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Abstract.  Bean-maize (Phaseolus vulgaris L-Zea mays) intercrop is a common practice in southern Ethiopia. However, 
its effect on weed, productivity, and economic benefit has not been assessed. Climate change has significantly affected 
crop production in southern Ethiopia. Intercropping is used as a means to reduce the risk of climate change and sustain 
productivity and production. Agronomic and economic advantages of intercrops were evaluated over five years (2008-
2012) at Awassa. Three weeding practices (0, 1, and 2 weeding), and single (MB) and double (MBB) rows of bean 
alternated with one row of maize were used in complete factorial experiment using randomized complete block design. 
Sole crop bean (SB) and maize (SM) were included. Variability in rainfall influenced the effect of weeding and 
intercropping. Seasons with better rainfall had less weed but more pods plant

-1
, plant density, dry matter, bean and 

maize yield, energy value and economic benefit. Weeds in intercrop were 30% less compared with sole crop bean. 
Weed biomass was 16 and 30% less in MBB than SM and MB, respectively. Weeding increased plant height (16%), 
pods plant

-1 
(19%), grain (60%) and dry matter (38%) yields of bean, energy yield (56%), and monetary benefit (59%). 

Bean yield was 52 to 68% greater with weeding compared to the unweeded. In the dry year of 2011, weeding increased 
grain yields of bean and maize by 44 to 124% and 33 to 121% more than the unweeded, respectively. Maize yield varied 
between 43 and 66% with weeding compared with weed control. Bean yield and total land equivalent ratio (LER) in MB 
was 35 and 22% more than in MBB, respectively. Maize yield in MB was 15% lower than sole maize but 19% more than 
MBB. Energy yield and monetary benefit were 19 and 29% higher in MB than MBB, respectively. Intercropping resulted 
in LER of 20 to 67% yield benefit over sole crop and saved 38% more farm land. Overall, intercropping suppressed 
weeds and was more productive and economical than sole crop, which reduced risk of climate change and sustained 
crop production. This would benefit farmers in reducing the risk of climate change and alleviating food shortage.  
 
Keywords: Cropping system, maize, monetary benefit, Phaseolus vulgaris, productivity, weed management. 
 
 
INTRODUCTION 
 
Common bean is grown in an area of more than 244,000 
ha by more than 2 million smallholder farmers in Ethiopia 
(CSA, 2010). The wide range of growth habits of bean 
varieties enables the crop to grow well under different 
agro-ecological conditions. South, Oromiya and Amhara 
regions of Ethiopia are the major producing areas of 
common bean. Common bean occupies 7.6% of the total 
grain crop area and covers  5.51%  of  the  regional  total  

grain production (CSA, 2010). 
At the national level, bean plays a significant role as a 

commodity crop earning a considerable amount of foreign 
exchange for the country and cash for farmers (CACC, 
2003). Maize (Zea mays L.) and common bean 
(Phaseolus vulgaris L.) constitute vital components of the 
food consumed in many parts of Ethiopia. About 69, 9.3 
and 12.4% of the total  production  of  bean  is  used  for  

Journal of Agricultural and Crop Research 
Vol. 2(1), pp. 11-21, January 2014 
ISSN: 2384-731X 

Research Paper 



12            J. Agric. Crop Res. / Workayehu 
 
 
 
home consumption, seed and sale, respectively. Bean is 
consumed in traditional dishes, and dry beans are 
commonly prepared in the form of nifro (local name for 
boiled grain), mixed with sorghum or maize or with wasa 
(local name made from falls banana and common bean 
mixture) and wat (local names for sauce) and with Koch 
(local name made from falls banana). Fresh beans 
(mature and green beans) are a vegetable for local 
consumption and export, and are an important source of 
protein (22%). A more diverse diet that includes 
intercrops such as beans and vegetables should improve 
the nutrition of farmers and their families (Setegn and 
Legesse, 2010). 

Farm land holding is small and varies between 0.10 
and 0.50 ha (46.5% of the farmers in the region) followed 
by 25.4% of the total holders having 0.51 to 1 ha (CACC, 
2003). This led farmers to use multiple cropping mainly 
intercropping to increase yield per unit area and reduce 
the risk from crop failure due to climate change. 
Intercropping becomes a common practice in the 
southern region of Ethiopia (Getahun and Tenaw, 1990). 
Thus, farmers get additional income and alleviate food 
shortage period that occurs between May and July. 
Cereals mainly maize and sorghum are intercropped with 
pulse bean (Phaseolus vulgaris L.), faba bean (Vicia 
faba), and field pea (Pisum sativum L.) (Getahun et al., 
1991). About 57 to 100% of maize production area is 
intercropped in early and late belg (small rains) seasons 
and intercropped mainly with bean (54 to 71%). Another 
report also indicated that 85% of all sorghum in the 
eastern highlands of Ethiopia is intercropped with beans 
(Setegn and Legesse, 2010). 

Maize-bean intercropping is an integral part of the 
cropping system in small-holder farmers expecting better 
yield and weed suppression (Getahun and Tenaw, 1990), 
and provides balanced diet compared to the predominant 
cereal monoculture and gives high total productivity 
compared to sole crops of bean and maize. However, this 
results in crop competition in particular when moisture 
shortage prevails. About 55% of the farmers in the region 
reported shortage or unavailability of fertilizer, late supply 
and high price of fertilizers, and weeds as major 
production problems. Intercropping of non-cereals with 
legumes may be an alternative to reduce low soil fertility 
and weed infestation, and increase grain yield. Legumes 
in association with non-legumes help utilization of N fixed 
by legumes with substantial residual buildup in the soil.  

