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the reduction of rice yields. The
resistance to pathogens can be
increased by the application of
silicate fertilizers. This research
aimed to determine the effect
of silicate fertilizer application
on the physiological resistance
responses structurally and
biochemically in rice plants to
defend against the rice sheath
blight pathogen Rhizoctonia
solani Kihn. The sample of rice
plants consists of Pandan
Wangi (PW), Cisadane (CS),
and IR64 (IR) which were
treated with 3 doses of silicate

fertilizer SO = 0 kg.hal, S1 =
200 kg.ha™! and S2 = 400 kg.ha"
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and cultivar had a significant
effect on reducing lesion
symptoms. Application of
silicate fertilizer and
inoculation treatment on
different rice cultivars had a
significant effect on several
parameters such as
physiological (chlorophyll and
relative water content), growth
(plant height and number of
leaves), anatomical (leaf
sheath diameter and cuticle
thickness) and lignin content
as a biochemical parameter
based on ANOVA and Duncan’s
test with 95% confidence level.
The results showed that PWST
had the most effect on
reducing the percentage of
RLH. PWS1 without inoculation
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had the MosSt eTTect on
reducing the percentage of
RLH. PWS1 without inoculation
had a positive effect on the
plant height and leaf sheath
diameter. PWS2 without
inoculation had the most effect
on relative water content. IRS1
without inoculation had the
most positive effect on cuticle
thickness and lignin content.
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Physiological resistance responses of rice plant (Oryza sativa L.) to
sheath blight disease (Rhizoctonia solani Kiihn.) with application of
silicate fertilizer

Abstract. Sheath blight disease caused by the fungus Rhizoctonia solani Kihn generally leads to the reduction of rice yields. The
resistance to pathogens can be increased by the application of silicate fertilizers. This research aimed to determine the effect of silicate
fertilizer application on the physiological resistance responses structurally and biochemically in rice plants to defend against the rice
sheath blight pathogen Rhizoctonia solani Kihn. The sample of rice plants consists of Pandan Wangi (PW), Cisadane (CS), and IR64
(IR) which were treated with 3 doses of silicate fertilizer SO = 0 kg.ha™, S1 = 200 kg.ha™ and S2 = 400 kg.ha™* with inoculation and
without inoculation as a control. Relative Lesion Height (RLH) percentage showed that silicate fertilizer application and cultivar had a
significant effect on reducing lesion symptoms. Application of silicate fertilizer and inoculation treatment on different rice cultivars had
a significant effect on several parameters such as physiological (chlorophyll and relative water content), growth (plant height and
number of leaves), anatomical (leaf sheath diameter and cuticle thickness) and lignin content as a biochemical parameter based on
ANOVA and Duncan’s test with 95% confidence level. The results showed that PWSL had the most effect on reducing the percentage of
RLH. PWS1 without inoculation had a positive effect on the plant height and leaf sheath diameter. PWS2 without inoculation had the
most effect on relative water content. IRS1 without inoculation had the most positive effect on cuticle thickness and lignin content.

Key words: cultivars, physiological resistance, sheath blight disease, silicate fertilizer
Running title: physiological resistance responses of rice

INTRODUCTION

Rice (Oryza sativa) is a food source plant for almost 50% of the world's population. The rice plant belongs to
the genus Oryza and includes approximately 25 species spread in tropical and sub-tropical areas including
Indonesia. Indonesia is an agricultural country that has abundant rice yields, but the rice yields significantly
decrease caused of pests such as pathogens, insect attacks, or weeds (Savary et al., 2000). Sheath blight disease
is one of the diseases in rice plants. The disease is caused by the soil-borne fungus Rhizoctonia solani Kiihn
(Yang & Li, 2012). Rice sheath blight is commonly found in various regions in Indonesia, especially in Central
Java. According to Indonesian Center for Rice Research (ICRC) (2009), rice sheath blight is found in
Indonesia’s highland to lowland rice ecosystems.

Rice sheath blight can cause symptoms of lesions in the infected area. Spreading lesions cause rice plant stalks
to become soft and brittle causing the stems easily fall and obstruct the flow of nutrients. As a result, rice grain
is not optimally filled (Nuryanto, 2018; Suthin Raj et al., 2019). The filling of rice grains that is not optimal
result in a drastic decrease in rice plant productivity due to a large number of empty rice grains. Rice sheath
blight caused a significant reduction in yields. The decrease in rice yields due to sheath blight disease can reach
30%. The attack of rice sheath blight pathogens can reduce rice yields by up to 50% in susceptible cultivars and
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favorable environmental conditions for the development of the disease (Groth, 2008) therefore some efforts are
needed to overcome this problem, one of which is by increasing the resistance of rice plants.

Plants’ resistance can be seen based on plants’ response in defending against biotic and abiotic stress. The form
of plant resistance response when facing biotic stress can be in the form of a physical response that can be seen
structurally (physical defense) and biochemical (chemical defense). The physiological response is defined
structurally by forming a defense barrier in the form of cuticle or cellulose in the epidermal tissue to strengthen
the plant’s cell wall components (Seal et al., 2018). While the biochemical response (chemical defense) of
plants as the plant’s defense mechanism, one of which is to produce secondary metabolites in form of lignin
(Leroy et al., 2019; Seal et al., 2018) which accumulates in the cell walls of plant tissues. Lignin is closely
related to cell rigidity, providing strength and resistance to plant cell walls so that cells become more rigid and
can be a barrier that protects plants from pathogenic fungus.

The response of plant resistance to pathogens, especially in rice plants, can be improved by using silicate
fertilizers. Silicon (Si) is one of the beneficial elements needed by some plants. Silicon is also recognized as an
essential nutrient needed by rice plants. The accumulation of silicon in rice plants can increase resistance,
increase growth and productivity of rice plants (Seal et al., 2018). Silicon plays an important role in the
formation of plant tissue, especially to increase the strength of the tissue by forming a structural barrier in the
form of silica-cuticle and silica-cellulose. The structural barrier Si plays an active role in increasing plant
resistance to various infectious disease-causing pathogens (Ma & Yamaji, 2006; Seal et al., 2018). Silicon plays
arole in inducing the accumulation of lignin and activating the defense mechanism of rice plants from
pathogen attacks such as pathogen attack (Rhizoctonia solani Kiihn.) which causes rice sheath blight.

Based on this background, a study was conducted to determine the physiological responses as a defense
mechanism in rice plants by application silicate fertilizers against infection with rice leaf sheath blight
(Rhizoctonia solani Kiihn.). The plant treated with 3 different factors, namely cultivar, silicate fertilizer dose,
and inoculation treatment. The rice cultivars including Pandan Wangi (PW), Cisadane (CS), and IR64 (IR)
were given 3 doses of fertilizer, without silicate fertilizer, 200 kg.ha™, and 400 kg.ha™ and inoculation with the
fungus Rhizoctonia solani Kithn and without as a control. By observing physiological, biochemical and
anatomical parameter, the important role of beneficial silicon element to increase plant resistance against leaf
sheath blight can be defined.

MATERIALS AND METHODS

Experimental design and treatment
The study was conducted a completely randomized design with silicate fertilizer treatment which consist of 3

doses including SO = without silicate fertilizer (control), S1 = 200 kg.ha*and S2 = 400 kg.ha™ of silicate
fertilizer (CaSiO;) on 3 different cultivars of Pandan Wangi (PW), Cisadane (CS) and IR64 (IR) that were
taken from farmers group of Grabag Purworejo, Jawa Tengah and Indonesian Center for Rice Research. The
plants were also divided into 2 groups, the plants that were inoculated and without inoculation of the fungus
Rhizoctonia solani Kiihn with three replications. Mycelia isolates of Rhizoctonia solani Kihn were obtained
from the Department of Pests and Plant Diseases, Faculty of Agriculture, UGM. Inoculation of the fungus
Rhizoctonia solani Kiihn using the aluminum foil and micro-chamber method based on Jia et al. (2013) which
was modified at the stage of making Rhizoctonia solani Kihn inoculum (Figure 1). Parameters measured
include physiological parameters consisting of relative lesion height (RLH) based on the Standard Evaluation
System for Rice (IRRI, 2002), relative water content / RWC (Barrs & Weatherley, 1962), and chlorophyll
content (Harborne, 1987), anatomical parameters which include the diameter of the leaf sheath, the thickness of
the cuticle, the thickness of sclerenchyma tissue and the length of sclerenchyma tissue, as well as biochemical
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parameters including the lignin content was measured using Klason Method based on TAPPI T 22 with
modification on preparation of cell wall protein fractions (Moreira-Vilar et al., 2014).

