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Abstract

71A method was developed for‘iSOIating single living

,esophyll cells and maintaining them in culture. The middle

iamella was dissolved by protopectlnase with prior plasmoly51s
of the tlssue to reduce the tox1c factor a53001ated with pro- .
topectinase of,thls enzyme. ‘Exper1ments,wlth detached cotyledons
and‘portidpsfof cotyledons sagggstfthat'the:degree of‘meristematic
éctivity in the tissue;of sunf1oWer‘éotylédons cbnﬁrOlsithe‘f’
susceptlblllty of the tlssue to rust 1nfect10n.a Intense mefisé
»tematlc act1v1ty leads to res1stance due to extreme competltlon

for avallable nutrlents.'
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Introductlon . ‘

: The maln difflculty in studylng the physlology of ebllgate
para31tlsm is that it is not p0551ble to 1nvest1gate the phy81o~
loglcal requlrements and pecullarltles of the para31te for most
lof 1ts life cycle whlle 1t 1s dependent upon the host. For thls
| reason the prec1se relatlonshlp between the hast cells and the

’f “1nfect10n hyphae 15 Stlll largely a matter of speculatlon.;ff

Con31derat10n ofjthe course of rust 1nfectlon 1n re51st@nt

"‘ tlssue, partlcularly 1nithe hypersen31t1ve host leads to an

“, 1mpress1on that resistance 1s a cellular attrlbute as 1n the i-

nk‘case of potato tlssue re81stant to Sznchztrlum endoblotlcum -
“l(Schlpb )

fPerc., rather thdn a*"rl

‘“ofl he'invaded tlssue res~ .

'»7}pond1ng to“lnfectlon by produc1ng ar unfavoura'leHenv1ronment

~ei;cell.: However more recent

'f:e?and Forwardi(el“7

 '”llphys1olog1cal state of the'tlssue

Tffvarletles, 1nd1cates a COntr of 1nfect10n determlned'by the

the cells of Whlch belng suscep-‘

‘Sjtlble or re51sta_a_depen:1ng upon the condltlons prevalling. f

In v1ew of‘the p0551ble divergence of these hypotheses

"f7the experlments descrlbed 1n thlsﬂthes1s were started aleng




:‘- through a study of the effect upo

1. An 1nvest1gatlon of the reactlon of 1nd1v1dual host
'cells to 1nfectlon 1ndependently of the surroundlng tlssue.~

2 The determlnatlon of the extent to whlch tlssue res-
;~ponse could modlfy the reactlons of 1nd1v1dua1 host cells.
| In the flrst case a con51derable amount of prellmlnary
, work was necessary to develop a method for 1solat1ng 1nd1v1dua1

"'mesophyll cells and malntalnlng them in a llVlng condltlon whlle

' 'f‘second llne appeared to be
‘susceptibllltj of a progres-

'  131ve reductlon of the area of 1nfected tlssue.‘  ;°” .




: . therature Rev1ew . , \

Fungal para51tes path@genle t@ plants may be classifzed .

1‘ 1nto two dlstinct yet overlapplng graups v1z., »
(a) Facultatlve parasites

(b) Obllgate para31tes 7" .

Faculatlve parasltes normallyj‘ttack a wide range cf

?to the mutual

'7~‘f:of the host

  7fasual1_ndeve1ops followed by‘decrease in vigor and in many

”7; 33593 death of”the‘ ost e‘or plant. An attempt to explain'

”  }th1s phenomenon'w;s‘made bY‘Thatcher (1939),rnvh15 P@rmeabilltY ; 

*[  }theory of rust infectlon.   °

'~L~;some rust fungl can secrete a, substance or substancés which

:,g promote an 1ncrease 1n the permeablllty of the host prctoplast

’ fstage of balancef;f ;5  ‘

h's shown experlmenta)ly, that  “ "’7



f‘and con31ders that thlS secretlon could lead eventually to a
‘~complete breakdown in the semlupermeable propertles of the .
‘shost protoplasto ' ” . | . -

| The spores of many obllgate parasmtes can be made to ger—e*
‘minate on dlstllled water as well as on a w1de range of syn-

se,thetlc medla.; Thus the process of germlnatlon appears to be

Vfdependent only on the presence of adequate m01sture sultable .

