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Abstract: The paper analyzed the scale efficiency of cocoaymtion in Cross River State of Nigeria. The dataewe
collected from 180 cocoa farmers using structunegistionnaire and personal interview. Data Envelopgme
Analysis (DEA) model, using the input orientatioechnique was employed as the analytical tool. The
findings reveal that 37 farms, i.e. Decision Makidgits (DMUs) representing 20% exhibited full scale
efficiency operating under constant returns to escéd Farms (DMUs) 37% operated under decreasing
returns to scale and 79 farms (DMUs) 43% operatetr increasing returns to scale. It is recomme iolat
government should provide cocoa inputs at subgidiate to improve the efficiency of the farms preiiton.
Also, extension agents are used to educate theefarom improved technologies to enhance the ufiizaf
inputs for increase scale efficiency.

Keywords: Cocoa production, scale efficiency, data envelograsalysis

Introduction sleeplessness, menstrual pain, migraine and #sthFior
Agriculture occupies a prominent place in the econof external usage, non edible cocoa benefits incltréating
Nigeria. The sector accounts for about 35% of thes& lip sore, nipple sore of breastfeeding woman, bwang
domestic product (GDP) and employs about two-tleifd rashes, skin irritation and hemorrhoids. Timot@@1(1)
the labour force (CBN, 1994 & Mesilatal., 2009). Upto  reported that apart from chocolate, cocoa bean éas
1960, tree crops, notably cocoa, oil palm and rullaee  variety of other common uses, many of which are
largely led agricultural export in Nigeria, and oacstill industrial in nature and not visible to the endrsis&his is
continues in this role. Cocoa is the single agricalt due to one of cocoa’s remarkable qualities. lts#olid
export commodity that has earned foreign exchangeem at room temperature, but melt at body temperattier
than other crops, offers employment to many pedp#h  uses include; dietary pharmaceutical, make-ups saragh
directly and indirectly, and serves as an imporsamirce  as well as scar removal.

of raw materials, and source of revenue to govemiraeé  Consequently, efficiency improvement becomes a
cocoa producing states (Folayetral., 2006; Nkanget al., significant factor in increasing productivity. Seal
2009). However, the performance of Nigerians cocoeefficiency refers to the potential productivity gairom
economy has not been as good, as it was in the paachieving optimum size of a firm or the reductionthe
(Mafimisebi et al., 2008). Most important producers of unit cost available to a firm when producing atighler
cocoa include; Brazil, Dominican Republic, Ecuador, output volume. Scale efficiency of production isemha
Colombia, Cameron, Code D’ Ivoire, Ghana, Nigeria,farmer produces at a reduction in average cost (@es
Indonesia and Malaysia. In the international commaket,  unit) associated with increasing the scale of petida for
Nigerian’'s cocoa export now ranks fourth after Cotea single product type. Several techniques are ablailin
d’ivoire, Ghana and Cameroon. Studies have idedtifie literature to conduct the performance analysis @foa
different reasons accounting for this decline. Tke of a  production. Mostly, ratio analysis is used, butréhare
combination of resources on farm affects both thesome short comings associated with these techniques
technical and scale efficiency of production. These(Yeh, 1996). Non-parametric (Data Envelopment
invariably affect the crop’s productivity and thecome  Analysis DEA) approach for assessing scale effjenf
generating potentials of farmers (Folayan, 2006cda cocoa production in Central Senatorial District ob&x
tree grows wildly in tropical forest within latited2® of River State, Nigeria, is the crux of the project.

