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Abstract 

 

This study aims to empirically estimate the production efficiency of jujube growers in China. 

A stratified random sampling technique was undertaken wherefrom which 238 samples were 

selected. Input-based measures of technical and cost efficiency were generated employing a 

data envelopment analysis approach, and followed by a Tobit analysis on the factors 

influencing technical and cost efficiency. The results indicated that better education and 

intensity of jujube plant specialization increased technical and cost efficiency. Obtainment of 

technical training, specialized labor, and the ownership of fruit drier and irrigation equipment 

will improve technical efficiency. 

 

Keywords: Cost efficiency. DEA-Tobit. Jujube growers. 

 

1. Introduction 

 

Jujube (Ziziphus jujuba Mill.) has been known as a native fruit in China for at least 

4,000 years (Gao, Wu, Wang, 2013). It has adapted to a high temperature, irradiance and dry 

atmospheric environment (Su and Liu, 2005), and has been commonly used in traditional 

Chinese medicine as an analeptic, palliative, antibechic, as well as a food additive and 

flavorant for thousands of years (Li, Ding, Ding, 2005; Su and Liu, 2005).  

China produces and exports more jujube than any other country in the world. More 

than 90 per cent of the world’s products made from jujube are provided by China (Zhang, Liu, 

He, 2012). In 2012, the export quantity of Chinese jujube reached 64.4 thousand tons, with 

and export price of about $2.4 per kilogram (source: China Agriculture Yearbook 2013). 

According to the Research Report on trend of Chinese Jujube Market Competition and 
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Development 2014-2019, Chinese jujube production reached 7.4 million tons in 2014, and the 

production is expected to increase to 16.5 million tons in 2019 due to the growing demand for 

food and pharmaceutical applications. Thus, jujube is an important and valuable Agricultural 

Product.  

In China, the jujube tree is popular as a perennial woody species that reduces soil 

erosion while producing an economic crop in response to the government policy of changing 

from small grain production to conservation forestry on the Loess Plateau (Wu et al., 2013). 

Chinese research related to jujube trees mainly focuses on how the spatial distribution of 

Jujube trees affects the chemical properties of the soil? (Bai and Wang, 2011), land 

degradation which makes the soil less able to grow important money crops (Huang et al., 

2014a), and the effects of permanent ground cover on soil moisture (Xiao et al., 2012; Huang 

et al., 2014b). In fact, studying farm efficiency and the potential inefficiency are critical from 

a practical and a policy point of view (Cabrera, Solis, Del Corral, 2010). Few scholars 

analyzed the productivity efficiency of jujube growers. 

To analyze production efficiency a variety of alternative methods have been developed 

in the literature. In addition to deterministic and stochastic parametric frontiers (Hossain and 

Rahman, 2012; Jiang and Sharp, 2014), nonparametric reference methods such as Data 

Envelopment Analysis (DEA) have been suggested and widely used (De Borger and Kerstens, 

1996). The advantage of nonparametric frontier measures over parametric frontier methods is 

that they place less structure on the shape of the efficient frontier (Khoshroo et al., 2013). 

Within this context, several research papers have focused on estimating the level of 

technical and energy efficiency among samples of fruit farms. For instance, Mohammadi et al. 

(2011) applied DEA to estimate the energy efficiency and input cost savings in kiwifruit 

production. Khoshroo et al. (2013) used a two-stage DEA methodology to find the 

relationship between energy efficiency and performance explained by farmers’ specific 

characteristics (i.e. the farmer’s age, gender, level of education and agricultural experience) 

taking grape growers as an example. Additionally, a number of studies concentrate on 

environmental factors such as temperature and precipitation, farmer demographics like 

education, experience and specialization, and farm characteristics including farm size, input 

usage (Błażejczyk-Majka, 2012; Mousavi-Avval et al., 2012; Assa, Edriss, Matchaya, 2013). 

Overall, numerous researchers have attempted to explain the variation in the success of farms 

by creating efficiency scores based on a set of variables. This study is motivated by the fact 

that in spite of the intensive research that has been done on growing yield and crop 
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production, such as research into application of fertilizers (Wu et al., 2013), fruit cracking 

(Zhang, Liu, He, 2012), etc., none of the studies have been in the area of jujube production. 

The purpose of the article is to fill this gap in our knowledge using data obtained from field 

surveys in China. Findings from this type of study will help to improve the efficient use of 

agricultural inputs in specific production zones, boost production, and enhance the earnings of 

jujube growers in the study area. 

Henan province used to be one of the most important jujube production regions in 

China. The share of jujube production in Henan to China declined sharply from 13.4 per cent 

in 2003 to 5.6 per cent in 2013 (Fig.1). This decline can be partly attributed to the dramatic 

expansion of the commercial apple industry
 
and the gradual decrease of jujube orchard 

acreage owing to the frequent cutting down of the trees by local growers in recent years. 

