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INTRODUCTION 

 

Plants are organisms that are permanently exposed because of their sessile nature 

to harsh conditions including attack from pathogenic organisms such as bacteria, 

fungi, viruses and nematodes. They have overtime, developed multiple layers of 
defence mechanisms that recognize potentially dangerous pathogens (Freeman 

and Beattie, 2008). Plants are able to activate and use array of defences to ward 

off and be protected from attacks (Shittu et al., 2017) and damages caused by 
pathogens (Okungbowa and Shittu, 2012). Pathogens in turn may respond by 

suppressing or escaping plant defence responses or by rendering these responces 

ineffective (Shittu and Obiazikwor, 2018).  

Plant defence mechanisms consist of a variety of preformed barriers: like cell 

walls, bark and cuticles (Laura et al., 2015). The barriers, give rigidity and 

strength to the plant in addition to protecting the plant from pathogen invasion. 
Apart from having barriers, plants also have the ability for defence against 

invading pathogens by responding with inducible defences which include the 

production of enzymes that degrade pathogens, toxic substances, and promote 
cell death (Sauban et al., 2016). Plants usually wait until they detect attacking 

pathogens before producing proteins or toxic substances involved in resistance 

because the cost of energy and nutritional requirements associated with their 
production and maintenance is high (Freeman and Beattie, 2008). The ability of 

plants to exclude attack from pathogenic or disease causing organisms by 

eliciting defence responses is termed plant disease resistance. 

 

PLANT DISEASE RESISTANCE 
 
The ability of a plant variety to limit the growth and development of a specific 

pathogen or the damage it may cause when compared to a susceptible variety, 

under common environmental conditions and pathogen pressure is known as 

plant disease resistance (Dixon et al., 1994). The three types of resistance that 

occur in plants are non-host resistance, polygenic (quantitative or horizontal) 
resistance, and race-specific (monogenic, R gene, or vertical) resistance (Agrios, 

2005). Depending on the type of resistance, the reaction of the plant to pathogen 

attack varies (Figure 1).  
The type of resistance a plant exhibits when it is attacked by a pathogenic 

organism which is otherwise not the host of that pathogen is known as non-host 

resistance (Heath, 2001). For instance, the potato late blight pathogen does not 

infect apple or wheat plants and the apple pathogen, V. inaequalis, does not 
attack potato (Sauban et al., 2016). Also, the fungus, Blumeria (Erysiphe) 

graminis f. sp. Tritici, the causal agent of powdery mildew disease on wheat does 

not infect barley and the fungus, B. graminis  f. sp hordei which produces same 
disease on barley does not infect wheat (Singh, 2005).  

Resistance that is dependent on many genes for the formation of different pre-

existing or induced chemical substances or defence structures is said to be 
quantitative or polygenic. The genes of the pathogen become activated and 

release pathogenic enzymes, toxins, etc., against the host plant (Dangl and 

Jones, 2001). Most plants show resistance to such pathogen attack by possessing 

the ability to completely or partially defend such invasion using a combination of 

pre-existing or induced toxic substances or defence structures. Defence by 

several plants against pathogens e.g., the semibiotrophic oomycyte, Pythium, the 
fungus, Botrytis and most bacteria and nematodes, depend on polygenic 

resistance (Agrios, 2005). 

Race-specific resistance involves the presence of a pair of complementary 
resistant and avirulent genes for disease in the host plant and pathogen 

respectively (Luderer and Joosten 2001). The host plant carries a resistant (R) 

gene while the pathogen carries a matching avirulence (Avr) gene (Dangl and 

Jones, 2001). The avirulence protein activates the R protein of the host plant, 

resulting in a sequence of defence reactions that annihilates the pathogen carrying 

the avirulence gene (Luderer and Joosten 2001). Race-specific resistance 
occurs in many host plants against various biotrophic oomycetes, fungi (e.g., 

Cladosporium), nematodes, viruses and many bacteria (Agrios, 2005).  

