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to analyse the data. The level of technical efficiency at various levels of standard operating procedures adoption
was measured using descriptive statistical analysis. Farm size, seeds, urea and NPK fertiliser, herbicides, yellow
sticky traps, family labour, mulch, and farmers’ participation in garlic development programs significantly affected
garlic production. The technical efficiency varied within 0.37-0.99, with a mean of 0.71. Farmers’ practices and
standard operating procedure adoption significantly reduced technical inefficiency. Generally, the level of standard
operating procedure adoption is moderate. In the high standard operating procedure adoption group, the mean
technical efficiency is 0.77, while in the moderate level group, it is 0.68. The findings of this study can be used as a

model for other garlic-importing countries to enhance production and strengthen food security

Keywords: inefficiency; self-sufficiency; stochastic frontier analysis; technology adoption

INTRODUCTION

Garlic is essential in developing economic, culinary,and
traditional medicine in Indonesia. Indonesia’s garlic
production does not meet the national consumption,
leading the government to import garlic. Conversely,
dependence on imports can threaten social, economic,
and political stability. Increasing national garlic produc-
tion can be challenging due to various problems that
may arise, including efficiency and technology adoption
problems. Hence, problems of technical efficiency and
technology adoption must be analysed comprehensive-
ly to avoid a bias in identifying the root causes of garlic
productivity.

Due to the global food crisis, every country is con-
sidering strengthening domestic food security policies
instead of relying on imports (Falkendal et al., 2021;
Hellegers, 2022). According to the data of Center for
Agricultural Data and Information (2020), the average
national garlic productivity reaches 7.48 t/ha, while the
average world productivity reaches 17.07 t/ha.As the big-
gest garlic production centre in Indonesia, Central Java
Province only has an average productivity of 6.75 t/ha.

The principal issues are that the seed industry is
not well-developed yet, the cultivation area tends to be
narrow and scattered, the low adoption of SOP,and high
inputs prices (Ricky et al., 2022). Leveraging agriculture
productivity can be achieved through extensification
and intensification (Coomes et al. 2019). Extensifica-
tion directly impacts agricultural production but causes
deforestation and biodiversity loss. Intensification can
enhance food production by increasing technical effi-
ciency and technology adoption (Kamau et al.,, 2023).

Technical efficiency measurement is required for
policymakers to determine the strategic programs to
increase productivity (Workneh & Kumar, 2023). Tech-
nologies play an important role in enhancing produc-
tion, efficiency, reducing risks,and ensuring the delivery
of high-quality agricultural products (Kale et al., 2022).
SOP of garlic cultivation consists of technology compo-
nents from 11 aspects of cultivation, i.e., land prepa-
ration, land management, plant spacing determination,
use of seed, planting and basic fertilisation, mulch,
follow-up fertilisation, water irrigation, plant mainte-
nance, pest control, and harvest and post-harvest han-
dling (Directorate General of Horticulture, 2016).

The Stochastic Frontier Analysis (SFA) and the
Cobb Douglass production function are most wide-
ly used to measure technical efficiency (Hakim et al.,
2021). Previous study using this approach mentioned
that the value of technical efficiency of garlic was
below 100%. G. Rabbani and B. Ahmad (2021) found
that the average of technical efficiency of garlic pro-
duction in Ethiopia and Bangladesh were 73%, and
69% respectively. These results imply opportunities to
increase outputs by 7-31% using the available tech-
nology. S. Kune and A. Hutapea (2018) and K. Seran
et al. (2020) conducted a technical efficiency research
of garlic farming in East Nusa Tenggara Province. Tech-
nical efficiency values were above 90%. These studies
only provide information regarding the estimation of
technical efficiency. The determinants of technical in-
efficiency and how technology impacts technical effi-
ciency were not provided.

The study of technical efficiency in Central Java
Province conducted by W. Prayogo and L. Wihastuti
(2023) found that the technical efficiency of garlic
farming is above 0.60. Factors detrimental to techni-
cal efficiency included farmers’ age, education, farmer
experience, family size, and training. The information
about technology adoption was not provided. Moreover,
the information about distribution of technical efficien-
cy at each level of SOP adoption was not provided.

This study fills this information gap, allowing de-
cision-makers to get a comprehensive description of
productivity problems. Based on the description above,
the purpose of this study was to establish the technical
efficiency of garlic farming, the variables that affect the
technical inefficiency, and the technical efficiency of
garlic farming at different stages of standard operating
procedure adoption in Temanggung Regency, Central
Java Province, Indonesia.

MATERIALS AND METHODS

Sample size, sampling methods, and data collection. The
study was conducted in Temanggung Regency, Central
Java Province, Indonesia, from October to November
2022.The selection of sample areas and farmer groups
was carried out purposively. Temanggung Regency is
the largest garlic production centre in Indonesia, which

Scientific Horizons, 2024, Vol. 27, No. 3

85



86

Technical efficiency in several levels of adoption of garlic farming standard...

contributes 27.52% to national production (Centre for
Agricultural Data and Information, 2020). The research
was conducted in seven sub-districts. One village with
the largest amount of production was purposively se-
lected from each sub-district. From each village, two
farmer groups with garlic as their primary business
were selected. The number of farmer samples in this
study was determined based on the Krejcie and Morgan
formula. The formula is as follows:

X2NP(1-P) (1)

" DR

where n is the sample size; X? is the chi-square table
value for 0.5 degree of freedom at the specified con-
fidence level (3.841); N is the population size; P is the
population proportion (assumed to be 0.50); e is the
degree of precision (0.05).

