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Biological control mechanisms
Fungi Trichoderma spp. It possesses many mechanisms that
affect its path in fungi Plant pathogens can be divided into two main axes:

A- Direct biological control : Include
1- Direct parasitism

Direct parasitism Dby Trichoderma spp. includes direct attack
against other fungi This process is complex and includes identification of
host fungus and then attack and penetration and then kill the host fungus,
The mechanism involved in the analysis of enzymes for the fungal
mycelium Which are Protease, Lipase and Esterase.

Trichoderma spp. can recognize the presence of host fungus in
its biological environment by sensitizing the products of cell wall
decomposition as a result of action of CWDEs Cell — Wall Degrading
Enzymes Such as Chitinases, Proteases and Glucanases , a small amount
of the enzyme Exochitnases is released into its biological environment.
When the enzyme breaks the walls of the other fungi, it produces several
substances, including Oligomers, which continue to stimulate the
production of exochitinases, Then Trichoderma spp begins. direct
parasitism on his host

2- Antibiosis

It occurs by the chemical compounds produced and released in the
periphery by the Trichoderma spp. Which affect pathogens. The
antibiosis agents of Trichoderma are Harzianic acid, Aalamethicins,
Richolin

3- Competition for food sources
Nutrients determine the numerical density of microorganisms, so

competition for limited nutrients is one of the most important means of
biological control against plant pathogens. The relationship of pathogenic
fungi to plant roots depends on the numerical density of the disease and
its reduction is one of the priorities in determining this relationship and
the fungus Trichoderma spp. has highly competitive nutrients for high
growth, development and reproduction, as well as the production of a
large number of spores that enable him to control the space around the
roots of the plant and a positive reflection on the growth of these plants.
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4- Inhibition of pathogenic enzymes

Fungal biocontrol causes the inhibition of the pathogen enzymes
responsible for its ability pathogenesis of the plant they are the enzymes
that break down the host's host cells and cause infection including the
Srineprotase enzyme inhibitor of Pectolytic, Ketinolytic, and Cellulytic
cellulose-producing enzymes that play a major role in the analysis of host
cell walls.

5- Production of Lytic Enzymes

Trichoderma spp. Produce of many Lytic Enzymes Which
analyze the cell walls of other fungi Called Cell-Wall-Degrading
Enzymes CWDEs

B- Indirect biological control : Include
1. Promote plant growth

The production of plant growth regulators by T. harzianum
stimulates the growth of plant roots the fungus increases the secretion of
these substances at the ends of the roots.

2- Stimulate resistance in plants
Resistance is stimulated in plants grown in soil have fungus
Trichoderma spp. as follows:

I- Induced Resistance

Resistance Induced in plants as a factor or substance if they are
exposed to or have a living cellular system, but with a small
concentration, this system starts by building or increasing the
concentration of certain substances. Inducers are usually biotic or abiotic
(chemical) agents that lead to plant resistance to a wide range of
pathogens. Chemical inducers are organic such as tannic acid and
salicylic acid, minerals such as phosphates and cobalt salts, Or as natural
as plant hormones .The following patterns of induced resistance can be
identified:

A- Induced localized resistance

Localized Resistance induced occurs in a region close to the
induction zone and is the result of toxic changes, such as the
accumulation of Phytoalexin defense materials, phenol oxidation and
hypersensitivity response.
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B- Systemic induced resistance

These include induction of defensive responses to plants at the
level of tissue systems and organs and to stimulate synthetic chemical
defense mechanisms in parts of the plant far from the site of infection
1-Defense-Related Proteins

These proteins, especially those related to Pathogenesis-Related
Proteins (PR Proteins) and induced by the Elicitor-induced factor, are
caused by infection with the proteins already present in the plant and are
classified into fourteen groups.

2- Lignin synthesis and compounds derived from Lignin

Phenyl alanine ammonia lyase is activated by a biological or non-
biotic agent by building the lignin primers and other ring compounds,
which are themselves toxic to pathogens such as phytoalxin compounds.

3- Defensive response to changes in plant metabolism

Including several changes in the pathway of metabolism of some
compounds, leading to the activity of some enzymes and the
accumulation of many compounds, many of which have been known
against microorganisms, including Benzoic Acid, Salicylic Acid, Jasminic
Acid and Ethylene.
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Microbial Toxins in Plant Disease

Microbial toxins play a significant role in plant diseases,
contributing to the severity and spread of infections caused by various
pathogens. These toxins, produced by bacteria, fungi, and other
microorganisms, can directly damage plant cells or interfere with plant
growth and development. Here's an overview of microbial toxins and
their involvement in plant diseases:

Types of Microbial Toxins

1- Bacterial Toxins: Many plant-pathogenic bacteria produce toxins that
can cause disease symptoms such as wilting, chlorosis, and necrosis.

A- Exotoxins: Secreted proteins that affect plant cell functions. For
example, Pseudomonas syringae produces toxins like coronatine, which
mimics jasmonic acid and can alter plant defense responses.

A. Typical symptoms incited by Pseudomonas syringae pv. syringae on apricot. B. Bacterial spot on
peach fruit caused by Xanthomonas arboricola pv. pruni, C. Apical necrosis of walnut hull caused by
Xanthomonas arboricola pv. juglandis. D. Bacterial canker and decline incited by Pseudomonas
avellanae on hazelnut.
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B- Endotoxins: Toxic components found within the bacterial cell wall
that are released when the bacteria die or divide, triggering an immune
response in plants.

2- Fungal Toxins: Fungi are significant producers of mycotoxins that can
be highly toxic to plants.

A- Fumonisin: A toxin produced
by Fusarium species, which
affects maize and can lead to
kernel rot.
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B- Aflatoxin: Although more commonly associated with human and
animal health, aflatoxins, produced by Aspergillus species, can also have
detrimental effects on plant tissue.

C- Trichothecenes: Produced by Fusarium and other fungi, these toxins
inhibit protein synthesis in plant cells and cause wilting, stunted growth,
and chlorosis.

D- Oomycetes Toxins: Oomycetes, such as Phytophthora and Pythium,
produce toxins that trigger necrotic lesions in plant tissues. For example,
Phytophthora infestans (the causative agent of late blight in potatoes)
produces a variety of toxins that cause significant tissue damage.

3- Algal Toxins: Some algal species produce toxins that affect plants,
particularly aquatic plants. These toxins can alter plant growth and cause
tissue damage.
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Mechanism of Action

Microbial toxins can affect plants in several ways:

1- Cell Wall Degradation: Some toxins break down plant cell walls,
making the plant more vulnerable to further infection and damaging its
structural integrity.

2- Inhibition of Protein Synthesis: Many toxins inhibit protein
synthesis, disrupting normal plant cellular functions and growth.

3- Induction of Host Defense Suppression: Certain toxins mimic plant
hormones or enzymes, suppressing the plant's natural defense responses
and allowing the pathogen to establish an infection.

4- Disruption of Membrane Integrity: Some toxins damage plant cell
membranes, causing leakage of cellular contents and loss of cellular
function.

Toxins in Specific Plant Diseases

1- Bacterial Blight of Rice
(Xanthomonas oryzae): The
bacterium  produces  several
exotoxins that cause tissue
necrosis and reduced yield
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.2- Late Blight of Potato (Phytophthora infestans): The oomycete
produces toxins that induce cell death and plant wilt, leading to large-
scale crop losses.
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4- Black Rot of Cabbage
(Xanthomonas campestris pv.
campestris): This bacterium
secretes toxins that cause wilting
and chlorosis of cabbage plants,
severely affecting yield.

Toxins and Plant Immune Response

. Plants have evolved various defense mechanisms to counteract
microbial toxins, including the production of secondary
metabolites, activation of hypersensitive responses (localized cell
death), and systemic acquired resistance.

« Toxins can bypass or suppress these plant defense mechanisms,
making the plant more susceptible to infection. The interaction
between the plant's immune system and microbial toxins is an area
of active research, as understanding this relationship can lead to the
development of disease-resistant plant varieties.

Management Strategies

. Biological Control: Using beneficial microorganisms that can
outcompete or inhibit the growth of toxin-producing pathogens.

« Chemical Control: Applying fungicides or bactericides that target
the microbial pathogens, though resistance to some chemical
agents can develop over time.

. Resistant Plant Varieties: Breeding or genetically engineering
plants that are resistant to specific toxins or pathogens.

« Cultural Practices: Crop rotation, proper irrigation, and
sanitization techniques can reduce the spread of toxins and
pathogen populations.

