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Abstract This research aims to determine the at location 2 is 2.40 % with an attack intensity of 1.80 %.

influence of climate in West Kutai, Indonesia on the
intensity of disease attack Upas Fungus (Corticium sp.)
pathogen on 4-year-old and 7-year-old rubber plants. The
study began in 2015, with a 4-year-old rubber plant and
continues in 2018 with a 7-year-old rubber plant. The
methodology is to inventory 500 rubber plants in two
neighboring locations to determine the incidence and
severity of disease caused by Upas Fungus in 2015. The
results indicated that an invasion of pathogenic Upas
Fungus attacked rubber plants starting at the age of 4 years
in 2 places and the age of 4 years in another location.
Symptoms included substantial eruptions of tree trunks that
finally dried up. The inventory and calculation results
indicate that the attack frequency at position 1 is 1.20 %
with an attack intensity of 0.90 %, and the attack frequency

The correlation test revealed an inverse (negative)
relationship between temperature and attack intensity, with
a coefficient value of 0.721, and a directly proportional
(positive) relationship between humidity and intensity,
with a coefficient value of 0.754 and vice versa, between
rainfall and intensity there is an inverse (negative)
relationship that is not significant with a coefficient value
0f'0.199 and vice versa.

Keywords Attack Intensity, Disease Effect, Hevea
brasiliensis Muell. Arg, Latex Loss, Plant Pathology
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1. Introduction

Natural rubber is a highly valued and strategically
significant biomaterial; unlike the majority of other
biopolymers, it cannot be substituted in many of its
applications by synthetic materials. For example,
heavy-duty tires for trucks, buses, and airplanes, as well as
a variety of latex products used in the medical field, cannot
be manufactured entirely from synthetic rubber or at a large
cost premium. Around 10% of natural rubber is used to
make latex, which is used in the manufacture of gloves,
condoms, catheters, and other medical items [1], [2].

The rubber tree (Hevea brasiliensis Muell. Arg.) is a
perennial tropical plant species of the Euphorbiaceae
family. Although natural rubber is indigenous to the
Amazon basin, its economic value and growing demand
have resulted in its widespread domestication in Southeast
Asia. To this day, the rubber tree is the sole commercial
source of natural rubber, due to its high output and rubber
quality [3], [4]. Indonesia has the world's largest area under
rubber plantation, surpassing major producers Thailand
and Malaysia. Nonetheless, Thailand's annual rubber
production exceeds Indonesia’s.

Factors that contribute to the low productivity of rubber
plants are the presence of pest and disease assault,
inadequate understanding of routine care, such as
fertilization and insect eradication, and less intensive
disease [5]. It is estimated that crop losses caused by pests
and diseases range anywhere from 17 to 30 percent across
the globe [6]. Pathogenic fungal infections such as
Phytophthora-caused aberrant leaf fall (ALF) and shoot rot,
Corticium salmonicolor-caused pink disease,
Corynespora-caused leaf’ disease, and powdery mildew
(Oidium sp.)-caused leaf disease, were difficult to control
and pose epidemic hazards to rubber agriculture [7].

In India, the pink disease has been a critical malady,
affecting around 30% of all rubber trees [8]. Climatic
factors are suspected to be the cause which influence the
pattern of cancer because the rainfall pattern influences
cancer formation, but humidity does not affect cancer
development. Still, perhaps the duration of direct wetting
on the host surface facilitates infection, or rain splash helps
the release of spores from summer/winter spores in the soil,
which affects cancer development. A study showed that the
rise in temperature has a negative effect, while rainfall
change exerts a positive impact on agricultural productivity
[9]. Previous study also considered the maximum progress
and spread of infection during the rainy season in pink
cancer cases [8].

Effective disease control strategies strive to disrupt the
triangle formed by the environment, pathogen, and host.
Reduction in disease-related loss is possible, for example,
if the host can be made more resistant or immune through
plant breeding or genetic engineering. Additionally, the
environment could be modified to make it less conducive
to disease invasion and more conducive to host plant
growth. Finally, the pathogen may be eradicated from the

147

host or prevented from infecting it. These fundamental
control approaches can be classified into a variety of
cultural, chemical, and biological practices, all of which
contribute to disease control [10], [11].

