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Abstract

The demand for sugar in Kenya has been rising Mithfarm level productivity and high cost of prodion of
USD 870 per MT. The ability of smallholder sugaredarmers to improve sugarcane output levels atainat
sustainable production depends on efficient farmctices, hence technical efficiency. The study yaeal
technical efficiency of sugarcane-based croppirgiesys among smallholder farmers in Awendo Sub-Gpunt
Kenya. Primary cross-sectional data were colle@tmah 246 randomly selected sugarcane farmers usigj-
stage sampling method. The study identified twoast@nebased cropping systems, namely; sugarcane
monoculture which accounted for 62.6% of the crogpsystems and sugarcane-soybean integration which
accounted for 37.4 % of the cropping system, irtdigathat sugarcane monoculture dominated sugarcased
enterprise in the study area. The analysis empldyedb Douglas stochastic production frontier motbel
estimate technical efficiency levels. A two-limibAit model was used to examine the factors inflienc
technical efficiency. Results indicated the highastput elasticity for land size (0.532) followesg berbicides
(0.051). Fertilizer quantity and sugarcane cuttihgd output elasticities of 0.029 and 0.015 re$pelgt The
sum of the partial elasticities in the estimateddelovas 0.583. Results also showed that sugaraayirean
integrators were more efficient than sugarcane molhare farmers and land was found out to be thglsimost
important variable in influencing the farmer’s effincy. The mean technical efficiency of 62% and%4
showed that the potential exist to increase output38% and 36% for non-integrators and integrators
respectively with the present technology. This gtudcommends that sugarcane farmers be encouraged t
allocate part of their land to production of soyibéa enhance food security and improve househaldne. It
further recommends that there is need for traisungarcane and soybean farmers on optimum utilizatidarm
inputs the study area.

Keywords. Technical efficiency, Sugarcane monoculture, Sumy@eSoybean Integration, Smallholder farmer

1. Introduction

Agriculture is the backbone of Kenya's economy. Tbatribution of the sector to the country’s Grégsmestic
Product (GDP) has been declining over the years #6 percent in 1963, 33 percent in 1980s to 2¢querin
2014, (KNBS, 2015).The sector however remains dantisector in the overall economy. The sector ausou
for about 60 percent of the foreign exchange iny&eand about 16 percent of the formal sector enmpémt
(KNBS, 2015) and also provides for self-employmétie Kenya's development policy for the medium term
(2000 - 2030) continues to recognize agriculturarmgmportant sector for the economy, with priodggntred on
food security initiatives and provision of employmiepportunities (Okuret al., 2000). For the agricultural
sector to play this central role in the economyidawowth in output and productivity are criticaldathe role of
sugarcaneSaccharum officinarum) and soybear@lycine max) in the subsector is important as well.

In Kenya, sugarcane is mostly grown in rural arefwestern parts of the country, which also predamtly
comprises of low income earners (KNBS, 2007). Histdly, sugarcane has been one of the most impbrta
crops in the Kenyan economy alongside tea, coffedijculture and maize. According to KSB (2010k #ugar
sub-sector contributes about 15% of the agricdlt@BP. By far, the largest contribution of the stogae
industry is its silent contribution to the ruralo@omies in the sugar belts. Farm households arad lbusinesses
depend on the injection of cash derived from thgassub-sector. The survival of small towns andketaplaces
is also dependent on the incomes from the samdd&e¢he socio-economic contributions, the indusiso
provides raw materials for other industries suctbagasse for power co-generation and molasses ¥ade
range of industrial products including ethanol (K2B10).

Over the years, the total land brought under candyztion has been increasing in the sugar betimar@ercial
sugarcane farming has transformed more arable f@articularly in the former Western and Nyanza progs
into expansive monoculture landscapes than any sthgle plantation crop (GoK, 2006). The totalaatmder
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cane production in Kenya as at March 2013 was 236t#ectares and the estimated area and yields by \28s
224,925 hectares and 100 tonnes cane per heatale regspectively (KSB, 2010).The increase in arader
cane is due to high cane demand because of new amtl expanded capacity of most sugar factories. Th
sugarcane growing is comprised of both the smallwolarmers as well as the nucleus estates commeéssiby
the sugar factories. The smallholder farmers su®@% of the sugar milled in the country and thet iss
provided by the nucleus estates (KSB, 2010). Thalleoider farmers comprise about 85% of the cammsvgrs

in the country (GoK, 2007).

Sugar production in Kenya has grown from 548,206 ¢ Bugar in 2009 to 639,741 MT in 2016. During the
same period, the quantity of sugar consumed ineceiem 762,023 MT in 2009 to 972,599 MT in 20166
2017). The deficit in meeting domestic sugar corgion needs from imports has grown from 169, 761 iNT
2009 to 334,109 MT in 2016 (KSB, 2017).The sugdicidds usually covered by stringently controlledports
from the Common Market for Eastern and SoutherncAf(COMESA) trade bloc where Kenya has a quota of
300,000 tonnes annually. On the other hand, thatcgs average yields have continued to declina tow of
58.9 tch in 2011 from the historical high of 13htn 1973 (KESREF, 2011), this is in spite of imyed
sugarcane production technologies such as intramucif new cane varieties developed by KESREF. This
average yield is very low compared to other COME®AIntries like Egypt 126.4 tch, Zimbabwe 93 tch,
Tanzania 85 tch and Malawi 113 tch (MAFAP, 2013).