Understanding the role of microbial toxins in plant diseases is crucial for
developing effective strategies to manage and control plant diseases,
especially as agricultural systems face increased pressures from
pathogens and climate change.
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Biological control
Eliminate the pathogen using his biological enemies, Which described in
1874 by Roberts for the first time as antagonism, Man did not benefit from
them in the control of plant diseases until 1921
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1- Bacteria as biological control

Bacteria that colonize an area around the roots are classified according to
their effects in plants. They may be pathogens or have beneficial and
stimulating effects for growth and beneficial strains of bacteria such as
Pseudomonas, Azotobacter, Klbsiella, Enterobacter, sBacillus Has been a
catalyst for the growth of plants and called the bacteria that stimulate the
growth of plants and stimulate the growth of plants is through several
mechanisms, including curb plant diseases and the collection of important
nutrients and the production of plant hormones and stimulate systemic
resistance 7
s o e e (9585 8 il 3 e il Wy ) sdall Jgn didaie peaiad ) il Caieat o
sAzotobacter sPseudomonas Jie LSl (e agall YL g gaill 5 Y 5 ke <l il gl
sad 58 Al LSl et g il gadl )38 cilS S 5Bacillus  sEnterobacter sKlbsiella
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The American scientist Kloepper is the first to be named Plant growth
promoting rhizobacteria (PGPR) In 1978, as a group of microorganisms
existed and lived in the root zone of the roots of any plant species and were
able to increase the growth and improvement of the specifications of the
production of that plant, which coexists in its root region.
PGPR) ) bl 5l jaall & 3l L i€ ausd 4o 3l e U5l saKlogpper (S el
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- The bacteria that live in the root Rhizobacteria and some of the other
microbial groups in the soil play a role in the production of plant
hormones and similar compounds and their secretion in the root
environment and this feature was found in several bacterial strains,
including Rhizobium, Azotobacter, Pseudomonas and Bacillus.
gl 1050 Al (B AN A s Sl e saaall Gana s 2l (8 Gl A L Sl el
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Bacillus. sRhizobium « Azotobacter « Pseudomonas <ll3 & Les & i<l
The important hormones produced from these bacteria is Indol Acetic
Acid, cytokinein, and hyperplastic hormones Significant in the
development of plant growth and control of all other physiological
functions in plant cells
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- The ability of bacteria Azotobacter to produce many polysaccharides and
excrete into the outer environment surrounding the roots and thus provide

a basic food and ready to be absorbed by the plant.
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- Fungi as biological control

Trichoderma is characterized by its high effectiveness against pathogenic

fungi, so it has many methods of resistance, it may be added in a suspension

or powder loaded with seeds The first use of Trichoderma as a biological

resistance agent was Weinding in 1932,
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Biological control mechanisms

Fungi Trichoderma spp. It possesses many mechanisms that affect its path

in fungi Plant pathogens can be divided into two main axes:

porna Sy il yladll (8o jlie e S35 (Al LIV e el b Trichoderma spp. <kl
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A- Direct biological control : Include - Direct parasitism
Direct parasitism by Trichoderma spp. includes direct attack against other
fungi This process is complex and includes identification of host fungus
and then attack and penetration and then Kkill the host fungus, The
mechanism involved in the analysis of enzymes for the fungal mycelium
Which are Protease, Lipase and Esterase.
Baiaa dplaall 028 (5 ,AY) iy phaill aa H3lll o sagdl JadiTrichoderma spp. ) i il Jalail)
A 5 ¢ Adpaall il yladl) J8 5 Ll a5 Lhealga o (g s Aduiaall iy pladll e b jaill Jadi
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Trichoderma spp. can recognize the presence of host fungus in its
biological environment by sensitizing the products of cell wall
decomposition as a result of action of CWDEs Cell — Wall Degrading
Enzymes Such as Chitinases, Proteases and Glucanases , a small amount
of the enzyme Exochitnases is released into its biological environment.
Clatie e 5 sk o Ln sl sl Wi 8 Al ikl 35a 5 e aad (e Trichoderma spp
s Proteases s Chitinases Jie ylasll diygall Sl 391 — CWDE 4da Jead 4ot 4011 Hlas Jlas
Axa sl sl Al & EXOChitnases a i) (e 8_srea 408 (33U o3 « Glucanases
When the enzyme breaks the walls of the other fungi, it produces several
substances, including Oligomers, which continue to stimulate the
production of exochitinases, Then Trichoderma spp begins. direct
parasitism on his host
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- Antibiosis

It occurs by the chemical compounds produced and released in the
periphery by the Trichoderma spp. Which affect pathogens. The
anticholinergic agents of Trichoderma are Harzianic acid, Aalamethicins,
Richolin

e s Al sl aTrichoderma spp Ledlh s Leaisn Al Al LS pall (53 ke (e Caay
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3- Competition for food sources

Nutrients determine the numerical density of microorganisms, so
competition for limited nutrients is one of the most important means of
biological control against plant pathogens.

9 53 ganall Alal) paliall e pudliil) (8 1A ¢ Al dual) oLkl duanal) A8UKY 20313a)) pealiall 2aad
Al () peY) Cilase an A gl gl 28Kl Jils g aal aa]

The relationship of pathogenic fungi to plant roots depends on the
numerical density of the disease and its reduction is one of the priorities in
determining this relationship and the fungus Trichoderma spp. has highly
competitive nutrients for high growth, development and reproduction, as
well as the production of a large number of spores that enable him to
control the space around the roots of the plant and a positive reflection on
the growth of these plants.
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- Inhibition of pathogenic enzymes
Fungal biocontrol causes the inhibition of the pathogen enzymes
responsible for its ability pathogenesis of the plant they are the enzymes
that break down the host's host cells and cause infection including the
Srineprotase enzyme inhibitor of Pectolytic, Ketinolytic, and Cellulytic
cellulose-producing enzymes that play a major role in the analysis of host
cell walls.
& nil) e L 528 e A asall () a0 Apsesall ey 331 Jandit A 4 pladl) 4 goal) A8Sal) s
e i) o Gl 8 Ly (5 saed) oy pnaall Adpuaall LAY 5SS Al ey WY1 o8 5 ¢ lall 3,8
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- Production of Lytic Enzymes
Trichoderma spp. Produce of many Lytic Enzymes Which analyze the
cell walls of other fungi Called Cell-Wall-Degrading
Enzymes CWADEs
i 5 AT b phdl LAY o jaa Jas ) AU Sl 33V (e waad) #L Trichoderma spp.
3 SYV AR las andasd il 3

B- Indirect biological control : Include
1. Promote plant growth
The production of plant growth regulators by T. harzianum
stimulates the growth of plant roots the fungus increases the secretion of
these substances at the ends of the roots.
3 sall 038 518 (e 5y el CLall 3 s 38y T harzianum a5 Sl sai Cilalaie L0
sl bl 8
- Stimulate resistance in plants
Resistance is stimulated in plants grown in soil have fungus Trichoderma
spp. as follows:
il JeTrichoderma spp. hd (e (s 583 Al 4 il 8 4e 5 ) el LN 8 4 5laall sl oy
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I- Induced Resistance
Resistance Induced in plants as a factor or substance if they are exposed to
or have a living cellular system, but with a small concentration, this system
starts by building or increasing the concentration of certain substances.
am ¢ Qi 38 50 0S5 ¢ o o sl alai Lol (S ol iz y= 13) Bale 5l JalaS bl 8 da sliall Cuaas
sl Gany 38 5304 ) ol el QUaill 12
Inducers are usually biotic or abiotic (chemical) agents that lead to plant
resistance to a wide range of pathogens. Chemical inducers are organic
such as tannic acid and salicylic acid, minerals such as phosphates and
cobalt salts, Or as natural as plant hormones .The following patterns of
induced resistance can be identified:
e A5 e gend il e slie ) 258 (LihaaS) Dason s sl dyges ol s b jad) S e bale
Jia (laally ¢ bl (aes 5 SLilill s Jie 4 sune 4Ll G Jisal) | al 1Y) Sl
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Aiatal)
A- Induced localized resistance
Localized Resistance induced occurs in a region close to the induction
zone and is the result of toxic changes, such as the accumulation of
Phytoalexin defense materials, phenol oxidation and hypersensitivity
response.
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B- Systemic induced resistance

These include induction of defensive responses to plants at the level of
tissue systems and organs and to stimulate synthetic chemical defense

mechanisms in parts of the plant far from the site of infection
glaall il juiad s eliac Y 5 At dakail (5 sisse o clilall Luelall Cllain¥) (g ya 2 Jadi g
a8 se (e By il (e o)l 8 AL e

-Defense-Related Proteins
These proteins, especially those related to Pathogenesis-Related Proteins
(PR Proteins) and induced by the Elicitor-induced factor, are caused by
infection with the proteins already present in the plant and are classified
into fourteen groups.
Ul g3 Bintusal) PR) it 5 52) Gl Yl Aliall <l s 5 5l Aalaial) ells Lali ¢ i o yall o34
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- Lignin synthesis and compounds derived from Lignin
Phenyl alanine ammonia lyase is activated by a biological or nonbiotic
agent by building the lignin primers and other ring compounds, which are
themselves toxic to pathogens such as phytoalxin compounds.
Ol (e A8 S pall g cpiall) 3adas
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- Defensive response to changes in plant metabolism
Including several changes in the pathway of metabolism of some
compounds, leading to the activity of some enzymes and the accumulation
of many compounds, many of which have been known against
microorganisms, including Benzoic Acid, Salicylic Acid, Jasminic Acid
and Ethylene.
Gl M) 8 ol yueill e laal) laiuy)
Clag 33y pramy ol ) (525 Lae LS el (and 31380 Jail) jlse 8 e <l s clld 3 Loy
Gl s il (mea @Iy Lay ¢ ARl dall LIS aca Lgie HiSH Caye 385 ¢ LS yall (e anll oS 53
LY s clinanlll aes 5 Glliallall (aes

