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Abstract: Alternative sustainable agriculture under the pressing impacts of climate variability on crop
production is a primary concern in the Ethiopian development agenda towards sustained food security.
Use of integrated crop management through climate resilient cultural practices that target diversity of
produce, yield stability, losses due to pests, and reduction in economic and environmental risks is an
appropriate strategy for sustainability of agricultural production. Field studies were conducted in
Hararghe highlands, specifically at Haramaya during the 2012 and 2013 and at Arbarakate in the 2013
main cropping seasons to assess effects of integrated climate change resilient cultural practices on faba
bean productivity. Three on-farm-based climate change resilient cultural practices: intercropping,
compost application and furrow planting alone and in integration with the other practices were
evaluated using Dagaga and Bulga-70 faba bean varieties and Melkassa-1V maize variety. The results
showed that furrow planting with compost application in row intercropping increased soil moisture by
up to 3.23% and cooled the soil temperature by up to 1.06°C compared to sole cropping at Haramaya
in 2013. Furrow planting with application of compost led to production of the highest (3.47 t ha'! in
2012 and 4.25 t ha! in 2013) faba bean grain yields at Haramaya. The same treatment at Arbarakate
produced the maximum (5.29 t ha!) faba bean grain yield in 2013. This was closely followed by the
yield obtained in response to the application of compost at both locations in 2013 and by the yield
obtained in response to furrow and sole cropping at Haramaya in 2012. Compost fertilization with or
without furrow planting led to the production of consistently heavier grains. The total Land Equivalent
Ratio (1.01 to 1.706) indicated a higher grain yield advantages of faba bean-maize intercropping over sole
faba bean cropping at both locations over the two years. The overall results demonstrated that
integrated climate resilient cultural practices significantly increased productivity of the crop as a result
of enhancing contents of soil nutrients, soil moisture, soil organic carbon, and regulating soil and canopy
temperatures as well as through buffering the root environment.
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1. Introduction

Faba bean (1ica faba 1.) is a cool-season crop and is
grown worldwide as a grain and green-manure legume.
The crop is used for both human consumption and
animal feed as a source of protein and carbohydrate
(Salmeron e# al., 2010). It is a common breakfast food in
many regions and countries, including Ethiopia (Singh
and Bhatt, 2012). Faba bean is also used as an excellent
component of crop rotations - capable of fixing
atmospheric nitrogen; and is used as green manure to
reduce the wuse of nitrogen fertilizers due to
environmental concerns (Salmeron e 4/, 2010; Singh
and Bhatt, 2012). Moreover, it is useful in the
sustainability ~of cropping systems via  crop
diversification, leading to decreased disease, pest and
weed build-up (Jensen e al., 2010).

Globally, China is the largest producer of faba bean,
followed by Egypt, Ethiopia and France (Salmeron ez a.,
2010). In Africa, Egypt, Ethiopia, Sudan and Morocco
are the leading producers of the crop (Akibode and
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Maredia, 2011). In Ethiopia, faba bean production is
estimated to account for 3.94% of the total grain
production (CSA, 2014). However, the average yield of
faba bean under smallholder farmers ranges from 1.0 to
1.2 t ha'l, which is five times lower than the faba bean
production in Central Europe and some sub-Saharan
African countries (Agegnehu ef al, 2006). Faba bean
production fluctuates and the world’s cultivated area of
faba bean decreased in the last 50 years (Rosegrant,
2010) though it has high production potential. Climate
variability, diseases, weeds, and other pests are the major
factors constraining faba bean production. Faba bean is
regarded as a drought-sensitive crop (Grashoff, 1990)
and the major factor restricting faba bean cultivation is
the high year-to-year yield variability usually due to
drought or moisture stress (Karamanos and Gimenez,
1991).

Climate is one of the main determinants of agricultural
crop production (Knox e al, 2011; Turner, 2011).
Agriculture is often regarded as one of the sectors most
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vulnerable to climate change in the developing world.
Similarly, agriculture in Ethiopia is heavily dependent on
rain-fed production where its geographical location and
topography, plus a low adaptive capacity, make the
country highly vulnerable to the adverse impacts of
climate change. Agriculture constitutes 40% of the
country's GDP, on which 80% of the people rely for
their livelihoods (FDRE-EPA, 2011). Currently, 30
developing nations face water shortages and by 2050,
this could increase to 50 nations mostly in the
developing countries (Dixon, 2009). Water scarcity and
the degradation of arable crop land are the most serious
obstacles inhibiting future increases in food production
(Dixon, 2009).

Climate change has the potential to exacerbate the
stresses on crop plants, potentially leading to
catastrophic yield reductions to both irrigated and non-
irrigated crops. This phenomenon could be manifested
through increased moisture stress and drought in which
crop production declines and entire harvests can be lost,
greatly impacting seed wviability, and plant growth,
development, stature, phenology, fruiting, seed mass,
seed quality, fiber quality, and the qualities of beverage
crops, fruits, and aromatic and medicinal plants (Masters
et al., 2010). Simultaneously, climate change will alter
phasing of plant life-cycle stages and their rates of
development for pests and pathogens and associated
antagonistic organisms (Chakraborty, 2011). Thus, on
one hand, the level of crop losses will increase while the
efficacy of control measures could fall when faced with
greater populations of pests and pathogens (Coakley ef
al., 1999).

Increase in the projected world population [in the case
of FEthiopia, estimated to be 130 million by 2030,
(FDRE-EPA, 2011)] and consequent human needs for
food, cause additional pressure on the limited natural
resources and the sustainability of agriculture. However,
land is a primary resource that cannot be created. There
is, therefore, a finite amount beyond which the cropped
area cannot be increased. About 40% of the world’s
arable land is now degraded to some extent and most of
that land is in the least developed nations in densely
populated, rain-fed farming areas, where overgrazing,
deforestation and inappropriate land use compound the
problems (Dixon, 2012). In Ethiopia, food production
on a continually shrinking farm size is also a prime
developmental challenge for a rapidly ever growing
population.

Considering all the uncertainties, it will be very
important to develop effective mitigating or adaptive
crop management strategies that minimize the risk of
severe crop losses under the future climatic conditions,
primarily focusing on improved management and use of
the limited natural resource bases. The strategies may
include shifts in crops and varieties adapted to future
climate, shifts in crop diversification resistant or tolerant
to insect pests and diseases (Fadda, 2011) and
biodiversity restoration (Li, 2011). Diversification of
agricultural systems can also significantly reduce the
vulnerability of production systems to greater climate
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variability and extreme events, thus protecting
vulnerable rural farmers and agricultural production (Li,
2011). Moreover, integrated nutrient management
(Katungi ez al., 2009), and conservation agriculture and
efficient moisture conservation (Heluf, 2003) practices
are also included under risk aversion from the impacts
of climate variability and extreme weather events on
subsistence agriculture and farmers.

Integrating on-farm-based climate change resilient
cultural practices for production and management of
crop diseases has a dual role for understanding effects of
climate change and the role of these practices for
mitigation or adaptation. However, research on field
plot-based empirical climate change effects is practically
a challenge but could be approached through climate
change resilient cultural practices. These practices
enhance the capacity of an ecological system to absotb
stresses while retaining its organizational structure and
productivity, the capacity for self-organization, and the
ability to adapt to stress and change following a
perturbation (Cabell and Oeclofse, 2012). Thus, a
“resilient” agroecosystem would be capable of providing
food production, even when challenged by severe
drought or by erratic rain-fall (Heal, 2000).

To this effect, productivity of faba bean needs to be
assessed and characterized under integrated climate
change resilient cultural practices. Nonetheless, field-
based data on effects of climate variability and crop
productivity in Ethiopia is limited. The consequences of
new cropping systems designed to mitigate or adapt to
climate change should be studied. Since food legumes
used by farmers will be key components of many
cropping systems and management options, such
cropping systems and management options should be
revisited based on the current changing environments
(Ahmed e7 al., 2011). Thus, the potential of integrated
climate resilient cultural practices to sustainably maintain
crop production in the face of current and future climate
change scenarios has to be elucidated. Therefore, the
objective of this study was to assess the effect of
integrated climate resilient cultural practices on faba
bean productivity under rain-fed conditions in Hararghe
highlands of Ethiopia.

