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Lettuce seeds are small and have less food accumulated in the seed. Seed
pelleting is a way to raise the quality of the seeds that can make them suitable for
planting. Filter materials are key elements to making seed pelleting successful. Leaf spot
disease is one of the most serious problems in lettuce production. Seed pelleting and
foliar spraying with Bacillus subtilis 168-2 are able to control leaf spot disease and
promote lettuce growth. Therefore, this research aims (1) to examine the potential of
lettuce seed pelleting with B. subtilis 168-2 to enhance plant growth and control lettuce
leaf spot disease, and (2) to investigate the induced resistance mechanism against
Alternaria alternata in lettuce plants after seed pelleting and foliar spraying with B.
subtilis 168-2. From the results of the examination in laboratory conditions, it was found
that seed pelleting with calcium sulfate and B. subtilis 168-2 at a concentration of 10°
cfu/ml (SeedBio 3) can be easily shaped. These pelleted seeds had low friability and
dissolved in water very well. The quality test of the pelleted seeds found that these
pelleted seeds (SeedBio 3) also had the highest germination rate and the highest speed
of germination when compared with the other treatments. Also, the result pointed at
that the seedling of pelleted seeds had longer root length and shoot length than most
of the seeds unpelleted. Under greenhouse conditions, the pelleted seeds (SeedBio 3)
were selected for plating and sprayed with elicitors 4 times before inoculating with A.
alternata. The results showed that the treatment of seed pelleted (SeedBio 3) combined
with spraying B. subtilis 168-2 at a concentration of 10% cfu/ml (Treatment 5) significantly
reduced the severity of lettuce leaf spot disease by 47.3% compared with the control
treatment. Moreover, Treatment 5 maximized fresh weight 86.56 ¢/plant and dry weight
- 8.93 g¢/plant, which was significantly higher than those of the control treatment. Then,
samples of lettuce leaves were selected to examine the defense mechanisms including
salicylic acid (SA), superoxide dismutase (SOD) and plant growth regulator indole-3-acetic
acid (IAA). Treatment 3 (SeedBio 3 and sprayed with B. subtilis 168-2 10°) increased the
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SA accumulation to the maximum at 24 hours after inoculating (HAI) with 10.68 pg g
fresh weight, followed by Treatment 4 (SeedBio 3 and sprayed with Mancozeb) which
had 9.67 pg ¢ fresh weight. The SOD activity was maximum in Treatment 3 with 17.76
g catechol /mg™ protein, which was significantly higher than Treatment 4 (15.60 Mg
catechol /mg™ protein). The accumulation of IAA in treatment 3 was 12.67 g/ mg! fresh
weight at 0 HAI, which was significantly higher than those in the other treatments. After
that, the IAA accumulation of Treatment 3 increased to 16.98 pg/me™ fresh weight at 24
HAIL. In addition, the lettuce leaf samples at 24 HAI were investigated for their
biochemical changes by the Synchrotron Fourier-transform infrared (FT-IR)
microspectroscopy technique. The results showed that the integral area of pectin C=0
ester group and amino acid, amide | and amide Il increased at the levels of 0.166 + 0.023,
0.112 £ 0.012, and 0.077+ 0.015, respectively. The amount of pectin, amide |, and amide
Il 'in the mesophyll tissue of Treatment 3 was significantly higher than those in the
control. Our results indicated that the seed pelleting (SeedBio 3) and spraying with B.
subtilis 168-2 at a concentration of 10° cfu/ml (Treatment 3) were effective in controlling
lettuce leaf spot disease by inducing plant resistance, and can play a role in plant cell
wall reinforcement against plant pathogen. This Treatment 3 is therefore an appropriate
approach to be used in the organic lettuce production system as it reduces chemical
fungicide use and improves the quality of seeds. Therefore, in the seed business, seed
pelleting technology should be used to increase seed quality, to promote germination
and strong seedlings, to reduce disease in the seedling stage, as well as to create a
unique identity on the seed to prevent seed contamination. Also, it can be applied for

commercial use and enable farmers to have quality seeds in the cultivation system.
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CHAPTER |
INTRODUCTION

Lettuce (Lactuca sativa L.) is one of the most important fresh vegetables
around the world, especially in Thailand. It has low calories and high nutrition values
such as fat and sodium. Additionally, lettuce is a good source of vitamin C, zinc, fiber,
iron, folate, and various health-beneficial bioactive ingredients (Baslam et al., 2013; Kim
et al., 2016). In previous studies, it was shown that anti-diabetic activities, cholesterol-
lowering, and anti-inflammatory were attributed to the bioactive compounds in lettuce
(Ferreres et al., 1997; White and Broadley, 2009; Kim et al.,, 2016). In 2016, Thailand
exported 10.35 tons of lettuce seeds worth more than 7.68 billion baht to several
countries (Office of Agricultural Economics, 2016). In order to achieve a good quality of
lettuce, seedling is an essential cultivation process due to the small and flat shape of
lettuce seeds, lacking accumulated nutrients, and diseases infection resulting from the
tropical climate leading to quickly severe invasion and destruction of diseases. The
major diseases are root rot (Pythium spp.), downy mildew (Peronospora spp.), and leaf
spot (Cercospora spp., Septoria spp., Curvularia spp. Alternaria spp.) causing serious
yield loss in lettuce production. The leaf spot symptoms on lettuce are small spots or
dark brown to black - overlapped spots on the lettuce leaf. This disease outbreak can
damage more than 50 %, especially in the rainy season with high humidity (Rimmer et
al., 2006; Rotniam, 2009). The epidemic of leaf spot disease is increasing every year.
Chemical fungicides are always used to prevent plant diseases from the seedling stage
to the harvesting season subsequently increasing production costs by 5 times (Kangsopa
and Siri, 2015a). Also, Lettuce seeds are small and expensive, it always has a low
germination rate due to seed-borne fungal contamination (Tumniarattanapong, 2005;
Kangsopa and Siri, 2015b). In this case, the fungal pathogen originates on the lettuce
seed surface and it can cause seedling leaf spots. seed treatments can terminate the

foliar application of fungicides after the planting season.



Seed treatment is the physical, chemical, and biological agents and techniques
applied to protect plant seeds and improve crop health (Ramzan et al., 2016;
Kaewkham, 2017; Prakash et al., 2018). Seed priming of lettuce seeds has been boosted
to prevent plant disease epidemic caused by seed-borne fungal pathogens (Baker et al.,
1972; Schmitt et al., 2009; Schaerer, 2012). Moreover, seeds could be enhanced through
priming, soaking, coating, and pelleting for a uniform crop.

Seed pelleting is one of the processes and techniques of adding active and inert
ingredients into seeds to increase their weight, size, shape, and improve disease
tolerance. Moreover, the seed pelleting can increase more plant nutrients and beneficial
microorganism/biocontrol agents which are advantageous to the germination, the
growth development of seedlings, and plant disease control (Kaufman, 1991; Avelar,
2012; Siri, 2015). As seed bio-pelleting is an essential technology for seed modification
in order to enhance size and weight upon the requirement was beneficial for organic
agriculture (Jeffs and Tuppen, 1986; Kaufman, 1991; John et al., 2000). Moreover, seed
bio-pelleting can indirectly improve seed germination which macro and micronutrient
pelleting enrich the rhizosphere region that triggers the vegetative seedling growth in
addition to enhancement of microbial community around the root zone (Ellis, 2004;
Suma, 2005; Doijode, 2006). Microbial antagonists or plant growth-promoting
rhizobacteria/fungi (PGPR/PGPF) can be used to control many soil-borne pathogens in
an eco-friendly method. Biological control agents or PGPR such as Azospirillum,
Azotobacter, Pseudomonas, Serratia, and Bacillus could promote plant growth and
induce disease resistance (Kloepper et al., 1980; Buensanteai et al., 2008; Akhtar et al.,
2012; Sivasakhti et al., 2014). These beneficial microorganisms could be produced
organic acids, amino acids, plant growth regulators as IAA to increase shoot and root
growth in several economic crops (Lakshminarayana et al., 1992; Buensanteai et al.,,
2008; Oteino et al., 2015; Jiraporn et al., 2017). Application of biological control agents
or PGPR, especially Bacillus, as seed priming could suppress the root-infecting fungi
pathogens (Tumniarattanapong, 2005). In previous, the pelleting seeds have been
successful with plant nutrients (Rotniam, 2009; Adhikari et al., 2016). It was found that
pelleting seeds with Zn at the rate of 50 mg showed that corn, soybeans, pigeon peas,

and ladies fingers higher drier weight than uncoated seeds at 22.35, 10.73, 14.60, and



9.47 grams, respectively. Moreover, research in 2016 by Adhikari et al. found that seeds
of mungbean pelleted with different biocontrol agents to determine their effect on
plant growth and colonization of roots by root-infecting fungi, Fusarium solani,
Macrophomina phaseolina, Pythium aphanidermatum, Rhizoctonia solani and
Sclerotium rolfsii. Treatments of mungbean seeds with fungal antagonists showed more
shoot and root length compared to bacterial antagonists, whereas seeds treated with
bacterial antagonists showed maximum shoot and root weight. Trichoderma harzianum
and B. subtilis were the best among all the biocontrol agents since they provided the
most plant growth and greater reduction in root colonization by all root-infecting fungi.
B. cereus, T. virens, P. fluorescens and Micrococcus varians were also effective against
root-infecting fungi but to a lesser extent. The T. harzianum, T. virens, B. subtilis and P.
Sfluorescens were also found to be the highest effective among all biocontrol agents
(Ramzan et al.,, 2016). However, there is no research focusing on lettuce seed bio-

pelleting and its defense mechanism against leaf spot infection.

Therefore, the purpose of this research will focus on (1) to examine of lettuce
seed pelleting with Bacillus subtilis 168-2 to enhance plant growth and control lettuce
leaf spot disease, and (2) to investigate the induced resistance mechanism using
Bacillus subtilis 168-2 against Alternaria alternata after seed pelleting and foliar

application in lettuce.



CHAPTER Ii
LITERATURE REVIEW

2.1 The importance and characteristics of lettuce

2.1.1 Importance of lettuce

Lettuce (Lactuca sativa Linn.) is one of the Asteraceae (Compositae) species,
originally born in the Mediterranean and Asia. It is well-known for consumption and
normally grown in many cold and tropical countries; there is high consumer demand
throughout the year, especially, during special occasions and it is very popular among
health lovers. This is because it is a kind of vegetable with high nutritional values, a
source of vitamins and minerals that are essential to the human body with various types
of antioxidants. It can be freshly consumed or used as an ingredient in various menus.
In Thailand, there is approximately 23,437 rai of lettuce farm yielding 32,000 tons which
are equivalent to 0.3 % and 0.1 % of Thailand respectively (FAO, 2013). Lettuce is
considered to be one of the important economic vegetables of Thailand serving the
growing trend of demand. It is the perfect crop for this backward gardening exercise
because it grows well even when soil and night temperatures are in the range of 18-25
°C and 10-15 °C, respectively. However, the high temperature reduces its quality and
yield.

2.1.2 Characteristics of lettuce

- The root of lettuce, which is the taproot system with a strong taproot, grows

quickly, especially when grown in sandy, loamy soil with sufficient moisture.

- The leaves have a bitter taste and a fast influx of flowers. The leaves break out
from the surrounding trunk. The leaves color ranges from light green, and yellowish

green to green. Some varieties are red or brown, semi-red, bronze, or greenish brown.



- Lettuce flowers are a bouquet called panicle, consisting of a group of flowers
that are clustered at the top. Each cluster consists of 15-25 flowers or more. The
inflorescence stem is about 2 feet long.

- Lettuce seeds are a single seed type (achene), which grows from one ovary.
The seeds will have some seed coats. The seed shell will not crack when the seeds are
dried. The seeds of lettuce are flat in length. The head of the spear is spear-shaped,
with a small, long, stain along the long side of the seed on the seed coat surface. The
seeds are creamy gray. The length of the seed is about 4 mm and about 1 mm wide.

The commonly grown lettuce varieties include green oak, red oak, red coral,

butterhead, highland, Filey iceberg, and cos (Kusol, 2008).

2.2 Important diseases of lettuce

2.2.1 Root rot disease

The root rot disease caused by Pythium spp. The leave affected has a pale
yellow leave starting from the midrib and spreading from the leave base to the tip.
Then the leaves curled when exposed to sunlight in the daytime, or withered when
dehydrated (Figure 2.1). This cause fallen leaves and dry branches, and disease spreads
out, which causes perennial death. For disease epidemic and prevention, when the
plant roots were weak the fungus easily destroys. This disease often spread during the
summer. The prevention can keep the infected leaves out of the area and adjust the
pH to 6.5-7.0 to repair the destroyed roots and give fertilizer to plants or use the

Trichoderma to eliminate the pathogen and help regenerate the strong roots (Koike,
2015).

Figure 2.1 The symptom of lettuce root rot disease (left) and Pythium spp. (right)



2.2.2 Downy mildew disease

The downy mildew disease was caused by the Peronospora spp. In the leave
affected by fungus, a small group of black spots occurred under the leave. There were
powder light grey molds spread over the leaves. When the fungus spreads out and
covers all the leave area, the leave fall or dries (Figure 2.2). For the disease epidemic
and prevention, this disease can be found from the seedling stage to the mature stage,
the disease causes losses of quantity (weight or volume). The prevent can trim or prune:

remove the affected leaves (Koike, 2015).