 

Plants are affected by a number of severe conditions including damages caused by phytopathogens, which ultimately reduce 

productivity. Overtime, plants have evolved different mechanisms for defence against and resistance to invading pathogens, such as 

bacteria, viruses and fungi in different pathosystems. Defence mechanisms in plants could either be innate or artificial. Innate defence is 

said to occur when plants are naturally able to limit the development of a specific pathogen or the damage it may cause based on 

properties inherent in the plant without human intervention. This defence strategy could be divided into pre-existing and induced 

defence mechanisms. The pre-existing defence strategy comprises defence gardgets endogenously present in the plant even before 

pathogen colonization. It include the use of superficial structures (such as thick walled tissues, waxes and cuticle), biochemical 

substances (such as inhibitors released by plant into its environment) and defence through lack of essential factors (such as lack of host 

receptors and sensitive sites for toxins). The induced defence mechanism only becomes active in response to pathogen attack. It consists 

of defence through the formation of structures (such as cytoplasmic and cellular defence structures) and through biochemical reactions 

or the production of certain substances (such as pathogenesis related proteins and phenolics). Proper understanding of plant defence 

mechanisms against pathogens is important in developing new and improved disease resistant varieties. 
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Figure 1 Types of reactions in plants to attack by a range of pathogens in 
relation to the kind of resistance of the plant (Agrios, 2005) 

 

PLANT DEFENCE MECHANISMS AGAINST PHYTOPATHOGENS 
 

Plants employ a combination of mechanisms for defence against pathogens in 

different host pathogen-systems. These defence mechanisms may be grouped into 
innate and artificial defence mechanisms. The innate defence mechanism refers 

to the machineries which plants are naturally able to elicit against invading 

pathogens owing to their inherent characteristics, while the defence mechanism 
which plants use in response to pathogen attack after being  manipulated or 

assisted by man is referred to as artificial defence mechanism (Agrios, 2005). 
This review therefore focuses on the innate defence mechanisms.  

 

INNATE DEFENCE MECHANISM 

 

There are two categories of innate defence mechanism, which may act during any 

stage of infection in plants and can occur simultaneously if the conditions are 

favourable, namely: the pre-existing and induced defence mechanisms.  

 

PRE-EXISTING DEFENCE MECHANISMS 

 

This is the defence mechanism which forms the inherent basal first-line defence 

present within the plant even before pathogen colonization. It is grouped into the 
pre-existing structural defence mechanism, the pre-existing biochemical defence 

mechanism and defence through lack of essential factors. 

 
a. Pre-existing structural defence mechanisms: This defence 

mechanism is made up of superficial structures often found on the plant surface, 

which generally present physical barriers to pathogen entry (Laluk and 

Mengiste, 2010). Pre-existing defence structures include: 

 

i. Waxes and cuticles: Mixtures of long chain aliphatic 
compounds that form a water-repellent surface on the aerial parts of 

plants and prevent the formation of a film of water on plant surface 

essential for spore germination is known as waxes (Marcell and 

Beattie 2002). Pathogens such as fungi or bacteria are usually not 

deposited and thus will fail to germinate (fungi) or multiply (bacteria) 

when water film is absent (Horsfall, and Cowling, 1980). A chunky 
cuticle may enhance resistance to infection by effectively preventing 

pathogens which directly penetrate hosts but is not always correlated 

with resistance (Marcell and Beattie 2002). 
ii. Epidermal cell walls: These are the first layer of living 

host cells; both specialized and unspecialized that come in contact 

with invading pathogens and form the first line of defence (Doughari, 

2015). The epidermis comprises the outermost protective tissues of 

floral parts, fruits, seeds, stems, leaves and roots of plants until they 

undergo significant secondary growth. In woody plants, the periderm 
or outer bark replaces the epidermis on stems and roots and is often 

thicker due to the presence of high amounts of water resistant suberin. 

