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Abstract

Background: This paper devotes to determinants of crop-livestock diversification in the mixed farming systems in
the Gudo Beret watershed, central highlands of Ethiopia. In the highland agro-ecologies, the mixed farming-domi-
nated agriculture is persistently confronted with food insecurity, feed scarcity and land degradation. During heavy
rains or drought periods, farmers become vulnerable to food and feed shortfalls. To fill such gaps, the government of
Ethiopia has made efforts to enhance the productive capacity of soils and thereby increase productivity on diversified
farms in different agro-systems. Anthropogenic and natural calamities adversely affect the livelihoods of smallholders
in general and crop-livestock systems in particular. The aim of this study is to examine the determinants of crop-live-
stock diversification and evaluate the link between farm activities and household food supplies.

Methods: Both qualitative and quantitative data were collected from 211 randomly selected household-heads in
Gudo Beret watershed, central highlands of Ethiopia. Descriptive statistics, inferential tests, and econometric models
were employed for analysis.

Results: Tobit model results revealed that livestock holding is positive and significantly influence the extent of crop-
livestock diversification at 1% significant level. Extension contact and irrigated land are also positive and significantly
influence the extent of diversification at 5% level, while land rent-out, improved seed and soil fertility status are nega-
tive and significantly influence the crop-livestock diversification at 1, 5, and 5% significant levels. Ordinary least square
regression results show that barley, wheat- and faba bean-based farming have positive correlation and significant
effects on the household food energy, while vegetables and highland fruits production have negative correlation with
the household food supply and significant at 1% level.

Conclusions: Crop-livestock diversification is the best potential livelihood strategy for farm households. Barley,
wheat and faba bean are the most dominant crops that have immense contribution for human nutrition and crop
residue mainly used to feed livestock. Therefore, crop-livestock producers, agricultural practitioners, the Ethiopian
government and partner organizations need to give due attention for agricultural extension service, investment for
supplementary irrigation and integrated mixed crop-livestock systems.
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Background

Mixed farming is a process by which farmers produce
crops and rear livestock simultaneously to ensure sus-
tainable agriculture [1, 2]. The production of one or
more crops and livestock on available resources is
crop-livestock diversification [3]. Diversified farms can
ensure food security, conserve biodiversity, improve
dietary preference, increase household income, reduce
vulnerability to shocks and create job opportunity
[4-6]. Mixed production systems also enhance land
productivity and improve water use efficiency [4, 7].
Farm diversification is a means to minimize risks and
insurance against crop failures [4, 5, 8, 9]. Various farm
activities provide a wide range of responses to uncer-
tain conditions and increase household income and
resilience [4, 10]. Households who practice crop-live-
stock systems have improved 50% of productivity and
farm income in the highlands of Ethiopia compared to
smallholders that only raise crops [4].

Many research findings maintain the theory of agri-
cultural intensification [1, 11-14]. However, intensified
farming and continuous cultivation with limited soil
amendments and conservation practices resulted in soil
erosion and nutrient depletion [15]. Although the expe-
rience of crop-livestock integration is an evidence for
agricultural intensification, specialized cereal cultivation
could not generate desired benefits for the livelihoods of
households in Ethiopia [16]. Other researchers have tried
to mediate the debates between farm diversification and
intensification [2, 10, 17, 18]. They have suggested that
agricultural intensification is an appropriate strategy for
large-scale, location specific and capital-intensive enter-
prises. It is also possible to intensify farm activities with-
out reduction of crop and livestock components. For
instance, use of high yielding varieties, fertilizers, pesti-
cides along with soil and water conservation practices are
considerable shifts from extensive traditional farming to
intensive agriculture in the highlands of Ethiopia.

Subsistence consumption, source of household
income, animal feed, fuel energy, export earnings,
national returns and improvement of soil fertility are
the major contributions of crops. Crop production is
heavily dependent on climate variables, seeds, water,
soil nutrients, biodiversity and technical knowledge of
farmers [19]. Livestock also provide food, fuel, manure,
draught power, offspring, sociocultural benefits, and
transport services [20]. Ethiopia has a large livestock
resource being the first in Africa and the tenth in the
world [21]. In Sub-Saharan Africa, the country has the
largest livestock density after Uganda in terms of cat-
tle, sheep and goat [22]. Livestock contribute about
13-16% of export earnings [23], and 7.9% of the total
gross domestic product to the national economy [24].
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Maintaining the proper stocking rates on pasturelands
can optimize livestock production and maximize ani-
mal health and its performance [25].

Despite mixed farming is one of the main livelihood
strategies of farmers, Ethiopia has been challenged with
anthropogenic and natural factors. Boserup [26] and
Godfray et al. [19] confirmed that the intensity of food
supply has positive correlation with population growth
at different rates and increasing trends. However, in
Ethiopia, the trend of production growth is immensely
uneven compared to the growth of human popula-
tion due to erratic nature of rainfall and susceptible to
weather shocks. Favorable weather conditions of a year
result in bumper harvest, whereas severe drought is an
evident for crop failure that adversely affects agricul-
tural production [16, 24]. Population growth aggravates
the competitive demands between crop production and
livestock husbandry [15]. High stocking rate, low farm
productivity and land degradation are the key problems
in the high lands of Ethiopia [27-29].