Figure 2.2 The symptom of lettuce downy mildew disease (left) and Peronospora

spp. (right)

2.2.3 Leaf spot disease

The leaf spot disease is the increase in serious damage and diversity of
pathogens. This disease is caused by Cercospora spp., Septoria spp., Curvularia spp.
and Alternaria spp. These fungi can easily propagate by blowing away in the wind,
sticking with insects, rainwater, or water used in spraying systems. This can cause the
epidemic to spread to other areas. The spores germinate on older leaves because older
leaves have weaker immune systems than the other parts. The fungus can penetrate
through natural openings in the plant, or it can get in through wounds on the plants

surface. Interestingly, the lettuce grown with the hydroponics system tends disease



resistance less than in the soil because the hydroponics system was genetically uniform
causing plants less adaptation to the environment and easy disease infection. In
addition, there are few beneficial microorganisms in hydroponic plants causing a lack
of natural protection (Campbell, 1989). The leaf spot disease can occur every season
in Thailand, especially in the rainy season with high humidity. However, it can occur in
summer as well, mostly from excessive water spraying and poor ventilation in the
planting area. During the rainy season in 2004, the spread of leaf spot disease in
vegetables was found in celery, and in Butterhead, Batavia, Green Oak, and Red Qak,
for foreign salad leaves. From the end of 2005 until now, it was found that the epidemic
has expanded by finding symptoms of leaf spot disease on lettuce in small and
medium-scale farms in Samut Prakan, Chachoengsao, Chonburi, and Rayong provinces,
etc. (Khuhakan, 2011). The leaf spot disease is considered a high damage level that
growers have to be alerted with the four main disease-caused fungal pathogens include

Cercospora spp., Septoria spp., Curvularia spp., and especially Alternaria spp.

2.2.3.1 Cercospora spp.

The characteristics of the Cercospora leaf spot lesion are diverse based
on the type of plant. But, the center of the wound is light gray to white or light brown
to white, and around the wound is brown or reddish-brown like a frog. If serious
symptoms, the wound binds together causing burns, and occurring with young leaves

or distorted (Figure 2.3) (Campbell, 1989).

Figure 2.3 The symptom of lettuce Cercospora leaf spot disease (left) and

Cercospora spp. (right)



2.2.3.2 Septoria spp.

The symptoms start from a small yellow spot and enlargement; the
wound shape is unstable. The wound color is greenish olive brown, with black spots
and a lot of spores. If the symptoms are very severe, the wound area tore off, causing

the tattered leaves and eventually death. (Figure 2.4) (Sak, 1994).

Figure 2.4 The symptom of lettuce Septoria leaf spot disease (left) and Septoria spp.
(right)

2.2.3.3 Curvularia spp.

The symptoms are shown on older leaves. In the first phase, there was
a small spot of needle size in light green color. Then the middle of the spot is dry with
gray or light brown color, surrounded by a reddish-brown ring, which eventually, turns

to burnish, and a yellow halo around the wound (Figure 2.5) (Sak, 1994).



Figure 2.5 The symptom of lettuce Curvularia leaf spot (left) and Curvularia spp.
(right)

2.2.3.4 Alternaria spp.

The initial symptom usually originates in old and lower leaves of the
plant with small yellow spots on their leaves gradually growing up to be rather round
dried brown bands, stacked together in several circles which are clearly visible at the
top of the leave. The black spots which are a group of fungal spores produced for the

propagation may appear in the wound area.
2.3 Alternaria leaf spot on lettuce

The Alternaria leaf spot on lettuce caused by Alternaria alternata. The size of
the wound could be just a small spot or even to 2-3 inches in diameter on a leaf. In
case of severe symptoms, the tissue between the veins would eventually die. The
epidemic is caused by the spores of the fungal pathogen blown in wind, insects,
animals, or water. When the spores enter the plant, the fungal pathogen germinates
and grows into fibers growing inside the plant through the stomata and is consistently

destroyed.
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In healthy plants, it takes about 8-10 days for the disease infection, but in a
susceptible plant, the pathogen takes about 4-5 days to grow up.The temperature range
is 25-30 °C and has high humidity in the air, especially in the rainy season, causing the
disease to spread quickly (Figure 2.6). The classification of Alternaria spp. can be

explained as follows (Agrios, 1997):

Kingdom: Fungi
Division: Eumycota
Subdivision: Deuteromycotina
Class: Hyphomycetes
Order: Hyphales (Moniliales)
Family: Dematiaceae

Genus: Alternaria

Figure 2.6 Leaf spot disease (Alternaria alternata) (left) and the symptom of lettuce

Alternaria leaf spot (right)
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2.3.1 Disease cycle of Alternaria spp.

The Alternaria spp. fungal pathogen is propagated by spores or conidia, an
ovoid, obclavate, or cylindrical shape. Some species have a tip extending into a beak
called rostrate pale to greenish brown, some species are short or very long like filiform
and the walls are smooth or rough (verruculose). The spores have long and transverse
walls divided into sub-cells up to the beak. The shape of single or multiple cells
connected in a chain or a catenulate on the conidiophore. The conidiophore shape
unstable form or branches out into light brown to dark brown conidiogenous cells (cells
that produce spores). Spores can be formed in the inner wall of the conidiogenous cell
the outer wall like a balloon (enteroblasts). When spores are removed from the
mother's cell, they remain marks left as a small hole in the wall. Sometimes new cells
grow under the marks, ready to continuously create newborn spores from the area

above the original origin (Figure 2.7) (Sak, 1994; Agrios, 1997).

Germinating be

conidium b\.. ‘] Early lesions

! onleaf,stem,
-1 and fruit

New conidia
produced

Penetration through wound Invasion of stem or fruit

Conidium \
-l

Conidia or mycelium
overwinter in infected
plant debris, on seeds,
tubers, etc.

Lesions on Fruit rot lesions Lesions on Lesions on stem Collar rot and
potato tuber on tomato tomato leaf damping off

Figure 2.7 Disease cycle of Alternaria spp. (Agrios, 1997)
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2.3.2 Alternaria disease control

Leaf spot disease was often controlled using combination methods including

cultural practice, chemical methods, and biological control.

2.3.2.1 Cultural practice

It means choosing a plantation area from studying geography, choosing a
plot that has never been spread and is not suitable for disease, destruction of plants
and secondary habitats that are the source of infection, diseases, disease-related
diseases or seed treatment, such as seed soaking, seed coating and seed pelleting, etc.
(Taylor et al,, 1998). The seeds used to grow are important factors that affect the
quality and quantity of products potentially obtained in the future.

2.3.2.2 Chemical method

It is one of the effective methods that growers use because they
potentially obtain results in the short term and it is convenient for use but it may cause
side effects to the user and the product.

2.3.2.3 Biological control

This method has been used to replace the chemical methods with the
principle of the biological control using microorganisms that are widely used as plant
probiotics. As these beneficial microorganisms have the growth promotion ability and
resistance induction, this method allows plants to build their immune system to
withstand resistance. The infestation of pathogenic pathogens in which microorganisms
are qualified as probiotics, such as beneficial microorganisms or substances produced
by microorganisms. These microorganisms: can- stimulate the plant’s resistance to
reduce pathogens infection. This method is an alternative to replace chemicals for
disease control by inducing plants to protect themselves and the ability to resist the
pathogen by using microorganisms qualified as plant probiotics. This can induce the
process of self-defense from the invasion of pathogens in different ways (Buensanteai
et al., 2008).
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2.4 Induced resistance in plant disease

Inducing resistance in plants is a stimulating process for self-prevention from
various plant pathogens. It is important to limit the extent of pathogens in areas that
are infected such as the reaction of HR which is the biochemical stimulation of the
plant cell area destroyed by germ cells causing sudden death. The infected area was
restricted to food and eventually died for inhibits the spread of infection to the
neighboring cells. However, we can divide the pattern of induction or activation of plant
resistance into two ways including 1) Systemic Acquired Resistance (SAR) is a
characteristic that induces plants to stimulate resistance. That is a broad-spectrum
resistance to pathogens throughout the whole plants, not only in the infected area.
When localized necrosis lesions occur, there will be a Hypersensitive Response (HR)
because the plant receptor will be aware of the danger and give signals for creating
reactive oxygen species such as superoxide radicles, hydrogen peroxide and hydroxyl
radicle, which are free radicals they will combine with biomolecules within the cell and
fight against invasive molecules that cause HR response in the cells. Except for
programmed cell death within the cell, the plant receptor will also send signals to
various molecules that increase the generation and transmission of salicylic acid (SA) to
stimulate the expression of pathogenesis-related protein genes (PR genes) PR-proteins,
a group of proteins, that are important in the SAR process helping prevent the
destruction of pathogens before their releasing into liquid within plant cells and without
enzyme properties. This protein is not usually found in normal plants but only in plants
after being infected by pathogens. It is used for inhibiting the infestation of plant
pathogens. It produces PR-proteins in the area within plant cells, the gap between cells
and plant cell walls (Sticher et al., 1997; Hammerschmidt, 1999), 2) Induced Systemic
Resistance (ISR), formed by plant growth promoting rhizobacteria bacteria, such as
Pseudomonas fluorescens, can produce elicitors stimulating plant cells to resist
resistance without inducing HR reactions and plants do not produce substances. ISR-
induced resistance by PGPR, the plant produces jasmonic acid to stimulate the plant
to create defensins and proteinase inhibitors. The ISR process occurs when there are
stimuli such as Bacillus sp. or Trichoderma sp. It causes protein metabolism changes in

oxidative enzyme content and phytoalexins to against the pathogen’s infection.
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However, these changes occur only sometimes (Figure 2.8) (Hunt and Ryals, 1996).

~
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Figure2.8 A pictorial comparison of the two best characterized forms of
induced resistance in plants, Systemic acquired resistance (SAR) (left) and

Induced systemic resistance (ISR) (right) (Vallad and Goodman, 2004).

2.4.1 Mechanisms

Reactive oxygen species (ROS) essentially promote the oxidation of lipids,
proteins, chlorophyll bleaching, and nucleic acids, which results in cell death, however
plants may reduce ROS by producing a variety of antioxidants that can be split into two
groups: 1) Enzymatic antioxidants such as elutathione reductase (GR), catalase,
monodehydroascorbate reductase (MDHAR), ascorbate  peroxidase (APX), and
dehydroascorbate reductase (DHAR). (CAT). 2) Non-enzymatic antioxidants such
tocopherol, ascorbate, carotenes, flavonoids, and glutathione (GSH). These antioxidants
have specific stress-reduction mechanisms, such as SOD, CAT, APX, peroxidase, and
glutathione reductase. Furthermore, MDHAR plays an important role in lowering the
plant's superoxide and hydrogen peroxide levels and converting hydrogen peroxide to
water and oxygen, among other things (Ashraf, 2009).

The ascorbic acid (AA) or vitamin C on the plants is an antioxidant, which is
essential in oxidants toxicity reduction during stress receipt in the plants. The most
common stress in plants is oxidative stress, which affects cells in various positions, such

as DNA mutations, protein carbonylation and lipid peroxidation. Lipid is one of the
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components in membrane and a biomolecule sensitive to oxidation which can be
called as a reactive oxygen species (ROS) such as H,0, (hydrogen peroxide) and released
in a large quantity. The H,O, is a ROS that causes stress from the pathogen. This
compound will seriously damage various systems in plant cells accumulated over a
long period of time. The plant will construct a mechanism to respond by accelerating
the ROS decomposition using AA, an antioxidant that plays an important role in ROS
elimination in plants. Actually, the plant has its own ROS elimination system (Asada,
1992). For example, superoxide dismutase will catalyze the sensitive O, and change it
to H,O, and it will be eliminated by combining with AA and converting it into the water
while AA will be converted into monodehydroascorbate (MDA) by the ascorbate
peroxidase (APX). The MDA will be reduced by MDA reductase (MDAR) to AA in order to
maintain the AA levels in cells; however, some MDA will be changed to
dehydroascorbate (DHA). At this stage, DHA reductase (DHAR) will catalyze DHA back to
AA again.

APX enzymes act as isoenzymes and antioxidants preventing oxidative stress
caused by the formation of organic are stimulated by the disease causing the amount
of active oxygen species (AOS) containing HyOp, O, and nitric oxide in plants to be
higher. This increasingly stimulates cell death resulting from the stimulation or infection
of the disease. The disease pathogen will act as a signal molecule to stimulate self-
defense responses at the area of the cell next to the area where the pathogen is
destroyed. Consequently, the enzyme APX is responsible for controlling oxidative stress
caused by H,0, produced from photosynthesis in plants and the activity of superoxide
dismutase (SOD) activity. This molecule is toxic by itself causing oxidations and
reduction of glutathione (GSH/GSSSG), NADPH and AA. In addition, higher levels of H,0,
in cells stimulate cell death in response to the disease destruction. H,O, at low
concentrations can make plants resistant to stress. H,O, plays a role in signaling
molecule that increases when the plant is in a stressful state (Bor et al., 2003).

It was found that the antioxidants are the collaboration of various species of
enzymes. Based on the literature review, it was found that when plants receive AA from
outside, plants will increase their stress resistance. Athar and Ashraf (2008) have

investigated the effects of AA on wheat under conditions of salt stress by using salt-
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tolerant wheat and salinity-sensitive wheat species planted in a nutrient solution
containing sodium chloride salt. It was found that salt stress affects both wheat species
causing their lower growth rate and increasing the accumulation of sodium and chloride
ions, but decreasing potassium ions. However, when AA was passed through the roots
of both wheat varieties, it was found that giving AA at 100 mg/l in saline resistant strains
damaged by stress, salt decreased and the plant had a better growth rate, higher

photosynthesis rate with more potassium ions and calcium ion accumulation.

2.4.2 Elicitors for induced resistance plant disease

Controlling the pathogenesis of various plants using various types of elicitor is
the response stimulator substance, by stimulating various methods of the self-defense
system in plants for further signal transmission, increasing resistance from the
destruction of pathogens or various stress conditions. There are two types of elicitors
including abiotic elicitors or non-living elicitors such as plant hormones, heavy metal
ions and biotic elicitors, substances coming from infection or the reaction between
plants and diseases which can encourage plants to grow healthily and increase
immunity. The use of this elicitor is an alternative choice to increase product quality,
reduce diseases, used chemicals, and can be appropriately applied in the plant

manufacturing system for different species effectively (Saengchan, 2014).