2. Materials and Methods

2.1. Experimental Sites

Field experiments were conducted at two locations
under rain-fed conditions in the 2012 and 2013 main
cropping seasons. The 2012 main cropping season field
experiment was conducted on a sandy clay loam soil
(Gelgelo, 2012) on the main campus of Haramaya
University at the experimental field station. The station
is located at 9°26'N and 42°3'E with an altitude of 2006
m.a.s.l. The mean annual rain-fall for the location is 790
mm with mean minimum and maximum temperatures
of 14 and 23.4 °C, respectively. The 2013 field
experiment was conducted at Haramaya University on
the same soil and on a clay vertisol at Arbarakate
Farmers' Training Center (FTC) during the main
cropping season. Arbarakate FTC is located at 9°2.86'N
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and 40°54.79'E with an altitude of 2274 m.a.s.l. in West
Hararghe Zone at a distance of about 180 km to the west
of Haramaya. Arbarakate is characterized by extended
higher precipitation (estimated to exceed 1300 mm per
annum) and many rainy days during the cropping
periods with mean daily temperatures ranging between
13.14 and 17.52 °C. The soil of the experimental site at
Haramaya had organic matter content of 1.0%, total
nitrogen content of 0.17%, available phosphorus
content of 8.72 mg kg! and pH of 8.13 (Gelgelo, 2012).
Some of selected soil properties at Arbarakate included
organic matter (3.49%), organic carbon (2.03%), total
nitrogen (0.17%), available phosphorus (38.24 mg kg!)
and pH (5.66) (own analysis).

Integrated Climate Change Resilient Practices on the Productivity of Faba Bean

2.2. Weather Data at Experimental Sites during the
Cropping Seasons

Monthly total rainfall in mm, daily maximum and
minimum temperatures in °C were obtained for
Haramaya University experimental site of the cropping
periods of the seasons from its own meteorological
station. The weather data obtained from the nearby
stations for Arbarakate were found unrepresentative and
consequently not included here. However, the weather
trend at Arbarakate was characterized by many rainy
days, extended period of rainfall and the daily minimum
and maximum temperatures were derived using the
Adiabatic Lapse Rate Model (Brunt, 2007) from the
nearby meteorological station. Also the monthly total
rain-fall and the monthly average temperature in the
cropping seasons are presented in Table 1.

Table 1. Monthly mean temperature (°C) and monthly total rainfall (mm) during faba bean growing periods at Haramaya
and Arbarakate, Ethiopia, in 2012 and 2013 main cropping seasons.

Cropping month Mean of temperature (°C) Monthly rain-fall (mm)
Haramaya Arbarakate Haramaya

2012 2013 2013 2012 2013
June 19.97 19.30 17.52 0.00 15.80
July 18.56 17.63 15.81 214.00 215.40
August 18.90 18.25 16.48 149.50 185.10
September 18.73 18.43 16.62 105.00 142.10
October 15.50 16.82 15.47 4.60 71.60
November 14.68 15.04 13.14 0.50 81.70
Mean 17.72 17.58 15.84 78.93 118.62

2.3. Experimental Materials

2.3.1. Planting material

The two faba bean varieties used in this study were
Degaga (moderately resistant to major faba bean
diseases) and Bulga-70 (moderately susceptible) and
their characteristic features are presented in Table 2.
Both faba bean varieties were obtained from Holleta
Agricultural Research Center, Ethiopia. The maize

variety used as a component crop was Melkassa-IV
(ECA-EE-36), which was obtained from Melkassa
Agricultural Research Center, Ethiopia. Melkassa-IV
was released in 2006 with an agronomic attribute: area
of adaptation (altitude of 1000-1600 meters above sea
level, rainfall of 500-700 mm annual rainfall), early
maturing (105 days) and a production potential of 2-4 t
ha-l.

Table 2. Characteristic features of faba bean varieties used for the field experiment at Haramaya and Arbarakate, Ethiopia,

during the 2012 and 2013 main cropping seasons.

Faba bean Year of

Area of adaptation

Maturity  Seed size Yield (t/ha)

variety release  Altitude (m) Annual rainfall (mm) (days) ) On station On farm
Degaga 2002 1800-3000 800-1100 116-135  400-450 2.5-5.0 2.0-4.5
Bulga-70 1994 2300-3000 800-1100 143-150  400-450 2.0-4.5 1.5-3.5

2.3.2. Fertilizer Material

The compost used in this study to substitute the
application of mineral fertilizer was mainly made of a
pile of khat (Catha edulis Forsk) residues collected from
the nearby market of Awaday, eastern Ethiopia. Well-
decomposed and matured compost was air-dried and
sieved. Composite random samples were taken for
chemical analysis before application. The compost
constituted organic carbon (8.01%), organic matter
(13.80%), total nitrogen (0.69%), available phosphorus
(234.80 mg kg') and C:N ratio of 11.61. In the

experiment, the compost was row applied to a depth of
10-15 cm at the rate of 8 t ha'l and mixed with the soil a
week before maize planting and four weeks in 2012 and
three weeks in 2013 before faba bean planting. Furrows
were prepared by digging about 20 cm deep rows once
the faba bean was planted and established as seedling,
and rain water was made to stagnate.

2.4. Treatments and Experimental Design

Three on-farm based climate resilient cultural practices
(crop diversification in the form of intercropping,
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moistute conservation as planting in furrows and soil
nutrient management as compost application), two faba
bean varieties and one open pollinated Melkassa-IV
maize variety were used in this study. Thus, the
treatments included faba bean-maize row intercropping,
furrow planting, compost application and sole faba bean
row planting, and sole maize row planting. The
treatments were applied solely and in integration with
each other (Table 3). A total of 17 treatments (for both
faba bean varieties) were laid out in a randomized
complete block design in a factorial arrangement with
three replications. In a gross plot size of 4 m x 3.2 m, a
1 maize: 1 faba bean planting pattern of row
intercropping was maintained by planting maize rows
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spaced 0.80 m apart and planting one row of faba bean
between the two maize rows. In the row intercropping,
5 rows of maize were intercropped with 4 rows of faba
bean variety each at the center of the two maize rows per
plot. In addition, sole maize and sole faba bean row
planting were included as experimental treatments,
which were planted at 0.80 m x 0.40 m and 0.40 m x 0.10
m inter-row and intra-row spacing, respectively. In case
of sole faba bean row planting there were 10 rows per
plot. In the intercrops, maize was planted three weeks in
2012 and two weeks in 2013 prior to faba bean planting.
The spacing between blocks was 1.5 meter and that
between plots was 1 meter.

Table 3. Treatment combinations and their respective descriptions used for faba bean and maize field experiments at
Haramaya during the 2012 and 2013 and at Arbarakate in the 2013 main cropping seasons.

S.No. Treatment Treatment combination description

1 SP Sole faba bean row planting (control)

2 FP Furrow faba bean planting

3 CA Faba bean planting using compost application (compost fertilization)

4 RI Faba bean-maize row intercropping

5 FP + CA Faba bean furrow planting with compost application

6 FP + RI Faba bean furrow planting in faba bean-maize row intercropping

7 CA +RI Faba bean planting using compost application in faba bean-maize row intercropping

8 FP + CA +RI  Faba bean furrow planting with compost application in faba bean-maize row intercropping
9 SMA Sole maize row planting

2.5 Experimental Procedure

Sowing of maize was done manually by planting two
seeds per hill, which were later thinned to one plant per
hill. The faba bean varieties were also manually planted.
Maize was planted at Haramaya on 21 June 2012 and on
27 June 2013; and at Arbarakate on 3 July 2013. Faba
bean was planted at Haramaya on 11 July 2012 and on
12 July 2013; and at Arbarakate on 16 July 2013. The
crops were grown without application of any chemical
fertilizer. Weeding and other agronomic practices were
done properly and uniformly as per the
recommendations to grow a successful crop.