Farah mohammad



Practical Plant Pathology/Lab 4 3" class/Biology

Powdery Mildews diseases (ad galull (al sl

Powdery mildews are probably the most common, widespread and easily
recognizable fungal plant diseases. They can attack a wide range of plants
(except gymnosperms) including vegetable crops, ornamental plants, trees,
cereal crops, and weeds. It is one of the diseases caused by fungi, and these
pathogenic fungi are specialized in plant families. For example, the fungus that

affects cucurbit does not affect cereal crops. o=l JiSi Lasdall (alull ¢S o daind) (4
LN (e Ao 5 Ao sane dealen pgiSay A se Lale Cojatll (a5 1 5L 5 o g0l 4, yadl) il
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Characterization of Powdery Mildews diseases
G Gald) al el Cipa s
1- Fungi causing powdery mildews are obligate parasites, they cannot be
cultured on artificial nutrient media. ¥s 4t clbib A 53500 dall L) iy shil) -
(bl gia kg Lo lgie) ) ol
2- They produce mycelium that grows only on the surface of plant tissues but
does not invade the tissues themselves. They obtain nutrients from the plant
by sending haustoria into the epidermal cells of the plant organs. The
mycelium produces short conidiophores on the plant surface. a «b kil it -2
Gash 8 Gl e 413 jualial) o 0 slaany Lo Ay 535 Y LSl g 400l A o o Jaid gal
Julhaustoria bl g Ao 5y &l ) 5 52345 8 2 galiausal) geily ALl slaae ¥ 38 pdall LA )
3- Asexual reproduction do by each conidiophore produces chains of
rectangular, ovoid, or round conidia that are carried by air currents. z -3
\lend 8 jptiena gf QS 4y gldags gf S Alsbiina Liasi S (on uadln s 530158 S 4 gy (621 (i AASE)
Al ggd) il )
4- When environmental or nutritional conditions become unfavorable, the
fungus may produce cleistothecia containing one or a few asci contained
Ascospores, that is sexual reproduction. s sa & &gl g L) i gl ruas Lasic -4
i) SIS (6 ¢ Gy g sSiud o 4y giaall §10Y) (pe Sl axe i dalg o (g it LS gl jhadl) gl 38
Pathological symptoms awa el yal e ¥

Powdery mildews appear as spots or patches of a white to grayish, powdery,
mildews growth on young plant tissues or as entire leaves and other organs being
completely covered by the white powdery mildew. Tiny, pinheadsized,
spherical, at first white, later yellow-brown, and finally black cleistothecia may
be present singly or in groups on the white to grayish mildew in the older areas
of infection. s sl ciliball dsl e ey il pati ¢ 48 samsa ¢ dalay ) slian gl f 4l JSE o L8 Gl el
‘%"‘J‘&“L@;‘%‘:‘:’})S‘ sl wi)alh‘s)ﬂi@u)ﬁﬁ ua,p‘!\@eé.\jlua\,gﬂh&&ho\.ku&ﬁ\ ch'acij‘un\Sdb}iS}i
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Powdery mildew is most common on the upper side of leaves, but it also affects
the underside of leaves, young shoots and stems, buds, flowers, and young fruit.

Fungi causing powdery mildew are specialized and obligate parasites. o=l s
spiall Gl 5 el ol s ¢ Gl sV e il cailal) e Uil i aiSls ¢ 31,5591 (e sshall cilall e sud ST 880
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They follow one of the following genera : i (sl sl ¢ sy
1- Erysiphe spp. 2- Sphaerotheca spp. 3- Podosphaera spp.
4- Uncinula spp. 5- Phyllactinia spp. 6-Microsphaera spp.

Classification status of powdery mildew fungi
Gadall Gl iy jlad Cayas Alla

Kingdom : Eumycota Phylum: Ascomycota
Order: Erysiphales Family: Erysiphaceace

The classification of powdery mildew fungi according to the : <t ké cisas
sman (A8 Galud)

A- Number of asci inside the cleistothecia. Jsl Sui axe -icleistothecia.
B- The external shape of the hypha surrounding and developing outside the wall
of the cleistothecia. ..eb QL jlas z s shatll g ddasaall Alial o1l s Hlad) J<al) -
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ERYSIPHE SECTION PHYLLACTINIA

SEVERAL ASC

Diseases caused by Powdery Mildews fungi

B Gl iy b s 0 0218 1- Powdery

Mildew of Cucurbits cie s (=t
Pathogen : Erysiphe cichoracearum
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Symptoms on leaves Shape of cleistothecia of fungi
G e a2 Y A ) il yladl) S5

2- Powdery Mildew on rose sV e ada oabal -2
Pathogen : Sphaerotheca pannosa var. ros

symptoms on leaves and rose
2505 3 sY e (al e Y

3- Powdery Mildew on grape sl e Ada gzl -3
Pathogen : Uncenula necator
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symptoms on leaves and fruits
AS) 58l 5 31y (e al e )

Shape of cleistothecia of fungi under microscope
el a2 pLadl) el yladl) (K5

4- Powdery Mildew on apple zui e Ada cabad -4
Pathogen : Podosphaera leucortricha
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Symptoms on leaves and fruit
AUl 5 Gl e al e Y

branched appendages
128--150 x 7.2 x 42--46 ym

(Podosphera) Shape of cleistothecia of fungi under microscope
el s Ayl by pladll (S (1 s 3 53)
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5- Powdery mildew of shade and forest trees :

Pathogen : Phyllactinia spp. :casea clial) jadiy Jall Aada (el -5

PN

Shape of cleistothecia of fungi under microscope
el i &yl by sladll JS

Control of Powdery mildew diseases 4sia

Al (alul) (al yal
Use of resistant varieties. e s calial alasiu -]
Dusting the plants with sulfur or phosphate salt solutions or with systemic
fungicides used as seed treatments or as foliar sprays. <t ge JLall adi -2
sV e GRS ) sl AallaaS aodiind 4 lea 4y sk il o) i il ) S mle I laag
Pruning the affected parts of the plant. .l g dladl o) 3241 alis -3
Powdery mildew control has also been obtained through sprays with the
fungal or bacterial biological control. Joa ge sl el dsilSe e Jsanll 25 LS -4
A g il dm o) sl AnSSl plaily i)

@N2003r
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Plant pathology

Plant pathology

Is the science that studies any change or deviation harmful to the normal

functions of the physiological processes of the plant, whether external
appearance or internal anatomy due to non-parasitic pathogens such as
temperature and the lack and increase of mineral and other elements or
parasitic pathogens such as fungi, bacteria, viruses and flora and other
parasitic and the possibility of treatment or resistance to these

diseases .
il gzl

Lgpall Cailda gl pamy ol el gl st 6f Qe Al aladl sa

o g ill A o gydl) illanll

0l ¥ e a3 o A pedadll
W e g laall 30k 5 5 a3 ) all da s Jie bkl e
L) g el yhadl) (Jia dabadall (gl oY) Gl of pualiall

bl 5 Sl il

e ] e il LaSle A<l 5 LAk ol e

1-

Principles of plant pathology s tsste
Ll yzal yal
Disease symptoms: A group of
appearance differences appear on
the plant can be characterized by
diagnosis of the disease such as
staining, yellowing, blight, leaf
wrapping, dwarfism, roots and
stems and fruits rot.
CUWAY) (e de gama et :m gl (il el -]
Gl i m pall Gy ey i) le &y sgladl
Ol s )93 ¢ 588 ¢ 31 5Y1 i) dadlll ¢ ) jhual ¢
kel (i
Disease signs : Is the existence of
the causative agent of the disease on
the plant or inside its tissues,
whether the presence of symptoms
or lack of disease as in most
diseases caused by different
microscopic living organisms
il e i pall Cosnsall Jalall 35 5 8 2 m sall Ciladle -2
A S Gaedsmgare ol Galsel demg el g aial Jab
At 4 jeae dgn IS Lganat ) ial e alina & Jla)
Pathogen : An organism living on
or in another organism called the
host.

AT S Jala e Ul (& S el Jalall -3
R

4- Pathogenicity ; The

pathogenic capacity of plant
pathogens is usually estimated
by measuring the degree of
spread of the disease on the
affected plants and the size of
the part of the pathogen capable
of infecting and penetrating the
plant, as well as measuring the
degree of plant impact of the
disease, especially under the
appropriate environmental
conditions for the

occurrence of the disease
Gl a..a‘).q..d\ EJ_‘&\ JJSJ L 3ale a:\m\‘).a‘}” -4

e Gl L s 5y Gl Gyl e Al al )
Ala) e 5l iapedd) el ¢ 3 pn s Aecaall il

Al el L 53 (8 SIS € 481 i) 5 il

O dial) Al Cagplall L dals el e a )
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Plant pathology

The plant is considered sick when

it has symptoms
oalel ale el Latie Wiy yo il yiny

5- Infection : An parasitic relationship between Pathogen and Host.

Jilall s (m aall Jalall G Alidda A8Ve 25 50al) -5

6- Parasitic disease : It is a disease caused by a parasite on the host plant. This
causative agent is able to move to a healthy plant to cause a new infection.