Despite the immense potential of sugarcane progludti Kenya, the farmers have always reported l@idy.
The poor performance puts at risk the livelihooflever 250,000 small scale farmers who depend erséttor.
Currently, Kenya is witnessing a massive challengmeeting the ever growing demand for sugarcanduymts

by achieving self-sufficiency in sugarcane produetiThis could be due to increase in small scabavgrs who
have autonomy in their operations. This leads toptidn of diverse farm practices which contribubeldw
sugar cane yields. The unsustained supply of sagarto the processing industries has led to a steegase in
the sugar price in the country. The cost of sugadyction in Kenya is currently estimated at USID §&r MT
which is twice the cost of production in other CO8Ke competing countries. This is very high compaied
Zimbabwe (USD 300), Malawi (USD 350), Swaziland B80), Sudan (USD 340), and Zambia (USD 400),
(Kenya National Assembly, 2015).

In Awendo Sub-County, Kenya, approximately 60 petae arable land is under cash crop, 30 percedeun
food crop and 10 percent is left fallow (CIDP, 2R1Sugarcane occupies 2,400 ha within the nucl&@&ONY
factory with over 18,000 ha under the out growestD, 2013). Sugarcane is mainly grown under cehtra
between farmers and South Nyanza (SONY) Sugar Coyn@0ONY Sugar Company was incorporated by the
Kenyan Government in 1976 and commissioned in 29if19 the objective of generating economic, sociad a
financial gains for the local community and the mioy through the manufacture of mill white sugar focal
consumption. (SONY Sugar Company, 2009). The SONigas Company contributes 15% of the sugar
produced in Kenya and is only second to Mumias EQganpany that contributes 53% .The performandhef
company therefore has a significant impact on tgas industry in Kenya. Over the years, the complaany
experienced production shortfalls, with sugarcaekvdry to the factory by contracted farmers deantinfrom
603,646 tonnes of sugarcane (tc) in 1998/99 toABU¢ in2011/12 against a target of 651,600tc; while the non-
contract farming has been on the rise from 45,138t81,338tc over the same period (FAO, 2013).The
continuous production shortfalls is likely to hurt the sugar industry in Kenya; since the country is already a net
importer of sugar to meet the domestic consumption.

Table 13 Kenya Sugar Demand, Supply and Consumption Schedule

Figuresin tonnes Production Consumption Imports
2009 548,206 762,023 169,761
2010 523,652 772,731 258,578
2011 490,210 783,660 139,076
2012 493,937 794,844 238,589
2013 600,179 841,957 238,046
2014 592,668 860,084 192,121
2015 635,674 889,233 247,392
2016 639,741 972,599 334,109
Aver age annual growth rate 3% 3% -7%

(Kenya Year Book of Sugar Statistics, 2017).

Kenya has been experiencing a steady rise in theestic demand for sugar. The gap between sugaugiiod
and consumption has continued to increase makimyé#a net importer of sugar as shown on Table 1.
According to Mauriceet al (2013), efficient use of input is an important tpair sustainability while inefficient
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use can jeopardize food availability and secul§th huge potentials of sugarcane in terms casp,ditere
seems to be inadequate supply to meet both donsstiinternational market demand despite numerfiogse
by the government such as crop improvement practices and researches; hence, the need to investigate the level of
productivity and efficiency. This is based on theswamption that if farmers are not making efficieise of
existing technology, then efforts designed to imprefficiency would be more cost-effective tharraducing
new technologies as a means of increasing agrialibwtput. To this end, the technical efficiendysogarcane -
based cropping system is examined because proityuctjrowth and efficiency of inputs in agricultural
production are the core-elements of sustainable production of small-scale farming activities
1.1 Statement of the Problem
Sugarcane is a major cash crop produced in theempiogical zones of Awendo Sub-County of Kenyaesgitas
a monoculture or intercrop system. Despite theciase in total land allocation brought under caneyction by
the smallholder farmers and improved productiomtetogies developed by various research institstes as
Kenya Sugar Research Foundation (KESREF), therééms a steady decline in sugarcane yields ovepdhke
few years in Awendo Sub-County. This implies thatréase in land size under cultivation and tectgictd
advances generated through research have not widelglated to increased sugarcane production.hlige
differentials between actual and potential yieldggests underlying production inefficiencies. Oer tither
hand, other alternative crops with potential besefuch as soybeans have emerged and are beingtptbhy
agricultural extension officers as one of the valbains in Awendo Sub-County. Soybean is regardeoth a
subsistence and cash crop and can be intercropipedwgarcane. However, the uptake and performahtids
cropping system and technical efficiency measuresnendo Sub-County has not been evaluated. Thi&areh
intended to address this knowledge gap by compdhagtechnical efficiency of sugarcane monocultane
sugarcane soybean integration among smallholderefarin Awendo Sub-County.
1.2 Objectives of the Study
The general objective of this study was to incrdasgsehold income by evaluating the technical iefficy of
sugarcane monoculture and sugarcane-soybean itit@geanong smallholder farmers in Awendo Sub-county
Kenya.
This study sought to address the following spedfbectives:

