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ECONOMIC EFFICIENCY OF IRRIGATED VEGETABLE PRODUCTION IN BORNO
STATE NIGERIA:A STOCASTIC FRONTIER COST FUNCTION APPROACH

ABSTRACT

This study analysed the economic efficiency ofyated vegetable producers in Borno State, Nigeria.
Multistage sampling technique was used to selextréispondents. Structured survey questionnaires
were used and administered to 300 respondents tainoprimary data. Both descriptive and
inferential statistics were used to analyze the dddtained. Descriptive statistics used were mean,
frequency and percentage. The inferential stasistised was stochastic frontier cost function to
analyze the level and determinants of economidiaieficy in the studied enterpriséihe result of
the socio-economic indicated that almost all (38icent) of the respondents were male with
45.9 percent of them falling on the age range betw&l-50 years. About 46 percent of the
respondents had household size ranging betweenp@iHons. The result further disclosed
that 70.9, 54.4 percent had less than 5 yearsraialoeducation, 54 percent had farming
experience of 11-20 years in vegetable producti@h28.7 percent had rented or leased their
farm. About 28 percent of the respondents had fsiza of 0.51- 1.00 hectare of land for
cultivation, most of the respondents cultivate arfiemato mix of the studied vegetable and
65 percent do not belong to any farmers associatiean economic efficiency of the irrigated
vegetable enterprises were 0.72, 0.86, 0.73, @@,0.78 for sole onion, sole tomato, sole pepper,
onion/tomato and onion/pepper respectively. Theimar likelihood estimates of the cost function
indicate sigma square values of 0.248, 0.031, 0.8@28 and 0.122 for sole onion, sole tomato, sole
pepper, onion/tomato and onion/pepper respectigaly significant at one percent. Variance ratio
(gamma) values indicate presence of economic giefity in irrigated vegetable production in the
study area with coefficients of 0.945, 0.932, 0,921873 and 0.122 for sole onion, sole tomato, sole
pepper, onion/tomato and onion/pepper enterpriespectively. The coefficients of production
variables in the stochastic frontier cost functieere positive and significant at one percent leVbk
most significant variables were costs of labouanfihg materials, depreciation, seeds/seedling and
fuel and maintenance. The economic inefficiencyialdes also showed negative coefficient and
significant at different levels. The study conclddbat there was economic inefficiency in irrigated
vegetable production in the study area despite kgéls of economic efficiencies among the studied
farmers. It is recommended that there is needhferconcerned agencies to promote both formal and
none-formal education. It is recommended that gowent should provide support in respect to price
stability, good market facilities and market infation to enhance efficiently of vegetable produttio
in the study area.
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1. INTRODUCTION

Vegetables play very important role in the diehafan. The consumption of vegetable as a
cheap source of minerals and vitamins to suppleipeople’s diet cannot be over emphasized. They
help in protecting body against diseases. Almdstegjetables are low in fat and calories and mdny o
them are good sources of fibre. The high levellwkfin vegetable keeps the digestive system health
and prevents constipation. Vegetable production s#sves as sources of livelihood for small-scale
farmers, create employment opportunities for thputece, generate income and reduce poverty
(AVRDC, 2006; Oladojet al., 2006).

Nigeria is one of the vegetable producing nationdifrica. In the past, it was found to be
producing below major African producing nations,t lurrently there is improvement in the
production level. As at 2012, production recordsemaut at 643,312 million metric tonnes, which is

highest compared to other African vegetable pratyoiations (CBN, 2013).

