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ABSTR!�CT 

A taxon omi c s tu dy was con ducte d  o f  Marssonina spe ci e s  p a thoge n i c to 
pop l a rs .  From de s cripti ons o f  con i d i a l mo rphol ogy i n  the l i te ratu re and  
exami n ati on o f  type mate ri a l  3 spec ies  we re re co gnised vi z :  M. populi� 

M. castagnei an d M. brunnea. Study of wo rl dwi de co l l e cti ons  of 2 80 he rb­

a ri um spe ci mens  confi rme d the exi s ten ce o f  the three s pe c i e s  an d furthe r 

estab l i s hed  the va l i di ty o f  type speci mens  as s peci es rep re s en ta ti ves . 

The s tabi l i ty o f  se l e cted  di fferent i a l  taxonomi c c ri te ri a was eva l u a ted  

both i n  the l aboratory an d fi e l d un de r  varyi n g  env i ronme n ta l  con di ti ons . 
Subsequen t comp arat·ive mo rpho l og i cal  s tu di es u nde r  de fi ned  l abo ratory 

cond i ti ons  estab l i s hed  th a t  features  o f  con i d i um morpho l ogy ( s hape , mean 

d i me n s i on s  an d septum l ocati on ) we re va l i d  d i ffe rent i a l  taxonomi c cri te ri a .  

Furth e r ,  the exi s tence o f  • l a rge - con i d i um va ri a n ts• was demons tra ted . 

Mi crocon i d i a  we re o f  no va l ue i n  s pe ci e s  de l i mi ta ti on .  Hos t ran ge and  

pathogen i ci ty tests re vea l e d  two host  s pe ci fi c fo rms o f  M. brunnea:  

( i ) M. brunnea f. sp .  trepidae p athoge n i c to P. t r•emu la an d P. tremuloides � 

( i i ) M. brunnea f.  s p .  brunnea p a thoge n i c to P. de ltoides  an d 

P. x e w•americana. 

Con i di um and mi crocon i di um on togeny o f  the th ree Marssonina s pec i es was 

anne l l i d i c  an d not ph i a l i d i c  as p rev i o us l y  repo rte d .  

A taxonomi c s t u dy o f  Drepanopeziza s peci es pathogen i c  t o  popl a rs 

e s tab l i s hed the synonymy o f  D. tremu lae and  D. pun ctiformis an d the c l ose 

mo rp ho l og i ca l  s i mi l ari ty of D. tremu lae� D .  popu l orum an d D. populi-albae . 

Pro ducti on of  apothe ci a o f  D. tremulae v.Jas i n du ce d  i n  the l abora tory an d 
the ra te of ma turati on s h own to be tempe ra ture dependen t .  I n cubati on 

temperature had  no s i gn i fi can t e ffe ct  on  d i mens i ons o f  asc i  and a scospores .  

See d tran smis s i on s tu d i e s  e s t ab l i s h e d  that  M. b!'Unnea was  tran smi tte d  

on i mpo rted  popl a r  seedl i nes  a s  a con tami nan t . · Seed-bcrne con tami nat i on was 

effe ct i ve ly  con tro l l ed by d us t i n g  see d with a n umbe r of fun g i ci des , the 

benzi mi dazo l e  deri ved compounds  be i n g  parti cul a rly e ffe cti ve . 

Stu d i es on the pathogenes i s  o f  Marsson-ina speci es to pop l a rs s howed  
tha t germtubes penetrated poplar· l eaves d i re cted by en zyrna ti c act i v i ty ,  the  

i n fe c tion  peg bei n g  nake d . Wi t h i n host  ti s s ue hyphae rami fi e d  i n d i s cr im-



in ate l y  an d comp l e te l y  di s rupted  cel l u l a r conten ts . The resi s tance of  

l e aves to  i n fecti on in creased s i gn i fi can t ly  wi th maturi ty , t h i s be i n g 

attri bu te d to the u l tra s t ructure of the mature ce l l  wa l l .  

I n  depth host  ran ge s tud ie s  o f  New Zea l an d an d ove rseas  i s o l a te s  o f  

M. brunnea e s tabl i s hed the wi de host  range a n d  stron g  ratho ge n i c i ty o f  

this speci es.  I n  many ins tan ce s g ross  d i ffe ren ces  i n  p athogen i c i ty we re 

l�e ve a l e d be tween i so l a tes.  The s o l u ti on to thi s di sease as s een i n  the 

breedi n g  of re s i s tan t mate ri a l  i s  di s cussed . 

• i 



INTRODUCTION 

The gen us Populus i n c l udes app roxi ma te l y  40 speci es  i n di gen ous· t o  

North Ame ri c a , Mexi co , E u rope , North Afri ca and  As i a .  I n  New Ze a l an d  

P. de l toides cv . Fri ml ey ,  P. ni gra c v . I ta l i ca ( Lombardy pop l a r ) , c u l ti va rs 

o f  P. nigra x P. deltoides (P. x euramericana ) � and P. alba ( s i l ve r  pop l ar ) 
h ave been used  extens i ve l y  fo r s o i l conse rvati on purposes ,  amen i ty p l an t-
; n gs n u rs e ry. .an d o rchard she  1 te rbe 1 ts .. 

I n  1973, wi n d-bo rne u redi n i ospore s  from Aus tra l i a  of  the two rus t  

s pe c i e s  Me lampsora larici-popu lina and  M. medusae es tabl i s hed  i n fe c ti ons  on 

popl a rs i n  the No rth I s l an d .  Cu rren t ly  M. larici -popu lina occurs th rough­
out  New Zea l and whereas M. medusae has  a ve ry l i mi ted di s tri but i on 

( Wi l k i n son & Spi e rs , 1976). Al l pop l a r  c l ones then i n  c u l ti vat i on (1973), 

wi th the except ion  o f  P. alba we re s u s cepti bl e to bo th Me lampsora spec ies  

and  many trees have s i n ce d ied  a s  a res u l t o f  s uccess i ve p rema ture 

defo l i a ti on s . 

S i n ce popl a rs a re p ri ma ri l y  used  fo r so i l  conserva ti on p u rposes i n  

New Zea l an d ,  chemi cal  con trol o f  Me lampsora s pe c i e s  was con s i de red  
i mp racti cabl e due to  the prohi bi t i ve cos t  of  fungi ci de app l i ca ti on . The 

so l ut i on to th i s  di sease compl ex  was t he refo re seen i n  the use  of re s i s tan t 
cl ones . To thi s end i mpo rte d seed  fro m  rus t - re s i s tan t trees i n  the Uni ted 

States , Hol l an d ,  I ta ly , Be l g i um an d J apan we re sown an d res i stan t seed l i n gs  

se l e cted ( Wi l ki n s on & van Kraayen oord , 1 9 7 5). Pri or  to s owi n g  a l l seed was 

dus ted wi th thi ram as a ro uti ne p recauti on aga i n s t  po s s i bl e  s eed-borne 

pa thogens . The seedl i n gs we re rai sed  i n  i so l a ti on fro m  the  mai n pop l a r  

n u rs e ry an d we re re gu l a rly  i n spe c te d  fo r di sease . * 

On February 1 9 ,  1976 ,  Marssonina i n fe c ti o n s  were obs erve d on seedl i n gs 

of  P. de ltoides� P. de ltoides x P. nigra and  P.  de ltoides x P. trichocarpa 

rai sed from Dutch an d I tal i an seed  l i nes  i mpo rted duri n g  June/ Ju l y 1 975. 

Th i s  con sti tu ted a fi rst re co rd o f  th i s  di sease  i n  New Ze al an d and the 
Sou thern Hemi s phere . Because Marssonina i s  a devastati n g  di sease o f  

Eu rameri can popl ars i n  Europe ( Cas te l l an i  & Ce l l e ri n o , 1 9 6 4) the ou tbreak 

was vi e 1.,red \>Ji th concern and every e ffort was ma de to e radi cate the di sease  

* All research in  New Zea l an d  perta i n i n g to  popl a rs i. s conducted by the  
Aokaute re·sci ence Cen tre , �1i n i s try of Works & Deve l o pmen t ,  Pa l me rs ton No rth . 
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by destr·oyi n g  i n fe cted seedl i n gs an d fa l l en l eaves , and by p run i" n g  the 

remai n i n g un i n fe cte d see d l i n gs to g ro un d  l eve l . One yea r  l a ter ( Jan uary 

1977), furthe r Marssonina i n fe cti ons  we re de tected i n  the resea rch n u rs e ry 

and ·in a p l an ta tion  o f  pop l a rs (P.  x eurame ricana cv . Re gene ra ta) 400 me tres  
from the i n i t i a l ou tbreak , i n di ca ti n g  that  attemp ts to  e l im i na te the  di sease  
had been uns u cce s s fu l . The  di sease i s  now we l l  es tabl i s hed on popl a rs at  

the Research N ursery and i n  the  s u r ro un d i n g  coun trys i de .  

The fac t  that Ma rssonina was fi rs t obse rve d i n  New Zea l an d  i n  seed­

l i n gs rai sed from i mpo rte d seed  co l l e cted from p l an ta ti ons  i n  countri e s  

known to have Marssonina s t ron gl y s ugge s ted s e e d  a s  the s o u rce o f  p ri ma ry 
i nocu l um . A l though the gen us Popu lus has  wo rl dwi de di s tri b u t i on an d a 

con s i de rabl e l i tera ture exi sts  pe rta i n i n g  to Marssonina di seases  o f  th i s 

ho s t  gen us the re a re no p ubl i s hed repo rts o f  the di sease  be i n g seed-bo rne . 

I den ti fi cat ·i on of  the parti cu l ar s peci es  o f  Marssonina p re sen t i n  
New Zeal and has  proven d i ffi cu l t due to the con fu s i on i n  the l i te rat u re 

con ce rn i n g  the taxonomy o f  Marssonina and  Drepanopeziza s pe ci es ( pe rfe c t  

s ta te ) pathogen i c  t o  pop l ars . S i x s pe c i es  o f  Marssonina have been 

des c ri bed , name l y : 

M. populi ( Li b . ) Magn . 

M. cas tagnei (Des m .  & Mon t . ) Ma gn . 

M. brunnea ( E l l .  & Ev . ) Magn . 

M. tre mu lae ( L i b • ) K 1 e b • 

M. tre muloidis Kl eb .  

M. populina ( Schn abl .) Magn . 

These  spec i e s  have been e rected  on the bas i s  o f  con i di a l fea tu res , 

( con i di um mo rpho l ogy , d i men s i on s , sep tum l ocat i on ) , hos t s pe c i fi c i ty an d 

symp tom exp res s i on .  However the va l i d i ty an d/ o r  synonymy o f  e a ch o f  the 
abo ve speci es  has not been es tabl i s hed and  acco rdi n gly v a ri o us a utho rs 

con t i n ue to re cogn i se d i ffe ren t  speci es . Wo rk i n g  i ndependen t ly , Thompson 

(1937) and Boye r (19 61) con c l uded t h a t  the vari ous s pe ci e s  we re 

taxonomi ca l l y i n separabl e and con seque n t l y  re cogn i sed  a s i n gl e  s pe c i e s ,  

M. popu li.  Th i s  i n terp re ta ti on h a s  not  been accepted  by l a ter a u thors 

( Ri mpau , 1962; Gremmen , 19 65a; P i rozyn s ki , 1974; Cel l e ri no , 1979 )  who 

vari ous ly  re cogn i se some of the s i x  des cri bed  s pec i es . 

S i mi l ar confus i on exi s ts con ce rn i n g the taxonomy o f  the Dre panopeziza 

s t a te and four s pe ci es  have been e recte d , n ame l y : 



D. popu lo r"vl171 ( Des  m .  ) v .  Hohn . 

D. populi-albae ( Kl eb. ) Nannf .  

D.  tre mu l ae Ri mpau . 

D. punctifo rmis Gremmen . 
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Thornpson ( 1937)  con c l u ded  th a t  apothec i  a of  D. populorwn and  D. populi-albae 

we re no t s i gn i fi can t ly  d i ffe ren t an d a ccordi n g l y  recogn i s ed  on ly  one 

speci es , D. populo PUJn ( Desm . ) V. Hohn . Both Ri mpau  ( 1 962 ) an d Gremmen ( 1 965 a )  

accepted D. popu li-al bae and D. popu lorwn a s  the perfe ct s t a te s  o f  M. castagnei 

an d M. populi res pe c ti ve l y .  The re i s  di s ag reemen t howe ve r ,  a s ·  rega rds the 

pe rfect  s ta te of M. brunnea> Ri mpa u  ( 1962 ) reg a rd i n g  i t  as D. tremulae> and  

Gremmen ( 1965 a,  b )  con s i de ri n g  i t  to  be D.  punctiformis . 

The presen t \'lo rk con st i tutes a s tudy o f  the Marssonina - pop l a r d i sease  

comp l ex ,  wi th par·ti cu l ar emphas i s  on the  taxonomy of Marssonina an d 

Drepanopeziza s pec i es  an d the pos s i bl e  seed-bo rne natu re of the d i sease . 



CHAPTER 1 
TAXON OMY OF MA RSSON INA SPE CIES 

A .  r NrRonucr r oN  
A con s i de rabl e l i te ra tu re exi s ts on the taxonomy o f  t h e  gen us  

Marssonina , whi  eh  has  re cen tly been s umma ri sed  by Sutto n  ( 1980 ) . S i  n ee 

th i s  i s  the mos t  re cen t authori ta ti ve s ta temen t on the genus , S u tton ' s  

rev i ew , i n c l udi n g  h i s defi n i ti on of the gen us , i s  now s ta ted : 

' Marssonina Magn us nom.  nov . , Hedw i g i a 45 : 2 ( 1906 ) , nom .  cons . p rop . 

4 

G�oeosporiwn Des m.  & r�on  t . , Ann .  Sc i . n a  t .  12 : 295  ( 1849 ) ,  n om .  rej . 
prop . Marss onina Fi s che r ,  Fun gi  e u ropaei  exs i cca ti cen t .  X I X ,  no . 185 7 
( 1 874 ) . Marssonie l la Hohn . , Sbe r .  Akad. Wi s s . Wi en  125 : 108 ( 19 16 ) . 
Sp . typ .  : M. fragariae ( L i b . ) Kl eb .  ( syn . Leptothy riwn fragm'iae Li b .  , 
M. potenti l lae ( Desm .} t�a gn us . 

Myce lium i mme rsed , hya l i ne to  pa l e  brown , bra n ched , septate . Conidio­
mata acervul a r ,  s ubc uti c u l a r , da rk brown to bl ack , amphi genous , separa te , 
rare ly con fl uen t ,  some ti me s  associ ate d  wi th a dend roi d s ubcu ti cu l a r  
s ubi c l e , pse udopar·en chyma ti c .  De h i s cen ce i r regu l a r .  Conidiophores hya l i n e ,  
branched i rre gu l a rly , mo s t l y  l a te ra l , septate , smooth , comp ri s i n g  the 
s ubcuti cu l a r a ce rvul i .  Conidiogenous ce l ls ho l obl as t i c ,  anne l l i d i c , sym­
podi al  and i n de te rmi n a te , o r  mon obl a st i c and de te rmi n a te ,  i n tegrated o r  
di s cre te , do l i i fo rm or  cyl i n d ri ca l , hya l i ne ,  smoo th . Conidia hyal ·ine , 
1 - septa te , separa ti n g  equa l o r  uneq u a l  ce l l s , smooth , base trun cate , 
guttul a te ,  ap i c a -l ce l l s  obtuse o r  s uba c ute , some ti mes stra i ght o r  cu l�ve d ,  
± cons tri c ted a t  the septum . 

Hohnel  ( 19 10d , 19 16b) s howed tha t  the type of G�oeosporiwn. G. cas tagnei 
Des m .  & �1on t . , h as 1 - septa te con i di a an d tha t  i t  had been re fe l�red to 
Marssonina by t1agnus  ( 1906 ) . G�oeosporiwn an te da tes Marssonina by several  
yea rs , and i f  the  res pe c ti ve type s pec i es a re con gene ri c ,  as seems l i ke l y ,  
the fung i  a t  pre s en t  p l a ce d  i n  Ma rssonina shoul d be trans fe rre d to 
Gloeospori-wn i n  acco 1Adance w i th nomen cl a tura l p ri o ri ty .  Ar·x { 195 7 a )  
con s i de red the two genera to  be i den ti c a l  but argued fo r the con s e rvati on o f  
Marssonh1a a ga i n s t  G�oeosporiwn to prese rve current  u s a ge . The fun gi 
h i therto p l ace d i n  Gloeosporiwn� the maj ori ty of whi ch a re no t con gen e ri c 
wi th  G. cas tagnei� have been  remo ved  to other  gen e ra , notably by Hohne 1 
( 19 16b) and  Arx ( 1957a ) . The re has  n o t  been any mode rn revi s i on of  
Marssonina or the mo re than 150 taxa de s cri be d in  i t .  There i s  wi de 
va ri a ti on i n  con i d i a l mo rph o l o gy ,  s t ructu re of con i di oma ta and  the i r 
re l a ti ons h i p s  w i th  the  s ubs t ra te s  i n  wh i ch they o ccu r .  I t  therefore seems 
probabl e tha t  Marssonina wi l l  e ven tua l l y  be fragmen te d i n to sma l l e r generi c 
un i ts part i cu l a rl y  i f  di ffe ren ce s  i n  con i di o genes i s  a re corre l a ted  wi t h  
s u ch morpho l ogi ca l  di s t i n c ti ons . 

Some s pe ci e s  have been co rre l a ted wi th lfiJ? �ocarpon states ( l�o l f 19 12 , 
1924 ) o thers wi th lffepanopeziza ( Ri mpau , 1962 ) . • 



• 

A s u rvey o f  the l i te ra ture re ve a l e d that the fo l l owi n g  6 Marssonina 

s peci es h ave been descri bed  as p a th o gen i c  to po p l a rs w i th s peci es  

di ffe ren ti ati o n  be i n g  ba se d on  coni d i um s hape and  di mens i on s , wi th  s ome 
re g a rd to hos t s peci fi ci ty and symp tom expres s i on : 

( i ) 
( i i ) 

( i i i ) 
( i V )  
( v ) 
( v i  ) 

Marssonina populi ( L i b . ) Magn . 

Marssonina castagnei ( Des m .  & Mon t . ) �1agn . 

Marssonina tremulae ( Li b . ) Kl eb . 

Marssonina brunnea ( E l l .  & E v . ) Magn . 

Marssonina populina ( Schnab l . ) Magn . 

Marssonina tremuloidis Kl eb . 

The fo l l ow i n g  i s  an accoun t of  the h i s to ri ca l  backgroun d of  these 

speci es , a sta temen t of the i r ori g i n a l  des cri pti on , the i r curren t 

taxonomi c s t a tus , host  ran ge anp d i s t ri b u ti on . 
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1 .  MARSSONINA POPULI ( L i b . ) Magn . - Hedwi g i a 45 , ( 19 06 ) . Synonymy ( a fte r 

Ri mpau , 1962 ) . 

Leptothyr·i.um populi Li b . - P l an t .  Crypt . Ard . Nr . 2 5 7  ( 1834 ) . 

Gloeosporium populi ( L i b . ) Mon t .  & Desm .  - E xs . N r .  2 12 9  ( 1856 ) . 

Gl.oeosp01"ium populi ( L i b . ) Mag n .  - i n Sacca rdo , �1i chel i a  1 ,  533 ( 1878 ) . 

Marssonina populi ( L i b . ) Sacc . - Syl l .  fun g .  3 .  76 7 ( 1884 ) . 

Marssonina populi-ni�rae ( Li b . ) K l e b . - Haup t .  u .  Neben fruch tf .  
As comyc .  p . 357 ( 1918 ) . 

Gloeosporiv� berkeleyi Mon t .  - An n . Sci . N a t . , s e r .  3 ,  12 , 296  ( 1 849 ) . 

Asteroma labes Be rk . - Exs . N r .  346 ( 1843 ) .  

Gloeosporium labes Be rk . e t  B r .  - i n  Cooke , Han db .  Bri t .  Fun g .  1 ,  4 74 
( 1871 ) .  

Th i s  speci es  was ori g i na l l y  des c ri bed  by L i bert ( 1834 ) as Leptothyrium 

populi from P. nigra i n  Fran ce . He r des c ri pt i on  i s  a s  fo l l m'ls : 

• Epi phyl l um .  Macu l i s  p ri me o rb i cu l ati s s ub radi a ti s ,  demum i rre gu l a ri b u s  
. confl uen ti bus fusci s ;  pe ri theci i s  s i c  p l an i u s c u l i s , pa l l i di s ,  b a s i  c i rcum­

s c i s s i s ;  pu l p a  a l ba ;  a s cel l i s  s u b c l ava ti s ; Spori d i i s  3 -4 pe l l u ci di s .  
Ad fo l i a  Populi. Au tumn o . 

Trans l ati on : 

Epi phyl l ou s  spo ts i n f t i a l ly  ci rcu l ar an d ra di ate , becomi n g  i rre gu l a r  
and con fl uen t ,  dark brown ; fl a t ,  p a l e peri thec i a wi th  ci rcums c i s s i l e  
bases ; wi th wh i te masses  of  con i di a ,  co n i d i a s ubc l avate ,  tran s l ucen t wi th 
3-4 guttu l es . 
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On l eaves of Populus i n  the au tumn . • 

Th i s  s pec i es  has  s i n ce been des cri bed  by Ri mpau  ( 19 62 ) , Gremmen · ( 1965a ) ,  

o • Ri orda i n & Kavanagh ( 1965 ) , P i ro .r:yn s k i  ( 19 74 )  an d Ce l l e r i n o  ( 19 79 ) . 

Con i di a l di mens i ons ci ted by these a u thors a n d  Saccardo ( 1884 ) a re p resen te d 

i n  Tabl e 1 .  Bo th Ri mp au  ( 1962 ) an d P i rozyns k i  ( 19 74 )  correct ly  fo l l ovJed 

Magn us { 1906 ) referri n g  to thi s s peci e s  as M. populi ( L i b . ) Magn . whe reas  

Gremmen { 1965 a ) , o • Ri o rda i n & Kavanagh  ( 1965 ) and Ce l l e ri no (. 1 9 79 ) fo l l owe d 

Kl ebahn ( 19 18 )  nami n g  the fun gus  M. populi-nigrae ( L i b . ) Kl eb .  Th i s 

ep i the t was i n troduced by Kl ebahn  ( 19 18 )  for the Marssonina s pec i es  

pathogen i c  to P. nigra> P .  pyrcunidalis> P .  balscunifera and P.  bero linensis 

and  hen ce s peci es  de l i mi ta ti on was ba sed on host  s peci fi ci ty .  

Syn onymy o f  M. populi ( L i b . ) Magn . and  M. populi-nigrae ( Li b . ) K l eb .  

i s  s uppo rted by the compa rabl e des cri pti ons o f  these s pec ie s  by Ri mpau  

( 1962 ) , Pi ro zyn s ki ( 19 74 )  (M. popu li ) and Gremmen ( 1965a ) ,  0 1 Ri o rda i n  & 

Kavan agh ( 1965 ) , Ce l l e ri no ( 19 79 )  (M. populi-nigrae ) an d pos ses s i on o f  a 

common perfect  s ta te ,  Drepanopeziza popu lorwn ( Desm . ) v .  Hohn . 

M. populi i s  pa thogen i c  to s peci es  o f  the Secti on s Aige i ro s (P. n&gra> 

P. nigra x P. de ltoides ) and  Ta camahaca  (P. tacamahaca> P. trichocarpa> 

P. balsoJ71ifera ) and i n duces rou n di s h  tan brown b 1 o tche s .  Thi s s pec i e s  i s  

recorded from E u rope , Eng l an d ,  Rus s i a ,  Can ada  an d the Un i ted Sta tes  

( Ri mpau , 1962 ; Gremmen , 1 964 ; P i ro zyn s k i , 1 9 74 ;  Ce l l e r i no , 1 9 79 } . 

2 .  NWRSSONINA CASTAGNEI ( Desm .  & Mon t . ) Ma gn . - Hedwi g i a 45  ( 1906 ) 

Synonymy ( afte r Ri mpa u , 1962 ) .  

Gloeosporium castagnei Des m . & Mon t .  - Ann . Sci . Nat . , Ser 3 ,  1 2 , 295  
{ 1849 ) .  

Marsonia castagnei ( Desm . & Mon t . ) Sacc . - Syl l .  fun g .  3 ,  768 ( 1884 ) . 

LeptothyrivJ71 circinans Fuck . - Symb. myco l . p383 ( 186 7 ) . 

GZoeosporium circinans ( Fu ck . ) Sacc . - Syl l .  fun g  3 ,  7 12 ( 1884 } . 

Didymosporiwn piriforrne Ri ess , - He dwi g i  a 1 ,  24 ( 185 3 ) . 

Marsonia pirifonnis ( Ri es s . )  Sacc . - Syl l .  fung . 3 ,  76 7 ( 1884 ) . 

Marssonina piriformis ( Ri e s s . )  Magn . - Hedwi gi a 45 , 89 { 1906 ) . 

GZoeosporium populi-a lbae Desm .  - Bu l l Soc . Bo t .  France 4 ,  799 ( 1 85 7 ) . 
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Acco rdi n g  to Von Arx ( 19 7 0 )  an d P i rozyn s k i  ( 19 74 ) ,  Leptothyrium 

circinans Fu ckel and  Gloeosporiwn popu li-albae Des m .  are i den ti cal  a n d  i n  

fa ct a re s pec ies  o f  anothe r gen us  ( Titaeosporina tremulae ( Li b . ) v .  L uyk ) . 

Marssonina castagne1: was o ri gi na l l y des cri be d by Desma zi  eres  and  t·1on ta gne 

( 1 849 )  from P. alba i n  France . Thei r descri p t i on i s  a s  fo l l ows : 

1 Gloeosporiv� casta�1ei Des m .  e t  Mon ta g .  MSS : ep i phyl l um ,  macu l i s  
orb i cul a ri bus  con fl uen ti bus  brunnei s ,  s por i s o vo i de i s  aut  pyri fo rmi b u s  
brevi pe d i cel l a ti s ,  ci rri s n i ve i s crass i s ,  - HAB . In  fo l i o rum v i vo rum 
Populi a lbae pa gi na s uperi o ri c i rca Mon ta u d  et Ai x ( Bo uches -du  Rhone a c l . 
Castagne  l ectum et  a d  �1on ta gne s ub n .  1081 mi s s um .  1 1  

Tran s l a t i on 

Ep i phyl l o us , wi th c i rcul a r ,  confl uen t ,  b rown spo ts , con i d i a  o vo i d to 
pear s h a pe d ,  borne on s hort  pe d i ce l s ,  s po re ten d ri l s  th i ck and  wh i te . On 
the upper s u rface o f  l i v i n g l ea ves o f  Popu lus a lba near Mon taud  a n d  Ai x 
( Bo uche s - du - Rhone , col l ected by Cas tagne i and  sen t to Mon ta gne u n de r  
No 1081 . • 

De zmaz ieres and  Mon tagne ( 1849 ) observed that  con i di a  o f  G .  castagnei 

and  Leptothyrium popu li ( L i be rt ,  1834 ) �e re morphol ogi cal ly  s i mi l a r be i n g 

pyri fo rm to l una te and  borne on s hort pe d i ce l s .  Thes e  au tho rs commen te d 

that the ma i n  di ffe ren ce be tv.Jeen the two s peci es was the enormo us  vo l ume o f  

muci l a ge enve l op i n g  con i di a  o f  G. castagnei . 

The mo rphol ogy o f  M. castagnei ( De s m .  & Jl-lon t . ) Ma gn . has  rece n tl y been 

descri bed  by Rimpau ( 1962 ) , Gremmen ( 1 965 a ) ;  P i ro zyn s k i  ( 19 74 ) , an d 

Ce l l eri no  ( 19 79 ) . Con i d i a l d i me n s i ons  ci ted by these a utho rs and  Sa cca rdo 

( 1884 ) are l i s te d i n  Tabl e 1 .  Cri teri a u s ed fo r de l i mi t i n g  M. castagnei 

from o th er Marssonina speci es p a tho ge n i c to pop l ars have been con i d i a l 

di men s i o n s , sep tum l o cati o n  an d hos t  s pec i fi ci ty ( Gremmen 1965a ) .  

The pe rfect  s tate o f  M. castagnei i s. Drepanopeziza populi-a lbae 

( Kl eb . ) Nan n f .  ( Ri mpa u ,  1965 ; Gremme n , 1 965a ) . 

M. castagnei i s  p a thoge n i c on ly  to P.  a lba and has  been recorde d  from 

I ta l y ,  France , Ge rmany , Spa i n ,  Yugosl a vi a ,  I ran , Canada an d The Un i te d 

S ta tes ( Ce l l eri no , 1 9 79 } . 

3 .  MARSSONINA TREMULAE ( L i b . ) K l e b . - Ha u p t- u .  Neben fruch t f .  As comyc .  

p . 35 7  ( 19 1 8 ) . 
Synonymy ( a fter Ri mpa u ,  1962 ) .  



Leptothy�ium t�emu lae Li b .  - Pl a n t  Crypt .  Ard . Nr . 16 1 ( 1832 ) .  

Gloeospo�ium t�emu lae ( L i b . ) Pas s . - Hedwi g i a 1 3 ,  187  ( 18 74 ) . 

Gloeospo�ium popu li-a lbae Desm .  va r .  tremu lae Sacc . - Syl l .  fun g .  3 ,  
7 12 ( 1884 ) .  

Gloeospo�ium tremu lae v .  Hohn . - S i tzbe r .  Aka d .  Wi s s . Wi en , Ma th -
Na t .  Kl . ,  Abt .  1 ,  125 , 69  ( 19 16 ) . 
Titaeospo�ina tre�� lae ( Li b . ) v .  Luyk . - An n . myco l . 1 7 ,  1 12 ( 19 19 ) . 

Gloeosporium brunneum El l .  e t  E v .  - J .  Myco l . 5 ,  154 ( 1889 ) . 

MaPsonia b�nnea ( E l l .  e t  Ev . )  Sacc . - Syl l .  fun g .  10 , 4 78 { 1 892 ) . 
Mar•ssonina brunnea ( E l l . e t  Ev . )  �1agn . - He dwi g i a 45 , 89 ( 1906 ) .  

Depazea f�ondicola Fr . - Obs . myco l . 2 ,  365 ( 1818 ) . 

Exami n a ti o n  of the ori g i na l  descri p ti on o f  Leptothyrium t�emulae 
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L i bert by the w ri ter reveal e d tha t  th i s  fun g us  was no t a s pe c i es o f  MaPssonina . 

Previ ous ly  Pi  ro zyn s k i  ( 19 74 )  cons i  de l�e d L .  tPemulae to be syn onymo us wi th 

T-z:taeosporina tl'emu lae ( L i b . ) van L uy k .  Th i s  was l a ter  con fi rme d  by S utton  
( 1980 ) . I t  s hou l d a l so be noted  tha t  L i bert ( 1 832 ) re ga rde d Depazea 

fPondicola Fr .  as a synonym o f  L. tremu lae Li b .  

Exami nat ion  of  the o ri g i n a l  de scri pti ons  o f  GloeospoPium t�emulae ( L i b . )  

Pass . an d G.  populi-albae Desm . va r .  tremulae Sa c c .  by the wri ter estab l i s he d  

t h a t  these spe c i es were a l so not  s peci es o f  Ma�ssonina. Bo th a re l i s ted by 

Sutton ( 1980 )  a s  synonyms o f  Aste�oma frondico Za ( Fr .  e x . Fi c i n us & 

Schube rt ) Mo re l e t  = ( Titaeospo�ina t�emu lae ) . 

Exami nati on  o f  th e ori  g i  na  1 des cri pti  on o f  Gloeosporium b�nnewn 

El l .  & Ev .  by the wri ter establ i s hed  tha t  the fun gus was i n  fa c t  a s pe c i e s  
of Marssonina . 

The ori g i na l  des cri p t i on by E l l i s  & Eve rhart  ( 1889 ) i s  a s  fo l l ows : 

' Gloeospo�ium (MaPsonia ) b�nneum� n . s .  On l e aves o f  Popu lus candicans� 
New F i e l d ,  N J . , Augus t , 1 889 . Leaf mo ttl e d  above wi th s ma l l b l ack  s po ts 
wh i ch soon become con fl uen t i n  l arge area s , e s peci a l l y  a ro u n d  the ma rgi n ,  
the en ti re l owe r s u rface o f  the l ea f  soon a s s umi n g  a un i fo rm b ronze-brown 
col o r .  Acervul i  1 -3  i n  each of the mi n u te b l ack s po ts , p a l e ,  e rumpen t on 
both s i des  of the l ea f ,  fi na l ly nearly  b l ack . Con i d i a  cl a va te obp i ri fo rm ,  
hyal i ne ,  1 -septate be l ow the mi dd l e ,  14 - 16 by 5 - 7u . O n  accou n t  o f  the 
sma l l e r con i di a  an d di ffe rent  habi t th i s  s eems s u ffi c i e n t l y  d i s t i nc t  from 
G. popu li and G. cas tagnei .  There are no we l l  de fi n e d  s po ts , on ly  the 
sma l l b l ack  spe cks soon con fl uen t and b l a cken i n g fi n a l l y  the  g re a ter  part 
of the l ea f . ' 
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Sacca rdo ( 1892 ) rename d th i s  speci es  Marsonia brunnea ( E l l . & E v . ) Sacc . 

wh i ch was l a te r  amen de d  by Magn u s  ( 1906 ) to Marssonina brunnea ( E l l .  & E v . )  

Magn . , the c u rren t ep i the t .  Fo l l owi n g  i ts d i s covery M. brunnea remai ned  

obscure for many years un ti l Gremmen ( 1964 ) reporte d  the occurre nce of  an  

apparen t l y  new Marssonina di seas e of  popl ars i n  Ho l l an d ,  d i s t i n gui s h e d  from 

the then mo re common s pec i es M. populi by havi n g  smal l e r con i d i a  an d pun ct­
i form l ea f  spots ra ther than b l o tches . Gremmen ( 1965a ) des cri b e d  the 

perfect s tage of thi s fun gus as Drepanopeziza punctifoY'171is an d 1 a te r  
es tabl i s h e d  tha t  th i s  apparent ly  new Marssonina was i n  fac t  synonymo us  wi th 
M. · brunnea ( E l l .  & E v . ) Magn . ( Gremmen 1965b ) .  S i nce i ts i n i ti a l d i s cove ry 

i n  Hol l an d  M. brunnea has become wi des pread  th ro u gho u t  E u rope an d has  

caused s e ri o us economi c l oss  to  comme rc i a l  p l an ta ti ons  of  po p l ars  ( Ce l l e ri n o , 
19 79 ) .  

Con i d i a l  di men s i ons  o f  M. bru.nnea c i te d  by E l l i s  & Eve rhart  ( 1889 ) , 

Gremmen ( 1965a ) ,  P i ro zyn sk i  ( 19 74 )  and  Ce l l er i no ( 1979 ) are l i s te d  i n  Tab l e  

1 .  Th i s  s peci es i s  pathogen i c  to mos t  s pec i es o f  pop l a r  a n d  has  been 

recorde d from the Br i t i s h  I s l es , E urope , As i a ,  Canada and  the Un i te d S ta te s  
of Ame ri ca  ( Ce l l e ri n o , 19 79 ) . 

Exami nat ion  by t he wri te r o f  the de scri pt i ons of the rema 1 n 1 n g fun g i  

ci ted as  synonyms o f  M. tremu lae ( L i b . ) K l eb . by Rimpau ( 1962 ) revea l ed th a t  
on ly M. tremu lae ( L i b . } Kl eb . des cri be d  b ri e fl y  by Kl e bahn ( 19 1 8 ) , was a 

s peci es o f  Marssonina. In  v i ew o f  thei r comparabl e con i d i a l d i mens i on s  

( Tab l e  1 } , M. brunnea ( E l l , & E v . )  Magn . a n d  M. tremu lae ( L i b . ) Kl eb . a re 
poss i b l y  synonymo us . M. tremu lae (L i b . ) K l eb . i s  re co gn i se d  by Ri mpau  ( 1962 ) 

and Ce l l eri no ( 19 79 )  and accordi n g  to the l a tte r i s  s pec i f i ca l l y pathogen i c 

to P. trernu lo . 

The pe rfect  s ta te of  M. - tremu lae was des cri bed by Ri mpa u (19 6 2 ) as  

�epanopeziza tremu lae . La te r  Gremmen ( 1965a } ci ted D. punctiformis as  

the  perfe c t  state o f  M.  brunnea.  If  the two i mpe rfe c t  s t a te s  a re p ro ven 

synonymous  then i n  v i ew of  D. tremulae be i n g fi rst des cri b e d  th i s  b i nomi a l  
wi l l  ta ke p recedence . 

4 .  MARSONINA POPULINA ( Schnab l . )  Magn . Hedwi g i  a 45 , 89 ( 1 9 06 ) .  

Synonymy ( after Ri mpau 1962 ) .  



Ma.rsonia populina Schnab 1 .  - Be r .  Baye r .  Bo t .  Ges . 2 ,  68  ( 1 892 ) . 

Th i s  speci es was o ri g i n a l ly des cri b e d  i n  Ge rmany on P. nigra as  

fo 1 1  ows : 

' Marsonia popu Z.ina Schnabl . nov . s p e c .  

10  . 

Macul i s  amp h i gen i s ,  ro tun di s ve l . i rre gu l ar i bu s , saep i us  fus coma rg i n ­
a ti s ,  ea . 1 cm di a m .  s u b i n de con fl uen ti bus ; a cervu l i s  ep i phyl l i s ,  
p un c ti fo rmi bus , fu l ves centi bus ; con i di i s  obl ong i s ,  utri n q ue ro tunda ti s ,  
1 - septati s ,  me di a con s t ri cti s ,  hya l i n i s ,  9- 1 l u  l on g .  4 - 5 u  cros s .  

Hab . i n  fol i i s Popu li nigrae pro pe J'vlunchen De r Pi l z  tra t i m  He rbs te 
1892 an 2- un d 3 j a h ri gen Schwa rzpappe l n  i n  e i ne r  G�rtne rei  i n  Sen dl i n g 
auf .  

Tran s l ati on :  

Amphi geno u s  s po ts , ro un d to i rre gu l a r  and  o ften w i th a da rk margi n ,  
approxi ma te ly  one  cm i n  di ameter  then con fl uen t ;  epi phyl l ous do t- l i ke 
tan co l o ure d ;  con i d i a  ob l on g ,  un i s epta te ,  con s t ri cted i n  the mi ddl e ,  
hya l i ne ,  9 - 11 u  by 4 -5 u .  

On l eaves o f  P. nigra col l ecte d n e a r  �1un i ch .  The fun gus  occur re d  i n  
Au tumn 1892 on 2 a n d  3 yea r  ol d b l ack  po pl ars a t  a n ursery i n  Sen dl i n g .  • 

Rimpau ( 1962 ) exami ned  speci rrens o f  M. popu lina and  conc l ude d  i t  was 

mo rphol ogi ca l l y  s i mi l ar to M. tremu Z.oidis . Due to the absen ce o f  further 

re ports of th i s  s pe ci es and in  vi ew of i ts compa rabl e con i di a l d i me n s i ons  

wi th M. brunnea ( Tab 1 e 1 ) ,  the  a uthor regards these  two s peci es  as  pa s s  i b l y  

bei n g  synonymo u s . 

5 .  MARSSONINA TREMULOIDIS Kl eb . Haup t . - un d Neben fruch t f .  As comyc . 

p .  35 7 ( 19 18) . 

Thi s s peci es  wa s ori g i na l l y  des cr i bed br i efl y by Kl ebahn ( 19 18 }  from 

l ea ves of P. tremu Z.oides from the Un i te d  S ta tes . Kl ebahn ( 19 18 )  c i te d  

con i di a l di men s i ons  a s  12 . 5 - 16 x 4 - 5 u  and  no te d  that  poss i b l y  the  same 

s pec i es i n fected l ea ves o f  P. grandidentata from Can ada ( 10 - 14 . 5  x 
3 . 7-4 . 2 u ) . Kl ebahn ( 19 1 8 }  mus t have u sed  host  s peci fi ci ty a s  the  c ri teri on  

fo r di ffe renti a ti n g  these Marssonina s peci e s  s i n ce con i di a l d i men s i ons  he ci te d 

for M. tremu Z.oidis ( P. tremuZ.pides ) an d  M. tremuZ.ae (P. tremu Z.a ) we re e s sen ti al ly  

s i mi l a r .  Ri mpa u ( 1962 )  exami ned ma teri a l  of  M. tremu Z.oidis� observi n g  

th a t  con i di a  v1e re mo rpho l ogi ca l ly s i mi l a r  to those o f  M. popu Z.ina . I n  vi ew 

of tha t fact tha t M. tremuZ.oidis was erected on the ba s i s  o f  ho s t  

s peci fi ci ty a n d  s i n ce con i di a  of th i s s pec i es  a n d  M. brunnea a re vi rtua l l y  
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i den ti cal ( Tab l e 1 ) , they are probab l y  synonymo us .  Pos s i b l e  synonymy i s  

furthe r s upported by the fa ct  that i n  recen t years M. tremuloidis has  been 

recogn i sed on l y  by Ri inpa u  ( 1962 ) . Pi r·ozynsk i  ( 19 74 )  re garde d M. brunnea 

as the Marssonina spec i es patho gen i c  to P. trenrn loides an d P. grandidentata� 

whi ch i mpl i es tha t he a l so rejecte d  M. tremuloidis . 

The abo ve re vi ew of  the ori g i n a l  des cri p t i ons  of  the s i x  des c ri be d 

Marssonina speci e s  ten tati ve ly  s upports the con ten ti ons o f  G remmen ( 1965  a , b )  

a nd  Pi ro zynsk i  ( 19 74 )  that  recogn i ti on o f  on ly  three spec ie s  i s  warr·a n te d ,  
name l y :  

M. populi ( L i b . ) Ha s11 · 
M. castagnei ( Desm . & Mon t . ) Magn . 

M. brunnea ( E l l . & Ev . ) fvlagn . 

Fu rthe r ,  the rev i ew s t ro n g l y  s ug ges t s  that  M. tremulae ( L i b . )  K l e b . , 

M. popul1M( Schnabl . ) Magn . an d M. tremU. Zoidis Kl eb . are synonymo us  wi th  

M. brunnea ( E l l  . & Ev . ) Magn . I f  synonymy ·j s p roven then M.  brunnea has  
pri o ri ty .  

An a l tern a ti ve i n terpretati on of  t h e  taxonomy o f  Marssonina s peci es  

pathogen i c  to pop l ars has been s uggested  by Thompson ( 1937 ) a nd  Boye r ( 196 1 ) . 

Fo l l owi ng  study of  the Marssonina pop l a r  d i sease  comp l ex  Thompson  ( 19 3 7 ) 

conc l uded th at - ' no s u ffi ci en t ly  d i s t i n cti ve c ri te ri a exi s te d  fo r the 

separa ti on of fo rms i n to s peci es ' .  Boyer ( 196 1 )  suppo rte d  th i s  con ten ti on 

s tati ng  th a t - ' as a g roup i so l a tes  a ppeare d  to cons i s t o f  a seri es  of  

c l osely re l a te d fung i  o ften separab l e on both  p a tho l o g i ca l  an d c u l tura l 
bases but  too h i gh ly  vari ab l e to be d i s t i n gu i s he d  c l ea rly taxonomi cal l y . • 

Accordi ng ly these a u tho rs recogn i s e d  the one s peci es M. populi  ( L i b . ) Ha9n . 
perfect  sta te DJ:'epanopeziza populi ( Desm . ) v .  Hohn . 

I n  vi ew o f  the expres sed  bel i e f  by the  w ri te r that  on l y  t h ree s peci e s  

of  Marssonina are pathogen i c  to pop l a rs an a ttempt w a s  made t o  res o l ve the 
p robl em by exami nati on o f :  

( i } type ma te ri a l  of  the s i x des cri bed  s pec i es (whe re pos s i b l e ) , 

( i i ) herbari um materi a l  a nd  fi e l d co l l ecti ons . 



TABLE  1 :  Con i di a l di men s i ons  o f  Marssonina speci es ci te d by vari ous authori t i es . 

Marssonina Con i di a l Di men s i ons ( u ) 
Spec i es Length Breadth 

M. populi 20 12 
18 . 5 -20 . 5-23  10- 1 1 - 12 
1 7 -25 6 - 1 1  
1 5 . 5-24 . 8  5 . 5 -9 . 5  
16 . 5 - ( 18 . 5 -24 . 5 ) -2 7  7 . 5 - ( 8 . 5 - 10 . 5 ) - 13 

M. castagnei 18-20 7-8 
15 . 5 - 1 7 . 5 - 19 8-8. 5 -9 . 5  
18-20 5 -9  
15- ( 16 . 5 -20 . 5 ) -23 . 5  5 . 5 - ( 6 . 3- 7 . 5 ) -8 
1 7 . 5 -2 2 . 5  7 . 5 - 10 

I M. brunnea 14 - 16 5 - 7  
13- 19 5 -9 
1 1- ( 13- 18) -2 1 3 . 5 - ( 4 . 5 -5 . 7 ) - 7  
12- ( 14- 15 ) - 19 4-5- 7 

M. tremulae 14 - 15 . 5- 1 7  4 -4 . 5 -5 . 5  
15 - 1 8 . 4  4 . 5 -5 . 5  

M. tremuloidis 12 . 5 - 16 4-5  
9 - 1 1 . 5 - 13 4 -4 . 5-5  

M. populina 9 - 1 1  4 -5 

I 9- 1 1  4 -5  
J --

Authori ty 

Sacca rdo ( 1884 ) 
Ri mpau  ( 1962 ) 
Gremmen ( 1965a ) 
O ' Ri orda i n  & Kavanagh  ( 1965 ) 
P i ro zyn s k i  ( 19 74 )  

Saccardo ( 1884 ) 
Ri mpa u ( 1962 ) 
Gremmen ( 1965 a )  
P i ro zyn s k i  ( 19 74 )  
Ce l l e ri no ( 19 79 )  

E l l i s  & Eve rha rt ( 1889 ) 
Gremmen ( 1965 a ) 
P i  ro zyns k i  ( 1 974 )  
Ce 1 1  e ri no ( 1 9 79 ) 

Ri mpa u  ( 1962 ) 
Ce l l e ri no ( 19 79 )  

Kl ebahn ( 19 18 )  
Ri mpa u ( 1962 ) 

Schnab l e r  ( 1892 ) 
Ri mpau ( 1962 ) 

I 
I 
I 

I 

f-' 
N 



B .  EXAM I NAT I ON O F  TYPE  MATE R I AL 

Type ma teri a l  o f  M. popu li� M. castagnei� M. brunnea an d l e cto type 
s peci mens of  M. tremulae we re as sembl e d  an d exami ne d .  Al tho u gh type 

mater i al of M. tremu loidis ( Kl ebahn 19 1 8 ,  Nr.  1 7 )  was n o t  exami ne d , the 
speci es from P. grandidenta·ta ( Nr .  18) wh i ch Kl ebahn ( 19 18 )  no te d was 

probably synonymo us w i th M. tremu loidis was e xami n e d .  To con fi rm th i s  

poss i b l e synonymy a s peci men of  M. tremuloidis from P. tremuZ.oides was 

exami ne d .  Des p i te extens i ve o ve rseas en q u i  r i  es the type s pe c i men o f  
M. popu Zina was not  l oca te d .  

1 3  

I n  e ach i n s ta n ce symptoms we re n o te d  an d con i d i a  we re mo un te d  i n  

l actophen o l  an d s tai ned  wi th 0 . 5% aci d fuch s i n .  S i xty coni d i a  from each  

speci men we re measure d  us i n g a Le i tz mi crome te r ( 500x) . Di men s i o n s  reco rde d 
I 

we re l eng th ,  breadth , an d di s tance from the con i d i um base to the s e p tum .  

From these  meas ureme n ts the fol l owi n g  di mens i on s  and  ra ti os  we re re corded 

and  ca l cu l ated : 

( i ) Con i di um l eng th - the sho rtest  an d l on ges t con i d i um , the me an l en g th 

and s tan dard de vi ati on  of the mean . 

( i i ) Con i di um breadth - the mos t  na rrow , the wi des t , the mean  b re a d th a n d  

stan da rd devi a ti on o f  the mean . 

( i i i )  Len g th to breadth ra ti o ( L : B  rati o )  - the rati o of  con i di um l en gth  to 

brea dth . 

( i v )  Th e rati o o f  coni di um l en g th to the d i s tan ce from the con i d i um base  

to the sep tum ( TL : S  ra ti o ) . 

rati o of a : b 

---- a -�--

( v )  The di s tan ce from the  con i di um base  to the septum , expre s s e d  a s  a 

pe rcen ta ge of the to ta l con i di um l en gth ( % S e p t . ) .  



( vi ) The rati o of the di s tance from the con i di um b as� to the s e ptum to 

con i d i um breadth ( LS : B  ra t i o ) , 

ra ti o of a : b  

Addi t i on a l ly ,  con i d i um s hape wa s recorde d . 

1 .  Marssonina popu li ( Li b . ) Magn . 
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Type spe c i mens  we re re cei ve d  fro m  Jardi n Bo tan i q ue Nat i on a l  de 

Be l g i q ue ; The Herbari um , Roya l Botan i c  Garden s ,  Kew , En g l and  an d 

Botan isdle r Ga rten und  I n s t i tut  fUr Sys tema ti s che Botan i k  der Un i ve rs i t a t ,  

SvJi tzerl an d .  The ma te ri a l  con s i s te d  o f  e n ti re l e aves o f  P .  nigra an d 

exhi b i te d on the a daxi a l  s u rface l a rge ( 1 -2 cm d i am . ) , ci rcul a r  to i rre gu l a r  

tan b l o tches ( Fi g .  1 ) , often con fl uen t fo rmi n g  exten s i ve tan p a tches 
dotted  wi th wh i t i s h mas se s  of con i d i a .  Coni d i a we re hya l i ne ,  broad ly  

obovo i d to pyri fo rm , u s ua l ly curve d an d d i v i de d  by a s i ngl e sep tum i n to a 

sma l l e r l ower ce l l an d a l a rge r ,  rounded uppe r ce l l  ( Fi g .  1 ) . G u ttu l es 

were o ften presen t i n  both cel l s .  Con i d i a l d i men s i ons and ra t i o s  o f  the 

three speci mens e xami ned are presente d  i n  Tab l e  2 .  

Be cause L i bert col l ected  the type s peci mens  i n  the au tumn o f  1834 

abundant  mi crocon i di a  were presen t .  Mi c rocon i d i a  we re un i ce l l ul a r ,  hya l i ne ,  

e l l i psoi d to baci l l a te an d somewha t  fl a ttene d  a t  the base  ( Fi g .  1 ) . They 

meas u re d  4 . 0  - 6 . 0  - 8 . 0  x 1 . 0  - 1 . 3  - 1 . 6 u ,  a nd  were pro du ce d  from 

ampu l l i fo rm mi crocon i di o phores (5 - 15 x 2 - 5 u ) . · 

The symptoms exh i b i te d by type ma te r i a l  \'ie re i n  a g reemen t wi th the 

ori gi na l  descri pt i on  by L i bert ( 1834 ) . Di men s i ons o f  con i d i a  a n d  mi cro­

con i di a were n o t  ci ted by L i bert ( 1834 ) . 

2 .  Marssonina castagnei ( Desm .  & Mon t . ) �1agn . 

Type ma te ri a l  was ob tai ned  from the Jardi n Botan i q ue Nat i ona l  de 
Be l g i que an d con s i s te d  o f  en ti re l e aves o f  PopuZus a Zba . Sympt Jms were 

mo s t l y  epi phyl l ous bei n g  d i scre te ," b rown , ci rcu l a r  l es i ons  ( 1- 5mm di am . ) 
wh i ch we re o ften pa l e r i n  th e cen tre an d do tte d wi th wh i t i s h p un cti form 

ace rv u l i .  Large i rregu l ar b l otches we re forme d by coa l es cence o f  

adjoi n i n g  ci rcu l a r l es i on s  ( Fi g .  2 ) . 
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Con i d i a  were hya l i ne ,  obovo i d to b road ly  obovoi d ,  s tra i g h t  b u t  

occa s i ona l ly curve d ,  an d di v i de d  by a s i n g l e sep tum i n to a sma l l e r l owe r 

ce l l an d a l a rge r roun ded u pper ce l l ( Fi g .  2 ) . Guttu l es  we re obse rve d i n  
both cel l s .  Con i di a  me a s u re d  1 1 . 0 - 1 7 . 2 1 � 6 - 2 1 . 0  x 4 . 0  - 6 . l o . 4  - 7 . 0 u .  
Val ues for L : B ,  TL : S ,  LS : B  ra ti os  and % Sept . we re 2 . 83 ,  2 . 44 ,  1 . 15 an d 

4 1% res pecti ve l y .  

The symp toms exh i b i te d by type ma te ri a l we re i n  agreemen t wi th  those 
c i te d  by Desmazi �res & Mon tagne ( 1849 ) . Coni di a l  d imen s i on s  we re not c i ted  

by these  a u tho rs . 

3 .  Marssonina brunnea ( E l l  . & Ev . ) Ha gn . 
Type ma teri a l  was ob ta i ned from The Na ti on a l  Fun gus Co l l ecti on , 

U . S . D . A . , Maryl an d ,  USA , an d The Herbari um , Roya l Botan i c  Gardens ,  Kew , 

Eng l an d ,  an d i n  each ·i ns tance cons i s te d  o f  s i n g l e  l eaves of P. candicans . 

Symptoms exh i b i ted we re e s s en ti a l ly  s i mi l a r  to tho se de scri be d by E l l i s  & 
Eve rhart  ( 1889 ) ; that  i s ,  - 1 1 l ea f  mo ttl ed  above wi th sma l l b l ack spots 
wh i ch soon be come con fl uen t i n  l a rge areas , especi a l ly  a roun d the ma rg i n , 

the en ti re l owe r s u rface o f  the l ea f  soon a s s umi n g  a u n i fo rm b ron ze-brown 

col our . 1 1 The s pots \vere amphi genous , puncti form , b l ack , c i rc u l ar to 
an g u l a r and  usua l ly 1 mm i n  di ame te r ( Fi g . 3 ) . Coni d i a we re hyal i ne ,  
obovo i d , s trai g h t  to s l i ght ly  curve d ,  di v i de d by a s i n g l e septum i n to a 
smal l e r l owe r cel l an d a l a rger roun ded upper ce l l  ( Fi g .  3 ) . Guttu l e s  

were often obse rved i n  both ce l l s .  Con i d i a l di me n s i o n s  an d ra ti o s  o f  the 

type s pec i mens exami ne d a re presen te d  i n  Tab l e  3 .  

The wri te rs observa ti ons we re i n  a g reemen t wi th  those of  E l l i s  & 

Eve rh a rt - ( 1889 ) , wi th the excepti on o f  con i d i um b rea d th . 

4 .  Marssonina tremu Zae Kl eb . 
The l e cto type of M. tremu Zae des i gnate d  by G .  L .  Hennebert 

( 1 3 . 10 . 196 5 )  re fe rred to the spe c i men : 

Sydow - Mycotheca German i ca N r .  834 . Marsonia popu li ( L i b . ) Sac c . , 
P. tremu Za_, Bran denburg , Fun ken k ru g  bei  Berl i n ,  Leg .  H .  Sydow , 2 9 . 9  . 1908 .  

Lecto type ma te ri al was obta i n e d  from : Botani scher  Ga rten and  I n s  t i t u t  
fU r Sys tema ti s che Bo tan i k  de r Un i ve rs i ta t . , Swi t zerl an d ; . Ri j ksherbar i um ,  
Le i den , The  Ne therl ands ; Farl O\IJ He rbari um and Re fe rence L i bra ry ,  Harva rd 



TABLE  2 :  D imens i on s  o f  con i d i a  from type ma te ri a l  of M. populi ( Li b . ) Ma gn . 

Speci men Con i di a l Di men s i ons  ( u ) 
Number Len gth Brea dth 

Range Mean Range 

l a 15 . 0-26 . 0  b 20 . 5 2 . 0  5 . 0 - 10 . 0  

2 15 . 0-30 . 0  20 . 72 . 5 5 . 0 -8 . 0  

3 15 . 0-26 . 0  19 . 82 .  3 4 . 5 -9 . 0  

MEAN 15 . 0-30 . 0  20 . 32 .  3 4 . 5 - 10 . 0  
-

a l .  Bo tan i scher Garten , Zuri eh , Swi tzerl an d .  
2 .  Jardi n Botan i q ue Nati onal  de Be l g i q ue .  
3 .  The He rbari um , Kew , Eng l an d .  

b S tan da rd de vi a ti on 

L : B  
Mean 

6 .  5 o . a 3 . 14 

6 .  7 0 . 7 3 . 10 
6 .  6 0 . 8 3 . 00 

6 .  6 0 .  8 3 . 08 

Rati o 
TL : S  

3 . 55 

3 . 70 
3 . 73 

3 . 66 

TABLE  3 :  Di men s i ons  o f  con i d i a  from type materi a l  o f  M. brunnea ( E l l .  & Ev . ) Magn . 

Speci rr.en 
Numbe r Len gth 

Range 
} a 12 . 0-20 . 0  

2 1 1 . 0- 18 . 0 

I MEAN 1 1 . 0-20 . 0  
- ------------ - --- - - -- ---- -

Coni d i a l  Di men s i ons  ( u ) 
Breadth 

Mean Range 

15 . 1? .  0 3 . 5 -6 . 0  

14 . 5 1 . 2  4 . 0- 7 . 0  

14 . 8 1 . 1  3 . 5 - 7 . 0  

a l .  The Na ti onal  Fun gus Co l l ecti on , Maryl an d ,  USA . 
2 .  The He rbari um , Kew , En gl an d .  

b S tandard devi a ti on , 

Ra ti o 
L : B  TL : S  

Mean 

4 . 5 o . 4 3 . 35 3 . 0 1  

4 .  7 0 .  6 3 . 10 3 . 1 7  

4 .  6 0 . 5 3 . 22 3 . 09 
-----

LS : B  

0 . 88 

0 . 83 
0 . 80 

0 . 84 

L S : B  

1 . 10 

1 . 00 

1 . 05 

% Sep t .  

28 . 1  

2 7 . 0  

2 7 . 0 

2 7 . 4  
--------- -· -

% Sep t .  

33 . 1 

31 . 5 . 

32 . 3  

I 

I 

...... 
0"1 
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Un i vers i ty ,  Mass achuset ts , USA ; Jard i n  Bo tan i que Nati ona l  d e  Be l g i q ue . 

The ma teri a l  cons i sted  of  en ti re l ea ves  o f  P. tremula an d exh i b i te d  

o n  the a daxi a l  s u rface , sma l l ( approx . 1 mm ) ,  d i s crete p un c ti form ,  b l ack , 

ci rcu l ar  to a n gu l ar l e s i ons . I rregu l a r b l o tches we re formed by co a l escen ce 

of  adjoi n i n g l es i ons  ( Fi g .  4 ) .  On the abaxi a l  s u rface c i rcu l a r  b l ack  s po ts 

co ve red wi th amber masses  o f  con i d i a  were p resen t .  

obovo i d ,  s tra i gh t to s l i g ht ly  curve d ,  d i vi ded  by a 

sma l l e r l owe r ce l l and  a l arge r ro un ded uppe r ce l l 

Con i di a . were hya l i ne ,  

s i n gl e septum i n to a 

( Fi g . 4 ) . Gu ttu l es  were 

often observe d i n  both cel l s .  Con i d i a l  di men s i ons  an d rati o s  o f  the fou r  
l ecto type speci men s exami ned are p resented  i n  Tab l e  4 .  

5 .  Marssonina tremu loidis Kl eb . 

( i } P. grandiden tata. ( Kl ebahn 1 9 18 , Nr . 18 ) . Th i s  s pec i men wa s re ce i ve d  

from the Nati ona l  Mycol og i ca l  He rbari um , Can ada Agri cu l tu re On tari o ,  

Can a da under  th e fo l l owi n g  t i t l e :  

M. brunnea ( E l l .  & Ev . )  Magn . D . A . O . M . 1 30530 . P. grandidentata 
Mi ch x . , Gue l ph , On tari o ,  Co l l ecte d  by J .  Dea rne s s , 8 Au gus t 19 1 3 ,  
I den ti fi e d  by D . B . O .  Savi l e .  ( P revi o u s l y  i s s ue d  as M. castagnei i n  E l am 
Ba rtho l omew , Fungi  Co l umb i a Nr . 4235 ) .  

Th e ma te ri a l  con s i s te d  o f  en ti re l e aves an d exh i b i te d on  the 
a daxi a l  s urface , smal l ( approx . 1 mm) , d i scre te puncti fo rm , b l ack , ci rcu l a r  

to angul a r  l es i ons  a n d  i rre gu l a r necro ti c  b l o tches ( Fi g .  5 ) . On the 

abaxi a l  s u rfa ce ci rcu l ar b l ack spots cove re d wi th amber spore mas ses  we re 
present  ( Fi g .  5 ) . 

Con i di a  were hya l i ne ,  na rrowl y  obovo i d ,  s trai ght  to s l i gh t l y  c u rve d ,  

di v i ded uneq ua l l y by a s i n gl e  septum ( Fi g .  5 } .  Guttu l es were common l y  

obs e rve d i n  bo th ce l l s .  Con i di a l  d i men s i ons  and  ra ti o s  a re p resen te d  i n  

Tab l e  5 .  

The wri ters obse rvati ons  we re e s s en ti a l l y  i n  a g reemen t wi th those 
of Kl ebahn ( 19 18 ) . 

( i i ) P. tremu loides . The s i ng l e speci men o f  M. tremu loidis exami ned  was 

re ce i ve d  from The Fa rl ow He rb ari  urn an d Re ference L i b ra ry ,  Harva rd  

Un i ve rs i ty ,  Mas s achusetts , USA  unde r  the  fo l l owi ng  t i t l e :  



TABLE  4 :  Di mens i ons  o f  con i d i a  from l e cto type mate ri a l  of  M. tremuZae Kl eb . 

Speci men Con i di a l  Di mens i ons  ( u )  
Numbe r Len gth Breadth 

Length Mean Range 

l a  J. l . 0 - 2 0 . 0  1 5 . 2� .  6 3 . 5 - 7 . 0  

2 1 1 . 0- 2 0 . 0  1 5 . 7 1 .  6 3 . 5 -6 . 5  

3 1 1 . 0 - 2 0 . 0  1 5 . 6 1 .  3 3 .  5 -6 . 5  

4 1 1 . 0 - 2 0 . 0  1 5 . 2  1 .  5 3 . 5 - 7 . 0 

�lEAN 1 1 . 0 - 2 0 . 0  1 5 . 4  1 .  5 3 . 5 - 7 . 0 ------
a 1 .  Jardi n Bo tan i q ue Na ti on a l  de Be l g i q ue . 

2 .  Fa rl ow Herbari um ,  Harvard Uni vers i ty ,  USA. 
3 .  Botan i s�he r Ga rten , Zuri ch , Swi t zerl an d ,  
4 .  Ri j ks herbari um ,  Lei den , The Ne ther l an ds . 

. b Stan dard De vi ati on 

--

' 

L : B  
Mean 

4 .  S a .  6 3 . 16 

5 . 1 0 .  7 3 . 09 

5 .  0 0 .  5 3 . 14 

5 .  1 0 .  5 2 . 94 

5 . 0 0 . 5 3 . 08 
--� --------------

Rati os  
TL : S  LS : B  

3 . 08 1 . 0 3 

2 . 9 5 1 . 04 

3 . 02 1 . 04 

2 . 90 1 . 0 1 

3 . 00 1 . 0 3 --

TABLE  5 :  Di men s i ons  of con i di a  o f  M. tremuZoidis Kl eb . from P. grandidentata an d P. tremu Zoides 

Spec imen Con i d i a l Di men s i ons ( u ) 
Numbe r Length Brea dth L : B  

Range Mean Range Mean 

l a  1 1 . 0- 20 . 0  b 1 4 . 2 1 . 2  3 . 5 - 6 . 5  3 . 8 0 . 2  3 . 70 

2 1 1 . 0 - 2 0 . 0  1 5 . 0  1 .  4 3 . 5 - 6 . 5  4 . 1 o .  3 3 . 66 

I MEAN 1 1 1 . 0- 2 0 . 0  14 . 6 1 .  3 3 . 5 - 6 . 5  3 .  9 o . 3 3 . 6 8 ------
a 1 .  P. gr•adidenta-ta E x .  Na ti on a l  Myco l og i cal He rbari um , On tari o �  Can ada"  

2 .  P. tremuZoides Farl ow Herbari um , Harva rd Un i vers i ty ,  USA . 

b S tandard Dev i at i on 

Rati os 
TL : S  

3 . 0 7 

3 .  2 3  

3 . 1 5 

LS : B  

1 .  2 0  

1 . 13 

1 . 16 -- - -----

% Sep t .  

32 . 4  

3 3 . 8 

3 3 . 1  

34 . 3  

3 3 . 4  

' 

% Sept . 

32 . 6  

3 1 . 0 

3 1 . 8  -- --

I 

l 

I I 

...... 0:> 



· TABLE 6 :  Comparati ve con i di a l di men s i ons  of  Marssonina speci es from type and  o ther  materi a l . 

Marssonina Con i di a l Di men s i ons  Rati os  I % Sept .  
Speci es Len gth Breadth 

Ran ge Mean Ran ge 

M. populi 15 . 0 - 30 . 0  . 2 0 . 3� . 3 4 . 5 - 1 0 . 0  

M. cas tagnei 1 1 . 0 -2 1 . 0  1 7 . 2 1 • 6  4 . 0- 7 . 0  

H. brunnea 1 1 . 0- 20 . 0  14 . 8 1 • 1 3 . 5 - 7 . 0  

M. tremuZae 1 1 . 0 -2 0 . 0  1 5 . 4 1 . 5 3 . 5 - 7 . 0 

M. tremu Zoidis 1 1 . 0 - 2 0 . 0  14 . 6 1 • 3  3 . 5 -6 . 5 

- - - -----

a Standard dev i a ti on 

L : B  TL : S  
Mean 

6 . 6 a . s 3 . 08 3 . 6 6 

6 . l a . 4 2 . 83 2 . 44 

4 .  6 0 .  5 3 . 2 2 3 . 09 

5 .  D o . 5 3 . 0 8 3 . 00 

3 .  9 0 .  3 3 . 68 3 . 15 

LS : B  

0 . 84 2 7 . 4  

1 .  15 4 1 . 0  

1 .  05 32 . 3  

1 . 0 3 3 3 . 4 

1 . 16 3 1 . 8 

--- ------- -
------

---
----------- ---- -- - -

. I-' 
\.0 
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He rbari um J .  J .  Dav i s ,  Marsonia brunnea ( E l l .  & Ev . )  Sacc . , 

P. tremuloides� Raci ue Wi s con s i n ,  col l ected by J .  J .  Da v i s ,  25  Septembe r 

1 894 . 

Symptoms exh i b i te d  we re essen ti a l l y  s i mi l a r to those  de s c ri be d abo ve 

fo r P. grandidentata . Tha t i s ,  on the a daxi a l  s urface sma l l ( approx . 1 mm ) 

d i s c rete puncti form b l ack l es i ons  a n d  i rre gu l a r  necro ti c b l 6 tches were 

observe d .  On the abaxi a l  s urface , b l ack  s po ts , covered wi th ambe r s pore 

masses  we re ev i den t ( Fi g . 6 ) .  Con i di a  were mo rpho l og i ca l l y  i n separab l e f rom 

tho se obse rved on P. grandidentata be i n g  hya l i ne ,  na rrowl y  obovo i d ,  
s tra i ght to s l i ght ly  curved and d i v i de d  uneq ua l l y  by a s i n g l e  septum 

( Fi g .  6 } . Con i d i a l d i mens i ons and  ra ti. os are p resen te d  i n  Tab l e  5 a l on g  

w i th those from P. grandidentata . 

The compa ra ti ve con i d i a l d i me n s i ons  an d ra ti os o f  the fi ve Marssonina 

spe c i es are l i s te d  i n  Tab l e  6 ,  and  l en gth and  b readth d i men s i ons  dep i cted 

graph i cal l y  i n  Fi g .  7 .  These res u l ts s how th a t  coni di a of M. brunnea, 

M. tremuZ.ae an d M. tremuloidis a re mo rpho l o g i ca l ly  i nd i s t i n gu i s hab l e .  

D I SCU SS I ON 

The type ma te ri a l  was exami ned  wi th a v i ew to de te rmi n i n g  the accuracy 

of the ori gi n a l  de s cri pti ons an d eva l ua ti n g  whe ther  the fi ve co l l ecti ons  

wa rran t re co gn i t i on as  separa te s peci es . I n  a l l cases  symptoms we re as  

ori gi nal l y  des cri bed , the  symptoms exp ressed  by P.  nigra (M. popu li ) 

an d P. alba (M. castagnei ) bei n g  e s senti a l ly  s i mi l a r a n d  cons i s ti n g  o f  

ci rcul ar  t o  i rre gu l a r tan b l otche s �  The symp toms exh i b i te d  by P. candicans 

(M. brunnea ) we re q u i te di s t i n c t  from those exh i b i te d  by P. nigra (M. popu li ) 
and P. alba (M. castagnei ) , con s i s t i n g  of sma l l b l ack s p o ts wi th  some 

coal escence . Symp toms exh i b i te d  by P. tremu la (M. tremulae ) P. grandidentata 

and P. tremuloides (M. tremuloidis } we re essenti a l l y  s i mi l a r to those 

exhi b i te d  by P. candicans (M. brunnea ) , al tho ugh coa l es cence was g re a te r .  
Symptom expres s i on was used  part ly  by E l l i s  & Everhart  ( 1889 ) to j u s ti fy 

the erecti on o f  M. brunnea i n  addi t i o n  to M. popu li an d M. castagnei .  I t  

seems l i ke ly  th at Desmazi �res & Mon ta gne  ( 1849 )  j u s ti fi e d  the e recti on of  

M.  castagnei on the bas i s  of  hos t s peci fi c i ty s i nce they acknowl e dge d the 
c l ose mo rpho l og i cal s i mi l a ri ty b e tween con i di a  of th i s  s pec i es an d M. populi .  

Kl ebahn ( 19 18 )  a l so j us ti f ied  th e erecti on of  M. tremu lae an d M.  tremu loidis 

on the bas i s of hos t  spec i fi ci ty .  Howe ver i t  i s  now wi de ly  accepted  th a t  
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s tab l e  mo rpho l o gi cal  cri te ri a s hou l d b e  used  for s pe c i e s  de l i mi tat ion  

rather than unstab l e  phys i o l og i c features  s uch as symptom expres s i o n an d 

host  speci fi ci ty .  

I n  the p resen t study on the bas i s  o f  con i di um mo rpho l ogy ( s h ape , 

d i men s i on s , ra ti os ,  septum l oca ti on ) M. b�4nnea� M. tremu lae an d 

M. tremuloidis we re mo rpho l og i ca l l y  i n di st i n g ui s hab l e  an d accordi n gl y ,  

M. tremu lae an d M. tremu loidis are re ga rded a s  be i n g synonymo us  wi t h  
M. brunnea vv h i  e h  has  pri ori ty .  A l though  type materi a l  o f  M .  populina was 

not exami ned the a u thor con s i de rs th i s s peci es  to be synonymous  wi th 

M. brunnea i n  v i ew of  the reported c l ose mo rpho l o gi cal  s i mi l ari ty between 

con i d i a  of M. popu Zina an d M. tremuZoidis ( Ri mpau , 1962 ) . 

The con ten ti on o f  Thompson ( 1 9 3 7 ) and Boyer ( 196 1 ) that  the re i s  

on l y  one Marssonina speci e s  pathogen i c  to popl ars was not  s upported  s i nce 

con i di a  o f  M. popu li� M. castagnei a n d  M. brunnea we re mo rpho l o gi ca l l y  

d i s ti n ct .  Al though con i d i a  o f  a l l th ree spe ci es we re hyal i ne ,  u n i septate 

an d guttu l a te ,  con i di a  o f  M. popu li we re re adi l y  di s t i ngui s he d  from those  

o f  M.  castagnei an d M.  brunnea on the  b as i s o f  s hape and  di mens i on s . Th a t  

i s ,  con i d i a  o f  M. popu li we re l on g  ( 20u  mean ) , c urved to s tron g l y  cu rve d to 

pyri fo rm an d b roadly obovo i d ( 6 .  5u mean ) whereas con i d i a of  M. castagnei 

and  M. brunnea we re shorter ( 1 7 u , 1 5 u , re s pecti vel y ) , s trai ght  to s l i gh t ly  

curve d ,  obovo i d to  broad ly  obovo i d  ( 6 . 0u M. casta.gnei ) , or narrowl y  obovo i d 

to obovo i d  (4 . 3u ,  M. brunnea ) . Al tho u gh o f  s i mi l a r s hape , con i d i a  o f  

M. castagne<: a n d  M. brunnea we re read i 1 y  d i s ti ngu i s he d  by septum l oca ti o n  

s i nce wi th i n  M. castagnei the septum w a s  l o ca te d approxi ma te l y  40% a l on g  

the l en gth of  the con -i d i u m  whe reas i n  M .  brunnea septum l o cati on w a s  32% . 

I t  mus t  be emphas i s e d  tha t  each type s peci men rep resents a s i n g l e  

fi e l d  col l ecti on a t  one pbi n t  i n  ti me an d· acco rd i n g l y  cannot  be tru l y  

rep resen ta ti ve o f  the s pe c i e s  as  n o  a l l owance i s  made fo r gene ti c o r  
env i ron men ta "l l y  i n duce d vari abi l i ty .  That  i s ,  i t  i s  poss i b l e  fo r two 

appa ren tly separate type s pe c i mens  to me re l y  rep resen t extremes of the 

same con ti n uum . In the p resent  s t u dy the three type s pec i mens appe a red to 

be mo rphol ogi ca l l y di s t i n c t .  To con fi rm th a t  each was i n  fac t rep resent­

a ti ve of  the s peci es , a worl dwi de co l l ect i on o f  he rba ri um spec i mens  was 

exami ned  and s pe ci es i de n ti fi ca ti on a t tempte d on the bas i s of con i d i a l 
mo r·pho l ogi ca ·l fea tu res . Such  s tudi e s  a l s o en ab l e d con fi rmati on o f  the 

va ·l i di ty of con i d i um s ha pe , d i mens i on s  an d septum l o cat i on as d i ffe ren ti a l  

cri te ri a .  
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Two hun dre d and e i ghty col l ec ti o ns o f  Marssonina speci es on pop l a rs 
we re rece i ved  on short te rm l oan from 13 ove rseas i n sti t ut ions  (Appen di x 1 ) . 
I n c l u ded i n  the ma teri a l  exami ned we re l ocal co l l ecti ons  o f  i nfected 

popl a rs .  Fo r each col l ecti on  con i di a mo u n ted  i n  l actopheno l  an d s ta i ned  wi th 

0 . 5% aci d fuchs i n  we 1·e me as u red  wi th a Le i tz op t-i ca l  mi crome te l' as  de ta i l e d 
p revi o us l y  fo r e xami nati on o f  type s pe ci mens . I n  e ach i n s tan ce i den ti fi cati on 

was a ttemp te d on  the bas i s  of con i di a l mo rpho l ogi ca l  fe atures  as expressed  

by  type ma teri a l . 

R E S U LTS 

Speci mens we re readi l y  i denti fi e d  on the ba s i s of con i di u m  morpho l ogy . 

E i ghty s i x  we re i denti fi e d  a s  M. popu li_, 80 as M. castagnei and  114 as  

M.  brunnea .  The speci mens e xami ned  and  thei r d i men s i on s  a re l i s ted  i n  

Appendi ces 1 a n d  2 re specti ve l y .  The s peci e s  o f  Marssonina pa thogen i c  to 

po p l a rs i n  New Zea l an d  was i denti fi ed  as M. brunnea . 

Fea tures o f  con i di um mo rpho l o gy ( s h ape , di men s i on s  an d sep tum l ocati on ) 
exh i b i ted by re presen tati ves of  the three speci es are con s i de red , a s  

fo l l ows : 

( a ) Con i di um Sh ap� 

Con i di um s hape was re l a ti ve l y  con stan t ,  enab l i n g ready de l i mi ta ti on 

of  s peci es . Con i di a  of M. populi vte re typi  ea l l y curve d to s tron g l y  curve d ,  

and broadly obovo i d to py ri form ( Fi g .  8 ) . Con i di a  of M. castagnei we re 

typi cal ly  s tra i gh t to s l i gh t l y  curved , and  obovo i d to b 1·oad l y obovo i d 

( Fi g .  9 ) . Con i d i a  of  M. brunnea we re s t ra i ght to s l i gh t l y  curve d ,  a n d  

na rrowly obovo i d  ( Fi g .  10 ) .  

( b ) Con i di �m Di mens i on s  

( i ) Length an d Breadth 

The l en gth  an d brea d th di men s i on s  of the three Marssonina s pec i e s  a re 

presented  i n  Ta b l e  7 ,  and  de pi cte d  g raph i ca l ly  i n  Fi g .  11. These res u l ts 

show tha t  con i di a l  di men s i ons  of  a l l th ree s peci e s  overl appe d ,  parti c u l a r l y  

those  o f  M. popu li and M .  cas tagnei .  Acco rdi n g l y  i t  wa s not  pos s i b l e  to 
del i mi t  the th ree s peci es s tri ct ly on the bas i s  o f  coni di a l  di mens i on s . The 

l ow va l ues reco rde d for the coeffi ci en ts o f  va ri a ti on fo r mean con i di um  



TABLE 7 :  Con i di a l di mens i on s  o f  Marssonina spec ies  from he rba ri um ma te ri a l . 

. 

Spec ies  Con i di um Len gth ( u )  cva Con i di um B readth ( u )  
Ran ge o f  Mean Mean Ran ge Ran ge of Mean Mean Ran ge 

M. popu li 1 3 . 0 - 30 . 0  

M. castagnei 1 2 . 0 - 30 . 0  

M. brunnea 1 0 . 0 - 2 3 . 0  

L 
a CV ( Coeff .  of va ri a ti on )  

b S tan dard devi a ti on 

1 6 . 3t s - 24 . 3 1 · 6  

14 . 6 o · 9 - 19 . 4 1 , a 

1 3 . 2 1 · o - 1 7 . 2 1 · 8 

19 . 6 1 . 4 

1 7 . 9 1 · 2  

1 5 . 0  0 . 8 

= s tan dard devi a ti on 
mean X 100 . 

7 . 1 %  4 .  0 - 1 1 . 0  5 . 3 o . 4 - 9 . 0 o . 9 

6 . 7% 4 . 0 - 9 . 0  4 . 8 o . 3 -6 . 4 o . 6 
5 .  3% 3 . 5 - 7 . 0  3 . 7 o · 4 - 5 . 5 o . G 

TABLE  8 :  Con i di a l ra t ios  o f  Marssonina spec ies  from herbari um ma te ri a l . 

I speci es  
I 

L : B  Rati o j;-populi 

Ran ge 

2 . 42 - 3 . 5 9  

M. castagnei 2 .  5 7- 3 . 34 

M. brunnea 2 . 9 1 - 3 . 90 

a CV ( Coeff . of  va ri a ti on )  

b Stan dard devi a ti on 

I 
CV a TL : S  Rati o 

Me an Ran ge 
b 

2 . 9 3 0 . 2 6 . 8% 3 . 04 - 4 . 0 8 

3 . 02 0 . 1 3 . 3% 2 . 30 -2 . 90 

3 . 4 2 0 . 2 5 . 8% 2 . 6 0 - 3 . 70 
--- -- -----

= Standard dev i a ti on 
mean X 100 . 

Mean 

3 . 5 3 0 • 2  

2 . 5 3 0 • 1 

3 . 10 

CV 

5 . 6% 

3 . 9 % 

6 . 4 % 

I LS : B  Rati o 
Ran ge 

0 . 64 - 1 . 14 

1 . 0 3 - 1 . 5 6  

0 . 90 - 1 . 36 
- ------- --- -

6 . 7 0 . 5 

5 .  9 0 . 4 

4 .  4 0 . 3 

�1ean I 
0 . 8 3 0 . 1 

1 . 2 0 o · 1 

1 . 10 0 " 1 

CV 

7 . 4% 

6 . 8% 

6 .  8�f 

CV 

12 . 0% 

8 . 3% 

9 . 0% 

I 

----

I I I 

N � 
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M arsson ina spec ies  from e x a mi n at ion of f i e ld c o l l e c t i on s 
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Mean - all collect ions 
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TABLE 9 :  Loca ti on o f  the con i d i a l s e ptum o f  Marssonina s pe ci e s  from 
herba r i um ma te ri a l . 

Speci es Sep tum Locati on a I CVb 
Ran ge }1ean . .  

M. populi 24 . 5 -32 , 8  2 8 . 1 3 . � 1 1 . 3% 

M. castagnei 35 . 0-44 . 0 39 . 6 2 . 2 5 . 5% 

M. brunnea 2 7 . 1 - 38 . 6  32 . 4  1 . 5 4 . 6% 

a Expressed as a pe rcen tage o f  total  con i d i um l en gth me a s u re d  from the 
con i di um base . 

b CV  ( Coeff . o f  vari a ti on } = 

c S tan dard dev i ati on 

s tandard  dev i a t i on 
mean  X 100 . 
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1:1 . r.astagnei 

1:j. p__Qp_uj i 

_!1. brunnea 

t:J . �l i " 

.t:t.castagnei 

.t1· brunnea 

2 7  

1------------�x�--------- --t 

)( 

2 · 5  3- 0 3 -5  4 · 0  

TL: S RATIO 

LS : B RATIO 

SEPTUM LOC AT ION (% Sept. ) 

�---------+--------� ----------+----------+-----------4-2 5  3 0  3 5  4 0  45 

FIG. 1 2 : R ange ( 1---l ) and mean ( t--,� ) values for c on i d i u m  rat ios and 
septurn l ocat i on of _Mnrsson ina s pec i e s  from field c ol l e c t i on s  



TABLE 10 : Comparati ve con i d i a l  d imens i ons  of  Marssonina speci es from type and he rbari um spec imens . 

$pec ies  Con i di um Len gth Con i di um Breadth Rati os ! Ran ge Me an Ran ge Mean L : B  TL : S  LS : B  

1 1'�-f. popu Zi 

Type 15 . 0- 30 . 0  20 . 3 � . 3 4 . 5 - 10 . 0  6 .  6 0 . 8 3 . 08 3 . 66 0 . 84 
Herba ri um 13 . 0- 30 . 0  19 . 6 1 . 4 4 . 0- 1 1 . 0  6 .  7 0 . 5 2 . 93 3 .  5 3  0 , 83 

M. castagnei 

Type 1 1 . 0-2 1 . 0  1 7 . 2 1 · 6  5 . 0-7 . 0  6 . 1 0 • 4  2 . 83 2 . 44 1 . 15 
Herbari um 12 . 0-30 . 0  1 7 . 9 1 • 2  4 . 0-9 . 0  5 .  9 0 . 4 3 . 02 2 . 5 3 1 . 20 

M. brunnea 

Type 1 1 . 0-20 . 0  14 . 8 1 · 1 3 . 5-7 . 0  4 .  6 0 . 5 3 . 22 3 . 09 1 . 05 
He rbari urn 10.,.2 3 . 0  15 . 0  0 . 8 3 . 5-7 . 0  4 . 4 o . s 3 . 42 3 . 10 1 . 10 

a S tan dard dev i ati on 

Septum 
Loca ti on 

2 7 . 4  
28 . 1 

4 1 . 0  
39 . 6  

32 . 3  
32 . 4  

-------

N 
CO 
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l en gth an d brea dth wi th i n  speci es  was s u rpri s i n g i n  vi ew o f  the d i ve rs i ty 

o f  hos t speci es , s o urce coun tri e s  and co l l ecti on da tes . 

( i i )  Con i d i um Ra ti os ( L : B ,  TL : S ,  LS : B ) 

The val ues o b ta i ne d  are p resen te d  i n  Tabl e 8 an d dep i cte d  g raph i ca l l y  

i n  Fi g .  12 . 

The L : B  rati os of  a l l th ree s peci e s  ove rl apped stron g ly  a n d  we re 

the re fore of no va l ue i n  d i s t i n gu i sh i n g  speci es  ( Fi g . 1 2A ) . 

The TL : S  ra ti o enab l e d M. popu li to be d i st i n gui s he d  M. castagnei� 

but nei ther speci es  from M, brunnea ( Fi g .  1 2 B ) . 