1. To determine the level of technical efficiency afgarcane monoculture and sugarcane- soybean

integration among smallholder farmers.
2. To examine the farm and farmer characteristiosctifig technical efficiency of sugarcane monocaeltur
and sugarcane-soybean integration among smallhfadeers

3. Research methodology
3.1 Sudy area
This study was undertaken in Awendo Sub-County fwigclocated in Migori County in South Western pafrt
Kenya. The Sub-County consists of four wards najebrth Sakwa, South Sakwa, West Sakwa and Central
Sakwa. The sub-county covers an area of 261.90NBS, 2010).The Sub-County enjoys a bimodal rdinfa
pattern ranging from 700mm to 2,200mm (PRSP, 2004).long rain commences in February/March and
continues up to June while the short rain startduly/August and ends in November. Temperaturegesn
between 29C and 35C.The soil ranges from deep red clay loam soilslack cotton soil. Therefore, the climate
and soils are suitable for the cultivation of swgae which is the main industrial crop. Other majorps
include soybean, tobacco, and beans. The landggasunainly freehold and each landowner can betgdaa
freehold title deed in respect of their land pad@IDP, 2013). According to the national censu®®Ghe
populations of the sub-county stands at 108,918qpesr (KNBS, 2010).The main economic activitieshia sub-
county include agriculture, manufacturing and mniBpecifically, this study focused on Awendo Suhu@y
in the South Nyanza Sugarcane belt where the SOMNyarSCompany operates because of its significant
contribution to the sugar industry in Kenya (CIRB13).
3.2 Sampling procedure and sources of data
The population of interest constituted all farmesfso practice sugarcane monoculture and sugarcareean
integration in Awendo Sub-County. A multistage séngptechnique was used to get the study sampleentne
household was the sampling unit in this study. Tilet stage was the purposive selection of Awendib-S
County, the region that harbors’ higher potenta@l $ugarcane and soybean production in the CoCityK,
2013). All the four wards in the sub-county wereliled in study that is North Sakwa, South SakwastW
Sakwa and Central Sakwa. Afterwards simple randampéing technique was used to select the resposdent
from all the wards proportionally according to skmsed on the list of sugarcane and soybean famgners by
the sub-county extension officers at the ward headgrs in Awendo Sub-County. Using the 2009 Kenya
Bureau of Statistics (KBS) data on the populatibthe 4 wards of interest (clusters) as reportedhieyKenya
Population and Housing Census, a proportionateofmulation size (PPS) of respondents for each waad w
computed to arrive at 246 respondents.
The study utilised primary data collected using isstnuctured questionnaires administered by trained
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enumerators. Cross-sectional data was collectetthéoperiod 2014/2015 production season
3.2 Analytical Framework

3.2.1 Sochastic Frontier Analysis

Efficiency of a farm refers to its performance e twtilization of resources at its disposal (Kgdirg2007). This
performance is either compared with the normatiesirdd level or with that of any other farm. Thalgais of
efficiency is generally associated with the podisjbof farms producing a certain optimal levelaidtput from a
given bundle of resources or certain level of otiileast cost.

The Stochastic Frontier Analysis (SFA) and Datadtopment Analysis (DEA) are the two main methodsdus
to measure farm efficiency. According to Coetlial. (1998), the SFA is considered more appropriate EA

in agricultural applications, especially in devalgpcountries, where the data are likely to be Hganfluenced
by the measurement errors and the effects of weathaditions, and diseases. Thus, following Aigaesl.
(1977) and Meeusen and van den Broeck (1977), tuhastic frontier production with two error ternencbe
modelled as:

Y:i=f(Xi.B8)exp¥;-U)) 1)

WhereY,; is the production of thé" farm (i=l, 2, 3 ...... n); X; is a (Ixk) vector of functions of input quantities
applied by thé™ farm.; B is a (kxI) vector of unknowmparameters to be estimated; Vi are random variables
assumed to be independently and identically disteity(N (0, 5° )) and independent dfs and theU;s are non-
negative random variables, associated with technigeafficiency in production also assumed to be
independently and identically distributed.

The first error componerY is intended to capture the effects of random shackside the farmer's control,
measurement error and other statistical noise lamdeécond error compondutis intended to capture the effects
of technical inefficiency. Following Battese and &llb (1995), the technical inefficiency effects; can be
expressed as:

Ui=Z o W, 2)
WhereW, are random variables, defined by the normal distidm with zero mean and varianeéu. Z; is a

vector of farm specific variables associated wihhnical inefficiency and is a (mxl) vector of unknown
parameters to be estimated. The technical effigiefithei™ sample farm denoted E; is given by:

— —Yi —Yi *
TE; =expeU) = ﬁ (X, B)expl/) Kf ®

Where Y* =f(X; B,) exp (Vi) is the farm specific stochastic frontier. If i equal to Y then TE; =1, reflects
100% efficiency. The difference between and Y* isembedded itJ;. If U;=0, implying that production lies on
the stochastic frontier, the farm obtains its maximattainable output given its level of input. Uf<0,
production lies below the frontier which indicatasfficiency.

