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Abstract

Extreme rainfall impacts rubber production, reducing effective tapping days and cumulative annual output and having a
wide-ranging effect on rubber crop cultivation. This study aimed to find out how rainfall and rainy days affected the rubber
production of the Kusen clone in Muara Enim Regency's Rambang District. The study was conducted on a rubber plantation
of Kusen clone, which has an area of 1 ha. The initial stage in analyzing the impact of climate change en Kusen clone rubber
production in Rambang District, Muara Enim Regency, was identifying the independent and dependent variables. The T-test
was conducted to see whether each independent variable partially has a significant effect on the dependent variable. Rubber
production has fallen year after year, with an average of 205.12 kg/ha in 2019 during the first year of tapping and 118.43
in 2023. The coefficient value (r) shows a 27 2% (sufficient correlation) magnitude association between the rainfall and
rainy-day variables and the rubber productivity variable of the Kusen clone. In Correlation test results, rainfall and rainy
days are strongly associated with producing Kusen clone rubber, as demonstrated by the correlation analysis value of 0.846.
Regression research showed that rainfall and rainy days had a statistically insignificant effect on rubber production on the
rubber clone Kusen in Rambang District, Muara Enim Regency.
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1. INTRODUCTION

Rubber is an essential agricultural product for the Indone-
sian economy and is heavily impacted by weather patterns
like rainfall and cloudy days. Rubber production is wildly
and widely affected by climate change (Hadiet al., 2022). Cli-
matic factors are essential in rubber plantation management
(Junaidi, 2019), making it susceptible to the detrimental
effects of climate change, like the rising temperatures-related
phenomena of rubber leaf fall and prolonged droughts {Az-
izan et al., 2023), resulting in decreased rubber productivity
(Rosana et al, 2020). On the other hand, heavy rainfall
enhances the attack of new diseases and plant-disturbing
organisms, triggers pathogm evolution and transfer between
species (Gautam et al., 2013; Lamichhane and Venturi, 2015),
Weed evolution has become more aggressive (Waryszak et al.,
2018). Purthermore, extreme rainfall has an impact on rub-
ber production, as it reduces effective tapping days and cu-
mulative annual production (Malkkaew and Sdoodee, 2015),
and has a wide-ranging effect on rubber crop cultivation
(Golbon et al., 2018; Junaidi, 2019).

The earnings of rubber farmers are impacted by climate
change and the quality of their sap. Since the yield of
rubber latex is greatly influenced by climatic parameters
(temperature, wind speed, rainfall, and relative humidi

it is necessary to assess the c'nvlmnm('nml conditions m
decide whether or not the location is suitable for cultivation
(Ummar et al., 2017). Like other crops, rubber plant produc-
tivity depends on rainfall and relative rainfall days (Zhang
et al., 2019). The conditions during the leafing phase, which
correlate with variations in the monthly rainfall /rainy day
pattern, significantly impact the diversity of latex yields
(Purwaningrum et al., 2023).

Research on how climate change affects agriculture, par-
ticularly in South Sumatra, is crucial, given the decrease
in rubber yield. The South Sumatra region is based on
potential in the agriculture industry, specifieally in the plan-
tation sub-sector. More specifically, one of the areas with
many plantations is in the Muara Enim Regency’s Rambang
District. One of the rubber seedling clones the Rambang
sub-district community planted is the Kusen clone. As
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measured by rainfall and rainfall on rubber production by
Manurung M.T and Haryati {2015) and Sinaga et al., climate
change was seen on rubber plantations processed divectly by
the corporation and viewed through the lens of the rubber
age. The study was conducted on community rubber planta-
tions, beginning with rubber producers’ planting. processing.
and tapping. In addition, no research has examined how
climatic conditions affect the production of Kusen clone
rubber. This study aimed to find out how rainfall and rainy
days affected the rubber production of the Kusen clone in
Muara Enim Regency's Rambang District.

2. EXPERIMENTAL SECTION

2.1 Research Location and Methods

The study was conducted in Rambang Sub-district, Muara
Enim Regency (Figure 1). According to the BPS data,
Rambang District contributed the most to latex production
in Muara Enim Regency in 2017, totaling 22,724.89 tons.
This is followed by the plantation area, the largest rubber
plantation in Muara Enim at 20,394 hectares. Almost all
the people who live in the Rambang Sub-district depend on
rubber production for their livelihoods.

