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C. gramjnicola is‘thought to overvinter as ;{celiul in plant
‘e

P | C ' -

o Ny,
Ipithﬁﬁfstudy only- the prepenetration phase ‘(FIG. 1)

consisting of germinatida, gercm tube elongation, and . [ ¢)

debris.

Appressof%ation (appreséorial rpation) was investigated.
‘Gernination, app eésoria{;}n and penetration have been

studied in:Q& g‘ég;nicola vith" the light. microscope
(skoropad 136 ) and with the electron microscope (Politis
and Whefler 1973, Politis 1976) . The conidia are
unin;cleate,.hyaline single cells. With the addition of
vater and 5ust prior to germination, the conidia swell,

‘undergb.;itoﬁis dnd‘becone two celled. A germ tube is formed
trom one or both cells. The appressoria are dark, club

shaped, thick walled structures vhich are firmly attached to

the leat surface (thto 1968) . They have characteristic

shapes and sizes for dilfferent Colletotrichum spp. and are
‘useful taxononicaliy (s t£62 1966,1966). It is uninucleate
with a large nucleolus, many lipid bodies, lltéchondria}
riooﬁones and a few small vacuoles. The penetration peg
grops from the single pore oA the bottoa of the appressoriunm
énd uses both mechanical forces and enzymatic processes to
make igwrwvay througs the host cuticle and epidermal céll
vall (Politi;A1976)p‘ | S

. Appressoria have recently been revieiéﬂ\by Emmett and

Parbery (1975). fhey define an appressorium as a ~st'ructu‘re
“whose Lkasic function is entry into a host". Skoropad\11967)

tound that 25C was the optimum teaperature for



FIG. 1. A conidium, germ tube and appressogium of C.

.Lg;g!;nico;g on the sﬁrf‘ce of a b&rley leaf. The bar is 5u

loag. C = conidium, G = qerm tube, A = appressoriua.
g q .= appr :
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»
N contaxn;qg.sulfhydryl groups blocked appressoriation ¥h c,.

g T E T v BT T Y L 2 AR TR S I O e Y e T 1T
LT IR e SR R A T R TR A

i ‘.
L T

appressoriatlon 1n g_ gg_g;n;g_la with. 15°C and 35°C being._

the louer -and upper ligits respectively. Amina acids : \zfm
g ' .

w

g;anig; g a (Netolltzky and Skoropad 1971). Netolitzky

"(1969) fonnd that ner;her carbon.nltrogen“ratios nor

"Bydrogen<ioh ‘comncentration influenCed appressoriation, while’

contact with a hafd surface stimulated appressor&\tlon.

In this project the followrng four parts of the
prepenetratron phase have been studled- (1) the tlle-codrse
og.both gerl;natron and appressorlatlon- (2),fac£ors |
conrrolllng the location of appressoriation; (3) the
possible role -of cAﬂP-in ghe'control of appressoridtion; and
) the natnre of the adhesrvé naterlal or muc1lage which ‘

binds the. appnessorluu to its substrate. i ' 1

v e

‘

. o A T
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A o NOTE ‘o .
4his thesis is set ap in the format of four separates .

. v ~,\\; ] . ‘ N _. » - . ly

PaPerSJ!ith“nggnexglnxnnrodnct;OQMand~dl ussioks—The-first————
TErTm e e .m v . . .

section, the lodel of gerllnabzon and appre
been published (Lapp and skoropad 1976). The

datq are contaxned in Appendix I. The other th

u1lT‘be subl;tted for publxcatlon at an early’ da e. '

‘)‘ ,,,,, -
.
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A'nathenatlcal hodei vhxch 1s a nodxficatlon of the

G‘npertz equatxdn, can dé}riline the nunber of gerninatzons !

-

nd of apéressonlal fornations in a popﬁlation'§f con1d1a of

ol; tot ;_chg_ g:g! gg; It w111 deterllne poth the !_

VIaXLIUI préportlan of conldla uhlch w111 gerninate,or-whidh’

e . ,
wlll form appressorla, and thé tine fo hese events'tg‘“' | ‘ !
AoCcur. The eguation paranetets vhxch are nctz‘n;.of biotic' - .
» vand ablotlc'condxtxon; are deternlned using a onllnear, R
regression prograule. Theldata used "to test the lodel\shov

that continuons llght ‘on’ the parbnt fungal colony‘&educes ! ‘;'

|-

' subsequent con1d1a1 dernlnatlon,,hd

jdoes nét change {he - e' (g ‘j

time taken to reach thlszlaxlggf. “ST'}i'“'

ﬁnraonucnon ‘\ - |

--Although conS1derahle work ‘has’ beeg\done on gerllnatlon
: | <

of con1d1a and appressorlatlon, fey workers ave looked at = " s

the:21ne course and fewet stlll have attelpted to_“

iﬁ; ctlcola Glgggrella c1ngu;agg‘ A;ternarza so;anl and
‘ ospo 1un sa;c;naeforle. Massie and Nelson (1 03) used

the

'nodel Helllnthosgorlul laxdls spore gerllnatlon. Haggoner

g7

-6, .
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‘and Parlange (1974,

‘)odel conidial gerlination of ‘_ 591331 They extended

‘974P' 1975) also used probit analyszs one

I

h‘.predlct hulan norta!ity and vas: used to thls end by

1 equatlon uas flrst pibwosed by Benjanln Gonpe:tz (1825) to

actuarles for nany years (Klnqﬁ 1902). The ‘forn of the

vGQuatlon'used was- SRR

-are statlstlcally szgnlficant...ﬁ (1974a Hallace et g;; f

()
(1975) have nodelled the gernination of Eg;gggph;gg;_ ,

gghid Q. ﬂe1ther ve: nor Elnett and Parberry (1975) found any
I :

eqqatlon las a nodel of b"h gernlnation and appressorlatlon

of g_l__;_;;zghg (Ces.) G. H. w;ls. This

1
l."

P S ‘- oy
R g X0 _
Co.  y=am BN P
. . : o SR

C L .
. where Y is the lortallty at txme X, and A, B and r are

L

'gAconstants. It depehded on the one ba51c assulptlon that B

!

- ...the a(erage exhaustlons of a nan s power to av01a death “
- ”vere such that at the end of egual 1nf1n1tely snall

41ntervals of tine, he lost equal portnons of . hls rela1n1ng

A : [
pouer to oppose destructlon whzch he had at the connenceaent

G
»

of - those. 1ntervals... (Gonpertz. 1825).° ° ' :' : 'a°f

. Analagons to the loglc of éonpertz, if nnder favourable

gernlnatlon condltlons the spore populatlon loses equal
. 3 .
’ SN e

CmE

B3 bl st L Lo L



' 4 :
;ﬁ. re@s;nable aqgunptlon, ghe use of‘;his or|the other

Igerllnation equataons 1s~enp1rﬁca1. The ch ice- depends

the accuracy of the f1t of thefequation to ‘the data. T

o NCYYS ¢

on_

here

.% lgﬁﬂp blolbglcal evidence on vhlch to base a Y partlcular

. T o

S
‘,eguatlon at thls tlne. ey :
: ¢ R o

“

E) The Gonpertz fhnctlon has been used in h nan blologyntd

- |
.flodel the "rate of aglng" (Shock 1967), extension/to

. of. anilal nortallty due to ;adlatlon (Sacher, 1956),

ﬁpopulatlon growth (Davles, 1927) and growth of 1nd1V1d

hunans

uals

'f(Denlng, 1957.rnarub1n1 and Resele, 1971). 20010915ts have

used.at to nodel 1nd1v1dual grouth of razpr clans (Hey

'
R |

et gl. 1931), flsh populatlons (Beverten, 1953 51111n

‘, 1968), blgg growth (Blckleffs, 1973), chlck heart grov

e

e

(uedavar, 19“0) and 1n radlatlbn work (Storer, 1965 T
I

blology, the Gonpertz equatioﬁilas been used to nodei‘

grovth of Pel ;g ; 1eaVes (Aner and wllllans, 1957)

“gzovth of corn leaves (Baker et a; 1975), grouth of

,p&ggi;zenSLS (Lloret, 1974), apple drop (Lleuely

§ d fonage ylelds (Jones and Bartholonew, 1973).
quatlon has also been useqd - out51de blology

'924).,rhe ggneral propertles of the functlo

1
loutnﬁ

an I 2 ‘,“:":

th ™

yler

Co
Mvand Stearner, 866’ Dlpert and Tyler, 1971). In plant

the/
I 4

an

j”}gragt (chance and Poerster, 1973), ¢;:ot growth of

The

n aad



s SR / ;
conparisons of this functidn vith other grovth functions

o sillimagl igeny.
':frasonercAL ANAL!SIS [ '“ | I

‘ ' . -
e_héen_puhlished~1ufight—~49€67*ﬁnurtis__T929, 1937- ST

7H1nsor. 1932. Luler, 1937 uather, 1949, Rxchards, 1'59

: The forl of the Gonpertz equatlon used in thlg’pape.