the equator. Cocoa is the main ingredient of chaeola In recent years, emphasis has been on the measures
which makes it one of the most important thingsthie  bring about improvement in the production and ztiion
world. of cocoa and its derivatives. The price of cocoadpcts
Cocoa tree gives cocoa pods, cocoa pods gives cocd®s been increasing, but the rate of productiorease has
beans and from cocoa beans we get chocolate ang manot been matching its demand, as well as efficien
other cocoa products. A researcher at the cocaaanmds  utilization of inputs in the production process. eTh
institute of Ghana has advocated the daily consiomuif agricultural problem in Nigeria therefore centersa o
natural cocoa product without additives such asasagd  efficiency with which farmers use resources on rthei
milk, saying this reduces the potency of the cocoafarms. Scale efficiency in cocoa production therefavill
(African World Issued Discussion Forum, 2011). Evenbe used to determine what a cocoa farmer will be
though Cocoa diet reduces the risk of heart diseagsd  expecting from say one hectare of his cocoa farth less
stroke, the use of additives interfere with thewflof input, how efficient is the cocoa farm, whether stant
antioxidants, substance that prevent damage obdkg’'s return to scale, decreasing return to scale oreasing
cell. Daily intake of natural cocoa drink helpsreduce return to scale are guaranteed. It also bothersham
persistent cough, asthmatic attacks and overcoewtiler  various factors that explain the farm efficiencylkcbbe
dysfunctions and other forms of sexual weaknesso&€@  harnessed so as to improve the crop productiorhén t
the natural source of dietary magnesium which rebea study area and the country at large.

have shown to be effective in treating diabetesiepgy,
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All efforts from various government and non-

efficient and could be expected to happily co-exist

Governmental bodies to increase production have notPouliquen, 2001).

yielded results. Farmers output could be expandigd w
existing levels of conventional input and technglam
that farmers will produce more efficiently with seof
inputs. In other words, produce maximum output fram
given level of input. It will therefore, be necessdo
examine the production of unit resources used ico@o
production, as this will help to highlight thoseeas or
variables that could be better managed to imprdwee t
productivity of cocoa in the study area. The mdijeotive
of this study is to determine the scale efficienéycocoa
production in Central Senatorial District of Cross &iv
State.

Research hypotheses

Economic studies have found that, with the exceptd
very small farm, United State. agriculture is cloteezed
by constant returns to scale. This explains twapheena
that can be observed. First, it explains the apubr
peaceful co-existence of quite large and relativebdest
farms in the US without any stamped “Corporate faghi
or “Industrialization”.

In Nigeria, especially Cross River State, both large
Government Cocoa farms co-exist with industrial $mal
cocoa farm holdings. It is the scale of productisith
respect to this varying farm sizes that is broughfore in
this research.

Ho, : Cocoa farmers in the study area are not scaledvl aterials and M ethods

efficient in the use of productive resources.
HOZ;Factors inputs in cocoa production are not

marginally productive in the study area.
Theoretical framework
Scale efficiency refers to the potential produtyivijain
from achieving optimum size of a firm or the redootin
unit cost available to a firm when producing atighler
output volume (Encyclopedia of Small Business, 2002)
According to (Brada and King, 1994) scale efficierisy
the extent to which an organization alters its $tmeards
optimal scale (which is defined as the region inicivh
there are constant return to scale in the relatipns
between output and input).

DEA has competitors such as the stochastic frontieltc.

method which is extremely popular. But in this stiiyA
has been chosen in preference to the stochastitiero
methods for several reasons. First, it facilitéie partition
of total technical efficiency into pure technicdfi@ency
and scale efficiency, as well as identifying farhsat
operate under decreasing or increasing returnscate.s
Total technical efficiency is estimated assumingt tthe

This study was conducted in three purposively setec
Local Government Areas in Central Senatorial Distoic
Cross River State, Nigeria. They include: Ikom, Bahkd a
Etung Local Government Areas. |lkom has a total
population of 162,383 people (NPC, 2006) with allaize

of 1,861,926 square kilometers; bounded on the Nyt
Ogoja, on the North — East by Boki, on the easElyng
and South by Obubra Local Government Area. It has
Eleven (11) council wards. Boki with the populatioh
about 300,000 people, has a contiguous territongldyo
with the republic of Cameroon; Boki bears a naticarad
international reputation for being a major commedrci
centre were forest and internationally quoted adjtical
commodities such as cocoa, coffee, timber, palndyxts
are sourced and supplied for international
consumption. It covers a total land mass of 920asgu
kilometers. Boki Local Government Area is bounded in
the west by Ogoja, North by Obudu, South by Ikomlevh

in the East; it is bounded by the Republic of Cameroo
with Boje as its headquarters.
(http://www.tripadvisor.com, 2011).