The presence of polymers like cellulose, hemicelluloses, lignin, 
polymerized organic compounds, etc., give hardness to the epidermis 

(Vance et al., 1980).  Fungal pathogens find it difficult or impossible 

to directly penetrate the outer thicker and tougher walls of epidermal 

cells. However, if wounding occurs, inner tissues may be easily 

invaded. The walls though having same thickness may show variation 

in resistance to penetration by pathogen due to difference in toughness 
because of the presence or absence of lignin and silicic acid. For 

example, the lignified outermost wall of the epidermal cells of rice 

plants are seldom penetrated by Magnaporthe grisea, the causal agent 
of rice blast disease unlike the unlignified motor cell walls which are 

rather proteinaceous (Singh, 2005). 

iii. Stomata and lenticels: Natural openings like stomata and 
lenticels allow the entry of many pathogenic bacteria and fungi into 

plants, although the structure of these openings may prevent the entry 

of pathogens in some cases (Cao et al., 2001). The resistance of the 
Szinkum variety of citrus to citrus canker bacterium is due to samll 

stomata and their very narrow openings surrounded by raised, broad-

lipped structures, which prevent the entry of water drops containing 
bacteria (Singh, 2005).  The size and internal structure of lenticels 

possibly will also play a role for defence in plants against pathogens. 
Apple varieties possessing large-size lenticels on fruits easily allow 

the entry of Pseudomonas papulosum which causes leaf spot disease 

of apple but the varieties with small lenticels prevent the entry of the 
pathogen (Singh 2005).  

iv. Thick-walled tissues: The cell walls of certain tissues 

inside the plant may become thickened due to environmental 
conditions. Such walls hinder the advance of pathogens. The vascular 

bundle or extended areas of sclerenchyma cells may prevent the 

further entry of pathogens in the stems of many cereal crops (Dixon et 

al., 1994).  

 

b. Pre-existing biochemical defence mechanisms: This is the defence 
mechanism which involves different biochemical reactions in the plant cells or 

tissues even before pathogen invasion. These chemicals are capable of inhibiting 

or reducing infection by interfering with the activities of pathogens and 
pathogenesis (Doughari, 2015). These chemicals include: 

 

i. Inhibitors exuded by the plant in its surroundings: 
Generally, plants give off organic substances via aerial surfaces and 

roots which accumulate in minute drops or diffuse into their 

environment. Some of these exudates are directly inhibitory to several 
pathogenic microorganisms or may promote certain microbial groups 

to take over the environment and act as antagonist to other pathogenic 

microorganisms (Dangl and Jones, 2016). For example, the red-scale 
varieties of onions which are resistant to onion smudge disease caused 

by Colletotrichum circinans, produce the fungitoxic exudates, 

protocathechuic acid and catechol, which inhibit the germination of 

the fungus and rupture the developing sperm tubes (Singh, 2005).  

ii. Inhibitors present in the plant cell prior to infection: 

Inherent toxic substances in plants form the starting point of resistance 
in many host-parasite relationships (Leong et al., 2002). While these 

substances are present in large quantities in resistant varieties, they 

may be reduced or completely absent in susceptible ones. Several 
fatty acid compounds such as dienes and phenolics which pre-exist in 

high concentrations in cells are responsible for the resistance of young 

tissues to parasitic fungal genera such as Botrytis (Doughari, 2015). 
Many of these compounds are effective inhibitors of hydrolytic 

enzymes. Several other types of pre-existing compounds such as 

saponin, avenacin in oats and tomatine in tomato have antifungal 
membranolytic activity (Hammond-Kosack and Jones, 1997).  

iii. Plant proteins: Plants contain proteins e.g. lecitins, 

defensins, proteinases and amylases, which exhibit specific inhibitory 
effects on pathogenic enzymes by forming complexes that interfere 

with active sites or change enzyme conformations. This reduces the 

function of enzymes (Odjakova and Hadjiivanova, 2001). These 

proteins are usually small and very rich in the amino acid cysteine. 

