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ABSTRACT
Rice (Oryza sativa L.) is the most critical crop in Indonesia. Problems encountered to increase rice production are pests attack mainly a
brown planthopper. Silica as a biochemical for rice resistance to brown planthopper attack. This study examines the silica content of several
local rice varieties and the correlation between the silica content and the brown planthopper attack. This research was conducted in Karanglo
village, Klaten Regency Polanharjo and the Research Institute of Agricultural Environment in Jakenan Pati. Materials used local aromatic rice
(Rojolele, Mentikwangi, Mentiksusu, Pandanwangi) and non-aromatic (Rojopusur, Padi Merah, Srikiti, Saudah, Slegreng) and IR 64 as
comparison variety. The results showed that the generative phase silica content was higher than the vegetative phase. The highest silica
content on the vegetative phase was found in IR 64 variety at 19.02% and the lowest was found in Srikiti varieties at 11.02%. The highest
generative phase silica content was found in Srikiti varieties of 28.09% and the lowest was found in Rojolele variety of 15.47%. The increase
in silica content significantly reduce the brown planthopper population.
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1 INTRODUCTION
rown planthopper (BPH) is the most damaging pest of rice and causes severe yield losses and causes viral disease transmission [1]. In
2010 the brown planthopper became a global pest because it attacked rice plantations in Indonesia, China, Vietnam, Thailand, India,
Pakistan, Malaysia, the Philippines, Japan, and Korea [2]. The loss of rice yields due to brown planthopper attacks reached 2 t/ha with

an attack area of 218,060 ha [3]. In Indonesia, the brown planthopper attack causes a 100% decrease in rice yields [4]. The brown
planthopper is very adaptive because it can form new biotypes [5]. This causes the process of introducing resistant varieties of brown
planthopper to continue [6]. Rice resistance to BPH had played a significant role in integrated control strategies for this pest throughout East
and Southeast Asia [7].

Local rice varieties are considered a source of genetic variation with drought tolerance and varying degrees of resistance to insect pests
and diseases [8]. Besides, local rice varieties have different chemical composition, color, nutrition and taste characteristics [9]. Indonesia has
many local rice varieties that are resistant to inundation and salinity because they have the Sub1A gene [10]. According to Horgan et al.,
(2015) that the local rice varieties have a higher resistance to brown planthopper than other varieties. Local rice varieties with the Bph6 gene
are effective against Southeast Asian populations [12]. The population of BPH at VUTW (IR 64) was not significantly different for local
varieties (Rojolele, Rojopusur, and Situbagendit), with the highest nymph population was Membramo and the lowest was Situbagendit [13].

Naturally, all plants have resistance to pest attacks. Plant selection by herbivores is influenced by plant biophysics and biochemistry with
two mechanisms against insect pests, namely physical or mechanical barriers and biochemical or molecular mechanisms [14]. The content of
silica in plants is one of the biochemical mechanisms as a direct defense in regulating plant defense lines against insects [15]. Silica is an
essential element in plant nutrition which is translocated through the xylem to the shoots and then condenses into polymerized silica gel [16].
Silica increases plant resistance and reduces crop damage caused by pathogens, insect pests and non-insect pests through the mediation and
regulation of both resistance mechanisms that are constitutive (i.e., regardless of the presence of insects) and induced (i.e., in response to
insect attack) [17]. Silica makes plant tissue difficult for insects to chew, penetrate and digest efficiently. Besides, the beneficial role of silica
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in plant physiology, regulation of defense-related enzymes, plant hormone signaling and alteration of volatile plant mixtures explain the
relationship of silica with biochemical/molecular defense mechanisms [18].

Rice plants with sufficient silica will have silica-coated tissue to be more resistant to attacks by various diseases both by fungi and bacteria,
such as blast and bacterial leaf blight. The application of silica significantly decreased the plant hopper population and the higher the Silica
content increased the resistance of rice plants to brown planthoppers [19]. With sufficient silica, the plant stems become more robust and
more stocky so that they are more resistant to attack by stem borer, brown planthopper, and plants do not fall easily [20]. Plant tissue hardness
is the first protection for plants against pest attack [21]. The strength of the plant stems as protection from pests is influenced by the silica
content [22]. A study is needed to analyze the silica content of several local Indonesian rice varieties and the relationship between the silica
content and the BPH population. Studies on silica content, which is one component of plant defense against pests in local rice varieties, have
never been carried out. This study aims to identify silica levels in several local rice varieties and see BPH' preferences for local rice varieties.

