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ABSTRACT

A laboratory experiment was conducted at the Faculty of Sustainable Agriculture in
Universiti Malaysia Sabah from 26% June 2014 to 18" October 2014 to study the effect
of antifungal activity of bacteria isolated from Sabah Tea Plantation against fungi
isolated from disease tea roots. Soil bacteria from Sabah Tea Plantation, Ranau were
isolated and investigated their effectiveness against several fungi. Dual culture assay,
Nutrient agar amended with bacteria culture test, mycelia growth test and bacteria
culture filtrate were carried out to test the antifungal activity of bacteria against several
fungi isolated from the disease tea roots. After undergoing preliminary selection, 20
groups of rhizopheric bacteria were successfully obtained. Preliminary screening of
these bacterial isolates for antagonistic activity using dual culture assay had been
carried out. The effectiveness of the antagonism character were evaluated based on
the percentage inhibition radial growth (PIRG) and percentage inhibition diameter
growth (PIDG). Among the 20 groups of isolated bacteria, only four bacterial isolates 5
(A1, A2, A4 and A14) showed potential antagonistic activity toward fungi (GD, F4, F5,
and F9). They were significant effect on the interaction between bacteria and fungi in
Nutrient agar amended with bacteria culture test {F (9, 48) = 33.835, p<0.05} and
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showed 100% PIDG toward fungi F4 in Nutrient agar amended with bacteria culture &
test and bacterial A14 had 94.67% PIDG toward fungi F4 in mycelial growth test. )
These bacteria were then identified with Matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry (MALDI-TOF MS) and the isolate Al was Bacillus

cereus, A2 was Pseudomonas aeroginosa, A4 was Streptomyces grises and A14 was
Serratia marcescens.



Kesan Anti-kulat Bakteria Tanah daripada Perladangan Sabah Teh Terhadap
Kulat yang Dipemecilkan daripada Penyakit Akar Teh

ABSTRAK

Satu eksperimen makmal telah dijalankan di Fakulti Pertanian Lestari, Universiti
Malaysia Sabah pada 26™ Jun 2014 hingga 18"™ Oktober untuk menguji kesan anti-
kulat bakteria tanah daripada Perladangan Sabah Teh terhadap kulat yang
dipemecilkan daripada penyakit akar teh. Bakteria tanah dari Perladanagn Sabah Teh,
Ranau telah dipemecilkan dan diperiksa keberkesanannya terhadap beberapa kulat.
Dual kultur assay, Nutrien agar dipinda dengan kultur bakteria, pertumbuhan mycelia
dan kultur bakteria turasan telah dijalankan untuk menguji bakteria terpencil terhadap
beberapa kulat yang telah diasingkan daripada akar teh penyakit. Selepas menjalani
pemilihan awal, 20 kumpulan bakteria tanah telah berjaya diperolehi. Pemeriksaan
awal bagi bakteria kultur untuk aktiviti antagonitik telah dijalankan dengan dual kultur
assay. Keberkesanan permusuhan telah dinilai berdasarkan pertumbuhan berdasarkan
pertumbuhan jejari peratus perencatan dan pertumbuhan diameter peratusan
perencatan. Antara 20 kumpulan bakteria yang dipencil, hanya empat bakteria (A1, A2,
A4 dan A14) menunjukkan potensi aktiviti terhadap kulat (GD, F4, F5, dan F9).
Interaksi antara bakteria dan kulat adalah signifikasi dalam Nutrien agar dipinda
dengan kultur bakteria {F (9, 48) = 33,835, p <0.05} dan ujian pertumbuhan mycelial
{F (9, 48) = 45,585, p <0.05}. Bakteria Al dan A2 mewujudkan 100% anti-kulat
aktiviti terhadap kulat F4 di Nutrien agar dipinda dengan kultur bakteria and bakteria
A14 mewujudkan 94.67% anti-kulat aktiviti terhadap kulat F4 di ujian pertumbuhan
mycelia. Bakteria ini telah dikenal pasti dengan MALDI-TOF MS dan Al adalah Baciflus

cereus, A2 adalah Pseudomonas aeroginosa, A4 adalah Streptomyces grises dan A14
adalah Serratia marcescens.
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CHAPTER 1

INTRODUCTION

1.1  Introduction

Soils sustain a wide variety of prokaryotic and eukaryotic organisms. Some
microorganisms are able to colonize the rhizosphere, multiply and colonize plant roots
at all stages of plant growth (Kloepper et al., 1980). The bacteria that colonize at the
rhizosphere are known as rhizobacteria. One of the most useful bacteria, plant growth-
promoting rhizobacteria (PGRPs) are a group of rhizobacteria that metabolite various
organic compound from root exudates and exhibit useful effects on plants. In fact, soil
usually reflects the appropriate balance between the functions of the microbial
community. A healthy soil not only provides essential nutrients that required for plant
growth but also provides a good biotic environment for plant to resist against pathogen.