Unlike in the production of simple chemicals including phenolics, 

terpenoids and alkaloids (Facchini and St-Pierre, 2005), plants 
require a lot of energy to produce proteins and as a result, many 

proteins involved in plant defence are made in significant quantities 

only after pathogen attack. Once these proteins involved in defence 
are activated, they effectively inhibit bacteria, nematodes and fungi 

(Odjakova and Hadjiivanova, 2001). Several proteins involved in 
plant defence such as chitinases and ß- glucanases, also play crucial 

roles in the plant’s development. these are induced in response to 

attack by herbivores, mechanical wounding, abiotic stresses, or during 
senescence (Castroverde et al., 2010). It is often difficult to ascertain 

a specific role of such proteins involved in defence or resistance due 

to their multitasking functions. This is because many of the genes for 
which these proteins are encoded, belong to large gene families (Van 

Loon, 2006; Van Ooijin et al., 2007).  

c. Defence through lack of important factors: Plants may 
lack some certain factors  without which the pathogens are unable to 

successfully cause infection. Plant defence   through lack of essential 

factors include the following:  
i. Lack of recognition between host and pathogen: Plant 

host may lack certain specific molecules or structures that must be 

recognized by pathogens before they successfully infect the plant. 



J Microbiol Biotech Food Sci / Shittu et al. 2019 : 9 (2) 314-319 

 

 

  
316 

 

  

There is a notion that various types of oligosaccharides, 
polysaccharides and proteins are involved in this defence mechanism 

but the actual factor is still unknown (Hutcheson, 1998). 

ii. Absence of host receptors and sensitive sites for toxins: 
Most plant pathogenic fungi usually produce host-specific toxins. 

These specific toxins require specific receptors on the host to be 

active.  When a host lacks receptors and sensitive sites for toxins, no 
symptoms will be produced in the host after penetration by a toxin 

producing fungi (Hammond-Kosack and Jones, 1997). 

iii. Lack of crucial substances for the pathogen: Most 
biotrophs and some facultative saprophytes, especially among fungi, 

are host specific and grow only on their single specific variety of host 
(Sauban et al., 2016). This is believed to occur because such 

pathogens require certain substances which are only available in 

sufficient quantities in the host they infect. The absence of such 
substances in a host makes it a resistant variety to the pathogen. Only 

one example of this nature is well known. The seedling varieties 

susceptible to Rhizoctonia fungus contain a substance which initiates 
the formation of hyphal-cushion from which the fungus directs its 

penetration hyphae into the plant host but the resistant seedling 

varieties lack this essential substance and thus infection does not 

occur (Singh, 2005). A particular pathogen race may sometimes lose 

its ability to synthesize a certain substance due to mutation thus 

making the pathogen race non-pathogenic. 
 

INDUCED DEFENCE MECHANISMS  
 
This type of defence mechanism only becomes active after colonization by 

pathogens, and consist of two categories namely: the induced structural defence 

and the induced biochemical defence mechanisms.  
 

a. Induced structural defence mechanisms 

This mechanism involves the formation of structures which the plants are able to 
use to limit the spread of pathogens and the damages caused after colonization. 

The structures formed in this type of defence mechanisms may be cytoplasmic, 

cellular or histological. A necrotic structural defence reaction may also occur. 
 

i. Cytoplasmic defence structures: The success of the 

entrance of a pathogen’s hyphae into the cell of a particular host 

through the penetration of the cell wall, results in the reorganization of 

the cell’s cytoplasm in a manner that the cytoplasm becomes dense 

and granular with the development of certain organelle-like structures 
(Horsfall and Cowling, 1980). The penetrating hyphae thus 

disintegrate into smaller granular bodies and stop the further 

development of the hyphae. Cytoplasmic defence structures appear to 
be the last line of structural defence (Sauban et al., 2016). They are 

only effective against pathogenic fungi with slow growth that bring 

about chronic diseases or some form of symbiotic relationships such 
as mycorrhizae and root nodules of legumes (Singh, 2005). 

ii. Cellular defence structures: The development of cellular 

defence structures including cell wall swelling and sheathing of 
advancing pathogen hyphae is a result of changes in the morphology 

and chemistry of the infected host cell wall.  

inflammation of the cell wall:  The outer wall of plants epidermal 
cells swells when they come in contact with penetrating hyphae. 