..

vas. suggested by Hlnser (1932)

o A e R
4;‘ L . C yk='Ke R 2.
where y is the nunber of spores that gernlnated or have .

A ]

',I'fofned appressorla at tlme x, and K, ‘a and b are constantsQ ‘

'dgreach 99% of the- @Xllulq By substltutlng 'y = 0 99K 1nto

-

i
The constant K 1s thé naxlnun nunben of spores in 1he

populatlon uhlch have gerllnated!or whlch have developed
“appfessoqza and is: of obv;ous blologléal szgnlfxgance. It 1s'
dlfflcult to a551gn dlrect blologlcal neanlng to the _'
dconstants a and b uhlch lnteract.to defipe the po&nt of
1nflect10n (x-a/b) and in a sense 1nteract to deterllne the
‘3

'rate.<Houever, usxng an Ldea 51lilar to*that of Courtls

~(1929)' a and b may be used to define the time taken tov SN

Y

"equatlon 2, the follou1ng is obtalned'

x, - a-LnLn1.0101~ . L
' ’ b i ‘.‘ 3. , 1

[

uhere Ln is the natnral 1ogar1thl and xK is effectlvely the
tlne taken to reach the naxllup ‘and ls bloLOglcally

'51gn1f1cant._-i : o o R o



I
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' ' 7.
MATERIALS AND HETHODS

i / :

i - with a platlnu- loop"The suspen51on vas flltered through

. i _ :
‘in test tube skﬂnts) at 25Q§; nght vas supplied by a cool ot

: appr011nately 90, 000 sporeS/nl by a h ;oc;toneter Count.

——- gﬁ- 321 01_ ’ tne causal agent of anthracnose of

grasses, is: a suitable test fungus srnce it gerlinates and
forns appressorla vell under laboratory COﬂdlthDS. The _t
appressorla are dark dlstinctive club-shaped structures.
The nodel has been tested on data accunulated to deternlne
the effect on subseguent gernlnatlon and appressorlatlon of
dlfferent day lengths of 10w level light On the parent
fungal colonles. Netolitzky (1969) -found that l;ght was
necessary to obtaln sporulatlon with C, gran;nlcol
cultures.'Strong light- -on the parent cultures reduced the .
subseguent gernrnatlon of’ C Q;tatu! conidia (Singh, 1973).
A s1ng e spore culture of C. g;anlnncola w¥as grown.on potato
sncrose agar (lnfUSlOn fron 200 g of potatoes, 20 d sucrose,
17 g agar, lade up to 1. l wlth dlstrlled water and dlspensed

P

vhlte (ﬂ15 leh fluorescent anp in day lengths of 6 12,18

and 2u hqurs. The. 1nc1dent 1llulrnat10n ,on the culture tubes

as,neasured by{a plant drovth photoneter (Internatlonal
nght ILISO) uas. 0 7" 0.3, 0.0 u vatts/’cn2 - nanoneter in .
the blue, red and far red bands respectlvely. Spore | SR
/7uspen51ons uere made after 1n days by,lloodlng the cultures" b

‘Hlth sterlle dlstll{fd vater fand rubblng the c&lonles gentljl

-
four layers of cheese clothland d1luted to glve C ’

; Clean cover sllps vere placed in petr1 dlsh n01st

‘." , o . B {

/ B



m_eémuuﬂcover<siips qhﬁch vere phen xncuvu\ed at. 250C ip

- ‘..“ '. B ".‘ig//i ' - 11

»

'chanbers, 0 3 al ‘of spore Suspension uere plpetted on to-the

Evety tuo hours for the next 32 hours five. cover( slips -ware

¢

' removed from the ;ncubator~in 4 preset randoa pattern and

dried. The cover slips vere mounted with glyéerine}anp'so'

|

spores fron‘each were scored for germination and

ap??éssoriatioh; The eiperllent vas repeated three tlnes for

'each lxght regine. A non-linear regression analy51s to the

~r’.

‘Gompertz eguatlon of each time curve vas perforned u31ng a

j-RESULTS AND stcussrou

FORTRAN subroutine and BYDp:078 (Sanpson, 1973).

N
'

‘Two- exanples fron the tuelve pairs of gerllnatlon and
o

'the actual data and the theoretlcal line produced by the

regre551on of those- ¢ata to’the Gonpertz cﬁ!ptlon are shown.’

i

- In all cases the flt of the regress;on line is hxghly

Zh

erain tJ.on OL‘ a ressor.l.atlon._
9

. sxgnlflcant (P(O 0001). The regress;on renoved 90 - 97% of

the varlance in the data. Thus the Gonpertz equatlon f1ts

the gernlnat!’h and appressorlatlon data -and allows the

-kteduction of. a large lass of data to three paraneters (K, d

and‘b),whlch adequately descrlbe the time curve of |

i

The neans ‘of the paraneters(x, a<and b) plus the

calculategngaraneter (xK) of the three repllcates for each

'of the four light regimes are shown for gernlnatlon (Table
.e1) and appressorlatlon (Table 2) . These Reans were tested

-for dlfferences by aﬁalygls of varlance and Duncan's new

; . . f . . .
! - : . . . v . . )
U , . ) “ .

C

appressorlatzon tlle curves are shown' in PIGS. 1 and 2. Bo{h'



b
' R v

PIG. 1. The resu Ho of gerllnatlon and apprﬁLsori on
for the couldla collected fron the cultures of C.
‘ g;;lln;cgl groan under 12 hours of llght ate shovn hete
along with the Gonpertz regression llne.‘Fhe Gonpertz
paranetegs_are:.K = 45,0, a = 3.63, b < 0.842 and x, = 9.8
.for gerniuation: K =43.1, a = 2. 05 b = 0 283 an% xK = 23.5

t
-for appressorlatlon.

PIG. 2. The results/of gernlnat;on/and appressbrlatlo

for the conzdla collected from the cultures of C. |
‘'gra g&gg;‘ grg%n under contxuuous llght are shoun here
along with the Gonp?&éz/regrQSSlon llne. The Gonpertz
patoneto;:'a:e: K. = 35 1, a = 2.84, b = 0. 651 and xK #,11.u~
for.gerlluétion. K 33 1, a-= 2.46, b = 0.386 andng = 18.3
for opﬁréscofiatiogaé‘ ,’_I - ;t '/- ; . .

- KEY: Gernloatloni datavpoints,'léo ¢ 2=V, 3z, 34=4
coincident poiats; regressiouvllne-f--Q-.
lAp£resSoriat£on: data poiuts;“léO';'2#b’,'3=d ,‘3+éi{l

‘coincideut_poinﬁs; regression %}“e"‘“Tﬁ"‘- K§ ='K for

gdermination, Ka = K for appressoriation, Xg = xg for
germination, X, = x; for appressoriation. !
: N ’
et
» . |
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Ajf TABLE 1. ‘/\' = i ]

uaun‘;nlumﬁ”of the Gompertz paraseters (K,a aad b) add"

the calculated plraleter (x¢) for the qernination :f conidia

f
of ¢, g:g.}ngglg for tho four daylengths.
| 4 - Y ‘ o
wl '

Daylength‘ X a ' b X, '
) S : A
o ) 45.0 £« 2,99’ ¢ | 0.72 ¢ 10.6 £

437 ¢ 3.28 £ 0.78 £ - 0.3t e

12
. . ‘ ‘ . , .
“‘l 2“' 3609' g“ 2.36 f 0 57 f ) "'16.6 f -

" "'other Tight gues} Althouqh x,( was lnrger, this difference . " .

.. Within columns, nuabers followed by a different 1etter are
sxgnificnntly different- (P>0. 05) by Duncam's new lultiple”
range feast. .

¥ ‘ ' A /

lulfipl range test. There verg no significant differences .!.
bbe%VEen :ny of the pataneters for cbe 6, 12 or 18 hour. Aéght o
4 regines for getlination. Paraneter K for 2G houts of" liqﬁt

‘vad’ Significantly less (P<0 05) but Parameters a and b for ”,—-

_'Zu hours oﬁylight vere not sﬁgnificantly different f:on the :

_ vas not 31?nificant Thui 2“ -hours of 1ight teduced the

proportion of conidia of Cs g;glinicola vhich can gerninata

but did not change the tile taken for the laxinul nunbet of
!