The population of selected farmer group members
is 550, and therefore the required sample size was 227
farmers. Simple random sampling technique was ap-
plied to choose sample farmers from each farmer group.
The survey was anonymous and did not mention any
institutions. Data was collected from farmers through
structured questionnaires administered by enumera-
tors. Interviews were conducted offline. This study also
protected the privacy of respondents and their confi-
dential personal information following the Declaration
of Helsinki (2013). The respondents provided prior in-
formed consent to fulfil the ethical requirements of sci-
entific research in social sciences.

Analysis method of estimation of production function,
technical efficiency, and technical inefficiency. The SFA
method was applied to analyse the technical efficiency
of garlic production. The stochastic production function
assumes that the production function’s error compo-
nent is not simply attributable to random and unmeas-
ured factors. It divides the error term into random and
non-random components. The difference between actu-
al production and the production frontier is attributed
to inefficiency. This inefficiency can take many forms,
including inefficient resource allocation, poor manage-
ment practices, inadequate technology utilisation, and

inefficient manufacturing processes. The SFA is given
as follows:

Yi= B+ BiX; + &, )

where Yi is the outputs; ,-f;is the model parameters
to be estimated; X, is the production inputs; ¢, is the
error term, g, = -u, + v,. vi is an error term that indicates
a production uncertainty, assumed by i.i.d (0,); u; is an
error term that shows the effect of technical inefficien-
cy, assumed by i.i.d (0,) and u>0, u,is independent of v,
Equation 2 can be modified as follows:

Yi=f(X;B) exp(v; —uy), 3)

where f{.) is production function.
This study uses the Cobb-Douglass production func-
tion to estimate the determinants of garlic production
and its technical efficiency. The Cobb Douglass produc-
tion function estimates the elasticity of production in-
puts (Adzawla & Alhassan, 2021). The Stochastic Fron-
tier production function can also be used to measure
the estimated value of technical efficiency according to

the following formula:
Y _ fXiB)exp(vi—wy)

TEiz——

v FXaB) exp(v) exp (—u;), 4)

where TE; is the farmers’ technical efficiency; Y is the
frontier output; Y is the farmers’ observed output. Tech-
nical efficiency is typically expressed as a ratio between
0 and 1, where 0 stands for no efficiency or complete
inefficiency, and 1 stands for perfect efficiency or opti-
mal use of inputs. The next analysis is regressing a set
of factors on -u, as follows:

—u; = 8o + Xio1 6:Z; + e, (5)

where Z, is the vector of determinants of technical inef-
ficiency; 6, is the parameter estimates of the model; 6,
is the coefficient estimates of Zi; and e, is the error term.

Parameter estimation in the SFA model and tech-
nical inefficiency using the Maximum Likelihood Esti-
mation (MLE) method in the Frontier 4.1 program. An
empirical model of SFA that is converted into a natural
logarithm is given as follows:

LnY=,+f, LnX +p, LnX,+f; LnX+f, LnX,+fs LnX+B, LnX+f; LnX,*+ [, LnX+fy LnX + 6)
+B1o LnX g*Byy LnX, +By; LnX s LnX, o+, LnX * By Dy+fyg D+ (vi-ui),

where Y, is the garlic output (kg); 5, - B,5 are the pa-
rameters to be estimated in the model; X, is the Farm
size (ha); X, is the seeds (kg); X; is the urea (kg); X, is
the ZA (kg); X; is the NPK (kg); X; is the SP36 (kg); X, is
the organic fertiliser (kg); X; is the dolomite (kg); X, is
the pesticides (l); X,, is the fungicides (l); X, is the her-
bicides (l); X, is the yellow sticky trap (pcs); X5 is the

family labour (man days of work); X,, is the hired labour
(man days of work); D, is the dummy of plastic mulch
(1 if yes, O if no); D, is the dummy of farmers’ partici-
pation in government and importer programs (1 if yes,
0 if no).

Empirical model of technical inefficiency was cal-
culated as follows:

U =60+ 8y Zy+ 6y 2y + 63 23+ 8, Zy+ 85 Zs+ 6 2+ 6, Z; + 8y Zg + 6y Zy e, (7)
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where u; is the technical inefficiency; 6,-6, are the pa-
rameters to be estimated in the model; Z, is the farmers’
age (years); Z, is the education level (years); Z; is the
farmers’ experience in garlic farming (years); Z, is the
perception of activeness in the farmer group (pts); Zs is
the perception of extension activity (pts); Z, is the adop-
tion level of SOP (pts); Z; is the dummy of land ownership
(1 if owned by farmer, O if rented); Z; is the dummy of
credit access (1 if there is an access, O if there is no ac-
cess); Z,is the dummy of gender (1 if male, O if female).
Determination of the level of adoption of SOP and other
social variables with a Likert scale score. Social variables
such as adoption level of SOP, participation in farmer
groups, and perception of extension performance were
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also collected. The Likert scale was used in the ques-
tionnaires to measure farmers’ attitudes, opinions, per-
ceptions, or behaviours. The data obtained from the
questionnaire with a Likert scale is ordinal and must be
converted into interval data through a successive appli-
cation. Classification of the adoption level of SOP, partic-
ipation in farmer groups, and perceptions of extension
performance were determined by formula as follows:

Highest value (HV)—Lowest value (LV) (8)

Class Interval =
Number of classes

In this study, the accumulative scores achieved in
social variables were classified into three classes: High,
moderate, and low, as presented in Table 1.