Land degradation, food insecurity and feed scarcity
are still adversely affecting the livelihoods of farmers
and landscape situations of the study area [10, 30-32].
Farmlands could not produce adequate food for the ris-
ing population and exhibited large rates of malnutri-
tion [5]. Food insecurity and lose of natural vegetation
will intensify underfeeding unless increasing pressures
and competing demands over the land are wisely man-
aged [33]. Despite significant efforts have been made
on mixed farming in managing production risks, stud-
ies on farm diversification in Ethiopia is minimal and
largely focused on crops and incomes. To the best of
our knowledge, there has been no study conducted on
crop-livestock diversification in central highlands of
Ethiopia. Thus, this research could provide information
on determinants of diversification and its contribution
for household food security. Therefore, the objectives
of this study were to identify factors that influence the
probability and extent of farmers’ decision on crop—
livestock diversity and to examine the link between
farm diversification and food supply in response to var-
ious adverse effects in the Gudo Beret watershed, cen-
tral highlands of Ethiopia.

The next sections of the paper describe methods
including area description, sampling procedures,
source of data, methods of data collection, and speci-
fications of the theoretical and empirical models.
Demographic characteristics of the interviewed house-
hold-heads, regression estimates and the link between
crop-livestock diversification and household food
security are reported in the results and discussion
parts. The paper also concludes key findings with policy
recommendations.
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Methods

Description of the study area

The study was conducted in Gudo Beret watershed of the
Basona district in central highlands of Ethiopia (Fig. 1).
The watershed is geographically located in latitudes
between 9°76' and 9°81’ North, and longitudes 39°65" and
39°73' East at a distance of 160 km Northeast of Addis
Ababa and 32 km Northeast of Debre Berhan town on
the way to Dessie. More than 90% of the topography has
medium and steep slopes. The altitude of the study area
ranges between 2828 and 3700 m above sea level elevated
from west to east. The dominant land use/cover types
were cropland and woodlot followed by grazing land and
bush lands. Regosols, Cambisols, and Lithosols were the
three dominant soil classes that exist in the watershed
[31].

The watershed is moist and cold climate zone char-
acterized by 55.7% of Dega, and 44.3% of high Dega
agro-ecologies. The mean daytime temperature ranges
between 2.4 °C during winter and 19.2 °C during sum-
mer seasons. The watershed has bimodal rainfall pat-
tern with annual rainfall between 1278 and 2060 mm.
The temperature has increased by 0.13 °C between 1995
and 2014, while the average annual rainfall has declined
by 4.9 mm in those years. Household in the watershed
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practice predominantly mixed crop-livestock activities.
Barley, faba bean, field pea, wheat, vegetables, potatoes,
lentil, linseed, and oats were the main crops grown, while
sheep, cattle, and donkey were major livestock types
reared in the study area.

Sampling procedures

Two-stage sampling techniques were employed. In the
first stage, the study watershed was selected purpo-
sively owing to the high livestock density and produc-
tion potential for the mixed crop-livestock systems. In
the second stage, 211 household-heads were selected by
systematic random sampling technique in probability to
proportional size. The sample size was determined and
respondents were selected within the sampling frame of
the study population. Interview schedule was prepared
and household interview was conducted from May to
July 2016.

Sources of data and methods of data collection

The primary cross-sectional data were collected from
selected households through structured interview that
were administered by trained enumerators. The collected
data include demographic characteristics, crop species,
livestock breeds, household income, biophysical features,
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infrastructures, institutions, and socioeconomics. Sec-
ondary data such as agro-climates and other supportive
information were collected from office of agriculture and
related empirical literatures.

Methods of data analysis

Theoretical model

The utility or profit maximizing behavior was employed
to analyze decisions of households [34, 35]. The assump-
tion is that household-heads choose practices when only
they want to maximize utility using diversified farms
greater than monoculture. Following Greene [36], the
latent utility of a ith farmer for the jth diversification pro-
cess is denoted by Uj;, where j=1, otherwise 0 if the ith
farmer is diversify or not.

Dj = BiX;+¢& and Dy = pX;+ & (1)

D; and Dy, are perceived attributes of diversified farms j
and k; X; is the vector of independent variables that influ-
ence the perceived interest of the farms, f; and f; are
parameters to be estimated and &; and & are error terms
assumed to be independently and identically distributed.
If a farmer decides to use option j, it follows that the per-
ceived utility from option j is greater than the utility from
other options (say k) illustrated as:

Dij(Bjx; + &j) > Dy (Brxi +er), k #j 2)

The probability that a farmer will use option j among
the set of diversified farm activities could be defined as:

P(Y =1/,) = P(D; > Dy)
P(Bjx; + &j — Brxi — ex > 0/x)
P(Bjxi — Prxi + & — ek > 0/x)
P(x*x 4+ &* > 0/x) = F(B*x;)

3)

where P is the probability function, D;, Dy and X; are as
defined above, &* = (¢j — &) is a random disturbance
term, B* = (B; — B;) is a vector of unknown parameters
that can be interpreted as a net influence of a vector of
independent variables influencing the decision to use
farm diversities, and F*(8*X;) is a commutative distribu-
tion function of £* evaluated at (8*X;). Based on this the-
oretical assumption, an empirical model was employed
to analyze factors influencing farmers’ decision on prob-
ability and extent of diversification as an important liveli-
hood strategy.

Specification of the empirical model

Descriptive statistics (frequency, mean, standard devia-
tion), inferential tests (Chi-square test and ¢ test), and
econometric models were used to analyze the collected
data. Descriptive methods were employed to describe
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households, livestock types, crop species, and diversifica-
tion indices. Subsequent to descriptive analysis, the Tobit
econometric model was employed to identify determi-
nants of crop-livestock diversification. In addition, ordi-
nary least square was employed to identify farm activities
that influence dietary food energy. Excel, Statistical Pack-
age for Social Sciences (SPSS) version 20 and Stata Ver-
sion 12 were used for data analysis.