This group of diseases is called infectious disease.
Glaay e il N JEY) e 5alE ) Jalall 1 Caadl) bl e il dais (e 985 Ll e -6
Aand) al YU (al YT e de sanall sda and Buda (553

7- A parasitic disease

. Is a disease caused by non-living causes such as

environmental factors, nutrition and some other factors which is a

noninfectious disease .

(S e iaya g5 5 A Jalsall Giany s el s Aiad) Jal sal) Jiedas e il 4und (2 e 1 Gl (2 3 -7
8- Local disease : It is a disease that is limited to certain parts of the host

germination, such as staining.
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sl Jie Jilall i) (e Aima o) ol o sy (i g 585 1 omam g0 g e -8
9- Systemic disease : Is the disease that spreads on most parts of the plant as a
result of the transmission of the pathogen within the plant with a systemic
vasodilator or wood pulp vaccine such as vascular wilt disease .
e 5 gy ) JA13 i yodll Jalal) JU) A il o) Sl plina (3 5 (31 (sl 58 15 el iyl -9
e sl sl (i je Jie il QI A8 ) (g 5lea
10- Resistant plant : The host, which has a slow and incomplete infection, is
called a resistance. The tolerant host Tolerant is the least affected by what is
expected of other infected families with the same pathogen.
Asie s Loy 55 BBV sa ealisiall Cipaall Ao gladdly ALalS ye g Aday (5530 (o (ilay () Jiladl sy 1 slie i 2100
o aadl Jalad) iy (6 HAY) ladl @) (e
Disease symptoms
ol Gl el

1- Discoloration s a !

Some of the specific reasons your
plant leaves may turn yellow.
which may include too little
water, too much water, nutrient
deficiency, disease and/or plant
stress. ... You will also learn if it
Is ok to eat old yellow leaves on
your leafy green vegetable.

Ol ) il Gl Jsais 38 saasall Gl (n
Oe Ll ¢ eldl e Q) Jadi 8 Al jiaY)
Sl Sgal /5 el s ¢ i) palig ¢ el
S sY J35 3l o IS 13 Le gl ol g

o) pmall A, ladll e Aol o) il

2- Shot hole _ull s

Shot hole disease (also called
Coryneum blight) that creates
sized holes in leaves, rough areas
on fruit, and concentric lesions on
branches.
Gl 531 (A sl Al Wiyl ) L) 5 (2 5
sl Basa shlias ¢ GsYI b paall § S U
Ot e 38l sasie il ¢ 3gSLal)

3- Tumors ._Y
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Plant tumors — aggregates of cells that have multiplied
excessively — are usually caused by a bacterium, virus or fungus, or
may develop as a result of structural damage, “The
bacterium Agrobacterium tumor fascines is one of the most common
culprits in plant tumors and is the cause of crown gall

JSy @ IS A LAY e - il ol
Cils 5 LS e aali O sSi Lesale - o i
2" ¢ (5 gy wal Angh gk 8 ) ¢y ylad
81 ¢y0 8am) 5 Al ol A 55yl ALY Uy 5y

3)) e s o s bl ol )l A e gl sl
zull

4- Stunting (Dwarfisem) (sl »

May be caused by viral, bacterial, fungal, or nematode . infections
and by noninfectious (abiotic) means including an excess or lack of water,
imbalance of soil nutrients, excess light, chemical or mechanical
injuries, insect .feeding, and too-deep planting.

ot 5l 33l 5 lld A Lay (Aba D) dpanall e Jilas 5 (s saad) o silasi ol (g b o) (5 i sl s b Aan () 5S4 8
é,-.‘A’J\ L)’“J‘j‘} ¢ k_l\‘).ﬂa.“ 4&3&3} (3 4:\5..}.7\5..}461\ ji 4.\3\1\.4:\53\ kL\LIL;A?‘J 5 .33\‘)“ ;}AAS‘} ‘ :\J‘)ﬂ\ kL\LI..JM u‘)\).\ (:JQJ 3 bl:IAJ\

5- damping off xea

Several fungi can cause decay of seeds and seedlings including
species of Rhizoctonia, Fusarium and Phytophthora. However, species
of the soil fungus Pythium are most often the culprit. Damping off
typically occurs when old seed is planted in cold, wet soil and is further
increased by poor soil drainage.

sFusarium s Rhizoctonia g s el g8 Le el s g3l s ses <l sl e el st o (S
g5 Lotie sale yadill Cuny il (b PYthium sl sli 5 % L We « o3 o5 Phytophthora

A Al g gt 6 g sy A5 313 5 A0da ) 5 33 ) Ao 3 8 Al ) 50

6- Wilt Js

Some plant diseases can cause
wilting. For example, Fusarium
and Verticillium fungi live in the
soil and affect many plants,
including tomatoes and other
vegetable crops. The fungi enter a
plant through the roots and cause
wilting as they prevent water from
reaching the leaves.
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e s Al b o salanat A5 o 50 )3 sl g plad et ¢ JE) s e J sl il (ial jal s o () (S
Il iy 532l DS (e bl il phadll Jass (5 589 il g el Jualana s alalalall ld 6 Lay ¢ clibial) (ge ypaal
BsY) ) Jsmasll e slal) @il LY
7- Mummification s
Modified in some of the infected fruits into  small
formulations called MUMMIES and the disease begins to be infected with
the fruit, which causes the conversion of solids into dissolved soluble
matter and after evaporation of water and consumption of  dissolved
substances as  food for the parasite dry dried rotting fruit and
wrinkle and take the
mummified shape such as brown mold disease In the plum fruits.
Les 2gSUilly a8 sl o s MUMMIES (oonsi 5500 il 58 ) Abadl Ll any 3 Jaxs
Ldaid) 48Ul Cany Lahall o132 2011 ) gall eDlgiul 5 elall Ha day g 40003 8ale ) duleall o) gall a4 iy
" B L 8 A el e e L (K5 305 3 sl

8- Necrosis are caused due to
necrosis or death of plant cells.
The affected plant tissue usually
turns brown to black in color.
Necrotic symptoms could appear
in any part of the plant such as in
storage organs, in green tissues, or
in woody tissues.

Lodale Alal) GBAD Cige gl Ha3 Cana AN Caasy
U sl sl ) Alaall Al a5l Jsay
e sl b LAl Gl e ek o (Say s
o) yadll dauVl b ¢ oAl sl Jie il e

) Apusall A 8 Sl

9- Blight

Blight is a rapid and complete
chlorosis, browning, then death of
plant tissues such as leaves,
branches, twigs, or floral organs.
Accordingly, many diseases
that primarily exhibit this
symptom are called blights.

¢ GsY) e Al AasYI Cise i ¢ yaads e JulSllg o pudl i pzmdV) eha e 5 sle 4 Aadll
IV il & el Al Goal el (pe paadl b ¢ A Lei 3 58 30 eliae W sl ¢ a5 ¢ g 5 8l g
Y et (al e ) sda
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10- Root rot

Root rot is a condition
found in both indoor and outdoor
plants, although more common in
indoor plants with poor drainage.
As the name states, the roots of the
plant rot. Usually, this is a

result of  over watering. In houseplants,
Dl ie
3 Aalall bl A e sl ST e pe Sl e ¢ A el el Glall e JS 85 sm se Alla g ) sdall (jdad
Cile 52 138 cBale il (a3 ) gda ¢ an¥) S LS ol Co el
¢l il el & el (sl A

Plant pathogens

There are two types of pathogens in plants diseases....
1- Non-parasitic pathogens.
2 - parasitic pathogens.

1- Non-parasitic pathogens

Uncomfortable climate, environmental conditions, soil, or
inappropriate agricultural processes usually limit plant growth, but are
considered sick only when these specific factors are so severe that they
produce abnormal plants.