Table 1. Score classification of social variables

A . ificati
Variables Numbgr of Number of point scales cc?mulatlve Score Classification -
questions Min Max Low Moderate High
3-point scales
Adoption of 3: Always apply; ) . )
SOP 52 2: Apply sometimes; 52 171 52-916  91.7-131.3 131.4-171
1: Never apply
5-point sgales
Perception of L St;?%%g dr'(f_z‘?ree‘
activeness in 8 3. Neith : 9 ’d' . 8 36 8-18.6 18.7-29.3 29.4-36
farmers’ group : Neither agree nor disagree;
4: Agree;
5:Strongly agree
5-point scales
Lty e
of extension 16 3: Neither agree nor disagree; 16 89 16-40.3 40.4-64.7 64.8-89
performance 4: Agree:

5:Strongly agree

Source: compiled by the author of this study

According to Table 1, farmers are classified as having
high SOP adoption when they score 131.4-171 pts, me-
dium adoption when they score 91.7-131.3 pts, and low
adoption when they score 52-91.6 pts. The perception of
activeness in the farmers’ group is categorised as high
when farmers score 29.4-36 pts,medium when they score
18.7-29.3 pts, and low when they score 8-18.6 pts. The

perception of extension performance is categorised as
high when farmers score 64.8-89 pts,moderate when they
score 40.4-64.7 pts,and low when they score 16-40.3 pts.

Definitions and measurements of variables. Table 2
presents potential explanatory variables for production
and inefficiency functions,along with the expected out-
come sign for each variable.

Table 2. Summary of variables and expected outcome

Variables

Definition

Measurements Expected outcome

Production Function

QOutput Amount of garlic production Kilogram (kg)
Farm size Total area cultivated of garlic Hectare (ha) +
Seeds Amount of garlic seed Kilogram (kg) +
Urea fertiliser Amount of garlic urea fertiliser Kilogram (kg) +
ZA fertiliser Amount of ZA Kilogram (kg) +
NPK fertiliser Amount of NPK Kilogram (kg) +
SP36 fertiliser Amount of SP36 Kilogram (kg) +
Organic fertiliser Amount of organic Kilogram (kg) +
Dolomite Amount of dolomite Kilogram (kg) +
Pesticides Volume of pesticides liquid Litre +
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Table 2. Continued

Variables Definition Measurements Expected outcome
Fungicides Volume of fungicide liquid Litre +
Herbicides Volume of herbicide liquid Litre +
Yellow sticky trap Amount of yellow sticky trap Sheet +
Family labour Amount of family labour Man-days +
Hired labour Amount of hired labour Man-days +
Mulch 1 if use mulch, 0 otherwise +
Participation in gov. or importer program 1 if participate, O otherwise +
Inefficiency Function
Age Length of time the farmer has lived Years -
Level of education Number of years of formal education Years -
Farmer experience in garlic farming Number of years of farming Years -
Perception of activeness in farmers group ~ Farmer perception of activeness in group Points -
Perception of extension performance Farmer per;ggft()im:r:cixtensionist Points -
Adoption of SOP SOP adoption by farmer Points -

Land ownership

1 if landowner, O otherwise -

Credit access

1 if farmer has an access, 0 otherwise -

Source: compiled by the authors of this study

Definition and measurement variables provide a
clear understanding of the data and the methods used
for measurement. The mean and standard deviation of
each variable, except for the dummy variable, are deter-
mined. The mean value indicates the equal distribution
of values in a particular data set, while the standard
deviation helps to understand the distribution and var-
iability of measurement variables.

RESULTS AND DISCUSSION
Distribution of outputs, inputs, and socioeconomic char-
acteristics. Table 3 presents the distribution of output
and inputs in one garlic planting season in Temanggu-
ng Regency. Table 3 shows that farmers produced an

average of 6.87 kg/ha of dry garlic. The average seeds
used is 854.75 kg. The fertilisers used by the farm-
ers were 257.66 kg of urea, 429.25 kg of ZA fertiliser,
331.25 kg of NPK fertiliser, 132.81 kg of SP36 fertil-
iser,and 13,601.31 kg of organic fertiliser. The dolomite
used was 1,289.59 kg. Farmers use pesticides at 7.25 |
and fungicides at 6.38 L.

The average number of yellow sticky traps used was
42.03 sheets per ha. The number of family labourers is
621.81,and the hired labour is 135.03 man-days per ha.
The use of inputs for fertiliser production is generally
still inadequate compared to the amount recommend-
ed in the SOP. Meanwhile, Table 4 shows data on the
socio-economic characteristics of farmers.