Generally, plant-bacterial interactions can be classified as pathogenic,
saprophytic, and beneficial (Lynch, 1990). Beneficial interactions involving PGPRs are
important in agriculture as they help to improve plant productivity, suppress disease-
causing microbes and nematodes, accelerate nutrient availability and assimilation, and
bioaccumulation or microbial leaching of inorganics. These bacteria belong to the genera,
Acinetobacter, Agrobacterium, Arthrobacter, Azoarcus, Azospirillum, Azotobacter,
Bacillus, Burkholderia, Enterobacter, Klebsiella, Pseudomonas, Rhizobium, Serratia, and
Thiobacillus (Babalola, 2010). Among of these bacteria, Bacillus and Pseudomonas
species are the major group bacteria and they are widely found in many crop plants.

There are many available reports demonstrated that bacteria as biocontrol agent
to suppress the growth of fungal pathogens. For instance, the species of Pseudomonas
had been reported to produce antifungal metabolites that against the plant deleterious




fungi, namely Aspergillus niger, Aspergillus flavus, Aspergillus oryzae, Fusarnium
oxysporum and Sclerotium rolfsii (Manwar et al., 2004). Microbial plant pathogens may
be present in different natural habitats including plants, soil, water, and air. These
pathogens may be able to infect numerous plant species or restricted to one or a few
host species as obligate parasite or saprophytic parasitic for their nutrition and
development during their entire life cycle. It is well known that a significant number of
fungal pathogens can survive in the soil and infect the plants, when seeds are sown or
young seedlings are planted in the pathogen-infested soil (Narayanasamy, 2013).

PGPRs produce various compounds such as hydrogen cyanide (HCN), phenazines,
pyrrolnitrin, pyoluteorin, enzyme, antibiotics, metabolites, and phytohormones that are
toxic to pathogens. These PGPRs can suppress disease from one or more mechanisms,
including competition, production of antibiotics or siderophores, induction of systemic
resistance and secretion of cell wall degrading enzymes and alternation of the plant
hormone levels. It has been found out, combining muitiple PGPR types can suppress

disease development in many crop plants and protect them against a broad range of
soil-borme plant pathogens (Singh et a/., 2011).

Biological control is a strategy that used to suppress disease and it was proposed
half a century ago. The four strategies that common applied in biological control are
conservation, classical, augmentative, and importation of biological control. According to
Bentely et a/. (1997) , conservation of biocontrol is the application of natural enemies
occurring at a particular site while classical is the introduction of exotic enemies to a new
locale where they did not originate or do not occur naturally. Furthermore, augmentative
is the supplemental release of natural enemies at critical time and importation biological
control is a cost-effective alternative to chemical control for basis food crops.

1.2 Justification of Study

The negative environmental impact of chemical fertilizers and their increasing costs had
led to the alternative methods of plant protection, which is the use of beneficial soil
microorganisms such as PGPR for sustainable and safe agriculture. PGPR are the
microorganisms, which play a major role in the biocontrol of plant pathogens. These
PGPRs are widely reported in influencing plant growth, yield, and nutrient uptake by one
or combination of several mechanisms. They help in improving the nutrient uptake and
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enhance the population of beneficial microorganisms in suppressing soil-borne
pathogens. According to Cook (1993), microorganisms isolated from the rhizosphere of
a specific crop may be better adapted to that crop and may provide better control of
diseases than organisms originally isolated from other plant species. As early as in 1920,
it was noticed that pathogens are suppressed if some antibiotic producing microbes are
added to the soil through bicaugmentation (Johri, 2009). The research has also found
that microorganisms grow in the rhizosphere are ideal for use as biocontrol agent, since
the rhizosphere provides the front-line defense for roots against attack of pathogens.
The application of PGPR in agriculture has become a common practice in many regions
of the world and there is now an increasing number of PGPR being commercialized as
biocontrol agents for various crops (Jayakumar et a/,, 2002; Saharan and Nehra, 2011).
It is believed that, greater application of PGPR is possible for sustainable agriculture in
near future which protect the environment, human communities, and animal welfare.

