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INTRODUCTION

Stem rust of wheat ( Puccinia graminis trxitici , 1o
cossldered the most important and destructive disease o' 'aci-
ing waent, wheroever it is cultivated. It occurs widely in
the ear Bast and still remains & major problead, although
aany resightant culbivars have been produced. It is nore

cosuiny in tie areas where wheat is planted under the irsri -

chios grobon and where rain precipitation is high.

In agriculture, disease resistance is usually thouzat
of ar a oulbtivar phenomenon, and the breeding of disecase -

sishant cultivars of crop planvs forms an important ssgnect

=~

re

p

T emp inprovement. culbivar resistance appears to Lnave
goird wited for more than half éeuﬁury. The cumulative resulis
gf "ieir eiforts o understand the mechanisms involved have
seon vory suall,

Disencse resistance mechanisms are in fact present in
a1 slants, even those which are known to be highly suscept-
ivle to svpecific diseases. This point is very imporbtant as
it e oesbe kit culbivers, resishtanco to specific disenses
coino 1 only one aspect of the meh broader phenouweno:. oF

famuiity,  OSuch considerations have not been taken irtoe
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acogount in the interpretation of most results which have GLeen
reported in this field.

Variovs environmental factors may influence disease
resistaace nanely, the effect of light, temperature,osmotic
pressure and the permeability of the plasma membrane were
inversely correlated with resistance to wheat stem wusgh. In
addition, the nutritional balance of mineral salts in dife
Terent soil conditions has also been reported frequently +o
offer an essential factor playing an imporbtant role ir-  such

respecth.

The problem of host~-parasite interactions, however,
calnct be ignored if a satisfactory explanation of disease
resistance mechanisms in plants ig 4o be achieved. Their
elucidation remains one of the major challenses and one of

the most exciting fields in plant pathology.

The material used in +this investigation was taken from
the view of geneticists to have the same genetic hackground
in order to determine the +rend of resistance in the sister

lirnes descendants from two cultivars.

+t has been reviewed that the effectsof infection on
nucicic acids and protein syathesis, and on the fornation and
release of phenolic compounds would appear to be amonng the

wost rewarding topics for investigation ( Shaw, 1963 ).
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T~ prder to meet with the above call, the present
cwdy s put forward as a humble effort to throw some
14 ey

s o1 the complicated relationships between stem righ
woniagtance and the different chemical compounents of the
oot olants in connection with their genetical constit-

utioas.
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REVIEW OF TITERATUEE

Rusts ( Uredinales ) and powdery mildews (Er_ oiphaceae)
iacinde tae causal ovzanisms of many of the most imporxtant
L dlseases, Both groups are obligate parasites, since
Fue wttack only tue living tissues of their hosts a1d can-
st as veh be grown rouhinely from sporves on a synthe®ie
medivna. In chudyiag hosh-parasite rclations the ectoparasitic
wildews offer the advantage that they are, except fox The
aushorla, readily separated frou infected leaves, a feal not

orst 1l acconpiisied with the endoparasiltic rusts.

The rushs and mildews exhnibi* an extrome degree of
sanein Vgation of parasitism epitomized by Zuccinis creailalg
Weise Ehecinis gresinds britied Brikss. and lHen. Is 2 ble to
shaome severtl coreal hosts, over 200 physicloglcal iaces
ot 2 awe ot orogedt distinguished by thelr zredinial moet-
ie . on hne so-czlled ditTerential cultivars of wheat., The
ceoeic bhasis of enecialization in the rusts and resic™ ce
4 .e aosks hap heon recognized virtually since the redis-
gove of Jesdel's laws, but it was not wehil 1927 thon

.

Caieie diccovered tihe sexual ghage in the 1life craln of rushs,

foonr Laltioting gtudics on bne geoosties of these tmngl.
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doxicl.g with tiae flax rust fuagus, Melamnsorn “i-i bad

Lie uredindal reaction on Linum usitatissimum, Floxr ( 1050 5,
meco Llzed that it was possible to study th zeretics of
both aevers of the hosh-parasite syshtem simulhaneously. 2
s o le ko ghow thalt for each gene that deleymiod rvesiuh-
w..ce 1.. tue host, there was a specific relsated zene ‘tha“
detemnd ies vimulence in the rust. Person ( 1959 ) wointed
on®™ it the evaluction of 2 gene - Tor gene relationsnii in
o o8 - pavasite gysterr ig un anboamatic resull of aulie ion
ond anfurcl selection for resistance in the host aid for
vimilelce in the parasibe. He therefore, postulaled iwah

e=dor-sene relationships are the seneral mle 1n o

parasite systems 2214 developed nokhods for aralyel .y Then.

»7 1s evident that kiowledge of tue gese“ic baus of
cest-novasite interschions is well advarced. I follows +aa%
2 ondoinzical awd bDiochemical studies on +he mishs nave o
fwo-To..d objective : Yo discover 1f possible why thise fungi
‘.l "o develop from spores ir axeniec culture, and “a inver-
tirne the bilochemical basis of specializution and recistnnee,
trouzh 1% aay e said at once that the gap bebween “he veretic
Trlorition and satisfackory answers to “those ques'iors  is

abi o2 Cuarze and challenging one.