These swellings act by further inhibiting host penetration. Such a 

defence structure has been observed when pea leaves are attacked by 

Botrytis cinerea (Sauban et al., 2016).  Sometimes, the swellings of 

the cell wall may be accompanied with deposits such as suberin and 

lignin thus becoming more resistant to penetration (Quiroga et al., 

2000). An example is the  resistance of cucumber varieties to 

Cladosporium cucumerinum (Singh, 2005). 

Sheathing of hyphae: It has been reported that the penetrating hyphae 
of pathogen, particularly fungi, often get enveloped in a sheath as a 

result of the inward stretching of the cell wall (Quiroga et al., 2000). 
The enveloped hyphae manage to penetrate the sheath and invade the 

cell cytoplasm. The sheathing serves to primarily delay the 

penetration, thus imparting partial check on the spread of the pathogen 
(Freeman and Beattie, 2008). 

iii. Callose deposition: The deposition of callose, a β-1,3-

glucan, in a number of specialized wall or wall-associated structures. 
This happens during normal plant development and also in reaction to 

wounding or attack by pathogen (Vance et al., 1980). 

iv. Histological defence structures: Tissue differentiation or 
deposition of chemical substances in tissues around the pathogens 

result in the formation of certain defence structures called histological 

defence structures. Defence through formation of histological 
structures include: abscission layer formation, cork layer formation, 

tyloses formation and gum deposition. 

Abscission layer formation: Abscission layer develops to separate 
ripe fruits and old leaves from plants. An abscission layer is devoid of 

cells but consist of gaps between diseased and healthy tissues 

(Odjakova and Hadjiivanova, 2001).  The gap is created by the 
dissolution of the middle lamella of one or two layers of cells 

surrounding the infected locus. The unsupported infected locus 

gradually shrivels, dies and falls off along with the pathogen as a 
result of the gap formation. 

Cork layer formation: Pathogen attack in many hosts induces the 

formation of cork layers (Figure 2) below the point of infection which 
happens when certain chemicals secreted by the pathogen stimulate 

the host cells (Hutcheson, 1998). Further spread of pathogen beyond 
infected points is prevented by the cork layers. It also prevents the 

further spread of toxic substances produced by pathogens into the 

underlying tissues. 
Tyloses formation: Outgrowths of the protoplast of adjacent 

parenchymatous cell extended into xylem vessels are known as 

tyloses (Sauban et al., 2016). The formation of tyloses obstructs the 
flow of water by blocking xylem vessels leading to plants developing 

wilt symptoms. In many plants however, the formation of tyloses is in 

response to attack by pathogens and brings about prevention from 

infection. For example, the fungus Fusarium oxyspora f.sp. batatas 

causes wilt disease in sweet potato but a resistant variety of sweet 

potato which quickly develops abundant tyloses ahead of the pathogen 
prevents its spread as the tyloses completely block the xylem vessels 

(Okungbowa and Shittu, 2011; Odjakova and Hadjiivanova, 

2001) .  
Gum deposition: Many plants deposit gums along the border of 

infected tissue in response to pathogen attack. Deposited gum protects 

and demarcates infected from uninfected tissues as well as prevents 
the further spread of pathogen. Gum deposition has been found 

around lesions in leaves of rice varieties resistant to leaf spot  and 

blast diseases of rice caused by Helminthosporium sp. and 
Magnaporthe grisea (pyricularia)  respectively (Singh, 2005). 