1.3 Objectives

The objectives of this study are:

1. To isolate, purify and identify soil bacteria with antagonistic activity from Sabah Tea
Plantation

2. To evaluate the antagonist effect of selected bacteria toward fungi

1.4 Hypothesis

Hypothesis

Ho: There is no significant effect of screening bacteria toward fungi isolated from disease
tea roots.

Hi: There is a significant effect of screening bacteria toward fungi isolated from disease
tea roots.




CHAPTER 2

LITERATURE REVIEW

2.1 Rhizosphere and Rhizospheric Bacteria

Soil is the habitat of most microorganisms. It acts as a storehouse of microbial activity
and aggregates with accumulated organic matter. It also provides foods and essential
nutrients for plant growth and development. Rhizosphere is the zone of sail that is
influenced by root secretions and it can contain up to 10! microbial cells per gram root
and more than 30,000 prokaryotic species (Egamberdieva et a/., 2008). Hence, microbial
activities under this region are considerable importance to plant health and soil fertility.
A significant amount of the organic material photosynthesized in the aerial organs of the
plant is released by the living roots in soil. This process is known as rhizodeposition. The
organic matter so deposited, comprises of free cap cells, polysaccharides, soluble
secretions, lysates and some inorganic nutrients (Whips, 1990). Release of such
materials induces change in physic-chemical characteristics of the soils, such as acidity,
moisture, electrical conductivity, redox potential and oxygen availability (Lynch, 1990).

In fact, microbial growth is affected by the availability of carbon in the soil.
Rhizodeposition makes more available carbon for microorganisms give rhizhosphere an
environment with a high microbial diversity. The abundance of microbial activity is
usually higher in the upper layer and decrease gradually in the deeper layer. According
to a research, the number of microorganisms is higher at root tip compared to other
locations along the root (Scott et a/., 1995). The distribution and population structure of
microorganisms in rhizosphere various for different plants due to the variation in the
quantity and quality of the compounds exuded by the plant roots. Thus, the rhizosphere
microbial communities also differ with the plant species and there is a wide variety of

microorganism can be found in the soil. Among of the microorganisms, bacteria are the
abundantly microbes found in the sail.




2.1.1 Rhizobacteria

Rhizobacteria which also known as plant growth promoting rhizobacteria (PGPR) are a
group of root-colonizing bacteria in the rhizosphere that metabolize various organic
compound from root exudates and exhibit useful effects on plants. PGPR are involved in
the biogeochemical cycle and supply nutrient for crops, plant growth stimulation and
biological control of plant pathogens. During the past several decades, many researchers
have studied various PGPR strains for their capacity to increase the plant growth, yield,
and to control the plant pathogens including plant pathogenic fungal and nematodes
under greenhouse and field conditions (Jayakumar et al,, 2002; Shouan et al., 2010).
However, the effects of PGPRs depend mostly on the genotype of the microorganisms
and plants involved as well as on the environmental conditions (Brimecombe et a/., 2007).

Two group of PGRR were described and the first group is involved in the nutrient
cycling and plant growth stimulation while the second group is involved in the biological
control of plant pathogens (Whipps, 2001; Vessy, 2003). There are many mechanisms
have been proposed for growth promotion by PGRP strains. First, enhancement of plant
growth by PGRP was elucidated by the production of compounds that mimic plant
hormones or other plant stimulants (Ryu et al, 2003). Second, mechanisms that

decrease microbial populations of pathogenic or deleterious microorganisms through
antibiosis.

Among of the soil bacteria, Pseudomonas spp. and Bacillus spp. belong to the
largest groups of rhizobacteria and they are able to produce antibiotics or siderophore
that can suppress the growth of pathogens. A report of EI-Nagdi and Youssef (2004) had

showed the rhizobacteria produce antibiotics that directly or indirectly induce resistance
and hence reduce nematodes population in the soil.