Etung Local Government Area has a total land mdss o

farms have constant returns to scale (CRS). Whem33, 07 Square Kilometers and a population of 89.19

estimating efficiency under variable returns to lsca
(VRS), the terms pure technical efficiency is usedre
technical inefficiency is assumed to be a resultthod

people (NPC, 2006) census. The postal code ofrdeia
551 (according to Post — Offices -with map of LGA
NIPOST, 2009). It shares an international boundeiti

farmer's management behavior rather than farm sizehe republic of Cameroon to the East. It is bounideithe
(Brummer, 2001). The residual ratio between CRSNorth by Ikom, in the South by Obubra and Akamkpa

efficiency and VRS efficiency is called scale efficty,
and can be used to identify optimally sized farfiibether
farms with sub optimal size operate under decrgasin
increasing returns to scale can also be determi@edlli
et al., 1998),

Drummond and John, (2004) reported that in the-lamg
all factors of production are variable. Supposentamager
of a particular production process increased trentity of
each input used by 50%, what will happen to oufput
output also increased by 50%7? Then we will say that
firm exhibit constant return to scale (or sizé).output
increased more or less than 50%, we will say tinat has
increasing or decreasing return to scale respégtive
increasing return to scale exists in a particuladpction
process, then we would logically expect to seedafigms
pushing smaller ones out of the business sincdatfye
could produce more outputs per bundle of inputs tine
smaller firms. In economics, the ratio of output peit of
input is called efficiency, so industries (collectiof firms)
that have production process with increasing retuim
scale would likely have a few large, efficient fsrmather
than many smaller, less efficient ones. If retumscale
are constant, then large firms and small firmsegeally

Local Government Area. There are two distinct eliin
seasons in these areas; rainy season from March to
October and dry season November to February.

The study area is situated in the rain forest heltich
promotes the growth of cash crops such as cocbpalon,
plantain, orange, banana, guava etc. Food cropsooiy
grown by the inhabitants include; Rice, Yam, Cassava,
Potato, Maize, Vegetables, Cucumber, etc. (MOFINEWS,
2009; Obeten, 2011; Ibang, 2011). The main occopatf

the people is farming, with over sixty percent bkt
inhabitants cultivating crops and rearing of ansnbke
goats, sheep, pigs, and poultry (birds). Apart ffarming,

the people of the area also engage in agro-basieities,

a good number of people are involved in civil segyi
marketing of agricultural products, and other folwhson-
farming activities

Primary source was the major method of data cadlect
for this study. The data was collected through uke of
questionnaires and interviews. These were desigoed
capture the objectives of the study. A total of 180
guestionnaires were distributed to selected coaomdrs

in the study area, 60 in each Local Government Area
Personal interviews and field observations wereo als
conducted, so as to ensure that the informationiged
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Y Output (Kg)

by the respondents reflects the true position effaiming
activities in the cocoa sub-sector in the area.
Multiple-stage procedure was adopted for the studihe Results and Discussion

first stage, three Local Government Areas was Bivety Socio-economic characteristics of cocoa farmersin Cross
selected namely; Ikom, Boki and Etung Local Govemime River State

Areas. Selection of these 3 LGA’s was done on th&sb Table 1 reveals that, of the 180 respondents sahfple
that they are the highest producers of cocoa irStage. In  the study, the majority of the farmers in the studga
the second stage, a random sampling technique wasere between the age brackets of 31 — 40 repregenti

adopted where four (4) council wards were sele@iteih
each of the three L. G. A’s which gives total o¢lve (12)
council wards. In the third stage, 15 cocoa farnesash
were randomly selected from list of the farmergach of
the 12 council wards, to give a total sample sizd.8D
respondents.

Model specification

For the purpose of this study, Data Envelopmentlysis
(DEA) tool was employed.

Linear programming technique

For thei ™ farm, the estimated input-orientated efficiency
score 0i, under constant returns to scale was given b
solving the following linear programming model.

