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Indonesia is the world’s leading palm oil producer. Therefore, it is demanded to comply with
sustainability standards through Roundtable on Sustainable Palm Oil (RSPO) certification.
Nevertheless, a considerable number of smallholders are still unwilling to pursue certification
for their plantations. This phenomenon highlights the underlying constraints and disparities
between RSPO-certified and non-certified smallholders across technological, social,
economic, and environmental aspects. This study investigates the production efficiency and
technology gap between RSPO-certified and non-certified smallholders in Simalungun
Regency, Indonesia. A total of 342 smallholders were selected by stratified random sampling.
Furthermore, 161 RSPO-certified and 181 non-certified smallholders were interviewed. A
Metafrontier - Data Envelopment Analysis (DEA) framework was applied to measure
technical, allocative, and economic efficiencies, as well as the technology gap ratio (TGR).
The results indicate that RSPO-certified smallholders outperform non-certified smallholders
across all kinds of efficiencies. Moreover, RSPO-certified smallholders obtain higher TGR
indicating proximity to the best practice frontier compared to non-certified smallholders. These
findings highlight the crucial role of RSPO certification in enhancing smallholders’ efficiency,
competitiveness, and sustainability. Policy implications suggest that expanding certification
schemes and strengthening cooperative-based support systems are essential to narrow

efficiency gaps and promote sustainable palm oil production in Indonesia.

1. INTRODUCTION

Oil palm is a flagship crop of Indonesia’s plantation
commodities, positioning Indonesia as the world’s first-ranked
producer [1]. The oil palm sector holds a strategic position and
makes a significant contribution to the national economy,
demonstrated by 1.69% share of the gross domestic product
(GDP) and export earnings amounting to USD 14.43 billion
[2]. As an export commodity, oil palm must adhere to global
standards to maintain competitiveness and acceptance in the
international market. One of the key standards to be fulfilled
is sustainability certification through the Roundtable on
Sustainable Palm Oil (RSPO) [3]. This certification aims to
ensure that palm oil production is conducted in an
environmentally sustainable manner without adverse social
and economic impacts at the same time [4, 5].

Moreover, the importance of RSPO certification lies in
mitigating deforestation, forest fires, and the loss of wildlife
habitats [6-8]. The RSPO framework encourages sustainable
palm oil production by limiting illegal land clearance and
preventing environmental degradation [9]. Through RSPO
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certification, Indonesia can effectively demonstrate
commitment, image, and reputation regarding the
sustainability of oil palm industry to the global [10, 11].
Furthermore, RSPO also protects the rights of workers and
smallholders by ensuring fair remuneration, safe working
conditions, and the upholding of labour rights. Additionally,
smallholders adhering to RSPO standards receive better
prices, thereby enhancing their socioeconomic welfare and
bargaining power [12-14].

Based on the policy perspective, the RSPO supports the
Indonesian government’s initiative through the Indonesian
Sustainable Palm Oil (ISPO) certification, reinforcing national
sustainability efforts. RSPO also positively impacts food
security and women’s empowerment [15]. Although RSPO
and ISPO are distinct schemes, both share the aligned
objective to ensure the Indonesian palm oil industry adheres to

principles of sustainability, social responsibility, and
economic viability [16-18]. Therefore, sustainability
certification is crucial for achieving the Sustainable

Development Goals (SDGs) and advancing the sustainable
palm oil industry in Indonesia, underscoring the importance of
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conducting research in this domain [19].

One of the leading oil palm-producing provinces in
Indonesia is North Sumatra, ranking fourth nationally.
Although not being the top producer, North Sumatra is the
only province on Sumatra Island with the highest oil palm
productivity, amounting to 4,351 kg per hectare [20]. Within
this province, Simalungun Regency stands out as a major palm
oil producer, ranking among the top five in both production
volume and cultivated area. Smallholders’ oil palm plantations
cover 497,197 hectares, accounting for 36.77% of the total
cultivated area in Simalungun, surpassing state-owned
plantations in both production and size [21]. This highlights
the critical role and substantial contribution of smallholder
palm oil cultivation to the regional and national economy.
Despite the significant potential of smallholder plantations,
various challenges persist including the low adoption rate of
RSPO certification among smallholders [22]. This is crucial
considering the numerous social, economic, and
environmental benefits associated with RSPO certification in
the palm oil sector [23, 24].

