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Huge losses of the crops are caused by the plant diseases globally. The loss can
occur from the time of seed sowing in the field to harvestiflg an.d storage. There are
many important historical evidences of plant disease' epidemics viz. Irish Farru_ne
due to late blight of potato (Ireland, 1845), Bengal famm.e duc_e to brown spot of rice
(India, 1942) and Coffee rust (Sri Lanka, 1967). Suc_h epidemics had left their huge
consequence on the economy of the affected countries.

Concept of Plant Disease

The normal physiological functions of plants are disturbed when the)_r grﬁ affeicte::l
by pathogenic living organisms or by some environmental factors. I.mtlaL yt p atl;l s
react to the disease causing agents, particularly in the site of infection. adiar, e
reaction becomes more widespread and histological ch‘anges tak§ place. Sucl} al:;g;g
are expressed as different types of symptoms of the disease which Cagl lile ¥151-1;-?e dz -d
macroscopically. As a result of the disease, plant growth in reduced, defo
even the plant dies. o .

When a plant is suffering, we call it diseased, i.e. it is at 'dls—Fase . Dﬁsi?zfom a
condition that occurs in consequence of abnormal changes in the form, phy gy
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: : " t. According to American Iy 8 Ocie

%“%MVN%MWMWMWU %o_.mwmww WMMV\ disease is a deviation fromnormal functioning HW\

.. zo:olim:mf_onmsmmm..&:&m:nm
. ; ocesses of sufficient dura X B ; e O
w%h%ﬂ%%ﬂﬂ activities. Encyclopedia Britannica (2002) forwarded a simplifjeq

. u is diseased when it is continuously disturpeq

inition of plant disease as “A plantis eniti A
Mm.mm_mﬁmﬂmsmﬂ agent that results in abnormal vgeoyomﬁﬁ. nnwnmwm. :.:,; disrupts
mwm lants normal structure, growth, function or other mn.:S:mm.. This interference
s&% o:monEonEm:wm essential physiological or biochemical systems elicitg

characteristic pathological conditions or symptoms.

Effect of Pathogen on the Host Plants ) m
i i i f their obtaining food for th

While pathogens infect plants in the course 0 . " them

Emvmsawhmvo: Em kind of pathogen and on the plant organ and tissue they infect),

h the different physiological function(s) of the plant and leaq

athogens interfere wit ; .
: Mu the mgm_oﬁama of different symptoms. Thus, a pathogen that infects and kills the
flowers of a plant interferes with the ability of the plant to produce seed and multiply,

; . f a plant reduces the abilj
A pathogen that infects and kills part or all of the roots ofa p e
of m..m Emm: to absorb water and nutrients and results inits wilting and ame. m:s;m&o
a pathogen that infects and kills parts of the leaves or destroys their chlorophy]|
leads to reduced photosynthesis, growth, and yield of the plant, and so forth.
During the course of pathogenesis, normal activities of ._Em w.,_mmnﬁmm host plant
undergo malfunction. Consequently, morphological and physiological changes occur,

which are enlisted below:
A. Morphological or Structural Changes
Physiological malfunctioning of the host cells causes disturbances in chemical

reaction which ultimately lead to some structural changes viz., overgrowth, phyllody,
sterile flowers, hairy roots, witches broom, bunchy top, crown gall, root knot, leaf

curling, rolling, puckering etc.

B. Physiological Changes
L Disintegration of the tissues by the enzymes of the pathogen.

1. Negative effect on the growth of the host plant due to growth regulators
produced by the pathogen or by the host under the influence of the pathogen.

M. Effect on uptake and translocation of water and nutrients.

IV. Abnormality in respiration of the host tissues due to disturbed permeability
of cell membrane and enzyme system associated with respiration.