Min B0 e 1
A, B0 e 2
Subjectto  y + YA>O0......oooo 3
Gixi - A= 0 4

L > 0, (non-negativity property )
Where: X and Y are matrices of the inputs and outputs
respectively, of all observed (N) farms;and y, are the
input and output vectors of the ith farm respedyive. as
a N x 1 vector of constant8;is the technical efficiency of
the ith farm, bounded by O and 1, with a value of 1
indicating a technically efficient firm.

The variables’ return to scale (VRS) DEA model was
obtained by adding the constraint NE 1, where N1 is a
N x 1 vector ones. This is a convexity constraimuging
that a firm is benchmarked against firms of a @imdize.
Scale efficiency was obtained as the ratio of thestant
return to scale (CRS) efficiency measure (total texin
efficient) to the VRS measure (pure technical efficly).
DEA under decreasing returns to scale (DRS) wa
obtained by adding the constraint N1 1. If the two
scores are different, then ith farm operates unde
increasing returns to scale (IRS).
Where: A =lamda; X = inputsf; = technical efficiency;
VRS variable return to scale; and CRS
constant returns to scale.

VRS is obtained by:
VRS =N1A=1
Where: N1 =N x 1 = ith farm

Scale efficiency is obtained as a ratio of the CR8R&

Scale efficiency = CRS 7
VRS

37.8%, while very few farmers falls between the age
bracket of 60 and above. The above analysis shbats t
cocoa production is practiced by adults who arehigir
prime age. The economic implication is that, mareoa
can be produced to meet the world demand sincegyoun
and energetic people are actively involved in cocoa
production. Further analysis revealed that 96.1%hef
respondents were male, while 3.9% were femaless Thi
shows that cocoa farms in the study area are mogthed

by the men who are the head of the family.

The study revealed that 10% of the respondentsnoad
formal education, 11.1% had only primary education;

Mhose that attended junior secondary school wer6%5

(Table 1); those that attended senior secondarpasch
were 38.9%, while those who attended tertiary sthoo
represent 24.4%. These show that more than 85%eof t
farmers had formal education and can read and.vilritis
implies that, the farmers can easily adopt newvations
and improved technologies in the area as increased
education permit early adoption of innovations (8gbet
al 2011).It alsoshowsthat households with size ranges of
1-5; 6-10; and 11-15 represent 45%, 47.8%, and%6,.12
respectively of the entire respondents under survey
Household is important as it provides family labour
needed in the farm. The study reveals that the eurob
married respondents is 108, representing 60.0%]jewnhi
those for single, separated as well as widows/wetewre
60, 6 and 4, representing 33.3%, 3.3% and 2.2%,
respectively. The economic implication is that aco
production in the study area does not depend on the
marital status of the farmers only. Also, the stfaiher
reveals that, farmers with farming experience betwé
ears and 10years as well as 11 years and 15 gears
ore, representing 58% and 18%, respectively. This
shows that the farmers in the study area have thane
five years of experience in cocoa farming, and hesn
engaged in the practice for a very long time and ha
acquired much experience.
The distribution ofespondentaccording to the number of
hectares cultivated show that, respondents wit fizes
of 1 — 5 hectares account for 81.1%,while thodt &i—
10 hectares account for 11.11%; those with 11anest
and above and less than 1 hectare account foard4
3.3%, respectively (Table 1). 5 hectares and abafve
cocoa farm is a big farm and most of the farmersehap
to five hectares and above. This implies that, fetreners
in the study area are large producers of cocoa, A&8m

Where: VRS = variable return to scale; CRS = constantownership status reveals that 55 respondents, Sepiiag

returns to scale.

The variables for consideration in calculating scale
efficiency are:

30.6% of the farmers planted cocoa on their farms
personally, just as 16 of them representing 8.9%ghb
their farm lands. Again, 50 represented 27.8% efftiims
hired their farm lands, while 59 respondents regrtsg
32.8% of the farmers inherited their cocoa farmsisTs

an indication that most of the respondents inheritesir
farm lands and have been carrying out indigenomnsiifay
practices as laid down by their parent.