The RSPO certification process requires smallholders to be
members of an organized entity, as individual certification is
not permitted. Encouragingly, several smallholder palm oil
plantations in Simalungun Regency have obtained RSPO
certification by participating in a cooperative, namely
Koperasi Bersatu Makmur Jaya (BMJ). This cooperative has
facilitated the certification of 656 smallholders. Despite the
existence of such rural institution, many smallholders remain
reluctant to participate as cooperative members and pursue
certification for their plantations. This situation obviously
reflects the existing problem and gap between RSPO-certified
and non-certified smallholders occurring across technological,
social, economic, and environmental aspects.

Measuring production efficiency and technology gaps is
essential to quantify the technological and economic
disparities between RSPO-certified and non-certified
smallholders. Several previous studies have investigated
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technology gaps in various agricultural commodities such as
paddy [25], maize [26], banana [27], cattle [28], etc. A recent
study specifically recommends conducting a quantitative
assessment of the technology gap between RSPO and non-
RSPO-certified smallholders. To date, no studies have applied
the metafrontier approach to measure technology gaps in the
palm oil sector [29]. Recent research on palm oil in North
Sumatra has primarily focused on technical efficiency (TE)
and farming income [30]. This study aims to advance beyond
prior work by measuring efficiency from three dimensions:
technical, allocative, and economic. Therefore, this research
objective is to comprehensively assess production efficiency
and technology gap between RSPO-certified and non-certified
smallholders. The findings are anticipated to provide empirical
evidence and policy implications for smallholders,
policymakers, and stakeholders towards sustainable oil palm
in Indonesia.

2. METHODS
2.1 Data collection

This study was conducted in three villages in Simalungun
Regency, namely Sidomulyo (3°01'43” N, 99°21'40" E),
Marihat Butar (2°59'52" N, 99°20'53" E) and Tempel Jaya
(3°02'19" N, 99°20'52" E). The geographical position of the
research location is presented in Figure 1. The site was chosen
because it has existing RSPO-certified smallholders and
cooperative as rural institution or organisation assisting the oil
palm smallholders to obtain RSPO certification. This study
employed a quantitative approach. Furthermore, the method
used was a survey [31]. The survey was carried out to collect
primary data directly from certified RSPO and non-certified
smallholders through face-to-face interviews and focus group
discussions. This method is a compatible data collection
method for comparative study [32].
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Figure 1. Location of study
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Research instrument used for data collection was a
questionnaire. This study collected data encompassing the
sociodemographic characteristics of both RSPO-certified and
non-RSPO smallholders, including age, year of schooling,
farming experience, household size, land tenure, and other
pertinent attributes. Furthermore, the data regarding input use
and cost covering land area, amount of tree, fertilizer, labour
and production outputs were also systematically gathered. The
data collection framework follows established methodologies
in previous studies [33-36].

The sampling technique utilized in this study was stratified
random sampling. Stratified random sampling was chosen to
ensure representative subgroups within the population,
thereby enhancing the precision and reliability of the study
findings [37]. The stratification criteria used was certification
status. A total of 342 respondents participated, comprising two
distinct groups: 161 RSPO-certified smallholders and 181
non-certified smallholders. The sample size was appropriate,
proportional and optimum for this research [38].