A Y S ¢ bl gai e AiDlal e Aol 3l clleal) s A il o Al Cag Ll ol sall e Fliddl asg Lasale
gl e il o Ll A ) Bagad Baaaal) Jal gall o3 ()5S Lanie W) Ay o W i
1- Inappropriate temperatures iwlic e 5 a s
Each plant has an optimal temperature of growth usually between 15-30
OC. At other near optimal temperatures, the plant stops growing but is not
sick. In extreme heat and cold, the plant is damaged and eventually dies.
Under floor temperatures may damage plant cells to form ice crystals in or
between cells, rupture cell membranes and cause death.
High temperatures cause wilt due to high heat, causing pollen to be unwell
or plants suffer from the death of the cambium due to the high temperature

of the surface layers of the plants.
A e a8 s A8l a Gla 0 3 Aasieda 3 30-15 Gwsdle sl i seill Alia ) da 0 A S e
B Al 8 e s clall ) ¢ sl 535 5 g Alall 51 all s o 8 Uy e Gl 405 sall e clill Cal gy
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i 5 LAY Angie ] (3 3ai s ¢ L b LSIAT Jala daali <l sy o oS0 Alal) LAY adt) ) a )Y 851 a sy (058
38 4l
w&u@ﬂ\@\aj}iuﬂc)ﬂgcm\g»:\guj@%mc:\:\]w"&‘)\)ﬂ\Wdﬁﬁ\ﬁﬁﬂ\ﬁ)\)ﬂ\&\;)ﬁ@"}l
ULl Apadand) adall 3 ) ja Aa o gl ) s p s1alSl D ga
2- Loss of oxygen
In soils saturated with water the roots of most plants die from suffocation
and become unable to absorb water and therefore die from drought. Dead
plant patches in lowing areas are often due to root deaths in soil saturated
with water.
o sa il g elal) (alisial e 8 08 e s s GUIAY] (o LAl alana  sda O sal ¢ lally Aaadiall &y il b
ol Rl 4 530 8 ) g3l ga annny i) (glaliall 8 Al il s 0S5 Le Ulle Calaal)
3- Decrease and increase in mineral elements
anal)l paliall 33l ) 5 Lalld
Deficiency in one or more essential elements may cause disease of the plant,
that O, H, C The most important elements of plant nutrition are N, P, S, K,
Ca, Mg, Fe and the less important elements are Br, Mn, Cu, Z, Mo. These
elements are essential for all plants and some may need other elements such
as chlorine, Under certain conditions, plants with a lack of these essential
elements grow weak and exhibit distinctive symptoms. The decrease in N, S
causes yellowing and the phosphorus-deficient plant appears blue-purple to
purple. In calcium- deficient plants, peripheral buds die and their leaves
wrinkle.
N ¢ oo clall 4355 pualic al O ¢ H ¢ C o ¢ il G s qapes 8 2] slinl) (e ST ) peaie (i
Lsma patialleds BreMn ¢ Cu ¢ Z ¢« MO o el Y1 sl s P« S ¢ K ¢ Ca « Mg ¢ Fe
o2 () i Al k) Canad ¢ Ama gk g ¢ I Jie (AT jualic ) Lpany zling 38 5 Ll aaeal
00 ilay 30 il selagg )iV NS 5 N b GaliaiV) an 5 3mae ool Ll ey Al ualial
bl eyl a6 o sanall S i (g (Ala A Ll () sm Y1 () (s Y5 3O (sl s il
L8l amai
Na increase naturally inarid areas and may cause yellowing symptoms and
increase other elements causing yellowing, dwarfing and high
concentrations of ions. There is no growth of plants because of their toxic
effects.
DotaY) s G (AN pualial) e d 305 ) sheal () jel g 385 Aaa)) ghlial 8 oapd (S5 6 500 seall ol
Al W T oy il gai a0 Y b Y (e ddle <l 3 i g o 3
4- Toxic gases
There are many polluting gases that can cause damage to plants, the most
important of which is sulfur dioxide and ethylene gas, which causes
yellowing and cell death. Ethylene gas can cause the formation of roots and
the wrapping of leaves because of inhibiting the growth of meristimatic
tissues.
a5 Gl Y e 5 oy Sl 2l Sl e Laal s ¢ cilally ) juall 3ali G Sy ) A3 slall i 3Ll (e a2l lin
Al Ao sa andiS Cuansy (31 5W) iy sdall 0 0S5 B GaliaY) Sle s o (S WSIAD Cisay ) siaY)

2- Parasitic pathogens
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Koch's postulates
The fact that a particular organism accompanies the disease does not
necessarily mean that the organism is the causative agent, as it may be a

secondary gas of a thermo active nature that has entered after the disease.
15 G 13le 05 o8 0¥ ¢ el Jalal) g o) GSH (855 pally i Y i pal) aaliay Uine LilS (f i
el an dAa )l s dadi Al
In 1884, the Scientist Koch's put several conditions that must be met before
we prove that the organism is the causative agent.
sl Jaladl s ) IS G i () U e 85l g ) o s 5 (e apaall & oS Allall a5 ¢ 1884 ole
1. The organism is permanently associated with the sites of the disease. .
el gl s il ISy ) S Jasi
2. The living organism must be isolated and cultured in a pure and free
manner from other organisms.
(S OAY) Lal) S (pe AA 5 A8 A8yl Ay iy Al GISH e g 2
3. The living organism should be injected from the pure culture to the
healthy plant, which belongs to the same species from which the
organism was isolated and should cause the same disease as was
observed in the original.
e all SN e i ol il G ) ity (o3 aded) il 1) A Ae el (g oall 5SH s a3
oY) i dan g1 LS (gl il oy O
4 - The organism must be isolated again and re-injected and result in the
same original disease again.
(AT B e Lol (sl (i die iy g i ale) 5 (55318 0 Al S e

Triangle disease

Plant diseases can be Host
analyzed conveniently using the
concept called the

'‘Disease Triangle this places the three
factors which must interact to cause

plant disease at the three corners Disease
plasinls Al g ) (yial el il Sy
A o) sall iz 138 5 ¢ (i pall Calia"  asall a2 sgiall .
ool s B ¢ el st Pathogen Environment

G L5 0 A i) al el el Jelé of cang

of a triangle. Those three
factors are: ... disease causing

organism (the pathogen)
favorable environment for
disease. WY i

Gl L ioh Jal gl

ol A B (sl ol S
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These three elements, pathogen, ———
host, and environmental conditions, make host
up the disease triangle. The disease triangle
Is a concept that illustrates the importance of
all three elements—just as there are three
sides to a triangle, there are three critical
factors necessary for

favourable
environmer

disease to develop.  aogen
‘:\:\igg”qi)ﬂ\j‘qw\c&.h)uﬂ&\}ﬂ\sﬁﬂ\ﬂw\al&s
J3 5 pem danla Jol so 4500 ellia ¢ Caliall (il ga 5 aa g0 LS Uil - 4520))

ol shai

1 - A parasitic organism capable of causing the disease -
paall Slas) Sle ol il (IS
2 - sensitive host to infection. .l e canas

3. Environmental conditions suitable for the occurrence to the infection.
Al S pant dunliall Al Gy Ll
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Plants diseases development cia gai i aus

Pathogen is successful in its parasitism if it has the specifications
that enable it to continue life and the infection and complete diseases
development in plants by :

sk JlaSid 5 Alayl s shall 8 ) paiu) (e 4S8 Al Cliea) gall 4] OIS 1) aliks 8 (o jaal) delall sy
Gk o bl 8 () )
1- Pathogens penetration and cause infection

L;;Jd\gguﬁju'a\)“\]\&b@uadﬂij-

Pathogens (Fungi, bacteria and viruses) can infected plants in
several ways. may penetrate (enter) through :

VA (e (JR5) 35 83 Bans Ll i 0 (ol 5 L0 5 2l il il 8] sl (e

A : Some viruses and most phytoplasmas are carried by insects,
especially sucking insects such as aphids, and others are transmitted
mechanically by humans touching, Many fruit trees viruses are
transmitted by grafting.

Gandls ¢ el il pda Jie dalal) G pdall dali s ¢ il pdall Lelaat L33 sial g5 aliaa s s il Gians
kil 335k (e AgSUH el il s 5 (e paall a5 ¢ G Gl ok e LSlSie Jiiy JAY)

"a’“”‘ <— Bacteria
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=
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gt y

Figure 2. Methods of infection by pathogens, Some typical pathogens are illusirated, but they are not
“shown on the same size scale. For relative sizes, see Table 1




B : Enter Pathogens through woundsz s dds ce gl e cls Jad

Many fungi pathogens can not enter the host tissue through the
natural openings, but needed to form wound in the host body so that the
pathogen can enter through them, Wounds forming from the exposure of
the plants to certain environmental factors such as wind and various
agricultural processes and insects.

iy pm L€y ¢ Ampdall At JSA (e Rbsinal) Fianidl1 J355 5 i ]l ial e8] Cilise (30 3l (S Y
o (e g sl OS¢ DA (e sl e G paall daladl Sy Jia Canaall auad) 8 7 o 5
ol il llaall Ziliaall Ao 5 305 2l ) (e Lisna By (Lol ped il

D : Natural openings such as the stomata: _ s Jie feuk cias

Like many pathogens such as bacteria Erwinia amylovora
which caused disease fire blight in pear.

8 AUl Aadlll (o ye s A Erwinia amylovora bosiSs Jie (il jeY) Clis (e 2=l Jie
s RSl

Many fungal spores germination at the surface of host and
growth germ tubes in a direction of stomata and apical hypha swelling
and produce structure called Appresorium .

Fi s ol aysiy sl ol 8 saill daa i e canlil 5 Jilall mhan e Ay kil £1 531 (e el il
ApPresorium (e 4

Appresorium produced infection hyphe (direct penetrated) or
infection pigs (mechanical and chemical penetrated), after the penetrated
hyphe branched and produce the Haustoria such as infection by
uredospores in fungi cause rusts disease .

il ApPresorium  of s ¢ (e s (Sl BN Ly Jall s sae o (Ll G (s 5el) b st
g5 48 yisall Al Sl e s Haustoria dav) s s 532l Jie uredospores laall (= et Sl pladll
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Appresorium

Leafhopper Bacteria (cushion for direct Spore
(carrying phytoplasma)  (on waterfilm) penelration) (ertering stoma)
oma
spore
6 ¢ &
. ¢
¢
o] p—
stoma leaf epidermis hyphae

(p.=stomata)

|

\‘-\ Figure 3. Diagram illustrating some of the ways pathogens can infect a leal.
“(Shown in cross section — edge of cut open leaf in foreground.)