Table 1: Distribution of respondents according to
socio-economic characteristics

X, = Cost of cocoa chemicals-(N)
X, = Cost of labour<N)

X3 = Cost of harvesting<{N)

X4 = Cost of clearing the farmra<(N)
Xs = Cost of Pruning<(N)

Xs = Cost of working capitakN)

X; = Drying cost{N)

Xg = Transportation cos(N)

Age (years) Frequency  Percentage
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20-25 3 1,6

26 -30 20 16.1

31-35 30 16.7 e ™~
36 — 40 38 211 — increasingreturmtoscale  —05
41 - 45 25 13.3

46 - 50 27 15.0 e—ll—13-
51-55 17 9.4 ——16

56 — 60 5 2.7

61-70 6 3.3 ) =17
Total 180 100 T —=Ty
Sex o

Male 173 96.1 2 ==z
Female 7 3.9 a —t—23
Total 180 100 —5
Level of Educational Att. N .
No formal education 18 10.0

Primary school 20 11.1 Cocoa Farm ——27
Junior secondary school 28 15.6 \_ J
Senior secondary school 70 38.9 Fig. 1. Graph showing increasing return to scale
Tertiary school 44 24.4

Total 180 100

Household size e N
1-5 82 455 Decreasingreturntoscate ——1
6-10 86 47.8

11 and above 12 6.7 4 o=l 3
Total 180 100 DNe 7
Marital Status s
Married 108 60.0

Single 60 33.3 O
Separated 6 3.3

Widow/widower 4 22 =i
Total 180 100 14
Farming experiences (years) —15
1-5 27 15.0

6-10 58 32.2 —22
11-15 34 18.9 Cocoa farm —— 4
16 - 20 23 12.8 \_ /
21-25 7 94 Fig. 2: Graph showing decreasing return to scale

26 -30 16 8.9

%taland above 1805 10(2) 8 Table 2 reveals that 64 representing 35.6% cocoasfa

are operating under decreasing return to scaletabie

Farm Size (ha) shows the inefficiency gaps of the various decisi@king

Iie_sssthan one 142 Sf.'ff units (DMU), with average of 0.926, scale efficignc
6—10 20 11.11 ) )
11 — and above 8 4.44 The Graph (Fig. 3), depict constant a return tolesca
Total 180 100 showing that firms under this category, their otitpu
Ownership status inc_re_ases _in the proportion_ with t_he input the oratif
Planted personally 55 306 efficiency is equal to 1. This implies that farmdrave
Bought for life 16 8.9 fully employed their factors of production and there
Inherited 59 32.8 both technically and allocatively efficient in thefarm
Hired 50 27.8 production decision making operation. Table 2 tHates
Total 180 100 the average cost of cocoa production in Cross RitateS
Source: Field Survey (2012) The result shows that, the average total cost adyxtion
in the study area was N2533671, the gross margm) (G
Scale efficiency of the respondents which was derived by subtracting the average totei

The study revealed that 79 cocoa farms repreggAB®%  (ATC) from the average total revenue (ATR) was
exhibited increasing return to scale with a meaalesc N2524382.32. Expressed mathematically as: Totat cos
efficiency of 0.916. Fig. 1 illustrates the eféioicy ratio of  (TC) = N752383; Average total cost (ATC)= N9288.68;
the farms. The Graph (Fig. 1) depict increasingimeto  Average total revenue (ATR) = N2533671; Gross Margin

scale , showing that farms in this category becomegGM) = ATR — ATC GM =-N2533671 —N9288.68; GM =
smaller and smaller in spaces between their isdqasn M 2524382.32

one moves to higher levels of output, implying that
inefficiency gap in their level of production isrmawed
and more output is realized with lesser inputs. Thaph
(Fig. 2) depict decreasing return to scale, showimat
firms in this category gets wider and wider in #paces
between their isoquant as one move to higher level
output. This also implies greater inefficiency levef
production i.e. the more inputs ploughed into trens the
less output realized.
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/ ) N\ efficiency study of the cocoa farmers can be seethé
constant return 1o scale —— ) Table 3.
BXe 28 A W= - =l . -
Table 3: Showing summary of farms scale efficient
- 6 index
g =10 SIN  No.of farm % Scaleefficiency
k] a2 1 64 35.6
T 19 2 79 43.8
5 20 3 37 20.6
—c0 Total 180 100
‘ > Efficiency measurement and input slacks
cocoa farm =65 The piecewise linear form of the non-parametriafier in
— . J DEA can cause a few difficulties in efficiency
Fig. 3: Graph showing constant return to scale measurement. The problem arises because of thiersect