Weed management is commonly very labor intensive in 
smallholder agriculture and often constrains the land 
area that can be farmed and inadequate weed control is 
often a major constraint to yield (Wortmann et al., 2009). 
Crop suppression of weeds is an important component of 
weed management. Weeds are commonly more suppressed 
by crop competition with intercropping compared with sole 

cropping (Getachew et al., 2007; Odhiambo and Ariga, 
2001; Moynihan et al., 1996).  

Various studies showed that intercropping is beneficial 
in increasing land productivity (Weil and McFadden, 1991),  

 
 
 
 
light interception (Ennin et al., 2002), income (Niringiye et 
al., 2005; Mandal et al., 1990), suppressing weeds 
(Baldev et al., 2004; Musambasi et al., 2002; Moynihan et 
al., 1996), and reducing erosion hazard (Setegn and 
Legesse, 2010; Tenaw et al., 2006; Reynolds et al., 
1994). Kariaga (2004) reported better protection of the 
soil against erosion from intercropping of maize and 
cowpea. Other studies show that intercropping reduces 
the hazard coming from climate change through 
increasing production and productivity (Inns, 1997), thus 
sustaining food production since Ethiopian agriculture is 
rainfed-dependent. 

Despite the practice of intercropping, information is not 
available on the yield potential of intercropped crops with 
different row arrangements; moreover, their effect on 
weed and economic benefit was not assessed. In 
addition, effect of seasonal variation on treatment factors 
and its interaction on growth and grain yield of 
intercropped crops was not studied. The objective of this 
study was, therefore, to assess the effects of season and 
bean-maize intercrop on weed, bean and maize grain 
yields, land use efficiency, energy yield and economic 
benefit.  
 
 
MATERIALS AND METHODS 
 
Site description 
 
The experiment was conducted at Awassa located 38.5 
E, 7.1 N, and at an altitude of 1700 masl from 2008 to 
2012. The belg growing season (local name for dry 
season) is from February to May and the more important 
meher growing season (local name for summer season) 
is from June to September. The bimodal rainfall has an 
annual mean of 1021 mm with 36.4 and 51.3% receiving 
in belg and meher seasons, respectively. The mean 
monthly maximum and minimum temperatures, May 
(planting time) to September (crop maturity), vary from 24 
to 27°C and 12.8 to 13.8°C, respectively. The soil of the 
experimental site was loam Eutric fluvisol or Fluvent with 
pH 7.0 (1:2.5 soil/water by weight/volume), 1.9 g kg

-1
 total 

N (low), 57 mg kg
-1 

available P (high), 23.4 cmol kg
-1 

CEC 
(medium); 3.25 cmol kg

-1
 exchangeable K (high), 2.39 

cmol kg
-1

 exchangeable Mg (low); 10.53 cmol kg
-1

 
exchangeable Ca (high), and organic carbon content 
2.34% (medium) (Landon, 1984).Soil water holding at 
field capacity was 0.245 m

3
 m

-3
. Farmers’ livelihood are 

based on rainfed agriculture, mixed agriculture, raising 
both crop and livestock, and use multiple cropping 
system.  
 
 

Treatments and experimental design 
 
Maize (cv. BH140) and bean (cv. Roba) were 
intercropped with one row of maize alternated with single 
(MB) or double rows of bean (MBB)  and  three  weeding  



 
 
 
 
frequencies. The weeding treatments were no weeding 
(W0), hand-weeding once at 30 days after emergence 
(DAE) (W1), and hand-weeding twice at 30 and 60 DAE 
(W2). Sole crop maize (SM) and bean (SB) treatments 
weeded twice were included for the determination of 
production efficiency. Plant population of sole and 
intercropped maize was 5.0 plants m

-2
 with 0.8 m row 

spacing. Plant population of sole and intercropped bean 
in MBB was 25 plants m

-2 
with

 
0.40 m rows while row 

spacing of intercropped bean in MB was 0.8 m with 12.5 
plants m

-2
. The complete factorial experiment was in a 

randomized complete block design with four replications. 
 
 
Crop management 
 
The experimental plot was plowed and disk tilled using 
tractor. The planting dates were May 18, 6, 7, 12, and 9 
of 2008, 2009, 2010, 2011, and 2012, respectively, and 
the respective harvesting dates were October 6, 2, 3, 5, 
and 4. Bean was harvested in the first week of August. 
There was no serious problem of diseases or insects 
across years. Urea N was top dressed at the rate of 46 
kg N ha

-1 
to both sole crop and intercrop maize at the 6 to 

8 leaf growth stage. 
 