Zfew haustorla present. Allen (1926) drew attentlon to the

1ap05$1ble contact stlmulus for the formatlon of haustoria in gV



, Pf‘t?itiging; She censldérs thab when the tlp af a hypha strlkes',;
?agalnst a hest cell its grawth is forc1bly checked for the .
'“m@ment and changes preparat@ry to haustorlum formatlon set

|   iﬁ,f Penetratien 1s usually by way of a plug of narr@w b@re

“f ;made at the p@lnt cf ee fact szmllar t@ that preduced by B@t—‘~{

~‘ng§13 clmerga when penetratingjstrlps of cuticle fr@m,onlcnﬂseales

f';(Brewn'“1948). ,j_u'terla d@pn@t panetrate direatly inta t&e

 'ff'cou1d be achleved en?de; ched?leaf aultures. Beganning about

 “* fl880 detached leaves came to‘be exten31ve1y used 1n studles .



of water absorptlan; transplratlan, resplratlon and photesyn~,
“thesis., Farlow (1885) was one of . the first, 1f not the first,
to use detached 1eaves successfully for 1noculat1@n tests w1th

para31t1c fungl. Malns (1917) was the first to demenstrate

“ 'elequy by means of detaehed 1eaves the 1mportant relatlen be-;;, {'

 "g7jtween the carbchydrate nutrltion of the hast and the develop~

;_ff}ment of a plant pathegen (corn rust) Detached leaf eultures

'f ff_have been used as a substrateifer the°grew1ngfof tetal eultures . -

. and manipulation o

|  , fmed1um (Yarwaod 1946)

1ight When,sucrase;is;present in the ﬁff” '

. A recenﬁ appreach in the study of @bllgate para31tism



. v

 ?have been the attempts te culture such paras;tes en hast tlssue
 ; cultures. M@rel (19&3) was the fzrst t@ repert successful

[" cu1tur1ng of Plasmeggra viticsla en grape callus tlssue and

"‘['Lresearch., . f‘75”*"“°f“‘y"“'

The abeve @bservatlons show that the culture ef obligate .



‘Parasiteseen‘restfictediPerticnsfef'hOStetiSSue iS pessiblé;
but thls does not approach the fundamental problem of culturlng
the rust on nutrlent medla other than the 11v1ng plant., Wlth
;fP trit1C1na Stock (1931) carrled out an exbens1ve series of

“'ftraals.; He attempted to culture rust on lﬁ agar Wlth several

‘ff’C-N combinatlons w1th~hest"utolysateyand expressed sap.li_i_‘“

f fobta1n from the host some hlghly unstablefenzymlc complex pos~"‘

f s1bly 1n the nature of an oxmddse whlch{ hey themselves are

‘Q'unable to syntheszseg .



- Materlals and Mbthods .
The plant materlals used throughout thls prosect were
the cotyledons and leaf tlssue of Hellanthus ggg var.'jf:

“fFoundatlon grown from 1955 seed and u51ng as the inoculum ‘

the uredlospores of Pucc1nia hellanthus Schw (seed and ured10~“ .