Table 3. Descriptive statistics of the distribution of output and inputs of garlic farming in Temanggung Regency

Sample Distribution

Variables Conversion per ha
Mean Standard Deviation Min Max
Output 2,198.85 1,175.39 500.00 4,980.00 6,871.41
Farm size 0.32 0.14 0.10 0.70 1.00
Seeds 273.52 182.25 40.00 775.00 854.75
Urea fertiliser 82.45 41.60 17.00 175.00 257.66
ZA fertiliser 137.36 75.75 25.00 350.00 429.25
NPK fertiliser 106.00 55.52 25.00 290.00 331.25
SP36 fertiliser 42.50 22.69 8.00 100.00 132.81
Organic fertiliser 4,352.42 1,997.58 1,500.00 8,000.00 13,601.31
Dolomite 412.67 190.37 100.00 850.00 1,289.59
Pesticides 2.32 0.81 1.10 4.50 725
Fungicides 2.04 1.14 0.01 5.00 6.38
Herbicides 2.32 1.25 0.50 5.00 725
Yellow sticky trap 13.45 7.30 3.00 35.00 42.03
Family labour 198.98 99.79 25.00 421.00 621.81
Hired labour 43.21 36.05 5.00 127.00 135.03

Source: the results of the authors’ own research
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Table 4. Descriptive statistics of the distribution of social characteristics of garlic farmers in Temanggung Regency

Sample Distribution

Variable - .

Mean Standard Deviation Min Max

Age 43.99 9.76 21.00 84.00

Level of education 8.19 2.71 3.00 16.00

Farmer experience in garlic farming 9.89 7.08 2.00 31.00
Perception of activeness in farmers group 24.03 4.62 8.00 35.98
Perception of extension performance 59.47 11.84 22.00 87.84
Adoption of SOP 124.61 97.87 97.87 160.49

Source: the results of the authors’ own research

Table 4 shows that the average garlic farmer is
43 years old, which is considered a productive age for
managing their farm effectively. On average, farmers
have 8 years of education and a relatively extensive ex-
perience in garlic farming, spanning almost a decade.
The mean score for the perception of activeness in the
farmers’ group variable is 24.03, indicating a moderate
level. However, there is still room for improvement in
farmers’ participation, particularly in terms of attend-
ing regular group meetings. Most farmers do not hold
group administrative positions. Unfortunately, farm-
ers rarely can attend government-organized training
sessions. The mean score attained by farmers for the
perception of extension performance variable is 59.47,
which falls within the moderate category as presented
in Table 1. Farmers perceive extension workers to be ef-
fective communicators, motivators, and educators, but
they still need to improve their facilitation skills. The
average score for the SOP adoption variable is 124.61,
which is also classified as moderate in Table 1. Farmers
have not yet fully implemented the technological com-
ponents of the SOP.

Maximum likelihood estimation results for produc-
tion function model parameters. Due to the stochastic
frontier production function using the MLE method

estimation as presented in Table 5, the value of MLE
Log Likelihood (132,662) is greater than the value of
OLS Log Likelihood (116,118). This suggests that esti-
mating the production function using the MLE method
is better at describing conditions in the field than the
OLS method. The Sigma Squared coefficient obtained
is 0.0192, which is indicating that the error term inef-
ficiency (i) is normally distributed. The value of Gam-
ma (y) of 0.999 indicates that 99.99% of the variation
of residual in the model comes from inefficiency (ui),
which farmers can control. The remaining 0.01% is
caused by a random error in measurement/noise (vi)
in the form of production risks that farmers cannot
control, such as weather and pest attacks. This finding
shows that technical inefficiency is vital in explaining
the garlic production level farmers in Temanggung Re-
gency achieved. The LR test value for the one-sided
error (number of restrictions = 10) obtained from the
model is 33,088.This value is greater than the value of
the mixed chi-square distribution X? (0.01,10)=28.856,
which is contained in the Upper and Lower Bounds
Table for The Critical Value for Jointly Testing Equality
and Inequality Restriction (Shi, 2020). It means that
the model can describe the effect of technical ineffi-
ciency in garlic farming.

Table 5. Results of Stochastic Frontier Analysis Production Function with MLE

Variables Parameters Coefficients Standard Error T ratio
Production Function
Constanta Bo 4.042 0.234 17.310°
Farm size By 0.113 0.042 2.680°
Seeds B, 0.098 0.032 3.036°
Urea fertiliser Bs 0.100 0.031 3.266°
ZA fertiliser Ba 0.044 0.030 1.476"
NPK fertiliser Bs 0.402 0.037 10.8842
SP36 fertiliser Be 0.014 0.028 0.500m
Organic fertiliser B, 0.023 0.032 0.724ns
Dolomite Bs 0.023 0.023 1.016m
Pesticides By 0.036 0.038 0.936"
Fungicides Bio 0.016 0.015 1.070"
Herbicides B -0.045 0.022 -2.069°
Yellow sticky trap B 0.077 0.028 2.721°
Family labour Bis 0.066 0.030 2.210°
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Table 5. Continued

Variables Parameters Coefficients Standard Error T ratio
Hired labour Bis 0.009 0.018 0.514ns

Dummy of mulch Bis 0.045 0.027 1.698¢

Dummy pf participation in gov.and B 0.091 0023 39395

importer programs 16

Sigma squared (¢?) 0.0192 7.086
Gamma (y) 0.9999 14.295
Log Likelihood function-OLS 116,118
Log Likelihood function-MLE 132,662
LR test for the one-sided error 33.088

Note: a: statistically significant at 1% (2.601); b: statistically significant at 5% (1.972); c: statistically significant at 10%

(1.652); ns: not statistically significant
Source: the results of the authors’ own research