Measuring crop—livestock diversification In order to
compute a particular crop and livestock of interest, we
adapted index for crop-livestock diversification. Mar-
galef index was employed to measure crop-livestock
diversification owing to some advantages compared to
other indices. The index has a good discriminating abil-
ity and better goodness of fit [37]. It can capture different
units of animal and plant species [38—41]. The formula
was adapted in Magurran [42].

S—-1

where Dy, is Margalef index; S is the total number of
each crop species planted and livestock types reared by a
household; N is number of individuals, i.e., cropland and
total count of animals held by a household; In is the natu-
ral logarithm.

If the value of Margalef index is zero, a household
tends to specialize in very few numbers of crop species
per limited land or number of animals per total popula-
tion. In other words, the value zero indicates complete
specialization and a value greater than zero denotes some
measures of diversification [39]. Ten types of crops (bar-
ley, wheat, faba bean, field pea, lentil, linseed, vegetables,
potato, oats, and highland fruits) and eleven livestock
types (cow, ox, bull, heifer, calf, sheep, goat, horse, don-
key, mule, and poultry) were commonly practiced in the
study area. The Margalef index is left censored for the
value of N equal to one because any number divided by
the natural logarithm, In(1), is undefined (Eq. 4). In order
to avoid such problems, crops grown were computed in
terms of meter square and number of animals in number.

Determinants of crop—livestock diversification The
generated information in modeling supports household
decisions and serves for early warning systems in agri-
culture. Logit and Probit econometric models explain
only probabilities of independent variables on non-con-
tinuous dependent variables [14]. Ordinary least square
regression also only ascertain relationships between
many independent and single continuous dependent
variables, but one could not be sure about the under-
lying casual mechanisms [43]. The linear regression
(ordinary least square—OLS) model would apply if all
households diversified their crop-livestock activities.
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In the study area, not all households participated in
diversified farm activities. Hence, ordinary least square
was assumed to create a sample selectivity bias because
the model can exclude non-diversifiers from analysis
[39]. Therefore, Tobit model is an appropriate model
for censored data that gives joint decisions of probabil-
ity and intensity as the same time [44-46], regardless of
the number of censored observations.

The concern of this study was analysis of diversifi-
cation among diversifiers and non-diversifiers. If the
dependent variables were two or more diversification
patterns, the most appropriate model could be a mul-
tivariate seemingly unrelated regression model. In the
study area, the majority of households were diversifiers,
while the least part of households were non-diversifiers
due to several reasons. Examining factors among diver-
sifiers and non-diversifiers help to suggest solutions for
policymaking. The limited dependent variable regres-
sion model (Tobit) was specified to estimate the joint
estimates of factors affecting crop—livestock diversifica-
tion and a set of independent variables. The formula is
adapted in Greene [36].

Y = Bxi + u;
yi=yix if yf>0 (5)
=0 if y'<0

Y; is observable and y* is latent dependent variable. A
latent variable can be observable whenever it is posi-
tive. Once the latent variable is negative, the observation
becomes censored, and one can simply observe, y=0. In
this study, the data are left-censored. The subscript i run
from 1 to n which was used to index the observations of
a sample. The total number of observations denoted by
n. X, is the vector of independent variables, f is a vector
of unknown coefficient, and u; is an independent dis-
tributed error term or unobservable variable that affect
y'assumed to be normal with a mean zero and constant
variance. However, y; is observed if y7>0 and is not
observed if y7 <0. Then, the observed y; is defined as:

Y; =y; = Bxi +ui;
0 if y <0

if yf>0 i=1,23

(6)

where Y; is observed dependent variable, in this case the
value of diversity; X; is independent variables affecting
the dependent variable and its intensity; § is coefficients,
and u; are residuals that are independently and normally
distributed with mean zero and a common variance. The
model parameters were estimated by maximizing the
Tobit likelihood function.
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= (5P IA(S) e

y>0

where fand F are the distribution and density function
of y;, respectively; Hny is product over those i for which
yix <0 and [[,., is the product over those i for which
yix > 0.

In the model, the independent variables were com-
puted in terms of probability and intensity marginal
effects. The change in explanatory variables (X;) affects
the conditional mean of Y; in the positive part of the dis-
tribution and the probability that the observation fallen
in that part of the distribution. The marginal effect on the
latent dependent variable is expressed as:

« OE(Y))

y X, = F(2)B;

y>0

where, @ is denoted by z
o

(8)

The other marginal effect is an independent variable on
the actual value of the dependent variable. In this case,
the probability of an observation is different from zero.
Thus, the reported Tobit coefficients show a one-unit
change in an independent variable (X,) alters the latent
(censored) dependent variable.

Marginal effect on the expected value for y (censored
and uncensored); the change in the probability of a
dependent variable, i.e., changes in the dependent vari-
able as independent variable X; change was:

OEQ) _ ([ XiB
dxk _(p< 8 )ﬂk ©)

Marginal effects on the expected value of y for uncen-
sored observation; the change in intensity of a dependent
variable with respect to a change in an independent vari-
able among diversifiers explained as follows. This indi-
cated how a one-unit change in an independent variable
xk affected uncensored observation.

d0E[y/y > 0] X;B

— 8kl1— i
dxk Ak M) 1)

+ @) (10)

Description of variables used for analysis Crop-live-
stock diversification is the dependent variable computed
using Margalef index. The ranges of weighted indices for
crop-livestock diversity were from O to 1.0. A list of inde-
pendent variables were identified and selected based on
the previous empirical literatures and available database,
which were expected to influence the choices of diversifi-
cation decisions [3, 14, 39, 47, 48].
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Variance inflation factor (VIF) was employed to test
multicollinearity for continuous and contingency coef-
ficient (CC) for discrete independent variables. Col-
linearity occurs when two or more variables are highly
correlated and have the same effect on the depend-
ent variable [49]. Highly correlated variables have high
standard errors, low t-ratios, and wide confidence inter-
vals in regression [44]. The minimum cutoff points for
CC and VIF are 0.75 and 10, respectively [50]. There
was no multicollinearity problem among discrete inde-
pendent variables. However, there was a problem of col-
linearity between distance to the nearest market place
and distance to the Kebele office from the residence of
households. Of the two collinear variables, distance to
the market place was excluded from analysis because its
VIF value was higher than distance to the Kebele office.
Demographic, economic, institutional, biophysical, and
social factors are presented in Table 1.

