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1. INTRODUCTION

Tea has a strategic role in the Indonesian economy. It
contributes to the Gross Domestic Product of
approximately Rp 1.2 trillion. This commodity also
contributes as foreign exchange and absorb large quantity
of labor. In 2016-2020, about 80% of Indonesian tea was
exported as black tea. In 2020 volume of black tea exports
reached 37,339 tons, while Indonesia's green tea export
volume reached 7,926 tons in 2020 (Central Statistics
Agency, 2021). However, tea production fluctuated in the
last five years (2016-2020). The lowest level of production
occurred in 2020 at 128,016 tons.

Tea plantations spread in some provinces in Indonesia.
West Sumatra Province is ranked third in Indonesia, with a
total production of 1,287 tons. Solok Regency is the center
of tea production in West Sumatra for smallholder tea
farming. Solok's total area of smallholder tea farming
reached 1,348 ha in 2020. In 2016-2020, the area of
smallholder tea farming in Solok Regency increased from
522 ha to 524 ha. However, tea production decreased from
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917 to 900 tons. This figure indicates a decrease in the
productivity of tea farming. Tea productivity in Solok
Regency is considered low at 1.66 tons of dried leaves/ha
in 2020, which is still far from the potential productivity of
5.8 tons/ha. The Solok Regency Government carried out
several programs for tea farmers in 2020, namely tea plant
rehabilitation to increase tea production. The state budget
funding provides 500,000 tea seeds, 43.50 ton of organic
fertilizer, and 100 units of hand sprayers. In addition,
technical guidance activities for millennial farmers were
provided to support farmer groups who received tea seed
assistance.

A study by Hosen (2017) found that factors affecting
the decline in production were partly due to inappropriate
cultivation practices. Climate change has been proven to
have a negative impact on tea production in mainland
China (Zhao, Xu, Zhang, Zhao, & Wang, 2022). The
climate is also predicted to harm tea farming in Kenya, Sri
Lanka, and China by 2050 and 2070 (Jayasinghe &
Kumar, 2020). (Anjani, 2019; Dalimoenthe, Wulansari, &
Rezamela, 2016) found that low rainfall leads to low tea
productivity.
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Smallholder tea farming has low production because
farmers do not use superior seeds and have limited
knowledge of technology, leading to low product quality
(Ministry of Agriculture, 2014). It is supported by research
(Hosen, 2017) that inappropriate farming practices cause
low production. Farmers' application of Good Agriculture
Practice (GAP) is still weak in Solok Regency. Many
farmers used local seeds suspected to be factors that cause
suboptimal production. Two varieties of seed commonly
used by farmers are Gambung and TRI clones. According
to Safitri., et al. (2018), Gambung clones are resistant to
smallpox disease and yield higher than other clones.

Jayakody et al. (2019) found that factors of land
production, labor, and fertilizer had a positive and
significant effect on tea leaf production. Research by
(Nepolean et al., 2012; Roychowdhury, Paul, & Banerjee,
2014) revealed that biofertilizers increase tea production.

The objective of this study was to analyze factors
affecting the yield of tea farming. The result of this study
may enable more effective decision-making and policy
formulation to sustain and enhance future tea production in
the competitive international market.

2. METHODS

2.1. Research Method

This study was carried in July to September 2022 in Solok
Regency, West Sumatra. Solok Regency was selected due
to the center of tea production in West Sumatra. The
survey method was applied in data collection using a
questionnaire. Sixty-five sample farmers were involved in
this study and selected using simple random sampling.