Consequently, growing concerns about jujube tree protection for ecological purposes and 

jujube industry development as an economic objective have received the interest of local 

government. Overall, this study seeks to estimate the efficiency of jujube growers and to 

analyze the determinants of technical and cost efficiency for commercial jujube production.  

 

 

 
Figure 1: Jujube Production in Henan Province During 2000-2013 

Source: Data of jujube production in Henan is obtained from Henan Statistical Yearbook 2008-2014; 

Data of jujube production in China is obtained from the Research Report on Chinese Jujube Market Competition 

and Development 2014-2019. http://www.chyxx.com/research/201403/235066.html 
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2. Methods 

 

A two-stage Data Envelopment Analysis (DEA) method is employed to achieve the 

objective. In the first-stage, the DEA technical stage, scale and cost efficiency scores 

involving traditional inputs and outputs are generated using DEAP software. In the second 

stage, the technical and cost efficiency scores from the first stage are regressed according to 

variables such as grower’s demographics, attainment of technical training or guidance, jujube 

specialization, etc. The sign of the variable coefficient indicates the direction of the influence. 

 

2.1. DEA 

 

DEA focuses on measuring performance of each production unit or decision-making 

unit (DMU) based on the evaluation of the relative efficiency of comparable DMU by 

estimating an empirical efficient boundary (Charnes and Cooper, 1984). The efficiency 

concept in this study is defined according to previous literature. Technical efficiency 

(hereafter, TE) was defined by Farrell (1957) as maximizing output from the lowest set of 

inputs. Cost efficiency (hereafter, CE) was defined by Coelli et al. (1998) as the ratio of input 

costs associated with input vectors. In other words, at the micro-level DEA focuses on the 

ability of growers to utilize the minimum cost to produce maximum revenue. Scale efficiency 

(hereafter, SE) was an indication of the amount that productivity could increase by moving to 

a point of technically optimal scale, as a grower might be technically efficient but not scale 

efficient (Coelli et al., 1998). Growers are of the appropriate size so that no agricultural 

organization will improve output.  

Cost minimization is appropriate if price data of inputs are available. It would then be 

possible to measure the allocative and technical efficiency of growers under the consideration. 

To achieve this, two sets of linear programs are required, one to measure technical efficiency, 

and the other to measure economic efficiency covering cost, alloactive, and scale efficiency. 

Two production frontiers consisting of constant returns to scale (CRS) and variable 

returns to scale (VRS) were pointed out by Färe, Grosskopf, Lovell (2013). The CRS is 

appropriate when all growers are operating at an optimal scale. However, from an agricultural 

production perspective, natural disaster, price fluctuation, government regulations, etc., might 

cause a grower to be unable to operate at optimal scale and might cause the output to be 
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uncontrollable (Wang, Huo, Kabir, 2013). Therefore, VRS cost minimization under the input-

orientated DEA model is more appropriate for obtaining technical efficiencies.  

Assuming there are data on K  inputs, and L outputs for each of J jujube grower. The 

cost minimization DEA model can be written as follows    

(1) 

Where jS
is a 1K  vector of input prices for the -thj jujube grower, 

jY  is the L J  

output matrix representing the data for all J  growers, 
*jX

, calculated by  linear 

programming, is the cost-minimizing vector of input quantities for the -thj grower, and   is a 

1J  vector of constants.  

The total cost efficiency (CE) of the -thj jujube grower is calculated as 

' * 'j j j jCE S X S X .                             (2) 

CE is expressed as the ratio of minimum cost for the -thj  grower. 

An example of scale efficiency with one-input and one-output is depicted in Figure 2 

which indicates the effect of scale on productivity and the returns to scale (Coelli et al., 1998; 

Kelly et al., 2013). Under CRS, the input-oriented technical inefficiency of the point E  is the 

distance CDE , whereas the technical inefficiency would be VDE under VRS. The difference 

between the two TE measures C VE E  is attributed by scale inefficiency. The concepts can be 

expressed in ratio efficiency measures as        

 

                                         (3)    
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All the efficiency scores must lie between 0 and 1 or equal 0 or 1. Particularly, there 

are often several values at 1, but usually none at or close to 0.  

Figure 2 Scale Efficiency and Returns to Scale 

 

In Figure 2, growers , ,A B C are all technical efficient under the assumption of VRS 

because they are all on the production frontier. Grower A is experiencing increase returns to 

scale (IRS) as it can improve productivity by moving towards point B , while grower 

C exhibits decrease returns to scale (DRS) and could increase its productivity by lowering the 

scale of operation to grower B . Grower B is at its optimum scale (CRS). 

 

2.2. Tobit analysis 

 

A significant proportion of the efficiency score is frequently equal to one. Tobit 

regression method is applied in this study, as it can account for truncated data (McCarty and 

Yaisawarng, 1993) and describe the relationship between a non-negative dependent 

variable
iy and an independent variable (or vector) iz . It supposes there is a latent (i.e., 

unobservable) variable *

iy  which linearly depends on iz via a parameter .  