2.2 Data analysis

Data analysis to measure technical, allocative, and
economic efficiency (EE), as well as technology gaps, was
conducted using the Data Envelopment Analysis (DEA) with
metafrontier framework [39-43]. DEA is a non-parametric
data envelopment technique based on linear programming
introduced by Charnes et al. [44] for evaluating efficiency. It
has been widely known and applied across various sectors
including  education  [45-48], healthcare  [49-51],
manufacturing [52-54], banking [55-57], etc. In this study, the
input-oriented DEA model under the variable returns to scale
(VRS). VRS model considers the relationship between input
and output is not always proportional. Increasing input can
produce proportionally larger output (increasing returns to
scale) or smaller output (decreasing returns to scale). The
assumption was utilized to derive TE scores ranging from 0 to
1, along with returns to scale conditions classified as
increasing returns to scale (IRS), constant returns to scale
(CRS), and decreasing returns to scale (DRS) for each
decision-making unit (DMU) [58]. TE was calculated as
shown in the below:

Minimize 6

(M

Subject to: Y74 Ajx;j < Oxj50 i =1,...,m

Z?:l Ajyrj = Yo Tr=1..,s
AJZO j=1,...,n
where:
6: vector of input use for the j-th DMU
X input
Yy output

Subsequently, EE is conceptualized as the integration of
both technical and allocative efficiencies. Given that EE is
influenced by price variables, it is essential to incorporate a
price vector corresponding to the i-th input (w;) into the
analysis. EE is quantitatively assessed using this equation.

Minimize 0;w; 2)
Subject to: ¥7_; 4;x;;
1]'1:1 ;l'jyrj

exiWi]'O i= 1, e, m

<
>y r=1..,5
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Upon obtaining the TE and EE scores, the allocative
efficiency (AE) can be determined. AE is defined as the ratio
of EE to TE [59]. Moreover, AE serves as an indicator of the
degree to which farmers are successful in maximizing their
profits. It is achieved when the marginal product of each
respective production input is equal to its marginal cost,
reflecting the capability to employ inputs in optimal
proportions. AE was estimated by:

EE

AE = —
TE

€)

The metafrontier approach serves as a robust analytical
framework for comparing performance across two or more
distinct groups by utilizing a unified production frontier. This
metafrontier embodies the most efficient production
technology achievable by each group, considering their
respective  resource endowments and technological
capabilities. Initially, TE for each group was assessed
independently to derive group-specific frontiers (TEgroup).
Subsequently, the complete dataset was analysed collectively
to estimate the metafrontier efficiency (TEmew), as depicted in
Figure 2.

vt Metafrontier

group frontier

0 » X

Figure 2. Curve of metafrontier and group frontier [60]

The technology gap ratio (TGR) is employed to predict the
maximum output achievable by each DMU based on their
input vector. The gap between the group-specific distance
function and the metafrontier distance function serves as a
measure of how close the group frontier is to the metafrontier,
and this is quantified by the TGR. A larger TGR value
indicates a smaller technological gap between the group and
the metafrontier [61, 62]. The TGR was calculated using
formula:

TE
TGR = group (4)
TEmeta
3. RESULT AND DISCUSSION
3.1 Sociodemographic characteristics of oil palm

smallholders

Table 1 presents information indicating that the majority of
oil palm smallholders, both RSPO-certified and non-certified,
are male, accounting for 79.5% and 69.1%, respectively. This
suggests that oil palm cultivation remains male-dominated;



nevertheless, female participation is still considerable. This
finding is consistent with data from the RSPO database, which
reports that women’s involvement in oil palm farming is
approximately 23%. Hence, gender equality in oil palm
smallholding can be considered relatively encouraging.
Previous studies also highlight that women’s participation in
agriculture plays an essential role in agricultural production
and sustainability [63, 64].

Table 1. Sociodemographic characteristics of oil palm
smallholders

Roundtable on

Sustainable Palm Non-certified

hinder smallholders’ ability to understand complex
certification standards. Education positively influences
farmers’ capacity to adopt sustainability standards and
certification such as RSPO [68]. Low educational attainment
also poses a challenge for effective farm management
practices, as literacy and numeracy are essential for decision-
making [69].