Borno State is one of the States where vegetablduption is highly practised. Production of
vegetable is largely carried out during dry seasoder irrigation condition, although it is also wro
under rain fed agriculture. About 10,000 hectarfdand is devoted to vegetable cultivation in Born
State BOSADP (2010). The vegetable crops commordwig in Borno State include onion, tomato,
pepper, okra, egg-plant, amaranthus, sorrel, kettoabbage and carrot. Most of these are grown as
mixed crops especially onion, tomato and peppegranthus and sorrel, cabbage and lettuce and so
on. An average yield of about 15.25 tonnes peranec6.09 tonnes per hectare and 9.65 tonnes per
hectare of onion, tomato and pepper respectivehe weported to be produced in the State (NFRA,
2008; Lawaet al., 2010). Production of vegetables in the Stawtilisat small-scale level, in spite of
its economic growth potentials. Studies involviagnfiers’ efficiency and productivity measure could
be sound bases for harnessing the growth potemtialegetables farming. The objectives were to
estimate the levels and determinants of econonficiexicy of irrigated vegetable production in
Borno State Nigeria. This study was concerned \lign analysis of economic efficiency among
irrigated vegetable producers in Borno State, Nigerhe study covers the single production season
of 2012/2013 season. The enterprises consideredr uhis study were onion, tomato and pepper,
which were known to be of high economic value i@ $tudy area and can be produced under similar

production conditions.

2. METHODOLOGY
2.1 The Study Area



67
68
69
70
71
72
73

74
75
76
77
78
79
80
81

82
83
84
85
86
87

88

89
90
91
92

93
94
95
96
97

98

The study was conducted in Borno State, Nigeri@ State lies between latitudes’a®N
and 1804N and longitudes P04 E and 1404E (Agboola, 1987). The State shares borders with
Adamawa State to the south, Yobe State to the aresiGombe State to the southwest. It also shares
international borders with Cameroon Republic to #ast, Chad Republic to the north-east and
Republic of Niger to the north. The State has @ larass of about 69,434 square kilometers (Borno
State Diary, 2013). Administratively, it has 27 bBbd&Government Areas (LGAs) with a projected
population of about 4.8 million people based ongzB&ent growth rate (NPC, 2006).

The State is divided into three agro-ecologicalezyrBahel to the north, Sudan Savannah in
the central and southern parts of the State andgausavannah in the southern part. The average
rainfall per annum is 300mm in the north and ad®@@0mm in the south (Agboola, 1987). The rainy
season in the State usually starts in April andséndOctober. The temperature ranges frofC25
47°C but instantaneous temperature might reach uF%0 during the hottest months of March-May
(BOSADP, 2010). The state is also blessed withdarel rivers such as Lake Chad, Lake Alau, Lake
Tilla, River Ngada, River Yazaram, and River Yareene irrigation farming is carried out especially
during dry season.

The major occupation of the inhabitants is farmifgod crops commonly cultivated include
millet, sorghum, maize, groundnut, cowpea, rice aubat. Fruits and vegetables grown include
mango, orange, guava, tomatoes, onion, peppentcamaranths and garden-egg. The State is known
for its vegetables production, produced throughbetyear, which can be grown both under irrigation
and in the rain. Most of the vegetables can be grew sole or mixed cropping. The vegetable
production is carried out during dry and cool seasender irrigation around November to January.

2.2 Sampling Procedure

Multistage sampling techniques were used to sedésptondents for this study. The first stage
involved selection of three Local Government Ar@aSAs) known for production of vegetables, one
from each of the three main agro-ecological zorldge LGAs selected were Hawul in Guinea

Savannah, Mobbar in Sahel Savannah and Bama imSalannah.

The second stage involved random selection of ¥llages each from the selected LGAs.
This was based on the list of major vegetables ymiog villages obtained from the Borno State
Agricultural Development Programme (BOSADP). Thérdhand final stage involved random
selection of 300 respondents based on a 25% propat vegetable farmers in each of the selected

villages. However, 296 questionnaires (98.6%) weteéeved and used for analysis.

2.3 Sources of Data
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Primary data and secondary information were usedhis study. The relevant primary data
were collected through administration of structugeestionnaires. Trained enumerators were used to
administer the questionnaires. The secondary irdtian was obtained from published materials such

as government publications, BOSADP, CBN bulletamsjual statistical data and journals.

