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ABSTRACT

The main purpose of the present studyis to examine the technical efficiency of
cucumber production in Ismailia governorate under different cultivation systems
including open system, plastic tunnels, and greenhouses system. Stochastic frontier
analysis of production has been adopted to achieve this objective by using the data
obtained from field survey conducted in year 2012. The production frontiers involve
the inputs of cultivated area, quantities of seeds, volume of farmyard manure,
chemical fertilizers, and labor. Most estimates have expected signs. Bymeasuring the
importance of inputs in the production function, the cultivated area and farmyard
manure open cultivation system, cultivated area and labor in low plastic tunnels, and
farmyard manure in greenhouse systemare the most important inputs according to
their statistical significant and higher partial elasticities. The results of the efficiency
analysis showed remarkable differences in efficiency across the farms within each
cultivation system and among the cultivation systems. Therefore, there are
potentialities for improving cucumber farm productivity. In the inefficiency model, the
results reveal that age of the farmers has negative impact on the production
efficiency, while the educational level and accessing to the agricultural extension
services, and agricultural education have favorable impact on the efficiency.

INTRODUCTION

Since 1986, the Egyptian government has undertaken a series of
economic reforms to reduce external and internal imbalances, to eliminate
distortions in the economy, and to promote sustainable growth in the
productive sectors. Nowadays, great efforts being made in Egypt to meet
theincreasing demand of food and to sustain food security.lts importance
stems from important political and socio-economic dimensions. One of the
important programs in the Egyptian agricultural reform policy is the program
ofincreasing the use efficiency of economic resources in agricultural
production.

Specifically, technological progress is the changes in production
technology or production processes as a result of new information or
changed operating conditions. However, it is important to recognize that
many other factors, including choice of method and measurementerrors, can
also affect productivity measurement(Nossal and Gooday, 2009).Protected
cultivation in Egypt is one of the agriculturaltechnologiesthat areexpanding
rapidly. The common types of protected cultivation in Egypt are the plastic
low tunnels and the single span plastic houses. The number of single-arch
greenhouses reached about twenty thousand, when about 12000 (60%) are
used for cucumber production (EL-Zawely and EL-Sawy, 2007).
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According to FAO database, the sector of Fruit and Vegetable
production plays a major role in the Egyptian agriculture. They represent 13
% and 11 % respectively, on average of the period 2005-2010, of the total
value of the Egyptian agricultural production. Egypt is ranked eighth among
the world countries in the production of cucumber coming after china, Iran,
Turkey, Russia, USA, Ukraine, and Spain(FAO, 2012). Nevertheless, Egypt is
only self-sufficient of cucumber production and very little quantities are
exported to the foreign markets reached about 395 ton in year 2010. Ismailia
governorate is one of the major districts of cucumber production in Egypt. It
ranked seventh among Egyptian governorates. Ismailia produced cucumber
that worth about 53 million Egyptian pound in year 2010 (figure 1).

The main aim of the current study is to examine the technical efficiency
of cucumber production in Ismailia governorate under different cultivation
systems. Stochastic frontier analysis of production has been adopted to
achieve this objective.
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Figure 1:Value of cucumber production in the Egyptian governorates in
year 2010

METHODOLOGY

The level of technical efficiency of a particular firm is characterized by
the relationship between observed production and some ideal or potential
production(Greene, 1993). AlthoughFarrell (1957)introduced a methodology
for measuring efficiency since fifty years ago, his methodology is still
undermodification and improvement. There are two approaches to estimate
technical efficiency, parametric and nonparametric. The stochastic production
frontier (SPF) developed by Aigner et al. (1977)and Meeusen and van Den
Broeck (1977) is a parametric approach. Data envelopment analysis (DEA),
developed by Charnes et al. (1978), is a non-parametric approach. SPF uses
a parametric function,whereas DEA is based on a linear programming
technique. The production frontier in DEA is deterministic, so any deviations
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from it are related to inefficiency. In an SPF, the production frontier function is
sensitive to random shocks by including a random error term to the
production frontier. As a consequence, only deviations caused by controllable
decisions can be attributed to inefficiency(Esmaeili, 2006).
Following the proposed model by Aigner et al. (1977)the original
specification of the stochastic frontier production function specified for cross-
sectional data can be expressed as,
Y; = f(xi: B+ g = expix;B + ) i=1,..N