As the progression of the disease depends heavily on
climatic elements such as temperature, humidity, light,
precipitation, and wind. In general, Indonesia's climate is
ideal for the spread of any kind of rubber disease. The
epidemiology of plant diseases is influenced by a number
of climatic conditions, but temperature, humidity, and
rainfall are particularly significant ones.

Upas fungus (pink disease) caused by the opportunistic
fungus Corticium salmonicolor with increasing incidence
and host of increasingly diverse plant types has not
received proper attention. The purpose and benefit of this
research was to analyze the relationship between climate
factors and disease development so that disease control can
be carried out from the beginning of planting.

However, prior studies have limited information on
climate factors and disease development of Upas Fungus in
Indonesia [12], [13]. Hence, this study was an attempt to
close the gap from previous studies on climate influence on
upas fungus (Corticium sp.) disease frequency/attack
intensity on rubber plants (Hevea brasiliensis Muell. Arg.).

This study relevance was about the rubber plants
production in Wes Kutai, Indonesia which was affected by
Upas Fungus that prior study has limited information on
climate influence on the attack intensity of Upas Fungus.

2. Materials and Methods

2.1. Research Location

The research location was conducted in a rubber
plantation in Sumber Rejo Village, Sekolaq Darat District,
West Kutai Regency, East Kalimantan Province, Indonesia.
The research location’s coordinates are 0°29 '79 " — 115°
77'45".

Rubber is the main income for the people of Sekolaq
Darat Village, besides Pepper, Coftee, Cloves, Coconut,
Cocoa, Cotton, Pecan, Palm and Ginger. So far, the
community, especially in the Sekolaq Darat District Area
have not been satisfied with the production of rubber that is
too low and is not in accordance with basic necessities in
Sekolaq Darat District. Many things have caused rubber
production such as, disease, climate and other factors that
will result in rubber production. As such, the author
chooses Sekolaq Darat District as the research location in
order to generate better rubber plant treatment, especially
for disease control.

2.2. Research Procedures

In the research location, 2 plots were determined. Each
plot was 1 hectare in size. Rubber plant samples observed
were 1000 plants. At location 1, 500 plants were observed
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and at location 2, 500 plants were observed. The age of the
plants in each location was 4 year in 2015 and 7 year in
2018. All plants were inventoried by studying Upas Fungus
disease symptoms and signals on rubber plant stems. The
disease manifests itself through symptoms associated with
fungal pathogenic disease.

Signs of Upas Fungus harmful diseases were promptly
discovered in the field by comparing them to published
literature and picture data. Additionally, any symptoms and
indicators in the area were noted on the tally sheet. Plants
affected by the disease were calculated frequency (F) and
attack intensity (Al).

2.3. Data Analysis

The core data set records the Frequency (F) of pathogen
assault and the Intensity of the attack (AI). The value
(score) of an attack was established by examining the
assault symptoms or the status of each rubber plant, as
shown in Table 1 and Table 2.

Table 1. The scoring procedure of diseases caused by upas fungus
(Corticium sp.) on each rubber plant observed

Plant condition (attack symptoms) Score
Healthy (no symptoms) 0
Mildly infected (plants that are infected but still look 1
healthy)
Severely infected (the number of stems infected are a lot) 2
Moderately infected (plants are infected and the number of 3
stems infected are a lot more)
Dead (all plants damaged or no signs of life) 4

The formula for calculating attack frequency (F) and
attack intensity (Al) is as follows:

number of affected plants

Attack Frequency (AF) = Sher e plmtsample 100%
(1

Attack Intensity (Al) = Xt +X2y2x;:3y3 DAY 100%
(2)

Data were gathered during the study in the form of
temperature, relative humidity, and rainfall data. Data
analysis of climatic factors related to the disease intensity
were tested by correlation at 2 research locations.
Unfortunately, at this time, there was no Meterological

Station in West Kutai so climate data was obtained from
the Samarinda Meteorological Station.

Afterwards, the data was interpreted with the correlation
coefticient as shown in Table 3.

In this study, rubber plants observed were given a score
depending on the plant condition, and healthy (no
symptoms) rubber plants were given 0 score as they were
not affected by any disease. However, if plants were
infected but still look healthy or refer to “Mildly infected™
was given | score, while “Severely infected” which was
indicated by a lot of stems infected was given 2 score.
Moderately infected or more plants were infected and lot of
stems infected was given 3 score. Meanwhile, Dead rubber
plant or no signs of life was given 4.