‘  spores were origlnally*supplled by“D”;“WTE;aSackston Laboratoryf“'

- Later, a more convenient method was developed. The seeds



1

‘7were flrst shelled and washed durlng a perlod of BO-AS mlnutes
‘1n several changes of sterlle distllled water.“ They were
jthen removed aseptmcally and placed ina petrl-dlsh centalnlng

f'f"sucrose~peptcue agar of the fellew1ng farmula

:>~ 37Sucr0se

- ,‘;; 5 gms

folléweafgge r 

In the'early_stages £ the_, experlments the’surface .
‘f:j steri1ised seeds were se;

n;feis vermleulite or: sand can~, ,ff~

~4 ta1ned 1n glass gars plugged w1th CQttén wcel and all prevzously



o ’ . 1,; ;1   kﬁ

autoclaved at 15 lbs. pressure for 30 minutes.f The cotyled@ns
, produced under such condltlens were con81derab1y smaller than
- normal and there was a tendency fgr 1ncurved growth to occur

* ‘at the edges ef the cetyledon.  ,; “' .
| , Recently, a mere cgnvenient method has been develaped 1n

 ;Qwh1ch the seeds prev1ously surface sterlllsed and placed on

'jj'iacar 1n petrl—dlshes as_previausly described*”were remaved

' stand and clamp..’Spores produced under these condltloﬁs were

“‘i seldom contam1nated.-~






- Glasq covered top.k ,:,”~-;;

; § Point of attachment of rubber gloves.   ;:+"“;‘ '

- Reservoir of sterile distilled water.’Jg} s~,,u,

| ,

’f  Outlet fitted wzth pinch-cock. _;}“

1

. Rear window.,7



:‘connected by glass tublng tc an autlet (F) 50 a supply cf

‘ ster1le water 1s avallable withln the chamber._‘f‘i‘

| loay s el maeie i g

“f;vpotato tuber 2 characterlstlcysef" rot fl  s.; The dlseased
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‘ tlssue becomes soft and watery due to the presence of the f
'iprotopectlnases Whlch have dlssclved away the protopectln of

":the cell wall., The effect 1s to separate the cells from each

‘  other w1th a certaln amount of destructlon of the cell wall

ro oplast.l The partlcular‘ﬁV

nts was 1solated fromf*ff
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| . Exgerimental Resglts Part I
A magor part of thls proaect ccnsisted of developlng a
 f technlque for 1solat1ng 31ngle 11v1ng cells from sunflower
q1 cotyledons and to observe the effect of germinatlng uredosp@res‘_

;ffof P2 hellanthus among such cells.;  ffg .

The 1solat10n and malntenance of single 1iv1ng cells has ,;; ,,

‘< f been acnleved bY Chayen 1952 and De Ropp, 1955, the,tissue ;f ;"'

(SYn.‘CYtase,Upectlnase) was carr edTout",Thﬁfﬁfinclpié‘aS§QCtS‘ ‘




’19’-“

of study were the maceratlng and tox1c properties of the |
  fpretopect1nase and ways of reduc1ng or eliminatlng this toxic ‘

v‘factor were sought.~‘ j i“ |

 ”'7 {were tested:ove

"zfrom pH 4-;;7 0 sodium cltrate-”itrlc ac1d buffer was used and

'fﬁ;from pH 7,0-8 5 sodlumeoraté-borlc acid buffer was used.: Both
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 :f  T§kt _;fig;j3; The effect of pH‘onwthe maceratlng activity

he pratopectlnase.,: ctiv1ty was measured

| o8 the rpciprqca;_fff’maceratlon tlme' 1n minutes.k,77



iovthe correct pH w1th NaOH cr

:,buffer solutlons were broughb,

f,  HC1 respectlvely.: Maceratlon wasjfollawed by Brawn’snteehn1que



ect 1na3é7i:,':‘

‘, D1a1y31s ef the pretopectinase preparatlon agalnst dis~‘ 
5  1lled water for 18whours preduced almest complete 1nactivation,:;

? 'Part1al receveryfw’ "btained by addlng an  qua1 volume of

 TVf b01led protjpectl ase solutlon‘to the dlalysaten;, H-; w jf'

=iQ£ trat1ons off‘a1u;an' nen le? rolytes en the‘macerating and

-jtox1c propertles of the pratepeetlnase 1salated from Pzthi

'~f nfected potatoes.u It was found that the molar concentratlons .