The LS : B  ra ti os  o f  the three speci es  overl a pped (Fi g .  1 2 C ) . Howeve r ,  

the me an LS : B  ra t io  o f  M. popu li was d i s t i n c t  from those  o f  M. castagnei 

an d M. brunnea. Accordi n gl y  the LS : B  rati o enab l ed i de n ti fi ca ti on o f  

on ly those s peci mens  o f  M. populi wi th a LS : B  rati o o f  l es s  th an  0 . 90 .  

( c )  Septum Loca ti on 

The l ocati on of the con i d i a l  septum enab l e d  separa ti on o f  M. castagnei 

from M. popu li an d M. brunnea ( Tab 1 e 9 ,  Fi g .  1 2 0 ) . 

Tab l e  10 revea l s  that  con i di a l  fe atures  o f  type and  he rba ri um 

s pec imen s were c l ose ly  comparab l e ,  

D I SCUSS I ON 

Fo l l ow ing  exami n a ti on o f  2 80 co l l ecti ons  o f  pop l a rs from t h ro ug ho u t  

the worl d ,  dati n g  from mi d- 18th cen tury un ti l the presen t day , th ree spec i es  

were re cogn i s ed  on the  bas i s  o f  mo rpho l ogi ca l fea ture s  exh i b i ted by the type 

s pe c i mens thus s upporti n g  re co gn i ti on o f  three s peci es . Furthermo re these 

s tu di e s  con fi rme d wi th i n  each s peci es the cl ose  morpho l ogi ca l s i mi l ari ty 

be tween type and  fi e l d co l l ecti ons , the reby e s tab l i sh i n g  the va l i di ty o f  

the type s peci mens a s  s u i tab l e speci e s  represen ta ti ves . 

As re gards con i di um shape , the abo ve res u l ts a re i n  a g reenE n t  wi th 

Pi ro zyns k i  ( 19 74 )  who de s cri bed  con i d i a  of M. populi as be i n g curve d ,  b road ly  

obovoi d to  py 1·i fo rm , M .  castagnei as  stra i ght  to  s l i ght ly  curve d ,  obovo i d 
and  M. brunnea as  bei n g  s trai ght  an d narrow l y  obovo i d .  · 



Con i di a l di mens i ons  have been used  i n  part  by Ri mpau ( 196 2 } , 

Gremmen ( 1965a )_ and P i  rozyns k i  (19 74 ) to de 1 i mi t  Mar•ssonina s peci es . 

Howeve r i n  the pres en t s t u dy con i d i a l  d i men s i on s  of  the three s peci e s  

over l apped so as  t o  p rec l u de de l i mi tatl' on on t h e  bas i s  o f  th i s f2a ture 
a l on e .  
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The L : B ,  TL : S  an d LS : B  ra ti o s  h ave not  p rev i ous ly  been u sed  to 

de l i mi t  speci es  of Marssonina and  al though  the L : B  rati o was o f  n o  va l ue , 

the TL : S  rati o enab l e d separati on of con i di a  o f  M. popu li an d M. castagnei 

but  nei the r  of  these s pec i es from M. brunnea .  Con i di a  of  many but  n o t  a 1 1  
speci mens of M. populi we re di s t i n gu i s h e d  from those of  o ther  Marssonina 

s pe c i es by a LS : B  ra ti o of  <0 . 9 .  

The l ocati on o f  the con i di a l sep tum enab l ed sepa ra ti on o f  M. castagnei 

from o ther  Marssonina speci es as reporte d  by Gremmen ( 1965a ) . Howeve r i n  

thi s speci es the septum was un i formi l y  l oca te d  40% al on g the l en gth o f  the 
con i di um an d not ' near ly  ha l f o f  to ta l l en gth ' ,  a s  repo rte d by Gremmen 
( 1965 a } . By contras t the sep tum i n  M. populi an d M. b1�unnea was common l y  

l oca te d  2 8% an d 33% a l on g  the con i di um res pecti ve l y ,  o r  ' about  one th i rd 
of to ta l l en gth ' ( Gremmen , l96 5 a } .  

In  s umma ry , con i di um shape i n  comb i n a ti on w i th l en gth  and  b rea dth 
di men s i ons , TL : S  an d LS : B  rat i o s  and  septum l o cati on \'/e re c ri te ri a fo r 

di ffe ren ti ati n g Marssonina speci es  p athogen i c to pop l a rs .  The op i n i on s  o f  

Thompson ( 1937 )  a n d  Boye r ( 19 6 1 } ,  tha t  s tra i ns  o f  Marssonina we re too 
vari a b l e  to be taxon omi ca l ly di s ti n gu i s ha b l e  p roved  to  be i n va l i d .  I n  

fact the l ow va l ues reco rde d w i th i n  speci es fo r the coe ffi ci en ts of  

vari a tion  for con i di a l fe a tu res  cl e a r l y  re fl ected the s tabi l i ty o f  con i di um 

mo rpho l ogy . Th i s  un i fo rmi ty was rema rka b l e cons i de ri n g  the d i ve rse o ri gi n s  
of s pe ci men s .  
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D �  IN F LUE�CE  O F  ENV I RONMENTA L  FACTOR S  O N  CON I D I UM MO R P HO LOGY 

In  p racti ce a s peci es s ho u l d i n cl u de i n d i vi dua l s  separate d  frcim o ther  

g roups o f  i n di v i dua l s by v.;e l l  ma rked di s con ti n ui t i es � p re fe rab l y  ·i n 

seve ra l  un re l a te d  characters · ( Hawksworth , 1 9 74 ) . I n te rp re tati on o f  what 

cons ti tutes ' a  we l l  ma rke d di s con ti n u i ty '  howeve r ,  mus t res t  wi th  the  
taxonomi s t  s tu dyi ng  the  s peci fi c fun gus  i n  q ue s ti on . In  th i s  re g a rd the 

wri te r agrees wi th the con cep t of s peci a ti on as  proposed  by Snyde r & Hansen 

( 1954 ) name ly ,  th at  s peci es de l i mi tati on s hou l d  be based on l y  on re l a ti ve l y  

s tab l e  morphol ogi cal characte rs s e l ecte d  fo l l owi n g  extens i ve e xperi men tal  

s tud ies  to fi rst  de termi ne the ful l exten t of morphol og i c vari abi l i ty .  

The Snyde r & Hansen ( 1954 } c l as s i fi cati on  o f  spec ie s  o f  the gen us 

Fusarium provi des a worki n g  examp l e  of  both t he i r phi l osophy an d the curre n t  

trend towa rds conso l i dati on o f  s peci es , an d s uggests the patte rn th a t  

cou l d we l l  b e  fo l l owed i n  the rev i s i on o f  any genus . The fi rs t s te p  i s  
' co l l e cti on ' an d i n vo l ves the a s s embl y of  i so l ates from as  many geo g raph i c  

re gi ons as  pos s i b l e .  The second  s tep i s  ' an a l ys i s '  whe reby i so l a te s  a re 

cul ture d  on va ri ous me di a or hos ts  un de r  va ryi n g  condi t i ons  to i den ti fy 

those morpho l ogi ca l cha racters l ea s t  p rone to envi ronmen tal l y  i n duce d 

vari ab i l i ty .  The th i rd and  fi n a l  s tep  of  ' syn the si s '  i n vo l ves s e l e c ti on of  

those mo rpho l og i c fe atures  servi n g  to  be s t  d i ffe ren ti a te speci es . 

As re gards Marssonina spe c i es p a tho gen i c  to the gen us Populus , 

Boye r ( 196 1 )  fo un d th a t  's pore s i ze an d d i s tri b u ti on' on P DA and  hos t ti s s ue 
we re i n fl uen ce d  to s uch a deg ree by env i ronmenta l  fa ctors so  as  to render  

th i s  cri te ri on of  no val ue i n  s pec i es de l i mi tati on .  Obvi ous l y  Ri mpau  

( 1962 ) , Gremmen ( 1965a }  and  P i rozyn s k i  ( 19 74 )  d i sagreed  s i n ce they i n  part  

used  con i di a l di mens i ons ( as expres sed  on host  ti s s ue ) for de l i mi tati on 

of  M, brunnea� M. populi an d M. castagnei .  However s i nce the work o f  

Boye r ( 196 1 )  the re h ave been n o  furthe r i n depth  s tu di es reporti n g  the 

i n fl uen ce of  envi ronmen tal fac to rs on  expre s s i o n  of con i di a l  morpho l og i cal 

feature s  of Marssonina spec ies  pathogen i c  to pop l ars . 

A fu rthe r precept o f  mo de rn taxonomy i s  that  o rgan i sms be 

i den ti fi ab l e to s peci es , ' on the bas i s o f  wha t  they a re , not  upon whe re they 
occur or  what they do ' ( Snyde r & Hansen , 1954 ) . I t  fo l l ows th at  

morpho l ogi ca l  cri teri a i de n ti f i e d  as  s u i t ab l e  for s peci es d i ffe ren ti a ti on 

on cul ture ne di a must be equal l y  va l i d  i n  the fi e l d s i tuati on . I dea l ly  
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then con curren t stud ies  s hou l d be con ducte d  on cu l ture me di a an d hos t 

ti s s ue to de te rmi ne i n i t i a l ly  the ran ge o f  vari abi l i ty expressed  by con i di a l 

features  un der  vary i n g  envi romren ta l  con di t i ons  an d hen ce i den ti fy those 

fea tu res  wh i ch a re re l a ti ve ly  s tab l e  an d secon d ly  to de te rmi ne  the 

envi ronmental  cond i ti ons  unde r  wh i ch these d i agnos ti c fe ature s  are mos t  

cl earl y expres sed . The agar  l e af- d1' s c  te chn i que  ( Spi e rs , 1 978 )  read i l y  

en ab l es s uch paral l e l taxonomi c s tud i es . 

Expe ri men ts we re con ducte d  to de te rmi ne i n  cul ture an d h os t  ti s s ue 

the i n fl uen ce o f  envi ronme n ta l  facto rs on the ran ge o f  con i di um vari abi l i ty 

expressed  by the th ree Marssonina spec i es ( ' ana lys i s '  sensu Snyder & Hansen , 

1954 ) . Envi ronmen tal fac tors s tudi e d  were : 

( i ) me di a ,  pH � i n cubati on tempera ture an d pho toperi o d  ( i n  cu l tu re ) , 

( i i )  l eaf  age , l e a f  s u rfa ce , host  re s i s tance , i n fecti on l eve l , i n cubati on 

tempera ture and pho tope ri o d  (on host ti s s ue ) . 

I n  a th i rd expe ri men t con ducte d  under  fi e l d cond i t i on s  the i n fl uen ce 

o f  en vi  l'Onmen ta l fa ctors on  con i di urn morpho l ogy o f  M. brunnea was 

de te rmi ned . On ly  M. brunnea was s tu d i ed s i n ce i t  was the on l y  speci e s  

e s tab l i shed i n  New Zea l an d .  

1 .  LABORATORY STUD I E S O N  THE I N F LUENCE OF C U LTURAL  FACTO R S  

Ma te ri a l s an d Me thods 

Monosporous i so l ate s  (Tab l e l l }  were obta i ned from i n fecte d  po p l a r 

l eaves by s trea ki n g  con i d i a on to po tato dextrose  aga r ( P DA } . The p l a te s  

were dark -i n cubated  a t  2 0 ° C  for two days an d s i n g l e  ge rmi n a ti n g  con i d i a  
tran s fe rre d to fresh  p l a tes . I s o l a te s  we re he l d on P DA and  15%V8 j u i ce 

agar ( 15%V8 ) s l an ts a t  5 ° C .  Expe ri men ts we re conducte d i n  two s e ri es ,  the 

fi rst be i n g  exp l o ra tory ,  



TABLE  1 1 : 

Spec ies  an d 
I s ol ate 

M. brunnea 

B r  1 
B r  2 
Br  3 
Br  4 

Br  5 
B r  6 
Br  7 
Br  8 
Br  9 

Br  10 
B r  11 
Br  12 
Br 13 
Br  14 

Br  15 
Br 16 
B r  1 7  
B r  18 
Br 19 
Br  20 
Br  2 1  
B r  22 
Br 23  
Br 24  

I s o l ates of  Marssonina exami ned  i n  morpho l og i cal  s tudi es on cul ture medi a 

Hos t  Speci es 

P . a . yunnanens-z,s 
P. x euramericana 
P. fremontii cv . ANU6 1/48 
P. frem . X P. nigra 

Sempe rvi rens  cv . AN U66/ 9 
P. X eura . cv . 1 2 14 
P .  a lba 
P .  x eura . c v .  Fl evo 
P .  x eura . cv . · NL2 194 
P .  de lt .  X P. maxi . 

C V . !83/58 
P. de ltoides 
P. de Z toide s 
P. de ltoides 
P. de ltoides 
P .. trichocarpa 

P. de Ztoide s 
P. iX eura� cv . Rob usta  
P. j eura . cv . Robusta  
P. X eur a .  
P. de ltoides 
P. x eura . cv .  1 2 14 
P, tremuloides 
P. tremuloides 
P. tremuloides 
P. tremu loides 

Ori gi n 

Pa l merston North , NZ 
Pahi a tua , NZ  
Pal me rs ton No rth , NZ  
Pal me rs ton North , NZ  

Pa l me rs ton North , NZ 
Pa l mers ton North , NZ  
Pa l merston North , NZ 
Pa l merston No rth , NZ 
Pa l me rs ton North , NZ 

Urbana , I l l i no i s ,  USA 
U rbana , I l l i noi s ,  USA 
Urban a ,  I l l i no i s ,  USA 
Iowa , USA 
S t .  Pau l · , Mi nneso ta , 

USA 
Co 1 or ado ,  USA 
Kew , Su rrey , Engl and 
Dubl i n ,  I re l and  
Nan cy , Fran ce 
Hees , Hol l an d  
An kara , Turkey 
Va i l ,  Col ora do , USA 
Vai l ,  Co l orado , USA 
Fa i rban k s , Al aska , USA 
Rosemoun t ,  Mi nneso ta , 

USA 

Col l ector 

Author  
Au tho r 
Author 
Author  

Autho r 
Autho r 
Author 
Autho r 
Autho r 

J .  J .  Joke l a 
J .  J .  Joke l a 
J .  J .  Joke l a  
A .  L .  Sch i pper 
A .  L .  Schi ppe r 

T .  E .  Hi nds 
D .  A .  Burdek i n 
F .  O ' Ri ordai n 
J .  Pi non 
Author 
r-1 . Vural  
T .  E .  Hi n ds 
T .  E .  Hi nds  
T .  E .  Hi n ds 
M .  E .  Os try 

Commen ts/ Co l l ection  Date 

10/ 1/ 1978 
10/ l/ 1978 
10/ 1/ 1978 
10/ 1/ 1978 

10/ 1/ 1978 
10/ 1/ 1978 
10/ 1/ 1978 
10/ 1/ 1978 
10/ 1/ 19 78 

No . 78079 , 7/ 7/ 1978 
No . 780 7 1 , 7/ 7/ 1 9 78 
No . 78085 , 7/ 7/ 1 9 78 
24/ 1 1/ 1 9 78 

8/ 1978 

30( 10/ 1 9 79 
2 7( 7/ 19 79 
31/ 10/ 1 9 79 
1 1/5/ 1978 
Ex  pop l ar  s eed  
5/12/19 79 

8/ 1978 
.8/ 1978 

3/ 8/ 1977  
19( 7 / 19 79 

CONTI NUED  ON PAGE 34 
w w 



TABLE  1 1  CONTI NUED : I so l ates  of Marssonina exami ned  i n  morpho l ogi ca l s tudi es  on cu l ture me di a 

Spec ie s  and Hos t Speci es  Ori g i n Co l l ector Commen ts/ Col l ecti on Da te 
I s o l ate 

M. castagnei 

Cs 1 P. alba Zuri ch , Swi tzerl an d R .  H .  Ri mpau 12/5/ 196 1 ,  ETH45 5 1  
C s  2 P. alba Dubl i n ,  I re l and  F .  0 '  Ri o rdai n 3 1/ 10/ 1 9 79 
Cs 3 P. alba An kara , Tu rkey t-1 . Vura T / 12/ 19 79 

M. popu li 

Po 1 P. X canadensis He rts . ,  En g l an d J . S . W .  Di ckens 13/ 1 1/ 1 9 79 
Po 2 P. nigra cv . I ta l i ca B l e tch l ey ,  Mi l ton , A .  G .  Ba i l ey 10/ 1 1/ 19 79 

En g l an d  
P o  3 P. nigra cv . I ta l i ca Kew , Surr.ey , En g l an d A .  G .  Bai l ey 12/ 1 1/ 19 79 
Po 4 P. nigra cv .  I ta l i ca Dub l i n ,  I re l an d  F .  O ' Ri orda i n  3 1/ 10/ 1 9 79 
Po 5 P.  X berolinensis Mun chen , Ge rmany P .  Sch utt  
Po  6 P.  nigra Zuri ch , Swi tzer l an d  R .  H .  Ri mpau 5/5/ 196 1 ,  ETH M4548 
Po 7 P. nigra Zuri ch , Swi tzerl an d R .  H .  Ri mpau 3 1/ 7/ 1960 , ETH S2474 

- ------

a P. frem. = P. fremon ti i 

P. x eura . = P. x euramericana (P. nigra x P. de ltoides ) 

P. de lt .  = P. de ltoides 

P. maxi . = P. maximowiczii 

I I I 
I 
I 

w +=:> 
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Se d es I 

S i n gl e ·i so l a te s  o f  M, popu Li_, M. castagnei and  M. brunnea were · 

i n cub a te d  a t  20 ° C  u nder  12 hours l i gh t/ 12 hours dark on 18  g rowth me d i a 

( pH 6 . 5 ) . The g rowth medi a tes te d  we re : 5% , 10% , 15% , 20% VB j u i ce 

agar  (%V8 ) ; co rnmea l  dextrose agar ,  ( CDA) ; neopep tone gl u cose a ga r ,  ( N P G ) ; 

C zapek Dox agar , ( CD ) ; g l ucose peptone aga r ,  ( GPA) ; prune aga r ,  ( PA ) ; 

ma l t  aga r ,  (MA) ; Leon i an ma l t  agar , ( LMA ) ; Sabouraud agar  ( SA ) ; t ryptone 

g l ucose yeast aga r , ( TGYA ) ; Tochi na i  a gar ,  ( THA ) ; oatme a l  a g a r  ( OA ) ; po tato 
carro t  agar ,  ( PCA} ; po tato ca rro t  agar + 10%V8 j u i ce ,  ( P C - 10 ) ; a nd  potato 

dextrose  agar ,  ( PDA } . Fe a tures o f  con idi um mo rpho l o gy we re eva l uate d  
fo l l owi n g  1 0  days i n cuba H on . 

The mos t  s u i tab l e  me di a fo r pro du c ti on  of  re gul ar  con i d i a  were C DA ,  
PDA ,  P CA ,  PC-10 an d 15%V8 . 

To determi ne the i n f l uen ce of med i a pH , i n cubati on  tempe ra ture an d 

photope r i o d  on con i d i a l mo rpho l ogy , the three Marssonina s peci e s  we re 

i n cubate d  under the fo l l m'Ji n g  cond i ti ons on P DA an d 15%V8 fo r 10 days : 

The i n fl uence o f  me di a pH was a s sessed  on  i so l a tes  of  the 3 s pec ie s  

i n c ubated  a t  2 0 ° C un de r a 12 hour  whi te l i gh t  pho toperi o d  on bo th 

me di a a dj u s ted  to pH l evel s o f :  5 . 5 ,  6 . 0 ,  6 . 5 , 7 . 0  and  7 . 5 .  

The i n fl uen ce of i n cubati on  tempe ratu re was asses sed on P DA and  15%V8 , 

pH 6 . 5 ,  i nc ubated unde r  a 12 ho u r  whi te l i gh t  pho tope ri o d  a t  

temperatures o f :  1 2 ° C ,  1 6 ° C , 20 ° C ,  24 ° C  an d 28° C .  

The i n fl uence o f  pho tope ri o d  was eval u a ted  o n  P DA an d 15%V8 , pH 6 . 5 ,  i n cubate d  

a t  2 0 ° C  u nde r  l i ght  reg i mes o f :  

( a )  conti nuous  dark , 
( b )  1 2  hour cool wh i te f l uo rescen t l i ght/ 12  hour  da rk , 
( c }  12 ho ur  nea r u l tra-v i o l e t  (Genera l  E l ectri c ( BL B )  NUV )  l i ght/ 12 ho ur  

da rk . 

From these exp l orato ry expe ri men ts the o p ti mum cu l tura l con di ti ons fo r 

p ro ducti on of uni form con i di a  o f  the three spec ies  we re : 



medi a 

pH  

tempe ra tu  re 

pho tope ri o d  

P DA ,  C DA ,  P CA ,  P C- 10 ,  15%V8 , 

- pH 6 . 0 ,  6 . 5 ,  

- 20 ° C  an d 24 ° C ,  

1 2  h whi te l i gh t  o r  1 2  h NUV l i gh t .  
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For ro uti ne use , 15 %V8 , pH  6 . 5 ,  20 ° C  an d a 12  ho u r  wh i te l i gh t  pho tope ri o d  

we re se l ected .  I t  s hou l d be  noted  that  myce l i a l g rowth an d s po ru l ati o n  

i n te n s i ty of  a l l th ree s peci es  was acceptab l e  u n der  these cond i t i on s . 

Seri es  I I  

I n  th i s  se ri es the i n fl uen ce of  a speci fi c envi ronmen tal  fa cto r on 

con i d i a l  morpho l ogy was dete rmi ned  by g rowi n g  i s o l a tes ( Tab l e  1 1 )  at opti mum 

cond i t i ons  fo r the other th ree envi ronmen tal  fa cto rs , as  fo l l ows : 

( A )  The i n fl uence o f  me di a 

I s o l a tes we re i n cubate d  on PDA ,  CDA ,  P CA , P C- 1 0  and  15%V8 , p H  6 . 5 ,  at  

20 ° C  unde r  a 12 hour , wh i te l i ght  pho tope ri o d . 

( B }  The i n fl uence o f  me di a pH 
I so l a tes we re i n cubated on 15%V8 at  pH 5 , 5 , 6 . 0 ,  6 . 5 ,  7 . 0 ,  7 . 5  a t  2 0 ° C ,  

unde r  a 1 2  hou r ,  wh i te l i ght  pho toperi od . 

(C } The i n fl uence o f  i n cubati on tempe ratur� 

I s o l ates were i n cubated  on 15%V8 , pH 6 . 5 ,  a t  12 , 16 , 2 0 , 24 , 2 8 ° C 

unde r  a 12 hou r ,  whi te l i ght  photope ri o d .  

( D ) The i n fl uen ce of  pho tope ri o d  

I s o l ates we re i n cuba te d  on  15%V8 , pH 6 . 5  a t  20 ° C unde r :  con t i nuous  

dark ; 1 2  hou r ,  whi te l i g ht ; an d 1 2  hou r , NUV  l i gh t  ( Gene ra l  E l e c tri c B LB )  

p ho  tope r i  od . 

Fo l l owi ng  10  days i n cubati on , con i d i a  mo un te d  i n  l acto phen o l  a n d  s ta i ned 

wi th 0 . 5% aci d fuch s i n  were measu re d  wi th  a Lei t z  opt i cal  mi crome te r ( 500X ) . 

The l en gths an d breadths  o f  s i xty con i d i a  per treatmen t \'Je re meas u re d  an d the 

TL : S ,  LS : B  rati os  an d l o cati on of the con i di a l sep tum de te rmi ne d .  The s e  

ca l cu l at i ons  enab l ed the i n fl uence o f  env i ronmen tal  facto rs on con i d i um 

mo rph o l ogy to be assessed  wi th some preci s i on .  



3 7  

R E S U LTS 

The raw data fo r the i n fl uence o f  g rowth me di a ,  med i a p H , i n cubati o n  

tempe ra ture and  pho toperi o d  on con i di a l morpho l ogy are presented  i n  
Appen di ces 3-6 res pecti ve l y .  

A ,  G ROWTH MED I A  

( a )  Con i di um Shape 
Con i d i um s hape o f  the th ree s peci es  was s i mi l ar ly a ffe c te d  by cu l tu re 

medi a .  Wi th i n  s peci es , con i d i um morpho l ogy on  P DA and CDA ,  was d i ffe re n t  

from that  o n  PCA ,  P C - 10 a n d  15%V8 ( Fi gs .  1 3 ,  14 , 15 ) .  

{ b )  Con i d i um Di men s i ons 

( i } Len gth and Breadth 

Con i d i a l d i mens i ons  o f  M. brunnea were ma rked ly  affe c te d  by cu l tu re 

medi a (Tab l e  12 ) ,  the l ength  and  breadth d i men s i ons on P DA an d CDA be i n g  

s i gn i fi can tly  d i ffe ren t ( p robab i l i ty ,  P >  0 . 05 ,  us i n g  a t-te s t )  t o  thos e  on  

P CA ,  PC- 10 an d 15%V8 , whereas  the di men s i ons  o n  P CA ,  P C- 10 and  15%V8 we re 

n o t  s i gn i fi can tly di ffe rent  ( P>0 . 05 ) , from each o ther .  

Con i di a l l en gths of  n e i ther  M. popu li no r M.  castagnei were s i gn i fi can t ly  
di ffere n t  (P>0 . 05 )  on  the vari ous  medi a .  Howeve r the breadth of  coni d i a of  
M. popu li on CDA an d of  M. castagnei o n  P DA an d C DA we re s i gn i fi can t l y  g reater  

( P>0 . 05 }  than on  o ther medi a ( Tab l e  12 } . 

( i i )  TL : S  an d LS : B  ra t i o s  

The TL : S  an d LS : B  ra ti os  o f  the 3 s pe ci es  vari ed between med i a ,  

pa rti cu l a rl y  the LS : B  rati o o f  M. brunnea an d M. castagnei� and  the TL : S  
ra ti o of M. populi (Ta b l e  1 2 ) .  

(c } Septum Loca ti on ( % Sept . )  

Septum l ocati on was n o t  ma rked ly  i n fl uen ce d by cu l tu re med i a ( Tab l e  12 ) .  

B .  MED I A  PH  

Medi a pH had  no  apprec i ab l e  effe c t  on  con i d i um s hape , d i men s i on s , TL : S  

and L S : B  ra ti os an d septum l oca ti on , a s  evi den ced by the sma l l v a l ues  

obtai ned for th e coe ffi ci e n ts o f  vari a ti on (Ta b l e  1 3 ) . 



TABL E  1 2 : I n fl uen ce o f  c u l ture med i a on mean con i di a l d i men s i ons  o f  
Marssonina s pec i es fo l l owi n g  1 0  days i n cubati on a t  2 0 ° C  un de r  
1 2  hours wh i te l i ght  photoperi o d  • 

. ' . " 

Spe c i es an d Con i d i a l D i men s i ons ( u }  TL : S  LS : B  % Sept . 
Treatmen t Mean Length Mean Brea dth · " Ra t i o Ra ti o 

M. brunnea 

C DA a 1 7 .  3 3 .  3 5 . 1 o . s 3 . 00 1 . 06 33 . 3  
P DA 1 7 . 3 3 . 3 5 . 0 0 • 5 3 . 0 1 1 .  08  33 . 1 

PCA 14 . 9 0 . 3 4 . 2  0 •  '+ 3 . 1 3 1 .  20  32 . 0  

PC-10  15 . 1  O •  a 4 .  2 0 •  '+ 3 . 06 1 .  2 1  32 . 7  

15%V8 15 . 3 0 . 7 4 .  2 0 •  '+ 3 . 05 1 .  22 . 32 . 7  

Mean 16 . 0 1 · 2 4 .  5 0 ·  5 3 . 05 0 ·  o s  1 . 15 o . o 7  32 . 7 0 .  5 

cvb 7 . 5% 1 1 . 1% 1 . 6% 6 . 0% 1 .  5% 

M. castagnei 

CDA 2 1 . 8  '+ · 2 6 .  6 0 •  9 2 . 62 1 .  30 39 . 0  

PDA 2 1 . 0  lt• '+ 6 .  6 0 •  8 2 . 50 1 . 25 40 . 1  

PCA 20 . 0  2 •  8 5 .  9 0 •  3 2 . 43 1 . 42 4 1 . 0  

PC-lO 2 0 . 4 2 . 5 5 .  9 0 •  5 2 , 4 7  1 . 4 1  4 1 . 0  

l5%V8 2 1 . 5  3· 0 5 .  7 0 •  3 2 . 45 1 . 43  4 1 . 0  

Mean 2 l . O o . 7 6 . 1  0• '+ 2 .  50 0 ·  0 7 1 .  36 0· 0 8 4 0 . 4  0 · 9 

CV 3 .  3�� 6 . 5% 2 .  8% . 5 . 9% 2 . 2% 

M. populi 

CDA 2 2 . 3  3· 9 6 .  7 0· 5 3 . 14 1 . 00 32 . 0  

PDA 23 . 0  '+· 0 6 . 1  2· 1 3 . 20 1 . 00 3 1 . 4  

PCA 22 . 7  lt • '+ 6 .  3 o ·  7 3 . 50 1 . 03 2 8 . 7 

PC- 1 0  2 2 . 6  tl' 1 6 . 1  O •  7 3 . 40 1 . 06 29 . 6  

l5%V8 22 . 6  't · 1 6 • 2 O •  7 3 . 50 1 . 0 1 29 . 0  

38 

Me an 2 2 . 6  o • 6 6 ' 3 O • 2 3 .  35 0 ·  1 7 1 . 02 o . 0 2 30 . 1 1 . 5 

CV 0 . 9% 3 . 1% 5 . 0% 2 . 0% 5 . 0% 

--

a S tan dard dev i a ti on 

b CV (coeffi ci e n t  of vari at i on } = s tandard devi a ti o n  
mea n  con i di a l d i mens i on X 100 
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TABLE  13 : I n fl uence o f  me di a pH on mean coni d i a l  di men s i on s  o f  Marssonina 
speci e s  fo l l owi n g  10 days i n cuba ti on on 15%V8 a t  2U ° C  un de r  
12 hours whi te l i ght  pho to pe ri o d .  

Spec i es a.n d I Con i d i a l Di men s i ons  ( u )  TL : S  LS : B  % Sept . 
Tre a tmen t Mean Len gth �1ean  Bre a d th Ra ti o Rati o 

M. brunnea 

pH 5 . 5  a 15 . 3  0 . 9 4 . 2 o • lf 3 . 03 1 . 2 3 33 . 0  

6 . 0  1 5 . 4  0 . 8 4 . 2 o , s  3 . 04 1 . 2 4 32 . 8  

6 . 5  15 . 3 o . 8 4 . 2 o , s 3 . 05 1 . 2 2  32 . 7  

7 . 0  1 5 . 3 0 . 8 4 . 2 o . lf 3 . 02 1 . 25 33 . 0  

7 . 5  15 . 2  0 . 7 4 . 2 o . lf 3 . 03 1 . 23 . 3 3 . 0  

Mean 15 . 3 o · o 7  4 .  2 0 . 0 3 , 0 3 o . o l  1 . 2 3 o . o l  3 3 .  0 0 . 1 

CVb 0 . 4% 0 . 0% 0 . 3% 0 . 8% 0 . 3% 

M. castagnei 

pH 5 . 5  2 1 . 0 2 .  2 6 .  2 0 .  2 2 . 42 1 . 40 4 1 . 4  

6 . 0 2 1 . 3 2 . 8 6 . 1 0 .  3 2 . 4 7 1 . 44 4 1 . 0  

6 . 5  2 1 . 4 3 . 0 6 . l o .  3 2 . 4 3 1 . 46 4 1 . 3 

7 . 0  2 1 . 6 2 . 7  6 .  O o .  3 2 . 38 1 . 49 4 1 . 4  

7 . 5  2 1 . l 3 . o  6 .  2 0 .  3 2 . 46 1 . 40 4 1 . 2  

Mean 2 1 . 3 o . 2  6 . 1 o . o 8  2 , 4 3 o . o 3  1 .  44 0 .  0 If 4 1 . 3 0 . 1 6 

CV  0 . 9% 1 .  3% 1 . 2% 2 . 8% 0 . 4% 

M. popuZi 

pH 5 . 5  22 . 3 " . 0 6 . 2 o .  6 3 . 48 1 . 0 1 29 . 0  

6 . 0  22 . 6 lf .  0 6 .  2 0 .  6 3 . 46 1 . 0 1 2 9 . 0  

6 . 5 22 . 5 lf . l 6 . 2 o .  s 3 . 4 7 1 . 00 29 . 0  

7 . 0  22 . 6 lf . O  6 .  2 0 .  6 3 . 43 1 . 04 2 9 . 3  

7 . 5  22 . s .. . 0 6 . l o .  6 3 . 4 3  1 . 03 2 9 . 3  

Mean 22 . 5 0 . 1 2  6 .  2 0 .  0 If 3 . 45 o . o 2 1 .  0 2  0 .  0 1  29 . 1 0 .  1 6  

CV  0 . 5% 0 . 6% 0 . 6% 1 . 0% 0 . 5% 

a Standard dev i ati on 
b CV (coeffi ci en t of va ri ati on ) = s tanda rd devi a ti on 

mean  con i d i a l  d i men s i on X 100 
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TABL E  14 : I n fl uen ce o f  i n c ubati on  temperature on mean con i d i a l  di men s i on s  
o f  Marssonina s peci es fo l l owi ng  10  days i ncub a ti on  o n  1 5% V8 
a g a r  { pH 6 . 5 ) u n der  12 ho u rs whi te l i gh t  pho tope ri o d .  

Spec i e s  an d Con i d i a l o·i mens i ons  ( u )  TL : S  LS : B  
Tre a tmen t Mean Length Mean Bre a d th Rati o Ra ti o 

M. brunnea 

12 ° C  
a 

15 . 6  0 . 8 4 .  2 o . 5 
16  ° C  15 . 6 0 • 8  4 . 2 0 • 5 

20 ° C  1 5 . 4 o . 8 4 .  2 o . 5 
2 4 ° C  15 . 4  0 . 8 4 .  2 0 . 5 
28 ° C  15 . 1 0 . 9 4 .  3 o . 5 

Mean 15 . 4  0 . 2 4 . 2 0 · 0 � 
CVb 1 . 3% 0 . 9% 

M. castagnei 

1 2 ° C  2 1 . 5 2 . 8 6 . 1 0 • 2 
1 6  ° C  2 1 . 0 2 . 7 6 . 0 0 • 2 
20 ° C  2 1 . 4 3 · 0 6 . 1 o . 2 

24 ° C  2 1 . 0 2 o lf 6 . 1 o . 3 

2 8 ° C  No g rowth 

Me an 2 1 . 2 0 • 2 6 6 . 1 0 • 0 5  

CV  1 .  2% 0 . 8% 

M. popu li 

12 ° C  2 3 . 1 3 • 8 6 . 2 0 • 6 
16 ° C  22 . 8 3 • 6 6 .  2 0 .  5 
2 0 ° C  22 . 7 3 • 9 6 .  2 0 . 5 
24 ° C  22 . 8 3 . 8 6 . 2 0 • 5 
2 8 ° C  N o  g rm'l'th 

Mean 2 2 . 8 0 • 1 7  6 .  2 0 . 0 

CV 0 . 7% 0 . 0% 

a S tanda rd dev i a ti on 
b CV ( coeffi ci en t o f  vari ati on ) 

3 . 0 3  1 .  2 5  

3 . 03 1 . 25 

3 . 02 1 . 25 

3 . 0 1  1 .  25  

3 . 0 1  1 .  2 1  

3 . 02 o · o l  1 .  24 0 . 0 2 
0 . 3% 1 . 6% 

2 . 40 1 . 44  

2 . 4 1  1 . 46 

2 . 4 1  1 . 46 

2 . 4 3  1 .  3 8  

2 . 4 1 o . o 1  1 . 4 3 o · o � 
0 . 4% 2 . 8% 

3 . 25 1 . 10 

3 . 32 1 . 07 

3 . 40 1 . 04 

3 . 44 1 . 03  

3 . 35 o · o 8  1 .  06 0 . 0 3 

2 . 4% 2 . 8% 

= s tandard devi a ti on · me an con i d i a l  d i men s i on  

% Sep t .  

32 . 9  

3 3 . 0 

33 . 1  

3 3 . 2  

3 3 . 2  

33 . 1 0 . 13 
0 . 4% 

42 . 1  

42 . 0  

4 1 . 5  

40 . 6  

4 1 . 5 o . 7 
1 .  7% 

30 . 9  

30 . 3  

29 . 5  

2 8 . 5 

30 . 0 1 . 0 
3 . 3% 

X 100 



TABLE  15 : I nfl uen ce of  pho tope ri o d  on mean con i d i a l d imen s i on s  o f  
Marssonina s peci es  fo l l owi n g  1 0  days i n cubati on  o n  15%V8 
agar ( pH 6 . 5 )  a t  20 ° C .  

Speci es  an d Con i d i a l  Di mens i ons  ( u )  TL : S  L S : B  
Treatmen t �1e an Len gth  Mean Breadth Ra ti o Ra ti o 

.l\1. brunnea 
a 

Da rk 1 5 . 4 o . 7 4 . 2 o . 4  3 . 04 1 . 25 

12 h wh i te 
l i gh t  1 5 . 5 o . s  4 . 2 0 . 4  3 . 05 1 . 25  

12 h NUV 1 5 . 5 o . s  4 . 2 o . 4  3 . 05 1 . 2 5  

Mean 15 . 5 0 . 0 6 4 .  2 0 . 0 3 .  05 0 . 0 0 6 1 . 2 5 o . o 

cvb 0 . 4% 0 . 0% 0 . 002% 0 . 0% 

M. castagnei 

Da rk 2 1 . 82 .  7 6 . 1 0 . 2  2 . 40 1 . 46 

1 2  h whi te 
l i gh t  2 1 . 5 2 .  5 6 . 0 0 . 2  2 . 45 1 . 4 7  

1 2  h NUV 2 1 . 6 2 . 4 6 .  2 0 . 2 2 . 35 1 . 4 8  

Mean 2 1 . 6 0 . 1 6 6 . 1 o . l 2 . 40 o . o 5 1 . 4 7 o . o l  

CV 0 . 7% 1 . 6% 2 . 0% 0 . 0 7% 
-· 

M. popu li 

Dark 2 2 . 6 3 . 7 6 .  2 0 . 5 3 . 34 1 . 05 

12  h wh i te 
l i gh t  2 2 . 8 3 . 8  6 . 1 0 . 5 3 . 44 1 . 05 

12  h NUV 22 . 6 4 . 0 6 .  2 0 . 7 3 . 50 1 . 00 

Mean 2 2 . 7 o . l  6 . 2 o .  o 6  3 . 4 3 o . o s  1 . 03 0 . 0 3  

CV 0 . 4% 0 . 9% 2 . 3% 2 . 9% 

a S tandard de vi ati on 
= 

4 1  

% Sep t .  

32 . 8  

32 . 8  
32 . 8  

32 . 8 o . o  

0 . 0% 

4 1 . 6  

4 1 . 0  

4 2 . 4  

4 1 . 7 o . 7 

1 .  7% 

30 . 1  

2 9 . 1 

2 9 . 1  

2 9 . 4 o . 6 

2 . 0% 

b CV ( coeffi c i e n t  o f  vari a ti on ) s tandard de vi ati on 
mean con i d i a l d i mens i on X 100  

--
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TABLE  16 : I nfl uen ce of  c u 1 tu 1�a 1 an d envi ronrr.en ta l fa c tors on  con i d i um 
morpho  1 ogy of  Marssonina s pe ci es ( A  1 1  un i ts exp re s s e d  as 
coeffi ci ents of  va ri a ti on ) .  

Speci e s  and Con i di a l Di mens i o n s  TL : S  LS : B  % Sep t .  Mean per 
Treatmen t Length Breadth Rati o Rati o fac to r  

M. brunnea 

Med i a 7 . 5  a 1 1 . 1 1 . 6  6 . 0 1 . 5  5 . 5  

pH  0 . 4  0 . 0  0 . 3  0 . 8  0 . 3 0 . 4  

Temperatu re 0 . 0 1 0 . 9 0 . 3  1 . 6 0 . 4  0 . 6  

Pho tope ri od  0 . 4  0 . 0  0 . 0  0 . 0  0 . 0  0 . 1 

Mean/ facto r  2 . 1  3 . 0 0 . 5  2 . 1  0 . 5  

M. castagnei 

Med i a 3 . 3 6 . 5 2 . 8  5 . 9  2 . 2  4 . 1 

pH 0 . 9  1 . 3  1 . 2  2 . 8 0 . 4  1 . 3  

Tempe rature 1 . 2  0 . 8  0 . 4  2 . 8  1 . 7 1 . 4  

Pho toperi od 0 . 7 1 . 6  2 . 0  0 . 0 7 1 . 7  1 . 2  

Mean/ facto r 1 . 5  2 . 5  1 . 6  2 . 9  1 . 5  

M. popul-i 

Medi a 0 . 9  3 . 1 5 . 0  2 . 0  5 . 0  3 . 2  

pH 0 . 5  0 . 6  0 . 6  1 . 0  0 . 5  0 . 6  

Temperatu re 0 . 7  0 . 0  2 . 4 2 . 8  3 . 3  1 . 8 

Pho toperi o d  0 . 4  0 . 9  2 . 3  2 , 9  2 . 0  1 . 7 

Mean/ factor  0 . 6  1 . 1  2 . 6  2 . 2  2 . 7  

a CV ( coe ffi c i en t  of  v a ri a ti on )  = s tandard devi a ti on o f  overa l l mean x 100 ove ra l l mean o f  con i d i a l  fea tu re 



C ,  I NCUBAT I ON TEMPE RATURE  

4 3 

Incubati on tempe rat u re had  no appreci abl e e ffect on con i d i um s hape , 

d i mensi ons , TL : S  an d LS : B  rati o s  an d septum l o cati on as re fl e cted by the 

l ow val ue s re co rde d  fo r the coe ffi ci en t o f  vari a ti on for each fa ctor 
( Tab l e  14 ) .  

D ,  PHOTO PER  I OD  

Pho tope ri o d  had  n o  appreci ab l e e ffe ct  o n  con i di um shape , d i men s i on s , 

TL : S  an d LS : B  rati o s  an d septum l ocati on . Fo r each factor the coe ffi ci en t 

o f  vari ati on was sma l l ( Tab l e  15 ) .  

The i n fl uen ce o f  me di a ,  medi a pH , i n cuba ti on temperature an d photo ­

peri o d o n  the coe ffi ci en t o f  vari a ti on i s  s ummar i sed  i n  Tab l e 16 . These 

re s ul ts s how th a t  con i di um mo rpho l ogy was mos t ma rke dl y a ffe cted by me di a .  

By con tras t ,  the i n fl uences o f  me di a pH , i n cuba ti on tempe rat u re an d pho to­

pe ri o d  we re mi n o l· ,  i n  roo s t  i ns tances  l es s  than 3 . 0% .  Th e be s t  con di t i ons  

fo r express i on o f  di ffe ren ti a l  taxonomi c cri te ri a we re i n cubati on on  15 %V8 

agar ,  pH  6 . 5 ,  20 ° C  under a 12 hour  whi te l i gh t  pho tope ri o d  fo r a t  l ea s t  
10  days . 

I n  s umma ry , the above cu .1 tu ra 1 s tudi e s  h a ve con vi  n ci n gl y  demon­

s tra te d  the s tabi l i ty of  con i di um s h ape , di men s i ons , ra t i o s  an d sep tum 

l ocati on un de r  varyi n g  env i ronmen tal  con di t i ons  ( pH , tempera ture , pho to­
peri o d ) on a s i n gl e speci fi e d  me di u m .  These re s u l ts we re somewha t  

s u rp ri s i n g  i n  vi ew o f  the many repo rts o f  the  expres s i on o f  mo rp ho l og i ca l 

features  o f  o the r fun g i  be i n g  mo di fi e d  by me di a ,  pH , tempe ra tu  re a n d  

l i gh t  (Wi l l i ams , 1959 ; Ruppe l , 19 74 ; Hardi n g ,  1 9 75 ; Mi s aghi  et  a Z .,  1978 ) . 

2 ,  lABO RATORY S TUD I E S ON  T H E  I N F L UENCE  OF  HO ST  FACTO R S  

Materi a l s an d Me tho ds 

The i n fl uence o f  host  an d e n vi ron me n ta l  facto rs on con i d i um mo rpho l o gy 

o f  s i n gl e  i sol a tes o f  M. brunnea ( B r  5 ) , M. populi ( Po 6 ) , and  M. castagnei 

( Cs 2 )  were de te rmi ne d i n  the l abo ra to ry .  Leaf  di s cs ( 2 . 5  cm d i am ) o f  

P. nigra cv .  I tal i ca • Au re a •  i n s e l�ted i n to p l a tes  o f  2%  WA (Spi e rs , 1 9 7 8 )  
we re i nocu l ated  wi th coni d i a l  s us pen s i on s  o f  each i s o l a te .  Exce p t  where 

s pec i fi e d ,  l e af di s cs from ful l y  expan de d ,  mature l e ave s were i nocu l a te d  

o n  the a daxi a l  s u rface w i th 5000 con i d i a/ di s c .  



A ,  HOST FACTO R S  

( i ) I n fl uence of  Leaf Surfa ce 

4 4-

The a daxi a l  a n d  abaxi a l  l eaf  s u rfa ces of  ma ture l eaves we re 
i nocu1 a te d  and  i n c ub a te d  at 20 ° C  wi th a 12  hour  whi te l i gh t  pho tope ri o d .  

( i i )  I n fl uence of Leaf Age 

The a da xi a l  s urface o f  l ea f  di s cs from : 

( a )  ve ry soft , e xp an di n g  1 eaves , 

( b )  s o ft ,  expan de d l ea ves , 

( c )  h a rd , mat ure l e aves , 

( d )  ove rmature , s ene s ci n g  l e aves , 

we re i nocu l ated an d i n cubate d  a t  2 0 ° C  wi th  a 12  hou� wh i te l i gh t  pho to­
pe ri od . 

( i i i ) I n fl uence o f  I n fe c ti on Leve l 

Leaf  d i s cs we re i nocu l a ted  wi th 1000 con i di a/ di s c  an d 100 , 000  con i di a/ 

di s c  wh i ch res uHed i n  l i gh t  a n d  e xtreme l y  heavy necro t i c d i sease  rea c ti on s  

fo l l owi n g  i n cubati on  a t  20 ° C  wi th a 1 2  hour  wh i te l i gh t  photope ri o d .  

( i v ) I n fl uen ce of  Hos t  Re s i s tance 

Hos ts of  varyi n g  res i s tance we re i nocu l a ted  an d i n c ub a te d  a t  20 ° C  

un de r  a 1 2  hour  whi te l i gh t  photoperi o d .  

B .  ENV I RONME NTAL FACTOR S  
( i ) I n fl uen ce o f  Tempe ra t u re 

Fo l l owi n g  i no cu l a ti on , l ea f  di s cs we re i n cubate d a t  tempe ra tures o f  

12 ° C ,  16 ° C ,  20 ° C ,  24 ° C ,  2 8 ° C a n d  24/8 ° C ,  a l l wi th a 12  hour  whi te l i gh t  

photope ri od . Wi th t he  tempe ra tu re re g i me 24/ 8 ° C  the i n c uba to r  was p ro gramme d 

to gi ve 2 4 ° C  fo r 14 hours then  a tempe rature chan ge to 8 ° C fo r 10  hours . 

( i i )  Infl uen ce o f  Pho tope ri o d 

Fo l l owi n g  i no c u l a ti on l ea f  di s cs we re i n cubate d a t  20 ° C  unde r :  

( a )  con ti nuous da rk , 
( b )  1 2  hour  coo l  whi te , f l uo re s ce n t  l i gh t/ 12 ho ur da rk , 

( c )  1 2  hour  NUV  l i ght/ 12 h o u r  dark . 
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For each treatmen t ,  e i ght  l eaf d i s cs we re i noc u l a te d .  Twe l ve days l a te r 

con i di a  mo un te d  i n  l ac tophenol an d s ta i ned  wi th 0 . 5% ac i d fusch i n  were 

mea s u re d  (60  coni di a ,  500x , Le i t z mi c rome te r ) . 

R E S ULTS 

The i n fl uen ce of ho s t  an d en vi ron menta l  fac tors on con i di um mo rphol ogy 
i s  s ummari sed  i n  Tab l es 1 7-24 . I n  s umma ry , these  ��e s u l ts s how tha t  

con i di um shape , d i me ns i on s , rati o s  an d s e ptum l ocati on were affected  o n l y  

t o  a mi n o r  de g ree and  hence we re o f  taxonomi c v a  1 ue . 

A ·  HO S T  FACTORS  

( i ) I n fl uence o f  Le af S urface 

Leaf  s urface h a d  n o  appreci ab l e  e ffe ct  on con i di um s h ape , con i d i a l  

di mens i on s , TL : S  an d LS : B  rati os an d sep tum l oca ti on ( Tabl e 1 7 ) . 

( i i )  I n fl uence of  Leaf  Age 

Leaf age h a d  no  app re ci ab l e  e ffec t  on con i d i um s h ape , con i di a l 

d i men s i on s , TL : S  an d LS : B  ra t ios  and  septum l o ca ti on ( Tab l e  18 ) . 

(ii i ) I n f l uen ce of I n fe cti on Le ve l 

I n fe cti on l e ve l h a d  no  appreci ab l e  e ffec t  on con i di um s h ape , con i di a l 

di mens i ons , TL : S  an d LS : B  ra ti os  an d sep tum l ocati on ( Tab l e  1 9 ) . 

( i v ) I nf l uen ce of  Hos t  Res i s tan ce 

Wi th i n  s pe ci e s , con i di a l  di me n s i ons  o ften d i ffe re d s i gn i fi cant ly  
( P>0 . 05 )  be tween hos ts  ( Tab l es 20 , 2 1 ,  22 ) .  Howeve r the d i ffe rences  we re 

sma l l ,  l es s  than 2 mi crons fo r con i di um l en gth and  0 . 5  mi c rons fo r con i di um 
b re adth . I n  no  i n s tan ce was coni d i um s hape g reatly affec te d  ( Fi gs .  1 6 , 1 7 ,  
18 ) . I n  a l l i n s tances , the coe ffi ci en ts of  va ri ati on for con i d i um l en gth 

an d b re a dth we re sma l l ( <3% ) , con fi rmi n g  the s tabi l i ty of con i d i a l  d i mens i ons  
on  d i ffe rent  hos ts . 

B .  ENV I RONMENTA L  FACTOR S  

( i ) I n fl uence o f  Tempera tu re 

Temperatu re had  no appre c i ab l e  e ffe c t  on con i di um s h ape , di men s i o n s , 

TL : S  and  LS : B  ra ti os an d septum l ocati on  ( Tab l e 23 ) . 
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TABLE  1 7 :  I n fl uen ce of  l ea f  s u rface on  coni di a l  di mens i on s  o f  Marssonina 
speci es  fo l l owi n g  12 days i n cubati o n  at 20 ° C  un de r 12 hours 
\vh i te l i gh t  photope ri od .  

Spe c i e s  and Con i d i a l Di men s i on s  ( u )  T L : S  L S : B % Se pt . 
Treatme n t  Me an Len gth �1ean B readth Ra ti o Ra ti o 

M. brunnea 

Adaxi a l  a 14 . 4 o . G  4 . 1 0 . 2  3 . 20 1 . 09 3 1 . 3 

Abaxi a l  14 . 4 o . s  4 . 1 o . 2 3 . 20 1 .  09 3 1 . 3 

�1ean 14 . 4 o . o  4 . 1 o . o 3 . 20 1 .  09  0 .  0 3 1 . 3 o . o 

CVb 0 . 0% o . o x 0 . 0 %  0 . 0 /, 0 .  0 ;; 

M. castagnei 

Adaxi a l  1 7 . 3 1 . 3 5 .  3 o . 3 3 . 06 1 . 06 32 . 6  

Abaxi a l  1 7 . 2 1 . 2  5 . 2 0 . 2 3 . 05 1 . 0 7 32 . 8  

Me an 1 7 . 2 0 ' 0 7  5 . 2 0 • 0 7  3 .  05 0 . 0 1 . 06 32 . 7  0 · H 
CV 0 . 4% 1 .  3% 0 .  O 'l· 0 . 0 %  0 . 4% 

M. populi 

Adaxi a l  19 . 3 1 . 2 6 .  O o . 3 3 . 40 0 . 95 2 9 . 4  

Abaxi a l  19 . 5 1 . 0  6 .  O o .  3 3 . 6 1  0 . 9 1 2 7 . 7 

Mean  19 . 4  0 .  1 4  6 .  O o .  o 3 . 5 1 o . 1 5  0 . 9 3 o . 3 28 . 5 1 . 2 

CV 0 .  7% 0 . 0% 4 . 2% 3 . 2% 4 . 2% 

. .  

a S tan dard devi ati on  

b CV ( Coeff . o f  vari a ti on ) = s tan dard devi ati on 
me an con i di a l d i mens i on X 100  



TAB LE  18 : I n fl uen ce of  l eaf  age on  coni di a l  d i mens i ons o f  Marssonina 
spe ci es  fo l l ow i n g  12 days i n cuba ti on  at 2 0 ° C  un de r  12 ho u rs 
whi te l i gh t  photope ri od . 

Spec i e s  and 
Tre a tmen t  

M. brunnea 

Soft 1 a 

2 

Ma ture 

Senescen t 

Mean 

CV c 

M. castagnei 

So ft 1 

2 

Matu re 

Senesce n t  

Mean 

CV 

M. populi 

Soft 1 

2 

Ma ture 

Senesce n t  

�1ean 

CV 

Con i d i a l d imen s i ons  ( u )  
t�ean Length  

14 . 1 o . G b 

14 . 3 o . 5 

14 . 2 o . G 

14 . 1 o . G 

14 . 3 o . 1 

0 . 7% 

1 7 . 0 1 .  0 

16 . 8 1 . 2 
16 . 7 0 . 8 

16 . 5 1 · 0 

16 . 5  0 .  2. 

1 . 2%  

19 . 6 1 . 0 

19 . 3 1 . 2  
19 . 3 1 · 3  

19 . 6 1 · 0  

19 . 5  0 . 1 6 
0 . 8% 

Mean  B readth 

4 . 1 o .  2 

4 . 1 o . 2 

4 .• 1 o . 2. 

4 . 0 0 , 2 

4 . 1 o . 0 2  

0 . 5% 

5 .  4 Q .  3 

5 . 4 o . 3 
5 . 3 a . J  
5 .  3 o. .  3 

5 . 3 o . o G  
1 . 1% 

6 .  O o . 3 

6 . 0 o . �  

6 . 0 o . J 

6 . 0 o . �  

6 . 0 o . o 
0 . 0% 

a Soft 1 Soft expandi n g  l ea f  ti s s ue 

2 Soft expanded  l ea f  t i s s ue 

b S tandard devi a ti on 

T L : S  
Rati o 

3 . 25 

3 . 20 

3 . 2 7  

3 . 18  

3 . 2 1 o . o �  

1 .  3% 

2 .  85 

2 .  80 

2 . 94 

3 . 12 

2 . 93 o . J � 
4 .  8�s 

3 . 56 

3 . 52 

3 . 52 

3 . 56 

3 .  54 0 . 0 2  
0 . 6% 

c CV (coeff . o f  vari ati on ) = s tan dard  dev i ati on 
me an coni d i a l  d i men s i on 

L S : B  
Ra ti o 

1 . 06 

1 . 08 

1 . 06 

1 .  09 

1 . 08 o .  0 1 5  

1 .  3% 

1 . 10 

1 . 14 

1 . 0 7 

1 . 06 

1 .  09 0 . 0 3 
3 . 2% 

0 . 92 

0 . 94 

0 . 94 

0 . 92 

0 . 9 3 o . o l  
1 . 2% 

X 100  

% Sept .  

30 . 7  

3 1 . 3  

30 . 6  

3 1 . 4  

3 l . O o . 4 

1 .  3% 

34 . 0  

35 . 7  

33 . 9  

34 . 2  

34 . 4 o . 8 

2 . 4% 

2 8 . 0  

28 . 4  

29 . 4  

28 . 5  

28 . 6 o . G 
2 . 0% 
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TABLE  19 : I n fl uen ce of  i n fecti on l e ve l  o n  con i di a l di men s i ons  o f  Marssonina 
spe ci es  fo l "l owi n g  12 days i n cub a ti on at 20 ° C  under  12 hours wh i te 
l i gh t  photope ri od .  

Speci es  and Con i d i a l d i mens i on s  ( u )  TL : S  
Treatmen t  Mean Len g th Mean B readth Ra ti o 

M. brunnea 

L i ght  a 14 . 2 o . G b 4 . 1 o . 2  3 . 20  

Necroti c 14 . 4 o . G  4 . 1 o .  2 3 . 15 

Mean 14 . 3 0 .  1 4 . 1 o . o 3 , 18 o . o 3  

C V  c 0 . 7% 0 . 0 % 1 . 1% 

M. castagnei 

Li ght  1 7 . 1 o . 9  5 . 2 o . 3 2 . 95 

Necroti c 1 7 . 0 o . 9 5 . 1 0 .  2 3 . 08 

Me an 1 7 . 0 o . o 7  5 . 1 o . o 7 3 . 02 o . o 9  

CV  0 . 4% 1 . 4% 3 . 0% 

M. populi  

Li ght  19 . 6 1 . 1 6 .  O o . 3 3 . 4 3 

Ne cro ti c 19 . 6 1 . 0  6 . 0 o . �+  3 . 5 7  

Mean 19 . 6 o . o  6 .  O o . o 3 . 50 o . 1  

CV 0 • 0 Gl. 0 . 0% 2 . 8% 

a L i gh t- i nocu l ated  wi th 1000 con i di a/ di s c  
Nec ro ti c- i nocu l a te d  wi th 100 , 000 con i d i a/ di s c 

b S tandard devi a ti on  

c CV  ( coeff.  of vari ati on } = s tandard dev i ati on  
mean con i d i a l d i mens i on 

LS : B  % Sep t .  
Ra ti o 

1 . 0 7 3 1 . 2  

1 . 1 1 3 1 . 7  

1 .  09  0 .  0 3 3 1 . 4 o . 3 

2 . 6% 1 . 1% 

1 . 1 1 33 . 8  

1 . 09 32 . 5  

1 . 10 0 .  0 1 3 3 . 1 o . s  

0 . 0 1% 2 . 8% 

0 . 95 I 2 9 . 1  

0 . 90 2 7 . 0  

0 . 93 o . o 3 2 8 . 0 1 . 5  

3 . 8% 5 . 3% 

X 100 
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TABLE  20 : I n fl uence of  hos t ti s s ue on  coni d i a l  di mens i ons  o f  Marssonina 
brunnea fo l l owi n g  12  days  i n cubati on a t  20 ° C  u n de r  12 hours wh i te 
l i gh t  photope r i o d .  

Hos t s pe ci e s  Con i di a l d i men s i on s  T L : S  (u ) Rati o 
Me an Mean  
Length B rea dth 

P. de ltoides cv . 
AN U A60/ 129 1 3 . 4 0 • 6 a 4 . 2 0 • 2  3 . 4 1 

P. alba CV . 142/ 5 7  1 3 . 5 0 • 7 4 . 1 0 • 2  3 . 36 

P. de ltoides CV . 
ANU A60/ 1 10 13 . 8 o . 7 4 . 1 0 . 2 3 . 35 

P. alba X P. tremula 
CV .  Canescens  B 14 . 0 o · 6 4 . 4 o . 3 3 . 2 7 

P. x euramericana 
CV . Fl evo 14 . 0 0 , 8  4 , 0 0 · 2  3 . 30 

P. de ltoides cv . 
AN U A60/ 1 35 14 . 0 o · 7  4 . 1 0 • 2  3 . 39 

P. nigra cv . I ta 1 i ea 14 , 2 0 . 8 4 . 1 0 • 2 3 . 22 

P. alba var .  
pyrami da  1 i s  14 . 2 o · s 4 . 1 o . 2 3 . 28 

P. Roches ter 14 . 3 0 . 6 4 . 0 0 • 2  3 . 2 1  

P. x euramericana 
cv . Rob u s  ta 14 . 5 1 • 0  4 . 1 0 • 2  3 . 05 

P. x euramerican.a cv , f§�§Y,ne ra ta Gre at- 14 . 8 1 • 0 4 . 1 0 . 2 3 . 22 

Me an 14 . 1 0 . 4 4 . 1 o . 1 . 3 . 28 0 . 1 

CVb 2 . 8% 2 . 4% 3 . 0% 

astan dard de v i ati o n  

bcv ( Coeff .  o f  v a ri a ti on } = s tan dard dev i ati on 
mean  con i d i a l di men s i on  

L S : B  
Ra ti o 

0 . 94 

0 . 9 7  

� . 00 

1 .  00  

1 .  07  

1 . 01 

1 . 07 

1 . 07 

1 . 12 

1 . 15 

1 . 0 7 

1 .  04 o . o 6 
5 . 8% 

. ' .  

X 100 

% Sept . 

29 . 3  

2 9 . 7  

2 9 . 7 

30 . 5  

30 . 2  

2 9 . 5  

3 1 . 1 

30 . 4  

3 1 . 1  

32 . 7  

3 1 . 1 

30. 4 o . g 
2 . 9% 
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TABLE 2 1 : I n f" l uen ce of  hos t t i s s ue on con i d i a l  di mens i ons  o f  Marssonina 
castagnei fo l l owi n g  12 days i n cuba ti on a t  20° C u n de r  12 ho u rs 
wh i te l i g ht photope r iod . 

Hos t Speci es 

P. nigra cv . TR56/52 

P. alba X P. tremuZa 
CV . Canescens B 

P. trichocarpa C F  

P. maximowiczii CV . 
OJP M108 

P. aZba cv . 
Pyrami da 1 i s  

P. nigra cv . TR42/80 

P. de Ztoides x 
P. aZba cv . De l mak 16 

P. nigra cv . 
Theves ti n a  

P. aZba CV .  
Hi cke l i an a  

P. de Uoides x 
P. yunnanensis cv. 
NZ5004 
P. de U.  X P. aZba 
CV . De l mak  26 

P. fremontii x P, nigm 
Sempe rvi rens cv . /\NU(£(9 
P. aZba cv . B02 

P. a Zba x P. gZar�Zosa 
CV .  K66 -20 - 1  

P. aZba 72/8/3 

Mean 

CV b 

a S tan dard de vi ati on  

Con i d i a l  d i men s i on s  
( u )  

Mean 
Length 

a 15 . 3 1 . 0 

15 . 5  0 . 9 

15 . 8 o . 9 

15 . 9 1 . 1 

16 . 0 o · G  
16 . 0 o . a 

16 . 3 0 · 8  

16 . 4 1 . 2 

16 . 5 1 . 2 

16 . 6 0 . 9 

16 . 6  1 . 0 

16 . 7 1 • 2  
16 . 8 1 . 2 

16 . 9 1 . 2 
1 7 . 1 1 • 2 

16 . 3 0 . 5 

3 . 0% 

Mean 
B readth 

5 .  3 o . 3 

5 . 5 0 • 3 
5 .  4 o . 3 

5 . 4 0 • 2  

5 . 3 0 • 2  
5 . 4 0 • 3 

5 . 3 0 · 2 

5 . 4 o . �+  

5 . 6 0 . 3 

5 . 2 0 · 2 

5 . 2 0 • 2  

5 . 1 0 • 3  
5 . 5 0 · 3 

5 .  4 0 . 3 
5 . 5 o . 3 

5 .  4 o . 1 
1 . 8% 

TL : S  
Ra ti o 

3 . 10  

3 . 08 

2 . 84 

2 . 92 

2 . 80 

3 . 10  

2 . 95 

3 . 1 1  

2 . 94 

2 . 86 

2 . 96 

3 . 0 1  

2 . 90 

2 . 90 

2 . 84 

2 . 95 o · 1 
3 . 4% 

LS : B  
Rati o 

0 . 92 

0 . 9 1 

1 . 03 

1 . 0 1 

1 . 08 

0 . 95 

1 . 04 

0 . 96 

1 . 00 

1 . 1 1 

1 . 07 

1 . 08 

1 . 04 

1 . 08 

1 . 10 

1 .  02 0 . 0 6 

5 . 6% 

b CV ( coeff . of  vari ati on )  = s tan d a rd de v i a ti on X 100 
mean con i d i a l  d i men s i on 

% Sept . 

32 . 2  

32 . 5  

35 . 2  

34 . 2  

35 . 7  

32 . 2  

33 . 8  

32 . 1  

34 . 0  

34 . 9  

33 . 7  

33 . 2  

34 . 5  

34 . 5  

35 . 2  

33 . 8 1 · 2  
3 . 5% 

t-
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TABLE  22 : I nfl uen ce of  host  ti s s ue on con i d i a l  d i mens i ons  of  Marssonina 
populi fo l l owi n g  12 days i n cubati on at  20 ° C under 12  hours whi te 
l i ght  photope r i o d .  

Hos t s pe c i es Con i di a l d i men s i on s  TL : S  LS : B  % Sept 
( u )  Ra ti o Rat i o 

tvlean Mean 
Length B readth 

a 
P.  de ltoides cv . 18 . 6 1 . 1 6 . 3 0 , 4 4 . 05 0 .  72 24 . 7  
Fri ml ey 

P. trichocarpa cv . 
V235 19 . 0 1 . 1 6 . 4 o . 4  3 . 60 0 .  82 2 8 . 0 

P. simonii 19 . 2 1 . 3 6 . 4 0 . 4  3 . 56 0 . 84 28 . 0 

P. maximoUJiczii cv . 
O,J p 1016  19 . 2 1 . 4  6 . 2 o . 4  4 . 09 0 . 76 24 . 4  

P. x euramericana 
CV . Rob u s ta 19 . 4 1 . 2  6 . 1 o .  3 3 . 55 0 . 9 3  29 . 0  

P. nigra cv .  
I ta l i ca 19 . 5 1 . 4  6 . 0 o . 4  3 . 36 0 . 98 29 . 7  
l/, X eurrare�ican� :cv . Ma n an 1 ea  19 . 5 1 . 1 6 . 1 o . 4  3 .  80 0 . 84 26 . 4  

P. de U. x P. maxi . 
CV . 1 83/5 8  1 9 .  5 1 .  0 6 .  3 o . 4 3 . 60 0 . 86 2 7 . 7 

Mean 19 . 2 o . 3 6 .  2 0 .  1 3 . 70 o . 2  0 . 84 o . o s  2 7 . 2 1 . 0  

CV b 1 . 5% 1 . 6% 5 . 4% 9 . 5% 7 . 0% 

a Stan dard devi ati on 

b CV (coeff . of  vari ati on } = s tandard de v i a ti on 
mean con i d i a l d i mens i on X 100 



-

5 2 

TABL E  23 : I nf l uen ce of  i n cubati on tempe ratu re on con i di a l  d i mens i on s  o f  
Mm?ssonina speci es on hos t t i s s ue fo l l owi ng  12  days i n cubati on 
unde r 12 hours wh i te l i ght  photope ri o d .  

Speci es  an d 
I 

Con i di a l Di mens i on s  ( u )  TL : S  
Treatmen t Mean Length Me an B re a d th Ra ti o 

M. brunnea 

12 ° C  
a 

14 . 4  o .  7 4 . 1 o .  2 3 , 2 3 

16 ° C 14 . 4 o . G  4 . 1 o . 2 3 , 20 

20 ° C  14 . 2 o . s 4 . 1 o . 2 3 . 2 2  

24 °C 14 . 4 o , G  4 . 1  o .  2 3 . 26 

24/ 8 ° C 14 . 2 o . G  4 . 1 o . 2 · 3 . 20 

28 °C 14 . 5 o . 8 4 . 1 o . 2 3 , 26 

Mean 14 . 3 o . 1 4 . 1 0 •  0 3 . 23 o . o 3  
CV b 0 . 7% 0 . 0% 0 . 9% 

M. cas tagnei 

12 ° C 16 . 8  o .  9 5 . 1 o . 3 3 . 05 

16 ° C  16 . 8 1 .  0 5 .  0 0 .  3 3 . 03 

20 ° C  1 7 . 2 1 . 2 5 .  2 0 .  3 3 , 05 

24 ° C 1 7 . 2 1 . 2 5 .  2 0 .  3 2 . 85 

24/8 ° C 1 7 . 0 1 . 0 5 .  2 0 .  3 2 . 99 

2 8 ° C No  i n fecti on 

Mean 1 7 . 0 o . 2  5 . 1 0 . 1 2 .  99 0 .  0 8 
CV 1 . 2% 2 . 0% 2 . 7% 

M. populi 

1 2 ° C 19 . 2 1 . 4 6 . 0 o .  5 3 . 36 

16 ° C 19 . 2  1 . 4 6 .  0 0 .  4 3 , 26 

20 ° C 19 . 5 1 . 5 6 . 0 o .  6 3 . 50 

24 ° C 19 . 6  1 . 0 6 . 0 o . 4 3 . 50 

24, 8 ° C 19 . 5 1 . 4 6 , 0 0 . 4 3 . 50 

28 ° C No i n fecti on 

Mean 19 . 5  0 .  3 6 . 0 o . o 3 .  42 0 .  1 

CV  1 . 5% 0 . 0% 2 . 9% 

a Standard de vi a ti on 

b CV ( Coeff . of vari a ti on )  = s t andard devi a ti on 
me an con i d i a l d i men s i on 

LS : B  
Rati o 

1 . 08 

1 . 10 

1 . 0 7 

1 .  07  

1 . 08 

1 . 08 

1 .  0 8  0 . 0 1 

0 . 9% . 

1 .  0 7  

1 . 1 3 

1 . 0 7  

1 . 15 

1 . 10 

' 

1 . 1 0 o . o 4  

3 . 6% 

0 . 96 

0 . 98 

0 . 9 7 

0 . 94 

0 . 96 

0 .  96  0 .  0 1  

1 . 0% 

X 100  

% Sept . 

30 . 9  

3 1 . 2 

3 1 . 1 

30 . 6  

3 1 . 3  

30 . 6  

30 . 9  0 . 3 

1 .  0% 

32 . 7  

33 . 4  

32 . 8  

35 . 0  

33 . 4  

33 . 4 o . s 

2 . 3% 

2 9 . 7  

30 . 7  

2 8 . 8  

2 8 . 7 

2 8 . 7 

2 9 . 3 o . 9 

3 . 1% 
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TABLE  24 : I nfl uen ce of photoperi od  on con i d i a l  di mens i on s  of  Marssonina 
spe c i e s  on ho s t  ti s s ue fo l l owi n g  12 days i n6ubati on a t  2 0 ° C .  

Speci e s  an d Con i di a l di mens i ons  ( u )  TL : S  
Treatment  Mean Length Mean Bread th Ra ti o 

M. brunnea 

Da rk 14 . 4 o . 7a 4 . 1 0 . 2 3 . 14 

12 h r .  whi te 
l i gh t  14 . 2 o . 5  4 . l o . 2  3 . 22 

12 h r . NUV 14 . 4 o .  1 4 . 1 o . 2  3 . 30 

Mean 14 . 3 o . 1 4 . 1 o .  o 3 . 22 o . o a  

CV b 0 . 7% 0 . 0% 2 . 5 % 

M. castagnei 

Da rk 1 7 . 0 o . 9 5 . 2 o . 3 2 . 94 

12 h r .  wh i te 
l i gh t  1 7 . 2 1 . 2 5 , 2 0 . 3 3 . 05 

12 h r .  NUV 1 7 . 2 1 . 2 5 . 4 0 . 3 2 . 88 

Mean 1 7 . 1 o . 1 5 .  3 o .  1 2 . 95 o . o a 

CV 0 . 6% 1 .  9% 2 . 7% 

M. populi 

Dark 19 . 5 1 • 5  6 . 0 0 • '+ 3 . 56 

12 h r .  wh i te 
l i gh t  19 . 5 1 • '+ 6 .  0 0 . '+ 3 . 36 
12  h r .  NUV 19 . 7 1 • '+  6 . 0 0 • 5  3 . 5 3 

Mean 19 . 5 0 · 1  6 .  O o . o 3 . 48 0 • 1 
CV 0 . 5% 0 . 0% 2 . 9% 

a S tan dard devi ati on 

b CV ( coeff . of vari a t i on }  � s tandard  devi a ti on 
mean con i di a l fa cto r 

L S : B  % Sep t .  
Ra ti o 

1 . 10 3 1 . 8  

1 . 08 3 1 . 0  

1 . 06 30 . 3  

l . 08 o . o 2 3 l . O o . 7 

1 .  8% 2 . 2% 

1 . 09 34 . 0  

1 .  0 7  32 . 8  
1 . 13 34 . 6  

1 . 10 o . o 3  33 . 8 o . 9  

2 . 7% 2 .  7% 
- -

0 . 90 2 8 . 1 

0 . 98 29 . 7  

0 . 93 2 8 . 3 

0 . 9 3 o · O '+  2 8 . 7 0 • 9  
4 . 3% 3 . 1% 

X 100 



TABLE 2 5 : Infl uen ce of  hos t  an d envi ronmen tal fa ctors on con i d i um 
mo rpho 1 ogy of  Mm?ssonina s pe c i es . (Ai l u n -i ts expre s s e d  as  
coe ffi ci en ts of  vari ati on ) .  
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Speci e s  and Con i d i a l Di mens i ons TL : S  LS : B  % Sep t .  Mean  pe r 
Treatmen t Len gth Breadth Rati o Ra ti o fac tor  

M. brunnea 

Leaf s u rface 0 . 0  a 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

Le af age 0 . 7  0 . 5  1 . 3  1 . 3  1 . 3  1 . 0  

I nfecti on 
l eve l 0 . 7  0 . 0  1 . 1 2 . 6  1 . 1 1 . 1 

Hos t res i s t-
ance 2 . 8  2 . 4 3 . 0  5 . 8  2 . 9  3 . 4  

Tempe ra tu re 0 . 7  0 . 0  0 . 9  0 . 9  1 . 0  0 . 5  

Photoper iod  0 . 7 0 . 0  2 . 5  1 . 8  2 . 2  1 . 4  

Mean/factor 0 . 9  0 . 5  1 . 5  2 . 1  1 . 4  ' .  
-

M. cas tagnei 

Leaf s u rface 0 . 4  1 . 3  0 . 0  0 . 0  0 . 4  0 . 4  

Lea f  age 1 . 2  1 . 1 4 . 8  3 . 2  2 . 4  2 . 5  

I n fecti on 
l eve l 0 . 4  1 . 4  3 . 0  0 . 0 1 2 . 8  1 . 5  

Hos t res i s t-
ance 3 . 0 1 . 8  3 . 4  5 . 6  3 . 5  3 . 5  

Tempe ra tu re 1 . 2  2 . 0 2 . 7  3 . 6  2 . 3  2 . 4  

Photope ri od 0 . 6  1 . 9  2 , 7  2 . 7  2 . 7  2 . 1  

Mean/factor  1 . 1 1 . 6  2 . 8  2 . 5  2 . 3  -

M. popu li 

Le af s u rface 0 . 7 0 . 0  4 . 2  3 . 2  4 . 2  2 . 5  

Leaf age 0 . 8  0 . 0  0 . 6  1 . 2  2 . 0  0 . 9  

I n fecti on 
l eve l 0 . 0  0 . 0  2 . 8  3 . 8  5 . 3  2 . 4  

Hos t res i s t-
an ce 1 . 5 1 . 6  5 . 4  9 . 5  7 . 0  5 . 0  

Temperature 1 . 5  0 . 0  2 . 9  1 . 0  3 . 1 1 . 7 

Photope ri o d  0 . 5  0 . 0  2 . 9  4 . 3  3 . 1 2 . 2  

Mean/ facto r  0 . 8  0 . 3 3 . 1 3 . 8  4 . 1 -

Ove ra 1 1  mean/ 
factor  0 . 9  0 . 8  2 . 5  2 . 8  2 . 6  . .  -

a CV . ( Coeff . of vari ati on ) = s tan dard devi ati on 
mean con i d i a l di mens i on X 100  
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( i i ) I n fl uen ce of  Pho tope ri od  

Photoperi od  had  no  app reci ab l e  e ffe ct  on  con i di um sh ape , di mens i on s , 

TL : S  an d LS : B  ra ti os  and septum l oca ti on ( Tab l e  24 ) .  

The i n fl ue n ces of both hos t and env i ronmen ta l  fac to rs on con i d i um 

morphol ogy are s ummar i sed i n  Tab l e  25 . They s ug ge s t  tha t host  t i ss ue was 

the fac to r  i n duci n g  g re a te s t  con i di um v a ri an ce . Th i s  res u l t was 

e s sen ti a l ly s i mi l a r to th a t  obse rved i n  cu l tu ra l  s tudies  where g re a te s t  

v a ri ance was i n duce d  by me d i a .  

Bes t  con di ti ons  fo r exp re ss i on o f  fea tu re s  o f  con i d i al mo rpho l ogy 

we re i nocu l ati on of the a daxi al  l ea f  s u rface of  l ea f  di s cs of  P. nigra 

cv . I ta l i ca ' Au re a ' (from mature l eave s ) ,  wi t h  5000 con i di a/ d i s c  ( 2 . 5  cm 

d i am)  a nd  i ncuba ti on at 20 ° C  unde r  a 12  hour  whi te l i gh t  photope ri o d  for 

at l ea s t  10 days . 

3 ,  f i E LD S T UD I E S O N  THE
- i N F L U E N C E  O F  C O L LE C T I O N 

DATE ON C O N I D I UM MO R P H O LO G Y  O F  M .  B R U N N E A  

Ma teri a l s  an d Me thods 

To de te rmi ne the i n fl uen ce of wi de l y  varyi n g  ho s t  and envi ron me n ta l  

factors on con i di um mo rpho l ogy of M. brunnea� con i d i a l col l ecti ons  we re 

made from the s ame trees o f  two pop l a r  c l ones (P.  x euramericana cv . N L  2 194 

an d P. fremontii x P. nigra Sempe rvi rens cv . ANU  6 6/9 ) .  The fi rs t 

co l l ecti on was made on the fi rs t of Octobe r 1 9 78 and  the reafte r a t  mon th l y  

i n te rva l s unti l the fi rs t o f  June 19 79 . 

R E S U LT S  

(a ) Con i di um Shape 

Con i di um s hape rema i ned  constant  throughout  the g rowi n g  s e ason  on  

b o th c l ones . Con i di a  we re s trai ght , occas i on a l l y s l i g h t l y  c u rve d and  

n arrowl y obovoi d .  

(b } Con i di um Di men s i ons  

( _i ) Length and Breadth 

Len gth and b re a dth d imens i on s  we re rema rkab l y  s tab l e  a s  ev i den ce d  by 

the sma l l coeffi ci en ts o f  vari ati on ob tai ned for con i di um l en g th and  b readth 

d i men s i ons  ( Tab l e  26 ) .  Cord di um l en gths on P.  x euramericana cv . NL  2 194 

d i d not  di ffe r s i gni fi can tly ( P>0 . 05 ,  t - te s t )  be tween s u cces s i ve co l l e c ti on s . 
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On P. [remont1:i x P .  nigra Sempe rvi ren s  c v .  ANU 66/9  coni d i um l en gths d i ffe red 

s i gn i fi can t ly  ( P>0 . 05 ,  t tes t ) on two occas i on s . On both c l ones con i d i um 

b readth s  often di ffe red s i gn i fi can tly ( P >  0 . 05 ,  t�te s t ) be tween s u cce s s i ve 

co l l ec ti on s . 

Between mon th l y  co l l e cti ons  th roughout  the g rowi n g  season  on bo th 

hos t  s peci es the coeffi ci ents of vari a ti on for mean con i di um l en gth and  

b readth d i men s i on s  remai ned con s tan t at  7% an d 5%  res pecti ve l y , i n di cati n g  

t h a t  nei ther hos t no r co l l e c ti on date we re tmportan t .  -

( i i ) TL : S  and LS : B  rati os 

As wi th l ength  an d b readth d i men s i on s , TL : S  and LS : B  ra ti os v a ri e d  

on ly  s l i g ht ly  be tween s ucces s i ve co l l e c ti ons , the coeffi ci en t of  vari at i on 

be i n g  l es s  than 5% i n  both i n s tances ( Tab l e  26 ) .  

( c ) Septum Locati on ( % Sept . ) 
Septum l ocati on a l so remai ned re l a ti ve ly  cons tan t th rougho u t  the 

yea r ,  as  evi den ce d by the coeffi ci ent  of vari a ti on  bei n g  l es s  than 3% 

( Tab l e  2 6 ) .  

The above fi e l d  observati ons  we re i n  agreemen t wi th  res u l ts ob tai ned  

i n  the l a borato ry on cu l tu re med i a  and host  ti s s ue , confi rmi n g  the  s ta b i l i ty 

of con i d i um sh ape , l en gth and  b readth d i men s i on s , TL : S  and  LS : B  rati o s  an d 

sep tum l ocati on . 



· TABL E  26 : Con i di a l d i men s i ons  o f  M. brunnea s amp l e d  mon th l y  from two popl ar  c l ones g rowi n g  un de r  fi e l d cond i t i ons . 

I 
P. fremontii X P. nigra Sempervirens cv . AN U 66/ 9 . Hos t I P. x euramericana cv . N L  2 194 

Col l ec ti on ! Con i d i a l Di men s i ons  ( u )  TL : S  LS : B  % Sept Con i di a l Di men s i ons  ( u )  TL : S  LS : B  
· 

% Sep t .  
Date Mean Mean Rati o Ra ti o 

1 . 10 .  78 

1. 1 1 . 78 

1 . 12 .  78 

1 . 1 .  79 

1. 2 .  79 

1 .  3 .  79 

1 . 4 .  79 

1 .  5 .  79 

1 .  6 .  79 

Ove ra 1 1  
mean 

CV b 

Length Breadth · 

a 15 . 0  1 .  0 4 .  O o .  2 3 . 15 1 . 1 7 3 1 . 7  
1\ 

14 . 7 o . e  4 . 1 0 .  2 3 . 00 1 . 20 33 . 3  
V 

14 . 5 1 . 0  4 . 0 o . 2  3 . 3 1  1 . 08 30 . 2  
1\ 

14 . 5 o . 9  4 .  2 0 .  2 3 . 16 1 . 10 3 1 . 6  
V 

14 . 8 o . a  4 . 1 o . 2 3 . 05 1 . 20 32 . 7  
1\ 

14 . 7 o . 9  4 . 2 0 . 2  3 . 15 1 . 1 1 3 1 . 7 

14 . 6 1 . 0 4 .  2 0 .  3 3 . 2 3 1 . 09 30 . 9  
V 

14 . 8 o . a 4 . 0 o . 2 3 . 15 1 . 16 3 1 . 7 
1\ 

15 . 0 o . e  4 . 1 0 .  2 3 . 1 3  1 .  2 1  3 1 . 9  

14 . 7 o · 2 4 . 1 0 • 0 9  3 .  15 0 ·09 1 . 14 o · o s  3 1 . 7 o · 9 

I 1.4�- 2 . 2% 2 . 8% 4 . 4% 2 . 8% 

a S tandard devi a ti on 
b CV ( coe ff . of vari a ti on ) = s tan dard dev i ati on 

mean X 100 

Me an Mean 
Length Breadth 

I 
14 . 8 1 . 2  4 . 0 0 . 2 

1\ 
14 . 8 1 .  0 4 .  1 0 .  2 

V V 
14 . 4 1 .  0 4 . 0 0 . 2 

1\ 
14 . 6 o . e 4 . 1 o . 2 

14 . 5 o . 9 4 .  1 0 .  2 
V 

14 . 6 o . 9  4 . 0 0 . 2  
1\ 

14 . 6 0 . 9 4 . 1 o .  2 
1\ 1\ 

15 . 1 o . 9  4 .  2 0 .  2 
V 

14 . 8 1 . 0  4 .  1 0 .  2 

14 . 7 0 . 2 4 . 1 0 • 0 6  

1 . 4% 1 . 5% 

> s i gn i fi can t ly  g re a te r  ( P>0 . 05 ,  t tes t )  be tween s ucces s i ve col l e cti ons 

Rati o 

3 . 13 

3 . 0 1  

3 . 2 3 

3 . 20 

3 . 06 

3 . 24 

3 . 15 

3 . 06 

3 . 13 

: 3 . 1 3 0 • 0 8  

2 . 5% 

Rat i o  

1 . 1 7  

1 .  20 

1 . 1 1  

1 . 1 1  

1 . 16 

1 . 12 

1 . 13 

1 . 1 7 

1 . 24  

1 .  15  0 . 0 '+ 
3 . 4% 

32 . 0  

33 . 2  

3 1 . 0  

3 1 . 3 

32 . 6  

30 . 8  

3 1 . 7 

32 . 6  

3 1 . 9  

3 1 . 9 o · e 

2 . 5% 

I 

c,...-, 
-.....! 