V. Impairing the phenomenon of photosynthesis due to loss of chlorophyll
and destruction of leaf tissue.

VL. Effect on the process of transcription and translation.
VIL. Weakening of overall reproduction system of the host.
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Effect of Pathogens on Photosynthesis of Host Plants
Plants and pathogens have developed dynamic interactions. Whereas plants
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Plant pathogens like viruses, fungj
with the source-sink balance @msm_&:a S
al., 2007), and in the case of a mcnnmmmm:%::msm_.ﬁoo@.wa
reprogram a plants’ metabolism to thej, o§ﬁ§ﬁ5? Pathg
This comprises the suppression of plant def aM:a:
nrowommmmazmﬁmm.ﬁo supply the pathogen sxrmmﬂm
In mnnnambnm s:.nr H.Em\. the infected Jeaf is mmmE_.M d tal,, 2008)
transition or :.wa::m its sink character, For exam _mm. Mo :.s%qmo a source mo mm:_n.
Ustilago maydis prevents establishmen; of C4 %:oms 35:.2 Maize leaves with
induced leaf galls exhibited carbon dioxide Tesponse Qﬁ“ws;mmm because (], maydis
and m:Nv:swmn w.nmSmmm that are characteristic of a M\ no%oav.mmm:c:vcg
2008). An indication for this is provided bya mmac_mzow ow Momvsgmmm (Horst et ,
(cw-Inv) that mobilizes hexoses at the infection site m:ma 5&: bound invertase
photosynthesis (Kocalet al., 2008). 2 decreased rate of
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Pathogen attacks result in the development of s i

fruit wilt, stem and root rot (Rekah et al., H%oov no@mm”wmwm %ﬁ“ﬂ% _mM"“"_a
chlorosis and necrosis (Fofana et al., 2007; Kocal et al., 2008), a decreased ;aﬂ w_emm
photosynthesis (Kocal et al., 2008), and as a consequence plant death or yield loss
(Berger et al., 2007). Pathogens that cause defoliation rob the photosynthetictissue of
plant and decrease the photosynthetic rate by damaging chloroplasts and killing
cells. Pathogens affect photosynthesis in varying degrees, depending on the severity
of the infection.

Pathogen attacks result in a decreased rate of plant photosynthesis a@a_ etal.,
2008), and as a consequence yield loss (Berger etal., 2007). ?&om& infection often
leads to plant death, the development of chlorotic and :mn:.vun _m_.oa (Kim mw &m
2010) and to a decrease in ESS&BEQ# assimilate E&cn.:os. Using nw_o_..o_u w:
fluorescence imaging, it has been reported that the &m:%m in photosynt mm M_% "
infection are local. A decrease in photosynthesis has also been repo
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: iblei i i Itis suggested that plants switch o
incompatible interactions (Bonfig et al. Nomwo:ms "om_.wm e r

photosynthesis and other assimilatory me ) foms wereassociated
; =i et etal., 2007). Foliar Symptoms ¥e-=22 oy
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(2006) has reported a decreasein CO, assimi].uion: lranspira.l.ion, asignificant increage
ini t )rce.llular CO, concentration, astrong 'dmp in the maxmwm ﬂuoroscence rield
inin ;1 . cfective pﬁotosyslcm Il quantum yields, and a reduction of total Cthrophyu
gﬁ(li:: R;\eble carotenoid content after of pathogen infection to grapevines plants,

The overall chlorophyll content of ‘lc:n'es in many fu_ng;al and bacterial diseases
is reduced, but the photosynthetic activity o lhr.lrer}mlmng c}‘lloroph_yl‘l seems tq
remain unaffected. Insome fungal n.nd bacterial d.n«ea:es, ph‘otosyn thesis is reduceq
because the toxins, such as tentoxin and mbl_oxm, pr(?du.Led b): these Pathogeng
inhibit some of the enzymes that are involved directly or mdlrecll‘\.' in ph(?losymhesi&
In plants infected by many vascular palhpgens, stomata remain parlially closed,
chlorophyll is reduced, and photosynthesis stops even before the plant eventually
wilts.