2.4 Analytical Techniques

Both descriptive and inferential statistics wereedudor the analyses of data obtained.
Descriptive statistics used include means, fregesnand percentage distributions. The descriptive
statistics were also used to examiie

distribution of levels of economic efficiency irdatpd vegetable producers. The inferential
statistics used was stochastic frontier cost fancto analyze the level determinants of economic

efficiency of irrigated vegetables enterprises.
2.4.1 Stochastic Frontier Cost Function

Stochastic frontier cost function was used to estignthe economic efficiencies of irrigated

vegetable producers. The farmers’ frontier costfiom model is explicitly expressed as :

INC =0 + a1InQ:1P; + 0,INQ,P, + a3INQ3Ps + a4lNQ4P4 + asINQsPs +a6INQePs + 07INQP; + aglnQgPs

Where:

G = total input cost of'lfarm @¥)

Q = output quantity of thé"ifarm (kg)
P, = cost per man-day of labous)

P, = cost of inorganic fertilizeR§/ kg)
P; = cost of organic fertilizer§/kg)

P, = cost of planting material®¥(kg)
Ps = cost of agrochemical®¥(lit)

Ps = depreciations of farm tootsj
P;= cost of seed/seedlirtg)

Ps = cost of fuel and maintenance of machin€p (
O = constant

0;.g = estimated parameters

V =  random variable assumed to be indepethdand identically distributed as p (6%,) and
independent of |d; that represent the stochastic effect outsidéeattmeer’s control
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U = one sided (> 0) efficiency component that represents econongfficiency in
production which is assumed to be independently andentically distributed as
truncation (at zero) of the normal distributionlwhean, Ko and variance

o (JuKio, o2ul).

The economic inefficiency model is explicitly expsed as:

l.l:G]_Ir]K1+(52|nK2+ Ggang + G4|nK4 + G5an5 + GeanG + G7|nK7+ Ggang + Wi, (2)
Where:

K = economic inefficiency

K; =farming experience (years)
K,= formal education (years)

K3 = extension contact (number of visit)
K4 = credit availability (Dummy = 1 if available a®dotherwise)
Ks= distance to market (km)

Ks= membership in farmers association (Dummy = ldéfher and O
otherwise)

K7 = ownership of irrigation facilities (Dummy = 1afvailable and 0
otherwise)
Kg = off-farm income ¥)

61.g = parameters estimated
w = random variable defined by the truncation & tlormal distribution with zero mean and
variances?,such that the point of truncation isoK iew; > - K; c.

The coefficient of explanatory variables in thestcfunction such as wage rate, cost of
planting material, cost of agrochemical, cost effféaools and cost of seedlingsea priori expected
to be negative. The signs of coefficients of vdeabin the inefficiency model such as farming
experience, distance to market, membership of fernassociation, level of formal education,
extension contact, credit availability, fuel andimb@ance of machines are aksriori expected to

be positively related to cost efficiency.

U, provides information on the level of economic @éhcy of the T farmThe economic
efficiency of individual farmer is expressed innterof the ratio of the predicted minimum cost(C

to the observed cost {j@Gs:

EE = Q/C| """""""""""""" (3)

=exp (Y
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The maximum likelihood estimate (MLE) of the paraene of the model defined by equation (1) and
(2) and farmer specific EE defined in (3) wereraatied using the computer programme FRONTIER
version 4.1 package (Coelli, 1995).

In the process, the variance parametérandoc?, are expressed in terms of parametization as:

6% = (c52u + (52\,) 4)
Y= (qulcz) B ()
where,

v = total variation in output from the frontier whichattributed to economic

inefficiency.

The value ofyranges between zero and one. Wheguals zero, variation in cost is due to factats n
directly under the control of the farmers. The exuit inefficiency ranges between zero and one

indicating the extent of producers’ deviation abdwefrontier.

3. RESULTSAND DISCUSSION
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3.2Le ve of Economic Efficiency of Vegetable Producers

The distribution of economic efficiency level amotige respondents for the studied vegetable
enterprises is presented in Table 2. The resultsated that respondents exhibit varied levels of
economic efficiency ranging from 0.44 to 0.98. Thean economic efficiency for the enterprises was
0.72, 0.86, 0.73, 0.78 and 0.78 for onion, tompé&pper, onion/tomato and onion/pepper respectively.
The under-utilization of resources for

The results indicate that respondents can stilicectost by 28, 14, 27, 22 and 22 percent
for the studied enterprises, respectively.

A similar result(0.73)

obtained by Mananghal. (2013) also suggests that smallholder vegetabléumers in Malawi were

operating at higher economic efficiency level.

