CHA ELE R S

(2 Some Typhi‘cal Plant Diseases

sbloal

Gie

2.1 Late blight of Potato : ) T

:.\l(l):‘(“l ::R:\(‘l-l AND IMPORTANCE— Late blight of pulu.ln is the most serious of al'l po'lé:)nii:::?fbé:)::;
Tiscase 18 of wide occurrence and is known in all potato gf'uwmg purl.s_ui lhg wn.rl‘d; Potd]llo \:,Z risen ioduced
America (northern Andes). Late blight occurred on potato in the Andes in cpldcnm..iorr;. o be destruction of
into Europe and north America. The famous Irish famine in 1845— 1846 was Cauw('lu 'uet levation of 2000 m
potato crop by late blight disease. In India it occurs in epidemic form only on the.hl sa gz e AR
and above. Due to cold storage facilities of tubers, the disease is at present of wide occu
of India, because the pathogen survives at the cold temperature.

Fig. 2.1 Late blight of potato. A—Diseased i.e. bli
sporangiophores emerging out through a stoma.
out through stomata of blighted leaf (in su

ghted leaf. B-T.s. through blighted leaf showing
C—Sporangiophores bearing sporangia emerging
rface view). D—Infected potato tuber in 1.s.

In India the disease first appeared in Nilgiri hills between 1870
district in the Himalayas. Now-a-days, the
Assam, W. Bengal, Bihar and Uttar Pr

Late blight damages pl
season; 1t also attacks pot
and market.

and 1880. Soon after, it spread to Darjecling
discase has been reported from various parts of India including
adesh. This discase also occurs in Tomato plants.

ants by killing the lcaves and stems of potato plants at any time during growing
ato tubers in the field —the whber may also rotin the field or while in storage, transit

Late blight may ¢

ause total destruction of al
conditions prevail

| plant-parts in the field within one or two weeks if favourable
and when no control measur

es are applied. Depending on the temperature and moisture of
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Cmract1Ce )SSES caused b ale {
{ on the control measures pr acticed, I¢ ‘ y late blighy «I;und;;.\\“*
and on the

year o )’L‘ilr.

ason

the growing 8¢ .
, to another and from

-y . L leaves & black or purp“sh‘hl, S s o)
One ared - 1 on the leaves as ack circyl. . . t
‘mptom appe ars first Cular o | Yag

o B. SyMPTONS— S'_\ Py at the tips or € dges of the lower -lcav?s. In moist weather, theye . The
w iilt’f's““k‘j’d p;nche:s. £e hro‘wn blighted arcas with il]dlell]l[C b()ldcrs. often a pale ycllowish- re dchg, see
enlarge rapidly Lll.ld t-omtaraino icsionh\ On the undersurfaces of .lhc leaves, a zone of white, down, ‘; 2pe 008
surrounds the raPu’il,\' ;n h(;dt‘; of the lesions. Very soon, the entire and all the leaves become inl‘cqe‘:ing""‘ tl.h‘
grO\\'.lh apgca;srnci;l;t[in:ouslv moist conditions, all tender and ahOVC-g,m_u pd plant parts blight and roy a,»? N 1:
:ﬁ?ct?l;i\'i[;geot‘f 2 characteristic odour. In dry weather, the fungal activities are checked—exising lesign ;‘:

ack. curl and wither away. |
ed tubers at first show irregular, purphsh black or brownisp, blo ‘e
with a metallic dull, dark colour. When tubers are cut opefl, the affecteq t{lSSue appears water-soakeq ‘i:
soft). dark, reddish-brown and extends a few mm into the ﬂesh of the tuber; ldterA on the affected aregg becor
firm, dry and sunken—such lesions may be small or may involve almost the entire surf ace of the tuber. | o
be noted that, the rot may continue to develop even after the tubers are harvested, or infected tubers ey b

subsequently invaded by secondary fungi and bacteria causing soft rots. .

@ C. THE CAUSAL ORGANISM—Phytophthora infestans (Mont.) De Bary 1s the causal organismi.e, the
pathogen responsible for the late blight disease of potato. This pathogen is a phycomycete.