 
Data collection 
 
Plant population at harvest, pods plant

-1
, seeds pod

-1
, 

1000 seed weight, total dry matter of bean and grain 
yields of maize and bean were determined. Of the six 
intercropped bean rows, the center four rows were used 
to estimate plants m

-2
, grain and dry matter yields of 

bean. Ten plants per plot were sampled to determine 
pods plant

-1 
and seeds pod

-1
. Moisture content of the 

grain of bean was adjusted to 10% using seed moisture 
tester. The productivity of intercropping was assessed 
using land equivalent ratio (LER): LER = Ym/Ysm + 
Yb/Ysb) (Adu-Gyamfi et al., 1997) where, Ym and Yb are 
grain yields of intercropped maize and bean; Ysm and 
Ysb are the grain yields of sole cropped maize and bean 
and LERm and LERb are partial land equivalent ratios of 
maize and bean, respectively. When LER < 1 there is a 
disadvantage to intercropping and the resources are 
used more efficiently by sole crop than by intercrop; when 
LER = 1 there is no intercropping advantage or 
disadvantage, in respect to sole crop; when LEr > 1 there 
is an intercropping advantage in terms of improved use of 
environment resources for plant growth (Kitonyo et al., 
2013; Mariotti et al., 2006). Energy yield (EY) using 
caloric measurement was also used to evaluate how 
much energy was produced from intercropping system 
relative to sole crops, and coefficient values of 17.8 and 
16.8 KJ g

-1 
were used to convert crop yield into energy 

yield for maize and bean, respectively (Tsubo et al., 
2004) since it  is  important  in  most  diets.  Competitive  
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ratios (CR), which represents the ratio of individual LERs 
of the two component crops and takes into account the 
proportion of the crops on which they are initially sown (if 
the value of CR is greater than 1, the competitive ability 
of the crop is more). Competitive ratio was calculated 
using: CR = (LERm/LERb) × (Zbm/Zmb), where Zbm and 
Zmb are proportion area of intercropped maize (0.50 and 
0.33 for MB and MBB, respectively) and bean (0.50 and 
0.67 for MB and MBB, respectively), respectively 
(Mahapatra, 2011). It gives an assessment whether the 
association of the two component crops is advantageous 
or not. In other words, it gives a clear idea about which 
crop is more competitive in association. Weed biomass 
was taken during the first and second weeding from the 
net harvestable area of the plot, air dried, and weighed 
for three seasons. Daily rainfall records were kept. 
 
 
Data analysis 
 
Economic analysis of maize bean intercropping was 
conducted using yield and the market price of maize and 
bean (5 Ethiopian Birr (EtB) kg

-1
 for each with an 

exchange rate of 1 USD = 9.60 EtB) were used to 
calculate gross income (GI). Treatment variable costs 
(VC) were determined with: seed rate of 35 and 70 kg ha

-

1
 for MB and MBB intercrops, respectively, with EtB 11.43 

kg
-1

 seed; labor required for planting the MB and MBB of 
50 and 70 person-days ha

-1
, respectively, at EtB 10 

person
-1

 day
-1

; and labor required for W1 and W2 of 20 
and 40 person-days ha

-1
, respectively, at EtB 10 person

-1
 

day
-1

. Other costs were considered constant across 
treatments. Net return (NR) was determined as the 
difference of gross income and variable costs 
(Babatunde, 2003).  

Analysis of variance (ANOVA) was conducted using 
SAS (SAS, 2000) to determine weed and crop response 
to weeding frequency and row arrangement (spatial). 
Data for plant population, seeds pod

-1
 and pods plant

-1
 

were log transformed, and LER and competitive ratio 
were arcsine transformed. Because of the interaction 
effect of year with weeding frequency and row 
arrangement, combined analysis over years was 
conducted after test of homogeneity (Gomez and Gomez, 
1984). Tukey’s test of significance was used to 
differentiate treatment means. Stepwise multiple 
regression analysis was conducted to see the 
relationship between grain yield of maize and bean as 
well as weeding frequency and row arrangement. Best fit 
regression equations were calculated (n = 240).  
 
 
RESULTS 
 
Rainfall pattern 
 
Distribution of rainfall during the reproductive stages was  
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Table 1. Rainfall distribution (mm) during the growing seasons of 2008-2012 in comparison with the long-term (1972-
1996). 
 

Month  
Rainfall during the experimental seasons 

Long-term rain (1972-1996) 
2008 2009 2010 2011 2012 

May 231.5 88.0 99.2 67.3 142.1 130.2 

June 294.7 114.3 41.1 143.5 29.5 109.7 

July  147.1 93.3 189.3 151.2 76.5 134.7 

August 117.6 84.0 147.4 79.3 185.8 140.0 

September 161.2 150.0 169.3 157.5 139.8 132.6 

Total (May - Sep) 952.1 529.6 646.3 598.8 573.7 647.2 

 
 

Table 2. Effect of weeding frequency (WF) and cropping system (CS) on weed, bean and maize in southern Ethiopia. 
 

Source of variation Wb Ht Swt PP SP PD Bgy Bby Mgy LERb LERm LERt EY NI 

Y ** * ** ** ** ** ** ** ** ** ** ** ** ** 

WF ** * ns ** ns ns ** ** ** ns * ns ** ** 

CS ** ns ns ** ns * ** ** ** * * ** ** ** 

Y*WF ** ns ns * ns * ** ** ** * ** ** ** ** 

Y*CS ** ns ** ns ns ns ** ns ** ns ns ns ** ** 

WF*CS ns ns ns ns ns ns ns ns ns ns ns ns ns ns 
 

Y/S, year/season; WF, weeding frequency; Ht, bean plant height; CS, cropping system; Wb, weed biomass, Swt, bean seed weight; pp, pods plant
-

1
; SP, seeds pod

-1
; PD, plant density at harvest; Bgy, bean grain yield; Bby, bean biomass yield; Mgy, maize grain yield; LERb and LERm, partial 

LER of maize and bean; LERt, total land equivalent ratio; EY, energy yield; NI, net income; *, **, and ns indicate significant difference at 5 and 1% 
probability and not significant, respectively.  

