ALS il ol

Plant Pathology

03! jule L yuuos 4358 005,910,

Yyae

. Z ..
QL\SJ:\;DM\J



1dodde

Ol (sl oo e L il HlalS vg>g @ atisly Calide Sl 3l o) 0,5 (59, 40 i Sl
Ao, AD asyle oldé a9 @S AT olS g9 Ve e Bl o Sl el Leadins |
a5 5 Ollg Sl g o Jeol> diiad g g poS sl (0 yiege a5 oS V¢ sg0s 5l Ll glae
Lol atinly HlalS 0g2g 4w i olie plie s3>

9319 Al g g (o slrod gl3 pie wits Ll (6l 188 (Lol pte 4T oMl (lalS
Wigd oo Dgaite Hladl Sy Lo 65l pll ;3 cote Julo 0,2Vl g 009 3

0y 5 Shrimo (ldE Slse a2 538l 5o, Sk g HlalS 4y Dl 5 pled) (Kinly 4 azgi L
Pl Lol g Lo 9 Sl W3S 5l Gl Cusl> g Jads g ol leos gl iulidl ol jo idieS

PLS (wlls 6 jlow azxy ,U

o=l o g wlaidls 352 Canl 5o lalS alay ol 5l plalS sl ST 5 (alS slacs Lo
S S LS5 Jle slp o)l 3529 (xb psle 0l 0590 50 059yl 45" el plag B (slaend Leol
lond Ty Haine;S 090 sle ¥ ,d willise (e 05 IS slag, B8 (i se0d

o el ay Ll L Lo IS a0 )5 lales 65 5 oS & £, a3l ool 2Sle; 5
Ol (I azedn )b Sl )0 aldS (49,8 )0 pgatn (LS G590l azu b wilasle o jly ol
ool Ll 090 50 (Jolas g e alasly SL3T g lags Lo Je STj0 sl

s09—oE 03 0,9 (pl 13 3 Sl (BLS Slagleny e 090 o (SF wlie Sl jlacl o
Sl ek 5 ool 35 2g Ghlas oo 1o (LS Slaslor o5 35 (nl 4audld aloz 5l po 5
45 aog 00, S 3 Shls Lo len ) (can @l 208 leg) witus JSaLS 4l jslis Ojlore
i el ye ol b ol el s o Jlu b 45 o5 a8 55 g5l o, RODIGO aan 3l ,bg xs
91 1 limas sy (5 Sl b Gl JISS! 4 5 wlie ol atis S b sl b el

Bg—ld Theophrastus jwgiwl 89 an bgo e 2SI slag,lon dim) 1o baiisl (5 canad
slos lowm 0,5 0 Slallas g9 .l i j oo o D 31 13 Jlo dianw o090 oS coul Jbgy
Jlazi! a5 0 axgie gl .l 08,9150 oy A, 4 |, 043 Sloaline § axdls Y4y g M (Lo
Sl s 5l ol Sy il pB) (o (SEWS 5 Cunl g o lows 5l (i 4 LS I (S 0 (D
P Solom Dad 55y » 657 Ll 5 S iz a5 Al axgile 69 eizren 3,00 0529 5 )lew
g 5958 390 50 bl e Wy ez Sl S0 alS sle (olen 45 SIS soide (g .l
maon) ) byl uiles) pae jo i Jols pole )5 (38,00 el aliwg: 0al olnl (lias Lo &



e 8,5 )13 100 Co lauad ju pole iy 90,5 oy S 0 dde g (cwbiw  sloix slo
Sidom pode ainey po Lale 4058 90 b jdo wo3jes ()8 Lanlsl U (6odho paoda (53) 0593 cnl Ll
(Spontaneous generation ) oy 5w o595 ddgi ans 8 3l Wog Sole as,8 90 (pl e Lo, S
= 8 g S o 51 Gy Slog g0 (6095w 095 A ans 8wl (AUtOgENIC) Lli0e5 4,8 g
d5ge Lol (Sl 055 4008 Bl bl e d5z g g 5 Lo e 5 00l adgi sog7 S5 ok o
Jall 0 50) wiloo 35251 oS 055 5l 958 o0 by (e S (59, 45 2oz B 5 o (lalS )
(Cal &350 095 5l CB 30 0,5 s0uu8
sanlin JoB los xSL o] S L aS clo plp Yoo SlaS )5 b 095wy ,SesVan Leeuwenhoek
S8 aalas 0,50 |, lag B CoSwg S 5l oolawl LYY Jlo o (Micheli) Lice 55951 0 2554

