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ABSTRACT

The existing rural land tenure system in many developing countries is characterized by imperfections and
conflicts. In rural regions of China, although most farmers possess land tenure certificates, there are instances
where these certificates do not align with the actual land use. This study examines the technical efficiency (TE) of
smallholder rubber farming at the plot level in Xishuangbanna Dai Autonomous Prefecture (XSBN) in Yunnan
Province, China, using three-wave panel data. Additionally, the study aims to estimate the impact of inconsistent
land tenure certificates on rubber plantations. The TE of smallholder rubber farming in XSBN ranged from 0.01 to
0.89, with an average of 0.554. The possession of a land tenure certificate indirectly enhances the TE of
smallholder rubber farming by optimizing factor inputs. Furthermore, the TE of rubber plantations with
forestland tenure certificates surpasses that of rubber plantations with farmland tenure certificates. This inves-
tigation sheds light on the issue of inconsistent land tenures in the context of economic forest expansion in
southern China and advocates for further research in related areas. The findings contribute to the existing
empirical evidence on the TE of smallholder rubber farming.

1. Introduction

While land tenure reform has been conducted in most developing
countries in past decades, the current rural land tenure systems remain
imperfect and sometimes run with some flaws or violations. In rural
China, although land tenure and institutional reforms have made most
farmers obtain land tenure certificates, the type of land tenure certificate
is occasionally inconsistent with actual land use. This situation typically
emerges when the use of farmland is converted into economic forests,
but the farmland tenure is not correspondingly changed to forestland
tenure, and it is particularly prevalent in mountainous areas. For
example, in recent decades, the land use in the upper Mekong region in
Southwest China has dramatically changed, and rainforest, secondary
forest, jungle, and farmland have been converted to monoculture rubber
plantations (Chapman, 1991; Xu et al., 2005; Fu et al., 2009; Fox and

Castella, 2013; Min et al., 2017a, 2019). Because of legal concerns,
rubber plantations converted from rainforests cannot be issued tenure
certificates, while those converted from economic forests can obtain
forestland tenure certificates. However, rubber plantations that have
been converted from farmland can be granted either farmland or
forestland tenure certification in an early period. With land conversion
under the ‘Grain to Green’ program,’ farmland-converted rubber plan-
tations are frequently issued forestland tenure certificates. Nevertheless,
the farmland-converted rubber plantations, which are not supported by
the ‘Grain to Green’ program, are only granted farmland tenure certif-
icates. Accordingly, plantations growing natural rubber may have
different types of land tenure certificates.

A question arises as to whether different types of land tenure cer-
tificates for rubber plantations could result in variations in rubber pro-
duction. Do the similarities or differences in the two types of land tenure
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certificates play significant roles in the performance of rubber produc-
tion? In the literature, numerous studies have investigated the produc-
tivity effects of land property rights and land tenure systems (Anderson
and Lueck, 1992; Place and Hazell, 1993; Ouedraogé et al., 1996;
Gavian and Ehui, 1999; Smith, 2004; Place, 2009; Huang et al., 2017;
Lawin and Tamini, 2018). However, the findings are ambiguous. For
instance, the study by Place and Otsuka (2002) concluded that tenure
implications were considered by farmers when making investments,
while tenure had no impact on the productivity of crop farming in
central Uganda. In contrast, Holden et al. (2009) found significant and
positive effects of the low-cost land certification implemented in
Ethiopia on the investment in trees and land productivity. The system-
atic review by Place (2009) found heterogeneities in the relationships
between land tenure security and agricultural productivity in Africa. It
argued that the relations might hinge on the overarching macro and
sectoral conditions within which tenure systems operate.

In rubber production, although some studies have examined pro-
ductivity and technical efficiency (TE) (Son et al., 1993; Suyanto et al.,
2001; Giroh and Adebayo, 2007, 2009; Edirisinghe et al., 2010; Giroh
et al., 2011; Mustapha, 2011; Longpichai et al., 2012; Poungchompu and
Chantanop, 2015; Kittilertpaisan et al., 2016; Parichatnon et al., 2018),
few studies have focused on the impacts of land tenure status. For
example, Aliyu et al. (2017) found that the average TE was 0.73 for
smallholder rubber farming in Malaysia and showed that it was influ-
enced by the number of household members, tapping experience, and
the visiting frequency of extension agents. Based on a case study of
rubber production in Indonesia, Suyanto et al. (2001) found an insig-
nificant difference in the efficiency of the two rubber production systems
between newly emerging private ownership and customary ownership.
The authors argued that this finding was because tree planting conferred
more substantial individual rights to land with weak rights, such as
family land, under customary land tenure systems.

The limited empirical evidence on the impacts of land tenure status
on the TE of rubber production is insufficient to support relevant policy
decision-making. Especially in China, a research gap remains on the TE
of rubber production due to limited data accessibility. In recent years,
the self-sufficiency ratio of natural rubber in China has been <30% and
continues to decrease. A better understanding of the TE of rubber pro-
duction can promote improved rubber production efficiency and natural
rubber strategic resource self-sufficiency. Moreover, whether rubber
plantations with different land tenure statuses show heterogeneous
production performance in China is also unclear. The answer to this
question is related to whether land tenure certificates for rubber plan-
tations need to be reissued. Compared with other rubber planting
countries, such as Malaysia and Indonesia, the land tenure system in
China is relatively more complex; therefore, more studies on the TE of
rubber production and the impacts of land tenure status in China are
needed.

The objective of this study is to investigate the TE of smallholder
rubber farming and examine the impact of inconsistent land tenure
certificates of rubber plantations. We use a translogarithmic stochastic
frontier production function and technical inefficiency model to reach
the objective. Relying on a panel of rubber production data collected
from approximately 600 smallholders in XSBN, this study empirically
examines the impact of land tenure status on the TE of smallholder
rubber farming. A mechanism analysis is conducted to test whether
inconsistent land tenure certificates affect TE by changing input factors.
A propensity score matching (PSM) approach was used for robustness
checks to control the potential selection bias of land tenure status due to
observable variables. The treatment effects were calculated to assess the
impact of different land tenure certificates on the TE of smallholder
rubber farming.

The contributions of this study are threefold. First, this study un-
derlines the phenomenon of inconsistent land tenure in the context of
the expansion of economic forests in Southwest China. While many
previous studies focus on land tenure certifications in China (e.g., Ma
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et al., 2017; Gao et al., 2017; Ren et al., 2020), the inconsistency be-
tween land use certificates and actual land use is not noticed. Thus, this
study contributes new insights for land tenure-related studies and calls
for more studies on the related issues of inconsistent land tenure cer-
tificates. Second, the study supplements the literature on the produc-
tivity and TE of smallholder rubber farming in China and provides
rigorous evidence on the management of efficient rubber plantations.
Third, the findings of this study have an important reference implication
for tree crop plantations with inconsistent land tenure certificates in
developing countries that may also have multiple categories in their
land tenure systems.