.spores ‘to gerninate. SLnilarly the appressoria ion laxinul,

K, for continuous llqhtiis Significantly reduced (P<0. OS)

‘-but the other paraleters (a, b and xK) are not sxgnificsntly

,dlfferent. Ihete are no szgnificant diffetences in the

\‘ S, - N

.
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i “’.",_

- unnXluos of thf Gonport: parpueotﬁ (b.‘ a and b) "And . s
': the calculatod patalctor (x“I fbr the apprtsaoriation o@v a0

.
Jera tubes ot conl.dia of Q,_

. * Sy
3 I RREE L

daylengths. - | ‘ B . 'Ji"?'*i*’ "
[] ! R .‘ " - . ’.. ' . 7." ) . "\7 “«
Daylength ,~ K ® . ., b | x(\ AT g
° ) . I . , ~
s ' 6" 42,3 g 2.02 ¢ 0.25 £ < 27.3 r“ *
12, w22 ¢ 2.07 £ . Y 0425 £ 33~ £ DN
1B, W42.7f 2,03 f F  §iae t 25.1 £
’ < . . B Lo o
. o . N
24, &au.sg .'2.-ozt %31 f 23,6 £ "
N oL ’ ‘ L ) ! § - K
*kithin colunns, nulbel*s tolloved by* a Aittetent letter are 8 N
L significantly dittetent (P>0. 05) by Duncangs ne ltiple‘ P
\ tapg’ &est. N a\_ﬁ'“ v ‘1%
A ‘ K] ST ) in" ~
‘ ptoport;ons of gerninated conidia vhxch foru appreéria.- *e
¥
—_ rhus'tlm effect. of the ‘24 hour light. regine saeps to*;be on
o a ,
) gernhgt:.on and not appressorution. L o . iy
{ - '
.coucwsxons | ) - ~ | ) o
_ 'rhe Gompertz equat.ma i a snitahle model Ut the !’iie "y N * '

» . . #
course of dom.d.ml ger-'nauon and appressouauon in C, . . - :

grasipjcoja. other work S laboratory has shova that L
__this equaé;on also fits th 'gerlxnatxon time curve of - .~ ~ /Q
. MQML_ brassicae (Lipp and ‘Skoropad, unpublished data). = '.4
. This fechnigue allovs she tion of a large nss ‘of data | :"‘
to th)& pdrateters vhich can be used to descrzbe nan.lul -: -
o gerlmatzon qna appressor:.atxon and the tu\e taken to reach ‘- . : ‘ﬂ

these maxima. With the_ test data we have gshown that oL ‘ By



-

contlnuous low level lignt on the pareant cultures reduces

the proportlon of COnldld wvhich will germinate but does not

affect the rate of germination.

> i - 2



SECTION II
LOCATION OF APPRESSOBIA ON LEAF SURPACES
ABSTRACT
N The ldcation of appressoriation in ¢c.- gggnlgigola vas
studled using natural ang artificial (nail polish and epoxy)'
leaf surfaces. The dlstrlbutlon of appressoria relative to
the groove over the anticlinal walls of the epidermal cells
was the same for natural and artificial surfaces. Thls
evidence shous that the location of appressorlatlon 1;
controlled by the host topography and not by localized host
exudations.: |
INTRODUCTION .

Appressoriation - (dppressorlal formatlon) 1s one of the
crucial steps in the Successfuyl penetratlon of the host for
uany pathogenlc fungi, and frequently occurs at a specific
locatlon on the surface of the host plant. The appressoria

hof ggl__totglchun g;anlnlcola (Ces.) Wils. tend to foram most

often in the groove at the junction of the antlcllnal walls

of the epidermal cells (Netolitzky 1969). The germ tubes of

~ -

—_——a=a L4

epidermal cells uhere appressorlatlon occurs (Flentje 1957),
This response is controlled by host chenlcal exudates and

the nature of the surface 1e; the cuticle (Kerr anqd Fleatje

-

appressoria of Erysiphe polygoni and Peronosgogg‘ga;agit;gg
i

respectively, formed in the junction area over the

1957) . Preece et al. (1967) foung that 90% and 93% of the

" anticlinal valls of the epidermal cells.‘Anderson and Walker

\

17



. 3 18
(1962): reported‘about C. orbiculare that "when-the spores
d1d not lie over the junction between cells, the germ tubes
normally grew to such a Junctute prlor to appreSSorlal
fornatlon" Preferentlallappressorlatron in the. groove over’
the .anticligal valls has been ported in Tubercinia |
“trientalis, ggxigpg;ggg_ omanivora, g;otoglggg macrd §pg;_ {De |
Bary 1887), Dothidella ulei (B layquez and Owen 1963), and Ce

S

lajenapium (Akai et al. 1967).

Conract‘;g _;ggvby the gernm tube ulth a surface of
sufficient hardness has been found to be the most common
stimulant ofeappressorlation (Emmett and Parpery 1975);”
Early workers reported that contact by the gern tubes of
_;___ Qoglug f;uctlgenun (Hasselbrlng -1906) , s_;g;gtlnla
libertiana (Boyle 1921) ror C. _gl__lll (Sampson 1928) with a

hard surface led to appressorlatlon. Contact st1lulus in c.

, ‘;ln demuthianum has been reported (Dey 1919) but this

’response could be blocked by the addltlon of nutrlents
(neaph 1923). 051ng lenbranes of paraffln, gelatln or other

uaterlals, 1t has been shown that in Botrytis cinerea (Brovn

gltlc;na‘ P. graminjis, P,

glumarum (Dickinsdn 1949), C. p omoides (Van Burgh 1950),

and Harvey 1927), Puccinia

e+

and C, grég;g;gg;g (Netolltzky 1969) contact with a surface
Pf sufficient "hardness" is necessary before appressorlaflon
will occur. In C. gloeo p_;igi_es, gern rubes froam conidia
suspended in a hanging drop forled appressorla Qnly when

contact was made Ulth the glass (Dey 1933, Purkayastha'andA

Sen Gupta 1973) . Solank1 et al. (1974) had sinilar resu{ts 



with a

uith C; ggpsi;g..Parbery (1963) found that contac

hard surface was necessary for proper appressorlat

jon in a
P 4

Phyllachora sp. Lack of surf formation :

of abnornal appressorla. Conta L of appre soriation.

et al.

has also, been reported in g, at;ane ati um (Illnan
1959), c. de uatlun, Ce . g;xchell_n (Sutton 1962), C.

;guncatlu (Staples and Yaniv: 1975) and Pythium 1rregnlare

(Agn1hotr1 1969).. .

In Gs fructi gsﬂum (Hasselbrlng 1906)) C. lipde g;hlanu
(Leacb 1923), C‘ onnoxdes (Van Burgh 1950) and C, nge;atum .
(Grover 1971) the addltlon of nutrients: to the 1nfectlon '
drop 1nh1h1ted appressorlatlon, whlle in C. g_deogpogloldes

addltlonal nutrients enhanced appressorlatlon (Purkayastha

i
and Sen Gupta 1973). Host—plant exudates stlnulated the'

formation of 1nfect1on Structures in p. fllanentosa (Kerr '

and Flentje 1957), Thanatephoru cucunerlsuirlentje et al.

1963) and Cs plp_;_tul (Grover 1971) Appressorlatlon uas
stlnulated by cutlcular naterlal 1n'A_terna£1a pg;;l (Akal

et al. 1967) and Btleg e g;anlnis (tadg and Ell1ngboe

et al. ) >

/

1972). Several sugars and a f%w organlc nltrogen sources
v

enhanced appressorlatlon in C. cap c1 (Solank1 et al.

sl

1970). Four phenollc related conpounds blocked
o

appressorlatlon in C.. falcaful (Srinivasan and'NoraSiihan

1971). Netolltzky (1969) .found that 1n C. granlnlcola sone
nutrlents stlnulated appressorlatlon vhile amino ac1ds

contalnlng sulfhydryl groups blocked appressorlatlon

(Netolltzky and Skoropad 1971). Thus generally the
| ,
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e . , . :
controlled locatlon of appressorlatlpn has been attrlbuted
'to the effect of the "contact stllulus" at the antlcllnal

e

groove on the gern tube.