The research was conducted on a rubber plantation of
Kusen clone, which has an area of 1 Ha. The selection of
research locations is based on the criteria of rubber plan-
tations that have been tapped for more than five years to
obtain rubber production data for five years. This Kusen
clone tubber plantation is 11 years old. The owner of the
rubber plantation, a rubber trader, provided data on rubber
production during the previous five years. The Meteorologi-
cal, Climatological, and Geophysical Agency provided the
rainfall and rainy-day data. Five years’ worth of rainfall
and rainy-day data were collected.

2.2 Data Analysis

The initial stage in analyzing the impact of climate change
on Kusen clone rubber production in Rambang District,
Muara Enim Regency, was identifying the independent and
dependent variables. Data were gathered, organized, clari-
fied, and then subjected to descriptive correlation analysis
and multiple linear regression analysis. Multiple linear re-
gression analysis was employed to ascertain the functional
influence between dependent and independent variables. Y
represents the non-independent variable, which is impacted
by the independent variable. Rubber production is the
study’s non-independent variable, while the variable des-
ignated by X is the independent variable that affects or
modifies the non-independent variable (1).

Y = a+71X1 4+ 72X2¢ (1)

Where: Y is rubber production; « is constant (Y score
when X = 0): 1 —“5 is Variable coefficients: XI is rainfall:
X2 is rainy days; € is Unobservable factors (error). The cor-
relation between rainfall, rainy days, and rubber production

(©) 2024 The Authors.
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is as follows: 0 means no correlation; 0.00 - (.25 means weak
correlation; 0.25 - 0.50 means sufficient correlation; 0.50
- 0.75 means strong correlation; 0.75 - 0.99 means robust
correlation: 1 indicates perfect correlation.

2.3 Hypothesis Test

2.3.1 Simultaneous test (F-test)

The F-test determines if the independent factors collectively
impact the dependent variable. This investigation will use
a significant 0.05 (o = 5%) or a 95% confidence level for
hypothesis testing. The theories are as follows: Using the
following criteria, one can perform the I test by comparing
the Feount value with the Fiane: If the value of Fegunt >
Fapie HO is rejected, and H1 is accepted. If the value of
Feount < Fiapie, HO is taken, and H1 is rejected.

2.3.2 Partial Test (T-test)

The T-test was used to determine if each independent vari-
able has a statistically significant partial impact on the
dependent variable. The degree to which the t-test can
explain one separate variable accounts for its influence on
the dependent variable. This investigation will use a signifi-
cant 0L05 (« = 5%) or a 95% confidence level for hypothesis
testing. The theories are as follows: The T-test can be done
by comparing the Teoune value with the Tiaple using the
following criteria: If the value of Teoune > Tianle value, then
HO is rejected, and Ha is accepted. If the value of Teoune <
Ttable. then HO is accepted. and Ha is rejected.

3. RESULT AND DISCUSSION

3.1 Rainfall and Rainy Days for Rubber Production
The relationship between rainfall and rainy days for the 2019
2023 period and the productivity of rubber of Kusen clone
for five years (2019-2023) can be seen in Table 1. Rainfall
is generally correlated with rainy days. The rainy season
starts later, and the dry season lasts longer due to climate
change. Frequent rainy days can have various effects, such
as interfering with the tapping and collection procedure.
diluting cup lumps, and raising the risk of plant diseases.
High rainfall will start in December and gradually decrease
after June, with September being the driest month (Table
1 and Figure 2 ). This is almost the same as the results
of Nasution et al. (2019) research; the rain pattern at Aek
Godang Meteorological Station in the 2014 rainy season
occurs in January, March, April. May, August, October,
November, and December, while the rest of the months are
dry. This is followed by wet days, which vary each year.
Over the last five years, the rainy days in the Rambang
Sub-district have been low, indicating a dry era (Table 1
and Figure 3). Based on the criteria, it is called the rainy
season if the cumulative rainfall amount for one month is
150 mm or more, while if the rainfall is smaller than 150
mm/month, it is called the dry season Manurung M.T and
Haryati (2015).
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MAP OF RESEARCH LOCATION