R. solaniin My celia Covering with Covering the
PDA medium inoculation in aluminium foil plant with
for 7 days midrib of rice micro—-chamber

[Figure 1. Aluminum Foil Method with Micro—chamber] (Jia et al., 2013; Park et al., 2008)

Procedures
Relative Lesion Height (RLH)
Inoculation treatment was conducted when rice plants’ age was 40 day after planting (DAP). After 7 days of

sheath blight disease symptoms appeared, the lesion was measured and counted to determine the percentage of
blight disease symptoms which were in form of relative lesion height (RLH) percentage. The blight symptoms
percentage of RLH was used to count the damage level of pathogen infection by measuring the length of
infection area (lesion) and the plants’ height using the following formula:

Lesion height

x 1009
Plant height %

RLH (%) =

Scoring evaluation of RLH (Relative Lesion Height):

0 = Highly resistant = not infected,

1 = Resistant = lesion height is less than 20% from the plant height

3 = Moderately resistant = lesion height is between 20-30% of plant height

5 = Moderately susceptible = lesion height is between 31-45% of plant height
7 = Susceptible = lesion height is between 46-65% of plant height

9 = highly susceptible = lesion height is more than 65% of plant height

Relative Water Content (RWC)
The percentage of relative water content in leaves was measured based on method of Barrs & Weatherley

(1962). The youngest fresh leaves were taken for 1 cm on one-third of the leaf’s length from the tip. The
sample was weighed using an analytical scale to determine the fresh weight (FW), then the sample was
immersed in distilled water at 25°C for 4 hours and reweighed to determine the turgid weight (TW), then the
leaf sample was dried in an oven at 80°C for 24 hours to determine the dry weight (DW). The results of the
calculation of FW, TW, and DW then was calculated to find the value of the relative water content in the leaves
using the following formula:
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FW—
TW-—

RWC (%) = [ ZVVZ] x 100%

Keterangan;

RWC = relative water content (%)
FW = Fresh weight/ Wet weight (g)
DW = Dry weight (g)

TW = Turgid fresh weight (g)

Chlorophyll Content
The chlorophyll content was determined by the spectrophotometry method (Harborne, 1987). Fresh infected

rice leaf tissue was taken and then weighed using an analytical scale until it reached a weight of 0.1 grams. The
sample was crushed using a porcelain mortar and dissolved in 10 mL of 80% acetone. The solution was
vortexed for 10 seconds. The extract was put in a 5 mL centrifuge tube as much as 2 mL and centrifuged for 10
minutes at a speed of 4000 rpm at 4°C and then filtered using filter paper. The filtrate is accommodated in a test
tube. The repetition was done 3 times. 1 mL of the sample solution was put into the cuvette. The
spectrophotometer was calibrated using 80% acetone before use. Each extract measured its absorbance with a
wavelength of 663 nm and 646 nm. The absorbance on the spectrophotometer was used to calculate the
chlorophyll content with the following calculations:

Total of chlorophyll content = (17,3 Agss) + (7,18 Aggs) mg.L™?

Lignin Content
Lignin content was measured using Klason method based on TAPPI T 22 with modification on the preparation

of cell wall protein fractions (Moreira-Vilar et al., 2014). The material preparation stage was carried out by
cleaning the rice leaves and then cutting the samples with a length of 3-5 cm. Samples were dried in an oven at
60°C until a constant weight was reached. The dried samples (0.3 g) were crushed using mortar and pestle to be
a fine powder and homogenized in 50 mM potassium phosphate buffer (7 mL, pH 7) and then poured into a
centrifuge tube. The pellets were centrifuged (1,400 x g, 5 minutes) and washed with successive stirring, and
centrifuged with the following reagents: 2x with phosphate buffer (pH 7, 7 mL), 3x with 1% (v/v) Triton X-
100 in buffer pH 7 (7 mL), 2x with 1 M NaCl in buffer pH 7 (7 mL), 2x with distilled water (7 mL) and 2x with
acetone (5 mL). The pellets were dried in an oven (60°C, 24 hours) and cooled in a desiccator. The dry material
was defined as the protein fraction of the cell wall (Moreira-Vilar et al., 2014).

The 0.1 g of the dry fraction sample was put into a 250 mL beaker and added 10 mL of 72% H2SO4 at a
temperature of 47°C while stirring using a stirring rod for 10 minutes. The sample was then diluted to a
concentration of 3% acid. Hydrolysis was continued by heating the solution in Erlenmeyer until it boiled. Cool
and let stand until the lignin precipitate settles completely. The cooled sample is then filtered with filter paper
whose weight is known to separate the soluble (solution) and insoluble (precipitate) fractions. Wash the lignin
precipitate until it is free from acid with hot water. Dry the filter paper containing the lignin precipitate in an
oven at 105°C, cool and weigh to a constant weight (Badan Standardisasi Nasional Indonesia, 2008; Nawawi et
al., 2019). Lignin content calculation using the Klason method used the following formula:

x=§x100%
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x = lignin content value is stated in percent %
A = weight of the lignin precipitate is stated in grams (g)
B = weight of the oven dry sample is expressed in grams (g)

Anatomical Analysis
The anatomical cross-section of the midrib was also observed qualitatively using a binocular microscope

assisted by an Optilab. Methods to prepare the preparations employed the semi-permanent preparations method.
The anatomical parameters including the diameter of the midrib and the thickness of the cuticle of the
midrib.were performed using Image Raster software

Data analysis

The data gf this study consisted of physiological parameters such as the percentage of sheath blight symptoms,

relative water content/RWC, and chlorophyll levels, anatomical parameters such as midrib thickness, cuticle,

sclerenchyma thickness, sclerenchyma length and accumulation of lignin content. Qualitative data was

presented in descriptive form while quantitative data was analyzed using lOne Way ANOVA dt 95% reliability Comment [U4]: to see clearly the interaction

level and followed by a DMRT test at 5% significance level if there was a significant difference. el Ot et (s, leetEen e
non-inoculation, and dose of silicate fertilizer, be
if the data analized using the interaction analysis

(two way analysis)

RESULTS AND DISCUSSION
RESULTS
Relative Lesion Height

Based on the relative lesion height (RLH percentage (Table 1), the application of silicate fertilizers generally
reduced the percentage of RLH in infected rice plants. The highest RLH was found in plants without silicate
fertilizer (control). RLH value in Cisadane cultivar without silicate fertilizer of 19.1%, IR 64 cultivar without
silicate fertilizer (IRS0) 15.53%, Pandan Wangi cultivar without silicate fertilizer of 13.60%. This means that
rice plants without silicate fertilizer showed a higher RLH average value than rice plants with silicate fertilizer,
it can be concluded that the application of silicate fertilizers affects the percentage of RLH in rice plants that
were infected by the sheath blight pathogen Rhizoctonia solani Kihn.

Comparison of RLH value at the treatment of 200 kg.ha™ and 400 kg.ha™ fertilizers doses showed different
results for each cultivar. In the Pandan Wangi cultivar, the RLH at a dose of 200 kg.ha™ was 3.33% and the
RLH at a dose of 400 kg.ha™ was 6.06%. Pandan Wangi cultivar showed that the RLH value of plants treated
with a dose of 200 kg.ha™ was lower than that of a fertilizer treated with a dose of 400 kg.ha™. This indicates
that the application with a dose of 200 kg.haof silicate fertilizer can increase the resistance of rice plants to the
Pandan Wangi cultivar. Meanwhile, the IR64 cultivar showed RLH at a dose of 200 kg.ha™ of 7.067% and a
dose of 400 kg.ha™ of 5.73%. Cisadane cultivar with a dose of 200 kg.ha™ showed an RLH value of 8.46% and
RLH at a dose of 400 kg.ha™ of 5.90%. Cisadane and IR64 cultivars showed a different pattern of RLH values
from Pandan Wangi. Cisadane and IR64 cultivars, the RLH value for fertilizer application at a dose of 400
kg.ha™ was lower than the average RLH for fertilizer at a dose of 200 kg.ha™. This means that the application of
silicate fertilizer at a dose of 400 kg.ha™ has a more positive effect on the resistance of Cisadane and IR64
cultivars. Pandan Wangi cultivar with fertilizer at a dose of 200 kg.ha™ (PWS1) was the most influential
treatment on the percentage of RLH based on Duncan's test results with a 95% reliability level (Table 1).

Table 1. Physiological data on Pandan Wangi, Cisadane and IR64rice cultivars at 48 DAP with silicate fertilizer and Rhizoctonia solani
Kihn Inoculation
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Pandan Wangi Cisadane IR64
[Characters Inoculation Without inoculation Inoculation Without inoculation Inoculation Without inoculation
SO S1 S2 S0 S1 S2 S0 S1 S2 SO S1 S2 SO 51 S2 SO st S2
Relative 13.60° 3.33° 6.06° - 19.10° 8.46° 590° - 1553 7.067™ 5.73° - -

Lesion Height

(%)

Chlorophyll  6.275™ 7.626° 8.694% 12.897°" 18.114" 15.096™" 3.557° 6.081% 7.054™ 13.499°% 21.312% 14.058° 4.375% 8.112° 11.159% 4.375" 8.112° 11.159%
f:oment (mg/L"

Relative Water 65.33" 84.26° 75.36° 81.10° 85.63° 94.86° 66.13° 8550° 7593" 74.86° 84.70° 82.50° 65.30° 82.00° 81.86° 66.80° 82.63° 8193
Content (%) _

Lignin 14.73°" 13.04* 14.75° 1372 18.83% 14.30° 14.24°*" 1351® 1556" 15449 14.15°%* 1371% 14.89" 18.69¢ 16.70' 13.59% 17.92) 16.75
Content (%)

Note:The number followed by the same letter in the same row has no significant difference based on DMRT a.=0.05n=3