The efficiencies are estimated using a predictat i1 based on the conditional expectatioexpf (-U) (Battese
and Coelli, 1993; Coelli, 1994). In the process, the variance parameters 6> U, ands®v , are expressed in terms of
the parameterization:

o’ =(5u+s) 4)
And

y=5%2 5)(

The value ofy ranges from 0 to 1 with values close to 1 indigatinat random component of the inefficiency

effects makes a significant contribution to thelgsia of the production system (Coelli and Battel#96). The
Cobb-Douglas stochastic frontier production functiwas used to estimate the level of technical iefficy in a
way consistent with the production theory in ortierachieve objective one of the study. The Cobbglasi
specification provides an adequate representatfoth® production technology, if emphasis is placad
efficiency measurement and not on an analysisefjimeral structure of the underlying productiarhit®logy
(Taylor et al., 1986). The Cobb-Douglas model is flexible and Widesed in agricultural economics (Marinda,
2006). The empirical model of the stochastic preéidacfunction for the sampled sugarcane and soylfeaners

is specified as;

ny = :Bo+ IBlIn Area + IBZIn Cuttings + IBSIn Fertilizer + IB4In Herbicides
+ [B.InLabour +\/ -U
(6)
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Where,

In = Logarithm to base e (natural log)

Bo = Constant or intercept

Bk (B1 — Psy = Unknown scalar parameters to be estimated

Y = Quantity of sugarcane in tonnes

V| = Stochastic error term

U; = Technical inefficiency effect predicted by thedel

In the Cobb-Douglas functional form the parameterbe estimatefl,, represent the elasticity of output with
respect to eact' input, which is the percentage change in outmrhfa 1% change in th# input.

o”u | ¢ was computed to assess goodness of fit and coessctf the specified normal/half-normal distribatio
assumption. It is also used to explain the disjgariof sugarcane and soybean output among fariarsglinal
effects were also computed as({ny/Inx)} at the mean of the independent variablalues.

Cost savings were also computed to explain theidaidn of technical efficiency improvement as shoin
equation below

Mean Technical Efficiency

— x100 @)
TE of the most efficient farmer

Cost savings % =1-

3.2.2 Tobit Model

Since technical efficiency scores lies between @ &nthe Tobit model was used to analyse the factor
influencing technical efficiency among integratersd non-integrators. This approach has been usaelywin
efficiency literature (Obaret al., 2010). The estimation with OLS leads to biasedpaters of the estimates
hence it is not appropriate. The technical efficiescores are continuous hence probit and logitetsochnnot
be used in this case because they are only used tivbedependent variable takes two values (Guja2@66).
Therefore, Tobit regression model offers the mostgored options.

The two-step procedure was used in this studynérfitst case, technical efficiency scores werareged using
the stochastic frontier model and secondly thertmeh efficiency scores obtained were then be e on
farm and farmer characteristics variables to idgnlieir influence on technical efficiency. Techali@fficiency
scores ranges between 0 and 1, hence the twoTlohit regression model (as shown below) was usadsBs
Coelliet al., (2002),

K
Ui*:,80+]_z:‘1,8j2ij+,ui 8) (
U*= {1 iy * 21 ©)
0 iy, *<1

Wherei refers to thath farmer,lJ ; is the efficiency scores of thth farmer,lJ,; * is the latent ef“ficiency.’)’j
are parameters that were estimated gnds the error that is independently and normallstributed with a

mean zero and common variangg; are the farm and farmer characteristics variables.

The farm and farmer characteristic regressed hectuded gender, age, education, farming experience,
occupation, value of assets, household size, arterservices, group membership, and access totcrEae
choice of these variables was intuitive althougtythave been found to have an effect on farm efficy among
smallholder farmers.Thus, the tobit model to beduee this study is specified as:

U,=pB,* B,gender + [ age + S education + 3, far min gexp erience
+ [ occupation + [ credit + [_groupmembe rship + [ extension
+ [ Farmassets V + [ hhsize + y,

oj1

4 Resultsand Discussions

4.1 Sugarcane-based cropping systems

According to Panda (2007) cropping systems arg/¢laely sequence and spatial arrangement of cropsfarm
during a given period of time with the objective obtaining maximum return from each crop without
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compromising the soil fertility. The aim of any pging system is to efficiently allocate all prodootresources
while maintaining stability in production and oltimg higher net returns. The distribution of thepping
systems is presented in Table 2. The distributloows that two sugarcane based cropping systemsdhiau
Awendo Sub-County, namely: sugarcane monocultun-{ntegrators) and sugarcane-soybean integration
(integrators). Majority of the farmers (62.6%) cwdted sugarcane as a sole crop while only abowt987
intercropped sugarcane with soybeans. The reasgmweljority of the farmers in the area practicedasugne
monoculture could be attributed to the strategoation of SONY Sugar Company which is a major mafée

the sugarcane crop among the farmers.