2.6. Data Collection and Measurement

2.6.1. Soil Moisture and Soil Temperature
Assessment

In the 2013 cropping season at Haramaya, weekly soil
moisture (%) and temperature (°C) from the most
integrated climate resilient cultural practices (furrow
planting with compost fertilization in row intercropping)
treated and sole cropped plots of faba bean were
recorded. Soil moisture was determined by gravimetric
measurement. In the gravimetric method, measurement
of soil moisture was made on soil samples of known
weight or volume. Soil samples for moisture content
were taken from 40 cm depths collected with soil auger
starting from the fourth week of July. They were
collected in air-tight aluminum containers. The fresh soil
samples were weighed and dried in an oven at 105 °C for
about 24 hours until all the moisture was driven off.
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After removing from oven, they were cooled slowly to
room temperature and weighed again. The difference in
weight was considered as the amount of moisture in the
soil. The soil's moisture content was expressed as a
fraction and as percentage on a gravimetric basis using a
established formula of Lal and Shukla (2004):

Gravimetric water (%) = [(Wet weight-Dry weight)/Dry
weight] x 100 1

The soil temperature was recorded by using soil
thermometer. At the middle of each sole cropped and
highly integrated climate change resilient cultural
practice treated rows of plots, thermometers were
inserted to the depth of 20 cm for about 5 minutes at
7:00 to 9:00 AM and 3:00 to 6:00 PM twice a week to
measure diurnal soil temperatures. The weekly average
for each temperature per plot was calculated.

2.6.2. Assessment of crop growth and yield
parameters

Data on faba bean growth and yield parameters were
recorded from each plot. The growth parameter
included plant height (cm). Plant height was determined
by measuring the mean height of ten randomly taken
plants from the ground level to the apex of the matured
plant. The yield parameters included number of pods per
plant (NPPP), number of seeds per pod (NSPP),
hundred seed weight (HSW) and grain yield. Grain yield
(t ha'') was determined by estimating the total seed mass
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after threshing at harvest from the respective harvestable
areas of each plot. Four middle rows were harvested for
intercropped and eight rows were harvested for sole-
cropped faba bean plots.
The faba bean grain yield was adjusted to 10% moisture
level by using the formula: Yield at % moisture =
W*C.F., where W was unadjusted grain weight and C.F
was a correction factor which was obtained after oven
drying of 100 g unadjusted grain sample at 100 °C for 48
hours for complete drying. The C.F was determined
using the table of Birru (1979) that gives a C.F. value for
the corresponding dry weight of the 100 g sample.
Percent moisture was taken after threshing pods using
Draminski Grain Moisture Meter (Owocowa 17, 10-860
Olsztyn). NPPP were determined as the mean of ten
randomly taken faba bean plants per plot and NSPP
were also determined by taking the mean of seeds of ten
randomly taken pods of plants per plot. HSW (g) was
obtained by randomly counting and weighing 100 seeds
per plot. Moreover, grain yield (t ha') of maize was
determined after shelling the dried cobs from each net
plot area at harvest both from sole and intercropped
plots. The maize grain yield was adjusted to 12.5%
moisture level using the same formula used for faba
bean. Percent moisture was taken using the same
instrument as in faba bean grain yield.

The productivity of faba bean intercropping was
evaluated using land equivalent ratio (LER) index (Mead
and Willey, 1980), where LER is defined as:

LER =LA+LB =2 +2 @)
where LA and LB are the LERs for the individual crops
(faba bean and maize, respectively). YA and YB are the
individual crop yields in intercropping, where SA and SB
are their yields as sole crops. The partial LERs are then
summed up to give the total LER for the intercrop.
When LER > 1 there is an intercropping advantage in
improved use of environment resources for plant
growth; when LER = 1 there is no intercropping
advantage/disadvantage, with respect to sole crop; when
LER < 1 there is a disadvantage to intercropping and
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implying that the resources are used more efficiently by
sole cropping rather than by intercropping. To remove
faults relating LER, the maximum monocropping yield
was used.

2.7. Data Analysis

Analysis of variance (ANOVA) was run for each growth
and yield parameter of faba bean to determine treatment
effects across locations in each year. ANOVA was also
run for both soil moisture and temperature data to
determine effects of integrated climate change resilient
cultural practices and sole cropping systems at Haramaya
in 2013. ANOVA was computed using the SAS GLM
Procedure (SAS Institute, 2001) and treatment mean
separations were made using least significant difference
(LSD) at 0.05 probability level. The two locations and
seasons were considered as different environments
because of heterogeneity of variances as tested using
Bartlett’s test (Gomez and Gomez, 1984) and the F-test
was significant for most of the parameters studied. Thus,
data were not combined for analysis.

3. Results

3.1. Soil Moisture

The soil moisture content was significantly (P<0.05)
influenced by intercropping integrated climate resilient
cultural practices and sole cropping systems in most of
the cropping months in both faba bean varieties at
Haramaya in 2013 (Table 4). Higher soil moisture
content was recorded in plots treated with the most
integrated combination of climate resilient cultural
practices over sole faba bean treatment in all cropping
months. Soil moisture test data also revealed that
moisture content consistently decreased during the
cropping months where the lowest value was obtained
in October for both faba bean varieties. The most
integrated cropping system numerically increased soil
moisture by 1.24 to 3.23% for Degaga and by 1.73 to
2.26% for Bulga-70 variety compared to sole cropped
systems.
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Table 4. Effect of climate change resilient cultural practices on monthly average soil temperature and soil moisture at Haramaya, Ethiopia, during the 2013 main cropping season.

Treatment ! Cropping months of faba bean

July August September October
Cultural Soil temp. (°C)  Soil moisture Soil temp. Soil moisture Soil temp. Soil moisture Soil temp. Soil moisture
practice Variety %) Q) %) Q) %) Q) %)
SP Degaga 14.282 13.36* 14.172 10.432 14.942 8.45 15.26% 7.39
FP+CA+RI Degaga 13.972 14.602 13.92b 12.96> 14.13b 10.76> 14.31> 10.62>
SP Bulga-70 14.202 13.012 14.282 10.952 15.122 9.69 15.202 8.93
FP+CA+RI  Bulga-70 13.992 14.742 14.022 13.21> 14.62b 11.88> 14.14> 10.72b
LSD (0.05) 0.18 1.45 0.16 0.61 0.19 1.00 0.24 0.81
CV (%) 0.92 7.35 0.78 3.66 0.92 6.96 1.15 6.15

Note: 'SP, sole planting; and FP + CA + R, furrow planting with compost application in row intercropping. Means in each column followed by the same letter are not significantly different at 5% probability
Jevel.
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3.2. Soil Temperature

The monthly average soil temperature was also
significantly (P<0.05) influenced by intercropping
integrated climate change resilient cultural practices and
sole faba bean planting at Haramaya during most of the
cropping months in 2013 (Table 4). However, the data
depicted in the table clearly show that significant
differences occurred for Bulga-70 only in September and
October. Nonetheless, in all cases, the lower monthly
average soil temperature was recorded for the most
integrated climate change resilient cultural practices
treated plots than for sole faba bean planting. Unlike soil
moisture test data, soil temperature increased during the
cropping months, with the highest being recorded in
October. The most integrated treatment lowered and
cooled soil temperature by 0.25 to 0.95 °C for Degaga
and by 0.21 to 1.06 °C for Bulga-70. A similar trend was
also observed for both monthly average minimum and
maximum soil temperature data for the cropping
months of both faba bean varieties (data not shown).

3.3. Plant Height

The data on faba bean plant height generally did not
show significant variation among the climate resilient
cultural practices used and as compared to the control
treatment at Haramaya in 2012 and both at Haramaya
and Arbarakate in 2013 (Tables 5 and 6). However, a
significant (P<0.03) difference in height was obtained
between varieties at Arbarakate in 2013. Although not
significant, intercropping and intercropping integrated
with climate resilient cultural practice(s) treated plots
(referring to furrow planting in row intercropping
and/or compost application in row intetcropping
and/ot furrow planting with compost application in row
intercropping or intercropping integrated treatments
hereafter) produced taller faba bean plants than sole faba
bean planting at Haramaya in 2012 and both at
Haramaya and Arbarakate in 2013 main cropping
seasons. Taller Degaga faba bean plants were also
recorded at Arbarakate than Bulga-70 during the 2013
cropping season.