2.4.3 Abiotic elicitors

The abiotic elicitors are non-living compounds including chemical and physical
that have a role for stimulating plants to respond to more resistance for self-protection
such as plant hormones, salts of various heavy metals, ultraviolet radiation, low-
temperature exposure, or various free radicals. According to Epperlein et al. (1986),
phytoalexin was vary depends on the cotyledons of soybeans, peanuts, and peas,
round seed pods (pea) such as peas and chickpeas. Silver nitrate is used for releasing
free radicals to stimulate resistance mechanisms to enter the pattern of plant
pathogens. Chen et al. (1993) reported that SA could induce resistance of SAR in plants
by merging SA with O, to inhibit the activity of catalase, but seizures will be
accumulated H,O, which is related to self-protection activities of dangerous plants.

Wong et al. (2002) studied the external SA's contribution to the activation of SAR
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systems by using various chemicals such as potassium cyanide, antimycin A and SA to
induce viral resistance (Turnip vein-clearing virus, TVCV) in Arabidopsis thaliana. It was
found that all 3 chemicals can induce resistance, but only SA can stimulate the

occurrence of SAR system (induce the expression of PR-proteins gene).

2.4.4 Biotic elicitors

Biotic elicitors are elicitors from living organisms that are derived from part of
life. The first elixir that has been identified is monacolin A, a polypeptide derived from
Monilinia fructicola, causing the rot disease of stone fruit, which is necessary to induce
phaseolin in bean pods, such as beans, bean lentils that are not plants where pathogens
live. It has been reported that many species of polysaccharides can be isolated from
the cell walls of fungi, such as Phytophthora megasperma and Phytophthora
megasperma var. sojae. Phytophthora pathogens of soybean are used as a capacitor
element as well as chitin. The role is an elixir, generating the process of producing lignin
in wheat, which is a mechanism of resistance to use this type of elicitors. It can be
considered as a biological control of disease by antagonistic bacteria having five
mechanisms for inhibiting or controlling the pathogenesis of plant pathogens as follows:
1) competition when antagonistic bacteria can compete with plant pathogens in areas
such as the more efficiency of nutrient use, air, space occupancy. This causes plant
pathogens not to grow or live in an area where antagonistic bacteria live, 2) antibiosis,
antagonistic bacteria selected for use in biological control of plant diseases will
emphasize the most destructive properties of pathogens with this antagonist, the ability
to produce substances that inhibit or destroy pathogens such as toxin or antibiotic 3)
parasitism, parasite-dependent bacteria destroying other organisms which are very rare.
The use of plant disease control has not been as successful as a life-threatening
reaction. 4) Induced disease resistance is a mechanism produced by microorganisms
such as fungi or bacteria which used to be germs. When they are brought to impair their
ability of causing diseases, they can induce or stimulate plants to create resistance to
the destruction of pathogens, and 5) Plant growth Promoting Rhizobacteria: PGPR,
antagonistic bacteria, in addition to induced plant resistance to the destruction of
pathogens, they can also promote plant growth as well. There are several types of

bacteria including Acinetobacter, Alcaligenes, Arthrobacter, Azospirillum, and Bacillus.
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It has been reported that PGPR can promotegrowth and productivity in many plants
including oranges, mulberries (mulberry), sweet cherry plums, and raspberries. For the
area, PGPR's habitat is mainly in the root system. If there is an increase in the number
and gather together more roots, the plants themselves will have various responses
especially, the response to certain substances released by the PGPR through the SAR
system. The important substances produced from this plant related to self-defense
include ethylene, jasmonic acid (JA) and salicylic acid (SA) organized in groups playing
a role in stimulating growth and resistance to plant diseases (Glick et al., 1999).

Phytohormone productivity is a key mechanism that raises PGPR effectiveness
for plant growth (Mayak et al., 2004). The Pseudomonas putida strain GR12-2 has been
found to be able to increase the amount of ethylene in green beans by a process
involving a bacterial species that can create Indole-3 acetic acid (IAA), which stimulates
the creation of ethylene in order to restrict root growth. Overall, the deposition of PGPR
on the developing roots or seed surface can minimize the amount of ethylene in plants.
The IAA is then created using the amino acid tryptophan, which is taken from the seeds
or exudates of the root. The long-term. growth of the plants is promoted if PGPR
produces the right quantity of IAA, and certain plants will also add ACC (1-
aminocyclopropane-1-carboxylic acid), which is a precursor for the production of
ethylene. As a result of PGPR using ACC as a source for nitrogen, less ethylene will be
produced. Normally, JA induces the production of ethylene and the genes responsible
for protecting plants from plant diseases, such as defensins, thionios, and proteinase
inhibitors (Buensanteai, 2012).

Pilet and Saugy (1985) have studied the concentration of IAA with corn root
length. It was found that the corn root length significantly correlated with the quantity
of IAA used for testing.

Loper and Schroth (1986) have studied microorganisms that can produce IAA for
promoting sugar beet root length, dried weight of plants, upper part above soil surface,
and root system of sugar beet seedlings. The mentioned microorganisms are
Pseudomonas syringae pv. savastanoi, and Bacillus sp. showed the ability for
enhancing plant growth. Many species were found in the field condition of urban

agriculturists in Berkele, California United States of America.
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Inthasan et al. (2017) studied the effect of bacteria-producing indole-3-acetic
acid (IAA) on the growth and nutrient content of chili (Capsium annuum L.). Fifty-seven
isolates were found and only fifteen isolates could produce indole-3-acetic acid (IAA),
with the range of IAA production at 20-126 pg/ml. The result showed that isolate 1
(Brevibacillus agri) provided the highest I1AA value at 126 pg/ml. Compared to other
treatments, isolate 1 significantly increased the number of leaves, shoot height, root
length, fresh weight, and dry weight of the shoot and root portions. The maximum
nitrogen, phosphorus, and potassium uptake in the shoot (3.68%N, 0.30%P, and 3.65%K)
and root (2.08%N, 0.15%P, and 2.49%K) were also attributed to bacteria isolate 1. In
contrast to bacteria producing low levels of IAA, those producing high levels of IAA had
an impact on all growth and physiological measures.

2.4.4.1 Bacillus subtilis

B. subtilis is classified into the PGPR group and helps induce plant resistance to
the destruction of plant pathogens as shown in Table 2.1. Bacterium in the Bacillaceae
family, rod shape saprophytes or almost straight with a size of 0.3-2.2 x 1.2-7.0
micrometers. It is an aerobe or facultative anaerobe with endospore. That is a gram-
positive bacterium with peritrichous flagella and can be naturally found in both soil,
water, air, and various parts of plants, such as leaves, stems, and areas around the plant
roots. It can grow well for approximately 24-48 hours at the normal temperature with
a pH range of 55-85 and can produce the hydrolytic enzyme to break down
polysaccharides, nucleic acid, and lipids. It also produces approximately 168 kinds of
peptide-type antibiotics inhibiting or destroying plant ‘pathogens with no effect or
pathological conditions on humans, animals, or plants as these bacteria can be isolated
and fed on culture media. There are many studies investigating about the use of B.
subtilis, especially in the control of disease by biological methods and antagonistic to
various plant pathogens which are important in applying in the agriculture to reduce
chemical usage in plant production. Brian and Deborah (2002) studied mutations using
mutagenic to acquire B. subtilis M04 to create inhibitors against Botrytis cinerea (gray
mold), Ralstonia solanacearum (bacterial wilt), and Erwinia carotovora pv. carotovora
(bacterial soft rot) and found antibiotics when testing them with chemicals. The

properties of antibiotics found that extracellular substances can be heat resistant and
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dissolved in methanol. This substance absorbs the light wavelength of 212 nm, which
has properties similar to the cyclic antibiotic lipopeptides such as lturin A2. It was found
that B. subtilis strain BacB isolated from the stem of sugar beet at the density of 1 x 10°
cfu/ml or a higher density was significantly reduced sugar beet leaf spot disease (C.
beticola) in the plot condition when compared with control (Collins and Jacobsen,
2003).

Okigbo and Osuine (2003) isolated Bacillus sp. from soil samples under the
mango tree by soil dilution spread plate method and selected effective strains to
control fungal pathogens caused mangoes leaf spot disease including (Pestalotiopsis
mangiferae, Botryodiplodia theobromae and Maerophoma mangiferae by dual culture
method until five days. The results showed that B. subtilis strain NCIB 3610 could inhibit
the growth of all three types of fungal mycelium by 57, 61, and 58%, respectively.

Karakurt et al. (2009) performed determine the effects of 4 PGPR strains
including B. subtilis OSU - 142, Bacillus megaterium M - 3, Burkholderia cepacia OSU -
7, Pseudomonas putida BA - 8 and their combinations on fruit setting, pomological and
chemical characteristics as well as vegetative growth of sour cherry trees (Prunus
cerasus L. cv. Kiitahya). The tested bacterial strains or some of their combinations have
a great potential to increase, especially fruit setting and plant vegetative growth, and
indirectly affect fruit pomological and chemical characteristics. They are considered
biofertilizers for fruits, vegetables, and ormamental plant production in sustainable and
ecological agricultural systems.

Liang et al.(2011) studied the ability of B.-megaterium strain L8 a PGPR for
induced resistance cucumbers  against  soil -rot disease caused by Pythium
aphanidermatum. It was found that cucumber treated with B. megaterium L8 could
significantly reduce damping-off disease by 83.45% at 28 days after planting compared
with control was 31.68%.

Mohamed and Gomaa (2012) investigated the potential role of plant growth
promoting bacteria (PGPB) in alleviating soil salinity stress during plant growth under
greenhouse conditions. It was found that the increasing salinity in soil lead to decrease
plant growth, photosynthetic pigments content, phytohormones contents including

indole-3-acetic acid (IAA), gibberellic acid (GA3) and mineral uptake compared to soil
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without salinity. Seeds of radish inoculated with Bacillus subtilis and Pseudomonas
fluorescens cause significantly an increase in fresh and dry masses of roots and leaves,
photosynthetic pigments, proline, total free amino acids and crude protein contents
compared to noninoculated ones under salinity. The bacteria also increased
phytohormones contents (IAA and GA3) and the contents of N, P, K+, Ca?*, and Mg**
but decreased abscisic acid (ABA) contents and Na* and CU™ content which may
contribute in part to activation of processes involved in the alleviation of the effect of
salt.

Srimai and Akarapisarn (2014) also showed that B. subtilis strain LBFO2 can
control Cercospora spp. causing leaf spots in vegetable salads.

Abeer et al. (2015) studied the role of a salt-tolerant PGPR, B. subtilis, in the
alleviation of salinity stress during the growth of Indian Bassia (Bassia indica [Wight] A.J.
Scott), under controlled growth chamber conditions regarding seed inoculation,
physiological parameters. It was discovered that salt adversely affected physiological
parameters and decreased shoot and root length by 16 and 42%, and dry weight by 37
and 23%, respectively. In comparison to uninoculated plants, the B. subtilis inoculation
of unstressed and salt-stressed Indian Bassia significantly improved root and shoot
growth, total lipid content, the phospholipid fraction, photosynthetic pigments
(chlorophyll a and b, and carotenoid contents), and also increased oleic (C18:1), linoleic
(C18:2), and linolenic (C18:3) acids in plant leaves compared to uninoculated plants.The
salt-tolerant PGPR, B. subtilis, may work in concert with other auxin (IAA) sources to
increase the growth and fitness of Indian bassia plants under salt stress and to improve

salt stress resistance by lowering stress ethylene levels.
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Table 2.1 List of B. subtilis induced plant resistance to the destruction of
phytopathogens.

Disease - control efficiency /
Bacteria Reference
Stimulates plant growth

B. subtilis KS03 Rice nose attack disease Cho et al., 2003

B. subtilis RB14 Tomato root rot disease Asaka and Shoda, 1996

B. subtilis RB14-C Tomato root rot disease Asaka and Shoda, 1996

B. subtilis NSRS 89-24  Dry leaf sheath disease Leelasuphakul et al., 2006
B. subtilis CaSUT007 Cassava leaf blight disease Buensanteai et al., 2008

Cucumber root rot disease
Tomato root rot disease

Chili anthracnose

2.5 Application of Bacillus subtilis for plant disease control

B. subtilis can be used both in the form of cells and endospores to prevent and
control plant diseases directly. Bacillus has been developed to promote plant growth
as well as raise seed quality and stimulate the immune system in plants to be able to
use in many forms as follows:

- Foliar spraying

Arananarod et al. (2008) was studied controlling rice disease by the use of B.
subtilis No.33 at-concentration of 1.6 x 10°cfu/ml spraying rice plants together with
plant disease prevention agents carbendazim + epoxiconazole 25% SC or
propiconazole 25% EC or propiconazole + difenoconazole 30% EC at the rate of the
active ingredient half of the recommended rate or spraying only B. subtilis No.33 (1.6 x
10%cfu/ml). In the phase of rice, close to grains and rice fields, 5%, it is effective to
control seed disease and increase rice yield, as well as the use of plant protection
substances carbendazim + epoxiconazole 25% SC or propiconazole 25% EC or
propiconazole + difenoconazole 30% EC at the rate of active ingredient rate
recommended and better than control method at a statistical significance.

Chantarat et al. (2009) prepared the bacterial bioavailability of 8.
amyloliquefaciens DGg13 by preparing two formulas of biochemistry. The first formula

used 2 ml of suspended solids mixed with 200 g soil powder, incubated at room



23

temperature for 48 hours. The second formula used 700 ml suspended cell, mixed with
1 kg of talcum powder, mixed and crushed. After storing for six months, it was found
that in the formula that was mixed with soil powder, the number of bacteria remained
constant at 2.5x10" cfu/ml, close to that of the first month (4x10' cfu/g). It was
different from the formula using talcum powder in which the bacteria decreased
according to the storage period. In the 6™ month, the number of bacteria reduced to
2x10° cfu/ml from the original 6.3x10*2 cfu/ml and found that when using both formulas
for chili, the disease could be reduced from Colletotrichum spp. to 86.97 and 84.99 %,
respectively but the biopharmaceuticals both formulated when mixed with water and
then sprayed on plants, there is a problem of clogging the nozzle resulting white stains
on chilis and their leaves.