Table 5 shows that farm size significantly affects
garlic production with an elasticity of 0.113, which
means that a 1% increase in the land area can increase
garlic production by 0.113% (ceteris paribus). Land has
a relatively large production elasticity indicating that
land expansion is an effective strategy for increasing
garlic production. The average land ownership by farm-
ers is only 0.32 hectares. Even though garlic is cultivat-
ed in narrow and scattered areas, farm size significantly
impacts production because farmers grow garlic on the
slopes of the Sindoro and Sumbing mountains, which
are rich in humus. This result contradicts the findings of
[. Ali et al. (2019), who state that fragmented land has
a negative impact on production. The study mentioned
that farmers did not use best fertilisation and land pro-
cessing technology, which is causing a soil infertility.
Seeds significantly affect garlic production, with an
elasticity of 0.098. Every 1% increase in seed usage can
increase production by 0.098% (ceteris paribus). This
finding supports previous research from F. Rahmawati
and Jamhari (2018) that shows that increased garlic
production in Karanganyar Regency can be achieved by
using more quality seeds. Both studies found that farm-
ers often produce seeds from their previous harvests,
which can affect the quality of the seeds. The quality
of seeds depends on a range of factors, including their
physical appearance, genetic purity, and freedom from
pests and diseases.

The production factor of urea fertiliser has a signifi-
cant impact. Every 1% increase in urea use can increase
production by 0.1% (ceteris paribus). This finding sup-
ports the results of C. Mina et al. (2021) on garlic com-
modities in Pakistan and F. Chekol et al. (2023) in North-
west Ethiopia. The nitrogen content in Urea fertiliser is
vital in vegetative growth because it can increase the
ratio of shoots to roots, determining tuber formation.
However, using elemental N in conditions that exceed
the requirements can cause the thickening of the stems
and rotting of the tubers during storage (Geisseler et al.,
2022). NPK fertiliser has a positive impact. Increasing
1% of NPK, production will increase 0.402% (ceteris
paribus). The content of the macro elements Nitrogen,

Scientific Horizons, 2024, Vol. 27, No. 3

Phosphorus, and Potassium in NPK fertiliser plays a
role in the formation of bulbs of up to 80% in garlic and
shallots (Shukla et al., 2018). These findings contradict
the results of F. Rahmawati and Jamhari’s (2018) study,
which mentioned that no fertiliser significantly in-
creased garlic production. The variables that impacted
garlic production were land, seed, and liquid pesticides.

In this study, herbicides significantly adversely affect
garlic production, with an elasticity of -0.045. Adding
1% herbicide will reduce production by 0.045% (ceteris
paribus). The negative effect of herbicides on production
output is caused by farmers’ use in the long term and the
amount that exceeds the threshold, causing resistance.
This result differs from the results of C. Mina et al. (2021)
who stated the positive impact of using herbicides. The
herbicide will increase production yield by up to 10%.
The use of yellow sticky traps to reduce fly pest popu-
lations affecting production with an elasticity of 0.077.
Increasing yellow sticky traps by 1% can increase pro-
duction by 0.077% (ceteris paribus). This results aligned
with M. Pobozniak et al. (2020). Yellow sticky traps are
effective in reducing the population of leafminer flies,
fruit flies, whitefly, aphids, and thrips which can reduce
the yield potential of garlic by up to 80%.

Family labour input has a positive impact with an
elasticity of 0.066. Increasing the number of family la-
bour by 1% can increase production by 0.066% (ceteris
paribus). . Ali et al. (2019) also found that family labour
has a positive relation with garlic production, but not at
a significant level. The positive influence of family la-
bour is caused by a high availability level in each garlic
cultivation phase compared to hired labour. The com-
mitment and responsibility of family labour are also
higher than that of workers outside the family because
of a greater sense of belonging.

Plastic mulch significantly affects garlic produc-
tion, with a coefficient of 0.045. Silver and black plastic
mulch function to maintain soil moisture, prevent soil
erosion and compaction, regulate soil temperature, and
suppress the growth of weeds that disturb plants. The
study of R. Igbal et al. (2020) on 13 agricultural com-
modities stated that mulch could increase yields by up




to 20%. The dummy variable of farmer participation in
government programs and importers was proved give a
positive impact on garlic production with a coefficient
of 0.091. Farmers taking part in government programs
and importers receive seeds, fertilisers, pesticides,
mulch, capital, and technical assistance. This finding
corroborates the study of B. Septiana et al. (2022) and

Kurniasih et al.

S.Saraswati et al. (2022) which state that input and out-
put policies simultaneously increase farmers’ produc-
tion and income.