v. Necrotic structural defence reaction: This type of 

reaction occurs commonly when biotrophic fungal parasites, 
nematodes and viruses cause diseases in plants. Affected host cells 

and sometimes surrounding cells die quickly. The mechanism of the 

defence appears to be biochemical in nature but its consideration as a 

structural mode of defence is based on the fact that the necrotic tissue 

is ultimately responsible to check further spread of the pathogen 

(Freeman and Beattie, 2008). For instance, in wart disease of potato 
caused by Synchytriurn endobioticum, the nucleus of the host moves 

close to the pathogen when the pathogen is in contact with the 

protoplasm of the host cell. It soon disintegrates to form brown 
granules. These firstly, accumulate around the pathogen and then 

spread all over the  cytoplasm of the cell. At the same time, the cell 

membrane becomes swollen, finally leading to the death of the cell.  
These events also affect the pathogen. As the nucleus disintegrates, 

the pathogen also disintegrates. This checks the spread of necrotic 

cells as the pathogen fails to grow out of such dead cells (Leong et al., 

2002). 

 

 
Figure 2: Cork layer formation in leaf tissue. (CL) cork layer (H) healthy areas 

(I) infected areas (P) phellogen (Agrios, 2005).  
 

b. Induced biochemical defence mechanisms 

This kind of defence mechanism involves the production of chemical substances 
in response to pathogen attack. These substances may either have toxic effect on 

pathogens or may counteract the effect of pathogen toxins. The induced 

biochemical defence mechanisms include the following:  

i. Plant’s detoxification of pathogen toxins: In resistant 

varieties of plants that become diseased as a result of toxins produced 

by the pathogens, released toxins are detoxified by metabolic 
processes of the host. For example, Magnaporthe grisea releases the 

toxins, pyricularin and picolinic acid, inside the host while causing 
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rice blast disease (Singh, 2005). The resistant varieties unlike the 
susceptible ones, are able to convert about 40-60% of picolinic acid 

into its methylester and N-methylpicolinic acid, and pyriculain into 

other compounds which are not toxic to the host plants (Singh, 2005). 
ii. Production of pathogenesis-related (PR) proteins: The 

proteins produced by plants in response to infection by pathogens are 

known as PR proteins (Shittu et al., 2009; Robb et al., 2009). they 
are associated with the development of systemic acquired resistance 

(SAR). Van Loon and Van Strien (1999), classified PR-proteins into 

14 families. Most PR proteins have a destructive action on the parasite 
stuctures (Odjakova and Hadjiivanova, 2001). The PR-proteins with 

chitinase or β-1,3-glucanase activity for instance, can inhibit fungal 
pathogens by attacking the chitin and glucans which constitutes 

majority of the fungal cell walls. Apart from PR proteins, 

accumulation of small peptides with antimicrobial activity , such as 
thionins, defensins and lipid transfer proteins in infected plants (Rivas 

and Thomas, 2005) also form components of the induced defence 

system (Bergey et al., 1996; Broekaert et al., 1997; Fritig et al., 

1998).  

The antifungal properties of the very widely studied PR-1 proteins 

have been reported (Nidermann et al., 1995), and yet, the main 

function of these family of proteins remains unknown. As shown by 

Pieterse et al. (1996) in Arabidopsis and Hoffland et al. (1995) in 

radish infected with rhizobacteria and in tomato plants infected with 
Phytophthora capsici (Hong and Hwang, 2002), most PR-1 proteins 

may perform accessory roles but are not absolutely essential in 

resistance. The PR-2 proteins which comprise class I, II and III -
glucanases were first isolated from tobacco (van Loon and van 

Kammen, 1970), although, they have also long been reports on their 

discovery in several other plants. Many PR-2 proteins known to 
possess antifungal properties have been isolated from tomato 

(Domingo et al., 1994; Real et al., 2004). The genes that code for 

these proteins have also been shown to be activated in a coordinated 
manner during plant defence (Real et al., 2004). Some of the PR-2 

proteins, as with many proteins implicated in plant defence, have also 

been shown to perform significant roles in plant development (Lotan 

et al., 1989). These  comprise class I, II, IV, V, VI, and VII 

endochitinases PR proteins. The expression of chitinases appears to be 

regulated temporally and spatially (Yeboah et al., 1998; Baty et al., 

2000). The PR-4 proteins are antifungal win-like proteins that possess 

endochitinase activity (Linthorst et al., 1991).  