 
 
good in 2009, 2010 and 2012 seasons with 18, 0 and 
11% less than the long term mean, respectively. The 
rainfall in 2008 was 47% above average. Precipitation in 
2011 was 7.5% less and 61% of the growing period 
without rain and much fell in heavy rainfall events. The 
heavy rainfall in each season caused transient water 
logging, which is likely to have reduced crop growth, 
performance and yields (Table 1). 
 
 
Weed biomass 
 
The weeding frequency and row arrangement effects 
varied by year and treatment by year interactions and 
were significant (Table 2). Weed biomass was 49% less 
with weeding in 2009 compared with W0 while weeding 
frequency was not significant in the other years. Weed 
biomass was much greater in 2011, a year with relatively 
poor crop performance, compared with 2009 and 2012 
(Table 3). The cropping system by year interaction 
affected weed biomass with more biomass in sole bean 
compared with other cropping systems in 2009 but with 
no cropping system effect in 2011 despite high weed 
biomass; but significantly lower weed biomass in SM and 
MBB in 2012. Weed biomass was less with MBB 
compared with other maize cropping systems across the 
three seasons. The weeding frequency by cropping 
system interaction was not significant for weed biomass. 

Plant height 
 
Frequency of weeding and variation in year significantly 
affected plant height of bean (Table 2). Bean plants were 
12% taller in 2010 (r = 0.25*) compared with 2012, and 
15.6% taller with weeding compared with no weeding 
(Table 4). Weeding once and twice increased plant height 
by 15 and 16%, respectively, over the weedy check 
(unweeded control) although variation between W1 and 
W2 was not significant. An increase in weeding was 
accompanied by an increase in plant height (r = 0.27*), 
and 7% of the total variations were attributed to weeding 
as indicated by the regression equation: Plant height = 
34.37 + 2.96W (R

2 
= 0.07*) (n = 72), where W-weeding 

frequency.  
 
 
Bean yield components 
 
Pods plant

-1
 were 31.3 and 12.4% more with MBB 

compared with SB and MB (Table 4). Pods plant
-1

 ranged 
from 5.7 to 17.1 in 2011 and 2008, respectively, with an 
overall mean of 9.6 (Table 6). Pods plant

-1
 were 56 and 

102% more in 2010, and 12 and 25% more overall years, 
with one and two weeding, respectively, compared to no 
weeding.  

Seed weight was affected by years and the year by 
cropping  system  interaction  (Table 2).  The  interaction  
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Table 3. Weeding frequency (WF) and cropping system (CS) 
effects on weed biomass in bean-maize intercrop in southern 
Ethiopia. 
 

Treatment 2008 2009 2010 2011 2012 

Weed biomass yield: WF effect 

W0  1.64
b†

  3.56
a
 1.56

bc
 

W1  0.75
c
  3.63

a
 0.77

c
 

W2  0.91
c
  0.65

ab
 0.81

c
 

S.E.(D.F.) 0.22 (16) 

 

Weed biomass yield: CS effect 

SM  0.66
c
  3.21

a
 0.95

c
 

MB  0.83
c
  3.74

a
 1.21

bc
 

MBB  0.83
c
   2.34

ab
 0.90

c
 

SB   2.07
ab

  3.82
a
 1.12

bc
 

S.E.(D.F.) 0.25 (6) 
 

†The same letter within a trait indicate no significant differences at α 
= 5%; S.E is standard error of the mean; SE (df)- standard error of 
the mean and degree freedom, respectively. 

 
 
Table 4. Effect of season and weeding frequency on plant height of bean (cm) and row arrangement on pods plant -1. 
 

Year 
Plant height 

(cm) 
Weeding frequency 

(WF) 
Plant height (cm) 

Cropping 
systems (CS) 

Pods plant
-1

 
Plant density at 

harvest (plants m
-2

) 

2010 42.5
a†

 W0 36.5
b
 SB 9.7

b
 22

a
 

2012 38.1
b
 W1 42.0

a
 MB 8.3

b
 18

b
 

  W2 42.4
a
 MBB 10.9

a
 21

a
 

 

†The same letter in a column of each trait showed no significant difference at 5% probability level.  
 
 

Table 5. Effect of cropping system on total dry matter of bean, and row arrangement on partial LERm and LERb. 
 

Cropping system Total dry matter (Mg ha
-1

) Row arrangement 
Partial LER 

LERm LERb 

SB 3.50
a†

    
MB 2.80

b
 MB 0.90

a
 0.88

a
 

MBB 2.23
c
 MBB 0.70

b
 0.76

b
 

 

†The same letter in a column of each trait showed no significant difference at 5% probability level. 
 
 

effect was due to an 11.7% increase in seed weight with 
MB compared to SB in 2008 (Table 6). Seed weight 
varied from 163 to 208 mg seed

-1
 in 2008 and 2012, 

respectively, with an overall mean of 177 mg seed
-1

.  
Bean plant density was 17 and 14.2% less with MB 

compared with SB and MBB, respectively (Table 4). 
Mean bean plant density differed by year and ranged 
from 15 to 29 plants m

-2
 in 2008 and 2010, respectively. 

