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Crop diversification level and its determinants in
Ethiopia

Tamrat Gebiso'?*, Mengistu Ketema®, Arega Shumetie* and Getachew Leggesse®

Abstract: Crop diversification is the cultivation of more than one variety of crops
belonging to the same or different species in a given area to develop a resilient
agricultural system. In Ethiopia, crop diversification is recognized as a strategy to
improve nutrition and climate risk coping mechanisms. Despite the national aspira-
tion to use crop diversification as a mechanism to ensure nutritional security and
increase agricultural production, this effort has not been investigated in the central
and southern Oroima where cereal production is dominating. The area is commonly
known as the wheat belt of Ethiopia. Accordingly, this study was initiated to
estimate the crop diversification level and identify the core drivers. The research
was conducted in the central and northern Oromia region, Ethiopia. Four districts
were selected from which a total of 390 household respondents were selected
randomly. Simpson Diversification Index (SDI) was employed to estimate the crop
diversification level, while ordered logit was employed to identify its determinants.
Accordingly, about 25, 44, and 31% of the households were low, medium, and high
diversifiers, respectively. Mitigating market and price risk (73%) and risk of crop
failure (62%), food self-sufficiency (63%), and diversifying labor pressure during
peak agricultural seasons (17%) were significant reasons for diversification. Family
size, landholding, level of farm mechanization, land fragmentation, and spatial
location strongly determine crop diversification levels. Improving access to farm
mechanization, including irrigation technologies, and availing of alternative crop
varieties by agricultural research institutes shall be given emphasis to improve crop
diversification level.

Subjects: Development Studies; Rural Development; Economics and Development;
Economics

Keywords: crop diversification; ordered logit, simpson diversification index; land
fragmentation; market and price risk mitigation

1. Introduction

Crop diversification is cultivation of more than one variety of crops belonging to the same or different
species in a given area to develop a resilient agricultural system, especially in agriculture dependent
community and economy (Makate et al.,, 2016b; Njeru, 2013). It is considered as the re-allocation of
some productive farm resources, such as land, capital, labor, and farm equipment, into new farm
activities. It is usually viewed as a shift from traditionally grown, less profitable crops to newer, more
profitable crops (Pal and Kar, 2012). Pingali and Rosegrant (1995) also defined crop diversification as
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“change in product (or enterprise) choice and input use decisions based on market forces and the
principles of profit maximization”. Concepts and importance of crop diversification are arguable where
some emphasized that it is a practice at the first stage of agricultural transformation to be avoided at
modern farm mainly practiced in the subsistence and non-market-oriented farming (Timmer, 1997).
Contrary to this, others argued that crop diversification has to be practiced at the regional or national
level for different purposes. To this end, an immense number of scholars argue that crop diversification
can be seen as a means to mitigate shortcomings of mono-cropping while others considered that
diversification as a dynamism of crop portfolio toward the high value crops like fruits and vegetables. At
an individual level, it is practiced with a main objective of food and income security, increasing farm
income, risk management, and food self-sufficiency (Abro, 2012). It is also a strategy that is used to
maximize the use of land, water, and other resources for the overall agricultural development in
a country. The crop diversification practice also enhances biodiversity conservation which includes
support and regulation of ecosystem services like water quality, pest and disease control, and soil quality
(Beillouin et al., 2021; Hufnagel et al,, 2020) and as a means to overcome poverty (Feliciano, 2019). In
a nutshell, crop diversification is considered as a major economic decision that has a strong bearing on
the farmer’s income level, higher production, food security, and ensures sustainability of the national
crop production system (Davis et al., 2012; Pope & Prescott, 1980; Renard & Tilman, 2019).