1)

Where Y- is the production of i-th farmer, ¥= is a (Kx1) vector of input

quantities of the i-th farmer, = is a (Kx1) vector of unknown parameters

representing production elasticity parameters to be estimated, and*= is the
double component error term as,

E‘="i.i'i—_|

(2)
Where, i represents the classical symmetric disturbance term, and Ui is the
technical inefficiency component to be estimated. The symmetric error
component is assumed to be independently and identically distributed (iid).

N{0.57) The technical inefficiency in production™i is non-negative random
variable and often assumed to be truncated normally with variance @i and
the mean Ui=0;Z; js represented as a linear combination of the

inefficiency variable. Both ¥i @14 =, are independent of each other.

The inefficiency determinant function is
Uy =dg +0Z; +wy,
3) )
whereZ: is a vector of factors affecting the efficiency level, 9 js a vector of
parameters, and Wi is the error term. We utilize the parameterization of
Battese and Corra (1977)and Battese zind Coelli (1993)who replace a5 and
Ty

s

0% with @° = 07 + 0 and Oy + 0y . Gamma (V) is the ratio of the
variance parameters of the random errors and technical efficiency effects,
O and Tu, which ranges between zero and one. This is done with
calculation of the maximum likelihood estimates in consideration.The SFA
allows us not only to measure the productive frontier but also to analyze
theefficiency/inefficiency of each farm calculating its distance from the
efficient frontier (Auci et al., 2013).The technical efficiency of the ith sample
farm, denoted by TE, is defined in terms of the ratio of the observed output to
the corresponding frontier output, conditional on the levels of inputs used by
that farmer. According to Battese and Coelli (1988), the technical efficiency of
the i-th farm can be expressed as,
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¥, explo; f +v; —u;)
B exple,f +v;) B exple,f +v;)
(4)
Where €xp0c £ + v;) js the stochastic frontier production.
The frontier efficiency model (Equation (1)) and inefficiency model (Equation
(3)) can be estimated together by maximum likelihood. The particular frontier
software used is FRONTIER 4.1, developed by Coelli (1996), which uses a

three-step estimation method to obtain final estimates of maximum likelihood.
First, unbiased estimates of the parameters are obtained via OLS (ordinary

TE

= exp(—u )

least squares). A two-phase grid search of ¥ is conducted in the second
step, with b set to the OLS estimates and other parameters set to zero. The
third step involves an iterative procedure to obtain the estimated maximum
likelihood.
The stochastic frontier production function model which we specify for the
farming operations in a given farm is
Iny; = Bp + By In{area) + Bz In(seed) + B3 In(MF) + B4 In(CF) + p: InQlabor)
TV
5)

Where y represents the output;
Arzea represents the cucumber cultivated area in feddan that is equal 4200
m°);
Seed is the quantity of seed in kg unit;
MF is the manure farm yard fertilizers in cubic meter;
CF represents the chemical fertilizers expressed in kg units;
Labor represents the total quantity ofhuman labor for family members and
hired laborers (in man days).

To determine changes in technical efficiency among farms, six
variables are used in the model. The inefficiency model used is:

&
U; =dg + Z OpZyi + Wi
k=1

(6)
where U is the inefficiency of the i-th farm. £1: refers to education level of
the farm owner (21: =1 if the owner is illiterate ,2 for primary school,3 for

secondary school,4 for university educated); L3, age of farm manager; Zai
the distance in kilometers between the owner's house and his/her farm;

Z4: denoteseducational specialization (24::1 if the educational specialization
of the manager is agriculture otherwise, £ai=0); Zsirefers to protective
procedures of plant diseases (Es: =1 if the protective procedures have been
adopted, otherwise Zyg =0); Zsi  refers to the accessing  of

agriculturalextension recommendations (£s: =1 if yes, otherwise Z£s: =0).
Data

The data of the present study was obtained from field survey in Ismailia
governorateduring year 2012. The survey encompassesof 161 farms divided
into three groups of cucumber cultivation systems;60 farms that are adopting

1066



J. Agric. Econom. and Social Sci., Mansoura Univ., Vol.5 (7), July, 2014

open area cultivation in spring season, 52 farms are using low plastic tunnels
system, and 49 farmsare using greenhouses during the winter season.