Chlorophyll Content
In general, the result showed that the lowest chlorophyll was found in plants without silicate fertilizer in the

three cultivars, while the chlorophyll content in plants with a dose of 200 kg.ha™and a dose of 400 kg.ha
'revealed variations. In the inoculation treatment, the three cultivars had the same pattern. The chlorophyll
content in the silicate fertilizer treatment at a dose of 200 kg.ha™ was higher than a dose of 400 kg.ha™. In
Pandan Wangi inoculation cultivar, plants with a dose of 400 kg.ha™ of fertilizer had a higher chlorophyll
content at the value 8.694 mg.L™* compared to the treatment of 200 kg.ha™ of fertilizer which was only 7.626
mg.L™. In the inoculated Cisadane cultivar, plants with a dose of 400 kg.ha™ silicate fertilizer also had a higher
chlorophyll content value 7.054 mg.L ™ compared to fertilizer treatment at a dose of 200 kg.ha™* of 6.081 mg.L™.
In IR64 cultivar, inoculated plant with fertilizer treatment at a dose of 400 kg.ha™ had a higher chlorophyll
content value of 11.159 mg L™ and chlorophyll content at a dose of 200 kg.ha™ fertilizer treatment was only
8.112 mg.L ™

In the condition without inoculation, plants responded differently to the application of silicate fertilizer
depending on cultivar factors. In the Pandan Wangi cultivar without inoculation, the chlorophyll content of
plants treated with a dose of 200 kg.ha™ was higher than that of a silicate fertilizer at a dose of 400 kg.ha™, a
value of 18.114 > 15.096 mg.L™. The Cisadane (CS) cultivar without inoculation also had the same pattern as
Pandan Wangi, the chlorophyll content of plants treated with silicate fertilizers at a dose of 200 kg.ha™ was
higher than those treated with silicate fertilizers at a dose of 400 kg.ha™ a value of 21.312 > 14.058 mg.L™
While the rice cultivar IR 64 showed a different pattern, in fact the chlorophyll content in plants treated with
silicate fertilizers at a dose of 200 kg.ha™ was lower than those treated with silicate fertilizers at a dose of 400
kg.ha™, a value of 17.822 < 19.433 mg.L™ (Table 1, Figure 1).

Pandan Wangi Cisadane

Without Inoculation Without Inoculation Without Inoculation
inoculation inoculation inoculation
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Figure 1. Differences in rice plants’ leaf color of Pandan Wangi, Cisadane, and IR64 cultivars with silicate fertilizer without inoculation and
inoculation of the sheath blight pathogen Rhizoctonia solani Kiihn.

Silicate Fertilizer 400kg/ha
Cisadane

Without .
5 Inoculation
inoculation

Pandan Wangi
Without
inoculation

Pandan Wangi

Without
inoculation

Without .
Inoculation

Inoculation
inoculation

Walioit Inoculation

Inoculation 2
inoculation

Relative Water Content
All the control plants without silicate fertilizer application with Rhizoctonia solani Kiihn inoculation had

relative water content in the range of 60-70%, divided into PWSO inoculation (65.33%), CSSO inoculation
(66.13%), and IRSO inoculation (65.30%). The majority of control plants without silicate fertilizer (SO) had
lower relative water content than plants with silicate fertilizer, except for PWSO0 plants without inoculation had
RWC of 81.10%. Even IRSO plants without inoculation had relative water content of 66.80% that showed signs
of early wilting of plants (Table 1).

Lignin Content
The lignin content in Pandan Wangi cultivar ranged from 13.04% to 18.83% with the highest lignin content in

PWS1 plants without inoculation was 18.83% and the lowest lignin content in inoculated PWS1 plants was
13.04% (Table 1). PWS2 inoculated plants had more lignin content than inoculated PWS1 which was 14.75% >
13.04% while for plants without inoculation, the plants with a fertilizer dose of 200 kg.ha™ (PWS2 without
inoculation) had more lignin content than plants with fertilizer dose of 400 kg.ha™ (PWS2 without inoculation)
at the value of 14.30%. This showed that silicate fertilizer at a dose of 400 kg.ha™ was more influential in
increasing lignin level in the inoculation treatment, whereas silicate fertilizer at a dose of 200 kg.ha™ was more
influential in increasing lignin level in the control treatment without inoculation.

The lignin content of the Cisadane cultivar (CS) was in the range of 13.51 — 15.56% with the highest lignin
content in plants with 400 kg.ha® (CSS2) fertilizer with inoculation (15.56%) and the lowest lignin content in
plants with the application of 200 kg.ha™ (CSS1) fertilizer inoculation (13.52%). Application of silicate
fertilizer of 400 kg.ha™ had significantly increased lignin content in inoculated plants, whereas plants without
inoculation with a dose of 200 kg.ha™ of silicate fertilizer had higher lignin content than plants with 400 kg.ha™
of silicate fertilizer. This indicates that the inoculation of plants with 400 kg.ha™ of silicate fertilizer was more
influential in increasing lignin levels, while plants without inoculation treatment showed the opposite effect,
plants with a dose of 200 kg.ha™ of fertilizer had more effect on increasing lignin levels.

The lignin content of IR64 plants was in the range of 13.59% to 18.69% with the highest lignin levels found in
inoculated IRS1 plants was 18.69% and the lowest lignin levels in IRSO without inoculations was 13.59%.
Plant treated with R.solani inoculation and a dose of 200 kg.ha™ of silicate fertilizer had a higher lignin content
than with a dose of 400 kg.ha™, while the plants without inoculation also had the same pattern, plants with a
dose of 200 kg.ha™ of silicate fertilizer were higher than with 400 kg.ha™. This demonstrated that in rice
cultivar of IR64 (IR) with or without inoculation, the silicate fertilizer application at a dose of 200 kg.ha™ has
more effect on increasing lignin levels (Table 1).

Anatomical Analysis
In terms of fertilizer dose, the control plants without silicate fertilizer had midrib diameter ranged from 955.98

um to 1254.82 um, plants with 200 kg.ha™ silicate fertilizer had midrib diameter ranged from 1033.19 um to



254  1573.03 pm, and plants with silicate fertilizer a dose of 400 kg.ha™ has a midrib diameter in the range of
255  1046.25 —1360.38 um. Based on these data, it is known that in general, the plants with silicate fertilizer have
256  midrib that tend to be thicker than control plants without silicate fertilizer application. In all cultivars, the
257  average diameter of the midrib with fertilizer treatment at a dose of 400 kg.ha™ was smaller than that at a dose
258  of 200 kg.ha™. This indicated that the silicate fertilizer at a dose of 200 kg.ha™ has a more positive effect on the
259  thickness of the midrib diameter. In Pandan Wangi cultivar, the midrib diameter without inoculation was
260 thicker than in inoculated. Application of silicate fertilizer of 200 kg.ha™ plants without inoculation had the
261  largest midrib diameter. Plants without inoculation treatment had thicker diameters than inoculated plants,
262  especially the Pandan Wangi cultivar. However, the Cisadane and IR64 cultivars have the opposite pattern. In
263 the Cisadane cultivar, the inoculated with silicate fertilizer 200 kg.ha™ had larger midrib diameter than the non-
264  inoculated and in the IR64 cultivar, the inoculated with silicate fertilizer 200 kg.ha™ also had a larger diameter
265  than plant without inoculation (1033.19 pum) as can be seen in Table 2.
266  In general, the cuticle thickness of control plants without silicate fertilizer was in the range from 3.19 pm to
267  3.72 um. The cuticle thickness in plants treated with silicate fertilizer of 200 kg.ha™ was in the range of 4.17 —
268  4.96 um and in plants treated with silicate fertilizer of 400 kg.ha™ was in the range of 3.42 — 4.73 um. Based on
269  these data, it can be concluded that plant treated with silicate fertilizer treatment had a thicker cuticle thickness
270  than the control plants (Table 2, Figure 2).
271 All cultivars have sclerenchyma areas under the epidermis but the thickness of sclerenchyma is different in
272 each cultivar. Cisadane cultivars without inoculation had a more elongated sclerenchyma tissue in the range of
273 144.98 — 155.24 um compared to inoculated plants. In inoculated Cisadane plants, sclerenchyma tissue was
274 shorter in the length ranged from 84.73 um to 114.75 um. Although it looked shorter, the tissue was thicker
275  with a thickness of 17.43 — 24.18 um compared to sclerenchyma tissue of Cisadane without inoculation. In the
276  IR64 cultivar, it was seen that the sclerenchyma area of plants without inoculation had a more elongated area in
277  the range of 89.01 um to 155.98 um compared to plant with inoculation treatment which was only in the range
278  of 53.56 — 137.65 um but inoculated plants have thickened sclerenchyma tissue in the range of 11.48 pm to
279  24.18 ym. Based on these data, it can be concluded that the Cisadane and IR64 cultivars in the inoculation
280  treatment had shorter and thicker sclerenchyma tissue, while in the treatment without inoculation the
281  sclerenchyma tissue was longer but the thickening was not as visible. In the Pandan Wangi (PW) cultivar, the
282  inoculated plants had a longer sclerenchyma tissue area in the range of 100.03 pum to 181.70 um compared to
283  plants without inoculation which only had a sclerenchyma length range of 98.58 um to 121.92 um (Table 2,
284  Figure 4).
285
286 Table 2. Anatomical data on Pandan Wangi, Cisadane and IR64 rice cultivars at 48 DAP with slicate fertilizer and Rhizoctonia solani
287 Kihn Inoculation
288
Pandan Wangi Cisadane IR64
Characters Inoculation Without inoculation Inoculation Without inoculation Inoculation Without inoculation
S0 S1 S2 S0 S1 S2 SO S1 S2 S0 S1 S2 SO S1 S2 SO S1 S2

Sheath

1229.04% 1525.10F 1360.38' 1222.27" 1573.03 1325.23' 1254.82% 1330.91" 1274.65" 1097.97% 1263.93" 1060.10° 955.98% 1193.57° 1046.25 1058.41™ 1033.19° 1072.15%

diameter (um)