Solow 4 00yl slraigs K alaw sla gl 0095 (sgmail b dieils (Tillet)als VYVO Jlo o
ol ol plo Sloas 00glT (g0l o b asan lalS as 0,5 alasde g ouil WJlo slo,ds (59, |, oS
Syl JLABl 5l OlsSioe yde (595 (Ssieas L aS o5 Sl 69 (S wdlios e Silem (0l 05
=950 Sl 4y g 3,10 0929 ol 0053 pl jO coww oole SO Cudils sliiel >l b0 )S (6,5 5l
Dy Golem Jole
Salw olsu! 5l ceilys o Dlalgus 5l osliiwl b g 0,5 andllas 1) LT y05als 0956 ¢ 5 e Jole
Iy g9 aolodle Sl s caslls (gogtungs adgi an slazel aS of o)l olrs (pl 0929 b .0iS (6,55l
Siidls 990 10

5 ae Sygo b wdnl )3 (o) e (S950L Golen VATD Lo 3 (gim w0055 ()3 Lawlgl )0
Lg)_n; U?"L“'Q Sl wm)‘ (ERRW g0 GA..L\.:‘ L)"‘ ..\4&;)5...5 LJ"‘)"’ GE.'Z_‘) u.CL:j o.,\.n))f)!bLL:
Sobo il pgaz )0 aslllas 4y ook Gl Stagh 5 cole hled addS 5l an ) ol slagslon
PLS los lem adlllas 45 045 005 ez b 4l j0 a5 g Lo .ol Phytophthora infestans
ke o b Sy plsie 0Ty (559, cnl 5ol plxil Gogas cnl jo (gatedy)l slo aghy 5 <oy
adg 4o )8 oy 45 3890 (Gamal 8 dieiils jewl VAP L o aiilils o (DS owlil g low
S50, 1y 045 (Germ theory)  og,5ce 5,55 Sledl aeils &5 VAYA Jlo o 5.0 (s355u345
Arwgl § 0 SOT 5O prins yof g el ok ES Ay (nl 5 0,5 Sliiny s 5 Ll Glags Lo
935 (s Oyde (AL 3Pl e U5l 4 UL (b cui 5 n 09 S5e (BLS ($39lsl
045 2LS (555l 5 Canl onel s il S5 5 g slom e el anesj )0 (o0l 5 slesridse



ol o 5 $G8lsled e obidug g yelal (sosie slaasll sl 5:ST g (puliig )8 Bol e
Mo 5 Jilo joi (0l 9925 b g Cawl ouel jo e SO O jguar 355 w10 S 2 aS Gl 0,.8 g
il 6970 1) (BLS S5IPL )0 (ol Buiow g adlllas a5 518 292 9 o0k

5 i8S 8 aslllae g olulid 9550 7,05 4 5 2LS Sl le olss plo ez ) 5 ogdle
A o eaiS asls I Needham plaos lawgs VYFY Jlo o olS cosl)l wled pdol ( gz oyl

a5 ol Gl (55 00,5 G l3T VAYA JLo s BUMTIHl 50 Lsss (8l slics ot 5,55 oo
Slse 05z g 4 (6,5L S5 bangh M 5 o ST (65l

ol a5 0 S oo yeai sl 0y (g 05 Slige ilew 4 L sl sl Mayer L VAR L. s
0391 o5 o las  cwg, deils IVANOWSKI  Seuilgs! Lol .oy co09>g a5 (6,551 S alo> i1 50 (5 )lows
syl oo Blo oylas Jlizan 45 5,5 sanlive g ol yue 8,5 ol |, bagg Sk a8 o dlo 511,
oo ddgi 625 Lot a5 el cas Yozl (g Lo Jole a8 0,5 ames 1 S o S0
|, Sealise olon Jsle o Sudgill sla 5 ol oo Beijerink s ,oes YAIA Lo 5o 0,5V
sl o9 29

g0d oaalie |y IaS5L ol 53559, c0sed Bl il slawssl s Stahel Jabesl VAYY Jlo o

Ly Lol 55e) Mollicutes LacsSdse o, Ses oymls 45 oL,LSen 5 DOI (595 VASY Lo o
il Jlo Hled 10 ad co Jitie o,y Jawgs a5 030,5 law oogll ol auz 2dl yo | (Lewdlgid
Il 5 95500 ormmt 51 oSl 5 51 onliiasl 31 50 bag Loy ol oo 457 03s,S ol o) (Ko g Ishi
4 S wioh 009l &3 y0 S (6,58 (Sl el g Ko CaiS 4 3890 ), Sen g DAVIS gso VAVY
ol Spiroplasma Lewdl gyl 1