4 D. ETIOLOGY OF THE pATHOGEN—The mycelium of P infestans is endophytic consisting of much brancheq
hyaline, aseptate i.e. coenocytic hyphae which develop mainly intercellularly in the parenchyma cells of
leaves and form haustoria; these haustoria alone enter the host cells. In potato tuber cells, haustoria are more
elaborate, being club-shaped, hooked or spirally twisted. The sporangiophores arise in groups (4-5) from the
internal leaf-mycelium through stomata and from the tuber-mycelium thrqugh lenticels; they are hyaline,
branched, slender and indeterminate. The thin-walled, ovoid or lemon-shaped, hyaline sporangium with
apical papilla is borne at the tip of a branch of the sporangiophore. As the sporangium approaches matunty.
the branch tip swells slightly, proliferates and turns the attached sporangium to the side as the elongation of
Fhe sporan-giolpho.re procee@s. Thus, at each point where growth of the branch is renewed a nodular swelling
is formed indicating the point where the spgra.ngia were borne. The sporangium may germinate directly by
;ISZESV Zf; ff;ne?:;,ﬁf; 12 fturn magrl give rise to a terminal secon.dary sporangium. When the pathogen
germinates by the developmerllt oi'lf‘{)?;;ageﬁzﬁti(l)?)? t((:rr(l:sp iafltture ?nd hl'gh e htl_n}idity). B
their flagella, come to rest and germinate by mearll)s of -gerrrfrt:bew HE'HUteS OF motlity the zoospores B
directly through the epidermis of the host. 8 WHich pensivate Sarough the stormam o

Sexual reproduction is of 'gametangial co ' idi : i
specialised lateral hyphal bran%:hes. Thgc anthgrtiadcitu W A feaidin. o oogonia are formed at the tips of
is heterothallic. i : : m is amphigynous, cogonium is spherical. P. infestans
3 llic, i.e. requires two mating types (+ and -) for sexual reproduc  Spherical. - infestan
karyogamy involves in the process of sexual reproduction, as a result dj production. Pl
undergoes germination, its outer wall cracks and the inner wall cm{\eq lpbld OO_SPOI\: is formed. Qospore

develops a sporangium at the tip. The sporangium produces bitla TL:II.Oll,t " the form of a germ tube which
germination produce vegetative hyphae. Abeliate zoospores (secondary) which on

stop enlarging, tum bl
The tubers are also attacked. Affect

asmogamy and

@ E. DISEASE CYCLE iseas The dis -
directly or indirectly i ((’;;V:’(l)‘:)[:;':fr'zlll:)fr El])‘:-\lti’:l)&e)();)-(yl’lu dl'hL‘llSL‘ 18 propagated by sporangia whi *h gernunate
Production of sporangia is accomplished in ¢ ”n. . o relative humidity favours the “POlfll‘ Ti: l“ "Et .”““.“
t0 26°C: but the iﬂfccti()ntdcclin .l‘ ' ( ltj( m‘cf .sal‘umlcd atmosphere within a lemperature | g gcumnalullh
the slow growth of germ tube Ab-h dl U.].]plu-du"c llhuvc.Z()“(*, because of fall in th‘l‘minal‘:ngC betoyeen
of inoculum. - A cool weather accompanied by abundant moisture ig ideal (‘::;‘hl:lt;]rf;nmigc :nd‘
 production

Various theories h: o .
pecsisien fc[(hm? have been put forward to explain the discase cycle and availab;
] ceo G B Sid . d
¢ fungus in soil is out of question because temperature during summ

lity of inoculum, The

er becomey very high.

.,
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The only source of o
wulum s
s through intected seed tubers. The large scale practice ol storing the potato

seads (tubers) m cold st
storage has mai
) . ) } ¢ $ inly resulte roetu; a .25e ] N
oOSpOrES AT¢ formed in matare. it is ale prLulLLd in perpetuation of the discase in plams of India. Since
» 11 ak 2sun

I'heretore primary inoculum of the disease in the
D iy .

\»cd that the pathogen possibly perennated in that stage.
from oospores in the previous year's plant del ""wm e plunlillg o intu{lcd seell e BT
lestons and sporangia or zoospores ;hp " ‘ cbris, lh‘c pn.lh()g,cr‘l ncxl‘ invade 4cvcl()pnl'\g sprouts to.torm
spreads 1o \arge number of plarits ;l‘l ‘t‘)\ g‘ grpund. After lnrmulum of sporangia or zoospores, the disease
of leaves and stems, either u;ml;-‘l I‘L mh,cu'nn by sporangm or '.L()()sporcs may l.akc‘ place through any part
‘eyes’ lenticels or wounds gh stomata or through epidermis. In tubers, infection takes place through