The remaining components of this paper are organized as follows.
The next section presents a conceptual framework regarding inconsis-
tent land tenure certificates and rubber production and proposes two
research hypotheses. Section 3 presents the model specification and
empirical strategy, and Section 4 introduces the data source and statis-
tically describes the critical variables used in this study. Section 5 re-
ports the estimation results of the established production function and
technical efficiency model. Section 6 is the mechanism analysis, while
Section 7 presents a series of robustness checks. The final section con-
cludes with major findings and policy implications.

2. Conceptual frameworks
2.1. Inconsistent land tenure certificate

The various types of land tenure certificates in rural China have some
commonalities but also differences in land use regulations (Table A.1).
In the 1990s, China’s central government established a fixed 30-year
certificate for farmland tenure (Wang et al., 2011) and then policies
on the reform of collective forestland rights (Huang, 2019). Thereafter,
China implemented a new round of collective forestland tenure reform
during 2003-2013 (Xie et al., 2014), while forestland tenure certificates
were issued to individual households with an effective period of 70 years
(Yin et al., 2013). Both types of land tenure certificates can be renewed
upon maturity and contribute to guaranteeing farmers’ property rights
and protecting their land security (Table A.1). However, the actual land
use regulations vary in the different types of tenure certificates. The
disparities in primary land use restrictions are distinct between land
holding a farmland tenure certificate and one with a forestland tenure
certificate (see Table A.1). For example, in the case of land possessing a
farmland tenure certificate, the conversion of crops to any legally
recognized agricultural crop and temporary trees, such as seedling trees,
is considered lawful. However, in light of escalating concerns regarding
food security, China explicitly prohibits the cultivation of economic
trees such as fruit trees and rubber trees on farmlands. In certain regions,
fruit trees planted on farmlands are even compulsory replaced with
grain crops. Consequently, a farmland tenure certificate does not pro-
vide sufficient guarantees for the property rights associated with eco-
nomic trees.

Over the past few decades, there has been a significant increase in
rubber cultivation among smallholder farmers in Southwest China, with
rubber even being cultivated on farmlands. Accordingly, rubber plan-
tations in Southwest China can be categorized into three types based on
the status of land tenure certification: 1) rubber plantations without a
land tenure certificate (N), 2) rubber plantations with farmland tenure
certificates (L), and 3) rubber plantations with forestland tenure certif-
icates (F). The second type of land tenure certificate (L) is inconsistent
with actual land use and is defined as an inconsistent land tenure cer-
tificate in this study.

While both farmland and forestland tenure certificates contribute to
ensuring land security, forestland tenure certificates offer greater pro-
tection for smallholders’ property rights in relation to rubber plantations
compared to farmland tenure certificates. Firstly, in terms of primary
land use restrictions outlined in Table A.1, the cultivation of rubber trees
on farmlands is deemed illegal, with a risk of compulsory conversion
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into grain production. Conversely, the conversion of rubber plantations
under forestland tenure certificates into other tree crops or forested
areas requires the approval of the local forestry administration; any
changes in land use without proper authorization may result in
penalties.

To sum up, tenure security in rubber plantations varies depending on
the type of land tenure certificate. Forestland tenure certificates (F)
provide the strongest guarantee of property security for rubber planta-
tions, followed by farmland tenure certificates (L). Rubber plantations
without a land tenure certificate (N) have the lowest level of security.
Generally, land tenure status determines the perceived security of land
tenure by smallholders (Xu and Hyde, 2018; Ren et al., 2020). Thus,
smallholders’ perceptions of land tenure security (P) of rubber planta-
tions with different types of land tenure certification should have the
relationship:

PN < P|_ < PF. (l)

2.2. Impact of an inconsistent land tenure certificate on TE

Previous studies suggest that land tenure certificates play an
important role in agricultural production and technical efficiency (Ma
et al., 2017; Michler and Shively, 2015; Suyanto et al., 2001). For
instance, the study of Gao et al. (2017) found significant impacts of land
tenure certificates on agricultural investment. Similarly, forestland
tenure status also significantly affected forest management and invest-
ment intensity (Qin and Xu, 2013; Xie et al., 2014). Unfortunately, to
date, the impacts of inconsistent land tenure certificates remain unclear
due to the lack of empirical evidence. Referring previous studies, we
further draw a framework regarding the impact of land tenure status of
rubber plantations on the TE of smallholder rubber farming (Fig. A.1.).
The rest of this section would conceptually illustrate the possible im-
pacts of inconsistent land tenure certificates on TE of smallholder rubber
farming.

Referring to prior studies (Son et al., 1993; Yiet al., 2014; Chen et al.,
2017; Xu and Hyde, 2018), the production of natural rubber (Y) could be
expressed simply as a function of various inputs (I):

Y =f(l) ©)

where I is a vector of input factos such as labor and capital. Following
the conceptual framework linking land tenure and agricultural pro-
duction developed by Place (2009), improved land tenure security can
promote agricultural investments (Yi et al., 2014; Qin and Xu, 2013; Gao
et al., 2017). Thus, the vector of various inputs of rubber plantations (I)
could be written as a function of the perceived security of land tenure

P):
I =g(P) 3)

where the fucntion, g(P), is an increasing function, i.e., % > 0.

By incoporating Eq. (3) into Eq. (2), we can yield that improved land
tenure security could encourage farmers to invest more in rubber
plantations and thereby affect the production and efficiency, in a line
with previous studies (Zhang and Owiredu, 2007; Zhou et al., 2022).
Suppose that the production of rubber plantations (Y) may corre-
spondingly increase with inputs, i.e., %>0. Thus, the impact of land
tenure security on the production of rubber plantations could be

— 0Yxdl
ol oP

promot the production of rubber plantation.
Considering that both P; and Py are larger than Py in inEq. (1), the
first hypothesis could be expressed as follows:

expressed as 2% > 0, i.e., improved security of land tenure could

H1. Compared with no land tenure certificate, both farmland and
forestland tenure certificates could improve the TE of smallholder rub-
ber farming.

Furthermore, given that Py < Py, < Prin inEq. (1), the hypothesis with

Forest Policy and Economics 161 (2024) 103168

regard to the inconsistent land tenure certificate could be derived as
follows:

H2. TE of rubber plantations with inconsistent (farm) land tenure
certificates should be relatively low compared to that of rubber plan-
tations with forestland tenure certificates.