;,; ,°f KNGB and MgSQ (0¢5-O.75) that were required to plasmolyse
“{the cells cf the cotyledons had a toxic actlon on the cells

“after prolenged immer51on., Sclutlons of nen~electrolytes suchf

,;qs sucrese and glucese of‘equivalent melarity,did net havefthis' 

(2) Tetal respir" 101’1 . -



(1)_&&@.!.1...1.1.2&....&1@ . .
Experiments were}ca rled out u81ng both the enzyme solu—;f: 

' r’ftlon extracted frg' pot7te and centrlfuged to remove cell

‘”“ffex:ract ol:tien there 15 a2 gradual$decrease 1n °XYge ;“Ptake

”Tby the tlssue and this flnallyf'tops after approx1mately 3







(2) Total Resgzratlon ; .
Oxygen uptake cannot 1n itself be taken as a true erlterlon‘

 of 11fe as exidative processes involv1ng axygen uptake can oc-;

, cur in dead tissue but when msgsured tegether with the car~

' 1 :;h@n ledee cutput will peint te a truer 1nd1catien ef 11fe

‘7fﬁftissue had eeased;te respire afger fcnr h@ars 1mmer31an in f"~"f

. the pratopectmase, .



Text_mg 5”_“_;Control expemment.; 0,15 gms tissue and .
| | ~ 2 85 ml.‘ distilled water. .
Text -Fig.é. f*‘i,‘,;Control experiment for plasmolysed tissue’ .




&




.

2. The Isolation of Slngle L1V1ng Cells
Slngle cells and groups of cells whlch respond te plas-
| molysis and v1tal stalnlng, have been obtalned experimentally
":Fby brlnglng the ealclum pectate mlddle 1amella 1nto partlal
| ”   solut1on and separatlng the cells from each other by micre-'

7  d1SSeCthn or mechanlcal shaklng., The acetone nowder extract

“  of the maceratlng enzymes previously descrzbed at a cencen-‘f

 Genzyme solut_on._‘The perlod of mmer51on 1n thzs solutlon

‘f vvar1ed from 90'170 mlnutes and thp correct perlod of 1mmer51on



0

Chad te be f@und for each experlment by mlcro-dlssectlon at
 pegular time 1n$er?als.“ The v1ab111ty @f the tlssue was fol—
‘ lawed by vital staining with neutral red chlorlde. When the
’cvrreet perlad af 1mmer31eﬂ was ascerﬁained the tlssue sections

| ”Fwere washeﬂyinVa”IM'sucrgse selution‘and remeved to a glass .

'7 811de wherelthe tissue‘was gently ‘:ased apart with mlcro~dls~

fhflfsectlng needles >La ge numbers of 1solated plasmolysed eells'

. ‘,1p9&31ble»that thls ::d:-s, ;tegratlen ef yth protcplast wall was

'“7;5not due to the pr@tepectlnase enzymes u to seme;other enzyme

‘ rﬁfsystsm}present“'n”thf solutlan.7*7*T‘

“?c@ntrol exp,‘lments w1th.the enzyme solutlgn'alene _

ia large number ef 1selated cells were abtalned whleh uader 4‘~'

‘17microscoplc examlnatlon appeared perfectly nermal and turgid
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but could not be plasmoly3ed or stained by Vital'dyes; Total
collapse of these cells did not occur untll 1mmersed for

approx1mately 24 hours. -
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if

Pléte¢ﬁb: ” 'jPhotom1¢iograph ;magn. AﬁOx) of a mesophyll .

from sunflower cotyledon by treat—;

l;en,yme solutlon. ¢  _;“f‘
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‘ Platé?No;'2; fPhotOminograph“(magn; hSOx)”of mesophyll cells
- H :'1so1ated from a solutlon of enzyme and sucrose

- lM concentratlen. The cells were capable

7?; of belng plasmalysed and stalned by vital dyes.

