Sugar Tech (July-Aug 2020) 22(4):574-582
https://doi.org/10.1007/s12355-020-00821-2

Check for
updates

RESEARCH ARTICLE

The Impacts of Certified Seed Plant Adoption on the Productivity
and Efficiency of Smallholder Sugarcane Farmers in Indonesia

Anik Suwandari'” - Yuli Hariyati' - Titin Agustina’? - Ati Kusmiati' -
Triana Dewi Hapsari'? - Ahmad Fatikhul Khasan' - Mohammad Rondhi'*

Received: 28 July 2019/ Accepted: 27 March 2020/ Published online: 8 April 2020

© Society for Sugar Research & Promotion 2020

Abstract The development of a certified seed plant (CSP)
to increase the production of sugarcane cultivation is one of
the primary efforts of the Indonesian government. The
purpose of this study was to evaluate the impact of CSP
adoption on the productivity and efficiency of smallholder
sugarcane farmers in Indonesia. This study used data from
the 2014 Indonesian Plantation Farm Household Survey
consisting of 3849 farmers. We used propensity score
matching to evaluate the impact of CSP adoption on the
productivity and technical efficiency of sugarcane farming.
We found that the adoption of CSPs increases the pro-
ductivity of sugarcane farming. The average yield of the
farmers who adopt CSPs is 88.24 tons/ha while the average
yield of those who do not adopt CSPs is 82.94 tons/ha.
Additionally, the adoption of CSPs increases the technical
efficiency of sugarcane farming. The average efficiency of
the farmers who adopt CSPs is 78.31%, while the non-
adopting farmers have a technical efficiency of 76.44%.
These results suggest that the current policy regarding CSP
adoption has been on the right track. However, the gov-
ernment should encourage farmers to exercise good farm-
ing practices since the technical efficiency is low.
Additionally, since the current rate of adoption is only
18.13%, the government should prioritize policies
encouraging the adoption of CSPs.
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Introduction

Certified seed plants (CSPs) are one of the proposed means
to increase the productivity of sugarcane farming since the
total lack of plantation renewal due to the absence of high-
quality seed plants causes low productivity in sugarcane
cultivation in many countries (Bello-Bello et al. 2018). In
Indonesia, the necessity to increase sugarcane productivity
is of the highest priority since the national sugar industry
cannot produce adequate sugar to meet local demand.
Currently, the Indonesian sugar industry can only supply
48% of the local demand, and the smallholder sugarcane
farmers supply 56% of the raw sugarcane material (To-
harisman and Triantarti 2016). The lack of high-quality
seeds and inefficient farms are among the primary chal-
lenges of Indonesian sugarcane farming that caused low
sugarcane productivity (Toharisman et al. 2013). Thus, the
Indonesian government, through the Ministry of Agricul-
ture, is aiming to increase the productivity and quality of
sugarcane farming through plantation renewal with certi-
fied seed plants (Directorate General of Plantations 2013).
Thus, it is crucial to assess whether this policy increases
the productivity and farm efficiency of Indonesian small-
holder sugarcane farmers.

The availability of high-yield and high-quality sugar-
cane varieties is crucial to the efficiency of the sugarcane
industry and is a primary factor in the effort to increase
farm productivity and farmers’ incomes (Singh et al. 2019).
The use of appropriate sugarcane varieties was found to
increase the sugar recovery rate to approximately 12% in
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Shahjahanpur, India (Singh et al. 2017). Additionally, in
Indonesia, sugarcane cultivation under PT Perkebunan
Nusantara X (PTPN X), which uses high-quality plant
cane, was found to be more technically efficient than cul-
tivation of ratoon cane (Setyawati and Wibowo 2019).
Economically, the use of high-quality bud chip technology
for planting sugarcane is better than conventional sugar-
cane planting; the former results in 13.86% higher pro-
ductivity, and the cost is 10.24% less than that of the latter
(Patnaik et al. 2017). Generally, the adoption of certified
seeds has significantly increased agricultural production.
Evidence has been found in various types of crops, such as
rice (Arouna et al. 2017; Chandio and Yuansheng 2018),
wheat (Abdelmageed et al. 2019), and maize (Yadav et al.
2018). Thus, a comprehensive evaluation of the benefit of
certified seeds in improving both farm performance and
farmer welfare is essential to policymakers.