The third hypothesis regarding the impact mechanism of land tenure
status on the TE of smallholder rubber farming could be derived as
follows:

H3. Inputs should be a mechanism through which land tenure status
affects the TE of rubber plantations.

3. Empirical methods

To test the research hypotheses, this study employs a trans-
logarithmic stochastic frontier production function and technical in-
efficiency model. Numerous studies have been conducted to examine the
productivity and TE of forestry and agroforestry, including natural
rubber (Giroh and Adebayo, 2009; Chand et al., 2015; Susaeta et al.,
2016; Wang et al., 2016; Aliyu et al., 2017; Murtaza and Thapa, 2017).
For instance, Chen et al. (2017) employed stochastic frontier analysis to
examine the production efficiency of the forestry industry in China. Son
et al. (1993) employed a time-varying stochastic frontier production
function model to analyze the TE of natural rubber production by state
farms in Vietnam, while Parichatnon et al. (2018) investigated the TE of
rubber production in Thailand using a three-stage data envelopment
analysis (DEA) model. Following Son et al. (1993), this study is based on
the conceptual framework of the stochastic production frontier.
Furthermore, referring to previous studies (e.g., Battese, 1992; Coelli,
1995; Yao and Liu, 1998; Jin et al., 2010; Michler and Shively, 2015;
Huang et al., 2016; Aliyu et al., 2017), a translogarithmic stochastic
frontier production function and technical inefficiency model were
developed in this study. Notably, to characterize the rubber production
process, a production function with inputs of labor and operating capital
was developed in this study by following the studies of Newman and
Wear (1993) and Yin and Newman (1997).

3.1. Stochastic production function model

Following Pitt and Lee (1981), Dawson et al. (1991), and Michler and
Shively (2015), we defined a stochastic production function model with
multiplicative disturbances as follows:

y = F(x)e 4)

where x is a vector of input factors, including labor and operating capital
(Yin and Newman, 1997); F(x) is the theoretical maximum output; y is
the observed yield; and ¢ is a stochastic error term composed of two
independent elements. Following the specification of Aigner et al.
(1977) and Meeusen and van den Broeck (1977), ¢ can be expressed as
follows:

e=u+v (5)

where the symmetric component v is a stochastic variable representing
uncontrolled random shocks in the production process, such as tem-
perature, rain, and disease. We assumed that v was independently and
identically distributed as N(0,62). In u~ N(0,02), the one-sided
distributed component u < 0 represents technical inefficiency relative
to the production frontier, reflecting that the output lies on or below the
frontier. In other words, the absolute value of u reflects the distance from
the observed efficiency to the production frontier.

The model was further adjusted to accommodate panel data by
assuming that production can be represented by a log-linear function
(Dawson et al., 1991). Then, a variance components model could be
derived by combining Egs. (4) and (5):
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Yir = f(xkin ﬂ) et (6)

where xy;; denotes the Kt input (k =1, ..., m) on the i" rubber plot in the
observed year t, and f is a vector of parameters to be estimated. Thus, the
plot-level TE can be measured by the ratio of observed yield to the
maximum achievable stochastic level given that TE is fully realized:

wi _ Vit
e f—(xm Y 7)

3.2. Model specification

While both the Cobb-Douglas specification and the translogarithmic
form for the production function (6) have been used in previous studies
that have estimated the TE for rubber plantations (Son et al., 1993;
Edirisinghe et al., 2010; Mustapha, 2011), we preferred the trans-
logarithmic form of the stochastic production frontier for conceptual
reasons (Michler and Shively, 2015). According to the conceptual
framework presented above and referring to previous studies on forest
production (Newman and Wear, 1993; Yin and Newman, 1997), the
production function of rubber can be specified as follows:

1 1
In(yi) =Py + ByIn(x1ie) + Boln (i) + Eﬁ] 1 (l’mlir)2 + Eﬁzz(lnxzn)z
+ Braln(xyi ) In(xi) + i +vig

®

In the equation, the yield of natural rubber (y;) in kilograms per mu
of each rubber plot hinges on two quantitative inputs: x;; represents the
total input of labor force measured in workdays per mu of each rubber
plot in year t, and xy;, indicates the input of operating capital measured
in Yuan per mu of each rubber plot in year t.

With Eq. (7), the empirical TE of rubber production for the i rubber
plot in the observed year can be written as follows:

. . ) etttV
TE, = Yie _ Vit f(xku)e = ol 9)

Vi flua)e  f ()’

where TE () is assumed to hinge on the land tenure certificate status
(It) and the characteristics of rubber plots (p), rubber plantations (r), and
households (h). Thus, u; can be written in a linear form:

exp(uy) = ag + Z‘gjhjir + Z'glpm + Zﬂmrmir + anhnit (10)
J ! m n

In the equation, the explanatory variables are described in detail in
Table 1, while the coefficients 6, 9, u, and p are used to capture the
impacts of these variables on efficiency.

3.3. Estimation procedure

First, the stochastic frontier denoted in Eq. (8) is estimated by
additionally controlling for the characteristics of rubber trees, plots, and
elevation as well as the fixed effects of year and village because natural
rubber is perennial, and the production process is different from that of
annual crops, such as rice and wheat. Second, the predicted TE from the
estimation of Eq. (8) is incorporated into Eq. (10) to assess the impacts of
land tenure status on the TE of smallholder rubber farming. Because this
study employs panel data on smallholder rubber farming, we adopt a
fixed-effect model and a random-effect model. A Hausman test, then, is
used for the choice of models. In the estimation, the fixed effect of the
year is included to control for all time-invariant differences, while the
fixed effect of the village is also used to control for all time-variant
changes and possible spatial heterogeneity (Sibhatu et al., 2022).