Household food balance Prior to analyze the link
between household food supply and farm activities,
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availability of food was measured. Food balance model
was employed to compute the net available food in calo-
ries. The analytical method was adapted from FAO-WEFP
[51]. The data were collected through household survey
except post-harvest losses. Robin [52] has estimated post-
harvest loss of grain crops in Ethiopia from 1994 to 2010,
in which the crop yield was estimated with 10% loss. The
quantity of estimated food supply was converted from
kg to equivalent calories for each household. Household
food balance model is expressed as:

Njj = (0 + Pjj + Rjj + Ay) — (Lij + Sij + Myj + Tyy)
(11)

where N =net available food; O= own produced;
P=food purchased; R =food obtained through remit-
tance or gift; A= food received through food aid; L =
food loss to household; S =crops reserved for seed
at home; M= amount of food marketed or sold; and
T=food transfer to others. Estimations (Eq. 11) were
made for total food of household i in a given year j. The

Table 1 Hypothesized variables, descriptions, and measurements in relation to crop-livestock diversity Source: Asante
et al. [3]; Manyong et al. [14]; Rehima et al. [39]; liyama et al. and Obayelu et al. [47, 48]

Acronyms of variables Variable class Variables, units and measurement Hypothesized
Sign

Dependent variable (V)
Crop-livestock diversity Continuous Crop-livestock diversification index

Independent variable (X)
AGE Continuous Age of a household head in years (—=/4)
SEX Discrete Household head, 1 =male, 0 =female (Male +)
EDUC Discrete Education in year of schooling (+)
HHLAB Continuous Household labor in adults (+)
LAND Continuous Size of land in ha (—)
LIVES Continuous Livestock holding in TLU (+)
NONFINC Continuous Annual non-farm income, ETB yr" (+)
FINC Continuous Annual farm income, ETB yr™' (£)
LROUT Continuous Land rent-out in ha (—)
OFERT Continuous Amount of organic fertilizer used in ton (+)
IRRIG Continuous Cultivated irrigation land in ha (+)
IFERT Continuous Inorganic fertilizer applied in kg (+)
IMPSEED Continuous Improved seed in kg (+)
CREDIT Discrete Access to credit, Yes=1,No=0 (+)
EXTCONT Continuous Extension contact in days per month (+)
LTSECUR Discrete Land tenure security Yes=1, 0 otherwise (Secure +)
SOIL Discrete Fertility of soil (high, medium, or low) +
DMKT Continuous Distance to the local market in hr (—)
DROAD Continuous Distance to the asphalt road in hr (=)
DKEBELE Continuous Distance to the Kebele office in hr (=)
SLOPE Discrete Slope class (steep, medium, flat) (—/4)
SOCIAL Discrete Social status, Yes=1,No=0 (+)

The official exchange rate of money during data collection as 1 US dollar =21.5 Ethiopian birr
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available food items include grains, potato, vegetables,
fruits, and animal products (milk, meat, egg, and honey).

To find out the link between diversified farm activi-
ties and household food supplies, ordinarily least squares
regression was employed. The model was specified after
farm activities measured in standardized units using
Z-score and household food energy quantified in calories.

Yi=pBo+p1Xi+ - BuXin+ & (12)

where Y;=household food energy in calories; X;=farm
activities for ith farmers; Bo=intercept; B; --- B,=are
coefficients; and e =the error term.

Results and discussion

Descriptive statistics

Nearly 29% of households were female-headed. About
21% of the household-heads were illiterate, whereas
43% of the household-heads were at least able to read
and write. The average size of household members was
4-5 and 3.9 adult equivalents per household. The aver-
age sizes of farmlands and livestock holdings were 1.2 ha
and 4.0 TLU per household. Almost every household
produced annual crops, while 94% of households reared
livestock in the study watershed. Households in the study
area keep cattle, equine, sheep and goat, or some combi-
nations of these as well as cultivate crops. Crop produc-
tion, animal husbandry, forestry, non-farm and off-farm
activities are the main livelihood strategies of smallhold-
ers. The proportions of crops and livestock holdings
varied among farmers according to growth potentials,
socioeconomic attributes and biophysical factors. The
mean crop-livestock production diversity of the study
area (8.76) was lower than (10.2) the national average
[41].

Page 7 of 15

Three-quarters of the cattle population were indig-
enous breeds, while 25% were improved breeds. Oxen
were the highest cattle population, while sheep were
the highest number in livestock population. Sheep and
chicken were the predominant livestock types in number
followed by ox, donkey and cow. Cattle were the leading
livestock population (61%) followed by 20% of sheep and
goat, 18% of equines and 1% of poultry in terms of TLU
(Fig. 2).

In this study, diversifiers refer to households who pro-
duced more than one crop or livestock activities, while
non-diversifiers represent households who did not grow
crops and/or rear animals, or they produced only a sin-
gle enterprise in the crop-livestock production systems.
The y* test showed that there was no statistical differ-
ence between diversifiers and non-diversifiers on discrete
independent variables. The ¢ test results revealed that
the mean differences for some continuous independent
variables were statistically significant between diversifiers
and non-diversifiers at different probability levels. The
most continuous independent variables have had larger
mean differences for diversifiers than non-diversifiers
except non-farm income and extension contact (Table 2).
Age of household head, farm income and livestock were
statistically significant at 1% probability levels, while
improved seed was significant at 5% level.