The present study aims to evaluate the impact of CSP
adoption on the productivity and efficiency of Indonesian
sugarcane farmers. Sugarcane farmers are vital to the
Indonesian sugar industry because they supply a significant
proportion of raw material. However, the farmers also have
to compete with the abundant stock of imported sugar,
which decreases the price received at harvest and directly
affects their income. In response to this, the Indonesian
government aimed to increase sugarcane productivity by
developing and introducing a highly productive variety of
sugarcane and distributing it to the farmers as a CSP. The
effectiveness of this policy needs to be rigorously evalu-
ated with comprehensive data and analyses. Thus, utilizing
a nationally representative survey of smallholder sugarcane
farmers in Indonesia included 3849 farmers, and this study
will assess the productivity and technical efficiency of
sugarcane cultivation in Indonesia. Numerous studies have
assessed the productivity and technical efficiency of sug-
arcane cultivation in Indonesia (Kurniawan 2012; Susilo-
wati and Tinaprilla 2012; Fahriyah et al. 2018; Setyawati
and Wibowo 2019), but these studies were unable to cap-
ture the spatial heterogeneity of the impact of certified seed
adoption and are unsuitable for policy evaluation at the
national level. Additionally, the present study will con-
tribute to the farm efficiency literature by expanding the
sample selection to include nationally representative data,
in contrast to the usual case studies (Koirala et al. 2016;
Abdul-Rahaman and Abdulai 2018; Chaovanapoonphol
and Somyana 2018; Nguyen et al. 2018; Huy and Nguyen
2019).

Methods
Data

This study used data from the 2014 Indonesian Plantation
Farm Household Survey (IPFHS) created by the BPS (the
Indonesian Statistical Agency). The IPFHS was a part of
the 2013 Agricultural Census, which is conducted every
10 years. The IPFHS provides nationally representative
data for Indonesian plantation and farm households and
covers several plantation crops, such as sugarcane, cocoa,
oil palm, rubber, tobacco, coffee, and other crops. The
crops are categorized into two groups: national plantation
commodities and provincial plantation commodities.
Sugarcane was categorized as a provincial plantation
commodity. The survey was conducted from May 27 to
July 7, 2014 (Sub-Directorate of Plantation Crop Statistics
2016). Figure 1 provides the sample distribution of the
2014 IPFHS.

The figure shows that the majority of the sugarcane
farmers are located on Java Island, especially in East and
Central Java, with 95% of the total farmers. The rest of the
farmers are located in North Sumatra, Lampung, Gor-
ontalo, South Sulawesi, Yogyakarta, and West Java. In
total, 8831 farmers were sampled for the IPFHS. However,
we removed the data for the farmers who sold their sug-
arcane before harvest (ijon) and those who sold their sug-
arcane with an approximation method (febasan) and
obtained 5037 farmers. In preharvest selling, the farmers
sell the sugarcane before it reaches maturity. The local
term for this system is ijon (a Javanese word meaning
green, as green is used to describe the young plants).
Furthermore, some farmers sell their sugarcane without
weighing the product. In this case, the trader (i.e., the
sugarcane buyer) estimates the crop of a particular sugar-
cane plantation and offers a specified price. If the farmer
accepts the offer, the buyer will harvest the crop. This
method of harvesting is called tebasan. Production data
were not recorded for either ijon or tebasan; thus, we
excluded the data on the crops sold using these methods
from the analysis. Then, we further removed the outliers
from the data, resulting in a final sample for analysis
consisting of 3849 farmers. The variables in this study were
categorized into two groups: The first group consists of the
variables used in the technical efficiency estimation (coded
1), and the second group contains the variables used to
estimate the propensity score in the PSM analysis (coded
2). Table 1 provides descriptive statistics of the variables in
the analysis. The average cultivation area for the CSP
adopters is higher than that for the nonadopters. However,
the nonadopters produced more sugarcane per hectare of
land. The difference in productivity might be due to the
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Fig. 1 The distribution of
smallholder sugarcane farmer in
the 2014 Indonesian Plantation
Farm Household Survey