3.4. Faba Bean Yield Components

Data on yield components are presented in Tables 5 and
6. Statistical analysis of the data showed that climate
resilient cultural practices generally had significant
(P<0.05) effect on hundred seed weight of faba bean at
Haramaya in 2012 and at both locations in 2013 main
cropping seasons. However, a general non-significant
trend on NPPP and NSPP of faba bean were observed
at both locations and across the main cropping seasons.
It was also observed that the variety Degaga had
significantly heavier seed weights than the variety Bulga-
70. Sole cropping treatments caused heavier faba bean
seeds than their respective intercropping and
intercropping integrated treatments at both locations
and over seasons. Comparably, higher NPPP and 100-
seed weights of faba bean were recorded at Haramaya
and Arbarakate in 2013 than at Haramaya in 2012 main
cropping season.

Integrated Climate Change Resilient Practices on the Productivity of Faba Bean

Heavier faba bean grains were obtained from plots
where faba bean plants were planted with compost
fertilization or planted in furrows with compost
fertilization at both locations in 2013. In 2012, heavier
faba bean grains were harvested from furrow planted or
furrow planting with compost fertilized plots at
Haramaya than from sole faba bean planting. However,
lower 100-seed weights of faba bean were recorded in
plots that were planted either in intercropping or
intercropping integrated treated plots at both locations
in 2013. The overall condition was a little bit different
during 2012 as compared to 2013.

3.5. Grain Yield

The effects of climate resilient cultural practices and sole
cropping on grain yield of faba bean are presented in
Tables 5 and 6. There were significant (P<0.05)
differences in faba bean grain yield due to climate change
resilient cultural practices at Haramaya in 2012 and at
both Haramaya and Arbarakate during the 2013
cropping season. Significant differences were also found
between Degaga and Bulga-70 at both locations in 2013
but not at Haramaya in 2012. Both faba bean varieties
gave higher grain yield in the different treatments at both
locations in 2013 than in the year 2012. The grain yield
of faba bean obtained at Arbarakate was even higher
than that of Haramaya. Thus, the faba bean overall mean
grain yield was higher by 161.67% for Degaga and by
142.31% for Bulga-70 at Haramaya in 2013 than in 2012
main cropping season.

The highest grain yields were consistently obtained
from non-intercropped (furrow planting and/or
compost fertilization and/or furrow planting with
compost application) and sole cropped plots at both
locations and years. Among those treatments that
produced higher faba bean grain yield at Haramaya,
furrow planting with compost fertilization resulted in the
highest (3.47 t ha'! in 2012 and 4.25 t ha'! in 2013) faba
bean grain yield. Furrow planting with compost
fertilization also produced the maximum (5.29 t ha')
faba bean grain yield at Arbarakate in 2013. It was
followed by compost fertilization at both locations (4.14
t ha'! at Haramaya and 4.99 t ha! at Arbarakate) in 2013.
However, furrow and sole row planting resulted in
production of the highest faba bean grain yields next to
furrow planting with compost fertilization at Haramaya
in 2012.

In both cropping seasons at Haramaya and
Arbarakate, faba bean grain yields of each sole row
planting were also greater than the grain yield of their
respective intercrops. The lowest faba bean grain yield
was recorded for either intercropped or intercropping
integrated treated plots as compared to non-
intercropped and sole cropped treatments. The grain
yield obtained at Haramaya ranged from 0.96 to 1.22 t
ha' (in 2012) and from 2.48 to 2.67 t ha''(in2013). The
grain yield of faba bean at Arbarakate ranged from 2.99
to 3.29 t ha'! in 2013. Among intercropping integrated
treatments, compost fertilization in row intercropping
treated plots gave the highest (2.67 t ha'! at Haramaya
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and 3.29 t ha! at Arbarakate) faba bean grain yield in Haramaya resulted in a higher (1.22 t ha'!) faba bean
2013. However, furrow planting with compost grain yield than others in 2012.
fertilization in row intercropping treated plots at
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Table 5. Effects of integrated climate change resilient cultural practices on growth and yield parameters of faba bean (1%a faba) at Haramaya, Ethiopia, during the 2012 and 2013
main cropping seasons.

Haramaya?

Treatment ! 2012 2013

Height (cm) NPPP ~ NSPP HSW (g)  Yield (t ha') Height (cm) NPPP NSPP HSW (g) Yield(t ha')
Faba bean variety
Degaga 1.592 12.592 2.862 55.022 2.27 1.68 17.99b 3.03 60.097 3.67
Bulga-70 1.56* 13.58 2.78b 47.89> 2.08 1.652 21.600 3.012 49.57b 2.96b
LSD (0.05) 0.03 1.72 0.08 1.05 0.35 0.04 1.74 0.08 1.02 0.18
Resilient cultural practice
SP 1.55b¢ 16.022 2.93 51.94abe 3.36 1.65% 19.93abed 3,102 54.994b 3.93
FP 1.55b¢ 15.67* 2.75b¢ 53.73¢ 3.182 1.642 18.17<d 2.97 55.274b 3.90#
CA 1.54¢ 13.03%b¢ 2,902 50.35¢ 2.92a 1.662 18.67b«d 3,032 55.77% 4.14
RI 1.582be 11.58b¢  2.75bc 50.40¢ 1.10b 1.68 21.58»bc 2972 53.80b 2.48b
FP + CA 1.55b¢ 14.80%>  2.78abe 52.742 3.47 1.662 17.574 3.03 56.922 4.25
FP + RI 1.64* 11.63b¢  2.73¢ 51.06b¢ 1.22b 1.692 22,17+ 3.072 53.77° 2.55b
CA +RI 1.62® 10.22¢ 2.90 50.59¢ 0.96P 1.68 18.63bcd 2972 54.25b 2.67°
FP+ CA+RI 1.59b¢ 11.73bc  2.80%bc 50.83b¢ 1.22b 1.68 21.67% 3.00 53.86P 2.60°
LSD (0.05) 0.07 3.45 0.15 2.11 0.71 0.08 3.48 0.17 2.04 0.37
CV (%) 3.55 22.33 4.65 3.48 27.51 3.94 14.89 4.68 3.15 9.39

Note: ISP, sole planting; FP, furrow planting; CA, compost application; RI, row intercropping; FP + CA, furrow planting with compost application; FP + R, furrow planting in
row intercropping; CA + RI, compost apllication in row intercropping; and FP + CA + RI, furrow planting with compost application in row intercropping.

2 NPPP, number of pods per plant; NSPP, number of seeds per pod; and HSW, hundred seed weight.

Means in each column followed by the same letter are not significantly different at 5% probability level.
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Table 6. Effects of integrated climate change resilient cultural practices on growth and yield parameters of faba bean (1zia
faba) at Arbarakate, Ethiopia, during the 2013 main cropping season.

Treatment ! Arbarakate?

Height (cm) NPPP NSPP HSW (g Yield (t ha')
Faba bean variety
Degaga 1.67 20.302 3.03 60.102 4.26
Bulga-70 1.04b 21.212 3.01» 49.36b 3.71b
LSD (0.05) 0.03 1.34 0.08 0.82 0.19
Resilient cultural practice
SP 1.63% 20.60% 3.03 54,59abe 4.79>
FP 1.62b 19.20b 3.03 55.062¢ 4.34¢
CA 1.64 21.47 3.002 56.082 4.992b
RI 1.68® 21.97 2.97 53.82¢ 3.144
FP + CA 1.63P 19.972b 3.03 55.72 5.292
FP + RI 1.67% 20.33% 3.100 54.07¢ 2.994
CA +RI 1.692 20.33% 3.00¢ 54.23b¢ 3.294
FP + CA+RI 1.67% 2217 3.00 54.29b¢ 3.054
LSD (0.05) 0.06 2.68 0.16 1.64 0.39
CV (%) 2.98 10.95 4.43 2.54 8.29

Note: 'SP, sole planting; FP, furrow planting; CA, compost application; RI, row intercropping; FP + CA, furrow planting
with compost application; FP + RI, furrow planting in row intercropping; CA + RI, compost apllication in row
intercropping; and FP + CA + RI, furrow planting with compost application in row intercropping.