RESULTS AND DISCUSSIONS

The mean differences of the input and output of cucumber production
under the three technologies are presented in table 1. The result showed that
there are significant differences among the three cultivation types.
Greenhouse cultivation showed a highest productivity per feddan followed by
cultivation under plastic tunnels and open area cultivation. The averages of
the harvested areas also showed significant differences between the open
area (2.07)and the two other cultivation systems, while there is no significant
difference between the area of plastic tunnels and greenhouse systems.

The quantity of seeds used in the mentioned cultivation systems
showed significant difference as the greenhouses cultivation revealed a
highest plant density by 4.37 kg/feddan versus 0.6 and 0.87 kg for open
system and plastic tunnels respectively. With respect to farmyard manures,
there are significant differences among the three cultivation systems asthe
volume of farmyard applied to the plastic tunnels system was smaller (20.85
m3/feddan) than those applied to open system (45.28) and greenhouse
(31.57).

Chemical fertilizers presented in table 1 were transformed to the
applied effective units. There are also significant differences among the
threesystemsas the greenhouses showed highest applied chemical fertilizers
(306 kg/feddan) followed by open area (207.72) and plastic tunnels system
(187.44) respectively.

Labors are computed in terms of man-day/feddan. There are significant
differences between the labors used in open area cultivation versus the two
rest cultivation types. Furthermore, there is no significant difference between
numbers of man-days used in plastic tunnels and greenhouse cultivations.

The stochastic frontier and inefficiency models are estimated in a
single stage by the econometric package FRONTIER 4.1 (Coelli, 1996). The
maximume-likelihood estimates for the parameters in the stochasticfrontier and
inefficiency model for the three cultivation systemsare presented in Table 2.
In both models, the coefficients estimated for many parameters have the
anticipated impacts on production and efficiency.

In the frontier model, harvested area and farmyard manure are
significant and have the anticipated positive sign in open cultivation system
implying that any increase in each variable would cause higher production.
By the contrary, the sign of both quantities of seeds and chemical fertilizers
were not according to expectation and were not significant. This means that
the amount of seed and chemical fertilizers are already greater than the
optimum quantities. In plastic tunnels cultivation system, harvested area is
significant and also have positive signs. In greenhouse cultivation system,
farmyard manure are significant and has positive sign while variable of labors
is also significant but has negative sign implying that labors are used
inefficiently.
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Table 1: Analysis of variance (ANOVA) of inputs and outputs for
cucumber production under different cultivation systems.

Cultivation system

Item Units F
open tunnels Greenhouse

Productivity Kg/feddan 7680.00 10892.31™ 18459.18© 42.85
Area Feddan 2.07® 1.48" 1.23% 15.06
Seed Kg 0.60© 0.87® 4379 682.71
Farmyard M? 45.28@ 20.85 31.57® 46.45
Manure

Chemical Kg 207.72® 187.44° 306.73® 176.23
fertilizers

Labor Man-day  248.10% 116.38" 146.43" 42.36

* 1 feddan = 4200 m“ = 0.42 hectare.
Different letters refer to significant difference between means of different type of
cultivation systems (P<0.05).

As the functional form used in the efficiency model was Cobb-Douglas,
the coefficients are representing the production elasticities for each variable.
The elasticity for each input is less than one except for labor in plastic tunnel
and greenhouse systems, implying that a 1% increase in each input would
lead to a less than 1% increase in the cucumber production.