Estimation of technical efficiency. The MLE method
with the Frontier 4.1 application estimates the value
of technical efficiency the farmer achieves, as shown
in Table 6.
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Table 6. Level of technical efficiencies

Technical efficiency level Frequency Percentage (%)
0.00-0.40 1 0.4
0.41-0.50 4 1.8
0.51-0.60 25 11.0
0.61-0.70 95 419
0.71-0.80 59 26.0
0.81-0.90 32 141
0.91-1.00 11 4.8

Total farmers 227 100
Mean 0.71
Min 0.37
Max 0.99

Source: the results of the authors’ own research

The farmers achieved a mean of technical efficiency
of 0.7.The lowest value of 0.37 and the highest value of
0.99. Most farmers achieve technical efficiency values
of 0.61-0.70 and 0.71-0.80. The average value achieved
shows that there is still a 29% chance for farmers to
increase their frontier production limits with the same
technology. Variations in the values for achieving tech-
nical efficiency illustrate the level of adoption of dif-
ferent technologies. The study from F. Rahmawati and
Jamhari (2018) in Karanganyar Regency produced a
technical efficiency value of 0.61 in garlic farming with
intercropping patterns. A. Wardani and D. Darwanto
(2018) using the SFA method, found an average value
of technical efficiency for garlic farmers in the Kledung

sub-district, Temanggung Regency of 0.81. The techni-
cal efficiency of garlic studies using the SFA method
in other countries shows varying results. P. Kumar et al.
(2018) reported that the technical efficiency of garlic
farmers in Madhya Pradesh, India reached 0.72. C. Mina
et al.(2021) found that garlic farmers in the Philippines
reached a technical efficiency 0.8.

Determinants of the technical inefficiency of garlic
farming. Technical inefficiency was identified simulta-
neously through the MLE method on the Cobb-Doug-
las production function. Table 7 shows that only the
variables of farming experience and the level of SOP
adoption significantly affect the technical inefficiency
of garlic farming.

Table 7. Estimation of the determinants of technical inefficiency of garlic farming

Variables Parameters Coefficients Standard Error T ratio

Constanta S, 3.412 0.690 4.945¢2

Age S, 0.012 0.066 0.178

Level of education 5, -0.006 0.036 -0.165"

Farmer experience 8 -0.033 0.019 -1.756¢°
Perception of activeness in farmers group I 0.033 0.082 0.403"s
Perception of extension performance S 0.017 0.070 0.245"
Adoption of SOP S -0.654 0.156 -4.194°

Dummy of land ownership 5 0.017 0.042 0.408
Dummy of credit access S -0.018 0.027 -0.660m
Dummy of gender N -0.058 0.090 -0.648"

Note: a: statistically significant at 1% (2.599); b: statistically significant at 5% (1.971); c: statistically significant at 10%

(1.652); ns: not significant
Source: the results of the authors’own research
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The farmer experience in garlic farming signifi-
cantly impacts the technical inefficiency. The negative
sign indicates that the longer the farmer’s experience
running garlic farming, the less technical inefficiency
or more efficient farming. This finding corroborates the
finding of F.Rahmawati & Jamhari (2018) and S. Attipoe
et al. (2020). Based on Table 4, the average experience
of garlic farmers is nine years. Experience teaches farm-
ers the best cultivation practices so that farmers have
the most efficient input use combinations to produce
maximum output. In addition, farmers who have been
cultivating garlic for a long time have a more open at-
titude towards ever-evolving technologies that allow
them to produce a better yield.

The variable of adoption of SOP for garlic culti-
vation also significantly affects technical inefficien-
cy at the 99% confidence level with a coefficient of
-4.194. The negative sign describes that the higher
the adoption rate of SOP, the lower the technical in-
efficiency. These results aligned with research results
study of A. Wardani and D. Darwanto (2018). The adop-
tion of technological components contained in SOPs

can increase the efficiency of using production inputs.
Table 3 indicates that the average garlic farmer adopts
SOP at a moderate level with a value of 124 points.
Technological aspects of SOP, especially in land man-
agement, variety selection, use of seeds, fertilisation,
plant maintenance, pest control, and harvest and post-
harvest, can increase the potential productivity of the
varieties used. Variables of age, education level, active-
ness in farmer groups, farmers’ perceptions of exten-
sion performance, land ownership, credit access, and
gender do not significantly affect technical inefficiency.

Technical efficiency at various levels Adoption of
Standard Operating Procedures. Standard operating
procedure for garlic cultivation consists of 11 stages
of cultivation, each of which has specific technologi-
cal components recommended by the government.
In general, the adoption of SOP for garlic cultivation
in Temanggung Regency is in the moderate category.
The total score obtained is 124 from a score range of
52-171. In detail, the classification of SOP adoption by
farmers at each stage of garlic cultivation is presented
in Table 8.

Table 8. Adoption of SOP by Farmers

L Number of Measuring tool scores interval Adoption level
Cultivation component .
technologies Min Max Achieved scores (%) Category
Land preparation 3 3 10 7 70 moderate
Land ploughing 5 5 16 12 75 moderate
Plant spacing 2 2 6 4 67 moderate
Seeds 5 5 16 12 75 moderate
Planting and basic fertilising 4 4 13 10 77 moderate
Mulch installation 2 2 6 5 83 high
Follow-up fertilising 6 6 19 13 68 moderate
Irrigation 2 2 7 3 43 low
Weed and soil management 3 3 10 9 90 high
Pest control 15 15 50 35 70 moderate
Harvest and post-harvest 5 5 18 14 78 high
AllL SOP components 52 52 171 124 73 moderate

Source: the results of the authors’ own research

The technology components adopted by farm-
ers in the high category are mulch use, plant mainte-
nance, harvest, and postharvest. Farmers obtain plastic
mulch both from government programs and importers
programs. In the Horticultural Product Import Recom-
mendations regulated by the Ministry of Agriculture,
importers must plant as much as 5% of the proposed
amount of garlic imports (Regulation of The Ministry
of Agriculture, 2017). Therefore, importers collaborate
with farmers to achieve the required outcome. At the
maintenance stage, farmer adoption is included in the
high category. Farmers regularly cultivate the land,
remove weeds, and clear away plant debris. Farmers
adopt technological components to facilitate uprooting
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in damp conditions. The subsequent process involves
drying and cleaning the tubers of crop residue. Addi-
tionally, farmers sort the tubers based on quality and
size, storing them with special treatment to maintain
their quality.