90 Sl Jole g 4 wizias RNA slo JsSUso a5 |, 039,59 Diener oo VAVY Jlo yo
gl (5155 () e 008 o

WINdsor & Sy 5 ;5w dasgi L (pimnsss (Sl gl @y dgame 0t s slags ST
o Lo b JLs 5l an 5 ad 5155 65,5 S p s)lew 4 009l junds 80T il o Black
23,5 155 90 s Silent 50 (97 gl & dgamme CuiS

Sy5— w3555 o0 2l o 2l Gl slen Jelse S sl 52,8 sl 6,8 w50
3 iy S Lyl sl ysSil 4y ()],3%, aSST (sl (ggmail B 1555L88 51 (S0 285 518 eolanl
g0 4o VAAY JLu o Millardet @ Dls aiouib oo (o Sligw g Sl ol 5l Doglsee lage
d=lis j0 095 oS 5 lage Conl ouls oolainl bglses ol 5l as Sla ST [0 a5 ol axgile Solas
5 Sal g 055 0lS byl 5,5 <l g5 5,50 slaigle;] ilos,S s L3ls Soin (6 ,lo
o g ,me Bordeaux Mixture o, byl ol a0 faws bglses cpl o jls Sapin Ju8 50 ololojmas
2150 5,8 o8 j5ie 4T 0 (BLS (5 ke ple o 2578 ol (nl



2L s low Coonl

5 olalS 4 Lag )by ool as ceul gl 51 iU Jol az 0 j0 olS sl g Lo Coonl

Y i v EGIR U

ms0 Sz YalS ] ) (3l @l 355 0 (S a0) (savl (slaklaie ;5 (5 yleny S a5 (2B
Eloeiz] saw Cllge alids G ol aSh wiS o 0)lg dala) (oS L adlaie G olaidl 4y s 45 a5 all
oS o0 ;S8 Sl 0ols -y aidS 0 aS |, by cousl (pl 5l dged i DS Lclils wales o 4o

5 90,5 ;s cda Ligyl ,0 YAY: Jle sg0 o (Late blight) ey (So30b g low =)
oyl Lol (s1dé  caojomm a5 el 5l g anl jo Seodnl &g calies blis jo Jlo dix o,e
Og—e SO o B a5 09 (6 ke ol seuml 31 LB VATD Lo jo ad pl By jre dad ols o JSiS
SIS 5 Lol & im0 ppume i i (opaea V0 305 5 iy o (ol 1,3 1525l 3 i

«!— Cryphonectria parasitica z,L3 ;| &b (Chestnut blight) Lol ol Sisgw g lem - ¥
s Ll oL SlelSim 505l 5 555, o 31 sl (53530 5 5 oo 0l 3 VA JL s b oy
ol 033le Bl slailadl aid o lac slodSm o 5l o590l 45 0us 5 I el (5,

A g ol LG ol (8 (3blie 5o e ()3 lslhe CUPIY TOD g (s Lo - ¥
50 lgae 0t 7,5 iSie e (gl 2l Loyl sl g 9,51 8,5 (gilwasd Caro g jauas oS
o=l e s gl w8 Caio g Ldawd (g5lwaid Sl IS el g )15 jaias VAT ano
2,5 Jop ol v o b 3blee

4SS ol lasl SO o L aS wl el Wl jo K5 slo g )lows s YAFA JLo o -F

D95 O 3 Gl oo dn bl ()b Sy pasS 5 YV e e

o low (Jgore ©yjlus Y

- ,5aS 50 g Canlaz gy B i alE g b el olul les 4 2L slas e (oole &l
Jsmaze dmo o Ve 500 la )9l 9 9 95800 03) e Jgame duoy0 Vv Sg0e adyley gl
b Dyl 4z ST e Caws o (80 Bl g Lol 1l 50 L jlen Sjles liee 5l ey 0 5
Sl i ool 5l Ol Gl Ylaisl aS o) o Jlan Jg Wles )7 S8 as 0 V0 25 ) Ly e

=50 )ly WY gaze 4 lawdiins a5 Cel gl cle 4 s & LS oo Lo (solaidl Coonl
ol sl i o aldls 4 canl 28 Jlo 5 el 55y By clas (ymizras Sk oS
alie glo)siS poye p olerd yf g olond 0)le plowl b g Ll 58 sl g 15 lows Jelse
g s ozt