Determining the causal impact of land tenure status on natural
rubber production might be affected by confounding factors and/or
reverse causality. However, by reviewing the issuing process of land
tenure certificates among smallholder rubber farmers in XSBN, we
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Table 1
Descriptive statistics of the variables.
Symbol  Variable Unit and Mean
Coding
2012 2014 2018
Plot level
Y Yield of rubber kg/mu 105.963  108.449  112.439
cake
X1 Labor workday®/mu 27.670 12.960 12.898
X2 Operating Yuan/mu 193.483  141.695  98.639
capital
Ity Farmland tenure 1=o0wn; 0= 0.247 0.059 0.029
certificate otherwise
Ity Forestland 1=o0wn; 0= 0.641 0.861 0.930
tenure otherwise
certificate
P1 Plot area mu 11.868 12.249 11.541
P2 Slope of land 1=yes; 0= 0.893 0.900 0.914
otherwise
P3 Condition of 1 =yes; 0= 0.053 0.052 0.047
land (poor)# otherwise
P4 Condition of 1=yes; 0= 0.571 0.648 0.602
land (general) otherwise
s Condition of 1 =yes; 0= 0.376 0.331 0.351
land (good) otherwise
ry Rubber variety 1 =yes; 0= 0.516 0.446 0.482
(€)] otherwise
r2 Rubber variety 1=yes; 0= 0.077 0.089 0.115
(b) otherwise
rs Rubber variety 1 =yes; 0= 0.115 0.150 0.139
() otherwise
rq Rubber variety 1=yes; 0= 0.292 0.316 0.253
(other)# otherwise
s Age of rubber Years after 17.465 17.068 19.536
tree growing
T Density of trees/mu 34.748 34.693 35.885
rubber tree
Obs. 833 855 892
Household-level
h; Age of year 48.060 48.337 50.087
household head
hy Education of year 4.163 4,321 4.597
household head
h3 Gender of 1 = female; O 0.060 0.080 0.072
household head = otherwise
hy Ethnicity (Dai) 1=yes; 0= 0.690 0.673 0.702
otherwise
hs Ethnicity (Hani) 1 =yes; 0= 0.175 0.190 0.173
otherwise
he Ethnicity (other) 1 =yes; 0= 0.135 0.137 0.125
# otherwise
h; Household size number 5.269 5.441 5.360
hg Elevation (above m 705.833 716.753 690.703
sea level)
Obs. 467 424 414

Source: Author’s survey; # reference group in the estimation.
@ Eight hours per workday.

determined that land tenure status is exogenous in explaining rubber
production. First, the issuance of land tenure certificates is implemented
by the local government and is fair for all smallholders and land; thus,
the land tenure status is orthogonal to the ability of smallholders or the
productivity of specific land. Second, the issuance of land tenure cer-
tificates is not implemented if there are any disputes and conflicts on the
specific land. If there is unclear ownership due to traditional land use
rights among the different ethnic groups and the previous uncontrolled
expansion of rubber plantations, the land rights may be disputed among
farmers, villages, and local state farms (Min et al., 2017d). Therefore,
some rubber plantations do not have land tenure certificates. In sum-
mary, we believe that assessing the impact of land tenure status on
rubber production does not suffer from reverse causality.



S. Min et al.
4. Data and descriptive statistics
4.1. Data sources

The data used in this study were from XSBN, located in the southern
region of Yunnan Province, China. Because the profits of rubber farming
were relatively higher than the benefits previously obtained by culti-
vating other crops (Liu et al., 2006; Xu, 2006; Ahrends et al., 2015),
natural rubber plantations have expanded rapidly in the region. From
2004 to 2016, the area of rubber plantations in XSBN increased from
2.59 to 4.57 million mu, which produced 0.32 million tons of dry rubber
by 2016 (Bureau of Statistics of Xishuangbanna Dai Autonomous Pre-
fecture, 2017). Natural rubber production is currently the primary land
use in XSBN (Fu et al., 2009; Ahrends et al., 2015; Zhang et al., 2015).

Data were collected from a three-wave household survey conducted
in 2013, 2015, and 2019. In March 2013, we conducted a baseline
survey of smallholder rubber farmers in XSBN. To ensure the represen-
tativeness of the samples, we applied a stratified random sampling
approach by accounting for the rubber planting area per capita and the
distribution of rubber planting areas across townships (Min et al.,
2017a). Details of the sample selection procedure can be found in Min
et al. (2017b). In the field survey, a household questionnaire that
included detailed information on the socioeconomic characteristics of
all family members, land use, rubber farming activities in the last pro-
duction season and farm and nonfarm income sources, and other ques-
tions relevant to rubber were used. A village questionnaire was used to
interview the head of each sampled village to collect the necessary
village-level information, such as population, agricultural development,
infrastructure, and transportation. Finally, information on 612 small-
holder rubber farmers from 42 villages in 8 townships in XSBN was
collected. Two waves of follow-up surveys were conducted in March
2015 and March 2019; accordingly, approximately 600 smallholder
rubber farmers were successfully traced.

The data of rubber plantation at the plot level were also included in
the household questionnaires and collected during the survey. As there
are many plots of land in each household in this mountainous area, it is
tough to collect the detailed data of all plots in a limited interview time.
Thus, three rubber plots were randomly selected for each household in
the survey for detailed inquiries on inputs and outputs. For households
with fewer than three rubber plots, all existing plots were included. To
better mark these selected rubber plots, their locations relative to the
interviewed household were also asked to draw on the questionnaires.
Thus, according to the information of location, plot area, ages of rubber
trees and so on, these three selected rubber plots were also traced in the
follow-up surveys. In this study, to estimate the production function and
the TE of smallholder rubber farming, only the sampled rubber plots in
the harvesting phase were used. As an increasing number of rubber plots
become harvestable over time, 833, 855, and 892 rubber plots were
selected in 2013, 2015, and 2019, respectively.

4.2. Descriptive statistics

Table 1 presents the summary statistics for the variables at the plot
and household levels that were used to estimate the stochastic frontier
production and the technical efficiency equations. The dependent vari-
able y is the rubber cake yield (kg/mu),? with a mean of 105.963 kg/mu
in 2012, 108.449 kg/mu in 2014, and 112.439 kg/mu in 2018. The
inputs of labor and operating capital were used in the stochastic frontier
production function. On average, in 2012, the rubber production per mu
required approximately 27.67 workdays and 193.483 yuan of operating
capital. By 2018, the inputs of labor and operating decreased to

2 A rubber cake is the storage form of relatively dried rubber latex by farmers;
on average, the conversion ratio from rubber latex to rubber cakes is 3:1 in
XSBN.
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approximately 12.898 workdays and 98.639 yuan per mu, respectively.
These two input variables were expected to affect the production of
rubber cakes significantly and positively. The average land areas per
plot were approximately 11.868 mu in 2012, 12.249 mu in 2014, and
11.541 mu in 2018, which may have scale effects on the production of
rubber. Interestingly, from 2012 to 2018, decreases in the inputs but
increases in the yield of rubber were simultaneously shown. This is
possible. On the one hand, in 2012, the average farm gate price of rubber
was very high and reached 21 Yuan/kg (Min et al., 2017a). In the
context of a high rubber price, there may be some overinput in rubber
farming; accordingly, the reduction in overinputs may not affect the
yield of rubber farming. On the other hand, the yield of rubber may
increase over time, as the yield of rubber farming generally increases
with rubber age before the peak (approximately 20 years old). Accord-
ingly, these results also imply that the production efficiency of rubber
farming may also increase.