The adoption of SOP by farmers is categorized as
a moderate level at the stage of land preparation, de-
termination of plant spacing, use of seeds, planting
and basic fertilisation, follow-up fertilisation, and pest
control. Garlic in Temanggung Regency can only be
planted once a year during the rainy season (Novem-
ber-April). The type of land limit is rainfed with high hu-
midity levels. It causes garlic farming more vulnerable
to various production risks, such as excessive rainfall




and pest attacks. Land preparation does not carry out
intensively by farmers as well. They hack the land only
once, whereas the SOP suggests that the field should
be deeply ploughed and disked properly to eliminate
debris and soil clods. Farmers planted garlic on the
slopes of Mount Sumbing and Sindoro but disobeyed
SOP’s recommendation. They make broad beds of garlic
aligned to the slope of the land, not across the slope. It
is certainly dangerous for the sustainability of the land
because it has the potential to cause erosion.

Many farmers use spacing that is not recommend-
ed in the SOP. The intercropping cultivation system of
garlic with tobacco and other vegetables causes farm-
ers to be unable to apply spacing according to the SOP
recommendations. They have yet to use certified seeds
as well. They use seeds from superior, high-yielding
varieties such as Lumbu Hijau and Lumbu Kuning, but
the quality cannot be guaranteed because they got the
seeds from previous harvests. Certified seed availability
is one of the obstacles for farmers trying to increase
garlic productivity. Farmers still rely heavily on chem-
ical pesticides compared to natural ingredients during
the pest control phase, as recommended in the SOP.The
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lowest level of SOP adoption is in the watering phase.
As explained previously, the garlic field in Temanggung
Regency is rainfed. Farmers depend on rainfall to water
their plants. Irrigation technology is needed so garlic
can be planted during the off-season. Drip or sprinkler
irrigation is a strategic technique to increase the crop-
ping index to generate national garlic production. Many
farmers, especially small-scale farmers, may not have
the financial resources to invest in such infrastructure.
A comprehensive approach that combines financial aid,
infrastructure development, research, and supportive
policies can help make technical irrigation more acces-
sible and affordable for farmers, ultimately enhancing
agricultural productivity and sustainability.

The previous discussion in this study stated that the
adoption rate of SOP for garlic had a significant impact
on the level of technical inefficiency of farmers. The co-
efficient with a negative sign means that the higher the
level of SOP adoption, the lower the technical inefficien-
cy of the farmers or the higher the technical efficiency.
This study categorizes the technical efficiency values ob-
tained by farmers based on their level of adoption of the
SOP for garlic cultivation, as presented in Table 9.

Tabel 9. Farmers’technical efficiency at various levels of SOP adoption

SOP adoption level Score intervals Number of farmers % Mean of Technical Efficiency
High 131.4<score achieved<171 66 29 0.77
Moderate 91.7<score achieved €131.3 161 71 0.68
Low 52<score achieved<91.6 0 0 0

Source: the results of the authors’ own research

This table shows that 71% of farmers have an
SOP adoption level in the medium category. The av-
erage technical efficiency achieved by this group is
0.68. Meanwhile, 29% of farmers have a relatively high
SOP adoption rate. The mean of technical efficiency
achieved is 0.77. The higher the adoption rate of SOP,
the higher the value of technical efficiency. The tech-
nological components included in SOP for garlic culti-
vation can help farmers in allocating production inputs
as efficiently as possible to produce greater production.
The application of SOP can encourage the achievement
of productivity targets above 12 t/ha, reduce yield loss
to below 10%, and improve the quality of dry tubers
according to market standards, namely quality level |
(50%), quality Il (30%) and quality Il (20%) (Directorate
General of Horticulture, 2016).

However, the adoption rate of SOP-GAP for garlic
still needs to be improved. Based on this research, the
adoption rate of SOP for garlic cultivation in Temanggu-
ng Regency is in the moderate category. The mean of
technical efficiency obtained by farmers only reaches
0.71.The results of this study aligned with the findings
of A. Wardani and D. Darwanto (2018), which state that
the application of SOP and GAP for garlic cultivation
in various production centres in Indonesia still needs

to be improved. The government and other stakehold-
ers were challenged to increase the implementation of
SOP garlic through various programs and policies.

CONCLUSIONS

The key to achieving food security lies in increasing
production to ensure physical and financial access to
food according to people’s consumption needs. How-
ever, national garlic production has not been sufficient
to meet national demand, leading to price increases if
the government does not implement import policies.
Low production is also affected by the inefficient use
of factor inputs, which can be attributed to the lack of
technology application. The study discovered that the
input factors that had a significant impact on garlic
production were land area, seeds, urea, NPK fertiliser,
herbicides, yellow lick traps, family labour, use of plastic
mulch, and participation in government and importer
programs. The technical efficiency level of garlic farm-
ers has only reached 0.71, indicating that there is still
room for improvement in production using the same
technology.