- Seed treatment

Seed treatment such as seed soaking, seed coating and seed pelleting is a
method to improve seed quality to be of better quality than the original such as
changes physical, physiology of seeds, etc. for use in cultivation (Taylor et al., 1998;
Kaewkham, 2017).

- Seed soaking

Seed soaking involves immersing seeds in a solution with low water potentials,
such as polyethylene glycol, to allow them to absorb enough moisture to start the
germination process but not enough to root out so that each seed develops
germination at the same or similar level (Heydecker and Coolbear, 1977; and McDonald,
2000).

- Seed coating

Seed coating is the buildup of the substance in a thin, homogeneous layer that
is tightly adhered to the seed and does not fall off, preserving the seed's shape
(Tongpamnuk, 1997). The tool and procedures have been developed in the
pharmaceutical coating industry using polymers that are tough and have ingredients of
various active inner that are well-known in the seed business. The substances used for
coating must not deform the seeds and are often used with directly affected seeds
(Copeland and McDonald, 1995). It is also utilized in conjunction with plant hormones

(Greipsson, 2001). The type of material depends on the coating's intended use.
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- Seed pelleting

Seed pelleting is to make the seed being wrapped in various materials to change
the seed structures to have a more appropriate shape than ever and also to increase
the weight of the seed (Zenk, 2004). The use of components having properties of more
volume, toughness and higher concentration will result in acquiring the round seeds. In
addition, the particles coated on the seed surface also help increase the efficiency of
water and air suction as well (Tongpamnuk, 1997). Seed pelleting is the use of
knowledge in science, engineering, physics, chemistry, art and agriculture (Kubik, 2002).
The seed pelleting used will look like a large dish like a pan for molding granular
fertilizer to gather with the use of mortar tank developed as a seed forming tank as a
pelleting (Hill, 1999). Adhesive materials that are suitable for the pelleting and growth
of plant seeds have to be studied. Therefore, pelleting the seed thereby enhances the
work of agricultural machinery to be easy, convenient and fast for crop cultivation
(Smith and Miller, 1987; Hill, 1999). The studies have been developed in different ways
of seed pelleting to determine the suitability of each type of plant seeds. The successful
seed pelleting process depends on the filler and the adhesive materials. The filler
materials must be appropriate because the pelleted material is the important factor to
change the shape, size, and weight of seeds. Thus, good pelleting materials should have
the ability to mold the seed pelleting easily with a uniform particle size, not interfering
with the permeation process of water, oxygen. Importantly, it must not be toxic or
adversely affects the quality and seed germination (Hill, 1999). In general, the pelleted
materials popularly “used to wrap seeds including: talcum, calcium carbonate,
vermiculite, pumice, gypsum, bentonite, dolomite and zeolite etc. (Taylor and Harman,
1990). The active ingredients were chosen based on the purpose of the pelleted
materials. The well-known active ingredients include fungicides, insecticides, nutrients,
hormones, growth inhibitors and microorganisms that promote plant growth which are
often used in association with sticky polymers used as a binder for the attachment of

active ingredients with the seed very well (Sikhao, 2016).
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2.5.1 Pelleting materials

2.5.1.1 Adhesive material

The materials used for coating should be flawless since the type of adhesive
utilized determines the physical integrity of the coating, which has a significant impact
on how the pellets are handled, transported, and planted. Numbers of materials have
been used as binders and fillers. The binders (adhesives) used for pelleting include gum
arabic, gelatin, starch, methylcellulose, polyvinyl alcohols, polyvinyl acetate,
polyoxyethylene glycol based waxes and carboxymethyl cellulose, methyl ethyl
cellulose, plastic resins and some of the cheap and low-cost binding materials are rice
gruel, maida gruel and starch gruel. The concentration recommended for
methylcellulose is 3% w/v, methyl ethyl cellulose is 5% w/v, gum arabic is 45% and
nitric coat is 4.3% w/v solution in water. The low-cost adhesives such as rice gruel,
maida gruel etc. are used at the concentration of 5% or 10% depending upon filler
material used for pelleting. The selection of adhesive is also based on selective
purposes. Plastic resins, polyvinyl acetate and insoluble poly electrolyte complexes are
used to bind pesticides to seed, polyethylene oxide are to prevent erosion of surface
sown seeds, polyurethane to bind lime in a way that resists coat abrasion, blends of
polyvinyl alcohol and polyvinyl acetate to bind vermiculite and poly electrolytes or
dextran to aggregate soil around the seeds thereby improving the aeration of sown
seeds (Krishnasamy, 2005; Veena, 2007).

2.5.1.2 Filler material and active ingredient

The commonly used filler for pelleting is calcium carbonate, calcium sulfate,
limestone, gypsum, activated clay, dolomite, talc, vermiculite, diatomaceous earth,
montmorillonite, kaolin clay, and bentonite. Different active ingredient biofertilizers viz.,
rhizobium, phosphobacteria, Azospirillum, Azatobacter and Bacillus sp. are used as
filler materials, which are fixed to the seed with the help of an adhesive. The common
botanicals used for pelleting are arappu (Albizia amara), pungam (Pongamia pinnata),
notchi (Vitex negundo), prosopis (Prosopis juliflora) and neem (Azadirachta indica).
These leaf powders contain an auxin-like substances, which regulate the growth and

initial establishment (Krishnasamy, 2005; Veena, 2007).
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The research of Eviakova (1985) on cotton seed pelleting (Gossypium hirsutum
L.) using vermiculite as a pelleting material, resulted in a 24.50% increase in germination
compared to the seed not passing the pelleting.

Veena (2007) studied the pelleting techniques in onion and revealed that
polyvinyl acetate (60 mUkg of seed) is the best binding material compared to gum
arabic and sawdust (10 g/kg of seed) alone is the most suitable filler material compared
to clay and bentonite as these caused deleterious effects on seed quality.

Kangsopa and Siri (2013) introduced a tobacco seed pelleting with 150 grams of
pumice and binder: Hydroxypropyl methylcellulose, 4% by weight per 3 grams of
tobacco seeds. In addition, Kangsopa and Siri (2014) reported the quality and shelf life
of tobacco seeds after pelleting seeds together with anti-fungal substances, it was found
that when the seeds were stored for four months, the pelleted tobacco seed that was
added together with anti-fungus had the decrease in germination from 30 to 50%.
Additionally, the quality of seed paste combined with metalaxyl, captan, and
pyraclostrobin. It is able to maintain its quality for about 2-3 months.

Kangsopa and Siri (2014) reported that when anti-fungal agents are used at too
high concentrations will reduce the amount of protein within the seed but will increase
the amount of free fatty acids which has an effect on activation of lipoxygenase
enzymes and increases lipid peroxidation, causing enzymes to be inhibited for protein
degradation resulting in the suspension of the cell membrane extension causing
damage to the seeds viability and the physiology of tobacco seedlings.

According to Trachoo and Siri (2015), the tobacco seed pelleting with talcum
together with pumice makes the pelleted seed form easy and makes the highest yield
of seed germination.

Moreover, Trachoo et al. (2016) also performed pelleting tobacco seed with 150
grams of pumice and 40 ml of 4% hydroxypropyl methylcellulose (HPMC) as adhesive
materials. The seeds were pelleted with 2 types of plant nutrients included magnesium
sulfate (MgSOy) and potassium chloride (KCl). The concentration of the nutrients was
divided into 4 levels including 0.5, 1, 2 and 3 grams/seed with 3 grams of tobacco seed
by using SKK11 machine. After that, the seed quality was inspected and found that

pelleted tobacco seed with 1 gram of KCl can accelerate seed germination by 96% and
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12.84 plants/day respectively. When inspected in the laboratory condition, the seed
germination was 86% and 9.97 plants/day respectively while inspected in the
greenhouse condition. It was significantly different when compared with the unpelleted
seeds. According to the comparison between the tobacco seeds that are pelleted with
both types of plant nutrients. There was no statistical difference when checking the
quality in the laboratory condition but when examining it in the laboratory condition,
there was a statistical difference. In addition, it was found that 0.5 grams of KCl pelleted
tobacco seed is the strongest seed when examined by means of accelerated seed
germination.

Cipriano et al. (2016) was studied the use of 12 strains of affecting dissolving
phosphate and producing hormones that are important for promoting the growth of
lettuce.

Olivera et al. (2016) reported that coating seed wheat together with arbuscular
mycorrhiza can increase potassium concentrations (K), sulfur (S) and zinc (Zn) in the
soil. In addition, it can also control root rot disease as well as promote plant growth
such as mungbean cultivation (Ramzan et al., 2016).

Kangsopa and Siri (2018) assessed seed treatment with microorganisms
promoting plant growth in lettuce seeds and tracked germination, seedling growth and
cultivation in the hydroponics system by experimenting at the Agriculture and Agri-Food
Canada (AAFC) in Canada. The experiments were divided into 2 groups namely,
Experiment 1, selecting 2 types of microorganisms: Pseudomaonas fluoresces 31-12 and
Bacillus subtilis, each” of which typically used to make seed treatment consisting of
methods: seed soaking, seed coating, and seed pelleting. Then the germination and
the growth of seedlings were investigated. According to the results of laboratory tests,
it was found that seed germination was not statistical difference. Seed coating and seed
pelleting together with P. fluorescens 31-12 had the best root length equal to 41.16
and 41.23 mm, respectively and seed pelleting with B. subtilis had the best root length
of 124.26 mm. In terms of the investigation in the greenhouse, it was found that coating
and pelleting seeds with P. fluorescens 31-12 had the best initial length (60.10 and
57.85 mm, respectively) and the best fresh stem weight (747.72 and 743.06 mg,
respectively). The seed coating with P. fluorescens 31-12 had the best dry stem weight
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was 28.83 milligrams and was statistical difference when compared to untreated seed.
The second experiment selected the coating method and seed coating together with
P. fluorescens 31-12. to cultivate in the system of leaf fresh weight, root fresh weight,
dry leaf weight, and dry root weight and there were significantly different when

compared to untreated seeds.

2.6 Application of Fourier Transform Infrared (FTIR) microspectroscopy
for detecting biochemical components associated with induced
resistance against plant disease

Fourier transform infrared (FTIR) microspectroscopy creates molecular
microscopic pictures. Infrared light absorption is detected within a microscopic tissue
segment using FTIR microspectroscopy, and the infrared absorption spectrum is
calculated pixel-by-pixel (Saarakkala et al., 2010; Le Thanh, 2017). Synchrotron based

Fourier Transform Infrared (SR-FTIR) microspectroscopy has been developed as a rapid,

direct, non-destructive and bio analytical technique (Yu, 2004; Thumanu et al., 2015).

It can analyze samples at the micron level or micro-sample areas. Advantages of

synchrotron light brightness than a conventional global source and has a small effective

source size, and is capable of exploring the molecular chemistry within the
microstructures of samples with a high signal-to-noise ratio (Yu, 2004; Kastyak-lbrahim
et al,, 2012; Wang et al., 2015). In order to comprehend the interactions between plant
microorganisms and plant diseases, SR-FTIR microspectroscopy-is a novel technique for
examining plant cell walls: It is discriminating .enough to enable the identification of
functional groupings of plant cellular components (Kenneth and Lawrence, 2005; Yu,
2008; Thumanu et al., 2015; Thumanu et al., 2017). Few reports have been published
on the application of FTIR in plants. McCann et al. (1992) demonstrated that FTIR
spectroscopy can detect large conformational changes in pectic polymers on removal
from the cell wall and on drying of both single onion (Allium cepa) cell walls. FTIR
spectroscopy provides a powerful and rapid assay for wall components and putative
cross-links by identifying polymers and functional groups. Yu (2008) used synchrotron
light sourced FTIR microspectroscopy to characterize the protein molecular structure

of plant tissue. The cluster analysis and principal component analysis did not show
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clear differences between the yellow and brown canola seed tissues in terms of protein
amide | structures, indicating that they are related to each other. Both yellow and brown
canola seeds contain the same proteins but in different ratios. Thumanu et al. (2017)
have investigated the resistance mechanisms of chili induced by the Bacillus subtilis
strain D604 using SR-FTIR. The result revealed that the changes of the biochemical
component in the cell were observed in the C=0O ester from lipids, lignin, or pectin
(1770-1700 cm™) as well as polysaccharides (1200-900 cm™) in the treated samples of
D604 and distilled water and then challenge inoculation with chili anthracnose

pathogen, C. acutatum.



CHAPTER 1lI
MATERIALS AND METHODS

3.1The fungal pathogen isolation and pathogenicity test in lettuce

3.1.1 Sample collection and isolation of A. alternata

Lettuce leaves 3 samples from Suranaree university of technology Farm show
symptoms and signs of leaf spot disease and were collected to isolate the pathogens
by tissue transplanting method in water agar (WA). Lettuce leaf spot samples were
washed thoroughly under tap water and allowed to dry under laminar flow. After that,
the diseased area leaves were separated with healthy tissue. Then, the samples were
sterilized with 10% Clorox solution for 1-2 minutes depending on the tissue size. The
excess traces of Clorox on the tissue was removed by washing 2 times in sterile distilled
water and then transferred to WA medium. The Petri dishes were subsequently
incubated at room temperature (25 °C) for 2 days. The pure fungal colonies developed
from the infected tissues were isolated single spores and transferred onto potato
dextrose agar medium (PDA) (Phialathounheuane et al., 2012).