The PR-5, PR-13 and PR-14 are membrane interacting PR protiens 
(Castroverde et al., 2010). PR-5 proteins are antifungal, thaumatin-

like proteins, including osmotin and they have been reported in 

tomato (Pressey, 1997; Jia et al., 1999, Robb et al., 2009). 
According to Vigers et al., 1991,  increase in the levels of thaumatin 

proteins seem to produce antimicrobial effects that inhibit hyphal 

growth and sporulation. The PR-12 proteins belong to a group of 
protein called defensins. Examples of PR-12 proteins are the snakin 

antimicrobial peptides (Segura et al., 1999; Sels et al., 2008). 

Physiological functions proposed to be performed by these proteins 
include the disruption of microbial membranes and they also play role 

as ligands during signal transduction (Thomma et al., 2003; 

Thevissen et al., 2004). The PR-13 proteins are a group known as 
thionins (Castroverde et al., 2010). Thionins are toxic to a vast range 

of fungi and bacteria. They target the plasma membrane of these 

organisms although their exact mode of action is not certain (Stec, 

2006). The PR-14 proteins comprise non-specific lipid transfer 

proteins which are encoded by a large multi gene family. They differ 

in their amino acid sequence, expression and anticipated functions 
(Blein et al., 2002). 

iii. Production of phenolics: Plants cells or tissues mainly 

synthesize phenolics, in response to infection or injury. Phenolics are 
compounds which contain one or more benzene rings and hydroxyl 

groups respectively (Bergey et al., 1996). Phenolic compounds are 
synthesized in plants through the shikimic acid pathway or the acetic 

acid pathway (Gorlach et al., 1995).  In barley, branch points down 

stream of the shikimic acid pathway that result in the biosynthesis of 
aromatic amino acids, have been shown to be mediated by chorismate 

synthase, alongside chromate mutase and anthranilate synthase (Hu et 

al., 2009). The up regulation of the genes that encode the aromatic 
amino acids perform a role in preventing the penetration by Blumeria 

graminis f. sp. Hordei, the causative agent of powdery mildew (Hu et 

al., 2009). Phenolics are classed into simple phenolics and toxic 
phenolics. 

 Simple phenolic compounds: These are common phenolic 

compounds which pre-exist in healthy plants but their synthesis is 
accelerated when pathogens infect a healthy plant. Their concentration 

in the plant before a pathogen attacks is not enough to prevent 

infection but when a pathogen infects the plant, the plant rapidly 

accumulates these compounds adjacent to infection site or accelerate 
the flow of pre-existing amount from healthy tissues towards infected 

ones (Fritig et al., 1998). Simple phenolic compounds include 

chlorogenic acid, caffeic acid, scopoletin, isocumarin etc. 
(Hutcheson, 1998). 

 Toxic phenolic compounds: Unlike simple phenolics 
which pre-exist in certain amounts in healthy plants, some toxic 

phenolic compounds, mainly phytoalexins, are only produced in 

response to pathogen attack (Hammerschmidt, 1999). Phytoalexins 
are isoflavonoids with antifungal and antibacterial properties 

(Nicholson and Wood, 2001). These toxic substances interrupt the 

metabolism or cellular structure of pathogens but frequently possess 
specific pathogen toxicity (Hammerschmidt, 1999). Examples 

include medicarpin, camalexin produced by alfalfa (Medicago sativa), 

Arabidopsis thaliana respectively, and rishitin produced by both 
tomatoes and potatoes (Freeman and Beattie, 2008). 