Most certified smallholders live in households with 3—4
dependents, a pattern also observed among non-certified
smallholders’ households. While larger households may
provide greater availability of family labour, they also increase
the economic burden. The larger households often rely heavily
on family labour for traditional farming [70]. Another
noteworthy finding is that the majority of smallholders, both

Characteristic Oil (RSPO)- RSPO-certified and non-certified smallholders, do not have
certified secondary occupations (approximately 73%). However,
Frequency % Frequency % livelihood diversification appears slightly higher among
Gender RSPO-certified smallholders, for instance, through livestock
Male 128 79.503 125 69.0641 . . . .
Female 33 20.497 56 30.939 or smqll—scale retail. Income d1y§rs1ﬁcat10n has bpen showp to
Age (vears old) be an 1mp0rtan.t strgtegy for mitigating commodity price risks
21-30 5 3.106 18 9.945 as well as a livelihood strategy for rural households [71].
31-40 22 13.665 36 19.890 RSPO-certified smallholders may be more resilient to market
41-50 34 21.118 39 21.547 fluctuations than non-certified smallholders.
51-60 48 29.814 61 33.702
61-70 41 25.466 22 12.155 3.2 Production and agricultural input use
>71 11 6.832 5 2.762
Education Table 2 presents a comparison between RSPO-certified and
Prlijrrricryhosillfgol ég 492923386 éé 466‘663 109 non-certified oil palm smallholders in terms of production and
Secondary ‘ ‘ agricultural input use. The analysis reveals significant
school 38 23.602 47 25.967 differences that may indicate the impact of certification on
High School 36 22360 29 16.022 productivity and resource-use efficiency. The average
College 3 1.863 5 2.762 production of RSPO-certified smallholders is higher (949.5
Household size kg) compared to non-certified smallholders (610.2 kg). This
1-2 68 42.236 35 19.337 suggests that certification is associated with improved
3-4 82 50.932 127 70.166 productivity. Previous studies support this finding, showing
5-6 9 5.590 19 10.497 that sustainability certification encourages the adoption of
27 2 _ .1 242 0 0.000 better agronomic practices, more intensive farm management,
: Side job and access to more favourable markets [72, 73].
Without 117 72.671 134 74.033
SI;;;%S;Z:;I ﬂ 173.405433 %g 1:'633605 Table 2. Production and agricultu'ral input use bfetween
Others 11 6.832 9 4.972 Roundtable on Sustainable Palm Oil (RSPO)-certified and
Cultivating experience (years) non-certified smallholders
5-10 30 18.634 28 15.470
11-20 59 36.646 56 30.939 RSPO-certified Non-certified
21-30 67 41.615 88 48.619 Item Mean Std. Mean Std.
>31 5 3.106 9 4.972 Deviation Deviation
_ o Production 916 476 616460 610222  475.153
Furthermore, most oil palm smallholders are within the (kg)
productive age group (21-60 years old). Notably, most Lar}‘)‘i‘ s1tz.e (ha)  1.141 0.770 0.921 0.657
: : antin,
smallholder in bpth groups are concentra.ted in the 5 1—6Q years densit f 129.762 79.334 106.133 60.878
age range. While the farming population is predominantly (tree/ha)
older, the most pronounced decline in productivity, around Fertilizer (kg)  165.839 86.759 170.972 90.860
10%, is observed among farmers over 65 years of age [65]. Labour (hour) 34427 17.7933 __ 16.889 9.646

This finding suggests that age-related physical limitations and
reduced working capacity at this stage of life become critical
factors influencing agricultural efficiency.

Another important sociodemographic characteristic is
education level. The education level of oil palm smallholders
remains relatively low, with the majority having only
completed primary school, both among RSPO-certified
smallholders (42.2%) and non-certified smallholders (46.6%).
Several studies have also demonstrated a significant
relationship between education level and both productivity and
efficiency [66, 67]. Moreover, limited formal education can
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The average cultivated land area of certified smallholders is
also larger (1.14 ha) compared to non-certified smallholders
(0.92 ha). Although the difference appears relatively small, it
has implications for production capacity and farm scale.
Larger landholdings provide more opportunities for
implementing management practices that comply with
certification standards. Furthermore, certification schemes are
often more accessible to farmers operating on relatively larger
scales [74]. RSPO-certified smallholders also maintain higher
planting density (129 trees/ha) compared to non-certified



smallholders (106 trees/ha). Optimizing planting density can
contribute to higher yields, provided that key agronomic
factors such as maintenance, fertilization, and harvesting are
properly managed. Planting density management is a critical
factor for improving the productivity of smallholder oil palm
plantations [75].

