also contributed in its 

nitrogen content and covers the grounds to reduce runoff, 

which hinders rain drop impacts. Thus increased kernel 

weights imply the contribution of many implications in this 

component, which means that, it was the output of interaction 

effects of soil bund and legume (haricot bean). Thus, soil bund 

contributed soil moisture content whereas haricot bean 

contributed to reduce runoff and reduced weed competition 

and crop failure. “The grain yield is the magnitude of hundred 

grain weight, number of grains per cob and biological yield 

and the potential of a crop yield depends upon its yield 

contributing factors, such as hundred grain weight of the crop” 

(20). 
 

Table7: Mean Effects of soil bund and intercrop on hundred Seed weight and harvest index 

Treatment Hundred seed weight (g) Harvest index (%) 

Conservation measures     

With soil bund 36
a
 33 

Without soil bund 33
b
 32 

LSD (5%) 2.13 NS 

CV (%) 12 14 

Cropping system     

 Intercropped 36
a
 33 

Sole maize 32
b
 32 

LSD (5%) 2.13 NS 

CV (%) 12 14 

Means within the same column or row followed with the same letter are not significantly different. NS= not significantly 
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Table8: Mean of interaction effects of soil bund and intercropping on average hundred seed weights and harvest index 

 

 

Means within the same column or row followed by the same letter are not significantly different at 95% confidence limit. 

NS=not significantly different, *= interaction treatment 

 

3.6. Time of intercropping effects on haricot bean yield 

 
Haricot bean had showed good vegetative growth but mostly 

failed to bear seed due to shade effect of maize. This shows 

that, it was not suitable time for intercropping. As local people 

suggested, planting haricot bean simultaneously with maize 

gave better yield. And also, simultaneously planting maize and 

haricot bean doesn’t influence maize grain yield. Late planting 

of haricot Bean negatively affects yield from haricot bean. 

Also ((24); (28)) reported that, simultaneous planting of maize 

and sweet potato have not influenced maize grain yield, 

whereas late planting of sweet potato negatively affects maize 

yield. 

 

3.7. Effects of soil bund on soil moisture  

 
The moisture content of the soil of the study area is presented 

in Figure 6-8. The results showed that the moisture content of 

the soil varied between the farmland with soil bund and 

without soil bund. The sum of soil moisture content for both 

treatments was 74 mm and 59 mm, respectively at 0-60 cm 

depth of soil sampled. At the end of the rainy season also, 

there was enough soil moisture for crop growth, which was 27 

mm and 16 mm, respectively. The maximum soil moisture 

content recorded for soil bund were 43 mm and 31 mm for 

both the depths, while 41 mm and 24 mm were maximum soil 

moisture recorded for the control plots.  Highest soil moisture 

was recorded during August and September months during the 

main rainy season. Also soil moisture content not only varied 

between treatments, but also based on the landscape as 

reported by (11), the location, the landscape positions, 

methods of planting, are among the factors that significantly 

affected the physical water productivity. 

 

30-60 cm depth was considered necessary to take soil sample 

when rain fall had ended in the rainy season. Soil moisture 

content all in all was found above the water field capacity for 

the depth of 30-60 cm sampled from the soil bund plots, 

whereas, for the  control plots even for 30-60 cm depth, soil 

moisture availability was mostly found below the  field 

capacity (Figure 3 and 4).  

 

The reason for higher moisture content of soil from soil bund 

farmland might be due to the fact that, the soil bund reduces 

the runoff water and allowing more time for water to infiltrate, 

and the bund minimizing the soil erosion and conserving the 

soil moisture on site. The higher moisture content under soil 

bund management was therefore, the result of reduced water 

velocity and enhanced infiltration rate during rains and 

enriches underground water potential.  

 

In addition, intercropping reduces water runoff, and as crops 

covering land, it reduces rain drop impacts on soil nutrient 

depletion, and thereby increasing the crop productivity. The 

residues and the root system of legume interact with soil bund, 

thereby preventing soil erosion and increasing the infiltration 

capacity of the soil and maintaining the soil moisture content 

as reported by (29). 

 

As rain fall is uncertain at all times, water conservation and 

cop managements practices are the best options to increase 

agricultural production and productivity, and this is in 

accordance with the reports of (31) who reported that as 

developing countries like Ethiopia depends on rain fed 

agriculture, there is an imperative need to increase soil 

moisture content which will increase crop production and 

productivity. Also (4) reported that, rain making is impossible, 

but ensuring water availability to crops is possible through 

water conservation practices.  

