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Abstract

Adoption of crop rotation is seen as best agron@ractice for increasing wheat yield in Ethiopiao$fl farmers
lack improved farming experiences and skills. Tfegus on production of food crops (mainly ceregbsyr after
year for family needs. Hence practice of crop fotais one of the options for improving wheat yiettbwever,
there is lack of empirical study on the factorduehcing farmers’ choices of precursor crop foration for
wheat cultivation. To fill this gap, this study mdied factors influencing farmers’ choices of puesor crop to
wheat planting. Cross-sectional survey data cdtbécfrom randomly selected 381 farm households and
multinomial logit model were used to achieve théeotive. The study identified that farming expederand
skill of household head, livestock holding sizes] access to pesticides had positive and signifietiacts on
farmers’ choices of pulse and vegetable crops bpirgursors to wheat planting. The study also abthithat
the mean predicted probabilities were 0.58 and @84he choices being cereal and pulse crops @supsor
crops to wheat planting, respectively. It is suggegshat agricultural extension personnel needtwus on the
factors that influenced farmers’ choices of preoursrops to break cereal monoculture system andavep
wheat yield.
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1. Introduction

Food crops productivity change has recently becameassue of developing countries because of itatgre
impact on economic growth and poverty reductiorhbotrural and urban areas (Headtwl., 2010). Wheat is
one of the major food and cash crop for smallh@derEthiopia. The demand for wheat has been isedtdue
to growing population, urbanization and the expamsof food processing industries in the countrythé
country is to feed the rapidly growing populatioxdaneet the high demand, it needs to increasertiduption
and productivity of wheat. However, the averagéonat yield of wheat is 21 quintals per hectare AC2013).
This is the lowest yield compared to global averdde low yield is due to limited use of modernutgpand it
seems to be a major explanation for its low praglitgt(Alemayehuet al., 2011). The low productivity has
made the country unable to meet the high demandk @det importer of wheat (Rashid, 2010).

Increasing yield requires successful adoption girowed farm inputs and farming practices (Dorosth Rashid,
2013). One of yield limiting factors in Ethiopial®wy adoption and limited use of chemical fertitigelncreased
use of fertilizers has been a major factor exptajmerhaps one third to one half of yield growtld@veloping
countries (Fischest al., 2009). Fertilizer use per hectare is low dukith prices and poor markets; and the low
fertilizer use explains a large part of the laggprgductivity growth for food crops. Therefore,aneas where
cereal monoculture is prevalent and famers arelenalafford high prices of chemical fertilizersdapesticides,
rotating crops on a given farm using pulses befemeals on specific farm has a substantial effactedlucing
crop pests and improving soil fertility and henceductivity.

Crop rotation is one of the oldest and most fund@aieagronomical practices, and is thought to hgresat
impact on increasing crop yield. Croptationmeans changing the type of crop grown on a padiqitce of
land from year to year. It is primarily a managetragtision based on a desire to optimize finanaigiicultural
or environmental objectives through profit and gietaximizations as well as through minimized pédticise
(Castellazzi et al., 2008). Rotations primarily héh weed control, improve soil fertility, and iease wheat
grain yield when compared to mono-cropping (Haetisal., 2007; Moghaddam et al., 2011). A well pkghn
rotation reduces weed pressure by eliminating thestant niche that mono-cropping provides. A lequus
crop usually precedes cereals for the aim of imgoil fertility. Therefore, the benefits of rtitans could
arise from increased nitrogen supply, soil orgamatter, and improvement in soil structure, and el@sed pests,
disease or weed competition. Hence, choice of gujate precursor crop to wheat planting for rotatcan
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affect wheat yield. However, there is lack of doewmted empirical knowledge in the study area onfdlators
influencing the choice of precursor crop to whekanping for rotation. To fill this gap, this studgentified
factors influencing the choice of precursor cropogs-sectional survey data collected from randosehgcted
381 farm households and multinomial logit choicedelowere used to determine factors influencing &sh
choice of precursor crop to wheat planting.

2. Resear ch M ethodology
2.1. The study Area

The study area, Arsi Zoné found in the central part of the Oromia NatioRa&lgional State of Ethiopia. The
zone astronomically lies between 60 45’ N 058‘N and 38 32 E to 48 50’ E. The areds divided into five
agro-climatic zones mainly due to variation intatfie. It is dominantly characterized by moderatalgl (about
40 percent) followed by cool (about 34 percent)uaitemperature. The mean annual temperature &dhe is
found between 20-26 in the low land and 10-2&in the central high land.