E ,  CoM PARAT I VE CON I D I U� MOR��O�OGY O N  HOST  T I S SU E  A N D  

15%V8 AGAR  UNDER  D E F I N ED LABO RATORY  COND I T I ON S  

58 

P re ceedi n g  s tu di es  (Secti on D ' an a lys i s ' )  confi rme d the s tabi l i ty o f  

morpho l ogi cal fea ture s  an d i den ti fi e d  tho s e  envi ronmental con di t i ons  u n de r  

wh i ch they were best  exp res sed .  Howeve r ,  the re remai ned the need  to 

de te rmi ne ( under defi ned  envi ronmenta l  condi ti on s ) the re l a ti ve va l ue  o f  

these  s peci fi c mo rpho l og i ca l . features ( con i d i um s hape , l en g th and  b re a d th 

di men s i on s , TL : S  an d LS : B  ra ti os and s eptum l oca ti on )  for s peci e s  

de l i mi tati on . Th a t  i s ,  ' syn thes i s '  sensu Snyde r & Hansen ( 1954 ) . F urther­

mo re , the re was a l s o the  need to  establ i s h whe the r s peci fi c mo rpho l og i ca l 

fea tu res  expressed  on the two s ub s tra te s  ( hos t ,  1 5%V8)  we re comp a rab l e  

un der the one se t o f  envi ronmenta l  con d i t i on s . 

Ma teri a l s an d Me thods 

Du ri n g  cu l tura l  stud ies  ( Secti on 0 ' an a lys i �) l ow n umbers of  abn ormal l y  
l a rge con i di a  we re observed i n  i so l ates  of  a l l th ree speci es . Monosporous  

i so l ates  of the se con i d i a  i n  no i ns tan ce reve rte d  to fo rmi n g  typ i ca l 

con i di a .  I n  the fol l owi n g  expe ri ment  monospo rous  i so l a tes o f  both 

aBn orma l l y  l arge and  typ i cal  con i d i a  ( Tab l e  2 7 )  we re used  to i nocu l a te l e af 

di s cs and  15%V8 . The forme r monos porous  i s o l a tes  were des i gnate d  l l a rge 

con i d i um vari an ts ' an d a re i n di cated  by the s uffi x ' L ' . 

To i nves ti gate con i di um mo rpho l ogy on host  ti s s ue ,  l e af  di s cs 

(2 . 5  cm d i am) from ma tu re l e aves of P. nigra cv . I tal i ca ' Au re a ' were 

i nocul a te d  on the a daxi a l  s u rface wi th  a con i d i a l sus pens i on (5000 con i d i a/ 

d i s c )  obtai ned from 10  day 15%V8 cu l tu re s . Fo 1 1  owi ng i ncuba  ti on the 1 eaf  

d i s cs were i n cubated  a t  20 ° C  under a 1 2  hour  wh i te l i gh t  photope ri o d  fo r 

10 days . 

To i nves ti gate con i d i um morpho l ogy i n  c u l ture , i so l a tes  we re s treak­

p l ate d  on to 15%V8 j u i ce agar  ( pH 6 . 5 )  and  i ncubated a t  20 ° C  u n de r  a 12  hour  

whi te l i ght  photope ri o d  for 10 days . 

Coni d i a from both s ubs trates were moun te d  i n  l a ctopheno l  an d s ta i ned  

w i th 0 . 5% aci d fu ch s i n .  Con i di um s hape was n o ted an d l e n gth an d b readth 

d i men s i on s , TL : S  an d LS : B  ra ti os and sep tum l ocati on we re recorded an d 

ca l cu l atep , as p revi o us l y  outl i ne d .  



TABLE 2 7 :  

Spe c i e s  and 
I so  1 a te 

M. brunnea 

Br1  
Br  2 
Br 3 
Br 4 

Br 5 
5 L l  
5 L2 

Br  6 
Br  7 
Br 8 
Br 9 

Br 10 
Br 1 1  
Br 12  

12 L 
Br 13  
Br  14 

14L 
Br  15 
Br  16 
Br  1 7  
Br  18 

18L 
Br 19 
Br  20 
Br 2 1  

I s o l a tes  o f  Marssonina used  to i nocul a te 15%V8 an d hos t  ti s s ue i n  comparati ve l aborato ry s tu di es . 

I Hos t a I 

P. yunnanensis 
P. x euramericana 
P. fremontii cv . ANU6 1/48 
P. frem. x P. nigra 
Sempe rvi rens cv . ANU66/ 9 
P. X eura. C V . I -2 14 

P. alba 
P. x eura . cv . F l evo 
P. x eura . C V . NL2 194 
P. de lt .  x P. maxi . 
C V . I 83/ 58 
P.  de Ztoides 
P. de Uoides 
P. de ltoides 

P. de ltoides 
P. trichocarpa 

P. de Uoides 
P. x eura . c v .  Robusta  
P .  x eura .· cv , Robusta  
P.  x euramericana 

P. deUoides 
P. x eura. cv . 1 2 14 
P. tremuloides 

Ori g i n I Col l ecto r I Commen ts 

Pa l me rs ton North , NZ  Author 10/ 1/ 1978 
Pahi a tua , NZ Au tho r  10/ 1/ 1978 
Pa l me rs ton North , NZ Au thor  10/ 1/ 1978 
Pa l me rs ton North , NZ  Author 10/ 1/ 19 78 

Pal me rs ton North , NZ  Author 10/ 1/ 1978 
15%V8 Author  Large con i di um vari an t 
15%V8 Author 1 1  1 1  1 1  

Pa l me rs ton North , NZ Author 10/ 1/ 1978 
Pa l me rs ton North , NZ  Author 
Pa l me rs ton North , NZ Au tho r  I 10/ 1/ 1978 
Pa l me rs ton North , NZ Author  10/ 1/ 1978 

Urban a ,  I l l i n oi s ,  USA J .  J .  Joke l a  No . 780 70 , 7/ 7/ 19 78 
Urbana , I l l i no i s ,  USA J .  J .  Joke l a  No . 780 7 1 , 7/ 7/ 19 78 
Urbana , I l l i no i s , USA J .  J .  Joke l a  No . 780 75 , 7/ 7/ 1978 
15%V8 Large con i di um va ri an t 
I owa , USA A .  L .  Sch i pper 24/ 1 1/ 19 78 
S t  Pau l , Mi nnesota , USA A .  L .  Sch i pper / 8/ 19 78 
15%V8 Author La rge con i d i um vari an t 
Co 1 ora do , USA T .  E .  Hi nds  30/ 10/ 19 79 
Kew , Su rrey , En g l and  D .  A .  Burdek i n 2 71 7/ 19 79 
Dubl i n ,  I re l and  F .  o • Ri o rdai n 3 1/ 10/ 1979 
Nan cy ,  Fran ce J .  Pi non 1 1/5/19 78 
15%V8 Au thor Large con i di um vari an t 
Hees , Ho 1 1  and Au tho r  E x  pop l ar set=:d 
An kara , Tu rkey i''l. Vu ra 1 5/ 12/ 19 79 
Va i l , Co l orado , USA T .  E .  H i n ds I /8/ 19 78 

CONTI NUED 

-------"""-="".,.._ �010""-·----=�·-c ·-- ·· -- �. --- - -· -· 
-·-· ·· -...---�·-·· - ·--- - .  
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Tab l e  2 7  Con ti nue d :  I s o l a tes  o f  Marssonina used  to i nocul ate 15%V8 and  hos t ti s s ue i n  compara ti ve l aboratory s tudi es . 

Spec ies  an d 
I s o l ate 

Br  2 2  
Br 23  
Br  24 

24L 
Br  2 5 L  

M. castag_nei 

Cs 2 
Cs 3 

3 L  

M. �o�uli 

Po 1 
1 L  

Po 2 

Po 3 
Po 4 
Po 5 
Po 6 

6 L  
Po 7 
Po 8 

Hos t Ori g i n Co l l ector 

P. tremuloides Va i l , Co l orado , USA T .  E .  Hi n ds 
P. tremuloides Fa i rbanks , Al aska , USA T .  E .  H i nds  
P.  tremuloides Rosemoun t ,  Mi nnesota , M .  E .  Os try 

USA 
15%V8 Au thor  

· Populus s p .  Ed i nburgh , Scotl and A.  J .  Hayes 

P. a lba Dub l i n ,  I re l an d  F .  0 1 Ri o rda i n 
P. alba Ankara , Tu rkey M. Vu ra l 

/ 15%V8 Au thor 

P. :canadensis ' . He rts , Engl an d J . S . W .  Di ckens  
15%V8 

P. nigra cv . I ta l i ca B l e tch l ey ,  Mi l ton , A .  G .  Bai l ey 
Engl and 

P. nigra cv . I ta l i ca Kew , Surrey , Engl and A .  G .  Bai l ey 
P. nigra cv . I ta l i ca Dub l i n ,  I re l an d  F o • Ri ordai n 
P. x berolinesis Munchen , Ge rmany P .  Schutt  
P .  nigra Zuri ch , Swi tzerl an d R .  H .  Ri mpau 

15�;vs Au thor  
P. nigra Zuri ch , Swi tze r l an d  R .  H .  Ri mpau 
P.  nigra An kara , Tu rkey M .  Vu ral 

---- ----------- ---------
a P. x eura . 

P. de lt .  
P. maxi . 

= P. x euramericana (P. de l toides x P. nigra ) 
= P. de ltoides 
= P. maximowiczii 

Commen ts 

I 
/8/ 1978 i 
3/ 8/ 19 77  
19/9/ 1979 

Large con i di um vari an t 
CMI . I M I . 2 1 1287 

3 1/ 10/ 19 79 
/ 12/ 1979 
Large Con i di um vari an t 

13/ 1 1/ 19 79 

10/ 1 1/ 1 9 79 

12/ 1 1/ 1 9 79 
3 1/ 10/ 19 79 

5/5/ 196 1 ,  ETH M4548 
La rge con i d i um vari an t 
3 1/7/ 1960 , ETH . 2474 
I 12/ 1 9 79 

0'\ 0 
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R E S ULTS 

Morphol og i ca l  fea tu re s  of  con i di a  o f  the th ree Marssonina s pec i e s  were 

s i mi l ar ly exp ressed  on P. nigra cv . I ta l i ca ' Au re a ' an d 15%V8 ( Tab l es 2 8 ,  2 9 )  
the reby con fi rmi n g  the s u i tabi  1 i ty of  15%V8 as  a cu l ture med i  urn �=or 

con ducti ng  comp a rati ve mo rpho l ogi cal  s tu di es . 

( a )  Con i d i um Shape 

Con i d i a  of M. br•unnea we re s tra i g h t  to s 1 i ght ly  curve d an d n ar row ly  

obovo i d .  Con i di a  o f  the ' l a rge con i d i um vari an ts ' were s tra i gh t  to s l i gh tl y  

curved and obovo i d  ( Fi g ,  1 9 ) ,  Con i d i a  o f  the n o rma l fo rms a n d  ' l a rge 

con i d i um vari a n ts ' of M. castagnei we re s trai ght  to s l i gh t l y  cu rved and  

b roa d ly  obovo i d ( Fi g .  20 ) .  Con i d i a o f  the  norma l forms and  ' l a rge con i d i um 

vari an ts ' of M. popu U we re curve d to s t ron gl y c u rve d to pyr i  fon11 an d 

b roadly obovo i d ( Fi g .  2 1 ) .  Typi ca l  con i di a  o f  the th ree  s pe c i es  on  both  

s ubs tra tes were qu i te d i s ti nc t ,  enab l i n g s peci es  i den ti fi cati on on the 

b as i s  of con i d i um s hape a l one . 

( b )  Con i d i um Di mens i on s  

( i )  Length and  Breadth 

Len gth and  breadth d i men s i ons  wi thi n i s o l a tes of  a l l th ree s pe c i e s  

o ften di ffered s i  g n i  fi can t ly  ( P>O , 05 , t - tes  t )  between s ubs  tra tes 

( Tab l es 2 8 ,  29 ) .  Genera l ly however con i di a  on h os t ti s s ue were sho rte r  

an d b roader than con i d i a  from 1 5%V8 . The ran ge an d mean ove ral l con i d i a l 

d i men s i ons  o f  the three s peci es on the two s ubs trates are p resen ted i n  

Tabl e 30 and depi cted  graph i ca l ly  i n  Fi g .  22 . These res u l ts s h ow tha t  

con i d i al d i men s i ons o f  a l l three s peci es overl ap  s tron g l y ,  parti cu l a rl y  

M. castagnei� M. popu li and  the ' l a rge con i di um vari an ts ' o f  M. brunnea . 

Desp i te the ove rl ap , the me an ove ra l l l en gth an d breadth d i men s i on s  o f  

M. brunnea were qu i te d i s ti n ct  from those o f  M .  popu li a n d  M. castagnei 

whi ch i n  tu rn we re comp a rab l e .  Accordi n g l y ,  con i d i a l d i men s i on s  h a d  l i mi ted 
val ue in  de l i mi t i n g  s peci es . Th e re l a ti onsh i p  between the n o rma l and 

' l arge con i di um va ri an ts ' of  each s pec ie s  on host ti s s u e  i s  shown i n  F i g .  2 3 .  

I n  each i ns tance the l en gth an d bre a d th d i men s i ons  o f  the two forms a re 

qu i te separate . In  fac t  the d i ffe rence i n  con i d i a l d i men s i on s  between  the 

norma l an d the ' l arge con i d i um va�i an ts ' of  each spec i e s  was g re a te r  than 

the di_ fferences be tween norma l forms o f  the th ree s peci es . 



TABLE  2 8 :  Compara ti ve me an con i d i a l d i men s i ons  of  M. brunnea o n  15%V8 an d P. nigra c v .  I tal i ca ' Au rea r fo l l owi n g  
1 0  days i ncubati on a t  20 ° C  under a 1 2  hour  wh i te l i gh t  pho toperi o d .  

I s o l·a te Con i d i um Len g th ( u ) Con i di um B re a dth ( u )  TL : S  Ra ti o LS : B  Rati o Locati on of Septum 

15%V8 Hos t 15%V8 Hos t 15%V8 Hos t 15%V8 Hos t 15%V8 Hos t 

Br 1 15 . 3  15 . 0  4 . 0  < 4 . 2  2 . 90 3 . 24 1 .  30 1 . 10 34 . 4  30 . 8  
Br 2 14 . 9  > 14 . 4  4 . 0  4 . 1 2 . 90 3 . 06 1 .  30 1 . 13 34 . 4  32 . 6  
Br 3 14 . 1  14 . 4  4 . 0  < 4 . 2  3 . 20 3 . 18 1 . 16 1 .  05 3 1 . 2  3 1 . 4  
Br 4 15 . 0  15 . 0  4 . 0  4 . 1 3 . 04 3 . 26 1 . 24 1 . 12 32 . 8  30 . 6  
B r  5 15 . 6  > 14 . 6  4 . 3  > 4 . 1 2 , 92 3 . 09 1 . 2 5 1 . 16 34 . 3  32 . 3  
Br 6 1 7 . 4  1 7 . 3 4 . 2  < 4 . 4  3 . 00 3 . 12 1 .  37 1 . 12 33 . 3  32 . 0  
B r  7 15 . 0  < 15 . 4  4 . 1  4 . 2  2 . 74 3 . 0 7  1 . 20 1 . 18 36 . 4  32 . 7  
Br 8 16 . 4  16 . 1  4 . 2  4 . 2  2 . 96 3 . 06 1 .  33 1 .  20 33 . 7  32 . 7  
Br 9 15 . 5  > 14 . 6  4 . 0  4 . 0  3 . 05 3 . 12 1 . 26 1 . 12 32 . 7  32 . 0  
B r  10 14 . 1  14 . 1  4 . 1 < 4 . 4  3 . 00 3 . 13  1 . 09 1 . 08 33 . 0  32 . 8  
Br  1 1  14 . 7  14 . 6  4 . 2  < 4 . 4  2 . 94 2 , 90 1 . 1 7 1 . 14 34 . 0  34 . 5  
Bt· 12 15 . 0  > 14 . 4  4 , 2  < 4 . 5  3 . 0 7 3 . 00 1 . 1 7 1 . 0 7 32 . 5  33 . 3  
Br 13 14 . 8  14 . 5  4 . 1 4 . 2  3 . 02 3 . 15 1 .  2 1  1 . 20 3 1 . 2  3 1 . 7  

i Br 14 15 . 1  > 14 . 7  4 . 1 4 . 1 3 . 15 3 . 14 1 .  2 1  1 . 16 33 . 0  3 1 . 8  
B r  15 14 . 6  14 . 3  4 . 0  4 . 1 3 . 04 3 . 16 1 . 16 1 . 10 30 . 0  3 1 . 6  
B r  16 16 . 0  > 15 . 4  4 . 1 4 . 2  3 . 0 7 3 . 25 1 . 19 1 . 18 30 . 8  30 . 8  
Br 1 7  15 . 0  > 14 . 1  4 . 3  4 . 2  3 . 15 3 . 24 1 . 06 1 . 03 32 . 5 30 . 8  
Br 18 15 . 4  > 14 . 8  3 . 8  < 4 . 0  3 . 0 1 3 . 13  1 .  34 1 . 1 7 33 . 2  3 1 . 9  
B r  19 14 . 8  14 . 7  4 . 0  < 4 . 2  3 . 1 3 3 . 22 1 . 1 7 1 . 08 32 . 0  3 1 . 0  
B r  20 15 . 6  > 14 . 4  4 . 4  > 4 . 2  3 . 05 3 . 25 1 . 14 1 . 04 3 1 . 8  30 . 7  
Br 21 15 . 8  > 14 . 0  3 . 9  3 . 8  3 . 05 3 . 06 1 .  32 1 .  20 32 . 7  32 . 6  
Br 22  15 . 7  > 14 . 2  4 . 0  > 3 . 7  3 . 12 2 . 96 1 . 26 1 .  30 32 . 0  33 . 7  
B r  23  15 . 6  > 14 . 5  3 . 9  3 . 8  3 . 2 3 2 . 93 1 .  34 1 . 1 7 34 . 0  30 . 0  
Br 5 L l  2 1 . 4  > 20 . 0  4 . 9  4 . 8  2 . 9 7 3 . 2 1  1 .  30 1 . 49 33 . 6  31 . 1 
Br  5 L2 22 . 0  > 20 . 2  5 , 0  4 . 9  3 . 10 3 . 32 1 . 46 1 .  24 32 . 2  30 . 1  
Br 12L  I 19 o 7 > 18 . 5  5 . 1 < 5 . 5  3 . 0 7 2 . 99 1 . 24 1 . 13 32 . 5  33 . 4  
Br 14 L 22 . 5  > 22 . 0  4 . 8  < 5 . 0 3 , 2 7 3 . 34 1 . 44 1 . 29 30 . 6  30 . 0  
Br 18L 20 . 5  20 . 6  5 . 5  < 5 , 7  3 . 66 3 . 06 1 . 00 1 . 28 2 8 . 3 32 . 6  
Br 24L  23 . 0  > 2 1 . 5  4 . 9  < 5 . 1 2 . 75 3 . 19 I 1 .  70 1 .  30 34 . 6  29 . 0  
Br 25 23 . 4  > 2 1 . 0  if 5 . 5  > 5 . 2  2 . 74 3 . 15 1 . 5 8  1 .  2 0  36 . 0  32 . 5  

> Si gni fi can tly di ffe rent P 0 . 05 t- te s t  L ' Large con i di um vari an ts ' 

: I 

" 

I 

O"l N 
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TABLE  29 : Comparati ve mean con i d i a l d i mens i ons  of  M. castagnei an d M. populi on 15%V8 and P. nigra cv . I tal i ca ' Aurea ' 
fo l l owi n g  10 days i n cuba ti on a t  2 0 ° C  under a 12 hou r whi te l i ght  pho toperi o d .  

Speci es an d 
I so  1 a te 

M. castagnei 

Cs 2 
3 
3L 

M. populi 

Po 1 
2 
3 
4 
5 
6 
7 
8 
1L  
6L  

Con i di um Length ( u )  Con i d i um Breadth ( u )  
15%V8 H6s t 15%V8 Hos t 

18 . 0 1 7 . 6  5 , 8  > 5 . 4  
20 . 0  > 1 7 . 3 5 . 9  6 . 1 
2 7 . 2 > 26 . 5  7 . 2  < 8 . 0 

18 . 4  18 . 6  5 . 9  < 6 . 1  
19 . 3  19 . 6  6 . 0  < 6 . 3  
20 . 9  > 19 . 3  6 . 4  > 6 . 2 
2 1 . 3  > 18 . 9  5 . 7  < 6 . 4 
24 . 0  > 2 2 . 0  6 . 2  < 6 . 5  
20 . 0  > 18 . 7  5 . 4  < 6 . 0  
2 1 . 0  > 20 . 0  6 . 0  < 6 . 7  
19 . 0  > 18 . 5  5 . 8 < 6 . 7  
30 . 0  > 25 . 8  7 . 0 < 8 . 5 
28 . 7 > 2 7 , 0  T. 5 < 8 . 5 

> s i gn i fi cant ly  di ffe ren t ( P  0 . 05 ,  t-te s t )  

L ' La rge con i di um vari ants • 

TL : S  Rat i o  LS : B  Ra ti o Loca ti on of Septum 
15%V8 Hos t 15%V8 Hos t 15%V8 Hos t 

I 2 . 2 7  2 . 84 1 . 25 1 . 15 39 . 6  35 . 2  1 2 . 25 2 . 55 1 .  32 1 . 04 38. 3 38 . 2  
2 . 32 2 . 20 1 . 62 1 . 50 40 . 6  43 . 6  

3 . 3 1 3 . 45 0 . 94 0 . 90 30 . 8  29 . 0  
3 . 50 3 . 28 0 . 93 0 . 94 28 . 2  30 . 4  
3 . 80 3 . 66 0 . 9 3 0 . 84 26 . 1  2 7 . 3 
3 . 55 3 . 28 1 . 04 0 . 90 26 . 1  30 . 5  
2 . 9 3 3 . 2 1 1 . 36 1 . 1 0  33 . 0  30 . 0  
3 . 63 3 . 50 1 . 02 0 . 90 2 7 . 5  28 . 6  
3 . 42 3 . 5 3 1 . 03 0 . 84 29 . 2  28 . 3 
3 . 14 3 . 59 1 . 02 · 0 . 75 3 1 . 5  28 . 0  
2 . 86 3 . 00 1 . 49 1 .  0 1  35 . 0  33 . 4  
3 . 2 3 3 . 20 1 . 18 1 .  00 30 . 9  3 1 . 2  

m 
w 



TABLE  30 : Mean overa l l con i d i a l  d i men s i ons of Marssonina species  on 15%V8 and P. nigra cv . I ta l i ca • Au rea • 
fo l l owi n g  10 days i n cubati on a t  2 0 ° C  under  12 hours whi te l i gh t  pho tope ri od .  

Speci es Con i d i um Len gth ( u )  Con i d i um Breadth ( u )  
mi n me an max mi n 

M. brunnea 

15%V8 10 . 0  15 . 3  2 2 . 0  3 . 5  
P. nigra 10 . 0  14':'8 22 , 0  3 . 5 

M. brunnea L I 
15%V8 16 . 0  2 1 . 8  30 . 0  I 4 . 0  
P. nigra 16 . 0  20':'5 30 . 0  4 . 0  

M. castagnei 

15%V8 12 . 0  19 . 0  30 . 0  4 . 5  
P. nigra 12 . 0  1 7�4 30 . 0  4 . 5  

M. castagnei L 

15%V8 18 . 0  2 7 . 2  40 . 0  6 . 0 
P. nigra 18 . 0 26':5 40 . 0  6 . 0  

M. populi 

15%V8 12 . 0  20 . 5  30 . 0  4 . 5  
P. nigra 12 . 0  19Y4 30 . 0  4 . 5 

M. populi L 

15%V8 18 . 0  29 . 3  40 . 0  6 . 0  
P. nigra 18 . 0  26�4 40 . 0  6 . 0  

> s i gn i fi can tly d i ffe ren t ( P > 0 . 05 ,  t- tes t )  

L • Large con i d i um vari an ts • 

mean max 

4 . 1 6 . 0  
4 . 1  6 . 0 

5 . 1 7 . 0 
5 . 2  7 . 0  

5 . 8  8 . 0  
5 . 7  8 . 0 

7/1.2 12 . 0  
8 . 0 12 . 0  

5 . 9  8 . 0  
6':'3 8 . 0  

7 . 2  12 . 0  
8':5 12 . 0  

TL : S  LS : B  I % Sept .  
Ra ti o Ra ti o 

3 . 03 1 .  23 Jl 32 . 9  

I 3 . 12 1 . 13  31 . 9  

3 . 08 1 .  39 32 . 5  
3 . 18 

' 

1 .  2 7  3 1 . 2  

2 . 56 1 . 28 39 . 0  
2 . 69 1 . 10 36 . 7  

2 . 32 1 . 62 40 . 6  
2 . 20 1 . 50 43 . 6  

3 . 4 1 1 . 03 29 . 0  
3 . 44 0 . 90 2 9 . 0  

3 . 04 1 .  33 33 . 0  
3 . 10 1 . 00 32 . 3  

' 

I I I 

0'1 
+'> 
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large c onidium variants ' { L )  

of Mor ssoni no ·  spec ies on 15 % U 8  ag ar and P nigro c v  ltalic a ' Aurea ' fo l l owing 
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S P E CI E S  

NORMAL 

M. p_gpul i  
LAR G E  

NORt-IAL 

M .  cas tagnei  
LARG E 

NORMAL 

M .  brunnea 
LARGE 

Range 
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F IG .  23 : Range and mean conidial d imens ions of n or mal and 
'
tar ge c onidium var iant s  1 

of Marssonina spec i es  on  P nigra cv l tal ica 'Aurea
' 

following 10  days 
incubat ion at 20 ° [  und er a 1 2  h wh i te l ig ht photo period. 
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( i i )  TL : S  & LS : B  Rati o s 

6 7  

Wi thi n speci e s , the TL : S  and  LS : B  rati os  were essen ti a l ly  s i mi l a r 

be tween substrates ( Tab l es 2 8 ,  2 9 , 30 ) .  Des p i te the fact th a t  the va l ues 

o f  the TL : S  ra ti os o f  M. cas ·tagnei and tfie LS : B  ra ti os of  M. popu Zi we re 
genera l l y l owe r than those  of o tfier s pe c i es , the o ver l ap between s pe ci e s  
w a s  suc fi t h a t  the se rati o s  a l one were o f  no va l ue  i n  del im i t i n g  s peci e s . 
However many i so l a tes  of M. popu Zi we re i den t i f i ab l e  by a LS

.
: B  rati o o f  

>1 , 00 .  

( c )  Septum Loca ti on 
Wi th i n  s peci es  septum 1 oca t i  on on bo th s ubs tra te s  was e s se n ti a l l y  

s i mi l a r ( Tab l es 2 8 ,  29 , 30 ) .  Septa of M. brunnea a n d  M. popuZi were 
common ly l ocated approxi ma te l y 30% a l on g  the l en gth of the con i d i um .  I n  
con tra s t ,  the septum of  M. castagnei was regu l a rl y  pos i t i on e d  40% a l on g  the 
l en gth  of  the coni d i um and acco rdi n g l y  a l l owed de l i mi ta ti on of  M. castagnei 

f rom M. brunnea and  M. popuZi . Genera l ly  septum 1 oca ti on a 1 one was 

s u ffi cien t to i den ti fy con i d i a of M. castagnei .  

, ,  . . . . .  - - . -
. -

..... . .  

D I S C U S S I ON 

The res u l ts o f  th i s  study ( ' syn thes i s ' ) e s tabl i s hed  tha t con i d i um 

mo rpho l ogy expre s s e d  by each Marssonina s peci e s  bo th on hos t ti s s ue an d 
15%V8 unde r  de fi ned  condi ti ons was essen ti a l l y  s i mi l a r and  fu rthe r s h owed 

tha t  on both s u b s tra te s  con i di um s hape enab l e d  separat i on o f  the three 
s peci es . 

l o ca ti on .  
Con i d i a  o f  M. castagnei a l one we re i den ti fi ab l e  by septum 

Al though  con i di a l d imen s i on s  overl appe d prec l u d i n g  spec i e s  

de l i mi tati on o n  th i s  cri teri a  a l one , i n  comb i nati on wi t h  con i d i um s hape 

and septum  l o ca ti on mean con i di a l d imen s i ons  as s i s te d  speci e s  i den ti fi cati on . 
Tha t  i s ,  con i d i a o f  M. brunnea we re gene ra l l y  s ho rter ( 15 v20u ) an d n a rrowe r 
( 4v6u ) than those o f  M. castagnei an d M. popuZi .  Al though  o f  comp a rab l e  

d i men s i on s , �on i d i a  o f  M. castagnei and  M. popuZi we re readi l y  i den ti fi e d  

by con i d i um s h a pe ( s t rai ght  v cu rve d )  a n d  septum l oca ti on ( 40 v 30% ) . 

The v a l ue  o f  cu l tural  studi es  fo r de te rmi n i n g  the fu l l exten t o f  
gene ti c vari abi l i ty was rea l i zed  by recogn i t i on of ' l a rge con i d i um vari an ts ' 
i n  cu l tu res  of a l l t h ree s pec ies .  Th i s  phenonomen was common and  i t  i s  
s u rp ri s i n g , tha t i t  has not  been prev i ous l y  reporte d , p robab ly  refl ecti n g  
t h e  l ack of  i n de p th cu l tural  s tudi es  of  these s peci es . The pa thogen i ci ty 

of the ' l a rge con i d i um vari ants ' was n o t  reduce d ,  s u gges t i n g  pos s i b l e  



6 8  

n a tura l  occu rrence o f  s u c h  con i d i a .  Th i s  was confi rmed i n  th e course o f  

. exami n a ti on of a he rbari u rn  speci men o f  P .  alba ; n fected wi t h  M .  castagnei 

( J .  Eri ksson , S tockho l m ,  Swe den , 5/8/ 1884 ) whe re bo th coni d i a l forms we re 

equal ly  abun dan t ( 18 . 5  x 6 u  v 2 3  x 8u ) . Furthermore , abnorma l l y  l arge 

con i d i a  were subseq uen t ly  observe d ,  i nvari ab ly  i n  l ow numbers , i n  l oca l 

co l l ecti ons of  M, brunnea. Obv i ou s l y  the ' l arge con i d i um va r i an ts ' a re 

n o t  separa te spe c ies  and the i r  exi s tence i l l u s trates  how add i t i o n a l  s pe c i e s  

c ou l d  b e  erecte d o n  the bas i s  o f  a s i n g l e mo rp ho l o g i ca l cri te ri on wi t ho u t  

f i rs t  conducti ng  deta i l ed stud i e s  t o  de termi ne the l i mi ts  o f  pathogen 

vari abi l i ty .  



f� COMPARAT I VE M � C ROCO� I b i UM MOR PHOLOG Y O N  HOST  
T � S S U �  A�D 15%V8 AGAR 

69 

P re ceedi n g  s tu d i es e s tab l i shed  that  the three s pec i e s  of Marssonina 

were rea d i l y  de l i mi te d  on the bas i s  of con i d i um n1o rpho l ogy expressed  on bo th  

agar  an d hos t  ti s s ue .  However  duri n g  exami n at i on of  fi e l d co l l ecti ons  

mi crocon i d i a  were often mo re preva l en t  than  con i d i a ,  especi a l l y i n  

co l l ecti o n s  made duri n g  l a te au tumn . S i nce there are no reports detai l i n g  

compa ra ti ve mo rpho l og i ca l  s tud ies  o f  m i crocon i d i a i t  i s  unknown whe the r  

Marssonina s peci es  may be i denti fi ed s o l e l y  on the bas i s  o f  morpho l og i ca l  
fea ture s  of  mi c rocon i di a .  Di men s i ons  o f  mi crocon i d i a  have been reported  

on l y  twi ce from hos t ti s s ue (Gremmen , 1965 a ; P i rozyns k i , 1 9 74 ) . 

I n  the p resen t s t u dy the morpho l ogy of bo th mi crocon i di opho re s  an d 

mi c rocon i di a  of Marssonina s peci es  we re compare d  from fi e l d  col l e ct i ons , and  

i n  the l ab o ratory on cu l ture med i a and  hos t ti s s ue . 

Ma teri a l s and  Me thods 

( a )  Fi e l d Co l l ecti ons 

Mi c rocon i di a  of  M. brunnea� M. castagnei and M. popu Zi from fi e l d  

co l l ecti o n s  (Appendi x 7 )  we re mou n te d  i n  l actophenol and s ta i ned wi th  0 . 5% 

ac i d fuch s i n .  The l en gt h  and b readth  d i men s i on s  of 60 mi c rocon i d i a  from 

e ach col l e ct i on we re re co rded ( Le i t z opt i ca l  mi crometer , 1250x , under  o i l 
i mme rs i on } .  

( b )  Labora tory Stu d i e s  

I s o l a tes ( Tab l e  3 1 )  were i n duced to form mi crocon i d i a :  

( i } I n  cu l tu re - by i n cubati on  on  15%V8 , pH 6 . 5 ,  20 ° C  i n  darkness  for 
12 days , 

( i i )  On host  ti s s ue - by i n ocu l a ti on o f  the  adaxi a l  s u rface of  ove r ­

ma ture l ea f  d i scs of P.  nigra cv . I ta l i ca • Au re a •  an d i n cubati n g  for 
1 2  days a t  20 ° C i n  darkmes s .  

Mi crocon i di a  from a g a r  a n d  host  t i s s ue we re measure d  as fo r fi e l d co l l e cti ons . 

I n  
_
addi t i on to l i gh t  mi c ro s copy , m i c rocon i d i a  and mi croco n i d i o ph o re s  

o f  the th ree speci es  f rom fi e l d co l l ec t i o n s  a n d  l aboratory s tud i e s  we re 
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e xami ned  by scann i n g  e l ectron and transmi s s i on e l e ctron mi croscopy . 

P reparati on of materi a l  for scan n i n g  an d tran smi s s i on e l ectron mi c ros copy 

i s  o ut l i ned  i n  Appen d i ces  8a an d 8b res pecti ve l y .  

R E S U LTS 

(a ) Fi e l d Col l ecti ons  

Mi c rocon i d i ophores of  the  three s pe c i es  were comparab l e  be i n g  

n arrowl y con i ca l  to amp u l l i fo rm ,  nonbran ched o r  s i n g ly  b ran ched me as ur i n g  

5 - ( 10 - 12 ) - 1 6 u  x 1 . 5  - ( 2  - 3 }  - 5 u  ( Fi g .  24 ) .  

Mi crocon i d i a  o f  the th ree s pec i e s  we re a l so mo rpho l o g i ca l l y s i mi l ar ,  

be i n g hya l i ne ,  smoo th wal l ed ,  un i ce l l u l ar ,  baci l l a te to obovo i d  and o ften 
somewhat fl a ttened a t  the base ( Fi g .  2 5 } .  Mi crocon i d i a ! d i mens i ons  a re 

l i s ted  i n  Appen di x 9 ,  s ummari sed  i n  Tab l e  32 an d depi c te d  g raphi ca l l y i n  

Fi g .  2 6 . 

On host  t i s s ue � mi croco n i d i ophore s  an d m i crocon i di a  we re fo rmed 

i n traepi derma l ly  e i ther a l one o r  i n  acervu l i wi th  con i d i a  ( Fi g .  2 7 } � 

(b ) Laboratory Stu d i e s  

On agar a n d  hos t  ti s s ue mi c ro con i d i ophores and mi c ro con i d i a  o f  a l l 

i' so l a tes of  th e three speci e s  we re mo rph o l og i cal ly  i n d i s ti n gu i s hab l e ,  bo th 

between s peci es an d w i thi n spe ci es  be tween  s ubs trates . 

M i c rocon i d i ophores  we re na rrow ly  con i ca l  to ampu l l i fo rm ,  non­

branched  o r  s i n g l y  b ranched , meas u r i n g  5 � ( 10 - 12 ) - 15  x 1 . 5  - ( 2  - 3 }  -
5 u .  I n  c u l tu re , mi cro con i d i a  o ften accumu l a te d i n  b a l l s  on  the api ces o f  

m i c rocon i di opho res ( Fi g .  2 8 ) . 

On both s ubs trates  mi crocon i di a  o f  a l l i so l a te s  we re hya l i ne ,  smooth  

wal l e d ,  un i ce l l u l a r ,  baci l l ate to obovo i d wi th a trun cate d  base  ( Fi g .  2 9 ) . 

Mi c rocon i di a  formed by the • l arge con i d i um va ri an ts • were i n  each i n s ta n ce 

s i gn i fi can tly  l onge r  ( P>0 . 05 ,  t - te s t ) than mi crocon i d i a  forme d by the 

res pe c ti ve pare n ta l  fo rms (Tab l e  33 , Fi g .  30 } .  Di me n s i ons  of mi crocon i di a  

are depi c ted g raphi cal l y  i n  Fi g .  31 . 

I so l ate s  of the th ree  s pe c i e s  common ly  formed mi crocon i di a  from 

con i di a .  They arose from e i ther ce l l o f  th e con i d i um an d i n  con tra s t  to 

t h e  re l a t i v e l y  u n i fo rm l y  s i z e d  m i c ro c o n i d i a f o rm e d by 



TABL E 3 1 : 

7 1  

I s o l a tes  o f  MaPssonina speci es  i n duced t o  form m i crocon i d i a  
i n  l abo ra,tory s tudi es on  1 5%V8 and l eaf  d i s cs . 

. , .  
· I  s o l  a te Speci es Hos t  . .  , .  Ori g i n  

B r  5 M. 

Br 5 L l  M. 

Br 24 M. 

Br  24L  M. 

Cs 3 M. 

Cs  3L  M. 

Po 1 M. 

Po J L  M. 

TABL E  32 : 

Spe ci es 

M. brunnea 

M. castagnei 

M. populi 

brunnea P. X euPamePicana cv . Pa l me rs ton North , 
! 214 N Z  

brunnea ' Large con i d i um vari an t "  1 5%V8 

brunnea 1?. tPemuloides  M i n nes o ta , USA 

brunnea ' La rge con i d i um vari an t '  15%V8 

castagnei P. a lba Anka ra , Turkey 

castagnei ' Large con i d i um vari an t •  15%V8 

populi 1?. canadensis He rts . , E n g l an d 

populi • Large con i di urn vari an t '  15%V8 

Di men s i ons  o f  mi crocon i di a  o f  MaPssonina spe c i e s  from fi e l d  
co l l ecti ons . 

Length ( u } Bre adth ( u ) LS : B  
Mi n .  Me an Max .  Mi n .  Mean �lax . Ra ti o 

3 . 2  4 , 5 o . � a 8 . 0  1 . 0  1 . 3 o · o 6 2 . 0  3 . 5 0 · 3 
3 . 2  4 . 9 0 • 3 8 . 0  1 . 0  1 I 5 0 • 1 2 . 5  3 .  3 0 . � 

3 . 4  5 . 6 o . s 9 . 0  1 . 0  1 . 3 0 • 1  2 . 0  4 . 1 0 . � 

a Standard dev i a ti o n  



TABE  33 : Di mens i on s  of  mi crocon i di a  o f  Marssonina s peci es  i n duced i n  
l aborato ry s tu di es on  1 5%V8 and  l eaf  d i scs . 

I s o  1 a te Subs trate Length ( u )  Breadth ( u ) LS : B  

72 

Mi n .  Mean Max .  Mi n .  · Mean · Max . Rati o 

Br 5 hos t 3 . 2  4 . 1 6 . 4  1 . 0  1 . 3  1 . 8  3 . 1  
15V8 3 . 2  3 . 8  6 . 0  1 . 0  1 , 2 1 . 6 3 . 2  

Br 5 L l  Hos t 6 . 0  8 . 0  10 . 0  1 . 0 1 . 3  1 , 8  6 . 1 
15V8 5 . 6  8 . 4  1 0 . 5  1 , 0 1 . 4  1 . 8 6 . 0  

Br 24 Hos t 3 . 2  4 . 6  6 . 8  1 . 0  1 . 2  1 . 6 3 . 8  
15V8 3 . 2  4 . 5 7 . 0  1 , 0  1 . 2  1 . 6  3 . 7  

Br  24 L Hos t 5 . 6  7 . 7 9 . 6  1 . 0 1 . 2 2 . 0  6 . 4 
15V8 5 . 6  8 . 0  1 0 . 0  1 . 2  1 . 6  2 . 0  5 . 0  

Cs 3 Hos t 3 . 4  5 . 0  7 . 6  1 . 0  1 . 2  1 . 8 4 . 2  
15V8 3 . 4  5 . 0  7 . 4  1 . 0 1 . 4  1 . 8  3 . 6  

Cs 3L Hos t  5 . 6  8 . 7 1 1 . 0  1 . 0  1 . 5  1 . 8  5 . 8  
15V8 5 . 6  9 , 0  11 . 2  1 . 1  1 . 4  1 . 6  6 . 4 

Po 1 Hos t 4 . 0  5 . 0  7 . 0 1 . 0 1 . 2  1 . 8  4 . 2  
15V8 3 . 6  5 . 0  7 . 0  1 , 0 1 . 3  1 . 8  3 . 8  

Po 1 L  Host 4 . 8  8 . 3 1 0 . 0  1 . 0  1 . 3  1 . 8  6 . 4 
15V8 6 . 0  8 . 5  1 2 . 0  1 . 0  1 . 4  1 . 8  6 . 1  
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the mi crocon i d i ophore s , varied marked l y  i n  s i ze and shape . 

U l tras tru ctu ra l ly , mi crocon i d i a  from hos t  ti s s ue an d 15%V8 we re 

e s sen ti a l l y  s i mi l ar an d were boun de d  by a b i l ayere d e l ectron trans p a ren t 

wal l an d p l asma l emma . A s i n gl e  l arge n u c l eus  was p resen t en c i rcl ed by 

a b i l aye red nuc l ear  memb rane . The cytop l asm s tai ned  den s ly and  con tai ned  

n ume ro us  r i bosomes , mi tochondri a and  vari ous l y  l i p i d  bod i e s ( F i g .  32 ) .  

D I S C U S S I O N 

The mo rpho l ogy a n d  d i mens i on s  o f  m i crocon i d i ophore s  and  mi c ro con i di a  
of  M. brunnea> M. castagnei and M. populi  from ho s t  ti s s ue and  15%V8 agar  

were i nd i s ti ngu i s hab l e  and  therefore of  n o  va l ue i n  spec i es  de l i mi tati on . 

The d i men s i ons of  mi crucon i di a  we re e s sen ti a l l y  i n  agreemen t wi th  those 

repo rted by Gremmen ( 1 965 a }  and  P i rozyn s ki ( 19 74 ) . 

As was the case wi th  con i d i a , mi c rocon i di a  o f  the ' l a rge con i d i um 

vari an ts '' were s i gn i fi cant ly  l a rger ( P>0 . 05 }  t han mi crocon i d i a  fo rmed by 

norma l p aren ta l  forms , fu rther i n di cati n g  the mo rpho l o g i ca l  s ta b i l i ty of  

s u ch i so l a tes . 

Mi crocon i d i a  a re a s s umed to fun c ti on  a s  spermati a i n  fert i l i z a ti on 

( Caste l l an i  & Fre cce ro , 1968 ) , the i r re l a ti ve l y  s i mpl e i n te rn a l  s tructure 

re fl ect i n g  th i s  fun ct i on . Tha t  i s ,  they h ave a l a rge n u c l e us i n  

proport i on to the i r s i ze , a re l a ti ve l y  sma l l amount o f  den se  cytop l asm 

an d a p ro tecti ve ce l l wa l l .  }1i crocon i d i a  a l s o  con ta i ned  ri bosome s , 

mi tocho n d ri a and l i p i d  bodi es  and  the re fore pos sess s ome capaci ty for 

aerobi c  energy p ro ducti on . 



G ,  EVA L UA T I O N O F  P H Y S I O LO G I C  C H A R A CT E R S  A S  S E C O N D  

O RD E R  TAXON OM I C  C R I T E R I A  
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As p revi ous l y  state d ,  Sny der  & Hansen  ( 1954 ) be l i eve d th a t  s pec i es  

shou l d be de l i mi te d  s tri ct ly  o n  the  bas i s of  mo rpho l og i ca l  features  an d tha t 

phys i o l og i c characters be used  on l y  a t  the s ub - s pec i fi c l e ve l . P recee di n g  
s tu di es  demons trated  th at  s pe ci es  o f  Marssonina we re readi l y  d e  1 i m i  te d o n  
the bas i s  o f  con i di a l morpho l o g i ca l  fea ture s . Howeve r phys i o l o gi c fea tu res 

s uch as symp tom expres s i on ( E l l i s  & Everha r t ,  1889 ; Gremmen , 1964 ; 1 96 5 a )  
an d h o s t  s peci fi ci ty ( Kl e bahn , 19 1 8 ;  Ri mpa u ,  1962 ; Gremmen , 1964 ; 1965 a )  

have a l so been used t o  del i mi t  s peci es . S tudi e s  we re con ducte d  o n  these two 

phys i o l og i c factors to de te rmi ne  the exten t o f  thei r expres s i on a n d  the re fo re 

pos s  i b 1 e va  1 ue i n  de 1 i mi ta  ti o n  o f  formae speeiaZes . 

1 .  S YM PTOM E X P R E S S I O N 

Symp tom express ·i o n  has  been used  i n  part by E l l i s  & Eve rha rt ( 1889 ) 

and  Gremmen ( 1964 , 1965a )  for sepa ra ti o n  o f  M. brunnea and  M. popu li . ·  B l ac k  

necro ti c  do ts abo u t  1 mm i n  d i ame te r we re con s i dere d  typi ca l  o f  M. brunnea 

whe reas  tan or o l i ve-brown , mo re o r  l es s  roun di s h  s po ts a bo u t  4 -5 mm i n  

d i ame te r were cha l�acte ri s t i c  o f  M. popu li . 

I n  the fol l owi n g  s t udi es symptoms expre s s e d  by pop l ars i n fecte d  wi th  
M.  brunnea, M. eastagnei and  M.  populi we re compared bo th on  natura l l y  
i n fecte d  fi e l d co l l ecti ons  an d l abo ra tory i nocu l a te d  l ea f  di s cs . 

A .  Symptom Expres s i on on  Fi e l d Co l l ecti ons  

Symptoms exhi b i te d  by wor l d-wi de fi e l d co l l e cti ons  o f  pop l a rs 

( Append i x 1 )  i n fected  wi th  the three s pe ci e s  o f  Marssonina we re compa re d .  

R E S U LT S  

( i ) M. brunnea 

Symptoms were typi ca l l y  cha ra c teri s e d  by sma l l ( 0 . 5 - l . Omrn d i am . ) ,  

b l ack , angu l ar p uncti form s po ts wh i ch u s ua l l y  remai ned  di scre te b u t  wi th  

hea vy i n fections  coa l es ce d  formi n g  i rre gu l a r  necro ti c p a tches ( Fi g .  33 ) .  On 

s peci es of the Secti on  Aigeiros (P. nigra� P. de Ztoides�  P. x euramerieana) 

both l ea f  s u rfaces vo�e re equa l l y  i n fecte d .  I n  contrast , o n  many s pec i e s  o f  

the Sec t ion  'I'aeamahaea (P. triehocarpa� P .  ma.ximowiezii� P. koreana X 

P. trichocarpa and P. candicans ) i n fecti on . was l arge l y  con fi ned  to  the 

abaxi a l  l ea f  s urface , the ve i n s  o ften bei n g  heavi l y  i n fecte d  ( Fi g .  34 ) .  On 
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P. a lba sma l l ( 1 -2 mm di am. ) bl ack puncti fo rm s po ts we re forme d on bo th l ea f  

s u rfaces ( Fi g .  35 ) .  On speci es o f  the s ub-secti on  Trepidae (P. tremu Za� 
·P. tremuZoides� P. grandidentata) � i n fe cti on l e ve 1 s we re o ften h i ghe r · on the 

abaxi a l  l eaf  s u rface whe re i rre gu l ar necroti c pa tches , cove re d  wi th o ran ge 

ma s ses  o f  con i di a  we re fo rme d ( Fi g .  36 ) .  

Leaves o f  P. fremontii an d P. fremontii x P. nigra cv . ' Sempe rvi ren s ' 

e xh i b i ted two di st i nct  symptom pa tte rn s . On ma tu r i n g  l eaves aDd  duri n g  ear ly  

s tages  of  i n fec ti on , amph i genous s po ts , typ i ca l  of  M,  brunnea we re fo rme d 

( Fi g .  3 7 ) . Howeve r ,  on the adaxi a l  s u rface o f  l o ng�i n fecte d  ma ture l ea ve s , 
l a rge ( 5 - 7  mm di am . ) , ci rcul a r ,  tan b l o tches , do t ted wi th wh i te p un c ti fo rm 

acervu l i were fo rmed ( Fi g .  3 7 ) , these symptoms we re nnre typ i  ea 1 of M. populi 

a n d  M. castagnei than o f  M. brunnea .  

Duri n g  l a te Au tumn , on a wi de ran ge o f  host  s peci es , two d i s ti n c t  

symptoms were exhi bi ted by l eaves  i n fecte d  wi th t h e  mi crocon i d i a l s t a te . 

Symp toms were ei ther i denti ca l to tho se i n duced by the con i di a l s tage , bei n g  

sma l l ( 0 . 5 - 1 . 0  mm di am. ) , p un cti fo rm s po ts ( Fi g .  38) , or l arge ( 2 - 5  u p  to 

10  mm di am . ) ,  epi phyl l ous  b l o tches ( Fi g .  38 ) .  Adjacen t b l o tches coa l es ced 
fo rmi n g  extens i ve necro ti c a reas do tted wi th n ume ro us ambe r b l i s te rs 

en c l os i n g  mi crocon i di a .  

On herbaceous s hoo ts l e s i ons  were i n i t i a l l y sma l l ,  b l ack , l a te r 

e l onga ti n g  ( 0 . 5 - 10 cm} wi th the cen tra l po rti o n s  be comi n g  p ro tube ran t an d 

turn i n g  whi te ( Fi g .  39 ) .  Young l es i on s  we re o ften enci rc l ed by a ha l o o f  red­
p i gme n ted  t i ssue .  Ol de r  l es i ons became ro u gh l y  fi s s ured an d occas i on a l l y  

g i rdl e d  sma l l stems cau s i n g di eback . O n  1 - 2  year o l d  wood , b l ack , c i rcu l a r  

( 3-5  nm di am . ) , s l i ght ly  p ro tube ran t  l e s i on s  w i th whi te cen tre s we re fo rme d 

(Fi g .  39 ) .  

( .;  i ) M. castagnei 

Th i s  speci es was con fi ned to P. a lba , Symp toms were mos t l y  e p i p hyl l ou s  

an d i n i t i a l l y cha racteri sed  by da 1�k brown , c i rcu l a r l es i ons ( 0 . 5 -3 . 0  mm di am . ) , 

often wi th a s i ng l e cen tra l whi te ace rv u l u s .  As l es i on s  en l a rged  t hey 

e i the r  rema i ned  di screte fo rmi ng  ( 3 . 0-6 . 0  mm di am. ) c i rcu l ar  l es i on s  do t ted  

wi th pun cti form whi ti s h  ace rvu l i o r  coa  1 esce d  formi n g  ·i rre gu l a r ,  da rk b rown 
or tan b l o tches wh i ch often cove red the enti re l eaf s u rfa ce . Such  necroti c 

pa tches we re do tted wi th  0hi ti s h  acerv u l i ( Fi g .  4 0 } . Di ffuse  dark p atche s 
we re often obse rved on the abaxi a l  s urface o f  heavi ly  i n fected l ea ves . 
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I den ti c a l  symptoms were exh i b i te d by l e aves  i n fected wi th the con i d i a l  a n d  

mi crocon i di a l s tates . 

( i i i )  M. popu li 

Symp toms were ma i n ly  epi p hyl l ous  an d var i e d  accord i n g  to host  spec i es  

an d di sease  seve ri ty .  Three bas i c symptom types we re obse rved n ame l y ,  the  

s po t ,  the  b l o tch and the  den dri ti c th read pa tte rn . 

The  spot  symptom con s i sted  of sma l l ( 0 . 5 -2 . 0  mm di am . ) c i rcul a r  to 

an c� l a r , b l ack l es i on s  do tted wi th  1-3 a ce rv u l i .  As i n fec ti on deve l oped 

adjacen t ne croti c l e s i ons  coa l e s ced fo rmi n g  i rreg u l ar  necro ti c  p a tches  

( Fi g .  4 1 ) . 

The  b l o tch symptom con s i s ted of  chestnut  b rown to b l ack , c i rcul a r  

b l o tches up to 10 mm i n  di ame te r an d do tte d  wi th  whi ti sh  pun cti fo rm ace rv u l i .  

Occas i on a l ly  b l o tches were i rre gu l ar ly  s haped and  1 i n k -drop 1 l i ke . Wi t h  

heavy i n fecti on l eve l s  adj acen t bl o tches coa l esced  formi n g  l a rge i rre gu l ar ,  

necro ti c  patches do t ted  w i th n umerous  whi t i s h ,  puncti fo rm acervu l i ( Fi g .  42 ) .  

Thi s symp tom type was exh i b i ted by i nfecti ons  o f  P. balsamifera� 

P. berolinensis� P. nigra and  P. x euramericana . 

The den d ri ti c symptom type was exp ressed  by P. tremuloides an d 

P. angustifolia an d con s i s ted  of  1 a rge ci rcu l a r  den dri ti c ,  chestn u t  b J�own 

bl o tches ( Fi g .  43 ) .  Abun dan t amber ma s se s  o f  con i di a  accumu l a ted  on the 

s urface of  ra di a ti n g  den dri te s ,  Thi s symp tom was ve ry s i mi l a r  to thos e  

exhi b i te d by roses i n fected  wi th Diplocarpon rosae . Occa s i on a l l y  den dr i t i c 

thre ads and  den dri ti c b l o tches we re fo rme d ( Fi g . 44 ) , 

I t  s hou l d be noted  that  on occa s i ons  a l l th ree symptom types  we re 

exh i b i ted on the one host  speci es . 

Symptoms exh i b i ted by l eaves i nfected w i th the con i di a l an d m i cro ­

con i di a l states o f  M. popu li were i denti cal . 

B .  Symptom Expre s s i on on Lea f  Di scs  

Symptoms exp res sed by pop l ars i n fected  wi th the th ree Marssonina 

s pe c i e s  we re compa red  i n  two expe ri men ts , 
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Expe ri men t one : I so l a te s  o f  each Marssonina spec i es  were cmr.pare d  fo r 

un i fo rmi ty o f  symptom expre s s i on  wi th i n  s peci e s  on a s i n gl e  cl one . 

Expe ri men t two : Symptoms expressed  by seve ra l  popl a r  cl ones  i n fected w i th 

s i n g l e  i so l ates o f  each s peci es  were comp a re d .  

Experi men t one : 

The adaxi a l  s urface o f  l eaf  d i s cs ( 2 . 5  cm d i am . ) o f  P. nigra cv . 

I ta l i ca ' Au rea • ( ma tu re l eave s ) i n serted i n  2% wate r  aga r ( Sp i e rs , 1 9 78 )  

we re i nocu l ate d  ( 5000 con i d i a/d i s c )  wi th  i so l a te s  o f  each Marssonina s pec i es  

( Tab l e 34 ) an d i n cubated  at  20 ° C  unde r  10 ho ur  w h i te l i gh t  p ho tope ri o d .  

Symp tom exp res s i on was reco rde d fo l l owi n g  10 an d 2 0  days i n cuba ti on . 

R E S U LTS 

Symptoms i n duced by i so l a tes  wi thi n each spec ies  were es sen ti a l l y  

s i mi l a r .  Symptom exp res s i on enab l e d  M. populi t o  be rea di ly  d i s t i n gui s he d  

from M. brunnea and M. castagnei . Typ i cal ly  symp toms exh i b i ted by l ea f  

d i scs  i nocu l a te d  wi th M. brunnea and M. castagnei were sma l l ( l . Omm ) , 
d i s c re te , puncti fo rm b l ack s po ts whereas symp toms i n duce d by M. popu li 

we re ci rcu l ar ,  b l ack , ' i n k  drop ' l i ke b l o tche s ( Fi g . 4 5 ) . 

Exoe ri ment  t�>JO : 

Leaf di s cs ( 2 . 5  cm d i am . } punched from ma ture l ea ves  o f  9 pop l a r 

cl ones  were i no cul a ted  as  de s cri bed i n  Ser ie s  I wi th a s i n g l e  i so l a te o f  each  

spec i es . Pop l a r  cl ones i nocu l a te d  we re : 

( i ) P. nigra cv . I ta 1 i ea  • Au rea  • (nigra) 

( i i )  P. nigra cv . Y83/ 66 (nigra) 

( i i i ) P. nigra cv . Ve r t  de Garonne  (nigra) 

( i V )  P. x euramericana CV . Robusta  (de ltoides X nigra) 

( v )  P. x euramericana CV . Be 1 1  i n i  (de ltoides X nigra) 

( v i ) P. x euramericana CV .  Schi avone (de ltoides  x nigra) 

( v i i ) P. simonii (balsam poplar) 

(v i i  i )  P. alba NZ o l d c l one 

( i X ) P. alba Mo rocco X P. nigra cv . Sempe rvi rens cv . Mare g  2 

(alba x nigra) . 

I n d i v i dual  treatmen ts we re rep l i cate d  e i ght ti mes and  symp toms we re 

re corde d  fol l owi ng 10 a n d  20 days i ncuba ti on . 



TAB L E  34 : 

Spec i es a n d  
I so  1 ate 

M. brunnea 

B r  5 
Br 10 
Br  13  
B r  1 5  
Br  1 6  

B r  18 
Br 2 0  
B r  24 

M. castagnei 

Cs 2 
Cs 3 

M. popu li 

Po 1 
Po 2 
Po 3 

Po 4 
Po 5 

Po 7 
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I so l a tes of Marssonina used  to i nocu l a te pop l a rs fo r l abo ra to ry 
expe ri men ts on compa ra ti ve symp tom e xp res s i on .  

Host Speci es  Ori g i n 

P. X euramericana CV . I -2 14 Pa l mers ton North , NZ  

P.  de Z-toides I l l i noi s ,  USA 

P. de l toides I owa , USA 

P. de ltoides Co l o rado , USA 
P. X euramer�cana C V . Rob usta  S u rrey , En g l and  

P. X euramericana Nancy ,  Fran ce 
P. X euramericana CV . J.-2 14 An kara , Turkey 

P. tremuloides Mi nnes o ta , USA 

P. alba Dubl i n , I re l and  
. 

P. alba An kara , Tu rkey 

P. canadensis He rts . , Eng 1  an d 
P. nigra cv . I ta 1 i ea Mi l ton , Eng1 and  
P.  nigra cv . I ta 1 i ca Kew , En g l and  
P. n1-gra Dubl i n ,  I re 1 an d 
P. X bero linensis r�unchen ' Ge rmany 
P. nigra Z u ri ch , Swi t zer l an d 



R E S U LTS 

. ( i ) M. brunnea an d M. castagnei 

8 1  

S i mi l a r symptoms we re exh i b i te d by a l l popl ar  c l ones  i n fe c te d  wi th  

M.  brunnea and  M. castagnei and  a t  fi rst con s i s ted  of  b l ac k , c i rcu l a r to  

a n g u l a r ,  pun cti fo rm spo ts ( 0 . 5 - 1 . 0-2 . 0  mm d i am . ) . Us u al ly  s po ts rema i n e d  

d i s cre te wi th a s i n gl e cen tra l  a ce rvulus but  w i th  heavy i n fe c t ions  coa l es ce d  

fo rmi n g  i rre gu l a r ,  necro ti c pa tches wi th abundant  a cervu l i  ( Fi g .  46 ) .  
( i i ) M. populi 

Both the spot  and  den d ri ti c symptom we re exh i b i ted by c l ones  

i n fe cte d wi th M. popu li� but were ra re l y  expre s s e d  s i mul taneous l y  by the 

s ame hos t .  

( a )  Spo t Symptom 

Th i s  symptom was formed by P. simonii� P. x euramericana c v . Robusta  

and  P.  x euramericana cv .  Schi avone an d con s i s te d  of  i rre gu l a r l y  s haped  

s po ts wi th fa i n tly den dri t i c ma rgi ns , on the s u rface of  whi ch  seve ra l  

a ce rvu l i were fo rme d .  Adj acen t s po ts tended to  coa l es ce formi n g  necro ti c  

a reas  do tte d  wi th wh i ti s h pun cti form ace rvu l i  ( Fi g .  4 7 ) . 

( b )  Den dri ti c Symptom 

On P. nigra cv . I ta l i ca ' Au rea ' dendri t i c symp toms con s i s te d  o f  

' i n k - d rop ' l i ke spo ts wi th ra di a l  den dri ti c th reads whe reas  o n  

P.  x euramericana cv . Be l l i n i  and  P. nigra cv . Y83/66 they we re i n  the fo rm 

o f  b l ack , often bran ched threads ( Fi g .  48 } . I n  bo th cases n ume ro u s  con i d i a 

accumu l a ted  on the s u rface of  the den dri tes . 

D I SCUSS I ON 

Al though un de r  fi e l d con di t i ons  M. castagnei has  been rep o rte d o n l y  

on P .  alba ( Ce l l e ri no , 19 79 ) , i n  th e l abora to ry i nocu l a ti on s  a l l n i ne c l ones 

we re i n fected . On l ea f  di scs  of  P. alba symp toms o f  M. castagnei an d 

M. brunnea rema i ned  i den ti ca l  whe reas i n  fi e l d co l l ecti ons  they we re i n i ti a l l y 

s i mi l ar ( s pots ) , but i n  the case of  M. castagnei en l arged to fo rm b l o tches . 
Thus i n  the fi e l d l a rge b l o tches on P. alba a re i n di cati ve o f  i n fe cti on  by 

M. castagnei .  Di s cre te spots howeve r ,  cou l d b e  a ttri b uted to e i ther  s pe ci e s . 

I t  s hou l d be noted th a t  M. popu li i s  non -pa thogen i c to P. alba . 
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I n  the fi e l d ,  con fus i on i s  l i ke l y  to a ri se  i n  i denti fyi n g  the ca usa l  

speci es on  P.  n·igra an d P.  nigra x P.  de Ztoides s i n ce they a re s us cept i b l e  

to bo th M. populi an d M. brunnea .  Al tho ugh  the di s cre te pun cti fo rm· s po ts o f  
M. bn.nnea s upe rfi ci a l ly resemb l e d  those  o f  M. populi .  they may be 
di ffere n t i a ted by s u ch s ub t l e  d i fferen ces a s  out l i ne and  n umbe r of  a ce rvu l i 

pe r spo t .  I n  M. brunnea typ i ca l ly  a s i n g l e ace rvu l us  i s  p ro du ce d  wi_th  the 

spot ma rgi n en ti re whereas  i n  M. populi there a re i n  exces s of  th ree acerv u l i ,  
the pe ri phery of s po ts be i n g undul a te to l obate .  Fu rther ,  s p o ts o f  M. popu li 

ten de d t o  coa l es ce formi n g  necro ti c  pa tche s dotte d  wi th  whi t i s h  acervu l i .  
S i n ce on l y  M. populi i n duces the den d ri t i c symp tom , express i on o f  th i s  

symptom type i ndi ca te s  M. populi as  the p a thogen . 

In s umma ry ,  E l l i s & Eve rhart ( 1 889 } and Gremmen ( 1 964 , 1965a ) we re 

correct  i n  observ i n g  di ffe ren ces i n  symp toms i n duced by M. brunnea an d 

M. populi . Howeve r i n  v i ew of the var i ab l e exp ress i on of  th i s  factor they 

we re no t j ust i fi e d  i n  adopti n g  i t  as a cr i te ri on for speci e s  de l i mi tat i on . 

Howeve r �  to a pe rson who has s peci a l i ze d  i n  Marssonina di seases  o f  pop l ars  

symptoms may as s i s t  i n  s peci es i den ti f i cati on s i n ce , in  gen e ra l : 

( i ) l arge ( >5 mm d i am . ) , ci rcul ar  to i rregu l a r  b l o tches do t te d  wi th  

whi ti s h  pun cti form acervu l i on  P.  a lba are typi cal  of  M.  castagnei� 

( i i ) sma l l  ( 1-2  mm di am. L d i s crete , c i rcu l a r to an gul a r ,  amp h i genous , 
puncti form b l ack  spo ts are typ i ca l  o f  M, brunnea� 

( i i i ) l a rge ( >5 mm ) , d i s cre te � ci rcu l a r  b l o tches o r  exten s i ve necro ti c  

pa tches , do tted wi th  ace rvu l i on spe c i es  o ther  than P. a lba are typ i cal o f  

M .  populi . Fu rthe r the dendri ti c s p o t  and  thread  symptoms a re s pec i fi c to 

M. populi . 

Fi n a l ly , i t  must be emph as i s e d  tha t i den ti fi cati ons  bas e d  on symptom 

expres s i on can o n l y  be ten tati ve pen di n g  exami nati on of con i di a .  

2 .  HO ST S P E C I F I C I TY 

Spec ies  of Marssonina h ave been partly de l i mi ted on  the bas i s  o f  

host s pe c i fi ci ty ,  a s  fo l l ows : 

M. castagnei - speci fi c to cl ones  o f  the Sec ti on Leuce parti cu l a rl y  P. a lba 

( Kl ebahn , 1 9 1 8 ;  Ri mpau , 1962 ; Gremmen , 1964 ; 1965 a ; P i ro zyn s k i , 
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1974 ; Ce l l e ri no , 1979 ) ;  
M. tl�emu lae (= M. brunnea) - s peci fi c to P . . tremu la ( Kl ebahn , 19 18 ; Ri mpa u , 

1962 ; Magnan i ,  1966 ; and Ce l l e ri n o ,  1 9 79 ) ; 

M. brunnea - pathogen i c  to a l l pop l ar speci es , except i ng those o f  the 
Secti o n  Leuce ( Ce l l e ri no , 1 9 79 ) ; 

M. popu li - pathogen i c  to s pec i es o f  the Secti o n s  Aigeiros a n d  Tacmnahaca 

(Cel l e ri no , 1979 ) .  

Furthe rmore , Thompson ( 19 3 7 )  and  Boye r ( 196 1 )  wi th i n  the i r · s i n g l e 

speci e s , M. popu li recogn i se d  fo rms s peci fi ca l l y  pa thogen i c  to P.  de Z toides�  

P.  alba an d P.  tY'emu Zoides . 

I n  the absen ce o f  p revi ous  defi n i ti ve s t u d i es o n  host  spec i fi c i ty ,  

exten s i ve i nocul a tion  experi men ts were conducted , pr imari l y  t o  obta i n  

de tai l e d i n fo rma tion on the re l a ti ve patho gen i ci ty and host  ranges o f  the 

t h ree Marssonina spec ie s , and secon d l y ,  to dete rmi ne  whe the r· d i ffe ren ti a t i o n  

o f  f01>mae speciaZes was po s s i b l e .  A br i e f  accoun t o f  the taxonomy o f  

popl a r  s pec ies i s  o utl i ne d  i n  Appen d i x  1 0 .  

Ma te ri a l s  and  Me thods 
Host s peci fi ci ty was dete rmi ned by e xami n ati on  of fi e l d co l l e cti ons , 

and by l abora tory i no cu l a t i on experi men ts . 

A .  Fi e l d Co l l ecti ons  

Hos t s peci fi ci ty o f  the three Marssonina spec i es  was  de termi ned  by 

exami nat ion  of  280 fi e l d c o l l ect ions  (Appen di x 1 ) , p rev i ous l y  i de n ti f i e d  on 

the ba s i s  o f  con i di um mo rpho l o gy ,  More de tai l ed obse rva ti ons  o f  the hos t  

ran ge o f  M. brunnea were poss i b l e  because o f  i ts presence i n  New Zea l a n d  

an d the ran ge o f  pop l ar s peci es grown a t  the Aok a u te re Sci ence Cen tre 

Research Nursery .  

B .  Laborato ry I nocu l a ti ons 

The ho st  ran ge and  re l a ti ve pathogen i c i ty we re compared of s i n g l e  

i so l a tes  o f  M. brunneo. frum P. x euramericana cv , Robusta  ( i n d i cate d  a s  

M. b1�nnea/Rob . ) , M. popu li from P. nigra cv . I ta l i ca a n d  M .  castagnei 

from P. alba . Al l th ree i so l ates were recei ved from Dubl i n �  I re l an d .  An 

Ame ri can i so l ate ( Mi nnesota ) of M. br>unnea from  P. tremu loides ( i n di ca ted  

as  M. brunnea/tre m) \IJas  i n c l uded i n  the  i nocu l a ti on s  i n  v i ew o f  p rev i o us 
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repo rts of  i so l a tes  o f  M. brunnea from P. trerrru loides and P. trenru la be i n g 

s pec i fi c to these  hosts  ( Ri mpa u , 1962 ; Ce l l e ri no ,  19 79 ) . 

Us i n g the aga r l ea f- d i s c  techn i q ue ( Sp i ers , 1 9 78 ) , 306 pop l a r  c l ones 

( Tab l e 35 ) were i nocu l a ted  wi th  the above fo u r  i so l a te s .  The l ea f  d i s c s  

( 2 . 5  cm d i am . ) we re from mature l e aves an d we re i no c u l ate d  on b o t h  s u rfaces  
w i th 2 5 , 000 con i di a/di s c .  Al l tre a tmen ts we re rep l i cated  twi ce . Fo l l owi n g  

i n ocu l a ti on the petri  di s hes  were i n cubate d  a t  20 ° C  unde r n a t�ra l  l i gh t .  

U s i n g  a b i nocul a r  mi croscope i nfe cti on l e ve l s  we re as ses s e d  afte r 1 0  an d 2 0  

days by s ubjecti ve assessmen t ( 0 - 3 )  based  o n  the n umber a n d  s i ze o f  l es i on s  
formed p e r  cm2 l e af area (Tab l e  36 ) .  

R E S U LTS 

A .  Fi e l d Co l l ecti ons 

( i ) M. populi Pop l a rs from the Sec ti on s Aigeiros (P. nigra� P. x eura-

mericana� P. angustifo liaJ ; Tacamahaca (P. trichocarpa� P. bero linensis� 

P. ba lsamifera� P. simoniiJ ;  an d a s i n g l e  speci men o f  P .  trerrru loides 

( Se c ti on Leuce ) vJere i n fecte d  wi th M. popu li . P. nigra was by far the mos t  

common ly  i n fected  speci es . 

( i i ) M. castagngi Al l i n fecti ons o f  M. castagnei were observe d on a 

s i n gl e  speci es  of  the Secti on Leuce� n amel y P. a lba 

( i i i ) £-1. brunnea A t  the Aokautere Sci ence Cen tre Res earch  Nursery 

i n fecti on of  M. brunnea was observed on  s pec ie s  f rom a l l fo ur  Sec t ion s  

(Leuce� Aigeiros� Tacamahaca� Leucoides)  and  i n te rsec ti o n a l  hybri d s  n ame l y ,  

Leuce x Aigeiros� Leuce x Tacamahaca a n d  Aigeiros x Tacamahaca . The on l y  

speci es not  i n fecte d  we re those o f  s ub - secti on Trepidae� name l y ,  P. tremula 

an d P. trerrruloides.  Howe ve r i n  overseas f ie l d  co l l ecti ons  i n fe c ti on s o f  

M. brunnea were common ly  observed on these speci e s . 

B .  Labora to ry Inocu l a ti ons 

I n fecti on l eve l s fo l l owi n g  10 an d 20 days i n cuba ti on we re e s sen ti a l l y  

s i mi l ar and  accordi ng ly  on l y  those fol l owi n g  2 0  days i n cubati on are 

p resented i n  Tabl e 3 7 .  The da ta are fu rther  s ummari s e d  i n  Tab l e  38 and  the 

comparati ve s uscepti b i l i ty of  the va ri ous  secti ons  of the gen us  to the fou r  

i so l a tes  i s  depi c ted g ra ph i ca l ly  i n  Fi g .  49 . 



TABLE  35 ; Pop l ar  c l ones and  s pec ies  s c reened i n  the l aborato ry fo r 
s uscepti  b i  1 i ty to j'tfarssonina speci e s . 

SECTI ON LE UCE 

A .  

B .  

ALBIDAE 

P. alba L C V . N Z  o l d c l one 
1 1  CV . 140/ 5 7  
1 1  C V . 142/ 5 7  
1 1  CV . 149/ 5 1  
1 1  C V . 1 59/ 1 
1 1  CV . B02  

P.  alba L va r .  h i cke l i ana  Dode cv . PE  90  
1 1  L var .  pyrami da 1 i s  Bun ge 

New Ze a l an d  Se l ect ions  71/ 3/2 
72/ 8/ 3  
73/ 76/8 
73/ 77/5  
77/64/ l 

TREPIDAE 

P. pseudograndidentata 
\ 

P. tremula L CV . FR1  
If L CV . Ne l so n  
If L C V . Wok .  

P. tremu loides ex  Wi s can • .  

If c l one 2 
If c l one 6 
If c l one  8 
If c l one 1 7  
If cl one 19 

C .  ALBIDAE x TREPIDAE 

P. canescens B 

P. a lba x P. g landulosa 

SECT I ON A 1 GE 1 ROS 

A .  AMERICAN BLACK POPLARS 

P. de l toides 

C V . K6 3-109  
C V . K6 3 - 1 10 
CV . K65-22-4  
C V . K66 -20- 1 

CV . AGr 2 1 -6 
CV . AGr 2 8-8  
CV . AGr 6 1 -58 
CV . AGr 68- 1  
C V . ANU 28-8 
CV . AN U 60/ 1 10 
C V . ANU 60/ 129  
CV . ANU 60/ 1 35 
CV . ANU  60/ 166 
CV . ANU 60/ 103 
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TABL E 35 

Secti on 

A .  P. 

P. 

P. 

P. 
P. 

Con ti n ued : Pop l a r  c l ones an d s pec i es s creened 
for s u s cepti b i l i ty to Marssonina speci e s . 

A ige i ros 

de ltoides 
• 1 1  

1 1  

1 1  

1 1  

de ltoides Marsh s pp . 
1 1  

1 1  

1 1  

1 1  

1 1  

de ltoides 
11 

1 1  

1 1  

1 1  

1 1  

C V . 
C V . 
C V . 
C V . 
C V . 
C V . 
CV . 
CV . 
C V . 
C V . 
C V . 
C V . 
C V . 
C V . 
C V . 
C V . 
C V . 
CV . 
C V . 
C V . 
C V . 
C V . 
CV . 
C V . 

ANU 60/ 125 
ANU 60/ 146 
APC 6 7/ 1 -3  
APC 6 7/ 5 - 1  
APC 6 7/5-2  
APC 6 7/ 5 -6 
APC 6 7/ 5-7 
APC 6 7/ 5 - 1 3  
APC 6 7/ 7 - 1  
APC 6 7/ 7..-2 
APC 6 7/ 7 - 1 2  
APC 6 7/ 10-3 
APC 6 7/ 12-4  
APC  6 7/ 16 -8 
APC 6 7/ 24-:-2 
APC 6 7/28-6 
APC 6 7/ 28- 1 1  
APC 6 7/ 3 1 - 1  
APC 6 7/ 40-5  
APC 6 7/47-2 
APC 6 7/5 1 - 5  
A P C  6 7/65 - 14 

. ' 

APC 6 7/ 1 19A-8 
APC 6 7/ 12 3A..-8 

Angulata 
CV . Caro l i nen s i s  
CV . Chau tagne 
C V . G3 
CV . G48 
C V .  Mi s s i s s i pp i  R . B . 

C V . Harvard 
C V . ! 6 3/ 5 1  
CV . !69/55  
C V . ! 70/5 1 
CV . I 72/5 1SP  
C V . I 74/5 1SP  

i n  

de ltoides Marsh spp . Mon i l i fe ra Hen ry C V . Fri ml ey 
de 'ltoides CV . I n ta 14/ 7 1  

1 1  C V . I n ta 16/69  
11  CV . I n ta 39/ 7 1  

C V . I n ta 66/ 71  
CV . I n ta 7 1/6 7 
CV . I n ta 79/71 
CV . I n ta 9 1/ 7 1  
CV . I n  ta 158/69  
CV . I n ta 341/69 
CV . I n ta 3 72/69 
CV . N E  245 
C V . N L  1454 
CV . N L  1660  

11 CV . NL  2 1 80 
11 CV . N L  2243  
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TABLE  35 Con ti n ued : Pop l a r c l ones and  spec i e s  s creened i n  the l abora to ry 
fo r s uscepti b i  1 i ty to Marssonina s peci es , 

Secti on Ai ge i ros 

A .  P.  de ltoides 
1 1  

1 1  

1 1  

1 1  

P. fremontii Wa ts . 

B .  EURASIAN BLACK POPLARS 

P. nigra L 

P. nigra L 
I 

1 1  

1 1  

11 

I� 

11  

11 

1 1  

1 1  

CV . N L  2433  
C V .  NL  2 5 15 
C V .  S tonevi l l e 62  
C V .  Stonevi l l e 66 
CV . S tonevi  l l e 70 
C V . S tonevi l l e 71  
C V . S tonevi l l e 8 1  
cv . S tonevi l l e 92 
73/54/ 16 
73/62/ 15  
73/ 70/24 
74/ 1 36/63 
74/ 192/ 1 
75/4/ 9 
75/ 7/ 14 
75/ 10/ 16 
75/ 12/5  
75/ 32/ 3 
75/ 38/ 3  
75/43/ 2  
75/54/ 16  
75/ 105/2 7 
75/ 1 1 3/40 
75/ 142/ 25  
75/ 143/2 
75/ 1 14 

cv . ANU 6 1/48 

C V . Cau d i  na 
c v .  8 1  an c de Garonne 
C V ,  C E9 
C V . TR 42/80 
C V , I ta 1 i ea 
C V . I ta l i ca a urea 
C V . I ta l i ca F 
C V .  L P1 
C V . MC- 1 8  
CV . t�C�20 
C V . P G  14 
C V .  PG 2 2  
C V . Poznan 7 
C V . Poznan 9 
C V . R103 
C V . Sempe rv i ren s 
C \' , Theves t i na  
C V . TR 56/ 32 
C V . TR 56/52  
CV . TR 56/ 72 
CV . TR 56/75 
CV. TR 62/ 2 7  
CV . TR 62/49 
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TABLE  35 Conti n ue d :  Pop l ar  cl ones and  s pec i e s screened i n  the l abo ra to ry 
for s uscepti b i l i ty to Marssonina speci es . 

B .  P. nigra L TR 62/52  
1 1  TR 62/ 5 7  
1 1  TR 62/ 1 2 7  
1 1  TR 62/ 140 
1 1 TR 62/ 149 
lt TR 62/ 154 
1 1 . TR 62/ 1 9 1  
1 1 Ve rt de Garonne 
1 1  Y83/66 
1 1  Y95/ 6 7  
11  Grana racci  

P .  X eurcunericana ( D00e) Gui n i e r cv . (de Ztoides x nigra ) · 
1 1  c v .  A N U  65 - 1  l:t 
1 1  C V . ANU 65-5  1 1· 

11 C V . ANU 6 5 - 14 
1 1  C V . ANU 65 - 19  1 1  

\t C V .  ANU 6 5 -24 1 1  
1 1  C V . ANU 65 �70 1 1  

C V .  ANU 66/ 8 (fremontii X ns ) 
C V .  ANU  66/9  1 1  

C V . Al t ich i  e ro (d X n ) 
C V . Bel l i  n i  1 1  

C V . B . L Cos tanzo N' 

CV . Bocca l ar i  1 1  

CV . Carpacc i o  11 

C V . Ci ma 11 

C V . Eco 2 8  1 1  

C V .  E ugenei  PU regen . x  nT 
C V . Eugenei  UL  1 1  

C V .  Fi e ro l o  (d x n ) 
C V . Fl e vo 11 

C V . Fo go l i n o 11 

CV . Ge 1 ri ea HA 
CV . Gi o rg ione  
C V . Guardi 
C V .  Guari e n  to 
C V .  Harff 

11  cv . 1 30 
� C V . 1 65  ( Gwydyr)  
\t C V . 1 74 0  
11  CV 1 78 
11 C V . 1 1 54 ,, C V . 1 2 14 
H C V .  1455  
11  C V . 1 488 
1 1  C V . 145/ 5 1  11 
1 1  C V . 192/40 tt· 

1 1  C V . 1 aevi  g a  ta 11  
1 1  C V .  Le i pzi g 11 

11 C V . Lon ghi  
tt C V . Ma ri 1 andi ea F 
11 C V . NL  925 
11  C V . N L  1070 
11 C V . N L  160 1  
1 1  C V .  N L  1602 ' 
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TABL E  35 Con ti n ued : Popl a r  cl ones an d s pec i es  s c reened i n  the l abora to ry 
for s uscepti b i l i ty to Marssonina s pe c i es . 

B .  P. X euramericana C V .  NL  1603  (d X n ) 
1 1  C V .  N L  1605 1 1  

1 1  C V . N L  16 10  1 1  
1 1  C V . N L  1 7 75 11 
1 1 C V . N L  2 1 70 1 1 

11 C V , N L  2 1 7 1  11  
H C V . NL  2 19 3  1 1  

C V . NL 2 194 1 1  

C V .  NL  2 195 f,t 

C V .  N L  2 196  1 1  

C V .  NL  2 1 9 7  � 

C V . N L  2 200 1 1  

C V . NL  2 202 ll 

C V . NL  2205 1 1  

C V . NL  2206  1 1 

C V . NL  2 2 0 7  1 1  

CV . N L  2 2 1 7  1 1  

C V ,  N L  2 2 20 11 

C V . N L  2 2 2 3  \l 

C V , N L  2226  1 1  

C V .  OP66 11  

CV . Pach e r  1 1  

CV . Re ge nera ta 360 (nigra x serotina } 
C V . Rob u s ta PH (d X n ) 
C V . Robu s ta Zee l an d  1 1  

11  C V . Rubra 1 1  
1 1  cv . San �1arti  no 1 1  

1 1 cv . Sch i a vo ne 1 1  
1 1  Seroti na du Poi tu  (regen .  X serotina ) 
11 C V . Ti epo l o  (d X n ) 
1 1  C V .  Tri p l e 1 1  

1 1  CV . Vene z i ano l t  

SECT I ON TACAMAHACA 

P. maximowiczii Hen ry 
1 1  C V .  Kew 
1 1  C V . OJP  M106 
ll  C V .  OJP  M108 
1 1  CV . OJP  tv1101 1 
11 CV . O J P  M1012  
11  C V . O J P  M1020 
1 1  CV . O J P  MA3 
1 1  CV , OJP  MC-22 

P. trichocarpa To rr. & Gray C V . C F  
1 1  cv . LA 99  
1 1  CV . V2 35 
1 1  cv . S6 1 7-16  
11  C V .  $617-4 1  
1 1  CV . $61 7-88 
1 1  74/ 150/ 1 See d l i n g ex Ca 1 i forn i a 
1 1  74/ 150/ 5 1 1  1 1  

1 1  75/ 150/23  1 1  11  
11  75/ 15 0/ 3 1  1 1  H 
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TABL E  35  Con ti nue d : Pop l a r  cl ones and  spec i e s  s creene d i n  the l abo ra to ry 
for s uscepti b i l i ty to M2rssonina speci e s . 

P. yunnanensis Do de 
1 1  

1 1  

P. candicans A i t . 
P. ciliata 

P. simonii 
P. simonii var . fas t i  g i a ta 
P. szechuanica t i be ti ca 

P. androscoggin 

P. koreana X P. trichocarpa 

SECT I ON A I GE I ROS X TACAMAHACA 

76/200/5 
76/200/ 7 

Seed l i n g e x .  Ch i na 
1 1  1 1  

( a ) Interamericana (de Ztoides x trichocarpa ) 
cv . NL  1 6 16 (d X t ) 

( b l Others 

CV . NL  1623 
C V .  N L  1626 
cv.  NL  164 7 
CV . N L  1656 
CV . N L  1 785 
CV . NL  2228  
cv .  NL  2233  
CV . S909 - 1  
CV . S909 - 10 
CV . S909 - 12 
CV . S9 10�.2 
CV . S910-5  
CV . S9 10-8 
CV . S9 10 - 10 
C V .  69042- 1 
CV . 69042-3  
CV . 6904 2-4 
CV . 69042 -5 
CV . 69042-6  
CV . 6904 3- 1  
cv . 6 904 3-2 
CV . 69043-3  
CV , 69043-4  
CV , 69044 - 1  
CV . 69044"'2 

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

11  

(d X y ) 
(d x maxi . J 
(n x maxi , (Koreana x n ) 

1 1  

1 1  

(Koreana X ni) 
If 

ANU 70-2 
1 83/ 5 8  
K62 -9  
K63- 100 
K63 -125  
K6 3 - 130 
K6 3 - 129  
K63�131  
L aure l  S2  
Oxford 

(d x taca ) x l a uri f ,  (ma.xi , x bero Z � ) 
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TABLE  3 5  Con ti nue d :  Popl a r  c l ones and  speci e s  screened i n  the l aborato ry 
fo r s uscept i  b i  ·1 i ty to Marssonina speci e s . 