The explanatory variables at the plot level included land tenure
status, the nature of the rubber plots, and rubber management. In 2012,
11.2% of the sample rubber plots had no land tenure certificate, while
approximately 24.7% and 64.1% had farmland and forestland tenure
certificates, respectively. Surprisingly, approximately 24.7% of rubber
plots have inconsistent (farm) land tenure certificates. Nevertheless, the
percentage of rubber plots with an inconsistent (farm) land tenure cer-
tificate decreased from 2012 to 2018, while the percentage of rubber
plots with a forestland tenure certificate increased. The rubber plots
without a land tenure certificate were treated as the reference group in
the estimation. The coefficients of the variables representing farmland
and forestland tenure certificates reflect their impacts on technical ef-
ficiency. The plot conditions comprised slope, quality, and area, which
are important variables determining the production of rubber farming.
The respondents in the household survey subjectively evaluated the
threshold of slope and condition of rubber land. Moreover, the pro-
duction of smallholder rubber farming may also vary with the variety,
age, and density of rubber trees (Diaby et al., 2013; Aliyu et al., 2017).
The estimation results of these explanatory variables could provide a
reference for the site selection and management of rubber rotations and
other newly established rubber plantations.

As the primary decision maker in a household, the characteristics of
the household heads, along with the socioeconomic situations of the
households, were expected to play a significant role in explaining the TE
of farming (Amos, 2007; Alwarritzia et al., 2015). For instance, the
differences in the TE of rubber farming between ethnic groups likely
occurred because the history, culture, knowledge, and experiences of the
smallholders differed, which was reflected in the heterogeneity of their
agricultural practices (Colfer et al., 1989; Brush et al., 2007; Min et al.,
2017d). Furthermore, the production efficiencies of rubber plots may
differ with the selected villages; therefore, the fixed effect of villages was
also included in the model of technical efficiency.

Table 2 shows the differences in the mean values of rubber yields and
various inputs among the three types of land tenure certificates. First,
the average yields of rubber plots without a land tenure certificate were
significantly lower than those of rubber plots with farmland or forest-
land tenure certificates. This result may be due to the relatively high
inputs of labor and operating capital applied to the rubber plots with

Table 2
Mean comparison of the yield and inputs by land tenure status.

No Farmland tenure Forestland tenure
certificate# certificate certificate
Yield (kg/mu) 76.168 101.886** 114.512%**
Labor (workday/ 14.556 17.108 18.169
mu)
Operating capital 80.110 135.316%* 151.835%**
(Yuan/mu)

Note: # reference group of a mean comparison test; **
1%, 5%, and 10% significance levels, respectively.

, **, and * represent the
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either a farmland or forestland tenure certificate compared to those
without a land tenure certificate. Second, the mean inputs between the
rubber plots with farmland or forestland tenure certificates were only
slightly different but not statistically significant; however, the difference
in the mean yield was significant at the 10% level. Overall, these results
imply that issuing land tenure certificates may be positively correlated
with yield as well as production efficiency due to the increased input
allocation of rubber farming. Meanwhile, both inputs and outputs of the
rubber plots with a farmland tenure certificate seem slightly lower than
those with a forestland tenure certificate.

Table A.2 further shows the differences in variables between the
rubber plantations with different land tenure certificates. Interestingly,
most variables regarding the nature of the rubber plots and management
are significantly different between the rubber plantations with different
land tenure certificates. These variables likely determine the type of land
tenure certificate (or the lack of it), while they are also assumed to affect
the TE of smallholder rubber farming. Thus, to control for the potential
endogeneity of the land tenure certificates, these variables probably
affecting both the production, TE, and the type of land tenure certificate
of smallholder rubber farming must be controlled in the empirical
models.

5. Estimation results
5.1. Estimation results of the production function

Table 3 reports the estimation results of the translogarithmic pro-
duction function. In the estimation, taking the logarithm of the yield of
natural rubber could address the possible heteroscedasiticy. The results
of all variance inflation factors are <10, indicating that there is no
multicollinearity among indenpendent variables in the model. The result
of the Wald Chi? test (638.29) is significantly different from zero, con-
firming the model’s overall explanatory power. In general, the results of
these statistic test indicate the quality of the complete model appears to
be satisfactory.

The parameter estimates for the translogarithmic production func-
tion show that the effects of labor, operating capital, and plot area on the
yield of natural rubber differ. The first-order coefficients of labor (x;)

Table 3
Estimates of the translogarithmic production function.

Variable Coef. Robust Std. Err.
In(xy) 0.115%* 0.050
In(xz) 0.039%** 0.010
0.5 n(x1) ~0.036* 0.021
0.5 In(x2) 0.006%** 0.002
In(x1) *In(x2) —0.008*** 0.003
P1 —0.208%** 0.301
P2 —0.068 0.059
P3 -

P4 —0.020 0.093
Ps —0.024 0.093
r 0.104** 0.045
ra 0.124 0.077
r3 0.075 0.067
T4 -

s 0.028*** 0.009
2 —0.0005%* 0.0002
re 0.005 0.005
2 —0.00003 0.00004
hg 0.0007 0.0005
Fixed effect of year Controlled

Fixed effect of village Controlled

Constant 3.354%** 0.577
Log-likelihood —3482.815

Wald Chi® 638.29%**

Number of obs. 2580

Note: *** ** and * represent the 1%, 5%, and 10% significance levels,
respectively.
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and capital (x») inputs were statistically positive, indicating positive
partial production elasticities in the sample mean. The interaction terms
In2(x;) and In?(x2) were significant, suggesting that labor and capital are
nonlinear inputs in rubber production. The coefficient of the interaction
term In(x7)* In(xz) was significantly negative, revealing the existence of
a possible substitution of labor and capital in rubber production. How-
ever, the size of the rubber plot appeared to have a negative effect on the
production of rubber, showing that the production of smallholder rubber
farming declined in plot size.

Based on the estimation results, we also calculated the sample mean
production elasticities of all the input factors. The results showed that
the elasticities of labor and capital inputs on rubber production were
0.015 and 0.038, respectively. The change in rubber production due to a
one-unit increase in labor was similar to that due to the marginal
products of capital inputs. The result indicates that for an increase in the
input of labor by one unit, the rubber yields decreased by 0.015, while
the rubber yields increased by 0.038 for an increase in the input of
capital by one unit. Obviously, the marginal product of capital inputs is
higher than that of labor input in smallholder rubber farming in XSBN.