-
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Haustoria

Haustoria are of various shapes and sizes ranging from knob like
structures ,to simple, lobed ,branched ,coiled or coralloid hyphae.
haustoria penetrate the cell wall but do not rupture the plasma membrane
even though they ramify extensively.

5 48 gila ¢ de i ¢ daiats “@Lﬁs‘;} ¢ padall Jie JSLell (e ) i Adlias Hlaal s JSil Haustoria
ol s B e B L) e pe M) Sl e B elie (338 W LSl i) laa (3555 haustoria sl sS

Ectotrophvc Fungal plasma Fungal wal

Haustoral
cell membrane

Haustonal nack

Sheath
Haustonal body . mibrane

\ Fig. 113, Enpvipie graminin. Dagrammatic representation of the fine
\.\ srpcture of the hamsonal apparsius in section (Based on Bracker)

Types of Haustoria

1- Simple binucleate haustorium.
2- Lobed multinucleate haustorium.
3- Branched filamentous haustorium.
4- Simple uninucleate haustorium.
5- Forked haustorium.
6- Finger like haustorium.
haustorium.s) sl (U Jaye,
(sl 2axie Gaade a g ) sl sla2-
Ac Hite 45143 - haustorium
(S35 e haaad- haustorium
Apiiede ) jab-

o5t siagl) Jie g 1



Plant pathology/SmI class/Biology Plant pathology
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Fig. 1.5: Types of haustona. (A) of Coleosporium. senecionis in cell of groundsel. (B) ot
Peronospora parasitica in leaf cell of wallflower. (C) of Peronospora calotheca in stem cells of
Asperula odorata. (D) of Erysiphe polygoniin epidermal cell of garden pea. (E,F)of Erysiphe
graminis in epidermal cell of cat in longitudinal section (E) and surface view (F). (G) of
Puccinia triticina in mesophyll cell of little club wheat. 7= intercellular hyphae; n= narrow
neck; ¢ = thickening of host wall (Redrawn from S.A.J. Tarr, 1972).
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2- Pathogens reproduction in the host tissues and causing infection
Pathogens differ in their ability to reproduce spores rapidly in

large numbers. The success of the pathogen in causing pathogenicity

depends on the extent of his ability to reproduce quickly in a short time

il oall S e Wi a8 (ol ) Clise (AT (5 gae) 8 o) 5 Canaall Aol 3 () ) Cilisse SISO
o Ae o IS e 45 )08 sae o gl el b candl) (o yaall Jaladl plas daiag 3 S dlaef i de e
b A
3- Disseminations of pathogens
Pathogen and its spores are considered to be low dangerous if
they spread from one place to another limitedly . Pathogens are
disseminated (spread) by :
) ) e Ll

() Glal e Classe 35 3 gane JSin AT ) S (e 00 13) 5 shadll daddia Lgadi) o g duia el ol gl yia

Gk o=
A: (Air )Wind B: Insects C : Water
D : Human E: Animals and birds F : Pollen grains
G : Plants producers H : Agricultural processes

4- Tolerant of pathogens to inappropriate conditions
Fungi form special spores with thick wall such as
chlamydospores and zygospores and sclerotia. Some viruses have ability
to inappropriate the dray and high temperatures , and some nematode
resistance Inappropriate conditions therefore Turn into eggs to resist

inappropriate conditions.

Lulie ye g Hlal () pel) e e zaliia
s il (any sclerotia s zygospores s 3_yisiall §1s¥) Jia clhias Hlas @ld Aala adil iy yhadl) JS
S Aplie iyl Agkapdl) ol o gl (sany s Aaipall 51 all s yas Ciliad) e ulie e 5,3 L)
Al e s Rl e i) G ()

5- pathogen adaptation
The ability of pathogens to change some of their living and
parasitic properties in proportion to the environmental changes that may
occur when the parasite moves from one place to another or the host
difference.
A yeall Jal gl o CaSll-

B A ) il me iy Ley Aglilal) g dal) lpailiad (e s e Gl Y] Gl 5,08
il cadaa) i o AT ) Kk e Juddall Jaih Ladie ¢hasd
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2 - Cellular defense installations il gl il

Changes in the appearance of the cell wall after infection the cell with
pathogen, including the following two types: ata) s Lkl jlas jelae (& il sl
ol e ) Qg ¢ ) yal) Clapnsay 4040

a- Cell wall swelling @ jlas plasl -

Defensive reaction by the plant host that swelling the outer wall of
the epidermis cells during the direct penetration of the pathogen. As a
result, the infection is inhibited by the pathogen and prevents its spread to
the other parts of the host. Lol s il jlaall gy A Sl Cucadl) J (ge olis Jad 3
o132 ) W Lasl aiay g (5 saall (in yaall Jalall aiag ¢ SN dasii |yl oY) Colucal 3L 51 EAY) (LS B p50)

Cavadl (s AY)

b- Formation of sheaths around pathogen hyphe il Jss aalei cp & —
o= el

These sheaths originate from the cell wall as a protrusions. This
structure continues in the formation of a sheath around the fungal hypha.
The sheath thus encircles the pathogen and prevents transfer it from one
part to another. Js s ¢ < 8 el 1aa paioy cule 55 IS e B0l jlan (pe et Y1 o3 Lt
AT 5 e alis piarg (i yaal) Jalally aaad) Jany 138 5 A yhadl) dlal

Germinating Bacteria
spore + / \
~Q = £
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3- Cytoplasmic defense reactions ;s sidl ueliall Jadl 350

When the pathogen penetrates the external defenses of the plant another
resistance is encountered by cell cytoplasm. This type of defense occurs in
slow-growing fungi that cause chronic plant diseases. the nucleus and
cytoplasm expand in the cells infected with pathogen. The cytoplasm is
converted into a dense granule containing various organic and synthetic
bodies in the cells invaded by the pathogen, thus breaking down the fungal
growth and stopping its progression. « cill da il clelial) (el Jalall (3 53 Lavie
AL () ye ) et T el Ay il 5Ll 8 )y g 130 Cany (5 yaT i glie (s o181 o 5O sl 4n

6 5ind A88S a3 gl gt oy il yaY) liansey Lbeaall LA 3 o 530 sisad) 93 il ans s Aka jall

A i gy 5 il yadll gt s (il s ¢ (m peall Jalall Lal el UDAD L dalii due L 5 3y gune alual e

4- High sensitivity reactions e dulua cdlels —

When the pathogen penetrates the plant cell wall, the cytoplasm forms
brown granules around the pathogen and then spreads throughout the
cytoplasm. As a result of this brown coloration, these cells die and the
pathogen begins die to reduce its spread from infected cells to other cells,
this phenomenon is called hypersensitivity, and this condition appears in
highly resistant plants. s <l 255 sindl JS8 ¢ sl LIS las (a yeall dalal) § 533 Leic
Qb T 5 WA o3 g ¢ ) ool Vagd Aty o 3 sl ol ppen (8 5 o3 im peall Jelal) Jm

ek s ¢ Anadal) o i s alal) a3 _ansis ¢ (5 AY) LIAN ) dleadll LA (e o b Juliid <sall (o el

e gliall 530 i) 8 Allal) oda

I1- Biochemical Defense s sull gla

compounds produced by plants to resist the action of pathogens, and those
compounds either be present in the plant before infection or induced by the
result of infection, including: s ¢ (alaY) s dee o glial clilall Leais il s al
dadiis ¢ (s gl Aanii e Aatl ol Alal) U il 853550 0585 o L) LSl

1- Inhibitors present in the cells before the infection s s sl cilasid)
Llayl i Laaldl

These inhibitors are already found in the plant, especially in the resistant
plants, which are toxic substances for the growth of microorganisms such
as chlorogenic _acid, which is a toxic compounds found in high
concentration in some plants, for example Potato varieties resistant to
potato dry diseases. The roots of some resistant plants against Verticillium
sp. Which causes wilting diseases Contains a very high concentration of

chlorogenic acid than others sensitive plants. ials ¢ cilall & dailh ciladia) o3 s 58

Uan il ) Aalal) GudaUaddl G gl adaldad) Calical JUA Jase e ¢ i) Goans 8 Jle S g

Aa dagliadl cilaliVerticillium sp.  <lina ) oISI Goaes (e 132 ddle 4 e (5 580 J 52l u'a\)«i e (53l
LS OAY) Auliall clilall 4 i
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2- Biochemical inhibitors induced by infection s (i) 4 sal) slasl) ciladic

5 g2zl

substances that are not present in the plant but are induced by pathogens
infection to produce toxic substances to pathogen inhibit the infection and
spread. These substances include phytoalaxins such as (phenoals,
Alkaloids) , enzymes, synthesis of proteins that did not already present
but are induced by the infection. cluw e Lo iy il b s3sasd) e 3 all
¢ gy Jie Al iV o) sall 038 Jadiiy | i g (5 soal) aiad () ya¥) sl dalis o) 9o LY () yaY)
5530 L (S0 il 53 5 5o (S5 o) ) L 5 ) (3 ¢ iy 33 ¢ (518