Alternatively, the returns to scale were 0.68 for the open system,
implying that 10 percent increasing in all inputs would cause 6.8% increase of
output, and it was 1.4 for plastic tunnels cultivation system. The return to
scale for greenhouse cultivation showed a notable different value -0.50 that
reflects the over usage of input especially labors coefficient that was -.87.
The results of efficiency analysis revealed that technical efficiency scores of

sample farms, estimated asE'( ) , varied from 0.740n average for the open
cultivation system (0.33 minimum to 0.97 maximum, 0.86 on average for the
plastic tunnels system (0.34 to 0.99 maximum), to 0.94 for the greenhouse
system (0.51 minimum to 1 maximum). This implied that there was
substantial technical inefficiency in cucumber farming in Ismailia
governorate.The main implication of these resultswere that cucumber farms
could reduce their inputs by around 26% for the open system, 14% for the
plastic tunnel system, and 6% for the greenhouse system without reducing
their cucumber production, simply by improving technical efficiency.

The estimated value of ¥ in the stochastic frontier is estimated to be
greater than 0.9 in all of the three cultivation systems and statistically

significant at five percent level. Coelli and Battese (1996)also argued that}
cannot be considered to be proportion of the variance of the technical
inefficiency effects in relation to the total of the variances of the technical
inefficiency effects and the random variation. The result implies the presence
of random component of the technical inefficiency effects and provides a
better estimation of the technical efficiency of cucumber production in Egypt.
A relevant question is what factors can influence the farm technical
efficiency. The answer of such question is presented in the inefficiency model
presented in Table 2. The suggested factors are education level, age,
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distance between farm owner's house and his or her farm, is the farmer
studied agricultural education or not , weather the farmer applied plant
diseases protective procedures or not, and the accessibility to the agricultural
extension. A positive sign on the parameters in the inefficiency model implies
negative effects on technical efficiency, and vice versa.

Table 2: Maximum-Likelihood Estimates for Parameters of the
stochastic frontier for cucumber productionunder different
cultivation technologies

Parameter Estimation/s.e
Open system Plastic tunnels Greenhouse
Frontier model
Constant 3.22% 1.46%* 5.63*
0.27) (0.09) (0.19)
Area 0.42** 0.05* 0.00
(0.10) (0.02) (0.01)
Seed -0.10 0.03 0.01
(0.14) (0.06) (0.01)
Farmyard Manure 0.59** 0.02 0.31**
(0.15) (0.04) (0.04)
Chemical fertilizers -0.24 0.07 0.06
(0.16) (0.07) (0.04)
Labor 0.01 -1.18* -0.87**
(0.12) (0.09) (0.06)
Inefficiency model
constant 1.18 -3.50** -1.06*
(1.05) (0.75) (0.31)
Education level -0.03 -0.29* -0.12*
(0.17) 0.11 (0.05)
Age -0.03 0.04** 0.01*
(0.02) (0.01) (0.01)
Distance 0.00 0.01** 0.00
(0.00) (0.001) (0.00)
Agri-education -1.77 -0.16 -0.38**
(1.36) (0.16) (0.08)
Protective procedures 0.44 -1.41%* 0.13
(0.35) (0.18) (0.08)
Access to agricultural -0.20 -0.46* -0.25*
extension (0.43) (0.13) (0.07)
T 0.34 0.09** 0.03**
0.27) (0.02) (0.00)
% 0.98** 0.999** 0.998**
(0.02) (0.002) (0.00)

Estimated standard errors aregiven below the parameter estimates. * and ** refer to
significance levels at 0.05 and 0.01 respectively.

The educational level showed significant and positive impact on the
farm efficiency in plastic tunnels and greenhouse cultivation systems. On the
contrary, age showed significant and negative impact in the cultivation
systems of plastic tunnels and greenhouses. The negative and significant
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impact of distance between farm owner's house and his or her farm has been
proved only in the plastic tunnel system. Negative signs on the estimated
parameters of the agricultural education of the farmers were consistent in all
cultivation systems — implying positive impact on the cucumber farm
productivity- but only statistically proved in greenhouse system.