 

Soil moisture content in soil has many advantages. Soil 

moisture increases maturity days of maize.  Increased days of 

maturity can influence effective filling of grains per cob to 

have large sized seeds resulting in increased yield. As the 

same reported by (25) that, total dry matter yield increased 

significantly with increasing soil moisture availability.  

 

 

Main plot*Sub plot Hundred seed weight (g) Harvest index (%) 

Treatment 

Conservation measures Intercropped 

Sole 

maize Mean 

Intercropped 

 

 

Sole maize Mean 

With soil bund 38 33 36
a
 34 31 33 

Without soil bund 35 31 33
b
 32 33 32 

LSD (MP), (5%)   2.13   NS 

CV (%)   12   14 
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Figure 3: Soil moisture content at 0-30 cm as affected by the use of soil bund during the growing periods of maize. 

 

 
 

 

Figure4: Soil moisture content at 30-60 cm as affected by the use of soil bund during the growing periods of maize 

0

5

10

15

20

25

30

35

M
ay

Ju
n
e

Ju
ly

A
u
g
u
st

S
ep

te
m

b
er

S
ep

te
m

b
er

O
ct

o
b
er

N
o
v
em

eb
er

N
o
v
em

b
er

D
ec

em
b
er

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

S
o
il

 m
o
is

tu
re

 c
o
n
te

n
ts

 (
m

m
)

Moisture collection periods

With Soil bund

Without soil bund

Field capacity

0
5

10
15
20
25
30
35
40
45
50

May June July Aug Sept Sept Oct Nov Nov Dec

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

S
o

il
 m

o
is

tu
re

 c
o

n
te

n
t 

(m
m

)

Moisture collection periods

With Soil bund

Without soil bund

Field capacity

International Journal of Engineering Science and Computing, November 2018                            19322                                             http://ijesc.org/ 

http://ijesc.org/


International Journal of Engineering Science and Computing, November 2018                            19322                                             http://ijesc.org/ 

 
Figure 5: The sum of soil moisture content at 0-60 cm as affected by the use of soil bund during the growing periods of maize. 

 

3.8. Using some biological measures to increase 

effectiveness of soil bund 

 
Marga Dashoo or Dasho Grass (Pennisetum pedicellatum) 

which was planted on the side of bund to reduce soil erosion 

and runoff, have reduced sediment loss by increasing 

infiltration and nutrient trapping. Dasho Grass, which was 

planted on this water conservation structures, had improved 

the soil physical structures. As reported by (15), who observed 

that introduction of soil and water conservation structures in 

the farm land can increase yield and improve soil fertility 

using improved grass with soil and water conservation 

structures. Some of the farmers are using Dasho Grass for 

animal fattening and they also sold it for income generation. It 

can grow throughout the year if farmers can adopt proper 

management strategies to protect the grass from cattle reach 

out. Also planting this improved grass around the lower parts 

of soil bund can increase the effectiveness of soil bund against 

soil erosion and makes soil bund to resist heavy rains, as 

reported by (1). Not only moisture conserving benefits, but 

also Dasho Grass can trap nutrients and reduce sediment loss 

and increases effectiveness of soil bund if used together with 

soil bund rather than using soil bund or Dasho Grass only 

(Takele Ulfina, DA of Districts).  
 

 
 

Figure 7: Dasho Grass (Pennisetumpedicellatum) planted on soil bund and effectiveness of soil bund with perennial grasses. 
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4. CONCLUSIONS 

 
Soil bund and haricot bean-maize intercropping significantly 

influenced productivity of maize. The increased yield of maize 

under soil bund was due to conservation of soil and water as it 

delayed the maturity, provided longer time for photosynthesis 

especially during grain filling stage. 

 

Soil bund influences agronomic parameters like days to 

maturity, number of fertile cobs, biomass, and hundred seed 

weights positively. Intercropping increased the number of 

fertile cobs per plant, number of seeds per cob, biomass, yield 

and hundred seed weight. 

 

The combined use of soil bund with haricot bean intercropping 

increased days to maturity, number of fertile cobs per plant, 

biomass and hundred seed weight, but no significant effect on 

date of flowering. 

 

The higher moisture content under soil bund was the result of 

reduced runoff and enhanced infiltration rate during rains. In 

addition, intercropping reduces runoff, and as crops covering 

land, it reduces rain drop impacts on soil detachment, and 

thereby increased crop yield. 
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