After obtaining the Al value, the degree of damage to
each plant was evaluated to ascertain the severity of the
pathogen attack in the research region. Table 2 showed the
criteria for evaluating the condition of plants damaged by
assault intensity:

Table 2. Criteria for determining plant conditions due to pathogen
based attack intensity

Intensity of attack (%) Plant condition
0.0t 100 Healthy
11.0tw25.0 Minor damage
25.1t050.0 Moderately damaged
30.1t075.0 Heavy damage
75.1to 100 Very heavy damaged

Table 3. Provide an interpretation of the correlation coefficient

Coefficient interval Lewvel of relationship
0.00t00.19 Very weak
020 to 0.39 Weak
0.40 to 0.59 Moderate
0.60t00.79 Strong
0.80to 1.00 Very strong

3. Result and Discussion

Based on the results of the research, the inventory data
for the attack of infected plants was tabulated as shown in

Table 4 below.
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Table 4. Result of inventarization pathogen infection and symptoms score, and signs at the researched plot of rubber plants 2015, 2016, 2017, 2018

Number Location 1 Location 2 Location | Location 2
ofthe Number of the sick trees Number of the sick trees Score of the sick trees Score of the sick trees
rees
observed | 2015 | 2016 | 2017 | 2018 | 2015 | 2016 | 2017 | 2018 | 2015 | 2016 | 2017 | 2018 | 2015 | 2016 | 2017 | 2018
11 11 11 11 1 2 3 3 2 2 3 3
1t 50 3 3 3 3
15 15 15 15 2 3 3 3 2 3 3 3
1 3 2 2 3 3
51tol00 | 91 91 91 91 23 23 23 23 2 2
2 3 3 3
101 to 131 | 1310 | 131 | 131 2 2 3 3
150 132 | 132 | 132 | 132 2 2 3 3
151 to .
200
233 233 233 233 2 2 3 3
Wlt0 210 210 210 210 1 2 2 3
250 243 | 243 | 243 | 243 2 2 3 3
251 o
300 300 300 300 300 2 3 3 3
301 to 317 317 317 317 301 301 301 301 1 2 3 3 2 2 3 3
350 319 | 319 | 319 | 319 - - - - 1 2 3 3
400 to 2 3
450 - 430 | 430 | 430 430 3 3
45lto - 432 432 432 432 2 2 3 3
500
Total
plants 6 6 6 6 12 12 12 12
affected

From the research results listed in Table 4, the researcher
could calculate the attack frequency (AF) and attack
intensity (Al) of Corticium sp. on the rubber plant as
follows:

3.1. Frequency of Attack (AF)

According to field observations, 6 plants were infected
with Upas Fungus out of the 500 observed plants at
location 1, and 12 were attacked out of 500 at location 2.
The research results were listed in Table 5.

Table 5. Frequency of attack at two location 20135, 2016, 2017, 2018

Location 1 Frequency of attack (AF)
2015 1.20 % of plants affected by disease
2016 1.20 % of plants affected by disease
2017 1.20 % of plants affected by disease
2018 1.20 % of plants affected by disease
Location 2
2015 2.40 % of plants affected by disease
2016 2.40 % of plants affected by disease
2017 2.40 % of plants affected by disease
2018 2.40 % of plants affected by disease

Note: Example

6 plants attacked

AF at location 1 (2018) = 500 plants

of plants affected by disease 3)

AF at location 2 (2018) = 22plantsattacked 4 50/ —
500 plants

2.40 % of plants affected by disease 4)

Base on the result which can be seen from Table 4, that
the frequency of attacks at location 1 was less than at
location 2. Microclimatic conditions may promote activity
and make fungal infections easier. It further explains that
the number of potential hosts, pathogen dispersal, and
microclimate differences at the research site were the
factors responsible for the difference in attack rates. The
microclimate structure was closely related to the stand
structure, which was determined by plant phenotype, tree
density, leaf surface development, leaf shape, etc. High
humidity and rainfall spur the breeding of fungal spores
[14].

A pathogenic fungus infects a plant when its spores land
on the leaves or stem of a vulnerable host and germinate,
each spore creating a germ tube. The tube grows on the
host's surface until it encounters an opening; then it enters
the host, sprouting branches among the host's cells and
forming a mycelial network within the invaded tissue.