Cuticle

3729 496" 450 3220% 4610 372 321° 475 378"  320% 473" 353 319" 486" 342 3549 4170 4739

thickness (um)

Sclerenchyma  181.70'  104.14°* 100.03°% 121.92" 115.75% 98.58° 84.73°  98.98"¢ 114.75%' 15524" 152.04%" 144.98%" 137.659 96.63° 53.56°  155.98" 151.69%" 89.01™
length (um)

Sclerenchyma 17.19% 19.32% 24.20"  21.14" 24.12" 19.40% 17.43" 24.18" 22219 18.60% 20.59" 16.93° 19.06% 24.18" 11.48°  19.80° 19.30% 17.84°
thickness (um)

289
290

The number followed by the same letter in the same row has no significant difference based on DMRT o= 0.05n=3



291
292 Figure 2. Epidermis and cuticle-silica cell layers in plants with silicate fertilizer (A) and epidermal layers of plants without silicate fertilization
293 (B) Cuticle-silica double layers on leaf blades (Rao et al., 2015) (C) Illustration Schematic Si- and Si+ Epidermis Layer (M. Wang et al.,
294 2017) (D) (EP = Epidermis, TR = Trichome, KS = Cuticle-Silica, PR = Parenchyma, AE = Aerenchym)

295

296
297 Figure 3. The Damaged epidermal cell layer by pathogens (A) Cross section of rice sheath (B), R. solani fungal penetration schematic
298 (C) (Taheri & Tarighi, 2011), Lesion on infected rice sheath (D) (EPA = Upper Epidermis, EPB = Lower Epidermis)
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Figure 4. Vascular bundle of IR64 (IR), Cisada Wangi (PW) rice cultivar inoculated and non-inoculated
Rhizoctonia solani Kiihn (CT = cuticle, X = Xylem, BS = Bundle sheath, PR = parenchyma, SC = sclerenchyma, F = phloem, EP =
epidermis, TR = Trichome, 40x)

Discussion
The infection of the sheath blight pathogen caused by Rhizoctonia solani Kiihn shows symptoms in the form

lesions. Lesions are necrotic or chlorotic wet sores localized in infected area with the fungus R. solani. Lesions
appear due to the pathogen R. solani have morphological characteristics, they are greenish grey in the infected
area. If the environmental conditions are favorable for the pathogen, the lesion will quickly spread and infect
the host (Senapati et al., 2022). Necrotic injury is one of the plant defense mechanisms in form of programmed
cell death (PCD) which is relatively fast in response to pathogen invasion (Minina et al., 2013)). The presence
of lesions on the sheath and leaf blade cause rotting and drying of the entire leaf. Drying of the entire leaf
causes the color of the leaves to become more yellow and eventually the leaves prior to early senescence. The
yellow color of the leaves occurs due to chlorophyll fluorescence or chlorophyll degradation in areas infected
with pathogens. Chlorophyll degradation is used as an indicator of photosynthesis regulation and plant response
to stress (Lin et al., 2018). The presence of chlorophyll degradation causes chlorophyll content in plants with
inoculation to be lower than without inoculation.

The appeared symptoms of the lesions indicate the severity of the pathogen infection as indicated by the RLH
value. The higher the percentage of RLH, the more severe the fungal infection of rice sheath blight. The
severity of the infection indicates that the plant is more susceptible to pathogen infection. On the other hand,
the lower RLH percentage value, the fewer symptoms of lesions appear and the plant is more resistant to
infection with sheath blight pathogens. Based on these data, it can be seen that the Cisadane cultivar is the
cultivar that is most susceptible to sheath blight infection because it has the highest RLH value in control and
the Pandan Wangi cultivar is the cultivar that is more resistant to sheath blight infection because it has the
lowest RLH value in control treatment. Different cultivars showed different RLH values. The resistance of rice
plants to biotic stress is also determined by the type of cultivar. Each cultivar provides a fundamental resistance
response to the presence of pathogens. Cisadane is resistant to leafhoppers, but is not resistant to midrib blight.
According to Suprihatno et al., (2010) and the Indonesian Center for Rice Research, Agricultural Research and
Development Agency, and the Ministry of Agriculture, Cisadane cultivar is considered a cultivar that is
susceptible to sheath blight pathogens. The IR64 cultivar has high potential in addition to being resistant to
brown leafhoppers, it is also relatively resistant to leaf blight, while the Pandan Wangi is a superior cultivar that
is resistant to sheath blight pathogens (Sitaresmi et al., 2013). According to research conducted by Sari (2019),
it was shown that sheath blight relatively attacks the Pandan Wangi cultivar at an intensity of disease severity
below 30%. Breeding rice cultivars that are tolerant to blight is a feasible control measure, but the resistance of
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cultivars with 1 or 2 main resistance genes is unstable under field conditions due to high pathogen variability
and rapid pathogen evolution (Song et al., 2016) so a combination of external factors is required to increase the
plant resistance through silicate fertilizer applications.

The application of silicate fertilizer affects increasing plant resistance to pathogens. Solid silicate fertilizer in
the form of calcium silicate (CaSiOs) as fertilizer applied to the soil has a positive effect on reducing the
severity of plant diseases caused by pathogens such as bacteria, viruses, and fungi in monocot and dicot plants.
In general, the effect of silicon on plant resistance is due to silicon deposition in the cell wall area, acts as a
physical defense that it is difficult for pathogens to penetrate and infect plants (Sakr, 2016). According to
research conducted by Chang et al., (2002) who treated two doses of silicate on four cultivars with different
resistance to blast disease, silicon application significantly reduced lesion length by 5-22%, and research
conducted by GaoFeng et al., (2010) regarding the severity of rice plants given the application of silicon was
also reduced to 11.83 - 52.12%.

Silicon deposition triggers thickening in the cuticle area as a physical defense mechanism. Thickening of the
cuticle occurs due to the cuticle-Si double layer formation. Silicon element is absorbed from the soil in the form
of monosilicate acid which is dissolved in water, the absorbed water is lost through the transpiration
mechanism while silicon remains in plant tissues. Monosilicate acid polymerized into silica gel through non-
enzymatic reactions. This polymerization of silicon is commonly identified as silica gel. Silicon accumulates
and tends to be deposited on the leaf surface, leaf blade, and leaf sheath as a layer approximately up to 2.5 um
of thickness below the thin cuticle layer to form a cuticle-silicon double layer which helps plants to maintain
strength, rigidity, and cell rigidity, minimize transpiration and protect plants from diseases and insects (Rao et
al., 2015; Sathe et al., 2021; M. Wang et al., 2017) (Figure 2). Histological studies on infection and symptom
development of R.solani in rice plants were first investigated by Marshall dan Rush (1980). Pathogens can
persist in the soil in the form of sclerotia or soil debris for long periods, when environmental conditions are
favorable, sclerotia can germinate and form mycelia. If the mycelia attach to the plant surface, the mycelia will
develop and infect the plant by penetrating directly into the plant tissue (Taheri & Tarighi, 2011) as displayed
in Figure 3. The inoculated plants become thicker, presumably due to a defense mechanism against pathogens
by forming a physical barrier. The physical barrier in question is a thickening of the sclerenchyma tissue
through the lignification process of sclerenchyma cells near the epidermis induced by the OsMYB30 gene (Li
et al., 2020) and forming a cuticle-Si double layer due to induction by silicate fertilizers (Rao et al., 2015; Sathe
et al., 2021; M. Wang et al., 2017) Both physical barriers have the same goal in preventing the penetration of
pathogenic fungi.

Rice plants absorb Si in a fertilizer dose range of 230 - 470 kg.ha™ or about 2 times higher than nitrogen uptake
(Rao et al., 2015; Subiksa, 2018). The element of Si also plays a role in increasing the availability of nutrients
including nitrogen elements (Rao et al., 2015). Nitrogen is one of the essential nutrients for growth and
development as well as the main component of chlorophyll and protein which is closely related to leaf color in
agricultural plants such as rice plants (Y. Wang et al., 2014). According to Yoshida (1981), rice plants’ ability
to erect leaves increases the photosynthetic efficiency of plants when given silicate fertilizers rather than
nitrogen fertilizers in tropical lowland areas because the Si element causes rice plants to have more upright
leaves, allowing photosynthesis to run smoothly. Si can increase the role of leaves as photosynthetic organs by
up to 10% (Rao et al., 2015; Yoshida, 1981). Leaf stiffness is related to the relative water content of the plant.
Normal relative water content values ranged from 98% on leaves that experienced full turgidity, and relative
water content values ranging from 60-70% showed early wilting while relative water content values ranged
from 30-40% indicated very dry and dying leaves depending on the plant species. (Barrs & Weatherley, 1962).
Plants with silicate fertilizers had higher relative water content due to the Si element increased the strength of
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the tissue and cell walls and increased the elasticity of the cell walls so the plants became more upright and did
not fall easily (Wang et al., 2017).

Each rice cultivar has diversity in terms of the accumulation of Si element for high growth and production. The
accumulation of Si element varies widely among different species. Genotypic differences that arise due to
variations in the Si transporter protein in the roots of rice plants. The accumulated silicon results in an increase
in biomass, reduces transpiration, increases chlorophyll synthesis, and maintains homeostasis and
osmoregulation in cells that affect photosynthesis and plant growth and production (Swain & Rout, 2018).
Research conducted by Patil et al. (2017) showed that the application of calcium silicate fertilizer at a dose of
200 kg/ha was increased the number of panicles. An increase in the number of panicles due to increased
photosynthetic activity with an increase leaf chlorophyll synthesis and nutrient availability due to the
application of silicate fertilizers. It can be concluded that the application of silicate fertilizer can increase the
synthesis of leaf chlorophyll and indirectly affect the number of panicles due to an increase in photosynthetic
activity in the leaves.