2 NPPP, number of pods per plant; NSPP, number of seeds per pod; and HSW, hundred seed weight.

Means in each column followed by the same letter are not significantly different at 5% probability level.

3.6. Land Equivalent Ratio (LER) Similarly, LER values ranged from 1.55 to 1.76 at
Evaluation of intercropping advantage was performed Arbarakate in 2013. Maximum grain yield advantages of
on the basis of LER of intercropping index and, hence, 16% were obtained at Haramaya in 2012 and 76% at
the significance of higher faba bean grain yield gain from both Haramaya and Arbarakate areas in 2013. The
sole and non-intercropping planted plots could be highest (1.76) LER value was obtained when faba bean
explained using LER. The total LER values computed was row intercropped with maize at both locations in
for faba bean at Haramaya in 2012 and at both locations 2013, indicating grain yield benefit from 1.76 hectares of
in 2013 are presented in Table 7. The total LER values sole faba bean crop could be obtained from one hectare
for intercropped plots were more than one at both of intercropped faba bean and could increase
locations and years. The values at Haramaya ranged productivity by 76% over the sole planting of each crop.

from 1.02 to 1.16 in 2012 and 1.63 to 1.76 in 2013.

Table 7. Effects of intercropping systems on grain yield (t ha') and total land equivalent ratio (LER) of faba bean at
Haramaya and Arbarakate, Ethiopia during the 2012 and 2013 main cropping seasons.

Haramaya Arbarakate
2012 2013 2013
Treatment ! Grain yield (tha!)  Total Grain yield (t ha!) Total Grain yield (tha!)  Total
Fababean  Maize LER Faba bean Maize = LER Faba bean Maize LER
Sp 3.36 0.39 3.93 2.61 4.79 2.54
RI 1.10 488  1.09 2.48 2.64 1.64 3.14 269 171
FP+RI 1.22 508  1.16 2.55 2.66 1.67 2.99 234 155
CA+RI 0.96 4.69  1.02 2.67 2.83 1.76 3.29 272 176
FP+CA+RI 1.22 489 113 2.60 2.54 1.63 3.05 248  1.61

Note: ! SP, sole planting; RI, row intercropping; FP + RI, furrow planting in row intercropping; CA + RI, compost
application in row intercropping; and FP + CA + RI, furrow planting with compost application in row intercropping.

4. Discussion cropping season. The most integrated climate resilient
The study demonstrated that cropping systems cultural practices generally resulted in higher soil
significantly affected gravimetric soil moisture content moisture and lower soil temperature than the sole
and soil temperature at Haramaya during the 2013 main planted faba bean. This present observation

corroborates the findings of Choudhary 7 a/. (2012) and
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Naresh e al. (2014) who reported that higher soil
moisture and lower soil temperature for maize-cowpea
intercrops than for maize sole crop. Dahmardeh and
Rigi (2013) found that maize-green gram intercrops had
lower soil temperature than sole cropped maize.
Similarly, El Naim e/ /. (2013) reported that sorghum-
cowpea intercrops resulted in higher soil moisture
content over a sorghum pure stand.

Increase in soil moisture and reduction in soil
temperature due to the most integrated climate resilient
cultural practices of maize-faba bean planting might be
explained by high canopy cover and early enclosure of
the ground and less light penetration in intercrops. This,
in turn, might reduce soil temperature and rate of
evaporation and, further, increase soil moisture.
Similarly, Dahmardeh and Rigi (2013) and Ghanbari ez
al. (2010) noted that reduced soil moisture content in the
sole crop of maize was due to high evaporation potential
as a result of lower soil cover. There was more shading
in the soil surface in intercropping at high ratio of
planting that may have caused low evaporation and high
moisture in soil causing low soil temperature (Ghanbari
et al., 2010). Olasantan and Babalola (2007) observed
that mixed stands reduced soil temperature and
increased soil moisture due to ground cover in melon-
maize or cassava intercropping, which consequently led
to reduction in solar radiation, diurnal soil temperatures,
and evapotranspiration.

Plant height was strongly influenced by cropping
systems both in 2012 and 2013. At both Haramaya and
Arbarakate locations, intercropping and intercropping
integrated treatments tended to have taller plants of faba
bean, which might be due to severe competition
between faba bean and maize to reach and capture light
and shading of maize. Both faba bean varieties sown at
both locations grew taller in 2013 than in 2012 since the
latter cropping season was characterized by a relatively
lower precipitation. Previous studies also indicated that
plant height of faba bean increased when intercropped
with safflower (Abo-Shetaia, 1990); taller faba bean
plants were recorded for maize-faba bean row
intercropping than sole cropping (Tilahun, 2003).
Similarly, Peksen and Gulumser (2013) found that bean-
maize row intercropping resulted in the growth of taller
plants than sole bean cropping due to more competition
for light in the latter. Megawer e7 /. (2010) also reported
that lupine underwent shading of batley canopy as a
result of interspecific competition for light and
exhausted most energy in elongation in batley-lupine
intercrops.

Lower grain yields of faba bean were harvested in 2012
than in 2013 possibly due to erratic distribution and eatly
cessation of rainfall starting from the second week of
September, which may have caused terminal stress in
pod formation and pod filling growth stages of faba
bean. Similar results were reported by Ali ez a/. (2013)
who found that poor distribution and early termination
of rainfall during the cropping season caused moisture
deficit and adversely affected productivity. Ghassemi-
Golezani ez al. (2009) also pointed out that water deficit

Integrated Climate Change Resilient Practices on the Productivity of Faba Bean

can reduce dry matter accumulation, crop growth rate
and relative growth rate and, consequently, reduced
grains per plant and grain weight of faba bean. The
present data demonstrated that non-intercropped and
sole cropped plots produced higher grain yield than
other resilient cultural practices, implying intercropping
strongly influenced faba bean grain yield. These
treatments also generally gave heavier seed weights.
Tilahun (2003) found in maize-faba bean intercropping
that sole planting gave higher faba bean grain yield than
maize-faba bean intercrops. In common bean-maize
double intercropping, Tamado e a/. (2007) showed that
sole cropped common bean gave significantly higher
seed yield than intercropped bean. Similar results were
also reported by Fininsa (1997) in bean-maize mixed and
row intercropping.

Possibly higher grain yields and heavier 100-seed
weights of faba bean harvested from non-intercropped
and sole planting plots in this study might be related to
availability of more nutrients and less inter-specific
competition in sole crops for available resources than
the intercropping systems. In addition, maize plants
might have shaded faba bean due to its stature in
intercropping and reduced the amount of light
transmission required for growth that would result in
etiolated growth and poor pod setting in faba bean. In
agreement with this current finding, Adeniyan ez 4/
(2007) and Khan ez a/. (2012) identified that competition
for nutrients, moisture, space and solar radiation was
responsible for yield reduction in intercrops. Huaggaard-
Nielsen and Jensen (2001) also reported greater
competitive ability of barley when intercropped with
pea, and wheat when intercropped with chickpea for
resources may cause shading and, thereby, reduce
growth in the legume resulting in low yields.

Earlier studies also revealed that light interception was
one of the vyield limiting factors in intercrops.
Accordingly, Yilmaz ef a/. (2008) indicated that soybean-
maize intercrops had lower light interception and, as a
result, severe competition occurred. In maize-cowpea
intercrops, Legwaila ez al. (2012) reported that maize
shadowed cowpeas and reduced the amount of light
required to stimulate flower production in cowpeas; and
Khan e al. (2012) reported a similar observation in
maize-mungbean  intercrops.  Furthermore, the
supetiority of sole lupine over Dbatley-lupine
intercropping systems was due to shading and lupine
exhausted most energy in elongation and vegetative
growth and less during grain filling period (Megawer ez
al., 2010).