*100% = 1.20 %




150

Identification of Climate Influence on Upas Fungus (Corticium sp.) Disease Intensity

on Rubber Plants (Hevea brasiliensis Muell. Arg.)

Certain fungi created special pressing structures called
appressoria, from which a microscopic, needlelike peg
presses against and punctures the host's epidermis; upon
penetration, a mycelium develops normally. Numerous
parasitic fungi obtain nourishment from host cells through
hyphal walls that were pushed against the host's interior
tissue cell walls. Others created haustoria (specialized
absorption structures) that branch off from the intercellular
hyphae and enter the cells [15].

The total rainfall 3 466 mm, the average
temperature ranged from 24 °C to 26 °C and the dry season
was the same, with the relative humidity always high at
night (> 95%), with many hours of leaf per night
throughout the year, the phenological pattern of young
rubber trees following pruning [3], [16].

Without one of the following three fundamental
circumstances, infectious illness cannot develop: (i) an
appropriate habitat, with the most crucial environmental
parameters being the amount and frequency of rainfall or
heavy dews, relative humidity, and air and soil
temperatures; (ii) the presence of a virulent pathogen; and
(iii) a susceptible host [17].

In this case, humidity and temperature were two more
ecological variables that influence fungus dispersion.
Perhaps the majority of the fungi were mesophilic, with an
optimal development temperature of 20 °C to 30 °C.
Thermophilic species were able to grow at 50 °C or higher
but were unable to produce below 30 °C. Although the
optimum temperature for the growth of most fungi lies at or
above 20 °C, many species could grow close to or below 0
°C. The so-called snow moulds and the fungi that cause the
spoilage of refrigerated foods were examples. Temperature
relationships influence the distribution of various species.
Other specific effects of temperature were also important
factors in determining the habitats of fungi. Many
coprophilous (dung-inhabiting) fungi, such as Pilobolus,
although able to grow at a temperature of 20 °C to 30 °C,
require a short period at 60 °C for their spores to germinate
[18]. [19].

Throughout the late 1970s, worldwide, including
northeast India, Vietnam's highlands and coastal parts,
southern China, and Brazil's southern plateau, all these
places, however, are subject to varying degrees of climate
limitations. While they met the majority of the basic
growth criteria for rubber production, they also have harsh
conditions such as low temperatures and prolonged periods
of drought. With the damage and reduced development rate
caused by the freezing temperatures, latex production was
suspended in these places for around 1-3 months every
year [19].

H. brasiliensis grows and produces rubber optimally in
hot, humid climates similar to those found in its home
location, but it is also frequently cultivated in drier and
colder climates worldwide [20], [21]. Governmental
checks and regulations were also needed; dealers often sell
fake seed varieties that discourage the production and use
of original seeds and technological development. However,

wds

this PB260 was susceptible to fungal attacks, resulting in
leaf-fall caused by Corynespora cassiicola sp. [22], [23].

3.2, Attack Intensity (AI)

Calculations based on observations of plant symptoms
that appear as scores are reported in Tables 6,7 and 8.
Using the score calculation data, the attack intensity can be
determined as follows:

Table 6. Plant condition at location 1

The number of

plant populations Plant condition Score
affected
494 Healthy (no symptoms) 0
0 Mildly infected (plants that are 1
infected but still look healthy)
0 Severely infected (the number of 5

stems infected are a lot)

Moderately infected (plants are
6 infected and the number of stems 3
infected are a lot more)

Dead (all plants damaged or no
signs of life)

According to the data on rubber plant condition in
location 1 above, it can be seen that there were 494 healthy
(no symptoms) rubber plants as they are not affected by
any disease. Meanwhile, there were 6 Moderately infected
rubber plants, and no Mildly infected” or “Severely
infected” and Dead rubber plant recorded.