Interestingly, fertilizer use tends to be slightly higher among
non-certified smallholders (171 kg) compared to RSPO-
certified smallholders (166 kg). However, the findings of this
study indicate that higher productivity among certified farmers
does not primarily result from fertilizer inputs, but rather from
a combination of factors such as improved agronomic
practices, better farm management, and greater access to
information. Fertilizer use among smallholder oil palm
farmers is often inefficient, and that yield improvements rely
more heavily on sound farm governance than on the sheer
quantity of inputs applied [76].

A striking difference is observed in labour allocation.
RSPO-certified smallholders dedicate an average of 34.4
working hours, more than double that of non-certified
smallholders (16.9 hours). It demonstrates that sustainability
certification promotes more intensive farm maintenance, for
instance through timely fertilization, effective weed control,
and more cultivation practices. The certification schemes
encourage greater management intensity, albeit with the
implication of higher labour requirements [77].

3.3 Technical efficiency

Figure 3 illustrates the distribution of TE among RSPO-
certified smallholders and non-certified smallholders. The
results reveal a distinct difference in efficiency distribution;
whereby certified farmers tend to exhibit higher levels of TE
with a distribution concentrated around medium to high
efficiency scores. In contrast, non-certified smallholders
display a more dispersed distribution, with a significant
proportion falling within the lower efficiency range.

Distribution of Technical Efficiency

0.91-1.00
0.81-0.90
0.71-0.80
0.61-0.70
0.51-0.60
0.41-0.50
0.31-0.40
0.21-0.30

=]

20 40 60 80 100

HNon RSPO  mRSPO

Figure 3. Distribution of technical efficiency (TE) between
RSPO-certified and non-certified smallholders

RSPO-certified farmers exhibit a more stable distribution of
efficiency, indicating consistency in the implementation of
cultivation practices in accordance with RSPO standards.
RSPO-certified smallholders obtain good agricultural
practices (GAP) training. On the other hand, non-certified
smallholders do not have access to such training and
extension. The sustainability certification can enhance
farmers’ technical skills and assist the farmers reduce
inefficient cultivation practices [78]. In contrast, the wider
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efficiency distribution among non-certified smallholders
reflects heterogeneity in farm management practices, with
some farmers already technically efficient while many others
remain considerably behind.

The higher level of TE among certified farmers, despite
their fertilizer use being relatively similar to that of non-
certified smallholders, suggests that productivity gains stem
from improved input allocation rather than increased input
intensity. One of the key modules delivered through GAP
training is the optimal use of fertilizers. This underscores the
fact that certification not only facilitates better market access
but also plays a crucial role in enhancing input-use efficiency.
Sustainability certification helps reduce productivity gaps by
promoting farmer training and the adoption of sustainable
agronomic practices [79].

3.4 Allocative efficiency

Figure 4 presents the distribution of AE scores for two
groups of smallholders, namely RSPO-certified and non-
certified smallholders. In summary, the emerging pattern
shows that RSPO-certified smallholders display a more
concentrated distribution of AE scores that tends to shift
toward higher values. It indicates that farmers in this group are
more likely to use an input mix (labour, fertilizer, land area,
etc.) that is closer to the cost-minimizing combination for
producing the observed output. In contrast, non-certified
smallholders exhibit a more dispersed distribution with a
larger proportion at lower AE scores. This suggests substantial
heterogeneity in input allocation strategies and the presence of
potential cost inefficiencies among some smallholders.

