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Abstract
Objectives: Silica is not essential nutrients for plant growth; however, it
shows that it is beneficial to rice, especially under stress conditions. This
study is to test the efficacy of Rice Hull Ash (RHA) as a silicon source to
enhance rice resistance against bacterial leaf blight, Xanthomonas oryzae pv.
oryzae. Methods: The Complete Randomized Design (CRD) was adopted for
the different treatments, replicated four (4) times. CSUT0 (control), CSUT1(30
grams RHA, Basal Application), CSUT2(30 grams RHA, Basal Application; 15
DAT), CSUT3 (30 grams RHA, Basal Application; 15 DAT and 30 DAT), and CSUT4
(30 grams RHA, Basal Application, 15 DAT, 30 DAT; and 40 DAT). The effect of
all the treatments is on the severity of infection of the bacteria, plant height
and wt.% of SiO2 acquired from soil, RHA and test plant. Findings: Rice Hull
Ash (RHA) composed of 87.34 wt. % of SiO2 while soil collected from the Rice
Field composed of 68.49 wt.% of SiO2, Disease resistance is as high as 60%
when compared with the highest infection rate (T0) to the lowest infection rate
(T4). Plant height and resistance produced against BLB infection was observed
significantly in CSUT3 (Basal application at 15 and 30DAT and 30 grams of RHA).
Novelty: The study offers an interesting organic alternative that could be used
in controlling Bacterial Leaf Blight (BLB).
Keywords: Bacterial Leaf Blight; Rice; Rice hull ash (RHA); Resistance
Mechanism; Silica (SiO2)

1 Introduction
Rice is considered an ancient domesticated cereal food crop and is arguably the most
important staple food for people (1), concentrated production is in Asia as a primary
source of food for more than half of the world population (2). In the Philippines, rice
is the staple food and the primary source of income of many Filipinos, and the major
setback of the country is to sustain rice production. To attain product sustainability,
many factors have to be considered, such as soil nutrient requirements and the control
of diseases. One of the significant problems of farmers nowadays is the occurrence
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of bacterial blight diseases restricting production, especially in rice not only in the Philippines but also in other countries. Some
viable and effective intervention has been established to control this disease, like applying chemical control and improvement
of plant resistant, tolerant to the disease. Thus, it is essential to develop effective and viable alternative measures to control
BLB infestation (3). Rice husk (RH), as an agricultural waste after harvesting, is rich in silica, containing 90- 98% undergoing
complete combustion, when compared to other agricultural wastes. Rice Hull Ash (RHA) is also known as boiler fuel, and the
ash produced causes severe problems like waste disposal. Wheat, rice, maize, and rice, which belong to the Gramineae family,
are primary sources of silica. Mono silicic acid residues in the cells as hydrated deposits, and it will move by evaporation of
polymerized silica to force a cellulose silica membrane making the rice hull relatively flaky, brittle, and abrasive. It is chiefly
composed of 89% - 97% of silica, if undergone incomplete combustion, making it a good source of silicon (4). However,
manufacturing pure silica is energy-intensive, which required high furnace temperatures, more than 700°C., Onojah (5) added
that rice hull ash contents depend on various crops, geographical location, and fertilizer application. According to (6), silicon is
one of themost important trace elements withmultifunctional compounds. Still, at the same time, silicon is one of the neglected
micro-nutrient elements present in the soil. Given that Si ranked as the second most abundant trace element after oxygen, it
hasn’t been studied as much as other elements like nitrogen (N) and phosphorus (P). Factors maybe because of its abundance in
the area and its undervalued role.The availability of silicon to absorb by plants is affected by the pH and solubility of the silicon.
Theweathering process is also one of themain factors because the availability of siliconwill be depleted as theweathering process
increases. This phenomenon usually occurs in the tropical region (7). In-plant resistance to pathogens, plants release a different
chemical compound that interferes with the activities of the pathogen. This chemical compound may act directly as toxic or
lytic to the pathogen. Plant cells contain several enzymes like chitinases and glucanases, that cause breakdown of a pathogen
cell wall component. A type of active chemical defense of plants together with hypersensitive responses (HR) is the Systematic
Acquired Resistance (SAR), pathogenesis-related (PR) proteins, and phytoalexins also play important role in defending the
plants from pathogen invasion. The pattern of pathogenesis in a most host-parasite relationship, plant exhibit their defense
mechanism as soon as the infection occurs, the moment the pathogen contacts with the host plants, it regulates its defense in
the formation of chemical and physical barriers; this process acquired due to the hereditary characters ofmany plants (8). Using a
lot of mitigation or intervention has been employed to control bacterial leaf blight, such as synthetic bactericidal and biological
control. However, though some are sufficient and some are detrimental, they are still not enough to sustain production for
the country’s growing population. Inducing the plant’s chemical defense system is also one of the control methods known to
exhibit significant effects. Silicon is an ideal candidate to generate the chemical defense system of rice because it acts as an
enhancer of resistance and mitigates environmental stresses (9) and mechanically impedes the penetration of pathogens, and
prevents the infection process. Most farmers in the Philippines usually use synthetic pesticides to control pests and diseases. It
is advantageous and convenient; hence, it became the most popular control strategy. However, synthetic pesticides, especially
those non-biodegradable, may harm not only the target pest organisms. The continues application of synthetic pesticide have
posed a significant challenge to the target pest organism causing to disperse to a new environment, or they will adopt new
conditions (10). Moreover, it also negatively affects humans, animals, and the environment. With this phenomenon, scientists
are continuously finding and developing other alternative control to pests and diseases, which are economical, effective, and
eco-friendly.