Figure 1. Map of Research Location

Rubber production, which has seen a yearly decrease in
income, can be attributed to factors other than rainfall and
rainy days. Rubber production has fallen year after year,
with an average of 205.12 kg/ha in 2019 during the first
year of tapping and 118.43 in 2023. Rubber experienced a
decline in production of almost 50% (Table 2 and Figure
1). Increased rainfall due to climate change caunsed a 14.44
percent decrease in rubber productivity in Burai Village,
which went from 1,345.80 kg per ha in 2012 to 1,151.42 kg per
ha in 2016 (Rosana et al., 2020). Based on average rubber
production each month, December had the lowest output
at 137.89 kg/ha, while January had the greatest at 199.21
kg/ha (Table 2). Several variables, including December, can
cause this to be a transitional month from dry to rainy with
high intensity. Therefore, rubber production has remained
relatively high despite reduced tapping days due to increased
rain intensity. According to field observations, a rise in mild
rainy days can result in the loss of tapping days, which
are influenced by wet tapping paths that make tapping
impossible (Hadi et al., 2022).

3.2 Effect of Rainfall and Rainy Days on Rubber
Production
Multiple linear analyses will be used to ascertain whether
rainfall and rainy days will impact rubber productivity. Ta-
bles 3, 4, and 5 display the findings of the multiple linear
regression analysis conducted on the rubber plant clone
Kusen. The coefficient value (r) shows a 27.2% (sufficient
carrelation) magnitude association between the rainfall and

(©) 2024 The Authors.
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Figure 2. Rainfall Data in Rambang District

rainy-day variables and the rubber productivity variable of
the Kusen clone (Table 3). The coefficient of determination
(R2) shows that fluctuations in rainfall factors and rainy
days can account for 7.4% of variations in rubber produc-
tivity (Table 3). In contrast, other variables not included
in the model account for 92.6% of the variance in produe-
tivity (Table 3). Fertilization, tapping time, light intensity,
temperature, humidity, and other conditions are essential
to consider. Solar radiation, rainfall, and temperature have
a dominant role in growth and production. In contrast.
air humidity directly affects several types of plants but is
indirectly closely related to the development of plant pests
and diseases (Svahtari et al., 2023).

Multiple Regression Analysis of Kusen clone: ¥ =
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Years

Months 2019 2020 2021 2022 2022
R RD RP R RD RP R RD RP R RD RP R RD RP
January 352 25 3.72 262 16 276 288 21 1.90 0 0 465 352 31 348
February 481 23 457 238 17 174 199 18 2.02 118 14 2,00 425 15 2.20
March 200 18 495 244 16 299 342 20 3.64 351 16 150 382 23 1.72
April 492 19 540 159 16 294 193 9 3.86 205 17 172 271 25 1.64
May 85 7 545 222 15 102 155 13 3.10 210 18 274 223 14 210
June 7910 491 289 16 3.04 23 5 2.98 201 11 2.60 48 7198
July 3 4 140 108 12 438 50 4 1.56 133 9 372 146 14 168
Angust 44 3 210 60 5 513 1260 12 3.02 192 15 310 6 3 L70
September 15 3 2.00 96 10 280 246 12 3.24 153 14 280 1 2 1.62
October 0 0 2,68 200 14 148 149 14 4.60 249 21 298 34 4 1.80
November 121 10 150 157 18 L.78 197 18 5.28 221 17 322 291 17 1.54
December 138 11 148 221 17 61 402 26 4.05 221 20 325 323 19 201

R: Rainfall (mm), RD: Rainy Days (day), and RP:

Rubber Production (picul).
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Figure 3. Rainy Days Data in Rambang District

200.076 + 0.1165 + 3.294 + . Based on the multiple linear
regression equation, the constant value is 200.076 (Table 4).
This explains that if the variable value of rainfall (X1) and
rainy days (X2) is equal to zero, then rubber production (Y')
is 200.076. This means that adding one unit of rainfall value
rainfall will increase the productivity value of productivity
by 0.1165 units, and every addition of one unit of rainy day
will increase the value of rubber productivity by 3.294 units
(Table 4)

3.3 Simultaneous Test (F-test)

From Table 3 above, the value of Teount > Trable (2.269 <
3.158), and the significance value < o (0.113 > 0.05), then
HO is rejected, and H1 is accepted, so it can be concluded
that rainfall and rainy days do not have a significant effect
on rubber production of Kusen clone in Rambang District
Muara Enim Regency (Table 5).