iv. Hypersensitive response (HR): This is a kind of localized 

cell defence induced in the host plant at the spot of pathogen 
infection. HR, as shown in Figure 3, is a result of a sequence of 

defence responses by the affected and nearby cells and the successive 

release of toxic substance that often kill both the invaded and 

neighbouring cells as well as the pathogen (Agrios, 2005). The HR 

occurs only in host-pathogen interaction that are incompatible. It is 

often triggered when the gene products of a resistant gene (R) in the 
plant cell recognize the presence of specific disease-causing effector 

molecules which are gene products of an avirulent gene, introduced 

by the pathogen into the host. Bacteria, viruses, fungi and nematodes 
are capable of inducing hypersensitive response in plants (Hutcheson, 

1998). Oxidative burst is an important characteristic feature associated 

with the hypersensitive response during resistance (Harvey et al., 

2008). 

v. Production of reactive oxygen species (ROS), 

lipoxygenases and disruption of cell membrane: Changes in cell 

membrane results from pathogen attack or exposure to pathogen 

enzymes and toxins (Dangl and Jones, 2001). Some of these changes 
play active role in the defence against pathogen invasion. The release 

and accumulation of (ROS) and of lipoxygenase enzymes is an 

important membrane associated defence response. The rapid 
generation of superoxide, hydrogen peroxide and hydroxyl radical, 

which are harmful to invading pathogens, is one of the earliest events 

observed in host cells during host-fungus interactions (Freeman and 

Beattie, 2008). Activated oxygen seems to be implicated in normal or 

HR-induced cell death (Shirasu and Schulze-Lefert, 2000). They 

affect the membranes and cells of the invading pathogen either 
directly or indirectly through the (HR) of the host cell (Agrios, 2005). 

The released radicals may also cause injury to the host plant. 

Hydrogen peroxide, for example, is a free radical which is 
antimicrobial in nature. Its accumulation is harzardous to plant cells. 

The presence of the plant enzyme catalase, usually located in the 

peroxisomes of plant cells, is therefore important to catalyse the 
conversion of hydrogen peroxide to water and oxygen (Alberts et al., 

2002). The lipoxygenases catalyse the hydroperoxidation of 

unsaturated fatty acids to form hydroperoxides which are involved in 
cell wall disruption and HR-induced cell death of host and pathogens 

(Gilchrist, 1998). 

vi. strengthening of host cell walls with reinforcement 

molecules: The cell walls of several plants that come in contact with 

an infecting fungus make or build up defence-related substances that 

reinforce the resistance of the wall to pathogen attack (Dangl and 

Jones, 2001). These defence-related substances include phenolic 

compounds like lignin and suberin, glycoproteins such as extensin that 

have high hydroxyproline, and mineral elements such as calcium and 
silicon (Odjakova and Hadjiivanova, 2001). Some of these 

substances act in response and cross-link with one another thereby 

giving rise to insoluble cell wall structures that detain the invading 
fungus and avert further disease development (Agrios, 2005). 
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Figure 3:  Hypersensitive response (HR) lesion on an Arabidopsis leaf (Freeman 

and Beattie, 2008). 

 

CONCLUSION 

 
Plants do naturally defend and resist pathogen attack, and manage to continue to 

grow and produce yields in appreciable amounts by employing a combination of 

structural features and biochemical reactions which may or may not be present in 
the plants throughout their lifetime. The innate basal line of plant defence which 

is constitutive within the plant may occur at any stage of pathogen invasion but 

may be affected by the plant’s age, the type of organ affected, the nutritional 
status of the host and environmental conditions. Proper understanding of plant 

defence mechanisms against pathogens is important in improving plant 

productivity and developing new and improved diseased resistant varieties. 
Further researches in this area should be geered towards using recent genome 

editing techniques such as CRISPR/Cas9 to engineer crop plants for enhanced 

innate defence mechanisms against invading phytopathogens, thereby ensuring 
food security. 
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