This study conducted to test the possibilities of rice debris as a silicon source to develop resistance for the rice to control
Bacterial Leaf Blight disease. Given that Silicon is still not considered an essential element, literature shows that Si has to have
positive/beneficial effects on the control of some diseases, make the plants more resistant, induced plant defense, and help to
regulate the uptake of other plants nutrient (11). This study aims to (1) determine the wt % of silicon present in the soil gained
in the field, rice hull ash, and test plant, (2) evaluate the different level of rice hull ash, and assess which among these levels will
develop a defense mechanism against bacterial leaf blight (BLB).

2 Materials and Methods

2.1 Study area

The experiment carried out at the Experimental Station of Agricultural College of Cagayan State University-Piat Campus, the
analysis of silica content in rice ash using theGravimetric analysis of Silicon and for the soil through Bauxite Package by Lithium
Borate Fusion/XRF was carried out at Intertek Laboratory on West Service Road Cupang, Muntinlupa City, Philippines, from
July 2017 to February 2018.
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2.2 Sample Preparations, Collection of Soil and Rice Hull

Collection of soil samples was done in one (1) hectare Ricefield of the CSU integrated farm. Ten sampling points were marked
within the area. Each sampling point dug in a depth of fifteen (15) centimeters with a length of twenty-five (25) centimeters
and a width of twenty-five (25) centimeters. One (1) kilogram sample was obtained after mixed in a container. The rice hull
was acquired at Maguilling, Piat, Cagayan, and subjected to complete combustion through conventional burning of rice hull.
After complete combustion, two hundred fifty (250) grams of rice hull ash were taken. All representative samples were brought
to Intertek Laboratory at West Service Rd., Cupang, Muntinlupa City, for silica content analysis.

2.3 Collection of diseased leaves

Rice leaves showing symptoms of bacterial leaf blight collected from various rice fields at Baung, Piat Cagayan. Identification of
the developed rice disease was at thematurity stage of the plants; randommethods were used in collecting the infected samples.
The leaves with symptoms of Bacterial leaf blight are carefully detached and put in a storage container, and labeled carefully,
which includes the location of the farm and date sampling, samples obtained taken at the laboratory, and kept in the refrigerator
before the conduct of the study.

2.4 Preparation of Seedlings

Susceptible rice variety is used as planting material, gained from the Municipal Agricultural Office–Municipality of Piat,
Cagayan.The seeds soaked in water for twenty- four (24) hours and sowed on a seedbed for germination, and placed inside the
greenhouse to prevent biotic and abiotic stresses damages and, after twenty-one (21) days, transplanting of two (2) seedlings
employed in each experimental container pot.

2.5 Isolation and Inoculation of Xanthomonas oryzae pv oryzae

To remove the excess debris attached to the leaves, washing with running water was employed. The infected leaves are hung
on a stick or thin wire that runs across the beaker so that the bacterial exudate is immersed in distilled water, the bio-safety
hood prepared for isolation. The streak plate method was used for isolating the Xanthomonas oryzae pv. oryzae. Pure cultures
of X. oryzae pv. oryzae transferred from the Petri plates to the prepared sterile agar slants. The pure culture at the sterile agar
was incubated at room temperature for 24 hours before use. Using a five-week-old susceptible rice variety, the clipping method
implements in the inoculation of the rice leaves by cutting the leaf tip to 3-4 cm. The experimental pot with rice plants was
grown at 25-32oC, with relative humidity ranging from 90%-95%.