Estimated Annual Crop Losses Worldwide

Attainable crop production (2002 prices) $1.5 trillion

Actual crop production (—36.5%) $950 billion

Production without crop protection $455 billion

Losses prevented by crop protection $415 bhillion

Actual annual losses to world crop production 5550 billion

Losses caused by diseases only (14.1%) $220 billion
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FIGURE 2-15 Means of dissemination of fungi and bacteria.
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FIGURE 2-21 Forms and locations of survival of fungi and bacteria between crops.
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FIGURE 1-1 Schematic representation of the basic functions in a plant (left) and of the kinds of
interference with these functions (right) caused by some common types of plant discascs.
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FIGURE 5-3 Schematic representation of the structure and composition of the
cuticle and cell wall of foliar epidermal cells. [Adapted from Goodman et al. (1967).]
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FIGURE 6-5 Formation of a cork layer (CL) between infected (I) FIGURE 6-6 Formation of a cork layer on a potato tuber follow-
and healthy (H) areas of leaf. P, phellogen. [After Cunningham (1928). ing infection with Rhizoctonia. [After Ramsey (1917). J. Agric. Res.
Phytopathology 18, 717-751.] 9, 421-426.]

(Abscission layer) socSla> 4Y (o

Ngber Jo ldole (5S4 Blge 5 00l SHU (Jeke o)lga0 Z8l ol o e 10 5550 (pl o
g &b oS L bl (fend LUl 5 o sloml (SIS w2 jslme sledsh 51 6 pm 99 (o w0
20,5 oo adad oLS L 5550 bl oogll Cand (o3, b g 05,5 o i, oole!

Y



Abscission layer
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Lignified cells

FIGURE 6-7 Schematic formation of an abscission layer around a diseased spot of a Prunus leaf. [After Samuel
(1927).] (A-C) Leaf spots and shot holes caused by Xanthomonas arboricola pv. pruni bacteria on (A) ornamen-
tal cherry leaves; characteristic broad, light green halos form around the infected area before all affected tissue falls
off, (B) on peach, and (C) on plum. The shot hole effect is particularly obvious on the plum leaves.
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FIGURE 6-9 Stages in the development of the necrotic defense reaction in a cell of a very resistant potato variety
infected by Phytophthora infestans. N, nucleus; PS, protoplasmic strands; Z, zoospore; H, hypha; G, granular mate-
rial; NC, necrotic cell. [After Tomiyama (1956). Ann. Phytopathol. Soc. Jpn. 21, 54-62.]
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FIGURE 6-8 Development of tyloses in xylem vessels. Longitudi-
nal (A) and cross section (B) views of healthy vessels (left) and of
vessels with tyloses. Vessels at right are completely clogged with
tyloses. PP, perforation plate; V, xylem vessel; XP, xylem parenchyma

cell; T, tylosis.
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FIGURE 15-1 ({A) Typical plant parasitic nematode. (B} Close-up of the head of a plant parasitic nematode showing
the spear or stylet. Scale bars: 10pm. [From McClure and von Mende (1987), Phytopathology 77, 1463-1469.|

el 00l LSS Co )LQ,>)‘ Sy S e —
azaSOffset ol ol a ail Sligeed ;e Ojso @ ST 009, 40 (0 bl Gl Jlasl o0

Sy Sl ol an adl ool 035 (55, 9 Wl 03,5 (s A w3 10 2L Sl ST (g 99t os
Cad] o Wlod iz g disS e o ledl Ol g Lol b cadl 0si oo axa5Overlappe

o5l

\RR
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FIGURE 15-2 Morphology and main characteristics of typical male and female plant parasitic nematodes.

65))-‘*—‘-"-*-’6—-“}6'*4"‘5‘30)‘“’17'(5)4 wb)olsthmus )5Q“45°MJ"'&“‘)GHAC%&’)‘

Al - <lacl 9 -.\3)‘0 Og>9 (y LSLQ{"‘" 3O R L@WLQ ‘55'“"&5‘

V5



P ol gbaile (o5l elise oYl
Ao iy, 4 lasle | —olac | o OSS o Ao oS el slocond 4 lassles

A oled o Lpiie 0y o Olus olen slaplail § S 4y oo (g0lass g 48 L 4y (golows caisS oo
Aol 3 )lg 5 o aiy, SBlbl S o lewsles 5 ol olaws WS o alos oLS 5l cols coond
a8 Ectoparasite La plas a5 a S 0 9,8 aly, ol 1) codlinl 1add o opl gl o8 LS
LS an L oS ales Koo adn, a9 00,5 bay 1) ady, oSO ailed co wiylo S o laasles ol 09l oo
WS S o 500 alais 4 gl abads 5l ailg ce Siied S axie ez A Oyled g ailup | 095 s
Haplolimidae. sleoslsils slaoslel Jin g e aaS 2lye L S e sbooslel Loyl 4
Bgus o s L] 10 g Jigd o 3,lg oLS plail 9,00 lasles (s mSsCriconematidae. Tylenchidae
Ll an ot ,olae e S o0 pae Lo g 058 o0 asSEndoparasite eyl 4 ai)las o5 ,> 5o g
iy, Jobb j0 (6,maize wilg Pratylenchus ...~ Pratylenchus ¢ Moloidogyne Jie aus5 o