(©) 2024 The Authors.

Figure 4. Rubber Production of Kusen Clone for 2019-2023
in Rambang District

3.4 Partial Test (T-test)
Based on the equation table of multiple regression results
above, the partial test (t-test) can be explained as follows:

3.4.1 Rainfall (X1)

In the variable level of rainfall (X1), the Ty value <
Traple (0454 < 2.002) with a significance value > « (0.652 >
0.05) (Table 6). Thus, it can be said that rainfall has
little effect on the rubber produced by Kusen clones in
Rambang District, Muara Enim Regency, as HO is accepted
and Ha is refused. This contradicts the research findings
of Hadi et al. (2022), who found that rainfall significantly
affects rubber production in Ogan Komering Ilir. This is
supported by previous studies by Setyawan et al. (2016),
which show that rainfall significantly affects Ogan Komering
Llir’s rubber production. The rainfall variable substantially
affects rubber production acquisition in Sukamangli Garden,
Kendal Regency, as evidenced by a significant value less
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Table 2. Average Rubber Production of Kusen Clone for 2019-2023 in Rambang District

Months Years

2019 (kg/ha) 2020 (kg/ha) 2021 (kg/ha) 2022 (kg/ha) 2023 (kg/ha) Average
January 224.9818 164.5028 11491 281.2273 210.4669 199.21
February 276.3889 105.2334 122.1675 120.958 133.054 151.56
March 299.371 180.8322 220.1435 90.7185 103.4191 178.90
April 326.587 177.8082 233.4489 104.0238 101.6047 188.70
May 320.6105 61.68856 187.485 165.7124 127.006 174.30
June 320.6105 183.8561 180.2274 157.245 119.7484 194.14
July 84.6706 264.8979 04.34721 2249818 101.6047 154.10
August 127.006 310.2572 182.6465 187.485 102.814 182.04
September 120.958 169.341 195.9519 169.341 97.97595 150.71
October 162.0837 89.50889 278.203 180.2274 108.862 163.78
November 90.7185 107.6526 319.329 194.7423 93.13763 161.12
December 89.50889 36.89218 244.9399 196.5567 121.5628 137.89

Average 205.12 154.37 197.82 17277 118.43

Table 3. The Coefficient Value of the Multiple Linear Rn
Equation on Rubber Plants of Kusen Clone

Coefficient Score
R2  Adjusted R?

0.074 0.041

Rubber clone

Kusen 0.272

than alpha 0.05 from the t-test.

3.4.2 Rainy Days (X2)

In the age variable (X2), the value of Tepumt < Tiable
(0.725 > 2.002) and the significance value > « (0.472 < 0.05)
(Table 6). Then HO is rejected, and Ha is accepted, so it can
be concluded that rainy days don't significantly influence
the rubber production of Kusen clones in the Rambang sub-
district of Muara Enim Regency. This is not in line with the
research of Nasution et al. (2019), who found that rainfall
and rainy days highly correlate with rubber production in
Padang Bolak.

The regression analysis showed that rainfall and rainy
days had a statistically insignificant effect on latex produc-
tion in Rambang District, Muara Enim Regency, using the
Kusen clone. This is thonght to be caused by other factors
that promote excellent or optimum growth for rubber pro-
duction, such as the presence of good and balanced water
and air conditions, which can aid in the absorption of nu-
trients that can increase rubber production, implying that
rainfall and rainy days have no effect. This is in line with
Mamirung M.T and Harvati (2015) research, which found
that variance analysis of multiple linear regression equations
revealed that rainfall and rainy days have no significant
effect on increasing latex production in rubber plants aged
6, 10, and 14 years at the PT. Bridgestone Sumatra Rubber
Estate. Hasibuan and Iisal {2018) conducted another study,

(©) 2024 The Authors.

and the regression analysis findings revealed that rainfall
and rainy days had no significant effect on enhancing the
production of 10-, 15-, and 20-year-old rubber in the Aek
Pamienke Plantation of PT. Socfin Indenesia. Rainfall and
rainy days in the model did not significantly affect latex
production in 7-, 10-, and 13-year-old rubber plants (Sinaga
et al.). However, this is not in line with Hadi et al. (2022),
results of the study with the regression analysis show that
each climate element significantly affects rubber production.
In addition to climate factors such as rainfall and rainy days.
additional factors influence rubber production. Nutrients
on rubber rods may boost latex and dry rubber content
(Ginting and Astuti, 201%). If diseases, ineffective tapping
methods, and inappropriate agronomic practices—factors
that result in the loss of rubber tree stands on the planta-
tion—are adequately managed, the economic life of a rubber
plantation can even be prolonged until the age of forty.