——Prelxnxnary vork Ulth the scannlng electron mlcroscope

L

'(SEH) suggested that appressorlatlon in C. gra ;nloola does

not occur rlght at the botton Of the anticllnal groove butf'.

bear to 1t.‘If thls observatlon vas correct . then 1t would be-

'unllkely that blocklng of the gern,tube growth,by the Ce

i

'antlcllnal groove uould be the stinulator of l“lﬁ
}appressorlatlon. Alternatlvely, it is reasonable to suggest‘

1 that the host-plant cutlcle surface ls chellcally or .
|phy51cally dlfferent near the!antxcllnal groove and that
this dlfference is the stlnulator of appressorlatlon.‘These‘
hypotheses were tested by oerllnatlng conldra of Cc.
ggamlnlcola on natural and on art1f1c1al leaf surfaces and
deterllnlng the dlstrlbutlon of appressorla on these
surfaces. 'yf‘ T 'f."A‘f'_J R . N

- éAfERIA-LS "A'un-'ur'r'non:s _ R .

for 1nvestlgatlons on naturalileaf surfaces, 8 cn.'= ;V“'

‘epleces were cut fron the center of the second leaves of 10

f day old - Parkland barley (CAN 210) plants (grovn at 21 C 1n
13011 Hlth 16 hr. of llght in a controlled envlronnent
.’chalber) and floated on a solutlon of 10 ppm aureonyc1n and '

.

40 ppm ben21lldlzole (Person et al. 1957, uetolltzky 1969). &
For art1f1c1al leaf surfaces, negatlve nolds vere made from |
vsrnllar 1ntact leaves Ulth 5111cone rubber (quuld 51lrcone

rubber, RT¥11, General Electrlc). After curlng for 4 .

i
®
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.4Hm1nutes,,the negatlvearepllcas were\carefully strlpped,off

{

_the leaves and pos;tiVe repllcas of clear nail pollsh or ,

/ .
epoxy (Nraldxte 506, E. Fullan, Inc ) uer_e_nadel_n_naz.l____._._iw

)
f

‘ilpollsh repllca uas nade flrst and then aq'epoxy repllca vas

2

, nade fron each negatlve 5111cone replxca. The p051tive .>
.repllcas vere uasheq Hlth soap ‘and- vater and rlnsed 3 tlnes

ln dlstllled Hatéﬁ’before user One epoxy repllca was coated
{

“ulth carbon gold (15 20 nn. thlck). The- regllcas'were placed

1n petr1 ‘dish noast chapbers.

7

' C ggaglnlcola, orlglnatlng from a single spore 1solate

fron oats grown near Edlonton, Alberta, was grown on potato

-

;\\‘sucrose agar (1nfusxon from 200 9. of . potatoes,e20 g sucrose,

17 g- agar, made up to 1 lltre ulth dlstllled vater and v
dlspensed in- test tube slants) at 25 C wlth 12 hr llght from;gff‘\
a cool-uhlte fluo}e'cent lanp. Spore suspensions wefe made l,.;J

after 11 days by floodlng the cultures‘vlth sterlle

i

= dlstllled wateg\and rubblng the colonles gently wlth a

f

plat%nul loop. Ihe suspensxon was flltered through four‘
layers of cheesecloth and dlluted to glve about 90 OOOl
spores/nl by a henacytoneter count. Slall drops of the,‘
conidial suspenSLOn were plpetted onto tne natural andﬁap:s L
-art1f1c1al leaf surfaces HblCh uere tnenllncubated for 30" hr
Cat 25°C 1n the dark. R |
Grouth vas stopped on the natural leaves by freezlng I
thel 1n liquid freon, folloved by freeze drying at -70°C |
Lo

(Bdwards Pearse Tlssue Dryer) 1n preparatlon for observatlon

by tbe SEur(Canbrldge Stereoscan su). Excess vater vas @J
o

e f_‘ -.A;"b ]"‘ i

;\;‘.
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'Q deCanted off the art1f1c1al snrfaqes vh;ch were then drled

!

JF R P,

'q‘dlfferences betueen treatnents. R f“}f'

) omer anhydrous CaSO . Both natural and art1f101a1 leaf "=

S

L e s e )

!

o LT Y 3 | i . ) .‘ 22

-“surfaées'uere coated uxth carbon-goLd (15 20 nm,. thlck) and

) photographlc mosaics of the 1nfected areas uere lade Hlth

'« the SEH, keeplng the. 1ncrdent angle as. clqse to 90° to the

)

’ surface as p0551hle. [ )
. | S0 .

The dlstance from each appressorlun (1n eachl « I

. . . . | .

photographic losalc) to the nearest groove was neasured
.u51ng vernler cailpers. Because the d1str1butlons of
'4appressor1a to- gFooVe dlstances resenbled a Po;sson f‘ )'

' dlstrlbutlon, ‘a sguare root transfornatlon was - done on the
!

'data before analysxs qf varlance uas used to test the

: 'f_.;f’
‘RéSULTS AND DISCUSSION o R "’; [:\'

There uas llttle dlfference 1n the shape of the !

'dlstrlbutions of appressonla on; the surface of natural leaf

.(PIG. 1),_na11 pcllsh (PiG. 2), epoxy (FIG 3 ) and carbon—‘

" gold coated epoxy (TIG. Q). Ana1y51s of varlance and

'Dunc n's new nultlple range test on the transforned (sguareb

root) data showed that 1n tvo of the treatlents the néan,

-vvappressorrun-to-groove dlstance vas 51gn1f1cant1y (P 0. 05)

S . . ! .

saaller (Table 1)._Both these treatnents were natural leaf ‘

.

fsurfaces angd’ were 519n1f1cantly dlfferent fron other natural
leaf surfaces. No dlfferences were detected between the
otner natural or artlflcral surfaces. Because there was no‘

dlfference betueen the nail pollsh or epoxy rébllcas nor ‘the

L4

Z o Iy

: gold—carbon coated repllca, it 1s unllkely that there was . }

S
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' FIGS. 1-u Distributions of the distances‘from"

']

, I
Qantlcllnal valls of the epldernal cells on natural leaf

:}appressorla of Cs g;anlnlco; to the nearest groove over ﬂhev

surfaces and art1frc1al 1eaf surfﬂces.vPercent of the total -

'A'number of appaessorla are plotted agalnst the dxstance

PIG. 1. Natural leaf surface.

*

broken 1nto 1.5 n. 1ncrelents.

FIG. 2/ Nall pollsh repllcas. FIG. 3. Epoxy repllcas. FIG.

la Carbon—gold coated epoxy repllcas.'

-
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EkBLE 1 !

'

|

- ueans of the distances in u from the appressoriun_gf_C.N_M;MU~Q“—
’ |

graa 1n1cg; to the,nearest epidermal groove for different

| leaq surfaces. The sanple 'sizes are also shown. *ﬁ,
S ) ’ '
SURFACE - nEAﬁ_ ' ° SAMPLE
. . 3 X f
oo f in n, , SYzp
‘LEAF S 1.72 ar 53 S
. LEAR - 2.86 ab 46 |
o Ear #:3.77 b 16
NAIL POLISH  * 3.83 bec N IT- &
GOLD CARBON -~ 4.11 b - B
NAIL POLISH ©  4.%4 bc.  ° 19, R
EPOXY | 4.16. bc 36
NAIL POLISH" 4.47 be 133 .
LEAF 0 Tuer. e 222 B
| Epoxr_ 468 ¢ 179
- EPOXY L, 471 ¢ 63
LEAF .‘,5.34( c 218
;1.~ Means followed by the same letter are not 51gn1f1cantly
different (P=0.05) by Duncan's new nultlple range test.>"
i . ¢ . )
any chenlcal carry-over fronm ‘the natural leaves.'Thus it 1sv'
I A9
concluded that the locatlon of appressorlatlon is dependent
]

.on the phy51cal surfacelstructure of the leaf and is not
dependent on any local chenlcal dlfference in the host

: Tuticle. TR e : ‘ [
' -Host,ok~the appressoria form sufficiently far from the

8
3



- »,*'l. .

‘ B il av*‘ -.-Iw‘--,v'._,,.3:“:.,‘;,_“,.-,\ Pirned pane, W““ R Rm o "‘-\.,‘-‘;‘{".:"1'37',_-;:17‘_‘?-"a.}""'E Mc.ag‘. SO wgvt"_
N L ‘ , I
. . . . 0 . » . .
. ’ ' v . - e
) " ) . ) B 27' .
!

groove'(PIGS. 1-4) so that it seels unllkely that xlpgdlng

e e ~of"the germ tube grouth by the groove is the'najor ‘Stimulant

of appressor1atlon. chklnson (1964 1969 1970) in detazled

he response of gg cinia gp gern tubes to.