5.2. Estimation results of the TE of smallholder rubber farming

The TE for each rubber plot in the observed year was calculated
based on the estimates of the stochastic frontier production function of
rubber farming. The TE scores of smallholder rubber farming in XSBN
ranged from 0.005 to 0.888, with a mean of 0.554, which was slightly
lower than the calculated TEs of rubber farming in other countries, such
as 0.57 in northeast Thailand (Poungchompu and Chantanop, 2015),
0.69 in Changwat Sakon Nakhon, Thailand (Kittilertpaisan et al., 2016),
0.72 in Nigeria (Giroh and Adebayo, 2007), and 0.73 in Malaysia (Aliyu
et al., 2017). The differences in TE among these countries may be due to
climatic and other ecological conditions. Nevertheless, to some extent,
the relatively low TE score of rubber farming in this study also reveals
that a relatively high amount of space remains to boost the TE of
smallholder rubber farming in XSBN.

Table 4 presents the estimation results of the TE model by the
random-effect regression (RE) and the fixed-effect regression (FE). The
significant Wald Chi? test results for RE (218.31) and FE (3.4) re-
gressions validate the specification of the empirical model. The result of
Hausman test (FE vs. RE) is 21.93 and can not reject the null hypothesis,
confirming that the RE regression results are more efficient than those of
the FE regression. The critical variables we related to the land tenure
status of rubber farming were the two dummy variables for whether the
plot had a farmland tenure certificate (It;) or a forestland tenure cer-
tificate (Itz). As shown in the results of the RE regression in Table 4, both
coefficients, i.e., It; and lt;, were always significantly different from
zero. Compared with those of the reference group that did not have a
land tenure certificate, the positive signs of the coefficients suggest that
rubber farming with a farmland or forestland tenure certificate
increased the TE of smallholder rubber farming.

The impacts of the type of land tenure certificate on the TE of
smallholder rubber farming are probably through the management of
rubber plantations. Issuing land tenure certificates can increase land
tenure security and reduce the risk of land loss, while secure land tenure
is also significantly associated with farm management practices (Loko-
non and Mbaye, 2018). Thus, compared with rubber plantations without
a land tenure certificate, farmers prefer to improve farm management in
those with land tenure certificates. Better farm management of rubber
plantations can help optimize the allocation of input factors and
improve the yields under a given set of inputs, thereby increasing the
TEs of rubber plantations.

Table 5 further shows the TE of rubber production in the plots with
different types of land tenure certificates. The rubber plots without a
land tenure certificate, with a farmland tenure certificate, and with a
forestland tenure certificate had TEs of 0.528, 0.537, and 0.562,
respectively. The kernel density distributions of rubber plots with



S. Min et al.

Table 4
Estimates of the TE model.

Variable Random-effect regression Fixed-effect regression
Coef. Std. Err. Coef. Std. Err

It; 0.056** 0.023 0.048 0.035
Itz 0.076*** 0.220 0.083** 0.033
P1 —0.0098* 0.006 —0.010 0.118
P2 0.006 0.158 —0.054 0.303
p3
P4 0.026 0.021 —0.793 0.647
Ps 0.039* 0.021 —0.480 0.525
r 0.008 0.011 0.632%** 0.243
r2 —0.020 0.016
r3 0.006 0.016 0.244 0.304
Ty
s —0.002 0.002 —0.004 0.008
% 0.000 0.000 —0.00003 0.0002
Te 0.002** 0.000 0.001 0.005
2 —0.000%** 0.000 —0.000%** 0.000
h; —0.001** 0.0005 —0.001 0.001
hy —0.006%** 0.0015 0.004 0.007
h3 0.014 0.017 0.036 0.044
hy
hs —0.026 0.044
he 0.010 0.054
h; —0.007** 0.003 —0.0262%** 0.009
hg 0.0001 0.0001 0.0003 0.0002
Fixed effect of year Controlled Controlled
Fixed effect of village Controlled Controlled
Constant 0.156 0.140 0.841 0.774
Wald Chi® 218.31%** 3.40%+*
Hausman test (FE vs. RE) 21.93
Number of obs. 2580 2580

Note: ***  ** and * represent the 1%, 5%, and 10% significance levels,

respectively.

Table 5

TE of rubber production and comparisons by groups.
Categories Mean Std. Dev. Min Max
All samples 0.554 0.211 0.005 0.888
By year
2012# 0.518 0.225 0.005 0.855
2014 0.586%** 0.200 0.010 0.889
2018 0.557%* 0.203 0.018 0.870
By land tenure certificate
No certificates## 0.528 0.222 0.013 0.841
Farmland tenure certificate 0.537 0.214 0.018 0.889
Forestland tenure certificate 0.562%** 0.201 0.005 0.876

Note: # and ## are reference groups of the two mean comparison tests; ***, **
and * represent the 1%, 5%, and 10% significance levels, respectively.

different land tenure certificates are shown in Fig. 1. These results
confirm that positive TE accompanies land certification, consistent with
previous findings, such as Holden et al. (2009). Meanwhile, the TEs of
rubber farming between the plots with a farmland tenure certificate and
a forestland tenure certificate were also significantly different at the
10% significance level. Hence, having an inconsistent land tenure cer-
tificate appears to have a significant effect on the TE of smallholder
rubber farming. As the rubber plots with farmland and forestland tenure
certificates confront different land use regulations, these two types
appeared to have somewhat inequivalent effects on guaranteeing land
tenure security and improving rubber productivity.

Moreover, the TE of rubber production increased from 2012 to 2018,
particularly from 2012 to 2014. The result is reasonable. As smallholders
seek higher yields in the face of relatively high rubber prices, the inputs
of rubber farming were usually overused in 2012, leading to a loss of
efficiency. In contrast, in 2014 and 2018, the low rubber prices made
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Fig. 1. Kernel density distributions of the technical efficiencies of rubber plots
with different land tenure certificates.

farmers reduce their inputs. Accordingly, while the labor and operating
capital inputs decreased by approximately 30%-50%, rubber yield did
not significantly change and even slightly increased (Table 1).

The estimation results for the TE model of smallholder rubber
farming also indicate that land quality and rubber tree age were
significantly associated with the TE of smallholder rubber farming
(Table 4). First, the average TE of rubber plantations with good quality
conditions was significantly higher than that grown on poor land. Sec-
ond, the first-order coefficients of the ages of the rubber trees were
statistically positive, thus showing positive partial effects on TE. How-
ever, the quadratic terms of the ages of the rubber trees were signifi-
cantly negative, thereby revealing nonlinear relations between the TE of
smallholder rubber farming and the ages of the rubber trees.