N: 3 (0.03%)

West Java
N: 75 (0.84%)

nonadopters using more seed plants than the CSP adopters.
The average number of seed plants used by the CSP
adopters was 10,118, which was lower than that of the
nonadopters, who used 13,419 plants. Additionally, the use
of labor by both male and female workers on CSP farms is
smaller than that on non-CSP farms. The average labor use
on CSP farms is 8.18 for male workers and 3.56 for female
workers.

However, on non-CSP farms, the average labor use is
10.29 for male workers and 3.75 for female workers. The
CSP and non-CSP farmers have equal household sizes and
educational attainments. It seems that both groups (the CSP
adopters and nonadopters) have the same characteristics in
terms of cultivated land types, land tenure, and livestock-
sugarcane farming integration. The percentage of CSP
farmers who received government support is higher than
that of the non-CSP farmers. This suggests that the farmers
might adopt the CSP due to support from the government,
usually in the form of free seed plants. The percentages of
farmers with access to extension services and who partic-
ipate in contract farming do not differ significantly between
the two groups.

In addition, we conducted an in-depth interview with an
officer from the Asosiasi Petani Tebu Rakyat Indonesia
(APTRI), i.e., the Association of Indonesian Sugarcane
Smallholder Farmers. The APTRI is a nongovernmental
organization comprised of smallholder sugarcane farmers
in Indonesia. The primary purpose of the APTRI is to
improve farmers’ bargaining power by acting collectively.
The interview was conducted in Jember, East Java.
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North Sumatra

South Sulawesi
N: 104 (1.2%)

Gorontalo
N: 86 (0.99%)

Central Java
N: 3146 (35.6%)

East Java
N: 5281 (59.8%)

Yogyakarta
N: 48 (0.5%)

Estimation of Farm Technical Efficiency

The technical efficiency (TE) of sugarcane cultivation was
analyzed using the stochastic frontier production (SFP)
model. The SFP measures the actual output compared to
the maximum potential output given the input used and
technological combinations. The SFP has become the
benchmark for productivity analysis. We used the translog
functional form of the Cobb—Douglas model to estimate
the SFP. The Cobb—Douglas production function has
commonly been used to estimate the agricultural produc-
tion function. Equation 1 provides the mathematical
expression of the production model.

InY; =a+ Y oyIn(Xy) +e...i=1,2,...,n (1)
j=1

where Y; denotes the sugarcane production of the ith
farmer, X;; is a vector of farm inputs, o represents the
regression constant, o, is the coefficient of the input, which
is estimated in the model, and e¢; is the model error term.
The model also underwent a classical assumption test to
ensure a linear relationship, multivariate normality,
homoscedasticity, and no multicollinearity. The TE is then
calculated using the following formula:

TE: = exp(—Elule]) i=1,2,.. 3. (2)

Impact of CSP Adoption on the Productivity
and Efficiency of Sugarcane Farming

We estimated the average treatment effect (ATT) of CSP
adoption on sugarcane productivity and technical effi-
ciency using PSM. We define productivity as the amount of
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Table 1 Descriptive statistics of variables