 *  if * 0

0     if * 0
i i

i

y y

i yy


                            (5) 

*

i i iy Z    i ~ 2(0, )N                      (6) 

Where  determines the relationship between iz  and *

iy , i  is the error term and 

normally distribution. 
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3. Data 

3.1. Geographical position 

 

The landscape of Henan is a mixture of mountain, hill and plain. The annual average 

temperature is about 15.4 ℃ with the average annual precipitation of 696.1 mm (Source: 

Henan Statistical Yearbook 2015). Lingbao, a city at county level, is one of the biggest jujube 

plant region in Henan, locates at the junction of three provinces including Henan, Shanxi, and 

Shaanxi, and covers an area of 3.01km
2
 with 738 thousand households.  

 

3.2. Sampling procedure 

 

Original household survey data were collected from three jujube growing counties 

(JGC) in Henan province employing a stratified random sampling technique on the basis of 

jujube production. Questionnaire was designed and pre-tested in the field for its validity. The 

field survey was conducted in August 2014, 238 jujube growers were finally selected.  

The collected data involved in prices and various inputs, i.e., land, labor, fertilizer, 

chemicals and water for irrigation. The jujube yield and the financial value as the output 

sources were collected as well. Except for these variables, data on growers’ specific variables 

including age, educational attainment, technical training experience, and intensity of 

specialization that was assumed to influence efficiencies were also covered.  

 

4. Results and discussion 

4.1. Descriptive results  

 

The input model includes jujube plant size, labor, fertilizers, chemicals and irrigation 

(Table 1). Plant size refers to owned and rented land. Labor is expressed in full time 

equivalents based on total farm labor units referring to family and hired labor. Physical 

quantities of purchased fertilizers involve compound fertilizers and livestock manure. Jujube 

growers in the field survey sold products in fresh and/or dry way, the weighted average value 

of fresh and dry jujube quantity and sales price are calculated as the quantity and price of 

output used in DEA, respectively (Table 1). 
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Table 1: Definition of Variables 
Code  Variable description Unit  

Grower demographics and farm characteristics 

AGE Age of household head Years  

EDU Education attainment  Years 

TAGE Age of jujube trees Years 

HSZ Household size Persons 

HLSZ Household labor size Persons 

LSZ Land size  Mu
a
 

DETY Planting density  Number of trees/mu 

SPEL Intensity of specialization  Jujube acreage /Total crop acreage 

TRAI Technical training  1=yes; 0=otherwise 

DRYE Ownership of drying equipment 1=yes; 0=otherwise 

ASUB Subsidies for agricultural tools 1=yes; 0=otherwise 

IRRE Ownership of irrigation equipment 1=yes; 0=otherwise 

Quantity of inputs and outputs  

QJJU Jujube production 
b
 Kg/mu 

QJSZ Jujube acreage  Mu 
a
 

QFLB Farming days of family labor 
c
 Days/year 

QHLB Farming days of hired labor 
d
 Days/year 

QCOF Compound fertilizer  Kg/mu 

QMNU Livestock manure Kg/mu 

QCHM Chemical pesticide mm/mu 

QIRG Water for irrigation  Cubic meters (m
3
)/mu 

Price of inputs and outputs  

PJJU Jujube price 
e
 Yuan

f
 /Kg 

PRET Land rent  Yuan /mu 

PFLB Opportunity cost of family labor Yuan /day 

PHLB Wage of hired labor 
g
 Yuan /day 

PCOF Price of compound fertilizer Yuan/Kg 

PMNU Price of livestock manure Yuan /Kg 

PCHM Price of pesticide Yuan /mm 

PIRG Price of irrigation  Yuan /m³ 

Note: a1mu=0.067 hectare  

b  ; 1fresh driedJujube production aQ bQ a b    .Where 
freshQ and 

driedQ  are sales quantity, a and b  are sales 

percent for fresh and dry jujube, respectively. 

c

ploughing fertilizing spraying weeding pruning pickingQFLB FD FD FD FD FD FD       

d

ploughing fertilizing spraying weeding pruning pickingQHLB HD HD HD HD HD HD       

e   ( )fresh dried fresh driedJujube price aV bV aQ bQ   ; 1a b  Where 
freshV  and driedV  are total sales income of 

fresh and dry jujube, respectively. The other variables have the same explanation in note b.  
f $1=615.47 Yuan (Source: the People’s Bank of China, July 14, 2014). 
g       

   
    

female wage number of female male wage number of male
wage of hired labor

number of female number of male

  




 

 

Considering the sample set covers jujube trees with age differing from 20 years to over 

500 years, we also make a comparison of the efficiency between growers with jujube trees 
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over 100 years (hereafter, Ancient) and those with less than 100 years (hereafter, Non-

ancient). The following section analyze the survey data by univariate techniques for the two 

groups. 