The mean annual rainfall varies from 633.7 mnDhagra station which is inDodota district, and located at
altitude of 1680 meters above sea level to 105%8 ahBekoji station inLemu-bilbilo district located at an
altitude of 2760 meters above sea level. On averthgezone gets a monthly mean rainfall of 85 mm an
annual mean rainfall of 1020 mm. The area receives distributed rainfall both in amount and seasohis
characteristics makes the zone good potentialfmdyction of various agricultural crops. Wheat isajor crop
and it accounts for 42% of the total cereal ardtivatied in the study area, with total output o1%.million
quintals from 0.21 million hectares of cultivateshdl (CSA, 2013).

2.2. Sampling Technique

A combination of purposive and two stages probgbdampling procedures were used for sample setect

the first case, three major wheat producing districere purposively selected. The three distriataely, Lemu-
Bilbilo, Hetosa, and Dodota were selected. The maason for purposive selection was due to their
representativeness in wheat production both iroregdiand national perspectives. There are alsogtresearch
and extension intervention programs embracing whematucers in the area. Moreover, newly releasqutoned
wheat varieties and improved farming practices welatively more disseminated and practiced indla®as.
Therefore, it was feasible to assess factors tiilteince farmers’ choice of precursor crops to wipdanting in
these areas. In the first stage of the probalsitynpling, a list of major wheat growing lower adisirative
divisions kebeles) within the selected districts was prepared. Tgkinto account the cost of data collection,
two kebeles were selected from each district with simple rand@ampling. In the second and final stage, a fist o
wheat farmers was prepared for each district. Sanfipgimers were selected by simple random sampling
technique. The sample size was determined baseatieoformula given by Krejice and Morgan (1970), and
allocation of sample size to each district was naa@ortionate to the size of farm household hegsgsilation

of each district.

2.3. Data Collection

The data for the study was collected from both prymand secondary sources. Cross-sectional data was
collected from the survey of randomly selected 3&inple farm household heads. For the primary data
collection, specifically designed and pre-testedsionnaire based on the objective of the studg, tesined

data enumerators was used. Both quantitative aatitafive information were collected. The data eotlon
included households’ socioeconomic characterigfe@sily sizes, age and sex structures, educatitm), knd
holding (agricultural, grazing, wheat land, andenfl), access to and utilization of farm inputs dseéertilizers,
herbicides and fungicides, extension services)pragnic practices including crop rotation. The syrveas
carried out in the months of May and June 2013.

2.4. Analytical Methods
In regression models, when the dependent variab®mtinuous, the linear regression model is priybtie

most commonly used statistical method. However, nwitee dependent variable is discrete or categorical
outcome, linear regression models are not appr@priBhere are a wide variety of non linear models f

94



Journal of Economics and Sustainable Development www.iiste.org
ISSN 2222-1700 (Paper) ISSN 2222-2855 (Online) lL,i,!
Vol.5, No.3, 2014 IIS E

categorical dependent variables. The model spatidic which is most commonly used for nominal ontes
with more than two categories that are not ordésetthe multinomial logit model (Hausman and McFaudde
1984; Greene, 2012). It is used in a variety ofiaibns in applied econometrics and social sciences
Multinomial logistic regression jointly maximizebe likelihood that the estimates of the paramgtegeslicting
each category of the dependent variable could gémé¢ne observed sample data. When the dependagibiea
has only two categories, the multinomial logistegression estimates reduce to binary logistic s=jpe
estimates (Greene, 2012). The method of estimagianaximum likelihood, since qualitative responsedeis
cannot consistently be estimated with linear resiogs methods (Wooldridge, 2010; Greene, 2012).him t
present study, Multinomial logit model was used fodeling smallholders’ choices of precursor crop f
rotation in wheat production. Because a farmer she@mong more than two choices or crop types,ngdke
choice that provides the greatest utility in pratut processes. Based on (Wooldridge, 2010; Gre201), the
multinomial logit model for smallholder choice afggursor crop to wheat planting can be specifiefblémvs.