The protection procedures of plant diseases showed consistent
negative sign and statistically significant in the plastic tunnels system, while
the signs on those in open area and greenhouses system were not as
expected. The negative signs on the estimated parameters for the variable of
the ease of accessing to agricultural extension recommendations were
consistent in the three types of cultivation system but statistically proved in
plastic tunnels and greenhouse systems.

Four null hypotheses associated with the inefficiency effects are presented in
Table 3. The first three null hypotheses that there is no technical
inefficiency, otV = 0g = 0, =Gz = =04 = 0, Ho:y =0 and
Ho:0g =0, =0;=""=0g =0 are rejected for all mentioned
cultivation systems. Thus the averageresponse function, in which all farms
areassumed to be fully technically efficient, isnot an adequate representation
of cucumber production in Egypt. The fourth null

hypothesis,fTa:01 = 0z = " = 0g = 0  gpecifies that all the coefficients of
explanatory variables in the inefficiency model are equal to zero. If the null
hypothesis is true, the technical inefficiencyeffects have the same truncated-
normal distribution.The null hypothesis is rejected atthe 1%significance level
for each cultivation system.Thus, given the specification of the
stochasticfrontier and inefficiency model, the inefficiency effectsof the
Cucumber production in Egypt cannotbe regarded as independently and
identicallydistributed random variables that arise fromthe truncation of a
normal distribution withzero mean.

CONCLUSIONS

The purpose of this paper was to estimate the stochastic production
function for each of three cucumber cultivation systems in Ismailia
governorate in Egypt. The production frontiers involve the inputs of cultivated
area, quantities of seeds, volume of farmyard manure, chemical fertilizers,
and labor. All estimates have expected signs, with exception of the
coefficients of seeds and chemical fertilizers in the open cultivation system,
and labor in plastic tunnels and greenhouse systems. Such results implying
the excessive usage of the two mentioned inputs. With respect to the
importance of inputs in the production function, the cultivated area and
farmyard manure open cultivation system, cultivated area and labor in low
plastic tunnels, and farmyard manure in greenhouse systemare the most
important inputs according to their statistical significant and higher partial
elasticities.
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Table 3: Generalized Likelihood ratio test of the hypotheses of the
stochastic production frontier and technical inefficiency.

Test o
Null Hypothesis df statistics Critical 00
P value T
1 Hyty=0pg=0,=0;=-"=0g=0
Open 51.43 Reject
Plastic tunnels 8 85.10 14.85 Reject
greenhouse 75.25 Reject
2 Hyilg=0y=8;="=ds=0
Open 50.97 Reject
Plastic tunnels 7 85.07 13.40 Reject
greenhouse 71.12 Reject
3 Hy:v=10 1
Open 20.21 Reject
Plastic tunnels 51.17 2.71 Reject
greenhouse 55.34 Reject
4 Hy:By=08,==8=10
Open 47.92 Reject
Plastic tunnels 6 75.14 11.91 Reject
greenhouse 68.28 Reject

A = =2[In{L{H)} - In{L{H 0.

1 According to critical value determined by (Kodde and Palm, 1986).

From an efficiency analysis viewpoint, the results indicate remarkable
differences in efficiency across the farms within each cultivation system and
among the cultivation systems. Therefore, there are potentialities for
improving cucumber farm productivity. In the inefficiency model, the results
reveal that age of the farmers has negative impact on the production
efficiency, while the educational level and accessing to the agricultural
extension services, and agricultural education have favorable impact on the
efficiency.

A possible suggestion that can be drawn from the present study is that
Egyptian agricultural policies makers should bear in mind some of the
programs that would raise capacity of farmers to apply technological
innovations. This can be done by better access to agricultural extension
services, raising the educational level of the farmers, and widening the
agricultural education, as the results proves that agricultural education has a
noticeable and positive impact on the technical efficiency of cucumber
production in greenhouse cultivation system.
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