 

4.1.1. General characteristics of growers 

 

Table 2 summarizes the univariate results of the variables related to jujube farm and 

grower-specific attributes. Growers in Ancient group demonstrated a larger farm size and 

higher degree of jujube planting specialization than those in Non-ancient group. The 

univariate analysis suggests that grower’s management size of land, their intensity of jujube 

plant specialization, and technical training experiences might have positive effect on technical 

efficiency.  

 

Table 2: Descriptive Statistics of Farm Characteristics 

 Ancient (n=94) Non-ancient (n=144)   

 Min Mean Max Std. Dev Min Mean Max Std. Dev P-value 

AGE 36 52.75 70 8.20 35 52.61 71 8.24 0.95 

EDU 0 8.90 12 2.31 0 9.35 15 2.35 0.15 

HSZ 2 4.63 8 1.21 2 4.41 10 1.38 0.24 

HLSZ 1 2.16 5 0.92 1 2.06 5 0.86 0.57 

LSZ 2 16.67
*
  40 8.83 1 11.96

*
  60 10.30 0 

SPEL 0.4 0.85
*
  1 0.21 0.33 0.93

*
  1 0.20 0.01 

TAGE 100 288.73
*
 500 231.74 6 18.40

*
 50 8.59 0 

TRAI - 0.38
*
  - 0.49 - 0.22

*
  - 0.42 0.01 

DETY 10.4 25.33
*
  55.6 10.48 10.6 31.05

*
  55.6 11.00 0 

DRYE - 0.23 - 0.43 - 0.32 - 0.47 0.16 

IRRE - 0.40 - 0.56 - 0.42 - 0.50 0.86 

Note
: * Differences between Ancient and Non-ancient jujube orchards statistically significant at 

p=0.05. 
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4.1.2. Price summary of inputs and output 

 

The univariate result of the necessary price information in the estimation of CE is 

shown in Table 3. Growers managing ancient orchard presented greater sales price, higher 

investment in compound fertilizer, livestock manure and irrigation, but a lower input in 

chemicals than those managing non-ancient trees. Adequate fertilizers were benefit for 

achieving the best economic returns (Campbell et al., 1990), and higher water use efficiency 

with drip irrigation helped to increasing the yields (Hanks et al., 1976). Thus, optimal 

investment in fertilizer and irrigation would raise jujube production. 

Table 3: Price Summary of Inputs and Outputs of Jujube Production in 2014 
   1 2 3 4 5 6 7 8 

 Code  PJJU PRET PFLB PHLB PCOF PMNU PCHM PIRG 

 Unit  Yuan/Kg Yuan/mu Yuan/day Yuan/day Yuan/Kg Yuan/Kg Yuan/mm Yuan/m
3
 

A Min 1.69 20 60 75 0.05 0.02 0.02 0.30 

Mean 5.83
*
 30.53 78.04 102.87 7.84

*
 0.70

*
 0.08

*
 1.37 

Max 14 43 92 120 107.4 5.2 0.29 20 

Std.Dev 3.20 4.56 9.12 13.83 19.93 1.01 0.06 2.30 

N Min 0.93 12 60 65 0.31 0.02 0.01 0.18 

Mean 4.66
*
 29.84 77.35 100.49 4.19

*
 0.42

*
 0.13

*
 0.82 

Max 12 34 92 150 24 3.42 1.13 3.2 

Std.Dev 2.81 3.74 9.30 13.55 3.32 0.65 0.12 0.52 

 P-value 0.00 0.20 0.57 0.57 0.03 0.01 0.00 0.01 

Note: A: ancient jujube trees (n=94); N: non-ancient jujube trees (n=144) 
*
 Differences between ancient and non-ancient jujube trees statistically significant at p=0.01 

 

4.1.3. Quantity summary of inputs and output 

 

Growers managing ancient orchard used less chemicals and hired more labors than 

non-ancient ones, and the differences were statistically significant (Table 4). In combination 

with the field discussion, the results can be partly explained by the fact that growers managing 

ancient orchard control pests with interplanting management practice, and weed by hand. 

Another reason perhaps is that jujube farm activity is labor-intensive in weeding and fruit-

thinning. This was pointed out by MacDonald, Korb, Hoppe (2013) that growers of high-

value commodities used labor intensively to produce high sales.  

Jujube sales price of ancient orchards is averagely 1.2 Yuan/Kg higher than non-

ancient ones despite of the higher production of non-ancient orchard. It implies a better jujube 

quality harvested from ancient orchard. 
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Table 4: Quantity Summary of Inputs and Outputs of Jujube Production in 2014 