There are different drivers of crop diversification at a household level, wherein household mainly
diversifies their crop production to improve livelihoods. Crop diversification can increase household
level profit and reduces income variability. In a diversified crop production system, productivity
increases due to facilitated pollination, reduced pests, and the outbreaks of weed (Karp et al., 2013;
Li et al,, 2009, 2021, 2007). Hence, the increase in household income could be due to the ecosystem
services that can result from diversification. Farmers also deal with diversified crops to reduce adverse
effect of climatic shocks like shortage of rainfall, early cease and late start of rain, flood, drought and
etc (Cutforth et al., 2001; Garibaldi et al., 2013; Lin, 2011). Crop diversification can also be a coping
strategy for price and market risk, since, farmers are producing different crops to search for better price
and market in this uncertain world (Schneider, 2011). Other benefits for which farmers are practicing
crop diversification may be to reduce labor pressure that they may face during peak agricultural
production seasons. This could be explained by the fact that some crops have longer growing periods
than the other one and it diversifies labor requirement of farmers (Kasem & Thapa, 2011).

Therefore, what crop to produce and cropland allocation (level of crop diversification) are simulta-
neous decisions to be made by farm households within incomplete market situation (Hua et al., 2005).
These decisions can be influenced by both farm household characteristics and government policies
such as the subsidy program (DiFalco & Perrings, 2005; Westcott & Young, 2004; Wu & Brorsen, 1995).
Similarly, crop choice and cropland allocation decisions determine agricultural production levels,
moreover it affects land resource conditions, crop diversification, farm income and household welfare.
As a result, these decisions are becoming current issues of concern for both smallholder farmers and
policy makers (Hua et al., 2005; Wu et al., 2014). Farm households made crop choice and cropland
allocation decisions within their own production risk and uncertainty management strategies, income
diversification strategies, and market access constraints (Chavas & Holt, 1990; Kurdy’s-Kujawska et al.,
2021; Waha et al., 2018; Zeller et al., 1998; Zerssa et al., 2021).

There are different types of practices that are considered and adopted as crop diversification. The
most common crop diversification measures that are used in different countries were crop rotation,
intercropping, companion crops, mixed cropping, catch crops, bee plants, and double crops (Hufnagel
et al,, 2020). Renard and Tilman (2019) considered diverse crops growing at a season, while crop
rotations were considered by Reckling et al. (2016). Intercropping and mixed cropping (Bedoussac
et al, 2015; Malézieux et al., 2009; Raseduzzaman & Jensen, 2017), cultivation of grain legumes in
otherwise cereal dominated systems (Watson et al., 2017), multi-species (species richness) of farming
system in well-managed grassland-based farming (Haughey et al., 2018; Phelan et al., 2015; Weifthuhn
et al, 2017) were also another crop diversification types. There are also other practices that have the
potential to make cropping system more diverse in space, time and genetics. For instance, temporal
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diversification or diversified rotation (Liu et al., 2019; Meynard et al., 2018; Rosa-Schleich et al., 2019) and
national level diversification of crops are some of the practices (Renard & Tilman, 2019).

Agricultural production in Ethiopia is nature-dependent and smallholder farmers are operating under
the risk and uncertainty of price, weather conditions like rainfall, drought, flood, pests, and diseases,
which are the result of biophysical, socioeconomic and external wider national economic factors i.e., all
factors that affect the national macroeconomic (Dercon, 2002). Crop diversification increases agricul-
tural production, enhances nutrition security, and aids sustainable agricultural transformation (Makate
et al, 2016aq). It was also recognized as a strategy to improve nutrition and climate risk coping
mechanism by the government of Ethiopia (Wondimagegn, 2021). Hence, crop diversification practice
is important to develop a resilient agricultural production system in Ethiopia. However, in spite of the
national aspiration of nutritional security and agricultural production increment through crop diversifi-
cation, the study area is specialized in cereal crops and commonly known as the wheat belt of the
country (Berhane et al,, 2017). There is a dearth of studies on level of crop diversification and its
demographic and socioeconomic characteristics that determinants that can be used as an input for
development practitioners and policy makers. Hence, there is a need to articulate the challenges for crop
diversification and estimate the level of diversification in the study area. Thus, the focus of this study is to
analyze level and drivers of crop diversification at household level with specific objectives of estimating
crop diversification levels and identifying driving factors of crop diversification in the study area.