The present findings revealed that furrow planting
with compost fertilization gave the highest faba bean
grain yield, followed by compost fertilization. Among
intercropping  integrated treatments, compost
fertilization in row intercropping generally produced
higher faba bean grain yield and lower relative grain yield
loss than other treatments. These treatments also
reduced both faba bean rust and chocolate spot severity
(Terefe et al., 2015; Terefe ¢t al. submitted). In 2012,
furrow planting integrated intercropping systems led to
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lower relative grain yield losses, suggesting the vital role
of furrow planting in moisture stress areas and compost
fertilization to maintain productivity. This could reduce
crop failure and increase resilience to climate variability
effects. Several authors also reported yield gains due to
compost application on different crops. Riahi et 4l
(2009) showed that compost amendments gave greater
total and matketable yields of tomato. In their study on
the influence of organic fertilization on maize and
legumes, Bilalis e a/. (2012) reported the highest legume
root diameter, density and dry weight under compost
fertilization, where the faba bean had high biomass.
Similarly, Adeyeye ef al. (2014) reported that compost
application had a significant effect on all yield
parameters of soybean, which were higher than those
with no compost.

The high faba bean grain yield due to furrow planting
and compost fertilization could be attributed to moisture
retention and slow and steady availability of nutrients
throughout the crop growth period, which, in turn,
might have boosted the faba bean grain yield. Moreover,
this treatment might improve soil physico-chemical
properties, which might have resulted in loose and
friable soil conditions and enabled better yielding
capacity. Similarly, Adeyeye e a/. (2014) noted that an
increase in all yield parameters of soybean due to
compost application indicates essentiality of N nutrition
as a starter for optimum soybean productivity. Bedada ez
al. (2014) indicated that application of compost helps in
improving the physico-chemical properties of soil and
provides a better soil environment for biological activity.
Ngwira ez al. (2013) also reported that compost use
resulted in increases in soil organic C, total N, and
available P and soil pH essential for optimum crop
growth. This was what was observed from the applied
compost in this study where high essential elements were
found. Thus, compost fertilization could be an option to
agricultural land management practice and climate
change adaptation strategies. Studies by Bryan ez 4l
(2013) on adaptive strategies by subsistence farmers to
climate change also pointed out that composting or
manure, intercropping, residues and soil bunds are the
most common practices that can increase productivity,
soil fertility and increase in water-holding capacity of the
soil.

Furthermore, Zemanek (2011) proposed a positive
influence of compost on soil water and soil moisture
retention. On the other hand, Xiaoli e a/. (2013) found
an increase in soil moisture, grain yield and harvest index
of corn and water use efficiency in an integrated furrow-
applied mulching system. The system is likely to reduce
soil evaporation loss. Hu e al. (2014) also reported that
rainwater-harvesting through mulching, ridging and
furrow planting increased water use efficiency and,
hence, an increase in marketable potato yields. These
systems in different orientations also accumulated higher
dry matter and increased relative growth rate, gave the
highest tuber yield and increased water use efficiency
through reduced evapotranspiration (Qin ef al., 2014).
Moreover, Feng ef al. (2012) indicated that ridge-furrow
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planting system hatvested more rain water and
conserved soil moisture and, consequently, increased dry
matter and grain yield of Elymussibiricus.

Faba bean grain yields from intercrops were lower
than their respective sole planting, and the total land
productivity was much higher in intercrops than in sole
crops, which is supported by total LER values (observed
to be more than one). The values computed in 2013 were
even higher than the values from previous studies. This
finding agrees with the results of Agegnehu ez a/. (2008)
who found that in barley-faba bean intercropping, all
intercrops had greater LER values than in sole crops of
both components. Tilahun (2003), Minale ez a/. (2002)
and Tilahun e/ a/. (2012) also reported greater computed
LER values than one in all the intercrops of maize-faba
bean intercropping. Similarly, Dusa and Stan (2013)
reported greater LER wvalues in oat-pea or lentil
intercropping systems, implying the efficiency of
resource use in intercropping relative to sole crop. The
high intercropping advantage during the specified
cropping season could be due to resource use efficiency;
decrease in diseases, pests and weed build-up (Jensen ez
al., 2010); and soil moisture retention and cooled soil
temperature as revealed by this study.

The overall results of the study revealed that faba bean
performed better and produced relatively higher grain
yield at Arbarakate than at Haramaya in 2013. This might
be attributed to differences in the suitability of the two
locations for growth and development of the crop. Thus,
Arbarakate is characterized by extended period of
rainfall, higher altitude and better soil conditions, which
may have favored the growth and development of the
crop over Haramaya. Tamene (2015) also reported that
environmental effects accounted for 73.6% of the total
yield variation among faba bean genotypes evaluated
compared to genotype and genotype x environment
interactions. Concurrent with the results of this study, an
experimental location at higher altitude with high rainfall
amount and even distribution resulted in higher grain
yield and dry biomass weight in faba bean varieties tested
compared to an experimental location with a relatively
lower altitude (Ashenafi and Mekuria, 2015).

5. Conclusions

Intercropping integrated climate resilient cultural
practices significantly increased soil moisture content by
cooling the soil temperature and enhancing soil moisture
content compared to sole faba bean planting. These
practices also generally led to the production of higher
faba bean grain yields per unit area. Sole planting and
non-intercropping treatments produced significantly
higher total faba bean grain yield than that of both
intercropping and intercropping integrated treatments.
However, the land productivity index indicated the
advantages of intercropping of faba bean and maize.
Among intercropping integrated treatments, compost
fertilized systems produced the highest faba bean grain
yield, particularly compost fertilization in row
intercropping. Moreover, the overall faba bean grain
yield obtained from compost fertilization along with
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furrow planting or in combination with other climate
change resilient cultural practices enhanced productivity
of faba bean in Hararghe highlands. It is, therefore,
concluded that integrated climate resilient cultural
practices are proved to be more productive than sole
cropping of the two faba bean varieties tested and with
promising capacity to mitigate effects of climate
variability. Practicing the integrated climate resilient
cultural practices may benefit farmers through increased
productivity and can diversify produces and food
resources via reduced inputs and non-chemical means in
the face of climate variability. These practices are
economical and  eco-friendly for  maintaining
productivity and managing faba bean diseases. It is
suggested to further directly investigate the effect of
compost on yield and quality of crops as well as on soil
physico-chemical properties.

6. Acknowledgements

The study was financed by the Swedish International
Development Agency (SIDA) and Haramaya University,
Ethiopia. We thank Mr. Getahun Tessema (Farmers'
Development Agent, Arbarakate) and Miss Woinshet
Feleke, Mr. Berhanu Asfaw and Mr. Tefera Berhanu,
School of Plant Sciences, Haramaya University, for their
assistance during field follow up and data collection, and
staff members of West Hararghe Zone Bureau of
Agriculture and Rural Development who facilitated the
allotment of experimental land at Arbarakate. We are
also very thankful to farmers and daily laborers who
participated in the field experiments.

7. References

Abo-Shetaia, A. M. A. 1990. Study on the intercropping
of safflower with faba bean. Awnals of Agricultural
Stcience, 35 (1): 243-260.

Adeniyan, O. N., Akande, S. R., Balogun, M. O. and
Saka, J. O. 2007. Evaluation of crop yield of African
yam bean, maize and kenaf under intercropping
systems. _America-Eurasian Journal of Agriculture and
Environment Science, 2: 99-102.

Adeyeye, A. S., Togun, A. O., Akanbi, W.B., Adepoju, 1.
O. and Ibirinde, D. O. 2014. Effect of maize stover
compost and nitrogen fertilizer rates on growth and
yield of soybean (G/ycine Max) variety in South-West
Nigeria. IOSR Journal of Agriculture and 1 eterinary
Science, 7 (1): 68-74.

Agegnehu, G., Ghizaw, A. and Sinebo, W. 2006. Yield
performance and land-use efficiency of batley and
faba bean mixed cropping in Ethiopian highlands.
European Jounrnal of Agronomy, 25: 202-207.

Agegnehu, G., Ghizaw, A. and Sinebo, W. 2008. Yield
potential and land-use efficiency of wheat and faba
bean mixed intercropping. Agronomy for Sustainable
Development, 28: 257-263.