Table 14: Distribution of respondents by cropping systems

Cropping system Frequency Percentages
Sugarcane monoculture(Non-Integrators) 154 62.6
Sugarcane-Soybean Integration (Integrators) 92 37.4

Source: Field Survey, 2016

4.2 Descriptive statistics of Variables

A summary statistics of the variables which areraef in the production function empirical model gresented
in Table 3. The mean land size under sugarcaneuptioth of the sampled farms was 2.688 hectaresawtinge
of about 0.12 to 40.1 hectares. This implies thastnof the farmers grew sugarcane in small-scafea@rage
the national sugarcane acreage ranges between B Bectares (Lung’ahet al., 2006).

The mean sugarcane yield obtained by farmers waorimately 168.782 tonnes per hectares with adstah
deviation of 200.228. Sugarcane yields were higtdyiable, ranging from 9.88 tonnes per hectare$240
tonnes per hectares. These results suggest thatisheonsiderable room for improving average steyse yields
in Awendo Sub-County. In terms of soybean proditgtithe results show that the maximum yield obddify
soybean farmers in Awendo Sub-County was 17,29Fekdectares with the minimum of 247.1 kg per hesta
On average, the results show that soybean farnb¢aied the yield 2,788.128 of kg per hectardschvis low
compared to the potential level of between 30000038y per ha (Mahast al., 2010).

Fertiliser is another important variable and is ofi¢he critical inputs in sugarcane productiondwese of high
nutrient requirements of the crop. Average fesdilisise in sugarcane was 273.599 kilograms per reectae
average quantity falls below the recommended iegtilquantity of 500 kilograms per hectare of Diapminm
Phosphate (MoA, 2002).

The quantity of soybean seed is also an importarigble, which might cause considerable variatioryield.
The average quantity of soybean seeds planteckisttidy area by the farmers was 5.404 kilogram$ipetare
and this was found to vary from 2.47 to 14.83 kitogs per hectare.

Average labour use was for sugarcane farmingMaB57 man-days per hectare which varied widelynfa
minimum of 2 to a maximum of 35 man-days while #werage labour use for soybean farming was 1.262
man-days per hectare which varied widely from aimium of 1 to a maximum of 7 man-days per hectare.

Table 3: Overall summary of descriptive statistics for the input and output variables assessed (n=246)

Variables Obs Mean Std. Dev. Min M ax
Land under Sugarcane(Ha) 246  2.688 3.424 0.12 40.4
Sugarcane Cuttings (Kgs/Ha) 246  16.212 B1.31 1.24 135.91
Sugarcane Yield (Tonnes/Ha) 246 168.782 200.228 9.88 1240
Sugarcane Price (Ksh/Tonne) 246  2862.195 612.301 1200 4500
Soybeans Area planted (Ha) 92 0.368 0.183 0.2 1
Soybean seeds(Kgs/Ha) 92 5.404 2.609 2.47 14.83
Soybeans yield (Kgs/Ha) 92 2788.128 3144.659 247.10 17297
Price per unit soybean(Ksh/Kg) 92 91.264 12.050 70 125
Sugarcane Fertilizer (Kgs/Ha) 246  273.599 1925.621 2471 2965.2
Sugarcane Herbicides(Litres/Ha) 246 6.679 5.453 2.47 32.12
Sugarcane Labour (Man days/Ha) 246  10.057 7.102 2 35
Soybean Labour (Man days/Ha) 91 1.262 1.043 1 7

Note: Conversion rate, 1 acre=0.40 hectares; 1 tonne per acre= 2.471 tonnes per hectares

4.3 Maximum Likelihood Estimates of the Stochastic Frontier Production Function Results
A generalized stochastic production frontier watested using the STATA software. The dependeniie of
the estimated model was sugarcane output in thd/2015 production season and the independent Vesiab
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include; land size under production, amount of fertilizer in kilogrammes, labour in man days and amount of
sugarcane cuttings planted in kilograms. Techraffadiency scores were thus generated from thisnasion.
Table 4 presents the results of the maximum likelth (ML) estimates of Cobb-Douglas stochastic feant
production function. All the coefficients of thepiats in the production function were positive, witte
exception of the coefficient of labour which wagyatve. The positive effects of inputs on the otitpere
expected because more inputs used in rightful ptiaps increases production. The coefficients ofidlarea
under production, fertilizer, herbicides and sugagccuttings were positive implying that increas¢hie use of
any of these factors, all things held constant, imirease the total production of sugarcane.

Results indicated the highest output elasticity famd size (0.532) followed by herbicides (0.05Bpth
variables were positively related to sugarcane yebdty. The higher elasticity of herbicides arahdl size
implied that their contribution to total factor piactivity was dominant. A one percent increaséuse of land
size and herbicidesceteris paribus, leads to a 0.532 and 0.051 percent increase imrcaige output,
respectively. Land area had a strongly signifiagafitence in sugarcane production at 1% leVdiis suggests
that land is a significant factor associated witlareges in sugarcane output. The results suggedtshdr more
farm land a farmer allocated to sugarcane farmthg, higher the yields obtained, which presents laimi
findings as those reported by Genal. (2007). The authors argued that most smallholdendes usually fail to
maximize yields due to underutilization of farm danThis might be due to limited availability of eth
production factors or due to farmers’ risk averssngoupled with rainfall fluctuations brought abbytclimate
change. However, Ugwumba (2010) in Nigeria obseiead land was underutilized mainly due to landuten
problems associated with land fragmentation.