( b )  Othe rs Roches te r  (maxi . x nP) 
N Z 5001 (d x y ) 
N Z  5004 (d x y ) 

SECT ION LEUCO I DES 

SE CTI ON  LEUCE  X A I GE I ROS  

P. Zasiocarpa 01 i v . 

P. de Z toides X P. a Zba Maktar  CV . De1 mak 
1 1  C V .  De 1 ma k 1 3  
11  C V .  De 1 ma k  1 6  
1 1  C V .  De 1 ma k  18  
1 1  C V .  De 1 mak  1 9  
1 1  C V .  De1 mak  2 0  
11 C V .  De 1 mak  2 2  
1 1  C V .  De1 ma k  2 6  

11  1 1  var .  pyrami da  1 i s  
1 1  C V .  De 1 bo  U 

1 1  1 1  C V . De 1 bo 9 

P. a Zba ' Morocco • x P. nigra cv . Sempe rvi rens  cv . Ma re g 2 

S ECT I O N  LEUCE X TACAMAHACA 

P. aZba • t•lorocco • x P. yunnanensis 
CV . Mayu 1 

KEY d P. de Z toides 
n P. nigra 
ns P. nigra cv . ' Sempe rvi ren s • 
ni P. nigra cv . • I ta 1 i ea  • 
regen . P. regenerata 
t P. trichocarpa 
y P. yunnanensis 
maxi . P. maximowiczii 
taca . P. tacamahaca 
beroZ .  P. beroZinensis 
nP P. nigra • P1 an te ri en s i  s • 



TABLE  36 .; 
----

D i sease 
Ra ti n g  

0 

1 

2 

3 

92 

Di sease rati n g  s ca l e an d s u s ce pt i b i l i ty c l as s i fi ca ti on fo r 
asses s i n g  popl a rs fo r res i s tan ce to Marssonina s peci es  i n  
l aboratory i no c u l a ti on s . 

Les i ons  per I n fect ion  Suscepti b i l i ty 
cm2/ Leaf Area Leve l C l as s i fi ca t ion  

0 n i l  h i gh l y  res i s tan t 

1 -10  l i gh t  res i s tan t 

>10<25 medi um s us cept i b l e  

>25 heavy ve ry s u s cept i b l e 
. .  
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l�i thi n the Secti on Leuce� s peci e s  o f  the  s ubsecti on  A lbidae 

(P. alba ) and Albidae x Trepidae (P. a lba x P. tremula) we re s us cept i b l e 
to a 1 1  Marssonina speci" es , except  M, popu li . Howeve r spe ci e s  of  the 

s ubsectl' on Trepidae (P. t1?emula� P.  tremuloides) were on l y  s us ce p ti b l e to 

M. brunnea/trem . 

Wi thi n the Se cti on Aigeiros� P. de ltoides was s u s ce p ti b l e  on l y  to 
t so l a tes of M. brunnea/Rob . The s i n g l e re p resenta ti ve of  P. fremontii was 

heavi l y  i n fecte d by a l l fou r  i so l a te s . Al l cu l ti va rs of  the E u ro pean b l ack  

pop l a r  (P. nigra) were h i gh l y  s us cept i b l e  to  i n fecti on by M. brunnea/Rob ,  

and  M. populi an d were res i stant to M. castagnei an d M. brunnea11t rem .  As 

wou l d be expected , cu l t i va rs of P. x euramericana (P. de ltoides x P. nigra) 

were gene ra l l y  ve ry s u s cepti b l e to M. brunnea/Rob .  and re s i s tan t to 

M. populi . No i n fecti ons  o f  P. x euramericana by M. castagnei o r  M. brunnea/ 

trem \'le re observe d .  

Wi thi n the Secti on Tacamahaca cu l ti vars o f  P. maximowiczii� 

P. trichocarpa� P. yunnanensis an d P. simonii we re i n fected  by a l l fo ur  
iso l a te s .  I n  mo s t  i ns tances , apa rt from M.  brunnea/Rob on l y  l i gh t  i n fect ions  

we re establ i s he d .  Howeve r seedl i n gs o f  P.  trichocarpa from Ca l i forn i a we re 

heavi l y  i n fecte d  by a l l fo u r  i so l ates . 

On ly M. brunnea/Rob i n fecte d  P, lasiocarpa the s i n gl e rep resen ta ti ve 

of  the sma l l Se cti on Leucoides , 

Cul ti va rs deri ve d from i n tersecti o n a l  cros ses  va ri e d  i n  res i s tan ce 

to the fou r  i so l a tes depen d i n g  on the res i s tance of the  componen t pare n t 

s pe ci e s . For i ns tance , c l ones o f  P. x interamericana (P. de ltoides  x 
P. trichocarpa) we re h i g h l y  s u s cept i b l e to the i so l a te o f  M. brunnea from 

P. robusta an d h i gh l y  res i s tan t to the i so l a te of M. brunnea from 

P. tremuloides� M.  castagnei an d M. populi . P. X Mareg 2 of  P. a lba x 

P. nigra cv .  ' Sempe rvi ren s ' paren tage , was h ·i gh l y  s us cepti b l e to a l l s pe c i e s  
except  M .  populi . 

D I SCU S S I ON 

The agar l ea f- di s c techn i q ue (Sp i ers , 1978 )  p roved i n va l uab l e i n  

the above s tudi es  fo r compa ri n g  the re l at i ve ho st  ran ge s  an d pathogen i ci t i es 
o f  Marssonina s peci es  under  i den ti ea 1 con di t i on s ,  P revi ous l y  t h i s techn i q ue 



TABLE  3 7 :  Rel a ti ve suscepti b i l i ty o f  pop l a rs t o  Marssonina species  fol l owi ng  i nocul a ti on of  bo th l ea f  s urfaces w i th 2 5 , 000 con i d i a/ 
�i s c  and  20 days i n cuba ti on a t  2 0 ° C under na tural l i ght .  

�-Hos t s;:Jeci e s , c l one o r  11. brur:nea 
cul ti v a r  AD AB 

L EUCE 
( a ) !-.. LBID/-3 

P. alba L .  cv . NZ  ol d c l one 1 V 
11 . C V .  !40/5 7 0 0 
11 CV . 142/ 5 7  0 0 
11 cv . I49/51  0 0 
11 C V . ! 59/ 1 -- 0 0 

I " 
c v .  BOz 1 0 

P. alba va r .  hi ckel i ana 1 0 
11 v a r .  py�ami da l i s  0 0 

71/3/ 2  
' .  1 V I 

72/8/3 1 V 
73/ 76/ 8  1 V 
7 3/ 7 7/ 5  1 V 
7 7/ 64 / 1  1 V 

(b ) T.r?F?IDAC: 
P. o3eudoaruadidentata · 0 0 
P. tl'emu kz cv .  FR I 0 0 
P. tremula cv . Chri s tchurch 0 0 
P. trerr:u?,a C V .  v!o k 0 0 
P. tremu loides CL 2 0 0 
11 C L  6 0 0 
11 CL 8 0 0 
11 CL 1 7  0 0 
11 CL 19 0 0 

f..LBIDAE x T.'C:SPIDI.E 
P. ccr.esceY'�� 8 1 0 
P. a iba x P. g Landu losa 0 0 
K6 3- l09 , 1 ... 
K6 3- 1 10 0 0 K6 5-22-4  1 V 

I K65 - 2 0 - 1  1 V 
I WAi'l L � · · � -1 • t  ' · :: u :.... _ : 0 . 4  0 . 4  

,� I G � I ROS I P. dd toides c v . AGr 2 1 - 6  2 2 
11 CV . AGr 2 8-8 2 2 
11 cv . ASr 6 1 - 5 8  1 1 

I 1 1  C V .  l'>, Sr  6 8 - 1  2 2 
I 

f. s? . trepidae . .  AD . .  
AB 

1 V 
0 0 
0 0 
0 0 
0 0 
0 0 

1 V 
0 0 
0 0 1 V 1 V 1 V 
0 0 

1 2 1 2 1 2 1 2 1 3 1 3 1 3 
1 2 1 3 

1 V 1 2 l . 1  1 0 
2 V 1 V 
0 . 7  1 . 2  

0 0 
0 0 
0 0 

I 0 0 

- - I 

M. popu l-i M. castagr.ei 
AD 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 {) 
0 

0 
0 
0 
0 

--

AB · Ao AB 

0 3 
0 1 
0 1 
0 1 
0 1 
0 1 

0 3 
0 1 
0 3 
0 3 
0 2 
0 2 
0 2 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 1 
0 3 
0 1 

0 1 
0 3 
0 3 

0 1 . 3  

0 0 
0 0 
0 0 
0 0 CONT I NUED 

- -·-··- - - ·· - ·· - - --·-

V . V V V 
0 
V 
V 
V 
V V 
V V V 

0 
0 
0 
0 
0 0 
0 
0 
0 

V V V V V 
3 

0 . 8 

0 
0 
0 
0 

I I 

I 
I 
I 

I 

I 

I I I I 
I 

- r l 
I 

<.D 
_;:, 



TASL� 37 Co n t i n ue d :  Rel ative suscepti b i l i ty of  popl a rs t o  Marssonina species fol l owi n g  i nocul a ti o n  o f  bo th l eaf s u rfaces wi th 
2 5 ,000 con i di a/d isc  and 2 0  days i ncubation a t  20 ° C  �nder natura l  l i ght  

Hos t  speci es , c l o ne or 
cul ti v c. r  

A I GE ! ROS Conti nued 
P .  d.J ltoiC.es 

1 1  

1 1  

" 

cv . ANU 2 8- 8  
C V .  ANU 60/ 1 10 
cv . ANU 60/ 1 2 9  
c v .  At\U 60/ 1 3 5  
CV . /\N U  60/ 166 
CV . Ar\U 60/ 103 
cv . At'\U 60/ 125 
cv.  ANU 60/ 146 
cv . APC 6 7/ 1 - 3  
c v . A P C  6 7/ 5 - 1  
c v .  APC 6 7 / 5 - 2  
C V . A?C 6 7/ 5 -6 

11 cv . APC 6 7/ 5 - 7  " cv . AP C 6 7/ 5 - 13 
11 cv . APC 6 7 / 7 � 1  
11 

cv . APC 6 7/ 7-2 
11 CY . APC 6 7/ 7 - 12 

cv . APC 6 7 / 1 0 - 3  
cv . A?C 6 7/ 1 2 -4 
c v .  APC 6 7/ 16 - 8  
cv . A ? C  6 7/24-2 
cv . APC 67/28-6 
cv . APC 6 7/ 2 8- 1 1  

' cv . APC 66/ 3 1 - 1  " c v .  APC 5 7/ 4 0 - 5  
" cv . APC 6 7/ 4 7 - 2  
" c v .  APC 6 7/ 5 1 - 5  
11 C V .  6 7/ 6 5 - 14 
" cv . APC 6 7 / l l9A-8 " CV . APC 6 7 / 123A-8 

P. de ttoides spp . An g u l ata cv . Carol i nens i s  
11 

c v . Ch a u t a gne " C V .  G3 

'I U. bl� ... nnea 
AD AB 

f. sp. trepidae 
AD Ao 

M. populi 
AD AB 

M. castagnei 
AD AB 

3 
1 
1 
2 
2 
2 
3 
1 
2 
3 
3 
3 
3 
3 
3 
3 

I � 
. 3 

3 
3 
3 1 
3 
2 
2 
3 
2 1 3 1 
3 
1 2 

3 o o o o 1 · o  o 
1 0 0 0 0 0 0 
1 o o o o I o o 
3 0 0 0 0 0 0 
2 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
0 0 0 0 0 0 0 
2 0 ' 0  0 0 0 0 
3 o o I o o o o 
3 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3 o· o o o o o 
3 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3 0 0 0 0 0 0 3 0 0 0 0 0 0 
3 0 0 0 0 0 0 
3 0 0 0 0 0 0 3 0 0 0 0 0 0 
1 0 0 0 0 0 0 
3 0 0 . 0 0 0 0 
2 0 0 0 0 0 0 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
2 0 0 0 0 0 0 
1 0 0 0 0 0 0 
3 0 0 0 0 0 0 
1 0 0· 0 0 0 0 
3 0 0 0 0 0 0 
1 0 0 0 0 0 0 
2 0 0 0 0 0 0 11 

cv . G4 S 
... • • , . .  � � • � � • I" 1. .  .._ 1 1 0 0 0 0 0 0 11 

cv . �arvard 3 3 0 0 0 0 0 0 · 1 P. de Z toide s 

11 
C V .  I 6 3/ 5 1  2 3 0 0 0 0 0 0 
CV . I 69/ 5 5  3 3 0 0 0 0 0 0 

i •; CV . ! 7 0/ 5 1  1 1 0 0 0 0 0 0 I 1 1  C'i . I 72/ 5 1  V V 0 0 0 0 0 0 
1 11 • cv . u:;./ 5 1  sP  2 .  1 o o o o o o I 
I P. de z.ta-:-dcs s p p .  �·bn i l  i fe ra cv . Fri ml ey 3 3 0 0 11 0 0 0 0 I i ---- CQ�GINUED : 

\D 
Ul 
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TA3LE 37 Con ti nue d :  Rela tive s u s ce pti01 T i ty o f . po p 1 ars to f.:a..."'caonina species fo 7 1 owin g fnocu1a tfon on bo th 1 ea f  surfaces 1� i th 
25 , 000 con i d i a/ di s c  and i n cub a t i on 20 days , 20 ° C  under na tura l l i gh t  

I . 1 H o s t  spec1 es , c one o r  
cul  t i  va r 

A I GE I ROS Co n ti n ued 

P.  de ltoides cv . I n t a  14/ 71 
11 C \' .  I n ta 16/69 
11 cv . I n ta 39/ 7 1  
1 1  CV . I n ta 66/ 7 1  
11 C Y .  I n ta 7 1/67  
11 C Y .  I n ta 79/ 71 
1 1  cv.  In ta 9 1/ 7 1 
11 C V .  I n ta 158/69 
I CV . I n ta 34 1/69 

C V .  I n ta 372/69 
CV . NL 1454 
CY . NL 1650 . 
C V .  Nl.. 2 180 
C V .  NL 224 3 

. cv . NL 24 33 
I C V .  NL 25 15 
1 1  cv . S tonevi l l e  62 
1 1  cv . S tcnevi l l e  66 
1 1  cv . S tonevi l l e  70 
1 1  cv . Stonevi l l e  71  
1 1  cv . S tonevi l l e  81 
11 cv.  Stonevi l l e  92 
1 1  73/54 / 16 
11 73/62/ 15 

I 11 73/ 70/ 24 
1 1  74 / 1 39/53  
1 1  74/ 192/ 1 
" 75/4 /9  

75/ 7/14 
75/ 10/ 16 

I 75/ 12/5 
75/32/3 
7 5/38/ 3 
75/4 3/2 
75/54/i6 75/ 105/ 2 7  
75/ 1 1 3/40  
75/ 142/25 
75/ 143/2 
75/ 1 14 I P. framor: ti i CV . 6 1/48 

I 1·1EA� DELTO I DES 

M. brwmea 
AD AB 

3 
. 

3 
3 3 1 1 
2 1 1 1 1 1 
1 1 
1 1 1 1 
2 2 2 2 

' V · V 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
2 2 
3 3 2 2 
3 3 
3 3 
3 3 
3 3 
l 1 
3 3 
3 3 
1 1 
2 2 
3 3 
2 2 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 I 

2 . 3  2 . 3  

f. sp. trepidae N. populi N. castagnei 
AD AB AD AB AD AB 

0 0 0 0 
I 

0 0 
0 0 0 0 0 0 
0 0 0 0 . · 0  0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 'J 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 . 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 · o 
0 0 . o 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 . 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 I 

0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
2 2 3 3 1 1 
0 . 02 0 . 03 0 . 03 0 . 03 0 . 0 1  0 . 0 1 

' CONTI NUED 

I / 

I I 

I 

I 

I I 
I 

I 
lO 
m 



T�8LE 3 7  Co n ti n ue d :  Re l a ti ve s u s cepti bi l i ty o f  popl a rs t o  Na1•ssonina spec i e s  fo 1 l owi n g  i no cul a ti on o n  both l ea f  s u1·fa ce s wi th 
2 5 , 000 con i d i a/ d i s c  and i n cub a tton 20 days , zo a c  unde r n a tural l i gh t  

/ Ho s t spec i es , c l on e  o r  ! C LJ 1 ti v a r  
A I GE I ROS Con ti n ue d  
P. r:iQ"'a cv . Caud i n a  I P .  ni�m cv . B l anc de Garonne 

" C V .  CE9 
11 C V .  I R  4 2 / 80 
11 c v .  I ta l i ca 
11 c v .  I ta l i ca a urea 
1 1  cv . I ta l i ca F 
I C V .  L P l  

C V .  �:C - 1 8  
I c v .  r.:c 20 

CV . P G  14 
CV. P G  22 

' 

c v .  Po znan 7 
c v ,  Po znan 9 
C V .  R 10 3  
C V .  Se�pe rvi renS 
c v .  The'Je s t i na 

I cv . TR 56/32 
11 cv . TR 5 6 / 5 2  cv . T R  56/ 72 

C V .  7R 56/ 75 
cv.  H 6 2 / 2 7  
CV . T R  6 2 / 4 9  cv . TR 6 2 / 5 2  
C V .  TK 62 / 5 7  
c v .  T R  6 2 / 1 2 7  
c v . · TR 6 2 / 140 

11 cv . TR 6 2 / 149 
1 1  C V .  TR 62/ 1 5 4  
1 1  CV . TR 6 2 / 1 9 1  
1 1  c v .  Ver t  de Garonne 
11 C V .  Y 83/ 6 6  
11 cv . Y95/ 6 7  
1 1  cv . Grana racci  

t·lS�N P .  N I GRA 

j P. x eurcmericcna c v .  A�U 6 5 - 1  
11 

c v .  ANU 6 5 - 5  
11 CV . f..!';U 6 5 -14 
1 1  cv . ANU 6 5 - 1 9  
11 c v .  ANU 6 5 -24 

----

I M. brur:nea I AD A B  

3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 3 3 
3 3 
3 3 

I 3 3 
3 3 
3 3 3 3 
3 3 
3 3 
3 3 
3 3 
3 3 3 3 
3 3 
3 3 3 3 
3 3 
3 3 
') 3 .J 
3 3 3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 

3 . 0  3 . 0  

3 3 
3 3 
3 3 
3 3 
3 3 

f. sp . trepidae AD AB 

1 1 1 1 
2 3 
2 2 1 1 1 1 1 1 2 2 
1 ·- 1 1 1 
2 2 1 1 1 1 ' 

1 1 · 1  1 1 1 1 1 1 1 1 , ... ' 1 1 1 1 
0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

' 1 . 1 1 1 . 0  0 
1 1 1 1 
1 . 1  1 . 1  
0 0 
0 0 0 0 
0 0 
0 0 

· M. popu li 
AD 

3 
3 
3 
3 
3 3 3 
3 3 
3 
3 
3 
3 
3 3 
3 
3 
3 
3 
3 3 
2 
3 
3 3 3 
3 
3 
3 
3 
3 
2 
3 

AB 

3 
3 
3 
3 
3 
3 3 
3 3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 3 
3 
3 3 
3 
3 
3 
3 3 
3 
3 
2 
3 

,---
I 

• I 

3 . 3 

3 . 0  3 . 0  

0 0 
0 0 0 0 
0 0 
0 0 CONT I NUED  

M. cas�agnei 
AD AB 

0 0 1 1 
2 2 
2 2 
1 1 
2 2 
1 , 

J. 1 1 1 1 
1 1 
2 2 
1 1 
2 2 
2 2 
1 1 1 1 
2 2 
1 1 l 1 1 1 1 2 
2 2 1 1 
1 1 1 1 
1 1 1 1 1 1 1 1 
0 1 
2 2 1 1 
1 1 
1 2 

1 . 2  1 . 3  

0 0 
0 0 
0 0 
0 0 
0 0 ID 

'-.j 
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TAG L E  3 7  Con ti nued : Relative susceptibiJity_o.f -P!lPl us t o  Na:rssoni."'.a s pe c i es fo l l owing inocul a ti on on bo th l e a f  s u r rc ce ::;  �'<'!l:n · 

25 , 000 con i di a/ d i s c  and i ncubat i on  20 days , 2 0 a c  tmd�t· na tura l  l i ght 
! Host s peci es , c l o ne or i cul ti var  

I A IGE I ROS Con ti n u e d  I , P. x e�r�ericana c v .  ANU 6 5 - 70 
I C V .  A�U 65/ 8 

I C V .  M:U 66/9 
cv.  A1 ti ch i ero I C V .  Be1 1 i n i  

I cv . S L Cos tanzo c v .  Bo cca l ari I c v .  Cupacc i o  
c v .  C � ma 
cv . Ecc 28 
cv.  E u ge r. e i  PU 
cv , Euser�ei  UL 

1 1  cv .  Fi e ro l o  I 11 cv . F l evo 
1 1  cv . Fogo l.i no 
1 1  c v .  Gc � ri ea HA 
11 c v .  Gi o rgi one I 11 cv .  Gua;di 
11 c v .  G�a r i e n to 
11 C V . Harff 
11 C V .  I 30 
11 c v .  1 5 5  
11 C V .  1 74 0  

I 11 
· c v .  I 78 

11 C V .  I 154 
1 1  C V ,  ! 2 14 
11 C V ,  ! 4 5 5  
11 CV . !488 
11 C V .  i 4 5 / 5 1  
11 C V .  ! 9 2/40 
11 c v .  l aev i g i a ta 
11 C V .  Lei p z i g 
11 

c v .  Longhi  
1 1  cv.  r.a ri l andi ca F 
11 cv . NL 9 2 5  
1 1  C V .  NL 1070 
1 1  CV . 1\L 1 6 0 1  
1 1  c v .  Nl 1 6 0 2  11 cv . NL 1 6 03 
11 CV . Nl 1 6 0 5  I 11 C V .  NL 1610 
" C V .  NL 1 7 75 

U. brwmea I AD AB 

3 3 
3 3 
3 3 

. 3 3 
3 3 
3 3 
3 3 
3 3 
2 2 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
.., 

3 .) 

I 3 3 
3 3 ' 
3 3 I 

3 3 3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
3 3 
2 2 
3 . 3 
3 3 
3 3 " 
3 3 
3. 3 
3 3 

f, sp . trepid.::e M. populi N. caatagr:ei 
AD AB AD AB AD AB 

I 0 0 0 0 0 0 
1 1 3 3 0 . 0 1 1 3 3 

. · a 0 . 
0 0 2 2 0 0 
0 0 2 2 0 0 
0 0 2 2 0 0 
0 0 1 1 0 0 
0 0 1 1 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 ' 0  2 2 I 0 0 
0 0 2 2 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 2 2 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 1 1 0 0 
0 0 1 1 0 0 
0 0 1 1 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 1 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 2 2 0 0 
0 0 2 2 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 2 2 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 ·  0 0 0 0 0 
0 · o  0 0 0 0 
0 0 ' o  0 0 0 
0 0 0 0 0 0 
0 0 --

0 0 0 . 0 
0 0 0 0 0 0 
0 0 1 0 0 0 
0 0 2 2 0 0 
0 0 0 0 0 0 ! 

CONTI NUED 

i 
I 
I I 

I 
I 

1.0 
00 
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TABLE 3i Con ti nued : Rel a ti ve s us ceptib i l i ty o f  pop l a rs to Narssonina spec i es fo l l owi ng  i nocul ation on both l eaf s ur·faces  wi th 
2 5 , 000 con i di a/ d i s c  and  i ncuba ti on 2 0  days , 20 ° C  under n a tural l i gh t  . 

Host s peci es , cl one or  M .  brunr.ea f. sp . tropidae M. populi M. castczgnei 
c u l ti va r AD AS AD AB AD AB AD AB 
A I GE I RC S  Con ti nue d  
P .  X eUl"c:mePicana CV . NL 2 1 70 3 3 0 0 0 0 0 0 " C V .  NL 2 1 71 3 3 0 0 0 0 0 0 " cv .  Nl 2 19 3  3 3 0 0 0 0 0 0 

11 C V .  t\l 2 194 3 ., 0 0 0 0 0 0 .., 
1 1  c v .  N L  2 195 3 3 0 0 1 1 0 0 
11 cv .  NL 2 196 3 3 0 0 1 1 0 0 " cv . NL 2 1 9 7  3 3 0 0 1 1 0 0 
11 CV . :\L 2200 3 3 0 ·' 0 '  0 0 0 0 " C V .  N L  2202 3 3 0 0 1 1 0 0 
11 c v .  NL 2205 3 3 0 0 1 1 0 0 
11 cv .  Nl  2206 3 3 0 0 0 0 0 0 
" C V .  Nl 2207 3 3 0 0 0 0 0 0 
11 cv .  Nl 2 2 1 7  3 3 0 0 0 0 0 0 
11 cv .  NL 2220 3 3 0 0 1 1 0 0 
11 C V .  Nl 2 2 2 3  3 3 0 0 0 0 0 0 

I CV . Nl 2226 3 3 0 0 0 0 0 0 
CV . OP66 3 . 3 0 0 2 2 0 0 
c v .  Pacher 3 3 0 0 1 1 0 0 

cv.  Regen e ra ta 360 3 3 0 0 2 2 0 0 
c v .  Robus ta PH 3 3 0 0 2 2 0 0 
cv . Robusta Zee l and  3 3 0 0 2 2 0 0 
cv . Rub ra 3 3 0 0 1 1 0 0 

I cv . San �artino · 3 3 0 0 0 0 0 0 
1 1  cv . Scr, i avone 3 3 0 0 0 0 0 0 
11 cv .  Sero ti na  du Poi tu 3 3 0 0 2 2 0 0 
1 1  cv . Ti epo 1 o  3 3 0 0 0 0 0 0 
11 CV . Tri p l e  3 3 0 0 0 0 0 0 
11 cv . '/ene zi ano 3 3 0 0 0 0 0 0 

MEAN P .  � EURAME RI CANA 3 , 0  3 . 0  0 , 0 3 0 . 03 0 . 7  0 . 6  0 0 

TACAliiAHACA 
P. ma-.···irnor.Jiczii CV . Ke1� 1 V 0 0 0 0 0 0 

CV ' OJP t1106 2 V 1 1 1 1 0 0 
c v .  OJP IU0 8  2 2 

, 1 0 0 1 1 .. 
cv . OJP m a n  2 3 1 1 1 1 1 1 
cv . OJP M10 12 1 V 1 1 0 0 0 0 
CV • .  OJP r-11020 1 2 1 1 1 1 1 1 

C V .  OJP 11A3 1 2 0 0 0 0 0 0 

cv . OJP M C-22 1 ·  2 0 0 0 0 0 0 CONT I NUED -------

I I 

ID 
1.0 



TABL!:  3 7  Con ti n ue d :  Rel a ti ve suscepti b i l i ty o f  pop l ars t o  J.Ja.rssonina speci es fo l l ow ing  i nocul a tion o n  b9th l eaf  surfaces wi th 
2 5 , 000 con i di a/di s c  and  i ncubation 2 0  days , 2 0 a c  under natu ra l  l i ght 

Host spec i e s , c lone or M .  brur:nea f. sp , trepidae M. popu li M. cas tagnei 
cul t i vz r  AD AB AD AB AD . AB .1\D AB 
TACA:�AHACA Con t i n ue d  I 
P. trichocarpa cv . C F  2 2 0 0 0 0 0 0 

" cv . L A  9 9  ? 2 a 0 0 0 0 0 '-
" C V .  V2 35 3 2 0 0 0 0 0 0 
" CV . $6 1'7-16 3 2 0 0 0 0 0 0 
" . C V .  $ 6 1 7 -4 1  3 2 0 0 0 0 1 1 " C V .  56 1 7-88 3 3 0 0 0 0 0 0 
" 

• 74/ 1 5 0 / 1  3 3 3 3 1 1 3 2 
" 74/ 1 5 0 / 5  3 3 1 L 1 1 1 2 1 
" . 75/ 150/ 2 3  3 3 2 3 1 1 2 2 
11 75/ 150/ 3 1  3 3 2 2 1 1 2 2 

P. yv.nr:c:nensis 0 0 0 0 0 0 0 0 " 
. 76/200/5 3 3 2 2 1 1 1 , .. " 76/ 2 00/ 7 3 3 2 2 1 1 1 1 

P. candicans 1 3 0 0 0 0 0 0 
P. ci liata 0 0 a 0 0 0 0 0 
P. a imonii 3 3 2 3 2 2 2 3 
P. s imon ii var.  f�s t i gatata 3 3 1 2 2 2 1 2 
P. S3Jch��nica ti beti ca 2 3 0 0 0 0 0 0 
P. cr:d.rascoggin 1 3 0 0 o · 0 0 0 
P. koPeana x P. trichocarpa 1 2 1 1 0 0 0 0 
�·1EAN i'ACAFAHACA 2 . 0  2 , 2  0 . 7  0 . 8  0 . 5  0 . 5  0 . 7  0 . 7  

A I  GE I ROS x T ACAf,Y\!iACA 
P. x Ir: tei•CJr.ericana C V .  NL 1 6 16 3 3 1 1 0 0 1 1 

" C V .  NL 1 6 2 3  3 3 1 0 0 0 1 1 
11 C V .  Nl .1626 3 3 0 0 0 0 0 0 
11 cv .  NL 164 7 2 2 1 1 0 0 1 0 
11 CV . Nl 1656 3 3 1 1 0 0 1 1 
11 C V .  t�l 1 7<lS 3 2 1 1 0 0 1 1 
11. cv .  Nl 2 2 2 8  3 3 0 0 0 0 0 0 
11 C V .  Nl 2 2 3 3  3 3 0 0 0 0 0 0 
11 cv . 5909 - 1  3 V 0 0 

; 
0 0 0 0 

11 cv . 5909 - 10 3 3 1 1 0 0 1 1 
11 cv . 5909 - 1 2  3 1 0 0 0 0 0 0 
" CV . 59 1 0 - 2  ., 2 0 0 0 0 0 0 .) 
11 C V .  59 10-5 3 3 0 0 0 0 ' 0 0 
11 CV . S9 l0-8  3 2 1 0 0 0 0 0 
11 cv . 5910-10 3 2 0 0 0 0 1 c 
11 . CV . 6904 2 - 1  3 3 0 0 0 ' 0 0 0 
11 C V .  69042-3 3 3 0 0 0 0 0 0 
11 rll  6q04? -4 2 2 0 0 0 0 1 1 

I 

I 
..... 
0 
0 
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TABLE 37 . Con ti nued :  Rel a ti ve s uscept i b i l i ty of  pop l ars to Marssonina speci es fo l l owing  i nocu l a tion  o n  both l ea f  s urfaces wi th 
25 ,000 con i di a/ di s c  and i ncuba tion 20 days , 20 °C  unde

'
r natura l  l i ght  

Hos t speci es , cl one or  N.  brunnea 
cu1 ti va r Jl.D AB 

A I G E I ROS x TACAMAHACA Con ti n ued 

P .  x Interamericana cv . 69042-5 3 2 
11 C V .  69042-6 2 2 
" CV . 6904 3 - 1  2 1 

. 
" C V .  6SC� 3-2 3 3 
" C V .  69G4 3-3 2 3 
11 

� CV . 69043-4 3 1 
" C V . 6904 4 - 1  3 3 ,. · ·. . 

cv .  69044-2 3 1 
Others ' ·. c v .  ANU 70-2 1 2 

C V .  ! 83/58  2 3 
K62-9  1 1 K6 3- 100 l 1 
K6 3 - 1 2 5  2 3 
K63 - 1 30 3 3 
K6 3 - 1 2 9  2 3 
K6 3- 131  0 0 
Law·e 1 S2 3 3 

Oxfor·d 2 2 · Rochester 1 2 . NZ 5001 3 3 

· NZ  5004 3 3 

LEUCO I DES 

P,l as i oca rpa 1 1 

LEUCE x A IGE I ROS 
: 

P. de lt.  x P. alba c v .  De l mak 13 2 3 
" " c v ,  Oe l mak 1 6  3 3 . 
11 11 cv .  De l mak 18 2 3 
11 11 cv . De l ma k  19  2 3 
" 11 c v .  De l ma k  20 3 3 
" " c v .  De l mak 22 2 3 
" 11 cv . De l ma k  26  2 3 P. de l t . x · P. alba pyrami da l i s  cv . De l f>o U 2 2 
11 11 CV . De 1 bo 9 2 3 P. alba x P. nigm c v .  Nareg 2 3 3 

L EUCE x TACA11.AHACA 
P. a lba X P. yunr.ar..ensis c v ,  Mayu 1 2 2 

f. sp. trepidae 
·Ao · · · 

0 
0 
0 
2 
0 1 
0 
0 
l 

0 0 
0 
2 
2 
2 
0 0 1 
0 
1 

1 

0 

1 

1 

2 
2 
1 1 1 
1 

1 

2 

Q 

- . .  

AB 

0 
0 
0 
1 

0 
1 

� 0 
0 
1 

0 
1 

0 
3 

3 

3 
0 
0 1 
0 
1 

1 

0 

1 

2 
3 
3 1 

. 1 
1 

1 

2 
2 

0 

I 

M. popu li M. cas tagnei 
AD AB AD AB 

0 0 0 0 
0 0 0 0 
0 0 0 0 
1 0 1 0 
0 0 1 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 1 1 
0 0 0 0 
0 0 1 1 
0 0 2 3 
2 3 0 0 
1 1 0 0 
1 2 0 0 
0 0 0 0 

. 0 0 0 0 
0 0 1 1 
0 0 0 0 
3 3 1 1 
3 3 1 

. 1 

0 0 0 0 

0 0 2 3 
0 0 1 2 
0 0 2 3 
0 0 2 3 
0 0 3 3 
0 0 2 3 
0 0 2 3 
0 0 2 3 
0 0 2 3 

0 0 3 3 

0 0 3 3 
--

I 

I I 

.... 
c 
.... 
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TABL E· 38: - Re1.a1;.i,'n S'JS.C.�pt;>,o.n ..:i.t.y- Q� \)Q91a�c:. to N?r.ssoninG s9edes fo l l owi ng i nocul a tion on bo th l ea f  surfaces wi th 25,000 con i di a/ di s c and  20 days i n cubation a t  2 0 ° C  u n der n a tu ra l  l i ght . 

Name o f  Secti on or Popl a r  M .  brunnea f. sp . b��nr.ea N. bmnnea f. sp . tremu Zae 
Spe c i e s  Adaxi a l  Aba x i a l  Ada x i a l  · Aoaxi a l 

LEUCC: 

a .  ,� lbid.ae 0 , 6 1  0 . 5 0 . 4  0 , 4  b .  Trepidae 0 . 0 0 . 0  1 , 0  2 . 4 
' c .  A l�ic�e x Trepidae 0 . 7  0 . 5  1 . 2 . · 1 . 0  

. �1ean L e u c e  0 . 4 0 . 4  0 . 9  . .  1 . 2  

I A I G� I ROS . . 
2 . 3  2 . 3  0 . 0 2  0 . 02 1 a .  P. de ?.tot.des 

b .  P. nigra 3 . 0  3 . 0  1 . 1  1 . 1 
c .  P .  X euramerica:na 3 . 0  3 . 0 0 . 0 3  0 . 0 3  

i·�2an A i  oe i ros 2 . 8  2 . 8  0 . 4  0 . 4  ' 

TACJl.i-1M1ACA 
a .  ?. ma.ximO'..,;iczii 1 . 4  1 . 7 0 . 6  0 . 6  b .  P. tr>�chocarpa 2 . 8  2 . 5 0 , 8  0 . 9  
c .  Others 1 . 7 2 . 3 · 0 . 8  1 . 0  

��e a n  Tacama h a ca · 2 . 0 2 . 2  0 . 7  0 . 8  

1 Jl. I G E I ROS X TACM'i:.HACA 

I � - Interc:r.:ericana 2 . 8  2 . 3  0 . 4  0 . 3  
::> .  O the rs 1 . 8  2 . 2  0 . 8  0 . 9  

I t·:e a n  A i ge i ro s x Tacamahaca 2 . 3  2 . 3  0 . 6  0 . 6  

I LEUCOI DES 
l i�e a n  Lcucoi  de s 1 . 0 1 . 0  0 0 

LEUCE X A ! GE I �OS  
2 . 3  

. .  
2 . 9  1 . 3  1 . 7  t·le a n  

I LEUCE X TJ!.CAt<'AHACA 

2 . 0  2 . 0  0 . 0  o . o ·  �'" OTAL 25 . 4  26 . 3 l 8 , 5 10 , 4  

I O ve ra 1 1  rr.e an 1 . 8  1 . 9  0 . 6  0 . 7  
l Q  

1 
2 3 

No i n fection 
l - 10 l es i ons  cm2 l ea f  a re a  = l i ght i n fe c ti on 
> 1 0 <2 5  l e s i on s  cm2 l eaf a rea � medi um i n fe ction >25 l es i on s cm2 l eaf area � heavy i n fe c t i o n  

I 

-

M. popu U 
Adaxi a l · 

0 . 0  
0 . 0 
0 . 0  

0 . 0  

0 . 0 3 
3 . 0  
0 . 7 

1 . 2  

0 . 4  
0 . 4  
0 . 7  

0 . 5  

0 . 04 
0 . 8 

0 . 4 

0 
0 . 0 

0 . 0 

6 . 1  

0 . 4  

Abaxi a l  

0 . 0  
0 . 0  
0 . 0  

0 . 0 

0 . 0 3 
3 . 0  

. 0 . 6  . . . . .  

1 . 2  
. . . . 

0 . 4 
0 . 4 
0 . 8  . .  

. 0 . 5  . . . . . . 

0 . 0 
0 . 9  . . . . 

0 . 4  . . . . . 

0 
0 . 0  

.
. ' .  

0 . 0 . . . . 

5 . 8  

0 . 4  I 

M. caatagnei 
Adaxi a 1 Abaxi al  

1 . 8  
0 . 0  

. 2 . 0 

1 . 3  

0 . 0 1 1 . 2  
. . . . 0 . 0  

0 . 4  

0 . 4  
1 . 0  
0 . 6  

0 . 7  

0 . 4  

1 . 0  
0 . 0  
1 . 3  

0 . 8  

0 . 0 1 1 . 3  
. . . . 0 . 0  

0 . 4 

0 . 4  
0 . 8  
0 . 9  

0 . 7  

0 . 2 
0 . 5  . . .  0 . 6  

. . . 

-

0 . 4  . . . 

0 
2 . 1  

3 . 0  

1 3 . 1 

0 . 9  

. . . 

. .  

0 . 4  

0 
2 . 9 

3 . 0  

12 . 5  

0 . 9  

. • 

-

I 

I 

_ I  
...... 
0 N 
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FIG 49 : C omparative su sceptbility of sections and 

inocul ation on the adaxial leaf sur-face  

und er natural l iqht. 

S E C T !  O N S  

Inter s ectional cro sses to infect ion by Mar ssonina 

with 2 5  000 c onidia and inc ub a t ion for 20 d ays 

l K r: v 
' '- j 

r? IT �-- casragne1 

DJ t1_. brunnea f. sp . .Q[unnea 

L_j '--'." - -· · · ·-

� t1. p_Q� 

� 

t--

rx V � [X V 
A i ge iros x 

Tacamahaca 

species following 

at 2 0 oC 

sp. trepidae 

I-' 0 w 



was u sed  a t  the Aokautere Sci. ence Cen tre to e va l ua·te res i s tance of  pop l a r· 

c l c.nes to i n fection by M. b:ru.nnea� an d tn  mos t  i n stances l abo ra to ry 

pred i  ctl on s  we t'e con fi rme d by fi e 1 d o5serva ti ons . 

Marssonina brunnea was the mos t  pa thogen i c  speci es , se ri o u s ly 

a ttacki n g  spec ies  of the two l a rges t  and  mos t  comme rc i a l l y  i mpo rtan t 

Sec ti ons o f  the gen u s , Aigeiros x Tacamahaca . The pathogen i c i ty an d wi de 

host ran ge of thi s s pe c i e s  no doubt  accoun ts for i ts wi des prea d  d i s tr i but i on 

an d seri o us i mpact on popl ars throughout  Europe , As i a  an d Ame ri ca . By 

contrast , i n  vi ew of the i r l imi ted pa thogen i ci t i es and  the re l a ti ve 

comme rc i a l  u n i mportan ce o f  the1' r  spec i fi c hosts , M. populi� M. castagnei 

an d M. brunnea from P, tremuloides/P. tremula a re n o t  re ga rde d a s  s e ri o us 
pa thogen s ( Ce l l e ri no , 1 9 79 ) . 

Al though exami n ati on of  fi e l d  co l l ecti on s revea l e d t h a t  P. a lba 

( Secti on  Leuce ) was the o n l y  speci es i n fe c ted 5y M. castagnei ,  i n  l aborato ry 

i nocu l a t i ons  spec ie s  o f  the Sec ti ons Aigeiros� Tacamahaca an d i n tersecti o n a l  
c ro s se s , Aigeiros x Tacamahaca� Leuce x Aigeiros and  Leuce x Tacamahaca 

we re a l s o  s u scepti b l e .  Wi th i n  the Secti on Aigeiros i n  no i n s tance \'Je re 

c u l ti va rs o f  the two mos t  i mpo rtan t speci e s , P. de ltoides an d P . x eura­

mericana i n fecte d .  Apa rt from the report of Magn an i ( 1966 ) , who obta i ne d  

weak  i n fe c ti ons o n  senes cen t l eaves of  P .  nigra� P. simonii� P .  x bero linensis� 

P .  balsamifera an d P. yunnanensis� thi s i s  the on ly  re co rd of N .  castagnei 

on  spe c i e s  o the r than P. alba ( Secti on Leuce ) . C l ear l y ,  M. castagnei i s  

n o t  s pe c i fi ca l l y  pa tho gen i c  to P. a lba� as  p rev i ou s ly  repo rte d ( Kl ebahn , 
1 9 1 8 ;  Ri mpa u ,  1962 ; Gremmen , 1964 ; P i ro zyn s k i , 1 974 ) . 

I n  accordance wi th  the observa ti ons  of Ri mpa u ( 1962 ) , Gremmen (. 1964 , 

1965a ) ,  O ' Ri o rdai n & Kavanagh ( 1965 ) an d Ce l l e ri no ( 19 79 ) , M. popu li p ro ve d  

pathogen i c  on ly  to s pe ci es _ of  the Sect ions  Aigeiros� Tacamahaca an d 

Aigeiros x Tacamahaca, The repo rt o f  M. populi on a speci e s  o f  the Sect i on 
Leuce (P. tremu loides)  by Pi rozyn s k i  ( 19 74 )  was confi rmed by exami n a t i on o f  

h i s ci te d herbari um ma te ri a l . S i nce i n  l ea f  d i s c  i nocu l a ti ons  M. populi 

fai l ed to i n fect  spec i es  of  the Sec ti on Leuce records of  M. popu li on  s pe ci e s  

o f  th i s  secti on mus t b e  re ga rde d as a typ i ca l . 

M. brunnea has p rev i o u s l y  been reporte d  pa thogen i c  to cu l ti va rs of  the 

Secti ons  Aigeiros� Tacamahaca an d Aigeiros x Tacamahaca ( Ca s te l l a.n i  & 

Ce l l e ri no , 1969 ; Ce l l e ri n o ,  1 979 ) , but  no t to cul ti vars o f  the Secti on  
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Leuce . Howeve r ,  i n  the p resen t s tu dy bo th fi e l d co l l ecti ons  and 

i no cu l a ti on expe rimen ts e s tab l i s hed  M. brunnea was pathogen i c  to P. a lba 

and  P. canescens (P. a lba x P. tremula) �  both membe rs o f  the Secti on  

Leuce . 

P re v i o us l y ,  be cause o f  the i r hos t s peci fi ci ty ,  i s o l ates o f  Marssonina 

from P. tremula and P. tremuloides have been re ga rded as di s t i  n e t  s peci e s , 

M. tremu lae ( Ri mpau , 1962 ; Ce l l e r i n o , 1 9 79 ) . In the p re sen t s t u dy i so l a tes  

from the s e  two hosts  were mo rpho l ogi ca l l y  i den ti ca l  to  M.  bn�nnea from 

cl ones wi thi n the Se cti ons  AigeirosJ Tacamahaca and  Leuce . Accordi n gl y  
M. tremulae i s  synonymous wi th M. brunnea an d o n  the bas i s o f  pr i ori ty t h i s 

speci fi c b i nom i a l  has p re cedence , I n  the curren t s tudy i t  was e s tab l i s hed  

that  the i so l ate from P ,  x euramericana cv . Robu s ta was pathogen i c  to 

P. de ltoides and P, de ltoides x P .  nigra b u t  was non pa thogen i c  to s pe c i e s  

o f  the s ubse cti on Trepidae CP. tremula� P .  tremu loides ) . Con ve rs e l y  the  

i so l ate from P .  tremu loides was  non  pathogen i c  to P. de ltoides x P. nigra . 

Accordi n g l y ,  each shou l d be recogn i sed  a s  a forrru speciaZis . I t  i s  p roposed 

that the  form from P. tremu la an d P .  tremuloides  be de s i gna te d  M. bYunnea 

f. s p .  trepidae , an d the fo rm from o ther  hosts  be M. brunnea f. s p .  brunne a .  

I t  s hou l d be po i n te d  o u t  tha t  M. brunnea f .  s p .  trepidae was pa tho gen i c  to 

hosts  o the r than P. de ltoides an d P. nigra x P, de Z toides� b u t  i n  a l l 

i n s t an ce s  weak ly  so . Th i s  i n  no  way i nva l i dates  the case for reco gn i t i on 

of formae speciales . 
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H .  SUMMARY 

The p recee d i n g  stud i e s  establ i s he d that fea tu res of con i d i um 

mo rpho l ogy , bo th on host  ma te ri a l  an d agar  j us t i f i e d  recogn i t i on o f  th ree 

s pe c i es of Marssonina patho gen i c  to the genus  Popu Zus . The fo l l owi n g  i s  a 

s umma ry stateme n t  of the mo rpflo l o gy o f  each s pec i es a s  expressed  on h o s t  

t i s s ue an d un der  the fo l l owi n g  cu l tura l con d i tions : 

15%V8 , pH 6 . 5  an d i n cuBation a t  2 0 ° C  under  12  hou r  whi te l i gh t  p h o to -
peri o d .  

The s ummary a l so i n c l udes symptoms an d hos t  range o f  each speci e s . 

I Marssonina populi ( Li b . } Magn . 

Con i d i a  Hyal i ne bro ad ly  obovo i d  to pyri fo rm , usua l l y  curve d ,  d i v i de d  

by a s i n g l e  septum i n to sma l l er basa l  ce l l  bear i n g  a fl a t  s ca r  an d a l a rge r 
ro unded api ca l ce l l ,  eguttu l a te o r  i rre gu l arl y g u t tu l a te ; measur i n g  

12 . 0 -20 . 0 -30 . 0  x 4 . 0-6 . 5- 1 1 . 0u ;  TL : S  Ra ti o 3 . 40 ;  LS : B  Rati o 0 . 90 - 1 . 00 ;  

Sep ta ti on 29 . 0% .  

Symptom Expres s i on ( con i di a l an d mi crocon i di a l s t a te s ) . P ri n c i p a l ly  

epiphyl l ous , e i ther as  l arge ci rcu l a r d i s crete to  d i ffuse  tan b l o tche s , 

exten s i ve necro ti c patche s , or  as  coarse l y  den d ri t i c  ' i n k -d rop  l i ke '  

b l o tche s o r  dendri ti c th re ads ; often do tte d  w i t h  whi ti sh puncti fo rm a ce rvul i .  

Hos t  Ran� Secti on Aigeiros : P. nigra and P. fremontii - ve ry 

s us cepti bl e ;  P.  x euramericana ,. vari. ab l e  i n  s uscept i b i l i ty ;  Secti on  

Tacamahaca : P. maximowiczii - re s i s tan t ,  P. trichocarpa - vari a b l e i n  
s u s ce p ti b i l i ty ,  P. yunnanensis - res i s tan t ,  P. simonii - s u s cept i b l e ;  

Se ct ions  Aigeiros x Tacamahaca : P. x interamericana - res i s tan t .  

I I  Marssonina castagnei ( Desm .  & Mon t . ) Magn , 

Con i di a  Hya l i ne ,  obovoi d to broad ly  o bo voi d ,  s t ra i ght  o r  s l i gh t l y  

curve d ,  di vi de d off cen tre by a s i ngl e septum i n to a smal l e r  

a l a rger ro unded ce l l ;  e guttu l atE o r  i rreg u l a r l y  g uttu l a te ;  

12 . 0 � 1 8 . 0 - 30 . 0  x 4 . 0-5 . 8- 10 . 0u ; TL : S  Rati o 2 . 60 -2 . 70 ;  LS : B  

Septa t i on 37-39 . 0% .  

bas a l  ce l l  a n d  

me a s ur i n g  

Rati o 1 . 10 - 1 . 30 ; 
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�om Expres s i on (_coni: d1 a l  a nd  mi. crocon i d i a l s ta te s } . P ri n ci pa l l y 

e p i phyl l ous , d i scre te puncti fo rm , dark B.rown s po ts ( 1 -2 mm d i am . } coal ­

e s c i n g  i n to i rre gu l a r ,  c�e s tn u t  Brown B l o tches cover i ng  much o f  the .l eaf  

s u rface and do tte d  w i th w hfti s h  puncti fo rm ace rvul i .  

Host  Ra_!!9� Pri nci pa l l y  on P. a lba u n de r  f i e l d con di Uons  a l though  

i n  the l aborato ry the  fo l l owi n g  s pectes \>/e re s us cepti b l e :  

Secti on Leuce : P. a lba� P. a lba x P. tremu la; 

Sec t ion  Aigeiros : P. fremontii� P. nigra; Section Tacamahaca : 

P.  maximowicz·ii� P. trichocarpa., P. yunnanensis., P. simonii; Se ct ions  

Aigeiros x Tacamahaca : P.  x interamericana; Secti ons Leuce X Aigeil'OS : 

P. de ltoides x P. alba., P. nigra x P. alba; Secti ons Leuce x Tacamahaca : 

P.  a lba x P. yunnanensis .  

I l l  Marssonina brunnea ( E l l . & Ev . ) Magn . 

Con i d i a  Hyal i ne ,  na rrowly  obovo i d to obovoi d ,  s t rai g h t  to s l i gh tl y  

curve d , di vi ded  uneq u a l ly  by a septum i n to a ve ry much sma l l e r  bas a l  ce l l  

a nd  a l a rge r ro un de d  ce l l ;  e gu ttul a te o r  i rreg u l arly guttul a te ;  meas u ri n g  

10 . 0 - 15 . 0�2 3 . 0  x 3 . 5 -4 . 1 -7 . 0u ;  Tl : S  Rat i o  3 . 00 - 3 . 10 ; LS : B  Ra ti o 1 . 10 ;  

Sep tati on 32 . 0% .  

Symptom Expres s i on Mai n l y amph i genous o r  hypop hy l l ous  depen di n g  on 

hos t s peci es , typi cal ly formi n g  pun c ti fo rm b l ack angul a r  s po ts usua l ly  lmm 

i n  d i am . but  occas i on a l ly  con fl uen t  fo rmi n g  necro t i c  p a tche s . Symptoms 

exhi b i ted  by the mi croconi d i a l  s ta te o ften c i rcu l a r  b l o tches up to 5mm di am . , 

s i mi l a r  to those  of  M. popu li . 

Hos t Range 

( i ) M. brunnea f.  s p .  brunriea S pec i es  from a l l sect ion s  o f  the gen us 

excepti n g  s pec ie s  of  the s ubsecti on Trepidae� namely P. tremula and 
P.  tremuloides . 

( i i ) M. brunnea f .  s p .  trepidae P ri n ci pa l l y  pa thogen i c  to s pec ie s  o f  the 

Secti on Leuce� s ubsecti on Trepidae., name l y  P. tremula and  P .  tremuloides 

a l tho ugh  i n  the l abo ra tory the fol l owi n g  speci es  were a l so  s u s cepti b l e :  

Se cti on Aigeiros : P. fremontii., P. nigra; Secti on Tacamahaca : P. maxi­

mowiczii� P. trichocarpa� P. yunnanensis� P. simonii., Secti ons  Aigeiros x 

Tacamahaca : P. x interamericana; Sect fons  Leuce x Aigeiros : P. de ltoides 

x P. a lba., P. alba x P. nigra . 



SUGGE STED KEY  TO MAR S SON I NA S P E C I E S PATHOG EN I C  TO P O P LA R S  

A 1 Con i di a  genera l l y  s t ra i ght  to s l i ght l y c u rve d ,  never  pyri fo rm . 

108 

8 1 Con i di a  n arrowly  obovo i c1 ;  l en gth 13 - 1 5 - 1 7ua ; b rea dth  
3 . 5 -4 . 5-5 . 5 u .  Septum pos i t i on 2 7 -32 -36% from con i di um base 

• • . • . . • • • . . . • • . • . • .  , . • • • • • . • • • • • • . • • . •  , • . • . • , • M. brunnea .  

8 2 Con i di a  b road ly  obovo i d ;  l ength  1 5 - 19-24u ; b re adth 5 -6 . 5 -9 u .  

Septum pos i ti on 35-40 -45% from con i d i um base 

. . . . . .. . . . . . . . ' . . . . . . .  ' . . . . . . . . . . . . . . . . . . . . . . . 

A2 Con i di a  genera l l y  s t rongly cu rved to pyr i form . 

M. castagnei . 

Con i d i a  b roadly obovoi d ;  l en gth 1 6 - 1 9 . 5 - 24 u ; bre a dth 5 -6 . 7 -9 u .  

Se ptum pos i ti on 24-28- 33% from con i di um base  

. . . . . . . . . . . . . . . . . . . . , . . . . . , . . . , . . . . . . . , . . . . . , M. populi 

a 13- 15- 1 7u ran ge of means , comp u te d  fo l l ow i n g  exami n a ti o n  o f  fi e l d 

co l l ecti ons (Appen di x 2 ) .  

13 = sma l l es t  mean pe r i n di vi dua l  co l l ect ion  

15 = ove ra l l mean of  a l l co l l ect ions  

1 7  = l argest  mean per i n di v i dua l  col l ecti on . 

M. brunnea f.  s p .  brunnea and  M. brunnea f .  s p .  trepidae may be 

i den ti fi e d ,  as fo l l ows : 

A 1 Pa thogen i c  to P. de ltoides and  P. x euramericana b u t  non -pa thogen i c 

to P. tremula o r  P. tremuloides . 

. . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . M. brunnea f ,  s p .  brunnea 

A 2  Pa tho gen i c  to P. tremula and/or P. tremuloides b u t  non - p a thogen i c  to 

P. de ltoides o r  P. x euramericana . 

. . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . M. brunnea f .  s p .  trepidae . 
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CHAPTER 2 

CONIDIOGENESIS OF Mt�RsSml i NA SPEC I ES 

In  1953 S . J . Hughes pro duced an exper imenta l  cl a s s i fi cat ion  o f  the 

Hyp homycetes based on an understand i ng  of  con i d i ogenes i s .  Th i s  s cheme sought  

to  estab l i s h evo l uti onary rel a ti'ons h i ps by prec i se l y determi n i n g  deve l o p ­

men tal patterns  duri n g  con i d i o genes i s  and  was thought  t o  prov i �e a m u c h  more 

na tural  fo un dati on fo r c l a s s i fi cati'on s i n ce i t  wa s assumed the mode o f  
con i di o genes i s  was una ffected oy varyi n g  n u tri t i onal  o r  envi ronmenta l  facto rs . 

The Hughes  ( 1953 )  system o f  cl a s s i ficati on of  the Hyphomycetes  has  be come 

wi del y accepted , wi th some modi fi cati on (Tubak i ,  1958 ;  1 963 ; Sub raman i an ,  

1962 ; Barron , 1968} . 

The Coel omyce tes (Sphaerops i da l es & Mel ancon i a l es )  have not  been 

extens i ve l y  i n corpora te d i n to the several a ccounts  of  Deu te romycete c l a s s ­

i f i cati on based o n  devel o pmental  cri te ri a .  Hu ghes  ( 195 3 )  s u ggested  that  

annel l i des typ i ca l  of  Sec t i on I l l  were probabl y  common i n  these g ro up s , and  

fu rthe r s u ggested that  when the ran ge of  deve l opmen tal type s i n  the 

Sphaerop s i dal es and the Mel ancon i a l es Became k nown they cou l d be i n co rpo ra ted 

wi th the Hyphomyce tes  fo r the purposes of c l a s s i fi cati on . Subsequent  wo rk 
has  s hown Hughes to be co rrect .  Con i d i a a re fo rmed from defi n i te con i d i o genous  

ce l l s  i n  ways compa rabl e to  those des cr i b e d  fo r the Hyphomycetes ( Su tton , 
1 9 73 ) . I n  the Coel omyce tes , spec i es wi th con i d i a  and con i d i o pho res typ i ca l  

o f  Se cti ons  lA , I l ,  I l l ,  I V ,  V ,  and V I I (Hughes , 1953 )  have been fo un d .  

Typi cal l y  genera s how annel l i d i c ( Secti on 1 1 1 ) o r  ph i a l i di c  ( Sect ion  I V )  o n ­

togeny ( Su tton , 1 9 71 ) . 

Sutton ( 1980 ) recent ly  out l i ned a s up ragen e ri c c l a s s i fi cat i on  s ch eme 
fo r the  Deute romyco ti na whi eh i nc l uded both the Hyphomycetes and Coel omycetes . 

I n  th i s  s cheme con i di ogenes i s  was accorde d pr i me i mpo rtance i n  d i s t i n gu i s h i n g  

maj o r  taxonomi c catego ri e s ,  the s ubdi v i s i on Deute romycoti na bei n g  d i v i de d  

i n to 2 c l asses dependi ng  o n  whether con i d i a were fo rmed b l a s t i ca l l y  

( B l a s to de u teromyce tes } or  thal l i ca l ly ( Th a l l ode uteromyce tes ) .  The s e  c l a s ses 

we re fu rthe r subdi vi ded i n to subc l as s es accord i n g  to whether con i di a  were 

pro du ced  hol obl asti ca l l y  or enterobl a s t i ca l l y ; Hal l o  - Entero - tha l l o ­
myceti dae ) Ha l l o - Entero - b l astomyce t i dae ) . Three o f  the se  s ubc l a s s e s  
con s i s ted of a s i n gl e orde r ,  namely  Tha l l a l e s ,  En teroth a l l a l es and  Bl a s ta l es  

res pect i ve l y .  The  s ub c l  a s s  En terob 1 as tomyce ti  dae compri sed  two o rders , the  

Ph i a l i da l es ( ph i al i di c )  and  the  Treta l e s ( treti c ) . Ea ch  of the o rders Thal l a l e s , 
B l as t a l es an d Ph i al i da l es �ve re fu rther  d i vi de d i n to 4 s uborde rs 
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accordi n g  to the type of  con i di.omata p re s ent , namely pycn i. d i. a (Tha l l o -

. pycn i d i i neae e tc . ) ;  pycnothyri a (Thal l o-pycno thyri i neae etc . ) ;  separa te 

con i d i o phores ( Tha l l oThyph i neae e tcJ and  stroma ta , a broad te rm i nc l u d i n g  

acervul i ,  sporo doch i a ,  syn nemata , l ocu l a te an d cupul a te con i d i omata  

( Th a l l os troma t i n eae etc . ) .  The order T re ta l es compri sed  the s i n gl e s ubo rder 

Tre tohyph i nea e .  Sutton ( 1 980 ) stressed  tha t h i s  scheme had the  advantages 

o f  e n abl i· ng the mo de of con i d i um onto geny an d the type o f  con i d i oma ta l 

structure to be deduce d from the s uborder epi thet , an d fu rth e r ,  e l i mi na te d  

unn a t u ra l  d i s ti nct ions  perpe tua ted by previ o u s  systems . A further  a dvan tage 

wa s that  h i s  scheme appl i ed to a l l the Deu teromycot i n a ,  not j u s t  the 
Hyphomycetes o r  the Coel omycetes . 

C l early befo re genera can be cl a s s i fi ed i n  the above scheme ( Su tton , 

1 980 ) thei r mo de o f  con i d i o genes i s  mus t  fi rs t oe determi ne d .  S u t ton ( 1980 )  

repol� ted  the genus  Marssonina to oe anne l l i di c and  wa s therefo re cl a s s i fi e d  

i n  h i s subc l ass  H o  l ob 1 astomyce ttdae , o r d e r  Bl a s ta l es , s ubo rde r B l  a s t o ­

s tromati neae . Howeve r ,  Su tton conc l u de d  that i n  v i ew o f  the wi de va ri a ti on 

i n  con i d i a l mo rp ho l o gy and s tructure o f  con i d i omata exh i b i te d  by the 150 
taxa descri bed i n  Marssonina i t  was p robabl e that  the genus wo u l d be 

fra gme n ted  i n to smal l er gene r i c un i ts , parti cu l a r l y  i f  d i ffe ren ces i n  

con i d i ogene s i s were co n�el a ted wi th mo rpho l o g i ca l  d i st i nct ion s . Re l a ti ve l y  

l i ttl e i s  known conce rn i n g  the con i di um on to geny o f  Marssonina s peci e s . 

The po ss i b i l i ty o f  currentl y accepted spec i es  o f  Marssonina exh i b i t i n g  

d i ffe rent mode s o f  con i d i o genes i s  i s  i n d i ca ted by the cl a i m  by P i ro zyn s k i  

( 19 74 } that con i d i um and  mi crocon i d i um o n togeny o f  M ,  brunnea� M .  populi 

and  M. castagnei are ph i a l i di c  and the report  by Mo l i ne & Po l l a ck  ( 19 76 )  tha t 
M. panattoniana ( l ettuce ) i s  annel l i d i c .  

I t  mus t  be empha s i sed  that the cl a i m  by P i ro zyn s k i  ( 19 74 )  that  

Marssonina speci es  patho gen i c  to popl ars  were ph i a l i di c  was based  on l i gh t  

m i  cro s copy and therefo re open to m i  s i  n te rp reta t i  on . I n  the present  s t u dy 

the pre ci se mo de o f  M. brunnea� M. castagnei a n d  M. populi was determi ned  by 
tran smi s s i on e l ectron mi croscopy .  

MATE R I ALS  AND M ETHODS  
. . . - ·  . 

A .  CoN I D I UM ONTOGENY  
Con i di um on to geny o f  M. populi� M .  brunnea a n d  M .  castagnei w a s  de te rmi ned 

i. n 1 5%V8 a gar  cuHures , and  i n  acervul i fo rmed on  l ea f  d i s cs fo l l owi n g  10  days 
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i n c u ba tton a t  2 0 ° C  under a 1 2  h NUV l i gh t  photoperi o d .  The s pec ie s  o f  

po p l a r  tn ocul a te d  we re : 

( i' }  M. orunnea - P. frem . x P.  nigra Sempe rvi rens cv . ANU 6 1/48 ,  

P. x euramericana cv .  Rob us ta , P .  x euramericana 

cv . 1 �154 , P. candicans� P. nigra cv . 

Ve rt . de Garonne an d P. a lba x P. n&gra Sempe rvi ren s  
cv .. Mareg  2 .  

(i t )_ M. populi - P. x euramericana cv . Rob u s ta , P. nigra cv .  I tal i ca ,  

P. nigra cv . Ver t  de Garonne 

( i i i )  M. castagnei - P. a lba cv . NZ o l d cl one an d P .  alba ·x P.  nigra 

Semperv i rens cv , Ma reg 2 .  
Aga r b l ocks ( 2mm s q ua re )  from s poru l a ti n g  cul tures  an d s ma l l 

tri a ngul a r  l ea f  pi eces wi th ace rvu l i we re fi xe d i n  3% g l u ta ra l dehyde + 

2% formal dehyde i n  0 . 1M phosph a te b u ffe r and p repa re d  for s cann i n g an d 

tran smi s s i on e l e ctron mi croscopy as de tai l ed i n  Appen di x 8 .  

. - . .  

B.  M I C ROCON I D I UM O N TOG��y  
Mi c rocon i di um on to geny o f  M. brunnea� M .  populi and  M .  castagnei 

was de te rmi ned  i n  15%V8 agar  cul tures  fo l l owi n g  10  days dark i ncub a ti on  a t  

20 ° C ,  and  i n  acervu l i from natura l l y  i n fecte d l ea ves o f  P .  x euramericana 

cv . NL 2 194 (M. brunnea ) � P. nigra cv . I tal i ca (M. popu li ) � an d P. a lba 

(M. castagnei ) . Materi a l  from both s ub s trates was p repare d  for scann i n g  

an d tran smi s s i on e l e ctron mi cros copy a s  out l i ne d  fo r s t udi es  o f  con i d i um 
on to geny (Appen di x 8 ) . 

R� S U LTS 

A .  CON I D I UM ONTOG E N Y  
I n  a gar  a n d  o n  hos t materi a l  i n  a l l i n s tances con i d i um o n togeny o f  

M. brunnea� . M. populi an d M. castagnei was anne l l i di c . Con i di oph o re s  we re 

o b o vo i d to amp ul l i form a n d  coni di o genes i s  was i n i ti a te d by ap i cal  e x tens i on 
o f  the  con i d i o phore . The con i d i opho re an d con i di um i n i ti a l wal l we re 

i n consp i cuous ly  b i l aye re d  an d con ti n uo us , the fi rs t con i di um thus  b e i n g  

fo rmed ho l obl a s ti ca l l y .  Ou tgrowth o f  t h e  con i di o phoJ�e wa l l conti n ue d  un ti l 

the con i d i um i n i ti a l  was ful ly  forme d .  Soon a fter the basa l  con i di ophore 

n u c l eus di vi de d an d a s i n g l e  da ughte r  n ucl e us mi gra te d i n to the newl y  
fo rme d con i d i um i n i ti a l . The con i di um i n i t i a l �>Jas then de l i mi ted  from the 

con i d i ophore fo l l owi n g  cen tri petal  i n va g i n a ti on  of the p l asma l emma an d 
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fo rma tt on o f  a b i l aye re d septum .  The de l i mi t i n g  septum was pe rfo ra te w i. th 

assoc i a ted  Woron i n  bodi es . Pri or  to con i d i um s eces s i on the s i n g l e cen t ra l  

n uc l e us wi thi n the con i d t um t n i tt a l d i vi de d  a n d  one o f  the daughter n uc l e i  

m i g ra te d  t o  the base o f  the con i dium i n i ti a l . Soon afte r a perfo ra te 

sep tum formed 1t1i' th i n  the con i d i um i n i t i a l  by cen tri pe ta l i nvagi na ti on o f  the 

p l asma l emma di vi di n g  i t unequa l l y .  Woron i n  bodi es were n o t  obse rve d 

a dj acen t  to con i di a l septa . 

Pri or  to con i d i um secess i on the s e p ta l  pore i n  the con i di um 

de l i mi t i n g  septum was p l ugged by e l ectron den s e  ma teri a l  whi ch en te re d  the 

septa l  pore from the con i di ophore . P l u g  ma te ri a l  rema i ne d  errbe dded i n  the 

bas e of the con i di um fo l l owi n g  seces s i on . The septal  pore o f  the  unde r­

l yi n g  expan di n g  con i di um i n i ti a l appeare d  to c l ose by furthe r . wa l l g rowth 

s i n ce s eptal p l ugs were not observe d i n  the ap i ces of secon d fo rme d 

con i di um i n i t i a l s .  Vli th i n the con i di um fu rther  wa l l mate ri a l was a l so 

depo s i ted i ns i de the septa l  p l u g .  

Con i di um seces s i on was ach i eved by cen tral  s p l i t ti ng  o f  the b i l ayere d  

s e ptum s tarti n g  a t  the tri an gu l ar  po cke ts a dj a cen t to the peri c l i na l  wa l l s .  

The con i di um was re l eased  by c i rcums ci s s l e rupture of  the peri c l i n a l  wal l 

a dj acen t  to the septum. Th i s  process  was probab l y  as s i sted  by p res s u re 
from  the exten di ng  apex o f  the un de rly i n g  con i di um i n i t i a l . The b ro ken  e dge 

of the outer con i di um wa l l  an d the con i di ophore fo rme d a con s p i c uous  bas a l  

fri l l  o n  the con i di um apex and correspon d i n g  an nu l ar sca rs o n  the apex  o f  

the con i di ophore . 

The di s ta l  exposed  wal l o f  the next  fo rme d con i di um i n i ti a l de r i ved 

from the l owe r h a l f of the previ ous con i d i um del i mi ti n g s ep tum  t h i ckened , 

exten ded  and  b l ew out  th ro ugh the con i d i o pho re apex . The s econ d fo rme d 

con i di um i n i t i a l was thus  forwed en te rob l as t i ca l ly ,  Organe l l es  en te re d  

b l owi n g  out con i di a l i n i ti a l s  and  the p ro cess  con ti n ue d  unt i l the con i d i um 

i n i ti a l  reached fu l l s i ze .  The bas a l  con i d i ophore n u cl e us then di v i de d  and  
one  o f  the daughter n ucl e i  en tere d  the con i d i um i n i t i a l . The con i d i um 

de l i mi t i n g  sep tum then formed by cen tri pe ta l  i nvagi nati on o f  the p l a s ma ­

l err.rna a t  a s l i ght ly h i ghe r l eve l than the p revi ou s ly  fo rme d septum .  Pri o r  

t o  septum p l ugg i n g  an d secess i on the n uc l eus  wi th i n  the con i d i um i n i t i a l 

di vi de d  an d one of  the daughter nuc l e i  m i grate d  to the con i di um base . The 

coni d i um i n i t i a l was then d iv i ded  by fo rmat ion  of a con i d i a l septum . The 

con i di um de l i mi t i n g septum was p l ug ge d  an d con i di um seces s i on occurre d  as 
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fo r the fi rs t forme d con i di urn . 

S ucces s i ve con i di a l i n i t i a l s  we re fo rme d (as des cri. be d above ) by 

exten s i on of the con i di ophore wa l l  en terob l as ti cal ly from i ns i de the base  

o f  the l as t  fo rme d annu l ar  s ca r .  Wa l l s o f  s u cce s s i ve con i d i a or i g i na te d  

a t  s uccess i ve ly  h i gher  l oci fo rm ing  anne l l a ti on s  o n  the con i di o ph o re a pex . 

The s teps  i n vo l ve d i n  con i di um on togeny a re dep i cte d  i n  Fi gs . 50-60 , an d 

i n te rp re te d  i n  Fi gs . 6 1 , 62 . 

B .  M I CROCON I D I UM O N T O G E N Y  

I n  agar a n d  o n  hos t  ma te ri al  i n  a l l i n s tances  mi crocon i di um o n togeny 

was anne l l i di c .  Mi crocon i di ophores  were cyl i n de ri ca l to amp ul l i fo rm w i th 

a s i n gl e basa l  n uc l eu s . The pri mary mi crocon i di um a rose  ho l ob l ast i c a l l y  a s  

a p ro trus i on or  e l on gati on of  the m i c rocon i di ophore a pe x .  When the mi c ro ­

con i d i um i n i t i a l was fu l l y forme d the bas a l  n uc l e us d i v i ded  and  a da ughte r  
n ucl e us mi grate d i n to a mi crocon i di um i n i t i a l . The mi crocon i di um was then 

de 1 i mi te d from the mi croconi di ophore by forma ti on o f  a septum .  Septurn 

fo rma ti on occurre d  by cen tri pe ta l i n va g i n a ti on o f  the p l asmal emma . Med i an 

s e c ti ons  through de l i mi t i n g septa reve a l e d  s epta l pores an d Woron i n  bo di es .  

Two mo des of  septati on we re obs e rve d .  I n  the mos t  co!TD1lon type a s i n g l e 

b i l aye re d septum fo rme d wh i ch l a ter  s p l i t  ce n tra l l y re l eas i n g  the mi c ro ­

con i di um .  The s econ d type of  s eptati on occu rre d  on ly  i n  fi e l d  i n fe c te d  
ma te ri a l  of  M. brunnea . Wi th th i s mo de o f  s ep ta ti on the bas a l  \va l l  o f  the 

mi  c rocon i  di urn and the wa 1 1  fo rmi n g  the apex of the ne xt fo rme d mi c roco n i  di urn 

we re s i n g l e l aye re d  and appeare d  to have fo rme d i ndepen den tl y ,  enc l os i n g  a 

poo l o f  cytopl asm wh i ch was s ubsequent ly  l os t  on sece s s i on .  I mme di a te l y  

p ri o r  t o  seces s i on the septal  pore o f  the de l i mi t i ng sep tum was p l u gge d an d 

on re l ease o f  the mi crocon i d i um the p l u g  remai n e d  embedded  i n  the base  o f  

the mi crocon i di um .  Furthe r wal l ma te ri a l was depos i te d  o n  the i nne r wal l 

o f  the m i crocon i di um oppos i te the septa l p l u g . ��i crocon i di um re l ea s e  i n  

b o th septa l  types was ach i e ve d  by ci rcums ci s s l e  ruptu re o f  the peri c l i n a l  

wa l l a t  the s ame l eve l as  the septum .  As a res u l t of  mi c ro con i d i um s e ces s i on 

1 a rge pr i ma ry seces s i on s ea rs we re fo rmed s u rro un di n g  the mi c rocon i  d ·i opho re 

apex and  a co rrespondi n g  basa l  fri l l  was fo rme d on the base o f  the s ece de d  
mi c rocon i di um .  The s i ze of  the basal  fri l l  and the p r i ma ry ann u l a r  s ca r  
we re de te rmi ne d by the poi n t  o f  s ucces s i on and  th i ckne s s  o f  the peri c l i na l  

wa l l .  
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Fo l l owi n g  mi crocon i d i um secess i on the di s t a l  exposed  \'/a l l of  the 

m i c ro co n i di ophore de ri ve d f rom the  l owe r h a l f of  the b i l aye red  septum wh i ch 

prev i ous l y  de l i mi ted the fi rst fo rmed coni di um expande d  and  began 

• b l owi n g  o u t ' throug� the mi crocon i di ophore apex . Organe l l es en te re d 

• b l owi n g  o u t •  mi crocon i di um i n i t i a l s  and  the p rocess  con ti n ue d  un ti l the 
mi c rocon i di um i n i ti a l  had fu l ly expan de d .  Nuc l e ar  di v i s i on a t  the b a s a l  

m i  c ro co n i  di  ophore nucl eus  then occurre d  a n d  o n e  dau ghte r n ucl e us mi g ra ted 
i'n to the ful ly expan de d  mi' c ro con i di um i n i t i a l . The secon d  formed mi c ro ­

con i d i um was then de l i mi' te d by septum fo rmati o n  a n d  the p rocess  o f  

sece s s i on repea ted a s  fo r re l ease  o f  the fi rs t formed mi crocon i di um.  

Succe s s i ve m i croconi di a l  i n i t i a l s  we re fo rme d en terob l a s t i cal ly  by e xten s i on 

of  the mt c rocon i di ophore wa l l  from i ns i de of the base o f  the l as t  fo rmed 

an n u l a r  s ca r .  Wa l l s  o f  s u cceedi n g  m i c rocon i di a l i n i t i a l s  ori g i n a ted  a t  

s ucce s s i ve l y  h i ghe r l evel s ,  res u l ti n g  i n  a se r i e s  o f  ann u l ar s cars s ur roun d­
i n g the apex of  the mi crocon i di ophore . At mos t ,  th ree ann u l ar s ca rs were 

observed . The s teps i n vo l ve d  i n  m i crocon i di um  on togeny a re de p i c te d  i n  
Fi gs . 6 3 - 71 ,  and i n ter pre te d i n  Fi g .  72 . The two mode s o f  septum fo rma ti o n  

a re s hown i n  Fi gs . 73 , 74 . 

Mi c rocon i di a  we re a l s o  fo rme d ho l ob l a s t i ca l ly  from con i di a  of  

M .  brunnea� M. popu li a n d  M. castagnei i n  the  s ame manner  as fo r mi c ro ­
con i d i um p ro duct i on from mi crocon i d iophore s . These steps  a re s umma ri sed  

di a g ramma ti ca l l y i n  Fi g .  75 , T he  mi crocon i di a  as fo rmed v1e re e i ther s e ce ded  

di re ct ly  at  the con i di um wa l l  or  at  son� di s ta n ce away on the new ly  fo rme d 

mi c ro con i di o pho re .  Al though  on ly  fo rma ti on  o f  the fi rst  mi crocon i di um 
was obse rve d i t  is  ass ume d that s ucces s i ve mi c rocon i di um forma ti on  occurre d 

a s  de s c ri be d fo r mi crocon i di a  from mi crocon i di ophores , 

D I S C U S S I O N 

The p resen t s tu d i e s  estab l i shed  tha t con i di um a n d  mi crocon i di um 

ontogeny o f  a l l i so l a te s  o f  M. brunnea� M. populi and  M. castagnei was 

anne l l i di c  both i n  cul ture an d host ti s s ue .  Ken d ri ck ( 19 7 1 )  de fi ned  

anne l l i di c  con i di um on togeny as : 

" A  s peci a l  fo1�m o f  ho l obl ast i c coni di um  on to geny i n  whi ch the g rowth 
of s u cces s i ve ,  ve ry short , percurren t ,  vege tati ve prol i fe ra ti o n s  o f  
a con i di ogeno us ce l l i s  termi n a te d  by t he de vel opmen t o f  a con i di o ­
genous  l ocus whi ch gi ves ri se  to a s i n g l e  con i di um .  The con i di o ­
genous  ce l l u sua l ly  be come s l onge r as  i t  p ro duces a bas i petal  
s e�uence of con i di a .  Wh a t  remai n s  o f  e a ch ve ge ta ti ve p ro l i fe ra t i on 
a fter the res u l t i n g  coni di um has  seceded  may be te rme d an anne l l a ti on , 
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an d the con i di o genous ce l l i tse l f  may be des cri bed as  anne l l a te d  
o r  terme d anne l l i de . Th i s  me thod  o ( p ro duci n g  a p 1 u ra l i ty o f  con i d i a 
from a s i ng l e con i di ogeno us ce l l may be e xemp l i fi e d by the Sp-i locaea 
state o f  Venturia inaeo/�a lis� Doratomyces stemonitis� Scopu lariopsis 
brevicaulis� Sporidesmium atrum� Triposporium e legans ". 

Ken dri ck ( 1971 } de fi ned a p h i a l t de as : 

�A con i di ogenous  cel l i n  wh i ch a t  l east  the fi rs t con i di um i n i t i a l  i s  
produce d  wi th i n an api cal exten s i on of  the  cel l ,  b u t  i �  l i bera te d  
sooner o r  l a te r  by rupture o r  di s so l uti on  o f  the uppe r wa l l  o f  the 
paren t ce l l . The reafte r ,  from a fi xed con i di ogeno us l ocus , a 
bas i pe tal s uccess i on of en te robl asti c con i d i a  i s  p roduced , each c l a d  
i n  a newl y- l ai d-down wal l to wh i ch the wa l l  of  the con i di ogen o us 
ce l l  doe s  not contri bute . Any ph i a l i de wa l l di s ta l  to the con i d i o­
genous  l ocus i s  the co l l a re te . The  l en gth  of  the  p h i a l i de doe s  not  
chan ge du ri ng the  p roducti on of  a s ucce s s i on of  con i d i a ,  though  some 
ph i a l i des  undergo i n te rmi t ten t ve ge tati ve pro l i fe ra ti on , e i the r 
percurren t (as  i n  Catenularia } o r  sympo d i a l  (as  i n  Codinaea ) be tween 
con i  di o genous epi sodes " .  

The essen ti a l  poi n ts o f  di ffe ren ce i nhe ren t i n  these defi n i t i on s  i s  t h a t  

i n  anne l l i de s  t h e  fi rs t con i di um i s  formed ho l ob l as t i ca l ly and  con i di a  a re 

u s ua l l y forme d a t  s ucce s s i ve l y  h i g h e r  l eve l s  on  the con i di ophore w he reas  i n  

p h i a l i des the fi rst con i d i um i s  fo rmed en te ro b l ast i cal ly  an d con i di a  a re 
a l ways fo rme d a t  the same con i di o genous l o cus . Di ffi cu l ti es  i n  d i s ti n gu-I s h i n g  

anne lTide s from ph i a l i des a ri se  i f  t he fi rst fo rme d con i di um i s  n o t  obse rve d 

o r  i f  consp i cuous anne l l at i ons  a re not  fo rme d o n  the anne l l ophore . A further 

d i ffi cul ty i s  that  in  some phi a l i d i c  s peci es fo rma ti on o f  the fi rs t con i di um 
may a ppear to be hol ob l as t i c ,  for e xamp l e i n  Aspergi l lus spp . ( Tri n c i  e t  al �  

196 8 ;  Han l i n ,  1 976 } .  I t  i s  thus i mpera ti ve th a t  a l l  observati ons  made 

dur i n g  con i di o genesi s mus t be i n te rp re te d  wi th  g rea t ca re . 

A furth e r  cri teri on p roposed  by Carro 11 & Carro 1 1  ( 19 74 )  for 

d i s ti n gui s h i n g  the two modes of  con i di o genes i s  i s  that  con i di um de l i mi ti n g  

sep ta  o f  p h i a l i di c  s peci es  are a l ways n on -pe rfo ra te and  l ack  Wo ron i n  bodi e s , 

w he re as  annel l i d i c  s peci e s  pos sess  septa l  pore s  an d Wo ron i n  bodi e s .  Th i s  

p roposa l  was �ons i dered ten ab l e  by Jones ( 19 77 ) . Al though  septal  pores 

have been repo rte d i n  p h i a l i di c  fun g i  ( Zachari a h  & Fi t z-James , 196 7 ;  Fl e tche r ,  

1971 ; Hammi ll , 1972 ab ; Kahn & Al dri ch ,  1973 ; Han l i n ,  1 9 7 7 )  on l y  on ce h ave 

Woron i n  bodi es  been observed assoc i ated  wi th de l i mi ti n g  septa o f  p h i a l i de s  

( Kahn  & Al dri ch , 1 9 73 ) . I n  th i s  i n s tan ce , (Termitaria snyderi ) the de l i mi t i n g 
septa  even tua l l y cl osed  and the Woron i n  bodi es  di s appeare d .  At n o  ti me h ave 

Wo ron i n  body l i ke p l ugs characte ri s t i c  of a nne l l i di c  fun g i , wel l i l l u s t ra te d  
by Scopu lariopsis spp . ( Co l e  & Al dri ck , 1 97 1 ; Hammi ll , 1 9 7 1 ) been obse rve d 

i n  p h i a l i d i c  con i di um de l i mi t i n g  s epta . 
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Con i d i ogenes i s of M. b��nnea3 M. popu li a n d  M. castagnei was 

cl e a r l y  anne l l i d i c  i n  accordan ce wi th  the above de fi n i t i o n s  o f  anne l l i di c  

con i di o gene s i s by Ken dri ck ( 19 7 1 } and  Carr� l & C a rr� l ( 19 74 ) . Tha t  i s ,  the 

fi rs t con i di um was formed ho l obl ast i ca l ly an d a new h i ghe r con i di o genous  

l ocus  was  fo rme d wi th eacfi  percu rren t vege ta ti ve p ro l i ferati on th ro ugh  the  

anne l l opho re ape x .  Furthermo re , con i di um an d mi c rocon i di um del i mi t i n g  septa  

we re pe rfora te wi th assoc i a ted Woron i n  bodi es , and  septal  po re p l ugs  we re 
obse rve d i n  seceded con i di a .  

I n  the p res en t s tudy the promi nen t pr imary anne l l a ti on s c a rs l e ft by 

seces s i on o f  the fi rs t fo rme d con i di um we re v i s i b l e  by l i ght  mi c ros copy an d 

we re p robab ly  mi staken fo r co l l are tes  (a cha ra c te ri st i c of  ph i a l i des ) by 

P i  ro zyns k i  ( 1 9 74 )  i n  h i s  s tudi es  of  M. brunnea3 M. castagnei an d M. populi . 