Phytotoxins : A substances that are toxic to the growth plants. Phytotoxic
substances may result from human activity, as with herbicides, or they may
be produced by microorganisms infected plants, or by naturally occurring

chemical reactions. s sl Blal e cbill Al of sl 55 o8 gail) cbilsd dals ) g0 450 o sansl
Ll el g b pe ¢ Aubaal) A8l Auall ikl e s A 5l ¢ OlieY) Cluae ae Jal) g8 WS«

e O om0

Phytoalexins : An antimicrobial and often antioxidative substances
synthesized produced by plants in areas of pathogen infection. They are
broad spectrum inhibitors and are chemically diverse with different types

characteristic of plant species <3 sisPhytoalexing: L e s il Siall ssbiaa oo
Wlas de yite il dnly st L) () a8 Cigsanas Bl (3lalin (g6 Sl Leais 5 Bl (o5

Akl &) 6 5 jaae Adlida &) 6 an

Mycotoxin : A toxic secondary metabolite produced by organisms of the

fungus kingdom and is capable of causing disease and death in both

humans and other animals. The term 'mycotoxin' is usually reserved for the

toxic chemical products produced by fungi that readily colonize crops.
Sl e JS 8 6l g o gl d i) e pald el ladl) dSLae IS At alu s 5l it 1A Hladl) o gaud)

il padll Leatisr A debod) Al cilaiiall Uacada ()5S esale Ay jhaill o gand)” mllaian (5 AY) ) gall

A g Junaladl) a3

Biological control .=

Eliminate pathogen using his biological enemies, Which
described in 1874 by Roberts for the first time as antagonism, Man did not
benefit from them in the control of plant diseases until 1921, there is two
types Of It 1 ils ¢ sl ailae aladinly (al ) i o sliadll
1921 ale ia clall (al jal e 8 jlasal) (& Gy Leta ddia ol 5 ¢ elaalli 30 J5Y 1874 ale i) Wbaass
e Ole g1 lla g«

1-Bacteria as biological control. s sl s 3aias i)

2-Fungi as biological control. s s dsslsa el il —
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1- Bacteria as biological control

Bacteria that colonize an area around the roots are classified according to
their effects in plants. They may be pathogens or have beneficial and
stimulating effects for growth and beneficial strains of bacteria such as
Pseudomonas, Azotobacter, Klbsiella, Enterobacter, Bacillus has been a
catalyst for the growth of plants and called the bacteria that stimulate the
growth of plants and stimulate the growth of plants is through several
mechanisms, including curb plant diseases and the collection of important
nutrients and the production of plant hormones and stimulate systemic
resistance e o8 8 il b b il By ) all Jon Aihie sentad Al o) Capisd Sy
Jio b il sl WSl 5 el s dina s 330 ol Hil LY S ) 1 YIPSEUdOMONAs sAzotobacter

SKlbsiella sEnterobacter sBacillus s« s ll LSl ey ciball gal |58 cuils
Aaledl 4003l paliall aas s bl (ia) peY) S elld 8 e ¢ Sl sae IR (e Ll el ah 3aad il

4 leadl da laall jaiad o 450l il gyl L)

The American scientist Kloepper is the first to be named Plant growth
promoting Rhizobacteria (PGPR) In 1978, as a group of microorganisms
existed and lived in the root zone of the roots of any plant species and were
able to increase the growth and improvement of the specifications of the
production of that plant, which coexists in its root region. S ¥ Al

Kloepper ) el sails 5 ol & 538 b 5 al 4o 3ll 0I5l aPGPR) 3a 55 i ¢ 1978 ole
sdal) Gpuady g dabi ) e ciSaiy Sl g g gl sda yia dilaie 8 Cuile o A8 Lal) ALK (40 de gane

i Ailaie  Gibedy ol il Gl 2] il g

1-The bacteria that live in the root Rhizobacteria and some of the other
microbial groups in the soil play a role in the production of plant
hormones and similar compounds and their secretion in the root
environment and this feature was found in several bacterial strains,
including Rhizobium, Azotobacter, Pseudomonas and Bacillus. The
Important hormones produced from these bacteria is Indol Acetic Acid,
cytokinein, and hyperplastic hormones Significant in the development of
plant growth and control of all other physiological functions in plant cells
Al S g el 58] (815 53 % i (8 6 AT B s Sadll e pannall ian s sl (b it L S Qanli ]
Cosmon) e &y piS CYBLA e apaall 83 jaall o2 Caaa g By Haal) dap (8 W )8 Alilaall CLS Syl
Azotobacter ¢« Pseudomonas sBacillus. . LSl sda e damiall dalell el sa el
Indol Acetic Acid ¢ & aSsilly cilall sai skt b g b5 genstill Jo )8 a8 5 ¢ (S sl
A LS 8 o Y1 B o) el Caills 5)) pen

2- The ability of bacteria Azotobacter to produce many polysaccharides
and excrete into the outer environment surrounding the roots and thus
provide a basic food and ready to be absorbed by the plant. L s s %

Azotobacter sl g Jull ) saall dapmall Zua el Al W 518 <l Sl (e aaall ) e
o) J8 e aabaia jalay ulul
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2 - Fungi as biological control

Trichoderma is characterized by its high effectiveness against pathogenic
fungi, so it has many methods of resistance, it may be added in a suspension
or powder loaded with seeds the first use of Trichoderma as a biological
resistance agent was Weinding in 1932. _.«Trichoderma s aibl iles
sl Jene 3 smne of (3lae 8 Lglon) (s ¢ Fn siall (5 51y paal) Led GUA ¢ (onl 5o Lppanall il yLad
O B 5l o A gl JeaSWeinding 1932 ple &
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Rust diseases iwall jal i

It is a fungal disease that affects some agricultural crops such as wheat. Rust
has different breeds of different species Puccinia graminis tritici and all

pathogens are obligate parasitic on their families. e, dualad) (ans a5 ki a0
aaliaall &\}A‘Y\ e Aaling Y 4l Taal) .zl JisPuccinia graminis tritici s¢3>tle » 35 ol Y il ey
blalall

Types of Rust diseases isall (= i g)si

A- Wheat Rust g ixa i

1- Rust of leaves (brown rust): Occurs and the injury appears on the leaves
only so it is called rusting leaves. e iyl jelsi 5 sy o(oll faall) 31,581 faa -]
Jaall 5 o o AU Laid 51 5Y)

2- Stem rust (Black rust): The infection occurs on all vegetative parts of the
plant (leaves - sheaths - spike) and most damage occurs as a result of

stem injury and is therefore called stem rust. s (s sl faall) Gl s -2
o AT 5 Gl Bla) Aoty ) ) alhaa Chaad s (Aliud) — sl W) — 315 Y1) il o) el asea e (5 gaal)
bl faa

3- Yellow Rust (stick rust): The infection appears on all vegetative parts of

the plant except the stem. Jsc clall el al pas o s s0al) Helsi y(Lanll fag) Jial) faall 3
Gl

B- Rust of corn s, jxa -
C- Rust of roses 1,4 isa -z
D- Rust of legumes i isa -

Taxonomic status of rust fungi faal ci, i dgai aa
Class: Urediniomycetes

Order: Uredinales

Family: Pucciniaceae

Genus: Puccinia




Black rust Stem rust caused by Puccinia graminia f.sp. tritici aud isa sy sl
o= WPuccinia graminia f.sp.

Leaf rust (Brown rust) caused by Puccinia recondite f.sp. tritici fxall) 3),5¥ faa
o a2l (Puccinia recondite f.sp. z8

Fungi with macrocyclic. Five different types of spores are present during the
fungus cycle and are exchanged for different hosts this called (Heteroecious).

The original host is the wheat plant, Reciprocal host Berberis spp. w3 < il
iE) (o (pilifa Cpdunaa ae Ledals b g el yhadll B 90 SR adil jadl e i o) o Aad 22 g 5l Akl
(uilaia

Jalriall Capcaall ¢ adll il 54 L;..a\l\ —auaall Berberis spp.

The fungus has five different stages of spores including:
1- Pycnial stage (Stage 0). s -1Pycnial (s o).

2- Aecial stage (Stage I). (¥ ds all) dalal dls ) 2
3- Uredial stage (Stage ). .l dls yall) 40 ) o) ds 5all -3
4- Teial stage (Stage H1). .G as ) Ghudds -4

5- Basidial stage (Stage V1) (sl als yll) daclill Al ) -5

uredospores repeatedily
(dikaryotic) infect wheat

aeciospores wheat
teliospores

spermogonia ;
spermatia :
nuclear fusion

\ barberry /
meiosis
-

basidiospores
haploid stage

Symptoms and Signs it al 24

1- Forming of red powdery urido sours get out of it Urediospores after rupture
of the host epidermis and when examined spores microscopically its appears
red wWith thorns. e z a5 ¢ yeall 5,0 sl Gadall 5,0 5 & S5 -1 Urediospores s sl (3 e aas
A3V pa ol yan el (5 senall afl jall pand die 5 dipadl




2- In the end of the season back Telia forming and get out of Teliospores

which are with dual cells and thickening wall. e z 5 30 Wi 35 ¢ s pall Gles 8 -2
Teliospores .clawll Hlaall g da 2 3all U3AD <l

O Y
shutterstr.ck

A- Stained section of a wheat stem with a pustule of uredo spores breaking though the
plant epidermis. asball s il 3 yia3 A § 1Y) Ga s g ualll (3 (g0 hale and
B- Section of a pustule with teliospores. a3l s asdteliospores.