2.2. Data Analysis

Cobb-Douglas production function was employed to
identify factors influencing the tea productivity of
smallholder farming. Eight explanatory variables are
involved in the model: the use of urea, SP-36 fertilizer,
herbicide, insecticide, fungicide, labor, the age of the
plant, and seed variety. The Cobb-Douglas production
function is as follows:

InY = By + BilnX; + BrInX, + BslnX; + BulnX,
+ ﬁslnXS + ﬂelnXﬁ + ﬂ7lnX7 + BBDl
+ ¢

Where:
Y = productivity (kg/ha/yr)
X1 =amount of urea fertilizer (kg/ha/yr)
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X2 = amount of fertilizer SP-36 (kg/ha/yr)
X3 herbicide (liter/ha/yr)

X4 insecticide (liter/ha/yr)

Xs = fungicide (liter of water/ha/yr)

Xe = number of workers (HOK/ha/yr)

X7 =plantage (yrs)

D;  =dummy clone varieties (1 = Gambung clone,
0= TRI clone)

Bo = intercept

B = estimator coefficient

£ = error term

3. RESULTS AND DISCUSSION

As presented in Table 1, the average age of farmers is 49
years old, categorized as productive age. The average
years of farmers' formal education are ten years (high
school). Famers have extensive tea farming experience,
with an average of 23 years of experience.

Table 1. Farmers Profile

Description Average

Age of farmer (years) 49
Education (years of schooling) 10
Farming experience (years) 23
Land size (ha) 1.6
Attending training on GAP

e Yes 34%

e No 66%
Picking technology

e Manual 66%

e  Machinery 34%
Variety

e Gambung 32%

e TRI 68%

The average size of landholding is 1.6 ha. Most farmers
(66%) did not attend training on good agricultural
practices and picked tea leaves manually. This condition
can hinder them from increasing tea yield. About 68% of
farmers grew TRI variety.

The average tea yield was 9.9 tonnes of wet leaves per
hectare per year (Table 2). The maximum yield farmers
obtained was 15 tons.
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Table 2. Descriptive Statistics of Variables

Variable Mean Deviation Std  Minimum  Maximum
Yield (Y) 9866.15 2524.27 4800 15000
Urea (X1) 846.37 343.28 0 1500
SP-36 (X2) 36.77 58.84 0 150
Herbicide (X3) 5.74 0.73 4 7
Insecticide (X4) 2.74 294 0 7
Fungicide (Xs) 121.54 185.61 0 500
Labour (Xs) 150.59 64.69 44.86 429.50
Plant Age (X7) 22.68 76.85 7 33
Dummy Variety (D1) 0.32 0.47 0 1

Farmers used two kinds of fertilizers, Urea and SP-36,
with an average use of 846 kg and 37 kg per hectare,
respectively. Fungicide was the main chemical used at an
average of 122 liter/ha. The use of labor per hectare was
151 man-days. The age of plants ranges from 7 to 33
years.

Table 3 presents the estimation results using OLS
Method. The results show that seven of eight independent
variables are significant, with an R? value of 0.613. It
means that 61.3% of the variations in tea yield can be
explained by independent variables used in the production
function. The rest, 38.7%, is defined by other variables
outside the model. Variables of urea fertilizer (X1), SP-36
fertilizer (X2), insecticides (X4), fungicides (X5), labor
(X6), plant age (X7), plant varieties (X8) significantly
affect the yield of tea.

Table 3. OLS Estimate for Cobb-Douglas Production

Function

Variables Coefficient t Pr>|t|
Constant 5.973* 11.03 0.000
In Urea Fertilizer 0.031* 2.63 0.011
In Fertilizer SP-36 0.037* 3.43 0.001
In Herbicide -0.176 -0.91 0.366
In Insecticides 0.120* 3.20 0.002
In Fungicide 0.025* 2.02 0.048
In Labor 0.383* 5.94 0.000
In Plant Age 0.372* 4.52 0.000
Dummy-Varieties 0.203* 3.22 0.002
R-Square 0.613

Adj R-Square 0.557

*significant at a = 0.10

The estimation result of the production function using
the MLE (Maximum Likelihood Estimation) method is
presented in Table 4.
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Table 4. Maximum Likelihood Estimate for Cobb-Douglas
Production Function