Plate No. 3. As above but show1ng ea;iy stages af deplasmolysis
, in water.
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’Photqmicrégraph (magn. L50x) of isolated meso-

fphyll:6311sfshoWingfefféct;of prolonged‘immersion‘

7f iﬁ~théféolqtion offehzymejénd'sucrose.' The proto-

: ¥piaSthnféhe right5ha& begunjte'disintégrate.
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Exgerlmental Resulta Part II
Experiments with detached leaves (Yarwaod l9h6) have

shown that saccessful growth of ebligate para31tes is p9551ble

¢«on 1solated portlons of plant tlssue,,hﬁwever the work ef Samw

fberskl and Shaw (1956) saggests that avallable nutrlent supply .

*ﬁ 1s a ll@ltlng factor in the development ef 1nfection.~ Thus
e appeared possible that by the addltlen of substancas to .

‘“ an area of tissue, just smaller than that requlred to suppert ‘

_ an infectlen, valuable infermatien might be obtalned an ‘the

fnutritlenal requirements of the parasite. Wlth thls object

1,  1n mind the follawing series of exper1Ments were conducted.'

fl‘, To Find the Smallest A

EE&E_ZQQ&Q&&QE.,~.V*Z¢fg]rifgﬁfx :*r*"‘

Detached catyled@ns were'placed,, eptlcally en saerese~;

 ‘]peptone agar 1n small petri~dishes and inaculated wzth uredlc~f“

"spores.‘ The petrl—dlshes were set 1n clased vessels over
| water fér germlnatlon and placed in a p031t10n fully exppsed
*to normal greenheuse condltlons for 36 hcurs. ‘Fallewing thls .
: ithe dishes were removed and set on the laberatory bench and “

' _appr@x1mate1y 14 days later dzstinct 'flecklng' was apparent

The entlre pracess from incculatlen te pustule formatlon, takes ;

- between 3—# weeks as compared to the normal 10 days on attached
” cetyledons, . .. . ‘ |

One very 1mportant 901nt of dlfference is that the number



5
of pustules is greatly reduced; On a normal attached cotYledon
up to 200 pustules may be formeddepending on the degree of
1nocu1ation, whereas on detached material the maximum number
‘has been 4, , _ . |

The size of the pustule depends on the degree of 1nfection,
on heav1ly 1nfected tissue the pustules are very amall and .
1ncrease 1n size 1n relatien to the area of tissue available.
'On detached cotyledons the pustule 51ze was approx1mately the
ifosame as that of pustules occupylng a 31m11ar area of tissue
on attached cotyledons. ,h . “ﬁ, . " k h, |
On many of the detached cotyledons meristematic grewth

:commenced at the base of the petiole from which green shoots sh

fif(b) Inoeulation of Portions‘of Cot;ledon Tissne.,eﬁﬁdnfds”T
Portions of cotyledons varying 1n s1ze from half to one
'quarter of the whole cotyledon were placed on nutrient agar

1land 1noculated w1th urediosPOTeSll

Though the cultures were

eyhfkept free of oontamination for up,’ofé weeks and periodically

"7,subcultured to. prevent dessicaticn there was no external mani—

. jfestation of 1nfection. Subsequent sectioning and staining

'hhw1th aniline blue showed that the urediospores had germinated
“and that the germ~tdbes could be seen on the surface but no 7,
e’spenetration had occurredal_ff;ilhjff"“ . h : , | ’ ‘
. When cotyledons were cut 1n such a manner as to leave
'only portions varylng from half to ene quarter of the usual
cotyledon still attached t0 the plant and 1noculated normal
infection occurred on these portions. Within two days of

ysporulation these attached portions of cotyledon turned yellow



87
and shrivelled up. .

On many of the portlons of detached cotyledons meristema-
tic act1v1ty occurred at the cut edges and small buds of callus
tlssue gradually developed. ‘ .