The corre s pon di n g  bas a l  fri nge on the con i di um base  was a l so v i s i b l e  i n  the 

l i gh t  m i c ro s cope . The s ma l l s i ze of  con i d iophore s , the i r hya l i ne n a tu re a n d  

t h e  c l ose  spaci n g  o f  s u cces s i ve an n u l a r  s ca rs on the con i di ophore apex a l l 

con tri b ute to ma k i n g  obs e rva ti on s o f  con i di o gene s i s  i n  thi s gen us  ve ry 

di ffi cu l t by l i ght mi cro s copy .  S i mi l a r e rrors have been made p revi o us l y .  

Fo r exampl e .  P i rozyn s k i  & Morgan -Jones ( 1968 } con s i de red con i di o genous  ce l l s  

o f  Cryptosporiopsis turgida to be ph i a l i des on  the bas i s o f  l i gh t  mi c ro s cope 

s t u di e s  whe reas by e l e ctron mi cros copy Sutton & Sandhu ( 1969 ) s h owe d them to 

be anne l l i des . Such mi s i n terp re ta ti ons l ed Hammi l l  ( 19 7 1 )  to specu l a te tha t  

many fun g i  con s i de red  t o  be  ph i a l i di c  oy l i gh t  mi croscopy wo ul d i n  fac t  be 

s hown by e l e ctron mi cros co py to be annel l i di c .  · C l earl y ,  i f  accurate 
con cl us i ons  as to the mode of  con i di um onto geny are to be reached  i t  i s  

i mpera ti ve that  wal l re l at i on s h i ps duri n g  con i di o genes i s  � re s tud i e d  by 

t ra nsmi s s i on e l ectron mi croscopy .  

The p resen t stu di es have estab l i s hed t h a t  Marssonina spe c i e s  

pa thogen i c t o  pop l a rs a re anne l l i di c  a n d  thus con form t o  Sutton • s  ( 19 80 )  

de fi n i t i on o f  thi s gen us . Imp l i ci t  i n  h i s defi n i t i on i s  tha t con i di ogene s i s 

o f  the type s peci es o f  t he genus  name l y ,  M. fragariae ( Li b . ) Kl e b .  i s  a l so 
anne l l i di c . To the authors knowl edge de tai l e d ev i den ce s howi n g  th a t  

M. fragariae i s  i n  fa ct annel l i di c  i s  l acki n g .  
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CHAPTE R 3 
TAXONOMY OF DREPANOPEZIZA SPECIE S  

The gen u s  Drepanopeziza t s  sma l l ,  homo genous , a n d  worl dwi de i n  

di s t ri but ion . I t  i s  a member of  the i nopercu l a te Di s comyce tes be l on g i n g  
t o  the o rder He l oti a l es o f  the fami l y  Derma tea ceae ( Denn i s ,  1960 ) . 

I n  re cen t years Drepanopeziza s pec ies  pa tho gen i c  to pop l a rs h ave 
bee n s tud i ed by Ri mpau ( 19 6 2 )  and Gremmen ( 1965 a b )  and  the fo l l owi n g  

Drepanopeziza = Marssonina conne cti ons  have been estab l i s he d :  

D. populorum ( Desm . ) v .  Hohn . = M. populi ( Li b . ) Magn . 

D.  populi - albae ( Kl eb . ) Nann f .  = M. castagnei ( Desm .  & Mon t . ) Magn . 

D.  tremulae Ri mpau = M. tremu lae ( L i b . ) K l eb . 

D. punctiformis Gremmen = M. brunnea ( E l l .  & Ev . )  Magn . 

The fo l l owing  i s  a h i stori ca l a cco un t of the above Drepanopeziza 

spe ci e s , p l us  a stateme n t  of the i r o ri g i n a l  des c ri pti ons . 

1 .  pREPANOPEZIZA POPULORUM ( Desm. ) v .  Hohn . Ann . Myco l .  15 , ( 19 1 7 ) . 

Syn onyms ( afte r Ri mpau , 1962 ) . 

Trochi la populorum Desm .  - Bu l l .  So c .  Bo t .  France  4 ,  858 ( 185 7 ) . 

Pseudopeziza populorurn ( Desm . } Pot .  - Ann .  �1yco l .  8 ,  80 ( 19 10 ) .  

Fyrenopeziza greinichii Pe tr.  - Ann . Myco l . 2 7 ,  405 ( 192 9 ) . 

Trochi la popu lorum was fi rst des cri bed  by Desma z i �re s  ( 185 7 )  from P. n�gra 

i n  Fran ce . 

11 Macu l i s  mi nuti s ,  b rune i s ve l gri seo  - p l umbei s de i n  a l b i di s ,  
i rre gul ari ter ro tun dal i s ,  demum con fl uen ti bus . Di s cus i nn a tus , 
e rumpen s mi nuti s s i mus , l ax� s u b g re g a ri us , humi dus p l anus  c i nere us , 
s i ccus concavus b runneus . Asci s c l ava ti s ,  spo ri di i s  o cton i s ,  
e l l i psoi de i s ;  sporu l i s  2 ,  hya l i n i s ,  g l obos i s . 1 1 

Tran s l a ti on 

1 1 Mi n ute s po ts , b rown or pearly g ray , then  whi te , i rre gul a rl y  
ro unded , l a ter  coa l es ci n g .  Apo the ci a d i s c  shape d ,  mi n ute a n d  
i mme rsed , l a te r e rumpen t ,  scat te re d  o r  g ro uped ; when moi s t ,  f l a t ,  
a sh  g rey ; when dry ,  con cave , b rown . As c i  cl u b  shaped wi th  e i ght  
hya l i ne ,  e l l i psoi da l  to s phe ri ca l b i g uttu l a te a s cospore s 11 • 
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Desma z H � r·es (185 7 }  a l so e s tabl i. s hed the connecti on  between 

T. popu lorwn and  M, popu l-i . T. populoY'UJ71 Desm . \vas  rename d  Drepanopeziza 

popu Z.oYW71 by von Hohnel ( 1 9 1 7 )  the curre n t  epi thet  thus be i n g  D.  popu lorwn 

( De s m . ) v ,  Hohn . 

2 .  DREPANOPEZIZA POPULI .:. ALBAE ( Kl eb . ) Nan n f . - Nov . Act .  Re g .  Soc . 

Sc i . Upsa l , Se r .  4 ,  8 ,  1 70 (1932 } . 

Synonyms ( afte r  Ri mpau , 1962 ) . 

Trochi la populorum (Desm . )  Edge rt . - Myco l o g i a  2 ,  169  ( 19 10 ) . 

Pseudopeziza populi - a lbae Kl e b .·· Haup t- u .  Neben fruchtf .  Ascomyc . 

p .  344 ( 19 18 ) . 

Thi s spec ies was o ri g i n a l l y  des cri bed as Trochi la populorum by 
Edge rton ( 1 9 1 0 1  from overwi n te re d  l eaves of P. a lba i n  the Un i ted S ta tes . 

" The apo theci a are a t  fl rs t somewhat g l obose , b ut  a s  they g row o l de r  
they gene ral l y  be come mo re o r  l e s s  fl a ttened and  concave a t  the top . 
The uppe r po rti on o f  the apo theci um i s  forced o u t  o f  the l ea f  
du ri ng  i ts growth , s o  tha t a t  maturi ty i t  projects some l i t tl e 
di s tance from the s u rface of  the l eaf .  The  oute r  l ayer of the  
apotheci um i s  composed  of  a pseudo-pa renchyma tous t i s s ue of  a da rk ­
b rown co lour .  I n s i de of  thi s ,  there i s  a mo re de l i ca te l aye r o f  
hya l i ne cel l s .  The outer l aye r enti re l y  s u rrounds  the deve l op i n g  
a sc i  a n d  paraphyses  and i s  n o t  b roken apart  a t  the to p un ti l the 
a s cospo res are near ly  ma ture . In s i ze ,  the apo thec i a are about  
90- 140 x 100�190u . The asc i  a re cl ava te , 1 2 - 14 x 60-80 u  wi th the 
ascus wa l l  thi ckened  a t  the ape x .  Thi s t h i ckened apex i s  ruptured  
when the  spo res  a re shot  out .  The  s po re s  a re hya l i ne ,  one -ce l l ed ,  
1 2 - 16 x 5 - 7 . 2 u ,  a l most  a l ways con tai n i n g  two l arge guttu l ae ,  one 
at each end of  the s pore . The paraphyses  are ve ry a bun dan t ,  
80- 100 , l on g , narrow , septate , and  somewhat b roadened a t  the apex" . 

E dge rton ( 1 9 1 0 )  was un ab l e  to p rovi de abso l ute p roof  o f  the 

connecti on be tween T. popu loYW71 and  M. castagnei .  Howeve 1� th i s was l a te r 

e s t ab l i s hed  by Kl ebahn ( 1 9 18}  who n ame d  the pe rfect  s t a te Pseudopeziza 

populi-a lbae Kl eb . Nan n fe l dt ( 1932 ) t ransfe rre d thi s s peci e s  to the gen us 

Drepanopeziza nami n g  i t  D. popu li�albae ( Kl eb . ) Nann f . ,  the curren t 
ep i the t .  

Thompson ( 19 3 7 }  exami ned  exsiccati spec i mens o f  D .  popu lorwn ( De sm . ) 

v .  Hohn . an d D.  popu li-albae ( K l eb . ) Nannf . , an d con c l uded tha t  i n  vi ew 

o f  the i r c lose  mo rpho l og i cal  s i mi l a ri ty re co gn i t ion o f  on ly  one speci es 

D. populo.Y'Wn ( Desm . ) v.  Hohn . , was warran
.
ted .  
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R i mpau  (1962 ) exami ned  fre s h  and herbari  urn s pec i mens  of D .  populorwn 

( but  n o t  the type s peci men) and fresn  spe c i mens  of  D .  popu li-albae and  

con c l uded  tha t be cause of  d i ffe rences  i n  d i mens i on s  o f  apo the ci a ,  asc i  and  

a scos pores  the  two s pec ies  were di s t i n ct .  Ri mpau ( 1962 ) made n o  re fe rence 

to Thompson (1937 ) , wh i ch s uggests  that  h e  was un aware o f  h i s  s tu d i e s . 

3 .  DREPANOPEZIZA TREMULAE Rt mpa u  

R i mpau  ( 1962 ) e rected  a n  add i t i ona l  s pec i es D .  tremulae as  the 

perfe c t  s tage of M. tremu lae . 

1 1 S ta tus ascopho rus : Apotheci a s ubstrata i mme rs a , p l e rumque ep i phy l l a ,  
ra re hypophyl l a ,  l en i te r  aggregata , 180-2 10u l a ti tu di ne e t  140 - 160u  
a l ti tudi ne . Pseudos troma pa rce evo l uta . Exci pu l um 70-80u cras s ­
i tudi ne ce l l u l i s  6 - 10u ma gn i tud i ne compo s i tum;  ce l l u l ae s t ra t i s 
extremi s crasse  tun i ca tae , umb ri nae , po l yedri cae , s t ra ti s i n te r i o r ­
i b us c l a rae , ten ui te r tun i ca tae , i sodi ame tri cae . Margo ad  2 5 u  
c ras s i tudi ne et  compos i tus  3 - 5  s t ra ti s ce l l u l a rum ten u i te r  
tun i ca ta rum, el onga ta rum , Bas a l i te r  pseudostroma p a rce evo l u tum 
ce l l ul i s ro tun di s ,  b runne i s ,  p l e rumq ue 1 -2 s tra ti s  compo s i tum i n  
ce l l u l as emo rtuas subs tra tae penetra t .  Hypotheci um 8-lOu  cras s i tudi ne  
ce l l u l i s hya l i n i s ,  ten ui ter tun i ca ti s ,  di s t i n c te po l yedri c i s  
compo s i tum .  As ci  50-60 x 8 - 1 2u  ma gn i tudi ne c l av i fo rmes ve l anguste 
e l l i psoi dei , ten ui ter tun i cati , po ro Jodo coeru l es cen te . Paraphyses  
n ume rosae , hyal i n ae , fi l i fo rmes , ap i ce a d  6 u  c ras s i tudi ne asc i s 
emi nen t .  Sporae oc tan ae asci s ,  un i ce l l u l a tae , hya l i n ae e l l i pso i deae , 
e l l i psoi deae , un i ve l  b i seri a tae 8-9 x 1 . 8- 2 . 0u magn i tud i ne 11 • 

Tran s l ati on : 

1 1 Apo the ci a i mme rsed i n  s ub stra te � mos t l y  ep i phyl l ous , rare l y  
hypophyl l o us , s l i ght l y  c l u s tere d ,  180-2 1 0 u  wi de by 140 - 160u  h i gh .  
Pseudostroma modera te ly deve l ope d .  Exci p u l um 70�80u thi ck , composed 
of  ce l l s  meas u ri n g  6 - lOu , ce l l s  of o ute rmo s t  l aye r th i ck l y  tun i cate 
and  umbe r ;  i nner l ayers c l ear , th i n -wal l e d an d i sod i ame tri ca l ; 
ma rgi n up to 2 5 u  th i ck ,  composed  o f  3-5 laye rs of  th i n  wa l l ed  
e l on gated ce l l s .  The base of the pseudo s t roma mode ra te ly  de ve l ope d 
wi th a l most  ci rcul a r ,  brown ce l l s ,  mai n l y  1 -2 l ayers , pene trati n g  
the dead  ce l l s  of  the substra te , Hypo theci um composed  of fl at­
s i ded , rope l i ke , hyal i ne ce l l s  8 - 10 u  t h i ck . As ci  50-60 x 8- 1 2 u , 
n a rrowly  e l l i psoi d ,  th i n  wa l l e d , becomi n g  s ky b l ue when i odi ne 
s tai ne d .  Paraphyses  nume rous , hya l i n e , th read- l i ke w i th th i ckened 
apex ( 6u ) . As c i  produci n g  e i ght , one cel l e d ,  hya l i ne ,  e l l i pso i d 
s pores un i seri a te ly  o r  b i seri a te l y  arraye d ,  8-9 x 1 . 8-2 . 0u i n  s i ze �� . 

C ri teri a us ed by Ri mpau ( 1962 ) for di ffe rent i a ti n g  apo theci a of 

D. tremulae from those of D .  popu lorum and D. popu li -albae we re s hape 

( con i ca l  v hemi sp heri cal ) , hei ght , an d smal l e r  a sc i  and asco s po re s  ( Tab l e 39 ) . 

I n  addi t i on the i nner exci p u l um o f  D. tremulae was cons i de red to be mo re 
s t ron g l y de vel ope d .  
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TABLE  39 : Di mens ions  of  apo thecia , asci  an d a scospores o f  Drepanopeziza 
s pe ci es  c i ted by Rimpau ( 1962 ) 

�1orpho 1 o g i  ea 1 Drepanopeziza Drepanopeziza Drepanopeziza 
Fe a tu re popu Z.i-aZ.bae popuZ.orum · tremuZ.ae 

APOTH E C IA 

Shape hemi. s pheri ca l h emi sphe ri ca l con i cal  

Di ame te r ( u )  1 10 - 1 80 200-350 1 80 -2 1 0  
He i g h t  ( u )  80"<:-11 0  n o t  s ta te d  140 - 160  

ASC I  

Length  ( u ) n o t  stated  75-90  50-60  
Bre a d th ( u }  not  s tated 1 2 - 1 7  8-12  

AS COS  PORES 

Len gth  ( u )  1 0 - 12 10..-18 8-9  

Bre adth  ( u 1 n o t  stated 4�5 1 . 8- 2 . 0  
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G remmen (1965a } s ubsequen tly s t ud i e d  Drepanopez{za speci e s  pa thogen i c  

to pop l a rs i n  some de tai l , but i t  appears he wa s un awa re o f  the e re c ti on o f  

D.  trerrru lae R i mpau . He exami ne d fre s h  ma teri a l  of  D. popu lor>wn ( Des m . ) v .  

Hohn , an d D.  populi-albae (Kl eb . ) Nann f . ,  an d a l tho ugh conc u rri n g  wi th 

Thompson ( 1937 } he ma i n ta i ned D. popu loY'Ulll and D. popu li..,..albae a s  separa te 
s pec i e s , p ri ma ril y because con i di a  of  the i r res pecti ve Marssonina s t a tes 
(M. popu li and  M.  castagnei ) were morpho l ogi ca l ly  an d phys i o l og i ca l l y  
di s ti n c t .  

4 .  DREPANOPEZIZA PUNCTIFORMIS Gremmen 

G remmen ( 1965a ) e rected an addi t i ona l  s pec ie s  D. punctiformis as the  

perfe ct  s tage o f  M. br>Unnea ( Gremmen , 1965b ) .  

" Sta tus ascophorus : Apo theci a 100 -200u magn a .  Exci p u l  urn textura 
gl obu l osa , 10-14u  cras s um .  As c i  90�115  x 1 1 - 14 u  ma tura ; 50- 70 x 
8- 1 1 u  i n  he rba ri a ,  cl avi formes . Paraphyses  hya ·l i n ae , fi l i fo rme s " .  

Typus : I n  herba r i a  J .  G remmen , 9 . x . 196 l ,  i n  fo l i i s  Populi 
euroamericana 1'Se ro t i na ' , Meppe l , Ba tava � ( Gremmen 1 8 1 1 } .  

Tran s l at i on : 

" Apotheci a 100-200u . Exci pul  urn o f  gl obu l a r  ti s s ue ,  10- 14u  th i ck . 
Asc i  90 - 1 15 x 1 1 - 14u when ma ture ; 50-70 x 8- 1 1 u  i n  herbari um , 
c l ubshaped . Para physes hya l i n e ,  t hread l i ke " . 

Type : I n  J .  Gremmen ' s  h erba ri um . 9/ 1 0/ 196 1 ,  on l eaves  o f  Populus 
euramericana ' Sero ti n a ' ,  Mep pel , Ho l l an d  ( G rernmen 1 8 11 ) . 

A l tho ugh apothec i a  of  D. punctiformis were mo rphol o g i cal l y  s i mi. l ar 

to those of  D. popu lor>wn and  D. popu li-a lbae (Tabl e 40 ) ,  Gren�en ( 1965 a )  

j u s t i fi ed  the e recti on of  D. punctiformis o n  the fo l l ow i n 9  gro un ds :  

( i ) "The type of  l eaf s pot  was d i s t i n c t  from o ther po pl a r  i nhab i ti n g  
Mars sonina s peci es , 

( i i )  the me� s u remen ts o f  the macro co n i di a  are s i gn i f i can tl y sma l l e r than 
in  the  o ther  s pec ies men ti o ned , 
( i i i )  the ma turi ty of  the a potheci a a n d  the t i me o f  a s co s pore d i scharge 

i n  s p ri n g a ppeared to be much e a rl i er than i n  D.  popu lorum� 

( i v )  co n s pi cuous con i d i a l  pu s tul e s  may occur  o n  the l ea f  peti o l e and  on 

the green , one-yea r o l d twi gs of vari o u s  popl a r s , b u t  wi tho u t  a ny de fo rma ti on 
o f  these s tems " .  
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Compari n g  di men s i.o n s  of apotheci a ,  a sc i  an d ascos po re s of the 

va r i o us Drepanopeziza spe c i e s  ci ted by R i rr.pau ( 1 962 ) and Gremmen ( 1965 a )  

( Tab l es  39 , 40 } i t  i s  appa rent tha t  even wi th i n  the same s pec i es  there are 

1 arge di s crepan c i es in  d i men s i ons  repo rte d by these authors . Furthe rmo re , 
i n  bo th wo rk s on l y  the extremes o f  di men s i on s  have bee n ci te d  ma k i n g  val i d  

comp a ri sons di ffi cul t .  

I n  vi ew o f  the fact  that R i mpau ( 1962 ) re garded M, brunnea a s  bei n g  

syno nymous  wi. tfi M. tPemulae� and s i. nce Gremmen ( 196 5a ) i n depen den tl y 

des c l� i bed D. punctifoPmis as  the perfect s ta te o f  M, brunnea� i. t  fo l l ows 

that D.  tremu lae and D.  punctiformis may 5e synonyroo us . I n deed , s i n ce 

prev i o u s  taxonomi c s tud i es of  MaPssonina s peci es (Chap . 1 }  e s ta bl i s h ed that  

M. brunnea and  M. tPemu lae \'Jere syno nymous , wi th M. brunnea hav i n g  pri  o r i .ty ,  

i t  fo l l ows that D. tPemu lae an d D.  punctifoPmis mus t a l s o  be synonymo us . 

Howe ve r ,  from the ori g i na l  des cri pt ions  of  D. tPemulae ( Ri mpa u , 1962 ) and  
D.  punctifoPmis ( Gremmen , 1965 a l  the  synonymy o f  these s peci e s  a ppea rs 

do ubtful . Currentl y ,  D. punctifoPmis i' s wi de l y  accepted as  the perfect  
s ta te of  M. brunnea ( Caste l l an i  & Freccero , 1968 ; Byrom & Bu rdek i n ,  1 9 70 ; 

P i no n  & Po i ssonn i er ,  1 9 75 ; Cel l e ri no , 1 9 79 ) . Di mens i on s  o f  a po theci a ,  

asci.  and  as  cos pores of  D. punctifoPmis c i. ted by these a u thors  are 1 i sted  
in  Tab l e 4 1 . I t  woul d seem M. tPemulae and  D.  tremu lae have been l a rgel y 

o ve rl ooked , be i n g  on l y  re cogni sed recent ly  by Cel l eri no ( 1979 } . 

In  vi ew o f  the l a ck o f  a g reemen t concern i n g  the morpho l ogy and  

there fo re taxonomy of DPepanopeziza s peci e s , parti cul a r l y  D. tPemulae and  
D.  punctifoPmis� al l fo ur  s peci e s  we re rea ppra i sed  by e xami nat ion  o f  type 

and h erbari um s peci men s .  

Ma te ri a l s and Me tho ds 

( a )  Type Ma teri al 

Type materi a 1 of three of the fo u r  DPepanopeziza s peci. e s  wa s 

exam i ned . Type speci mens of  D. populoPUm were obta i ned  from both the 

Mus €e Na ti onal  D 1 Hi s toi re Nature l l e , Pari s and  the Ja rdi n Bo tan i que  
Na ti ona l  de Be l g i q ue .  Di ffi cul t i es  were exper ienced i n  obta i n i r g  type 

s pe c i men s of D. punctifoPmis Gremmen an d D. tremu lae Ri mpa u .  Corre s po n dence 
wi th  Gremmen establ i s hed tha t  he cou l d not  remember  whe re he  had 

l odged h i s  type ma teri a l  of  D.  punctiformis ! Fo rtunate l y ,  a type s pec i men 
wa s i n cl uded  w i th othe r s peci men s obta i ne d - from the Roya l Bo tan i c  Gardens , 

- Kew . As regards D. tPemu lae� co rres po ndence wi th  Dr . Ho rak ( Di re cto r ,  
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TABLE  40 : Di mens i ons  o f  apo the ci a ,  asci  a nd  a s cos pore s  o f  Drepanopeziza 
s pec i es ci te d by Grem�en ( 1965 a )  

Morp h o l og i cal  Drepanopeziza Drepanopeziza Drepanopeziza 
Feature popu li-albae populorwn punctiformis 

APOTHEC IA  

Di ame te r ( u ) 240-320 130-260 100-200 

Exc i p u l um ( u ) 12�18  12 - 18 10- 14 

ASC I  

Len gth ( u ) 80 - 100 ( 50-80 )  80- 100  ( 50 - 70 )  90- 1 15 ( 50 - 70 )  

Bre a d th ( u ) 13 . 5 - 14 . 0 ( 8-12 ) 13- 14 ( 9 - 13 )  1 1- 14 ( 8- 1 1 )  

AS COS PORES 

Len gth ( u ) 14 . 5 - 18 . 0 ( 7- 12 )  10�16 10- 14 

Bre adth ( u ) 7-9 ( 4 - 7 )  5 - 9  3 - 7  

) herbari um ma te ri a l 

TABL E  4 1 : Di men s i ons  o f  apotheci a ,  a s c i  and  a scospores  o f  D. punctiformis 
ci te d by vari o us autho ri t i es 

Mo rpho l og i ca l  ! AUTHORITY  
Feature Gremmen I Cas te l l an i  & By rom & P i non & Cel l e ri no  

( 1965a )  Fre cce ro Burdeki n Po i s sonn i e r ( 19 79 ) 
( 1968 )  ( 19 70 )  ( 19 75 )  

APOTH E C IA 

Di ame te r ( u ) 100 -200 100 -200 1000 80 - 100  100-200 

He i gh t  ( u }  n o t  s ta te d  70- 100 n o t  s tate d 60-80 70- 100 

ASC I 

Length ( u }  90- 1 15 n o t  s ta te d  45 -65-84 not  s ta te d  90- 1 1 5  

B re adth  ( u ) 1 1 - 14 n o t  s t a te d  9- 12 - 17 not  s t a te d  1 1 - 14 

ASCOSPORES 

Length ( u ) 10- 14 9 - 1 1  6 - 13�17 9 .... 1 1  9 - 14 

Bre adth ( u ) 3 - 7  3 - 5  4 - 5 � 7  3-5 3- 7 
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E TH Z u ri ch ) e s tab l i s hed  that  type materi a l  of th i s speci e s  was n o t  i n c l uded 

wi th o ther  s peci mens depo s i ted by R impau  and was p robab ly  l os t .  Fo rtun a te l y ,  
two syn types of  D .  tremu Zae ( so des i gn a ted by Ri mpa u ,  1962 ) were ob�a i ned 

from the Botan i s ches Ga rten  and Museum ,  Berl i n - Dah l em .  

Des p i te e xtens i ve o ve rseas enq u i ri es the  type s peci men  o f  D .  populi­

a lbae was n o t  l oca ted . 

( b )  Othe r He rba ri um Ma te ri a l  

He rba ri um s pec i mens a l l ege d t o  b e  D .  populorum (TrochiZa popu lorum� 

Pyrenopeziza greinichiiJ we re rece i ved from \ Ri j ks herba ri um ,  Le i den the 

N e the r l an ds ; Jardi n Botan i que Nati ona l  de Be l g i q ue ; Bo tan ische r Ga rten 

und  Botan i s ches Museum, Be rl i n -Dahl em ; ETH Z u ri ch ; The He rbari um , Royal  

Botan i c  Ga rdens , Kew , Eng l an d ;  the Fa rl ow He rba ri um and Re ference L i b ra ry ,  

1-larva rd Un i vers i ty ,  Mas s achuse tts , USA . Spec i mens  a l l ege d to be 

D. punctiformis fi xed i n  g l u tara l dehyde we re recei ved from J .  P i non , Nancy ,  
F rance . Leaves of  P. de Ztoides i n fecte d  wi th the mac ro a n d  mi c ro con i di a l 

s ta te s  o f  M. brunnea were recei ved from  T . E .  H i n ds , Co l o ra do , USA . I n  the 

l abo rato ry these l eaves we re l a te r i nduced to fo rm the perfect  s t a te 

wh i ch wa s ten tati ve l y  i denti fi ed as  D. punct-iformis .  

The type an d he rba ri um ma te ri a l  was exami ned  by l i gh t ,  s cann i n g  

e l e ctron , a n d  tran smi s s i on e l e ct ron  mi cro s copy . 

L i gh t  Mi c ro s cope Studi es  

Apo the ci a were mo un te d  i n  l a ctopheno l and  stai ned wi th 0 . 5% ac i d 

fuchs i n .  A cover-s l i p  was adde d and  the s l i des  l e ft for 15  mi n u tes  to 
a l l ow dri e d  apo theci a to rehydra te an d soften . Apo the ci a were then 

s q u a s he d  by gen t le  tapp i n g  on the coversl i p .  For each s peci men the l en gth  

and  b re a d th d i mens i ons o f  at  l ea s t  50 a s ci a n d  60  ascospo res were mea s u red  
us i n g a Le i t z  opti ca l mi crome te r ( 500 x ) .  

Scan n i ng E l e ctron Mi cros cope Studi es 

S ma l l fragments of l eaf ma te ri a l  beari n g  apo theci a we re vac u um d ri e d ,  

gl ue d t o  me ta l s tubs an d coated w i th approxi ma te l y  150 ° A  o f  go l d  an d 

e xami n e d  wi th a Cwi ks can 100 fi e l d  emi s s i on s cann i n g e l ectron mi cros cope . 

Tran smi s s i on E l ectron Mi c ros cope S tudi es  

Hhe-re poss i b l e  up  to fi ve apo thec i a we re remove d  on· sma l l tri an gul a r  

po r t i o n s  o f  l ea f  ti s s ue an d prepare d  fo r tran smi s s i on e l ectron m i c ro s cope 
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s tudi e s . The ma te ri a l  was fi rs t rehydra te d  by s tandi ng  on moi s t  b l o tti n g  

pape r i n  a pe t ri d i s h  for several  hours . Speci mens  were then p l aced  i n  3% 

gl u ta ra 1 dehyde and  2% fo rma 1 dehyde i n  0 . lm pho s p h a te bu ffe r  an d p re p.a re d for 

e l e c t ron mi cro s copy , as o ut l i ne d  i n  Appendi x 8 .  

R E S U L T S  

Wi th  one e xcepti on type and a l l e ged s pe c i mens  of  D.  popu lar� an d 
D. punctiforms we re i n  each i nstance mo rpho l og i ca l ly s i mi l a r .  The s i n gl e 

exce p ti on was a s peci men a l l eged  to be Trochi la populorum re ce i ve d  from 

Fa rl ow He rbari um . In  v i ew of the mo rpho l og i ca l  s i mi l ari ty wi th  syn types o f  
D .  tremulae a n d  the common host (P. tl�emulaJ th i s  speci men w a s  i den ti f i  e d  a s  

D.  tremu lae . The fo l l owi n g  mo rpho l og i cal  des c ri p ti ons a p p l y  to b o th type 

and h e rb a ri um s pe ci mens of each Drepanopeziza s peci es ,  i n  vi ew of the i r 
cl ose  mo rpho l o gi cal s i mi l a ri ty .  

Mo rpho l ogi ca l Descript i on of Drepanopez i z a  spp. 

1 .  DREPANOPEZIZA POPULOR�� ( De sm . ) V .  Hohn . 

Apothecia - Partly i mme rsed  i n  hos t  ti s s ue , sca tte re d  o r  g ro upe d i n  

c i rcu l ar  c l u s te rs on bo th s i des o f  l eave s  ( Fi g .  76 ) .  C i rcu l a r  i n  o u t l i ne ,  

75 - ( 140- 180 ) - 300u di am.  x 120�180u  deep ( Fi gs .  77 , 78 ) . I n  ve rti ea 1 
sec ti on e i th e r  con i ca l , re ctangul a r ,  con cave d i s k - l i ke ,  o r  fl a t  an d 

d i s to rted ( Fi g .  79 ) .  Amber brown when moi s t , d ryi ng  b l ack . Exte rna l  

Morpho l ogy ( Fi g .  80 ) ,  e i ther lu mpy o r  fused verti cal , fi n ge r- l i ke p ro cesses  

on s i des  a n d  top . Ecta l  excipu l um ( Fi gs . 81 , 82 , 83) , s tro n g l y  deve l ope d ,  
25-40u th i ck ,  con s i s t i n g  of  an outer l aye r o f  i rre gu l a r e l on ga te ce l l s  

arraye d i n  a dark -pi gmen te d  ma tri x .  I nner  l ayers 3-4 rows o f  g l obu l a r ,  

re g u l arl y a rrange d ce l l s ,  bo unde d o n  the i ns i de by pa raphys es . Me du l l a ry 

excipu l um ( Fi g .  84 ) , l arge ( 5 -7u  di am . } ,  an g u l ar ,  gl obose to  s ubg l obose 
ce l l s ,  i n te rs pe rsed  wi th sma l l e r  ce l l s ( 3-4u d i am. ) .  Hypo the ci um ( Fi g .  84 ) ,  

sma l l  ce l l s  ( 3-4 u di am. ) g l obose to s ubg l obose ,  regul ar ly  a r raye d a ro un d  the  

base of  asc i . Epi theci um ( Fi g .  85 ) ,  i rreg u l a r  cel l s  l oose l y  embe dde d i n  a 

dark ma tri x .  Asci  ( Fi g .  86 ) ,  cyl i n dri ca l  to c l avate , tape ri n g  f rom a 

bro a d  apex to the s ta l k  wi th a c l aw l i ke foo t ,  meas uri n g  50 . 0 -80 . 7 - 130 . 0  x 

9 . 0 - 13 . 6-20 . 0u ,  apex th i ckened (2 . 5 - 3 . 5 u ) , 8 s pare d .  Ascospores ( Fi g . 86 ) ,  
i rre gu l ar ly  uni se ri a te o r  b i seri a te , un i ce l l u l a r ,  e l l i pso i da l , smooth 

wa l l e d ,  hya l i ne wi th two conspi cuous po l ar  bodi es , 1 0 . 0 - 14 . 0 -20 . 0  x 

3 . 5 - 5 . 1 -B . O u , L : B  ra ti o 2 . 74 .  Pa raphyses fi l i fo rm ,  septate , l on ge r  than asc i , 



te rmi n a l  ce l l c l avate , common ly en l arge d ,  3 . 5�5 . 0u .  · 

Spec i mens e xami ned -

126  

Type P.  nigra L ,  France , 1 85 7  Co l .  Desmazi e res ( S ub . Trochi Za 

popu Zorwn Desm . ) ex Mus�e Nati ona l  D ' H i s toi re Nature l l e  Pari s ;  Co- type 

a s  a bove ex J a rdi n Bo tan i q ue Nati ona l  de Be l g i q ue ; P. nigra L ,  

Kon i g s te i n ,  E l be ,  Saxon i a ,  Ge rmany 14/ 1899 co l . W .  Kri e ge r ,  Raben h o rs t­

Pazs c h ke , Fun gi  Europaei e t  extrae u ro p ae i , no . 4267  ( s ub . Trochi Za popuZorum 

Desm . ) ,  e x .  Ri j kshe rbari um , Le i den , N e the r l an ds ; as a bove e x  Ja rdi n 

. Botan i q ue N a ti on al  de Bel g i que ;  P. canadensis Moen ch , Baums ch u l en Tamse l ,  
Bran den b u rg , De u ts ch l an d  20/5/ 1924 , c o l . P .. Voge l ( S ub . Pyrenopeziza 

greinichii Pe tr . ) Syn dow , Myco th . Ge rm . N r .  2 536 ex Ri j ksherbari um , Le i den , 

Netherl ands ; P. nigra L ,  He i mbach S i e gen , Wes t fa l en ,  Deutsch l an d ,  

1/5/ 1938  Co l . A .  Ludwi g ,  He rb . A .  Ludwi g e x  Botan i �her Ga rten , Be rl i n ­
Dah l em ;  P. canadensis Moen ch , Baums c h u l en , Tamse l ,  B randenburg , 

De utsch l an d ,  25/5/ 1932 , Co l . P .  Voge l , Herb . A .  Ludwi g .ex Bo tan i �h e r  

Garten , Be r l i n- Dah l em ;  P. nigra L ,  S i egen , Wes tfa l en , Deu ts ch l an d ,  

20/ 5 / 1938 ,  c o l . Ipse  He rb . A .  Ludwi g e x  Botan i s:her Garten , Berl i n - Da h l em ;  

P.  nigra L ,  Fe m dorf , _ S i e gen ,  �Jestfa l en ,  De u ts ch l and 26/5/ 1938 co l . I p se , 

Herb . A .  L u dwi g ex Botan i s cre r Garten , Be rl i n - Dah l em ;  P. nigra L ,  Kre i s 

Leb u s  B randen b urg , Deu ts ch l an d ,  10/ 5/ 194 1 ,  co l . Fah ren dorff ( s ub .  

Trochi Za popu Zorum ) He rb . Fah rendo rff e x  Botani  scte.r Garten , Be rl i n - Dah  1 em ; 

P. nigra L ,  Z u ri ch , Affo l tern ,  We hn ta l e r  - S tr ,  7/5/ 196 1 ,  co l . R . H .  Ri mpa u , 

ETH No . 4548 ex ETH Zuri ch ; P. nigra spp . py rami da l i s  ( Ro z . ) Ce l ak . , 

Ges amme l t L i mma tufe r  Fi s he rweg Hardt u rm ,  Zuri ch , 6/5/ 1 96 1 ,  co l . R . H .  Ri mpau 

ex  E TH Z u r i ch ; P. nigra L ,  Si h l ho l z l i  S tr . , Zur i ch , 5/5/ 196 1 ,  Co l . 

R . H .  Ri mp a u  e x  ETH Zu ri ch . P. tacamahaca x P. trichocarpa cv , 37 , 

Mon a s te re um Co . Ki l dare , I re l an d ,  Au tumn 1965 , Co l . F .  O '· Ri o rdai n ,  Nati ona l  

Mus e um o f  I re l an d  e x  The He rbari um , Kew e 

2 .  DREPANOPEZIZA TREMULAE Ri mpau 

Apothecia partly i mmerse d  i n  host  ti s s ue , s ca t tere d  or g ro uped  i n  

c i rcu l a r  c l u s te rs , amph i genous , c i rcu l a r  i n  o u t l i ne ,  75 - ( 1 10 - 150 ) -200 

d i am .  x 90- 140 u deep ( Fi g .  87 ) . In  ve rti cal s e c ti on con i ca l  to barrel 

s hape o r  concave di s c- l i ke ( Fi g .  88 ) . Ambe r brown when mo i s t ,  dryi n g  

b l a ck .  E xte rn a l  mo rphol ogy_ ( Fi g .  89 ) ,  l umpy on  s i de s  an d top . Ecta l  
exci pu l um ( Fi g .  90 ) , 15-20u  thi c k , con s i st i n g  o f  2 - 3  l aye rs o f  l a rge ( 5 - 7u )  

g l obu l a � to i rregu l a r  ce l l s  embe dded i n  a dark  ma tr i x ,  boun ded on the 
i n s i de by 2 - 4  l aye rs of  c l osely packed e l on ga te to g l obu l a r  ce l l s  an d 
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paraphyse s .  Medu l l a ry excipu l um ( Fi g ,  9 1 ) , ce l l s angul a r ,  g l obose to 

s ubgl obose ( 5 - 7u di arn . ) ,  i n te rs pe rsed  w i th sma l l e r ce l l s  ( 3- 4u j . Hypo theci um 
. 

( Fi g . 9 1 ) , ce l l s  i rre gu l ar ( 3-4u d i am . } ,  c l os e l y  packed aroun d base  o f  a sc i . 

�i theci um ce l l s  gl obu l a r  to i rre gu l a r, l oose l y  a rraye d i n  a da rk l y  s ta i ned  

ma tri x .  As ti ( Fi g .  92 ) ,  c l avate , n arrowly to b ro ad ly cyl i n der i ca l , tape ri n g  
from t h e  broad a pex t o  the s ta l k w i th  a c l aw..-l i ke foo t ,  45 , 0-63 . 6 - 12 0 . 0  x 

8 . 0- 12 . 1 -20 . 0u ,  apex thi ckened 2 . 5 -3 . 0u ,  8 s pa re d ,  As cospores ( Fi gs . 92 , 

94 ) ,  i rreg u l a rl y  uni seri a te o r  b i seri a te ,  un i ce l l ul ar ,  e l l i ps o i d a l , smooth 

wa l l e d ,  hyal i ne wi th two consp i cuous po l ar bodi es , 9 , 0 - 1 2 . 0 - 1 7. 0  x 3 . 0 -4 . 4 -

7 . 0u ,  L : B  ra t i o  2 . 73 .  Paraphyses  ( Fi g .  9 3 } , fi l i fo rm,  septa te , l on ge r  than 

asc i , te rmi na l  ce l l cl ava te en l arged 2 . 5 ..... 3 , 5 u .  

Speci mens exami ned  -

Syn type P. tremuZa L .  Wa 1 d F i n ken krug , Os thave 1 1  an d ,  Deu ts c h l  an d 

24/ 4/ 1937 , Co l . W .  Ki rs ch s te i n  ( s u b . Trochi Za popu Zorum Desm . ) He rb . 

W .  Ki rs chste i n  e x  Botani sche r Garten , Be r l i n - Dah l ern ;  Syn type P. trernu Za 

L .  Al t Lan dsbe rg ,  krs . N i e de rba rn i m ,  P rov . Bran denburg , De u ts ch l an d ,  

1 1/ 10/ 1940 Co l . Fahren dorff ( s u b .  Drepanopeziza popuZorum ( De sm . ) v .  Hohn ) , 

He rb . Dr . A .  L udwi g e x  Bo tan ische r Ga rten , Be rl i n -Dah l em ;  P. trerrrvt Za L ,  

Ni ede rdonau  bei  Wi en , Osterrei ch ,  Ap ri l Co l . s ub ( Trochi Za 

popu Zorum Desm . ) Herb . Fr . v. Hohne l n o .  1 241  ex Farl ow Herb , H a rvard 
Un i ve rs i ty .  

3 .  DREPANOPEZIZA PUNCTIFORMIS Gremmen 

Apothecia pa rtl y i mme rsed i n  hos t ti s sue , s catte red o r  g rouped  i n  

ci rcu l a r c l uste rs , amphi genous , ci rcu l a r  i n  o ut l i ne ,  75 - ( 100 - 150 ) -200 d i am.  

by 1 0 0 - 140u dee p  ( Fi gs .  95 , 96 ) .  In  s ecti on , con i cal to b a rre l  s hape o r  

con c a ve d i s c - l i ke ( Fi g . 9 7 ) . Ambe r  b rown when mo i s t ,  dryi n g  b l ack . 

Exte r n a l  mo rpho l ogy ( Fi g .  98 ) , l umpy o n  s i des  and  top . Ecta l exc ipu l um 

( Fi g .  99 ) , va ri e d  i n  stru cture ,  e i t her  20-30 u  th i ck  an d compo s e d  o f  2 - 3 rows 

o f  g l ob u l a r  to i rregu l ar ce l l s  boun de d  on th e i ns i de by seve ra l  l aye rs o f  

e l on ga te d  paraphyses- l i ke cel l s ,  or  1 5 -20u  th i ck composed of  2 - 3  o ute r 

�ows of  g l obu l a r  to i rre gu l ar  ce l l s  boun de d  on the i ns i de by 3-4 rows o f  

sma l l e r ( 3-4u d i am . ) cl ose l y  packed , e l o n ga te to g l obu l a r ce l l s .  

�ledu l l a ry e xc ipu l um ce l l s angu l ar to g l obose to s ubgl obose ( 5�7u  d i am. ) ,  

i n te rs pe rsed  wi th  smal l e r  cel l s  ( 3- 4 u  di am. ) .  Hypothec i um ce l l s  g l obose 

to s u bgl obose ( 3 -4u di am . ) and reg u l a r l y  a rraye d a round the base  of a sc i . 
Epi thec i um ( Fi g .  100 ) , ce l l s  gl obu l a r to i rregu l a rl y s hape d ,  l oose l y  a rrayed 
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i n  a dark s tai ned  ma tri x .  Asci ( Fi g .  10 1 ) , c l avate ,  narrowl y  to  b t·o a d l y  

cyl i n dri cal , taperi ng from the b road  apex to the s t a l k  wi t h  a c l a\.,r- l i ke 

foot , 45 . 0 - 73 . 6- 140 . 0  x 8 . 0 - 1 1 . 2 -20 . 0 u ,  apex t h i ckened 2 . 5 - 3 . 0u , 8 s pa re d . 

Ascospo res ( Fi gs . 10 1 ,  102 ) , i rreg u l arl y  un i s e ri a te or b i seri a te , un i ce l l u l a r ,  

e l l i psoi da l , smo o th wa l l ed , hya l i ne w i th two con s p i cuous po l a r  bod ies , 

un i n uc l eate wi th nume rous ri bosomes and  mi tochon dri a ,  8 . 0- 1 1 . 9 - 16 . 0  x 

3 . 0-4 . 4�7 . 0u ,  L : B  ra ti o 2 . 70 .  Pa raphyses  fi l i fo rm,  septate l on ge r  than 

asci , te rmi n a l  cel l cl ava te and en l arge d ( 2 . 5 -3 . 5 u ) . 

Speci mens exami ned  -

Type - P. canadensis c v .  Mar i l an d i ca ,  Oas t  F l e vo l an d , Ne therl an d s , 

2 1/5/ 1965 Col . J .  Gremmen . Herb . J .  Gremmen No . 2242 ex The Herbari um , Kew , 

Eng l a n d  ; 

J .  P i non ; 

apotheci  a 

P. x euramericana� Nancy , France , Co l . J .  P i non , 19 70s ex  

P. de ltoides� Co l orado , T . E .  H i nds , 30/ 10/ 19 79 , i nd uced to form 

i n  the 1 abo ra to ry .  

The compa rati ve mean overa l l d i me n s i ons  o f  apothec i a ,  a sc i  an d 

a scopsore s  o f  type speci mens  of D.  populorum� D.  punctifoY'171is an d syn types  

of  D .  tremulae a re presen te d in  Tab l e  42 . The d i mens i ons  o f  the e xami n e d  

type a n d  herbari um s peci mens  of D .  popu lorum� D .  tremulae and  D .  punctiformis 

a re p resen te d  i n  Tab l es 4 3 ,  44 , 45  res pe c ti vel y .  The ran ge an d mean 

ove ra l l d i lfen s i ons  of  apotheci a ,  a sc i  a n d  ascospores of the three s pe ci es  
a re p resen te d i n  Tabl e 46 . To fac i l i ta te comp a ri s on of the th ree spec i e s , 
the data a re dep i cted graph i ca l l y  i n  F i g .  103 ( di mens i ons  o f  asc i ) an d 

F i g .  104 ( di men s i ons of as cospore s ) .  I t  s hou l d be  note d  that  asc i  o f  one 

s peci men (D. punctifoY'171is� ex P. de ltoides USAJ we re abnorma l l y  l on g  an d as  

a consequence s kewed mean overa l l as cus  l en gth of th i s  spec i e s . 

D I S C U S S I O N 

Exami n a ti on  of  type and he rbari um s peci me n s  of D .  populorum� D .  tremulae 

an d D .  punctiformis showe d tha t  a l 1  we re mo rpho 1 o g i  ea l 1 y s J mi 1 a r .  Th i s  

fac t  confi rms o bservati ons  by Gremmen { 1965 a )  tha t ,  1 1 these Drepanopeziza 

s pe c i es fo rm a g roup of ve ry s i mi l a r u n i ts d i  ffi cu l t to separate .. . 

L i ght  an d e l ec tron mi croscope s t u d i e s  o f  ve rti ca l secti on� of  

apo theci a s howe d tha t  vJ i th i n  an d oe tween spe c i e s  the re we re o ften l a rge 

d i ffe ren ces i n  s t ru cture o f  the vari o u s  componen t ti s s ues . I n  D. populorum 

the ectal  and  medul l a t·y e xci pu l um we re gene ra l l y  we l l  deve l oped . Whe reas  

these t i s s ues we re poorly deve l ope d i n  D. tremu lae an d D .  punc"CifoY'17Jis . 
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The hypo the ci um an d ep i theci um t i s s ues o f  the th ree spec i es  we re compara b l e .  

Fu rthe rmo re i n  ve rti ca l secti on the s hape of apotheci a va ri e d  wi th i n  s pe c i e s  

an d was i n fl uenced by the ma turi ty of  the apo theci urn . I n  v i ew of  the  

bas i ca l ly  s i mi l a r st ructure o f  apo theci a between s pec ies  i t  was  n o t  pos s i b l e 

to de l i mi t any one speci es  on s tructu ra l  feature s  of  the apo theci um as  was 

repo rte d by Ri mpau ( 1962 ) .  

As ci  an d ascospores  of  the three Drepanopeziza s peci es  we re 

mo rpho l o g i cal ly  i n di s ti ngu i s h ab l e .  A l though asc i  and  as cospores  o f  

D .  popu lorum we re s i gn i fi can t ly  l a rge r ( P>0. 05 , t -te s t )  than those  o f  
D .  tremu lae and D. punctiformis� spec ie s  del i mi ta ti on was n o t  poss i b l e  because  

of over l app i n g  l en gth and  b re a dth  di men s i ons . P revi ous l y  Ri mpau  ( 1962 ) used  

d i men s i on s  of  asci  and a s co s pore s  to  del i mi t  D.  populorum� D.  populi-a lbae 

and  D. tremu lae . 

Al though s pec i mens  o f  D. populi-albae we re no t i n c l u de d  i n  the p resen t 
study ,  from the de scri p t i on s  of thi s s pe ci es by E d gerton ( 19 10 ) , Ri mpa u 

( 1962 ) , a n d  Gremmen ( 1965a ) i t  i s  apparen t that  apo the c i a o f  D. popu li-albae 

c l ose l y  resembl e those o f  D. popu lorum D. tremulae an d D. punctiformis .  

Th i s  i s  furthe r con fi rmed by the deci s i on of Thompson ( 19 3 7 )  to un i te 

D.  popu li-albae an d D.  popu Z.orwn . Thus i n  s pi te o f  s ub tl e di ffe ren ces  i n  

s t ructure , apotheci a o f  the fo u r  Drepanopeziza speci es  are mo rpho l og i ca l l y 

i ns epa ra b l e .  Gremmen ( 1965a ) acknowl edge d the c l ose �o rpho l og i ca l  

s i mi l  ari  ty o f  D. populi-a lbae� D .  populorwn an d D .  punctiformis an d 

acco rdi n gl y  used ho s t  s peci fi ci ty an d morpho l og i ca l fea tu res  exhi b i te d  

by con i d i a  o f  the respecti ve i mperfect  states  t o  del i mi t  Drepanopeziza 

s peci e s  pa thogen i c  to pop l ars . Thi s i s  a l og i ca l  so l ut i on to a d i ffi cu l t 

taxonomi c p robl em p rovi di n g  on l y  mo rpho l og i cal  fea tu re s  of  Marssonina 

s peci e s  a re used to de l i mi t s peci es . However the d i ffi cul ty wi th  i den t­

i fi ca ti on of Drepanopeziza spec i es i s  not  a s e ri ous  p ro b l em i n  v i ew of  the  

l i mi te d  peri o d  duri n g  wh i ch th i s  s ta te i s  a cti ve . Fo r pos i ti ve i dent i fi ca ti on 

ascos pores  co ul d be i nocu l a te d  o n to l eaf  d i s cs a n d  the res u l tan t  Marssonina 

s peci e s  i den ti fi e d .  

Taxonomi c s tu di es  o f  Marssonina spec i es ( Ch apt . 1 )  s howed t h a t  

M .  brunnea an d M .  tremu lae were synonymous , wi th  M .  brunnea hav i n g  p ri o ri ty 

o ve r  M. tremu lae . I t  fo l l ows therefo re tha t  the perfect  s ta te of  M. brunnea 

(D. punctiformis ) and the pe rfect  s tate o f  M. tremulae (D. tremulae) must  

a 1 so be synonymous , wi th D .  tremulae havi n g  p ri or i ty .  Synonymy o f  these 
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s peci e s  i s  further s uppo rte d  5y the pa.rt i cu l  ar ly  c l ose  mo rp ho 1 ogi  ea 1 
s i  mi l ar i  ty o f  apo theci a ,  a sc i" ,  an d as  cos pore s  o f  D.  punctiformis an d 

D.  tremu lae . The fo l l owi n g  Drepanopeziza ... Mm'ssonina conne c ti on s  a re thus  

re cogn i se d : 

D.  popu li-albae ( Kl eb . ) Nan n f .  ::; M. castagnei ( Desm :· & fvlo n t . ) Magn . 

D .  popu lorum ( Desm . } V .  Hohn . = M. popu li ( L i b . ) Magn . 

D.  tremulae Rimpau = M. brunnea ( E l l . & Ev . )  �,1agn . 

Connecti ons  be tween these perfect- imperfe c t  s tate s  h ave been 

i n depen de n t l y  es tabl i s he d :  

( i ) D.  popu li-albae = M. castagnei - Kl ebahn ( 19 18) , R i mpau  ( 1962 ) an d 
Gremmen ( 1965a } .  

( i i )  D.  populorum = M. popu li - Desma z i eres ( 185 7 ) , Ri mpa u  ( 1962 } , 

G remmen ( 1965a ) , an d O ' Ri orda i n  & Kavan agh ( 1965 ) .  

(i i i ) D .  tremulae = M. brunnea - Ri mpau  ( 1962 ) , an d s ub .  D ,  punctiformis -

Gremmen ( 1965ab ) , Cas tel l an i  & Freccero ( 1968 } . Byrom & B u rde k i n ( 19 70 ) , 

P i non & Po i s sonn i e r  ( 19 75 }  an d the presen t study .  
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TABLE  42 : Di mens i ons o f  apo theci a ,  a sc i , and a s cospore s  of  type s peci men s  
o f  D .  popu lorum� D .  punctiformis a n d  D .  tremu lae . 

Morpho l o gi ca l Drepanopeziza Drepanopeziza Drepanopeziza 
Feature popu lorwn · punctiformis tremulae 

APOTH E C I A  

Di ame te r 100 ( 125- 150 )  250  75 ( 100- 12 5 )  200 75 ( 100- 1 5 0 )  200 

ASC I  
Length ( u )  50-74�100 . 50- 70-..90 50-6 6 - 120  

Breadth ( u )  9 - 13 . 7-20  8..-11 - 16 8 - 1 1 . 8 - 16 

L : B  ra ti o 5 . 40 6 . 30 5 . 6 1  

ASCOSPORE S  

Length  ( u }  10-13 . 5 -18 8 -1 1 - 16 9 - 12 . 7- 1 7  

Breadth ( u )  3-5 -8  3 -4 -6 . 5  3 . 5 -4 . 7- 7 . 0 

L : B  rati o 2 . 66 2 . 80 2 . 71 
. .  

I 

' 



TABLE 43 : Di men s i on s  of  apothe ci a ,  asc i  a nd  ascospores o f  type an d he rba ri um s pec i mens of  Drepanopeziza populorwn . 

Speci men Apo theci a Di ame te r Di mens i ons  o f  As ci  ( u )  As ci  Di mens i ons  o f  Ascospores ( u )  
No . a ( u )  Lengt� I Breadth L : B  Len gth Breadth I 

Mi n .  Mean Max . Mean Ran ge : Mean Ran ge rati o Mean Ran ge : Mean 
I I 

75 . 0 a . o b ! 
( 9 -20 ) 

I 
1 type 100 ( 12 5 - 15 0 )  250  ( 60 - 100 ) � 13 . 82 . 4 5 . 43 

I 
1 3 . 6 1 • 6  ( 10 - 18 ) : 5 . 3 0 • 4 

I I 
2 1 1  100 ( 125 - 150 ) 225 73 . 0 1 2 . 0  ( 50-90 ) : 1 3 . 6 1 . 6  ( 10 - 18 )  5 . 36 13 . 3 1 . 3 ( 10- 1 7 ) : 4 . 8 o . 6  

( 125- 150 ) 250  ( 6 0 - 1 1 0 )  ( 10 - 18)  
I 

3 100 81 . 3 9 . 3 14 . 2 1 . 5  5 .  72 . 13 . 3 1 . 5  ( 10 -18 ) : 4 . 8 o . a 

4 100 ( 125 - 15 0 )  250 83 . 3 I 2 . 0 ( 60- 1 1 0 )  14 . 0 2 . 3 ( 9 -2 0 )  5 .  72 1 3 ,  7 I . '+ 
I 

( 10 - 1 7 ) : 4 .  7 o .  5 

5 75 ( 125- 150 ) 250 79 . 0 I I . 6  ( 60- 1 10 )  14 . 1 1 . 9  { 10 - 19 )  5 . 60 13 . 5 o . 9  ( 10- 1 7 )  5 .  O o . 7 

6 75 ( 125 - 150 ) 250 76 . 0 I o . o ( 60- 100 ) 1 3 . 82 . 0  ( 10-20 ) 5 . 5 1  14 . 0 I . 7  ( 1 1 - 18 )  5 .  3 o . 4 

7 75 ( 125- 150 ) 250 87 . 0 I 2 . 0 ( 60- 1 10 )  12 . 4 I .  3 ( 9 - 18 ) 7 . 0 1  • 13 . 7 1 . 6  ( 1 1-20 ) 5 .  1 0 .  5 

8 75 ( 125- 150 )  250 84 . 0 9 . 0  ( 6 0- 1 10 ) 1 12 . 2 I . 5 ( 10 - 18 )  6 . 90 14 . 0 1 .  0 ( 12 - 18 )  5 . 0 o . 5  
I 

9 75 ( 125 - 15 0 )  250 I 85 . 7 I 4 , 0 ( 60 - 120 ) : 12 . 5 2 . 0 { 10-18 )  6 . 85 14 . 5 2 . I  ( 1 1-20 ) 5 . b . o  
I 

10 75 ( 125- 150 ) 250 75 . 3 I  0 .  0 ( 60�90 ) : 14 . 0 2 , 1 ( 10.,- 1 7 )  5 . 38 14 . 4 1 . 5 ( 12-20 ) 5 . 1 o .  6 
I 

1 1  75 ( 125- 150 ) 250 79 , 0  I 0 .  0 ( 60-90 )  : 12 . 6 I . 6  ( 10 - 1 7 )  6 . 2 7  13 . 0 2 . 0  ( 1 1 - 18 )  5 . 0 0 . 4  
I 

. 12 75 ( 125- 150 ) 250 73 . 86 . 1 ( 60 - 1 30 ) : 14 . 82 . 0  { 10-20 ) 4 . 98 14 . 3 1 . 2  ( 10 - 18 )  5 .  2 o .  4 

13  75 ( 125- 1 75 )  250 76 . 0  6 .  5 ( 6 5 - 100 ) 13 . 3 1 . 7  ( 10 - 18 )  5 .  71  15 . 0 I . 9  ( 1 1 -20 )  5 . 1 o . 6  

1 14 75 ( 100- 150 ) 250 96 . 0 1 6 . 0 ( 70 ... 1 30 )  15 . 2 1 . 2  ( 12 - 18 )  6 . 3 1 15 . 3 I .  3 { 12 - 1 9 )  5 . 6 0 . 6  

15  75 ( 125 - 150 ) 250 76 . 0 6 , 5 ( 6 5 - 100 ) 13 . 3 1 , 7  ( 10-16 ) 5 .  7 1  15 . 0  I .  9 ( 1 1 -20 )  5 . 1 o .  6 
I 

16 75 ( 125- 1 75 )  300 9 1 . 0 1 2 . 0  ( 6 0 - 1 1 0 )  14 . 0 2 . 3  ( 9 -2 0 )  6 . 50 14 . 2 1 . 3 ( 10- 18 ) 5 . l o .  5 

f·�EAN 75 ( 125- 150 ) 300 80 . 7 G . 6 ( 50- 130 )  13 . 6 o . a  ( 9-20 ) 5 , 93 14 . 0 o . 7  ( 10-20 )  5 . 1 0 .  2 

a For i denti fi ca ti on of  i so l a tes see ove rl eaf 
b 

· Standard devi a ti on 

As co -
spores  

Ran ge L : B  
rati o . 

( 4 - 7 )  2 . 56 

( 3-8) 2 .  77  

( 4 - 7 )  2 .  7 7  

( 3- 7 )  2 . 9 1 

( 4 - 7 )  2 . 70 

( 4- 7 )  2 . 64 

( 4- 7 )  2 . 6 8 

( 4 - 7 )  2 . 80 

( 4 -8 ) 2 . 84 

( 4 - 7 )  2 . 82 

( 3- 7 )  2 . 60 

( 4 - 7 )  2 . 75 

( 4- 7 )  2 . 94 

( 4-8)  2 . 73 

( 4- 7 )  2 . 94 . I I 
( 4 - 7 )  2 .  7 8  ' 

( 3-8 )  2 .  76 
1-' 
w N 



HE RBAR I UM SPEC  mENS O F  DREPANOPEZIZA POPULORUM ( Desm·. )  V .  Hohn . 
E XA�I N E D  

Type -
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1 .  e. nigra L ,  France 185 7 ,  Co l . Desmaz i e res  ( s ub .  TY'ochila populorum 

Desm . ) ,  ex Mus�e Na ti ona l  D ' Hi s to i re Nature l l e - Pari s .  

2 .  Co- type as above ex  J a rdi n Bo tan i que Nati ona l De Be l g i q ue .  
3 .  P. nigra L ,  Kon i gstei n ,  E l be ,  Saxon i a ,  Germany , 14/ 1899 , Co l . W .  Kri e ge r ,  

Rabenhorst - Pazs chke , Fung i  Europaei  e t  e xtraeuropaei n o .  426 7 ( s ub . 
TY'ochi la popu lorum Desm . ) e x  Ri j k s he rbari um,  Lei den - Ne the r l an d s . 

4 .  As a bove . . . . . .  e x .  Jardi n Botan i qu e  Nati ona l  De Be l g i q ue . 
5 .  P. canadensis Moen ch . ,  Baums chu l en ,  Tams e l , Bran denburg , De u ts ch l and , 

2 0/5/ 1924 , Co l . P .  Vogel ( s ub . Pyrenopeziza greinichii Pe t r . ) ,  Sydow , 

Mycoth . Ge rm . N r .  2536 , ex Ri j ks he rb a ri um Le i den - Ne the r l an ds .  
6 .  P. nigra L ,  Hei mbach , S i e gen , Wes tfa l en ,  Deu ts ch l an d ,  1/5/ 1938 ,  

Co l .  A .  Ludwi g ,  He rb . A .  Lu dwi g - ex Bo tan i s cher  Ga rten und Botan i s che s 
Museum,  Be r l i n -Dah l em .  

7 .  P .  canadensis �loench . ,  Baums ch u l en , Tams el , Bran denburg , De u ts ch l an d , 

2 5 /5/ 1932 , Col . P .  Voge l , He rb . A .  L u dwi g ex  Botan i s cher  Ga rten und  
Botan i s ches Museum , Be r l i n  - Dah l em .  

8 & 9 .  P .  nigra L ,  Si egen , Wes tfa l en , De utsch l an d ,  20/5/ 1938 , Co l .  I ps e , 

He rb . A .  L udwi g ex Bo tan i s cher  Garten und  Botan i s ches Mu seum,  Be r l i n  -
Dah l em .  

1 0  & P .  nigra L ,  Fe rn do rf , S i e gen , \i!e s tfa l en , De u ts ch l an d ,  26/5/ 1938 , 
11  Co l . I pse . He rb . A .  L udwi g ex Bo tan i s cher  Ga rten und  Bo ta n i s ches  

Museum,  Be rl i n  - Dah l em .  

12 . P .  nigra L ,  Krei s Lebus Bran den b u rg , De u ts ch l an d ,  10/5 / 194 1 ,  Co l .  

Fah ren do rff ( s ub . Trochi la populorum ) . He rb . Fa h rendo rff ex 

Botan i s che r Garten und Botan i s ches Mus e um ,  Be rl i n  - Dah l em .  
13 . P .  nigra L ,  Zuri ch - Affo l tern ,  Wehn ta l e r - S tr . , Zu ri ch , 7/ 5/ 1 96 1 ,  

Co l . R . H .  R impau , ETH ,  N r .  4548 e x  E i dgenos s i schen  Techn i s ches 

Hochschu l e ,  Zu ri ch . 
14 . P. nigra spp . pyrami da l i s  ( Roz . ) Ce l ak ,  Ge s amme l t Li mma t - Ufer 

Fi s cherweg , Hard turm , Zu ri ch , 6 /5/ 196 1 , C o l . R . H .  Ri mpau , ex .  E TH Zu ri ch . 

1 5 . P.  nigra L ,  Si h l ho l z l i  - S tr . , Zu r i ch , 5 / 5 / 1 96 1 , Co l . R . H .  Ri mpa u , ex  
E TH Zuri eh . 

16 . P. tacamahaca x P. trichocarpa 3 7 , �1on as t e reum,  C o .  Ki l dare , I re l an d ,  

Au t umn 1965 , Co l . F .  O ' Ri o rdai n ,  Na ti on a l  Muse�m of  I re l an d ,  ex  The 

He rQa ri um Royal Botan i c  Gardens Kew , E n g l an d .  



TABLE  44 : Di mens i on s  of  apo the ci a ,  asc i  and  ascospores  of  syn type an d herbari um s pec imens of  Drepanopeziza tremulae 

I Speci men Di ame te r of  Di men s i on s  of  As ci  ( u )  As ci  Di men s i on s  of Ascospores ( u )  ! As co-J No . a Apoth eci a ( u )  Length Breadth L : B  Len gth � Breadth spores I Mi n .  Mean Max .  

1 Syn -
type 75 ( 100- 150 ) 200 

I 2 1 1  90 ( 125- 150 ) 200 

3 75 ( 100- 125 ) 200 

�1EAN 75 ( 100- 150 ) 200 

a Speci mens  exami ned  

�lean . . 

64 . 0 1 0 . 0 b 
68 . 9 1 1 • 0 
60 . 0 1 0 • 0 

64 . 6 4 . 1 

Range I 
I 
I 

r 
I 
I 

( 50�90 ) : 
I 

( 50- 120 ): . I 

(45-90 ) : . I 

( 45 - 120 ): 
I 

Mean 

12 . 1 1 . 4 
1 1 . 6 1 · 5  
12 . 8 1 · 3  

12 . 2 o . s 

b S tan dard dev i a ti on  

Range Rati o Mean Ran ge Mean Ran ge L : B  
Rati o 

( 9 - 1 6 )  5 . 28 13 . 2 1 · 2  ( 10 - 1 7 )  4 .  7 0 . 5 ( 3 . 5 -6 . 5 ) 2 . 8 1  
( 8- 16 } 5 . 94 12 . 3 1 · 1  ( 9 - 1 7 )  4 . 7 0 • 4 ( 3 . 5 - 7 . 0 )  2 . 6 1  
( 9 -20 ) 4 .  75 1 1 . 1 o . g ( 9 - 1 7 )  4 . 1 o .  7 ( 3 . 0 -6 . 5 )  2 .  70 

I 

( 8-20 )  5 . 32 12 . 2 1 . 0 ( 9 - 1 7 )  � 4 . 5 0 · 3  ( 3 . 0- 7 . 0 ) 2 .  7 1  
I 

----- - ----

1 .  P. tremu la L - Wal d Fi nkenkrug , Osthave l l an d ,  Deuts ch l an d , 24/4/ 1937  Col . W .  Ki rs ch s te i n  ( s ub .  Trochila populorum Desm . ) 
He rb . W .  Ki rschste i n ex  Bo tan i s che r Ga rten und  Botan i s ches Museum , Be rl i n  - Dah l em Syn type . 

2 .  P. tremu la L - Al t - Lan dsbe rg ,  Krs Ni ederbarn i m ,  Prov . B ran den burg , De utsch l an d ,  1 1/ 10/ 1940 . Co l . Fahrendo rff ( s ub .  
Drepanopeziza populorum ( Des m . ) V .  Hohn . )  He rb . Dr . A .  Ludwi g e x  Botan i s cher Ga rten und  Botan i s ches 
�1useum , Berl i n  - Dah l em Syn type . 

3 .  P. tremula L - Ni ede rdon a u , bei Wi en , Osterre i ch ,  Apri l - Co l . - ( Sub . Trochi la populorum Desm . ) .  He rb . Fr.  V .  Hohne l  
n o .  124 1 ex  Far l ow Herbari um an d Refe rence Li b rary ,  Harvard Un i ve rs i ty ,  Mass achuse tts USA . 

..... 
w � 

I 
I 
I 
I 

I 



TABLE 45 : Di mens i on s  of apo theci a ,  asci  an d ascos pores of  type and  herba ri um s peci mens of  Drepanopeziza punctiformis .  

Speci men a Di ame te r of  
Apo theci a ( u ) 
Mi n .  Mean Max . 

1 Type 75 ( 100- 150 ) 200 

2a 75 ( 100 - 125 ) 200 

b 75 ( 100- 140 ) 200 

3 100 ( 125 - 15 0 )  200 

I �1EAN 75 ( 100- 1 50 )  200 

a Speci mens exami ned 

Di mens i ons o f  As ci ( u ) 
Len gth .  

Mean 

70 . 0 7 . 2b 
68 . 0 a · 3  

64 . 0 a . a 

9 7 . 2 1 1 • 0 

74 . 8 1 5 · 1 

I Breadth 
Ran ge : Mean 

I 
I 

( 50-90 ) : 1 1 . 1 1 · 5 
I 

( 50-90 ) : 12 . 0 1 • 1  
I 

( 45 - 120 ) :  1 1 . 6 1 • 5  
I 

( 6 5 - 140 ) l 1 1 . 0 1 • 0  
I 

( 45- 140 ) :  1 1 . 4 o . ,. - ------ -- I - ----

Ran ge 

( 8- 16 ) 

( 9- 16 ) 

( 9-20 ) 

( 9 - 14 )  

( 8-20 )  

b S tan dard devi a ti on 

As ci Di mens i ons  of As cos pores  ( u ) 
L : B  Len gth I Breadth 
Rati o Mean Ran ge : Mean Ran ge 

6 . 30 1 1 . 1 1 · 2 ( 8- 16 ) 4 .  O o . 3 ( 3 . 0-6 . 5 )  

5 . 66 12 . 3 o . a ( 9 - 16 )  4 .  7 0 . 5 ( 3 . 5 -6 . 5 )  

5 . 52 12 . 8 0 . 9 ( 9 - 16 ) 4 .  6 o . 3 ( 3 . 5 - 7 . 0 )  

8 . 83 1 l . O ; . c ( 8- 15 ) 4 .  3 o . 5 ( 3 . 5 -6 . 0 )  

6 . 56 l l . 8 o . 9 ( 8- 16 )  4 .  4 o . 3 ( 3 . 0 -7 . 0 )  ---------

1 .  P. canadensis cv . Ma ri l an di ca , Oos t  Fl evo l an d , Ne the r l an ds , 2 1/5/ 1965 Col . J .  Gremmen , Herb . J .  Gremmen n o .  2242 ex 
The  Herbari um , Roya l Botan i c Garden s ,  Kew , Eng l and  - Type s pec i men . 

2a  + b P. x euramericana� Nan cy ,  Fran ce , Co l . J .  P i non . 
3 .  P. de ltoides� Co l orado ,

.
USA , Co l .  T . E .  Hi n ds , 30/ 10/ 19 79 , i n duced to form apotheci a i n  the l abo ra to ry .  

As co -
spores 
L : B  
Ra ti o , 

2 . 80 

2 . 62 

2 . 78 

2 . 56 

2 . 69 

...... 
w Ul 



TABLE 46 : Me an ove ra l l d i men s i ons  of apotheci a ,  asci  an d ascospores  of  type and herbari um s pe ci mens of D. popu Zorum� D. tremuZae 
an d D.  punctiformis ( mean & ran ge ) 

DREPANOPEZIZA 
Speci es 

D. populorurn. 

D. tremu Zae 

D. punctiformis 

Apotheci al d i am .  As ci  ( u )  
( u )  Length 

Mi n .  �lean Max .  Mean . 

75 ( 125- 150 )  300 80 . h .  s a 

75 ( 100 - 150 ) 200 64 . 6 4 • 1  

75 ( 100- 150 ) 200 74 . 8 1 5 • 1  

- -- -

a Stan dard dev i a ti on 

I Breadth 
Ran ge � Mean I 

I 

( 50- 130 )  : 1 3 . 6 o .  e 
I 

( 45 - 12 0 ) : 12 . 2 o . s I 

( 45 - 140 ) : 1 1 . 4 o · 4  I 
I 
I 

---- ------- ----

As ci  As cos po res ( u )  As eo-
L : B  Len gth } Breadth spores  

Ran ge Rati o Mean Ran ge Mean Ran ge L : B  
Rati o 

I 
(9-20 ) 5 . 9 3 o . s 14 . 0 o · 7  ( 10-20 ) 5 . 1 o . 2 ( 3-8 )  2 .  76  0 .  1 
( 8-20 ) 5 .  32 0 . 6 12 . 2 1 · 0  ( 9 - 1 7 )  4 .  5 0 . 3 ( 3- 7 )  2 . 7 1 o · 1  
( 8-20 ) 6 . 56 1 • 5 1 1 . 8 o . g ( 8- 16 )  4 . 4 o . 3 ( 3- 7 )  2 . 69 o · l 

-----

f-.' w 0'1 



SPE C IES 

Q.. P.Opu torum 

.Q. trem u la e • 

..Q. pu nc tiform i s  
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FIG. 103 : Range ( � )  and mean ( �) l e n g t h  and bre adth d i m e ns ions  of as c i  
o f  DreP.anoP.ez i z a  spec i e s  from f i e l d  col lec ti ons. 
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CHAPTE R 4 
LABORATO RY I NDU CT I ON .  OF APOTI-!EC I A  

Labo ra to ry i n ducti on of apo theci a by Marssonina s peci es wo u l d 

faci l i ta te compa rati ve mo rpho l og i ca l s t u d i e s  o f  the res pec ti ve perfe c t  

states and  fu rthe r ,  woul d enabl e con fi rma t ion  of  the conne cti ons  between 
Drepanopeziza and Marssonina speci es . However the p roducti on o f  apoth eci a 

req u i res  t h a t  the mi cro con i d i a l s ta ge be fi rs t i n duced s i n ce mi c rocon i di a  

o f  Marssonina speci es  (pathogen i c to pop l a rs ) a re thought  to fun c ti on  as  
s pe rma t i a ( Caste l l an i  & Fre ccero , 1968) . A l though  the  ro l e  of  mi cro ­

con i di a  i n  spermati z a ti on has no t been p roven the i r fun cti on a s  s uch i s  

s tron g l y  s ug gested by thei r forma t i on i n  a utumn pri o r  to l ea f  fa l l ,  an d 
the i r i nab i l i ty to ge rmi n a te (wr i ters observa t i ons ) .  

A I NDUCT I ON oF M i c�6co� I ri i A  

The i n fl uen ce o f  substrate (hos t , agar ) , pho tope ri o d  a n d  tempe ra ture 
on  i n ten s i ty of mi crocon i di um pro ducti on  was i nves t i ga te d  us i n g a s i n gl e  

New Zea l an d  i so l a te of  M. brunnea (Br  5 ) ,  P l a tes  o f  P DA ,  P CA ,  2%V8 , 5 7W8 , 

15%V8 aga r ,  and l eaf  di scs from young  ma turi n g  an d senes ci n g  l e aves o f  

P .  x euramericana cv . ' Robusta ' we re i nocu l a te d  a n d  i nc ubate d  for 12  days 
as fo l l ows : 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 . 
9 .  

* 

** 

l2 ° C  

16 ° c 
1 6 ° C 10h/6 ° C  14h** 

20 ° C  
24 ° C  

24 ° C  10h/ 10 ° C  14h 

24 ° C  10h/ 6 ° C  14h 

2 5 - 18 ° C  room temp . 

2 8 ° C  

( a )  lOh l i g ht/ 14h dark* 

( a )  lOh l i ght/ 14h dark 

( a )  lOh  l i g h t/ 14h da rk 

( a )  lOh l i g ht/ 14h dark 

( a )  lOh l i g ht/ 14h dark  

( a )  lOh  l i g ht/ 14h dark 
. ( a )  lOh l i g h t/ 14h dark 

( a )  n atura l  l i gh t  

( a )  l O h  l i g ht/ 14h da rk 

( b )  con s tan t da rk 

( b )  con s tan t dark 

( b )  cons tan t dark  

( b )  con s tan t dark  

( b )  constant  dark 

( b )  con s tan t dark 
( b )  con s tan t dark 

( b )  con s tan t dark 

( b )  con s tant dark 

lOh  l i ght/ 14h da rk - i n cubato r  p ro g ramme d fo r 10  ho u rs l i gh t  

fo l l owe d by 1 4  hours dark . 

16 ° C 10h/6 ° C 14h - i n cuba to r p ro g rammed to 16 ° C for 10 hou rs fo l l owe d 

by a tempera ture change w i th i n  an hour  to 6 ° C fo r 14 hours . 



Li ght i n g  was by coo l -wh i te ,  dayl i gh t  fl uo re s cent  l amps . I n tens i ty 

o f  mi crocon i di a l  pro duct ion  was s ubjecti ve l y  a s s e s s e d  by mi c roscop i c  

exami nati on ( 500X)  o f  agar  cul tures  an d l eaf  d i s cs by coun t i n g  the  
app roxi ma te n umbe r of  mi crocon i d i a  per fi e l d of  v i ew .  Fou r  l eve l s o f  

p ro ducti on  we re recogn i se d :  

0 = No mi crocon i d i a  presen t .  
1 = L i ght producti on , u p  to 50  m i c ro con i d i a  per  fi e 1 d .  
2 = Medi um p ro ducti on , up to 300 mi cro con i d i a  pe r fi e l d .  
3 = Heavy p ro ducti on , we l l  i n  exces s o f  300 mi c ro con i di a pe r 

fi e 1 d .  

RESULTS 

J.40 

The i n tens i ty of mi crocon i di a l  producti on was i n fl uenced by s ub s t ra t� 
tempe rature end. pho toperiod ( Tabe 4 7 ) . I rres pecti ve of 1 i ght  re g i me opt i mum 

p ro duct i on occurre d on 15%V8 agar and hos t t i s s ue (ma turi n g  and 

senesc i n g )  at tempe ra tures wi th  di urn a l  fl uctu a ti ons , name ly  16/6 ° C ,  

24/ 6 ° C  an d 24/ 10 ° C . The negati ve effec ts o f  un fa vou rab l e  tempe ratures  

( 12 ,  16 , 20 , 24 ° C }  we re mi t i ga te d  to  some exten t by dark i n cuba t i on and  
senescen ce of l eaf  ti s s ue . 

S i n ce the above res u l ts perta i ned  to a s i n gl e i so l a te o f  M. brunnea 

the fo l l owi n g  expe ri men t was con ducte d  to de te rmi ne �vhether  s uch  con di t i ons  

app l i e d to o ther  i so l a tes  of  M .  brunnea, an d i so l ates  o f  M. popu li a n d  
M. castagnei ( Tabl e 48 ) . P l a tes of 15%V8 and  l eaf d i s cs from s ene s c i n g  

l eave s  of  P. a lba Moro cco x P. nigra Sempe rvi ren s cv . Mareg  2 {M. castagneiJ  

an d P. x euramericana cv . Robusta  (M. brunnea, M. populi) we re i no c u l a te d  

wi t h  con i di a  o f  the th ree Marssonina speci es  and  i n cuba te d  for 1 2  days u n de r  
a dai l y  re gi rre o f :  

( a )  lOh at 24 ° C  wi th l i gh t  an d 14h a t  10 ° C  i n  darkness , 
( b )  i n  cons tant  darkne s s  fo r lOh a t  2 4 ° C  an d 14h a t  10 ° C .  

RE SULTS 

Al l i so l a tes  fo rme d abun dan t mi c rocon i di a ( >300/ fi e l d 500 X )  bo th on  
agar  and  l eaf  d i s cs un der  the  two l i gh t  reg i mes . 



TABLE  4 7 : I n fl uence o f  s ubs trate , pho toper i o d  and tempera ture o n  i n tens i ty of  mi crocon i d i um p roducti on of  a 
New Zea l an d  i so l a te o f  M. brunnea ( Br 5 ) .  

. Tempe ra tu re Cul ture t1e di a Host Ti s s ue Tota l per o c  PDA PCA 2%V8 5%V8 15%V8 
L/ Dc D L/ D D L/ D D L/D  D L/ D D 

12 1d 1 0 1 1 2 1 2 1 3 
16 1 1 0 1 1 2 1 2 1 3 
16/6a 1 1 0 1 1 1 2 2 3 3 
20  0 1 0 1 1 1 1 2 0 3 
24 0 0 0 0 0 1 0 1 0 1 1 24/6 1 3 1 1 1 1 2 . 2 3 3 

1 24/ 10 1 3 1 1 1 1 2 2 3 3 
2 5 - 18b 1 1 1 1 1 1 2 2 1 3 

' 28 0 0 0 0 0 0 0 0 0 0 

To tal per Li ght  Re gi me 6 1 1  3 7 7 10 1 1  15 12 22 

To ta l pe r S ubs trate 1 7  

a 16/6 16 ° C  fo r 10h then 6 ° C  for 14h 
b 25- 18 room tempera ture 
c L/D  10h whi te l i gh t  then 14h dark 

10 1 7  26 34 

d i n ten s i ty o f  mi cro con i di a l p ro ducti on 0 no  mi cro con i di a  
1 <50 mi crocon i di a/fi e l d  ( 500X ) 
2 >50<300 mi crocon i di a/fi el d (500X }  
3 >300 mi crocon i d i a/ fi e l d (500X ) 

Maturi n g  I Senesci n g  Tempe ra ture 
L/ D D L/D  D 

0 3 0 3 19 
0 3 3 3 22 
3 3 3 3 2 7  
0 3 3 3 19 
0 1 0 2 6 
3 3 3 3 30 
3 3 3 3 30 
0 3 1 . 3 2 1  

0 0 0 0 0 

9 22  16 2 3  

3 1  39 

I 

1--' +:> 1--' 



TAB L E  4 8 :  

I so l a te 

Br 3 

B r  5 

B r  6 

Br 7 

B r  1 0  

Br  12  
B r  1 3  

B r  14 

Br 15  

Br  1 7  

Br  1 8  

B r  19 

Br 20 

Br  2 1  

B r  2 3  

Br 24 

Cs 2 

Cs 3 
Po 1 

Po 3 

Po 4 

Po 5 

Po 6 

I so l a tes o f  Marssonina speci es s creened fo r p ro ducti on o f  
mi cro con i di a  o n  15%v8 agar an d ho s t  ti s s ue .  
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Spe c i e s  Host . . . .  Ori g i n 

M. brru.nnea P. fremontii cv . 6 1/ 4 8  Pa l me rs ton North , N Z  
1 1  P. x euramericana C V . I -2 14 Pa l me rs ton  No r th , N Z  
11 P. alba Pal me rs ton North , N Z  
1 1 P .. x euramericana cv . F l evo Pa l me rs ton Nor th ,  N Z  
tl P. de ltoides I l l i n oi s ,  USA 
1 1  P. de l.toides I l l i no i s ,  USA 
1 1  P. de ltoides I owa , USA 
1 1  P. trichocarpa Mi nnesota , USA 
1 1  P. de l toides Co 1 or  ado , USA 
1 1  P. Robusta Dub l i n ,  I re l an d  
1 1  P. X euramericana Nan cy ,  Fran ce 
11  P. X euramericana Hees , Ho 1 1  a n d  
1 1  P. nigra An kara , Tu rkey 
1 1  P. tremuloides Col orado , USA 
1 1  P. tremuloides Fai rban ks , Al a s ka 
1 1  P. tremuloides Mi nneso ta , USA 

M. castagnei P. a lba Dub l i n ,  I re 1 a n d  
11  P. a lba An kara , Tu rkey 

M. popu li P. x canadensis He rts . , E ng l and  
1 1  P. nigra cv . 1 I ta 1 i e a  1 Kew , Eng l a n d  
11  P. nigra cv . 1 I ta 1 i e a " Dubl i n ,  I re l a n d  
1 1  P .  X berolinensis Mun chen , Ge rmany 
1 1  P. n&gra Zuri ch , Swi t ze rl a n d  
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I n ducti on o f  apothe ci a o f  Drepanopeziza tremulae� D. popu li-albae 

a n d  D. popu lorv� was attempted on n a tu ra l ly i nfected l eaves , l ea f  d i s cs 
a n d  aga r .  

( 1 )  NATURAL LY  I NFECTED L EAVES 

Ove rseas co l l ecti o n s  o f  l eave s  i n fected  wi th  the mi crocon i di a l 

s ta tes  o f  M. brunnea� M. populi an d M. castagnei ( Tabl e 49 ) we re soaked  

in  wate r  an d p l a ced separate l y  i n  sea l e d  p l ast i c con ta i n e rs wi th moi s t 
paper  towe l s .  The l eaves we re dark i n c ubate d  a t  8 ° C  for 10  days , 5 ° C  for 

2 0  days , 2 ° C  fo r 3 days , 5 ° C fo r 20 days , 2 ° C for 3 days , 5 ° C  fo r 20  days , 

8 ° C  fo r 1 0  days , l2 ° C  fo r 5 days , 5 ° C  fo r 5 days and  fi n a l l y  8° C for 

20  days . Leaves were exami ned for apo tneci a eve ry 1 5  days . 

RESULTS 

Apo theci a were fo rme d on l y  on l e aves o f  P. de ltoides re ce i ve d  from 

Co l o ra do . Fo l l owi ng  60 days i n cubat i on  the a po the ci a (D. tremulae) 

p ro duce d ma ture ascospo re s  whi ch p ro ve d  patho gen i c  to l ea f  d i s cs o f  

P .  x euramer·icana cv .  Rob u s ta . Ten days fol l owi n g  i nocul a t i on the 

con i di a l s tate (M. brunnea) wa s fo rme d on the l ea f  di s cs , thus con fi rmi n g  
the connect i on between these two spec i e s . 