Another important input in terms of its effect dretsugarcane production is the amount fertilizdoeed by
sugarcane cuttings. An addition of one percentrobunt of fertilizer area and sugarcane cuttingseiases
output by 0.029 and 0.015 percent, respectivelis hplies that increase in the amount of fertilimse holding
other inputs constant, will increase output. Thyseas with the findings of Oladiebo and Fajuyigh@Q7), who
asserted that fertilizer significantly increasepattin upland rice cultivation in Osun State.

The sum of the partial elasticities (function carént) indicates the scale of production. A funaticoefficient
of one indicates constant returns to scale. Siigilar function coefficient less than one and greditan one
indicates decreasing and increasing returns t@ seapectively. The sum of the estimates for theffioients in
the estimated model was 0.583 which implies thataverage, the production frontier exhibited dedreps
returns to scale and that the farmers were operatinthe rational part of the production process ih stage |
of the production region. The implication of thissult is that every proportionate increase to thulyction
inputs would lead to less than proportionate additb the sugarcane output for the farmers. Inrotfeds, if
all the inputs are increased by 1%, output of stayse will increase on average by 0.583%.

The parameter sigma-squariégs between 0 and 1; with a value equal to 0 implying that technical inefficiency is
not present and the ordinary least square estimatimuld be an adequate representation and a védge or
equal to 1 implying that the frontier model is apmiate (Piesse and Thirtle, 2000). The value ef slgma
square indicates the goodness of fit and correstoéshe specified assumption of the compositereeoms
distribution. The value of the parameter lamb#pi¢ 0.95 is statistically significant at the 1%eé¢ which
implies that 95% of variation in output is attribbte to inefficiency. The log likelihood ratio wésund to be
299.20 and was statistically significant at 1% leVéis log likelihood ratio test indicates thaefficiency exists
in the data set.

Table 4: Maximum likelihood estimates of the stochastic frontier production function results

Ln_yield Coefficient Std. Error Y4 P>z

Ln_ Land size 0.5317** 0.07134 7.45 0.000
Ln_ Amount of fertilizer 0.0286 0.02240 1.2s8 @2
Ln_ Herbicides 0.0509 0.07932 0.64 0.521
Ln_ Labour -0.040 0.0837 -0.48 0.631
Ln_ Sugarcane Cutting 0.0146 0.0533 0.28 0.783
_cons 3.399%** 0.5375 6.32 0.000
/Insig2v -0.6913** 0.3098 -2.23 0.026
/Insig2u -0.7732 0.9279 -0.83 0.405
Sigma_v 0.7078 0.1096

Sigma_u 0.6794 0.3152

Sigma_Squared 0.9624 0.2913

Lambda 0.9599 0.4185

n =246 Wald ch(5) =60.48

Log likelihood = 299.20 Prob >chi =0.0000

*, ** ek significant at 10%, 5% and 1% level reectively
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4.4 Technical Efficiency Levels of Integrators and Non-Integrator Farmers

The results of the Stochastic Frontier Models slibtiat the mean technical efficiency of integratamsl non-
integrators were 0.64 and 0.62, respectively (TahleThis shows that farmers practicing sugarcaybean
integration and sugarcane monoculture were 64%62f4 technically efficient, respectively. The resuttean
that the farmers in both categories produced sagarbelow their respective frontier levels with fiotegrators
producing at a lower level than the integratoralgh the two categories produced at above hatfeofrontier.
The aggregate maximum, minimum and mean technfialemcies for farmers in the study area were oo
be 0.83, 0.22 and 0.63 respectively. This implieg,tthe farmer with the best practice had a techmfficiency
of 0.83; farmer with the worst practice had a technical efficiency of 0.22 while in general, farmers in the study
area had an average technical efficiency of 0.T8& aggregate mean technical efficiency of OBglies that
on the average, the respondents were able to oatéitie over 63% of optimal output from a giverixnof
production inputs and production technology. Thiglicates that there is a scope for increasing teahn
efficiency by 37 % in the short-run under the eérigttechnology. Even though for the two types afpping
systems, integrators and non-integrators noneeofebpondents achieved a technical efficiency 684,0nhich
implied that improved efficiency in sugarcane pretitn was still possible in the study area withauy
improvement in the resource base. But the integgattvealed the possibility for a more technicafficient and
well sustainable sugarcane production in the studg.