Ahmed, S., Muhammad, 1., Kumar, S. Malhotra, R. and
Maalouf, F. 2011. Impact of climate change and
variability on diseases of food legumes in the dry
areas.International Center for Agricultural Research

Integrated Climate Change Resilient Practices on the Productivity of Faba Bean

in the Dry Areas (ICARDA). Aleppo, Syria. Pp. 157-
165.

Akibode, S. and Maredia, M. 2011. Global and regional
trends in production, trade and consumption of food
legume crops. Report submitted to SPIA, 27 March
2011. Michigan State University, USA. Pp. 23-25.

Ali, S. A. M., Mohamed, A. A., Bahar, A. H. and
Khairelseed, A. R. 2013. Effects of sorghum
(Sorghum  bicolor () Moench) and groundnut
(Arachishypogaea) — intercropping on some soil
chemical propertiesand crop yield under rain-fed
conditions. ARPN Journal of Science and Technology, 3
(1): 66-74.

Ashenafi, M. and Mekuria, W. 2015. Effect of faba bean
(Viiciafaba 1..) vatieties on yield attributes at Sinana
and Agarfa Districts of Bale Zone, Southeastern
Ethiopia. Jordan Journal of Biological Sciences, 8 (4): 281-
286.

Bedada, W., Karltun, E., Lemenih, M. and Tolera, M.
2014. Long-term addition of compost and NP
fertilizer increases crop yield and improves soil
quality in experiments on smallholder farms.
Agriculture, Ecosystems and Environment, 195: 193-201.

Bilalis, D., Papastylianou, P., Konstantas, A., Patsiali, S.,
Karkanis, A. and Efthimiadou, A. 2012. Weed-
suppressive effects of maize—legume intercropping
in organic farming. Infernational Journal of Pest
Management, 56 (2): 173-181.

Birru, A. 1979. Agricultural field experiment
management manual part III. Institute of
Agricultural Research. Addis Ababa, Ethiopia.

Brunt, D. 2007. The adiabatic lapse-rate for dry and
saturated air. Quarterly Journal of the Royal Meteorological
Society, 59 (252): 351-360.

Bryan, E., Ringler, C., Okoba, B., Koo, J., Herrero, M.
and Silvestri, S. 2013. Can agriculture support
climate change adaptation, greenhouse gas
mitigation and rural livelihoods? Insights from
Kenya. Climatic Change, 118:151-165.

Cabell, J. F. and Oeclofse, M. 2012. An indicator
framework for assessing agroecosystem resilience.
Ecology and Society, 17 (1): 1-13.

Chakraborty, S. 2011. Climate change and plant disease.
Plant Pathology 60: 1-163, Special Issue.

Choudhary, V. K., Suresh, K. P. and Bhagawati, R. 2012.
Production potential, soil moisture and temperature
as influenced by maize-legume intercropping.
International Journal of Science and Nature, 3 (1): 41-46.

Coakley, S. M., Scherm, H. and Chakraborty, S. 1999.
Climate change and plant disease management.
Annnal Review of Phytopathology, 37: 399-426.

CSA (Central Statistics Authority). 2014. Agricultural
sample survey (2013/2014). Report on area and
production of major crops. Statistical Bulletin 532,
Central Statistical Authority. Addis Ababa, Ethiopia.

Dahmardeh, M. and Rigi, K. 2013. The influence of
intercropping maize (Zea mays 1.)-green gram
(Viignaradiata 1..) on the changes of soil temperature,
moisture and nitrogen. International  Journal  of
Ecosystem, 3 (2): 13-17.

117



Habtamu e# /.

Dixon, G. R. 2009. The impact of climate and global
change on crop production. Pp. 307-324. In: Letcher,
T. M. (Ed) Climate and global change:
observedimpacts on Planet Earth. Oxford, Elsevier.

Dixon, G. R. 2012. Climate change — impact on crop
growth and food production, and plant pathogens.
Canadian Journal of Plant Pathology, 34 (3): 362-379.

Dusa, E. M. and Stan, V. 2013. The effect of
intercropping on crop productivity and yield quality
of oat (Avena sativa 1..)-leguminous species (pea—
Pissumsativum 1., lentil—Lens culinaris 1..) cultivated in
pure stand and mixtures, in the organic agriculture
system. European Scientific Journal, 9 (21): 69-78.

El Naim, A. M., Kilali, A. B., Hassan, A. E. and
Mahmoud, F. A. 2013. Agronomic evaluation of
sorghum and cowpea intercropped at different
spatial arrangements. Journal of Renewable Agriculture 1
(2): 11-16.

Fadda, C. 2011. Climate change and pests and diseases:
a quick overview. Vol. VII, July 20, 2011.

FDRE-EPA (The Federal Democratic Republic of
Ethiopia-Environmental ~ Protection  Authority).
2011. Ethiopia’s climate-resilient green economy
strategy: the path to sustainable development.
Addis Ababa, Ethiopia. Pp. 1-16.

Feng, H., Kun, W., Lin, X. L. and Xia, L. G. 2012.
Effects of ridge and furrow rainfall harvesting
system on Elmussibiricusyield in Bashang agro-
pastoral zone of China. African Journal of Biotechnology,
11 (38): 9175-9181.

Fininsa, C. 1997. Effect of planting pattern, relative
planting date and intra-row spacing on a haricot
bean-maize intercrop. African Crop Science Journal 5
(1): 15-22.

Gelgelo, B. 2012. Response of improved potato (Solanum
tuberosum 1..) varieties to nitrogen application in
Eastern  Ethiopia.M.Sc.  Thesis,
University, Haramaya, Ethiopia. 69p.

Ghanbari, A., Dahmardeh, M., Siahsar, B. A. and
Ramroudi, M. 2010. Effect of maize (Zea mays 1.)-
cowpea (Vigna unguicnlata 1..) intercropping on light
distribution, soil temperature and soil moisture in
arid environment. Journal of Food, Agriculture and
Environment, 8 (1): 102-108.

Ghassemi-Golezani, K., Ghanehpoor, S. and Dabbagh
Mohammadi-Nasab, A. 2009. Effects of water
limitation on growth and grain filling of faba bean
cultivars. Journal of Food, Agriculture and Environment, 7
(3 and 4): 442-447.

Gomez, K. A. and Gomez, A. A. 1984. Statistical
procedutes for agricultural research.20d edition.John
Wiley and Sons Inc., New York, USA. Pp. 328-332.

Grashoff, C. 1990. Effect of pattern of water supply on
Viicia faba 1. 11. Pod retention and filling, dry matter
portioning, production and water use. Journal of
Agricultural Science, 38:131-143.

Hauggaard-Nielsen, H. and Jensen, E. S. 2001.
Evaluating pea and Dbatley cultivars  for
complementarily in intercropping at different levels
of soil N availability. Freld Crops Research, 72: 185-196.

Haramaya

118

East African Journal of Sciences Volume 9 (2) 105-120

Heal, G. 2000. Nature and the market place: capturing
the wvalue of ecosystem services. Island Press,
Washington, D. C., USA. Pp. 134-142.

Heluf, G. 2003. Grain yield response of sorghum
(Sorghum bicolor) to tied-ridges and planting methods
on entisols and vertisols of Alemaya areas, Eastern
Ethiopia highlands. Journal of Agriculture and Rural
Development, 104 (2): 113-128.

Hu, Q., Pan, F., Pan, X, Zhang, D., Yang, N., Pan, Z.,
Zhao, P. and Tuo, D. 2014. Effects of a ridge-furrow
micro-field rainwater-harvesting system on potato
yield in a semi-arid region. Field Crops Research, 166:
92-101.

Jensen, E. S., Peoples, M. B. and Hauggaard-Nielsen, H.
2010. Faba bean in cropping systems. Field Crops
Research, 115 (3): 203-216.

Karamanos, A. J. and Gimenez, C. 1991. Physiological
factors limiting growth and yield of faba. Options
Méditerranéennes, 10: 79-90.

Katungi, E., Farrow, A., Chianu, J., Sperling, L. and
Beebe, S. 2009. Common bean in Eastern and
Southern Affica: a situation and outlook analysis of
targeting breeding and delivery efforts to improve
the livelihoods of poor in drought prone areas
through ICRISAT. Baseline tesearch report.
Kampala, Uganda.