\‘(c) Inoculatlon of Epidermal Strlps.~ ‘ ’
| Strlps of adax1al epldermal tlssue were removed from

'fcotyledons washed several tlmes 1n sterlle dlstllled water

"and placed on sucrose-peptone agar.‘ The strips were 1noculated

‘:ffew1th urediospores and w1thin 2& hours 50% germlnatlon had

d:aoccurred. The form of the germ-tubes varled con31derably. In

‘ ;most cases they were long and unbranched whlle others were

' 'sshort w1th frequenttwanchlng. A small percentage on germlnatlng'

‘cggrew to abouu 50 P in length and produced a globularswelllng

':fat the apex of the germ—tube and on one or two a small peg-[l‘

lelke structure developed. ;Jh;_dglcbular structure appeared
,e peomparable to a substomatal ve31c1e and the peg-llke Structures
k:}“fto infection hyphae, .

In some cases there was anastom051ng of the germ-tubes .

'?gpover the stomata and hyphae could be seen enterlng the open .

'f‘stomata and a few almost transparant hyphae were present under,«

cthe ep1dermal strlp. There was no further development from

| "‘,thls sl:age. .

Penetratlon had only occurred where there was alr trapped

dbetween the surface cf the agar and the ep1derma1 strlpg

e (d) gogulatlon of a Suspen31on of Slngle Cells and Groups
Oi C@llSo ‘




38

Cotyledon tissue was macerated as previously described
and a suspension of cells and groups of cells poured'onto the
surface of sucrose-peptohe‘agar and dusted,with urediospores.
Normal germlnatlon of the spores occurred. The typessof”gere |
mination varied con31derably._ ;r . . ;

When spores whlch were not 1n contact Wlth cells or .

' groups of cells germlnated the germ-tubes grew at random and

were normally long and unbranched. It was clear that the tlS—

*f:sue present in the suspen51on had no controlllng effect on

lthe directlon of growth of the germ-tubes.,j _ |
When spores germlnated on groups of cells they behaved
;-,to a certaln extent 1n a 51m11ar manner but in a few cases
euthere was anastom051ng of the germ—tubes. They formed an 1r-
;regular pattern on the surface of groups of cells and many
e’peg—llke structures developed from the network.; Durlng a.
ﬁwinter experlment hyphae were observed tc have grown 1nto a s
'small group of cells and were mcre 1ntra- than 1nter-cellular.
l'A few of the hyphae appeared to grow through cells 1n a mannerf
- s1m11ar to facultatlve para51tes.s No haustorla cculd be seen.'
. These results could not be repeated 1n a summer exper1~
ment. - i , | ,,‘;,, f ; ’i ; | 1 cl .
- 2.‘ To Studz the Effect of Detachlng Infected Tlssue.‘~
. Whole cotyledons and portlons of cotyledons detached from
‘ethe plant at the flecklng stage of 1nfectlcn were surface |
*sterlllsed and placed on nutrleno agar.s In almost all cases f

the normal process of 1nfectlon contlnued and pustules were



o
formed.
On a small number of the portions of tissue, pustules
did not develop but the coloratlon of the developlng pustule
gradually cbanged from pale yellow to deep red or normal coler
:ef a mature spore. Sectloning of the tlssue showed that the |

“f syores already present befere detachment had centlnued to mature ,

but that the hyphal growth required to produceethe pressure

- enecessary tc break through the epldermls had not occurred.