3.1.2 Pathogenicity and virulence test of A. alternata

Pathogenicity and virulence tests were conducted to detect the highest
virulence isolate causing leaf spot disease on lettuce by Koch’s postulation technique.
Healthy leaves of lettuce were surface sterilized in-10% Clorox solution and rinsed in 3
changes of running tap water and allowed to dry. Single spore suspensions of
representative fungal isolates were counted by using the Haemacytometer and
adjusted to a concentration of 10’-10° spores/ml and inoculated by spraying on healthy
lettuce leaves (Sompong et al., 2012). In another set, instead of using a single spore
suspension, sterile distilled water was sprayed to serve as a negative control. The
inoculated lettuce leaves were kept in moist chamber under room temperature
conditions, and observation of the disease on the leaves was recorded by evaluating
the severity and virulence of the disease with a score of 1-5 (modified by Wokocha et

al., 2010) as follows 1 = No symptoms
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2 = The virulence is found less than 25 % of the leaf area
3 = The virulence is found 26-50 % of the leaf area

4 = The virulence is found 51-75 % of the leaf area

5 = The virulence is found more than 75 % of the leaf area

The disease severity of leaf spot was calculated by the following formula:

Disease severity (%) = Sum of numerical disease scoring/Total plant numbers x The

highest disease scoring X 100

The highest virulence isolate was selected for further study. After that, the
highest virulence isolate was cultured on potato dextrose broth (PDB) and shaken at
120 rpm at room temperature for 4 days. The single spore suspended solids was filtered
into a microcentrifuge tube as 1 mi/tube, then centrifuge at 8,000 rpm for 10 minutes,
pour the pellucid part and add PDB culture medium containing 60% glycerol at a ratio
of 1:1. Then dissolve the spore with a vortex mixer and store at -80 °C (Gonzalesel et

al,, 2006).

3.2 Lettuce seeds pelleted using Bacillus subtilis 168-2

3.2.1 Preparation of Bacillus subtilis 168-2

Bacillus subtilis 168-2 was derived from the storage stock of Plant Pathology &
Biopesticide Laboratory, Suranaree University of Technology. The storage stock was
cultured in 150 ml molasses diammonium phosphate and yeast extract (MDY) medium
in a shaking machine at 150 rpm, 30 °C for 48 hours. The B. subtilis 168-2 was obtained
with the amount of bacterial cell 10® cfu/ml at ODgygnm = 0.2 by spectrophotometer
(Nikaji, 2016; Kangsopa and Siri, 2018).

3.2.2 Preparation of lettuce seeds pelleted

Lettuce seed from organic vegetable community enterprise, sufficiency economy
settlement Wang Nam Khiao District was pelleted with B. subtilis 168-2 adjusted to a
concentration of 10°, 10% and 10° cfu/ml mixed with 250 grams of calcium sulfate and
0.3 % of carboxymethyl cellulose (CMC) as a binder by pelleting method (Buakaew and

Siri, 2016). The experiment was carried out in a completely randomized design (CRD), 5



32

treatments, 4 replications with 10 g of lettuce seed per replication (Table 3.1). The
lettuce seeds were pelleted in a rotary drum (Buakaew and Siri, 2016), then remove the
pelleted seeds to dehumidified using a dehumidifier (humidified content of seeds not
more than 7 %). After that, the sample was examined for seed quality such as weight,
friability, dissolved seed pelleted, and survival of B. subtilis 168-2 was examined 6

months after pelleting and shelf life.

Table 3.1 List of treatments in preparing lettuce seeds pelleting

Applications
S— Active ingredient Filler materials  Adhesive
(Calcium materials
sulfate) (CMQO)
SeedBio 1 Unpelleted (control) - -
SeedBio 2 B. subtilis 168-2 at 10° cfu/ml. 250 ¢ 0.3 %
SeedBio 3 B. subtilis 168-2 at 10° cfu/ml. 250 ¢ 0.3 %
SeedBio 4  B. subtilis 168-2 at 10° cfu/ml. 250 ¢ 0.3 %
SeedBio5 Commercial B. subtilis (positive 250 ¢ 0.3 %

control)

3.2.3 Pelleted seed quality

The lettuce seed pelleted of each treatment was randomized to test their
quality. The quality of pelleting seeds was examined in & properties as follows:

1) Forming of seed pelleted during the duration of pelleting seeds, the adhesion
of pelleted materials and completely and easily covering the seed in a regular round
shape was observed. The criteria of assessment are 1-5. In forming seed pelleted, the
scores are determined as follows: 1 = very difficult, 2 = difficult, 3 = fair, 4 = easy, and
5 = very easy (Buakaew and Siri, 2016).

2) Weight of 1,000 seeds pelleted was randomized for 4 replications and weighed
to find the weight of pelleted seeds. The weight of 1,000 lettuce seeds without pelleting
is 0.81 g (Buakaew and Siri, 2016).
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3) Friability of seed pelleted was conducted by selected randomly 100 seeds
pelleted for 4 replications and weighing them before testing by taking into Tablet
Friability Tester at 25 rpm for 4 minutes (100 rounds) and then weighing the weight left
after testing. After that, calculating the value of friability (adapted from Yanisa et al,,
2013)

% friability = (weight loss/before testing weight) x 10

4) Dissolution of pelleted seed adapted from Anderson et al. (1969) method.
Random sampling 10 seeds, 4 replications, soak in 10 ml of water by soaking each seed

one by one then measure the filler materials dissolution time.

3.2.4 The germination of pelleted lettuce seeds

The germination test in the laboratory was examined by randomly sampling 5
treatments with 4 replications, 100 seeds/replication. The test seeds were germinated
by the Top of Paper (TP) method and kept in the germination growth chamber at
temperature 20 °C. The first count was observed at 4 days and the final count was
examined at 7 days, the results were expressed in percentage of normal seed and
abnormal seed, hard seed, fresh seed and dead seed by evaluating the germination test
and germination speed (Maguire, 1962; ISTA, 2019). The seed germination percentage
was calculated using the following formula (ISTA, 2019):

Germination % = (Number of germinated seeds/Total number of seeds) x 100

The speed of germination was calculated by the following formula given by Czabator
(1962):

Speed of germination = n1/d1+n2/d2+n3/d3
Where n = Number of germinated seeds

d = Number of days
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3.2.5 Data analysis

The data of pelleting together with B. subtilis 168-2 were analyzed according to
a Completely Randomized Design (CRD). The seed germination percentage was
transformed for statistical analysis using Arcsine transformation and the mean of

pelleting was compared by Duncan’s New Multiple Range Test (DMRT).

3.3 Efficiency of seed pelleting and spraying with B. subtilis 168-2 to

control leaf spot disease on lettuce under greenhouse conditions

Selected four treatments of pelleting seed by B. subtilis 168-2 of different
concentration with the best germination rates were from experiment 3.2.4 and spray
every 7 days (4 times) with B. subtilis 168-2, Commercial B. subtilis, Mancozeb and water
were investigated the enhance plant growth and control the leaf spot disease in lettuce
under the greenhouse condition, compared with control treatments as spraying lettuce
with water and seeds that does not pelleting. The lettuce seeds of each treatment were
cultivated into a 25 cm diameter pot using SUT soil and planting distance between
seedlings 30 x 30 cm. The experiment was carried out in CRD with 10 treatments, 4
replications, with 10 plants per replication (Table 3.2). The plants were inoculated with
Alternaria spp. at 29 DAT by spraying suspension at 10° spore/ ml. Then, the lettuce

plant was kept in a greenhouse with high humidity conditions by covering plastic.
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The disease severity of leaf spot was observed every day until 1 week by
evaluating the disease score as experiment 3.1.2. Then the disease reduction was
calculated based on the disease severity. The disease reduction was calculated by
formula:

Disease reduction (%) = [(Disease severity of T1 - Disease severity of the others

treatment)/ Disease severity of T1] x 100

The plant growth parameters including plant height, fresh weight, dry weight and
canopy width were recorded 45 days after planting (Bradford, 1986; Heydecker and
Coolbear, 1997; Bewley et al, 2013). Selected 5 treatments to investigate the mechanism
of lettuce against leaf spot disease for salicylic acid analysis, superoxide dismutase
analysis and plant growth regulating chemicals was Indole-3-acetic acid analysis. After
that, selected 3 treatments from 5 treatments to investigate biochemical changes in
lettuce using the synchrotron FT-IR microspectroscopy technique. The data of pelleting
and spraying with B. subtilis 168-2 were analyzed according to a Completely Randomized

Design (CRD).

3.4 Investigate the mechanism of induced resistance using Bacillus subtilis
168-2 against A. alternata after seed pelleting and foliar spray in lettuce
plant

3.4.1 Defense mechanism of lettuce against leaf spot disease

3.4.1.1 Salicylic acid (SA) analysis

Lettuce leaves of the 3" lettuce leaves from the top of the plant were collected
3 times including 1) immediately after spraying the pathogen (OHAI), 2) after 24 hours of
spraying the pathogen, and 3) after 48 hours of inoculation the pathogen. The collected
samples were homogenous ground in 90% (v/v) methanol with the ratio of 1 ¢ per 2.5
ml. Then the mixtures were centrifuged at 15,000 rpm for 15 min and removed the
precipitation. Then remaining supernatant from the first centrifuge will be extracted in
100% (v/v) methanol and centrifuge again at 15,000 rpm for 15 minutes. After that, the
supernatant of 100 pl was mixed with 100 pl of 0.02 M of ferric ammonium sulfate and

incubated at 30 °C for 5 min. The absorbance was read at 530 nm by a
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spectrophotometer (Bio-Tek, USA). The amount of salicylic acid (ug/g™ fresh weight) was
calculated by comparing to the standard curve y = 0.0293x + 0.1191, R? = 0.8133. (Raskin
et al, 1989). The data of salicylic acid were analyzed according to a Completely
Randomized Design (CRD).

3.4.1.2 Superoxide dismutase (SOD) analysis

Three grams of the 3™ lettuce leaves from the top of plant were investigated at
0, 24, 48, 72 and 96 HAl A. alternata, which was ground in the 3 ml of cold
homogenization buffer (2 mM EDTA, 150 mM NaCl, 50 mM Tris-Cl (pH 7.5), 0.5 mM DTT
(dithiothreitol) prepare a 0.5 M stock solution of DTT in cold H20; store froze. Add the
DTT to the chilled buffer at the indicated concentration) and centrifuge at 10,000 rpm,
4° C for 15 min. Then, 200 pl of the supernatant solution was collected and mixed with
800 pt of riboflavin solution, which was placed under 15-watt fluorescent for 10 min.
After that, the mixture was measured absorbance at the wavelength of 550 nm by using
a spectrophotometer (Bio-Tek, USA) (Hammerschmidt et al., 1982). The amount of SOD
was calculated by comparing with standard curve and analyzed according to a
Completely Randomized Design (CRD).

3.4.2 Plant growth regulating chemicals

3.4.2.1 Indole-3-acetic acid (IAA) analysis

One grams of the 1% lettuce leaves from the top of plant was investigated at 0,
24, 48, 72 and 96 HAl A. alternata. The sample was ground in 1 ml of homogenization
buffer chilled (0.1'M Tris-HCL buffer with pH 7, 0.1 M KCl, 1 mM PMSF, 1 ug/ml leupeptin,
1% Triton X-100, and 3% PVPP) and centrifugation-at-10,000 rpm, 4° C for 15 min. Then
200 pl of lettuce extract was mixed with 400 pl of Salkowski's reagent, which was
incubated at room temperature for 20 min. Then, the mixture was measured absorbance
at a wavelength of 535 nm (Bio-Tek, USA) (Hammerschmidt et al., 1982; Duangkaew et
al,, 2015). The measurement was based on the principle of color intensity obtained from
the interaction between the IAA and perchloric acid (colorimeter). The amount of IAA
was calculated by comparing with standard curve and analyzed according to a

Completely Randomized Design (CRD).
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3.5 Investigation of biochemical changes of lettuce after seed pelleted
and sprayed with B. subtilis 168-2 used Synchrotron FT-IR
microspectroscopy technique

Lettuce leaves were selected from experiment 3.3 at 24 h after inoculation A.
alternata. The analysis proceeded in a completely randomized design (CRD) within three
replications. The samples were subsequently cut to 6 x 9 mm size and embedded in
the OCT compound (optimal cutting temperature), followed by Quick-freezing in liquid
nitrogen. Then, the samples were stored at -80°C as long as to do cryo-sectioning
process. Subsequently, each of the Lettuce leaves samples was cut crosswise to 30 ym

using a microtome of cryostat (Leica 3050 S, Germany) and stick on BaF2 window size 22

x 1 mm for FTIR microspectroscopy.

The determination was operated with a mapping by using a size of aperture at

10 x 10 um with a resolution of 4 cm, with 64 scans by used spectra were received
with FTIR spectrometer (Vertex 70 from Bruker Optics, Ettlingen, Germany) together with
an IR microscope (Hyperion series 2000, Bruker) with MCT detector refrigerated in liquid
nitrogen through the determination range from 4000 to 800 cm™. Spectral equipment
control was carried on by OPUS 7.2 software (Bruker Optics Ltd, Ettlingen, Germany) at
the Synchrotron Light Research Institute (SLRI).

Spectra from each cluster were assayed using PCA for differentiating of
biochemical elemental of leaves tissue. The process was using 2nd derivative and vector
normalized (Savitzky-Golay method, 3rd polynomial, 9.smoothing points) from the

Unscrambler software version 9.7 (CAMQ, Norway) (Thumanu et al., 2017).