2.1.2 Endophytic Bacteria

Endophytic bacteria are those bacteria which reside inside the living tissue without doing
substantive harm or gaining benefit other than securing residency (Azevedo et a/.,2000;
Surette et a/.,2003) It has been found that, the endophytic bacteria enhances the plant

growth and reduces the disease severity caused by variety plant pathogen (Shaukat et
al., 2002).



Same as rhizobacteria, endophytic bacteria also can promote plant growth and
yield involved in the inhibition of phytopathogens. They may play a role in soil fertility
through phosphate solubilization and nitrogen fixation. Besides, they can also be
beneficial to their host by producing a range of natural products that could be harnessed
for potential use in medicine, agriculture or industry (Ryan et a/., 2008). Endophytic

bacteria also have the potential to remove soil contaminants by enhancing
phytoremediation.

The common bacterial species of endophytes reside in the plants are
Pseudomonas fluorescens, Bacillus spp., Herbaspirillum spp., Serratia marcescens and
Streptomyces spp. (McLnroy and Kloepper. 1995). The study also proved that in most
plant the population densities of the endophytes are greatest in the plant roots with

densities ranging from 10*to 10° colony forming unit (cfu) per gram fresh weight in
cotton and sweet corn roots.

Moreover, bacterial endophytes which act as bio-control agents can be divided
into two groups which are extensive colonizers and primarily colonizers. Extensive
colonizers of the internal plant tissues suppress the pathogens by niche occupation,
antibiosis, or both while primarily colonizers occupy the root where they elicit plant
defense or resistances mechanisms. Recently, there is increasing interest in developing
the potential biotechnological applications of endophytes for improving phytoremediation

and the sustainable production of nonfood crops for biomass and biofuel production
(Karp and Shield, 2008)

2.1.3 Parasitic Bacteria

Parasitic bacteria are defined as the microbes which obtain foods and nutrients from the
hosts. They are pathogenic which may cause various diseases in plants and animals.
However, it also can be a biological control agent that suppresses the population of
nematodes in the sail. There are several researches were done to study the biological
control of plant-parasitic nematodes and one of the examples of parasitic bacteria that
used is Pasteuria penetrans (Pandey et al. ,2000; Bird et al., 2003).

P.penetransis an obligate nematode parasitic endospore forming bacteria which
widely used to control different genera of plant parasitic nematodes on a various crops.
It produces non motile endospores which attach with the cuticle of moving nematode in

soil (Davies, 2005). However, the efficacy and implementation of 2. penetrans was
6



affected by environmental factors such as soil types, texture, soil moisture, and
temperature.

2.2 Antagonistic Microorganisms

2.2.1 Gram negative bacteria

Some important groups of PGPR among Gram negative bacteria are belongs to genera
Pseudomonas and Burkholderia (Brahim, 2013).

a) Pseudomonas

Pseudomonas is a Gram negative, aerobic and rods shaped bacteria. They are found
abundant in the rhizosphere and their ability to suppress the fungal and bacterial
pathogens in a wide range of crops have been demonstrate. It is the most important
group of PGRP among Gram negative bacteria. The PGPR effect of Pseudomonas was
largely reported reviewed and it has been recognized as a major PGPR for many crop

such as potato (Solanum tuberosum L.), radish (Raphanus sativus L.), sugar beet (Beta
vulgaris L) and lettuce (Lactuca sativa) (Lemanceau, 1992).

within the genus Pseudomonas, Pseudomonas fluorescens are ubiquitous
_bacteria that are most studied group (Weller, 1988). Strains of A. fluorescens used in
biocontrol have contributed greatly in disease suppression. They are able to compete
aggressively for sites in the rhizosphere and prevent proliferation of phytopathogens
production of antibiotics and sidespores, or inducing systemic resistance; by stimulating
plant growth by facilitating either uptake of nutrients from soil; or by producing certain
plant growth promoting substances (De Weger et a/, 1986; Haas and Defago, 2005;
Spaepen et al., 2007). According to Rezzonica et a/. (2007), biocontrol strains from A.

fluorescens or related species may vary from one another in terms of their mode of
action, as well as their efficacy at protecting plants.

b) Burkholderia

The genus Burkholderia contains over 30 species, which occupy remarkably diverse

ecological niches, ranging from contaminated soils to the respiratory tract of humans

(Tom and Peter, 2003). Burkholderia cepacia as a plant pathogen was first reported by
7



Burkholder in 1950 isolated from putrefactive onions (Allan et a/., 2003). This bacterial

was later found to be a ubiquitous soil bacterial species and has emerged as an important
biocontrol agent of plant pathogens.