2.6 Experimental Design and Treatments

Table 1.The treatments are shown in the table arranged in a Completely Randomized Design (CRD) with four replications
Treatment No. Description
T0 Control (No RHA applied)
T1 Basal application (30g of RHA)
T2 Basal & 15 DAT (30g of RHA per

Application)
T3 Basal, 15 DAT & 30 DAT (30g of

RHA per Application)
T4 Basal, 15 DAT, 30 DAT & 40 DAT

(30g of RHA per Application)

2.7 Disease Evaluation for Xanthomonas oryzae pv oryzae

Two (2) days after inoculation (DAI), the severity of bacterial blight infection and disease index evaluated using for Rice
Standard Evaluation System (SES) issued by (10), as reflected in Table ??. The percentage estimated through the Standard area
diagram.
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Table 2. Greenhouse test, severity: % leaf area diseased
Scale Description
1 No diseases

observed
2 Less than 1 %*
3 1-3%*
4 4-5%*
5 11-15%*
6 16-25%*
7 26-50%*
8 51-75%*
9 76-100%*

Fig 1.The index value and the corresponding levels of severity for a leaf streak disease (10).

Table 3.Diseaseindex
Disease
Index

Reaction

0 0– 3 Resistant/Tolerant
4 4– 6 Moderate
7 7- 9 Susceptible

2.8 Disposal of Infected Plants and Planting Materials

Infected plant samples in the experimental area have been collected and labeled; CSUT0, CSUT1, CSUT2, CSUT3, and CSUT4.
Samples were brought to Chempro Analytical Services Laboratories, Inc. at 146 Shaw Blvd. cor San Roque St., Kapitolyo, Pasig
City for silica content analysis using Lithium Borate Fusion/XRF. Planting materials such as pails and soil were subjected to
solar heat treatment to reduce the number of existing bacteria introduced during the study.

Statistical Tool
The data obtained from this experiment were subjected to the Statistical Tools for Agriculture Research (STAR) or Microsoft
excel using the analysis of variance (ANOVA) with a 5% and 1% level of significance. This means that making the correct
decision in the research is 95% and 99% whether there are significant differences between treatments. The least significant at
5% (LSD 0.05%) used to compare treatments.
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3 Results and Discussion

3.1 Silica Analysis

Results of the analysis revealed that the Rice Hull Ash (RHA) was composed of 87.34 wt. % of SiO2 and the Soil that was
collected from the Integrated Farm, Rice Field is composed of 68.49 wt. % of SiO2. Production of silica can be achieved through
an industrial-scale-based chemical, physical, mechanical, and thermal operation using a high degree of temperature with a
large amount of acid (12). Studies show that RH and RHA consider as a significant source of high-quality silica that is being
applied especially for enhancing the resistance of crops like rice (13). As a byproduct through the process of combustion, RHA
can generate energy. Some studies also use different treatments to obtain pure silica. Some techniques used for silica production
are pre-treatment with alkaline and acid leaching. Fernandez conducted a comparison study on the purification and processing
methods of Silica made by Rice Hull Ash (RHA). The result showed, using a simple way produced a high amount of Silica with
a purity of 98 wt. %.The present paper produced 87.34 wt. % of SiO2 using a simple method; this corresponds to the study of (7)
using a combustion process that produced silica content of more than 85wt. %., on the composition of RHA. (14), stated that the
composition of Silica processed is mainly affected by the type of soil, weather, agronomic management, and other parameters.

3.2 Plant Height (cm)

Fig 2.Mean height of plant per treatment as affected by RHA as a silicon source.

Figure 2 shows the mean length of the rice plants after the application of RHA as a rice resistance enhancer against
Xanthomonas oryzae pv. oryzae, as gleaned in the table results show that there were significant differences in the plant height
at a 95% level of confidence between treatments. The control pot (treatment 0) has been recorded to have the smallest length
with a mean of 63.00cm. Comparing among treatment means, RHA 4 (70.00cm) as a reference value, when compared to the
second-highest value, which is the treatment 1 (69.25cm) have a difference of 0.75cm showing no significant between the two
treatments, when RHA 4 compared to RHA 0, 2, and 3 the LS differences were 7cm, 4.25cm, and 2.25cm, respectively, which
shows significance result among RHA treatments. Plant Height revealed that the application of RHA gives a significant effect
on the development of rice, as highlighted by (15), one morphological characteristic of hybrid rice has erect leaves, this also
supported by the statement of (16), that the rice plant’s degree of erectness was based on differences and it can significantly be
altered by nitrogen nutrition and silica, when there is a tendency to apply nitrogen, rice leaves become drooping, while silica
makes the leavesmore erect. Since rice is known to be as a Si- accumulator, its alleviated water stress, salinity stress, and nutrient
deficiency or toxicity and improve erectness of the leaves (17). The application of silicon to rice could also contribute vigor and
boost rice yield andmitigate abiotic stress (18). It also added that silicon improves the canopy photosynthesis of the leaves; thus, it
improves light interception by keeping the leaves erect. Moreover, the application of Si enhances the development of a different
variety of crops, which include wheat, barley, cucumber, and rice (19).