3.6 An investigation of the shelf-life of B. subtilis 168-2 after pelleted

One hundred seeds of SeedBio 3 pelleted were stored in a refrigerator at 4 °C
were placed in NA agar plate (adapted from Wongchalee, 2015). The seeds pelleted were
incubated for 48 h, and colonies of B. subtilis stain 168-2 were observed around the
lettuce seeds then, a loop was applied to the area containing B. subtilis stain 168-2
colonies and dispersed in 10 ml of autoclaved distilled water and diluted to 9 levels
(10" -10°) concentration. Each level of dilution of 100 pl was spread on Nutrient Agar

medium (NA) and incubated at room temperature (25 °C) for 24 h. Surviving of B. subtilis
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stain 168-2 colonies were counted and calculated by quantification of bacteria after 0,

1, 2,3, 4, 5, and 6 months of storage. (Phakdeepan et al., 2009)

The survival of B. subtilis 168-2 = NxDFxVyx1000/V,xW,

Where N = Countable colonies
DF = Dilution factor
Vo = The amount of suspension that is stock default
V, = The amount of suspension used in the spread plate
W, = Weight of pelleted seed
Unit = cfu/g

3.7 Contamination test of seed pelleted

Lettuce seeds pelleted with B. subtilis stain 168-2 (SeedBio 3) were treated as in
3.6. Then apply each concentration of dilution of 100 pl to spread on NA medium for 3
replications per concentration, incubate for 24 hours. Count and calculate contaminated
bacterial colonies after 0, 1, 2, 3, 4, 5, and 6 months’ storage in refrigerated at 4°C and
was used to calculate the contamination rate within the seeds pelleted (adapted from

Kositchaiyong, 2010), which was calculated from:

Contamination rate of other microorganisms within seeds pelleted = A/B X 100

Where A = Number of other contaminated

B = The total number of colonies



CHAPTER IV
RESULTS

4.1 The fungal pathogen isolation and pathogenicity test in lettuce
4.1.1 Sample collection and isolation of Alternaria alternata

The Green Oak lettuce leaves from the SUT farm of the Suranaree University of
Technology were collected for the isolation of pathogens. The fungal pathogen was
isolated by tissue transplanting method and cultured in a potato dextrose agar (PDA)
medium. It was found that 3 isolates of A. alterata were isolated from lettuce leaf
spot samples, which were GAO1, GAO2.and GA03. The colony turns black-brown when
hyphae grow and touch the Petri plate. The spores of A. alternata were examined under
a microscope. It was found that conidiophores produced spores called conidia. It has a

straight or slightly curved cylindrical shape and a rounded tip with a septum (Figure 4.1)

Figure 4.1 The characteristics of A. alternata colony isolated from Green Oak lettuce
on potato dextrose agar (PDA) at 14 days. GAO1 isolate (A), GA02 isolate (B),
GAO03 isolate (C) and spores of A. alternata (D).
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4.1.2 Pathogenicity and virulence test of A. alternata

The 1.5 ml of spore suspension of each A. alternata isolate at a concentration
of 1x10® spores/ml was sprayed onto surface of healthy lettuce leaves. The severity of
the disease was assessed at 3 days after inoculation under laboratory conditions. It was
found that the three isolates of A. alternata were significantly different in pathogenicity
(P<0.01), with the GA02 isolate showed the highest virulence at 4 units and the highest
percentage of leaf disease at 51.1 %. The GAO1 and GA03 isolates had disease severity
of 20.5 and 22.6 %, respectively (Table 4.1 and Figure 4.2). Therefore, the GAQ2 isolate

was selected for the study.

Table 4.1 The disease severity and virulence of leaf spot disease in Green Oak

lettuce at 3 days after inoculation A. alternata

Isolate Disease severity (%) Virulence of disease
score ¥

Control (water) 0.0c” 0
GAO1 20.5b 2
GA02 51.1a 4
GAO03 22.6b 2
F-Test e -
CV% 15.19 -

YThe mean followed by the same letter in each column was not statistically different by DMRT (0l=0.01).

Z The virulence of the disease with a score of 1-5 (modified by Wokocha et al., 2010) as follows: 1 = no symptoms,

2 = the virulence is found less than 25 % of the leaf area, 3 = the virulence is found 26-50 % of the leaf area, 4 =

the virulence is found 51-75 % of the leaf area, 5 = the virulence is found more than 75 % of the leaf area.
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Figure 4.2 The symptom of leaf spot disease in Green Oak lettuce at 3 days after
inoculation A. alternata, GAO1 isolate (A), GA02 isolate (B), GAQ3 isolate (C)

and control (water) (D)

4.2 Lettuce seeds pelleting by using Bacillus subtilis 168-2

4.2.1 Preparation of lettuce seeds pelleting

The experiment seeds pelleting varied materials and different concentrations of
B. subtilis 168-2 could easily form the pelleted seed. The pelleted lettuce seeds in every
treatment gain weight from about 30 - 40 times the size of the shape. The seed pelleting
B. subtilis 168-2 at a concentration of 10® cfu/ml combined with calcium sulfate (SeedBio
3) was the lowest percentage of friability at 0.42% because these pelleting materials
absorb moisture well, they were easily dissolved in water (Table 4.2 and Figure 4.3).
These aid in seed surface spreads that are smooth, easy, and convenient to use with

increased machinery and when testing the friability of pelleted seed.
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Figure 4.3 Physical appearance of lettuce seeds unpelleted (A) and pelleted with
calcium sulfate as a filler and carboxymethyl cellulose (CMC) as a
binder (B)

4.2.2 Pelleted seed quality

The examination of lettuce seed quality after pelleting with different
concentrations of B. subtilis 168-2 found that the lettuce seed pelleted with B. subtilis
168-2 at a concentration of 10° cfu/ml mixed with calcium sulfate (SeedBio 3) was the
highest germination at 95%, but similar with unpelleted seeds (92%). The pelleted with
B. subtilis 168-2 with a concentration of 10° cfu/ml (SeedBio 2) showed a germination
rate of 81%. In addition, the lettuce seed pelleted with B. subtilis 168-2 at a
concentration 10° ¢fu/ml (SeedBio 3) showed speed germination lower than that of
unpelleted seeds (SeedBio 1), but there was a non statistical difference. In addition,
the seed pelleting with B. subtilis 168-2 at a concentration 10® cfu/ml (SeedBio 3)
significantly maximined root length (125.23 mm) and shoot length (52.26 mm) when
compared to unpelleted seeds (Table 4.3).
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4.3 Efficiency of seed pelleting and spraying with B. subtilis 168-2 to
control leaf spot disease on lettuce under greenhouse conditions

Selected four treatments of pelleting seed by B. subtilis 168-2 of different
concentrations based on the best germination rates were from experiment 4.2.2
combined with foliar spraying with B. subtilis 168-2 was tested under greenhouse
conditions to evaluate the ability to control lettuce leaf spot disease. The result found
that the combination of pelleted seed with B. subtilis 168-2 at 10® cfu/ml and foliar
spraying with B. subtilis 10° cfu/ml (Treatment 5: T5) were able to reduce leaf spot
disease by 47.3% compared with the control. However, the combination of foliar
spraying with Mancozeb and pelleted seed with B. subtilis 168-2 at 10° cfu/ml
(Treatments 4: T4), or B. subtilis 168-2 at 10® cfu/ml (Treatment 7: T7) significantly
reduced leaf spot disease by 50.1%, or 52.2%, respectively. Moreover, the spraying B.
subtilis 168-2 treatment was similar to spraying B. subtilis commercial (Treatment 8: T8)
for reducing leaf spot disease (43.5-47.3%) compared with control (Treatment 1: T1)
(Table 4.4).

On the other hand, the fresh weight and dry weight of Treatment 5: T5 were
86.56 ¢ and 8.94 g, respectively which was significantly higher than other treatments
including Treatment 1: T1 (50.25 ¢ and 3.97 g). The canopy width was similar between
Treatment 2: T2 (25.67 cm), treatment 4: T4 (28.67 cm), treatment 5: T5 (26.67 cm) and
Treatment 7: T7.(24.56 cm), which were also significantly higher than other treatments.
Moreover, the plant height of Treatment 5: T5 was 30 cm, which was also significantly
higher than other © ‘treatments . including =~ Treatment 1: T1 (20 cm)
(Table 4.5).
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4.4 Investigate the mechanism of induced resistance against A. alternata

in lettuce after seed pelleting and foliar spraying by B. subtilis 168-2

4.4.1 Defense mechanism of lettuce against leaf spot disease

4.4.1.1 Salicylic acid (SA) analysis

The treatments were selected based on the disease-reducing results in
experimental 4.3. The salicylic acid (SA) was investigated at 0, 24 and 48 hours after the
fungal inoculation (HAI). The result found that immediately after inoculation (0 HAI),
Treatment 3: T3 (SeedBio 3 + spray B. subtilis 168-2 10° cfu/ml) was the highest SA
content at 6.02 pg ¢! fresh weight, followed by Treatment 4: T4 (SeedBio3 + spray
Mancozeb) and treatment 2: T2 (SeedBio 2 + spray B. subtilis 168-2 10° cfu/ml) at 5.90
and 4.26 pg ¢! fresh weight, respectively which is significantly higher than other
treatments. At 24 HAI, the accumulation SA of Treatment 3: T3, Treatment 4: T4 and
Treatment 2: T2 was 10.68, 9.67, and 6.15 ug ¢! fresh weight, respectively, which was
a statistically significant difference. The accumulation SA of all treatments increased at
24 HAl when compared with 0 HAl and then decreased at 48 HAI. The result showed
Treatment 3: T3 can enhance the higher level of salicylic content at 24 HAI to
approximately 77.40 %, which was higher than other treatments (Table 4.6). This was
accompanied by a similar change in SOD activity level (Table 4.7).
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4.4.1.2 Superoxide dismutase (SOD) analysis

The accumulation of SOD in lettuce was investigated at 0, 24, 48, 72 and 96 HAI
It was found that Treatment 3: T3 (SeedBio 3 + spray B. subtilis 168-2 10® cfu/ml) was
the most effective in inducing SOD accumulation of lettuce. The SOD was a substance
in the plant immune system to protect the plant from infection of A. alternata. The
accumulation of SOD at 0 HAI in Treatment 3: T3 and Treatment 5: T5 were 11.02 and
10.21 pg catechol /mg™ protein, which was significantly higher than other treatments.
Then, the SOD activity of Treatment 3: T3 and Treatment 4: T4 increased to 17.76 and
15.60 pg catechol /mg” protein at 24 HAI, which is significantly higher than other
treatments. After that, the SOD activity of Treatment 3: T3 and Treatment 4: T4
decreased to 14.08 and 11.71 pg catechol /mg™ protein at 48 HAI. Then, the SOD activity
decreased at 72 and 96 HAI. The result showed Treatment 3: T3 can enhance the higher
level of superoxide dismutase at 24 HAI to approximately 61.16 %, which is higher than
other treatments (Table 4.7). This was accompanied by a similar change in SA activity

level.
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4.4.2 Plant growth regulating chemicals

4.4.2.1 Indole-3-acetic acid (IAA) analysis

The accumulation of IAA in lettuce was investigated at 0, 24, 48, 72 and 96 HAI
A. alternata. The accumulation of IAA in Treatment 3: T3 (SeedBio 3 + spray B. subtilis

168-2 10° cfu/ml) was 12.67 pg/mg™ fresh weight at 0 HAI, which was significantly higher

than other treatments. After that, the IAA accumulation of treatment 3: T3 increased t©
16.98 pg/mg™ fresh weight at 24 HAI, which was significantly higher than Treatment 4: T4
(SeedBio 3 + spray Mancozeb) was 14.80 ug/mg™ fresh weight. And both Treatment 3:
T3 and Treatment 4: T4 was significantly higher than in other treatments. Then, the IAA
accumulation of Treatment 3: T3 decreased at 48 HAI but was still higher than other
treatments, which was 9.60 pg/mg™ fresh weight. The increasing IAA accumulation of
Treatment 3: T3 was consistent with the growth of lettuce in the results of Table 4.5
because had better fresh weight, dry weight, canopy width and plant height and there
were significantly higher when compared to other treatments. The result showed
Treatment 3: T3 can enhance the higher level of Indole-3-acetic acid at 24 HAI to
approximately 34.02 %, which was higher than other treatments (Table 4.8). This was

accompanied by a similar change in SA activity and superoxide dismutase level.
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4.5 Investigation of biochemical changes of lettuce after seed pelleting
and spraying with B. subtilis 168-2 by using Synchrotron FT-IR
microspectroscopy technique

Treatment 1 (T1: unpelleted + spray water), Treatment 2 (T2: SeedBio 3 + spray

Mancozeb), and Treatment 3 (T3: SeedBio 3 + spray B. subtilis 168-2 10° cfu/ml) samples

were examined for biochemical changes at 24 HAl using Synchrotron FT-IR

microspectroscopy. The spectrum, which was measured at a wavelength range of 4000-

800 cm™ was used to analyze principle component analysis (PCA) to differentiate

clusters in the mesophyll layer of lettuce leaf tissue. It was found that the PCl-axis was

able to separate the spectral groups of the mesophyll layer of lettuce leaf tissue
between Treatment 1: T1, Treatment 2: T2 and Treatment 7: T3 with 23 % difference.

Treatment 2: T2 was arranged on the vertical, positive axis, while Treatment 3: T3 and

Treatment 1: T1 were arranged on the horizontal axis, with negative values (Figure 4.4).

