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The present work was undertaken to gain a greater understanding of the
nature and location of resistance mechanisms present in apple cultivars

to Phytophthora cactorum . Artifical inoculation methods of evaluating

resistance to this pathogen were also studied .

The amount and type of sporangial germination in the presence of root
exudates was not related to the susceptibility of the apple cultivar

involved .

The greatest accumulation of zoospores occurred at root tip regions and
wound sites (the sites of maximal root exudation) . The numbers of
zoospores which encysted at root tip regions was not related to
cultivar resistance and the large variation suggested that the quantity

and/or quality of exudation varies considerably from root to root .

The germination of zoospore cysts was markedly enhanced by root
exudates of all cultivars tested . Ninety-five percent of the cysts
germinated on the root surface while only 80% germinated on cellophane
membranes laid over roots . Very few germ tubes formed appressoria
upon membranes . More than 95% of the germ tubes grew towards the root
and over 98% of them formed appressoria on the root surface .
Appressorial formation appeared to be induced by specific surface
configurations such as breaks in the outer wall and junctions between

cells, on the root surface .

The severity of P. cactorum infection of the seedling unsuberised apple
roots (cv. 'COP' and 'GS') was dependent upon the initial inoculum
loading, up to a saturation point i.e. extensive infection; a larger

inoculum loading was required to reach this point with the more
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resistant 'GS' cultivar ., The resistant cv. 'M 793' tended to have a
lower amount of infection than the susceptible 'MM 106" at
corresponding levels of inoculum . However, in general, mechanisms of

resistance did not appear to be operating external to apple tissue .

Electron microscopy studies showed that the process of infection was
similar in susceptible (MM 106) and resistant (M 793) cultivars .
Hyphae grew both intracellularly and intercellularly within root
cortical tissue . Penetration through cells appeared to be both
mechanical and enzymatic, although penetration by mechanical pressure
alone may sometimes occur . Cellular deterioration was frequently

obvious 2-4 cells in advance of the mycelium .,

The histochemical studies showed that in vivo wall degrading enzymes
produced by P. cactorum appeared to have a significant role in

assisting fungal growth through host tissue but were relatively
insignificant in its destruction .

The lack of apparent structural wound associated responses (e.g.
papilla formation) formed in cells of either tested cultivar in
response to P, cactorum infection indicates that the mechanisms of
resistance of the more resistant cultivars are primarily

physiological .

Investigations of internal resistance were hampered by the 1lack of a
fully reliable method of assessing resistance . The most convenient
system, inoculation of excised twigs, was further characterised
revealing that the type of tissue tested (cortex, phloem-cambium or
unlignified xylem) and the basal-distal location of the sampled piece
of the shoot needs to be specified for valid comparisons with other

workers and correlations with other criteria .

A technique of assessing levels of infection by oospore numbers in
unsuberised roots 1is described and would possibly be a better method
for determining a cultivar's resistance to the root rot and perhaps the

crown rot forms of the disease .

Endogenous levels of nutritional compounds: total nitrogen, soluble

sugars and starch and of phenolic compounds did not appear to determine



the rate of apple tissue colonisation by P, cactorum . Phloridzin, the

major phenolic of apple tissue, was toxic to P. cactorum in vitro yet

mean pathogen growth rates of over 10 mm per day were measured within

host tissue indicating that the hyphae are not physically encountering
inhibitory amounts of phloridzin in vivo .
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Smith' root, 2 hours after inoculation. Zoospore contents have been

stained with trypan blue. x875.

Plate 1—13...........--...........--......-...-......-fOIlOWj-ng page 32
Germinated zoospore cyst on cellophane membrane over a cv. 'Granny
Smith' root, 16 hours after inoculation. The cyst (arrow) is empty of

contents and its germ tube has branched extensively. x875.

Plate 1-=1lce cevveocososesocessesaesesesssseassssessssslollowing page 32
The germ tube produced by the encysted =zoospore (20 hours after
inoculation) has swollen before penetrating the unsuberised cv.
'MM 106' root at the junction of two epidermal cells. SEM x4000.

Plate 1=15.cccceeecscsssssssscccccscssssssscssssssssssfOllowing page 32
Penetration has occurred at the junction of the cv. 'MM 106' epidermal
root cells, 20 hours after inoculation. Note the germ tube has not
swollen., SEM x4000.

Plate 1=160cceecccccoooccssccccosssssscsccssssssscsssssfOollowing page 32
The germ tube of the encysted zoospore has produced a club=shaped
appressorium over a break 1in the epidermal wall of a cv. 'MM 106' root
cell., SEM x3400.
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Plate W=7 erexereredorstotol o shokerotototofolatotele skotolelststetototols s oteleetole « o sfi01NOWINE IpagE B2
The germ tube of the cyst has terminated in a club-shaped appressorium
over a break in the epidermal wall of a c¢v. 'MM 106' root cell.
SEM x4000.

Plate 1-18..CC..I.......l.......l........C.C.......C.fOJ-loWing page 32
A close-up of the appressorium of Plate 1-17 showing the break in the

epidermal cell wall. SEM x16,000,

Pllaiien BTN, . (B0 < ove o o - » o oA SRNRILIL R . . o ol .« o e TOLLORITTE) pagel 53
Cleared and stained (trypan blue) lesion margin of P. cactorum-infected
apple phloem stem tissue. Infected tissue is brown and healthy tissue
is blue. Note browning has occurred some distance from the hyphae.
x200.

Plate 2-2........-o...................................fOllOWing page 63

A healthy cortical cell of an unsuberised cv. '™ 793' root. x6,300.