(2 1 LEAF  D I SCS 

In th ree experi men ts l eaf  di s cs were i nocu l ate d  wi th : 

( i ) s i xteen i so l a tes  o f  M. brunnea recei ve d  from th ro ugho u t  the 

wo rl d (Tab l e  5 0 } , 

( i i ) con i di a  o f  M. brunnea washed  from l eave s  o f  P. de ltoide s  

from Co 1 o ra do , 

( i i i )  i so l ates  o f  M. castagnei from Tu rkey an d I re l and . 

E xpe ri men t A 

Leaf d i s cs ( 2 . 5  cm di am . } o f  P .  x euramericana cv . Robusta (40  d i s cs ) 

and  P. nigra cv . I tal i ca t Aurea • (40 d i s cs )  i n s e rte d a daxi a l  s u rfa ce 

uppermo s t  i n to wel l s  i n  2% wa te r agar  were i nocu l ated wi th a one ml 
s u s pen s i on o f  con i di a  ( a pprox .  6000 ) p re pa re d  by bl end i n g  16 i so l a te s  o f  

M .  brunnea ( Tabl e 50 } .  The l ea f  d i s cs we re dark i n cubated fo r 1 0 h  a t  24 ° C  

an d 14h a t  10 °C  ( 15 days } to i n duce forma t i on o f  mi cro"con i di a .  To i n duce 
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TAB L E  49 : Ori g i n  of natura l l y  i n fecte d  l ea ves used  i n  l abora to ry 
expe ri men ts to i n duce apo theci a 

S oec i es Ori gi n  Host Co l l ector Date 

M. brunnea P a l  me rs ton North , P. x euramericana Author 25/ 3/ 78- 79 
NZ  

11  Dubl i n ,  I re l an d  P .  x e?p'americana F .  o �  Ri o rda i n  30/ 10/ 79 
1 1  Co l ora do , USA 

cv . Roous ta 
P.  x de ltoides T . E .  H i n ds 30/ 1 0/ 79 

M. castagnei Dub l i n ,  I re 1 an d P. a lba F .  0 '  Ri o rda i n  30/ 10/ 79 

M. popu li 1 1  1 1 P .  nigra CV . 1 1  30/ 10/ 79 
I ta l i ca 

11 Su rrey , Engl and P. nigra cv . A . G .  Ba i l ey 10/ 1 1/ 79 
I ta l i ca 

TABL E 50 : I so l a tes of M. brunnea used  i n  expe t'i men ts to i n d uce apothe ci a 
on l e a f  di s cs and  a ga r .  

I so  1 a te Hos t Or i q i n 

Br  1 P. yunnanensis P a l me rs ton No rth , NZ 

Br 3 P. fremontii cv .  6 1/48 P a l me rs ton  North , NZ 

Br  6 P. a lba P a l me rs ton No rth , NZ  

Br  7 P. X euramericana CV . Fl e vo P a l me rs ton North , NZ  

Br  8 P. x euramericana C V .  NL  2 194 P a l mers ton North , NZ  

Br 10  P.  de l toides I l l i no i s ,  USA 

Br  1 1  P. de ltoides I l l i no i s ,  USA 

Br 12 P. de ltoides I l l i no i s ,  USA 

Br 1 3  P. de ltoides I owa , USA 

Br 14 P. trichocarpa �1i nneso  ta , USA 

Br 1 5  P. de l toides C o l o ra do , USA 

Br 16 P. x euramericana C V .  Robusta S u rrey , E ngl and  

Br  17  P. x euramericana C V . Rob u s ta Dub l i n ,  I re l and  

Br  18  P.  x euramericana Nancy , France 

Br 19 P.  x euramericana Hees , H o l l an d  

Br  20 P. nigra An k a ra , Tu rkey 
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the p ro ducti on of  apo theci a the l ea f  d i s cs we re then remo ved from  agar  

an d he l d i n  sea l e d p l a s ti c con tai ne rs l i ne d  w i th mo i s tened paper  towel s .  

The con ta i ne rs we re dark i n cuba ted , a s  for na tu ra l l y i n fecte d l ea Ves . 

Expe ri men t B 

L�a f  d i s cs . (2 . 5  .cm di am . ) of P. x euramericana cv .. Robusta  (40  

di s cs )  an d P .  nigra cv . I ta l i ca 1 Au re a • (40 d i s cs ) we re · i nocu l a te d  wi th  

a con i d i a l  s u s pens i on p repared  from l eaves of  P .  de Z toides ex .  Co l ora do . 

Compa ti b l e  ma ti n g  s t ra i n s  o f  M. brunnea mus t have been pre se n t  on th i s  

ma te ri a l  s i n ce apo theci a had  prev i o u s l y  bee n i n duced  on  thes e  l ea ve s . 

The i nocu l a te d  di scs  were i n cubate d  a s  i n  experi men t A to fi rs t ly i nd uce 

p roducti on of mi crocon i di a  an d then a po thec i a .  

Experi ment  C 

Forty l eaf  di scs (2 . 5cm d i am . } of P.  a Zba • tv1orocco • x P. nigra 

Sempe rvi rens  cv . t�a re g 2 vtere each i n ocul a te d  wi th a one ml con i d i a l 
s us pen s i on ( approx . 6000 con i di a/ml ) prepare d  by b l end i n g  two i so l a tes  o f  

M. castagnei ( I re l an d & Turkey ) . To i n duce mi crocon i d i a l an d apo thec i a l  
pro ducti on the l ea f  di scs  we re da rk i n cubated a s  i n  the p re vi o us 

experi men ts . 

RESU LTS 
Al though mi croconi di a were p ro duce d i n  abun dance i n  each  

expe ri men t ,  apo theci a (D. tremuZaeJ we re forme d on l y  on l ea f  d i s cs 

i n ocul a te d  wi th con i di a  o f  M. brunnea from Co l orado . Apo the ci a \"e re fi rst 
observe d 40  days fo l l owi n g  i nocul a t i on and mature a s co s po re s  a t  6 0  days . 

Apothec i a we re mo rpho l o g i cal l y  s i mi l a r to thos e  i n du ce d  on  n a t u ra l l y  

i n fecte d  1 e aves . 

On l eaf  di scs  i nocul a te d  w i th con i d i a of M. brunnea (�xpe ri men ts 

A an d B )  n ume ro us spheri ca l , ra i se d  cus h i on - l i ke s t roma ta l bodi es  

deve l oped .  S troma ta s uperfi ci a l l y  resembl e d  i mma tu re apo thec i a i n  s ha pe 

an d s i ze me asuri ng  150 -200u i n  di ame te r x 150-250u i n  depth , a n d  

exten de d  80- lOO u above the cuti c l e  ( Fi g .  105 ) . Hov1e ver e l e c tron mi c ro­

s copy re vea l e d that  s uch  bodi es we re s t ructu ra l ly  d i s ti n c t  bei n g  compo sed  

o f  cl o s e l y  packed , i so d i ame tri ca l , ova l to  e l on ga te th i ck-wa l l e d cel l s  

. con ta i n i n g  many l i p i d  g l obu l es and  p l ugge d  s ep tal po res ( Fi g .  106 ) , 

whe l�e a� i n  apo the ci a the componen t ti s s ues ( e c tal , rr:e d u l l a ry e xc i pu l um , 

hypo thec i um )  were q u i te di sti nct  an d vari o u s l y  deve l o pe d .  Wi t h  further  
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deve l opmen t of the s troma ta . mi cro con i d i a and con i di a  we re fo rme d w i th i n 

and  on the s urface of  s t roma tal  t i s s ue , s uch con i di a  were p a tho gen i c  to 

l eaf di scs  of P. x euramericana cv .  Rob u s ta .  

( 3 )  AGAR 

P l a tes of 15%V8 an d PC-10 we re i noc u l a te d  wi th i so l a te s  of M. brunnea 

an d M. castagnei used i n  experi men ts A & B ,  an d w i th f�o l a tes  from l eaves 

of P. de ltoides from Co l ora do . P l a tes we re then sea l e d  wi th pa rafi l m  an d 

dark- i n c ubated  ( as p rev i o u s l y )  to i n duce p ro du c ti on o f  mi c rocon i d i a  a n d  

apothe ci  a .  

RESULTS 

Al though abundan t mi crocon i d i  a we re pro duce d  apotheci a we re n o t  forme d .  
Howeve r  i so l a tes  of M. brunnea forme d l a rge , e l eva ted  b l ack l ea the ry 

s troma ti c bodi es  mo rpho l o g i ca l l y  s i mi l a r to those fo rme d on l ea f  d i. s cs 

( experi me n ts B & C) . 

C I N FLUENCE  OF TEMP ERATURE ON DEVELOPMENT 
AN D fv!ORPHOLOGY OF  APOTHE C IA (D. TREMULAE) 

Dri e d  l ea ves o f  P. de Ztoides i n fected  wi th M. brunnea e x .  Co l o ra do 
we re rehydrated  an d p l ace d  on mo i s t  b l o tti n g  p ape r i n  g l ass  petri  d i s hes  

wh i ch were sea l ed wi th para fi l m  and  dark  i ncubate d  a t  the  fo l l owi n g  2 5  

tempe ra tu res : 

1 .  

3 .  

5 .  

( a )  Cons tant 3 °C .  
( b )  3 °C 5 days/5 °C 2 days* .  
( c )  3 °C 5 days/ 8 °C 2 days . 

( d )  3 °C 5 days/12 °C 2 days . 

( e ) 3 °C 5 days / 16 °C 2 days . 

( a )  Cons tan t 8 °C .  

( b )  8 °C 5 days/ 3 °C 2 days . 

( c )  8 °C 5 days/ 5 °C 2 days . 

( d )  8 °C 5 days/ 12 °C 2 days . 

(e ) 8 °C 5 days/ 16 °C 2 days . 

( a )  Con s tan t 1 6 °C .  

(b ) 16 °C 5 days/3 ° C 2 days . 

( c )  16 ° C 5 days/5 ° C 2 days . 

( d )  16 ° C 5 days/8 ° C 2 days . 

( e )  16 ° C 5 days/ 12 ° C 2 days . 

2 .  ( a )  Cons tan t 5 °C . 

(b ) 5 °C 5 days/ 3  °C 2 d ays . 
( c )  5 °C 5 days/ 8  °C 2 days . 

( d )  5 °C  5 days/ 12 °C 2 days . 

(e ) 5 °C  5 days/ 16  °C 2 days . 

4 . ( a )  Cons tan t 12 °C .  

( b ) 12 °C 5 days/ 3 °C 2 days . 

( c )  12 °C 5 days/5 °C 2 days . 

( d )  1 2 °C 5 days/ 8 °C 2 days . 

( e )  1 2 ° C  5 days/ 16 °C 2 d ays . 

* X °C 5 days/ Y ° C 2 days . 
Leaves we re i n cubate d  fo r 5 days a t  
X ° C th en t ran s fe rred to Y ° C fo r 2 days 
befo re t ran s fe r  back to X ° C .  Th i s  
cyc l e  was repeate d  fo r the d u ra ti on 
o f . the experi me n t .  
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Al l trea tments were repl i ca te d  twi ce .  Leaves we re exami n e d  fo r 

apotheci a a t  30 , 40 , 5 0 ,  6 5  and  80 days . Leaves wi th eme rg i n g  apo theci a  

we re secti one d ,  mo un ted  i n  o i l  an d s tai ned  wi th  tol u i di ne b l ue .  Deve l op­

i n g apotheci a were squashed  i n  l actophenol  a nd  s ta i ned  i n  0 . 5% ac i d 

fuchs i n .  To de termi ne the i n fl uen ce of  i n cub a ti on temperature on  the 

d i mens i ons  of  asc i  an d as cospores , 60 of each f rom mature apothe c i a 

p ro duc e d  a t  3 °  C ,  5 °  C and  8°  C were meas u re d  wi th  a Le i tz o p fi ea 1 mi e ra ­

me ter ( 500X) . 

RESULTS 

Tempe ra tures prevai l i n g  duri n g  the peri o d  of apo thec i a l  devel o pmen t 

c l early i n fl uenced the rate a t  wh i ch apo theci a matured ( Ta b l e 5 1 ) .  

Apo theci a were fi rst obs e rved a t  40 days and  mature ascospo res  were p roduced 
w i th i n  50 days . The mos t  favourab l e  temperatu res fo r apo th ec i a l  ma tura ti on  

we re 5 ° C  5 days/8°C  2 d ays ; 5 ° C  5 days/ 12 ° C  2 days ; 5 ° C  5 days/ 16 ° C  

2 days ; 8 ° C  cons tan t ;  8 ° C  5 days/5 ° C  2 days ; 8 °C  5 days/ 12 ° C . 
2 days and  8 ° C . 5 days / 16 ° C  2 days . 

Apo theci a l  deve l opmen t was c l e i s tohymen i a l  ( Van Brunne l en ,  196 7 )  and  

began wi th  the  formati on o f  an asco gon i um s u rro un de d by soma t i c  hyphae 

( Fi g .  107 ) .  The apo theci a l  i n i t i a l expanded rapi d l y ,  the o u te r  t i s s ue s  

formi n g  a d i s ti n cti ve dark b rown , pseudoparenchyma tous cortex ( Fi g .  10 7 ) . 

Late r ,  as the devel op i n g  apotheci um en l a rge d an d i n duced a b u l g i n g  o f  the 

oute r  epi de rmi s a wh i te muci l agi nous  cavi ty was de l i mi te d  i n s i de the 

apotheci a l  b a l l ( Fi g .  108) . By the ti me the epi de rmi s h a d  rup ture d  

n ume ro us c l avate paraphyses an d asc i  h a d  deve l oped from a s cogenous  hyp h ae 

a t  the base of the apothec i um .  At ma turi ty e ach ascus con tai ne d  8 

un i ce l l u l ar e l l i psoi da l , smooth wa l l e d ,  hya l i ne ascos po re s , un i s e ri a te l y o r  

b i seri a te l y  a rrayed .  

I ncubati on tempe ra tu re had  n o  s i gn i fi can t ( P>0 . 05 ,  t - tes t )  e ffe c t  on  

di men s i on s  of  asci  an d as cospores  ( Tab l e 52 ) .  As c i  meas u re d  

70 , 0- 102 . 0- 140 . 0  x 9 . 0- 10 . 7-13 . 0u , a nd  ascospo res 8 . 5 - 10 . 8- 14 . 0  x 3 . 6 -4 . 3-

5 . 5 u .  

D I S CUSS I ON 

I n  the l aboratory apo theci a of  D.  tremuZae we re fo rmed both on 

natura l l y  i n fe c ted  l eaves and  l ea f  d i s cs . As fa r as  the a u thor  i s  awa re 

th i s  i s  the  on l y  repo rt of  l abora to ry i n ducti on of apo the c i a o f  
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Drepanopeziza s peci es  ( pa thogen i c  to  popl a rs ) .  Fai l ure of the rema i n i n g 

i so l ates to fo rm apo theci a was a ttri b u ted  to an absence of  compa t i b l e  

ma ti n g  types ra the r  than to unfavoura b i e  con d i t i on s  o f  i n cuba ti on . The 

i nabi l i ty of M. brunnea to form a po the ci a un de r  fi e l d  condi t i ons  i n  

New Zea l an d  i s  a l s o  a ttri b u ted to i n compa ti b l e  ma ti n g  types s i nce  

p ro l i fi c  n umbe rs of mi cro con i di a  are fo rmed p ri o r  to  l ea f-fa l l an d the 

tempe ratures p revai l i ng  duri n g  w i n te r  s hou l d no t h a ve p recl uded apothe c i a l  

devel opmen t .  I t  i s  unknown whether Marssonina spec ies  a re hete ro th a l l i c  

or  h omo tha l l i c . 

As anti c i pate d  the rate of  a po theci a l deve l opmen t i n  the l aborato ry 

was tempe ratu re depen den t ,  opti mum deve l o pmen t  o cc u rri n g  i n  the v i c i n i ty 

of 8 ° C .  Fi e l d observa t i on s  of  D .  punctiformis = D. tremulae by C a s te l l an i  

& Frecce ro ( 1968 )  con fi rmed the s i gn i fi can ce  o f  tempera tu re s i n ce apothe c i a 

i n  s o u thern I ta l y  ma ture d  two mon ths  soone r than those i n  the co l de r  n o rth 

whe re 6 mon th s was req u i re d .  

The p resen t s tudi es have shown th a t  the p ro duct ion of  s troma ta l 

bodi es  on  decayi n g  l eaves i s  a parti cu l a rl y  we l l de ve l oped fea t u re o f  

M .  brunnea . The fac t  tha t  s uch bodi es read i l y  p ro duce con i d i a i n  s p ri n g  

p ro vi des an addi t iona l  me ans whereby the p a thogen may o ve rw i n te r .  

Accordi n g l y  one may s pecu l a te that the p ro ducti on o f  stroma tal bod ies  by 

M. brunnea i s  a fac to r  con tri b u ti n g  to the s uccess  of th i s  s pe c i e s  a s  a 

pa tho gen of po p l a rs .  
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TJ\BLE  5 1 : I n fl uence o f  tempe ra ture on the devel opmen t of  apo the ci a of  
D. tremulae o n  natura l l y i n fected  l e a ves . 

Tempera tu re 

3 ° C  Constan t 
3 ° C/ 5 ° C  
3 ° C/8 ° C  
3 ° C/ 12 ° C  
3 ° C/ 16 ° C  

5 ° C Cons tan t 
5 ° c/ 3  ° C  
5 ° C/8 ° C  
5 ° C/ 12 ° C  
5 ° C/ 1 6 ° C  

8 ° C  Cons tan t 
8 ° C/ 3  ° C 
8 ° C/5 ° C  
8 °  C/ 12  ° C  
8 ° C/ 1 6  ° C  

12 ° C  Constan t  
1 2 ° C/ 3 ° C  
1 2  ° C/ 5 ° C 
1 2 ° C/ 8 ° C  
12 ° C/ 16 ° C  

16 ° C  Constan t 
1 6 ° C/ 3 ° C  
1 8 ° C/ 5 ° C  
1 6 ° C/ 8 ° C  
16 ° C/ 12 ° C  

X ° C/ Y ° C  

0 = No apothe ci a 

30 40 

0 0 
0 0 
0 0 
0 0 
0 0 

0 E 
0 E 
0 E 
0 E 
0 E 

0 E 
0 E 
0 E 
0 E 
0 E 

0 0 
0 0 
0 0 
0 0 
0 . .  0 

0 0 
0 0 
0 0 
0 0 
0 0 

Days 
50 65 80 

0 E M 
E E M 
E t� M 
E t� M 
E �1 11 
E E & �1 �1 
E E & N M 
t·1 M M 
M M M 
M M M 
M t� M 
E M M 
M t� t·1 
M t1 M 
M M t·1 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Y ° C  = 2 days 

E = 

M = 
Apo the ci a eme rgi n g  from l eaves , asci  deve l opi n g  
Apo the ci a fu l l y eme rge d ,  a s c i  fu l l y formed wi th ma ture 
ascospore s . 

TABL E  52 : I nf l uence of temperature on d i men s i ons  o f  asc i  an d a scos pores 
of D .  -tremu lae 

Tempe ra tu re 

Len gth ( u )  
mi n .  mean max .  

3 ne 70 . 0  a 101 . 4 1 2 . 2 140 . 0  
5 ° C 70 . 0  100 . 3 1 5 . 0 140 . 0  
8 �C . . 70 . 0  105 . 3 1 0 . 0 140 . 0  

Tempe ra tu re 

Length ( u )  

3 °C 8 . 5 10 . 9 1 . 0 14 . 0  
5 °C 8 . 5 10 . 9 1 . 3 14 . 0  
8 °C 8 . 5 10 . 5 0 · 8  14 . 0  

astandard devi a ti on 

As c i  

Brea dth 
mi n .  mean  

9 . 0  10 . 5 o . 8 
9 . 0  10 . 8 o . 9  
9 . 0  10 . 8 1 . 0 

As cos12ores 

Brea dth 

3 . 6TIF 3 . 6  4 . 3 0 • 5  
3 . 6  I 4 . 1 0 . 3 

( u )  
max .  

12 . 0  
1 3 . 0  
1 3 . 0  

( u )  j 
5 . 5  
5 . 5  
5 . 5  



CHAPTER 5 
SEED T RANSM I SS I ON STUD I E S  

150 

P re v i o us taxonomi c s tu d i e s  ( Chapter  1} i den ti f i e d  M. brunnea as the 

Marssonina speci es patho gen i c  to pop l a rs i n  New Zea l an d .  C i rcums tan ti a l  
ev i den ce associ a ted wi th the  o u tb reak  o f  th i s  p athogen amon gs t pop l a r  

seed l i n gs  s tron gl y  sugge s te d  seed  a s  the  sou rce o f  pri mary i nocu l um . 

Al though i n  re cen t years an i n creas i n g  n umbe r  o f  pathogens h ave been s hown 
to be seed-bo rn e , there a re no con fi' rme d repo rts o f  seed  tran smi s s i on o f  

any Marssonina s peci es ( Neergaard , 1 9 77 } . 

. . . .  -. - ..,_ .  

A ,  LAB ORATO RY  S I MULAT I ON OF S E E D  TRAN SM I S S I ON 

Con v i n ci n g  evi den ce must  be p rov i ded to s ubs tan ti a te a fi rs t as s e rti o n  

tha t  a spec i fi c di sease i s  i n  fac t  seed-bo rne . I n  effe c t  the ev i den ce 

mus t  es tabl i s h  tha t :  

( i ) i nocu l um can transfe r  from the paren t p l an t  to seed  o f  that  p l an t ­

the PS tran sfe r  ( Ba ke r  & Smi th , 1966 ) , 

( i i ) s u ch  i n ocu l um ( now associ ate d  w i th see d )  i s  vi a b l e  a t  the ti me o f  

seed  s owi n g  an d ge rmi n a ti on , 

( i i i ) s u ch i nocu l um can i n i t i a te seed l i n g  i n fe c t i on - the S P  trans fe r  

( Ba ker  & Smi th , 1966 ) . 

Labo rato ry s tudi es were con ducte d  to i nves ti gate each o f  the above s te ps 

wi th re ga rd to poss i b l e  see d  transmi s s i on of  M. brunnea . Arti fi c i a l l y  

i n ocul ated seed  caps u i es  were used  o f  neces s i ty beca use  ma ture seed  beari n g  

pop l a rs i n fe c te d  wi th M. brunnea we re n o t  avai l ab l e a t  the ti me .  

1 .  The PS Trans fer 
Dependi n g  on the na ture of the a s soci ati on between  i no c u l um an d seed s o  

two b roa d cate gori es a re recogn i se d :  

(A ) See d Con tami n a ti on where free i n ocul um o f  the pa thogen i s  p resen t  

on the tes ta as supe rfi ci a l  a dheren ts , o r  whe re fragmen ts o f  cro p  de tri tus  

beari ng  i nocul um accomp an i es the s ee d ;  
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( B )  Seed I n fecti on  whe re the pathogen i s  e s tab l i s he d  wi th i n  the 

s ee d ,  u s ua l l y  a s  mycel i um i n  the tes ta an d/or  embryo . 

Knowl e dge as to the nature o f  the seed/ p a thogen associ a ti on i s  
i mpo rtan t s i n ce the a dop ti on of s peci fi c seed s creen i n g  a n d  seed  trea tme n t  

me thods i s  de te rmi ned by the na ture o f  the re l a ti on s h i p .  

The fo l l ow ing  accoun t of fl owe ri n g ,  see d p roduct ion  and  the manne r 

i n  whi ch pop l a r  seed i s  harves te d  s u g gests  that  bo th seed  i nfect i on a n d  

s e e d  co n tami n a ti on by M. brunnea may occu r .  

Mos t  pop l a r  s peci es are d i oec i ous  an d f i rst fl owe r a fte r 5 - 15 yea rs . 

F l owe rs are wi n d  pol l i nated  and mature s ee d  i s  s hed  two to th ree rrDn th s  

a fte r ferti l i z a ti on . Seed i s  fo rme d w i th i n  cap s u l e s a n d  i s  embe dde d  wi th i n  
fi ne co tton - l i ke ma te ri a l . I n di v i dua l  caps u l es  con ta i n  u p  to 32 s ee ds an d 
a re g roupe d ( up to 30 caps u l es } a round  a cen tra l sta l k fo rmi n g  a c a tk i. n .  

I n  the fi e l d dry caps ul e s  sp l i t  re l eas i n g  wi n d-borne co t ton a n d  emes he d 

s ee d .  ' ·' I t : i s. co mmo n . p ra. .c t i c e - .t o-. e x t·ra c·r s e e g  f ("O m  

a i r d r i e d  c a p s u l e s  wi th a vacuum c l eaner wh i ch sepa ra te s  seed  and  

caps u l ar  deb ri s  from the cotton . Fi na l  cl ean i n g  i s  by_ s i e v i n g  to remo ve 

caps u l a r  fragmen ts and dus t .  Seed may a l so b e  extracte d  by the a i r b l a s t  

me tho d whe re comp res sed ai r sepa·rates  seed f�om caps u l es  and  co tton by 
pas s a ge th ro ugh a seri es of  s i eves . See d i s  'no rma l ly sown i mmed i a te l y  afte r 
extra c ti on s i nce vi abi l i ty i s  l os t  wi th i n  two . to three weeks . Howeve r ,  

d ri e d  seed may be sto re d  � afe ly  a t  s ub- ze ro temperatu res  fo r seve ra l yea rs 

( S c h re i ne r ,  1 9 74 ) . 

Seed caps u l es on  i n fecte d  t rees are l i ke l y  to be come i n fected by 

M. brunnea i n  vi ew of  c l ose p rox i mi ty to fol i age for a t  l east  3 mon th s  
p ri o r  to see d re l ease . Con cei vab l y  hyphae e s tab l i s hed i n  caps u l e  wa l l s  

cou l d re ach and pene tra te deve l o p i n g  see d ,  seed i n fecti o n  res u l ti n g .  

As rega rds pos s i b l e  seed con tami nat ion , i t  can be pos t u l a te d  t h a t  
forma ti on of  ace rvu l i o n  the o ute r caps u l e  wal l a nd  t h e  manne r i n  whi c h  

seed  i s  extracted woul d en s u re s e e d  con tami n a ti on . As s t a te d , a vacuum 

c l eaner  i s  used to separate seed and  caps u l ar  deb ri s from the cotton an d 
i n  th i s  process freed con i d i a  cou l d be concentra te d  and i n ti ma te l y  mi xe d 

wi t h  seed . E i the r free con i d i a  on the seed s u rface or  myce l i um e s tab l i s hed  

wi th i n seed  nee d remai n vi ab l e for on l y  short pe ri ods s i n ce seed  i s  n o rma l l y  
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s own i mme d i a te ly  afte r co l l ectton . Furthe r ,  the  req u i remen t for l on g - te rm 

s torage o f  seed  a t  s ub-ze ro tempera tu res  wou l d  a l so favou r  l on gev i ty o f  

i nocu l um , pa rti cu l ar ly myce l i um e stab l i s he d  wi th i n  seed ( Nee rgaard,
.
1 9 7 7 } . 

( A )  SEED  I N FECT I ON STU D I ES 

As s ta ted , seed i n fect ion i mp l i es the p a thogen i s  e stab l i s hed  

w i th i n  the  seed , u sua l ly  as  myce l t um i n  the tes ta and/ o r  emb ryo . The 

fo 1 1  owi n g  two expe ri men ts we re con ducte d  to de termi ne whe the r i n fe cti on  of 

pop l ar s ee d  was pos s i b l e ,  an d i f  so , the mo de of  PS trans fe r .  

E XP E RH1ENT 1 

F l owe ri n g  b ranches of  P. de Ztoides cv . Fr i ml ey were co l l e cted 

duri n g  Jl.u g us t ,  p l aced in  a pea t/ so i l mi x and  s ubje cted  to a wa rm day ( 16 ° C ) , 

co l d n i g ht  ( -2 ° C )  re g i me fo r ten days to b re a k  do rman cy and  i n i t i a te roo t  

deve l opmen t ( Wi l k i nson , 1975 } .  The  bran ches were then p l aced i n  a g l a s s  

house ( 20 ° C )  a n d  the res u l tan t fl owers fer ti l i ze d  wi th po l l en o f  P .  nigra 

cv . I ta l i ca .  One 1ron th l a ter deve l opi n g  seed caps u l es we re s p ray 

i nocu l a te d  wi th M. brunnea ( 1000 con i di a/ml } ,  wh i ch res u l ted i n  the 

es tabl i s h n�n t of l i ght  i n fect ion s . 

To de termi ne whe the r seed i n fec ti on  had  occurre d , two mon ths  

fo l l owi n g  i nocu l a t i on 20 ri pene d caps u l es we re s urface s ter i l i ze d  by 

i mme rs i on i n  95% ethano l and  fl ami n g  and  both p l acen ta l ti s s ue a n d  seed  

we re tran s fe rre d  asepti cal l y  to  p l a tes  o f  PDA (2  p l ate s / caps u l e )  an d 

i n cubate d  a t  20 ° C  un de r natural l i gh t .  Ten days l ate r p l a tes  were 

exami ned  fo r col on i es of M. brunnea .  

EXPER IME N T  2 

Duri n g  l a te November ma ture cap s u l es o f  P. x euramericana c v .  1 2 14 

an d P. de ltoides cv . NE 245 we re col l ecte d  ft�om heal thy t rees . The c a tk i n  

beari n g  b ran ches we re s tood i n  wa ter  an d s pray i nocu l a te d  wi th  a con i d i a l  

s u s pens i on o f  M. brunnea ( 100 , 000 con i di a/ml ) .  Ten days l a te r the caps u l es  

we re h eav i l y  i n fecte d .  Th i rty days fol l owi n g  i nocu l a ti on 10  caps u l es from 

each  c l one  we re s u rface steri l i ze d  ( e thano l / fl ami ng ) , the ·con te nts 

tran s fe rre d to P D.I\ ( 2  pl ates/ caps u l e }  and  i n cubate d  a t  2 0 ° C  unde r  n a tura l  

l i gh t .  Ten days l a te r p l a tes we re exami ned  for co l on i es . 

Re.s ul ts from both experi men ts we re nega t·i ve i n  the s ense  tha t 

they fa i l e d to p rovi de evi den ce o f  seed i n fe c ti on . Tha t i s ,  the con ten ts of  
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heav i l y  i n fecte d  capsu l es  (pl a cental  t i s s ue a n d  seeds ) when p l a te d  to 

PDA i n  no i nstance y ie l ded col on i es o f  M. brunnea .  These negati ve res u l ts  

s t ron g l y s u gges te d  that hyphae of  M. brunnea had  fa i l ed to pen e t ra·te 

pl acen tal  ti s s ue an d/or  de ve l op i n g  see d ,  wh i ch was s urpri s i n g i n  v i ew o f  
the ab i l i ty of  M .  brunnea to deepl y penetra te l eaf t i s sues . 

The s truc ture of the seed cap s u l e wal l was exami ned  and  the exte n t  

o f  myce l i a l i n vas i on de te rmi· ned  i n  an  a t tempt to account  fo r the absence 

of  seed i n fecti o n . Smal l po rtions o f  i n fe cte d caps u l e wal l from the above 

experi men ts were fi xed i' n 3% g l u taral denyde + 2%  fo rma l de hyde an d prepare d 
fo r e l e ctron m i cros copy (Appen di x 8 ) , Concurren t ly  th i ck secti o n s  

s ta i ne d  w i th 0 . 5% tol u i d i ne 5l ue we re examined  by l i ght  mi cro s copy . 

Caps u l e wal l s  we re approxima te l y  20 cel l s  th i ck ( 400 u ) , w i t h  mo s t  

ce l l s  t h i n wa l l e d ( 1 . 0  u } . However wal l s  of  the i nnermos t  2 - 3  l aye rs o f  
cel l s  a djo i n i n g the capsu l e l umen we re con s i derabl y th i ckened  ( 2 -5  u )  

(Ji g .  109 ) . �1yce l i um of  M. brunnea was obse rve d wi th i n  cel l s  .o f  a l l 

l aye rs , e xcept  the i nnermos t  2 - 3  l aye rs o f  th i ck  wal l e d ce l l s  ( Fi gs .  1 10 ,  
1 1 1 ) .  P ro fuse deve l opment  o f  acervu l i occu rre d  on the o ute r ca ps ul e wal l s .  

Res u l ts o f  the above experi men ts fa i l e d to provi de ev i den ce o f  

seed i n fection . Hyphae we re s hO\-Jn to be we l l  e s tabl i s hed  i n  seed  

ca ps u l e wa l l s  a l tho ugh no evi den ce wa s obta i n e d  to s u gges t  t hat  s uch  

hyphae pene tra te d  the  th i ckened i nn e rmo s t  l aye rs an d ente re d  p l a cen ta l 

t i s s ue o r  deve l op i ng  see d .  

( B )  S E E D  CONTAM I NAT I ON STUD I ES 

The above seed i n fe cti on studi e s  demo n s t ra te d  the h i gh s u s cep­

t i b i l i ty o f  seed caps u l es  _to M.  brunnea a n d  the capaci ty fo l� i n tense 

a ce rvu l i producti on on caps u l e wal l s .  A profuse  i nocu l um s o u rce i n  s uch  

c l ose p roxi mi ty to  seed s u gges te d the l i ke l i hood  of  seed  con tami nat ion  
duri n g  h arvest . The fol l O\\fi n g  experi men t  was  con ducte d  to de te rmi ne whe ther 

in  fac t  seed h a rves te d  from art i fi c i a l l y  i n fe cted caps ul es  be came 

con tami n a te d  w i th con i di a  (PS tran s fe r ) . 

Ma turi n g  catk i ns o f  P.  x ew?amer-z..ccraa c v .  I 2 14 an d P. de ltoides 

c v .  NE  245 we re sp ray i nocu l a ted  ( 10 0 , 000 ; 1 0 , 000 ; 1 , 000 con i di a/ml ) an d 

i nc ubate <;!  a t  2 0 ° C  unde r  natural  l i gh t .  Ten d ays l a te r ca tki n s  i nocu l a te d  

wi th 100 ,000 a n d  10 , 000 con i di a/ml we re heav i l y  i n fe c ted . 
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C a t k i n s i n o c u l a t e d  w i t h . l , OD O  c o n i d i a ( m l  w e r e  

l i gh t l y  i n fecte d  ( Fi g .  1 12 } . T\AJen ty days fo l l owi n g  i no cu l a ti on catk i ns 

we re s prea d  on the l aborato ry ben ch to d ry an d s p l i t ,  re l eas i n g seed . Seed 

was extra c te d  from the co tton  fo l l owi n g  norma l p racti ce u s i n g  a Te l l us 

vacuum c l eane r .  Seed an d cap s u l a r  debri s we re fu rther s e pa ra te d  by 

s i evi n g  an d seed from th e three tre a tmen ts was s to re d  wi th  a des i ccan t  
( s i l i ca ge l l a t - 18° C .  

The rel a ti ve l eve l s o f  seed  con tami nat ion  from the th ree i no c u l a t i o n  
seri e s  were assessed  us i n g the Bo l l ey tes t  an d i no cu l a ti on of  l eaf  d i s cs .  

The Bo l l ey tes t ( Bo l l ey ,  1902 ) has l on g  been the s tan dard me thod for 

demon s t ra t i n g  the presence o f  s urfa ce- bo rne con i d i a  a ssoc i a te d  wi th seed  

but has  h a d  the  l imi tati on of  not  estab l i s h i n g  whether s uc h  i nocu l um i s  

vi ab l e .  I n  the present s t u dy thi s l i mi tation  was ove rcome by u s i n g  the 
res u s pe n de d  pe l l e t to i nocu l ate pop l a r  l ea f  d i s cs i nse rted i n to 2% HA 

( Sp i  e rs ,  19 78) . 

Fo u r  seed  sampl es  ( 0 . 25 g }  from each seri es we re s h a ken vi go ro u s l y  

i n  1 0  ml s d i s t i l l ed  wate r  and  cen tri fuged ( 5000 rpm , 2 mi n s . ) .  The 

pe l l e t wa s re s u s pended i n  one ml of  s upernaten t an d i no cu l a ted on to l ea f  

di s c s  ( 2 ) o f  P .  x euramericana cv . Rob u s ta ( 0 . 5  m l  pe r 2 . 5  cm d i s c ) . Leaf  

di s c s  were i n c ubate d  at 2 0 ° C in  n a tu ral  l i ght  fo r 10 days . 

Seed  e xtracted fro m  bo th l i ght l y  and heavi l y  i n fe c te d  ca ps ul e s  
were con tami n a te d  wi th con i d i a .  I n  excess  of 4 0 0  ace rvu l i we re fo rme d o n  

l ea f  d i s cs i n ocu l ate d  wi th  extracts from seed h a rve sted  from the two 
mos t  heavi l y  i n fecte d  tre a tmen ts (prev i o us l y i nocu l a te d  wi th 10 , 000 and  

100 , 000 con i di a/ n� } whe rea s  30  acervul i (mean ) were fo rme d on  l eaf  d i s cs 

i no c u l a te d  wi th ext racts wa shed  from seed harve s te d  from l i gh t l y  i n fe cted 
cap s ul es  ( 1000 coni di a/ml ) .  

The above res u l ts  demons trate that seed con tami n a ti on  may occur  

when see d i s  e xtracte d  from i n fecte d  caps u l es con fi rmi n g  s uccessfu l  P S  
tra n s fe r .  

The na ture of  t h e  a s soc i at ion  between con tami n a t i n g  i nocul um  a n d  

the te s ta wa s i n ves t i ga te d by s can� i n g  el ec tron mi cro s cope exami n a ti o n  o f  

seed  (P. de ltoides cv . N E  245 ) h a rve s te d  from h eavi l y  i n fe cte d caps ul e s .  

Ai r d ri e d  seed was gl ue d to me ta l s tubs , coa te d  wi th go l d  an d exami ne d 

wi th  a Cwi ks can , 100 s can n i n g  e l e c tron mi croscope . The testa  was 
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con vol u te d  wi th  promi nen t h a i rs .  Con i di a  we re l oose l y  assoc i a te d  wi th  the 

tes ta and l ay both between and on  top of  con vo l u t i o n s  i n  the tes ta ( Fi g .  1 1 3 ) . 

2 .  V I AB I L I TY O F  I NOCULUM CONTAM I NAT I NG S E ED 

I nocu l um of  M, brunnea con tami nati n g  pop l a r  seedl i nes  co u l d 

con ve i vab l y  be i n  th e fo rm o f  free conidt a , o r  con i di a re ta i ned  wi thi n 
ace rvul i on l eaf  an d capsu l a r  fragmen ts .  

( A )  V I AB I L I TY O F  FREE CON I D I A  

S e e d  o f  P. de ltoides cv . N E  2 4 5  was con tami nate d  with a con i d i al 

s us pen s i on of  M. brunnea ( 200 , 000 con i d i' a/ml } , d r i ed by vacu um fi 1 tra ti on , 

sea l ed i n  a i r t i ght bo ttl es  ( s l' l i ca gel } a nd  s t o re d  a t  the fo l l owi n g  
temperatures : 

( i ) room tempera ture ( 1 5 -25 ° C } , 

( i i }  con s tant  5 ° C ,  
( i i i )  con s tan t - 18° C .  

At 10 day i n terval s con i di a  were exami ned fo r v i ab i l i ty by s hak i n g  seed  

( 0 , 05 g )  i n  wate r ,  centri fu gi n g  (4000 rpm , 2 m i n s . }  and  i nocu l a t i on of  l e a f  

d i s cs ( 2 . 5 cm di am . ) of  P .  x euramericana cv . Rob u s ta wi t h . the res us pen ded 
pe l l e t .  Leaf  d i scs  were i n cubate d  at 20 ° C  i n  n a tu ra l  l i gh t  an d exami n e d  

fo r i n fecti on 8 days l a te r .  The fo rma ti on o f  a cervul i was the cri te ri o n  

i n di ca ti n g  con i di um vi abi l i ty .  

Wi th  free con i di a  s to re d  a t  room temp e ra tu re , u p  un ti l lOO days 

l i t tl e l os s  in  vi abi l i ty occurred , as  evi dence d  by the l a rge n umbe rs o f  

acervu l i forme d on l ea f  d i s cs .  The reafte r vi a bi l i ty de c l i ned  rap i dl y  a n d  

by 1 2 0  days n o  acervul i we re fo rme d o n  i nocu l a te d  l ea f  d i s cs ,  i n di cati n g  

a to ta l l os s  o f  con i d i um vi a bi l i ty .  I n  con tra s t ,  con i d i a s tored a t  5 ° C  

and - 18° C s howed l i ttl e l os s  i n  v i ab i l i ty fo l l ow i n g  storage fo r 660  d ays . 

As i mpo rte d  popl a r  seed sown i n  New Zea l and i s  l es s  than one  

mon th o l d ( usua l l y  10- 14 days ) i t  fo l l ows tha t d i sease o u tb reaks  co u l d a ri se 

from s u pe rfi ci a l  con i d i a  con tami n a ti n g  see d .  S i mi l a rl y ,  s i n ce con i d i um 

an d seed  vi ab i l i ty i s  exten de d  by sto rage a t  s ub -zero tempe ra ture s , seed l i n g  

i n fecti on co ul d we l l ari se from use  o f  s uch s ee d .  
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L i l l ey & Barnett ( 1 95 1 ).  and Neergaard ( 19 7 7 )  hypo thes i se d  tha t  the 

ge l a ti nous  ma tri x b i ndi n g  con i di a wi th i n  a cervu l i  p ro l on ge d  con i d i a l  

v i ab i l i ty .  Th i s  hypo thes i s wa s tes te d  wi th  acervul i of  M .  brunnea o n  seed  

caps u l e s ,  an d on l e ave s .  Ai r dri e d  caps u l es  an d l eaves were seal e d  

separa te l y  i n  a i r ti ght bottl e s  a n d  s to re d  as  for free con i di a  abo ve . At  

1 0  day i n te rva l s con i di um v i a b i l i ty was  tes ted  by rehyd ra ti n g  dri e d  l ea f  an d 

caps u l a r  t i s s ue on  mo i s t fi l ter paper fo r severa l hou rs . The rehydra te d 

ma te.ri a l  v-.ra s  then s h aken v i go ro us l y  i n  di s t i l l e d wa te r ,  centri fuge d an d u s e d  

t o  i nocu l a te l eaf  di s cs o f  P .  x euramericana cv , Robusta . 

The res u l ts we re i den ti ca l to those  o f  the p re v i o us expe ri men t i n  

wh i ch free con i d i a  were used .  Tha t  i s ,  con i di a  wi th i n  a ce rvu l i s to re d  a t  

room temperature l ost  tota l v i aBi l i ty after 1 2 0  days whereas  con i di a  

wi thi n acervu l i s tored  a t  5 ° C  and - 18° C s howed no apprec i ab l e l os s  o f  

vi abi l i ty fo l l owi n g  storage fo r 660 days , Con ce i vabl y ,  d i s ease  o u tbreaks  

i n  seedl i n gs co u l d ari se from con i di a  re l eased  from acervul i on deb ri s 

accompany i n g  see d s i nce con i d i a  wi th i n  acervu l i wou l d be  v i ab l e when the 

seed was sown . The gel ati nous  ma tri x b i n di n g con i di a . o f  M. brunnea wi t h i n 

ace rvul i d i d n o t  p ro l on g  the i r v i ab i l i ty ,  as has been hypo the s i zed  by 

L i l l ey & Ba rne tt ( 195 1 )  and  Neergaard ( 19 77 ) . 

3 .  T H E  S P  T RA N S F E R  

The above expe ri men ts di d no mo re than demonstrate that  pop l a r  seed 

harvested from i n fected caps u l es fo 1 1  owi n g  usua 1 comme rd a 1 p racti ce were 

con tami n a te d  w i th v i a b l e  con i di a  a t  the t ime o f  sowi n g .  The fo l l owi n g  

expe ri men t was conducted  t o  i n ves t i gate whe the r seedl i n g i n fecti on coul d ,  i n  

fa ct , res u l t from use of se�d  so con tami nate d .  I n  so do i n g ,  the b l o tte r tes t  

an d the s o i l tes t  were eval u a te d  fo r s u i tabi l i ty a s  tec hn i ques fo r 

demo n s t ra t i n g  seedl i n g  i n fe c ti on . 

A two g ram seed sampl e o f  P. de ltoides cv . N E  245 wa s i rmne rs e d  i n  

a 10  ml con i d i a l s uspens i on o f  M. brunnea ( 100 , 000 con i di a/ml ) was h e d  f rom 

a 10  day P DA cul ture . Afte r thoro ugh a gi ta ti on the see d was vacuum dr i e d  
an d sown i mmedi a te ly  a s  fol l ovJs : 

( i ) 800 seeds were set  o u t  on bl o tte rs ( 25 seeds per b l o tte r )  i n  

Copenhagen germi n a tors an d i n cubate d  a t  20 ° C ,  
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( i i l  the rema i n i n g  seed (approx . 3000 seeds ) was sca tte re d o n  the 
s u rfa ce o f  s ter i l i zed  so i l  and ge rmi nate d  u n de r  i n termi t ten t mi s t  fo r three 

days , fol l owi n g  norma l n ursery pract i ce . Seed  t rays we re then  roo ved to a 

g l ass  house ben ch  an d ke pt con ti nuous l y  mo i s t .  The tempera ture th ro ugho u t  
was approxi ma te l y  20 ° C .  

Fol l owi n g  10 days i ncuba ti on 800 seedl i" n gs from e a ch tes t  were 

exami ned fo r symp toms under a b i no cu l a r  mi cros cope . I n  the s o i l tes t , the 

800 seedl i n gs we re se l ecte d at ran dom . 

Res u l ts  from the b l o tter and  s o i l  tes t  we re comparab l e an d 

approximate l y  1 0% of  the seedl i n gs were i n fe cted wi th M. brunnea.  I n  both 

tes ts 5 days a fter sowi n g  symptoms we re fi.' rs t e v i den t a s  s ma l l ( lrmn} , 
necro t i c  l e s i on s  on tne cotyl edons  an d hypocotyl . Fi ve days l a te r  wh i te 

masses  o f  con i d i a  accumu l a te d  on e-xpan d i n g  l es i ons  ( Fi g .  1 14 ) . I n  many 

seedl i n gs the cotyl edons were i n fected  at the i r ap i ces c l ose  to the po s i t i on 
prev i o us l y  occu p i ed by the empty tes ta . Symptoms were no t a l ways o bv i o us 

s i n ce ace rvu l i  somet imes· fo rmed on the a baxi a l  s urface o f  cotyl e don s . The 

b l o tte r tes t  pro ve d  mo re conven i en t  s i  n ee seedl i n gs were ea s i l y exami ned  
fo r i n fect i on a n d  see d  ge rmi nati on  was readi l y  de termi ned . 

The above expe ri men t  demon s tra ted that seedl i n g  i n fe cti ons  can 

a ri se  fro m  v i ab l e  i nocu l um a s soc i a te d  wi th seed at  the t i me of sowi n g ;  tha t  
i s ,  SP tra n s fe r .  

The re l a ti on s h i p be tween the i nocul um l oa d  con tami n a ti n g  pop l a r  

seed an d percen tage s ee dl i n g  i n fe ct ion  �1/as i n vesti _gate d .  Two g ram seed 

s ampl es  of P, de Ztoides c v . NE  245 (appro x .  4000 see d )  were i mme rsed 

separatel y i n to s uspen s i o n s  ( 10 ml ) o f  M. brunnea con ta i n i n g  200 , 000 , 
100 , 000 , 50 , 000 , 25 , 000 , 1 0 , 000 , 5000 , 2 500 , 1000 an d 500 con i di a/ml . Afte r 

tho rough a g i t!lti on  the seed  was vac u um d ri ed  an d sown as  fo l l ows : 

( t ) e i ght  h undre d  seeds  we re p l a ced  on bl otters ( 2 5 /b l o tte r )  a n d  

ge rmi nate d  i n  Co penhagen g e rmi n ators a t  20 ° C ,  

( i i )  the rema i n i n g  seed  (ap p rox . 3000 } was sown o n  s te r i l i ze d  so i l . 

Fo l l owi n g  1 0  days i n cuba t i on 800 seedl i ngs from soi l a n d  b l o tters ( from 

each d i l ut i on l evel ) we re exami n e d  fo r d i sease expre s s i on . The experi men t 

was con ducted over three s uc ce s s i ve days . 
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Comparabl e res ul ts were obta i ne d  wi th i n  i nocul um l eve l s on 

b l o tte rs an d in  so i l . The res u l ts ( Ta b l e 53)  s howed th a t  trace l e ve l s o f  

s ee dl i n g i n fecti on res u l te d when see d was con tami na ted wi th 1 ow 1 eve 1 s o f  

i nocu l um ( < 1000 con i di a/ml � wi th h i ghe r l evel s o f  con tami n a t i o n  ( >10 , 000 
con i di a/ml ) the re was a l i near re l a ti on s h i p  between i no cu l um l oa d  a n d  

percen ta ge seedl i n g  i n fecti on ( Fi g .  1 15 ) .  

From th i s  experi ment  i t  was con c l uded that even when ' popl a r  seed 

i s  con tami n ate d  wi th l ow l eve l s  o f  i no cu l um there i s  some l i ke l i hood  o f  

see dl i n g i n fecti on  occurri n g .  

D I S C U S S I O N 

Laboratory studi es  establ i s hed  that M. brunnea may be readi. l y  

transm i tte d  on popl ar  seed a s  free con tami na ti n g  con i d i a ,  an d that  s eedl i n g  

i n fe ct i on can res u l t from use  o f  con tami n a te d  see d .  A con s i dera t ion  o f  

fea tu res  associ a te d  wi th t h e  harves t i n g  o f  seed a n d  ra i s i n g  o f  popl a r  

seedl i n gs i n  comme rc i a l p racti ce i n di ca tes the p robab l e s i gn i fi cance o f  

con tami nate d  see d .  

Seed caps ul es are borne i n  the crown s o f  mat u re trees and  

accordi ng ly  a re exposed to  i n fecti on , Labora tory stu d i e s  s howe d th a t  seed 

caps u l es  were s us cepti bl e to i n fecti on  and abun dan t con i d i a  forme d i n  

acervul i on caps u l e wal l s .  Seed con tami nat ion  o ccurs d u r i n g  seed  c l ean i n g ,  

i n  the course o f  whi ch con i d i a  a re re l eased  from i n fe c te d  t i s s ue an d 
d i s t ri b ute d amongst  the s ee d .  Duri n g  the cl ean i n g  p ro ce s s  s ee d ,  co tton 

an d con i d i a  are s ucked from the dri e d  caps u l es  and the  seed a l on g  wi th 

caps u l a r  fragmen ts ,  dust and con i d i a  co l l ects i n  the b a s e  o f  the vacuum 

c l eaner  whereas the l i ghter cotton col l ects i n  the b a g .  See d i s  then 

separa te d  from associ ated debri s by s ie v i n g , some fi n e  d u s t  a n d  con i di a  

rema i n i n g  associ ated  wi th  t he see d .  The  po ten ti a l  s i gn i fi cance of  s u ch 

i. nocu l um i s  h i gh l i ghted by the fa c t  th a t  seed  mus t b e  s own i mme di a te ly  
a fter h a rvest and that con tami nati n g  con i di a  re ta i ns v i a b i l i ty fo r a t  l ea s t  

three mon ths . 

See d i s  sown th i ck l y  on the  so i l  s u rface an d ge rmi n a ted  unde r  

i n termi tten t mi s t  i n  a gl as shouse ho t bed . Wi th i n  1 2  ho u rs the eme rgen t 

hypocotyl 1 i fts the testa a l oft and  the co tyl e dons  eme rge , o ften re ta i n i  n g  

the tes t a a t  one o r  both o f  the i r  ap i ces . Twe l ve to f i fteen days fo l l owi n g  
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TABLE  5 3 :  Re l a t i ons h i p be tween the l e ve l o f  seed  con tami n a ti on  an d 
percen ta ge seedl i' n g  i.n fecti on l evel on b l o tters , a n d  i n  so i l . 

Inocul urn Leve 1 Theore tl ca l Nos . % Seedl i n g % Seedl i n g  
Can t  di a/ml Con i d t a/Seed a I n fect ion I n fect ion  

' B l o t te rs Soi  1 
200 , 000  500 15 . 0  14 . 0  
1 00 , 000 250 8 . 0  6 . 0  
50 , 000  125  4 . 5  4 . 0  
2 5 , 000 62 . 0  3 . 5  3 . 0  
1 0 , 000  25 . 0  2 . 0  2 . 0  

5 , 000 12 . 0  2 . 0  2 . 0  
2 , 500 6 . 2  1 . 0  1 . 0  
1 , 000 2 . 5  0 . 5  0 . 5  

5 00 1 . 2  0 . 2  0 . 0  

a Theoreti ca l on l y ,  s i nce i t  i s  a s s ume d that a l l seeds  wi l l  be 

equa l l y  con tami nate d  wi th a l l  of the i nocu l um .  

Ca l cu l a ti on - con i d i a/seed  = 
10ml x conc . /ml 

4000 ( appro x .  see d i n  2 gm ) . 
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sowi n g  seedl i n gs  a re remo ved from the mi s t  chambe r and pri cked o u t  to 

seedl i n g  trays (40 x 30 cm} at the ra te of 60-70 see dl i n gs/ tray . The 

seed l i ngs are g rown on for a t  l ea s t  two months  i n  the g la ss ho u se be fo re 

be i n g  tran s fe rre d to co l d  frames  to ha rden off .  T h e  see d i n gs a re then 

p l an te d  outs i de i n  seedl i n g beds . 

16 1 

The epi geal  germina ti o n  of pop l a r  seed  and  the ten a c i ty wi th  w h i ch 

the co ty l e dons re ta i n  the tes ta en s u re s  that  i nocu l um i s  i n  cl o s e  p roxi mi ty 

to the i n fect ion  court .  Wa ter drop l e ts co l l ect i n g  at  the co tyl e don/ testa  
i n te rface faci l i tate tran s fe r  of con i di a  from the  testa to  s ee dl i n g 

t i s s ue .  Furthe r ,  the constant  mo i s t u re and  warm tempera ture s  a re conduc i ve 
to i n fect ion of soft seed l i n g  ti s s ue . The pers i s tent h i gh h um i di ty favo u rs 

con i d i um p roduc ti on and the c l ose s p ac i n g  o f  seedl i n gs a n d  o ve rhea d 

wa te r i n g  ensure s  l ocal d i s pe rsa l  of  i nocu l um by wa ter s p l ash  a n d  the 

i n i t i at ion  of  secon dary i n fecti on .  The se  cond i t i ons  a l l con tri b u te to the 

l i ke l i hood of s i n gl e con i d i a  i n i t i a ti n g  p ri ma ry i n fec t i o n  fo ci . 

B ,  EXTENT O F  D I SEA S E  TRANSM I S S I O N  I N  I M PORTED S E ED L I N E S  

Twen ty-th ree col l ecti ons o f  popl a r  caps u l e s  we re i mpo rte d from t\'JO 

seed  o rchards i n  Hol l and , one a t  Hees  ( 15 col l ecti ons , Tabl e 54 ) a nd  the 
o ther  at  Fl evo l and  (8 col l e cti ons , Tab l e 55 ) .  In  no i ns tance we re a ce rvu l i 

obse rved on the s u rface o f  caps ul es . E i ght  o f  the 2 3  co l l ecti ons  were 

from i n di vi dua l mo ther trees  wh i ch i n  1 9 75 y i e l de d seedl i n gs i n fecte d  

wi th  M .  brunnea .  

Three col l ecti ons we re i mpo rted from the Un i ted S ta tes  (Tab l e 56 ) ,  

two of  whi  eh  were recei ve d  both a s  c l eaned  seed  and capsu l es . The s ee d  
capsu l es were d i sti nctly l es i oned  w i t h  acervul i .  The th i rd co l l ect ion  wa s 

rece i ved  as  c l e aned seed o n l y .  Seed was extracted from caps u l es  i mpo rte d 

from bo th coun tri es by the vacuum c l eane r me tho d ,  

The i nocu l um l evel an d v i a b i l i ty o f  con i d i a  con tami nati n g  a l l seed­

l i nes from Ho l l and was  de termi ne d .  Seed ( 0 . 25 g )  \IJaS  s ha ken in  1 0  m l  

d i s t i l l e d  water  an d cen tri fu ged ( 5000 rpm/ 2 mi n ) .  The  pel l e t was  
res u s pended i n  one  m l  of  the s upern a tent  an d :  

( i ) exami ned fo r con i d i a  of M. brunnea us i n g  a h aemo cytome ter ,  
( i i )  i nocul a te d  (0 . 5ml ) on to t\<10 l ea f  d i s.cs  ( 2 . 5 cm d i am . ) o f  P .  x eura­

mei•icana cv . Rob us ta . 



TABLE 54 : Po pl a r  seedl i nes rece i ved  from Hees , Ho l l an d .  

See dl o t  
Number 

6 1 5 7  

6 158  

6 159  

6 160  

6 1 6 1  

6 1 6 2  

6 16 3  

6 164  

6 16 5  

6 16 6  

6 16 7  

6 168  

6 16 9  

6 1 70 

6 1 7 1  

Spec i es , Descendence and/or Ori g i n  

P. de ltoides, S4- 253 ,  Gra�mon t ,  Bel g i um 

P. de Ztoides, 54-404 , GraniDID n t ,  Be l g i um  

P .  deZtoides, F l  of  5602 - 3 ,  Grarnrnon t ,  B€l g i urn 

P. de Ztoides, Fl of  5626- 3 1 , Grarnrno n t ,  Be l g i urn 

P. de Ztoides, Fl o f S62 6 - 31 , Gramrnon t ,  Bel g i urn 
P. de Ztoides, Oh i o ,  ( Co l l ecti on 6 7 - 1 94 by US 

Po pl a r  Co unc i  1 )  
P. de Ztoides, Fl o f  1490  ( Tegel e n , Hol l an d )  

Ori g i n Mi ch i gan 

P. de Ztoides, Fl of 5 19 7- 7 ,  Gramrno n t ,  Bel g i um 
P.  de Ztoides, Fl cro s s  o f  1825 x 1454 

P. de Ztoides Grarnmon t  x 
P. de Ztoides Mi s souri 

P. de Ztoides, Fl of 5 1 9 7- 1 ,  Gramn�n t ,  Ori g i n  
Onta r i o  

P. de Ztoides, 

P. de Ztoides, 

P. de Ztoides, 

Fl o f  185 0 , Tel egen , Ho l l an d  
Ori gi n �1i c h i gan 

Fl of  14 7 3 ,  Tegel en , Hol l an d  
Ori g i n Mi ch i gan 

Fl of 5336 - 1 , Grammo n t ,  Ori g i n 
Connecti cut  

P. de Ztoides, F l  o f  5336 - 1 ,  Grammo n t ,  Ori g i n 
Connecti cut  

P. de Ztoides, Fl O f  cro s s  1 93  x 1405 

162 
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TABL E  5 5 :  Po p l ar seedl i nes rece i ved f rom Fl evo l an d ,  Hol l an d  

Seedl o t  Spec i es ,  Descen dance and/or Ori g i n  Number  

6149  P. de Ztoides., Fl of S 19 7- 1 , G rammon t ,  Bel gi um 
6 150  P. de ltoides, Fl o f  S 1 9 7- 10 ,  Grammo n t ,  Bel g i um 
6 1 5 1  P. de Uoides, Fl o f S602 - 7 , Grammo n t ,  Bel g i um 
6 152  P. de Uoides, Fl o f  S602 - 7 ,  Grammo n t ,  Be l g i um 
6 1 5 3  P. de ltoides, Wi l l i amstown x P. de l toides 

-· S4- 300 Grammon t ,  Bel g i um 

6 154 P. de ltoides, Fl o f  S626 - 3 1 , Grammo n t ,  Bel gi um 
6 15 5  P. de Uoides, Fl of S626 - 3 1 , Grammon t ,  Bel g i um 
6 156  P. de Uoides, Fl of S628- 10 , Grammon t ,  Be l g i um 

TABLE  56 : Po p l ar seedl i nes rece i ve d  from the Un i te d  S ta tes  o f  Ame ri ea 

Seedl o t  Speci es , Ori g i n and S ta te Rece i ved  Number 

780 70 P. de Uoides, Urban a ,  I l l i noi s ,  c l eane d s ee d  

780 70 P. de ltoides, U rbana , I l l i noi s ,  see d  caps ul e s  

78072 P. de ltoides, Urbana � I l l i noi s ,  cl eaned seed  

78074 P. de ltoides, Urbana , I l l i noi s ,  cl eaned seed  
780 74 P. de ltoides, U rbana , I l l i noi s ,  s eed capsu l e s  
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In add i. t i. o n  seed cap s u l e  fragme n ts (0 . 25 g }  were cen tri fuged an d 

the re 1 a ti"ve i no cu l  urn l eve l determi. ned  u s i n g  a h aemocytomete r .  Seed a n d  

ca ps u l ar fragmen ts from each seedl i ne were exami n e d  on f i ve o ccas i on s . 

On l y  cl eaned seed (not  caps u l ar  debri s }  from the Un i te d  S ta tes  
were exami. ned a s  above . 

Con tami n a ted seedl i nes so i den t i fi e d  we re : 

( i ) sown on  b l o tters {_ 400 seeds , 25/b l o tte r )  and  i ncubate d  i n  

Co penhagen ge rmi na tors , 

( i i )  sown on s teri l i zed so i l (appro x .  4000 seed s )  a n d  germi n a te d  i n  a 

mi. s t  cab i net . 

I n  both tests seedl i n gs were exami ned  fo r i n fecti on fo l l owi n g  1 0  days 

i ncubati on at 20 ° C .  

The re s u l ts ( Tabl e 5 7 }  show that  2 0  o f  the 2 3  Du tch s eedl i nes 

were con tami nate d  wi th vi ab l e con i d i a  of M. brunnea. S i xteen  see dl i ne s  

we re l i ght l y con tami nated a n d  we re es t i ma te d  to have an  i n oc u l um l oa d  o f  

approx imate l y  2000 con i di a/0 . 25g  o f  seed  ( app ro x .  500 seeds ) . These re s u l ts 

we re con fi rme d by the l ea f  di sc pa tho gen i c i ty tes t .  T h ree s eedl i nes  i n  

parti cul ar ( 6 1 5 0 , 6 153 , 6156 ) were heavi l y  con tami nate d a s  e v i den ced  by 

m i croscopi c exami nation  (Fi g .  1 16 )  an d profuse devel opmen t o f  acervul i on 

l ea f  d i scs . Con s i s ten t res u l ts we re obta i ned  be tween rep l i ca ti on s , 

e spe ci a l l y  wi th the  th ree mos t  heav i l y  con tami n a ted  s e e d l i n e s . Wi th l i ght ly  
con tami n ate d seedl i nes  con i di a  were n o t  a l ways o b serve d m i c ro s co p i ca l l y ,  

nor  were acervul i i nvari ab l y forme d o n  l ea f  d i s cs . Fo r t h i s rea son 

f i gures  in  Tabl e 57 have been ro unded o ff to who l e n umbe rs . 

Al tho ugh ace rvul i were not observed on  capsu l e s  o f  the Du tch seed 
co 1 1  ecti  ens  the haemo cytome ter tes t  s howed tha t  caps u l e \'Ja 1 1  s were i n  

fact con tami n a te d  wi th con i d i a  of  M. brunnea .  Ca psul e s  o f  n i ne s eed1 i nes were 

mo re heavi l y  con tami nate d  than s ee d  extra cted from tho s e  ca p s u l e s .  Seed 

and caps u l es  o f  the rema i n i n g  seedl i nes  we re s i m i l arl y con tami n a ted  that i s ,  

2000 coni di a/0 . 2 5 g .  I t  i s  poss i b l e  tha t  the p resence o f  ace rvul i on the 

caps u l e wa l l s  may have been overl ooked  s i nce many of the c a ps ul es  h a d  

turne d b l ack as  a resu l t o f  sweati n g  duri n g  tran s i t .  



TABLE  5 7 :  Exten t o f  seed transmi s s i on i n  i mpo rted Du tch seedl i nes . 

Seedl i ne Ori gi n a Presence o f  Con i d i a  Con i di a  on Seed 

See d Caps u l es b Haemocytome ter c Leaf- di scs  
I 

6 149 Fl evo l  an d + + 2 , 000 2 . 0  
6 1 50 1 1  + + 20 , 000 44 . 0  
6 1 5 1  1 1  + + <2 , 000 1 . 0  
6 152 1 1  + + 2 , 000 4 . 0  
6 15 3  1 1  + + 100 , 000 2 30 . 0  
6 154 1 1  + + 6 , 000 8 . 0  
6 155  1 1  + + <2 ,000 1 . 0  
6 156  1 1  + . +  60 , 000 150 . 0  
6 15 7  Hees + + 2 , 000 2 . 0  
6 15 8  + + 2 , 000 4 . 0  
6 159  + + 2 , 000 2 . 0  
6 160 + + 2 , 000 2 . 0  
6 16 1  + + ·  <2 , 000 2 . 0  
6 162 + + <2 , 000 1 . 0  
6 163  + + <2 , 000 2 . 0  
6 164 + + 2 , 000 2 . 0  
6 165  + + <2 , 000 1 . 0  
6 166 + + 2 , 000 2 . 0  
6 16 7  + + 2 , 000 3 . 0  
6 168 0 0 0 0 . 0  
6 169  + ' + 4 , 000 5 . 0  
6 1 70 0 0 0 0 . 0  
6 1 7 1  0 0 0 ' 0 . 0  

- -----

a 
Bo l l ey techn i q ue - mi croscop i c  exami nat ion  + = con i di a  observed 

0 = no con i di a  observed 

b Estimate d  no . of con i di a  per  ml of  res usp . pel l et washed from 0 . 2 5g  seed/ caps u l es 
no = mean con i di a/ 5 co un ti n g  chambe rs x 2000 (di l uti on fa ctor )  

c Mean no . o f  acervul i on 1 0  l ea f  di s cs .  

Con i di a/ Seed Capsu l e I 
2Haemocytome ter I 

2 , 000 
40 , 000 

2 , 000 
2 , 000 

120 , 000 
20 , 000 

2 , 000 
100 , 000 

2 , 000 
4 , 000 
2 , 000 
6 , 000 
2 , 000 
2 , 000 

10 , 000 
2 , 000 
2 , 000 
2 , 000 
6 , 000 

0 . 0  
18 , 000 

0 . 0  
0 . 0  

--------------------------

� 
0'\ 
(.}"; 
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TABLE 5 8 �  Percen tage seedl i n g  i n fection o f  con ta�i n a te d  s eedl ines 

Seedl i ne Ori gtn  % Seed l i n g  I n fect ion 0/ 
,., Seedl i n g I nfec t ion  

B l o tters Soi 1 · 

6 149 F l evo l and  0 , 25 0 . 00 
6 150  1 1  1 . 50 0 . 25 
6 1 5 1  1 1  0 . 00 0 . 00 
6 152  1 1  0 . 50 0 . 00 
6 15 3  ll 5 . 00 3 , 00 
6 154 11  1 . 00 0 . 25 
6 15 5  11  0 . 00 0 . 00 
6 156 11 4 . 00 2 . 00 
6 1 5 7  Hees 1 . 00 0 . 50 
6158 1 1  0 . 00 0 . 25 
6 159 1 1  0 . 00 0 . 00 
6160 1 1  0 . 00  0 . 00 
6 1 6 1  11  0 . 00 0 . 00 
6 162  11  0 . 00 0 . 00 
6163 1 1  0 . 50 0 . 00 
6164  1 1  0 . 00 0 , 00 
6 165 1 1  0 . 00 0 . 00 
6 166  1 1  0 . 00 0 . 00 
6 1 6 7  1 1  0 . 50 0 . 00 
6169  1 1  1 . 00 0 . 00 
780 70 U rbana 0 . 00 0 . 00 
78074 U rbana 0 . 25 0 . 00 
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Seed cap s u l es from the Uni te d S tates a rri ve d i n  good con di t i on 

a n d  acervul i  we re evi den t on caps u l e wal l s  ( Fi g .  1 1 7 ) . Exami n a ti o n  o f  

Ame dcan seedl i nes ( haemocytome te r}  revea l e d  con tami nati n g  con i d i a  

( <2000/ 0 . 25g  o f  see d }  on ly  i n  thos e  seedl i nes c l eaned i n  New Zea l an d .  Few 

acervul i (1 -2 ) we re fo rme d on l eaf  d i s cs i nocu l a te d  wi th  the res us pen de d  
pe 1 1  e t  was hed  from these s eedl  i nes . ln con tra s t , coni d i a a n d  acervu l i 

we re no t obse rved when cl eaned seed from Ameri ca was exami n e d .  Th i s  seed  

was c l eaned i n  Ameri ca u s i n g  the air  b l a s t  tech n i q ue an d was  rema rkab l y  
cl ean \'Jith on l y  a few ye ast  ce l l s  a n d  con i di a  o f  Fusarium s pec i es p resen t .  

Thes e  fun g i  we re corrmon l y  observed i n  Dutch see dl i nes ( Bo 1 1  ey techn i q ue ) . 

Con tami n a ted Dutch and  Ameri can seedl i nes  germi n a te d  on  b l o tters an d 

sown i n  so i l  yi e l ded on ly trace l eve l s  o f  see d l i n g i n fecti on , wi th  the 

excepti on of the th ree mo s t  heavi l y  con tami na te d  Dutch seedl i nes  ( Ta b l e 5 8 ) . 

On bl o tters , 10 o f  20  Dutch an d 1 o f  2 Ame ri can seedl i nes p roduce d 

i n fected s eedl i n gs . In  soi l , i n fe c te d  seedl i n gs  we re o bs erved i n  6 o f  2 0  
Dutch seedl  i n e s  \'/here a s  seedl i n gs from the Ame ri can seedl  i n e s  we re 

d i sease free . Symptoms were di ffi cu l t to dete c t  wi th the n a ke d  eye an d 

con s i s ted  o f  smal l ( lmm di am . ) ,  c i rcul a r , necro t i c l es i on s  on the 

cotyl edon s and hypo co tyl ( Fi g .  1 1 8 ) . As l es i on s  were occa s i on a l l y  fo rmed 

on the un de rs u rface o f  co tyl edons i n fecte d  seedl i n gs we re e as i l y over­

l ooke d .  Wi thi n 10  days abundan t con i d i a  were p ro duce d w i th i n  acervu l i ,  
p rov i d i n g  ampl e i nocul um fo r secondary s p re a d . 

� . . - . 

D I S C U S S I O N 

The res u l ts obtai ned from s creen i n g  i mpo rted seed l  i. nes  pro v i  de s 

s upport fo r the hypo thes i s  that M. brunnea was i mpo rte d i n to New Zea l an d  

i n  1975 a s  a con tami nan t of popl a r  see d . Duri n g  the s urvey 20 o f  2 3  

Dutch see dl i nes were contami nated  w i th  M. brunnea and  i t  i s  h i ghl y l i ke l y  

t h a t  seedl i nes  i mpo rted duri n g  1 9 75 we re s i mi l ar ly  con tami n a ted  s i n ce 

seed was h a rve s te d  from the same mo th e r  t rees a s  i n  1 9 75 . Fu rthe r ,  7 of  

the  8 see d l i nes whi ch y ie l ded i nfe c te d  seedl i n gs i n  19 75 were a ga i n  s hown 

to be contami na ted  vi abl e coni d i a o f  M. brunnea .  

The dus t i n g  o f  seed wi th  t h i ram an d t h e  regu l a r  s pray s chedul e 

appl i e d to pop l a r  seedl i n gs i n  th e g l a s s ho u se proba b l y  s u pp ressed  the  

d i sease i n  1975 s i nce the fi rst s i gn s  of  i n fect ion  1-1e re observe d rr.on th s  

l a ter on s eedl i n gs transpl ante d  o u ts i de i n  seedl i n g  be ds . 
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Al though a cervul i we re not  ob�e rve d on seed  caps ul es  i mpo rted from 

Hol l an d , the haemo cytome te r  tes t estab l i s hed  that  i n  some i n s ta n ce s  

capsu l e s  we re heavi l y  con tamtn ated  wi th con i di a .  Al though  i t  i s  pos s � b l e 

tha t the p resen ce of  acervu l i may have been masked by the necro ti c  s t a te 
o f  the caps u l es , con s i de rat ion  of  how M. brunnea ove n'li n te rs i n  ma ture 

trees  s u ggests the p resence o f  ace rvu l i on the o ute r ca ps u l e wa l l s  may n o t  

b e  essen ti a l  for see d  con tamin ati on .  Marssonina i n fection  on  popl a rs i s  
c umul a ti' ve an d the pa tnogen ove rwi n te rs be tween s easons i n  a cervul i fo rme d 

on yo ung  s hoots a n d  twi gs ( Caste l l an i  & Frecce ro , 1968 ; 1969 ; P i non & 

Potssonnter  1 9 75 ) .  I n  e ar ly  spri n g  n ume ro us con i d i a  a re fo rmed by these  

l e s i'ons  and  a re re adi l y  ra i n  di s pe rse d , con tami n a ti ng  fol i a ge and  p re sumab l y  

seed caps u l e s  a l i ke .  Pi non & Po i s sonn i e r  ( 19 75 ) s tudi e d  the b u i l d  u p  o f  

t n fe cti'on wi th i n  trees i n  earl y  s p ri n g  a n d  demo n s trate d  the p resence o f  h i gh 

i nocul um l oa ds w i th i n  trees shortly  a fte r fl us h i ng pri o r  to symptom expres s i on . 

I t  i s  the refo re q u i te po ss i b l e  th a t  i n  a seed  o rcha rd o f  ma tu re Marssonina 

s u s cepti b l e  trees , s uch as those a t  Hee s  a n d  F l e vo l and i n  Ho l l an d ,  h i gh 

i nocul um l eve l s  we re p resen t wi. th i n mo the r t rees  on fo l i a ge and  cap s u l e s , 
b u t  w i tho ut  vi s i b l e  symptoms . 

The l eve l o f  see d  con tami n a ti on  may be i n f l uen ce d a l so  by the me thod  

o f  s eed c l eani n g ,  See d extracte d  i n  Amer i ca by the  ai r -b l a s t  me tho d was  

free o f  con i di a l con tami n a ti on whereas seed  extracted  from the s ame 

col l ecti ons  i n  New Zea l an d  by the vacuum  c l eaner  metho d was con tami n a te d .  

�Jith the a i r b l a st  me thod , seed co tton a n d  caps u l a r  deb ri s a re separa ted  

i n  one opera ti on whereas wi th th e vacuum cl ean e r  metho d ,  seed  and  co tton  

a re separa ted  i n i ti a l ly an d therea fte r the seed  i s  c l eaned  by s i e v i n g  the re ­

by enabl i n g free con i di a  to make con tac t  w i t h  and con tami n a te see d .  

Res u l ts from the seed hea l th s u rvey re vea l ed the exten t to wh i ch 

pop l a r  seed  we re con tami n a te d  wi th the  con i d i a  o f  M. brunnea.  S i n ce 

i mpo rted pop l a r  seed fo rm the bas i s o f  a n  i n te n s i ve b ree d i n g  a n d  s e l ecti on 
p ro gramme i n ten de d  to i den ti fy s eedl i n gs  e i t h e r  res i s ta n t  o r  i mmune to 

bo th Marssonina and  Me lampsora s pe c i e s  i t  i s  i mporta n t  tha t thi s 
p ro gramme be con ti n ue d .  

Ac co rdi n gl y ,  i t  i s  i mpera ti ve th a t  e f fe c t i ve s e e d  trea tmen t me thods 
be found fo r con trol l i n g Marssonina a n d  o th e r  po ten ti a l  p athogens . 
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Marssonina con tami na ti on of popl ar  s eed  s ho u l d be amenab l e · to 

fun gi c i dal  con tro l s i n ce the i nocu l um i n  the fo rm o f  free con i di a  o n  the 

seed  s u rface i s  readi l y  acces s i bl e to the ac t ion  o f  fun g i c i des . Pop l a r  

s ee d  may be  trea ted  by dus t i n g  o r  the s l u rry me tho d pri o r  to sowi n g .  

Howeve r befo re s u ch t reatmen ts can be i mpl emen te d e ffec ti ve fun g i ci des mu s t  
be i den ti fi ed . I n  the fo l l owi ng  exper iments  fung i c i des  were s c reen e d  
i n i t i a l l y  fo r effecti venes s  i n  preven ti n g  t h e  estab l i s hmen t  o f  i n fe cti on  

by M.  brunnea on l ea f  d i scs . E ffecti ve compoun ds s o  i den ti H ed we re then 
tes te d  further fo r p reven ti o n  o f  seedl i n g  1' n fect i on on bl o tters an d i n  
s o i  1 .  

( A }  FUNGI C I DAL I NH I B I T I ON O F  M ,  B RUNNEA ON L EAF-D I S CS 
Fol i a ge of  P .  x euramericana cv . Robusta was s p rayed  separate l y  

d u ri n g  mi d-November \'Ji th 1 5  fun gi ci des (Tab l e  59 ) .  I mmedi a te l y  fo l l owi n g  

s pray a pp l i cati on a n d  ten days l a te r ma ture l e aves from i n d i v i dual  
tre a tmen ts we re p i cked  an d 16  l ea f  di s cs per  treatmen t i ns e rted a daxi a l  

s u rface uppermos t  i n to ho l es punched i n to p l a tes o f  2% water agar . Lea f  

d i scs  ( 2 . 5  cm di am . ) were then i nocul a ted  wi t h  M. brunnea ( 5000 c on i di a/ 
d i s c )  an d i n cubate d  a t  20 ° C  unde r  n a tu ral l i ght , and the re l ati ve e ffe c t­

i venes s o f  the fun gi ci des i n  p reven ti n g  the es tab l i s hme n t  o f  i n fe c t i o n  

assessed  by co un ti n g  acervul i .  

The res u l ts ( Tab l e 6 0 )  s how th a t  MBC ,  carbenda z i m ,  benomy l , 
cap tafol , dodi ne , ch l o ro th a l on i l ,  th i ophanate and tri fo ri n e  p reven te d  

i n fecti on by M. brunnea bo th i mmedi a te l y  fo l l owi ng  app l i ca ti on a n d 1 0  days 

l a te r .  Th i ram was e ffecti ve i mmedi a te l y  fo l l owi ng  appl i cati on b u t  n o t  
1 0  days l a ter .  The above compounds , w i th  the except ion  o f  tri fori ne 

( l i qu i d formul a ti o n )  we re th us  con s i d e re d  wo rthy of s creen i n g  a s  see d 
t reatme n t  chemi ca l s .  

( B )  S E E D  TREATMENT STUD I E S  O N  BLOTTERS 

Seed samp l e s ( l . Og a p p ro x . 2000  see d }  of P. de Ztoides cv . N E . 24 5  

we re con tami nate d  by i mme rs i on i n  lOml con i di a l sus pen s i ons  o f  M .  brunnea 

( 200 , 000 con i di a/ml ) ,  dri ed  by vacuum fi l tra t ion  and dusted wi th the 

fol l owi n g  fun gi ci des : MBC , carbendaz i m ,  ben omyl , captafo l , do d i ne , 
th i ophan a te ,  thi ram and  ch l o ro th a l on i l .  Fung ·i ci des 1vere a p p l i ed a t  ful l 

s t rength  ( x ) , h a l f stren gth (0 . 5x ) a n d q u a rte r strength ( 0 . 25 x }  o f  the  



TABL E  5 9  

Tra de Name 
% a cti' ve 
1' ngre di en t 

De ro s a  1 

Ben l a te 

Bavi s t i' n  

None 

Ce rco b i n  

Bay l e ton 

Bayl e ton* 

Sapro l *  

Di fo l  a tan 

Me 1 p rex 

Daca n i l 

Demos an 

Thi ram 

Rov r a l  

Ron i l an 

Sumi s cl ex 

1 70 

Fungi ci. des u sed  to i nocu l a te l eaves o f  P . . x euramericana 
c y .  Robusta and  the i r  �pp l i ca tion rates 

and  I Common o r  Chemi. ea  1 name App l i cat ion  Ra te 

60% 

50% 

50% 

sm� 
75% 

25% 

250  

20% 

50% 

26% 

75% 

65%  

80% 

50% 

50% 

5 0% 

iVJBC ,  me thyl 
ca rbama te 

. .  
. . . .  . . 

2 -ben z i mi dal zol e 

benomyl , me thyl 1 - ( bu tyl -
carbamoyl ) -2 - ben z i mi dazo l e  
ca rbama te 

carben dazi m 

BAS 3 3 1 72 ben z i mi dazo l e  

th i ophanate 

tri ad i me fon 

tri adi me fon 

tri fori ne 

captafo l 

dodi ne , n - do de cy l guan i di ne 
ace tate 

chl oroth a l on i l 

ch l oroneb 

th i ram , b i  s (di me thyl th i o -
carbamoyl ) d i s u l fi de 

i sopropyl carbamoyl 

vi nc l o zo l i n  

p rocymi done 

(% formu l a J.:ed 
�ro du c t )  

1 . 0% 

1 . 0% 

1 . 0% 

2 .  O�b 

1 . 0% 

1 . 0% 

0 . 025% 

0 . 5% 

1 . 5% 

1 . 5% 

1 . 5% 

1 . 5% 

2 , 0% 

1 , 0% 

1 . 0% 

1 . 0% 
. . .  

* l i q u i d formul a ti on 
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TABL E 6 0 : E ffe c ts of  fun gi ci de treatmen t w i th t i me on the l eve l o f  
i n fe cti on reco rde d on l ea f  d i s cs o f  P .  x euramericana cv·. 
Robus t  a 

Fun gl' c i  de 
Treatmen t 

t-1BC 

carben da z i m  

benomy l  

captafo l  

dodi ne 

th i ophan a te 

. . 

ch l o ro tha  1 on i l  

t r·i fod ne 

th i ram 

tri a di me fon 

t d a di me fon 

B 331 72 

Sumi s c l ex 

Rov ra 1 
Ron i' l an 

eh 1 o roneb 

con tro l 

250 

vJP 

�.-. . 

. . .  . 0 days 

o . oa 

0 

0 

0 

0 

0 

0 

0 

0 
b 

55  8 . 7 

58 1 0 • 0  

132 1 5 . 8 

295 2 4 • 8 

2832 2 � 1 

304 2 3 • 6  

2 9 7 1 7 . 7 

299 3 0 • 2  

a mean �o . o f  a cerv ul i ( 1 6  l eaf  di s cs ) 
0 s tandard  devi ati on 

Ti me . . .  10 days 

0 

0 

0 

0 

0 

0 

0 

0 

2 9 72 2 • 0  

143 1 6 • 5 

183 1 9 • 7 

304 2 0 • 0 

309 2 7 • 4 

319 3 0 • 2  

3082 1 . 2 

307 1 6 • 7  

319 2 5 ·  0 
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formu l a te d  p roduct . Fo ur  hun dre d seeds from each  t reatmen t p l us a 

con tro l  were p l aced  on b l o tters (25/b l o tte r )  i n  Copen ha gen ge rmi nato rs 

an d i n cubate d  under  n a tural  l i gh t  a t  20 ° C .  Ten days l a te r seedl i n g s  

were exami n e d  and percen tage i n fe ct i on , seed g e rmi n a ti o n  an d phyto tox i ci ty 

re co rde d  a n d  compare d  wi th  the con tro l . 

When app l i ed a t  fu l l  s tren gth a l l fung i c i des pre ven ted seedl i n g 

i n fe cti o n  (Tab l e 61 ) .  However , w i th the exce p t i on o f  benomyl  an d 

carben da z i m the re was evi dence o f  s i gn i fi can t s tun ti n g  o f  seedl i n gs . 

Dodi ne was extreme l y  phyto toxi c ,  reduc i n g  seed l i n g  eme rgen ce to 20% . 

At  h a l f s t ren g th ( 0 . 5x )  a l l fung i c i des p re ven ted s e e dl i n g  i n fect i on , 

wi tho ut  e v i dence o f  p hyto toxi ci ty .  

A t  q u arter  s tren gth ( 0 . 25 x )  ch l o ro thal on i l ,  captafo l  an d t h i ram 

fai l e d  to p revent  seedl i n g i nfec ti on . 

( C )  SEE D TREATMENT STUDI ES I N  SO I L  

See d  treatmen t chemi ca l s may be abso rpe d to col l o i ds an d s o i l 

parti c l e s  and thei r effecti veness  re duced acco rdi ng l y .  Th i s  re ducti on i s  

terme d - • the abso rp t ion facto r •  (Mu l de r ,  1 9 43 ) . I t  i s  therefore 

i mpe ra ti ve tha t  promi s i n g  fung i ci des be tes ted  un der  fi e l d  con di ti o n s . 