  1 2 3 4 5 6 7 8 

  Code  QJJU QJSZ QFLB QHLB QCOF QMNU QCHM QIRG 

  Unit Kg/Mu Mu Days/year Days/year Kg/Mu Kg/Mu mm/mu m
3
/mu 

A Min 114.29 2 12 2 2.5 10 39 2.5 

Mean 427.68  13.89  58.83
*
  21.77

*
  79.59  819.34  679.97

*
  35.05

*
  

Max 900 40 172 64 400 6666.67 2925 200 

Std.Dev 179.38  8.35  32.75  16.40  68.21  1081.14  638.45  39.54  

N Min 31.25 1 10 2 7.5 11.7 8 5.46 

Mean 488.14  10.97  42.49
*
  11.72

*
  62.95  1045.68  1276.15

*
  107.10

*
  

Max 1500 55 142 72 375 12500 6815 2500 

Std.Dev 199.99  9.23  24.44  13.16  62.34  1780.25  1315.69  212.47  

  P-value 0.02  0.01  0.00  0.00  0.05  0.27  0.00  0.00  

Note: A: ancient jujube tree (n=94); N: non-ancient jujube tree (n=144) 

* Differences between ancient and non-ancient jujube tree are statistically significant at p=0.01 

 

4.2. DEA results  

 

Indexes of efficiency were evaluated separately for each sample according to the age 

of jujube tree and the management size of jujube orchard, applying the input-oriented, single-

output, and multi-input DEA. Cost-minimizing function was conducted to generate CE and 

TE scores.  

The efficiency estimation results suggested that ancient orchard was more efficient 

than non-ancient ones despite of the close efficiency scores between them. The TE was 

calculated 0.94 of ancient compared with 0.92 of non-ancient (Table 5). Although the indexes 

of CE were low in both groups, the CE for ancient group presented a higher mean value than 

non-ancient group.  

The most difference had been appeared in scale efficiency, calculated 0.81 and 0.72 

for ancient and non-ancient orchard, respectively. The mean value of 0.81 for SE of ancient 

trees highlighted that growers could generate 19.0 per cent extra production by becoming 

more scale efficient. It thus implies that growers managing non-ancient jujube orchard should 

considerate more on the management of inputs consumption to achieve better production 
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efficiency. The results are also positive as they suggest that jujube growers have the potential 

to reach the production targets through increasing levels of scale and technical efficiency. 

Efficiencies varied with the management scale of jujube orchards as well (Table 5). 

The CE scores were 0.48 and 0.42 for medium- and small-scale orchards, respectively. That 

is, medium- and small-scale growers in Henan could possibly lower the consumption of all 

kinds of inputs by 52.3 per cent and 57.7 per cent respectively without reducing the output. 

Despite of the lower SE of large-scale group compared with medium-scale, it exhibited a 

highest mean value of cost efficiency (0.63). This suggests that growers with limited farm size 

could still save part of inputs or raise cost efficiency through improving jujube orchard 

management techniques to keep the current level of output.  

Table 5: Average Efficiency Scores According to Tree Age and Size 
Classification by tree age (Ancient: over a hundred years, Non-ancient:otherwise) 

 Ancient Non-ancient 

SE 0.81 0.72 

TE 0.94 0.92 

AE 0.47 0.41 

CE 0.45 0.38 

No of sample 94 144 

Classification by size (mu) 
a
 

 small-scale  medium-scale  large-scale  

SE 0.68 0.86 0.83 

TE 0.90 0.96 0.95 

AE 0.47 0.50 0.65 

CE 0.42 0.48 0.63 

No of sample 109 105 24 

Note:
 a 

small-scale: lower than 10.0 mu; medium-scale: 10.0～20.0 mu; large-scale: more than 20.0 mu. 

 

4.3. Tobit results 

 

DEA has a drawback that no significance test exists for comparing the efficient scores 

of individual or groups of DMUs (Wang, Huo, Kabir, 2013). A second-stage Tobit analysis is 

used to adjust the DEA efficient scores (Table 6). 

Variable of hired labor size (HLSZ) showed a positive impact on TE. According to the 

field discussion, growers anticipated that hired labor potentially possessed a higher quality 

standard compared to family labor. In addition, educational attainment, technical training, and 

the intensity of jujube plant specialization positively affected TE. It can be inferred that labor 

with better technical knowledge quality might be easily to receive new planting techniques, 
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scientifically use fertilizers and chemicals, and thus improve technical efficiency. Previous 

studies have obtained similar results (Msuya and Ashimogo, 2006; Kidane and Ngeh, 2015). 

Ahmed, Lemma, Endrias (2014) also pointed out that technical training had statistically 

significant positive relationship with TE. 

The regression coefficients of whether growers having equipment for drying fresh 

jujube and facility for irrigation were positive and passed the test of significance, claiming 

that possess agricultural equipment was beneficial to increasing the technical efficiency. Our 

finding is in line with earlier results in the literature on a positive impact of TE (Rajendran, 

2014). 

With reference to CE (Table 6), educational attainment was found to be statistically 

significant at 0.01 levels in explaining comparatively higher CE, and indicated a positive 

impact. Growers with well education background could be more efficient in managing jujube 

orchards, and thus minimize the inputs to achieve high yield. 

Variables of the age of jujube trees (TAGE) and the intensity of specialization (SPEL) 

have positively and statistically significant impact on CE. It can be translated into that 

growers managing older trees and having higher degree of jujube plant specialization could 

reach superior cost efficiency. It makes sense that growers who give more consideration on 

orchard management would achieve better CE. Moreover, the result also indicates that the 

ancient orchard may access to better CE under the proper management. 