Al aas clb Lacplas aS oS o olS plasl o)ls 1) 055 s 5l (cowd ASLeS 5 (6l oae
Heterodera ,Tylenchulus semipenetrans sls > Jio 598 o «as{Semiendoparasite)

O yem0 dn |y slad> 0 sENdoparastie & g0 an |y 055 Sus; 5l slo,g0 luslad jl  —as
Ditylenchus dipsaei axigs a8l wsles JANguina tritici paus Wl Jie .0ul,35 Ectoparasite

VY



I s T — :

(L——:—‘,\ S T — iﬁn)— ’

S Longidorus R
2 T S————— Helicotylenchus
Dolichodorus
k| —— . N
e Belonolaimus Rotylenchubus
: ®ooscecoEw— i
~ Anguina

5 L — . — —_ = — >

= - — “=""Xiphinema Tylenchulus i
6 IENT e T e Hoplolsimus =
T SRR T — > Rotylenchus ~
B e WSS T et = Hemicyciophora
B LT~ S—— Ditylenchus
10 e ——— e Aphelenchodes
1l et e——ee—— ., Tylanchorhynchus
12 emmewesseywer—r, Trichodorus
1] e —m—. Rydopholus
T a—r——————— Pratylenchus
15 e Criconemnoides

®

Paratylenchus

L L 1 " -l " al L - e 1 i P
0 2S0um  S00um  750.m  1000um 12S0um 1S00pm  1750.m  000um 2250um  2S00um  2750.m  3000.m
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FIGURE 15-11 Disease cycle of root knot caused by nematodes of the genus Meloidogyne.
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FIGURE 12-4 The most important gencra of plant pathogenic bactcria and the kinds of symptoms they causc.
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FIGURE 12-5 Somec macroscopic features used to approximately determine the bacterial nature of the cause of a
plant discase. (A) Brown discoloration of vascular tissucs of wilting plant. (B) Halo surrounding lesions on leaf of
plant. (C) Cloud-like exudatc of bactcria oozing out from infected plant section placed in water. (D) Appcarance char-
acteristics of a culture and colonics of bacteria isolated from infected plant. Hypersensitive reaction tests in which
injection of pathogenic bacteria into a leaf of an appropriate nonhost plant induces at first water soaking (E) and then
collapse and necrosis of plant tissucs (E and F), whereas injection of water at the opposite sides of the leaf at E and
at A of lcaf F or of a nonpathogenic bacterium (D) at leaf F induces no such reaction. [Photographs courtesy of (A
and C) University of Florida, (B) R. J. McGovern, University of Florida, (D) T. R. Gottwald, USDA, Ft. Picrce, FL,
and (E and F) A. Chatterjee, University of Missouri.]
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FIGURE 14-5 Relative shapes, sizes, and structures of some rep-
reseneative plant viruses. (A) Flexwous thread-like virus. (B) Rigid
rod-shaped virus. (B-1) Side arrangement of protein subunits (PS) and
nucleic acid (NA) m viruses A and B. (B-2) Cross-section view of the
same viruses. HC, hollow core. (C) Short, bacillus-like virus. (C-1)
Cross-section view of such a virus. (D) Isometric polyhedral virus.
(D-1) Icoszhedron representing the 20-sided symmetry of the protein
subunits of the isometric virus. (E) Gemmivirus consisting of twin
particles.
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FIGURE 14-4 Electron micrographs of the various shapes of plant viruses. (A) Rod-shaped virus (fobacco mosaic
virus) {36,000x). (B) Flexuous thread virus (swgarcane mosaic virus) (80,000). (C) Isometric virus (cowpea chlorotic
mottle virus) (100,000x). (D) Bacilliform rhabdovirus (broccoli necrotic yellows virus) (28,500x). (E) The various
shapes and sizes of alfalfa mosaic virus (168,000). [Photographs courtesy of (D) Lin and Campbell {1972). Virology
48, 3040, and (E) E. M. J. Jaspars.]
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FIGURE 14-24 Schematic diagram of familics and genera of viruses and of viroids that infect plants.
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FIGURE 12-53 Symptoms caused by mollicutes. D, diseased plant; H, healthy plant.
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