Code Variable CSP Non-CSP
Mean S.D. Freq.* Mean S.D. Freq.
Productivity (ton/ha) 70.63 11.00 71.71 6.73
1 Production (ton) 44.36 8.43 42.67 10.06
1 Land (ha) .10 .83 .59 719
1 Seed plants 10,118 19,193 13,419 26,694
1 Fertilizer (kg) 1539 2123.89 1355.22 2099.37
1 Male labor (number of men) 8.18 8.78 10.29 9.8
1 Female labor (number of women) 3.56 4.74 3.75 5.15
2 Household size” 4 0 4 0
2 Years of education (years) 6 0 6 0
2 Land type
Lowland 167 (23) 1014 (32)
Not lowland 531 (77) 2137 (68)
2 Land tenure
Owner/operator 613 (87) 2500 (79)
Land renter 71 (10) 399 (12)
Sharecropper 14 (3) 252 (9)
2 Livestock farming
Integrated 67 (9) 428 (13)
Not integrated 631 (91) 2723 (87)
2 Government support
Recipient 254 (36) 1465 (46)
Nonrecipient 444 (64) 1686 (54)
2 Agricultural extension
Access 170 (24) 449 (14)
No access 528 (76) 2702 (86)
2 Contract farming
Participation 424 (60) 1365 (43)
No participation 274 (40) 1786 (57)
Sample size (n) 698 3151

The figure in parentheses is the percentage of the farmers in each group

For the categorical variables, the value represents the number of farmers for each category in each group

"Household size is the number of household members (including farmers) in a particular farm household

sugarcane produced in each hectare of land (tons/ha), and
the TE from the SFP analysis was used for the second
outcome variable. The ATT can be defined as the differ-
ence between the expected values of the outcome variables
of the control group and the treated group. The ATT can be
expressed as follows:

ATT = E(yy; — yoi|D; = 1)
= E(yyj|D; = 1) = E(y;|D; = 0) (3)

where E(e) denotes an expectation operator, yj; is the
outcome variable (productivity and TE) for farmer j who

adopts the CSP and yy; is the outcome variable for those
who did not adopt the CSP.

However, the same farmer cannot adopt and not adopt
the CSP simultaneously on the same plot of land. Thus, the
ATT was estimated using PSM by making conditional
independence and overlapping assumptions. The estima-
tion of the ATT by PSM follows the formula in Eq. 4.

ATT™™ = E(y[D; = 1.p(x;)) = E(|D; = 0.p(xy)
(4)

The PSM estimates the probability of a farmer being a
CSP adopter, given the observable characteristics x;. We
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Table 2 The estimates of the Cobb—Douglass and stochastic production frontier models

Variable First trial Second trial Third trial

p S.E. t value p S.E. t value p S.E. t value
Land (InX;) 701 .008 84.38 O 718 84.51 L8297k .010 82.86
Seed plant (InX,) L0330k .004 8.09 L0335k .053 8.09 K} Ricaa .004 2.88
Shade trees (InX3) —.002™ .065 — .02 - -
Fertilizer (InXy) 167 .007 24.89 167k 197 24.90 105k .008 12
Growth stimulator (InXs) — .005™ .008 — .54 - -
Pesticide (InXe) L0475k .007 7.13 0475k .042 7.16 -
Male labor (InX7) L0283 .008 3.48 L0283 .023 347 023k .008 2.78
Female labor (InXg) .015%* .007 2.13 015%* .014 2.17 .005™ .007 .63
Constant — 1.52] %= .050 —30.30 — 1.519%** .050 — 30.34 — 2.007%** .810 — 3549
Cobb-Douglass
R 84 84 83
F value 3303.039%** 4405.494# 3929.280%**
SFP
Gamma (y) .36 35 .56
Log-likelihood - .33 - .33 — .18
Mean efficiency - - .76

**kSignificant at 1%, **significant at 5%, *significant at 10%, "*not significant

used a kernel matching algorithm to check the robustness
of our results. We used STATA software to perform the
PSM analysis.

Results and Discussions

Recent Conditions on the Adoption of Certified
Sugarcane Seed Plant

The in-depth interview with the APTRI officer showed that
farmers initially obtained CSPs from the government
through the Indonesian Sugar Research Institute (P3GI) in
2012. There were three types of CSPs distributed by the
P3GI: the BZ, BL, and HW varieties. Of the three sugar-
cane varieties, BZ is planted the earliest, BL is planted
second, and HW is planted last. The farmers indicated that
the CSPs improve sugarcane productivity. However, the
improvement is optimized only through good sugarcane
farming practices. This is in line with the findings of this
study, which demonstrated that under similar farming
practices, the difference in yield between CSP and non-
CSP farmers does not differ significantly. The next sub-
section explains this finding. Currently, farmers obtain
CSPs from multiple sources. State-owned sugar enterprises
provide CSPs in a limited amount. Hence, the farmers
obtain the CSPs commercially.