B. cepacia is a bacterial complex with 10 genomic species which have similar
phenotypical traits and different genetics ones and are called genomovars (Cardona et
al., 2005; Chiarini et al,, 2006). Strains of B. cepacia have been used in biological control
of plant diseases and bioremediation in many cases, while some strains are plant

pathogens or opportunistic pathogens of humans with cystic fibrosis (Sarangthem et a/.,
2012).

Several B.cepacia species are considered to be beneficial in nature and are
widespread in nature particularly in plant environment. Different strains of B cepacia
were showed to be effective against Pythium damping off and Aphanomyces root rot
disease of peas (Parke et a/,, 1991). In addition, Santos et a/. (2012) reported B. cepacia
as a promising biological control agent against the causal agent of anthracnose
(Colletotrichum gloeosporioides), through the production of hydroxamate siderophore.
Zaiton et al. (2008) established B.cepacia strain UPM B3, isolated from symptomless
palms and its potential as a biocontrol agent against Ganoderma boninense.

2.2.2 Gram positive bacteria

Some important group of PGPR among Gram negative bacteria are Baci//us, Paenibacillus,
Actinomycetes, and Serratia (Brahim, 2013).

a) Bacillus

In the opposite to Pseudomonas and other nonspore-forming bacteria, Bacillus spp. are
able to produce spores which are extremely resistant dormancy forms capable to
withstand high temperature, unfavorable pH, and lack of nutrient or water. They are
present in an extremely large palette of environment ranging from sea water to soil, and
are even found in extreme environment like hot springs (Hoch et al., 1993).

Mechanisms involved in Bacillus eliciting plant growth promotion include auxin
production, increased uptake available of phosphorus, biocontrol abilities, and induction
of systemic resistance (Asaka and Shoda, 1996; Zehder et al,, 2000). Bacillus strains
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could repress soil- borne pathogens and induce plant resistance to disease following root
colonization. It has been found that, Baciflusis the first successful biocontrol agent used
against insects and pathogens (Powell and Jutsum, 1993).

Commercial strains of Bacillus subtilis have been marked as biocontrol agents for
managing fungal diseases of crops (Emmert and Handelsmen, 1999). It is a beneficial
bacterium which can promote plant growth by secreting cytokinins and auxins and
protect crops against fungal pathogen attack. Despite its spore forming ability, B. subtilis
also possess several characteristics that enhance its survival in the rhizosphere and thus
its effectiveness as a biopesticide (Rosas-Garcia, 2009).

Members of Bacillus were reported as producers of antibiotics inhibiting various
fungal pathogens including Fusarium oxysporum and Rhizoctonia solani (Asaka and
Shoda, 1996). For instance, it produces a variety of antibacterial agents, including a

broad spectrum of lipopetides such as surfactin that are potent biosurfactans (Peypoux
et al., 1999).

b) Paenibacillus

The genus Paenibacillus, earlier included under the genus Baciflus are facultatively
aerobic, endospore-forming, and Gram positive bacilli. Different species of Paenibacillus

can induce plant growth by fixing atmospheric nitrogen and producing auxins and
cytokinin (Lebuhn et a/., 1997; Timmusk et a/., 1999).

Several strains of Paenibacillus polymyxa have been reported to effectively
suppress the development of plant diseases such as seedling blight, wilt and root rot
diseases of cucumber and watermelon caused by F. oyysporum and Pythium spp. (Yang
et al., 2004). Beneficial effects were also reported in lodgepole pine (Pinus contorta) and
spruce (Picea sp.) after inoculation of £. polymyxa (Shishido et af., 1995).

It has been reported P. polymyxa produces peptide antibiotics more commonly
and polymyxin is the main type of peptide antibiotics produced by some strains of A.
polymyxa while other strains secreted different peptides including polypeptins (Ryu et
al., 2006). Polymyxin alters cytoplasmic membrane permeability by binding to a
negatively charged site in the lipopolysaccharide layer and have bactericidal effect on
Gram negative bacteria, especially Pseudomonas (Wiese et al., 1998).