Plant density was not affected by weeding frequency 
except in 2011 when plant density was 59% greater with 
weeding compared with no weeding (Table 6).  
 
 
Bean grain and biomass yields 
 
Grain  yield  was  more  with  weeding  compared with no  

weeding in 2010, 2011, and 2012 with an overall increase 
of 60% (Table 6). Weeding once did not affect the yield 
except that the yield was increased by 56% and 
decreased by 18% with two compared with one weeding 
in 2011 and 2012, respectively. Grain yield was less for 
MBB compared with SB in 2009, 2010, and 2012 with an 
overall reduction of 40%. Grain yield was less for MB 
compared with SB in 2012 only with an overall reduction 
of 19%. Biomass yield was 38.9% greater with SB 
compared with intercropping, and it was 25.6% more dry 
matter in MB compared with that in MBB (Table 5). The 
average biomass yield of bean was 25 and 33.7% less 
with no weeding compared with weeding once or twice, 
respectively (Table 6). Weeding increased the biomass 
by 42.3% compared with no weeding. Even weeding 
increased the mean dry matter  yield  of  bean  by  86.4%  
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Table 6. Effect of weeding frequency (WF) and cropping system (CS) on pods plant-1, thousand seed  
weight, plant density at harvest, grain and total dry matter yields and harvest index of bean, and maize grain 
yield in maize-bean intercrop. 
 

Treatment  2008 2009 2010 2011 2012 

Pods plant
-1

 (no.): WF effect 

W0‡ 17.1
a
 7.0

d-f
 6.3

ef†
 4.6

f
 7.9

c-e
 

W1 16.3
a
 6.3

ef
 9.8

c
 6.2

ef
 9.4

cd
 

W2 17.8
a
 7.2

d-f
 12.7

b
 6.2

ef
 9.9

c
 

S.E.(D.F.) 0.91 (8) 

 

Thousand seed weight (g): CS effect 

SB 155.0
e
 169.8

b-e
 180.7

bc
 170.0

b-e
 208.3

a
 

MB 173.1
b-d

 173.7
b-d

 154.7
c
 180.0

bc
 205.8

a
 

MBB 162.5
de

 173.0
b-d

 165.3
c-e

 183.3
b
 206.0

a
 

S.E.(D.F.) 4.50 (8) 

 

Bean population at harvest (plants m
-2

): WF effect 

W0 14
hg

 29
a
 19

de
 11

i
 22

bc
 

W1 17
fg
 30

a
 20

b-d
 17

e-g
 22

bc
 

W2 13
h
 28

a
 20

cd
 18

d-f
 21

b-d
 

S.E.(D.F.) 1.73 (8) 

 

Bean grain yield, Mg ha
-1

: WF effect 

W0 0.99
d-g

 0.56
i
 0.48

i
 0.62h

i
 1.20

c-e
 

W1 1.02
d-f

 0.66
g-i

 1.24
cd

 0.89
e-h

 2.03
a
 

W2 1.31
cd

 0.85
f-h

 1.24
cd

 1.39
bc

 1.66
b
 

S.E.(D.F.) 135.9 (8) 
 

Bean grain yield Mg ha
-1

: CS effect 

SB 1.07
b-e

 0.89
c-f

 1.48
c-f

 1.09
b-f

 2.16
a
 

MB 1.38
b-d

 0.70
fg
 0.90

ef
 1.00

d-f
 1.46

b
 

MBB 0.87
d-f

 0.48
g
 0.58

g
 0.82

ef
 1.28

bc
 

S.E.(D.F.) 135.0 (8) 

 

Bean dry matter Mg ha
-1

: WF effect 

W0 4.31
ab

 1.48
ef
 1.13

f
 1.54

ef
 2.66

cdef
 

W1 4.18
abc

 2.02
def

 2.22
cde

 2.26
def

 4.10
abc

 

W2 4.55
a
 2.94

bcde
 2.37

bcde
 3.48

abcd
 3.39

abcd
 

S.E.(D.F.) 335.3 (8) 
 

Maize grain yield, Mg ha
-1

: WF 

W0 3.43
cd

 2.77
de

 2.85
de

 1.32
f
 3.32

cd
 

W1 3.24
cd

 2.96
cd

 7.22
a
 1.75

f
 4.48

bc
 

W2 3.32
cd

 3.79
c
 7.48

a
 2.92

de
 5.19

b
 

S.E.(D.F.) 349.1(8) 
 

Maize grain yield, Mg ha
-1

: CS 

SM 3.81
c
 3.36

cde
 6.85

a
 2.43

fg
 5.40

b
 

MB 3.44
cde

 3.55
cd

 5.79
b
 1.81

g
 4.01

c
 

MBB 2.74
def

 2.63
ef
 4.90

b
 1.75

g
 3.59

c
 

S.E.(D.F.) 410.3 (8) 
 

†The same letter in a column of each trait showed no significant difference at 5% probability level. 
‡W0, W1 and W2, SM, SB, MB, and MBB are no weeding, and weeding once and twice, sole crops of maize and 
bean, alternate row intercrop planting of maize and bean, and intercrop maize alternated with two rows of bean, 
respectively; S.E is standard error of the mean; SE (df)- standard error of the mean and degree freedom, respectively. 



 
 
 
 
compared with no weeding during the dry season of 
2011.  
 