Seed  s amp l es of  P. de ltoides cv . NE  245  (2 . 0g a p p rox . 4000 s e e ds ) we re 
contami n a ted  by i mme rs i on i n  20ml con i di a l s uspensi ons  o f  M. brunnea 

(20 0 , 000  con i di a/ml } .  The seed was v acuum dri e d  an d dus te d  wi th  MB C ,  
carben da z i m ,  benon� l , captafol , dodi ne , th i ophanate , th i ram an d 

chl oro tha l on i l a t  0 . 5x and  0 . 25 x .  The dusted  seed p l u s  a con tro l were 

so\'m o n  s teri l i ze d  s o i l an d ge rmi nate d  i n  a mi s t  cabi ne t .  Seed l i n g s  we re 

exami n e d  fo r i n fecti on an d phyto toxi c effects  ten days  l a te r .  Ge rmi n a ti on 

was as s e s se d  by s ubj ecti ve compari son w i th the  con t ro l . 

The  res u l ts ( Tab l e  62 ) s how tha t  a l l fun gi ci des tes te d  p re ve n te d  

seedl i n g  i n fecti ons when appl i e d  a t  0 . 5x .  MBC , benomyl , carbe n d a zi m ,  

t h iophan a te and do d i ne we re a l s o  effecti ve when app l i ed t o  see d a t  0 . 2 5x . 
No de tri men tal effects on seed germi nat ion  or s eedl i n g g rowth we re 
observe d .  



--

TABL E  6 1 : Infl uen ce o f  fun g i ci de treatmen t o f  pe rcen tage seed germi nat ion and  pe rcen ta ge seedl i n g  i n fecti on on 
5 1  o tters 

Fun g i ci de 
xa 

Fun gi c i de Con cen tra ti o n  
Trea tment  0 , 5 X  0 . 25X 

% Germi nati on  % I n fecti on % Ge rmi n a ti o n  % I n fecti on  % Germi n a ti on % I n fecti on  

MBC 71 . 5  0 . 0  74 . 5  0 . 0  78 . 0  0 . 0  
ca rben daz i m  6 7 . 0  0 . 0  70 . 0  o . o  78 . 0  0 . 0  
benomyl 75 . 0  0 . 0  76 . 0  0 . 0  84 . 0  0 . 0  

cap tafo l  76 . 5  0 . 0  74 , 0  0 . 0  80 . 0  3 . 5  

do di ne 20 . 0  0 . 0  65 . 0  0 . 0  79 . 5  0 . 0  

thi ophan a te 66 . 5  0 . 0 70 , 0  0 . 0  72 . 0  0 . 0  

eh 1 o rotha l an i l 64 . 0  0 . 0  69 . 0  0 . 0  73 . 0  1 . 5  

thi ram 6 9 . 0  0 . 0  72 . 0  0 . 0  70 . 5  1 . 5  

t�1 l  cC  79 . 0  1 2 . 0  76 . 0  14 . 0  74 . 0  13 . 0  

� l l l l i I ' ll \ 1 \ \ I ' 
� • :.1 1 3 . 0  7 7 . 0  14 . 0  74 . 0  15 . 0  

-

66 . 5 1 6 • 0 
a 72 . 1 3 • 7 76 . h . o 

\ Mean germi n ati o n  

a X Undi l uted formul ate d  p ro duct . 0 . 5X Hal f formul a te d  p ro duct,  0 . 25X Quarter formul a te d  product 

b Standard devi a ti on  
c tal c di l u ta n t  

I 

\ 

...... ....... w 
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TABL E  62 : In f"l uence of  fun gi" d de tre a tmen t on pe l�cen ta ge seedl i n g  
i n fe cti on  i n  so i l 

Fun g i c i de Fun gi c i de 
0 .  5 X  a Stren gth 

Tre a tme n t  

MBC 0 . 5  

ca rben d a z i m  0 . 0  

benomyl 0 . 0  

cap ta fo l  0 . 0  

do d i ne 0 . 0  

th i ophan a te 0 . 0  

c h l o ro th a l on i l 0 . 0  

Th i ram 0 . 0 

ta l c 12 . 0  
con tro l  1 0 . 0  

a 0 . 5 X  = Ha l f formul a te d  produc t 
0 . 25 X  = Qua rter formu l a ted pro duct 

0 . 25 X  

0 . 0  

0 , 0  

0 . 0 

1 . 5 

0 . 0  

0 . 0  

2 . 0  

1 . 0  

TABLE  6 3 : I n f l uence o f  fun gi ci. de t rea tmen t an d s to ra ge t i me on 
pe rcentage s ee d  germi n a ti on  a n d  seedl i n g i n fe cti on  on b l o tte rs 

Fun gi c i de Dusted & Sown Dus ted & S to red (4 mon th s } 
Trea tmen t % Ge rmi nat ion  % I n fecti on % Ge rmi n a ti on % I n fecti on 

MBC 68 . 0  0 . 0  71 . 0  0 . 0  

ca rben daz i m  72 . 0  0 . 0  6 8 . 0  0 . 0  

benomyl 74 . 0  0 . 0  75 . 0  0 . 0  

captafo l  72 . 0  0 . 0  7 3 . 0  0 . 0  

do di  ne 63 . 0  0 . 0  2 2 . 0  0 . 0  

t h i o ph an a te 68 . 0  0 , 0  6 5 . 0  0 . 0  

c h l  o rotha  l on i l 6 7 . 0 0 . 0  6 6 . 0  0 . 0  

th i ram 70 . 0  0 . 0  6 9 . 0  0 . 0  

ta l c  74 . 0  1 2 . 0  7 0 . 0  15 . 0  

con tro 1 75 . 0  16 . 0  7 3 , 0  13 . 0  

Jvlean % 70 . 3°  6 5 . 2  
Ge rmi na ti on , 3· . 8 1 5 . 5 

a S tandard  dev i a ti on 
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( D }  I N FLUENCE O F  SEED  TREATMENT O N  V IAB I L ITY O F  STORE D S E E D  

The e ffec ts o f  seed tre a tme n t  chemi ca ls o n  seed v i a bi l i ty d u ri n g  

s to rage a t  sub-zero tempera ture s  were i nves t i gated . Seed  s amp l es  

(2 . 0g appro x .  4000 seed}  of P.  de ltoides cv . NE  245 we re con tami n a te d  

(2 00 , 000 coni d i  a/ml ) a s  i n  p re ceedi  n g  expe d me n ts . The seed  was dri e d  

an d dusted  wi th MBC , carbendaz i m ,  ben omyl , capta fo l , c h l orotha l on i l ,  

dodi ne , th iophanate and  th i ram d i l u te d  to 0 . 5 x .  H a l f  o f  th� see d ( l . Og )  

was s tored  wi th a des i ccan t ( s i l i ca gel } a t  - l8 ° C  fo r fou r mon th s . The 

rema i n i n g seed  \-Jas p l ace d  on b l o tters (400 seed/ treatmen t ,  25/b l o tte r )  

a n d  germi n a te d  i· n Copen hagen ge rm i na to rs un de r  natura 1 1 i g h t  a t  2 0 °  C .  
Afte r 1 0  days percen tage ge rmi n a t i on and  pe rcen tage see dl i n g i n fect ion 

were re co rde d .  Fou r  mon ths  l a te r  the fun gi ci de treate d  seed  s to re d  a t  

- l 8 ° C  was s i mi l ar ly  sown on  b l o t te rs a n d  exami ne d .  

Wi th  the excepti on o f  dodi ne , s torage o f  treated  seed  fo r four 

mon ths d i d not  a ffe ct  ei the r  ge rmi n a ti on o r  see d l i n g v i go u r  ( Ta b l e 6 3 ) . 

I gno ri n g  do di ne , the me an pe rcen tage ge rmi n a ti on o f  seed  s own i mme di a te l y  

a n d  seed  s to red  for four  mon th s  wa s not  s i gn i fi can tly d i ffe re n t  ( t-tes t ,  

P >0 . 05 } .  Storage of  treate d  seed  d i d not  d i mi n i s h the  e ffe c ti vene s s  

o f  fungi ci des i n  con tro l l i n g  M .  brunnea .  Acco rdi ng ly , wi th  t h e  exce p t i on 

o f  dodi ne , popl a r  seed may be dusted  a n d  s tore d  s afe l y  wi th  the fung i c i de s  

l i sted  i n  Tab l e  63  fo r at  l ea s t  fo u r  mon th s . 

D I S C U S S I ON 

The so l ut ion  to al l seri o u s  pop l a r  d i seases i s  s een  i n  the b ree d i n g  

a n d  s e l ecti on o f  res i s tan t cu l ti vars , a d i ffi cu l t . tas k  i n  v i ew o f  the 

wi de host  ran ges of  Marssonina brunnea an d Me lconps01�a s pec i e s . The 
above s tudi es  have es tabl i sh e d  that  M. brunnea was p rob a b l y  i mpo rte d  i n to 

New Zeal and  on th e s urface o f  pop l a r  seed  as con tami n a ti n g  con i d i a . 

Al though unp�oven , i t  i s  i n vi t i n g  to s pe cu l a te that M. brunnea was 

s i mi l a rl y i n tro duced i n to Eu rope i n  the 1 960 ' s  on !X) pl a r  seed an d/or cuttings irrpo rte c 

from the Un i ted Sta tes . S i n ce b reedi n g  p rogrammes a re o ften depen dan t  

upon i n te rn a ti ona l  exchan ge o f  seed  i t  i s  essen ti a l  tha t  a l l pop l ar 

seed co l l ec ti on s  be trea te d  wi th  fun gi ci de .  The th ree ben z i mi d�zo l e  

deri ve d compo un ds MBC , carben da zi m a n d  benomyl were o u ts tan di n g l y  e ffe c ti ve 

aga i n s t  M. b1�nnea and shou l d ro u ti ne ly  be used to tre a t  s ee d .  

I n  re cen t yea rs the devel opmen t o f  res i s tance by fun gi  t o  systemi c 
· fun g i ci des has become a p rob l em ( Bo l l en & Scho l ten , 1 9 7 1 ; Ruppel  & Sco tt ,  
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1974 1 a con sequence of frequen t ,  un i fo rm app l i ca ti ons . Howe ve r  i t  i s  

s pecul a te d  tha t  s t ra i ns o f  M. brunnea res i s tan t to sys temi c  fungi c i oes  

a re un l i ke l y  to  deve l op in  v i·ew o f  the  h i gh cos t i nvol ved  i n  re gu l a rl y  

s p raytn g  s u ch l arge trees . However s hou l d re s i stance deve l op  a l tern a ti ve 

compo unds a re avai l ab l e .  

The ri s ks o f  i n troduci n g  a d di t i on a l  s pec i es  o f  Marssonina a n d  o ther  

pathogens  i n to New Zea l an d  on  popl a r  seed  wo u l d be  appre c i a b lY re duce d i f  

tne fo l l owi n g  p roce dures we re a dhere d  to . 

1 .  I f  seed  co l l ecti ons were made on l y  from mo ther t rees  known to be 
free of d i sease and prefe rab l y res i stan t to Marssonina� Me Zampsora an d 

Septoria s pec i es . 

2 ,  I f  seed  was extracted from the ' co tton • i n  the country o f  o ri g i n by 
the apparen tly mo re effecti ve a i r b l a s t  me tho d .  

3 .  I f  pri o r  to d i spatch the  c l e aned  seed was duste d  wi th e i ther  MBC ,  

ca rbenda z i m ,  benomyl , captafo l , dodi ne , th i ophanate ,  c h l o rotha l on i l  o r  

t h i ram app l i e d a t  h a l f s tren gt h  o f  fo rmu l a te d  produc t .  

4 .  I f  seed l i ngs  ra i sed  from i mpo rte d seedl i nes  we re grown i n  i so l a ti on 

from adjacent  popl a rs and i n s pecte d  re gu l ar ly  fo r symp toms for the fi rs t 

yea r .  

Shou l d caps u l e s o r  un treate d  seed b e  re cei ve d ,  a h ea l th tes t  mus t be 

con ducted us i n g e i ther the Bo l l ey or l eaf  d i s c  patho gen i c i ty tes t .  I t  i s  

i fuperati ve tha t  s uch seed be dus te d  pr i o r  to sowi n g .  
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CHP.PTER 6 
PATHOGENES I S  OF f··1ARSSON I NA S PEC I ES TO POPLARS 

A.  HosT PENETRAT I ON 

The o n l y  avai l ab l e i n fo rmati on pe rta i n i n g  to penetra t i o n  o f  popl a r  

l eave s  by Marssonina spec i es i s  p rov i de d by invitro an d invivo s t ud i e s  o f  
M. brunnea by Hea ther  e t  a l  ( 19 75 ) who fo un d tha t : 

" some tubes en te re d s toma ta a l tho ugh th ere was no p ron o u n ce d  tro ph i c growth 
of  tubes towa rds the s e .  Some tubes fo rmed appres sori a an d pene tra te d the 
hos t  s ur fa ce di rect ly  at  the mi ddl e l arre l l a  of a dj o i n i n g  ep i derma l ce l l s " .  

I n  the fo l l ow i n g  s tudi es pene tra t-i on o f  popl ar l eaves by M. br>unnea was 
i n ve s ti gate d  by l i gh t ,  scan n i ng  an d e l e c tron mi croscopy . 

Ma te ri a l s an d Me thods 

Lea f  di s cs ( 2 . 5  cm di am . ) from ma ture l eave s  of  P.  nigra cv . I ta l i ca 

' Au rea ' we re i nocu l ate d  on the a daxi al s urfa ce ( 5 0 ,000 con i d i a / d i s c )  wi t h  
i nocu l um o f  M .  brunnea from PDA cul ture . Fo l l owi n g  i n c ub a ti o n  a t  2 0 ° C  

i n  con ti n uous  l i ght  fo r 1 2  hours , l ea f  d i s cs we re exami ned  a s  fo l l ows : 

( a )  L igh t  Mi cros copy Lea f  di s cs were c l eare d  a n d  s to re d  i n  a mi xt ure o f  

95% e thyl a l coho l an d gl aci al aceti c ac i d ( 1 : 1 ) .  The c l ear i n g  p ro ce s s  wa s 

fac i l i tate d  by the natura l ly  l ow ch l o rophyl l con tent o f  P.  nigra cv . 

I ta l i ca ' Au re a ' ( go l den po pl ar } . Pri o r  to mi cro s cop i c exami n a ti on  ( 5 00 x }  
sma l l s qua re s  of  l ea f  ti s s ue we re s ta i ned wi th  0 . 5% a c i d fuchs i n  i n  

l ac topheno l . 

( b )  Scann i ng E l ec tron Mi croscopy Le af  di scs  we re a i r dr i e d  a n d  g l ue d to 

me ta l s tubs , coated wi th gol d-pa l l adi um an d exami ned w i th a Cwi k s ca n  100  
fi e l d emi s s i on s cann i n g  e l ectron mi cros cope . I n  addi t i on , the  tech n i q ue 

deve l oped  by S ta ub et al ( 19 74 )  wa s u s e d  to observe pene tra t i on ho l es . 

Th i s  i n vol ve d coveri n g  l ea f  d i scs wi th  l i qu i d ge l a ti n e  ( 2 5 %  aq . w/ v )  a n d  

ai r dryi n g  o vern i ght a t  20 ° C .  Twel ve ho urs l a ter  t h e  th i n ,  h ard  ge l a ti ne 

s k i n was peel e d  off removi n g  con i di a ,  ge rmtubes and pene tra ti on  pegs . The 

pee l e d  l ea f  d i scs  we re furthe r a i r d ri ed  pri o r  to observa t i o n  i n  the 
s cann i n g  e l e c tron mi cro s cope . 
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( c )  Transmi s s i on E l e ctron Mi croscopy Sma l l  pi eces o f  l ea f  ti s s ue 

( 3mm2 ) we re fi xe d i n  3% g l uta ra l dehyde + 2% fo rma l dehyde i n  phosphate 

buffe r an d p re pared fo r e l ectron mi cro s copy ( Append i x 8b ) .  Ser i a l  sect ions  

thro ugh ge rmi na ti n g  con i di a  were e xami ned  w i th a Phi l i ps EM200 E l ectron 

Mi cros cop e . 

RESULTS 

( a )  L i gh t  Mi cro scopy Germi n a ti n g  con i d i a  o f  M. brunnea commo n l y  fo rmed 

a s i n g l e germ tube from the l a rge r ce l l o f  the con i di um . Germ t ube 

extens i on was l i mi te d  ( <30 u )  and d i re c t  pene tra t i on often fo l l owed on l y  

10u exten s i on . Con tra ry to the report by Heather  et a l  ( 19 75 ) , appres sori a 

were not  forme d  and penetra ti on was n o t  confi ned  to the mi dd l e l ame l l a  o f  

adjo i n i n g  cel l s  ( Fi g .  119 ) . Ge rm tubes o ccas i on a l ly  pene tra te d  l eave s 

through  s toma ta ( Fi g .  120 ) . I n  some i ns tan ces ge rm tubes exten ded d i re ct ly  
over  s tomata . 

( b )  S cann i ng E l ectron Mi cros copy Eme rgence o f  germ tubes i n vo l ve d 

crack i n g  o f  the oute r con i di um wal l ( Fi g .  1 2 1 ) .  Germ tubes  pene trate d the 

l eaf s u rfa ce d i rect ly  wi tho u t  forma ti on  of appre s sori a ( Fi g . 122 ) .  Remova l  
of  con i di a  wi th gel ati ne revea l e d perfo ra t i ons  t h rough  whi ch  penetrati on  

pegs h a d  en tered the l eaf .  The  pene tra t i on ho l es were c i rcu l a r  and  meas ured 

0 . 6 - 0 . Su i n  di ameter .  The edges of the pe rfora t i ons  were smooth an d i n turned 

wi th l i tt l e defo rmati on of the s u rro un di n g  cuti c l e .  One ho l e  was di s t i n c tl y  

b i furc a te d  s ugges t i n g  that the penetra ti o n  pe g w a s  fo rked  ( F i g .  1 23 ) . 

( c )  Transmi s s i on E l ectron Mi cros copy . D u ri n g  con i d i a l  ge rmi nati on the sep ta l 

pore became plugged wi th e l ectron - dense  materi a l  a nd  s ea l ed by wa l l  over­

g rowth whi ch effe cti vely  i so l ated the two cel l s  of the  con i d i um ( Fi g .  1 24 ) . 

Cel l s  o f  ge rmi n a ti n g  coni di a were un i n u c l e a te an d con ta i ned extens i ve 

endop l asmi c r�ti cu l um ,  mi tochondri a and  r i bosome s . 

Ge rm tubes a rose  enterob l ast i ca l l y and  as  t h ey extended , vacuo l es  

formed i n  vacate d  po rti ons o f  the  con i d i um ( Fi g .  1 2 5 ) . Vo i de d  regi on s 

o f  the  con i d i um were l i ned  by a th i n  l ayer of  cytopl as m  boun ded  by the  
p l a sma l emma and tonop l ast . Germ t ubes con forme d c l o s e l y  to s urface 

i rregu l ari t ies , re fl ecti n g  thei r p l a s ti c s truc t u re a n d  were parti a l l y  o r  
tota l l y  s u rro un ded  by muci l a ge .  
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The fi rs t i n di ca ti on that  pene tra ti on was to be i n i ti a te d  wa s a 

dark l y  s ta i ned  l owe r germ tube wa l l ,  i ts s tructure po s s i b l y  a l te red by 

en zyma ti c a cti y i ty .  I n  one i ns tan ce a l omasome ( poss i b l y  the  o rgane l l e  

re s pon s i b l e for en zyme secre ti on ) was observed b e tween the p l a smal emma an d 

the germ tube wal l ( F i g .  126 ) . The ge rm t ube wa l l became t h i nner  an d a 

pore ( 0 . 5- 0 . Bu d i am . ) fo rmed i n  the cen tre o f  the  germ t ube  wa l l  i n  con tact  

w i th the c u ti c l e ( Fi g .  12 7 ) . Pri o r  to d i s so l u t i on of  the ge rm t ube wa l l  

the p l asma l emma mo ve d upwa rds away f rom the germ tube wa l l  a t  the s i te o f  

po re forma t i o n  ( Fi g . 12 8 ) . 

Pene tra ti on i n vo l ved  the fo rma t i o n  of  a pene tra ti o n  peg  wh i ch was 

naked wi tho u t  a cel l \.;a l l o r  pl asma l emma ( Fi gs .  129 , 1 30 ) . Pen e tra t i on of 
the c u ti c l e and epi de rmi s was a s s umed to be the res ul t of e n zyma ti c 

act i on s i nce  the i n fecti on  peg made a c l ean pas sage th rou g h t  the c u ti c l e .  

The l ate r s tages o f  pen tra ti on we re not  obs erve d . Howeve r fo l l owi n g  

passage  thro u gh the cut i c l e an d ep i de rma l ce l l wa l l , hyphae we re covered 
wi th a p l a sma l emma an d a cel l wa l l .  

D I SCUSS I O N  

Con trary t o  the obs erva ti ons  o f  Hea ther  e t  a l  ( 19 75 ) , pene tra ti on by 

M. brunnea freq uen tl y occurred wh i l e  the ge rm tube wa s s ho r t  ( <30 u ) , and 

w i thout the fo rma tion  of  an appressor i um.  Pri o r  to ge rmi n a ti on the two 

cel l s  of the con i di um we re effe c ti vel y  i so l a te d  by s e p ta l  po re p l ugg i n g  
a n d  wa l l  ove rgrowth . S i nce both _ ce l l s of  the con i di um we re capabl e o f  

fo rmi ng ge rm tubes i t  fo l l ows t h a t  a s i ngl e con i d i um c o u l d e s ta b l i s h two 
i n fecti on  foci . 

Trans mi s s i on el ectron mi cros copy s howe d that  germ tubes  con fo rme d 
c l ose ly  to s u rface i rregul ari t i e s  and  di d not  a l ter the  s tructure o f  the 

c u ti c l e except at the poi n t  of penetrati on . S canni n g  e l e c tron mi cros cope 

stud i es con fi rmed these  observa ti ons  s i nce no germ tube  i mp r i n t  i ma ges  

rema i n e d  fol l ow i n g  gel a ti ne tre a tmen t ,  as re po rted by S ta u b  et al  ( 1 9 74 )  

for Erysiphe graminis . 

Muc i l a ge aro und  the ge rm tube secure ly  fa s tene d the ge rm tube  to the 
cuti c l e  b ecause i t  was not di s l o d ged duri n g  e l ectron mi c ro s c o py p repara to ry 
p rocedure s . E s s en ti a l l y s i mi l a r observa t i o n s  were ma de by Me  Keen  ( 1974 ) 
for Botrytis cinerea . 
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In genera l , ev i dence from e l e ctron mi cros copy i n di cate s  t h a t  en zyma ti c 

acti v i ty p l ays an i mpo rtan t ro l e  i n  ce l l  wa l l penetrati on ( Wheel e r ,  19 75 ) . 

I n  th i s  st udy the i n fection  peg o f  M. brunnea b reached the host  wa n ·  s o l e l y  
by en zymati c acti on . The zone of  hos t wa l l  a l te ra ti on was n a rrow an d 

restr i c te d  to the ho s t  wa l l  s urround i n g  the i n fe c ti on pe g ,  s ugge s ti n g  tha t 

di ffus ab l e extra ce l l ul a r en zymes we re no t p ro duced  i n  l arge q uan ti ti e s . 

Furthe r ,  i n fe cti on  pegs of  M. brunnea we re naked  i n  con tra s t  to those  o f  
Botrytis cinerea wh i ch we re cove red by the  pl asma l emma ( McKee� , 1974 ) , an d 

those  of  Co l letotrichum graminico la ( Po l i t i s  & Whee l er ,  1 9 73 ) , Erysiphe 

graminis ( Edwa rds & Al l en ,  1970 ) , an d Pleiochaeta setosa ( Harvey , 19 7 7 ) 
wh i ch we re cove re d by a th i n  cel l wa l l .  The naked  i n fe c ti on  pe g furth e r  

ru l es o u t  mechan i ca l  pene tra ti on s i n ce the naked  p e g  wou l d n o t  wi ths ta n d  

the b a c k  th rus t requ i red t o  force the peg  th ro ugh the ho s t  wa l l . 

A l though  s toma tal  pene trati on was n o t  obs erve d by e l e c tron mi c ro s copy 

hyphae en teri n g  s toma ta wou l d be expected to d i rec tly e n te r  cel l s  a dj o i n i n g  

the s tomata l ca v i ty wi tho u t  forma t ion  o f  a n  i n fe c ti on p e g ,  a s  reported by 

Harvey ( 19 7 7 )  for Pleiochaeta setosa . 

B .  P�T H O LOG I CA L  CHAN G ES I N  U L T RA S T R U C T U R E  

There a re n o  publ i s hed  repo rts s pec i fi ca l l y  des cr i b i n g  the e s tab l i s h ­

men t a n d  s prea d  o f  i n fecti on o f  Marssonina s pe c i es wi th i n  pop l a r  l ea ve s . 
I n  the fo l l owi n g  studi es the spread o f  i n fe c ti on  and a s s o c i a te d  u l tra­

s tructural  chan ges of  host ti s s ue were i n ves t i gated  by l i gh t  and t ra n s ­

mi s s i on e l ectron mi cros copy , 

Materi a l s and  Me thods 

S i n gl e  i so l a tes of M. brunnea (B r  5 ) , M. populi ( Po  44 ) ,  a nd  
M. castagnei (Cs 35 ) ,  were used to  i no cu l a te the  fo l l ow i n g  s pec i es o f  
pop l ar : 

( i ) M. brunnea - P. nigra cv . I ta l i ca ' Au rea ' ,  P. nigra c v .  Vert  de 
Garonne , P. x euramericana cv . 1 154 anrl  P. x euramericana c v .  Rob u s ta , 

P. a lba x P. nigra cv .  Sempe rvi rens  cv . Ma re g 2 .  

( i i } �opu li - as  for M. brunnea above . 

( i i i ) M. castagnei - P. alba New Zea l and  Ol d C l one a n d  P. a lba x P. nigra 

c v .  Sempe rvi rens cv . Mareg 2 .  
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Leaf di s cs ( 2 . 5  c m  d i am . ) from ma ture l ea ve s  of the a bo ve c l ones  

i ns erted i n to p l ates  o f  2%  WA we re i nocu l a ted  on  the adaxi a l  s urface wi th  

con i d i a l  s us pen s i ons  ( 5000 con i di a/ di s c )  of  the res pec t i ve Marssonina 

s pec i es an d i n c ubate d  at 20 ° C  wi th a 1 0  hour  wh i te l i gh t  pho tope ri o d .  

Fo l l owi n g  3 ,  6 and  1 2  days i n cuba ti on s ma l l p i eces  ( 3mm2 ) o f  i n fecte d  

l ea f  ti s s ue we re fi xed i n  3 %  gl utara l dehyde + 2%  fo rma l dehy de i n  p ho s p h a te 

buffe r and  p rep are d  for e l e ctron mi cro s copy ( Append i x 8b ) . Th i n  secti ons  

were cut  and  s tai ned wi th 0 . 5% to l u i di ne b l ue fo r l i gh t  mi cro s co pe 
exami nati o n . For compara t i ve purposes , hea l thy l eaf  d i s cs i n cuba te d  under  

i de n ti c a l  con i d i t i on s  for 6 days we re a l s o p repare d  for e l e c tron 
mi c roscopy .  

RESULTS 

( A )  Hea l thy Leaf Ti s s ue 

C e l l s  of  the ep i de rmi s ,  pa l i s a de and  mesophyl l t i s s ue d i ffered i n  

s i ze ,  s ha pe , exte n t  o f vacu o l ati on an d n umber o f  ch l o ro p l as ts . I n d i v i dua l  

ce l l s  con ta i ne d  one  o r  mo re vacuo l es bo und  by a tonop l a s t  memb rane , a 

n ucl eus , d i ctyosomes ,  pero xysomes , mi tochon dri a and  ri bosomes bo th free 
i n  the cyto p l asm an d boun d to the en dop l asmi c re ti cul um . C h l oropl a s t s  

n umbere d  from one t o  twen ty fi ve an d vJe re c i rcul ar to e l l i p t i ca l  i n  o u t l i ne .  

The ch l o ropl asts we re bound by a dou b l e memb rane encl o s i n g  the  s t roma 

wh i ch con ta i ned  grana , i n tergrana l  l amel l ae and osmi o p h i l i c p l a s tog l o b u l i 
( Fi g .  1 31 ) . 

An u n u s ua l  fea tu re occas i on a l l y observed i n  the s t roma o f  ch l o ro ­

p l a s ts were n ume ro us ri bosomes a rr·an ge d  i n  cyl i nders . A s  fa r a s  t h e  a utho r 

i s  awa re th i s  phenomenon has no t previ o u s l y  been repo rte d fo r ch l oro p l asts  
o f  pop l ars  or  o ther s peci es . 

( B )  I n fe c ted  Lea f  Ti s s ue 

1 .  Marssonina brunnea 

Hyphae o f  M. brunnea i nvade d a l l  four  hosts s i mi l a r l y  and  th ree days 

a fte r i no c u l a ti on  were wel l estab l i s h e d  i n  e p i derma l ce l l s ,  to ta l l y  
d i s rupti n g  cel l u l a r con ten ts ( Fi g ,  1 32 ) .  Gua rd and s u bs i d i a ry ce l l s  o f  

s toma ta were a l so penetra te d a n d  s toma ta rema i ned c l osed  ( F i g .  133 ) . Some 

pene tra t i on o f  pal i s a de ti s s ue a l s o occurre d .  
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S i x days afte r i nocu l a ti on hyphae h a d  rami fi e d  e xten s i vel y wi th i n  

ep i de rmal ce l l s  penetra ti n g  l a te ra l  a nd  hori zonta l  wal l s .  E p i derma l ce l l s  
were o ften compl ete l y  fi l l e d  w i th hyphae ( F i g .  134 ) . P a l i s ade an d 

mesophyl l ce l l s  an d i n tercel l u l ar ai r s paces we re a l so exten s i ve l y  pene tra te d  
( Fi g .  135 ) .  

Wi th i n twe l ve days of  i nocul a ti on bo th the ep i derma l · an d p a l i s a de 

ce l l s  we re compl ete l y fi l l e d  wi th hyphae ( Fi g .  1 36 ) . �1i th i n  the ep i de rmi s ,  
l a te ra l wa l l s  were e ro ded  by en zyma ti c a c ti on . Pres s u re by con i d i a fo rme d 

from un derl y i n g  con i d i ophores caused the  c u ti c l e  an d rema i n s  o f  the upper  
ep i derma l cel l \-Ja l l to bu l ge upwards rupturi n g  the  cut i c l e and  ep i derma l 

wa l l ,  expo s i n g  the con i di a .  Acervul i  o f  M. brunnea we re thus  forme d 
i n traep i derma l l y  ( Fi gs .  1 3 7 ,  138) . 

I n  some i n s tances duri n g  ear l y s tages  o f  cel l pene trati on , hyp h ae 

were con fi ned  to va c uo l es o r  were i n  the  cytopl asm caus i n g  l i tt l e 

di srupt ion  to ce l l u l ar con ten ts ( Fi g .  1 39 ) .  Even tua l l y  hyp hae rup t u re d  
the tonopl ast  caus i n g  the va cuo l a r  a n d cytop l asmi c con ten ts t o  be 

i n termi xed compl e te l y  d i s rupti n g  ce l l s t r ucture . The cytop l asm became 

gran u l a te d  and the chl orop l asts  l os t  s t ruc tUl�e ( Fi g ,  140 ) . I n i t i a l l y  

t h e  thyl akoi d sys tem di s i n tegra te d  an d l a ter  the chl orop l a s t  memb rane  

ruptured re l e as i n g  the  con ten ts i n to t h e  gran u l a ted  cyto p l asm ,  wi th  o n l y  

the i n tergrana l  l ame l l ae and  o smi o p h i l i c  g�an u l es  remai n i n g  di s ce rnab l e .  

Other cel l u l ar organel l es (nuc l eus , m i t o c hondri a ,  peroxysomes ) , we re not  

d i s ce rnabl e wi th i n  t he  gran ul a te d  cyto p l a sm and  presumabl y  we re s i mi l a rl y  
di s ru p te d .  Ce l l s  became mo ri b un d  o n l y  fo l l owi n g  hyphal  penetra ti on 

s i nce  seve re l y  d i s rupted  and  hea l t hy c e l l s  were obs erve d a dj a cen t to each  
o ther  ( Fi g .  14 1 ) .  

Hyph ae pene tra te d  d i rec tly  t h ro u g h  wal l s  of host ce l l s  becomi n g  
th i nn e r  a s  they passed through wa l l ma t e ri a l . A septum was common l y  

fo rme d  i n  the penetrati n g  hyphae s o o n  a fter pene tra t·i on . Hypha l penetra ti on 

was pri n c i pal l y  en zymati c a l tho u g h  o c ca s i on a l  d i sto rtion  s ug ge s te d  some 
mechan i ca l  fo rce was i nvo l ve d .  

fi b ri l s  we re common ly obs erve d .  

T h e  d i ges te d  en ds o f  hos t  wal l mi cro ­
A 1 tho u g h the zone o f  c e  1 1  w a  1 1 

mo di fi cati on was na rrow , some l ea�ase  o f  en zymes from hyp h ae o ccurred as  

evi den ced  by the  a l tered  s tai n i n g  p ro ;:; e rti es  of  ce l l  wa l l s  ( Fi g .  142 } .  
The mo de o f  cel l \"a l l penetrat i on  by i n trace l l u l ar  hyphae a n d  hyphae 

w i th i n  i n te rce l l u l a r a i r s pace s  wa s · ::e n t1 ca l . I t  i s  suggested  the con i d i a l 

ge rm tubes ente ri ng i n terce l l u l a r a i r s pa ces  through s toma ta wo ul d 
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s ubsequently  pene tra te ce l l s  d i re ct ly  ( as de scri bed  above ) , ra ther  than 
formi n g  an i nfecti on peg ( Fi g . 143 ) . 

Lomasomes we re freq uen t ly  obs erve d i n  the ap i ces o f  hyphae pene­

tra ti n g  cel l wal l s  an d we re s i mpl e o r  compl ex s truc tures  cons i s t i n g o f  

fe\'i o r  many ti ght ly  wo und coi l s  o f  p l a sma l emma ( Fi g .  144 ) .  I n  v i ew o f  
the i r common occu rrence i n  the ap i ces o f  pene trati on hyphae these  s t ru c tu re s  

may be  res pon s i b l e fo r the p ro duct ion o f  enzyme s wh i ch degrade ce l l  wa l l s .  

M i tochon dri a and  nume rous ri bosomes we re a l s o  commonly  observed near the  
ap i ce s  o f  pene tra ti on hyph ae . 

Cel l s  reacted  to pene tra t i on by hyphae dependi n g  on whe ther  the 

i n fe c ti on was pri ma ry or secondary an d a cco rdi n g l y  the l eve l of ce l l u l ar 

de grada t ion . I n  the case o f  pri mary i nfecti ons , heal thy c e l l s  reacte d  to 

the p re sence of hyphae adpressed  to the oute r  cel l wa l l  by i n creas i n g  the  

amo un ts o f  endo p l asmi c re ti cu l um an d n umbe rs of  r i bosomes i n  the cytopl asm  
a dj acen t to  the  poi n t  of con tac t .  Late r  the p l asma l emma move d away from 
the cel l wa l l  en c l os i n g an amo rphous e l e ctron opaq ue depos i t  ( Fi g .  145 ) .  

The s i ze o f  the depos i t  i n creased  grea t ly  an d i n vadi n g  hyphae became 
embedde d  i n  these l a rge compl ex s tructures , whi ch  often con ta i ned membrano us 
i nc l us i on s  ( Fi g .  146 } . I n  most  i ns tances , once hyphae had  pene tra ted 

these s tru ctures  they i n creased d i ame te r ,  wh i ch s ugge s ted  these  bo di es  
o ffe re d some re s i s tance to l a teral  hyph a l  expan s i on .  These s t ructu res  were 

mo s t  common l y  observed i n  the ap i ces o f  pa l i sade  cel l s  a t  the  j uncti on o f  
ep i derma l a n d  pa l i sade ti s s u e .  They we re a l so  fo rme d i ns i de l ate ral  wa l l s  
o f  pa l i s a de c e l l s  and i n  mesophyl l t i s s ue . 

Hyphae o f  M. brunnea were typ i ca l ly  e l e c tron den s e  w i th n umero us  
ri bosome s . They we re uni n ucl ea te , vacuo l a te an d l i pi d  bodi e s  were con�on . 
Pe rfo ra te septa  we re s i mpl e and were common l y  fl anked by u p  to fi ve 

Wo ron i n  bo di es  ( Fi g .  14 7 ) . 

2 .  Marssonina populi 
Hyphae of M. populi i nvaded host  t i s s ue i n  a s i mi l a r  manner to 

M. brunnea a n d  s i x  days a fter i nocul a ti on had  s pread  exten s i ve ly  th ro u g h ­

o u t  ce l l s  o f  t h e  pal i sade and mesophy l l ti s sues  ( Fi g .  148 ) . As wi th  

M.  brunnea� a ce rvul i on  P. x euramericana cv . Robus ta , P . x euramericana 

c v .  1 154 , an d P. nigra cv . Vert de Garonne we re fo rmed i n traep i de rma l l y  
( Fi g .  149 ) . . Howeve r on P. nigra cv . I ta l i ca ' Aurea • ,  hyphae  i n vaded 
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e p i derma l ce l l s  both subcuti cu1 ar ly an d i n traep i dermal l y  ( Fi g . 150 ) . 

Wi th s ubcuti cu l a r  i nvas i o n  the cuti c l e  became s eparated  from the uppe r 

e p i derma l wa l l  as  hyphae rami fi e d  extens i ve l y  u n der the c ut i c l e ,  

c u l mi nat i n g  i n  the fo rma ti on o f  con i d i o phores  a n d  con i d i a ( Fi gs .  1 5 1 ,  1 52 ) . 

Hyphae o f  M. popu li were mo rpho l ogi c a l l y  s i mi l a r  to thos e  o f  M. brunnea . 

3 �  Marssonina castagnei 

Hyphae rami fi e d  exten s i ve l y  thro ugho u t  host ti s s ue of P. a lba an d 

P. alba x P .  nigra Sempervi ren s cv . Ma re g 2 pene tra ti n g  p a l i s ade and  

nEsophyl l t i s s ues w i thi n s i x  days fol l owi n g  i nocul at ion  ( Fi g . 15 3 ) . As 

wi th M. brunnea and  M. populi, hyphae pene tra ted cel l wal l s  e n zyma ti c a l l y  

tota l l y  d i s rupti n g  cel l ul ar con ten ts an d l a rge e l ectron opaque s tru ctures 
. \ 

we re commo n l y  fo rmed when hyphae from ep 1 de rma l cel l s  pene tra te d under-

l yi n g  hea l thy pal i sade cel l s  ( Fi g .  154 } . Ace rvul i o f  M. castagnei we re 

a l ways fo rme d i n traepi derma l l y ( Fi g . 1 55 } . 

I n  con trast to hyphae o f  M. brunnea an d M. populi, hyphae o f  

M. castagnei were noti ceabl y  mo re vac uo l a te a n d  l i pi d bo d i e s  we re un common 
( Fi g .  1 56 } . 

D I SCUSS I ON 

The  a bi l i ty o f  hyphae o f  Marssonina s peci es to pene tra te cel l wa l l s  

wi tho ut apparen t me chani cal force s tron gl y s ugges ts tha t s peci fi c cel l 

wa l l  degra di ng  en zymes are produce d .  Th i s  i s  not  un u s ua l · fo r i t  i s  now 

wi de l y  a cknowl e dge d that �Dst  p l a n t  pa thogen i c  fun gi pro d u ce cel l wa l l  

degradi n g  en zymes ( Wheel e r ,  19 75 ) . A l thou gh b i ochemi ca l te sts  were not  

con ducte d  con vi nc i n g  evi den ce o f  en zyma ti c acti vi ty was provi ded  by 

u l tras tructu ra l  s tudi es wh i ch c l ear ly  showe d di gested ends  o f  ce l l wal l 

mi cro fi b ri l s .  I n  the l a te r s tages o f  patho genes i s  there was  wi des pread  
cel l wa l l  degrada ti on  wh i ch s u ggested h i gh l evel s o f  en zyme p ro ducti on . 

C l eavage o f  l a tera l  epi derma l ce l l wa l l s  enab l e d  the cuti c l e  a n d  uppe r  
epi de rma l wa l l  to b u l ge upwa rds en c l o s i n g  underlyi n g  con i di ophore s  an d 

con i d i a .  

S tructu res  s i mi l a r to " pap i l l ae "  repo rted by Po l i t i s  & Whee l e r  

( 19 7 3 )  for Co l lectotrichiwn graminico la i n fecti on o f  ma i ze and  " reacti on 

ma te ri a l " repo rted  by Mercer et  a l  ( 19 75 )  fo r C.  lindemuthianwn i n fe ct ion  

of  fre n ch bean we re connronly  observed i n  a l l hosts i n fecte d  by the  th ree 

Marssonina speci es . These s tructures appear  to be a commo ;·, a l tho ugh not  
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wi del y  re po rted phenonomen in ho�t-paras i ti c re l a ti o ns h i ps (Ehrl i ch & 

Ehr l i ch ,  1963 ; Chou , 1970 ) . r n  the presen t  s t u dy these  s tructu res  we re 

commo n l y  forme d by mos t  cel l s  i n  res ponse  to p r i mary i nfect i on , con tra ry 

to the report by �� rcer et a Z  ( 1975 } that  reac t i on ma te r i a l  deve l ope d i n  
the fi rs t cel l i nva ded (epi derma l ) and  o n l y  ra re l y  i n  s ub sequen tl y 

pene tra te d ce l l s .  They appea red  to fo rm i n  res ponse to s ti mu l a ti on o f  

the ce l l  v1a l l and  there fore were a l ways l o cal i se d  i n  the regi on di rec tl y  
bene a th pene tra ti ng hyphae . They h ave vari o us l y  been repo rted to con ta i n  
ce l l u l o se , l i gn i n ,  s ubertn an d a l ways po lysacchari des ( l�hee l e r ,  1975 ) .  

Al though con c l us i ve evi den ce i s  l ac k i n g  they a re thought  to i mpe de o r  

b 1 ock  pene tra ti on (Whee l e r ,  1 975 } .  Th i s  i s  s upported by the  o bserva t i on 
tha t i n fe c ti.on hyphae do not en l a rge u n ti l c l e a r  o f  these  s tructu re s . I n  

the p resent  study ho\-'Je ve r these s tructu res  were a l ways pene tra te d by 
t nva d i n g  hyphae , s ugges t i n g  tha t thet r contri b ut ion  to d i seas e 

re s i s tan ce was mi n i ma l . 

Hanchey & Whee l e r  ( 1969 } s ugge s te d  that  d i s ruption o f  the tonopl a s t  

and  s ubsequen t  mi xi ng  of  vac uo l ar an d cytopl a smi c con ten ts wo u l d res u l t i n  

cel l dea th as evi den ced by gran u l ati on o f  th e cytopl a s m .  Th i s  was 

con fi rme d s i nce cytopl asmi c con tents o f  i n fe c te d  ce l l s  b ecame s evere l y  

di s rupte d  o n l y  fo l l ow i ng rupture o f  the tonop l as t .  Pr i o r  to rupture 

cytop l asmi c organe l l es of  i n fecte d  ce l l s appeared normal . Cel l dea th was 

a ttri b ute d by Hanchey & Whee l er ( 1969 ) to a " ra p i d l os s  of ce l l u l a r osmo ti c  

prope rti e s " .  Duri ng  the i n i t i a l s tages o f  ce l l i n fe c t i on  hyphae of  

Marssonina spec i es i n s u cepti b l e ti s s ue occa s i ona l l y  a c te d  mo re l i k e  

b i o troph i c paras i tes i nfec ti n g  cel l s  w i tho u t  i n duc i n g  dea th . 

I n  the i r s t udi es of  the pa thogenes i s  o f  co rn l e aves {He lminthosporiwn 

maydis) a n d  l up i n  l e aves (PZeiochaeta setosa ) ,  Wh i te e t  al ( 19 73 )  a n d  

Ha rvey ( 1977 )  res pecti vel y  observe d tha t cel l ul a r con ten ts became mo r i bund  

seve ra l  cel l s  i n  a dvance o f  i nvadi n g  hyphae . Ha rvey ( 1977 ) l og i ca l l y 

a ttri b u te d  thi s res ponse to a d i ffus i o n  o f  me tabo l i te s  i n  a dvan ce o f  the 

fun gus . Ap paren tly Marssonina s pec i es  observe d i n  t h i s s t u dy do n o t  s ec re te 

s uc h  me tabo l i tes  s i nce i nfec te d  an d hea l thy ce l l s  were common l y  o bse rved 
i n  j uxtapos i ti on .  

I t  i s  apparen t that enzymes pl ay v i ta l  ro l e s i n  the p a thogenes i s 

o f  Marssonina s pec i es to popl a rs . En zymes are  req u i re d fo r the i n g re s s  o f  
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i n fe c ti on pe gs and  s ubsequen tl y en ab 1 e hyphae to rami fy i n di s cr i  mi n a t e l y  

thro u gho u t  host  t i s s ue .  

I n  v i ew o f  the i mpo rtan t ro h �  en zymes p l ay i n  p l a n t  pa tho gene s i s  

i t  i s  s u rp ri s i n g  tha t the exact s i te s  o f  en zyme secreti on  w i t h i n hyphae 

h ave not  been de termi ned .  McKeen ( 19 74 )  s u gge s ted tha t  en zymes of Botrytis 

cinerea req u i re d  fo r hos t pene tra ti on  we re pro duced  i n  t i ny ves i c l es l oca te d  
i n  a n  e l e ctron - l ucen t area i n  the g erm tube ape x .  I n  the p resen t s tu dy 

l omasomes an d ves i c l es we re commo n l y  obs erved i n  and near  a p i ces  of  hyphae 

pene tra ti ng  ce l l  wa l l s ,  strongl y s u gges t i n g  tha t  these s tr u c tu re s  may be 
the s i tes  o f  e n zyme secreti o n .  Fu rthermo re ,  mi tochon dri a a n d  a l a rge n umbe r 

o f  ri bosomes we re a l so present thus  p rov i d i n g  the essen ti a l  ce l l u l a r 

organe l l es fo r enzyme syn thes i s .  B ra cker  ( 19 6 7 )  defi ned  l oma somes a s  

' bo undary s tructures  con tai n i n g a memb rane componen t ' . A l tho ugh  the 

s peci fi c funct i on/ fun cti ons of 1 omasomes a re un de termi ned  t h ey have been 

i mpl i cate d  in  secre ti on , wa l l  fo rma ti on ,  haus to ri a l  absorp t i on , g l ycogen 

syn thes i s ,  memb rane p ro 1 i ferati o n  a n d  o ther  ro 1 es ( Bracker ,  196 7 ) . I n  

v i ew o f  the many varyi ng ro l es a s s i gned to l omasomes , s truc tures  appeari n g  

to b e  l oma sow€s may n o t  al l be homo l o go us a n d  therefo re may have d i ffe rent  

s pec i fi c  funct i ons , pos s i bl y  i n c l u d i n g  en zyme secre ti on . 

Wi th  re gard to the l oca ti on of  ace rvu l i ,  Nannfel d t  ( 19 32 )  de fi ne d 

Marssonina s pec i es  as  bei ng  ei ther s ubcut i c u l a r ,  i n traep i de rma l or  

s ubepi de rma l whe reas accordi ng  to S u t ton ( 19 7 7 , 1 980 ) they we re sub­
cut i cu l a r .  Howeve r i n  the presen t s t u dy acerv u l i of  M. brunnea and  

M .  castagnei we re al ways i n traep i dermal  whereas those o f  M. popuZi we re 

bo th i n traep i derma l and subcuti c u l a r .  Thes e ob servati ons  a re essen ti a l l y 
i n  agreenEn t wi th those of Pi rozyn s k i  ( 19 74 }  who repo r te d  a ce rvu l i o f  

M. brunnea� M .  castagnei an d M, popuZi to b e  i n traepi de rma l . 

(,  I N FLUENCE  OF  LE�F AG E �ND LEAF S U R FACE  ON HOST 

S U S C E PT I B I L I TY 

Duri n g  expe r i ments conce rn e d  wi th  the i n fl uence o f  h o s t  fa ctors on  

con i di um mo rpho l o gy ( Chapt . 1 ,  D )  h i gher  l ev e l s o f  i n fe c ti o n  were o b ta i ned 

on l ea f  di scs  from young soft expand i n g  l ea ve s  than on  l ea f  d i scs from 

ma ture l e ave s .  Cri t i ca l  exami na ti on o f  pop l ars i n fe cte d wi th  M. brunnea 

i n  the Aok a u tere Sci ence Cen tre Res e a rch  Nurs e ry con fi  rrne d these fi nd i n gs . 

Al tho ugh for mo s t  c l ones bo th l ea f  s u rfa ces  we re eq ua l l y i n fected  wi th 
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P. candicans� P. maximowiczii and  P.  trichocarpa i n fe c ti on  l evel s we re 

genera l l y  much h i ghe r on the aba xi a l  surface ( Fi g .  1 5 7 ) . 

Two experi men ts were con ducted to i nvest i gate the i n fl uence o f  

bo th l ea f  a ge and l eaf  s urface o n  sus cepti b i l i ty o f  pop l a r  c l ones towards 
i n fecti on  by M. brunnea. 

(A ) I n fl uence of  Lea f Age and  Leaf Surface on  I nfec ti on Level 

Ma te ri a l s  and Me thods 

The i n fl uen ce of l ea f  age and l ea f  s u rface on i n fec t i o n  l eve l s o f  
M .  brunnea was- as sessed  o n  5 5  popl a r c l o nes  ( Tab l e 6 4 ) .  A l l l eaves were 

p i cked d u ri n g  mi d-Jan uary from one year growth from s too l s .  For each 

c l one a l l l eaves we re pi cked from the s ame s ho o t  and were of three a ge 
c l asses : 

( i ) young  soft , expan di n g ,  l i ght- g reen l eaves i mme d i a te l y  bel ow the 
s tem a pe x ,  

( i i ) . s l i ght ly  o l der ,  soft , ful l y  expa n de d ,  green l eaves some di s tance 
be l ow l ea ves  of  c l a s s  ( i ) ,  

( i i i ) ma ture , hard , dark g reen l eaves some d i s tance bel ow l eaves of  
c l a s s  ( i i } .  

Immedi ate l y  fo l l owi n g  co l l ec ti o n  8 l ea f  d i s cs ( 2 . 5  cm d i am . } we re 

punched from s i n gl e  l eaves o f  each  a ge c l a s s  and  i nserte d  i n to p l a tes  of  

2% WA ( 4  d i s cs/ p l ate ) . Fou r  of the l ea f  d i scs  we re i ns erted adaxi a l  
s urface u ppermo s t  and  four abaxi a l  uppermo s t .  Fo r each c l one  l eaves from 

two s ho o ts were exami ned .  Leaf d i s cs were i nocu l a ted wi th one ml of  

i nocul um (appro x .  6000 con i di a )  of  M.  brunnea p repare d  from P DA cu l ture . 

I noc u l um was s prea d even l y  over l ea f  d i s cs wi th  the p i pette t i p an d 

p l a te s  were i ncuba te d  i n  n a tura l l i gh t  a t  20 ° C  fo r 8 days . I n fect ion  

l e ve l s  we re a s sessed  by counti n g  the  n umbe r  of l es i ons over fi ve randoml y 

s el e r.ted fi e l ds of  v i ew a t  BOX ( b i nocu l a r  mi cros cope ) . Wi th i n  c l ones , 

for each treatmen t  data from the two s ho o ts was combi ned an d the ove ra l l 
mean  and  s tandard devi at i on  cal cu l a te d .  
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TAB L E  64 : Po p l ar s pec i es and  c l ones used  i n  experi men ts i n ves t i gati n g  
the i n fl uence o f  l eaf  age  a n d  l eaf  surface o n  the l evel o f  
i n fecti o n . 

Name of Speci es , 
C l one  o f  Cul t i var 

SECT ION  A I G E I ROS  

A E uras i an B l ack  Popl ars 

P. nigra L .  C V . A urea 
1 1  C V . Poznan 7 
1 1 C V . Poz nan  9 
1 1  C V . TR 42/ 80 
1 1  C V . Y83/66  
1 1  C V . PG 14 
1 1  C V . I tal i ca F 
1 1  C V . Vert de 

Garonne  
1 1  C V .  TR 56/ 32 
1 1  CV . TR 62/49 

B Ame ri can Bl ack  Popl a rs 

P. de ltoides cv . NE245 
1 1  C V . ANU60/ 125  
1 1  C V . ANU60/ 129 
1 1  C V . N L 1660 
1 1  CV . I 69/55LUX 
1 1  C V . ! 70/ 5 1  
1 1  CV . I 74/ 5 1SP 
1 1  C V . I n ta 66/ 71  
1 1  C V . APC6 7 / 10-3 
1 1  C V . AGR2 1-6  
1 1  C V . �1i s s i s s i pp i  RB  
1 1  C V . I nta 9 1/ 7 1  
11  C V . I nta 34 1/69 
11  C V . AGR68- 1 

P .  x euramericana ( Do de . ) 
Gui n i er 
CV . C i ma 
C V . NL 1603 
CV . San Marti no  
C V . NL92 5 Dors kamp 
C V . NL2 194 
CV . Rob us  ta 
CV . Fl evo 
CV . 1 154 , ( 140 ) 
CV . 1 154 (923 ) 
CV . Be 1 1  i n  i 

11 C V . Vero nese 
1 1  C V . I488 
1 1  C V . NL 2207 
1 1  C V .  N L  1610 
1 1  C V . NL 1605 
1 1  C V . G i orgi one 
1 1  C V . Robusta 

Zeel a nd 
11 CV . Eugenei PU 

Name o f  S peci es , 
C l one o r  Cul t i va r  

S ECT I ON TACAMAHACA 

P. maximowiczii Hen ry · cv .  OJ P M 10 1 1  
1 1  C V . OJP tH0 16 

P. trichocarpa 74/ 1 50/ 1 1  
1 1  74/ 150/ 38 

P. candicans 

SECTION  A I G E I ROS  X TAMACAHACA 

Interamericana (de ltoides x 

11 

!I 

Others 

P. trichocarpa) 

C V .  NL 1 783 
C V . S910-4  

P .  de ltoides x P .  maximowiczii 
C V . I 83/ 5 8  

11  X P. yunnanensis 
cv . NZ5004 

P. koreana x P. nigra cv . K6 3- 125  

S ECT I ON L EUCE X A I G E I ROS  

P. alba ' Morocco ' x P .  nigra 
cv . Semp e rv i  ren s  cv ; · t·1a re g  2 

P. de ltoides x P. a lba ' 
11 

1 1  

cv . Del mak 2 2  
cv . Del ma k 2 6  



189 

RES ULTS 

In mo s t  i n s tances i n fecti on l evel s were noti ceabl y  h i gher  on soft  

expan di n g  and  soft expanded l eaves t han  on  ma ture l eaves . Fu rthermo re 

wi th i n  each  a ge c l ass  comparabl e l e ve l s  of i n fec ti on we re genera l ly  reco rded 

on the two l ea f  s urfaces . 

1 .  P. nigra (Tabl e 65 ) 

Al l cl ones of  P. nigra we re h i gh ly  s us cep t i bl e to i n fect ion  by 

M. brunnea .  I n fecti on l evel s on soft expand i n g  and  expan ded  l eaves . we re 

s i gn i fi can tl y ( P >0 . 05 ,  t- test ) g reate r  than tho s e  on ma ture l eaves . 

I n fecti on l e ve l s on soft expand i n g  and so ft e xpa n ded  l e aves di d not  

d i ffer  s i gn i fi cant ly  ( P>0 . 05 ,  t tes t ) . Wi th i n  each  l ea f  a ge c l a s s . bo th  

l e af  s u rfaces were s i mi l a rl y  i n fecte d .  

2 .  P. de ltoides (Tabl e 6 6 )  

Wi th the excep tion  o f  P .  de ltoides cv . N E  245 , a l l c l ones o f  
P .  de Ztoides we re res i s tan t to i n fect ion by M .  brunnea . Leaves o f  the 

s i n g l e s us ce p ti bl e cl one snowed s i mi l ar patte rn s  of res i s tan ce to 

M. brunnea as expressed by cl ones o f  P. nigra . Wi th  many c l ones 

s i gn i fi can tl y h i gher ( P>0 . 05 ,  t tes t }  l eve l s  o f  i n fecti on occur red  on 

soft expan di n g  than on soft expan ded l eaves  a n d  ma ture l ea ves ( Fi g .  1 5 8 } . 

Les i on s  on  soft expan di n g  l eaves we re mi nute ,  cons i s ti n g  o f  red fl e c ks 

o f  p i gmen te d  ti s s ue .  Con i di a  we re not  fo rmed . On c l ones o f  P. de Ztoides 

c v . I n ta 34 1/69 : cv . I n ta 9 1/ 71 : cv . Mi s s i s s i pp i  RB ; cv . AGR 68- 1 ,  

t race l evel s o f  i n fecti on occurre d on  l eaves o f  each a ge c l ass . For a l l 

c l ones o f  P. de Ztoides wi th i n  each a ge c l ass bo th l ea f  s ur fa ces were 

equa l l y s us ce p ti b l e to i n fecti on . 

3 .  P .  x euramericana (Tabl e 6 7 )  

Wi th  the excep ti on o f  P .  x euramericana c v .  C i ma ,  s i gn i fi can tl y 

h i ghe r ( P>0 . 05 ,  t tes t ) l evel s o f  i n fection  we re reco rded on  soft 

expan di n g  and  expan ded  l eaves than on ma ture l eaves ( F i g .  1 59 ) . Wi th  

res i s tan t c l ones ve ry l ow l evel s o f  i nfecti on  we re reco rded on ma tu re 

l ea ve s . Soft expan di n g  l eaves o f  P .  x euramericana cv . C i ma res ponded  

i n  a manner  s i mi l a r to  h i gh ly  res ·i s tant  c l ones  of  P.  de ltoides; tha t  i s ,  

l es i ons  were fo rmed wi thou t  acervul i ( Fi g .  160 } . Wi t h i n  each a ge cl a s s  

bo th l ea f  s u rfa ces we re s i mi l arl y i n fecte d .  



TABLE 65 : I n fl uence o f  l ea f  age and  l ea f  s urface on i n fecti on l evel s o f  M. brunnea on P. nigra , fol l owi n g  i no cu l ati on 
wi th a ppro x .  6000 con i d i a and i n cubat ion . un der natural  l i gh t  at 2 0 ° C  fo r 8 days. 

Po pl ar  Spec i es and Cul t i var  
Soft Expan di n g  

P. nigra cv . Au rea  
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

cv . Poznan 7 

cv . Poznan 9 
CV . TR42/80 

CV . Y83/66  

CV . PG 14 
c v . I ta 1 i ea F 

cv . Ve rt de Garonne 

CV . TR56/ 32 

CV . TR62/49 

Overal l mean 

Adaxi al 
a . o  35 . 6 2 · 9  

38 . 4 5 • 1 
36 . 0  3 . 2 
33 . 6 3 • 6  
31 . 2 4 · 6  
35 . 4 4 . 7 
37 . 4 5 · 6  
40 . h . 1 
39 . 6  3 . 4 
35 . 4  5 . 6 

36 . 3 2 . 7 

a Mean acervu l i per fi e l d o f  vi ew BOX ( 8 d i s cs )  
b S tan dard devi at ion  

Abaxi a l  
36 . 4 2 . 3 
39 . 8 4 · 8  
36 . 4  3 . 3 
33 . 6 4 • 6  
31 . 0  •• . 0 
36 . 0 5 · 0 
35 . 4  3 . 8 
42 . 2 5 · 1 
38 . 6 6 . 3 
3 7 . 3 4 · 8 

36 . 7 3 . 1 

Age of Leaves 
Soft Expanded Ma ture 

Adax i a l  Abaxi a l  Adax i a l  Abax i a l  
36 . 0 2 • 2  37 . 0 2 • 8 15 . 1 2 · 1 14 . 0 2 • 5  
37 . 6 3 • 9  38 . 1 5 . 1 22 . 5 3 · 1  20 . 2 2 • 6  
35 . 2 2 • 4 35 . 6  3 . 6 2 1 . 4 2 • 6 .22 . 8 1 .  9 

34 . 2  4 . 8 33 . 2 3 • 4  1 7 . 0 2 · 6  1 7 . 5 2 • 4  
29 . 4 4 • 1  28 . 3 3 · 7 14 . 2 2 . 8 15 . 2  3 . 0 
33 . 5 4 · 1  32 . 7 3 . 8 19 . 0 3 • 8  l8 . 2 3 . 6 
36 . 4  5 . 1 37 . 2 3 · 7 23 . 0 3 • 6 2 1 . 82 • 6 
39 . 8s · 2  36 . 0 4 . 1 19 . 4 4 • 2  20 . 8 3 • 6 
39 . 6 4 • 5  36 . 0 4 • 5  22 . 0 3 • 7 20 . 8 3 • 5  
36 . 4  3 . 1 35 . 6  3 . 7 15 . 82 . 8 16 . 4  3 . 0 

35 . 8  3 .  0 35 . 0 2 · 9 1 8 . 9 3 • 2 18 . 82 . 9 
- --- ·- --- -- -- -- -

....... 1.0 0 



TABLE  66 : I n fl uence o f  l eaf  a ge and l ea f  s urfa ce on i n fecti on l evel s of  M. brunnea on P. de �toides fo l l owi n g  
i nocul ati on wi th appro x .  6000 con i d i a  a n d  i n cuba ti on unde r  natural l i ght  a t  20 ° C  for 8 days . 

I Po p l ar Speci e s  and  Cu l ti var  
Soft Expan di n g  

Adaxi a l  

P .  de �toides C V . NE245 a b 3 1 . 6 4 " 6 
ll cv . ANU A60/ 125 19 . 6 2 · 6  
1 1  cv . ANU A60/ 129 20 . 0 2 • 7 
1 1  CV . NL 1660 44 . 6* 4 · 1  
1 1  CV . 1 69/55 LUX 40 . 2* 4 · 5  
1 1  CV . 1 70/ 5 1  36 . 4* 3 · 1  
1 1  cv . 1 74/5 1SP 42 . 6 * 3 · 8 
1 1  C V . 1 n ta 66/ 7 1  37 . 0*4 · 2  
1 1  cv . APC6 7/ 10-3 30 . 2* 6 · 2  
1 1  CV . AGR2 1-6 49 . 8* 7 · 3 
1 1  cv . Mi s s i s s i pp i  RB l . O o · o  
1 1  cv . I n ta 9 1/ 7 1 0 . 8 0 • 4  
1 1  C V . l n ta 34 1/69 0 . 8 0 • 4  
11  C V . AGR68- 1 0 . 8 0 • 4  

Over a 1 1  mean 25 . 4 1 8 • 0 

* Mi n u te non-con i di um formi n g  l e s i ons 
a Mean acervul i per fi e l d of v i ew 80X ( 8  d i scs ) 
b S tandard de vi a t i on 

Abaxi a l 

31 . 8 5 · 8 
20 . 0 2 • 4 
20 . 82 • 8  
45 . 4*4 · 3  
38 . 2* 3 · 8 
37 . 2* 3 · 6 
39 . 6 4 • 1 
37 . 8* 3 · 6 
29 . 5 *4 · 8 
5 1 . 0* 4 . 7 
l . O o · o 
0 . 8 0 • 4  
l . O o · o 
l . O o · o  

2 5 . 3 1 8 · 0  

Age of  Leaves 

Soft Expanded Ma ture 
Adaxi al Abaxi a l  Adaxi a l  Abaxi a l  

30 . 2  5 . 1 29 . 6 5 . 1+ 13 . 0 3 • 6  12 . 4 1+ • 5  
19 . 0 2 . 0 18 . 6 2 · 8 0 . 4 o . 5 0 .  8 o . s 
0 .  6 0 . 8 0 .  6 0 . 8 0 . 4 o · 5 0 . 4 0 . 5 
d . 8o . 4 0 . 8 0 • 4  0 . 4  0 . 5 0 . 4 o . 5 
0 .  6 0 . 8 0 . 4 o . 5 0 . 4 o · 5 0 . 4 o . 5 
0 . 4 0 · 5 0 . 4 o . 5 0 . 4 0 • 5  0 . 4 o · 5 
0 . 4 o . 5 0 . 4 o . 5 0 . 4 o . 5 0 . 4 o . s 
18 . 0* 3 • 1  1 8 . 2 *2 · 7 0 . 4 o . s 0 . 4 0 . 5 
0 . 4 o . 5 0 . 4 o . 5 0 . 0  0 . 0  
l . O o · o 0 . 8 0 • 4  0 . 4 o . 5 0 . 4 o . 5 
0 . 8 0 • 4  0 . 8 0 • 4  0 . 8 0 • 4  0 . 4 o · 5 
0 . 4 o . 5 0 . 4 o · 5  0 . 4 o . 5 0 . 4 0 · 5  
0 . 8 0 · 1+ 0 . 4 o . 5 0 . 8 0 • 4  0 . 8 0 • 4  
0 . 4 0 • 5  0 . 4 0 · 5  0 . 4 o . 5 0 . 4 o . 5 

5 . 3 1 0 • 0 5 . 1 9 · 5  1 . 3 3 • 3  1 . 3 3 · 2  
- - ---� - -

I 

....... 
\.0 ....... 
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TABLE 6 7 :  I n fl uen ce o f  l eaf  a ge and  l eaf  s u rface o n  i n fecti on l evel s  o f  M. brunnea on P. x euramericana fo l l owi n g  
i nocu l ati on wi th ap prox . 6000 con i d i a  an d i nc ubati on un der  natura l  l i gh t  a t  20 ° C  fo r 8 days 

Popl ar Speci es  and  Cul ti var Age o f  Leaves 

Soft Expan di n g  Soft Expan ded Mature 
Adaxi a l  Abaxi a l  Adaxi a l  Abaxi a l  Adaxi a l  Abaxi a l  

P. x euramericana cv . C i ma 2 3 . 0*2�� 22 . 0* 3 " 2 0 . 4 0 . 5 0 . 4  0 . 5 0 . 4 0 . 5 0 .  4 0 . 5 
1 1  C V . NL  1603 20 . 2  3 . 5 19 . 8 3 · 6  15 . 2 3 . 6 14 . 82 • 8 l . O o . o 0 .  8 o . '+ 
1 1  cv . San �la rti no  19 . 4 2 · 9  20 . 0 3 · '+  1 3 . 2 2 · 6  14 . 4 3 • 5 0 . 4 0 . 5 0 .  4 0 . 5 
1 1  cv . NL925 Do rs kamp 3 1 . 0 '+ · 1 32 . 1 3 . 7 28 .  7 2 . 8 29 . 0 3 · 6  12 . 0 2 · 6 1 1 . 2 2 · '+ 
11 c v . NL2 194 30 . 2  3 . 6 29 . 0 3 • 1 29 . 2  '+ . 1 29 . 0 3 • 6 10 . 2  1 ·  7 1 1 . 2 2 . 1 
1 1  cv . Robusta 35 . 0 '+ . 0 36 . 2  3 . 6 35 . 3 3 . 6 35 . 4 2 • '+  12 . 4  2 . 1 13 . 0 2 . '+ 
1 1  cv . Fl evo 25 . 2  2 . 3 25 . 5 2 • 1 20 . 6 2 . 8 2 1 . 2 2 . 1 10 . 4 1 · 9 9 .  3 2 . 0 
1 1  C V . ! 154 ( 140 ) 30 . 6  3 ·  9 29 . 8 3 • 6 30 . 6  2 . 1 29 . 4 2 • 5 1 1 . 0 2 • 6 1 1 . 6 2 . 3 
1 1  C V .  ! 154 ( 92 3 )  35 . 6 3 . 6 34 . 6 '+ . 1 33 . 7 3 . 5 34 . 2  '+ . 1 18 . 2 2 . 7 1 7 . 8 2 . '+ 
1 1  C V .  Bel l i n i  39 . 6  2 . 5 39 . 0  2 . 7 38 . 6 2 . 0 4 1 . 0 3 • 8 2 1 . 6 3 • 3 26 . 0 3 · 0 
1 1  c v .  Ve ronese 33 . 0 '+ • 0  36 . 2  '+ . 2 31 . 4  3 •  9 34 . 2  3 . 8 22 . 4 '+ • '+ 20 . 0 '+ • '+ 
11 C V .  !488 31 . 8 5 . s 32 . 4 3 . 9 30 . 4 3 · 6 2 8 . 6 '+ . 2 14 . 8 3 . 3 15 . 0  2 . 8 
1 1  cv . NL2207  32 . 2  '+ . 3 34 . 5  3 . 6 3 1 . 0 3 · 5 3 1 . 2 3 · 8 14 . 0 2 · 6  14 . 6 2 · 6  
1 1  cv . NL 16 10 3 7 . 1 5 . '+ 

. 
36 . 5  '+ •  8 35 . 4 3 •  8 36 . 2  3 . 5 25 . 2 3 · 2  24 . 7 3 . 2 

1 1  C V .  NL 1605 34 . 4  3 . 6 35 . 2  3 . B 33 . 7 3 . 7 34 . 2 '+ • 1 1 8 . 7 2 · 8  20 . 2 2 · 6  
1 1  cv . Gi orgi o ne 32 . 4  3 . B 31 . 4 '+ .  3 33 . 4 '+ · 2  29 . 4 '+ . 1 22 . o.3 . 1 20 . 2 3 · '+  
1 1  cv . Robusta Zeel an d 39 . 4 5 . 2 39 . 2 '+ • 6  35 . 6  3 .  6 33 . 2  3 . 8 20 . 0 '+ . 1 18 . 8 3 · 5 
1 1  c v .  Eugenei PU 43 . 0 '+ . 7 42 . 6 '+ . 8 38 . 7 '+ • 2  39 . 3 '+ .  1 23 . 0 3 · 5  2 1 . 6 3 · '+  I Over a 1 1  mean I 31 . 86 . 5 32 . 0  6 . 6 28 . 6 1 0 · 0 2 8 . 6 1 0 • 1 14 . 7 7 · 9 14 . 2 7 · 8 

* Mi n ute non - con i d i um formi n g  l es i ons  a �le an acervul i per  fi e l d o f  v i ew 80X (8  d i scs ) 
b Stan dard devi ati on 

' 

I 

! 
........ 1.0 N 



TABLE  68 : I n fl uen ce o f  l ea f  a ge and  l ea f  s urface on i n fecti on l evel s o f  M. brunnea on mi s ce l l aneous  c l ones fol l owi n g  
i no cu l a ti on wi th approx . 6000 con i di a  an d i n cubati on un der natura l  l i gh t  a t  20 ° C  fo r 8 days 

Popl a r  Spec ies  and  Cul t i va r 
Soft Expandi ng  

P .  trichocarpa 74/ 150/ 1 1  
1 1  74/ 150/ 38 

P. de lt . x P. tricho . cv . NL 1 783 
1 1  1 1  C V . $9 10-4 
1 1  X P; yunn. NZ5004 

P. alba x P. nitlfa Sempervi rens 
· . Mare g 2 

P. de lt.  X P. maxi . CV . ! 83/ 58 

P. candicans 

P. maximowiczii cv .  OJP .  M 10 1 1  
1 1  cv. OJP . m o 16 

P. kor•eana x nigra C V . K6 3- 125 

P. a lba x P.  de lt.  c v . Del ma k  22 
1 1  1 1  c v . De 1 m a k 2 6 

Adaxi a 1 
ab 

36 . 0  3 . 6 
28 . 0  3 •  3 

20 . 1 2 . 6 

14 . 6 2 . 1 
34 . 5 3 · 8 

36 . 6  2 . 8 
20 . 4 z . 9 

22 . 5 2 . o 
4 .  0 1 ·  6 
10 . 0  2 . 5 
36 . 0 3 . 2 
10 . 4 2 · 1  

/ 

1 1 . 8 3 • 3 

a Mean a ce rvu l i per fi e l d o f  vi ew BOX ( 8 di s cs ) 
b S tan dard de vi at i on 

Abaxi a l  

38 . 4  3 ' 8 
26 . 8 3 · 6 
22 . 4  3 . 1 

1 3 . 9 3 · 2 

36 . h . 1 

37 . 2 3 · 1 

2 1 . 0 2 .  1 

2 3 . 0 2 · 1  

18 . 4 '+ •  1 

40 . 5  '+ ·  6 

35 . 4  3 ·  5 
19 . 6 3 · 6 
29 . 0 '+ •  0 

Age o f  Leaves 
Soft Expan de d Ma ture 

Adaxi a l  Abaxi a l  Adax i a l  Abaxi a l  

35 . 2  3 . 6 3 7 .  0 '+ . 1 3 1 . 82 ' 8 3 3 . 7 '+ ' 2 

24 . 6  3 · '+ 24 . 0 3 . 6 12  . 6 1 . 9 13 . 0 2 . 1 

22 . 6 2 . 7 2 1 . 5 3 · 8 16 . 4 2 . 8 15 . 82 . 5 

15 . 4 2 · 8 14 . 3 3 . 2  1 1 . 0 2 . 1 1 1 . 4  3 .  0 

34 . 0  3 ·  6 3 3 . 7 2 . 8 25 . 0 3 . 1 26 . 2 3 . 6  

38 . 8 2 · 6 38 . 0  3 · 0 30 . 2  2 . 7 33 . 2 3 . 5 

19 . 6 z . 9 20 . 0 3 · 1 5 .  0 1 ·  8 34 . 0  2 .  0 
; 

2 1 . 5 1 · 5 2 2 . 8 2 · 1 2 .  0 1 · 0 22 . 0 o . 3 

3 . 5 1 · 0 20 . 4 3 · 8 1 . 0  19 . 0 3 . 1 

12 . 0  2 ·  6 44 . 3  5 · 3 0 . 8  o .  '+ 36 . 8 3 .  8 

35 . 0  2 ·  8 34 . 7 3 · 5 2 .  8 2 .  o 36 . 4  '+ ·  1 

2 .  6 1 ·  3 20 . 2 3 . 5 0 .  8 o . '+ 24 . 6  2 .  '+ 

5 .  3 2 · g 29 . 2  '+ • 2 1 . 7 o .  8 26 . 2  3 .  6 ---

1--' \.0 w 



4 .  M i s cel l aneous C l ones ( Tabl e 68 ) 

On P. trichocarpa 74/ 150/ 38 , 74/ 150/ 1 1 ;  P. de ltoides x 
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P. trichocarpa c v .  NL  1 783 , cv . S9 10-4 ; P. de Ztoides x P. yunnanensis cv . 
NZ 5004 ; P. alba x P. nigra Sempe rvi ren s  c v .  ��are g  2 ,  i rre s pe cti ve o f  l ea f cge ooth 

l ea f  s urfaces we re s i mi l ar ly  i nfected . As wi th cl ones o f  P. nigra_, 

i n fect ion  l evel s reco rded on soft expan d i ng  and  expanded l eaves  were 

s i gn i fi cant ly  h i gher  ( P>0 . 05 ,  t tes t )  than i n fe ct i on l eve l s recorded on 
ma ture l eaves . 

For the rema 1 n 1 n g c l o ne s  l i sted  i n  Tab l e 64 s i gn i fi can t l y  h i g her  

( P>0 . 05 ,  t tes t )  l evel s of i n fect ion were re co rded on  the  abaxi a l  
s urface o f  ma ture l eaves . On l eaf  d i s c s  of  P. koreana x P. nigra cv . 

K6 3- 12 5 ,  P. de ltoides x P. maximowiczii cv . !83/ 58 and  P. candicans 

i n fect i o n  l evel s on both surfaces o f  soft expan d i n g  an d s o ft e xpanded 

l eaves were not s i gn i fi can t ly  d i fferent ( P>0 . 05 ,  t te st ) . The 

s uscepti b i l i ty of the abaxi a l  s urface of thes e  c l ones d i d not d i mi n i s h  

wi th l ea f  age ( F i g .  16 1 ) . Fo r P. maximowiczii cv . M10 1 1 , cv . M 1 0 16 and  
P. de Ztoides x P .  a lba cv . De l mak  2 2  and  De l ma k  26  t he  res i s ta n ce o f  

the adaxi a l  l eaf  s urface i n creased wi th l eaf ma tur i ty whereas  i nfect ion  

l evel s o n  t he  abax i a l  su rface rema i ned  un i forml y h i gh .  

( B )  Ul tra s truc tural Stud i es o f  Epi de rma l Cel l s  i n  Re l a t i on to Leaf Age 

I n  the fo l l owi n g  exper iment  the u l tra s tructu re of  ep i de rmal ce l l 

wal ·l s  o f  bo th l eaf  s urfaces o f  yo ung and  matu re l eaves o f  P .  x euramericana 

cv . I 1 54 and P. candicans were exami ned  by e l ectron mi c ro s co py to 

de termi ne whe ther cel l wa l l  ma turi ty wa s res pon s i b l e  fo r ( a )  i n c reas i n g  
res i s tance wi th age , ( b )  the d i fferen ti a l  re s i s tance between the  two l ea f  

s u rfa ces o f  ma ture l eaves o f  P. candicans . Addi t i ona l l y  t he  rel ati ve 
s pread of hyphae wi t h i n  yo ung  and  mature hos t  t i s s ue was compa red .  

Ma teri a l s and Methods 

Leaf d i s cs ( 2 . 5  cm di am . ) from yo ung  expan d i n g  and  ma t u re l e ave s  

o f  P .  x euramericana cv . 1 154 a n d  P. candicans were i nocu l a te d  and  

i n cubated  as  out l i ned fo r t he  preceed i n g  expe r i ment . Fo l l owi n g  8 days 

i ncubati on the l evel s of i n fect ion  recorded ( no . o f  l e s i on s  pe r 5 

randoml y se l ected fi e l ds of  vi ew at 80X ) a nd  smal l tr i an g u l a r  p i eces o f  

i n fected and un i n fected l ea f  ti s s ue were prepared fo r e l ectron mi cro s co py 

( Appen d i � 8b ) .  Addi ti onal l y ,  th i n  sect ions  were cut a n d . s ta i ned  wi th 

0 . 5% to l u i d i ne b l ue for l i gh t  mi cro s co p i c  exami nat ion . 



RESULTS 

1 .  I n fecti on l e ve l s  
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I n fecti on l evel s on both l ea f  s urfa ces o f  yo ung s o ft expandi n g  l ea ves  

o f  P.  x euramericana cv . I 154 we re s i gn i fi cant ly  h i gher ( P >0 . 05 ,  t tes t )  

than  thos e  on both l eaf  s urfaces o f  ma ture l ea ves  ( Tab l e  6 9 ) . Wi t h i n each  
a ge c l a s s  i n fe c ti on l eve l s on the  two s u rfaces d i d not  d i ffe r s i gn i fi can t l y  

( Fi g . 162 ) .  

On bo th 1 eaf  s urfaces  of young s o ft 1 eaves o f  P. candicans the 

i n fe c tion  l evel s we re not s i gn i fi cantl y di ffe ren t ( P>0 . 05 ,  t te s t )  whe rea s  

o n  ma ture l eave s  i n fecti on l eve l s \'/ere s i gn i fi can t ly  h i gher  ( P>0 . 05 )  on  the 

abaxi a l  s u rfa ce ( Fi g .  163 } . I n fe cti on l evel s on the abaxi a l  s u rface o f  

ma t u re l eaves we re however  essen t i al l y  s i mi' l a r  to those  reco rded o n  bo th 

l ea f  s urfaces of yo ung soft l eave s .  

2 .  Ul trastructure of Epi derma l Ce l l Wa l l s  

(a ) P .  x ew.'americana cv . 1 154 

Transve rs e  secti ons through epi derma l cel l wa l l s  of both l ea f  

s urfaces of  yo ung  expan di ng  a n d  ma ture l eave s  ( Fi g . 164 ) s howed that  

wi th i n the  res pe cti ve age c l asses epi de rma l cel l wal l s  o f  the two l ea f  

s urfa ces were mo rpho l og i ca l ly  s i mi l ar .  Compari son  of e p i dermal ce l l  wa l l s  

o f  the two age c l asses s�wed tha t  i n  con trast  to soft expan di n g  l eaves , 

ce l l wa l l s  o f  ma ture l eaves \'/ere s l i ght ly  th i ck e r ,  mo re d a rk l y  s ta i ne d  

wi th  consp i cuo us  mi cro fi bri l s ,  an d had  a thi ck we l l  deve l oped  cuti c l e .  I n  

general , ce l l wa l l s  of soft expan d i n g  l eaves we re amorphous  and  mi cro­

fi b ri l s  were i n conspi c uous . 

( b )  P. candicans 

Epi de rma l cel l wa l l s  on bo t h  l ea f  s u rfa ces o f  young  s o ft l eaves 

we re JlX) rphol o g i ca l l y  s i mi l a r ( Fi g .  165 } . As vJi th youn g s o ft l eaves o f  

P .  x euramericana cv . I 154 , cel l wal l s  were o f  amorpho u s  a ppearance an d 

mi c rofi b ri l s  were i n con s pi cuous . Cuti c l es were poorly deve l oped �  

E p i derma l ce l l wal l s  of  bo th l ea f  s ur fa ces of  ma ture l eaves  were 

mo rpho l o gi ca l l y  s i mi l ar ,  be i ng o f  comparab l e  thi c knes s a n d  dark ly s ta i ne d ,  
wi th consp i cuo u s  mi cro fi bri l s . C u ti c l e s  were s t rongly deve l oped .  E p i de rma l 

ce l l wal l s  on the adaxi a l  l eaf s urface were con s i s ten t ly  mo re dark l y  s ta i ned 

beneath the cut i cl e thcin those of  the a b�xi a l  s u r face ( Fi g .  1 66 ) . The 

h i gher res i s tance of the a daxi a l  s u rfa ce o f  mature l eaves to i n fecti on  wa s 
a ttri bute d  to thei r greater den s i ty .  
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. TABLE 69 : I n fl uence of l eaf  age a n d  l ea f  s u rfa ce on i n fe c t i on l e veJ s o f  
M. brunnea fol l ovJi n g  i nocu l a t i o n  wi th approxi ma te l y  6000 
con i d i a  a n d  i n cuba ti o n  un der  na tura l  l i ght  a t  2 0 ° C  fo r 8 days . 

·, 

Popl ar  Spe c i e s  Age o f  Leaves 

P.  

P. 

Soft Expan di n g  I Mature 
Adaxi a l  Abaxi a l  Adaxi a l  t---· 

x eurcunericana 
C V . 1 154 30 . 0  a 32 . 0  1 2 . 0  

5 .  5 b 4 · 2  2 . 7 

candicans 20 . 0  2 2 . 0  <2 . 0  

3 . 5 2 .  8 I 
a Mean  a cervu l i per  fi el d of  vi ew BOX ( 8  d i s c s } 
b S ta n dard devi a ti on 

Abaxi a l  

14 . 0  

3 . 2 

2 5 . 0  

4 .  3 
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3 .  Comparati ve Spread of Hyphae Wi th i n  Soft an d Ma tu re Leaf Ti s s ue 

Hyp hae pene trated  cel l wa l l s  o f - soft expand i n g  l ea ve s  o f  

P .  x euramericana c v .  I 154 and P. candicans mo re readi l y  t h an cel l wa l l s  
o f  ma ture l ea ves . The devel opment  o f  symptoms 2 - 3  days sooner  on yo un g 

soft l e aves  re fl ected thi s di fference . However 8 days fo l l owi n g  i nocul a t ion , 

hyphae h a d  s prea d  equal ly  far througho u t  bo th soft an d ma t u re l ea f  t i s s ue ,  
penetra t i n g  cel l s  o f  pa l i sade and  mesophyl l ti s sue ( Fi g . 1 6 7 ) . 

I n  s o ft e xpan d i n g l ea ves epi de rma l ce l l  wa l l s  we re e l a s ti c  a n d  were 
defo rme d a s  hyphae rami fi ed extens i ve l y  i n  these  ce l l s .  Ce l l s  of  the 

pa l i s a de ti s s ue were a l so breached  read i l y  to ta l ly  d i s ru p t i n g  ce l l ul a r 

s tructu re . I n  contrast , the ep i derma l cel l s  o f  ma ture l ea ve s  re ta i ne d  

thei r s ha pe and  cel l wa l l s  o ffere d fa r greater  res i s tan ce to hypha l  

penetra t i on . Ev i den ce of en zymati c act i v i ty was  a l so more apparen t ( Fi gs .  