Let Y; denotes a random variable representing precursqr chosen to wheat planting by a farm household,
which are discrete and mutually exclusive choic€srepresents a set of socioeconomic variables treat a
assumed to influence smallholders’ choice of premucrop to wheat planting, then

EX!'[.BJ—'
Prob (Y =) = w , 1)
is named as the multinomial logit model (Greend,20

The model for precursor crop choice with 3 choiategories is

EX!'.:BJ—'
72, o8 =012 ()
Where Bis a vector of coefficients on each independeriabées X, and j = 0, 1, and 2 are choices of precursor
crops when the choices are pulse crops, vegetabjes @and cereal crops, respectively. The estimadgetion
provides a set of probabilities for the choices #decision maker with characteristics (&Greene, 2012).
Equation (2) can be normalized to remove indeteayrin the model by setting,B- 0. This happens because
the probabilities sum to one. Therefore, the prdibials are:

Prob (Y =j/X)) =

XrBi
Prob (% =j/X)=Pj= ——==,i=0,1,2. 3)

Y :|_+E;u=1e Tk

Equation (3) gives the J log-odds ratios:

The coefficients of multinomial logit model are fiditilt to interpret. It also misleads to associBjewith i
outcome. To interpret the effects of independeniabites on the probabilities, equation (3) wasedéhtiated to
find the partial effects of the variables on thehabilities.

8r;

oo = PilBi— Tio Pcbid = P; (8, — B ©

ba;

The marginal effects measure the expected changeobmability of a choice being made with respechtonit
change in independent variable (Wooldridge, 201fe@e, 2012). The signs of the marginal effects thed
respective coefficients may be different, becabsenharginal effects depend on the sign and magmitddall
other coefficients. Finally, model validity was ted for the independence of irrelevant alternati(kA)
assumption using Hausman test.

Various socio-economic factors affect farmers’ a@opof new technology and improved farming prassidn
Ethiopia. In this study, households related socioremic factors which were assumed to influencenéas
choices of precursor crop include age and educdtiemel of household head, farming experienceafsehold
head, land and livestock holding sizes, family seecess to pesticides, and annual income fronfaaff- and
livestock production activities. Age was measuredyéars, education was in number of educationallega
completed, farming experience was measured in nigrdfeyears household head fully involved in farghand
received extension services, and total land holding was measured in hectares. Likewise, famitlylamestock
holding sizes were measured in adult equivalent @moplical livestock unit (TLU) respectively. Access
pesticides was dummy variables measured in ‘yesiar If a household had access to pesticides; #ssumed
1, or otherwise 0 if there was no access to pésticiAnnual income was measured in thousand ETB, bi
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3. Results and Discussion

3.1. Descriptive Results

The major crop categories that are cultivated i ¢tudy areas include pulses, vegetables, and| camzs.
Proper sequence of crops for rotation can impraiefertility. A leguminous crop usually precedesreals to
increase cereal crop yield. Table 1 shows percenthgample farmers who planted pulse, vegetableral
crop in 2011/12 cropping season on the farm planiddwheat in 2012/13 cropping season.

Table 1. Percentage of famers with different cheigieprecursor crop to wheat planting

District
Dodota Hetosa Lemu Bilbilo Total
Precursor crop n =83 n=133 n =165 N =381
Pulses 14.5 35.3 43.0 34.1
Vegetable 2.4 12.8 6.7 7.9
Cereal 83.1 51.9 50.3 58.0

Source: Computation from own data.

Table 1 depicts that 58% of sample farmers plaoézdals before wheat. About 34 and 8 percentseofatmers
planted pulses and vegetables preceding wheaimaméspectively. This indicates that the choit@recursor
crop to wheat for many farmers (58%) was ceregb ¢re. wheat, barley, tef or other cereal) in $hedy areas.
Planting cereal before wheat does not give the fiiesfecrop rotation that could arise from incredsgtrogen
supply, soil organic matter, improvement in soiusture, and decreased pests or weed competitiea. df
leguminous crop (pulses) as precursor crop to whees low, and majority of farmers chose cerealsaas
precursor crop for rotation for wheat productioralhstudy areas. Relatively, choice of pulses better (43%
of sample farmers) as precursor crop to wheat ipiguih the highland area (Lemu-Bilbilo district).