' ) of the piecewise linear frontier which run paraliel the
Table 2: Average cost of cocoa production per hectare  axis which do not occur in most parametric funcsion

in CrossRiver State The Farrel (1957) measure of technical efficiencyes
SN Items Average cost (N) the efficiency of a firm A and B as OA’/OA and OB'/OB,
1 Cost of labour 274636.00 respectively. The points OA and OB are the firms
2 Clearing cost 13661.00 technical efficiency, OA’ and OB’ are the level afput
3 Pruning cost 54011.50 that the firm is expected to reduce to achieve shme
4 Cost of working capital 78807.40 level of output. This is known as input slack ineth
5  Chemical cost 69464.80 literature. Once one considers a case involvingerguuts
6  Harvesting cost 68890.20 and/or multiple outputs, the diagrams are no longer
7 Drying cost 2500.00 simple matter.
8 Marketing cost 24329.50
9 Transport cost 43125.60
Total cost N752,383.00

Xoly

Scale efficiency

The technical efficiency of cocoa production in Gros
River State was measured using input orientation
measures, with Xto Xy (cost of labour, clearing cost,
pruning cost, cost of working capital, cost of cleats,
harvesting cost, drying cost marketing and trartsgion
cost) as the inputs to produce a single outputl{¥)cocoa
bean under the assumption of constant returnsate.sin

the study area 37 firms were fully technically e@#nt of

the 180 farmers representing 20.6% (Table 4). The
distance between zero and one is the technicdidieesit

gap of a firm. From the study, it is revealed th@i4% of -

the firms are technically inefficient. 0 Xily
Source: Computed from DEA software Source: Centre for Efficiency and Productivity AnalysisEEA) Working
The study reveals that the mean technical inefficyeis ~ Paper (1986). o _

0.661, the mean technical efficiency of the farm4.000,  Fig. 4: Showing efficiency measurement and input slacks
the mean of inefficiency gap is 0.328, the meaacalive ) he ]
efficiency is 0.593, and the mean total econonficiehcy ~ Mathematically, the I*firm output slacks will be equal to
is 0.334, respectively; this implies that cocoarfars in ~ Zero only if Yc-y; = 0, while the input slacks will be equal
the study area can only cover 33% of the total afst !0 Zero only if6,_x = 0 (for the given optimal values 6f
production. Economically, the farmers are 67% less@nd £). From the DEA results of the cocoa farmers in
efficient in the resource allocation. It is impartdo note ~ Cross River State, all the farms slack input wereaktp

that, the allocative efficiency (AE) of the farmpresent ~ Z€ro t_empha_si_zing the authenticity of their varimwels of
the reduction in production costs that would ocgur technical efficiency.
production were to occur at the allocativelly (and

technically) efficient point. The product of tecbai and ~ Concluson ) )
allocative efficiency provides the overall economic Cocoa production is the major practice and has tieen

efficiency. In the study area, it is revealed that average ~Main stay of the economy of the people in the stardp.
allocative efficiency of cocoa farmers is 0.999. Due to the increase demand of cocoa products, tisere
Measurement of scale efficiencies need for increased introduction of improved techgs
State revealed that 64 farms out of 180 farmerscOCoa beans in order to enhance the productiviy an
representing 35.6% are operating under decreasingnr ~ efficiency. This will go a long way to alleviatinghe

to scale. Also, the study revealed that 79 farmsProblems of inefficiency and low yield. It is thévee
representing 43.8% are operating under increagihgr concluded that 80% of t_hg farmers in the study area
to scale. Additionally, 37 farms representing 20.6%0°Perate below full scale efficiency.

exhibited constant return to scale. Summarily, skale
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