Farm size would reduce grower’s cost efficiency. In other words, larger management 

scale may not definitely lead to higher CE. It might be a misunderstanding of growers who 

keep complaining the difficulty of enlarging plant scale. On the contrary, paying more 

attention to improving technical skill and management practice instead of blindly chasing for 

large scale might be a wisdom way to optimize CE. 

Moreover, the impact of household labor size (HLSZ) on CE is statistically 

insignificant, probably because Chinese growers usually do not take themselves into 

consideration when being asked to calculate the labor cost. That is grower ignores the 

opportunity cost which is the cost of passing up the incomes obtaining from employment 

outside rural areas when making the decision of doing jujube farm work. 
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Table 6: Determinants of Techinical and Cost Efficiency 
TE Coefficient z-

Statistic 

Prob.   CE Coefficient z-Statistic Prob.   

  (Std. Error)       (Std. Error)     

AGE  0.00  -0.57  0.57  AGE  -0.07  -1.20  0.23  

  (0.00)        (0.06)      

EDU 0.01  1.7574
*
  0.08  EDU  0.07  3.0142

***
  0.00  

  (0.00)        (0.02)      

TRAI 0.04  1.8905
*
  0.06  TRAI -0.02  -0.94  0.35  

  (0.02)        (0.02)      

SPEL 0.04  1.9150
*
  0.06  SPEL 0.09  1.8908 

*
 0.06  

  (0.02)        (0.05)      

HLSZ 0.13  1.7608
*
  0.08  HLSZ 0.02  0.75  0.45  

  (0.07)        (0.02)      

DETY 0.00  -0.17  0.87  QJSZ -0.14  -10.0439
***

  0.00  

  (0.00)        (0.01)      

DRYE 0.10  4.5419
***

  0.00  TAGE 0.01  1.8495
*
  0.06  

  (0.02)        (0.01)      

IRRE 0.10  1.8193
*
  0.07      

  (0.06)          

 Note: * and *** indicate significance at the 10% and 1% levels, respectively. Standard errors are shown in 

parent.  

 

5. Conclusions  

 

This article has demonstrated a DEA-Tobit method to estimate the production 

efficiency of jujube growers in China. Empirical results would give information to 

policymakers and growers on how to better aim efforts to improve jujube production. DEA 

results suggest that jujube growers in Henan are not operating at full technical and cost 

efficiency level such that opportunities exist for improvement in TE and CE by growers 

minimizing cost without reducing yield.  

The study reveals that education attainment increases TE and CE. This agrees well 

with the previous reports that educated farmers are more efficient than less educated ones 

(Khoshroo et al., 2013). Obtainment of technical training, employment of labor who are 

specially trained to work in the cultivation and harvesting of jujube as a crop, and ownership 

of agricultural equipment would improve TE as well. In particular, Chinese government needs 

to raise investment in technical training which encourages knowledge sharing among growers, 

and provide appropriate technical extension services. Additionally, subsidies on agricultural 

equipment, particularly on jujube drier and drip irrigation, should be extended and specified to 

jujube growers to boost their technical efficiency.  
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Empirical results indicate that the intensity of jujube plant specialization has positive 

and significant contribution to TE and CE. The implication is that growers should focus more 

on jujube production to achieve specialization, and thus to minimize cost. Kelly et al. (2013) 

proved that raising specialization of Irish dairy farmers were associated with increase 

technical efficiency. This reinforces the fact that production specialization is one of the 

inevitable developing trends of improving agricultural productivity in China.  

We explicitly find trees over a hundred years are more technical- and cost efficient 

than those less than a hundred years. This implies that ancient trees in the study region need to 

be deeply protected by Chinese government and United Nations Educational, Scientific, and 

Cultural Organization (UNESCO). Because jujube forest with the history of more than a 

hundred years, which still have great efficiency after experiencing natural disasters, wars and 

man-made destroy, can be seen as an predominant and excellent germplasm resource for 

agricultural production in China and the world in the long run. Consequently, the preservation 

of this resource is an urgent task for Chinese government.  

There are, of cause, several limitations to the study. Only one year of data were used 

in the study due to restrictions in data access. An extended dataset over a longer time period 

would be beneficial to future studies. Alternatively, future studies can enlarge the sample 

regions to consider the influence of environment variables on efficiency. 

 

6. References  

 

AHMED, M. H., LEMMA, Z.; ENDRIAS, G. Technical efficiency of maize producing 

farmers in Arsi Negelle, Central rift valley of Ethiopia: Stochastic frontier approach. 

Agriculture & Forestry. v. 60, n. 1, p. 157-167, 2014. 

 

ASSA, M.M.; EDRISS, A.K.; MATCHAYA, G.C. Cost efficiency, Morishima, Allen-Uzawa 

and cross-price elasticities among Irish potato farmers in Dedza District, 

Malawi. International Journal of Economic Sciences and Applied Research, v. 6, n. 1, p.59-

73, 2013. 