Disease cycle of Late in word diagram :

[ _, Zoosporangium _——=7o00spores
Sporangium Zoosporangium ——> Zoospores

\
| {
=2 Zoosporangium 5
=
= 5 nifercted Zoospores infect leaf
b 5
g seedlings
=
C T Infected leaf

Qospore Infected Sporangiophore
tuber on leaf

Se)1c\ual 1‘ i
Infected Potato plant

reproduction :
(rareinn afre) = (Zoospores infect tuber)

& F. ContrOL— Late blight of potatoes can be controlled successfully by the following methods

(1) Only disease-free potatoes should be used for seeds.
(2) Potato dumps Of cull piles should be burned before planting time Of sprayed with strong herbicides o
kill all sprouts or green growth.

(3) All volunteer potato plants in the area (whether in the potato or other fields) should be destroyed,
because any volunteer potato plant may be the source of infection.

(4)Only the resistant varieties available 1.e. varieties of potato that are either immune from or resistant t0
late blight should be planted. Such varieties include Kufri-Sinduri, K Chandramukhi, K Kissan. R KM,
K Chamatkar, elc.—such varieties resist one or More races of the late blight fungus.

(5) Late blight may be controlled successfully by chemical spraying with fungicides, if applied properly,
i.e. by fohage spraying with Bordeaux mixture of with non-metalic readymade copper fungicides such as
Perenox, Dithane M-45, Fytolan, cle.—spraying should start when plants are 15-20 cm. high or at least 10
days before the late blight usually appears in the arca; sprays should be repeated every 10 or 15 days dunng
dry season or every day during rainy qeason, oronce every 4-5 days when the weather 18 damp and misty. In
plains, 2 3 sprays of () 4% commercial copper fungicides quch as Fytolanor Blitox-50 at an intery al of 15 days
are effective. Inhills 4 sprays with 0 2% Dithane 7- 78 atan mterval of 10 days are given. Other chemicals used
for late bhght control include some dithiocarbamalces such s manch, nabam usually mixed with zin¢ sulphate
forming a tank-mix zineb and copper oxychlonde.

@ 2.2 White Rust of Brassicaceae :
White rust 1s a common discase on crucifers, namely Brassica napies, Brassica alba, Hm,\xi(‘(_i i{\nu‘t'th
18 nOwn

Brasstca rum/w.\lrr's‘, Raphanus sativus, Capsella hursa-pu.\'mri.\‘, Nasturtium indicum. The discase

for its wide spread pccurrence.
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A scospares ifecting .
! culing lowerns |‘l\‘\|ll\\‘ conidial stagre .Hl\‘\‘\)lll\“‘.l \|'H'.|\|‘\|Illl|1l‘| itection when they are
L} S o other MW ) Nyt W

. ¢ r fowers, Thas continues as l\‘ll}'. as Ltavourable 4llllllI\|'|l!'ll\ L't)llthll“ll\ are aviarlable ith

lowenng of temper. . ” . .
cony obtemperature, the flowenng penod pets prolonged and plumes remain open, increasig suscepuible
peniad to mtechion

Control :

k 1 Seeds used must be made ergot tree. The process involves dippimg the seeds in 20-3.2% solution of
i chlotide or 323740 solution o potassium chloride. Erpots floating i the surface are separated. The
crgotiree seeds which sink below are washed with water and dried and then used for sowing.

i L‘.l‘“i‘ rotation method 1s also eftective in eradicating the discase. Non susceptible hosts or leguminous
i"hﬂ‘.'t\ when culuvated altermnately with suseeptible host (grain crops), will keep away the discase as previous
year's selerotia in the field though may germinate, but will fail to produce any infection in abscence of

susceptible host.

G Sowing seeds 2-3 vears old, may prevent sclerotial germination, if at all they are present, as they will
lose thetr viabihity.,

D . & 2 . ® 1

(1v) Betore blossoming takes place in the cultivated cereals, the susceptible grasses should be removed to
prevent infecton trom diseased grasses.

(v) Hay should be cut while they are green, i.e., before the development of ergot.

(v} Depp ploughing method has to be used in order to bury the sclerotia and prevent their germination.

\K/_:/L( Black stem rust disease of Wheat ;

A. OCCURRENCE AND IMPORTANCE— Black stem rust disease appears on the wheat crop in all wheat
growing countries throughout the world; this disease also appears in an epiphytotic form in many countries.
In northern India the disease does not appear before March. In southern India, the disease, however may
appear as early as the last week of November.