Plate 2-3.--.-..-..-oooooooooooooooooo.a.o...o-oo.-.oofollowing page 63
Nucleus of a healthy cv. '™M 793' root cortical cell. x10,500.

Plate 2=l.,...ccieeeeeeecccccccccccoscsccsssssssassssssssfO0llowing page 63
Cellular organelles of a healthy cv. 'M 793" root cortical cell.
x13,600.

PLatel 2=5 o erea.e oxee s.0i0i0.0.010 ¢ ¢ 2 or0.0.0 6 0 ¢ o s.0.0xene 8 axens 0 0 & ¢ 0 eenneiOllOWING page’ 63
P, cactorum germ tubes from encysted zoospores have indented the outer
epidermal cell wall of an unsuberised cv. 'MM 106' root, 20 hours after

inoculation. x8,200,

Plate 2-60000...........CCCC‘......"..........C......following page 63
The cv. 'MM 106' root cell wall in the immediate vicinity of one of the
germ tubes (20 hours after inoculation) has become diffuse and some

wall material has been displaced. x10,500,
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Plate 2=T.ceeeecscsocccscsoscscsscsssssssssssssssssssssfOllowing page 63
The cv. 'MM 106' root cell wall in the immediate vicinity of the germ
tubes has become more electron-dense, 20 hours after inoculation. Some
of the diffuse cell wall material has been displaced and some appears

to have undergone dissolution. x13,600.

Plate 2=8.ceeccccccsscsccssssssssccssssssssscccssssseefOllowing page 63
Plasmolysing cv. 'M 793' root cortical cell, 2-3 cells from the
nearest hyphae, 5 hours after inoculation. The nucleus and cytoplasm
have become more electron-dense and electron dense spheroids are

present in the tonoplast. x19,200.

Rlatiel B=—DINN . siexs « Flelleleletelereszesi « Sabelele Jol o Slloianetanlslan el HOLIOHINE PREE 68
Cv. '™MM 106' root cortical cells 2-3 cells in advance of the mycelium.
The plasmalemma (arrow) has separated from the cell wall and the
nucleus and cytoplasm have become more electron-dense. Electron-dense

spheriodal particles are present in the tonoplast. x5000.

Plate 2_10..00000.........‘C........C.................following page 63
A cv. '™M 793" root cortical cell, 1-2 cells from the nearest hyphae, 5
hours after inoculation. Extensive breakdown of cellular organelles has

occurred. x6,300,

RPlate=2=:1li51e « 5T sGIeTs o[oTsksas) o T o skoxe[soIeTs o Yoxs o sassllexe ROl lowingupage 168
Cv. 'MM 106' root cortical cell, 1-2 cells in advance of hyphae, 5
hours after inoculation. The nucleus and almost all cellular
organelles have been disrupted and electron dense material 1is present
in the tonoplast. x5000,

Plate 2-=12.cccccsccccscsccssscscscsosssssssssssscsssssssssfO0llOwing page 63
Cv. '"MM 106' root cortical cell, 1-2 cells in advance of hyphae, 5
hours after 1inoculation. The nucleus and almost all cellular
organelles have been disrupted and electron dense material 1is present
in the tonoplast. x5000.

Plate 2-13000000......................................f01loWing page 63
Intracellular mycelium in cv. 'MM 106'. root cortical cells, 24 hours

after inoculation. x7,800
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Plate 2-1u...l.....i.'......l.................'.......following page 63
Intracellular mycelium in cv. 'M 793' root cortical cells, 24 hours

after inoculation. x5,000,.

Plate 2-15.............'.......'..".............'....following page 63

Intracellular penetration of a cv. 'MM 106' root cortical cell, 24
hours after inoculation. x5,200.

Plate 2-160000000l...‘......l.................I..l'...following page 63
Close-up of Plate 2-15. The fibrillar nature of the cell wall |is
almost intact to the hypha itself. x15,300.

Plate 2_17........I.......l.l..l......I..I.........I..following page 63
Intracellular penetration of a cv. '™M 793' root cortical cell, 24 hours

after inoculation. x5,000,

Plate 2—18...l................I................I......following page 63
Mechanical penetration of a cv. 'MM 106' root cortical cell wall, 24

hours after inoculation. Note the displaced cell wall material. x5000.

Ll ———— e DD 0 OOl ke Th Ll o -4 K
A hypha growing intercellularly between c¢cv. 'MM 106' cortical root
cells, 24 hours after inoculation. The cell wall has been distorted by
the hypha and the middle lamella has been disrupted in advance of it.
x11,200,

Plate 2-20..cccccecccccccccsssssssssssssscssscssssssssf0llowing page 63
Mechanical penetration of a cv. 'M 793' root cortical cell wall, 24
hours after inoculation. The wall appears to have broken under stress.
x19,200,

Plate 2=21.ccccceccccccccescoscscscsscssscsscsssssscsssf0llowing page 63
Intercellular mycelium between cv. 'MM 106' root cortical cells, 24

hours after inoculation. x5,200.

Plate 2-220--ooccoo-ccoooccooccooccooocoooocoo-ocooocchllOWing page 63

Intercellular mycelium between cv. 'M 793' root cortical cells, 24

hours after inoculation. x8,200,
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Peiiatie 2=23 e somnonsjelsnsmensislonslslolelolo e ens|slensnslo]e fnsnsisfexsmsne oo elensnslo HOLLOWAIAE, Page 68
Intercellular mycelium in cv. 'M 793' root cortical tissue, 24 hours
after inoculation. The cell walls appeared to have been forced apart
along the middle lamella by the hyphae. x3700

Plate 3-1.......l......QI.............................fOllowing page 83
Apple tissues 4 days after inoculation with P. cactorum.

C = cortex, P = phloem, X = xylem,