The important attributes of the most economicadfficient vegetable farmers in the
enterprises were higher level of formal educaticii membership

of farmers’ association, access to credlit (

13



331  Tablel: Distribution of the Levels of Economic Efficiency of Vegetable Enterprises Producers

Enterprises

Sole onion Sole Tomato Onion/Tomato Onion/Pepper
Efficiency Frequency Per centage Frequenc  Percentage Frequency Per centage Frequency Per centage Frequency Per centage
Level y
0.40 - 0.50 1 11 00 00 1 2.3 5 6.8 00 00
0.51-0.60 14 15.9 1 2 3 6.8 3 4.1 5 125
0.61-0.70 28 31.8 5 10 12 27.3 14 18.9 8 20
0.71-0.80 25 28.4 12 24 20 45.5 20 27.0 13 32.5
>0.80 20 22.7 32 64 8 18.2 32 43.2 14 35
Total 88 100 50 100 44 100 74 100 40 100
Mean 0.72 0.86 0.73 0.78 0.78
Min 0.46 0.60 0.50 0.44 0.58
Max 0.99 0.99 0.96 0.99 0.99

332 Source: Field Survey, 2013.
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3.3Deter minants of Economic Efficiency

The results of the maximum likelihood estimateshef stochastic frontier cost functions for
the considered vegetable enterprises are presgniable 3. The results reveal that the sigma sguar

estimates for the studied enterprises

correctness of the specific
assumptions of the composite error terms distrdou¢Mbanosor and Kalu, 2008). The variance ratio
(gamma), indicates that inefficiency effect exisi
as indicated by 0.945, 0.932, 0.945, 0.173 and&).&&spectively for the sole onion, sole

tomato, sole pepper, onion/tomato and onion/pepapdrwere all significant at one percent leve:!.

Table 3 also reveals that coefficients of wage fateall the enterprises were positive and
significant at one percent level except for oniepfper enterprise. This indicates that a unit irexea
in cost of labour leads to increase in total cdspmduction by a value equal to the respective
coefficients of the enterprises. The implicatiorttut is that as cost of labour increases, totat o0b
production also increases which may likely affabis profit obtained from the vegetable production
activities.The wage rate coefficient is the highastong all the coefficients in the cost function,

indicating that labour may have been used mostianftly.