Black stem rust causes losses by reducing
vield and quality of seed. The amount of losses
caused by stem rust may vary from slight to
complete destruction of wheat fields over
large areas. Heavily infected plants may die
under extreme situation.

@ B. Symproms— The pathogen causing
black stem rust of wheat produces symptoms
on two distinctly different kinds of host plants
(pimary and secondary ). The most serious and
economically important symptoms are
produced on wheat plant (primary host) while
economically unimportant symptoms are
produced on barberry plant (secondary host).

(1) On wheat plant (Fig.2.5)— The
symptoms on wheat appear at first as long,

narrow. elliptical or oblong and brown Fig. 2.5 Black stem rust disease ot wheat. A—Presence

pustules, parallel with long axis of the stem, of teleutosori on a portion of a diseased stem.
leat sheaths and leaves (lower surface mainly) B—Presence of uredosori on a portion ot a diseased leaf.
of young seedlings or of plants at any stage C—Portion of a stem with enlarged teleutosori.

( ate . P ;
growth dn later stages of plant growth, pustules may appear on the plumes and even the beards.
Those - calle sclis i ;

ose pustules called uredia grow and fuse to form larper lestons of dark brown colour, the pustules vary n

size from 7 p dilee by / 1
e | snnlllumbnul S mm wide by 10 mm long. Within a tew days the eprdermus covering the pustulesis
uptured irreyule . ¢ i '

i rregularly exposing a powde ry mass of reddish or rust-coloured spores, called uredospores.
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he reddish or rusty colour of the pustule oy

dospores and uredia are transtormed 'm: turng blagy A
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Fig.2.6 Black stem rust di
: . isease of wheat — A- ini
stem; C—Pycnia on th A-Uredinia on the wh - B—Teli
e upper surface of barberry leaf, D—Aecia on tﬁztlfvigriur: e 0fnbthe e
ace of barberry leaf.

Sometimes uredia and teli
telia may exist on wh :
appears to be covered with wheat plants in.suchi g
th . great numbers th
e ruptured areas which are filled with either reddisl?tugrzater gl
redospores or the black

(2) On barbe .

, . rry plant (Fig.2.6D

and fruits as . g.2.6D)— The sympto

. yellowish to orz ptoms appear on the le : .

few minute dark-col Oureg g(r)‘(‘i"’{é“s-bCOI(?urcd spots. On the upper side ?)‘;efhanil)somenmés on young twigh

beneath the pycnia, groups ofm(: ' caring a small droplet of liquid appear eobalf and w“h.l n the spots, &
range-yellow cup-like projections called. ae[::ita]ea o E}ge (})lf the let

appear. The host tissu¢

bearing the aeci
ecia becom
o o es often h i
e margin of the cups. ypertrophied. The aecial wall, called a peridium 11 d
’ usually protrudes at

athQ C. "Tm; CAUSAL ORGANISM
‘pl ogen is a basidiomycete. It is
alternating host is barberry plan{

(The patho
en)— o -
heterocciofs i)lq p:r?cc leli graminis tritici Erikss & Henn. This funge
i ipal host i » ;
(Berberis vulgaris). P is wheat plant (Triticum aestivum) and the
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SR . ATHOGEN—T" «
li” f¢ ent l\‘pl‘\‘ N ok l | 4 i [§ a 1
- b (71 Spores - s L m ¢ ] : [ i
porces. Plnlnlll('ll( ur .(H,l( " yLLlll‘lln of this hlll;'llﬂ is colourless and produces severa
ar lt o ul'()rl) are “]C ﬁrﬂl l() "l)pc \ l‘ y l . ‘\..d‘y .v\ :1 ’ \
are o ()llz‘ Lo o g ¢ ar on the cuims ‘U'll’*\h S h Y
‘ ¢ 0ob ircular, reddist , 1cal -t ths and
: T e ¢ , reddish-brown powdery a i fre [
\Vhl ‘h ' l l : ; 4 &8 interc .“ lar i N nc quUCﬂl‘y merge mnto
\ iraw nutrition f om the h()sl sl 1 "“l:l‘: ‘ (l)r(\ll s lhIL hy[)hilc prmlucc small round or branched haustoria
cC . A ass \yp 1ac C()“CC‘* | CNC ] i :
s bencath thc host upl(lcl IMIS !
b 15 dnd ‘()n“.\ an