Symptoms on the Reciprocal host gsad civaa e (al o9
Pycnidum Appear On the barberry plant on the upper leaf in the spring out
of the pycnidospores with sticky secretions and after 5- 10 days consist of
Aecial ospores on the lower leaf of Berberis plant.

SePYCNIAUM Ga gl (8 sl 38,01 Sl Gl s e PYCNIdOSPOTeS s 31 i ae
a2l il (e Al 48 )5l e duals g5l (g0 0585 Gl 10-5 25




Disease cycle
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Rust disease

SMUT DISEASES st jal

It is a fungal disease It is economically important because it affects cereals
crop causing damage and large losses, especially as the affected part of the plant is
the spike, which is the economic part of the plant, has been called these fungi by
this name because they are forming black spores on the affected parts of the host

plant, there are many types of Smut: 1l yal Luwe cgaal) J seane Cunay 43 LabaBl aga (g sk a0 5
) 13 il Hhadll 038 Cavans 3 5 il e gabaBY) ¢ jall sa 5 Abidl s il e badl) ¢ jall gl Aali s S il

andil) e gl e paal) Gllia 5 ¢ Canaall cilil) e dibadl o) 2Y) e o) g adil a o IS5 agl) LY

A- Smut diseases affecting sugarcane caused by Ustilago scitaminea. -i
Ll 083 gl Lt A1) ) quuad Guuai Al aadil) () sal

B- Smut diseases affecting corn caused by Ustilago maydis. asi al i -o
W (Al M) sl AllUstilago maydis.

C- Smut diseases affecting wheat and barley. iy gl cuas 3 Ladal (al jal

1-Covered smut of wheat caused by Tilletia caries and Tilletia foetid  Jasall ddaiall aais
5 Adaial) L st e W Tilletia foetid

2- Covered smut of barley caused by Ustilago hordei. 4w g3 sl sl 5 i -2
Ustilago hordei.

Symptoms : J=lef

The sponges are transformed into a black-colored bronchial mass in
grains are pressed by hand or when the bunt balls are broken during the
harvest or the study, the spores of the fungus appear in the form of a
black powder with a distinctive smell in the wheat, The infected wheat
spike are usually darker and shorter than normal <o i J ziswy/ L s a2
e by bl il s g lid ¢ sl jall 5 sbasd] o I S puuS die of ulls lphaiai aty gt 6 sl 20 g
alieall yo a5 G [ Dlnal] peadl) A ) 5S5 Lo 30le ¢ peadl) (65 jraa dai] 3 puf (§ saine JS

3- Loose smut of wheat caused by Ustilago tritici ce aslll zall cilull aasill -3Ustilago tritici




4- Loose smut of barley caused by Ustilago nuda s s3iv s e ) coludl ymdl) aais -4

Symptoms : (=i

It appears on all parts of the spike apart from the spike axis and turns it into a
black powder mass of dark fungus. abiad) jsaace B iy Aiad) #1500 gen Ao el
AdS)al) iy pladl) ¢pa 3 gaud (3 ganna S ) gl ga g

The fungus inhabits the grains until the following season. When cultivating
the infected grains in the following season, the fungus accompanies the
developing summit and attacks the contents of the spike and the infection is

repeated. il el ¢ Ml aussall 5 laall ogindl o)) j die M) p pal] in ignd) podl] (S
Sl ) Sy i) Sl sine aalgy g Lualll) dadl)




A-Covered smutd. B- Flagsmutd. C-Loose smutd. D- Maize smut d.

5-Flag Smut of Wheat caused by Urocystis tritici ce sl il & sew ale Urocystis tritici

Symptoms c=i el

The appearance of dark gray pustules extending parallel lines on the
paper blade and sheath. These pimples are initially covered with the
epidermis tissue, which soon ruptures free of which the black powder
(the fungal spores) inside. _sells )5l s 58 e & ) sia o ghal xici LiSh dpale ) &l iy ) sela
(bl il yal) 613 pudl 5 )3 sl (o Al (3 588 Lo (e s 15 ¢ 5yl Ainasily Byl 5 ) S0 020 Ak
JPAENRY

Taxonomic of smut fungi

Class: Ustilaginomycetes

Order: Ustilaginales (Smut Fungi(
Family: Ustilaginaceae

Genus: Ustilago

Class: Ustilaginomycetes
Order: Ustilaginales (Smut Fungi)

Family: Tilletiaceae
Genus: Tilletia




Disease cycle
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and Plant Penetration

Dikaryotic Myoella Gn'ming
Through and Between Cells

Life cycle of Ustilago maydis.
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Plant patholoqy lect. 4

Plant defenses against pathogens

The plant is attacked by many pathogens that try to
overcome the plant's defenses. The plant's defenses against
pathogens are:

I- Structural Defense
I1- Biochemical Defense

I- Structural Defense

They are natural barriers that prevent the pathogen from
Penetration of the plant pathogen as well as spread within it.
Divided into:

A- The defense combinations are already present in the

plant.
These structures represent the first defense lines in plants
against the attack of pathogens, and include :

Spores of

pathogens a <
Thickness of cuticle

layer

v Sensitive varieties
.

Infection hyphe

1- Cuticle
Thickness of cuticles layers outside epidermal cells give
resistance to plants verities against pathogens as compere with

sensitive plants which have cuticle layers less thickness



2- Wax
There is wax on the surface of the leaves and fruits, and

forming the outer cover of the epidermis cells, a substance
repellent water and thus prevents the pathogenic organism
stability or germination on those surfaces. But the pathogen uses

the mechanical pressure to penetrate the surface of the plant.

cParnvES CUMCLE QUAND CELLS
0' 4

3- Cell wall

The thickness and hardness of the outer wall of the epidermis
cells are important factors in the resistance of some plants
against some pathogens, because of the lignification with lignin

, which gives the cell wall more solid.



4- Stomata and Lenticel

The delay in the opening of the stomata during the day in
some wheat varieties is considered resistance to the inability to
enter the fungus causing the disease of rusting stems in wheat
because of the drought of pathogen germ tube that germinated
during the night with dew, the evaporation of the dew cause dry
the germ tube before the stomata opining. The small opening of
stomata gives resistance to some species against some of the

pathogens.

broad Stomata Narrow Stomata

Sensitive verities Resistance verities
to infection to infection

5- leaves trichomes

The presence of these trichomes in heavily level on the
leaves in some varieties of tomatoes and potatoes are more
resistant to those varieties with few numbers such as in late

blight disease.



B- Defensive structures formed as response to pathogen
infection , These structures include:

1- Cellular Defensive structures

2- 2- Cytoplasmic defense reactions

3- Cellular defense installations

4- 4- High sensitivity defense reactions

1- Cellular Defensive structures
These structures are formed in front of or around the
lesion pathogen in the plant, such as cork layers, separation

layers, tylosis formation, glomerular deposition .

A - Forming of cork layers

As a result of infecting the plant with pathogens such as
fungi, bacteria, viruses, and nematodes, the plant often causes
the formation of several layers of cork cells behind the lesion.

These layers form thick barriers that can not be broken
by the pathogen. These layers prevent the spread of any toxic
substances from the pathogen, and also prevent the access of
nutrients and water from healthy areas to infected, thus
preventing the pathogen from nutrition, which cause inability to

infection.



3y o
e~ ¥ T

FIGURE 6-6 Formation of a cork laycr on a potato tuber follow-
ing infection with Rhizoctonia. [After Ramscy (1917). J. Agric. Res.

combinations the necrotic
underlying healthy tissues and form sca
ff, thus removing the pathogen from the host com
S trees canker caused by the fungus Seiridium c:

FIGURE 6-5 Formation of a cork laycr (ClL.) berween infected (1)
and hcalthy (H aggf Icaf. P. phcllogen. [Aﬁc}: Cunningha

B- Forming detachable layers

These layers are formed in active cells of the modern

leaves of some trees after infection with fungi, bacteria or
viruses to prevent the movement of the pathogen. After that, the
separation layer surrounds the infection part and falls, leaving

the area of the infection ,such as Shot hole diseases.



C- Forming tylosis

Tylosis was excessive growths initiation from the
expansion of the membrane of the parenchyma cells adjacent to
the xylem vessels through pits. . These growths occur when the
pathogen is present in the vascular tissue and impede the
movement of the pathogen. As in the case of plants resistant to
vascular wilt disease caused by fungi or bacteria.

VESSfl by PARENCHYMA

Fig. 6.32. Formation of tyloses in heartwood.
A, LS. vessel showing tyloses.
B, T.S. vessel showing tyloses.



D- Deposition of gums

Different types of gums are produced by many infected
plants around the area of infection, especially in stone-core
trees. The sedimentation of the gums are inhibitory barrier
surrounding the pathogen and becomes isolated in this area

causing its death.
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