@ Springer

The Technical Efficiency of Sugarcane Farming
in Indonesia

The estimation process of the SFP analysis, which requires
three trials before resulting in accurate estimation results, is
summarized in Table 2. In the first trial, the model con-
sisted of eight variables and had 5037 observations. The
first trial obtained a robust estimation of the Cobb—Dou-
glass production function (CDPF) and passed tests of the
classical assumptions. There are two variables that have a
statistically nonsignificant effect: shade trees and plant
growth stimulators. However, the SFP estimation produced
statistically nonsignificant results, which are shown by the
y value and the log-likelihood ratio test. Thus, the analysis
proceeded to the second trial and excluded the shade trees
and plant growth stimulator variables. The second trial
consisted of 6 variables with an equal number of obser-
vations to that of the first trial. The second CDPF estima-
tion produced a robust result, and all of the input variables
had a statistically significant effect at the 5% level. How-
ever, the second trial still yielded a weak estimation for the
SFP. We suspected that this was due to the outliers in the
model. Accordingly, we removed the outliers from the data
and obtained the final data, which consisted of 3849
observations. Additionally, we removed the pesticide
variable since it had a value of zero for all the observations.
The third trial produced a robust estimation for both the
CDPF and SFP.

There are four variables in the final model with statis-
tically significant coefficients: land, seed plant, fertilizer,
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Table 3 Estimates of technical efficiency of sugarcane farmers

Estimates of technical efficiency Total number of farmers CSP adopters Nonadopters of the CSP
> 50.00% 71 (1.8) 9 (1.2) 62 (1.9)

50.00-70.00% 427 (11) 33 (4.7) 394 (12.5)
70.01-80.00% 1952 (50.7) 354 (50.7) 1598 (50.7)
80.01-90.00% 1364 (35.4) 292 (41.8) 1072 (34)

> 90.00% 35 (.9) 10 (1.4) 25 (7)

Mean 7675 7831 7641

Maximum 961 955 961

Minimum 071 .071 .149

Sample size (n) 3849 698 3151

and male labor. All four variables are statistically signifi-
cant at the 1% level. Female labor was found to have a
statistically nonsignificant effect at the 10% level. The
coefficients of the input variables also represent the partial
elasticities of production for the sample mean. For exam-
ple, the coefficient of land is .829. Thus, it can be inter-
preted that a 1% increase in the cultivation area will result
in a .829% increase in sugarcane production, assuming the
other inputs are kept constant. The analogous interpretation
can be used to interpret the coefficients of the other vari-
ables. An analysis of sugarcane technical efficiency in East
Java using a sample of 132 farmers found a significant
effect of land (f: 1.061) and fertilizer (f: .03) (Susilowati
and Tinaprilla 2012). Using the SFP approach to estimate
farm efficiency, a similar result was found for Lao PDR;
significant effects were found for cultivation area (f: .961)
and hired labor (f: .032) (Supaporn 2015). A different
result was found in India, where an SFP analysis yielded
negative and statistically significant effects of planting
material/seed (f: — .567) and human labor (ff: — .109), but
the Indian case has an elasticity of scale of .454, indicating
a decreasing return to scale condition (Murali and Puthira
Prathap 2017).