Damage to foliage by biotic agents including arthropods, fungi, bacteria ﬂnd.

viral pathogens, down regulates khtt expressi.on of genes im'ol\'.ed in photosynthes;s,
Transcript levels of photosynthesis llghthrmcnon, c;}rl?m? reduction cycle and pigment
synthesis genes decreased regardless of the type of blotuf attack. Strong convergence
in the response of transcription suggests that th.o universal dmyn regulation of
photosynthesis related gene expression is an adaptive response to biotic attack, Slow
turnover of many photosynthetic proteins allows plants to invest resources in
immediate defence needs without weakening near term losses in photosynthetic
capacity (Bilgin et al., 2010).

Effect of Pathogens on Translocation of Water, Nutrients and
Photo-assimilates in the Host Plants

Translocation or long distance transport in plants is achieved by a vascular
network that connects and is an integral part of all organs. The vasculature comprises
two different and separate cellular translocation pathways: xylem and phloem. The
principal xylem pathway is the transpiration stream that moves nutrients and water
taken up by roots to the shoot. This stream also bears products of root metabolism
and solutes that reflect features of the internal and external root environment. Phloem
provides the means for redistributing xylem delivered solutes to weakly transpiring
organs, but most significantly phloem distributes the carbon assimilated by
photosynthesis (principally as Sucrose) to heterotrophic organs like roots, vegetative
and reproductive apices, flowers, fruits, and developing seeds. All living plant cells
require abundance of water and adequate amount of organic and inorganic nutrients
in order to live and to carry out their physiological functions. Plants absorb water
and inorganic (mineral) nutrients from the soil through their root system. Plant
diseases can infect the plant's vascular system and impair nutrient or water
translocation. Pathogens that infect the roots directly affect the ability of plant to

absorb water by killing the root system, thus producing secondary svmptomssuchas
wilting and defoliation.

Mineral nutrients are essential for the growth and development of plants and
micro-organisms, and are important factors in plant-pathogen interactions. Whena
pathogen infects a plant, it alters the physiology of plant, particularly with regard to

uptake of mineral nutrient, assimilation, translocation, and its utilization.
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. ’ . . Ky .
Still other pathogens may themselyeg utilizenut:sinuu-le eficionciog orewith
" i i ¢ S, . N .
the plant and thereb)_mcreasmg the plany's Susceptin (m“hﬂm"«\ihbili(\-m
pathogens commonly infect plant rogys, reducing thlE i e
and nutrients. If water movement to e leaves sinhyp, ed Planttotahe Uptsater
properly, ph()tos_nﬂhcsn§ls ft‘duced O S1opped,and - N s
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- X o
conditions may lead to secondary infections b\'otherp-nh\(dsedQ d ay die
cause root starvation, wilting, and plantdecline ordeath :\g}mwuch infecti
itself may not be toxic. event]

Plant pathogens may interfere with the movementofphotosisinilyes
leaf cells to the phloem, with their translocation mmughwpmw:ﬁ‘;mﬁ l'mm.‘l}w
their movement from the phloem into the cells thyy will utilize them, Aq l;;::“(‘;l:‘:lih
becomes a strong metabolicsink, changing the pattemof nutrient lrml(\‘atimwili\is
the plant, and causing net influx of nutrients into infected leavestosatisy the demands
of the pathogen.