Correlation analysis aims to ascertain the degree of as-
sociation between the independent variables (rainfall and
rainy days) and the dependent variable {latex production).
The results of the correlation analysis test on the rubber
plant clone Kusen showed a weak relationship between the
variable rainfall and mbber production of 0.113, and a very
weak correlation also occurs in the relationship between
rubber production and rainy days of 0.080 (Table 7).

This fragile relationship shows that the variables of rain-
fall, rainy days, and rubber production have no natural
effect. This can be seen from the significance value greater
than 1% alpha (Sig < 0.01), and other correlations show
a robust correlation found in the variable rainy days and
rainfall, namely 0.846 (Table 7). Regression research showed
that rainfall and rainy days had a statistically insignificant
effect on latex output on the rubber clone Kusen in Ram-
bang District, Muara Enim Regency. This is believed to be
caused by other elements that encourage good or optimal
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Coefficient

Unstandardized Coefficients

Model

Standardized Coefficients

B Std. Error Beta t Sig.
1 Constant 200.076 37.271 5.368 0.000
Rainfall (X1) 0.1165 0.257 0.109  0.454 0.652
Rainy days (X2) 3.294 4.545 0173 0.725 0.472
Table 5. Simultaneous Test (I Test)
ANOVA?
Model Sum of squares df Mean Square r Sig.
1 Regression T4171.421 2 37085.711 2.269 0.113"

931507.579
1005679.00

Residual
Total

-

57

-
a

16342.238

@

plant growth, such as excellent and balanced water and air
conditions, which can aid in the absorption of nutrients and
boost plant output. implying that rainfall and rainy days
have no significant influence. Because biological variables,
soil, and natural boundaries all have an impact on plant
productivity.

In addition to the growth factor of rubber plants, this is
thought to be due to the average rainfall and rainy days n
Rambang Subdistrict for five years have been sufficient for
the growth requirements of the Kusen clone rubber plant.
namely rainfall of 2292.4 mm/year and rainy days of 146
days/vyear, so it is stated that the productivity of the Kusen
clone rubber plant is no problem when viewed from the
climatic point of view of rainfall and rainy days. This is
consistent with the literature of the (Directorate General of
Plantation, 2014), which specifies that the optimal raintall
for rubber plants is between 1,500 and 3,000 mm/year,
with dry months of fewer than three months and rainy
days of about 100. Suitable locations include from latitude
150 LU to 100 LS, with a 0-200 m height above sea level
and a maximum wind speed of leq 30 ki /h. Furthermore,
climatic ambient elements surrounding the plant influence
the absorption and availability of water.

Various climate change-related variables canse the yearly
drop in Kusen clone rubber production. One of these is
widespread rubber leaf disease, which attacks rubber plants.
In specific rubber plant clones, a Pestalotiopsis sp. infection
leaf fall disease in newly arrived plants {Damiri
. In addition to the state of the rubber tree,
several additional factors significantly impact rubber pro-
duction. Rubber production is critical to the country’s
economic stability. According to Suri et al. (2021}, the vol-
ume of rubber exports is positively correlated with rubber
production.

(©) 2024 The Authors.

3.5 Strategies for Mitigating and Adapting to Cli-
mate Change

Three actions can be taken to combat climate change: mit-
igation, adaptation, and anticipation. While mitigation is
primarily focused on attempts to lessen the likelihood that
climate change will occur, anticipation and adaptation are
more concerned with lowering the risk of harm or death
because of climate change. In the absence of adaptation.
rubber consumption is anticipated to rise, and production
will fall (Jacob et al., 2022). Better management, breeding.
and medium-term planning of plantation renewals and ex-
tension are examples of adaptation strategies. Numerous
beneficial ontcomes from the research are available, including
significant discoveries for adaptation. Two complementary
approaches can be used to adapt rubber agriculture to cli-
mate change: climate-resilient agronomic techniques and
breeding and genomic marker-assisted selection to create
climate-resilient. high-vielding clones (Jacob et al., 2022).
Many strategies have been implemented to help rubber sys
tems adjust to climate change. For the first two years after
planting, shading is advised.