Several studies have proven that the element Si participates in the metabolic process of the interaction system
of pathogens with plant hosts, activates host defense genes through a series of physiological and biochemical
reactions as well as signal transduction that induces the expression of resistance in plants to diseases caused by
fungi (Song et al., 2016). When a plant is infected by a necrotic-causing pathogen, the plant develops resistance
to further attack by the pathogen known as systemic acquired resistance (SAR). Silicon application in plants
can induce the activity of enzymes such as chitinase (CHI) and peroxidase (POX) and antifungal compounds
that can induce a defense response similar to SAR (Sakr, 2016). Schurt et al., (2014) found that the increased
activity of phenylalanine ammonia-lyase (PAL), peroxidase (POX), polyphenol oxidase (PPO), and chitinase
(CHI) in the leaf midrib of rice plants treated with silicon led to a reduction in the length of the lesions due to
the sheath blight of Rhizoctonia solani Kuhn. The enzyme PAL (phenylalanine ammonia-lyase) catalyzes the
deamination of L-phenylalanine to produce various phenolic compounds and phytoalexins with lignin as the
final product. POX (peroxidase) acts as a defense response by producing antimicrobial hydrogen peroxide
which is involved in cell wall lignification and cell wall proteins (Schurt et al., 2014).

All cultivars have lignified sclerenchyma and bundle vessel, indicated by red thickened section under the
epidermis (Figure 4). Lignification is induced by pathogen penetration and affects host resistance mechanisms
thereby triggering lignin biosynthesis. Penetration of pathogen increased reactive oxygen species (ROS) and
activate mitogen-associated protein (MAP) kinase to induce pathogen-related gene. The anatomically most
relevant cell types for pathogen defense are not fully studied (Li et al., 2020). The thicker diameter relates to
the plants' growth (Zhang et al., 2006). The induction of Si triggers the growth because Si support the plants’
nutrient uptakes. The inoculated plants that have a thicker leaf sheath diameter are caused by a suspected
defense mechanism against the pathogen by forming a physical barrier. The physical barrier refers to the
thickening of sclerenchyma tissue through the lignification process (Li et al., 2020). Lignification of
sclerenchyma cells under the epidermis. Some of the reasons sclerenchyma cells become targets for defense
against invading pathogens are because sclerenchyma cells consist of several layers forming a thicker zone than
the epidermis which consists of a single layer of cells, and the capacity of sclerenchyma cells can be fully
lignified to form a strong structure, in addition to parenchymal cell anatomy and bundle vessels are tissues with
the most active cellular activity and are nutrient supply areas so that invading pathogens will find it difficult to
penetrate and take nutrients from the host because pathogenic hyphae are difficult to penetrate lignified
sclerenchyma cells in the carrier bundle/(Li et al., 2020).
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ABSTRACT

Maize downy mildew disease in Java, caused by Peronosclerospora maydis, can cause yield losses of up
to 100%. Diseases management of downy mildew using synthetic fungicides has been reported to cause
resistance to Peronosclerospora maydis. This study detected early fungicide resistance in
Peronosclerospora maydis from maize production centers in Java (Blitar, Kediri, Klaten, Cianjur, Garut,
Indramayu, Jatinangor, Rancakalong, and Sukabumi) by testing fungicide sensitivity levels and genetic
variation. The study was conducted at the Laboratory of Biotechnology of Plant Protection Department of
Plant Pests and Diseases, Faperta, [Unpad. The results showed that all isolates generally still had

sensitivity to dimetomorph, fenamidone, metalaxyl, and oxathiapiproline as evidenced by the presence of
conidia damage although the amount varied. Isolates from Blitar, Kediri, and Klaten are indicated to be
resistant to metalaxyl and fenamidone. While all isolates from West Java still show high sensitivity to

metalaxyl. Oxathiapiproline was the most sensitive fungicide in damaging conidia of Peronosclerospora
spp. in all locations. Based on the molecular test results there were intraspecies genetic variations that
were seen in differences in the composition of nucleotides

KEYWORDS
Conidia, dimetomorph, fenamidone, metalaxyl, mutation, oxathiapiproline
INTRODUCTION

One of the important diseases in maize is downy mildew caused by Peronosclerospora spp
(Crouch et al., 2022). The disease can cause a loss of world maize production by up to 30% (Rashid et al
., 2013) . The presence of downy mildew in Indonesia causes yield losses of 50-100% in susceptible
plants (Lukman, 2012) . The high loss of maize yields is caused by downy mildew which can affect plant
development at every growth stage (Rustiani et al ., 2015) |.

Symptoms of maize downy mildew will generally be striped chlorosis on the leaves and the plants
will become stunted (Leon, 2004) . Other symptoms will cause inhibition of vegetative and generative
growth that can cause crop failure (Muis et al., 2018). Symptoms shown in the vegetative stage are the
appearance of chlorosis in the leaf venation, the leaves will be shaped like a fan and the plant becomes
stunted. Meanwhile, in the generative stage, downy mildew disease causes the cobs to not be covered
and the seeds will not be fully filled| (Rustiani et al ., 2015) . Signs of the presence of disease can be seen

on the upper or lower surface of the leaves in the morning, that is, there will be a powdery white color
which is the propagules of the conidia mass.

Downy mildew disease in maize in South-East Asia is caused by six different species, namely
Peronosclerospora  maydis, Peronosclerospora  philippinensis,  Peronosclerospora  sacchari,
Peronosclerospora sorghi, Peronosclerospora neglecta, and Sclerospora rayssiae var. zeae (Amran
Muis et al., 2023; Rashid et al., 2013). Meanwhile in Indonesia, downy mildew is reported to be caused by
four species, namely P. maydis, P. philippinensis, P. sorghi, and P. neglecta (Muis et al., 2023) . P.
maydis infects maize plants in West Java, Central Java, Lampung, and Kalimantan; P. sorghi infects
maize plants in the highlands of the Brastagi area, North Sumatra; P. philippinensis found on Sulawesi
Island such as Gorontalo, North Sulawesi, and South Sulawesi; P. neglecta infects maize plants in
several region in Sulawesi, East Java, and Kalimantan (Hikmawati et al.,, 2011; Muis et al., 2023;
Widiantini et al., 2015).

One of the maize production centers is Java, which accounts for a total national contribution of
48.4% (Pusdatin, 2017) . The details of the contribution are divided into 27.7% from East Java Province;
15.0% from Central Java Province; and 5.7% from West Java Province (Pusdatin, 2017) . The spread of
downy mildew in several maize production centers in Java has been reported. According to a report from
the BBPOPT (2018) , East Java Province is an area with an area of infection downy mildew is the
highest, followed by Central Java and West Java Provinces.
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Control efforts to minimize yield loss due to downy mildew can be carried out through technical
culture by adjusting planting times, eradication, using resistant varieties, biological control, and chemical
control (Frederiksen, 1980; Singh et al., 1987) . Chemical control using fungicides has been reported to
cause many cases of resistance to plant pests. Possible risk emergence of resistance will be high if the
fungicide is applied in frequent frequency in one growing season in the same area (Ishii, 2006) .
According to Gisi & Sierotzki (2008) there are at least four active fungicidal ingredients that can be used
to control downy mildew, namely phenylamides (eg metalaxyl or mefenoxam), carboxylic acid amides (eg
dimetomorph), cyanoacetamidoximes (eg cyumoxanil), and quinone outside inhibitors (eg azoxystrobin ,
famoxadone, and fenamidone). Examples of fungicides from the phenylamide group include metalaxyl ,
which has been used frequently since 1983 (Hamilton, 2002; DEC, 2015) . Even in Indonesia itself,
metalaxyl has become a control package recommended by the government in maize cultivation (Eliestya
et al., 2014; Zubachtirodin et al., 2016) .

Pathogenic resistance to fungicides can occur because resistant strains of pathogens generally
exist in nature due to natural mutations, but the application of fungicides can act as a selector for mutated
strains (Bradley et al., 2012) . According to Hobbleen et al. (2014) , the existence of pathogenic strains
that are resistant to fungicides is passed through several stages, namely: (1) resistant strains are present
due to natural mutations, the number is low and random , and ( 2 ) the application of fungicides is able to
increase the number of resistant strains in the pathogen population because it acts as an agent s
selectors. So that the existence of these stages will leave a population of pathogenic strains that are
already resistant.

The method to determine the resistance status of pathogenic strains from certain regions can be
done by testing their sensitivity to fungicides and looking at the various responses of conidial germination,
morphological characteristics, then linked to their genetic profile (Janna, 2013) . Bock et al. (2000)
reported that there were differences in morphological characteristics of P. sorghi isolates from several
locations in Africa and showed different levels of pathogenicity. Morphological variations were also found
in P. maydis isolates from various maize planting locations in Java, especially from the dimensions of the
conidia and conidiophores (Widiantini et al., 2015) . Differences in conidia and conidiophores sizes
indicate genetic variation among Pernonosclerospora maydis isolates. Therefore, determining the
presence of resistant strains from certain regions is an important step for an appropriate control
management strategy.