ur{cd()sorus (uredium). From the base of (hi
(dikaryutia), thick-walled witl mi‘r;:‘:gtlllls‘sorus. numerous stalked, one-celled, oval, brown, binucleate
i dospor?‘s a}'ise. Uredospores gcrn]in;;r\"'ILS (.)n the outer wall and 4-germpored (cquuu)rial\’y arranged)
Capabl§ of re-infecting (secondary infcct.b in presence of water or moist air forming germ tubes which are
| Telia (eelentasonl) Erige late i, the q,lo,n) Wh.cat pl-anls; hence uredospores are called repeating spores.
dlkg.ryolic mycelium. They are oblon ;L[ab?'n’ either in uredia or independently from the same or similar
(teliospores) are exposed. thrangh fi },d o linear, dark-brown to black and not powdery although spores
celled, spindle-shaned. Slightly con tu. epidermis. A teliospore (also called teleutospore) is stalked, two-
smooth wall with 2 germ pores—Os ricted at the septum, dark brown (but black in mass) and has a thick
pointed. Each cell of a teliospore O:qee at the apex .and the other below the septum; the apex is rounded or
¥ o mdlst i sl el Biree form;:] S jisels 2—nucle1 (derived from the dikaryotic mycelium); at maturity, the
in the life cycle of Pgraminis tr-% a_ g) o.ld nucleus. Hence m'aturc teliospores represent the diploid phase
undergo a period of rest for SeveL allt‘lm . I:lr:keTurgdosporeS, teliospores do not germinate immediately but
germination each cell of a teliospore rgdusc-e 611108p0rcs as UsliAl gEmiE 8 presen(.:e.of iy D
B e of promycelium. the d P s a long and four—c.ell'ed promycehgm (bamdx}lm); dUl_’“}g t.he
y m, the diploid nucleus undergoes meiosis and 4 hyaline, roundish sporidia i.e.

gaSId‘lO_SpOFCS (2of '-f-' strain and 2 of ' strain) are formed on sterigmata (formed from the cells of promycelium).
poridia fall off easily and are blown about by wind. Being a heteroecious fungus, the sporidia of P. graminis
lant (alternating host) in

tritici are unable to infect wheat plants. Therefore sporidia germinate on barberry p

presence of moisture to form monokaryotic mycelium.
This mycelium forms two types of flask-shaped and ostiolate pycnia (spermogonia) i.e.'+ and'-' on the

upper epidermis of leaves of barberry plant, they remain embedded in the host tissue in orange-yellow spots.
Pycnia contain paraphyses and hyaline pycniospores (spermatia) which emerge in a viscous exudate through
an ostiole along with slender flexuous hyphae. The pycniospores are carried to respective '+ to '~ and ' to

'+' flexous hyphae through insects establishing dikaryotic condition.

The dikaryotic mycelium then produces saucer-shaped aecia on the lower epidermis of barberry leaves;
aecia have well-developed peridium which breaks with the maturity and protrudes out of the leaf. The aecium
produces aeciospores in chains. Aeciospores are one-celled, binucleate and hexagonal in shape; they are
disseminated by wind and infect wheat; being dikaryotic, the aeciospore produces dikaryotic mycelium

which ultimately gives rise (0 uredosori on wheat plant.
@ E. DISEASE CYCLE— The pathogen survives on stubble and straw of primary host (wheat plant) for

several months as teleutospores. Practically this spore convey the di§eas_e to the alternate -klgst i.e. barberry.
Being heterothallic, the teleutospore of P. gramirfis. tritici on gegnmahon prqduces basidiospores of two
opposite strains i e 20f +and?2 of '~ strains. Basidiospores are dispersed by wind and fa}l on b.a‘rberry -glam
infecting leaves mainly. Two Lypes of pycnia (+ and -) are produce_d tqwards t.he upper ep\_demmﬁ o(f1 .t;al er:y
leaf by the respective (+ and -) basidiospores. Following spcmatlzatlgn by insects of ra}ndmps, ikaryo 1fcf
condition is established which results in the formation of aecia and aeciospores. The acc?ospofes arej cut o f
in chain from the aecia and are carried to the wheat plant by wind. The accms_porcs germinate m'pres‘e?g:uz
moisture and ultimately form dikaryotic hyphae which r‘amil‘y intercellularly into tb‘c psmn'Chg:lﬁO?rmmaté
from this hyphae uredospores are produced in uredosorl. Tl?c uchosporcs are .cam‘ud ?l‘w;;\egh uridospores
on healthy wheat plants to spread infection. With the dissemination gf medos'\porltl,s: qea;on O ising
continue to be formed, i.e. the uredospore—cyclc may be rcpgatcd several tlmcsigur‘m_.g a:;j S m Loth;:r -y e
the red-rust stage or repeating Stage, which causes the ch?cf damage. :-nnl:r-: 0;0;:‘165 o