8
" found thpt the Tust ger. tubes could

‘artxflczal lemhran
o recognlze partlcles about the size of cellulose loleCules
'(120 x 1.2 na.). However, - due to the rough nature of the
’outer layer of the barley leaf surface, it seems unllkely
‘that the" germ tube of ¢, gzanl 1cola would be 51gn1f1cantly
lnfluenced by orlented structures of thls size (120 x 1 2 :

an). AR ) - \'Q

Wynn (1976), ln sxnllar vork’ ulthgugggxces p__gggl;, on
ygleaf repllcas found that the- gerlltuﬂe could recognlze both
N '},fthe leaf rldges and the gtonatal llps."rhls control uas

through the leaf topography and not due to any host-chenlcal
.lstlmulus. Appressorlatlou is prlnErlly controlled hy the '
fyfungal genotype (E-nett and Parbery 1975) and in’ C. |
“_grallnlco;a the expreSSLOn of this genotypé‘hppears to be

‘controlled by the topography of the host leaf surface.

e
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ABSTRACT ®

Regulation_of oppressoria foriation in ggl;g;g;giggg;
|

q g;gnig;cg;a (Ces.) Wils. vas investigated usxng exogenous

W

adenosine 3"5'~cydlxc nonophosphate tcAﬂP), adenos;ne 5w
nonophosphate (AHP), 1,3-dine hylxanthzne (theophyllipe) and
SOdlUl fluoride (¥aF). Each ok_these chnu;ca§$ inhibited
appressorxatxou but only NaF inhibited gerwmination.
Increased Levels of chuP have no effect on gerninatlon of !
the conldxa but ishibit appressormatlon.
INTRODUCTION B

"The causes of appressorial for-atlon (appressorzatxon)
have 1ong béen a subject of investigatioa. Appressoriatioh

|
has been attrlbuted kost commoaly to the germination tube |

) strzklng a surface of sufficient hardness (Hasselbring 1906;

Dey 1919 Emmett and Parbery 1975). Houever easily thzs nay
‘he de-o\Strated in the laboratory. it does nothlng to
expla;n hou suriace hardness~4nduces apptessorlatlon.

A -number of cheﬂxcals have been 'ested for thexr effect

on appressorxatlon. Varlous sugars and nlttogen soqrces pave

been tested for this offect in Colletotrichum capsici
(Solankl et al. 197“). C. gloeo QQ;IOLQG§ (Purkayasthhd and

Sen Gupta 1973) and Cs 4paminicola (Netol;tzky 1969) .

s

Compounds contdalning sulfhydryl gréups appeared to be the

“only ones that.consxsten;ly 1nh1b1ted.appressnrlatlon-
- o | ' S
| i 28‘ : v

A
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(ﬁotolitzky und Skoropad 1971). This vas attributed to the

woo

\

cell-division blocking ytopertfes of sulfhydryl qroups.

“ \
The eftect of several: -etabobic 1nh1bito;s on
q‘tllnation and appressor;ation in’ Ca tzifolli (diehle and
Lukezie 1972) and Ce ;;3&9;&3; (staples and Yaniv 1975) have

been lnveqtigated. Both cyclohexinide and actinoaycin--

4

blocked germination, but if applied after qerlinatioh, did

| not block affressoriation. However, S-fluorodeoxyuridine-did~

not block germination but prevented appressoriatian. Staples

dnde!aniv'(1975) concluded that DNA synthesis is necessary

for appressb:iation but not germination and that protein
synthesxs early in geramination is needed for

appressoriation. Pary of this information needs reaséessnent

sxnce cyclobexznide is not a specific jinhibitor of proteln

i

synthes;slin vivo (Ucnahon 1975) . R

Ever since ltb dlacovegy (Cook et al. 1957; sutherland

and Rall 1957), adenosxne 3‘ 5'-cyc11c lonophosphate (cAHP)_
has been ilplxcated 1n tae tegulatlon of a wvide v&r;ety of
cellular functlons (Bltensky and Gorman 1973). The
convet51on of aden051ne trlphosphate (ATP) to cauP is
catalysed by the enzyme adenyl cyclase vhlch is bound
ptedou;nantly to the plasna lelbrane (Perkins 1973).

Limited lnforlatlon is avallable on’cauP systels‘xn

'

fungl. Growth habit and nycellal and conidial

characteristics in €eurospora cra Ssa. respond to CANP levels

(Terenz ét al. 1974 Scott and Solomon: 1975). Yeast-

»

lycelxu. dimorphism in uucor gacegﬁsus was reported to be
‘ o N - O

]
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controlled by cAMP (Larsen and Sypherd 1974). Cyclic AMP
levels wvere found to change during differentiation iﬁ’ |
Blastoc ;gg;g;;g emersonii (Silverman and Epstein 1975).
Galsky et gi. (1972) reportéd that cAMP controls the
périthecial—initial formation in Hoﬂac;o;ﬁor;gg’goedyciodes

and Feldman and Thayer (1974) 'found that cAMP derepresses

" tyrosinase production in N. crassa, an enzyme involved in

———

sexual differentiation. Uno and Ish1kava’(1973a b) found
|

possible part1c1patlon by cAuP in inducing frultlng in

LopglnusAg_gro;hlzus. Cyclic AMP 1nh1b1ted growth in

uccinia graminis traitici (Bose and Shaw 1974) , increased
» . ] , ;
the rate and frequency of chlamydospore production in

Fusarium solani (Meyers and Cook 1972), eqhanced the

production 6f the sex reguléting<§ubstance, zearalenone, in

roseum (Wolf, and nirocha‘1974) and promoted aggregation

-
—_— —

of conidia and gernllngs in Aspergillus niger (Wold and

5uzuk1 1973).

In the cellular slime molds, CANP is an aczaSih which.
regdlateg\aggregation (Gross 1975) and also controls

differentiation of the stalk cells (Bitensky and Gorman

:

K’.. %
While evidence on the presence of” CAMP in hlgher plants

£ -

"15 still 1nconclu51ve (Lin 1974; !héssan et al. 1976), its

presence in-fungi is aﬁoven (Plawia and Torres 1972a,4 v

\@}~1973; Wold and Suzuki 1974). This paper reports the effect
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Oof CAMP on conidial germination and appressoriation in C.
graminicola, the causal .gent of anthracnose of cereals and

other grasses.
MATERIALS AND METHODS

C. draminicola was isolated‘fromrstens of oomqon oats
(Alggg Sativa) collected near Edmonton, Alberfa, Canada.
Suspensions of conidia were made in sterile histilled water
from 1t-day-old cultures grown on pobato sucrose agar test
tube slants (1nfu510n .from 200 g of potatoes, 20 g sucrose,
17 g agar, made up to 1 1 urth distilled water) in 18 h of
light from a cool white fluorescent bulb at 250 C. ‘The
"conldlal suspensions were filtered through four layers of
cheese cloth. Solutions of ~adenosige 3"5'-cyc11c
monophoSpHoric acid, ‘sodrun salt (Sigma).'aden051ne 5¢-
mono;hosphorlc acid, Type II, sodium salt (anP, sigma);
. sodium fluoride (NaF, J. T. Bakerkp and. 1,3- dlnethylxanthlne
(the0phy111ne, Slgma) vere nade up with the comidial
' suspen51on and sultably dlluted with the spore suspension in
order to maintain a concentratlon of about 90,000 conldla
per ml. In all experiments Spore suspensioas in sterlre
distrlled water were used as coptrols. Clean cover slips
were placed in petri dish m01st chanbers'>approx1nately 0.3
tnl og the spore Suspensions vere pipetted onto the cover
slips and these preparations were incubated‘at 259 C in thé
dark. After‘ZQ h, the cover SllpS were drled and lounted on

slides ulth glycerin.

The conidia were observed using phase contrast optics,

'

* Y i
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and 250 spores- 'for each treatnent were scored for

-

germination and appressoriation. The experlment was: done a-
total of three times for eacH’conpound -,

"RESULTS AND DISCUSSION . | ‘ |

Exogenous cAMP (Fig. 1), AMP (Figi 2) and theophylllne

(Fig. 3) inhibited appressorlatlon but not germination. Both

L3

germination and appressoriation vere inhibited by NaF

(Fig. 4). If the decrease in appressorlatlon by NaF was due
f

solely to the reduction in germlnatlon, a plot of the

differences of appressoriation fronm gerllnatlon vould be a':

stralght’llne. But thls graph (Fig. 5) shows a peak and thus

it lS concliyuded that appressoriation is more ‘sensitive than
germlnatlon to NaF. Probit" analySis (Finney 1947) was
attempted but ‘due to, the two step curve whlch the data seen

v

to follou, the fit of the probit curve wvas not acceptable.