2. Methodology of the research

2.1. Study area description

This research was conducted in central and southern Oromia regional state of Ethiopia (Figure 1). The
area is known for crop-livestock mixed farming system with major in cereal production mainly wheat
and barley crops. The research focus area was on Arsi from central and West Arsi from southern part of
Oromia region. The two zones are among the main wheat and barley producers within the regional
state as well as the nation at large. For instance, according to the CSA (2021a) data cereal crops
account for 83.26% of the total crop areas out of which wheat and barley only account for 47.97% of
the cereal land area in Arsi zone. This data may indicate that there is crop production specialization in
the area towards cereals. Similarly, in West Arsi zone cereal crops covered 76.13% of the cropland
allocated for major crops, wherein barley and wheat together take the lion’s share of the land (67%)
for cereal production. Teff and maize are the other two important crops produced in the study areq,
especially in the lowland areas, wherein the two crops covered 32.24% of total cereal crops together.

Similarly, livestock production is the most important agricultural practice in the study areas. CSA
(2021b) reported that there are around 4.7 million cattle, 4.6 million sheep and goats, 3.62 million
of pack animals (horses, mules, and donkeys), 2.54 poultry, and 126,956 beehives in the study
area. These values revealed that the two zones alone account for 18.58, 19.92, 24.62, 13.28, and
3.37% of cattle, sheep and goats, pack animals, poultry birds, and beehives of Oromia region,
respectively. This shows that the study area is also known in livestock production.

2.2. Sample size and sampling methods

A three-stage sampling procedure was employed in this study. Arsi and West Arsi zones were purpo-
sively selected for this study because of accessibility, the suspected problem of mono-cropping which
will lead us to the representativeness for addressing target of the study. First, highland and mid-highland
Agroecological zone (AEZs) districts were identified based on discussions held with zones’ officials. For
each of the two administrative zones, two districts were selected randomly from the listed districts of
respective AEZ. The two districts selected from each zone were one from highland and the other from
mid-highland AEZs. At the second stage, from each district two representative kebeles were selected,
and finally at the third stage, respondent households were selected based on probability proportional to
size (PPS) sampling method to undertake interview using structured questionnaire. Accordingly, Kofele
and Lemu-Bilbilo districts were selected from West Arsi and Arsi zones, respectively, representing
highland AEZ while Gedeb-Asasa and Hetosa were from mid-highland AEZ of the two zones respectively.
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Table 1. Distribution of the sample in districts, Kebeles and households

Sample Districts Sample Kebeles
Districts Total HHs Sample HHs | Kebeles Total HHs Sample HHs
Kofele 22486 83 Gurmicho 765 45
Guchi 758 41
Gedeb Asasa 27842 102 D/Walta’i 1015 50
Huruba 1062 52
Hetosa 17788 88 Shaki 834 42
Boru Lencha 914 46
L/Bilbilo 22455 112 Dawa Bursa 825 61
Chiba Mikael 684 51
Total 90,571 385 6857 385

employed to measure crop diversification. Several methods can be used to examine the extent of
crop diversification at a given point in time such as: Entropy Index (EI), Modified Entropy Index
(MEI), Herfindahl Index (HI), Transformed Herfindahl Index (THI), Margalef index (MI), and Simpson
Index (SI) methods (Pal and Kar, 2012). It is assumed that, as a rational decision-maker,
a household should always select a portfolio of crop enterprises that fulfill certain criteria like
high yielding, provides food security, reduce/minimize risk of crop failure, having good market
demand based on their local conditions.