In some cases pustules contlnued to develop and uredio—~

‘espores form even when the tlssue around the pustule was apparentlyi‘

'«‘,dead and would net respond to v1tal stalnlng and plasmoly613.~‘

'*+-:?Teblei]ij,z;s;'--~

: TypéﬁOfeCOtY1edéﬁegff *.,7gjflff}5f UTlme from 'flecklng' tage to f
... ;«:wfxﬁahac,=ﬁpustule termlnation in days

'”;Attacheax@hbie*oatyieaAns*r““’*”‘““

fef'Betached whole cotyledons

Attached portlons ef cotyledons

j'3‘ The Inoculatlon of Dead Tlssue | ; ;
ik In the case of the prev1ous experlments o few 1solated
‘fexamples of rust 1nfectlons continulng to sporulate on apparently

‘~dead tlssue were observedgy Examples of this eccurred on whcle

'~‘cotyledons and also portlons of such

In all modern treatments of obllgate para31tlsm 1t has
been conszdered that obllgate para31tes w1ll net attack dead

"tlssue and that establlshed 1nfect10ns die when the surround-



"'1 peptone agar and

.

ing tissue dies. Since'it7was,apparent, from the abdve obser-
vations, that Sporulatioﬁ was ocCurring on dead tissue, a series
of experiments were carried but in an attempt to throw some
light on'this’problem; ’

A technique involving killing the tissu@ by immeT“i0n
in liquid air was emrloyed to reduce the ph3510ﬂ1 and chenical
damagé;tc thékCellS,, Prél;mlnary eyperlmevts showed’that the
ekﬁremely‘lowjtémpéraﬁurey(4189¢C‘) had llttle effect on the
‘bacterlal and fungal contamlnants so, for the follow1ng exper1-~
'ments cotyledonc were grown under sterlle ccndltlonsa}

Whole cetyledons were suspended by a glass rod in llquid
air for 30 seconds removed and placed aseptlcally on sucroser

o~ .
;noculated w1th urediospores

wlthi*; 2 hours

  thhe tisSue had los , he'green"'aloratlen butimlereseapie”examz-‘.

‘?? fnat1@n ,hewe flittle mechanicalydamage due to freezlng. The

ntamlnatlon for 6‘w%eks when micro-'

[;cultures were?klpt f,eefaf;_
. . ex ‘ 'Ethe uredlospores had germinated

 :and the germwtubes could be seen grow1ng along the surface

"‘"f‘but no penetratlon was apparent.:,tf”"“

Whole cctyledons and portlans of 1eaf tissue at the  _,“
'flecklng'stage Of 1nfBCtlon, were dlpped in the lquld air and

 7 P1aced on sucrose-PePtone agar. fThe Pustules did not break ~5'!

‘,through but the colour cf the pustules gradually changed from ~
'f;pale yellow to dark red 31gn1fying, that the spores had con~

;jtlnued to matnre after treatment.i_



”:#1  _

W~‘

As was stated in the 1ntroduction the key to the problem

*’of rust 1nfect10n appears to be 1n the study ef the f@rmaticn .

‘:f‘cendltlen.

fand functlen of the haustorla in relatlen to the 1nd1v1dual
Blekinson (IV 1949) has shewn that struetures eemparable

~  fin appaarance tc haustarla can be formed by the 1nfectlon hyphae -

' 1ndiv1dual wesoph_ll celli'and3 ainta1n1n them 1n a livzng

:0w1ng ,@ h  sens1tiv1ty ef the tissue to; eehanica1,>:'
'T{damage an enzymlc me_ edfwas empleyed to disselve the middle
" 11amella. In common w1th Trlbe (1955), 1t was feund that prlor ‘ 

| o plasmo1ys1s would reduse :he effect of the tox1c factor normally .

'?f,a35001ated w1th these maceratlng enzymes“and single 11v1ng

"cells could be 1solated after treatlng the tissue wlth a plas- .