Finally, the TE of smallholder rubber farming in XSBN was also
significantly correlated with the age and education of the household
heads. Due to labor constraints, an aging household head hinders the TE
of smallholder rubber farming. A smallholder rubber farmer with a well-
educated household head may also have a lower TE of smallholder
rubber farming than a poorly educated household head. This finding is
possible because a well-educated household head may engage in off-
farm employment or self-employment instead of rubber farming.

6. Mechanism analysis

To explore the impact mechanism of land tenure status on the TE of
smallholder rubber farming, a mediating effect analysis was further
carried out in this study. First, we estimate the impact of the land tenure
status of rubber plots on the TE of smallholder rubber farming. Second, a
seemingly unrelated regression (SUR) was used to estimate the impacts
of land tenure status on the inputs of labor and operating capital. Third,
the TE of smallholder rubber farming was re-estimated by including land
tenure status, inputs of labor, and operating capital. All statistics of F
and Wald Chi? of the three regressions are significantly different from
zero, validating the specifications of these empirical models. The result
of Breusch-Pagan test of independence (26.598) indicate that all equa-
tions in the SUR are dependent, confirming the rationality of simulta-
neous regression for equations of labor and operating capital by using
SUR.

The estimation results in Table 6 can be summarized as follows. First,
land tenure status significantly affects the TE of smallholder rubber
farming. Both farmland and forestland tenure certificates positively
affect the TE of smallholder rubber farming. However, the different
coefficient magnitudes of It; and It; suggest that an inconsistent (farm)
land tenure certificate may lead to a loss of TE of smallholder rubber
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Table 6
Seemingly unrelated regressions for the input factors of rubber production.
Variable OLS SUR OLS
Efficiency In(x1) In(xz) Efficiency
Coef. Std.Err. Coef. Std.Err. Coef. Std. Err. Coef. Std. Err.
It; 0.049** 0.022 0.006 0.092 0.489 0.048** 0.021
Ity 0.060*** 0.021 0.224%** 0.087 1.218%** 0.461 0.057*** 0.020
In(xy) 0.012%* 0.005
In(x2) 0.001 0.001
Plot-level variables Controlled Controlled Controlled Controlled
Household-level variables Controlled Controlled Controlled Controlled
Fixed effect of year Controlled Controlled Controlled Controlled
Fixed effect of village Controlled Controlled Controlled Controlled
Constant 0.374%** 0.143 2.909%** 0.654 3.407 3.467 0.337** 0.151
R? 0.084 0.469 0.157 0.204
F/Wald Chi? 4.88%** 2276.11%** 481.77%** 3.85%**
Breusch-Pagan test of independence (Chi?) 26.598%**
Number of obs. 2580 2580 2580

Note: *** ** and * represent the 1%, 5%, and 10% significance levels, respectively.

farming compared to a forestland tenure certificate. Second, It; has a
significant and positive effect on the capital input of rubber farming,
while It, significantly and positively affects both the labor and capital
inputs. This result suggests that issuing a forestland tenure certificate for
rubber plots is more efficient for promoting the allocation of inputs in
rubber farming. Moreover, compared with the reference group that did
not have a land tenure certificate, the coefficients differed in magnitude
between It; and lt; for the inputs of labor and capital that were consid-
ered. This result reveals that an inconsistent land tenure certificate
resulted in heterogeneous inputs of various factors of rubber farming.
Third, only labor inputs significantly affect the TE of smallholder rubber
farming, indicating that labor input is a mechanism through which
forestland tenure certificates impact TE. Unfortunately, while farmland
tenure certificates could affect capital inputs, farmland tenure certifi-
cates do not seem to have a significant impact mechanism on the TE of
smallholder rubber farming.

7. Robustness check

To check the robustness of the main findings in this study, first, a
pooled data analysis was applied to re-estimate the TE of smallholder
rubber farming. As shown in Table 7, an OLS regression was employed to
test the impacts of land tenure certificates on the TE of rubber produc-
tion. To assist the robustness check, we also re-estimate the TE by
dropping approximately 10% of samples with the lowest TE. Consistent
with the estimation above, the TE model also controls for the variables at
the plot level and household level and the fixed effects of year and

Table 7
Re-estimates of the TE model using the pooled data.

Variable OLS regression OLS regression
(Subsample)
Coef. Robust Std. Coef. Robust Std.
Err. Err
It; 0.049%* 0.022 0.034** 0.018
Itz 0.060*** 0.021 0.038*** 0.016
Plot-level variables Controlled Controlled
Household-level Controlled Controlled
variables
Fixed effect of year Controlled Controlled
Fixed effect of village Controlled Controlled
Constant 0.374%** 0.143 0.645%** 0.128
R? 0.084 0.054
F 4.88%*+ 2634+
Number of obs. 2580 2329
Note: *** ** and * represent the 1%, 5%, and 10% significance levels,

respectively.

village. Accordingly, as shown in Table 7, the estimation results using a
full sample and a subsample consistently confirm that rubber farming
with a farmland or forestland tenure certificate exhibited significantly
higher TE than that without land tenure.

Second, a quantile regression was employed to detect whether the
impacts of farmland and forestland tenure certificates on the TE of
smallholder rubber farming were stable at different quantiles. Fig. 2
displays the estimated coefficients of farmland and forestland tenure
certificates at different quantiles. On the one hand, farmland and
forestland tenure certificates always positively affect the TE of small-
holder rubber farming, while the effect sizes are heterogeneous at
different quantities. On the other hand, the variation in the impact of
forestland tenure certificates on the TE of smallholder rubber farming
(right side of Fig. 2) was greater than that of farmland tenure certificates
(left side of Fig. 2).

Third, a PSM approach was further used to check the robustness by
controlling for possible selection bias. While we argued that this study
has no endogeneity issue due to confounding factors and/or reverse
causality, it cannot be denied that endogeneity due to selection bias is a
frequent issue in nonexperimental studies and may have affected the
land tenure certification results in this study. The land tenure status of
rubber farming in XSBN included three categories: a) no certificate, b)
farmland tenure certificate, and c) forestland tenure certificate. Given
that the PSM approach generally applies to matching two groups, we
further treated the land tenure status by regrouping. Accordingly, the
first column of Table 8 shows four different grouping schemes: PSM (1)
and PSM (2) were used to quantify the differences in TE between the
rubber plots without a land tenure certificate and the plots with a
farmland (forestland) tenure certificate, respectively, and PSM (3) was
used to test whether the TE was heterogeneous between the plots with a
farmland and forestland tenure certificate.