Moreover, rubber farmers may plant intercrops or use
agroforestry systems (Landicho et al., 2016). Effective han-
dling of nutrients, especially initially, can significantly im-
prove a rubber plantation’s ability to operate. Rubber has
distinet immature and mature phases, with the mature phase
characterized by a progressive improvement in soil quality
(Gav et al., 2021). Rain guards can protect the bark from
excessive rainfall, and tapping can be managed adaptively.
A time of non-tapping and low-intensive tapping could be
included in tapping management to reduce the number of
tapping days and related expenses while maintaining annual
output.

Rubber farmers face two issues related to climate change:
adapting to varying climates and implementing mitigating
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Coefficient
Model Unstandardized Coefficients Standardized Coefficients
) B Std. Error Beta t Sig.
1 Constant 200.076 37.271 5.368 0.000
Rainfall (X1) 0.1165 0.257 0.109  0.454 0.652
Rainy days (X2) 3.294 4.545 0173 0.725 0.472
Table 7. Correlation Analysis Test for Rubber of Kusen Clone
Variable
Fari istics Tes
Clone Variable Statistics Test Rubber production Rainfall Rainy days
Kusen Rubber production Pearson Correlation 1 0.113 0.080
Sig - 0.196 0.271
Rainfall Pearson Correlation 0.113 1 0.846
Sig 0.196 - 0.000
Rainy days Pearson Correlation 0.080 0.846 1
Sig 0.271 0.000 -

strategies. Rubber farmers can implement climate change
adaptation strategies such as working a side job to supple-
ment their income, increasing fertilization intensity, selecting
the clone that is most resistant to climate change, and de-
termining the tapping time that produces more rubber than
other times. Rubber clones were introduced to combat leaf-
fall illnesses. The study on Colletotrichum gloeosporioides.
Oidium heveae, and Corynespora cassiicola revealed that
clones RRIC 100 and PB 260 exhibited superior resistance
against the three leaf fall diseases. These clones were suc-
ceeded by PB 254, PB 312, PB 314, and RRIM 921, which
were categorized as moderately resistant.

It is necessary to take mitigation measures in line with
1.5 °C warming targets to prevent significant harm to eco-
nomic growth and other well-being (Moore and Diaz, 2015).
Globally speaking. climate mitigation portends a future
with fewer dangers of climate change and conflict (Gilmore
and Buhang, 2021). Climate mitigation is any measure to
permanently eliminate or lessen climate change’s long-term
danger and hazard to hmman life (Panepinto et al., 2021).
There is a great deal of promise for natural rubber s
to enhance their role in mitigating climate change. It in-
cludes using Hevea trees as carbon sinks, managing land
use and change better, using better management techniques
to promote soil carbon and yield, and using more rubber
wood and natural rubber instead of non-renewable resources
(Kadir et al., 2022)

4. CONCLUSIONS

In Rambang District, Muara Enim Regency, rainfall and
rainy days did not significantly affect the production of
Kusen clone rubber, according to the variance analysis of

(©) 2024 The Authors.

multiple linear regression coeflicients. According to the cor-
relation test results, rainfall and rainy days are strongly
assoclated with producing Kusen clone rubber, as demon-
strated by the correlation analysis value of (0.846. Even so,
the rubber plant clone Kusen showed a weak relationship
between the variable rainfall and rubber produetion of 0.113,
and a very weak correlation also occurs in the relationship
between rubber production and rainy days of 0.080. Re-
ion research showed that rainfall and rainy days had a
statistically msignificant effect on rubber production on the
rubber clone Kusen in Rambang District, Muara Enim Re-
gency. In addition to rainfall and rainy days, more research
is needed to determine the effect of temperature, humidity,
and sunlight intensity on rubber production. Comparison
studies on rubber production in multiple places using the
exact clone are also required.
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