 

BAI, Y.; WANG, Y. Spatial variability of soil chemical properties in a Jujube slope on the 

Loess Plateau of China. Soil Science, v. 176, n. 10, p.550-558, 2011. 

 

http://www.custoseagronegocioonline.com.br/


Technical and cost efficiency of jujube growers in Henan Province, China 

Wang, L., Hu, R. 
 

 

Custos e @gronegócio on line - v. 12, n. 2 – Apr/Jun - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

294 

BŁAŻEJCZYK-MAJKA, L.; KALA, R.; MACIEJEWSKI, K. Productivity and efficiency of 

large and small field crop farms and mixed farms of the old and new EU regions, Agricultural 

Economics, v. 58, n. 2, p. 61-71, 2012. 

 

CABRERA, V.E.; SOLIS, D.; DEL CORRAL, J. Determinants of technical efficiency among 

dairy farms in Wisconsin, Journal of Dairy Science, v. 93, n. 1, p. 387-393, 2010. 

 

CAMPBELL, C.A.; ZENTER, R.P.; JANZEN, H.H.; BOWREN, K.E.  Crop rotation studies 

on the Canadian prairies, 1990.  

 

COELLI, T.J.,;RAO, D.S.P.; O'DONNELL, C.J.; BATTESE, G.E. An introduction to 

efficiency and productivity analysis, Springer Science & Business Media, 1998. 

 

CHARNES, A.; COOPER, W.W. Preface to topics in data envelopment analysis, Annals of 

Operations Research, v. 2, n. 1, p. 59-94, 1984. 

 

DE BORGER, B.; KERSTENS, K. Cost efficiency of Belgian local governments: A 

comparative analysis of FDH, DEA, and econometric approaches, Regional Science and 

Urban Economics, v. 26, n. 2, p. 145-170, 1996. 

 

FÄRE, R.; GROSSKOPF, S.; LOVELL, C.K. The measurement of efficiency of 

production (Vol. 6), Springer Science & Business Media, 2013.  

 

GAO, Q.H.; WU, C.S.; WANG, M. The jujube (Ziziphus jujuba Mill.) fruit: A review of 

current knowledge of fruit composition and health benefits”, Journal of Agricultural Food 

Chemistry. v. 61, p. 3351–3363, 2013. 

 

HANKS, R.J.; KELLER, J.; RASMUSSEN, V.P.; WILSON, G.D. Line source sprinkler for 

continuous variable irrigation-crop production studies, Soil Science Society of America 

Journal, v. 40, n. 3, p. 426-429, 1976. 

 

HOSSAIN, E.; RAHMAN, Z. Technical Efficiency Analysis of Rice Farmers in Naogaon 

District: An Application of the Stochastic Frontier Approach, Journal of Economics and 

http://www.custoseagronegocioonline.com.br/


Technical and cost efficiency of jujube growers in Henan Province, China 

Wang, L., Hu, R. 
 

 

Custos e @gronegócio on line - v. 12, n. 2 – Apr/Jun - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

295 

Development Studies, v. 1, n. 1, p. 2-22, 2012. 

 

HUANG, J.; WANG, J.; ZHAO, X.; LI, H.; JING, Z.; GAO, X.;  WU, P. Simulation study of 

the impact of permanent groundcover on soil and water changes in jujube orchards on sloping 

ground, Land Degradation & Development. 

http://onlinelibrary.wiley.com/doi/10.1002/ldr.2281/epdf, 2014a. 

 

HUANG, J.; WANG, J.; ZHAO, X.; WU, P.; QI, Z.; LI, H. Effects of permanent ground 

cover on soil moisture in jujube orchards under sloping ground: A simulation 

study, Agricultural Water Management, v. 138, p. 68-77, 2014b. 

 

HUA, Y.; SONG, Y.; LI, J.; TIAN, C.; ZHOU, X.G.; AND LI, L. A proposed systemic 

modeling software for jujube fruit cracking, American Journal of Plant Sciences, v. 6, n. 5, p. 

565-573, 2015. 

 

JIANG, N.; SHARP, B. Cost Efficiency of Dairy Farming in New Zealand: a stochastic 

frontier analysis, Agricultural and Resource Economics Review, v. 43, n. 3, p. 406, 2014. 

 

KELLY, E.; SHALLOO, L.; GEARY, U.; KINSELLA, A.; THORNE, F.; WALLACE, M. 

An analysis of the factors associated with technical and scale efficiency of Irish dairy 

farms, International Journal of Agricultural Management, v. 2, n. 3, p. 149-159, 2013. 

 

KHOSHROO, A.; MULWA, R.; EMROUZNEJAD, A.; ARABI, B. A non-parametric Data 

Envelopment Analysis approach for improving energy efficiency of grape 

production, Energy, v. 63, p.189-194, 2013. 