IMATERIALS AND METHODS |

Sampling of P. maydis

The research was conducted by purposively sampling isolates of Peronosclerospora maydis in
East Java, Central Java, and West Java (Table 1) from November 2018 to August 2019. Then testing of
fungicide sensitivity and genetic variation was carried out at the Plant Protection Biotechnology
Laboratory, Faculty of Agriculture, Universitas Padjadjaran. The description of the sampling locations is in
Table 1.
Table 1. Description of the sampling location.
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Disease
Host Fungicide incidence in
the field (%)

Altitude
(m asl)

Isolate

Code Location

Sukorejo Village, Sutojayan Feed corn
BLT District, Blitar Regency -8.174 169 variety P18 Dimetomorph 15-20
South Latitude; 112.247 East y

Wonocatur Village, Ngasem Feed corn
KDR District, Kediri Regency -7,774 63 - Dimetomorph 5-13
South Latitude; 112.043 East variety P18

Bakung Village, Jogonalan

KLT District, Klaten Regency - 150 5::?;2? e Metalaxyl 20-28
7,737 South Latitude; 110.556 it Y

East




Disease

Ié(;lgtee Location /(Arlﬁt;g‘)a Host Fungicide incid_ence in
the field (%)

Sabandar Village,
Karangtengah District, Cianjur Talenta variet

CJR Rege ngcy 9 ! sgo Lo ny Metalaxy! 10-15
-6.815LS; 107.167 East
Cikawung  Village, Terisi Local corn

IMY District, Indramayu Regency 49 variety Metalaxyl 4-10
-6,580LS; 108.036 East (unknown)
Hegarmanah Village,

JTN Jatinangor District, Sumedang 746 Secada sweet Metalaxyl 40-45
Regency corn
-6,924 LS; 107.776 East
Sadang Village, Sucinaraja Talenta variety

GRT District -7,189 South Latitude; 751 of sweet corn Metalaxyl 30-35
107.979 East
Rancakalong Village,

RCG FSQancakanng District, 865 Paragon sweet Metalaxyl 30-40

umedang Regency corn

-6,854 LS; 107,840 East
Cimangkok Village, Suka

SKB Larang District, Sukabumi 814 Bisi 18 variety Metalaxyl 30-40

Regency fodder maize
-6,891LS; 107,001 East

Fungicide Sensitivity Test on P. maydis

This experiment uses a linear model Completely Randomized Design Factorial pattern. The first
factor used was the type of fungicides commonly used to control maize downy mildew in which containing
different active ingredient which consisted of 4 levels, namely dimetomorph (Demorf™ 60 WP),
fenamidone (Target™ 500 SC), metalaxyl (Saromyl™ 35 SD), and oxathiapiprolin (Plenaris™ 200 FS).
The second factor was the dose/concentration of the fungicide, the level consisted of the recommended
dose/concentration (X), 1/2X, 1/4X, and 1/8X for dimetomorph, fenamidone, metalaxyl, and
oxathiapiprolin fungicides and 1 control level (aquadest). The third factor was isolates of
Peronosclerospora maydis. origin of the sampling location in Java Island, which consists of 9 levels
namely BLT, KDR, KLT, CJR, GRT, IMY, JTN, RCG, and SKB.

Each recommended dose/concentration for each fungicide active ingredient used in this test was
dissolved in 10 ml of sterile distilled water. The test was carried out using a modified method from
Widiantini et al. (2017) namely by mixing the conidia of Peronosclerospora isolates in each fungicide
solution. Conidia were harvested from the leaves of corn infected with downy mildew using a brush
slowly. Then 50 pl of fungicide + conidia suspension samples were transferred to a concave glass object
and covered using a cover glass. Furthermore, the samples were incubated in a plastic box with a cover
that had been covered with damp tissue paper for 24 hours in a dark room.

Observations were made by looking at the number of damaged conidia. Each treatment sample
observed 50-55 conidia repeated 4 times, so that the total conidia observed were 200-220 conidia in each
treatment. Damaged conidia are characterized by changes in conidial morphology such as lysis,
incomplete shape, and damage to the cell wall. The number of damaged conidia is entered into the
formula for the percentage of damaged conidia.

Conidia d %) Number conidia damaged 100%
onicia damage L) Total number conida damaged X ’

Analysis of statistical data on the percentage of conidia damage to fungicide in each area was
analyzed by analysis of variance (ANOVA). The analysis program used is SPSS 21 and SASM-Agri. If the
results of the F test on the fungicide and the area show that there is a significantly different interaction
then proceed with the Scott-Knott follow-up test with a significance level of 5%.



Detection of P. maydis Genetic Variation

DNA extraction was carried out using the modified method of Mathiyazhagan et al . (2008) ,
starting with mixing 100 - 200 pl of conidial suspension harvested using a brush from downy mildew
symptomatic plants in 500 pl of CTAB buffer solution (50 mM Tris-HCI, pH 8.0; 10 mM EDTA; 0.7 M NacCl;
1% cetyltrimethylammonium bromide (w/v); and 1% 2-mercaptoethanol) in a 2 ml Eppendorf tube. The
solution was then vortexed for 30 seconds. Then incubated using a dry bath for 60 minutes at 60°C. after
incubation the CTAB- buffered conidial mixture was centrifuged at 13,000 g for 10 minutes. Added 600 pl
of chloroform:isoamylalcohol (CIA) solution and then incubated for 60 minutes on a shaker machine with
a speed of 100 rpm and a temperature of 27 - 28°C. After that it was centrifuged at 13,000 g for 10
minutes. Then the supernatant was transferred to a new Eppendorf tube and re-extracted again using
chloroform:isoamylalcohol (CIA). Then the supernatant was transferred back to a new 1.5 ml Eppendorf
tube and the DNA was precipitated by adding 600 pl of cold isopropanol, then centrifuged again at 13,000
g for 10 minutes. Then the DNA pellet was washed using 70% cold ethanol. After that the pellets were
dried for 10 — 15 minutes and redissolved in TRIS-EDTA buffer solution (10 mM Tris-HCI and 1 mM
EDTA, pH 8.0).

Quantification of the extracted DNA was carried out using the Nanodrop® Spectrophotometer
ND-2000. The DNA template was taken 1 pl and read at a wavelength of 260 and 280 nm. The level of
DNA purity is obtained from the absorbance ratio of 260/280 nm. Pure DNA is in the range 1.8 — 2.0. The
quality test method for extracted DNA was carried out using an agarose gel electrophoresis method with
a concentration of 0.8%. 0.8% agarose gel was prepared by dissolving 0.8 g in 100 ml of 0.5x TBE
solution. Then it is heated using a magnetic hot plate stirrer until it boils. After that, 10 pl/200 ml of
agarose was used for staining. The agarose gel is then poured into a mold and placed on a comb to
make a well. A total of 2.5 pl of DNA sample was added with 0.5 pl of loading dye and put into the
agarose well then electrophoresed at 70 Volts for 45 minutes (Mupid). DNA visualization was performed
under UV Transilluminator (BIuPAD).

DNA samples showing genomic DNA bands based on the results of the DNA quality test by
electrophoresis were then subjected to the PCR process using a specific primer for P. maydis (Rustiani et
al., 2015b) namely PmUF ( 5- TCGTTATAGAAGCTAT(T/C)CATTAG -3' ) and PmUR ( 5-
GCCATCGAGTAATCCATTGTT -3'). A total of 5 pl DNA sample (concentration <100 ng/pl) was added
with 12.5 pl KAPA2G Fast ReadyMix PCR Kit+Dye, 5 pl PCR -grade water, and primers PmUF and
PmUR each 1.25 pl (what are the concentrations). The amplification program for the primer is an initial
synthesis of 95° C for one minute, followed by 35 cycles which are divided into denaturation stages of
95°C for one-minute, annealing temperature of 57°C for one minute, extension temperature of 72° C for
one 30 seconds, then the final synthesis is carried out at a temperature 72° C for five minutes.
Amplification was carried out using a PCR machine (SelectCycler Il Thermal Cycler).

The PCR product is then purified to clean and purify the DNA from impurities and reagents.
Purification using Geneaid Gel/PCR DNA Fragments Extraction Kit. The procedure follows the manual
instructions provided which begins by mixing the PCR product with DF buffer solution into a 1.5 ml
Eppendorf tube with a volume of 1: 5. Then the PCR product and DF buffer solution are mixed using a
vortex After mixing the suspension, put it in a pair of DF column tubes and 2 ml tubes. Then centrifuged
at 16,000 g for 30 seconds.

The solution in the 2 ml tube was discarded and the 2 ml tube was reassembled with the DF
column tube, then 600 pl wash buffer was added through the DF column tube and allowed to stand for
one minute. Centrifuge at 16,000 g for 30 seconds. After that, the solution in the 2 ml tube was discarded,
then reassembled with the DF column tube. The DF column tube was dried by centrifuging at 16,000 g for
five minutes. After drying, the DF column tube was replaced with a new 1.5 ml Eppendorf tube. Then, 50
ul of elution buffer solution (Tris-HCL 10 mM, pH 8.5) was added to it via the DF column and allowed to
stand for ten minutes. After that it was centrifuged at 16,000 g for ten minutes. The purified DNA is in a
1.5 ml Eppendorf tube.



Visualization of purified DNA was carried out using the agarose gel electrophoresis method.
Agarose gel concentration of 1.7% and 100bp markers (Geneaid) were used at 70 Volts for 45 minutes
(Mupid). Furthermore, DNA visualization was carried out under UV Transilluminator (BIuPAD). The
purified DNA obtained was analyzed for sequencing at Macrogen Korea using the ABI PRISM 377 DNA
Sequencher to obtain the nucleotide sequences.