3.3 Bacterial Leaf Blight Severity of Infection

The figure shows the mean, standard evaluation of bacterial leaf blight on the second day after inoculation. Results revealed a
significant result in the resistance of bacterial leaf blight at a 95% level of confidence between treatments. RHA 0 was recorded
to have the highest infection rate index with a mean of 6.25, and this was followed by RHA 1, RHA 2, RHA 3, and RHA 4 with
a severity mean index of 3.5, 3, 2.5, and 2.5 respectively. Comparison among treatment means wherein RHA 0 as the reference
value, having a severity infection of 6.25 when compared to RHA 1, 2, 3, and 4 result shows that there were LS difference of
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Fig 3.Mean severity of infection of Bacterial leaf blight as affected by RHA as a silicon source.

1.75, 2.25, 2.75, and 2.75, respectively, which shows that all treatments used were significantly differenced with each other.
Moreover, in terms of the disease reaction to Xanthomonas oryzae pv. oryzae, RHA 0 shows susceptible response because there
was no intervention applied, RHA 1 shows Moderate response while RHA 2, 3, and 4 were all resistant to Xanthomonas oryzae
pv. oryzae, Table 5 shows the Silica analysis report for the accumulation of rice conducted at Chempro Analytical Services
Laboratory Inc., which RHA 4 (394ppm) and RHA 3(129.82ppm) obtained the highest silica accumulation, which supports the
findings of the study. Severity revealed that silicon supplementation gives a significant effect against bacterial leaf blight attacks.
The seriousness or incidence tends was reduced with increasing tissue contents of Si in rice (20). The results support the study of
Han (21), that silicon amendment can influence biotic stress, where silicon is primarily deposited in the leaf ’s heath epidermal
layer and creates amore efficient physical barrier to potential pests anddiseases.Theprimary line for defensemechanismpresent
in plants is on the surface. Most characteristics and functions of the plant surface become barriers for the penetration of the
pathogen.However, Si is not sufficient to explain themechanismof protection and this theorywasmaintained over the years (22).
Bloodnick (23) stated that silicon has been shown to enhance drought tolerance, and retards premature defoliation of some crops
that are not irrigated, and improved the resilience of plants toxicities micro-nutrients and other metals such as Al, Cu, Fe, Mn,
and Zn. Also it found that silicon helps to increase the strength of the stem. He also added that it demonstrated to increase
the resistance to specific pathogenic fungi attacks such as powdery mildew and phytophthora. Datnoff (24) added that silicon
is deposited by silicon to form a skin-silicon double layer. This layer mechanically prevents penetration by microorganisms
and interrupts the process of infection. Rice is known as silicon accumulator, and the plant is benefited from silicon nutrition.
Thus, the accumulation of Si in the epidermal walls increases resistance against bacterial attack (20). Research shows that there
are benefits of silicon in some crops, mostly if grown on low quality land. However, there are only studies limited indicating
that there may be benefits in greenhouse crops (6) These beneficial effects when silicon was in the form of mono silicic acid. (25),
silicic acid is taken up in the root’s hairs to the xylem vessel of the rice plant and distributed by the xylem vessel via transporters,
also in the form of mono silicic acid. In the accumulation of silica in the shoots and leaves, mono silicic acid is polymerized
into silica and deposited in the bulliform cells and under the cuticle. It was noted that when the rice has a low silicon uptake, it
was proved to increase its susceptibility to some diseases such as brown spot, stem rot, grain discoloration, leaf blight, and rice
blast (23).

Table 4.Disease index and the reaction of rice to the disease.
Treatment Reaction
RHA 0 Susceptible
RHA 1 Moderate
RHA 2 Resistant
RHA 3 Resistant
RHA 4 Resistant
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Table 5. Silica analysis report for the accumulation ofrice.
Treatment Silica Accumulation; ppm
CSUT 0 ND*; DL** = 0.02
CSUT 1 46.74
CSUT 2 89.69
CSUT 3 129.82
CSUT 4 394.31
Legend: * ND = None Detected ** DL =Detec-
tion Limit

4 Conclusion
The result shows that RHA (Rice Hull Ash) as a Silicon source is a valuable supplement to improve rice resistance to BLB disease
and as a substitute for chemical pesticides. Plant’s evaluation of the plant disease is as high as 60%when compared to the highest
infection rate to the lowest infection rate. In terms of plant height, CSUT 4 and CSUT 3 have shown significant results when
compared to other treatments. However, in terms of financial wise to be used in field Basal Application, 15 DAT, and 30 DAT;
30 grams RHA is highly recommended. The study limits its scope on the vegetation stage of the rice; thus, it is recommended
to continue until harvest to determine the full efficacy of RHA against biotic and abiotic stresses.
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