 

KIDANE, A.; NGEH, E.T. A comparative analysis of technical efficiency of smallholder 

tobacco and maize farmers in Tabora, Tanzania, Journal of Development and Agricultural 

Economics, v. 7, n. 2, p.72-79, 2015.  

 

LI, J. W.; DING, S.D.;  DING, X.L. Comparison of antioxidant capacities of extracts from 

five cultivars of Chinese jujube, Process Biochemistry, v. 40, n. 11, p. 3607-3613, 2005. 

 

http://www.custoseagronegocioonline.com.br/
http://onlinelibrary.wiley.com/doi/10.1002/ldr.2281/epdf


Technical and cost efficiency of jujube growers in Henan Province, China 

Wang, L., Hu, R. 
 

 

Custos e @gronegócio on line - v. 12, n. 2 – Apr/Jun - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

296 

MACDONALD, J. M.; KORB, P.; HOPPE, R.A. Farm size and the organization of US crop 

farming, US Department of Agriculture, Economic Research Service, 2013. 

 

MCCARTY, T.A.; YAISAW, J.; SARNG, S. Technical efficiency in New Jersey school 

districts, The measurement of productive efficiency: Techniques and applications, p. 271-287, 

1993. 

 

MSUYA, E.E.; ASHIMOGO, G.C. An estimation of technical efficiency in Tanzanian 

sugarcane production: A case study of Mtibwa sugar company outgrower’s scheme, Journal 

of Economics Development, v. 1, p.12-28, 2006.  

 

MOHAMMADI, A.; RAFIEE, S.; MOHTASEBI, S.S.; AVVAL, S.H.M.; RAFIEE, H. 

Energy efficiency improvement and input cost saving in kiwifruit production using Data 

Envelopment Analysis approach, Renewable Energy, v. 36, n. 9, p. 2573-2579, 2011. 

 

MOUSAVI-AVVAL, S.H.; MOHAMMADI, A.; RAFIEE, S.; Tabatabaeefar, A. Assessing 

the technical efficiency of energy use in different barberry production systems, Journal of 

Cleaner Production, v. 27, p.126-132, 2012. 

 

RAJENDRAN, S. Technical Efficiency of Fruit and Vegetable Producers in Tamil Nadu, 

India: A Stochastic Frontier Approach, Asian Journal of Agriculture and Development, v. 11, 

n. 1, p. 78-93, 2014. 

 

Research Report on trend of Chinese Jujube Market Competition and Development 2014-

2019. http://www.chyxx.com/research/201403/235066.html., 2014. 

 

SU, P.; LIU, X. Photosynthetic characteristics of linze jujube in conditions of high 

temperature and irradiation, Scientia horticulturae, v. 104, n. 3, p. 339-350, 2005. 

 

TOBIN, J. Estimation of relationships for limited dependent variables, Journal of the 

Econometric Society,  p.24-36, 1958. 

 

WANG, L.; HUO, X.; KABIR, S. Technical and cost efficiency of rural household apple 

http://www.custoseagronegocioonline.com.br/
http://www.chyxx.com/research/201403/235066.html


Technical and cost efficiency of jujube growers in Henan Province, China 

Wang, L., Hu, R. 
 

 

Custos e @gronegócio on line - v. 12, n. 2 – Apr/Jun - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

297 

production”, China Agricultural Economic Review, v. 5, n. 3, p. 391-411, 2013. 

 

WU, C.S.; GAO, Q.H.; KJELGREN, R.K.; GUO, X.D.; WANG, M. Yields, phenolic profiles 

and antioxidant activities of Ziziphus jujube Mill. in response to different fertilization 

treatments, Molecules, v. 18, n. 10, p. 12029-12040, 2013. 

 

XIAO, S.; WANG, Y.K.; LI, P.H.; LIN, J.; XIN, X.G.; LU, J.H.; ZHAO, X. Soil moisture 

among pants and in rows of the close planting Jujube forest in the loess hilly and gully 

region, Agricultural Research in the Arid Areas, v. 30, p. 83-87, 2012. 

 

ZHANG, Y.; LIU, F.; HE, Z.W. Jujube Industry Export Trade Analysis of China (in Chinese), 

Agricultural Outlook, v. 1, p. 51-54, 2012. 

 

ZHANG, G.R.; WANG, Z.L.; LI, K.S.; SHAO, X.H.; ZHANG, D.F. The red fruit anti-

cracking Technology on jujube (in Chinese), Northern Horticulture, v. 17, p.145-148, 2012.  

 

Acknowledgements  

 

The research is based upon work supported by the Fundamental Research Funds for 

the Central Universities under Grant No. lzujbky-2015-39, Agricultural Heritage 

Conservation Plan funded by Lingbao City, Henan Province, and Program for Changjiang 

Scholars, and Innovative Research Team in University under Grant No.IRT13019. The 

authors would like to show great appreciation to the anonymous reviewers whose precious 

suggestions significantly improved the paper. 

 

 

http://www.custoseagronegocioonline.com.br/