 
Maize grain yield 
 
Effects of weeding and cropping system were variable 
depending on seasonal rainfall (Table 2). Seasons with 
better rainfall produced more yields that ranged from 59 
to 192.5% over the drier year (2011). Weeding showed 
significant yield difference in all years except 2008, and 
increased maize yield by 6.9 to 162.5% compared with 
weed control (Table 6). In the drier year of 2011, weeding 
increased maize yield by 32.6 to 121.2%, relative to the 
weedy check (unweeded control), even weeding twice 
increased the yield by 66.9% more than weeding once. 
However, variation between one and two times weeding 
was not significantly different in most of the years except 
in 2011. The yield from MB intercrop was not significantly 
different from sole maize in three years. In addition, yield 
variation between MB and MBB intercrops was not 
significant in four years although the yield in MB varied 
between 3.4 and 35% over MBB.  
 
 
Competitive ratio (CR) 
 
Effect of weeding on competitive ability of bean was 
dependent on year variation. Under weedy condition, 
bean competed significantly more in 2008 (1.16 in W0, 
and 1.50 in W2) in which a value with more than one 
shows the crop was more competitive (Table 7). In the 
drier year of 2011, CR value of bean in W0 was high 
(2.41) compared with maize (0.40). Competitive ability of 
maize was improved by 90 and 110% when weeded once 
and twice, respectively, over W0 in 2011 when moisture 
shortage prevailed.  
 
 
Land equivalent ratio 
 
Partial land equivalent ratio of maize (LERm) and bean 
(LERb) in MB intercrop was 28.6 and 15.8%, 
respectively, more productive than MBB intercrop, and 
both bean and maize had higher total land equivalent 
ratio (LER) in the single than double alternate row 
intercrop (Table 5). Land equivalent ratio was more than 
one in all years; even weeding increased LER in the dry 
season (2011), which varied between 1.68 (W2) and 2.41 
(W1) compared to the weedy check (Table 7). On 
average, weeding increased crop productivity by 58 to 
73% more than the sole crops. Reduction in bean yield 
associated with maize varied between 13 and 53% in 
most of the years while the yield of intercropped maize 
was reduced by 10 to 61%. The overall contribution of 
bean to the total LER in the intercrop was 49.4 (MB) and 
52.1% (MBB)  while  that  of  maize  was  50.6  (MB)  and  
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47.9% (MBB). More seed weight, grain, total dry matter 
and energy yields were obtained from MB compared with 
MBB and sole bean, but not significantly different from 
sole maize indicating better crop performance in MB. The 
average LER in all years, averaged across weeding 
frequencies, varied between 1.28 and 1.98. Single row 
arrangement had more LERm and LERb compared with 
double alternate row. The finding also showed that 37 to 
42% more land was saved from weeding once and twice, 
which could be used for other farm activities.  
 
 
Energy yield (EY) 
 
Mean energy yield (GJk

-1
) ranged from 45.5 in 2009 to 

82.8 in 2010 with an overall mean of 55.0 (Table 7). 
Energy yield was greater with weeding twice compared 
with no weeding in all years except 2008 and 2009 with 
an overall mean increase of 66.3%. Weeding once and 
twice resulted in increased energy yield compared to no 
weeding in 2010. Energy yield was least with sole crop 
bean and only 38.4% of the energy yield of sole crop 
maize. Yield with sole crop maize was 38.3 and 39.8% 
more compared with MBB in 2011 and 2012, 
respectively, with an overall benefit of 28.4%. 
 
 
Economic benefit 
 
Net returns to variable costs were affected by the main 
effects of weeding and row arrangement and year by 
treatment interactions (Table 2). Net returns were greater 
with W1 compared with W0 in 2010 and 2012 by 165.5 
and 48.8%, respectively, but not affected much by 
weeding in the other years (Table 7). Net return was 
similar for W1 and W2 except in 2011 when net return 
was 132.6 and 66.6% more with W2 compared with W0 
and W1, respectively. Even the net income from W1 was 
39.6% more than the control (W0). Net return was 
greatest with MB and least with sole crop bean, and 
greater with MB compared with sole crop maize in two of 
the five years. Using stepwise multiple regression 
analysis, weeding frequency and row arrangement were 
determined to contribute 17.7 and 11.1% of the total 
variations in intercrop net return: Net return = 20848 + 
4791Wf - 4432Ra, where Wf is weeding frequency and 
Ra is maize-bean row arrangement.  
 
 
DISCUSSION 
 
The current study showed that weeding once (24%) and 
twice (35%) significantly reduced weed biomass 
compared with the unweeded control, indicating weeding 
once would suffice to control weeds, which saves time 
and labor of the farmers which can be distributed to  
other farm activities. Better plant growth (16% more)  and  
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Table 7. Weeding frequency and cropping system effects on partial LERb and LERm, competitive ratio, energy value of 
bean, and net income of maize-bean intercrop. 
 