Analysis of genetic variation begins with carrying out DNA barcoding procedures. The nucleotide
sequences obtained from the sequencing results were subjected to homology analysis on the Basic Local
Alignment Search Tool Nucleotide (BLASTN) — National Center of Biological Information (NCBI) website (
http://blast.ncbi.nlm.nih.gov/Blast.cgi ). Homology analysis aims to match the data available in the NCBI
and GenBank databases.

The genetic diversity of P. maydis isolates was identified by the nucleotide sequence alignment
comparison method between isolates and accessions from Genbank. The alignment of the nucleotide
sequences of P. maydis isolates from several locations in Java Island was initially edited/ contiguous
using the ClustalW method in the BioEdit software. In addition, genetic diversity and kinship between
isolates were further analyzed using MEGA-X software through the Neighbor Joining (NJ) method with a
bootstrap value of 1000x repetitions in the phylogenetic dendrogram construction. Analysis of diversity
based on amino acids was carried out by translating nucleotide sequences into amino acids using the
MEGA-X software. Variations, mutation points, and areas of conservation of amino acids from each
isolate were viewed using the Jalview software.

RESULTS AND DISCUSSION|

Sensitivity of P. maydis to 4 Fungicide Concentration Levels

Treatment of the four fungicide active ingredients at four concentration levels produced a
significant effect on conidia damage of Peronosclerospora maydis tested. This influence shows varying
values. This is listed in Table 2.

Table 2. Damage to conidia (%) of Peronosclerospora spp. from several locations in Java Island which
were treated with dimetomorphic fungicides, fenamidone, metalaxyl, and oxathiapiprolin.
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Fung BLT KDR TLC CJR GRT IMY JTN RCG SKB
K Oa Oa Oa Oa Oa Oa Oa Oa Oa
A A A A A A A A A
DX 11.5a 189b 289¢ 195b 28.2¢ 39d 39d 26¢c 215b
E G G D D D E B B
D1/2 7a 15.8b 20.5b 175b 21.2b 315d 35d 26 ¢c 195b
D F E C C C D B B
D1/ 4a 115b 15b 16 b 20.5¢ 30.5d 24 ¢ 26d 19c
C E D C C C B B B
D1/8 25a 10,1 b 11.8b 14b 143b 28.5d 25,5d 22 ¢ 18.5¢
B E D C B C B B B
Ex 59a 74a 23.2b 28 ¢ 3lc 38.5d 435d 295¢ 33¢c
D D F E D D E C C
F1/2 25a 59a 16,4 b 20b 19.8b 38d 38.5d 28 ¢c 305¢c
B C D D C D E B C
F1/4 la 55a 139b 14b 185b 33d 35,5d 26 ¢c 295¢c
A C D C C C D B C
F1/8 2a 45a 9.7b 85b 136 ¢ 305f 315f 26e 19d


http://blast.ncbi.nlm.nih.gov/Blast.cgi

Fung BLT KDR TLC CJR GRT IMY JTN RCG SKB

B C C B B C C B B
MX 54a 91a 18.4b 51.5d 22,3b 30c 30c 3lc 44.5d
D E E G C C Cc C D
M2 4a 5a 14b 33e 16,2 b 26.5¢c 29.5d 30d 335e
C C D F D C C C C
M1/4 2a 39a 139b 22¢c 153 b 185¢c 29.5d 26.5d 32.5d
B C D D B B C B C
M1/8 05a 25a 6.5b 13c¢c 144 c 17.5d 23d 23.5d 28 f
A B B C B B B B C
OX 14,2 a 20,7b 47.8d 34c 37.3¢c 46.5d 44d 47.5d 3lc
F G J F E E E D C
o1/2 7a 17.1b 35.3e 28.5d 345e 41f 39f 35e 245c¢
D F | E E D E C B
o1/4 4,5a 9,6 a 31.6d 275¢c 33.5d 195b 36d 34d 235¢c
C E H E E B D C B
01/8 35a 75a 28d 22c¢c 22.2c 14 b 22c¢c 245c 21c
C D G D C B B B B

Remarks: The same letter in one line shows results that are not significantly different based on the Scott-Knott test at
the 5% level; The same letter in one column shows results that are not significantly different based on
the Scott-Knott test at the 5% level; D (Dimetomorph), F (Fenamidone), M (Metalaxyl), O
(Oxathiapiprolin), K (Aquadest).

The use of metalaxyl at the recommended concentration (packaging label) produced a different
effect on each Peronosclerospora spp. Referring to the percentage value of damaged conidia (Table 2,
column MX) metalaxyl is generally still effectively used in West Java, but not in Central Java and East
Java. The metalaxyl treatment caused a significantly higher percentage of conidia damage in some
Peronosclerospora spp. isolates taken from areas in West Java were compared with BLT, KDR , KLT ,
and GRT isolates. The percentage of damaged conidia in Blitar, Kediri, Klaten, and Garut showed the
lowest values. In contrast to the five isolates from West Java which still showed sensitivity to metalaxyl,
although at concentrations lower than recommended.

Furthermore, damage to the conidia of Peronoscleropsora spp. generally tend to be found to be
lower in isolates from Blitar, Kediri and Klaten when compared to isolates from other areas. Not only for
metalaxyl, but for other fungicide active ingredients, except for oxathiapiprolin. This shows that the
isolates from Blitar, Kediri and Klaten are indicated to be resistant to fungicides with certain active
ingredients. For example, isolates from Blitar, Kediri and Klaten were suspected of showing resistance to
the fungicide fenamidone. Indications of fenamidone resistance can be seen in the percentage value of
conidia damage from Blitar and Kediri isolates (Table 8, column FX) which is low and significantly
different when compared to isolates from other regions.

Kediri and Blitar are [corn-growing centers in East Java. The harvested area in 2017 was around

51.273 ha for Kediri and 52,098 ha for Blitar (Badan Pusat Statistik, 2018b) . Meanwhile, Klaten in 2017
had a harvested area of 11.085 ha (Badan Pusat Statistik, 2018a) . Intensive maize cultivation for several
years in the area is thought to be one of the causes of metalaxyl and fenamidone fungicides becoming
resistant to downy mildew. Intensive crop cultivation will certainly increase agricultural external inputs
such as inorganic fertilizers, pesticides, monoculture cultivation, and mechanization (Kughur & Audu,
2015) . This will have an impact on several things such as the environment, biodiversity, and human life.
The relationship between intensive cultivation and plant disease will continue, causing an increase in the
number of inoculums and the intensity of attacks (Waceke & Kimenju, 2007) .
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The decrease in metalaxyl and fenamidone sensitivity is thought to be due to mutations in the
species Peronosclerospora maydis from Kediri and Blitar. Naturally in nature there are sensitive
pathogenic strains and pathogens resistant to fungicides. Continuous fungicide application will reduce the
number of sensitive strains and increase the number of resistant pathogenic strains. In addition, sensitive
pathogenic strains are also capable of changing properties due to accumulation of mutated genes
(Damicone, 2008) . According to Sierotzki et al. (2019) Phenylamide fungicides such as metalaxyl cause
single gene mutations (monogenic) in target organisms. Metalaxyl has a mechanism of action inhibiting
the activity of nucleic acid biosynthesis in RNA polymerase 1 and exerts a concurrent effect on mitosis
(Fisher & Hayes, 1984, 1982; Yang et al ., 2011) .

Figure 1. Conidia isolates Peronosclerospora spp. (A) Normal conidia, (B) Normal conidia in metalaxyl
treatment, (C) Damaged conidia

Randall et al . (2014) stated that an amino acid (AA) mutation in the RNApoll gene (RPA190)
which encodes the RNA polymerase | subunit in oomycete P. infestans will be associated with a decrease
in the sensitivity of metalaxyl and mefenoxam fungicides. According to Chen et al . (2018) generally found
two pathways for changes in the mechanism of metalaxyl resistance in P. infestans. The first pathway is
that the RPA190 gene in a metalaxyl sensitive isolate undergoes a single amino acid mutation that
changes from vialine to glycine at the amino acid position 1476 (V1476G). While the second pathway will
involve mutations at several amino acid positions such as R296H, F382Y, P980S, E1174A, D1228E,
V1476G, D1546Y, and P1600S. Changes in amino acids are thought to have an effect on metabolic
processes in target organisms.

A decrease in the sensitivity of Qol (quinone outside inhibitors) fungicides such as fenamidone
has been reported. According to Gisi & Sierotzki (2015) Qol fungicides, for example the active ingredient
fenamidone, have a high risk of causing oomycete resistance. Reported by Toffolatti et al. (2011) that Qol
fungicide has caused resistance in P. viticola due to mutations of the G143A amino acid in the
mitochondrial cytochrome b gene region. Fenamidone is a Qol fungicide which has a mechanism of
action by inhibiting mitochondrial respiration by inhibiting electron transfer in cytochrome b (complex Ill)
(Gisi & Sierotzki, 2008) .



The fungicide with the active ingredient oxathiapiprolin at four concentration levels (X, 1/2X, 1/4X,
and 1/8X) in this experiment resulted in the highest percentage of conidia damage in almost all sampling
locations (Table 8). This is presumably because oxathiapiprolin is an active ingredient that was only sold
to the market in 2005 and is an active ingredient specifically made to control oomycetes (oomisides)
(Cohen, 2015) . The mechanism of action of oxathiapiprolin is by inhibiting homologous oxysterol binding
protein (OSBP) which plays a role in the movement of lipid compounds between membranes which
interferes with signaling processes, maintains cell membranes, and forms complex lipid compounds which
are important for oomycete cells to stay alive (Pasteris et al . , 2015; FRAC, 2017, 2018) .