”molysmng agent.  The viabillty of the cells was tested by means,'

, , ;0f plasmOlYSlS and v1tal stalnlng which together, are charac-k

  tter1st1c of llVlng cells (Guilllermond 1941). A study ef
: *the resp1ratlon ef the tﬁssue durin 1mmer31on 1n the enzyme

solutlon showed that normal respiratlon contlnued long after
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 the tissue was dead accordzng to plasmolysms anﬁ vital sta1n~

’lng tests. This suggests that the systems cantr@lllng plas-

mely31s and vital staining are affected direetly by the tax;n

in the enzyme selution and that the eventual decrease in res—

p1ration is a seaendary reaction, k "; . .
When urediesperes were germmnated.am@ng ths single aells

the grewth of the germ-tubes appeared little &ifferent from ,f

. that @@currlng ap agar.f There was no apparent attraction be-ky_

ktween the cells and the hyphae and no penetration af single ,'

'aells was observed.‘ chever 1n a few instances a definite

‘assoelation did eccar thh gery small pcrtlons ef tlssue mxxed.‘

‘;with the single cells and hyphae cnulé be seen tﬂ be gr§w1ng

 ~ 1n bath an 1ntracellular and intercellular fashlan. The size,

':~9f these partions (c. 50-100 eells) was sueh as ta mak@ it

':,unlikely that they were capable of a tissue respense in tb@

'vﬂknarmal sense and makes 1t appear that the inability of the

Vf[jbillty., Shaw and Samborski (1956) and Samberski and Shaw

' ﬁsingle cells t@ suppert 1nfect1@n was due to alteratian during‘f‘;

separaticn rather tban to any inherent resistancea ~

- The experlments with sunflewer cotyledcns showed that
‘detachment and further d1v13ien of the cotyledon,‘resulted
‘ in a resurgenee cf mermstﬁmatlc activity in the differenciaeed;

"Tmssephyll cells with the eancommitant reduction ef suscepti-  .

' ;(1956) working wiﬁh reszstant Kapli showed that inactivation

 of meristematic’ aetivity with maleic hydr ﬁ[dé lead to a rapid,
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increase. of soluble carbohydrates and amino aelds 1n the leaf

and also lead to the leaf becoming susceptible. Slmllarly, they

'found that by detachlng a leaf of Kapli and standing it in ’

. a nutrlent solutien there was a bulld up of soluble carbohydrates‘

and amino a01ds and the 1eaf became susceptible. From these

‘results, they have suggested that 1n the nermal fe51stant Kapli

plant there 1s competltlon frcm all parts of the plant fcr ’

, the avallqble soluble substances and that when merlstematlc |

e act1v1ty is stopped elther by maleic hydrazlde or detachment

of the leaf there 1s a surplus of soluble carbohydrates and

'amlno aclds avallable in the 1eaf to suppert rust 1n1ect10n.

Thus w1th the portlons of cotyledon tissue 1t appears

 that the actively leldlng cells in close prexxmity tc the:
;szte of infectlon act as efflclent competiters for the essen-
; tlal nutrlents. With detached whole cotyledons the area of

~meristemat1c act1v1ty 1s small 1n relation to the total co-

. styledon and though competltlon for the avallable nutrients

is present a reduced number of 1nfections can occur. In the

‘ease of attached portlons of cctyledons it appears that 1n-s,

. fectlon can occur but the resultant csmpetltlon between the

: actlvely dlvidlng cells at the margln of the tissue and the
rust 1nfectlon is too extreme and the tissue dies._ -

’k It must also be noted that theh@?menal level w1thin
eithe tissue may have a dlrect 1nh1b1tory effect on the rust .
urediospores preventinv penetratlon and establlshment of in-

fectlon.




1.
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Ll

Summary.

A method developed for growing plants under aseptic conditions

and apparatus constructed for prolonged handling and examination
of tlssue under aseptlc conditions 1s descr;bed.

The maceratlng and toxic propertles of a protopectlnase solutlan
were studied. |

A téehnique was developed for isclating and maintaining single
living mesephyll cells of Hellanthus annuus. |

Experlments with detached cotyledons and portlons of cotyledons

”suggest that areas of meristematlc activ1ty act as compet1ng

soarces for avallable nutrients in the tlssue and that it is

the degree of meristemgtlc actlvity whlch controls the susceptl- .

 bil1ty of the tlssue to rust 1nfect10n., :
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