Khan, M. A., Naveed, K., Ali, K., Ahmad, B. and Jan, S.
2012. Impact of mungbean-maize intercropping on
growth and yield of mungbean. Pakistan Journal of
Weed Science Research, 8 (2): 191-200.

Knox, J. W., Hess, T. M., Daccache, A. and Ortola, M.
P. 2011. What are the projected impacts of climate
change on food crop productivity in Africa and
Southern Asia? DFID Systematic Review Final
Report, Cranfield University, Bedford, UK. Pp. 1-77.

Lal, R. and Shukla, M. K. 2004. Principles of soil physics.
Marcel Dekker, Inc., New York, USA.

Legwaila, G. M., Marokane, T. K. and Mojeremane, W.
2012. Effects of intercropping on the performance
of maize and cowpeas in Botswana. Infernational
Journal of Agriculture and Forestry, 2 (6): 307-310.

Li, B. B. 2011. Resilience in agriculture through crop
diversification: ~ adaptive =~ management  for
environmental change. Bio Science, 61 (3): 183-193.

Masters, G., Baker, P. and Flood, J. 2010. Climate
change and agricultural commodities. CABI
Working Paper 2. Pp. 1-47.

Mead, R. and Willey, R. W. 1980. The concept of a land
equivalent ratio’ and advantages in yield from
intercropping. Journal of Experimental Agriculture, 16:
217-228.

Megawer, E. A., Sharaan, A. N. and EL-Sherif, A. M.
2010.Effect of intercropping patterns on yield and its
components of batley, lupine or chickpea grown in
newly reclaimed soil. Egypz Journal of Applied Science,
25 (9): 437-452.

Minale, L., Tilahun, T. and Alemayehu, A. 2002.
Determination of nitrogen and phosphorus fertilizer
levels in different maize-faba bean intercropping
patterns in northwestern Ethiopia. Seventh Eastern



Habtamu e# 4.

and Southern Africa Regional Maize Conference and
Symposium on low-nitrogen and drought tolerance.
Nairobi, Kenya. Pp. 513-518.

Naresh, R. K, Tomar, S. S., Shahi, U. P., Singh, S. P,
Purushottam, Singh, B. and Kumar, P. 2014.
Sustainability of maize-wheat cropping system by
different legume intercropping and nitrogen level
treatments on light distribution, soil temperature and
crop productivity. African Journal of Science, 8 (4): 204-
213.

Ngwira, A. R., Nyirenda, M. and Taylor, D. 2013.
Toward sustainable agriculture: an evaluation of
compost and inorganic fertilizer on soil nutrient
status and productivity of three maize varieties
across multiple sites in Malawi. Agroecology and
Sustainable Food Systems, 37 (8): 859-858.

Olasantan, F. O. and Babalola, O. A. 2007. Effects of
intercropping and melon sowing date on crop
growth, soil micro-environment and rhizosphere
fungi and bacterial populations of maize and cassava,
biological  agriculture and  horticulture. _An
International Journal for Sustainable Production Systems, 24
(4): 415-430.

Peksen, E. and Gulumser, A. 2013. Intercropping
efficiency and yields of intercropped maize (Zea mays
L.) and dwarf bean (Phaseolus vulgaris L.) affected by
planting arrangements, planting rates and relative
time of sowing. International Journal of Current
Microbiology and Applied Sciences, 2 (11): 290-299.

Qin, S., Zhang, J., Dai, H., Wang, D. And Li, D. 2014.
Effect of ridge-furrow and plastic-mulching planting
patterns on yield formation and water movement of
potato in a semi-arid area. Agricultural Water
Management, 131: 87-94.

Riahi, A., Hdider, C., Sanaa, M., Tarchoun, N., Ben
Kheder, M. and Guezal, 1. 2009. The influence of
different organic fertilizers on yield and physico-
chemical properties of organically grown tomato.
Journal of Sustainable Agriculture, 33 (6): 658-673.

Rosegrant, M. W. 2010. Impacts of climate change on
food security and livelihoods. Pp. 24-27. In: Solh, M.
and Saxena, M. C. (Eds.) Food security and climate
change in the dry areas. Proceedings of International
conference, 1-4 February, 2010. Amman, Jordan.

Salmeron, J. I. C., Avila, C. and Torres, A. M. 2010. Faba
bean and its importance in food security in
developing countries. 13p. In: Solh, M. and Saxena,
M. C. (Eds.) Food Security and Climate Change in
Dry Areas. Proceedings of International Conference,
1-4 February 2010. Amman, Jordan.

SAS (Statistical Analysis System) Institute. 2001.
SAS/STAT User’s Guide, Version 8.2. SAS Institute
Inc., Cary, NC, USA.

Integrated Climate Change Resilient Practices on the Productivity of Faba Bean

Singh, A. K. and Bhatt, B. P. 2012. Faba bean: unique
germplasm explored and identified. Hort Flora
Research Spectrum, 1 (3): 267-269.

Tamado, T., Fininsa, C. and Worku, W. 2007.
Agronomic performance and productivity of
common bean (Phaseolus vulgaris 1..) varieties in
double intercropping with maize (Zea mays 1.) in
Eastern Ethiopia. Asian Journal of Plant Sciences, 6 (5):
749-756.

Tamene, T. T. 2015. Application of AMMI and Tai’s
stability statistics for yield stability analysis in faba
bean (Vica faba 1.) cultivars grown in Central
Highlands of Ethiopia. Journal of Plant Sciences, 3 (4):
197-206.

Terefe, H., Fininsa, C., Sahile, S., Dejene, M. and
Tesfaye, K. 2015. Effect of integrated cultural
practices on the epidemicsof chocolate spot (Bosrytis
fabae) of faba bean (Vica faba 1.) in Hararghe
Highlands, Ethiopia. Global Journal of Pests, Diseases
and Crop Protection, 3 (4): 113-123.

Tilahun, T.F. 2003. Effect of planting density and
arrangement of component crops on productivity of
maize-faba bean intercropping system. M.Sc. Thesis,
Alemaya University, Alemaya, Ethiopia. Pp. 48-64.

Tilahun, T., Minale, L. and Alemayehu, A. 2012. Role of
maize (Zea mays 1.)- faba bean (Iica faba 1..)
intercropping planting pattern on productivity and
nitrogen use efficiency of maize in northwestern
Ethiopia highlands. Infernational Research Journal of
Agricultural Science and Soil Science, 2 (3): 102-112.

Turner, N. C. 2011. More from less-improvements in
precipitation use efficiency in Western Australian
wheat production. Pp. 777-790. In: Tow, P., Cooper,
1., Partridge, I. and Birch, C. (Eds.) Rain-fed farming
systems. Springer, New York, USA.

Xiaoli, C., Pute, W., Xining, Z. and Persaud, N. 2013.
Effect of different mulches on harvested rainfall use
efficiency for corn (Zea mays L.) in Semi-Arid
Regions of Northwest China. .A#d Land Research and
Management, 27: 272-285.

Yilmaz, S., Atak, M. and Erayman, M. 2008.
Identification of advantages of maize-legume
intercropping over solitary cropping through
competition indices in the East Mediterranean
Region. Turkish Journal of Agriculture and Forestry, 32:
111-119.

Zemanek, P. 2011. Evaluation of compost influence on

soil water retention. Acta Universitatis Agriculturae et
Silviculturae Mendelianae Brunensis 3: 227-232.

119


http://yadda.icm.edu.pl/yadda/contributor/58a19c2df36338af2a55e172212176ce
http://yadda.icm.edu.pl/yadda/contributor/194c32b342752789cc3ae6086985b47b
http://yadda.icm.edu.pl/yadda/contributor/829df0e5b2caa294ab5147a9eee46b3e
http://yadda.icm.edu.pl/yadda/contributor/b6ed0314e884458c7501a252dff1a52b
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-dccb0a48-1e56-30b9-b6a0-0747e2575d58
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-dccb0a48-1e56-30b9-b6a0-0747e2575d58
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-417e2fa4-0d02-374c-8d10-f2a834cc4e02

Habtamu ez al. East African Journal of Sciences Volume 9 (2) 105-120

120