The differentiation spectra were 1735 em™ (C=0 ester of pectin), 1658 cm™ (amide 1)

and 1546 cm™ (amide I1) (Figure 4.5). Then the spectrum was analyzed for the area under

the graph to determine the amount of biochemical change. It was found that Treatment

3: T3 had a significantly higher amount of C=0 ester of pectin and branched-chain

peptides of amino acids of amide | and amide Il in mesophyll tissues compared with

Treatment 1: T1 and Treatment 2: T2 (Table 4.9 and Figure 4.6): The amount of pectin,

amide |, and amide ll-in mesophyll tissue of Treatment-3: T3 was significantly higher

than Treatment 1: T1 by 2.0, 1.9 and 2.7-folds, Treatment 2: T2 by 1.3, 1.6 and 1.9-folds,
respectively. However, the seed pelleting with B. subtilis 168-2 was able to direct and
indirect defense by stimulating the seed to promote growth and having a higher level

of resistance to pathogens than the control treatment (Treatment 1: T1). B. subtilis 168-

2 can produce Indole-3-acetic acid (IAA) and when the seed pelleting with B. subtilis

168-2 and sprayed with B. subtilis 168-2, lettuce was able to accumulate SA, SOD and

IAA, which these compounds contributed in promoting the prolongation of lettuce

seedlings, growth of lettuce and strengthen the cell walls to resist pathogens invasion,
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resulting in more changes in pectin and branched-chain peptides of amino acids of

amide | and amide Il in mesophyll tissues than the control treatment (Treatment 1:T1).
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Figure 4.4 Principle component analysis (PCA) score of mesophyll tissue of lettuce
leaf at 24 HAI A. alternata. Note: T1-blue (Treatment 1: unpelleted +
spray water), T2- red (Treatment 2: SeedBio 3 + spray Mancozeb) and T3-
green (Treatment 3: SeedBio 3 + spray B. subtilis 168-2 108 cfu/ml).



57

0.015 ~

0.010

o 0.005
g 0.000 ) & & “‘
i 2 \ﬁ w »f vt
[ =4
8
& -0.005 - AmxdeII
Amdel £
a
0.010 4 pm =
-0.015 /L 1 . . .
2000 1800 1800 1400 1200 1000

Wavelength (Cm')
mas MS-T1  sesm MS-T2 - \MS-T3

Figure 4.5 The second derivative average FTIR spectrum of mesophyll tissues of lettuce
leaves at 24 HAI A. alternata. Note: T1-blue (Treatment 1:  unpelleted +
spray water), T2- red (Treatment 2: SeedBio 3 + spray Mancozeb) and T3-
green  (Treatment 3: SeedBio 3 + spray B.  subtilis
168-2 10° cfu/ml).
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Figure 4.6 The integral areas of absorbance between 1740-1700 cm™ (pectin), 1700-
1600 cm™ (@amide 1), 1600-1500 cm™ (@amide 1) of mesophyll tissues of lettuce
leaves at 24 HAI A. alternata. Note: T1-blue (Treatment 1: unpelleted +
spray water), T2- red (Treatment 2: SeedBio 3 + spray Mancozeb) and T3-
green (Treatment 3: SeedBio 3 + spray B. subtilis 168-2 108 cfu/ml).

4.6 The survival of B. subtilis 168-2 at 6 months after pelleted

The density of B. subtilis 168-2 in SeedBio 3 (calcium sulfate 250 g, CMC 0.3 %,
with B. subtilis 168-2 with concentration 10° cfu/ml) at 6 months after pelleting was
tested for evaluating the potential survival of bacteria in the pelleted seeds. The result
found that the survival of B. subtilis 168-2 in pelleted seeds was 4.89+7.03 x 108,
3.78+6.60 x 10°% 3.65¢5.64 x 10°%, 8.56+4.16 x 107, 6.60+1.55 x 107, 8.10£0.50 x 105,
8.40£0.47 x 10° cfu/g, respectively (Table 4.10). After three months of storage, the
survival of B. subtilis 168-2 in pelleted seeds was stable, with a slight and stable
decrease at the fourth and fifth months. Following that, the B. subtilis 168-2 tends to

decline.
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Table 4.10 The survival quantity of B. subtilis 168-2 in pelleted seeds at 6 months

after storage

Shelf life (months)¥ The survival quantity of B. subtilis
168-2 (cfu/g)
0 4.89+7.03 x 108
1 3.78+6.60 x 10°
2 3.65+5.64 x 10°
3 8.56+4.16 x 10°
4 6.60+1.55 x 107
5 8.10+0.50 x 10°

6 8.40+0.47 x 10°

Y Shelf life is used to store pelleted seeds in stored at 4 °C.

4.7 Contamination test of seed pelleted

The B. subtilis 168-2 in SeedBio 3 (calcium sulfate 250 g, CMC 0.3 %, with B.
subtilis 168-2 with concentration 10® cfu/ml) was used to determine the degree of
contamination by other microbes after 0-6 months after storage. According to the
findings, the rates of bacterial and fungal contamination rate were 5.45, 5.30, 4.05, 3.89,
1.23, 1.21 and 1.63 %, respectively and 0.00, 0.02, 0.03, 0.00, 0.00, and 0.03%,
respectively (Table 4.11).

Table 4.11 The lettuce seed pelleted contamination. rate

Shelf Tife { heV Contamination rate of other microorganisms (%)
elf life (months

Bacterial Fungal
0 5.45 0.00
1 5.30 0.02
2 4.05 0.03
3 3.89 0.00
4 1.23 0.00
5 1.21 0.00
6 1.63 0.03

Y Shelf life is used to store pelleted seeds in stored at 4 °C.



CHAPTER V
DISCUSSION AND CONCLUSION

5.1 Isolation of fungal pathogen A. alternata by tissue transplanting
method

The lettuce leaf spot samples were incubated to induce mycelium growth on
the WA medium. Then the hyphae were transferred and re-cultured on the PDA medium
until the fungal was purified (Rotniam, 2009). The main in the isolation of pathogens is
the selection of samples that must be collected from lettuce fresh leaves containing
healthy and diseased tissue. It is a dark brown to small black spot. If the lettuce leaves
are sampled with a puncture wound, it is not possible to isolate the pathogen because
the wound has been damaged for a long time and contaminated with other pathogens.
The samples have been collected, then the sterilization should be done in a sterile
cabinet immediately. The mycelium was cultured on a PDA medium for 14 days, and
the fungi were able to grow well according to the morphological characteristics. The
conidia formation of A. alternata was used in this study. This was consistent with the
method recommended by Rotniam (2009). The growth characteristics of fungi on PDA
medium were greenish-gray spongy fibers growing into an extended ring. The
conidiophore was formed either as a single or a group, cylindrical shape, dark brown,
smooth walls with partitions.. The spores look club-shaped and are highly septate.
Previous research has found that various fungi Alternaria spp. could cause leaf spot
disease in plants such as A. zinnia, A. helianthi and A. longipes could cause leaf spot
disease in sunflowers (Cosme, 1991). In addition, A. brassicicila and A. brassicae caused
cauliflower leaf spot (Anan and Athinuwat, 2016), A. porri, caused Japanese onion purple
leaf spot, A. solani caused blight of tomatoes, and A. cucumerina caused cucumber leaf

spot also have been recorded (Prasongsap, 2014).
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5.2 Pathogenicity and virulence test of A. alternata

The spore suspension of each fungal isolate was sprayed at a concentration of
1x10% spores/ml. It was found that the three fungal isolates were capable of causing
leaf spot disease. The fungi isolate GA02 had the highest pathogenic. It is considered
that the pathogenicity test of the pathogenic fungi in laboratory conditions is good,
convenient to experiment and it takes a quick test time due to incubation in moist box
conditions. Consistent with this Mo et al. (2007) reported that experiments in moist box
conditions are a convenient, rapid and effective method for testing soybean resistance
to powdery mildew and rust. Likewise, Boydom et al. (2013) could use this method to

test the resistance of wheat to rust disease.

5.3 Lettuce seeds pelleted by using B. subtilis 168-2

In laboratory conditions, the lettuce seed was pelleted with 250 g of calcium
sulfate, 0.3% CMC, and different concentrations of B. subtilis 168-2. It was found that
SeedBio 3 (250 g of calcium sulfate, 0.3% CMC, B. subtilis 168-2 with concentration 108
cfu/ml) was the most easily forming pelleted. Pelleted lettuce seeds in every process
increased their weight by about 30-50 times, resulting in the exact size and shape
desired. The seed pelleted has good fluidity, easy for planting, and is easier to use with
machinery (Siri, 2015; Halmer, 1987; Butler, 1993; Zenk, 2004). And Hill (1999) found that
the onion seed pelleting increased the seed size approximately 6 times. After
considering the method of pelleting the seeds, it was found that after seeding there
was no effect on the seed germination process and can promote seed quality better
than unpeeled seeds which is consistent with the experimental results of physical
properties of lettuce seeds. Then, testing the friability of the pelleted seeds, it was
found that the SeedBio 3 had the lowest percentage of friability (0.42%) and was
statistically different from other treatments. The dissolution period test of pelleted
seeds showed that it can be seen that the pelleted seed of SeedBio 3 and SeedBio 4 is
the best dissolution period because this filler material has good moisture absorption

properties. It is ion- exchangeable (Hirota et al., 1989).

The quality of lettuce seeds after pelleting also was tested. It was found that

seed pelleting of lettuce by SeedBio 3 had the highest germination in laboratory
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conditions at 95%, followed by unpelleted seed (SeedBio 1). The lettuce seeds pelleting
of SeedBio 3 had a lower germination speed than unpelleted seed (Treatment 1: T1),
but there was a non-statistical difference. This is consistent with the research of Coraspe
et al. (1993). There was a non-statistically significant difference in the germination of
lettuce seed germination in the laboratory between unpelleted and pelleted seeds.
And Zink (1954) found that unpelleted lettuce seeds had a higher germination speed
than pelleted lettuce seeds. And from the research of Shashibhaskar et al. (2011), the
seed pelleted of tomato variety CV.PKM-1 with zinc sulfate showed that the treated
seeds displayed better growth and yield than unpelleted seeds. And Soulange and
Levantard (2008) reported that the fresh weight leaves of seeding of pelleted seed were
higher than unpelleted seed during germination tests. In addition, Bennett (1998)
reported that seed priming in combination with plant growth-promoting microorganisms
can increase the germination and growth characteristics of plants. And when considering
the treatment of pelleting the seeds, it was found that there was no effect on seed
germination after pelleting. The seed pelleted with B. subtilis showed better growth
than the control (T1) because the seed pelleting has a large amount of pelleting
material pelleted around the seed, B. subtilis is better adhered to the seed compared
to the soaking method and seed coating. This is because B. subtilis is able to synthesize
phytohormone in the auxin group that plays a role in stimulating germination. It also
promoted the development of seedling growth better than the unpelleted lettuce
seeds (Glick, 2012). And when considering the seed pelleting method, the key principle
was that the active ingredient could be attached tothe seed (Taylor et al., 1998; Pedrini
et al,, 2017). In the pelleting seed method, the microorganisms are attached to the seed
and is a combination of filler material (calcium sulfate), binder (carboxymethyl
cellulose), and seed, which has strong adhesion, but is easily dissolve in water (Khorasani
and Shojaosadati, 2017). So, microorganisms were able to attach to the seed pelleted
in larger quantities than the seed priming and seed coating method. This resulted in the
amount of bacterial cells at 10° cfu/ml as a rate of surviving microorganisms attached
to the seed and can promote plant growth better than other methods. Therefore, the

B. subtilis seed pelleting method showed different results when examined in laboratory
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conditions for germination. The germination speed is better than other methods

compared with unpelleted seeds.

5.4 Efficiency of seed pelleted and sprayed with B. subtilis 168-2 to

control leaf spot disease on lettuce under greenhouse conditions

The efficacy of seed pelleting and spraying with B. subtilis to control leaf spot
disease on lettuce under greenhouse conditions showed that the combination of
pelleted seed with B. subtilis 168-2 at 10° cfu/ml (SeedBio 3) and foliar spraying 4 times
with B. subtilis 168-2 at 10°® cfu/ml (Treatment 5: T5) was able to reduce lettuce leaf
spot disease by 47.3%. The timing of the use of the B. subtilis 168-2 is one of the factors
that contribute to the success of disease control, especially at the plant weak and
suitable environment. In addition, B. subtilis 168-2 can inhibit lettuce leaf spot
pathogens and has properties as a plant growth promoting rhizosphere (PGPR) that can
stimulate lettuce to produce indole-3-acetic acid (IAA) to promote growth. This was
consistent with the growth of lettuce can increase fresh weight, dry weight, plant height,
and canopy width in the treatment 5: T5, which is significantly higher than other
treatments. Moreover, the B. subtilis mechanism is reported to stimulate plants to
produce substances in the immune system, including salicylic acid (SA), -1,3-glucanase,
peroxidase, phenolic, guaiacol and peroxidase, as well as having a fixation nitrogen
(Duangkaew etal., 2015). Some of the enzymes mentioned above are involved in the
synthesis of phytoalexin and pathdgenesis-related proteins, which are highly toxic to
plant pathogens (Cohen et al,, 1994). And the results of this research found that B.
subtilis 168-2 can induce lettuce to accumulate SA and SOD, which are enzymes in the
immune system diseases as well. Consistent with Anan and Athinuwat (2016),
developed by mixing kaolin: potassium humate: glucose: FeSO4, 72:8:1:19 w/w, mixed
with B. subtilis TU-Orgal, a volume of 20 ml/1 kg of supporter. The residual content of
TU-Orgal was approximately 10 and 10 cfu/ml at 12 and 24 months after being
stored at room temperature (28-33 °C), respectively. This bio-formulation was effective
in reducing the infestation of the causative agent of leaf blight, rot and leaf spot disease
via induced immunity by stimulation of salicylic acid (SA) and superoxide dismutase

(SOD) up to the highest values with 0.79-0.91 mg/g fresh weight and 13.43-16.78 mcg
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catechol/mg protein, respectively, which were statistically different from the control
treatment. In addition, the bio formulation also has an effect promoting the growth of
kale by stimulating the accumulation of substances with the highest indole-3-acetic acid
was 15.21 mcg/mg fresh weight. Moreover, the bio formulation was evaluated for
controlling kale disease under field conditions in Nonthaburi province by mixing seeds
before planting and spraying 6 times at 7, 14, 21, 28, 35, 42 day-old plants. The results
showed that the bio-formulation product was effective in reducing the infestation of
the causative agent of leaf blight, rot, wet rot and leaf spot disease, as well as increasing
the yield of kale. The efficacy of bio formulation was statistically higher than copper
hydroxide fungicide and nontreated control. Similar to the report of Zaidiet et al. (2006)
that B. subtilis was able to synthesize IAA and prevent fungal infestation. In addition,
nitrogen fixation activity was reported in Bacillus sp. OSU-14 2, which significantly
increased the yield of wheat, sugar beet, spinach (Cakmakdi et al., 2007). And B. subtilis
CC-pg104 also increased weight gain, dry weight of lettuce after seeding treated (Rekha
et al.,, 2007).