hyphac give rise 1o teleutosori and teleutospores as the primary hostp ant app

turity (refer Fig.
5.7, Fungi portion).

also the leaves of wheat plant: the
one another. The dikaryotic myccy
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e infection is the uredospores formed in wheat play; o
the plains of India. the source Ot ani?hen inds blow from hills downwards. the uredospone
Jate in the season- Uredospores initiate the ipfectiog gnd produce e

. e several successive generations Of uredospores. Tl_llS COHle}Oﬂ results in ¢
these uredoson produce :\e\ er. 1 e aeﬂeraliOD-‘ of UIedospore-forrna_mon and with the gradug] My,
infection to healthy plants. Iith ;1 ;eumg;ﬁ appear which perish in the high temperature of the inten'enf»"i

S 3 i

f plants. teleutospor , i . " ¥eling
of wheat T ant 1 PL "+ wind again bring the primary inoculum i.e.. greQOSporeg. from the hills, 7y
summer months. Next year. £ € India as they do in U.S.A. Since barberry plans,

3l amvotc 36CI0SPOTeS . itiate the disease cycle 10 > an
T i 17S A is ineffective in India.

was successtul in U.S.A.. is ineffecave 10 - T Eammi— (1) The most effective and the only copy

measure of the stem rust of wheat is through the use of wheat varieyje

resistant to infection by the pathogen. In India 14 physiologic races

and 6 biotvpes of the fungus are reported. It is difficult to obap

resistance against all races in one wheat variety—hence varieties

that are resistant to most virulent locally existng races should be

used in a particular area.

(2) Excessive use of nitrogenous manures which influence the
growth of rust fungi should be avoided. Dense seeding also to be
avoided.

(3) Proper drainage in the wheat field should be maintained. as the
dampness of the soil and atmosphere promotes the growth of rust
fungi.

(4) Chemical control of black stem rust of wheat too is available. It
can be controlled by dusting with sulphur @ 6.7 t0 9.0 kg. peracre or
spraying with zinc sulphate or parate @ 2.25 litres + 336 grams per 450
litres water per acre. As soon as the symptoms of the disease appear.
the crop may be sprayed 3-4 times with dithiocarbamate fungicides
such as Dithane Z-78, Dithane M-22, Dithane S-31. etc. @ 1 kg. per
acre. Several other fungicides such as sulphur, dichlone. zineb. maneb.
etc. can effectively control the stem rust of wheat—in most cases
5-10 applications per season are required for complete control of the rust

@ 2.6 Loose smut of Wheat :

@ A. OCCURRENCE AND IMPORTANCE— Loose smut of wheat 1s
fairly common in most of the wheat growing areas of the world: but

the incidence of the disease is more abundant and serious 1n humid
and sub-humid regions.

L\
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rown throughout the year.
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Loose smut causes damage by destroying the kernels of the infected
Fig.2.7—Loose smut disease of plants, also by lowering the quality of the seed of the non-infected
wneat. A-B—Diseased ears pl?“FS upon harvest. In India, the disease causes a loss of over 3_0
(inflorescence). million rupees annually (Luthra, 1955); from other parts of India

® B. SyapToss— Loo epiphytotics causing 3-30% damage are often reported. |
diseased plants lbf;k T ;etslr;}u; generally does not produce any symptoms until the plants are in ear 1.¢-
smutled ears are rapidly elevai dt }e)ez'us appear. Diseased plants usually ear earlier than healthy ones. and
transformed into 3 st g ed above those of the healthy plants. In infected ears, each spikelet is entirely
spikelets are covered by a de,l‘S e wilver of black or olive-green powdery spores—the spores in young
spores are blown off h;, the 1_‘:6:;: silvery memb'ra{}e which soon bursts and sets the spores free: when the
(Fig2.7. By, ; wind, the cenvtral axis 1.e. rachis of the spikelet is left behind as a naked stalk