Based on the calculated TEs from the translogarithmic production
frontier, the PSM approach was applied to capture the impacts of land
tenure status. PSM (1), PSM (2), and PSM (3) are implemented, while
Table 8 presents the simulated average treatment effects on the treated
(ATT) using a probit regression with the default single nearest-neighbor
matching method. After correcting the potential selection bias, the ATT
of PSM (1) is insignificant, indicating no significant difference in the TEs
between the rubber plots with a farmland tenure certificate and those
without a land tenure certificate. The values of ATT in PSM (2) and (3)
are 0.029 and 0.026, respectively, which are significantly different from
zero. In line with the main findings in this study, the TE of rubber plots
with a forestland tenure certificate was higher than that of plots without
a land tenure certificate and that of plots with a farmland tenure cer-
tificate. These results are in line with the main findings of this study,
suggesting that, on the one hand, possible selection bias may not
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Table 8
Estimated ATT of land tenure certificates on TE.
Dependent variable Mean of TE ATT
PSM (1)
1 = Farmland tenure certificate 0.524 —0.006
0 = No certificate 0.530
PSM (2)
1 = Forestland tenure certificate 0.558 0.029%*
0 = No certificate 0.529
PSM (3)
= Forestland tenure certificate 0.563 0.026%*
0 = Farmland tenure certificate 0.537

kK

Note: , **, and * represent the 1%, 5%, and 10% significance levels,
respectively.

significantly affect the estimation results of land tenure certificates on
the TE of smallholder rubber farming; on the other hand, the results of
PSM further confirm the robustness of the main findings.

8. Conclusions

This study underlines the phenomenon that actual land use is
inconsistent with the issued land tenure certificate type in rubber
plantations and estimates the impacts of inconsistent land tenure cer-
tificates on TE of smallholder rubber farming. The results showed that
the TE of smallholder rubber plantations in XSBN ranged from 0.01 to
0.89, with an average of 0.554. Specifically, the average TEs for rubber
plantations with farmland and forestland tenure certificates were 0.537
and 0.562, respectively, which were 0.09 and 0.34 higher than those
without a land tenure certificate.

The findings of this study indicate that possessing a land tenure
certificate could improve the TE of smallholder rubber farming in the
study region, while an inconsistent land tenure certificate indeed
significantly affects the TE of smallholder rubber farming. As forestland
tenure certificates could better secure property rights for rubber plan-
tations than farmland tenure certificates, the TE of smallholder rubber
farming with forestland tenure certificates was greater than that with

farmland tenure certificates. These results indicate that smallholder
rubber farmers are indeed concerned with the security behind their
tenure, such as the restrictions associated with different tenure types.
Hence, we call for more studies on the inconsistency between land
tenure certificates and actual land use. The study also confirms that the
allocation of inputs is a mechanism through which inconsistent land
tenure certificate affect the TE of smallholder rubber farming. Moreover,
the TEs of smallholder rubber farming are heterogenous by year, land
quality, rubber tree age, the age and education of the household heads.
The main findings are also confirmed by a series of robustness check.

This study has important implications. Firstly, this study rises con-
cerns on inconsistent land tenure certificates. Our findings show
inconsistent land tenure certificates may hinder the TE of smallholder
rubber farming compared to forestland tenure certificates. In recent
years, with increasing concerns about food security, farmlands are no
longer allowed to plant trees. Therefore, rubber plantations with farm-
land tenure certificates may confront a high risk of substitution by other
crops, resulting in a series of related issues. Hence, more studies on the
inconsistency between land tenure certificates and actual land use are
worthy of concern. Secondly, this study provides empirical evidence for
improving the TE of smallholder rubber farming in rubber planting
areas, especially in the Mekong region, where the situation is similar to
that in XSBN. Land certification is an efficient way to increase the TE of
smallholder rubber farming. Nevertheless, in some areas, land tenure
certificate issuing is already close to completion, and the policy options
for promoting land tenure certificates are limited. Additionally, the TE
of smallholder rubber farming could be considerably improved. A
further optimization of factor inputs may promote the TE of rubber
farming. Finally, there is a portion of rubber plantations with very low
TE. Considering the intention of environmental protection in subtropical
regions, a return of rubber plantations with a marginal or low TE to
green areas is also recommended.

Finally, we would like to present a main limitation of this study. The
representation of this study is limited as it only investigated the incon-
sistent land tenure certificates of rubber plantations in XSBN, southwest
China. In fact, there are many forestlands in China, while it is unclear
whether there are the inconsistent land tenure certificates in other forest
regions of China. Hence, it is recommended to expand the study area in
future studies.
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Differences between farmland tenure certificate and forestland tenure certificate.

Forestland tenure certificate

Categories Farmland tenure certificate
Duration of the tenancy 30 years
Restrictions in primary land use

Crops Allowed

Temporary trees Allowed

Economic trees
Renewal terms
Ownership
Eligibility
Penalty upon change in uses

Not allowed

Renewed upon maturity

Village collective

Contract/operation rights

Restore land use/detention, fines/criminal responsibility

70 years

Not allowed

Allowed

Allowed

Renewed upon maturity

Village collective

Contract/operation rights

Restore land use/detention, fines/criminal responsibility

Table A.2

Differences in variables between the rubber plantations with different land tenure certificates.

Variables (a) No certificate (b) Farmland tenure certificate Diff (a-b)# (c) Forestland tenure certificate Diff (a-c)# Diff (b-c)#
p1 Plot area 16.278 11.875 4.402%** 11.542 4.735%** 0.333

D2 Slope of land 0.933 0.913 —0.021 0.896 0.037 0.017

3 Condition of land (poor)# 0.022 0.035 —0.013 0.059 —0.036* —0.024%*
P4 Condition of land (general) 0.511 0.617 —0.106%** 0.596 —0.085* 0.022

Ds Condition of land (good) 0.467 0.348 0.119** 0.345 —0.121%** 0.003

r Rubber variety (a) 0.459 0.471 —0.012 0.492 —0.033 —0.021
r2 Rubber variety (b) 0.111 0.124 0.013 0.081 —0.030 0.043

r3 Rubber variety (c) 0.252 0.129 0.122%%* 0.128 —0.128%** 0.002

4 Rubber variety (other)# 0.178 0.276 —0.098%* 0.299 0.121%** —0.024
Is Age of rubber tree 16.281 17.960 —1.678%* 18.225 —1.943%%* —0.266
6 Density of rubber tree 32.651 35.650 35.099 —2.449%* 0.552

hg Elevation (above sea level) 752.785 708.606 698.641 54.143%** 9.96%*

Note: # mean-comparison tests; ***, ** and * represent the 1%, 5%, and 10% significance levels, respectively.

Land tenure status of rubber
plantations
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Fig. A.1. Impact of land tenure status on the TE of smallholder rubber farming.
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