Treatment  2008 2009 2010 2011 2012 

Competitive ratio of bean: WF effect 

W0‡ 1.16
ab

 (0.74)* 0.51
b
 (1.34) 0.76

b
 (1.64) 2.41

a
 (0.40) 0.81

b
 (0.76) 

W1 0.82
b
 (1.03) 0.97

b
 (1.11) 0.49

b
 (1.30) 0.80 (0.76) 0.67

b
 (0.89) 

W2 1.50
ab 

(0.49) 0.53
b
 (1.39) 0.50

b
 (1.52) 0.80

b
 (0.84) 0.68

b
 (0.86) 

S.E.(D.F.) 0.23 (8) 

 

Partial LERb: WF effect 

W0 1.31
ab

 (0.88) 0.83
b-d 

(1.16) 0.63
d
 (0.67) 0.65

d
 (0.39) 0.60

d
 (0.63) 

W1 0.77
cd

 (0.90) 0.87
a-d

 (1.12) 0.47
d
 (0.75) 1.28

a-c 
(1.13) 0.64

d
 (0.73) 

W2 1.37
a
 (0.71) 0.52

d
 (0.79) 0.48

d
 (0.84) 0.87

a-d
 (0.81) 0.71

d
 (0.79) 

S.E.(D.F.) 0.14 (8) 

 

Land Equivalent Ratio: WF effect 

W0 2.19
ab†

 1.99
abc

 1.30
d
 1.04

d
 1.23

d
 

W1 1.67
bcd

 1.99
abc

 1.22
d
 2.41

a
 1.37

cd
 

W2 2.08
ab

 1.31
d
 1.32

d
 1.68

bcd
 1.50

cd
 

S.E.(D.F.) 0.19 (8)    

    

Energy yield GJk
-1

: WF effect 

W0 48.69
d
 39.06

d-f
 39.63

d-f
 21.83

f
 51.53

cd
 

W1 47.94
d
 41.90

d-f
 102.84

 a
 26.19

ef
 72.21

bc
 

W2 48.66
d
 55.37

cd
 106.10

 a
 45.89

e
 77.66

b
 

S.E.(D.F.) 8.71 (8) 

 

Energy yield GJk
-1

: CS effect 

SM 65.07
d-f

 57.26
ef
 117.04

a
 41.52

f-h
 92.12

a-c
 

SB 23.03
gh

 19.05
h
 31.92

gh
 22.72

gh
 46.48

e-g
 

MB 58.74
d-f

 60.67
d-f

 98.94
ab

 31.00
gh

 68.53
c-e

 

MBB 46.87
e-g

 44.80
e-g

 83.66
b-d

 29.96
gh

 61.41
d-f

 

S.E.(D.F.) 7.45 (12) 

 

Net income, Ethiopia birr ha
-1

: WF effect 

W0 17793
def

 12769
efg

 12561
fgh

 7749
h
 18720

bcd
 

W1 17165
def

 13952
defg

 33349
a
 10818

gh
 27861

abc
 

W2 19037
cde

 18041
de

 34247
a
 18023

cde
 28153

ab
 

S.E.(D.F.) 3103.6 (8) 

 

Net income, Ethiopia birr ha
-1

: CS effect 

Maize 19041
abcd

 16754
bcd

 34246
a
 12149

de
 26954

ab
 

MB 27130
ab

 22278
abc

 35038
a
 15993

cde
 30620

a
 

MBB 18943
abcd

 15262
bcde

 27416
ab

 13631
de

 26478
ab

 

Bean 6869
f
 5389

f
 10176

ef
 7 014

f
 15593

bcd
 

S.E.(D.F.) 2544.2 (12) 
 

*Numbers in parenthesis are competitive ratio and partial LER of maize (LERm) 
†The same letter within a trait and across years indicate no significant differences at α = 5%. 
‡LERb, partial land equivalent ratio of bean; W0, W1 and W2, SM, SB, MB, and MBB are no weeding, and weeding once and 
twice, sole crops of maize and bean, alternate row intercrop planting of maize and bean, and intercrop maize alternated with two 
rows of bean, respectively; S.E is standard error of the mean; SE (df)- standard error of the mean and degree freedom, 
respectively. 

 
 



 
 
 
 
increased pods plant

-1
 of bean (19% more) was obtained 

from weeding compared to the unweeded control 
because of better crop performance from better 
distribution of rainfall and crop ground cover which 
inhibited weed seed germination that reduced weed 
competition. In addition, weed removal significantly 
increased the average grain (84%) and dry matter (42%) 
yields of bean particularly in the dry year of 2011 (86% 
more dry matter) and maize yield (55% higher) compared 
to the weedy check and this was attributed to reduced 
weed-growth that minimized weed competition. According 
to Baumann et al. (2000) and Getachew et al. (2006), 
intercropping helps to increase weed suppression relative 
to monocropping. Similarly, Hussain et al. (2013) 
reported that maize-French bean intercropping reduced 
weed population by 35 to 56%. The work of Weil and 
McFadden (1991) also indicated reduced weed growth 
and for optimum yield only one weeding instead of two or 
three weeding in maize-groundnut, maize-mung-bean or 
maize- sweet potato intercropping is needed.  

Single alternate row arrangement in year 2008 
significantly produced more seed weight over sole crop 
bean because of less bean population relative to double 
alternate row arrangement, and better availability of soil 
moisture, which is in line with the finding of Hirpa (2013). 
In the drier year of 2011, seed weight and total dry matter 
and grain yields of bean and maize in MB were not 
different from their sole crops due to better soil cover by 
the component crops which reduced moisture loss. 
Probably intercropping could conserve soil moisture 
through its canopy cover (Tenaw et al., 2006), which 
reduces evaporation by hindering direct sun-heat from 
reaching the ground, and resulted in higher grain yield of 
maize and bean. Tenaw et al. (2006) noted an increase 
of 2.75% more soil moisture under intercrop compared 
with sole crop maize. According to Sani et al. (2011) 
intercropping resulted in more efficient utilization of 
moisture by the intercrops compared with sole crops due 
to better soil moisture conservation. The companion 
crops with various root systems in the soil might reduce 
water loss, increase water uptake and increase 
transpiration. The increase in transpiration may make the 
microclimate cooler, which, along with increased leaf 
cover, helps to cool the soil and reduce evaporation 
(Innis, 1997). 