Effect on Host Plant Transpiration

Transpiration is the process of water movement through a plant and its
evaporation from aerial parts especially from leaves butalsofromstems and flowers.
Transpiration occurs through the stomatal apertures and can be thought of as a
necessary “cost” associated with the opening of the stomata toallow the diffusion of
carbon dioxide gas from the air for photosynthesis. Transpiration alsocools phn‘bd
changes osmotic pressure of cells, and enables mass flow of mmcp{l 111{13‘er;t:~a:-‘
water from roots to shoots. In plant diseases inwhich the pathogen mfwllls m: t.m:i
transpiration is usually increased. This is‘the l’CSl:lh of dNr\tl}c‘l‘lmls“ 23[\‘;}]_;};{@ ;
the protection afforded the leaf by the cuticle, anincreaseinthe (E:w ouse sl
cells and the dysfunction of stomata. Higher fU“S‘_md m‘:l:m o{;komml closing
disruption to the cuticle and stomata and alsocause impairmerors
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; g fungi and viruses are associated with impairment of Stomatg)
ko "Zw _.Er, H,_E..q.ﬂa %Pwéﬁ. atal. 2012) A nuber of toxins produced b y ?52“
GpeTinG ,..; . wa 7”% ﬂ.ﬁ; identitied that impair stomatal function (Grimme, et iw
mwwww_rﬂﬂ%_mﬁw E., infection the destruction of a q::v_amma;c vo_.:ﬁ: of the c::za.
m?*..a,maw;% results in an uncontrolled loss of :;:.E. from n,:nw m:cn.ma areas, |f

ater absorption and translocation cannot keep up with the excessive loss of Water,
Yaiea r lted into loss of turgor and wilting of leaves. The suction force
o 857« »Mm.ﬂwhw:wﬁ leaves are increased abnormally and may lead to co||
M“%mﬁwg of underlving vessels through the production of tyloses and alms
2003).

Effect of Pathogens on Host Plant Respiration

Respiration refers to the EmEvo.:n process by :.En.: an organism voZa:w energy
by reacting oxygen with m:_n,omm to give :.22,.. Qz.uc: dioxide and >.,: (energy), This
is very important process of energy mm:mz._o: tor nwza_. _.53.,:5_8 processes, The
respiration rate of plants invariably increases p:m_.._:?n:o: by fungi, bacteria or
viruses. This means that affected tissues use up their reserve carbohydrates faster
than healthy tissues would. Thus, the activity or concentration of several enzymes of
the respiratory pathway's seems to be increased. The higher rate of glucose ca tabolism
causes a measurable increase in the temperature of infected leaves. An early step in
the plant’s response to infection is an oxidative burst, which is manifested as a rapid
increase in oxygen consumption, and the release of reactive oxygenspecies, such ag
hydrogen peroxide (H,0,) and the superoxide anion (O,). The oxidative burst js
involved ina range of disease resistance and wound repair mechanismslink to rapid
active defence. The accumulation and oxidation of phenolic compounds, many of
which are associated with defence mechanisms in plants, are also greater a:n:m
increased respiration. In resistant plants, the increase in respiration and glucose
catabolism is used to produce defence related metabolites via the pentose phosphate
pathway (main source of phenolic compounds). In susceptible plants, the extra energy
produced is used by the growing pathogen.
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Effect of Pathogens on Permeability of Cell Membranes of
Host Plants

The cellmembrane, or plasma membrane, is a biological membrane that separates
the interior of all cells from the outside environment. The cell membrane is selectively
permeable to ions and organic molecules and controls the movement of substances in

and out of cells. The basic function of the cell membrane is to protect the cell from its

surroundings. Most studies on the carliest stages of the host-parasite interaction
conclude that the host membrane

is involved in pathogen recognition and signal
transduction. Membrane permeability changes rapidly following the exposure of
plant cell suspension cultures to fungal and bacterial elicitors, usually leading toa
loss of cellular electrolytes i, of small water-soluble ions and molecules from the
cell, suchas K* and an uptake of H*, At the same time, there is often aninflux of Ca®,
akey intracellular signal in plants that is involved in the activation of enzymes and
Bene expression, The experimental _,_ocr_:_ﬁ ol Ca** trans port across membranes in

q
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2006; Davies etal,, 2006), The Enﬂgmcc—ﬂ P al o With g
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Effect of Pathogens op
of Host Plants

Transcription of cellular DNA intom
RNA to produce proteins are tyyg of the mogy b
in the biology of any normal ce|]. They asic and Precisely
requirements of nm_nr cell. Zmé::&mm@ disturba Stage of gy
pathogens or environmental factors, may ¢
structure and function of the affected SF.. byi

Several pathogens, particularly viryses 5, dfy
rusts and powdery mildews, affect the transcription
cases, pathogens affect transcription by ch
function of the chromatin associated wig, th
those caused by viruses, the pathogen, throughits own en, me Hw,_&g.m.méw
host enzyme (RNA polymerase) that makes RNa, ,_Enmwz.p%%m ﬂ&;.,smzs
and machinery to make its own (rather than host) RNA. 1n g,..sw %58:,_3
activity of ribonucleases (enzymes that break downRNA)is i&gﬁ mem.u_ww
formation in infected plants of new kinds of ribonucleases not Ea? aﬁqam ,zw
in healthy plants.