Hence, the choice of crop diversification level will follow a utility maximization theory based on
certain features of crops. A household can maximize its utility by increasing household income,
secure food security, maximize leisure time, minimizes risk of crop failure due to different diseases
and climatic conditions, etc. (Inoni et al., 2021)., A household may choose and decides to grow
a given combination of crops (bundles) measured by Crop Diversification Index (CDI) if the
perceived utility is greater than the utility, he/she generate from other portfolio choices (CDI)
available. Let U; and Uy represent utility from two crop diversification indices (j and k), where “j” <
“k”, then the random utility models for i"household can be given by:

U,‘j:ﬂ,X,‘-l—ej and Uy = g X; + &, (1)

where X; is a vector of explanatory variables that determine CDI; Bj, By - represent parameters to be
estimated and g and g - are error terms. Thus, the household will decide to adopt CDI; if perceived
utility (Uy) is greater than other cropping options or CDI, (Ujy).

Based on this premise, to analyze the determinants of crop diversification, in the first instance, the
households-level crop diversification was estimated using indices, which measures the evenness (equit-
ability). For this purpose, Simpson Diversification Index (SDI) was selected due to its simplicity for
computation (Khatun & Roy, 2012), robustness (Sahal & Baha, 2010) and its wider applicability by
other researchers to measure crop diversification (e.g., Aneani et al, 2011; Nagpure et al.,, 2017,
Uddin, 2019; Vani & Pavithra, 2021). SDI is the difference between one and the sum of squares of all
the proportion of a particular crop involved in a particular household represented as given in equations
(1) and (2):

n
SDI=1— Y P? (2)
i=1
n
The crop diversification can be defined as: P &
i1l
Where g;=amount of land involved in a particular crop item produced by household i in a given
time period, and A= total land owned by household i. Value of SDI ranges from zero to one, where
value near to zero means the household is specialized while one means fully diversified household.
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Then, the diversification status of the households was categorized based on the rating given by
Sahal and Baha (2010) low (0 to 0.38), medium (0.39 to 0.63) and high (above 0.63). To identify the
determinant factors, the level of diversification ordered logit model is employed.

The central idea in ordered logit is that there is a latent continuous metric underlying the ordinal
responses observed by the analyst. Thresholds partition the real line into a series of regions
corresponding to the various ordinal categories. The latent continuous variable, y* is a linear
combination of some predictors, x, plus a disturbance term that has a standard Normal distribu-
tion. The dependent variable was SDI value labeled 1, 2, and 3 representing low, medium, and
highly diversified respectively where the model is specified as Equation 3 and estimated using
Maximum Likelihood Estimation (MLE) method.

y =X/ +ee ~N©0,1),i=1,...N 3)

Where y; the observed ordinal variable, takes on values 1 to 3 according to the following
Equation 4:

yi=Jjif and only if aj_ 1< y; < o ¢
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Table 2. Variables included in the model along with their expected signs

Variable Variable type Expected
sign

Crop diversification index (SDI) Continuous (Index) dependent
Household head sex (SEX) Dummy (1=male/0=female) +
Farming experience (EXPERIENCE): Continuous (years) +
Educational background (EDUCATION): | Continuous (Grade) +
Household’s family size (FAMILY_SIZE): | Count (number) +
Household dependency ratio Continuous (ratio) -
(DEPENDENCY):

Total landholding (LANDHOLDING): Continuous (hectare) +
Livestock possession (TLU): Continuous (TLU) +
Contact with development agent Count (number) +
(DA_CONTAQ)

Access to credit (CREDIT_ACC): Dummy (1=yes/0=no) +
Level of farm mechanization index Continuous (Index) -/+
(FMI):

Land fragmentation (FRAGMENT): Continuous (no. of plots) +
Off-farm income participation (OFF- Dummy (1=yes/0=no) -
FARM)

Agroecological zones (AEZs): Dummy (0=highland/1=mid) +
Distance to main market place Continuous (Kms) -
(MMKT _DIST):

3. Result and discussion
3.1. Results

3.1.1. Probability of diversification and potential reasons

The mean landholding of a household was around 1.94 ha. The survey result depicted that on
average a household allocated 50% of its landholding for wheat production (Table 3). Barley is
the second widely produced crop followed by faba bean each covering around 22 and 12% of the
total farmland of a household. Other crops grown in the area include field peas, teff, vegetables
(which include Ethiopian cabbage, head cabbage and red pepper), potatoes, oilseed (that include
linseed and rapeseed), lentils, and chickpea.