The distribution of diversification index

Our result indicated high degree of diversification. The
average crop-livestock diversification index was 0.57
with standard deviation of 0.22. The average crop-live-
stock diversification index of this study was almost
comparable with the finding of Asante et al. [3] found
0.59 in Ghana. Figure 3 depicted normal distribution in
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Table 2 Summarized descriptive statistics for independent variables by sample farmers

Variable acronyms Total mean (N=211) Diversifiers mean Non-— diversifiers mean t/x? test p value
(N=207) (N=4)
AGE 438 439 378 — 5.100*** 0.000
SEXT 68.7 67.8 09 0.665 0.591
EDUCT 79.2 773 19 1.074 0.582
HHLAB 28 2.8 1.9 — 2499% 0.078
LAND 13 14 0.7 —2.727*% 0.068
LIVES 4.0 4.1 0.6 —12.370%** 0.000
NONFINC 944.8 916.0 2437.5 1.059 0.366
FINC 3892.6 39558 625.0 — 6.490*** 0.000
LROUT 0.1 0.1 0.0 —1.103 0323
OFERT 874 885 313 —2.850% 0.055
IRRIG 0.0 00 0.0 —0.465 0465
IFERT 613 61.7 375 —0.99 0.388
IMPSEED 15.6 159 3.8 —2.781** 0.035
CREDITt 40.3 39.8 0.5 0.396 0.650
EXTEN 13 1.3 15 0.717 0.717
LTSECURT 474 46.5 09 0.011 0449
SOILT 86.3 849 14 0436 0.627
DROAD 184 18.6 9.8 —0.286 0.286
DKEBELE 280 283 143 —0.093% 0.093
SLOPET 5.7 5.7 0.0 0.246 0.620
SOCIALT 252 24.2 0.9 1.342 0.263

**x %% *Significant at 1, 5, and 10%; t is designated for discrete independent variables

40

Frequency

Crop-livestock diversification index
Fig. 3 Distribution of crop-livestock diversification index

crop-livestock diversification though it was moderately — The estimated index was significant among diversifiers (¢
skewed to the left. More than three-fourth (79%) of the value=—5.471; p<0.01).

households having indices 0.5 and above, suggest a high Nearly 98% of households have diversified crop-live-
level of crop-livestock diversification among farmers. stock activities and 58% of them have practiced higher
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than the mean index of diversifiers. Limited number
of households (2%) did not diversify farm activities,
because of landlessness, labor dependency or special-
ized in monoculture. It implies that the level of diversi-
fication was quite diverse among household. Variations
for proportions of crop-livestock activities might hap-
pen due to differences in farm resources, priorities of
the farm activities, and ability to manage their available
resources. These conditions forced them not to look for
ways to engage them in diversified activities. As a result,
they have rented out their land and involved in non-farm
activities with or without producing a particular crop or
a single animal. The diversity of livestock (0.8610.39)
was tremendously higher than the diversity of crops
(0.28£0.12) with reasonable symmetrical distribution.
About 6.2% of households did not own livestock and
other 4.7% of households specialized in a single animal.
Similarly, 0.9% of the households did not produce crops
and other 3.8% of the producers specialized in growing
only a single crop.

Households were classified into three equal parts based
on crop-livestock diversification index. The average indi-
ces of the lower, middle and high categories were 0.17,
0.54, and 0.80. About 14, 54, and 32% of the households
have diversified their activities in the lower, middle, and
high category of indices. The ages of 61% households
were between 31 and 50 years. The highest age of diver-
sity index was between 31 and 40 years. Majority of (60%)
the female-headed households were in the lower cat-
egory. High proportion of households (77%) held farm-
lands less than 1.3 ha within the lower category. Almost
half of the farmers accessed farmlands on average 0.8 ha.
Three-quarters (77%) of households possessed > 1.0 ha of
land, while 18% of farmers held between 0.5 and 1.0 ha
of land. Five percent of households held <0.5 ha of land.
Household-heads with educational level of grade 9 and
above were 5% (Table 3).

Determinants of farm diversification

The Tobit model output suggests that land holding size,
livestock, non-farm income, land rented-out, irrigated
land, extension contact, soil fertility, road distance,
Kebele distance, and improved seed aer the major fac-
tors significantly affected crop-livestock diversification.
After Tobit regression, marginal effects were computed.
The parameter estimates of latent coefficients and mar-
ginal effects of the latent variable for continuous decision
in Tobit regression were almost similar. Sichoongwe et al.
[43], Dube and Guveya [53] reported that coefficients
of the probability and intensity of Tobit results are the
same. Latent coefficients showed directions and level of
significance for each independent variable, while mar-
ginal effects indicated not only directions and level of
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significance, but also offered information regarding prob-
abilities and extent of influence on the dependent vari-
able. The probability coefficients revealed the likelihood
of diversity in the discrete choice of crop-livestock diver-
sification. The regression results in Table 4 indicated that
the probability coefficients for diversification attributed
by the independent variables were insignificant. Because,
the likelihood of households to diversify their crop-live-
stock activities was 99.9%, that showed insignificant dif-
ference from the descriptive results (98%).

It implies the contribution of independent variables to
the choice of decisions on crop-livestock diversification
was less important. One of the main reasons could be the
limited number of households who did not diversify their
farm activities. The intensity coefficients for some inde-
pendent variables were significant among diversifiers.
Altogether, 81% of the households could diversify their
farm activities more than the constant value (0.41) owing
to independent variables. Thus, intensity coefficients
infer how a one-unit change in an independent variable
alters the dependent variable of crop-livestock diversity.