Distribution of Allocative Efficiency

0.91-1.00
0.81-0.20
0.71-0.80
0.61-0.70
0.50-0.60
0.41-0.50
0.31-0.40
0.21-0.30
0,11-0.20

I

o

10 20 30
B Non RSPO ®RSPO

40 50

Figure 4. Distribution of allocative efficiency (AE) between
RSPO-certified and non-certified smallholders

AE reflects the extent to which inputs are used in optimal
proportions given their prices and marginal productivity.
Higher AE implies that smallholders are more likely to select
an input mix that maximizes the value of output relative to
production costs. Higher AE among RSPO-certified
smallholders can be explained by several mechanisms. One of
the mechanisms is incentive [80]. RSPO-certified
smallholders receive a price incentive of IDR 30 per kg of
production, meaning that they obtain higher prices than non-
certified smallholders. This incentive is accumulated over the
year and later converted into fertilizer support and subsidy for
the smallholders. The price differential between RSPO-
certified and non-certified smallholders directly contributes to
differences in AE. These finding highlights that financial



support schemes, such as price incentives, can play an
important role in improving the performance of low-efficiency
smallholders [81].

In addition, the formation of farmer groups or cooperatives
can improve access to price information and facilitate
collective input purchases, thereby enhancing AE. In this
context, Koperasi Bersatu Makmur Jaya (BMJ) plays a pivotal
institutional role in strengthening certified farmers’ access to
both information and markets [82]. Such collective action
mechanisms have been shown to reduce transaction costs,
improve bargaining power, and enhance the adoption of
efficient input-use practices among smallholders [83, 84].
Unfortunately, this cooperative has not provided microfinance
and credit service for smallholders. Consequently, the
smallholders are not ready to conduct replanting the
plantation. In fact, the crop’s age is no longer productive [85].

3.5 Economic efficiency

Figure 5 displays the distribution pattern of EE across the
two groups: RSPO-certified smallholders tend to cluster
around medium-to-high EE scores, whereas non-certified
smallholders display a more dispersed distribution with a
larger proportion at lower EE levels. Conceptually, EE
combines both technical aspects (producing maximum output
from given inputs) and allocative aspects (choosing an input
mix that optimizes costs relative to revenues). Thus, the
pattern observed in Figure 5 indicates that certification is
associated with a more favourable combination of technical
practices and cost-management decisions. The phenomenon
that certification is linked to improved managerial
performance and cultivation practices has also been
documented in field studies on smallholders and oil palm
certification schemes.

Distribution of Economic Efficiency

0.91-1.00
0.81-0.90
0.71-0.80
0.61-0.70
0.50-0.60
0.41-0.50
0.31-0.40
0.21-0.30
0,11-0.20

o

10 20 30

Non RSPO  mRSPO

40 50 60

Figure 5. Distribution of economic efficiency (EE) between
RSPO-certified and non-certified smallholders

These results suggest that RSPO certification strengthens
smallholders’ ability to combine TE with cost-minimizing
input choices, thereby enhancing their overall economic
competitiveness. RSPO-certified smallholders obtain benefit
not only from training in GAP but also from institutional
support that improves access to markets and input supply
chains. The certification can reduce productivity and
efficiency gaps by promoting improved agronomic practices
and managerial capacities among smallholders [86].
Furthermore, yield gaps in oil palm are primarily driven by
management practices rather than the quantity of inputs
applied [87] which is consistent with the findings of this study.
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At the same time, the broader distribution of EE among non-
certified smallholders reflect high heterogeneity in farm
performance, with some farmers operating efficiently but
many others lagging behind. This heterogeneity often arises
from differences in access to capital, information, and
institutional support. Without targeted interventions, these
disparities may persist and widen. Previous studies argue that
certification schemes can serve as a pathway to address such
heterogeneity by standardizing practices, offering price
incentives, and facilitating access to collective action
mechanisms such as cooperatives [88].