The sum of coefficients represents the elasticity of scale
(EoS). The sum of coefficients is .97, which means that the
Indonesian sugarcane farmers are operating in the optimal
region of constant return to scale. Similar results were
found in the study in East Java (EoS: 1.09) (Susilowati and
Tinaprilla 2012). However, this result is different from the
Lao PDR case, in which the sugarcane farmers are oper-
ating at an increasing return to scale (EoS: 1.31) (Supaporn
2015), and the Indian case, in which the farmers are
operating at a decreasing return to scale (EoS: .454)
(Murali and Puthira Prathap 2017). However, the average
technical efficiency of the Indonesian sugarcane farmers is
only 76%. This means that, on average, an Indonesian
sugarcane farmer produces only 76% of the maximum

production potential. This is far below the mean efficiency
of the Indian sugarcane farmers (88%), almost identical to
that of the sugarcane farmers in Lao PDR (74%), and
higher than that of the sugarcane farmers in East Java
(67%). However, the study of PTPN X cultivation, which
was conducted in East Java, produced a mean efficiency of
93% for plant cane and 89% for ratoon cane (Setyawati and
Wibowo 2019).1 In all of the cases, the high TE was
associated with the use of high-quality planting materials.
Moreover, the use of ratoon cane in the PTPN X cultivation
and East Java cases was the cause of the low TE. Table 3
shows the distribution of the TE estimates for the CSP
adopters and nonadopters a and the pooled estimates.

The distribution of the TE estimates demonstrated that
the majority of the farmers are operating at the 70% effi-
ciency level. However, grouping the farmers into CSP
adopters and nonadopters revealed an interesting compar-
ison. The proportion of farmers who operate below the
70% level is higher in the latter group, with a total of
14.4%, compared to 5.9% in the former group. Moreover,
the proportion of farmers who operate at the 70.01-80.00%
efficiency level is nearly equal. However, the proportion
differs significantly at the > 80% efficiency level; 43.2%
of the CSP adopters operate at this level, while only 34.7%
of the nonadopters belong to this level. However, this
figure is not adequate to provide a robust comparison.
Thus, a propensity score analysis was conducted and will
be explained in the discussion.

The Impact of CSP Adoption on Farm Productivity
and Efficiency

The estimation of the ATT of CSP adoption using PSM
begins with the estimation of a logistic regression model
(LRM) of CSP adoption. There are eight variables in the

! The result demonstrates that the use of a small sample size to assess
technical efficiency is open to biased estimates.
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Table 4 Estimates of logistic regression model

Variable B S.E. Sig.
Household size .049 .020 .013%*
Years of education (years) .046 .010 .000%**
Land type — 422 .100 000
Land tenure — .568 .096 .000%#**
Livestock farming integration - .325 .143 .023%*
Recipient of government support — 404 .090 .000%***
Access to agricultural extension 460 107 .000%**
Participation in contract farming .639 .089 .000%**
Constant — 1.385 161 000
Omnibus tests of model coefficients 207.162%%%*

Hosmer and Lemeshow test 12.244%%%*

Pseudo R’ 086

*#*Significant at 1%, **significant at 5%, *significant at 10%

Table 5 Estimated impact of certified seed plant adoption on sugarcane farming

Variable CSP Non-CSP ATT S.E. t-stat
Productivity (ton/ha) 88.24 82.94 5.29 2.81 1.89
Technical efficiency (%) 78.31 76.44 1.86 33 5.52
Cultivation area (ha) 74 .66 .08 .04 2.02
Seed (plants) 10,118 14,397 — 4279 925 — 4.62
Labor (workers) 11.45 15.86 — 441 5 — 8.72

The values presented are the average values after matching
A kernel matching algorithm was used

LRM, which consisted of both farm and household char-
acteristics (Table 1). Table 4 shows the estimation results
of the LRM; the results were then used for the estimation of
the propensity score for each farmer. The propensity scores
fall in the common support area, ranging between 0 and 1.
Thus, each respondent has a positive probability of
adopting certified seed plants. A balance test was con-
ducted on the mean differences, and we found no covari-
ates that are significantly different between the adopters
and nonadopters of the CSP. This suggests that the
matching algorithm produces a relevant group for
comparison.