Input Variables Coefficient z Pr>|z|
Constant 7.030 13.37 0.000
In Urea Fertilizer 0.034* 3.32 0.001
In Fertilizer SP-36 0.021* 2.54 0.011
In Herbicide -0.127 -0.82 0.412
In Insecticides 0.082* 2.62 0.009
In Fungicide 0.016 1.61 0.108
In Labor 0.263* 3.99 0.000
In Plant Age 0.259* 3.05 0.002
Dummy Varieties 0.118* 2.31 0.021

*o level =0.10

Estimation using the MLE method reveals that six
variables influence tea production: urea fertilizer, SP-36
fertilizer, insecticides, labor, plant age, and plant varieties.
The urea fertilizer variable has a coefficient value of
0.034. 1t indicates that one percent increase in the use of
urea, tea production increases by 0.034 percent. Farmers
found the price of fertilizer expensive. It is why most
farmers only used one type of fertilizer for their tea
farming. Our results are different from the findings by
(Welda, Hasnah, & Khairati, 2020) where the variable urea
fertilizer negatively affects palm oil production.

The coefficient value of 0.021 for SP-36 indicates that a
one percent increase in SP-36 fertilizer used can increase
tea production by 0.021 percent. The amount of SP-36
used by farmers (37 kg/ha) is lower than recommended
(standard) amount (60 — 300 kg/ha).

Herbicide variables have a negative but insignificant
effect on tea production. According to the results of
interviews in the field, the continuous use of herbicides in
large doses causes the soil in the tea farm to become
hardened and reduces tea production. In line with his
research, Pratama (2021) found that herbicide variables
negatively affect rubber production. The farmers prefer to
cut weeds manually using machetes instead of herbicides,
which can increase the cost of production from rubber
farming.

The Insecticide variable significantly affects tea
production, with a coefficient value of 0.082. It means that
an increase in the amount of insecticide used by 1 percent
can increase tea production by 0.082 percent. It is
suspected that the use of insecticides has not been on
target. Farmers used insecticides to control pests,
especially Helopelthis and Caterpillars.

Using labor contributes to increasing tea production
(coefficient value of 0.263). Every 1 percent increase in
labor can increase tea production by 0.263 percent. The
use of labor is mostly on harvesting and post-harvest
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activities. Fertilizing, weeding, pest, and disease control
activities are mainly carried out by the family member.
The research by Jayakody et al. (2019) also found that
labor positively and significantly affects tea production in
Ratnapura District, Sri Lanka.

The estimation results that tea production increases with
age. A similar condition occurs at the gambir tree, where
the tree's age positively and significantly affects gambir
production, as found by Fauziah, Hasnah, and Khairati
(2020). Adimulya (2006) stated that tea plants can be up to
100 years old but reach optimum production up to 40
years. As the age of tea ranges from 7 to 33 years, the tea
plant of our respondents is still at the optimal production
age.

The plant varieties significantly affected tea production
in a positive sign. It means the Gambung variety has a
higher yield than TRI. The result reveals that the use of the
Gambung variety can increase tea production by 11.8%
compared to the TRI variety. According to Suprihatini et
al. (2021), the main factor behind the low productivity of
Indonesian tea farming (85%) is tea farming derived from
Dutch heritage, and tea comes from old clones originating
from Sri Lanka (TRI), whose low yield. Gambung clones
(GMB) can produce dry tea of more than 5
tons/hectare/year. These findings are supported by
(Basnayake & Gunaratne, 2002) who found that farmers
using TRI clones were inefficient.

4. CONCLUSIONS

The estimation of Cobb Douglas production function
results, showed that using urea fertilizer, SP-36 fertilizer,
insecticides, labor, plant age, and plant varieties
significantly influenced tea production in Solok Regency.
Labor use, plant age, and plant variety greatly affected tea
production more than other variables. The gambung
variety has 11.8% higher tea production than the TRI
variety.

Farmers should be encouraged to use the Gambung
variety to obtain higher yields. More training on good
agricultural practices should be provided for farmers to
improve their knowledge to apply optimal input to increase
tea production.
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