L

. Houever, correlatlon analy51s was done wlth the chemical >
concentratlons in- nllllnoles versus the reductlon in nuaber
~of appressorla fron the control There vas a sxgnlflcant
correlatlon betueen do;e and response of appressoériation
with' cAHP, AMP and theophylline and of gernination with Nap?
(IablefI).'That he correlatlon hetveen dose of NaF and ?
~inhibition of . appressorlatlon vals notﬁslgnlflcant is
probably due to the twofstep shape of the data c&rve. It is
‘concluded that‘the’inhihition of appressoriation‘isf
preportional to the level of each of the'four éo-poundsr

The inhibition of gJeraination by NaF 1s hot surprlslng

.51nce fluorlde (10 oM) 1nh1b1ts 30-70 per cent of adenosine

°
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fIGS. 1-4. Plots of the chemical concentratlons in log
nM vérsus gernlnatlon and appressorlatlon in C. éraulnlcola
as % of control. PIG. 1. cANP. FIG. 2. AMP. PIG. 3.
Theopﬁyllineﬁ F1G. ﬁ. NAF;~ l

FIG. 5. A .plot of concentrat1on of NaF ‘in log Iﬂlvlth
'the dlfferences betveen gernlnatlon and appressorlatlon in’

C. g_amlnlcolav_§ X of the dlffere

ces of t heycontrols.'

KEY. APP = apptessorlatlon &"x-,
« . L 1

GERM ='gernination!ﬁ’m . GERM-APP = difte;ence.betueen. j
germination and appressoriation =:b‘. o . v

| " NOTE. Tpe results of the three triais are cémbined ;n
all the graphs. - . R o | . s

' * i
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o o TABLE 1 | L
K ' ’ ’ ' : v T
The correlatlons of the doses of the four chemlcals

h the respod&e of gernlnatlon and appressorzat+on in. d

g;am;n;gola for the threelreplrcates.'i {

{ . s b

- . . . .

e coupquunf‘“ | conasrgmron,corprrcrznrs‘. e
| '!‘ Vl GERMINATION Appanesonrarion. | '
cAMP . '-d'athx ’-7 - '0.95' 0;961 0.94..

aMp - LA ‘0.372_0;80‘56;82 RS
b dl. 1 -Tnnopnyrrihrl»/"—~‘ R R T 0.89 “0.97 |
L a;ff, NaP . 0.95 '0,91-'0.92ad"04902'07]42 0.762
"-lj‘vNo innibirion. o ‘g; | r_ S . ! S
' ' e - i

2. These correlations are not significant at'the 95% level.-
! - S o :

: 'f

X trlphosphatase (ATPase) act1v1ty (Bar 1974). ‘In Allonxcesl

; - ]avanlcgs and a;ev1legn1a nnlsgerna glucose netahollsn is
.i~vstrongly 1nh1b1ted by fluoride (J1 and Dayal 1971) . Alpha-

) amylase (Allan and Khalil, 1973) , enolase,
. §. .
phosphoglucorutase and SOle netalllc enzyles (Kunar et al.j B

1972) in Asggrglll s ‘g er are 1nh1b1ted h'kﬂaF. However, i ,'V‘ﬁ

"adenyl cyclase act1v1ty is $1gn1f1cantly stllulated by NaFf
(Perklns 1973). ‘i o | ) .
Addlthon of cAuP to the nedlum 1n whlch con1d1a of C.'
C _g;_llnlcola are gerulnatlng leads ;to an 1nh1b;;10n of
L.ﬁe'Ana;pressorratlon. TreatnentIULth theophylllne 1nh1b1ts F

appressorlatron. Theophylllne is knoun to inhibit 3%:5'-
v-‘ | B [ l, : [ o , . ‘ :
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__ANP (leadlng to an accunulatlon of ‘CANP)- (Appleman.et _;‘“”““

‘1973). Appressorlatlon is reduced by NaP’ whzch stlmulates

the actLV1ty of adenyl cyclase from nost organlsns..ﬂowever.
N

so far Nap" lS assuled not to actlvate adenyl cyclase in
I}

intact cells (Perklns 1973). Also,‘adenyl cyclase fron g'
crassa is not actlvated’by NaF (Flawia- and Torres 1972a).
‘Inhlblthn of appressorlatlon by. ANP, anong other factors,
. may be due to 1ncreased cAHP through elevated levels of ATP..'
The 1nh1b1t10n of appressorlatlon by each of the four
.compounds is proportlonal tq‘the applled qoncenttatlons. 1t
is concluded thdat hlgh levels df cAuP do not affect
'4gern1nat10n nut do 1nh1b1t appressorlatlon. Although the'
actual levels of cAuP in C. gramlglco a have not been

neasured ét thls tlne, it appears tha i vivo CAMP is_-

r——

1 5 / :
1nvolved in the’regulatlon of appressorlatlon.

/

.



. ABSTRACQ

o INTRODUCTION

.‘fguCtigenun (Hasselhrlng 1906) and Colletotrlchun

(
e o SECTION v

APPRESSORIAL ADHESION

i
The nature of the adhe31ve "uucrlage" of the

appressorla of g_ g;anlnlcolg uas studled by testlng the

ablllty of NH oxalate, NaOH or hemlcellulase to release
# vooE

. appressorla from’ glass cover. SllpS on whlch they had formed.

Because only NaOH or henzéellulase released appressorla, it
is concluded that the adhe51ve factor is a heqlcellulose.

) ! . . <;

: Appressorla are flrnly attached to their sqbstrate

(Emnett -and Parbery 1975). The appressoraa oé Gloeosgorlu
!

g,anlnlcola (Ces.) HllS..(Skoropad 1967) can not be vashed‘

— i S . S e

 off w1th a Jet of vater from the glass slldes on uh1ch they

"~ had fornedp Skoropad (1967) also reported that the:

apprbssorla of c.~g§ minicola were not removed'fron iéaves

by treatment wlth absolute alcohol, glac1al acetlc a01d or T

b0111ng lactophenol. However the appressorla of C.

' gloeosgogloldes can be renoved from glass by scrubblng wlthv

a detergent (Brown 1975). L 7 : [ A
The appressoraun of C!E*lndenuthlanuu has m‘gelatlnous_

sheath whlch attaches it to the leaf surface (Dey 1919,

Leach 1923).‘5 muc1laglnous layer has been reported to be

-the adhe51ve material for the appressorxa of C.

gl €0Sporio 1d__ (uarks et al. 1965), lagenar;u (Akal et~

i

g;; 1967) and C. P Qeratun (Grover .1971) . A‘lutllaglnous

W

!
i

39
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sheath surroundlng the appressorla has.also—been~found in-

',§glerot1n1a l;bertlana (Boyle 1921), l;cgl raa

tllanegtosa (Flentje 1957) and Dotbldella ei (Blayquez and

0uen i963). Other theorles bave been presented to account

4

: -
for the attachment of an appressorlun to itg host, but it is
i

now con51dered that there 1s a blndlng substance referred to‘

_ \
as "nucalage" (Emnett and Parbery 1975). :

Because benlcellulose is consrdered the unlversal

cement in the plant klngdom (Ehrenthal et al. 195&),ui¢~is

reasonable to suggest that this "nuC1lage” is a

'henlcellulose. Since the appressorla of C. g;amlnicola‘

{

"attach thenselves flrmly to a glass surface, it 1s possrble

' i

"to work on the "mhc1lage" free of 1nterference from any host

. MATERIALS AND METHODS - o . Lo

materials. It is pOSSlble to test thls theory by the success

or fallure of naterlals, uhlch would dlssolve or break doun

benlcellulose, in removing appressorla froam glass cover

SlipS. ] ) ) R ] )

i

Cultures of C. 9xa 1nlcola fron a 51ngle Epore 1solate‘

-fron oats, found -near Ednonton, Alberta, were groun on

potato sucrose agar (1nfu51onlfron 200 g of potatoes, 20 g

sucrose, 17 g agar, made up to 1 lltre with dlstilled water

and drspensed in test. tube slants) at 25 o v1th_18 ht. of

6

llght fron a cool-white fluorescent lanp. Spore suspen51ons

lwere nade after 1 days by floodlng th% cultures with

.sterlle dlstllled vater and rubblng the colonies gently with

, o o -
a platlnum loop. The suspension vas filtered through four

i
[N



'~~_layers of cheesecloth ‘and dllutéd to give ahbut 90 000

‘spores/aml by a he-acytoneter count. Slall drops (0.3 ml) of
4the con1d1al suspen51on vere plpetted onto clean glass cover
slipse’ These uerellncubated in. petr1 dlsh n015t chambers at
.25°C in the dark. 'After 24 hr.,.the excess llquld was
"decanted and the cover slips were dried rn an oven at 80°C
for eight. hours.” The cover sllps vith attached appressorla'
'.uere stored at roon'tenperature in clean dry petri d&shes
A‘unxll needed. | 1 '

The carbohydrate extractlon procedure descrlbed by

Jensen (1962) was used. The cover slips with attached

.appressorla Were 1nnersed in 0 5% NH; oxalate at 759c, or Qiz .