2 MATERIALANDMETHODS
2.1 Study Sites
The research was conducted in a BPH endemic area in Klaten Regency, Central Java, which is located at 1100 26 '14 "- 1100 47' 51" East
Longitude and .70 32 '19 "- 70 48' 33" South Latitude, with an altitude of 100 - 500 meters above the surface sea, rainfall 1600-2700 mm/year,
and temperature 25-340C. The materials were used include aromatic local rice consisting of Rojolele, Pandanwangi, Mentikwangi, and
Mentiksusu; non-aromatic varieties namely Rojopusur, Saudah, Padi Merah, Slegreng, and Srikiti. As a comparison, the IR 64 variety known
to be resistant to BPH was used. Silica analysis was carried out at the Jakenan Pati Agricultural Environment Research Institute. Silica
analysis using 25% HCl with a weighing device, oven and furnace.
Rice planting was carried out in rice fields through cultivation by the regulations of the Ministry of Agriculture. Each variety was planted in a
block measuring 150m2 with a spacing of 22.5x22.5cm with two seeds/planting holes. During the research, no insecticide spraying was
carried out. Weed control was done manually.

2.2 Silika content
Observation of stem silica levels was carried out at the vegetative stage of 30 days after transplanting (DAT) and 90 DAT. The method of
analysis of silica content was compatible with [23] it was using 50 grams of dry straw with the sample soaked in hot water for 2 hours to
extract water-soluble organic matter so that it does not become impurity. Silica extraction was carried out by the precipitation method, then
the extraction results were analyzed quantitatively by gravimetry. The result of the observation was the SiO2 content of each local paddy
variety [23].

2.3 Rice resistance to brown planthoppers
The variety's resistance to BPH was determined by counting the BPH population in field experiments. Planthopper population observations
were carried out during the transitional growing season from rainy to dry. Observations were made from 2 Weeks After Transplanting (WAT)
to 12 WAT by counting the number of BPH’s nymph and adult. Observations were carried out randomly on 30 plants per variety/subplot. The
difference in the BPH population will be used as a parameter to compare resistance between varieties.

2.4 Data analysis
Data on silica levels and population were tested for normality and transformed if needed (Gomez and Gomesz 1984). Silica content data

was displayed in the form of a histogram using Excel 2013. The mean silica content between varieties was compared using the T-test at 5%
level with SPSS software. Data on the BPH population is displayed in graphical form using Excel 2013. Simple regression and correlation
were carried out to estimate the relationship between silica levels and the BPH population using SPSS software.

3 RESULTAND DISCUSSION
The results showed that the silica content of aromatic and non-aromatic rice increased in the generative phase (Fig. 1). Silica levels increase
with plant growth [19]. The silica content of aromatic and non-aromatic rice in the vegetative phase was not significantly different about 15%.
Rice is an silica-collecting plant, with a silica-content reported to be as high as 10% of the total shoot dry weight [16]. However, the silica
content of aromatic and non-aromatic rice in the generative phase were significantly different. The silica content of non-aromatic rice in the
generative phase was higher than aromatic rice. This is due to reduced intracellular Si accumulation resulting in decreased Si availability in
the leaf epidermal cell walls [24]. The results of this study are in line with [25] that non-aromatic rice has higher nutritional content including
carbohydrates, Ca, Zn, Na, K, oleic acid, linoleic acid, palmitic acid and stearic acid compared to aromatic rice.
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Fig 1. Histogram of silica content on rice aromatic and non-aromatic

Mentiksusu, the aromatic rice had the highest silica content in the vegative phase, namely 12.56% (Figure 2). Based on [26] that the
categories of silica accumulation in plants are high (10–15%), medium (1-3%) and low (<1% Si, dm) accumulators. The silica content of
aromatic rice during the vegetative phase was lower than IR 64. In general, there was an increase in silica levels in the generative phase, the
highest increase was shown by the Mentikwangi and Mentiksusu varieties, respectively 22.17% and 22.28%, which were significantly
different from IR 64 (16.65%). IR 64 decreased silica levels during the generative phase (Figure 2). During the generative phase, silica
content in non-aromatic rice increased more than aromatic rice. This is because in the generative phase, the nitrogen uptake of aromatic rice
is higher [27]. The higher the plant nitrogen, the reduced silica content [28].