15



355 Table 3: Maximum Log-likelihood Estimate of Cobb-Douglas Cost Function for Vegetable Production
Enterprises

Sole Onion Sole Tomato Sole Pepper Onion/Tomato Onion/Pepper
Variables Parameters Coefficient t-value Coefficient  t-value Coefficient t-value Coefficient t-value Coefficient t-value
Constants Bo 2.954 7.180%** 5.539 7.989%** 4.115 5.532%** 4.90 3.994*** 9.538 6.484***
LnWage rate of B, 9.936 14.335%* 0.341 12.095%* 0.154 2.630*** 1.46 6.811*** 0.128 1.898°
Labour (*)
Ln Cost of Inorg. Fert. B, 0.005 1.96* 0.100 9.560*** 0.176 8.253*** 0.195 DG 0.252 6.906***
(X2)
LnCost of OgFert.( B3 0.040 9.597*** 0.033 2.168** 0.816 6.835*** 0.424 2569** 0.385 13.780%**
Ln Cost of Planting 84 0.030 5.707** 0.077 3.325%+* 1.503 5.976*** 0.306 6.075*** 0.119 12.641%+*
Material(X,)
Ln Cost of Bs 0.727 19.744%* 0.202 14.171%* 1.91% 5.418*** 0.58¢ 14.634*** 0.09¢ 2.193*
agrochemical (¥
Ln Cost Depreciation B¢ 0.051 2.933%** 0.327 17.338%* 0.641 11.754%* 0.51 12.696*** 0.579 8.774%**
(Xe)
Ln Cost price of B 0.074 13.384** 0.007 0.28% 0.147 2.928*** 0.128 2.371* 0.730 9.535%**
Seed/seedling (;)
Ln Cost of Fuel & Bg 9.929 14.346*** 0.075 3.534*** 1.762 4.314%** 3.190 15.105%** 0.766 14.434%***
maintenance (§
I nefficiency
Ln Farming exp. (9 ai -0.035 -1.981* -0.480 -8.910%** -4.634 -3.320%** 679 -6.082*** -0.608 -5.040%**
Ln Level of formal a, -0.010 -1.998** -0.103 -3.064**= -0.615 -8.073%** -0.478 -7.377%* -0.373 -3.778***
Edu.(%)
Ln Ext. Contact (3 as -0.118 -5.509%** -0.201 -3.258%** -0.739 -3.107*** -0.403 -2.828%+* -0.602 -2.157**
Ln Credit Avail. (Z) ay -0.018 -0.25%° -0.928 -8.699%** -0.304 -2.561%** -1.241 -4,718% -1.801 -6.329%**
Ln Dist. to Mkt. (Z) as -0.365 -5.477%** -0.193 -2.131** -0.864 -4.831***  -0.264 -1.83%° -3.144 -17.666%**
Ln  Memship ol ag -0.221 -3.460%** -0.17¢ -1.824¢ -0.314 -1.05M -3.45¢ -12.948*+  .0.88( -2.708%**
Farmers’ Ass. (¢
Ln Owned Irrg.Facility «a - -0.026 -0.358° -0.515 -2.557%*= -0.672 -1.386 -3.404 -6.415%** -1.013 -8.990***
(Z7)
Ln Off- farm Income ag -0.002 -0.348° -0.006 -0.38t° -0.029 -0.440° -0.091 -4.837%*  .0.647 -5.294%+x
(Zs)
Sigma Square 52 0.248 7.448%* 0.031 4.635** 0.363 6.292%** 028 -6.478%* 0.122 4,428
Gamma r 0.945 2.795%** 0.932 13.867** 0.945 52.724*+*  0.173 -8.107*** 0.266 10.546%***
Log likelihood ratio -5.679 -15.802 -9.718 50.213 -14.690

356
357

Sour ce: Computed from Field Survey Data 2013.
*** Significant at 1%, ** Significant at 5%, NS Natignificant
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The coefficient of cost of inorganic fertilizer wpssitive and significant at one percent level.
The values of coefficients for the studied entesgsiwere 0.005, 0.100, 0.176, 0.195 and 0.252,
respectively.

as the cost of
inorganic fertilizer increases the total cost ajqarction in vegetable production in the study asa

increases.

Table 3 also indicated that coefficients of cosbrfanic fertilizer for the studied enterprises
were positive and significant at one percent lexelept for tomato enterprise which was significnt
five percent level. The coefficients were 0.040033, 0.186, 0.424 and 0.385 for the studied
enterprises respectively. This indicates that ia®eein unit cost of this variable leads to incraase
total cost of production equal to the value of tbgpective coefficients of the studied enterprisée

implication is that this variable contributes teelacost of production positively.

The cost of planting materials also had positivefiicients and significant at one percent
level for all the enterprises except onion/peppeemprise which was significant at five percentellev
The coefficients as presented in Table 3 were 0.03Wr7, 1.503, 0.366 and 0.119 for the studied
enterprises. This means that there is a positinériboition of this variable to total cost of prodion
equivalent to the respective coefficients in thiéedent enterprises. The results imply that plagtin

material is an important factor contributing pasgty to the cost of production.

The coefficients of costs of agrochemicals, deptém, seed/seedling and fuel and
maintenance were found to be positive and sigmifiees presented in Table 3. The results indicate
that cost of production of vegetable increase wilues equal to the coefficient of these variables.
The cost of fuel and maintenance is the second mmesticiently utilized variable in vegetable

production as indicated by the coefficient in tlostdunction.

The inefficiency component of the cost functioraiso presented in Table 3. As expected
priori, the coefficients of the inefficiency variablesre/@egative and significant. The negative signs
on the coefficients indicate that a unit increas¢hie variable leads to decrease in economic
inefficiency in vegetable production. The coeffitis of years of farming experience for the studied
enterprises were negative and significant at orreepé level except onion enterprise which was
significant at five percent level. The coefficientere -0.035, -0.480, -4.634, -0.679 and -0.608 for

17
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studied enterprises respectively. This means ti@ease in years of vegetable farming experience
leads to a decrease in economic inefficiency. Ty be due to the fact that, with more years of
vegetable production experience comes greater stagheling of cultural practices and other

management practices that would help reduce predosses as the vegetable grows up to the point

of harvest. This may influence the economic efficieof the vegetable farmers significantly.