Table 7. Plant condition at location 2
The number
f plant
o P n Plant condition Score
populations
affected
488 Healthy (no symptoms) 0
Mildly infected (plants that are infected
0 . 1
but still look healthy)
Severely infected (the number of stems
0 . 2
infected are a lot)
Moderately infected (plants are infected
12 and the number of stems infected are a 3
lot more)
0 Dead (all plants damaged or no signs of 4
life)

Based on the data on location 2 above, it can be seen that
there were 484 healthy (no symptoms) rubber plants as
they are not affected by any disease. Meanwhile, there
were 12 Moderately infected rubber plants. Likewise, as
location 1, there was no Mildly infected” or “Severely
infected” and Dead rubber plant in location 2.
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Table 8. Attack intensity (Al) at two location 2013, 2016, 2017, 2018

Location . - ..
Attack Intensity (%) Criteria plant condition
Maonth
1 2015 2016 2017 2018
January 0.50 0.65 0.70 1.80 Healthy
February 0.50 0.65 0.70 1.80 Healthy
March 0.50 0.65 0.70 1.80 Healthy
April 0.50 0.65 0.70 1.80 Healthy
May 0.50 0.65 0.70 1.80 Healthy
June 0.50 0.65 070 1.80 Healthy
July 0.50 0.65 0.70 1.80 Healthy
August 0.50 0.65 0.70 1.80 Healthy
September 0.50 0.65 070 1.80 Healthy
October 0.50 0.65 0.70 1.80 Healthy
November 0.51 0.66 072 1.81 Healthy
December 0.52 0.67 0.74 1.81 Healthy
2 2015 2016 2017 2018
January 1.20 140 180 1.80 Healthy
February 1.20 1.40 1.80 1.80 Healthy
March 1.20 140 1.80 1.80 Healthy
April 1.20 140 1.80 1.80 Healthy
May 1.20 1.40 1.80 1.80 Healthy
June 1.20 1.40 1.80 1.80 Healthy
Tuly 1.20 1.40 1.80 1.80 Healthy
August 1.20 1.40 1.80 1.80 Healthy
September 1.20 1.40 1.80 1.80 Healthy
October 1.20 1.40 1.80 1.80 Healthy
November 1.21 141 1.82 1.81 Healthy
December 1.22 1.43 1.83 1.82 Healthy
Note: Example
Location 1.
AL(018) = SHEREEEEE0N 009, — 0TI, 1009 = 0.90%
Location 2.
AL(2018)= SHHEEREREER, 4009 = S04 100% = 180 %

500=4

Data for temperature, relative humidity and rainfall at the time of the study were presented in Table 9.
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Table 9. Average temperature, relative humidity, rainfall in East Kalimantan (Samarinda Meteorological Station), 2015, 2016, 2017, 2018

Month Temperature Relative humidity Rain fall
2015 2016 | 2017 | 2018 | 2015 2016 | 2017 | 2018 2015 2016 2017 2018
(C) (0 (©) () (%) (%) (%) (%) (mm) (mm) (mm) | (mm)
1 2 3 4 5 6 7 8 9 10 11 12 13

1 January 269 28.18 274 27.6 83 T8.90 82.0 81 3448 94.60 160.8 2159
2 February 27 28.65 279 276 83 T6.41 80.0 82 193 3.40 1386 977
3 March 275 28.69 276 279 81 T6.68 81.0 80 1978 87.60 88.1 154.1
4 April 27 29.60 278 27.8 81 79.27 82.0 82 3437 152.00 3433 180.2
5 May 278 28.38 277 278 84 8l.46 86.0 84 2135 163.00 3093 2963
6 June 275 27.14 273 278 83 81.81 84.0 83 2592 137.00 4218 197.0
7 Tuly 275 27.02 277 279 80 79.94 82.0 81 162.7 | 202.10 1609 | 1369
8 Aungust 28 2744 | 272 28.0 76 77.35 83.0 78 576 106.60 | 2497 479
9 September 28.5 26,70 | 278 28.1 75 78.31 82.0 77 0 205.80 1000 | 1274
10 October 28.9 | 26.63 283 27.8 74 79.7 77.0 81 73.2 32720 1520 | 1519
11 November 284 | 27.07 281 279 80 79.13 81.0 82 60.9 lod4.60 | 2188 126.7
12 December 28.6 - 280 282 78 - 76.0 80 1914 | 23080 | 2231 169.5

Mean 2015 27.8 80 174 8

Mean 2016 277 T8.98 15622

Mean 2017 278 81.3 2139

Mean 2018 242 81 158.5

Based on the results of the correlation test in Tables 9, 10,
11,12 and 13, it can be seen that at locations 1 and 2, there
was a positive correlation between the intensity of disease
attacks and humidity. As the humidity increases, the
intensity of the attack also increases. It can be said that
water is needed by the fungi to transport nutrients and also
for the diffusion of oxygen for their body cells, in which
the structure of the fungi that plays a role in absorbing
nutrients is the mycelium because fungi are aerobic.
However, at too high a humidity (> 80%), the number of
fungi can be reduced. The average relative humidity in
2015-2018 (79.98 to 81.3) was positively correlated with
the intensity of disease attacks.