Different notations on the same shading show significantly different levels of 5% according to the T test
Figure 2. Histogram of silica content on aromatic rice varieties

The silica content of non-aromatic rice varieties Srikiti and Slegreng were relatively low during the vegetative phase, namely 11.71% and
11.27%. The silica content of Srikiti and Slegreng were significantly different from Padi Merah, Saudah, and Rojopusur. Slegreng and Srikiti
are local Wonogiri rice. Meanwhile, Rojopusur, Saudah, and Redrice are Klaten's local rice fields. The increase in silica content occurred
during the generative phase for all non-aromatic rice. Slegreng and Srikiti showed the highest silica content, respectively 26.21% and 28.09%,
significantly different from the other three local rice fields. Rice with high silica content will make it difficult for pests to attack due to the
plant tissue's hardness. The hardness of plant tissue and thickening of epidermal tissue and palisade cells are conditions that make plants
resistant to pest attack [29]. The hardening of the stems of rice plants causes pests with a sucker stick mouth to attack because the hard stem
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causes the mouth to wear out [30]. The silica membrane or double silica layer will make the plant resistant to pests [28].

Different notations on the same shading show significantly different levels of 5% according to the T test

Figure 3. Histogram silica contens on non-aromatic rice varieties

3.1 Brown planthopper population
The planthopper starts coming to the plant when the plants were 2 WAT, the population continued to increase until the plants were 4 WAT.

The highest BPH population in aromatic rice was at the age of 3 WAT in Mentiksusu with an average of 3.80 heads per hill. This was
because the silica content in the Mentiksusu variety was also low (Fig. 2). Silica has a negative correlation with survival and bodyweight of
brown planthopper [4]. Si-mediated resistance can be realized through primary chemical defense reactions in plants that are intensified by
physiological and mechanical barriers resulting from silica deposition in plant tissues [31] or decreased digestive efficiency in herbivores [32].
The brown planthopper population in Mentikwangi was lower than that of other aromatic groups (Fig 4). This is because the Mentikwangi
variety has higher antixenosis resistance so that brown planthoppers cannot reproduce in these varieties [33].

Figure 4. Population of BPH on local aromatic rice varieties

The highest BPH population in local non-aromatic varieties was found in Srikiti as much as 3.17 individuals / family, while the lowest was
on IR 64 (Fig. 4). This was due to the low vegetative phase of the silica content of the Srikiti variety (Fig. 3). Silica as an essential element
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for plant growth as a pseudo-essential [30]. In addition, silica can affect crop defense indirectly through the release of plant volatiles [34],
This compound can act either as an attractant or direct insect repellent so that the brown planthopper that sucks rice with high silica content
will decrease [35]. Plant volatile emissions can be constitutive or can be induced in response to stress and as a defense reaction induced by
herbivores [11]. In wheat plants with high silica the percentage of insects that eat phloem sap is reduced [33]. The increase in BPH
populations reached its peak in all local varieties at 3 WAT except for IR-64 which was resistant variety to this pest.

Figure 5. Population of BPH local non-aromatic rice varieties

Based on Fig. 5, the lowest BPH population was in the Padi Merah variety, while the highest was in the Srikiti variety. The difference in
BPH population was due to differences in biophysical characters and different resistance between varieties. The morphological character of
plants is one of the keys to plant resistance. According to [14] that variations in leaf size, shape, color, and the presence/absence of glandular
secretions may play a role in determining the host's insect acceptance. Besides, the resistance of rice to BPH attack is also influenced by plant
phloem tissue's character. The resistance of plant phloem tissue is influenced by the chemical elements contained therein, such as silicates,
oxalates, phenolic acids, sterols, and apigenin glycosides [36].

Fig 6. The relationship between the BPH population and the silica content of rice

Simple regression analysis showed that silica content significantly decreased of BPH population at 5% level (y = -0.271x + 10.279 with a value of
R2 = 0.163, F = 5.437, P < 0.05) (Fig. 6). Silica can protect plants from stem borer, green leafhoppers, brown leafhoppers, white-back leafhoppers,
and mites [15]. Based on the results of field studies conducted [37]. [14] shows that there is a positive correlation between silica content and plant
resistance to brown planthopper attack. The silica content of the plant influences the level of attack by stem borer [38]. The content of silica in plants
can strengthen plant resistance directly and indirectly to insect pests by depositing SiO2 as a biogenic opal (phytoliths), especially in leaf, stem and
root epidermal cells [17]. Silica is deposited as a 2.5 µm thick layer just below the cuticle layer (0.1 µm thick), forming a silicon-cuticle double layer
on the blades of paddy leaves [15]. The abrasive nature of leaves and other plant tissues associated with protection, storage, support, and
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reinforcement leads to irreversible increased wear of themouthparts while the insects are eating, thus preventing the chewing insects [39]

4 CONCLUTION
The silica content increases with plant growth. The highest silica content in the vegetative phase was found in the IR 64 variety at
19.02% and the lowest was found in the Srikiti variety at 11.02%. The generative phase's highest silica content was found in the Srikiti
variety at 28.09 %% and the lowest was found in the Rojolele variety at 11.31%. The increase in silica content can reduce the brown
planthopper population.
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