Farm size

More land size increased the capacity of farmers to
diversify farm activities. As -anticipated, landholding
size is found to have positive relationship and significant
effect (p<0.1) on the extent of diversification though the
probability of diversity is insignificant. An additional
unit of land can increase the probability of diversifica-
tion by 0.1%. It means that as land size increases by one
ha, crop-livestock diversification increases by 5.1%. An
increase in land size could increase the index category
of crop-livestock diversification. For example, a farmer
having an index of 0.33 in lower category can increase
to 0.35 of the middle category if the land size increases
by one ha. This means, more landholdings enabled farm-
ers to allocate their farm activities in multiple produc-
tions than small farms to minimize production risks. This
result is consistent with the findings of many studies [3,
39, 43, 54]. However, the possibility of getting more land
is unlikely unless a household acquires through rent-in,
inheritance, or sharecropping.

Non-farm income

This variable influenced the continuous decision of diver-
sification negatively and significantly (p<0.1). Getting
more non-farm income was unlikely to diversify crop—
livestock activities. As non-farm income increases by one
birr, the crop-livestock diversity decreases by less than
1.0%. Thus, the extent of decrease in diversity due to non-
farm income was negligible. Higher incomes from non-
farm activities could affect the interest of farmers and
led to divert their resources away from farming. Previous
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Table 3 Basic characteristics of crop-livestock diversifiers by Margalef index

Socioeconomic characteristics Index

0.0-0.33 (N=30)

0.34-0.67 (N=114) 0.68-1.00 (N=63) Total (N=211)

Age of household head (years)

<30 233
31-40 333
41-50 30.0
51-60 6.7
Above 61 6.7
Total 100.0
Sex of household head
Male 40.0
Female 60.0
Total 100.0
Size of landholding (ha)
0.0-1.30 76.7
1.31-2.60 233
2.60-4.00 10.0
Total 100.0
Household labor (AE)
0.0-2.30 633
2.31-4.60 233
4.61-6.90 134
Total 100.0
Livestock holding (TLU)
0.0-4.20 100.0
4.21-8.40 0.0
841-126 0.0
Total 100.0
Education (years of schooling)
Not literate 30.0
Grade 1-4 333
Grade 5-8 233
Grade 9-12 100
Diploma and above 34
Total 100.0

13.2 159 155
298 349 319
333 206 29.0
14.0 17.5 14.0
9.7 11 96
100.0 100.0 100.0
710 778 68.6
29.0 222 314
100.0 100.0 100.0
456 44.4 49.8
518 524 47.8
2.6 32 24
100.0 100.0 100.0
474 46.0 493
41.2 429 39.1
114 1.1 11.6
100.0 100.0 100.0
404 50.8 522
518 429 41.6
7.8 6.3 6.2
100.0 100.0 100.0
20.2 19.1 213
63.2 57.1 570
13.2 19.1 164
26 4.7 43
0.8 0.0 1.0
100.0 100.0 100.0

Size of landholding, household labor, and livestock holding are classified into three (low, middle, and high) categories

studies have found that non-farm/off-farm income per
capita has non-harmonious effects. It could have either
negative or positive influence on diversification [3]
depending on the amount of return and extent of farm-
ers’ engagement. Our finding was consistent with stud-
ies conducted in Indonesia, India, Zimbabwe, Ethiopia,
Kenya, Ghana and Nigeria on farm and livelihood diver-
sifications [3, 41, 51, 55]. Asante et al. [3] have found that
off-farm income has positive and significant influence on
the probability of crop-livestock diversity, whereas their

finding revealed that the extent of diversification caused
by non-farm income is negative.

Livestock

This variable had positive and significant influence on
probability (»<0.1) and intensity (p<0.01) of crop-live-
stock diversity in the farming systems. As livestock
size increases by one TLU, the level of diversification
increases by 3%. The positive coefficient of this result is
similar with other findings [14, 51].
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Table 4 Tobit regression results for determinants on crop-
livestock diversity

Variables Marginal effects
Prob. coef. P-level Inten. coef. P-level

AGE 0.0000 0.366 0.0012 0319
EDUCT —0.0005 0.390 —0.0295 0410
SEXT 0.0010 0.883 0.0048 0.881
LAND 0.0010 0.173 0.0510* 0.076
HHLAB —0.0002 0420 —0.0099 0.384
FINC —0.0000 0.310 —0.0000 0.250
NONFINC —0.0000 0.179 —0.0000* 0.083
LIVES 0.0006* 0.062 0.0302%** 0.000
OFERT — 0.0000 0.396 —0.0002 0.356
LROUT —0.0034% 0.093 —0.1715%** 0.007
CREDITH 0.0004 0523 0.0005 0513
IFERT 0.0000 0.484 0.0001 0458
EXTEN 0.0006 0.130 0.0309** 0.032
IRRIG 0.0083 0.133 0.4267** 0.035
SOCIALT 0.0009 0.170 0.0544 0.127
SOILT —0.0011* 0.082 —0.0880** 0.027
DROAD —0.0000 0.176 —0.0021* 0.079
DKEBELE 0.0000 0.157 0.0019% 0.059
SLOPEt —0.0012 0.595 —0.0439 0.460
SEED —0.0000 0.143 —0.0010%* 0.045
LTSECURT 0.0005 0454 0.0254 0.423
-cons 0.4148***

4 observations are left censored
Log likelihood =49.14; LR x>=83.36 (p value = 0.000)
Pseudo R?=—5.59

Significant level ***(p <0.01), **(p <0.05), and *(p <0.1) and t denotes discrete
variables