Efficiency in farming is intricately linked to the
managerial ability of farmers. Therefore, the socio-eco-
nomic factors of farmers play a crucial role in reducing
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opportunities for inefficiency. This study proved that the
experience of farmers and the adoption rate of SOPs
are significant variables in reducing technical ineffi-
ciency. Farmers with more experience have greater ex-
posure to information and technology, providing them
with valuable references for their farming practices.
This study showed a clear correlation between the rate
of technology adoption and technical efficiency. There-
fore, to develop successful garlic production programs,
the government must ensure that farmers have strong
managerial skills, distribute inputs efficiently, and have
a mastery of technology.

At the medium level of SOP adoption, farmers
achieve a technical efficiency of 0.68.At the medium lev-

the Indonesian government and stakeholders in devel-
oping garlic policies within the province. This includes
expanding the planting area, using quality seeds, adopt-
ing fertilisation technology and pest/disease control,
improving labour skills within families, applying stand-
ard operating procedures by farmers, increasing the role
of extension as a facilitator, and improving programs
to empower farmers and their businesses. The focus is
on increasing production, technical efficiency, and the
adoption of technology. To determine national policies
for garlic development in Indonesia, it is necessary to
scale up this research and broaden the research locus to
include all production centres in the country.

el of SOP adoption,farmers achieve a technical efficiency ACKNOWLEDGEMENTS
of 0.68. This increases to 0.77 at higher levels of adop- None
tion. These findings suggest the possibility of formulat-
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AHoTauif. AKTyanbHiICTb UbOrO AOCAIAXEHHS NONArae B MNOAOMAHHI MNepewwkon AAS PO3BMTKY YaCHUKY B
[HoOHE3Ii, TaKMX K HU3bKA NPOLYKTUBHICTb Ta 0OMeXeHe BUKOPUCTAHHS TEXHOJOTIN, L0 MOXe CTAaTU Ha 3aBaji
caMo3abe3neyeHH0 Ta NporpaMaM CKOpPOYEeHHs iMNopTy. MeTol LbOro AOCAIAXKEHHS OYN0 BU3HAUUTU TEXHIYHY
eeKTUBHICTb, AeTePMiIHAHTU TEXHIYHOI HeedEeKTUBHOCTI Ta piBEeHb TEXHIYHOT ePEeKTUBHOCTI Ha Pi3HMX PiBHAX
BMNPOBAAXXeHHs CTaHAAPTHWMX OMnepaLifMHMX NpoLeayp BUPOLLYBAHHS YaCHMKY Yy BUPOOHMUYMX LeHTpax IHooHesii.
[aHi nepexpecHux pocnigpkeHb Oynu 3ibpaHi 3a fonomorow iHTepBto 3 227 depmepamu, BiaibpaHumu 3a
[LONOMOroK NpoCTOro MeToAy BMMaAkKoBoro Bigbopy. BupobHuua dyHkuis Kob6a-Llyrnaca Ta CTOXaCTUUHMIA
rpaHWYHUI aHani3 6ynuM BUKOPUCTAHI AN BU3HAYeHHS QaKTopiB, WO BNANBAKOTL HA BUPOOHULTBO YaCHWMKY, PiBEHb
TEXHIYHOI eheKTUBHOCTI Ta AETEPMIHAHTM TEXHIYHOT HeedeKTUBHOCTI. AN aHani3y faHUX 6yno BUKOPUCTAHO METOL,
MaKCMManbHOi NpaBAonomi6HOCTI. PiBeHb TeXHIYHOT ePeKTUBHOCTI Ha Pi3HMX PiBHAX BMPOBAAXKEHHS CTaHAAPTHUX
onepauifHMX npoLleayp BUMiptoBaBCS 33 AOMNOMOrOK OMMCOBOMO CTaTUCTUYHOIO aHanisy. Po3Mip rocnopapcrea,
HaciHHA, ceyoBuHa Ta NPK nobpuBa, repbiuman, XKoBTi IMNKi NacTku, CiMeiHa npaus, Myabya Ta yyactb hepmepiB y
nporpamMax po3BWTKY YaCHMKY CYTTEBO BMIMBANM HA BUPOOHULTBO YaCHMKY. TexHiYHa edeKTUBHICTb BapioBanacs
Bia 0,37 po 0,99, i3 cepenHiM 3HaveHHam 0,71. [locein depmepiB Ta BNPOBaAXKEHHS CTAaHAAPTHWUX onepauinHux
npoueayp 3Ha4YHO 3HU3UAN TEXHIYHY HeedEKTUBHICTb. 3arasoMm, piBeHb BNPOBAAKEHHS CTAHAAPTHUX OnepaLinHmux
npouenyp € NOMipHMM. Y rpyni 3 BUCOKUM piBHEM BNPOBAAXKEHHS CTAHAAPTHUX OnepauinHUX npouenyp cepeaHin
NMOKa3HWUK TexHi4yHOT edekTMBHOCTI ctaHoBMTb 0,77, ToAi 9K y rpyni 3 noMmipHuM piBHeM - 0,68. Pesynbratu
LOCNIMKEHHS MOXYTb OyTM BMKOPWUCTaHi 9K MoAeNb ANS iHWMX KpaiH-iMMOpTepiB YacHWMKY ANS 36inblueHHS
BMPOOHULITBA Ta 3MiLLHEHHS NPOA0BONLYOI 6e3neku
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