Table 2. Percentage of sample farmers plantedréiffecrops on wheat farm before 2012/13 croppirgce

Crop type 2010/11 season 2011/12 season (precursor)
Pulses 29.9 34.1

Vegetables 1.3 7.9

Cereals 68.8 58.0

Source: Computation from own data

The farm land on which wheat was planted in 2012tbpping season was used for planting pulse arehte
crops by 29.9% and 68.8% of sample farmers in 201&/opping season, respectively (Table 2). Sitgil@4.1
and 58 percents of sample farmers planted pulsecarahl crops on the same wheat farm in 2011/12pang
season, respectively. This shows that majorityaaiers planted cereal after cereal at least feetbonsecutive
cropping seasons on the same farm (including whkatted in 2012/13 cropping season). Breaking terea
monoculture helps resource poor farmers to impsmikfertility, reduce plant diseases and pests thedeby
increase yield of crops.

3.2. Econometric Estimation Results
Table 3 provides the maximum likelihood estimatemaltinomial logit model for the choice of precarscrop

to wheat planting as dependent variable, and sexglinatory variables assumed to affect the pritityabf the
choice being one of the outcome categories, witbatdeing the base outcome category.
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Table 3. Maximum likelihood estimates for multinailiogistic regression

Choice categories

Independent variables Pulses Vegetables
coef.(z-value) coef.(z-value)
Age 0.003 -0.118
(0.13) (2.65)**
Education 0.041 0.129
(1.09) (2.92)
Experience 0.010 0.138
(0.41) (2.71)**
Land holding size -0.032 -0.133
(0.3) (0.57)
Livestock holding size 0.056 -0.066
(1.99)* (2.02)
Income 0.008 0.041
(0.47) (1.5)
Family size 0.027 -0.049
(0.36) (0.35)
Access to pesticides 0.632 1.356
(2.56)* (3.17)**
Constant -1.895 -0.881
(2.65)** (0.72)

* p <0.05; *p< 0.01. Figures in parentheses aralues. Base outcome = Cereal

The Wald test (Wald chi2(16) equals to 47.73, vathialue of Prob > chi2 = 0.0001 i.e. p < 0.000&ies
significant chi-squared statistic, implying rejectiof null hypothesis that all the 16 coefficieatsociated with
independent variables (except the constant) arellsineously equal to zero. It means that the effdct
independent variables on the outcome variable wasero. The effect of livestock holding size inUland
access to pesticides on the probability of choopulges as precursor crop to wheat cultivation sigsificant
(p< 0.05). Age, farming experience of householddrezad access to pesticides were significant fagprs0.05)
in their effect on the probability of vegetablesngeprecursor crop. Education was also significzantiable
(p<0.10) on households’ probability of choosing etdple crops as precursor to wheat cultivationkélihood
ratio test also showed that the effect of age amthihg experience of household head as well asttek
holding size on choice of precursor crop were Sicgnt at 0.05 level. But the effect of access éstjzides was
significant at p < 0.01. Table 4 gives the predigteobability after multinomial logistic regression

Table 4. Predicted probability after multinomiadjistic regression

Variables Mean Std. Deviation  Minimum Maximum
Pr(precursor=pulses) 0.341 0.113 0.159 0.906
Pr(precursor=vegetable) 0.079 0.074 0.001 0.520
Pr(precursor=cereal) 0.580 0.135 0.087 0.824

The predicted probabilities for outcome categoriese calculated after multinomial logistic regressi The
mean predicted probability was 0.58 for the chddeéng cereal as precursor crop to wheat cultivateord
choice being pulse was 0.341, ranging from minimpimobability 0.159 to maximum of 0.906. The mean
predicted probability for the choice being vegetalvhs 0.079. This shows that the probability ofioldeing
cereal crop as precursor to wheat cultivation wary Wigh compared to the other two choice categoridis
indicates that planting of wheat after cereal wasmmon farming practice in the study areas. Howeatvéas

to be noted that a positive or negative coeffic@ninultinomial logit need not mean that an inceeas decrease
in the independent variable leads to an increagsieorease in the probability of an outcome beitgcsed. But
the coefficients can be interpreted with comparisothe base category (cereal choice category).

Since the coefficients of multinomial logit can difficult to directly interpret, the marginal effesccould be used
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to measure the impact on the probability of obsgreach of the choice outcomes. The marginal effeat
choice probabilities evaluated at mean values @fitdependent variables were computed and givaalite 5.
As depicted in the table, for each independentiégithere are three marginal effects correspontdirige three
probabilities, and these three marginal effects sumero because probabilities of each outcometsume. The
marginal effect on pr(y = pulse) of a change irditock holding size evaluated at the mean of viesabdicates
that a unit change in livestock size by one TLUéases by 0.014 the probability of pulses beingys®r crop
to wheat planting rather than being vegetableseoeals. Similarly, a year increase in age of hooisehead
decreases by 0.006 the probability of vegetablé@sgbgrecursor to wheat planting. Cereal crops heenhajor
food and cash crops in the study areas. Househatdsnore livestock holding sizes could have incasnarces
from sale of livestock and livestock products. A®sult these households may prefer planting afrothops to
cereals. More age of household head associatedmuatk family sizes. Older people usually have nfanaily
size than younger ones. To feed the larger fanidg, shouseholds prefer production of food cropsegaks) to
other crops.