In some cases, plant host cells have the ability to recognize and silence double
stranded forms of virus transcripts, In fact, viral infection often activates or inactivates
transcription or translation of a number of host plant genes in both the susceptible
and the resistant reactions (Hajimorad and Hill, 2000).

Increases in protein synthesis in infected tissues have been observed primarily
in hosts resistant to the pathogen and reach their highest levelsin the early stages of
infection, i.e., in the first few minutes and up to 2-20 hours after inoculation,

Effect of Pathogens on Plant Growth

Growth represents increase in size, number .:.a n.%i..x”w %M mwwhﬂ_w_ﬂu
argans, It is the irreversible increase in mass that .:,E_J :ﬁﬂ , hovesh ol
and cell expansion (size), Development is the mé.& .m,émé.am._aé:?é,
differentiated cells, tissues, organs) that progressively eld ;
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Growth and development in general are affected by pathogen infection, a5 , res
the changes in source-sink patterns in the plant. Many pathogens disturb the :oﬂﬂ: of
balance in plants by either releasing plant hormones themselves, or by triggerin One
increase or a decrease in synthesis or degradation of hormones in the plan, ;_.mmmb
cause a variety of symptoms, such as the formation of adventitious rogy can
development, and epinasty (the down-turning of petioles). Phytopathogen Emm\nm all
leads to changes in secondary metabolism based on the induction of defe on
programmes as well as to changes in primary metabolism which affect grow, mﬂn =
development of the plant. Therefore, pathogen attack causes crop yield losses even id
interactions which do not end up with disease or death of the plant (Berger ¢ aw:
2007). v
Effect of Pathogens on Plant Reproduction
Plant reproduction is the production of new individuals or offspring in plants
which can be accomplished by sexual or asexual means. Sexual reproduction,
produces offspring by the fusion of gametes, resulting in offspring genetically differen;
from the parent or parents. Asexual reproduction produces new individuals without
the fusion of gametes, geneticallv identical to the parent plants and each other, except
when mutations occur. In seed plants, the offspring can be packaged in a protective
seed, which is used as an agent of dispersal. Pathogens that attack various organs
and tissues of plants weaken and often kill these organs or tissues, thereby Smmrma:m
the plants. Asa result, such plants remain smaller in size, may produce fewer flowers
and may set fewer fruit and seeds; the latter may be of inferior vigour and vitality an Q\
therefore, if planted, they may produce fewer and weaker new plants. In ma&moz :“
these indirect effects of pathogens on plant reproduction, many pathogens have a
direct adverse effect on plant reproduction because they attack and kill the flowers,
fruit, or seed directly, or interfere and inhibit their production, or the pathogens
interfere directly or indirectly with the propagation of their host plant.

Plants Response to Pathogens Attack
Plants defend themselves against pathogens by various ways which can be
divided into different components:
1. Structural characteristics that act as physical barriers and inhibit the
pathogen from gaining entrance and spreading through the plant and
2. Biochemical reactions that take place in the cells and tissues of the plant
and produce substances that are either toxic to the pathogen or create
conditions that inhibit growth of the pathogen in the plant. The combination
of structural characteristics and biochemical reactions employed in the
defence of plants are different host-pathogen systems.

(1) Structural Defences

{a) Pre-existing Structural Defences

This structural characteristic may already be present in plant even before the
pathogen comes in contact with the plant.