The active ingredients of dimetomorph and fenamidone fungicides also have different sensitivity
values. Isolate Peronosclerospora spp. from Klaten, Kediri, and Blitar respectively have a tendency to be
sensitive to dimetomorphs then phenamidon. While some isolates from West Java have the opposite
tendency. This difference is thought to be due to the influence of the range, frequency, and rotation of the
fungicide in the area which affects the response of the target organism.

Identification of P. maydis

Use of specific primers for P. maydis ie PmUF and PmUR succeeded in amplifying the DNA of
Peronosclerospora spp. extraction results from eight areas in Java Island. Based on visualization (Figure
2) all Peronosclerospora spp isolates were confirmed as P. maydis. The PmUF and PmUR primers have
a target size of about 304 bp.

M K- BLT KDR KIT CJR GRT JTN RCG SKB

304bp

Figure 2. Visualization of DNA fragments using P. maydis specific primers PmUF and PmUR on 1.7%

agarose gel. (M) 100bp DNA marker (Geneaid), (K-) Negative control (aquades), (BLT) P.
maydis isolate from Blitar, (KDR) Kediri isolate, (KLT) Klaten isolate, (CJR) Cianjur isolate ,
(GRT) Garut isolate, (JTN) Jatinangor isolate, (RCG) Rancakalong isolate, and (SKB)
Sukabumi isolate.

Based on the results of molecular identification and homology analysis (Table 2), all isolates were
identified as P. maydis. Isolates from Blitar, Kediri, Klaten, Cianjur, Garut, Jatinangor and Sukabumi have
similarities with accession HM988978.1 from Malang which has been deposited at GenBank. Meanwhile,
the isolate from Rancakalong had similarities with the accession HM988976.1 from Malang. This shows
that the distribution of P. maydis species from all sampling locations is related. According to Bonde (1982)
, P. maydis was first reported as a cause of downy mildew in Java since 1897 by Raciborski.
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Table 1. Identification results, similarity (%), specimen/origin, and Genbank accession numbers with
nucleotide sequences available in the NCBI database.

Isolate

Identification Results

Similarity (%)

Specimen/
Origin

GenBank
Accession
Number

BLT

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit Il (COXII)
gene , partial cds; COXII-
COXI intergenic spacer,
complete sequence; and
cytochrome oxidase subunit
| (COXI) gene, partial cds;
mitochondrial

97.86

HM988978.1
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KDR

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit 1l (COXII)
gene , partial cds; COXII-
COXI intergenic spacers,
complete sequence; and
cytochrome oxidase subunit
I (COXI) gene, partial cds;
mitochondrial

97.50

P. maydis
Malang

HM988978.1

KLT

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit Il (COXII)
gene , partial cds; COXII-
COXI intergenic spacers,
complete sequence; and
cytochrome oxidase subunit
| (COXI) gene, partial cds;
mitochondrial

96.43

P. maydis
Malang

HM988978.1

CJR

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit 1 (COXII)
gene , partial cds; COXII-
COXI intergenic spacers,
complete sequence; and
cytochrome oxidase subunit
I (COXI) gene, partial cds;
mitochondrial

98.21

P. maydis
Malang

HM988978.1

GRT

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit Il (COXII)
gene , partial cds; COXII-
COXI intergenic spacers,
complete sequence; and
cytochrome oxidase subunit
| (COXI) gene, partial cds;
mitochondrial

98.89

P. maydis
Malang

HM988978.1

JTN

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit I (COXII)
gene , partial cds; COXII-
COXI intergenic spacer,
complete sequence; and

96.79

P. maydis
Malang

HM988978.1
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GenBank
Accession
Number

Specimen/

Isolate Identification Results Similarity (%) Origin

cytochrome oxidase subunit
| (COXI) gene, partial cds;
mitochondrial

Peronosclerospora maydis
isolate 310106 cytochrome
oxidase subunit Il (COXII)
gene , partial cds; COXII-

RCG COXI intergenic spacer, 97.19

complete sequence; and
cytochrome oxidase subunit
| (COXI) gene, partial cds;
mitochondrial

Peronosclerospora maydis
isolate 123062 cytochrome
oxidase subunit Il (COXII)
gene , partial cds; COXII-

SKB COXI intergenic spacer, 98.60

complete sequence; and
cytochrome oxidase subunit
| (COXI) gene, partial cds;
mitochondrial

P. maydis

Malang HM988976.1

P. maydis

HM988978.1
Malang

All isolates that were identified had similarities to the species Peronosclerospora maydis isolates
123062 and 310106 cytochrome oxidase subunit Il (COXII) gene, partial cds; COXII-COXI intergenic
spacers, complete sequence; and cytochrome oxidase subunit | (COXI) gene, partial cds; mitochondrial.
The use of the COX region to identify the oomycete class has been reported. Robideau et al. (2011)
reported that the DNA barcoding method in the cytochrome oxidase subunit | (COXI) gene region is a
new step to identify the oomycete group. In addition, Hudspeth et al . (2000) also reported that the COXII
region can be used to identify the genetic relationships of 15 Peronosporomycete species. According to
Kammarnjesadakul et al. (2011) the use of the COXII gene region was able to separate species to the
intraspecific level.

The use of the COX gene region can also play a role in identifying species and their kinship in a
location. Studholme et al. (2019) conducted a phylogenetic analysis of P. kerinoviae that causes stem
canker disease in COXI-based forest plants from Chile, which turned out to have a close relationship with
P. kerinoviae from New Zealand. Rustiani (2015) also reported that P. sorghi from NTT is similar to P.
sorghi from Texas. Analysis based on a combination of COX and ITS was also able to find a new species
of P. subutonaiense from China which is closely related to P. utonaiense from Japan (Chen & Bo, 2019) .
Identification of this species kinship is also useful in supporting quarantine activities in a location.
According to Gao & Zhang (2013) DNA- based identification barcoding will play an important role in
ensuring the security of a location from the Quarantined Plant Pest Organisms (OPTK). Therefore, the
spread of species that may have never been found and are more pathogenic can be prevented.

Genetic Variation of P. maydis

Neighbor Joining (NJ) method with a bootstrap value of 1000x repetitions resulted in a
dendrogram that was divided into five clusters (Figure 3). The first cluster consists of isolates from Blitar,
Garut and Klaten. The second cluster consists of isolates from Rancakalong, Kediri and Jatinangor. The
third cluster consists of isolates from Cianjur. Sukabumi Isolate is in cluster four. Meanwhile, GenBank
accessions HM988976.1 and HM988978.1 from Malang formed their own group in cluster five.
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Figure 3. Relationship dendrogram of P. maydis isolates from several locations on Java Island and
GenBank (HM) accession. The dendrogram is generated from the Neighbor Joining (NJ)
method with a bootstrap value of 1000x repetitions

P. maydis isolate from Java Island, even though it is in the same species, has differences at the
intraspecific level (Figure 3). The combination of isolates in one cluster is suspected due to the similarity
factor based on the characteristics of the sampling location (Table 1). For example, in the second cluster,
the sampling locations, namely in Rancakalong, Kediri, and Jatinangor, based on the author's
observations during the research and interviews with local farmers (unpublished) are endemic areas of
downy mildew where disease incidence occurs every season, although at a low percentage.

Muis et al. (2016) reported that seven isolates identified as P. maydis from Kediri were grouped
into the same cluster based on closest genetic kinship. Kediri Regency is one of the areas where downy
mildew is endemic (Burhanuddin, 2015) . Adhi et al. (2022) also reported that Peronosclerospora spp. in
Java Island has diverse variations based on the morphology and morphometry of each isolate. Another
example of Thai strain P. insidiosum taken from relatively the same source, namely water, has a tendency
to join in the same cluster after Neighbor Joining (NJ) analysis (Kammarnjesadakul et al ., 2011) . Thus
the kinship of each isolate that is in the same cluster is thought to be influenced by the similarity of the
characteristics of the sampling location or the environment.

According to Lukman et al. (2012) variations among P. maydis species from several regions in
Java Island are suspected to be due to high genetic variation or the presence of other species that infect
maize plantations. This is supported by the statement of Muis et al. (2016) which states that if there is a
reasonableness in an area there is more than one type of Peronosclerospora spp. due to environmental
factors such as wind, water, soil, and circulation of seeds from another area, it supports the distribution of
Peronosclerospora spp.

The limitation of this study is the small number of maize production centers sampled, namely 13
maize centers on the island of Java, so additional samples are needed in order to see wider variations in
resistance and genetics. However, from the existing literature, the detection of resistance and genetics of
P. maydis in the locations that have been studied along the island of Java has not been reported, a
challenge that we will solve in the next study.

CONCLUSIONS AND SUGGESTIONS (Arial 10)



Peornosclerospora maydis have different sensitivities according to their location to the four active
ingredients of the fungicide. There have been indications of resistance to metalaxyl and fenamidone in
East and Central Java, but not in part in West Java. All P. maydis isolates to oxathiapiprolin even in 1/8
recommended concentration. Isolates from East Java and Central Java tend to be more sensitive to
dimetomorph than those from West Java. While isolates in West Java tend to be more sensitive to
fenamidone than those in East Java. There are intraspecific variations in P. maydis which can be proven
by the formation of clusters based on phylogenetic analysis.
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