Table 5: Distribution of technical efficiency scoresbased on Cobb-Douglas specification

Non-Integrators Integrators Aggregate
TE score Noof farmers Percentage Noof farmers Percentage No of farmers Percentage
<0.2 0 0 0 0 0 0
0.21-040 7 4.55 0 0 7 2.85
0.41-0.60 50 32.47 30 32.61 80 32.52
0.61-0.80 96 62.34 59 64.13 155 63.01
0.81-1.00 1 0.65 3 3.26 4 1.63
Total 154 100 92 100 246 100
Mean 0.62 0.64 0.63
Minimum 0.22 0.44 0.22
Maximum 0.80 0.83 0.83
Std. Dev. 0.1152 0.0884 064

For non-integrators technical efficiency level &f inost efficient counterpart, the average farnoeiiccrealize a
cost saving of 22 % (1- [62/80]). A similar calctiten for the most technically inefficient farmerveals cost
saving of 72.5% (1-[22/80].0n the other hand fdegmators the technical efficiency level of its mefficient
farmer, the average farmer could realize cost gpwin22.89% (1-[64/83]. And a similar calculatifor the
most technically inefficient farmer reveals costisg of 47% (1-[44/83]). Therefore it is evidenbfn these
results that technical efficiency among the smadlao sugarcane and soybean farmers in Kenya coeld b
improved substantially.

It was observed from the study that 35.37 % of the farmers had the lowest efficiency levels below 0.60;
whereas the largest percentage (64.63%) of thenefi@ibncy levels above 61%.Generally integratoasl a
majority of farmers(67.39%) having efficiency lesebf 0.61 and above as compared to non-integrators
(62.99%) who were in similar range of efficiencyses.

4.5 Factors influencing Technical Efficiency among Integrators and Non-Integrators

In order to make appropriate recommendations fleveat policy review and implementation, it is nesary to
identify sources of variations in technical efficddes among integrators and non-integrators. Aallgws from
SFA, the efficiency scores fall between 0 and Inckemaking the dependent variables (technicalieffay
scores from SFA model) a limited dependent variabiethis regard, censored regression model (thaitTo
model) was applied as the most appropriate analytimdel. Selected farm and farmer characteristiese
regressed against the TE scores of each farmeg tisnTobit model and censored. The results deagrithe
influence of the selected variables and their dinacof influence on TE overall among the two catégs of
farmers (integrators and non-integrators) as ptedein Table 6. The results from Tobit were thehjscted to
post estimation test using marginal effect analysierder to estimate the trivial change from eéadtor that
influence TE. Over 15 variables expected to infaeetechnical efficiency of sugarcane and soybeaduymtion
were estimated by the Tobit model. Some of theawdes that yielded positive and significant coéffits
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among integrators included age, secondary educddesl, university education level and householge si
Sugarcane farming experience, farm asset valueoandpation of the farmer (farming and others) ygeld
negative and significant coefficients among intéapa This implies that the variables which inflaed
technical efficiency positively meant that theiciease respectively improved technical efficientgugarcane
and soybean production while the variables thduémfced technical efficiency negatively implied ttileir
increase respectively decreased the technicalesffiy of sugarcane and soybean production.

Table 6: Factorsinfluencing technical efficiency among integrators and non-integrators

_ Non- Integrators

integrators
Technical Efficiency Coefficient t-value Coefficient  t-value
Age 0.0019** 2.02 0.0019** 2.15
Gender 0.0063 0.33 0.0118 0.64
None_ Education dummy -0.0006 -0.02 0.0402 0.73
Secondary_ Education dummy 0.0704* 3.03 0.0739* .144
Tertiary_ Education dummy 0.0041 0.09 0.0231 0.59
University  Education dummy 0.0400 0.76 0.0902** 1.67
Household size 0.0035 0.87 0.0108* 2.85
Sugarcane Farming Experience -0.0003 -0.26 -0.0019* -1.76
Credit Access -0.0110 -0.45 -0.0027 -0.13
Extension 0.0849* 3.42 0.0040 0.22
Group -0.201 -0.99 -0.0102 -0.54
Farm Asset Value 3.62e-07 0.66 1.34e-06** 2.63
Off farm_ Occupation dummy 0.3342 a.4 0.0132 -0.71
Farming & salaried_ Occupation dummy 0.5748 1.30 -0.0274 -0.82
Farming & others_ Occupation dumfny 0.3224 0.84 -0.0701 -2.54
Constant 0.4707*** 10.43 0.4956*** 11.65
LR chi2(15) = 29.90 38.95
Prob > chi 0.0123 0.0007
PseudoR = -0.2556 -0.2668
Log likelihood = 73.4551 92.4675

Note: *, ** *** : sionificant at 10%, 5% and 1% level respectively; T and?are dummies

On the other hand among the non-integrators omgetlvariables were significant and positively ieficed
technical efficiency. According to the results, dbevariables included age, secondary educatioreathsion
service. The differences in the two types of cingsystems occurred in variables such as uniyegsiucation
which was positive and significant to technical@éncy among integrators while positive and righsicant
among non-integrators . Household size was positiviechnical efficiency and significant at 1% |leaenong
integrators while among non-integrators though tpasito technical efficiency was not significant%#o level.
Other variables that displayed differences wereastane farming experience, farm assets value atupation
(farming and off farm income which were negatival aignificant to technical efficiency among intetgra
except farm assets value which was positive andfgignt.
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The coefficient for age of a farmer was positive aignificant at 5% level. The positive effect bist coefficient
implies that as the sugarcane-soybean integratorefs grow old by a year, holding other factorsstant, the
inefficiency in sugarcane and soybean productianei@ses by 0.19%. This means that older farmers lges
technically efficient in sugarcane-soybean intagrathan their younger counterparts. The findingtisibuted
to the fact that older sugarcane-soybean integri@oners are relatively more reluctant to take wgitdy
technologies, instead they prefer to hold to thalitional farming methods thus become more techipica
inefficient compared to their younger counterpafisis is consistent with findings by Waluse (2018arfraz
and Bashir (2005) and Idiong (2007).