Land rent-out

According to descriptive statistics, a small number of
farmers (7%) were dependent on land rent-out for their
subsistence of food demands. Land rent-out was negative
and significant on crop-livestock diversity. As a house-
hold increases land rent-out by one ha, the probability of
diversity declines by 0.3% (p <0.1). The intensity of crop—
livestock diversity also decreases by 17.2% (p<0.01). A
household that rented out his/her land was not likely to
diversify farm activities, as he/she had to use the land
to produce more crops and harvest forage or keep ani-
mals on it. According to Daniel et al. [55], land transfer
adversely affects long-term investment in agriculture and
results in low returns. The same authors have substan-
tiated that transfer rights and threats of expropriation
influence negatively long-term investments in agriculture
that perpetuate low growth and poverty. Otsuka [56] also
reported that land use rights and strengthening of land
tenure security in Ethiopia enhance the incentives of
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farm households to invest more in the acquisition of new
knowledge and land improvements.

Extension service

Agricultural extension service is found to have signifi-
cant (p<0.05) and positive effect on the extent of crop—
livestock diversification. As extension contact increases
by 1 day in monthly bases, the level of crop-livestock
diversification increases by 3%. Households who gained
knowledge and acquired skill from development agents
might optimistically influence the intensity of crop—
livestock diversification. Evidences from other empiri-
cal studies revealed that extension service has mixed
effects on crop-livestock diversification. Rehima et al.
[39] and Asante et al. [3] pointed out that extension ser-
vice has significant contributions in increasing different
farm enterprise options. Our finding contradicted with
Wondimagegn [50] who found that the frequency of con-
tact of development agents has adverse effects on farm
diversities.

Irrigation land

An increase in irrigation land is found to have positive
and significant influence on the extent of crop-livestock
diversity (p<0.05). Small-scale irrigation used to grow
vegetables, animal feed, and some grain crops such as
lentil. Irrigation enables to increase crop—livestock diver-
sity as it supplement water at the time of rain shortage.
Other studies also reported similar findings [21, 51].
Moisture retained through irrigation can increase both
the probability and intensity of crop-livestock diversifi-
cation [14]. Access to irrigable lands may not necessar-
ily suggest area expansion. It could be the use of stored
moisture and increasing the frequency of cropping per
year on existing lands.

Soil fertility

The model result showed that soil fertility is a biophysical
factor found to have negative relationship between the
probability (p<0.1) and intensity (p<0.05) of diversifica-
tion. As poor soils change to fertile status, a decision on
the probability and intensity of diversification declines by
0.1% and 8.8%, respectively. According to the household
survey and field observation, farmers were more likely
to practice diversified farms on degraded plots than fer-
tile lands. Households who own fertile lands could not
motivated to diversify more crops and livestock activi-
ties rather they want to produce crops that are more
profitable. Some researchers [39, 51] reported similar
findings that fertile soils reduce the extent of crop diver-
sification because fertile plots tend to be specialized on
limited varieties. Households in Gudo Beret have grown
diverse crops and eucalyptus trees to diversify household
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incomes. The relationship between organic fertilizer and
diversification was also negative though its level of prob-
ability was insignificant. It implies that soils that are more
fertile grow crops with low level of diversity. Households
tend to cultivate only crops as long as the crops provide
high returns for subsistence needs regardless of market-
ing opportunities and nutritional benefits.

Road distance

The extent of influence of road distance on crop-live-
stock diversity was negative and significant (p<0.1).
Short distance between household’s residence and the
main tarmac road had favorable effect on the crop-live-
stock diversity. Households dwell far away from the
main road were less likely to diversify crop-livestock
activities. The result revealed that the extent of diversity
declines by 0.2% as a farmer travels 1-min of time. Vari-
ous farm activities such as irrigation, seedling nurseries,
and other infrastructures are located near to the main
asphalt road. Ashfaq et al. [55] have found similar results
in India where road distance affects farm diversification
negatively and significantly. Road distance is negative on
crop diversity though the extent of influence is insignifi-
cant in eastern and southern parts of Ethiopia [39, 50].
Households reside in near to the main road reduce trans-
port and marketing costs. Farmers located farther away
from the main road might produce only to meet their
subsistence and nutritional needs [3, 43]. Various find-
ings reported unlike relationship between road distance
and crop diversification in accordance with the nature of
crop production [43].

Kebele distance

The time of travel from household’s residence to the near-
est Kebele office affected the intensity of crop-livestock
diversification positively and significantly (p<0.1). An
increase in time in 1-min travel between household’s res-
idence and the Kebele office, the extent of diversification
increases by 0.2%. The effect of distance between Kebele
office and household’s residence is positive in relation to
some crops and negative on other crops grown in Nige-
ria [46]. In our study, most of households settled near to
the centre of the Kebele, employed in non-farm/off-farm
activities. Some households who reside adjacent to Gudo
Beret town have limited farmlands and involved in non-
farm activities. The nature of settlement patterns close to
the town is highly populated and less likely to obtain ade-
quate grazing fields and croplands. The other probable
reason for positive relationship between distance to the
office and farm diversification is social and administrative
responsibilities. One-quarters of household-heads have
had different social responsibilities being involved in
administrative and social obligations. Those households
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who played social and political affairs and settled near to
the office might have limited participations on diversified
farm activities.