Coefficients of level of formal education were agge and significant. The coefficients were
-0.010, -0.103, -0.615, -0.478 and -0.373 and Bogmt at one percent level. This indicates that as
educational level of farmers increase, the econangificiency in vegetable production reduces. The
implication is that higher level of education, esp#y agricultural related education by farmerade
to higher economic efficiency. This is in agreemetith the findings of Waret al. (1996)

reported a negative relationship between econamaifticiency and level of formal education.

The estimated coefficients of extension contactewaso negative (-0.118, -0.201, -0.739, -
0.403 and -0.602) and significant at one percergl$ewith onion/pepper enterprise being significant
at five percent. This means that extension conitazt  economic inefficiencies by the values equal
to the magnitudes of the respective coefficientse Tmplication is that providing appropriate
extension services to vegetable farmers have thente of reducing inefficiency in their produgtio
activities. A similar result was reported by KhamdaSaeed (2011) who maintained that extension

visits had negative implication on economic inefficy in tomato production.

The coefficients of access to credit were negatis expected with values of -0.081, -
0.928,-0.304, -1.241 and -1.801 for the studieérpnises. All the coefficients were significanioaie
percent except for onion. This means that incrgaaatess to credit will lead to decrease in ecooomi
inefficiency in vegetable production in the studga The implication is that with credit availatyii

farmers can purchase all required inputs for edfitiproduction

The coefficients of proximity to market indicategagive values and significant at one percent
levels for all the studied vegetable enterprisesepk for onion/tomato enterprise. The coefficients
were -0.365, -0.193, -0.304, -1.241 and -1.801tler studied enterprises respectively. The result
implies that a unit increase in proximity to marlesgtds to reduction in economic inefficiency edqoal

the respective coefficient of the enterprises

18
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Membership of farmers’ associations plays importaoles in determining economic
inefficiency (Mbanasor and Kalu, 2012). Table 3eal¢ that membership of farmers’ association had
negative coefficient for all the studied entergisad significant at one percent, except for tomato
and pepper enterprises were not significant. Tledficeent of the significant variables were -0.221,
3,454 and -0.880 for onion, onion/tomato and omepper respectively.

decrease in economic inefficiency by equal amotitih@

respective coefficients of the enterprises.

Coefficient of ownership of irrigation facilitiesnd off-farm income were negative as
indicated in Table 3. This means that these vagbbntribute negatively to economic inefficiency
by an equal amount of the respective coefficiefitthe enterprises. The implication of this is that
people who own facilities such as water pumps wame efficient as such facilities have the
tendency of reducing inefficiencies through propeimeduling of irrigation and timeliness of required
operations. Off-farm income can also be used irchmsing additional equipment, paying for labour
for smooth operations on the farm leading to ecaoa@tfiiciency.

Conclusion and Recommendation

The study concluded that economic inefficiency weesent in irrigated vegetable production
in the study area. The study also concluded thatlymtion variables for the studied vegetable
enterprises were significant in contributing to giveduction of vegetables under irrigation. Codts o
inorganic fertilizer, organic fertilizer, plantingaterial, agrochemical, depreciation, seed/seediirty
fuel/maintenance were contributing immensely totcok production vegetable. The economic
inefficiencies variables such as experience, lefdbrmal education access to credit and distance t
market were contributing positively to economici@éncy. Based on the findings of the study it is
recommended that there is need for concerned agenai promote both formal and non-formal
education as the way forward to increase efficidnoyegetable production; vegetable farmers should
be mobilized and encouraged to strengthen theitesivof farmers’ clubs and associations. This
could help the vegetable farmers to acquire prafea$ advice, inputs and credit facilities and use
them efficiently giving rise to efficiencies in veigble production, Government should provide
financial and material supports to farmers to imprahe efficiency of vegetable production by

making loans available and accessible to vegetahigers in the study area.
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