At location 1, the result of the correlation test between
temperature and attack intensity reflects an inverse
(negative) relationship that was not significant, which
means if the temperature increases, the intensity decreases
with a coefficient value of 0.721 and vice versa. The
correlation between humidity and attack intensity is
directly proportional (positive) and not significant,
meaning that if the humidity increases, the intensity will
increase with a coefficient value of 0.754 and vice versa.

The correlation between rainfall and intensity shows an
inverse (negative) relationship that is not significant, which
means if rainfall increases, the intensity decreases, with a
coefficient value of 0.199 and vice versa. The coefticient
value is seen in the coefficient table in the beta colummn.
The significance value is seen in the coefticient table in the
Sig column. The results are significant if the value of Sig is
<0.05 and not significant if the Sig value 1s > 0.05.

At location 2, the result of the correlation test between
temperature and intensity shows an inverse (negative)
relationship that is not significant, which means if the
temperature increases, the intensity decreases with a
coefficient value of 0.666 and vice versa. Relative
humidity and attack intensity have a directly proportional
correlation (positive) which is not significant, meaning that
if the humidity increases, the intensity will increase with a
coefficient value of 0.764 and vice versa.

The correlation between rainfall and intensity has an
inverse (negative) relationship that is not significant, which
means if rainfall increases, the intensity decreases, with a
coefficient value of 0.058 and vice versa.
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Table 10. Result of statistical analysis of the correlation between attack intensity and weather at location | in 2015, 2016, 2017, 2018

Model summary®
Change Statistics
Madel R R Square A{g:i:: o Std;:;:;ime R Square F Change afl an Sig. Durzi;l-\\?at
Change F Change
1 183* 033 -.033 14687 033 506 3 44 680 086
a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity
b. Dependent Variable: Intensity of attack locationl
Table 11. Correlation oiﬁicieut Intensity of attack location |
Coefficients®
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta

(Constant) 724 163 4432 000
Temperature -.026 023 =721 -1.119 269
: Relative_Humidity 009 008 754 1.184 243
Rain Fall 000 000 -.199 994 326

Dependent Variable: Intensity of attack location 1
Y =-0.721X1 + 0,754 X2 — 0,199X3 (7)
X1 = Temperature ( °C)
X2 = Relative Humidity (%)
X3 = Rain Fall (mm)
Table 12.  Result of statistical analysis of the correlation \‘weeu attack intensity and weather at location 2 in 2015, 2016, 2017, 2018

Model summary”

i Change Statistics
Model R R Square EiEStEdIR | A Er{'or ot R Square Durbin-Watson|
Square | the Estimate F Change | dfl df  |Sig. F Change
Change
1 215 046 -019 26540 046 13 3 44 550 067

a. Predictors: (Constant), Rain_Fall, Temperature, Relative Humidity

b. Dependent Variable: Intensity of attack location 2

Table 13. Correlation cgefficient Intensity of attack location 2

oefficients®
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 1.428 295 4.837 000
Temperature -.043 042 -.666 -1.041 304
! Relative Humidity 017 014 T4 1.209 233
Rain Fall 000 .001 -0358 -.293 171

a. Dependent Varable: Intensity of attack location 2
Y = - 0.666X1 + 0,764X2 — 0,058X3 (8)
X1 = Temperature (°C)
X2 = Relative Humidity (%)
X3 = Rain Fall (mm)
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Climate change affects the life cycle of pathogens-their
virulence (infectiousness), transmission, and reproduction,
and the level of the genome, cellular, plant physiological
processes, and pathogens. Each stage of the pathogen's life
cycle was affected by temperature, from the budding of the
spores to the entry of the parent into new sporulation and
transfer of spores.

The development of the disease can start from
inoculation, penetration, infection, and invasion, namely
the development of pathogens in the host plant tissue. In
the case of diseases caused by fungi, the effect of humidity
occurs on the germination of spores, which require a water
film on the tissue to germinate. In addition, it also affects
the release of spores from the sporophores, whose spores
can only be released when conditions are moist.