5.5 Investigate the mechanism of induced resistance against A. alternata
in lettuce plants after seed pelleted and foliar sprayed by B. subtilis
168-2

The effectiveness of reducing leaf spot disease in lettuce was tested by seed
pelleting (SeedBio 3) and spraying B. subtilis 168-2 at 10® cfu/ml (Treatment 3: T3) under
greenhouse conditions. After treated with treatment 3 and inoculated A. alternata, the
results of this research study are consistent with the previous research results. This study
showed the efficacy of B. subtilis 168-2 in promoting growth and controlling leaf spot
disease. In addition, B. subtilis 168-2 has the potential to stimulate plants to produce
substances in the plant immune system. The treatment 3 was able to promote lettuce
to accumulate salicylic acid (SA), superoxide dismutase (SOD) and Indole-3-acetic acid

(IAA) higher than the control treatment. Consistent with Anan and Athinuwat (2016), it

was found that B. subtilis TU-Orgal was statistically different in inducing kale to

accumulate SA to prevent the infestation of Xanthomonas citri subsp. citri, the causative

agent of golden leaf disease, with a statistical difference at 24 HAI It has been shown
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that when resistance is induced, it is signaled and produced other biochemical to
protect the plant and SA begins to decline when the plant begins to show symptoms,
as well as the activity of SOD and IAA acéumulated at 24 HAI and tends to increase at
48 HAl. Consistent with Preecha and Prathuangwong (2009), it was found that the
beneficial bacteria B. amyloliquafaciens has the ability to induce plants to increase the
producing SA in soybeans on the 4 day after inoculation. So, this study confirmed that
the SA, SOD and IAA compounds produced by treating B. subtilis 168-2 in lettuce were
involved in the plant induced resistance response and led to the strengthening of plant
cell walls that can reduce the infestation of pathogens (Bradley et al., 1992). It also has
properties as a plant growth promoting rhizosphere (PGPR) that can stimulate lettuce
production including indole-3-acetic acid (IAA) to promote plant growth out of the weak
stage and SA, SOD to against the infestation of plant pathogens. Furthermore, B. subtilis
has been reported to induce plants to produce a variety of immune system metabolites,
including SA, -1,3-glucanase, peroxidase, phenolic, guaiacol and peroxidase, as well as
independent nitrogen fixation mechanisms (Duangkaew et al, 2015). The enzymes
mentioned above are involved in the synthesis of phytoalexin and pathogenesis-related
proteins, which are highly toxic to plant pathogens (Ramputh and Bown, 1996).

In addition to its effectiveness in reducing disease through changes in SA, SOD,
and IAA. When studying biochemical changes using the Synchrotron FT-R
microspectroscopy technique, it was found that lettuce leave tissues stimulated by
Treatment 3 had significantly higher amounts of C=0 ester of pectin, amide | and amide
Il compared with Treatment 2 and Treatment 1. The carbohydrates are important to the
function and structure of the plant cell. Carbohydrates are found in the composition of
cell walls and cell membranes in the form of cellulose, hemicellulose, chitin, lignin and
pectin (Wongcharlee, 2015). Similarly, the proteins also are essential components of
plants, especially biochemical processes. It can be increased in volume when
stimulated by B. subtilis 168-2, which suggested the transformation of biochemical
compounds in plant cells. It has the effect of promoting growth and stimulating plants
to be vigorous and able to resist fungi that cause leaf spot disease. According to
Wongchalee (2015), a Synchrotron FT-IR microspectroscopy technique was used to

examine the biochemical changes of chilli leaves sprayed by B. subtilis D604. It was
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found that the amount of hemicellulose and polysaccharide in chilli leaves tissues
treated with B. subtilis D604 was significantly higher than water control treatment. This
allows the chilli increase yields and resistance to anthracnose disease. In addition,
Pimthong (2014) studied the defense mechanisms of grapes with the synchrotron FT-IR
microspectroscopy technique. It was found that the CaSUT007 and chitosan treatments
changed the lipids, hemicellulose and carbohydrate differed in each treatment and
changed after inoculation of pathogens. Therefore, it can be concluded that when
plants are infected by pathogens, there will be a change in the amount of biomolecules
within plant cells. These biomolecules represent a defense system including signaling
to stimulate the expression of genes for resistance disease. Therefore, the elicitors used
in this experiment, B. subtilis 168-2 (Treatment 3: T3) has the ability to stimulate lettuce
to accumulate more SA, SOD and IAA so that plants are resistant to the infestation of
leaf spot pathogens and can promote plant growth. In addition, plants may produce
substances after being stimulated by pathogens because many pathogens release
nonspecific elicitors, such as the production of glycoproteins, various microbial enzymes
including protease, cellulose and hemicellulose, etc., to digest the components of plant
cell walls. Plants recognize those substances and send signals to create an immune
system, such as the formation of cell walls to have more cellulose and hemicellulose
makes plants resistant to the spread of the infection to other parts. The increased
amount of hemicellulose (secondary cell wall) can reduce the infestation of pathogens
and changes in cellulose and hemicellulose content (Hernandez-Blanco et al., 2007;
Eggert et al., 2014; Nafisi et al.,, 2014). It was also associated with the occurrence of
reactive oxygen species (ROS) and phytohormones in plants (Loreto et al., 2001; Vickers
et al,, 2009). While the change in the C-H bending content was increased after
inoculation of the pathogenic agent, which contains ethylene, which is involved in plant
growth and isoprene signaling in induced systemic resistance (ISR) and is a constituent
of lipid acid. It is a key component of cell membranes, making plants more resistant to
pathogenic invasion (Sweeting, 1996; Monson et al., 2013; Eggert et al., 2014). Consistent
with Saengchan (2014), FTIR was used to study the accumulation of substances in
biochemical related to the growth-promoting mechanism after stimulation with Bacillus

sp. isolate CaSUT007 and salicylic acid. The C-H stretching lipid groups, C=0 ester lipids,
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and amide | groups were found to increase but C-H bonding, C-O stretching and
polysaccharide carbohydrates have a lower. This indicates that changes in biomolecules
within plant cells have an effect on promoting growth and stimulate the plants to be
strong and able to resist rot bacteria in Chinese green mustard. In addition, the
experimental results also showed that considering the fresh weight and dry weight
increased the growth of lettuce by the efficiency of B. subtilis, an important mechanism
capable of producing phytohormone, an important organic acid is indole-3-acetic acid
(IAA). The IAA has an important role in cell division and proliferation of root cells. It also
increases root length and surface area so that the roots can absorb more water and
nutrients (Salisbury, 1994; Patten and Glick, 2002; Ahemad and Khan, 2011). B. subtilis
is also capable of producing enzymes. L-tryptophan-dependent growth factor, it is
important to increase the number of leaves (Asghar, 2009). Furthermore, according to
Garcia de Salamone et al. (2001), B. subtilis is also able to produce cytokinins that

promote cell division, cell proliferation and plant tissue proliferation.

5.6 The survival of B. subtilis 168-2 at 6 months after pelleting

The survival of B. subtilis 168-2 (SeedBio 3) after 6 months of seed pelleting test
revealed that the survival of B. subtilis 168-2 was stable in the initial period after storage
until 2 months and there was a slight decrease in the amount of infection and remained
stable in the 3™ and 4 ™ months. Musiksang (2008) studied the number of
microencapsulating bacteria in initial gel tablets and at 3 hours after incubation at 37
°C. It was found that the initial bacterial cell count was 10° cfu/ml, which decreased
after 3 h incubation to 10° cfu/ml; an ‘acceptable cell count. While if the number of
initial bacterial cells was 10" and 10® cfu/ml, which was decreased to 10° cfu/ml which
was too low at the end of the experiment. Their results indicated that the high number
of bacterial initial cells is an important parameter in their microencapsulation or
pelleted seeds. Therefore, in future, seed pelleting, the initial concentration should be
used at a high rate and Bacillus endospores should be used instead of vegetative
Bacillus cell. (Sudrez et al., 2011; Chen et al., 2013). As a result, the stored pelleted had
a low survival bacteria rate. In subsequent pelleting experiments, bacterial endospores

should be used instead of the vegetative cell because Bacillus can produce endospore-
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forming within the cell, 1 cell per 1 spore, which protect microorganism more resistant
to chemicals, radiation and heat than vegetative cells lead to maintaining higher survival

rate (Kloepper et al., 2004).

5.7 Contamination test of seed pelleted

Investigation of the amount of contamination of other microorganisms in the
pelleted seeds (SeedBio 3) until 6 months of storage revealed that bacterial
contamination was found at 5.31% at the initial time and 1.63% at the end time while
the amount of fungal contamination was low, from 0.00 to 0.03% during the stored
time. In the experiment and storage, it should be packed in sealed containers without
leaks or damage because external moisture may enter the container, which may result
in contamination of the pelleted seeds. Hill (1999) and Gregg and Billups (2010) reported
that the success of seed pelleting was depending on the appropriate binder and filler
materials. This is because the pelleting material plays an important role in changing
shape, size, seed weight and shelf life. Therefore, the good pelleting materials should
have the property of being able to form seeds easily, and have consistent particle size.
It does not impede the permeability of water, oxygen gas. And most importantly, it is
not easily contaminated or adversely affects seed quality and germination. Normally,
the most popular poultice materials used for seed dressing are talcum, calcium
carbonate, vermiculite, pumice, gypsum, bentonite, dolomite, calcium sulfate and
zeolite (Taylor and Harman, 1990). According to research-on cotton seed masking
(Gossypium  hirsutum L.} _using vermiculite as -a pelleted material, it increased
germination by 24.50% and contaminated during storage by 5.50% (Eviakova, 1985). In
addition, Kangsopa and Siri (2018) reported that the pelleting of lettuce seeds with
calcium sulfate and carboxymethyl cellulose (CMC) made it easier to form the seeds.
The seeds had the highest germination and there is a low amount of contamination

from other microorganisms after storage.
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5.8 Applying seed Bio-pelleted and foliar sprayed by using B. subtilis
168-2 in the organic farming system

From this study, it was found that seed bio-pelleting (SeedBio 3) and foliar
spraying 4 times every week by using B. subtilis 168-2 at 10® cfu/ml was effective in
controlling leaf spot disease by inducing resistance mechanism of lettuce against
pathogenic fungi. Interestingly, the seed bio-pelleting combined spraying B. subtilis 168-
2 (Treatment 5: T5) significantly reduced leaf spot disease lower than Mancozeb
fungicide (Treatment 7: T7) but higher than in increasing fresh and dry weight yield. The
seed bio-pelleting was developed and their antimicrobial activities may contribute to
valuable organic farming. It is a new alternative approach for reducing the use of
fungicides in organic lettuce production.

Seed pelleting can maintain the germination rate of lettuce seeds, it is also a
technology for improving seed shape to be larger than the original weight and the exact
shape as desired for suitability for use in cultivation and increased ease of use with
machines (Zenk, 2004; Maynard and Hochmuth, 2007; Gregg and Billups, 2010; Siri, 2015).
In this experiment, the filler material was calcium sulfate and the binder was
carboxymethyl cellulose and the active ingredient was B. subtilis 168-2 (SeedBio 3) on
good seed quality and germination. This allows the seeds to germinate well and
consistently, reducing the severity of the disease and promoting lettuce growth.

Interestingly, when comparing the initial cost of using B. subtilis 168-2 as the
active ingredient.in-the pelleted seed (SeedBio 3) with commercial pelleted seed, the
cost of bio seed pelleting in this-study is 500 baht per 1,000 seeds, where 1 seed is
equal to 0.5 baht. While the commercial pelleted seed price was 1,000 baht per 1,000

seeds.
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. MEDIUMS

1.1 Water agar (WA)
Agar 15¢
Water 1L

1.2 Potato Dextrose Agar (PDA)

Potato 200 ¢
Dextrose 20¢
Agar 15¢
Water 1L

1.3 Nutrient broth (NB)

Beef extract 3¢
Peptone 5¢
Water 1L

Il. CHEMICALS

2.1 0.02 M Ferric ammonium sulfate
Ferric ammonium sulfate 4.82¢
Water 500 ml

2.2 1% Triton-x 100
Triton-x 100 1 ml

Water 99 ml

2.3 Salkowski’s reagent

Prepare stock solution of 0.5 M FeCl3 1.35 g in 10 ml water

Use 1 ml of this stock to mix with 49 ml of 35% HClO,



2.4 1 M Tris-HCL buffer, pH 7

Tris base
Deionization water
adjust pHto 7

2.5 Homogenization buffer
Tris-HCl

KCL

PMSF
Leupeptin
Triton X-100
PVPP

DI Water

2.6 Cold homogenization buffer
EDTA

NaCl
Tris-HCL
DTT (dithiothreitol)

DI Water

121.1 ¢

1L

121 g
745¢
01742 ¢g
1 pg/ml

10 ml

1L

0.5844 g
87.75 ¢
6.057 g
0.0771 ¢

iNL
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ll. ATTACHED FIGURE
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Attached Figure 1. Drum coater — a seed coating equipment
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Attached Figure 2. (A) Calcium sulfate — filler material, (B) Carboxymethyl cellulose -
adhesive material, (C) Lettuce seed, and (D) Lettuce seed pelleted
- SeedBio 3.
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