NaOH at roonm temperature or 0.5% gH4 oxalate at 750c¢
followed by transfer to ax NaOH at rooa temperaturé - 453
‘Distilled water controls vere used’ throughout ‘ ’

‘The ablllty of hellcellulase (Nutrltlonal Blochenrcal
Corp.) to release appressorla fron cover sllpslwas also
tested. The henlcellulase vas dissolved (0 5%) in 0 2 M
phosphate buffer at pH 7.0. Cover sllps ‘with attached
appressorla were placed in. dzshes ‘of. thls solutlon on a’ very‘
_slov shaker table at roon tenperature. Phosphate buffer was
used for the controls. Act1v1ty of the henlceliglase vas
tested by its abillty to lover the viscosity of a sod.utlon~
of carboxynethyl cellulose (Dekker aad Rlchards 1975).

} After approprlate tlnes the cover sllps were renoved

from the solutlons. They were vashed over a nlllrpore fllter

apparatus‘and the uash Hater vas run ‘through a " 0.45 u- fllter
_ |



} and fllters uere drled over Caso4. Th

" to. coilect any appressorla ‘Which -had been reloved.'The

renainzng test solutlons vere also 11tered. The cover slips

cover 'slips uere

nountgd on nzcroscope slxdes vxth glycerzne vhlle the'
fluters vere cleared and noupted u1th 1mnersxon 011 A *

'transect of each cover slip or filter vas made usxng a aox

‘Phase contrast objectlve and the vernler of a lechanlcal

-stage. The length of the transect and the humber of

appressorla vere recorded.» _ : ' »

Prlor to treatlent the exact locatlons of several

‘appressorla on a few cover slips' vere recorded u51ng the

‘slzps were Frocessed Hlth the perlodrc ac1d-$:ﬁzFf?s (PAS)
ve

vernlers on the nechanlcal stage. After treatment the cover
/

procedure (Jeﬂsen 1962) and the sane locatlon Te searched' R

&1

‘with a nlcroscope. Also 351ng the PAS procequre, K v

_appres rla, before and after renoval from the cover slips,

RESULTS AND DISCUSSION -

feast tvice.

were conpared. Each experlnentgwas repeated af“

Treatnent with NH, oxalate released very few . |
l

_appressorla frog the cover sl;ps (TABLE 1). Treatnent with

NaoH (TABLE 2) or HH. oxalate folloved by NaOH (TABLE 3)

_.released all of the appressorla. Very few - appressorla were

|
released in ' the distilled water controls. The hellcellulase ' e

released nearly all of the appressorla vhile the buffer
control Solytion released only a few (TABLE 0). Piltering of
the extractlng solutlons revealed lany appressorla ln the

" NaOH and henlcellulase solutlons but few if any in the other
@

MY e
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P ‘ K ) &
kN _ " TABLE 1 - .
' ' , ; . »
Effect of NHy oxalate on the release of appressoria‘of
graainicola froa the glass cover sllps on uh)ch thLy had
l =
forned.
_ 5 7 C e &
| REPLICATE  APPRESSORIA / nm? S e 7;;
: ) E s ' . ’ . \ v
NH; OXALATE CONTROL | - EXTRACTING FLUID"
COVER - PILTER COVER FILTER . NHy 'CONTROL
sLIP - * SLIP OXALATE ’ b : .
FILTER FILTER
9 7.16  0.00 13.22 '6 OL 1 0.00  0.0Q0
2 5.71 0.27 i .
o \ : ]‘ .
3 : 60 82 0. 6“' - .
. 4 “a ot o '
4 6.46  0.10 \
MEAN  6.54  0.25
. . ’ [}
ST. DEV. 0.62 . 0.28
’ '
\)
extractlng flulds (TABLES 1-4). Aftei treatment u1th NaOH,
no re51due vas seen with the PAS sta ning procedure nor with
phase contrast optlcs in’ the placeski,ere appressoria had -
3 . X * .- . ﬁv

been located. The appressorial pore,
B

NaOH treated appressoria appeared tFe Sale‘by botﬁ PAS
. ’ ‘ .
staxnlng andkphase conQﬁast optlcs. » _ : 9

7%

reas of pre- and. post-

e

- S s &
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TABLE, 2

formed ‘ v‘ N ’ ‘R
REPLICATE o ¥ APPRESSORIA )Emmz
NaoOH * ﬂ,canaord i EXTRACTING FLUID
COVER FILTER COVER "FILTER NaOH  CONTROL
SLIP sLIp . PILTER FILTER
1 0.0 13.00 u.ei"_o.oo 20.05  0.00
2 0.00 813 e.34 0-00 o
3 0.00 10.85 - 8.18 080 "
G 0.00  3.48 5.68 0,00 o
MEAN . 0.00  8.86  6.20° 0.00
ST. DEV. 0.00  4.12 2.60  0.00 4
. . ~ v
¢

<

¢
‘. Ammonlum oxalate extracts pectic’ materials while NaOH
extracts benlcelluloses (Jensen 1962) . Hellcellulose is \

defined as tnat carbohydrate which ls soluble in dllute i

,alkall (Asplnall 11970} . Because the NH4 oxalate did noot

- release appressoria from the cover SllpS, the "nuc11age“ is

not a<pect1n. It is concluded that the Hgbﬂ or hemicellulase

- -

was acting on the material.uhich,bindsathe appressoria to,

’
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" ;

TABLE 3

Effect of NHgy oxalate followed by NaOH on the release of

.
,\
N

appressoria of C, gramimicola from the glass cover slips on
L g

uhichcthéy had formed.

REPLICATE "7 APPRESSORIA / mm2
j SHy OXALATE CONTROL .  EXTRACTING FLUID
THEN NaOH - -
f . . ‘ ',v / . . f
COVER FILTER - COVER FILPER NHgs'  CONTROL
SLIP : SLIP . OXALATE
: A THEN NaOH
FILTER * PILTER ,
i ‘ |
1 0.00 0.61 7.93  0.00 15.91 0.00
2 0.00 1.82 8.34 0J00 ,
| | - i O
3 0.00 1.23" 10.61. 0.04 : 4
8 0.00  0.43 4295  0.00 | . ¢
/ ‘ , l
MEAN 0.00  1.02 , 7.96 - 0.01 "
ST. DEV. 0.00 .0.63 - 2.33 0.02 S

the cover sllps and that this adhe51ve naterlal or
"nuc;lage"'ls a hemlcellulose.
+ In’ c. g;anlnlcola there is a very smal” cmount of

adh951ﬁb naterlal because no obv1ous "nuc1lage" ik

. discernible with the "PAS technlque Oor ‘phase contrast opt%cs

i

- : ’



TABLE 4

Effect of henlcellulase on the release of appressorla of C.

]

gragln;col fron the glass cover SllpS on which they had

formed. =, ‘
REPLICATE APPRESSORIA / mmz - N
: HEMICELLULASE . CONTROL EXTRACTING FLUILD
COVER FILTER COVER FILTER HEMI- ~ CONTROL
SLIP ~ SLIP .. - CELLULASE
o = PILTER- FILTER
1 0.91 ~ 6.41  -16.66 2.09 141 -, 0.20
2 0.82  8.43, 15.75  0.66 N
'3 0.55 ,10.43 13.53 0.41
4 0:86  £.02' 13.23  1.16
CMEAN 0.79  7.82 14.77  1.08
ST. DEV. 0.16  2.03 1,70 0.74
|
. ' DA F
nor in scanning eléctron nicrogﬁppﬁs. ‘ e !