Farmers with secondary and university level of adion were found to be more efficient and significat 10%
and 5 % respectively as compared to their primaxell counterparts. Educated farmers are generalietb
placed to receive, interpret and respond to neerinétion. These results are in agreement with itidinfgs of
Nyagakaet al (2011), Musseet al (2011), Shehu et al (2010), Njeru (2010), Ajewoleal d&volayan (2008),
Elibariki and Shuji (2008), Chirwa (2007), Idiong007) and Amazat al (2006). All these studies have argued
that high formal education level reduces inefficierMore educated farmers tend to adopt and respapidly

to the use of improved technologies which coulditpady influence the technical efficiency of sugane-
soybean integration

Experience in sugarcane-soybean integration waatiwvegand significant at 5% level. This impliesttha years
pass with continuous sugarcane-soybean integrddéioning, farming experience tends to decrease fa'me
capacity to do better, hence; they become more technically inefficient. These findings @ line with those of
Ajewole and Folayan (2008) but contrary to thos&afet al (2009) and Padilla-Fernandez and Nuthall (2009).
Farmers with more years of farming experience atéebplaced to acquire knowledge and skills neogsor
choosing appropriate new farm technologies ovee.tim

The size of the household was positive and sigaificat 10% level in explaining the technical eéity,
implying that as the household size expanded, #uhnical efficiency of sugarcane-soybean integnatio
increased. Wakili (2012), Shehst al (2010),Ajewole, and Folayan (2008) found that hbot# size was
positive and significant in explaining technicali@éncy. Larger household size increased the lalagailable,
hence increase in the technical efficiency.

Farm assets value possessed by sugarcane-soybegiators had the expected positive and was sigmifiat
5%. According to Chimai (2011), assets are takerintlicate the household wealth status. In regard to
smallholder sugarcane and soybean farmers, agsetx@ected to influence technical efficiency pesly. This

is because assets act as shock absorbers, egpetiail sold off in times of need.

5. Conclusions and policy implications
This study set out to estimate the technical &fficy and also determine socio-economic and farmifspe
factors that influence technical efficiency of stagme monoculture and sugarcane soybean integratimmg
smallholder farmers in Awendo Sub-County, Kenyand-ander sugarcane production was the most singi m
important variable in influencing the farmers’ Iéwé efficiency. This implies that land was the masotivating
factor in sugarcane farming in Awendo Sub-Countgsiits function coefficient was positive. This waminst
the expectation of the study that farmers werepmoperly utilizing the land resource in productisuggesting
that other factors outside the estimated modeldcbel the major cause of sugarcane productivityimecilhe
results also indicated that non-integrator farmeese less technically efficient as compared to graeor
farmers. The mean technical efficiency of 62% aAd® showed that the potential exist to increas@uiuby
38% and 36% for non-integrators and integratorpaetively with the present technology Thereforen-no
integrator farmers had the highest scope in theargment of their efficiency. It was also encourggihat at
least half of the farmers had technical efficiescgres exceeding the 50% limit and could easilyrawg to the
level of the most efficient farmers. Since the tgchl efficiency was found to differ among integnafarmers
and non-integrators, the production of sugarcamksmybeans crops by the farmers can only be gusednn
the short-run. The average non-integrator farmatdcmake a cost saving of 22% to the current prodncosts
incurred through improved technical efficiency batt of the most efficient farmer while the averagegrator
farmer could realize a cost savings of 22.89%. Bigly has therefore concluded that there exigtnieal
inefficiencies among sugarcane and soybean fariméswsendo Sub-County, Kenya.

Based on the findings of the study, the followimgammendations are made for policy implementatibis

envisaged that these recommendations would proxifl@mework for increasing the overall efficiencigfs

smallholder sugarcane and soybean farmers withinstiudy area and other related areas. The following
recommendations are provided based on the redths study:

1. There is the need for farmers’ to increase thadrafdand, fertilizer, herbicides and sugarcandirogs since
they were found to have an impact of the outpue $tudy recommends that farm inputs should be made
readily accessible to farmers and at subsidizezkprihrough adequate supply and efficient distigbutlThe
resource inputs used were as well not efficiending utilized. Thus, there is need for training anegne
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and soybean farmers on farm inputs optimum utibizaby the extension agents in order to increase th
overall productivity. The farmers should also aditeepart of their land to incorporate soybean pectdo in
order to increase the household food security ammtave the household income.

2. Efforts should be made to improve farmers’ educatisince education was found to affect farmers’
technical efficiency positively. This can be ackidvthrough increased extension contact, non-formal
education and farmer-based organizations (FBO¢$)pittanote farmer education. Proper policies measure
that strengthening the provision of education tonfrs will lead to the increase of technical efiaty of
farmers in long run. Importance of education comesecision making and implementing informed and
timely farming decisions.
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