According to the survey result, more than 81.5% of the respondents perceive that they are diversified
while around 18.5% of them assume that they specialize on certain crops (Table 4). The result further

Table 3. Crop types grown and mean farm land allocation (ha)

Crop type land Percent Crop type land Percent
allocated allocated

Wheat 0.97 50.00% Vegetables* 0.04 2.06%
Barley 0.43 22.17% Potatoes 0.04 2.06%
Teff 0.08 4.12% Oilseeds* 0.02 1.24%
Faba bean 0.22 11.86% Lentils 0.04 1.84%
Field pea 0.08 4.64% Chickpeas 0.02 1.24%
Total 1.94 100%

*Vegetables (Ethiopian cabbage, head cabbage and red pepper); **oilseed (rapeseeds & linseeds).
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showed that diversification is used as the main mitigation strategy of market and price fluctuation and
means of food security and self-sufficiency. Mitigation strategy for risk of crop failures was the third
reason, whereas labor diversification to reduce the pressure that can be occurred during peak agricul-
tural seasons was the fourth reason for diversification of crop
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Figure 2. Boxplots of CDI by
AEZs, land fragmentation and
mechanization level.

¥ cogent--food & agriculture

Table 5. Household distribution by level of crop diversification index (CDI)

Category of CDI Frequency Percent Cumulative

Low (0-0.38) 98 25.13% 25.13%

Medium (0.39-0.63) . 170 43.59% 68.72%

High (>0.63) 122 31.28% 100.00%

Variable Mean Std. dev. Min. Max
Crop diversification . 0.48 0.26 0 1
index

Boxplots of Crop Diversification Level by AEZs, land fragmentation and level of mechanization
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explanatory variables. After running the model, the central assumption of the ordered logit model
commonly known as proportional odds assumption was tested. This assumption says that the gaps
among the various scales of the ordering are equidistant to each other or the effect of each
predictor across the categories of the ordinal dependent variable is the same. This assumption was
tested by running postestimation test called Brant Wald’s test (Brant, 1990). Brant test of parallel
regression assumption revealed that the effect of each explanatory variable does not vary across
different cutting points of the ordered outcome variable (Table 6); hence, the ordered logit model is
the appropriate to address the problem.

The Chi2-test for LR (14) of 157.83 with a probability of less than 1% is highly significant,
indicating that the overall model significance is very good for the data used in the analysis. The
Pseudo R2 value also indicates that 20.14% of the variation in the outcome variable (level of crop
diversification) is explained by those explanatory variables included in the model. A total of 14
explanatory variables was included in the model, wherein 5 of them were found statistically
significant in determining the level of crop diversification. The significant variables are family
size, total farm landholding, level of farm mechanization (index), level of land fragmentation
(number of plots) and spatial location (AEZs) of the farming households.

The result from odd ratios (Table 7) revealed that family size of a household is positively
and significantly affecting the level of crop diversification, implying the increase in family size
of the household will increase the probability of being categorized as higher crop diversifica-
tion. Size of farm landholding is also a variable that has a positive and significant effect on
the household’s crop diversification level. The result shows that higher landholding leads to
higher likely to be in the high category of crop diversification status. The level of farm
mechanization was also another variable that affect probability of being in a higher crop
diversification index. This implies that the higher the level of farm mechanization, the higher
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Table 7. Odds ratios for ordered logit model estimation