In addition of antibiotics, P. polymyxa are also able to produce hydrolytic enzyme
that play an important role in the biocontrol of plant disease. The finding of Weid et al.
(2005) stated that, strains of Paenibacillus brasilensis produced antifungal compounds

which inhibited the mycelial growth of Rhizoctonia solani and Verticilium dahlia that
capable of infecting a wide range of crops.

¢) Actinomycetes

Actinomycetes are generally saprophytic soil bacteria, spending majority of their life
cycles as spores. They are for the most aerobic bacteria but some of them can also grow
in anaerobic environment. Actinomycetes are the origin of numerous antibacterial and
antifungal based compounds. They represent a high proportion of the soil microbial
biomass and able to produce a wide range of antibiotics and extracellular enzymes.

The genus Streptomyces was proposed by Waksman and Henrici for aerobic and
spore forming actinomycetes (Williams et a/,, 1989). Streptomyces are Gram- positive
bacteria with a filamentous form similar to fungi. Merriman et a/. (1974) reported the
use of the Streptomyces griseusisolate with biocontrol abilities toward R. so/aniin carrot.
In another study, one Streptomyces isolate genetically close to Streptomyces
kasugaensis able to inhibit the growth of Fusarium and Armillaria pine rot (de
Vasconcellos and Cardoso 2009). Recently, some reports demonstrated that plant

promotion relies on the ability of actinomycetes to solubilize phosphate or to produce
phytohormones (El-Tarabity et a/., 2008; Hamdali et a/, 2008).

In fact, rhizosphere competence of the biocontrol agents is a critical requisites
for effective suppression of soilborne pathogen. Steptomyces griseoviridos has been
reported as a good rhizosphere colonizer and it was found to be an efficient antagonist
of fungal pathogens, causing diseases such as Fusarium wilt disease of carnation,

damping off disease of brassica and root rot disease of cucumber (Tahvonen and
Lahdenpera, 1988).

d) Serratia

The genus Serratia includes Serratia liquefaciens, Serratia marcescens, Serratia
plymuthica, and Serratia rubidaea. The S. plymuthica as endophyte of plants, has been
found in the rhizosphere and demonstrated to be a biocontrol agent that can suppress

the disease caused by many soil borne pathogens. The strains of S plymuthica showed
10
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antifungal activity against Verticilium dahlia, Rhizoctonia solani and Sclerotinia
sclerotiorum in vitro biocassay (Kurze et a/,, 2001)

S. marcescens is rhizobacterial specie that capable of inducing systemic
resistance in plants against fungal and bacterial plant pathogens. It has been found the
strain elicited induced systemic resistance (ISR) in cucumber against Pseudomonas
syringae pv. lachrymans, Colletotrichum orbiculare and Erwinia trachejphila under field
conditions (Press et al, 1997). Another study showed that, culture filtrate of S.
marcescens exhibited chitinase and protease activities significantly suppressed the
development of damping off disease in cucumber (Robert et a/., 2007).

Moreover, the strains of Serratia as biocontrol agents parasitic on fungal
pathogens excrete extraceliular cell wall-degrading enzymes such as chitinases,
glucanases, and proteases that target pathogen cell wall, resulted in lysis of the
pathogen cells. The effectiveness of S. marcescens as a biocontrol agent against
Phytophthora parasitica causing gummosis disease was reported by de Queiroz and de

Melo (2006). The S. marcescens lysed the oospores of P. parasitica and the application
had reduced the citrus seedling infection by 50%.

2.2.3 Fungi
For fungi, the most important PGPR is Trichoderma.

a) Trichoderma

Several researched had proven that, Trichoderma spp. are natural boon to farmers and
this microbial antagonists commonly isolated from the place of decaying organic matter,

arable soil, orchards and plantation fields (Harman and Kubicek, 1998; Pandey et 4/,
2000).

In fact, Trichoderma is a fast growing fungus, secondary opportunistic invader,
strong spore producer and antibiotic producer and a source of cell wall degrading
enzymes. It is a fungus that can be found in all climatic zones. It enhances the plant
growth, increases the nutrient uptake and induces resistance against plant pathogens.
Moreover, Trichoderma spp. also increases the production of PR proteins which helps to

accumulate more phytoalexin and hence, directly induced the resistance against plant
pathogens.
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