Commercial hellcellulases are nlxtures of glucanases,
}

xylanases, lannanases and others (Slnne et al. 1975), so 1t

is not p0551b1e to be more spec1f1c about the nature of this

'"muc1lage” It seems likely that the "nu01lage" is. a glucan
/ \um.“:

and not a xylanm sfnce no xylose was found in the conldlal or
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hyphal‘ualls.Onggilégedgrign (Aufial 1975). Both ,Akai et
al,*(1967f hitﬁ é. ;aggna;; R and’ Netolltzky (1969) with C.

ggalinico;a found that the host epldernal cells responded

durlng apptessorlatlon prlor to penetratlon. A glucan from

llnd hlanun has been " found to 1nduce phytoalex1n'

productlon by the host (Anderson Prouty and Albersheia

1975)._It is possible that heniCellqusic'“nhcilage"; the

1nducer of the. epldernal cell response and the phytoalexln {

e11c1t6r are :elated. o - : o o

4
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"y ' GENERAL DISCUSSION _ﬁ:
The mathematlcal model of gernanatlon and

appressorlatlon has at least two general, appllcatlons 1n‘

‘ plant pathology. In nodels or 51Rulat10ns of plant dlsease ‘

, epldemrcs, the gernlnatlon and/or appressorlatlon nodel can
be used to describe that portron of the 51nu1at10n which
predlcts the percent of spores which gerllnate and/or whlch

- form appressor1a. The three Gompertz!' parameters Hlll vary
[ I
with changes 1n the env1ronnent _g. temperature. That is to

{

say, K, a and b wlll be functlons of tenperature, llght

.humldlty and other factors. If ve use temperature as one

exanple, then fron the work of!Skoropad (1967) ve know that

the tenperature llllts of C. g;_nlnlcola for. gernlnatlon are

3

10 and. 40 C. Thus we can predlct that the tenperature curve
Nfor K for gernlnatlon will be done—shaped wlth a peak at =

about: 259C and reachlng zero at 10 and 40pc.’ Simllarly, the
)
tenﬁérature functlon of K for appressorlatlon wvill be dome

: shaped vlth a peak between 25- 30°C and reachlng zZero at 15 .-

_and 35°C. At ‘the nonent we have no 1nfornat10n on uhat/thea
tenperature functlons of a and b wlll be. Slnllar functlons\
v S

u1ll exist for other enJlronlental factors. All these
functxons can be deternlnedband thus the Gompertz nodel can’

be predlctlve for use in epldemlologlcal sruulatlons.

/ ¢

The Gonpertz nodel's naJor value in fungal Physiology

1s in the’ reductlon of large masses of data to three easxly
I

handled paraneters. Conparlsons betueen treatnents can

-/ easily be’ made using the ‘three paraleters. ‘More 1nfornatlﬁn

{

ae ! . ’ !

- !



) o
1s obtalned using the Gonpertz nodel becadse both the K
vnaxlnum gernlnatlon and fhe tlne to reach this maxllun 1s
avallable. It is, . of great 1nterest to knov vhether a glven
i
”treatnent actually slows appressorlatlon or~only decreases ”??f
1the proportlon of apptessorlatlon ‘in the populatlon or both
-Infornatlon of thls klnd Hlll add knowledge about how and
even where and when a glven treatuent is operatlng. " -I\
Deternlnatlon of elght to ten data p01nts, 2 Ln the 1ag
perlod, 3 ~4.od the slope and 3 9 on the upper asynptote,.
,vlll allow establlshnent of the Gonpertz paraneters for a
glven treatment Thus for the sane anount of wvork, luch mare,
1nfprnation can be ascertalned about the effect of a(glven'
treatnent-“5>gern1natlon and/or appressorlation.
Ia the sectlon on appressor1a1 locatlon 1t has been. ‘-l
: pshown that the %ocatlon of appressorla Dear the groove over
‘the antlclxnal ualls of the epldernal cells 1s a ﬁpnctlon of
'the phys;cal sunface of the. host and not of any host exuded
Ichenlcals. There "are a nulber of ’ other factors whlch affect,_‘,
',appressorlatlon. In some way the presence of a hard surface.
stllulates the fornatlon of appressorla (Ennett and Parbery
-1975). Anlno acids contalnrﬁg sui%hydryl groups (Ne+011tzky'
| and Skoropad 1971) or cAuP lnhlblt appressorlatlon (Sectlon,»
‘III). Varlcus other nutt1t10na1 fac&drs ‘have . been shoun to

varlously enhance or 1nh1b1t appressor1at10n (Emnett and

ZParbery 1975). -Any theory that proposes to: explaln why

i Y

fappressorla form dt spec1f1c locatlons -must’ take into °

account at least the flrst three p1eces of ev1aence. Also it
. . .:/ .

i



' fllm of vatergln order to gernlnate.' ‘ *

50

I
t

is necessary for the conrdla of C. g;gg_nlcola to he in a.
C
‘A strlctly physxcal theory thch ‘tould explaln the
locatlon of appressorlatlon is as follous. Due to the
:'hydrophoblc nature of natural leaf surfaces: br the ha11
pollsh and epoxy. repllcas, the 1nfect10n droplet does ‘not

vet the sur;ace. Due to the rldged nature of the surface ‘the

- water, droplet probably touches only the top portlon of the'

. cell rldges. The grooves over thelantlcllnal valls are not 1

/
IlJ.kely to be uetted i. e. there will be a pocket of a1r 1n
the groove. Therefore appressorlatlon could be a response of
) the ‘germ tube to the antagonlstlc cbndltrons of the air

pocket uhlch 1t ueets when it grovs out of the water‘

T I

lnfectlon droplet. This theory explalus a physrcal nethod by
whlch the gern tube can find the antlcllnal groove but 1t

does not take 1nto account the effect of a hard surface or:

varlous chenlcals"

;

.Qv" The knoulege that Qhe appressorlal adheSLVe is a

henlcellulose can throu sone. llght oﬁ the old argument as to‘

uhether penetratlon r§ nechanlcal or enzylatlc in nature. It
uould be strongly to the dlsadvantage of the fungus to
.secrete a hellcellulase uhlch uould degrade its own

”adhe51ve. Therefore 1t ‘would seem %hat the penetratﬁon of
1

-hellcellulose must be- uechanlcal. The nechanlcal ddvantagelv'

‘1s with the fungus since the adhe51ve area of ‘the fungus 1s
4 ’

;nuch greater than the penetratlon peg area thch 1s pushlng

. ‘\
.through the host hellcellulose. It is safe for the fungus to

o

‘.!.



‘ |
.break the other cutlcle and wall naterlals dovn
|

'enzymatlcally. Th;s is ln agreenent w;th EM work whlch
t .

suggests that both necﬁanlcal and enzyuatlc factors arei

‘”_operatlng durlng penetratlon (Polltls and Wheeler 1973)' ' -

f
i

51
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A \'appnunxx
This. Appendlx contalns,'tn'graphlcal forn, all of the
. data dlscussed ‘in- Sectlon I They shov tiﬂt the donpentz
equatlon can serve as a nathenat1ca1 uodel\of gerulnatloh
and appressorlatlon in (o g;ag; ;gola. Both the data po;nts
and the regre551on lines are shown Ln each graph. The

\

conidia tested vete grown under 1dent1tal conditions except

that the parent cultures vere exposed to dlfferent day

\

lengths as noted at the bottom of each flgure..
: : "
,general closed synbols denote gerulnatlon and open

3 v 1 o
synbpls denote appressoriation. » ’ o /., . '
FiGS. 1-3. Germination and appressor;atlon obtained
|
with conldla fron Gultures pf g, gran ;glco; groun under a 6

i

“hour day length o Ti‘
FIGS. 4=~ 6 Gernlnatlon and appressOrLatlon obtained
" with comidia. fron cultures of g;anlnlcol - grown under a
12 hour.day length. - o 3 |
fIG§. 7-9. Gérminahion and appnessoriatfon‘obtained
with sonidia fros cuisures'of,gglgggliniCola gnoun under an |
18 nou; day length ( _
FiGs. 10412 Gernlnatlon and appressorlatlon obtained
quth conldla fron cultures of C. gr gglnl___g groun under a

24 hour day length. o ‘ | - E.QE



Gerninatxon-

124 ,.2=06, 3=0, 4=X, 5=%, coincident points.

Appressoriation:

. ” "o

1=+, 2=X, 35Y, 4=7, 5= * coincident poa.nts.

In all’ ‘cases the upper line is that found h{ regression

" to the Gonpertz equatlon for gerlinqtlon.
,

. lower llne is that for appressorlatlon.
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