The main variable of Indonesia's climate was not
temperature or air pressure, but rainfall. The area's relative
humidity ranges between 70 % and 90 %. East Kalimantan
has a fairly high rainfall value with high humidity and a
temperature conducive to the growth of fungi. At locations
1 and 2, between 2015 and 2018, the average temperature
was 242 °C to 27.8 °C, relative humidity 78.98 % to
81.3 %, and rainfall 156.22 mm to 213.9 mm.

The severity of the Upas Fungus disease attack in two
spots on the 4-year-old rubber plant indicates that the
plant's general health was still intact. The infected stems of
the Upas Fungus are identified by an eruption of the tree,
which eventually dies. As the plant matures and gets
stunted, the bark grows thinner and the tree expels black
sap, eventually ceasing to produce latex entirely. The
rubber tree is a tropical crop that can grow well in regions
having rainfall between 1 500 mm to 3 000 mm per year,
with even distribution.

According to Kennelly et al. [12],
plant-nutrient-pathogen interactions are complicated and
poorly understood. Although nutrition was frequently
overlooked, it has always been a critical component in
illness prevention. The majority of the soils and settings
where plants were cultivated were infested with disease
pathogens. At the most fundamental level, nutritionally
stressed plants will be less robust and more prone to
disease. Even so, all nutrients have an effect on plant
disease in this way, some have a greater direct and indirect
effect than others.

Disease resistance in plants was primarily a function of
genetics. However, the ability of a plant to express its
genetic potential for disease resistance can be affected by
mineral nutrition. Plant species or varieties with high
genetic resistance to disease are likely to be less affected by
changes in nutrition than plants only tolerant of conditions,
on Eucalyptus clonal plantations in Andhra Pradesh,
Kerala, and Tamil Nadu (South India). Eucalyptus was
studied relative to the attack of the disease pathogen pink
[24].

It infects areal parts of various crop species as Coffea
spp.. Camellia sinensis (L.) Kuntze., Diospyros kaki
Thunb., Pipper nigrum L., Theobroma cacao L., Citrus

spp., Zingiber officinale Roscoe, Trans. Linn. Soc.,
Mangifera indica L. and Hevea brasiliensis Muell. Arg
[25).

The pink disease can attack saplings and mature trees.
Using too many chemical fungicides can lead to land
degradation and insecticide resistance of insects. To cope
with this problem, controlling disease by biological
methods is attracting more attention, and some studies have
recently been done [7]. Endophytes were considered to be
one of the most important target organisms isolated and
screened for the bioproducts used to prevent fungal
diseases [26].

The application of nanoparticles has anti-fungal solid

activity against various plant pathogens such as
Phytophthora and C.  salmonicolor.  However,
antimicrobial studies of copper nanoparticles have

received more attention recently because they are much
less expensive than silver or gold nanoparticles. This
advantage could offer antifungal applications of copper
nanoparticles in agriculture [27], [28].

In addition, what has been explained is that disease
attacks also turn out to affect the production of latex
produced. As shown in Table 14 below, we can see Latex
Production that the production at location 1 is higher than
at location 2. The results of the calculations are presented
in Table 14 below.

Table 14.  Average result of rubber production at two location, 2018

Production (kg ha ' mo ™)

Location | Location 2
mo | =530 mo | =390
mo 2 =520 mo 2=410
mo 3 =540 mo 3 =400
mo 4 =530 mo 4 =400
Average = 530 Average = 400

Latex production at location 1 rather than location 2 was
due to farmers at location 1 have been intensively
providing NPK fertilization and weed eradication since the
beginning of planting/nursing. As is known, Nitrogen is a
basic part of plants as a fundamental unit of proteins,
nucleic acids, and chlorophyll, which makes leaves green.
Phosphorus (P) is the key to plant life. P is an essential
nutrient for plants with a function of transfer of energy to
the gene aspect, which cannot be replaced by other
nutrients. And Potassium (K) is an essential element used
in almost all processes to support plant life. It is the third
major nutrient after N and P. In general, potassium acts as a
catalyst in protein formation, neutralizes reactions in cells,
especially from organic acids, regulates stomatal
movement, and makes plants more resistant to pests and
diseases.