‘he host-parasite relations of fthe zusts end mildews
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vere reviewed earlier by Allen ( 1953 and 1959 a ), wao hud
<80 discussed the biochemistry of resistance. Other auiiors
wave dealt with the respiration of diseased plants (Uriba i
and Akazawa, 1959 and Millerd and Seott, 1962 ); as well as
several other aspects of the physiology of disease [ TFaricas

1

end tivaly, 1962 ).

chysiologzical Aspects of Resistance and Susceptibility :

S

Resistance moy teke the form of exclusion ( usually

“wplogical rather than physiological ), growbh restriction

rer entry, or destruiction after entry ( Hart, 1949 ) .Walker

1850 ), reported that the exclusion seems of minor imnor-
niee, slace usually the pathogen enters both resishbent and
sager tible hosts in the same manner, the expression of

L

resishance appearing afber invasion.

various envrionmental factors may influeiee resista ce.
The etlects of light and femperature on the infection of whieat

v s en rust refleet the action of +hese factors on +he dif-

sy

feren"iition of infection struehtures by the furgus. Harbt aad
Jorhes (1935 ), indica*ed that wheat s*em rust bu* nolt leaf
st 15 an exception. It requires open stomates for pene v-
atic.n, aaud cerfain wheat cultivars with "funchtional rosistasnce®

~owinst the foms exclude their germ tubes by having closed
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s'naates. This 1s a case of physioclogical surface resigha .ce.

" ey added that the light by its effect on stowmata, 2y  wuote

ioimetion by stem rushb. Yirgon and Caldwell ( 1963 ), ~lso

Tow .l saat, light may aid infection by direct photosritieio
redaction of carbon dioxide within the leaf, since remgval of
0~ allowed penetration of closed stomata ia the darl br L.

gvaminis tritici and added CO, suppressed it.

Thateciier ( 1942 ),observed that the higher osuotic
pressure in the host cells would make nubrients and water -
avaiiabie to the fungus, the abili*ty of the parasite to “irive
in the bissue of the host is correlatad with a highcer osaotic
cresmire 1n the invading cells. Alberations of resistance by
stading, mineral nutrition, age and floating detached leaves

cioowmbter were all correlated with changes in osmotic pressure.

sen and Joshi ( 1957 ), stated that the permenbi ity
of the plosma membrane was positively correlated with suscept-
iniii% - "o wheat stem rust, possibly by making mutricots nore
nveilable to the parasite. Permeability was correlated with

clectrical conduetivity, which in tum was inversely correlated

it registance,

Iy this review, the following topiecs will be discussed:
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1) Typersensitivity :

Lcocording to the gene-for-gene theory of rust resis:-
arce in flax, Flor ( 1955 and 1956 )}, reported that ecoach
e Tor rust reaction in the host has a complementarr zene
for pathogenicity in the parasite. The resistance i hnosh
and  avirulence in the parasite are usually dominant traits

e
A aibizen-antibody mechanism is suggested wherely antason-
istic vroteins are produced by complementary dominant reres,
tie reesult being a hypersensitive ( immune ) reaction.
Aronraons (1960 ) and Doubly et al. ( 1960 ), reported ti™
tie suscepbibility and resistance were related to the pres-
erce and absence of globulin antigens in flax lines. A rus™
reee was viralent to flax cultivars containing its specific
artl ens and avirulent to cultivars lacking the atisen.
"his cozplementary gene theory nmay explain why resictance is
mic. more common than susceptiblility, since avirulence meais
recistance in either a resistant or a susceptible host,wiersas
virilence usually means susceptibility only in a suscentible
noot.  In some instances a parasite with a gene for virulence

cun ovarcome the achion of a complementary host gene for

reosicstance,

Jrian { 1955 ), Braun ( 1959 )} and Braun and Brin-ln
{ 1959 J, have reviewed pathogen - produced toxins as faclors

i te physiology of disease. ZEvidence of a correlation
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sotween toxin production in vitro and pathogenicity ie ncoig-
winting, tut there are many exceptions. Substances saown ho
Pe correlated with disease symptoms ( found by the pathosen

i vikiro and productive of typical syuptoms when introduced

Livio Fhc host ) include oxalic acid, lycomarismin,methionifle
suifoxisne, fusarle acid, vasinfuscarin, ethylene, indolc

wcetic a0id and vietorin, Woolley { 1559 ), indicateq that
sule disease symptoms appear to result froiz the induction of

vrecific deficiencies in the host as a result of exbracells'ar

2

foving

N

of the invader.

Allen ( 1959D), stated that, to demonstrate a subs-
“rote is associated with resistance to a certain disease, it
a8t he isolated from resistant hosts at *he site where infee-
“ic oceurs, then reintroduced into susceptible hosts wiere
it oumist confer resistance simllar to natural resistaiice, I%

Aay wet by inhibiting spore germination, host jenetration y

 vegetative growth of the parasite.

urrows (1960 ), made leaf sandwiches by stripping
oXr *ie epidermis of two oat leaves, coating the exposed meso-
pyll cells with 0.5 percent agar, and +hen cementing +them
togetier with paraffin on the edges. When susceptible leaves
vere used, stem yust mycelium spread from one to the other.
~esistant leaves do not become infeeted from suscephinle

: . 2 ;
lenves ut transferred both the inoculum and - P to a suseaptitle
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