Improved seed

The improved crop seed cultivars had negative effect on
the discrete and continuous decisions of crop-livestock
diversity, suggesting that it is less important for subsist-
ence producers. The likelihood of a household to diver-
sify crop-livestock activities attribute to improved seed
was not significant. Even though improved seed is signifi-
cant (p<0.05) on the crop-livestock diversity, the extent
of influence was not considerable. As improved seed
variety increases by one kg, the extent of crop-livestock
diversity decreases by 0.1%. The probable reason for
negative relationships could be households tend to use
improved seeds may give less attention to livestock as a
result crops compete with livestock for land resources. In
addition, high cost and delay to access for improved seed
imply adverse effects on diversification.

The results of relationship between the dependent vari-
able and some independent variables were contrasted
with prior hypotheses. Age, sex, credit, fertilizer, social
status, and land tenure security were positive with crop—
livestock diversity though they are insignificant. Positive
relationship of age with crop-livestock diversity implies
extent of diversification is higher among older household-
heads. The positive result for fertilizer is in agreement
with many studies [39, 43]. The coefficients for education,
household labor, farm income, and slope of farmlands
were negative with crop—livestock diversity. It implies the
household labor did not affect the level of crop—livestock
diversity [3]. In this study, education is negative but insig-
nificant on diversification. Several reports also noted that
education has negative relationships with farm diversifi-
cations [39, 43, 46, 48, 50, 51]. The negative relationship
for education indicates literate farmers are less likely to
diversify farm activities where they are liable to engage in
off-farm/non-farm livelihood strategies.

Crop-livestock diversification and household food security
nexus

F-statistics for linear regression was significant at 1%,
implying that the crop—livestock activities included in the
model were jointly significant in influencing the depend-
ent variable -food energy. The value of R* is 0.304. This
means that 30.4% of the variation in food energy was
explained by farm activities included in the model. Sub-
stantial differences were existed among households for
food energy, as they have pursued diverse crop-live-
stock activities. Results showed that barley, wheat, and
faba bean positively influence food energy, while vegeta-
bles and highland fruits had a negative influence on food
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energy at 1% (Table 5). Households with more croplands
for barley, wheat and faba bean were more likely to have
better food energy in terms of calories. On the other
hand, a negative influence of vegetable production and
highland fruits on food energy showed that households
with higher fruits and vegetables are less food secure.

Conclusions and policy recommendations
Diversified farms remain a source of income, risk reduc-
tion strategy, and means of livelihoods for smallholders.
Crop production and animal husbandry are the two sub-
systems in the broad mixed crop-livestock system. This
study aimed to examine determinants of crop-livestock
diversification and the effect of crop-livestock activities
on household food energy in central highlands of Ethio-
pia. The study used cross-sectional data to find out farm-
ers’ decision on crop-livestock diversity. Food balance
sheet was employed to measure food energy. The study
included demographic, economic, institutional, biophysi-
cal, topographic and social factors to investigate crop—
livestock diversification decisions.

Table 5 OLS results on household food energy in calories

Farm activities Coef. tvalue p value
Cow —184.748 — 0621 0.535
Ox 233.853 1.379 0.169
Bull 246.277 0.563 0574
Heifer —93.087 —0.173 0.863
Calf 916.771 0.642 0.521
Horse 457177 1.119 0.265
Mule 1488.291 1.537 0.126
Donkey —563.249 — 1414 0.159
Sheep —297.408 —1.154 0.250
Goat —1454.018*% —1679 0.095
Chicken 1745.954 0.609 0.543
Bee colonies 21.672 0.399 0.690
Barley 1618.349%** 2874 0.005
Wheat 3522.539%** 4.245 0.000
Faba bean 2359.257%** 3.754 0.000
Field pea —1128.296* —1.868 0.063
Lentil — 16441 —0.022 0.983
Linseed —1118350 —0392 0.695
Potato 1221.641 1.191 0.235
Vegetables —5858.333** —2.793 0.006
Highland fruits —162.991*** —3.746 0.000
-cons 1905.135%** 5363 0.000
R? 0.304

Adjusted R 0227

F 3933

N 211

**x ¥* * are significant at 1, 5 and 10%, respectively
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The results of descriptive statistics revealed that the
majority of farmers produced on average 8.76 types of
crop-livestock activities per household. Margalef index
of diversity showed a wide variation between zero to
one with a mean value of 0.57 attributed to household
resources, farmers’ preference, ability to manage farm
activities, and other natural factors. Crop-livestock
diversifiers have better socioeconomic and demographic
characteristics compared to non-diversifiers. The Tobit
results showed that farmers decided to diversify their
farm activities with little influence of discrete choices
from independent variables, whereas the extent of diver-
sification was influenced mainly by economic factors.
Farmers who accessed irrigation land, more livestock
and extension contact were found to have higher level of
diversity compared to have-nots. This means that farm-
ers access to more lands from rain-fed and irrigation
farming, more livestock and frequent extension support
were liable to have higher level of crop-livestock diver-
sities. Conversely, the relationship between land rent-out
and crop-livestock diversity was negative and significant,
implying that land rent-out reduced both the likelihood
and extent of crop—livestock diversity. In addition, results
of ordinary least square regression showed that barley,
wheat, and faba bean were significant crops that can
influence household food energy positively.

The results imply that more farmland, irrigation
land, larger livestock, and effective extension service
were decisive factors for crop-livestock diversification.
Grain crops were the most significant farm activities for
household food energy. In conclusion, rain-fed farm-
ing supplemented with irrigation and effective agricul-
tural extension services are crucial factors for mixed
production. Crop-livestock integration contributes for
livelihoods, household food security, and biodiversity
conservation. Therefore, among diversified farm activi-
ties, grain crops and small ruminants have immense con-
tributions for household food energy. The results of this
study suggest that agricultural policies need to assure
crop-livestock diversification, which is a means of live-
lihoods. We also recommend further research on crop—
livestock diversification to find out the best patterns of
diversity so that households can ensure food security and
cash incomes.
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