ﬁ_‘m,.m:::.m the mo:dm.E.o: ofafj
P 1d germinate (fungi) or MDY s i s g
: Cleriy " hich p, . Pelen
ii. Tough and thick &ﬁ—.&mﬂ:& cells a -nn@:)a. ;
These are important factors i, the
py making direct penetration fungs] "ESistance of
P2h0gens ey "¢ Pl
jii. Nature of natural opepjp, g oy g ey,
SPUssn T Pigg,,
2 o8

Many pathogenic mcsmm and by,
structure of stomatae.g. avery Narroy,
confer resistance to somev,

T2 enge,

4 entr, Ew.'hu ol

arieq it CETY Fiheg,s
eties againgt Certaiy .cs&my NMTKJ-...J

Internal structural barrigrg bacter SPoe -w,w“o«whw

The cell 2.&.? of the tissye invadeg oot
cometimes inhibit the advance of the E?M.”_ Diiciregs 2d s

iv.

f_n(t”..hnm B
(b) Induced Structural Defences T Ry
These are usually not present in 6
: ’ the planss 1,
invading pathogens. S are pro.
Fraduce g

i. Cork layers formation

Infection by fungi or bacteria and evenpy .
induces plants to form several layers of nowHM.H.mewﬁgﬁ .
mvﬁmam:zv‘ as a result of stimulation of the host Eﬁ. J“a.d e poiet of i nn..nw
pathogen. R ot g,
ii. Formation of abscission layers

An abscission layer consists of gap formed bebween two rndlar |

B . : . WO O .

cells surrounding the locus of infection. Upon infection, the mig .ﬁw...wa MM
these two layers of cells is dissolved throughout the thickness cithe lex! cormriiaty
cutting off the central area of infection from the restof the lez?, o

iii. Formation of tyloses

Tyloses are overgrowths of the protoplast of adjacent lsing pare c
cells which protrude into xylem vessels through pits. Tyloses form an impereiabie
barrier to the movement of water and nuirients. .

parencymaioes

iv. Deposition of gums : : T o
hey are eposized qECT
The defensive role of gums &m:%m womﬁm ,HHMMWMMMWW%%&&
i d within thec : ‘
the intercellular spaces an ompletelyendos qm%d,.. ;

forming an impenetrable barrier that
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Ination of Defence Response
1: Events lnvolved in the Coord s
TSR Y In Plants to Challenge by Pathogens

—_—
Time Event

Minutes Membrane depolarisation and electrolyte leakage
Reactive oxygen generation
Expression of genes Involved in phytoalexin biosynthesis

Hours Oxidative burst
Membrane lipid peroxidation
Rise in salicylic acid levels
Cytoplasmic aggregation, cell collapse and hypersensitive cell death
Phytoalexin accumulation
Cell wall reinforcements

Days Accumulation of pathogenesis-related proteins (PRP)
Systemic acquired resistance (SAR)

(2) Biochemical Defences
(a) Pre-existing Biochemical Defences

i. Inhibitors released by the plant in its environment

Plants exude a variety of substances through the surface of their aboveground
parts as well as through the surface of their roots. Some of these exudates seem o
have an inhibitory action against certain pathogens.

ii. Inhibitors present in plant cells before infection

Some plants are resistant to diseases caused by certain pathogens because of
one or more inhibitory antimicrobial compounds known as phytoanticipins, which
are present in the cell before infection.

iii. Defence through deficiency in nutrients essential for pathogen

Species or varieties of plants that for some reason do not produce one of the
substances essential for the survival of an obligate or for development of infection by
any parasite, would be resistant to the pathogen that requires it.

(b) Induced Biochemical Defence
i. Inhibitors produced by plants

Many plants produce substances in response to microorganism or to mechanical
and chemical injuries e.g., phenolics and phytoalexins,

ii. Defence through production of substances that inhibit effect of enzymes
produced by pathogens
The production of substances wh

ich inhibit the effect of extra cellular enzymes
produced by phytopathogenic orga

nism has been known to contribute to resistance
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