Table 5 shows the ATT estimates of the adopters and
nonadopters of the CSP on the productivity and efficiency
of Indonesian sugarcane farmers. We employed a kernel
matching algorithm to estimate the ATT scores. Addi-
tionally, we estimated the difference in the input use of the
CSP and non-CSP adopters. The result shows that the
productivity and technical efficiency of the CSP adopters is
higher than that of the nonadopters. Adoption of the CSP
produces relatively high sugarcane productivity (2.8 tons/
ha). Additionally, the technical efficiency of the CSP

@ Springer

adopters is 1.9% higher than that of the nonadopters. The
total labor use is significantly higher on the farms that did
not adopt the CSP. The average labor use on the CSP and
non-CSP farms after matching are 11.45 and 15.86 work-
ers, respectively. The ATT estimate for labor is — 4.41,
indicating that, on average, the CSP adopters use 4.41 less
labor than the nonadopters. A similar result is also found
for seed plant use, for which the ATT estimate is — 4279.
Finally, the ATT estimate for cultivation area is .08 ha.
This indicates that, on average, the CSP adopters cultivated
.08 ha more land than did the nonadopters. This suggests
that the labor and crop density for each hectare of culti-
vation area are lower on the CSP farms.

The results of the PSM analysis demonstrate that the
adoption of the CSP increases the land productivity of
smallholder sugarcane farmers in Indonesia. The
improvements resulting from the CSP can be achieved;
although, on average, the CSP adopters have lower labor
use and crop density than those of the nonadopters. This
result provides crucial insight into the effort to increase
sugar production in Indonesia. The introduction of CSPs
has been shown to be an effective method to increase


http://repository.unej.ac.id/
http://repository.unej.ac.id/

Sugar Tech (July-Aug 2020) 22(4):574-582

581

sugarcane production. Additionally, it confirms that the
policy to arrange sugarcane varieties is appropriate for the
current conditions in Indonesia (Ardana et al. 2016). Fur-
thermore, considering the positive partial elasticity of land,
labor, and seed plants, further improvements can be made
by increasing the intensity of labor on the CSP farms.
Currently, the rate of CSP adoption is only 18.13%. Thus,
the government should increase the availability and
accessibility of CSPs to farmers. In addition to the high
cost of crop renewal, the unavailability of CSPs is one of
the reasons for the lack of renewal of sugarcane plantations
(Toharisman and Triantarti 2016; Bello-Bello et al. 2018).

The adoption of CSPs also improves the technical effi-
ciency of sugarcane cultivation in Indonesia. However,
CSP adoption only results in a 1.86% improvement, and
the average efficiency of the CSP adopters is only 78.31%.
These figures suggest that the use of CSPs only slightly
increases the efficiency of the farms. This is not surprising
since one of the primary problems in Indonesian sugarcane
farming is the poor farming practices of sugarcane farmers
(Yunitasari et al. 2015). Improving farming practices
would maximize the yield potential of the CSPs. Addi-
tionally, incentivizing farmers to improve sugarcane qual-
ity by a quality-based pricing mechanism would drive
farmers to adopt better farming practices (Bantacut 2010).
Furthermore, mitigating the impact of climate change (CC)
would prevent a dramatic loss in sugarcane production. CC
causes severe drought and floods in Indonesia, leading to a
significant loss of agricultural production, especially in
Java, where the majority of the sugarcane plantations are
located (Rondhi et al. 2019). Other primary threats of
agricultural production in Java are farmland conversion, in
which the majority of farmland is converted to nonagri-
cultural uses, and the development of urban areas, which
decreases land quality (Rondhi et al. 2018). Mitigating the
impact of CC and farmland conversion is crucial to
improve the efficiency of sugarcane cultivation since the
SFP analysis demonstrates that 44% of farmer inefficiency
is beyond the farmers’ control.”

Conclusion

This study evaluated the impact of certified seed plant
adoption on the productivity and efficiency of sugarcane
cultivation in Indonesia. The analysis revealed that CSP
adoption significantly improves productivity and farm
efficiency by 5.29 tons/ha and 1.86%, respectively.
Although CSP adoption has a positive effect, the magni-
tude of improvement is quite small, indicating the need to

2 The gamma value of the SFP is .56, indicating that farmers
contribute only 56% to farm inefficiency (Table 2).

improve farming practices to realize the maximum yield
potential of the CSPs.
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