From a policy perspective, the findings underscore the
importance of expanding certification programs alongside
complementary institutional support. Financial incentives,
cooperative-based marketing, and training programs can help
improve both technical and AE among uncertified farmers,
thereby narrowing the EE gap between groups. In this regard,
certification functions not only as a market-based instrument
but also as a capacity-building mechanism that enables
smallholders to improve resource use, increase productivity,
and enhance resilience to market fluctuations.

3.6 Technology gap

Table 3 highlights substantial differences in technical
performance between RSPO-certified and non-certified
smallholders. The average TE score for RSPO-certified
smallholders is 0.910, compared to 0.766 for non-certified
smallholders, while the metafrontier (combined) value is
recorded at 0.842. The difference in mean TE was also
statistically tested (t = 5.736, p = 0.002), indicating that the
performance gap between the two groups is statistically
significant at conventional levels. This suggests that RSPO-
certified farmers consistently operate closer to the TE frontier
compared to the non-certified smallholders.

Table 3. Result of technical gap analysis between RSPO-
certified and non-certified smallholders

Item RSPO Non-certified Metafrontier
Mean of TE 0.910 0.766 0.842
TGR 0.951 0.707 0.822
Slack output 23.727 46.938 34.794
Slack input
Land size 0.137 0.412 0.227
Planting density 18.384 27.734 23.300
Fertilizer 20.500 39.280 33.600
Labour 0.159 0.427 0.362
t-test 8.365 (p = 0.000)

Mann-Whitney U 6.890 (p =0.000)

Note: TE = technical efficiency, TGR = technology gap ratio, RSPO =
Roundtable on Sustainable Palm Oil

Conceptually, the technical gap (0.951 for RSPO-certified
smallholders vs. 0.707 for non-certified smallholders, with a
metafrontier of 0.822) reflects the distance between the group
frontier and the metafrontier (regional or overall “best
practice” frontier). A higher technical gap ratio for RSPO-
certified farmers indicates that their group frontier is almost
aligned with the metafrontier in other words, RSPO-certified
smallholders are closer to the overall technical “best practice”
among the sample. Conversely, the score of 0.707 for non-
certified smallholders suggests a larger deviation from best
practice, implying greater biological and managerial potential
to improve TE [89]. The greater variation observed among
non-certified smallholders also reflects higher socio-economic



heterogeneity, such as differences in education levels, farming
experience, and houschold size (see Table 1). A wider
distribution of TE scores typically signals constraints in access
to technology, information, and institutions [90]. Furthermore,
smallholders’ oil palm plantations in Indonesia show
significant land inefficiency, which supports the notion that
slack in land input is a common issue among non-certified or
resource-constrained farmers [91].

Slack analysis provides a quantitative perspective on the
scope for operational improvements. The average output slack
for RSPO-certified smallholders is 23,727 compared to 46,938
for non-certified smallholders (metafrontier: 34,794),
suggesting that the non-certified group has greater potential
output gains if inefficiencies are eliminated. For input slack,
all categories (land size, planting density, fertilizer, labour)
exhibit higher values among non-certified smallholders (e.g.,
land size 0.412 vs. 0.137; fertilizer 39,280 vs. 20,500; labour
0.427 vs. 0.159). It indicated that the agricultural input and
resources use was not optimum. This aligns with findings by
Irawan et al. [92] who documented that RSPO-certified
smallholders often achieve cost reductions and reduce input
redundancies compared to non-certified smallholders,
particularly in fertilizer use and labour allocation. The
economic interpretation is that there is substantial room to
reduce input waste and/or increase output among non-certified
smallholders through improved agronomic management and
input allocation strategies [93].

4. CONCLUSIONS

This study concluded that RSPO certification contributes to
improve production efficiency of smallholders and reduce
technology gap. Explicitly, the sustainability certification
supports sustainable palm oil production in Indonesia.
Therefore, the non-certified smallholders should be
encouraged to pursue the certification to obtain the benefits
impacting to the economic welfare and performance. The
government and relevant stakeholders should formulate
policies concerning empowerment and enforcement of rural
institution such as farmer group, cooperative, etc. to expand
this certification inclusively for the smallholders.
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