Crop Diversification level Coefficient z-value
HH heads’ sex 0.7492(.544) -0.4
Farm experience (years) . 0.9980(0.010) -0.19
Education (years) 0.9929(0.031) -0.22
Family size 1.0472(0.027)* 1.76
Dependency ratio (ratio) . 0.9337(0.071) -0.9
Total farm landholding (ha) 1.9286(0.227)*** 5.57
Livestock hold (TLU) 0.9824(0.032) -0.54
Contact with DA (count) 0.9797(0.253) -0.08
Accessed credit (yes/no) 1.3335(0.402) 0.95
Mechanization level (index) . 2.6455(1.429)* 1.8
Land fragmentation (no. of plots) 2.7155(0.347)*** 7.82
Non/off farm income (yes/no) 1.1678(0.337) 0.54
AEZs (highland/mid) . 0.4491(0.123)*** -2.93
Distance to main market (Km) 1.0193(0.024) 0.8
/cutl 1.2151(0.895)

Jeut2 ' 3.6576(0.917)

Note: *, **, *** significant at 10%, 5% and 1% level of significance; values in parenthesis are standard errors; LR chi2
(14)= 157.83, Prob > chi2= 0.000, Log likelihood = -312.92; Pseudo R? = 0.2014.

will be the probability of a household to diversifying its crop production system. Land
fragmentation measure in terms of the number of farm plots is one of the important
variables that affect probability of households’ level of crop diversification positively and
significantly as it was hypothesized. Agroecological zone is an important factor that deter-
mines crop type to be grown by a farmer. According to the result, being in the highland
agroecological zone increases the probability of being in high diversification level status
significantly. The marginal effects of each significant variable on level of crop diversification
for each category (low, medium, and high diversification level) was also reported (Table 8).

3.2. Discussion

Even though most households considered themselves as diversified, the result of SDI showed that
the diversification level in the study area is very low even compared to other locations in Ethiopia.
For instance, the study done in the northern part of Ethiopia, showed that the majority of the
households are high level crop diversifiers (46%) and 11% of them are very high diversifiers with
CDI of 46 to 60% and 61 to 75%, respectively (Ejigu Berhie, 2019). Hence, this can justify that crop
diversification in the study area is low compared to other parts of Ethiopia as expected. The main
lock-in constraints to diversify were lack of improved varieties of alternative crops, lack of mechan-
ization technologies, inputs like pesticides and land unavailability which are similar with other
findings in some parts of Europe (Meynard et al., 2018).

According to the result, for one unit increase in family size, the odds ratio of higher level of crop
diversification index versus the combination of medium and low diversification categories are 1.05
times greater, given that all other variables in the model are kept constant. The marginal effect’s value
also shows that a one unit increase in family size of the household will associate with the 0.7% less
likely to be in the lower level of crop diversification status and 0.93% more likely to be at the higher
level of crop diversification status. The logical justification for this could be that as a household has
more family member, it will be more concerned about food self-sufficiency and tried to be secured by
diversifying its production. On the other hands, households with larger family size can supply more
family labor for farm work and no problem of labor shortage to work on different fields at a time, which
could enhance the probability of having higher crop diversification. This result is also similar with other
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Table 8. Marginal effects estimate for crop diversification level after ologit

Ologit ME for
Low CD level

Ologit ME for
Medium CD level

Ologit ME for
High CD level

Crop Diversification (dy/dx) (dy/dx) dy/dx)
level

HH heads’ sex 0.0400(0.090) 0.0218(0.072) -0.0613(0.162)
Farm experience (years) 0.0003(0.001) 0.0001(0.001) -0.0004(0.002)
Education (years) 0.0011(0.005) 0.0004(0.002) -0.0014(0.006)
Family size -0.0069(0.004)* -0.0024(0.002) 0.0093(0.005)*
Dependency ratio (ratio) 0.0103(0.011) 0.0035(0.004) -0.0138(0.015)
Total farmland (ha) -0.0984(0.018)*** 0.0337(0.015)** 0.1321(0.025)***
Livestock hold (TLU) 0.0027(0.005) 0.0009(0.002) -0.0036(0.007)
Contact with DA (count) 0.0031(0.038) 0.0012(0.014) -0.0041(0.052)
Accessed credit (yes/no) -0.0404(0.039) -0.0200(0.027) 0.0603(0.066)
Mechanization level -0.1458(0.081)* -0.0499(0.034) 0.1957(0.109)*