The marginal effects of farming experience of hiwadd head and access to pesticides on the protyabfli
precursor to wheat planting being vegetable crop®wsignificant at 0.01 levels. Similarly the maajieffect of
access to pesticides on the probability of the ahbieing pulse crop was significant at 0.05 levEhe marginal
effect of access to pesticides on the probabifitghmice being cereal crops was also a signifieanable at p <
0.01. However, the marginal effect of access tdigides on probability of the choice being cerealpcwas
negative. This implies that experienced farmers agply their farming skills and adopt planting afiges and
vegetable crops.

Table 5. Marginal effect after multinomial logistiegression

Choice category

Independent variables Pulses Vegetables Cereal
(dy/dx) (dy/dx) (dy/dx)
Age 0.003 -0.006 0.003
(0.58) (2.97)** (0.61)
Education 0.007 0.006 -0.013
(0.82) (1.61) (1.48)
Experience 0.000 0.007 -0.007
(0.06) (2.88)** (1.18)
Land holding size -0.005 -0.006 0.011
(0.02) (0.53) (0.45)
Livestock holding size 0.014 -0.004 -0.010
(2.24)* (2.39) (1.43)
Income 0.001 0.002 -0.003
(0.28) (1.5) (0.76)
Family size 0.007 -0.003 -0.004
(0.42) (0.43) (0.24)
Access to pesticides 0.113 0.065 -0.178
(2.06)* (2.47)** (3.22)**

*p< 0.05; **p< 0.01. Figures in parentheses arak®s

Access to pesticides has positive effect on thelymtion of pulses and vegetable crops. Farming réxpee,
livestock holding sizes, and access to pesticide® Ipositive and significant effect on farmers’fprences of
pulses and vegetable crops. Therefore, improveinefarming experience and skills, more livestockdintg

sizes, and access to pesticides could help thetiadopf pulses and vegetable crops, and breakingecéal
monoculture in crop production in the study area.

4. Conclusion
Low use of chemical fertilizers and improved agnmiopractices are some of the reasons for low wyiedd in
Ethiopia. The low yield made the country unablerieet the high demand, and the country is net irepart

wheat despite its high potential for wheat produetiTo feed the rapidly growing population and nteethigh
demand, smallholders need to increase wheat yieddiggh adoption of improved agronomic practices.
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Crop rotation is one of agronomic practices beliei@increase wheat yield in Ethiopia. However, nfasmers
practice cereal monoculture system in the studg.arbough, great efforts of agricultural extenssenvice to
promote crop rotations, most farmers are practigitagting of cereal after cereal. This has negaitiveact on
crops productivity since most farmers are unablafford the high prices of farm inputs speciallycps of
chemical fertilizers and pesticides. Crop rotatiamproves soil fertility, reduces plant diseases avekds
problems, and thereby increases crops yield. Therafrop rotation, especially precursor crop pldeeceding
wheat cultivation, has the capacity to improve whpeoductivity. However, there is limited empirical
knowledge on the factors affecting farmers’ choioéprecursor crop for rotation for wheat produstio the
study area. To fill this gap, this study was catroait in major wheat producing zone of the coumdrydentify
the factors influencing farmers’ choice of precursmp to wheat planting. Cross-sectional survewp dallected
from randomly selected 381 farm households andinauttial logit model were used to achieve the olijecof
the study.

The study identified that farming experience anitl sk household head, livestock holding sizes, aedess to
pesticides had positive and significant effectdamers’ choices of pulse and vegetable crops asupsors to
wheat planting. The study also obtained that tham@edicted probabilities were 0.58 and 0.34 lierdhoices
being cereal and pulse crops as precursor cropd¢at planting, respectively. The agricultural pplmakers
and extension personnel need to give due atteftiothe factors influencing farmers choice of crfop the
promotion of crop rotation for improving wheat yel
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