According to Singha et al. [29] Phosphorus (P) was one
of the macronutrients required for the growth and
development of the plant. Generally, plants need
phosphorus in 2 000 pg g-1 dry weight or 0.2 %.
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Phosphorus is the component of nucleic acids,
phospholipids, and adenosine triphosphate (ATP).
However, phosphate ion was also absorbed by soil particles
or fixed by other as calcium (Ca),
magnesium (Mg), aluminium (Al), and iron (Fe) [20], [30].
The rubber yield starts at 3 to 4 years of age and peaks at 10
years from planting. Interestingly, the decline of the tree
growth rate was steeper than that of the rubber yield rate.
The sink strength of growth could be greater than the
rubber production during the tree’s young phase, a pattern
that would reverse during its mature phase. This trend is
caused by rubber tapping, which stimulates the tree to
produce more rubber. As a result, the biomass allocated to
rubber consistently increases from 5 % at three years of age
to 40 % at 20 years [20], [31].

Because most of the rubber plantations were located in
high rainfall areas, water is frequently not considered a
limiting factor [15]. To understand how best to control
plant diseases to improve food security in the context of
climate change, plant protection professionals must work
with societal change, defining its key processes and
influencers to effect change. Specifically, there was a key
role to play in improving food security [32]. Plant pests and
diseases could potentially deprive humanity of up to 82 %
of the attainable yield in the case of cotton and over 50 %
for other major crops will also be sufficient to enable the
crop to maximize disease resistance. However, there were
cases where higher-than-needed nutrient applications for
optimum growth can improve disease resistance [18].

A correct understanding of the trade-offs and synergies
between ecosystem services was great significance for
improving the overall benefits of the latter and achieving a
“win-win” situation for regional development and
ecological protection [33], [34]. Host disease resistance
was one of the most sustainable approaches to plant disease
management, and the coordination of structured plant
breeding networks when propagating resistance genes may
reduce the likelihood of pathogens overcoming resistance
[35]. As is the case that occurs in India that the tea plant the
penetration of a fungus like Cortiicium theae Bernard into
initiates subcuticular intramural colonization and causes
rapid spread throughout the tissue with inter- and
intracellular hyphae that kill cells and tissues of plants’
leaves and branches [29].

Solar radiation, rainfall, and temperature, in general,
have a rather dominant role in growth and production,
while air humidity has a direct effect on several types of
plants, but is indirectly closely related to the development
of plant pests and diseases. A too high air humidity
throughout the year was a potential condition for the
emergence of pests and plant diseases, especially humidity
conditions around plants. Branches that were attacked may
die or break easily. Rubber biosynthesis is a
well-characterized isoprenoid metabolic process in laticifer
cells; however, little is known about the positive feedback
regulation induced by latex loss caused by tapping [36].
The theory of complex adaptive systems aims to develop a
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policy framework for plant breeding networks for the
spread of these resistance genes to adapt to global changes
in climate and land use [32], the emergence of new
diseases, and breeding technologies [36], [37].

The economical management strategies play a vital role
in efficient disease management in rubber plantations. To
develop a tool to integrated disease management approach,
different bio-agents, plant extracts, and fungicides were
tested [38], [39]. On the other hand, the inoculation
research of Enterobacter sp. and arbuscular mycorrhizal
fungi with silicon have the potential to suppress
Rigidoporus microporous (Sw.) Overeem fungi that cause
white root rot and increase the growth of rubber seedlings
under greenhouse conditions and co-inoculation with
silicon also significantly increased the silicon content of
the roots and shoots and the nutritional content of the
leaves (N, P, and K) [40], [41].

4. Conclusions

This study's findings indicate that the inventory result
for Upas Fungus pathogen assault is 1.20 % at location 1
and 2.40 % at location 2, while the attack intensity (Al) is
0.90 % at location 1 and 1.80 % at location 2. The result
of the correlation test between temperature and attack
intensity reflects an inverse (negative) relationship, with a
coefficient value of 0.721. Between humidity and
intensity, there is a directly proportional (positive)
correlation with a coefficient value of 0.754 and vice
versa. Rainfall and intensity have an inverse (negative)
relationship that is not significant with a coefficient value
of 0.199 and vice versa. Latex output is 530 kg ha ' mo '
at location 1, and 400 kg ha™ mo™ at location 2. Current
plant disease control strategies include, first and foremost,
non-chemical treatments that are mostly preventative and
primarily  cultural, such as the adoption of
disease-resistant plants.
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There has been no data on the frequency and intensity
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fertilizer application, fungicides usage, and weed control.
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