(index)

Number of plots (counts)

-0.1497(0.020)***

-0.0512(0.0221)**

0.2009(0.027)***

Non-farm income (yes/
no)

AEZs (highland/mid)

-0.0225(0.040)

0.1200(0.041)***

-0.0093(0.0202)

0.0412(0.021)*

0.0319(0.060)

-0.1610(0.055)***

Main market distance

-0.0029(0.003)

-0.0010(0.001)

0.0038(0.005)

(Km)
Y= P(CDI_Catg=1) =18.35%; y = P(CDI_Catg=2) = 53.75; and y = P(CDI_Catg=3) =27.89%.

authors (Baba & Abdulai, 2020; Culas, 2006; Derso et al., 2022; Rahman, 2008; Rahman & Kazal, 2015),
who revealed that availability of labor and large family size could increase crop diversification.

The result also showed that higher landholding leads to higher likely to be in the high category of
crop diversification status. The possible reason could be that if a household has less farm size, it
may be limited to certain crops that are considered to be pertinent to household food security or
larger landholding positively associated with higher levels of farm mechanization which positively
affects the level of crop diversification (Annex 1). The odds ratio of the ordered logit model showed
that for one unit increase in landholding, the odds of higher crop diversification level (measured in
index) versus the combined medium and low categories are 1.9286 times greater, given other
variables constant. Similarly, the odds of the combined medium and high categories versus low
diversification are 1.93 times greater than fixing other variables constant in the model. As to the
marginal effects, a one unit increase in the farmland size will be associated with the 9.84% and
3.37% less likely to be in a low crop diversification status and a medium crop diversification status
respectively, while it is 13.21% more likely to be in a higher crop diversification status. Other
studies also revealed that landholding has a positive relationship with crop diversification in
Ethiopia and somewhere in the world (Amine & Fatima, 2016; Ashfaq et al., 2008; Baba &
Abdulai, 2020; Benin et al., 2004; Engle Warnick et al., 2011; Ibrahim et al, 2009; Lawin &
Tamini, 2019; Li et al., 2021, Mekonnen, 2019; Sichoongwe et al., 2014).

There were two arguments about the effects of level of farm mechanization on crop diversification
(Daum, 2023). The first hypothesis was that farm mechanization leads to crop enterprise specialization
at least at household level since farmers may prefer crops for which mechanization technologies are
available. The second hypothesis was that highly mechanized farmers may diversify more because the
mechanization will solve problem of labor shortage. For instance, some study supported that farm
mechanization facilitates crop diversification as it facilitates the operation of labor intensive and
drudgery activities (Dahlin & Rusinamhodzi, 2019; Daum et al., 2022). Similarly, at an early stage of
mechanization, households may shift to easily mechanized crops as it was the case in Ghana and
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Ethiopia (Kansanga et al., 2018). Hence, the second hypothesis held true in this research. According to
the odds ratio of the model, a one unit increase in the farm mechanization level will increase the odds of
higher crop diversification level versus the combined medium and low categories by 2.65 times given
that all of the other variables in the model remain constant. Likewise, the odds of the combined medium
and high diversification versus low category of diversification are 2.65 times greater when other
variables are constant. The marginal effects result also showed that a one unit increase in farm
mechanization level increases the less likeliness of a household to be in low and medium level of crop
diversification by 14.58% and 4.99%, respectively, and increases the more likeliness of a household in
higher crop enterprise diversification status by 19.57%. This result is also in conformity with the findings
of different studies in Ethiopia and others countries (Abro, 2012; Ashfaq et al., 2008; Wondimagegn
Mesfin & Haji, 2011).