Common bean, on average, experienced 19 to 21% 
yield reductions in maize-bean intercrop due to within and 
between crop species competition while partial LERb 
greater than one in treatments with no weed control and 
weeding twice in 2008 showed that bean yield within an 
intercrop surpassed that of sole bean pointing the benefit 
of intercropping. The reduced bean yield was due to high 
maize competition, which was taller and had vigorous 
growth and root system that hindered light interception 
and competed more for soil moisture, nutrients and light 
interception, which is also indicated by Rezaei-Chianeh 
et al. (2011). Low grain (29%)  and  dry  matter  (57%)  of  
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bean and maize grain (22%) yields compared to their 
sole crops in MB and MBB was due to inter and intra-
species competition The findings of other researchers 
(Tenaw et al., 2006; Thorne et al., 2002; Banik, 1996) 
also show reduced grain yields of intercropped crops 
compared with their sole crops. Undie et al. (2012) 
reported a reduce grain yield of soybean in late maize-
soybean intercropping and found the relative yield totals 
more productive than sole crops. The work of Yilmaz et 
al. (2008) showed the dominancy of maize in maize-bean 
and maize-cowpea intercropping resulting in increased 
grain yield of maize. Spatial arrangement of single row of 
maize alternating with single row of bean gave the best 
yields as also reported by Addo-Quaye et al. (2011). 
Other report (Thorne et al., 2002) also shows that grain 
yields of maize and cowpea in maize-cowpea intercrop 
were 51 and 12% less, respectively, than their respective 
sole crops. Dolijanović1 et al. (2009) reported a 49% 
yield increase in alternate rows in relation to monocrops 
of maize and soybean In contrary, Odhiambo and Ariga 
(2001) reported higher bean yield from MBB than MB due 
to the long rains at Emabwi.  

Alternate row arrangement of bean intercrop (MB) 
yielded, on average, 35% more than double alternate 
(MBB) because of reduced interspecies competition in 
single (3 bean plants per maize plant) compared with 
double row intercrop (6 bean plants), which is in line with 
the finding of Liben et al. (2001). Amount and distribution 
of rainfall were factors responsible for variation in bean 
yield besides the effect of maize shade and its 
competitiveness for moisture and nutrient. The finding of 
Kutu and Asiwe (2010), shows that single alternate row of 
maize-dry bean intercrop produced highest grain yields of 
maize and bean, and productivity in both seasons (2006 
to 2007). 

Weeding increased the energy yield (EV) by an 
average of 56% compared to the weedy check due to 
less weed growth and reduced competition while 
intercropping resulted in 104% more energy yield than 
sole crop bean (EYb) which was attributed to reduced 
weed population resulting in less weed crop competition. 
Because of reduced weed competition that resulted in 
enhances better crop growth in 2011, energy yield was 
65% more than the weedy check indicating how if weeds 
are not removed can reduce the energy yield to be 
produced in the dry season. This result is in line with the 
finding of Tsubo et al. (2004) who reported more energy 
yield from sole maize and intercrop; in contrary, Zuofa 
and Tariah (1992) reported low energy yield.  

The finding showed that alternate row maize-bean 
intercropping was more economical relative to sole crops 
of the companion crops and this was attributed to better 
crop growth and efficient use of resources. There was a 
28 to 98% yield advantage from intercropping, and also 
saved a land that varied between 36 and 42% in all 
weeding practices showing that farmers can allocate their 
extra land to other farming. The report of Liben et al. (2001)  
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shows higher economic advantage from single alternate 
row arrangement of maize-faba bean intercropping. 
Similarly, the finding of Hussain et al. (2013) shows the 
benefit of intercropping in terms of reduced weed 
population, increased land utilization and economic 
benefit. Overall, intercropping was more effective and 
efficient than sole crops in the use of environmental 
resources as demonstrated by higher LER and was 
economical. 
 
 

CONCLUSIONS 
 

The effect of weeding and row arrangement was 
dependent on seasonal rainfall, and resulted in significant 
variations in growth and grain yields of the component 
crops. There were better crop yields at the time of better 
rainfall while low yields were obtained when there was 
moisture shortage. Weeding increased crop yield and net 
income in the drier year of 2011. Intercrop reduced labor 
because of less weed infestation and reduced 
competition between maize and bean. The result showed 
that single alternate row intercrop (MB) is recommended 
for increased productivity and profitability while providing 
bean harvest early enough to partially resolve the 
experience of food shortage from May to July, and 
contribute to food security. Such system if practiced can 
reduce soil erosion, increase soil fertility and crop 
productivity and can easily be practiced in other areas of 
the region. In addition, intercropping reduces crop failure 
and ensures in reducing the effect of climate change. On 
the other hand, intercropping could be an ecofriendly 
approach for reducing weed problems through non-
chemical methods. Hence, this finding can benefit 
farmers through increased productivity and diversification 
of income and food sources. 
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