The result further showed that for a unit increase in the number of farm plots, the odds ratios of
higher crop diversification level versus the combined medium and low categories are 2.72 times
greater, keeping other variables constant. In the same manner, the odds of the combined medium
and high crop diversification categories compared to lower diversification is 2.72 times greater given
all other variables constant. The marginal effect results also revealed that a unit increase of the
number of plots will associate with less probability to be at a low and medium crop diversification level
by 14.97% and 5.12%, respectively. On the other hands the household will be 20.09% more likely to be
at a high level of crop diversification which is similar to the findings of Lawin and Tamini (2019).

According to the result, being in the highland agroecological zone increases the probability of being
in high diversification level status significantly. For one unit increase in agroecological zone (shift from
0 to 1/from highland to mid-highland), the odds of high crop diversification level versus the combined
medium and low categories are 0.45 times greater, ceteris paribus. Likewise, the odds of the combined
medium and high categories versus low diversification are 0.45 times greater given that all other
variables in the model are held constant. The result of marginal effects values also revealed that a shift
from highland agroecological zone to mid highland will associate with a 12% and 4.12% more likely to
be at a low and medium level of crop diversification. However, this shift from highland to mid-highland
will be associated with the 16.10% less likely being at a high level of crop diversification status. In
general, highland dwellers have more probability for higher diversification. Studies also evidenced that
crop diversification level varies across locations (Sichoongwe et al., 2014; Rahman & Kazal, 2015).

4. Conclusion and recommendation

The majority of the respondents (81%) considered themselves as if they are producing diversified crops,
and the main reason for diversification were mitigation strategy for crop failure and price fluctuation.
Moreover, crop diversification is the way farmers are ensuring their families’ food security and self-
sufficiency, and this implies that most of the farmers are well-aware of the importance of crop
diversification at the household level. This helps them to be nutritionally better off and mitigate risk
and contribute in solving monocropping problem. Crop diversification was measured by the Simpson
Diversification Index method. Accordingly, the mean crop diversification index was 0.48. The diversifica-
tion index result was categorized into three as low (0 to 38%), medium (39 to 63%), and high (above
63%) level of diversification index. The result revealed that around 25, 44, and 31% of the respondents
are low, medium, and high diversifiers, respectively, which implies that the majority are medium level
diversifiers. The ordered logit model was employed to identify determinants of crop enterprise diversi-
fication and a total of 14 explanatory variables was included in the model. Family size, landholding size,
level of farm mechanization, level of land fragmentation (number of plots), and agroecological zone
were variables that significantly affect the probability of being in higher crop diversification level. Those
significant variables (landholding and land fragmentation) are both related to landholding, while family
size and level of mechanization are related to labor availability. Hence, land and labor are the most
important issues to be focused on the enhancement of crop diversification.

It is clear that crop diversification is an important farm practice that can improve biodiversity,
reduce risk of farmers to loss as a result of crop failure, improves nutritional diversity of
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a household and in general improves household livelihoods. The study revealed that labor avail-
ability and farm machinery use status are the most important factors in determining the level of
crop diversification. Hence, in order to enhance crop diversification in the study area, improving
farm machinery access to reduce labor problem should be given due attention to improve crop
diversification. The use of land augmenting technologies especially, irrigation should also be one of
the important policy agenda to increase land access with increasing cropping intensity.

Agroecological zone is the main base for crop diversification as choice of crop to grow by
a farmer is determined mainly by its agroecological adaptability. According to these findings,
farmers of mid-highland areas are tending to practice mono-cropping. And from the researchers’
observation, wheat is the most widely grown crop in the area. This is may be due to the absence of
alternative crop or some other reasons to diversify. Hence, further research to identify determi-
nants of crop choice in the study areas should be conducted based on AEZs. Furthermore,
agricultural research institutes and extension should give attention in introducing new competitive
crops that can best perform in the area. The main limitation of this study was also its dependency
on cross sectional household level data and hence, a study based on regional level data may give

more concrete and consolidated results especially to give a larger national image.
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Annexes

Annex 1. Boxplots of crop

diversification level by AEZs. Boxplots of Crop Diversification Level by AEZs

o ®

highland mid-highland

Simpson Diversification Index defined as 1-sum of Pi-squared
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