1 6 8 ,  1 69 ) . Al tho u gh readi l y  breached , pa l i sade ce l l s  o f  mature l eaves 
o ffe re d more res i s tance to hyphal  penetrati on than pa l i s a de cel l s  o f  s o ft 

l eaves . As a conseq uence of  the re l a ti ve l y  p l a s ti c natu re o f  ce l l  wa l l s  i n  

young  l ea ve s  acervul i \'Jere genera l l y l a rger than those  fo rme d on  ma ture 

l eaves . 

D I SCUSS I ON 

The  above res u l ts cl earl y demons tra ted tha t res i s tance  o f  pop l ar 

c l ones to i n fecti on by M. brunnea i n crea sed  a s  l ea ves ma ture d .  Both l ea f  

s u rfaces  o f  mos t  c l ones wi th i n  the same l eaf  age c l ass  we re equa l l y  

s uscept i b l e to i n fect ion . However the abaxi a l  l ea f  s u rfa ce of  ma ture l eaves 

of seve r a l  c l ones were mo re prone to i n fection . For a l l c l ones  of P. nigra 

and  mo s t  c l ones of  P .  x euramericana young  soft expan di n g  a n d  soft expan ded  

l ea ves  we re equa l ly  s us cepti b l e .  I nfect ion  l eve l s were gen e ra l l y  50% h i gher  

than those  reco rded  on fu l ly expanded ma ture l eaves . Ce l l e ri no  & An s el mi 

( 19 76 ) reporte d  essenti al l y  s i mi l a r res u l ts wi th i n fect i o n  l eve l s  o f  

M .  brunnea on  P .  x euramericana cv . I -2 14 .  Fu rther , they foun d tha t the 

s u s ce p ti b i l i ty of l ea ves i n creased  as l ea ves s enesced . 

Three l evel s of  res i s tance were exh i b i te d  by cl ones · o f  P. de Ztoides . 

Fi rs t l y ,  very suscepti bl e c l ones reacted s i mi l ar ly  to c l ones  o f  P. nigra 

and P. x euramericana, tha t  i s  so ft expan d i n g  a n d  soft expa n de d  l eaves we l�e 

more s us ce p ti b l e to i n fecti on than ma ture l ea ves . Secon d l y ,  trace l eve l s 

of i n fe c ti on were recorded on l eaves o f  each a ge c l a s s  i r�e s oecti ve o f  th e i r 

ma tur i ty .  F i n a l l y i n  the th i rd g roup  o f  h i gh l y  res i s tan t c l ones , abun dan t  
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re d l es i on s  wh i ch d i d not p ro duce con i di a  we re fo rmed on ly  on  s o ft 
expand i n g  l eaves . Th i s  reacti on wa s a ttri buted to  the deve l opmen t o f  
t·e s i s tance fac to rs i n  yo ung  expan de d  l ea ves wh i ch were not p resen t i n  yo u n g  
e xpan d ing l ea ves , perhaps enabl i ng l imi te d deve l opmen t of in tracel l ul a r 
hyphae an d · hen ce symptom express i on . 

I n  the fi rs t hal f o f  th i s  cen t u ry expl anat i ons  fo r res i s tance were 

s o ught  i n  te rms of  s uch mo rphol og i c a l  fea ture s  a s  th i c knes s o f  the c u ti c l e  
a n d  e p i dermi s ,  waxy coveri ngs , s truc ture and l oca ti on o f  s toma ta an d l ea f  

h a i rs ( s ee re v i  e\<JS by Aka i ,  1959 ; Wood ,  1 96 7 ) . I n  re cen t  years howeve r 
there has  been growi n g  awa reness  that  res i s tance o pera tes mos t  commo n l y  

fo l l owi n g  pa tho gen entry an d the re fo re cannot be expl a i ne d  by mo rpho l o g i ca l  

features . Emphas i s  has  therefore been  concen tra te d on de te rmi n i n g  the  

chemi cal  bas i s  o f  res i s tance , wi th  l i ttl e repo rte d succes s .  

I t  has  l ong  been reco gn i s e d  tha t pathogen i c fun g i  pene tra te yo u n g  

l eaf  ti s s ues  mo re rea di l y  than ma ture ti s s u e .  Fo r exampl e ,  \�e i nhol d & 

Eng l i s h ( 1964 ) and Mence & Hi l debrand t  ( 1 966 ) found  tha t re s i s tance o f  

peaches and  ro ses to i n fection by Sphaerotheca pannosa i n c reased  ma rked l y  
a s  l eaves ma ture d .  On both hosts  i n creas i ng re s i s tance was para l l e l e d  by 

an i n cre ase  i n  the combi ned th i cknes s of the cut i c l e  a n d  e p i dermal  ce l l  

wa l l .  Howeve r ,  fo l l owi n g  the obse rva nce o f  h a u s tori a  wi th i n  ep i de rma l ce l l s  

o f  ma ture l ea ve s , Mence & H i l deb rand ( 1966 ) conc l u ded that  penetra ti on  was 

not prec l u de d  by the thi cker cuti c l e  an d epi de rma l cel l wa l l  a c ti n g  as a 

mo rpho l o g i ca l  barri e r .  

Schna tho rs t ,  1 95 9 )  were 

th i s  i ns tance i n fecti on 

I n fecti on 1 e ve 1 s on 1 e ttuce (Erysiphe cichor•acearwn� 

a l so ma rke d l y  reduced wi th l ea f  a ge ,  a l tho u g h  i n  

l e ve l s bore no re l a t ion  to ce l l wa l l  th i ckne s s . 

I n  the presen t s tudy the h i gher  res i s tan ce of  ma ture l ea ve s  to  

i n fe cti on  by M.  brunnea was  attri b u te d  to the u l trastructure of  the mature 
ce l l  wal l rathe r than to d i fferen ce s  i n  the c u ti c l e .  Th i s  con c l u s i o n  i s  

i n  keep i n g  wi th the revi ew by Marti n ( 1964 } who concl u de d  tha t  the c u ti c l e  

pro v i de d n o  s er ious barri e r  to penetra ti on . I n  v i e'.'J o f  the fa c t  tha t  

i n fe c ti on pe gs and rami fyi ng  hyphae pene tra ted  ce l l  wal l s  p ri n c i pa l l y  by 

enzyma ti c acti on an d s i nce pri ma ry cel l wa l l s  a re more rea d i l y  hyd t·o l ysed  

by en zyme s than  secon da ry \'fa l l s  ( Ba teman et al. , 1969 ) i t  fo l l ows tha t yo un g 

expan di n g  pri ma ry cel l wa l l s  s ho u l d be more rea di ly  de g ra de d .  Compara ti ve 

s t udi es  on the s prea d of hyphae wi t h i n  j u ven i l e  an d ma ture l eaves  s howed 
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the re l a ti ve ease wi th wh i ch ce l l  wal l s  o f  j uven i l e  ti s s ue  were pene tra te d ,  

a s  a con s equen ce o f  wh i ch symptoms were e xpressed  2 - 3  days soon e r .  

A coro l l a ry ari s i n g from the above s tud i es i s  tha t i n  s cree n i n g  

cu l ti vars fo r re s i s tance us i n g  the agar  l ea f  d i s c  techn i q ue ( Sp i e rs ,  1 9 78 )  
i t  i s  i mperati ve tha t  on ly  l e af d i s cs from ma ture l eaves be  use d s i nce  

they mo re a ccura te l y  reveal re l a ti ve s u s cepti b i l i ty ,  
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I n  New Ze al and  popl ars are pri mar i l y  used  fo r soi l cc -·1 s e rva ti o·n 
p urposes  an d the re fo re chemi ea l con tro 1 o f  Marssonina i s  i � r a c t i  c a b  1 e due 

to the p roh i b i t i ve cos ts o f  fungi c-i de app l i ca ti on .  Accord "'  "l g l y , as i n  
EU I�ope ( Ce l l e ri no , 1979 ) and  the Un i te d  S tates ( Jokel a et := -"!, 19 76 ) the 

so l u t i on to thi s probl em i s  seen i n  the use  of  res i s tan t c - � n e s  der i ved 

from l oca l breed i n g  pro grammes and/or from i mpo rte d  cutti n �:"3 _an d  s ee d .  

Previ ous s tu di es ( Chap t .  1 G )  estab l i s hed  that  M. bru: -.:·"7-ea was the  mo s t  
pa tho gen i c  s peci es wi th the wi des t  hos t  ran ge . Th i s  spec i � s  h a s  c a u s ed 

l arge economi c l osses to E u rameri can pop l ars i n  E urope ( Ca : te l l an i  & 

Ce l l eri no , 1964 ; Zycha ,  1965 ; Cel l e r i n o , 19 79 ) and  severs- damage to 

P. de ltoides i n  the Un i ted States ( Joke l  a et a Z_, 1 9 76 ) . f.. - tho u g h  M. brunnea 

was fi rs t reco rded i n  New Zea l and  i n  Feb rua ry 19 76 i ts i m� -::., r tance  o n  popl a r  

c l ones  i n  thi s coun try has not been ful l y  a sses s e d .  

S i nce l i t t l e i s  known con ce rn i n g  t h e  re l a ti ve pa tho � �n i c i ty o f  

New Zeal and and  overseas i so l ates o f  M. brunnea th ree l abc :-- ato ry i no c u l a ti on 

expe ri men ts were con ducte d .  I n  the fi rst  two the host rar. 2e a n d  re l a ti ve 

pathogen i c i ty o f  New Zeal an d  i so l ate s  o f  M. brunnea we re � · wes t i gate d .  I n  
the thi rd expe r i men t the re l a ti ve pa tho gen i c i ty o f  New Ze .:: i a n d  a n d  o ve rseas 

i so l ates  was compare d .  I nforma ti on ar i s i n g from these ex:::_ <:: r i men ts i s  v i tal 

i f  an effec ti ve Marssonina res i s tance b reedi n g  p ro gramme i s  to be 

i mp l emen te d .  As fa r as  the author i s  awa re th ere are no  � <:: po rts o f  

compara ti ve pa thogen i ci ty tests con d u c te d  between i n te rna ti o n a l  i s o l a tes  

o f  M.  brunnea . 

Ma te ri a l s and Me thods 

Host ran ge and pa thogen i c i ty tes ts were con duc te d u s i n g  the a ga r  

l ea f-d i s c  techn i q ue ( Spi ers , 1978) . Leaf d i s cs ( 2 . 5  c m  d i am . ) we re p unched 
from ma ture l ea ves p i cked from one yea r g rowth on stoo l s  a t the Aok a u tere 

S c i en ce Cen tre Resea rch Nursery .  Fo l l owi n g  i nocu l ati on  t he l ea f  d i s c s  we re 

i n cuba ted  at 20 ° C  under n atu ra l l i gh t  fo r 20 days when i n fec ti o n  l e ve l s  

were assessed  by counti n g  the n umbe rs o f  l es i ons/cm2 l e a f  a re a  ( b i nocu l a r  

mi croscope ) . Accord i n g  t o  the number of  l es i ons/cm2 l ea f  area t h e  l ea f  

d i s cs \'/ere a s s i gne d a n umeri ca l  ra ti n g  ( 0 - 3 )  ( Tabl e 70 ) . 
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E>speri men t 1 

The host  ran ge and path? gen i ci ty of  1 3  NevJ Zea l an d  M. brunnea f . s p .  

brunnea i so l a te s  ( Tab l e  7 1 )  were compa re d by i nocu l a ti on o f  34 pop.l a r  c l ones 

( Tabl e 72 ) on the a daxi a l  surface wi th  10 , 000 con i di a/ l ea f  d i s c . 

Treatmen ts were repl i cated  four  t i me s .  

Experi me n t  2 

Th ree h un dred and n i neteen popl ar  c l ones ( Tabl e 73 ) we re i nocu l a te d  
on both l ea f  s u rfaces wi th a s i n g l e New Zeal an d i so l ate o f  M .  brunnea 

f .  s p .  brunnea ( Br 1 ex .  P. yunnanensis ) .  Leaf di scs we re i nocu l a te d  wi th  
1 , 000 ; 5 , 000 ; 1 0 , 000 an d 100 , 0 00 con i d i a/ d i s c  an d a l l t rea tments  we re 

repl i ca te d  fo ur  ti mes . 

Experi men t 3 

Th i rty -ei ght  pop l ar  cl ones (Tab l e 74 ) were i nocu l a te d  ( a daxi a l l y ,  

25 , 000 con i d i a/ di s c )  wi th 1 7  i so l a te s , 3 from Ne'.'/ Zeal an d  (M. brunnea f .  s p . 
brunnea )  an d 14 from o verseas ( 1 1  of  M. brunnea f. s p .  brunnea a n d  3 o f  

M. brunnea f .  s p .  trepidae ) ( Tab l e 75 ) .  I n di vi dua l tre a tmen ts we re 

rep l i ca te d  8 ti mes . Where pos s i b l e  s i n g l e repl i cates i no c u l a te d  wi th  the 

1 7  i so l a te s  we re a l l from the one l ea f .  

RESULTS 

Experi men t 1 

A l though  the 34 host cl ones di ffe red i n  s u s cepti b i l i ty ,  on  e a ch hos t  
the 13  New Zeal an d  i s o l ate s  o f  M. brunnea f .  s p .  brunnea were s i mi l a rl y  
pathogen i c  ( Tabl e 76 ) .  Al l c l ones  of  P .  nigra a n d  P. fremontii \'/ere 

h i gh l y  s us cepti b l e wh ereas cl on es of  P. de ltoides and P. x eur•americana 

vari ed markedl y i n  thei r res i s tan ce . No i so l ates  were pa thogen i c  to 

P. tremuZa� P. tremu Zoides� P. pseudograndidentata and  P. a lba x P. tremu Za . 

Experi me n t 2 

The res u l ts ( Tabl es 77 an d 78)  s how that  M. brunnea f .  s p .  brunnea 

has an e xtreme l y  wi de host ran ge a ttack i n g  rep resen ta ti ves  f rom  a l l secti ons  
of  the genus . These  res u l ts further s how tha t  popl ars o f  th e Se c ti on  

Aigeiros we re mo re s uscepti bl e than popl a rs o f  the o ther  Sec ti ons  (Leuce� 

Tacamahaca� Leucoides) . Wi thi n the Sec ti on Aigeiros� c u l t i vars o f  the 

European b l ack popl a r  (P. nigra) we re a l l h i gh ly  suscep ti b l e .  By con tras t ,  

cul ti vars o f  the Amer i can bl ack popl ar  (P. de ltoides) were u n i fo rml y 
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res i s tan t to h t gh ly  res i s tan t .  A s  expecte d ,  hybri ds of P.  nigra an d 

P. de ltoides (P. x euramericana) were uni fo rml y more suscep t i b l e than 

c u l ti va rs of P. de ltoides . However there were several  h i gh l y  res i s ta n t  

cu l ti va rs of  P .  x euramericana . 

Wi t h  the Secti on Tacamahaca� cu l ti va rs of  P.  trichocarpa were 
un i forml y res i s tan t to h i ghly res i stant  and  hence compara b l e to P. de ltoides . 

Cu l ti vars  of  P. maximowiczii and  o ther speci e s , name ly  P. yunnanensis� 

P. ci liata� P. szechuanica and hyb ri ds  of s pe c i es w ith i n  t h i s secti on  

name ly , P. androscoggin were s l i ghtl y mo re res i s tant  to i n fe c ti on than 

cu l ti vars  of P. trichocarpa . 

Speci es o f  the Sections Leucoides and  Leuce we re h i g h l y  res i s tan t to 

i n fect i on . Hi th i n  the secti on Leuce� s peci e s  of the s u b - s e c t i on Trepidae 

(P. tremula� P. tremu loides) rema i ned  free o f  i n fecti on whereas  s peci es o f  

the s ub secti ons  Albidae CP. alba) an d A lbidae x Trepidae CP. a lba x 

P. tremu la/P. tremu loides) were l i ght l y i n fecte d ,  

C u l t i va rs de ri ved from i n ters ect iona l  cros ses vari e d  i n  the i r  

res i s ta n ce to M. brunnea f. s p .  brunnea depen di n g  on the res i s tance o f  the 

parent  s pe ci e s . Tha t  i s ,  cul t i vars ar i s i n g  from crosses  b e tween the 

Secti o n s  Leuce x Tacamahaca we re more res i s ta n t  than cu l t i vars  deri ved 

from c ro s s es between  Leuce x Aigeiros an d Tacamahaca x Aigeiros . 

Al tho u gh bo th l eaf surfaces o f  mo s t  cu l ti vars o f  the Secti ons  Leuce� 

Leucoides a n d  Aigeiros we re equa l l y s us cepti bl e to i n fecti o n , certa i n  

s pe c i e s  o f  the Secti on Tacamahaca namel y ,  P. maximow1:czii� P .  candicans 

an d P. simonii va r .  fast�ata were noti ceab ly  mo re s uscep ti b l e  on  the 

aba x i a l  l ea f  s urface . Furthermo re ,  ce rta i n cu l ti vars from the i n te rs ecti ona l 

cro s s e s  Aigeiros x Tacamahaca {Koreana x nigra� maximowiczii x nigra) � and  

Leuce x Aigeiros� (de ltoides x a lba) were a l so  mo re heavi l y  i n fecte d  on 

the abax i a l  s u rface . 

From the mean overa l l i n fecti on  l evel s (Tab l e  78 ) i t  i s  obv i o us that  

i n fect i on l evel s we re h i gher a s  the i nocul um l oa d  i. nc rea s e d .  U p  to a n  

i nocu l um l evel  of  1 0 , 000 coni d i a/ di s c  there was a s ub s tan ti a l  i n cre a s e  i n  

i n fec t i on , Howeve r an i ncrea s e  i n  the i nocu l um l oa d  from 1 0 , 000 to 

100 , 00 0  con i d i a/ di s c produce d on l y  a neg l i g i b l e  i ncrease  o f  i n fecti on 

i n ten s i ty .  



TABLE  70 : 

D i sease 
Ra ti ng 

0 
1 
2 
3 

TABLE  7 1 : 

I so l a te 

NZ l  = Br l 

NZ2 = B1�2 
NZ3 = Br3 
NZ4 = Br4 

NZ5 = BrS 

NZ6 = Br6 
NZ7 = Br7 

NZ8 = B1�8 

NZ9 = Bl�g 

NZ10 NA 

NZl l  NA 

NZ12 NA 

NZ13  NA 
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D i s ease  rati n g  sca l e  a n d  s u s cepti b i l i ty c l as s i f i ca ti on fo r 
a s s es s i n g  pop l a rs fo r res i s tance to Marssonina s pec i es  i n  the 1 aboratory 

Les i ons per I n fect i on Sus cept i b i l i ty 
cm2 Leaf Area Level  Cl as s i fi cat i o ;1 

0 N i l Hi gh ly  Res i s tan t 
1 - 10 L i g h t  Res i s tan t 
>10<25 Med i um Suscep t i b l e 
>25 Hea vy . .  Ve ry s u s cepti b l e 

New Zea l and i sol ates o f  M. brunnea used to i no c u l a te pop l a rs 
i n  hos t range  an d pa tho gen i. ci ty s tudi es (expe r i men t one ) . 

Hos t  Spec i es O ri g i n  Da te 

P. yunnanensis Pal me rs ton Nor th 10 , 1 .  78 

P. x euramericana Pa h i a tua 10 . 1 .  78 

P. fremontii cv . ANU6 1/48  Pa l me rs ton North 10 . 1 . 78  

P.  fremontii x P. n1.-gra 1 1  1 1  1 0 . 1 . 78 
Sempe rvi rens  C V .  ANU66/9  
P.  x euramericana 1 1  1 1  10 . 1 . 78 
C V . 1 2 14 

P. alba 1 1  1 1  10 . 1 .  78 

p, x euramericana 1 1  1 1  10 . 1 .  78 
C V .  Fl e vo 
P. x euramericana 11 1 1  10 . 1 . 78 
C V . NL2 194 

P. de lt .  X P. maxi . 1 1  1 1  10 . 1 .  78 
C V . 1 83/58 

P. de ltoides 11 ! I  10 . 1 .  78 

P. alba x P. nigra 1 1  1 1  10 . 1 .  78 
Sempe rvi ren s  cv . Mare g 

P. ma.r:imowicz i i 1 1  1 1  10 . 1 . 78 

P. nigra c v .  I tal i ea 1 1  1 1  10 . 1 . 78 

' 

NA : No t Appl i cab l e 

I 
I 
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TABLE  72 : Pop l ar , speci es , c l ones tes te d  fo r s u s cepti b i l i ty to 13  
Ne\'1 Zeal and i so l a tes o f  M. brunnea ( E xpe ri men t one ) . 

Name o f  Spec i es , C l  one or  Cu l  ti va l� 

S E CT I ON LEUCE  

Popu lus a lba L .  cv . NZ  o l d cl one 
C V .  B02 

P. a lba va r .  h i c ke l i ana Do de , c v . 
P E90 

P. pseudograndidentata 
P. tremu loides 
P. a lba L .  x P. tremu la 
P .  x canescens Smi th 
P. a lba x P. g landu losa 

S ECT I ON A I GE I ROS 

P. de ltoides Marsh  s pp .  An gul a ta 
Ai t .  C V . 1 69/5 5  
I 72/5 1  SP  
I 74/5 1  SP  
NL2 180 

P. fremontii Wa ts . cv . ANU6 1/48 
P. nigra L .  c v .  I ta l i ca 

1 1  C V . T R56/52 

SECTI ON A I GE I ROS X A IGE I ROS 

P. x euramericana (Dode . ) Gui n i e r  
cv . F l e vo 
1 154 
NL925 ( Dorskamp ) 
NL1603 
NL2 196 
ANU 65 -29 

ANU 66/8 
ANU 66/9  

S ECT ION TACA��HACA 

P, maximowiczii Henry cv . Kew 
C V .  OJP  M1011  

P. trichocarpa Torr .  & Gray . c v . 
S6 1 7-4 1 

P. yunnanensis 

S ECT ION A I GE I ROS X TACAMAHACA 

S909 - 19 
NL1 785 ( Borgh ) 

S E CT ION  LEUCE  X A I GE I ROS  

De l bo U 
De l mak  20 
Mareg 2 

l S E CT I O N  LEUCE  X TACAMAHACA 
fvlayu 1 

Rema rks � Pa ren tage , Origi n o r  So u r c�l 
I ta l i a n s e l e cti ons  

11  1 1  

Seedl o t  ex . Wi s con . USA 
Hunga·ry 
P. alba L .  x P. tremu la L .  

I ta l i a n Sel ecti on 

11  1 1  

1 1  1 1  

Dutch  Se l ect ion 
Aus tra l i an 

Turkey 

Hol l an d  
I ta l y  
Hol l an d  

1 1  

1 1  

Austra l i a  de ltoides x nigra 

1 1  

" 

s empervi ren s  
fremontii x nigra 11  

" 1 1  1 1  

Japanese  s el ecti on 

Be l g i um 
Chi na 

Bel g i um (de lt .  x tricho . ) 
Dutch (de l t .  x tricho . }  

Aus tra l i an (de l toides x a lba ) 
1 1  " " 

11 ( a lba x nigra Sempervi i"en s ) 

Austral i an (�lba x yunnanensis )  
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TABLE  7 3 :  Pop l a r c l ones and s peci es screened fo r suscepti b i l i ty to 
M. brunnea i so l a te Br 1 ( Experi men t 2 )  

Name o f  Speci e s , Cl one or  Cu l ti var 

SECT I ON L EUCE 
A .  ALBIDAE 

P. a lba C V .  
C V . 

c l one 
I ta l i an sel ecti ons  

1 1  1 1  

1 1  11  

11  1 1  

NZ o l d 
1 40/5 7  
I42/ 5 7  
I49/ 5 1  
I 59/ 1  
BO 2 11 1 1  

P .  a lba L .  va r .  h i ckel i an a  Do de . cv . PE90  
11  L .  var .  pyrami da l i s  Bun ge 

Cl one 73/ 76/8 New Zea l and  se l ec ti o n s  

B .  TREPIDAE 

1 1  7 1/ 3/ 2  1 1  1 1  

1 1  72/ 8/ 3 1 1  1 1  

1 1  73/ 7 7/ 5  1 1  1 1  

P. pseudograndidentata 
P. tremu Za L .  c v .  FRI  
P .  tremu Za L .  c v .  Nel son 
P. tremu la L . c v .  ��o k . 

11 

1 1  

11  

P. tremu loides . Mi chx . seed ex .  Hi scon s i n  

C .  ALBIDAE X TREPIDAE 

P. a lba L .  x P. tremu Za L .  Hun gary 
P. canescens B .  Smi th (P. a lba x P. tremu Za ) 
P. a lba x P. glandu losa c v .  K65-22-4 

. C V . K66-20- l 

S E CT I ON A I GE I ROS 

A .  Ame r i can B l ack Popl ars 

P. de ltoides AGr 2 1- 6. 
AGr 2 8-8 
AGr 6 1 -58 
AGr 68- 1  
ANU 28-8 
ANU 6 0/ 1 10 
ANU 60/ 129 
ANU 60/ 135 
ANU 6 0/ 166 
ANU 6 0/ 103 
ANU 6 0/ 125 
ANU 6 0/ 146 
APC 6 7/ 1 - 3  
A P C  6 7/ 5 - 1  
A P C  6 7/ 5 -2 
APC 6 7/5-6  ( CONTI NUED )  
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TABLE  73  Con ti n ue d :  Pop l ar c l ones  an d s peci es s creened fo r s us cept i b i l i ty 
to M. br>unnea i so l a te Br 1 ( Expe r i ment 2 )  

Name o f  Spe c i es , C l one o r Cul t i Var 

P. de ltoides APC 6 7/5-7  
APC  6 7/5- 13  
APC 6 7/ 7- 1  
A P C  6 7/ 7-2 
APC 6 7/7 - 12  
APC  6 7/ 10-3  
APC  6 7/ 12 -4 
APC 6 7/ 16-8  
APC  6 7/24 -2-3  
APC  6 7/28-4 
APC 6 7/ 28-6 
APC 6 7/28-8 
APC 6 7/28- 1 1  
APC  6 7/ 31 - 1  
APC 6 7/40- 1  
APC 6 7/40-2 
AP C 6 7/40 -5 
APC 6 7/47-2  
APC  6 7/5 1 - 1  
APC 6 7/ 5 1 - 5  
APC 6 7/ 5 1 -6 
APC 67/65- 14 
APC 6 7/ ll9A-8 
APC 6 7/ 1 19A-9 
APC 6 7/ 123A-8 

P. de ltoides Mars h s pp .  an �:11 1 l  a ta Ai t .  cv . 
Carol i nens i s  · · 

Chautagne 
G3 
G48 
Mi s s i ss i ppi  RB 

P. de ltoides Ha rvard 
1 6 3/ 5 1  
! 69/55  ( L ux )  
1 70/ 51 
1 72/51 SP 
1 74/51  SP 1 1  

P. de ltoides Marsh spp . mon i l i fe ra cv . Fri ml ey 
P. de ltoides I n ta 14/ 7 1  

I n ta 1 6/69 
I nta 39/ 7 1  
I n ta 66/ 6 7  
I nta 7 1/ 6 7 
I nta 79/ 7 1  
I nta 9 1/ 7 1  
I n ta 1 5$/69 
I n ta 34 1/69 
I n ta 3 72/69 

NE  24 5 
1 _______________ N_L_1_4_54 ________________________ 

(_C_ON_T_I_NU_E_D_) __ ___ 
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TABLE  7 3  Con ti n ued : Po pl ar c l ones and spec i es screened for s uscepti b i l i ty 
to M. brunnea i_ so l ate B i' 1 ( _Exper i ment  2 )  

Name of  Spec i e s , Cl one or  Cul t i var  

P. de ltoides Con ti n ued 
NL  1660 
NL 2 180 
NL 2243 
NL 2 5 1 5  
Stonevi l l e 6 2  
Stonev i l l  e 6 6  
Stonev i l l e  70 
S tonevn 1 e 7 1  
Stonevi  1 1  e 81 
Stone v i  1 1  e 92 

P. fremontii Ha ts . cv . ANU 6 1/48 
P. fremontii Wa ts . Seedl i n g ex Utah . 

B E u ras i an B l ack  Po pl a rs 

P. nigra L .  va r .  Caud i na Teno re . 
L .  var . Bl anc de Ga ronne 

P. nigra C V . CE9 
· rR 42/80 
I ta l i ca 
I ta l i ca Aurea 
I ta 1 i ea F 
L P 1  
MC 18 
MC20 
PG14 
PG22 
Po znan 9 
R103  
Sempervi rens 
Thevesti na 
TR56/ 32 
TR56/52 
TR56/ 72 
TR56/ 75 
TR62/27  
TR62/49 
TR62/ 52 
TR62/57  
TR6 2/ 1 2 7  
TR62/ l.40 
TR6 2/ 149 
TR62/ l 54 
TR62/ 19 1 
Vert de Ga ronne  
Y83/66 
Y95/ 6 7  
Granaracci  

P .  x euramericana. ( Do de . ) G u i n i e r cv . ( d .  x n . )  
ANU 65 - 1  ( d .  x n s . ) 
ANU 65 -5  ( d .  x n s . )  ( CONT I NUED )  --�------------------�------�� 
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TABLE 73 Con ti n ue d : Pop l ar c l ones a n d  s pec i es screened fo r s us cept i b i l i ty 
to M. brunnea i so l ate Br  1 ( Experi me n t  2 }  

Name of Spe c i es , C l one  or  Cul ti va r  
P. x euramericana Con ti n ued 

ANU 6 5 - 14 ( d .  x n s . }  
ANU 65- 19 ( d .  x n s . )  
ANU 65 -24 ( d .  x n s . )  
ANU 65 -26 ( d .  x n s . }  
ANU 65-29  ( d .  x n s . }  
ANU 65 - 70 ( d .  x n s . }  
ANU 66/8 ( fremon ti i x n s . 1  
ANU 66/9 1 1  

Al t i  ch i  era 
Be 1 1  i n i  
B L  Cos tan zo 
Bocca 1 a ri 
Carpaccio  
C i ma 
EC028 
Eugenei  PU ( Re g .  x N I . )  
E ugenei UL 1 1  

Fi e ro l o  
Fl evo 
Fogo l i no 
Ge l ri ca HA 
G l o rg i one 
Guardi 
Guari ento 
Ha rff (Schroek 290 } 
I 30 
I 6 5  ( Gwydyr)  
I 740 
I 78 
! 154 
I 2 14 
I455 
I488 
I45/ 5 1  
I 92/40 
L aev i  gi  a ta 
Lei pzi g 
Lon ghi  
Mari l an di ca F 
Ma ri l an di ca I 02 6  
N L  9 2 5  ( Dors kamp } 
Nl.. 1070 
N L  1601 
NL 1602 
NL  1603 
NL 1605 
NL 1 6 10 
NL 1 775 (Spi j k )  
N L  2 1 70 
N L  2 17 1  
NL 2 193 
N L  2 194 
N L  2 195 ( CONT I N UE D)  
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TABL E  73 Con ti n ue d :  Popl ar  c l ones an d speci es  s c reened fo r s us cept i b i l i ty 
to M. brunnea i so 1 ate B r  1 (Experi.ment  2 )  

Name of  Spec i e s  , C l  one o r  Cu  1 -=-t1.:_· v:....:a.:...:.r _________________ -1 
P .  x euramericana Conti n ue d  

N L  2 196 
NL 2 19 7  
NL  2200 
NL 2202 
NL 2205 
NL  2206 
NL  2207  
NL  22 1 7  
NL  2220 
NL 2223  
NL  2226  
OP 66  
OP 223AH 
Pache r 
Re gene ra ta 360 ( Ne upo tz ) ( N .  x Sero ti na )  
Regene ra ta Nep i a 11 

Re genera ta WV 11  

Re i nbec k LK 82 11 

Robusta  Bacherl i e ri i  H ( d .  x N P . ) 
Rob us ta cook 1 1  

Rob us ta PH 1 1  

Rob usta H 1 1  

Robusta Zeel and ' 1  

Rubra 
San Ma rti no 
Schi avone 
Sero ti na  VB 
Seroti n a  de Champagne (Re g .  x Se roti n a )  
Sero ti n a  du Poi tu  1 1  

Tiepo l o 
Tri p l o  
Venez i ano 
Veronese  

S E CT I ON TACAMAHACA 

P. maximowiczii Hen ry c v .  Kew 
OJP M106 
OJP �1108 
OJP M10 1 1  
OJP M1012  
OJP �1 1020 
OJP MA-3  
OJP MC-22  

P .  trichocarpa 
1 1  

To rr . & Gray var . h asta ta ( Do de . )  Hen ry 
Torr .  & Gray cv . C F  

LA99 
wv 
V235 
S61 7-16  
S6 1 7-4 1 
$6 1 7-88 ( CONT I NUE D )  _ _  



2 10 

TAB LE  73 Con ti n ued : Popl ar c l ones and  s pe ci es s creened fo r s us cepti b i l i ty 
to M. brunnea i sol ate B r  1 (Experi men t 2 )  

N ame o f  Speci es , C l o ne or  Cul ti v a r  

P .  ywmanensis Do de . 
P .  candicans Ai t .  
P .  ci liata 
P .  simonii Ca rr .  

1 1  v a r. fas t  i g i a ta 
P.  szechuanica Gi bbs . 

1 1  ti beti  ea 
P. androscoggin (maxi . x tri cflO , } 
P.  koreana x P. trichocarpa 
P .  tacamahaca x P. trichocarpa 32 

1 1  1 1  3 7AF 

S E CT ION A I GE I ROS X TACAMAHACA 

A .  I n terameri cana - P .  de Z toides x P. trichocarpa 

B .  

C V .  NE205 
NE207 
NL  1616 
NL  1623 ( Barn } 
NL 1626 
NL  164 7  
NL  1650 
NL  1656 
NL 1 783 
NL  1 785 ( Be rgh ) 
NL 2228 
NL 2233 
S909 - 1  
S909 - 10 
5909 -12  
5909- 1 6  
5909- 19 
5910 - 1  (Un a l  7 }  
5910-2 (Un a l  8 }  
59 10-4 
5910-5 
5910-8 
$910-10 
69042-1  
69042-2  
69042-3  
69042-4 
69042-5  
69042 -6 
69043-1  
69043-2  
69043-3  
69043-4 
69044-2 

Othe rs An dover ( n . x t . } 
ANU 70-2 ( d .  x y . } 
Be rry 65/ 1 6  ( gen . x y . )  
Berry 65/ 2 6  ( en .  x . )  

___ __, . ( CO NT I NU E D )  
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TABLE 73  Con ti n ue d :  Pop l a r  c l ones a n d  s peci es  sc reened for s us cept i b i l i ty 
to M. brunnea i so l a te Br 1 (Expe ri men t 2 }  

Name of  S pe c i �s , C l one or  Cu l ti var  

Others C on ti n ued  

Frye ( n . x l a uri fo l i a J  
Geneva (maxi . x bero l . }  
1 83/58 ( maxi . x d . ) 
K62 -9  ( n .  x ma xi , }  
K6 3 - 100 ( Koreana x n . ). 
K6 3- 125 1 1  

K6 3-130 1 1  

K63-129  ( Koreana x N I . }  
Laure l  52  ( d .  x taca . } x l aur i fo l i a  
Ma i ne ( t .  x bero l . )  
Oxford (maxi . x bero l . }  
Rochester  ( maxi . x n P . } 
Roxbury ( n .  x t . ) 
NZ500 1 ( d .  x y . } 
Wa i pu k i  1 ( d .  x y . ) 
�fa i puk i  2 ( d .  x y . ) 

SECT I ON L EUC O I DES 

P. lasiocarpa Ol i v .  
P. wi lsonii Schne i d .  

SECTION LEUCE  X A I GE I ROS 

P. a lba L .  x P. nigra L .  

P. de ltoide s  x P. alba c v .  Maktar 
cv .  De l mak 13  

De  1 mak 16 
Del mak 18 
De l mak 19 
De l mak  20 
De l mak  22 
De l ma k 26 

P. de l toide s  x P. alba var.  pyrami da l i s  
C V .  De 1 bo U-

De l bo 9 

P. a lba ' Mo rocc0 1 x P. nigra Sempervi ren s  
, . c v .  ivi a  re g 2 

SECT I ON L E UCE  X TACAMAHACA 

P. alba ' Moroc co 1 x P. yunnanensis ANU 

CV , Mayu 1 
Mayu 2 
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TAB L E  73 Con ti n ued : Po pl ar  c l ones  an d s peci e s  s c reened fo r s us cept i b i l i ty 
to M. brunnea i so l ate Br  1 ( Expe ri men t 2 ) . 

KEY TO ABBREVIAT I ONS 

be ro l . be ro l i nens i s  

d .  de l to i  des 

gen . gene rosa  

maxi . maxi mowi cz i i 

n .  n i gra 

n i .  n i gra I ta l i ca 

n P .  n i gra Pl a te ri en s i  s 

n S .  n i g ra Sempervi  ren s  

t ri cho . ( t }  tri chocarpa 

taca . tacamahaca 

y , yunnanens i s  

Reg . Re gene ra ta 



TABLE  74 : 

LEUCE 

AI GE I ROS 

TACJl.MAHACA 

Pop l a r  s peci es , c l ones i nocu l a te d  wi th New Zeal an d a n d  
an d o ve rseas i so l ates of  M. brunnea ( Experi men t  3 }  

Name o f  Spec ies , C l one  or  Cu l ti vat  

P. a lba L .  NZ o l d c l one  
1 1  72/ 8/ 3  ( �·. z s e l ec ti on ) 

P. tremuloides 

P. tremula 

P. de ltoides cv . ANU 60/ 1 10 
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

ANU 60/ 125 

ANU  60/ 129 

ANU 60/ 146  

ANU 60/ 166 
APC 6 7/28-4 

APC 6 7/28-6 

APC 6 7/3 1 - 1  

APC 6 7/65 - 14 

P. de ltoides spp .  angu lata cv . Chauta gne  
1 1  11 C V . G3 
1 1  1 1  C V .  G48 

2 13 

1 1  1 1  c v .  Mi s s i s s i pp i  Ro u gh Bark 
P. de ltoides 169/55  ( Lux )  
1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 1  

1 70/5 1  

I 72/ 5 1SP  

I 74(5 1S P  

I n ta 6 6/ 7 1  

I n ta 9 1 / 7 1  

I n ta 34 1/69  

I n ta 372/ 6 9  

NL 1660  

S tone vi  1 1  e 81  
P. fremontii c v .  ANU  6 1/48 

P. nigra 
1 1  

c v . I ta 1 i ea 

c v . B l anc  de Garonne 

P.  X euramer1�cana cv .  E CO 28 
1 1  

1 1  

1 1  

1 1  

11  

1 1  

P. maximou>iczii 

c v .  F i e ro l o  

c v . F l e vo 

C V . NL  925  
cv . NL  1070 

C V .  N L  1603 

C V .  NL  2 194 



TABLE  75 : 

! s o  1 a te 

Br  5 

Br  5 L l  

B r  6 

B r  1 0  

B r  1 1  

B r  12 

Br 1 3  

B r  14 

B r  1 5  

Br  1 6  

B r  1 7  

Br 18 

Br 19 

Br 20 

Br 2 1  

B r  2 3  

B r  24 

2 14 

I s o l a tes of M. brunnea u sed to i no c u l a te popl a rs i n  host  range 
and  pa tho gen i ci .ty s t udi. e s  (Exper ime n t  3 ) 

Hos t  Spec i es Ori g i n 

P.  x eu.ramericana C V . I 2 14 Pa lmers ton North , N Z  

La rge con i dt um vari a n t  15%V8 

P. a lba Pal me rs ton North , N Z  

P .  de ltoides I l l i n o i s ,  ·us A 
11 I l l i no t s , USA 
1 1  I l l i no i s ,  USA 
1 1  Iowa , USA 

P. trichocarpa Mi nneso ta , USA 

P .  de ltoides Co l ora do , USA 

P. nigra Surrey , Eng l and  

P.  x euramericana C V . Robusta  Dubl i n ,  I re l and  
11  Nancy , Fran ce 

P. de ltoides Hees , Ho l l an d  

P . x euramericana An kara , Turkey 

P. tremu loide s Co l ora do , USA 
1 1  Al a s ka , USA 
1 1  Mi nnes o ta , USA 

I 



TABLF,_Z§_: Suscep t i b f l f ty of pop l a r  c l ones to New Zea l an d  i so l a te s  o f  M. brunnea fol l owi n g  i nocul a ti on wi th 10 , 000 con i d i a/ di s c  a n d  
i n cuba t i on fo r 20 days a t  20 ° C  i n  na tural l i gh t  ( E xpe r i me n t  one ) 

f Ho s t  Spec i e s , C l one 

P. a lb� N Z  ol ci c l one 

r o r  Cul  ti v a r  

" vil r .  h i c k e l  i ana 
" C V .  BO 2 

P. pseud :>g r\.:r...i � .. :'11 n !a ta 
P. t 1·a� .. loidas 
p. ti"arr.J la 
1'. r. Z ba x P. trciTTU la 
F. car..esccns 
P. a ! oa x P. g l anm, Zosa 
P. d:! ! �o�de8 C V . ! 6 9/ 5 5  " ! 72 / 5 1 S P  

" ! 74 / 5 1 S P  
" NL2 180 

P. fr�mon ti i cv. 6 1/ 4 8  

P.  nigz� c v .  ! ta l i ca 
" C V .  TR56 / 5 2  

P. x e uramt!r .... �cana cv . 
( d  x n )  
! ! 54 
N L 9 2 5  
Nl l603 
N L 2 1 9 6  
At:U6 5 - 2 9  
A!IU66/ 8 
MU66/ 9 

Fl e vo 

P. marimowiczii  c v .  Kew 
• C V .  OJPM10 1 1  

P. trichocarTJ c v .  6 1 7-4 1 

NZ1  

1 4 
0 
0 

0 

0 

0 

0 

0 

0 

2 
0 
1 
2 

3 

3 
3 

N Z2 

2 
0 
0 

0 

0 

0 

0 

0 

0 

2 
0 
1 
3 

3 

3 
3 

New Zea l a n d  I so l a te o f  N. br'Un1:<!a 
' N Z3 NZ4 N�5 N Z6 N Z 7  

1 
1 
0 

0 

0 

0 

0 

1 

0 

3 
0 
1 
3 

3 

3 
3 

1 
0 
0 

0 

0 

0 

0 

1 

0 

2 
1 
1 
3 

3 

3 
3 

1 
0 
0 

0 

0 

0 

0 

0 

0 

2 
0 
1 
3 

3 

3 
3 

1 
1 
0 

0 

0 

0 

0 

1 

0 

2 
0 
1 
3 

3 

3 
3 

1 d 
0 

0 

0 

0 

0 

0 

1 

2 
0 
1 
3 

3 

3 
3 

NZ8 NZ9 N Z 1 0  N Z 1 1  N Z 1 2  N Z 1 3  1 
2 
0 
1 
0 

0 

0 

0 

1 

1 

2 
0 
1 
3 

3 

3 
3 

1 
1 
1 

0 

0 

0 

0 

1 

1 

2 
0 
1 
3 

3 

3 
3 

l 
1 
0 

0 

0 

0 

0 

0 

0 
3 
0 
1 
3 

3 

3 
3 

1 
0 
0 

0 

0 

0 

0 

0 

0 

2 
0 
0 
3 

3 

3 
3 

1 
0 
0 

0 

0 

0 

0 

0 

0 

2 
0 
l 
3 

3 

3 
3 

1 
0 
0 

0 

0 

0 

0 

0 

0 

2 
0 
1 
2 

3 

3 
3 

1 1 1 1 1 1 1 1 1 1 1 1 1 
3 3 3 3 3 3 3 3 3 3 3 3 2 
0 1 0 1 0 0 1 1 1 1 1 1 0 
1 1 1 1 1 1 1 1 1 1 1 1 1 
3 3 3 3 3 3 3 3 3 3 3 2 3 
3 3 3 3 3 2 2 2 2 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 
3 3 3 3 3 3 3 3 3 3 3 3 3 

1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 2 1 2 1 2 1 1 1 1 1 

2 2 3 3 2 3 2 3 3 2 2 2 2 

P. uum:anensis 1 1 1 1 1 1 1 1 1 1 1 1 1 
S909 - 19 ( d  X t )  2 2 3 3 2 3 2 � 3 2 2 2 2 
N l 1 785 " 3 3 2 2 3 3 3 3 3 2 2 2 3 

De 1 bo U ( d .  x a . ) 1 1 1 1 1 1 1 1 1 1 1 1 1 
De 1 ll'.d k 20 " 2 3 3 3 2 2 3 3 3 2 2 2 2 
Ma reg l ( a  x n )  3 3 3 3 3 3 3 3 3 3 3 3 3 �u 1 ( a  x ) 1 1 1 1 1 1 1 1 1 1 1 1 1 _ !_Q_TAL_ 49 5 3  SS .56 50 55 _ _  _23 __ � 9 5 7 52 4 9 49 4 8 ___ l L':EA :l 1 .  4 1 .  5 l .  6 1 .  6 l .  4 1 .  6 1 .  5 1 .  7 1 .  _6 1 .  5 J .  4 l .  4 l .  4 

n o  = no i n fe c t i o n  
a = P.  a �ba 

1 = 1 - 10 acervul  i / cm2 
d = P. de l t oiJes 

2 = > 10 � 2 5  a c e r v u l i / cm2 
11  = ?. �r�gl"a 

3 = >25 ace rvu l i /cm7 
y = P. yum:::r:ensi;; 

N 
I-' 
U1 
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TABLE 7 7 :  Re l a t i ve s u s ccpbi t i l i ty o f  pop l ar c l ones t o  N. br-:<t:t1£?a B r  1 fo l l o�l i n g  i nocu l a t i on wi t h  
1000 , 5000 , 10000 , 1 00000 con i d i a  a n d  20 days i nc u b a t i on a t  Z 0 ° C  un de r n a t u r a l  l i gh t  
( E xpe rkcn t 2 )  

Hos t  Spe c i e s , C l one I nocu l um Le ve l & Lea f S u rface 
or Cu l t i va r  10 1 . I 5 X 1 0 1  1 0 4  I 1 0::-1 

AD AB AD AB AD AB AD AB 

LEUCE - ,1LBI:JAE 

P. alba cv . NZ ol d 1 1 1 1 1 1 1 1 
c l one 

• C V .  8 0  2 0 0 0 0 0 0 0 0 
. cv . ! 4 0/5 7  0 0 0 0 1 V 1 V 
. c v . ! 4 2/ 5 7  0 0 0 0 1 0 1 0 
. C V . ! 4 9 / 5 1  0 0 0 0 0 0 1 0 
. C V .  ! 5 9/ 1 0 0 0 0 0 0 0 0 

P. a lba va r .  h i c k e l i ana 0 0 1 0 1 0 1 0 
P. a lba va r. pyrami dJ I i s  0 0 0 0 1 0 1 0 

7 3/ 76/8 0 0 0 0 1 0 1 0 
7 1/ 3/ 2  1 0 1 0 1 1 1 2 
72/ 8/ 3 1 0 1 0 1 1 1 0 
7 3/ 7 7/5 0 1 1 0 1 1 1 1 

. 
�"REPIDAE 

P. pseudcgl't.'?ldi :icn ta � 0 0 0 0 0 0 0 0 
P. trerrr"' la F R l 0 0 0 0 0 0 0 0 

. N e l son 0 0 0 0 0 0 0 0 

. WOK 0 0 0 0 0 0 0 0 
P. t rcr.7u loi.:ie s 0 0 0 0 0 0 0 0 l ALBIDAE x TRE?JDAE 

A lba x t rcmtda 0 0 0 0 0 0 0 0 
P. ca�:e s ::t:Zns 0 0 0 0 0 0 0 0 
P. a Z ba x g !c:n�u !osc: 0 0 0 0 0 0 0 0 

K65 - 2 2  -4 0 0 0 0 0 0 0 0 
K66 -Z0 - 1  0 0 0 0 0 0 0 0 

1 0 . 1 
f---. J �lEAN L E UCE 0 . 1  0 . 2  0 . 04 0 . 4  0 . 2  0 . 4  0 . 2  

A I GE I ROS 

P. de Z toides C V .  
AGr2 1 - 6  1 1 2 2 3 3 3 3 

. AGr 2 8  8 1 1 1 1 1 1 2 2 

. AGr 6 1 -58 1 1 1 1 1 1 1 1 
" AGr 6 8 - 1  1 1 1 1 1 1 2 2 
" AGr 2 8 - 8  1 1 2 2 2 2 3 3 
. ANU 60/ 1 1 0  1 1 1 1 2 1 2 2 
. ANU 60/ 129 1 1 1 1 1 1 1 1 
" AN U 60/ 1 35 1 1 1 l 2 2 3 3 
. ANU 60/ 166 1 1 2 2 2 2 2 2 
" ANU 60/ 1 0 3  1 1 1 1 1 1 2 2 
.. ANi.J 60/ 1 2 5  1 1 1 1 1 1 1 1 
. ANU 6 0/ 1 4 6  0 0 0 0 1 1 1 1 
.. APC 6 7/ 1 - 3  L a .  1 1 1 1 1 1 2 2 
. APC 6 7 I 5- 1 LJ . 1 1 1 1 2 2 2 2 
.. .. 6 7/ 5 - 2  L a . 1 1 2 2 3 3 3 3 
. .. 6 7/ 5 - 6  L a .  1 1 2 2 3 3 3 3 
• .. 6 7/ 5 - 7  L a .  1 1 2 2 3 3 3 3 
" .. 6 7/ 5 - 1 3  L a .  1 1 2 2 3 3 3 3 
• " 6 7/ 7 - 1  La . I 1 1 1 1 2 2 2 2 

' - � --
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TABLE 77 Con t i n ue d :  Re l a t i ve s u s cept i b i l Ly of pop l a r  c l ones to M. brwll!ea B r  1 fol l owi n g  
i n o c u l a t i on w i th 1 000 , 5000 , 10000 , 100000 con i d i a  a n d  2 0  days i ncuba t i o n  a t  2 0 ° C  unde r 

n a tura l l i gh t ( E xpe r i men t 2 )  
Hos t  Spec i es , C l one Inocul um Leve l & Lea f S u rface 
o r  Cu l ti v a r  10'  5 X 10 3 1 0 "  1 0 5  

' AD AB A D  AB AD AB AD A B  

P. dd toic.Js c v .  APC 6 7/ 7-2 L a . 1 1 2 2 2 2 2 2 
C V .  A P C  6 7/ 7· l l La . 1 1 2 2 2 2 3 3 

" 6 7/ 10- 3 La . 1 1 2 2 2 2 3 3 
" 6 7/ 12 - 4  L a .  1 1 2 2 2 2 2 2 
" 6 7/ 16 - 8  L a .  1 1 2 2 2 2 3 3 
" 6 7/ 24 - 2  Ni s s .  1 1 2 2 2 2 3 3 
" 6 7/ 2 8-4 M i s s .  0 0 0 0 0 0 0 0 
" 6 7/ 28-6 l·li s s .  0 . 0 1 0 1 1 1 1 
" 6 7/ 2 8 - 8  fol i s s .  1 1 1 1 2 2 2 2 
" 6 7/ 2 8 - 1 1  H i s s .  0 0 0 0 0 0 1 1 
" 6 7 I 3 1 - 1 1·! i s s  . 1 1 1 1 1 1 1 1 

' " 6 7/ 4 0 - 1  H i s s .  1 1 2 2 2 2 2 2 
" " 6 7/ 4 0 - 2  Ni s s .  1 1 2 2 3 3 3 3 
M " 6 7/ 4 0 - 5  l·ii s s . 1 1 2 2 2 2 2 2 
" " 6 7/ 4 7 - 2  �:i s s .  1 1 1 1 1 1 1 1 
" " 

• 6 7/ 5·1 - 1  �\i s s .  1 1 2 2 2 2 3 3 
• " 6 7/ 5 1 - 5  �\i s s .  2 2 2 2 2 2 2 2 . " 6 7/ 5 1 - 5 �li s s .  2 2 3 3 3 3 3 3 
" " 6 7/ 5 5 - 14 �l i s s .  0 0 0 0 0 0 1 0 
" " 67/ l 1 9A - 8  I l l .  0 0 1 0 1 1 1 1 
" " 6 7/ 1 1 9/1 - 9  I l l .  0 0 0 0 1 1 1 1 . " 6 7/ l2 3A - 8  I l l .  2 2 2 3 3 3 3 3 

P. de Z toides Ang u l a td c v .  
" C a r o l  i nen s i s  1 1 1 2 2 2 2 2 
" C h a u ta gne 1 1 1 2 2 2 3 3 . G3 1 1 1 1 1 1 1 1 
" G4 8  0 0 0 0 1 1 1 1 
" Mi s s i s s i pp i  RB 1 1 1 1 1 1 1 1 
" Ha rva rd I 1 1 1 2 2 3 3 
" ! 6 3/ 5 1 I 1 1 1 2 2 2 2 
" ! 6 9 / 5 5 ( L u x )  1 1 2 2 2 2 3 3 
" I 70/ 5 1  0 0 0 0 0 0 1 0 
" ! 72 / 5 ! S P  0 0 0 0 0 1 1 1 
" ! 74 / 5 ! S P  0 0 0 0 1 1 1 1 

P. de Z t .  s p p .  r::: rli lifera 
C V .  F r i  ml e y  1 1 2 2 2 2 3 3 

" Gwa v a s  2 2 3 3 3 3 3 3 
P. de ltoides I n ta 14 / 7 1  1 1 2 2 3 3 3 3 

" " 16/69 1 1 2 2 2 3 2 3 
" " 39/ 7 1  1 1 1 1 1 1 1 1 
" " 66/ 7 1  0 0 0 0 0 0 0 0 
" . 7 1 / 6 7 0 0 0 0 0 0 0 0 
" " 79/ 7 1  I 1 1 1 1 1 2 2 
• " 9 1/ 7 1  0 0 0 0 0 0 0 0 
H " 1 58/69 1 1 1 1 1 1 2 2 . " 34 1/69 0 0 0 0 0 0 1 1 . " 372/69 0 0 0 0 0 0 0 0 

" NE 2 4 �  1 1 2 2 2 2 3 3 
" NL 1454 1 1 1 1 1 1 1 1 
• NL 1660 1 1 1 1 1 1 1 1 
" C V .  NL 2 1 80 2 . 2 3 3 3 3 3 3 
• NL 2243 2 2 3 3 3 3 3 3 
H NL 2433 2 2 3 3 3 3 3 3 
" NL 2 5 1 5  1 2 2 2 2 2 2 2 . C V . S tone v i l l e 62 1 1 2 2 3 3 3 3 
• " 6 6  1 1 2 2 2 2 2 2 I 
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T/,BLE 77 Con t i �!:!�_9_: Re l a t i ve s us cep t i b i l i ty of p o p l a r  c l ones to N. b!'ilnnea Br 1 fo l l :Jw i n g 
i n oc u l a t i on w i th 1 000 , 5000 , 1000 0 ,  100000 con i di a a n d  2 0  days i nc ub a ti o n  a t  2 0 ° C  under 
na t u ra l l i gh t  ( E xp e r i rr.en t  2 )  

Hos t  Spec i e s , C l one Inocul um Level & Lea f S u r face 
or Cul  t i  va r 1 0 )  5 X 10 l I 10"  10 � 

• AD AB AD AB AD AB AD AB 
P. de l toidcs C V .  S tonevi l l e  70 i 1 1 2 2 2 2 2 

.. . 7 1  l 1 1 1 2 2 2 2 
.. . 3 1  1 1 1 1 1 1 1 1 
.. . 92 2 2 2 2 3 3 3 3 

P. fremon tii c v .  ANU 6 1/ 4 8  3 3 3 3 3 3 3 3 
M s ee d l i n g  U ta h  3 3 3 3 3 3 3 3 

MEAN P .  DE LTO I DE S  0 . 9  0 . 9 1 . 3  1 . 3  1 . 6  1 . 6  1 . 8  1 . 8  

P. nigra C V .  Caud i na 1 1 2 2 3 3 3 3 
.. B l anc de Ga ronne l l 2 2 3 3 3 3 
.. CE9 2 2 3 3 3 3 3 3 
.. I ta l i ca 3 3 3 3 3 3 3 3 
.. I ta l i ca Au rea 2 3 3 3 3 3 3 3 
.. I ta l i ca F 2 2 3 3 3 3 ' 3 3 
. L P 1  1 1 2 3 2 3 2 3 
. MC18 2 2 2 2 3 3 3 3 
. MC20 2 2 2 2 3 3 3 3 
.. PG 14 1 1 2 2 3 3 3 3 
.. PG 22 2 2 3 2 3 3 3 3 
. Poznan 9 2 2 2 3 3 3 3 3 
.. R 1 0 3  2 2 3 3 3 3 3 3 
.. Sempe rv i ren s 2 3 3 3 3 3 3 3 
. Theves t i na 2 2 3 3 3 3 3 3 
.. T R56/ 32 1 1 2 2 2 2 3 3 
.. T R56/52 2 2 2 2 3 3 3 3 
.. TR56/ 72 2 2 2 2 2 2 3 3 
.. TR56 / 75 2 2 3 3 3 3 3 3 
.. TR6 2 / 2 7  3 3 3 3 3 3 3 3 
. TR52/49 2 2 3 3 3 3 3 3 
" TR62/52 3 3 3 3 3 3 3 3 I 
.. T R62/5 7 2 2 3 3 3 3 3 3 
.. TR62/ l 2 7  2 2 3 3 3 3 3 3 
.. TR62/ 140 1 1 2 2 3 3 3 3 
.. TR62/ l 4 9  2 2 3 3 3 3 3 3 
.. TR62/ 1 54 2 2 3 3 3 3 3 3 
.. TR5 2 / l 9 1  1 1 2 2 3 3 3 3 
.. Ve rt de Garonne 3 3 3 3 3 3 3 3 
.. Y83/66 2 2 3 3 3 3 3 3 
.. Y95/ 6 7  2 2 3 3 3 3 3 3 
.. Gran a ra c c i  2 2 2 2 3 3 3 3 

MEAH P .  N I GRA 2 . 0  2 . 0 2 . 5  2 . 6  2 . 9  2 . 9  2 . 9  3 . 0  
P. X eu.r�ericcma c v .  ANU 

6 5 - 1  1 2 2 2 3 3 3 3 
.. 6 5 - 5  1 1 1 2 2 2 2 3 
• 6 5 - 14 1 2 2 2 2 2 2 2 
.. 6 5 - 19 1 2 2 2 3 3 3 3 
M 65-24 1 2 2 2 3 3 3 3 
.. 65 -26 1 2 3 3 3 3 3 3 
.. 6 5 - 2 9  2 2 2 3 3 3 3 3 
.. 6 5 - 70 1 2 2 3 3 3 3 3 
.. 66/8 3 3 3 3 3 3 3 3 
.. 66/9 3 3 3 3 3 3 3 3 
.. Al t i ch i e ro 1 1 1 1 2 2 3 3 
.. Be l l  i n i  2 2 2 2 3 3 3 3 
. B L Cos t a n zo 2 2 2 2 2 2 2 3 

. . 
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TABLE 77 Con t i n ue d :  Re l a t i vt' s uscep t i b i l i ty o f  p o p l a r  c l ones t o  N .  brunnea B r  1 fo l h1·1 i n g  i noc-u l a-t 1 on w i th 1 000 , 5000 , 10000 , 100000 con i d i a  a n d  2 0  days i nc ub a t i o n  a t  20 ° C  under 
n a t u ra l l i gh t  ( Expe r i rr�:: n t  2 )  

Hos t  Spe c i e s , C l one I n ocul um Leve l & Lea f S u rfa c e  
o r  C u l  t i va r 1 0 1  I 5 X 10 1 10' 10 5 

.AD AB AD AB AD AB AD AB 

P. x e=ericana Bocca l a ri 2 2 2 ?. 2 3 3 3 
" Carpa c c i o  1 1 2 2 3 3 3 3 
H C i ma 1 1 1 1 2 2 3 3 
" Eco 2 8  0 0 0 1 1 1 1 1 
" E u genei  PU 1 2 2 3 3 3 3 3 
" c v .  E ugene i UL 1 1 2 2 3 3 3 3 
" Fi e ro l o  1 1 1 1 1 1 1 1 
• F l e vo 0 0 1 0 1 1 1 1 
• Fogo l i no 1 1 2 2 2 2 3 3 
. Ge 1 ri ea HA 1 ' 1 2 2 3 3 3 3 
. Gi o rg i one 1 1 1 1 2 3 3 3 
. Gua rdi 1 1 1 1 2 2 3 3 
" Gua ri en to 1 1 2 2 3 3 3 3 
" Harff ( Schroe k 290 ) 1 l 2 2 2 2 3 3 
. 1 30 2 2 3 3 3 3 3 3 
" 1 6 5 1 2 2 3 3 3 3 3 
" 1 74 0  1 1 2 2 2 3 2 3 
" 1 78 3 3 3 3 3 3 3 3 
. I - 154 1 1 2 2 3 3 3 3 
. 1 2 14 1 1 2 2 3 3 3 3 
. 1 4 5 5  2 2 3 3 3 3 3 3 
. 1 4 88 1 1 3 3 3 3 3 3 
. 

1 4 5/5 1 1 1 2 2 3 3 3 3 
" 1 92/40 1 1 2 2 I 2 3 3 3 
. L a e v i  g i  a ta 1 1 2 2 3 3 3 3 
. Le i pz i g  1 1 2 2 3 3 I 3 3 
. Lon g h i  l 1 2 2 3 3 3 3 
. Mar-i l a ndi ca F I 2 2 2 2 3 3 3 3 
. Ma r i l an d i c a  1 026 2 2 3 3 3 3 3 3 
. NL925 ( Do rs kamp ) 0 0 0 0 1 0 1 1 
. NL 1 0 70 0 0 1 0 1 1 1 1 I 
. NL 1601  1 2 2 2 2 2 2 3 I 
. Nl 1602 2 2 2 3 3 3 3 3 
. Nl l603 1 1 1 1 1 1 1 1 
• NL 1 605 2 2 3 3 3 3 3 3 
" NL J 6 1 0 2 2 3 3 3 3 3 3 
" N L 1 775 ( Sp i j k )  1 2 2 2 3 3 3 3 
. NL2 1 70 2 , 2  3 3 3 3 3 3 
. Nl2 1 7 1  1 1 2 2 2 2 3 3 
. NL2 193 2 2 3 3 3 3 3 3 
. NL2 194 1 2 2 2 3 3 3 3 
• NL2195 1 1 2 2 2 2 3 3 
. NL2 196 2 2 3 3 3 3 3 3 
" N L 2 1 9 7  2 2 3 3 3 3 3 3 
" NL?ZOO 1 1 2 3 3 3 3 3 
" NL2202 2 2 3 3 3 3 3 3 
. NL2205 1 1 2 2 2 2 3 3 
" NL2206 1 1 2 2 2 2 3 3 
" t1L22 0 7  1 1 2 2 3 3 3 3 
" NL2 2 1 7  1 2 2 2 3 3 3 3 
N NL2220 1 2 2 2 2 2 3 3 
. NL2223  1 1 2 2 3 3 ' 3 3 
. NL2226 2 2 2 2 3 3 3 3 
. OP66 1 l 2 2 2 3 3 3 
. OP2 2 3Ail 1 1 2 2 3 3 3 3 
. Pa cher 1 1 1 1 2 2 2 2 
• Re genera ta 360 2 2 3 3 3 3 3 3 
" RegC'nera ta �i a 1 1 2 2 3 3 .3 3 
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TAB L E  7 7  Co!l_!_i n�::� o_: Re l a ti ve s us cep t i b i l". ty o f  pop l a r  c l ones to .'-!. b!'le:nea B r  1 fo l l owi ng 
i no c u l a t i on w i th 1000 , 5000 , 10000 , 100000 con i d i a  and 2 0  �ays i n c ub a t i on at  20 ° C  u n de r  
na tural  l i gh t  ( E xpe r i men t 2 )  

H o s t  Spe c i e s , C l on e  Inocu l um L e v e l  & Lee: f S u r f a ce 
or Cul t i v a r  . 10 l 5 X 1 0 3  1 0 '  105  

AD AB AD AB AJ AB AD AB 

A I GE I ROS x TA C/\1·11\H/\CA 

P. x interameric�a c v .  
N E 2 0 5  1 1 2 3 2 3 2 3 

" N E 2 0 7  1 . ' 1 1 1 2 3 2 3 
" N L 1 6 1 6  I 1 2 2 3 3 3 3 
" N L 1 6 2 3  1 1 1 2 2 2 2 2 
" NL 1626 1 1 1 1 1 1 1 1 
" N L 1 6 4  7 1 1 2 1 3 2 3 2 
" N L 1 6 5 0  1 1 1 1 1 1 1 1 
" N L 1 6 5 6  1 1 1 1 2 2 2 2 
u N L 1 783 1 1 2 2 2 2 2 2 
" N L 1 7 85 2 2 3 3 3 3 3 3 
" N L 2 2 2 8  1 1 1 1 1 1 1 1 
" NL2233 1 1 1 2 1 2 1 3 
" S909 - 1· 1 1 1 1 1 1 1 1 
" 5909 - 10 1 1 2 1 2 1 2 1 
" 5909 - 1 2  1 0 2 1 3 1 3 1 
" 5909 - 1 6  1 1 2 1 3 1 3 1 
" 5909- 1 9  I 0 1 1 1 1 1 1 
" 59 1 0 - 1  (Un a l 7 )  1 1 2 1 3 1 3 1 

5 9 1 0 - 2  ( Una l 8 )  1 0 2 1 2 1 3 1 
S9 1 0 -4 I 0 2 0 2 1 2 1 
5 9 1 0 - 5  1 1 2 2 3 3 3 3 
5 9 10 - 8  1 0 2 1 2 1 3 1 
59 1 0 - 1 0  1 0 2 1 2 1 2 1 
6904 2 - 1  1 0 1 l 1 1 1 1 
690-1 2 - 2  I 1 1 1 I 1 2 1 
6904 2 - 3  I 0 2 1 3 1 3 1 
69042-4 I 0 1 1 1 1 2 1 
6904 2 - 5  1 1 1 1 1 1 2 1 

" 6904 2 -6 I 1 1 1 2 1 3 2 
" 6904 3 - 1  I 1 2 1 2 1 2 1 
" 69043-2 I 1 3 2 3 2 3 3 
" 6904 3 - 3  1 1 1 1 1 1 2 2 
" 6904 3-4 I 1 1 1 1 I 2 2 
" 6904 -1 - 2  1 1 2 1 3 1 3 1 

MEAN l NT E RMlE R I  C.��:A 1 . 1  0 . 8  1 . 5 1 . 3  2 . 0  1 . 5  2 . 2  1 . 6  

OTHERS Andover 1 1 2 3 2 3 2 3 

ANU 7 0 - 2  0 1 0 1 1 1 1 1 

Berry 6 5 ( 1 6  1 1 1 2 1 2 1 2 

Be rry 6 5/26 1 1 2 2 3 3 3 3 

Frye 1 1 2 2 3 3 3 3 

Geneva 1 2 2 2 2 3 3 3 

1 83/ 5 8  1 1 1 1 2 2 2 2 

K62 - 9  1 1 1 1 2 2 2 2 

K6 3 -100 0 0 0 0 0 0 0 0 
K6 3- 1 2 5  1 1 2 2 2 3 2 3 

K63 - 1 30 1 2 2 3 2 3 2 3 

K6 3- 1 2 9  1 1 1 2 1 2 1 3 

K63 - 1 3 1 0 0 1 I 1 1 1 1 
L a u rc 1 52 2 2 3 3 3 3 3 3 

�1a i ne 1 1 l 2 1 3 1 3 

Oxfo rd 1 1 1 1 1 1 1 1 

Rochcs tcr 1 1 I 2 1 3 1 3 

Roxbu r·y - 2 2 2 3 3 3 3 3 
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TABLE 77 Con t i nued : Re l a t i ve s us cep t i b i l i ty o f  pop l a r  c l ones  to N. brumwa Br 1 fo l i owi n g  
----1nocUi a-tTon wi til 1000 , 5000 , 10000 , 1 00000 con i d i a  a n d  20 days i ncuba t i o n  a '.; 2 0 ° C  unde r 

n a tu ra l  l i gh t  ( E xp e r i men t 2 )  

Hos t S p e c i es , C l one 
o r  Cu l t i va r  

Inocu l um L e v e l  & Lea f S u rface 
5 x 10 1  10' 

A O  AB AD AB A B  
P. X C<J1'.:l�n,_H�C,7?!J.1 C V .  

Re gene ra ta W 1 
Re i nbeck LKBZ 2 
Robus t a  Bacherl i e r� 1 
Rob us t a  Cook 2 . 
Rob us ta PH 1 
Rob us ta H 2 
Robus ta Zec l and 1 
Rubra 1 
S a n  Ma r t i no 1 
S c h i  a vone 1 
S e ro t i na VB 2 
Sero t i n a  de 

Champagne 1 
S e ro t i r. a  du Po i tu 1 
T i epo l o  1 
T r i p l e  1 
Yene z i ano 1 

1 2 2 I 2 3 2 
2 3 3 3 3 3 
1 2 2 3 3 3 
2 2 2 3 3 3 
2 2 3 3 3 3 
2 2 2 3 3 3 
2 2 2 3 3 3 
1 2 2 3 3 3 
1 2 2 3 3 3 
1 1 2 2 2 2 
2 2 3 3 3 3 

1 2 2 3 3 3 
1 2 2 2 3 3 
1 J 1 2 2 2 
1 2 2 2 2 3 
1 2 2 2 2 2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
2 
3 
3 

MEAN P .  x EURMlE R I CANA 1 . 3  1 . 5  2 . 1  2 . 3  2 . 5  2 . 7  2 . 7  2 . 8  
�ME�A�N�A�I�G�E �I R�· 0.�5 ______________ �1�. 4 ____ �1�. 5���2�. 0�--�2�. 1���2�. 3  ____ �2�. 4--��2�. 5�--�2�.5�-

TACMlAnACA ---·--

P. maxi .  . Kew 
OJP M i::J6 " mos " r-1109 " H10 1 1  " 1110 1 2  " Ml020 
1 1  �:A-3 " �lC-22 

0 0 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 2 1 2 1 2 2 2 
1 1 1 1 1 1 1 2 
1 2 1 2 2 3 2 3 
1 1 1 1 1 1 1 2 
1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 J 2 1 2 1 2 r--------------------------r---------+------------+-----------+·-----------

�lEAN P .  �1AX HiO\ol l C Z I  I 0 . 9  1 . 2 1 . 0 1 . 4  1 . 1  1 . 5 1 . 2  1 . 6  

P. trichocar·;:;a va r .  Has t a ta 1 1 1 1 1 1 2 2 " c v .  CF " l.A99 
1 1 1 2 2 3 2 3 
1 1 J 1 2 2 2 2 

\o.'V 1 1 1 1 1 2 2 2 
V2 35 1 1 1 1 2 1 2 1 
5 6 1 7 - 1 6  1 1 1 1 2 1 2 1 
5 6 1 7 -4 1  1 1 2 1 2 1 2 1 
S6 1 7 - 88 1 1 1 1 2 1 2 2 

MEAN P .  T R�I�CH�O�C�AR�P�A __________ �l .�0 ____ 1�·�0�--1�·�1--�1�·�1�,�1�·�7--�1�·�5��2�·�0--�1�·�8---
P. yunnanens is 0 0 0 0 0 0 1 1 
P. candicans 1 1 1 1 1 3 2 3 
P. ci Zia ta 0 0 0 0 0 0 0 0 
P. simcnii 1 1 1 2 3 3 3 3 
P. simanii v a r .  fas t i ga ta t<t 1 1 1 1 1 2 1 2 
P. szeci-zwmica 1 1 1 1 1 1 1 2 
P. szechwmi:x: t i be t i ca 1 1 1 1 1 1 1 1 
P. androucogg in 1 1 1 1 1 1 1 1 
P. koroJana x ?. tl'ichocaroa 1 1 1 1 1 1 1 1 
P. taca.�ahac.1 x P. tr-i.�h:;�arpa 

32 l 1 1 1 1 1 1 1 
P. taca. . x ?. t richo . 3""7A.-'F ___ +'-1 ___ __::1_� __ ;:..l ___ __ ....c2:_ __ r-.::..2 __ -..:2=---t-.;;;.2 __ _c2=----
1·1EI\1l 0 . 8  0 . 8  0 . 8  1 . 0 1 . 1  1 . 3  1 . 3  1 . 5 

��N T:�i�HAC[�' -------------+0�·�9 ____ �1�. 0�--�l�·�O . --�1 .�2--��1 .�3�--�1�. 4���1�·�5 ____ �1 -�7---
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TABL E 7 7  Con t i nued :  Re l a t i ve s uscept i b i l i ty o f  pop l a r  c l ones to .'·/. brunnca B r  1 fo l : ovli n g  
i no-cu i '.itTon w i th l OCO , 5000 , 10000 , 100000 con i d i a  and 2 0  days i ncuba : i on a t  20°C  unde r 
na tura l l i gh t  ( E xpo r i :rcnt  2 )  

-

Hos t Speci e s , C l one 
or Cul t i v a r  

AD 

OTHERS N Z  500 1 2 
Wa i puk  1 1 
Waipuk 2 1 

ME AN  O THERS 1 . 0 

HEAN A I G E I ROS X T ACAI-lAHACA 1 . 1  

LEUCO I DES 

P. las io�arpa 0 
P. ui lsoni i 0 

HEAN 0 

LEUCE X f d GE I ROS 

P. alba X P. r:i,:;m 0 
P. de l t .  x P. c. !ca ' Maktar '  

CV . L'e l mak 13  1 
11 16 1 
" 18  1 
11 19 1 
M 20 1 
" 22 1 
" 26 1 

P. de l t. X P. a lba pyrami da 1 i s  
C V - De l bo u 1 

L'e l bo 9 1 
P. alba x ?. n i:;m Sempe r v i  rens l 

c v .  �la reg 2 2 

MEAN L E UC £  X A ! GE I ROS I 1 . 0  

L fUCE X TACA��HACA --------

P. a lba X P. t-:utn�iensis 
C V .  �!dyU 1 1 

1-l.ayu 2 1 

MEAN 1 

10 , 
AB 

2 
1 
1 

1 . 1  
1 . 0  

0 
0 

0 

0 

1 
1 
1 
1 
1 
1 
1 

1 
1 

2 

1 . 0  

1 
1 

1 

Inocu l um L e v e l  t. 
5 X 103  

AD AB 

3 3 
1 1 
1 1 

1 . 4  1 . 5  

1 . 4  1 . 4  

0 0 
0 0 

0 0 

0 0 

1 2 
1 1 
2 2 
1 2 
2 2 
1 1 
1 2 

1 1 
1 2 

3 3 

1 . 3  1 . 6  
I 

1 1 
1 1 

1 1 

Lea f Surface 
10'  

AD 

3 
1 
1 

1 . 7  

1 . 8 

1 
0 

0 . 5  

1 

1 
2 
2 
2 
3 
1 
1 

1 
1 

3 

1 . 6  

1 
1 

1 

I lQS  
AB IlD AB 

3 3 3 I 1 1 

-� 1 1 

2 . 2  1 . 8  
I 

1 . 8  I 2 . 0  1 . 9  

0 1 0 
0 0 0 

. -

0 I 0 . 5  0 

0 1 1 

2 1 2 
3 2 3 
3 2 3 
3 2 3 
3 3 3 I 1 1 2 
2 2 3 f 1 1 1 
2 2 2 I 3 3 3 

,r 1 1 1 
1 

I 
1 1 

1 1 1 

--



TABLE 78:  Rel a t i ve s u s cep ti b i l i ty o f  pop l a rs to M. brunnea i so l a te Br 1 fo l l owi n g  t nocul a t1on o f  leaf d i scs on the a d/abax i a l  l e a f  
s urface wi th 1000 ; 5000 ; 1 0 ,000 ; 100 , 00 0 ;  con i di a  a n d  i ncuba t i o n  a t  2 0 ° C  under n a tural  l i gh t  fo r 2 0  days . 

Name o f  Sec t i on o r  
Pop 1 a r Spe c i es 

L EUCE 

.·1 Zbil!..::.e I 'Trr1; , �· C..ze 
,; Z b id:lc x Trcpidae 
�Uti 
A I GE I ROS ----

P. Ja � toides 
P. nig1•a 
P. x curamericana 
MEAN 

TACM:AHACA 
P. l'1a.r:::noLYiczii 
P. trichocarpa 
O the r cul ti vars 

�lEAN 

LEUCO ! DE S  

��E AN 

A I GE I ROS X TACAMAHACA 

P. X In t�ra�ericana 
Othe rs 

MEAN 
L � U C E  X A I GE I ROS 

MEAN 

L E UCE X TACA�AHACA 

�lEAN 

TOTAL 

Ove ra 1 1  Mean 

* 0 = No i n fe c t i on 

1000 Con i d i a  5.000 Con i d i a  1 0,000 Con i d i a  1 00,000 Con i d i a  
Adax i a l  Ab a x i a l 

0 .  2 *  0 . 2  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 0 7 0 . 0 7 
I I 

A da x i a l  Aba x i a l  -------

0 . 4  0 . 1  
0 . 0  0 . 0  
0 . 0  0 . 0  

0 . 1  

Ada x i a l  

0 . 7 
0 . 0  
0 . 0  

o ,�1 

0 . 9  0 . 9  I 1 .
3 

1 . 3  1 . 6  
2 . 0  2 . 0  2 . 5  2 . 6  2 . 9  
1 . 3  1 . 5 2 .  1 2 - 3  2 .  5 

1 . 4  1 . 5  2 . 0  2 . 1  2 . 3  

0 . 9  1 . 2  1 . 0 1 . 4  1 , 1  
1 . 0  1 . 0  1 . 1  1 . 1  1 . 7  
0 : 8  0 . 8  0 . 8  1 . 0  1 . 1  

0 . 9  1 . 0 1 . 1  1 . 2 1 . 3  

0 . 0  0 . 0  0 . 0 0 . 0  0 . 5  

1 . 1  0 . 8  1 . 5  1 . 3  2 . 0  
1 . 0  1 . 1  1 . 4  1 . 5  1 . 7  

1 . 1  1 . 0 1 . 4  1 . 4 1 . 8  

1 . 0  1 . 0  1 . 3  1 . 6  1 . 6  

1 . 0  1 . 0 1 . 0  1 . 0 1 . 0 

1 1 . 2  1 1 . 5  I 14 . 5  1 5 . 3  18 . 4  
0 . 8  0 . 8  1 . 0 1 . 1 1 . 3  

1 = 1 - 10 a ce rvu l l / cm2 2 � > 10<25 a ce rv u l i / cm2 

Ab a x i a l Ada x i a l  Aba x i a l  

0 . 4' 0 . 8 0 . 4  
0 . 0  0 . 0  0 . 0  
0 . 0  0 . 0  0 . 0  

0 . 1 0 . 3  0 . 1  

1 . 6  1 . 8 l . ll  
2 . 9  2 . 9 . 3 .  0 
2 . 7  2 . 7  2 . 8  

2 . 4  2 . 5  2 . 5  

1 . 5  1 . 2  1 . 6 
1 , 5  2 . 0  1 . 8  
1 . 3  1 . 3 1 . 5 
1 . 4  1 . 5  1 . 6  

0 . 0  0 . 5 0 . 0  

1 . 5  2 . 2  1 . 6  
2 . 2  1 . 8 2 . 2  
1 . 8  I , _ ,  1 . 9  

2 . 0  2 . 4  1 . 8  

1 , 0  1 . 0  1 . 0 

1 8 . 6 2 0 . 0  2 0 . 0  

1 . 3 1 . 4  1 . 4  
· � 3 = >25 acervu l i / cm2 

Total I �:C an 

3 . 2  0 . 4  
0 . 0  0 . 0  
0 . 0  0 . 0  I 

0 . 9 0 . 1 I 
1 1 . 2  1 . 4 
20 . 8  2 . 6  
lll. 0 2 . 2  

1 7 . 0  2 . 1  

10 . 0  1 . 2  
1 1 . 2  1 .  4 . 
8 . 6  1 . 1 

9 . 9  1 . 2  

1 . 0  0 .  1 

12 . 0 1 . 5  
1 2 . 9  1 . 6  
1 2 . 4  1 . 5  

12 . 7  1 . 6  I 

8 . 0  1 . 0  

N N 
w 



TABL E 79 : Rel a ti ve pathogeni ci ty o f  New Zea l an d  and overseas i so l a tes  o f  H. br .. nnea to sel ected  popl ar  c lones fo l l owi ng  i nocul a t i on 
wi th 2 5 ,000 con i d1 a/ d f s c  and fncubatfon a t  2 0 ° C  fn n a turo l l f ght fo r 20 days ( Experimen t 3 )  

I Spec i e s ,  Cl one I s o l a te o f  Marsson i n �  brunnea. I B rS tl rS l l  B r6  [l r 1 0  Br1 1 B r l2 B r l J  !l r l 4  Bd5 B r 1 6  81' 1 7  B r l 8  B r 1 9  B r20 B r2 1  Br2 3 B r24 

P. � Zba NZ o l d c l one 
" 72/8/ 3  

P .  tr.zrrrA Zoidds 
r. tl'oJ.-m� lJ 
P. i.1 l coi.l.!IJ ANU60/ 1 10 

" ArW60/ 125 
" ANU60/ 129  
" AN!J50/ 146 
" A:iU60/ 166 
" A?C6 7/ 23-4 
" APC6 7/ 28-6 
" A PC6 7! 3 1 - 1 
" APC6 7/ 65- 14 

P. de Z t .  anu:< :a c.a 
c v .  Chauta gne 

" C V .  G3 
" C V .  G4 8 
" c v .  M i s s i s s i p�1 RB 

P. de Uoides 1 69/55 ( Lux · 
.. ! 70/ 5 1 ,  
. I 72/ S ! SP 
11 ! 74 / 5 1 SP 
" ! n ta 66/ 7 1  
11 ! n ta 9 1/ 7 1 
" I n ta 34 1/69 
" I n ta 3 72/69 
.. N L J660 
" S tone v i  l l c  81 

P. fremontii ANU6 1 / 4 B  
P .  nigra c v .  I ta l i ca 

" 81 anc de Ga ronne 
P. X eu.ramer•iaana C V . E C028 

" c v .  Fi ero i o  
.. cv . Fl evo 
. .  C V .  NL925 
" C V .  N l l 0 70 
.. C V .  NL J 603 
.. c v .  N l 2 194 

P. m.:l-�OWia:: i i  

TOTAL 

�.ean 

1* 
1 
0 
0 
1 
1 
1 
0 
1 
0 
V 
0 
1 

2 
1 
1 . 
1 
1 
1 
1 
1 
1 
0 
0 
1 
V 
1 
3 
3 
3 
1 
1 
1 
V 
l 
0 
3 
1 

38 

1 . 0  

1 2 1 1 
1 1 1 1 
0 0 0 0 
0 0 0 0 
1 1 1 2 
1 3 3 3 
1 1 1 1 
0 0 0 1 
1 3 1 1 
0 0 V 3 
V V 1 3 
0 3 3 3 
2 2 1 2 

2 3 3 3 
1 2 1 1 
1 2 1 1 
1 2 1 1 

' 1  2 2 3 
1 1 1 1 
1 1 1 � ., 
1 2 1 1 
1 1 1 3 
0 1 1 3 
0 V 1 2 
1 1 1 3 
V V V 3 
1 3 2 3 
3 3 3 3 
3 3 3 J 
3 3 3 3 
0 3 3 3 
1 2 1 1 
1 3 3 3 
V 2 3 1 
1 3 3 1 
0 V V 3 
3 3 3 3 
1 1 1 1 

39 6 7  5 9  7 7 

1 . 0  1 . 8  1 . 5  2 . 0  

---------

1 1 1 1 2 1 
1 1 1 1 1 1 
0 0 0 0 0 0 
0 0 0 0 0 0 
2 1 1 1 1 1 
3 3 2 1 2 2 
1 1 0 0 1 1 
V 1 0 0 0 1 
3 1 1 1 3 3 
2 1 0 0 1 V 
3 2 1 0 V 3 
3 3 1 1 3 3 
3 2 1 1 3 3 

3 3 2 1 3 3 
2 1 1 1 1 1 
2 1 0 0 2 2 
3 1 0 1 1 1 
3 2 2 1 3 3 
1 1 1 0 1 1 
3 V 1 V V V 
3 1 1 1 1 2 
3 2 1 1 1 1 
3 1 0 0 V V 
2 1 1 V V V 
3 1 1 1 1 2 
3 3 3 V V V 
3 3 0 1 3 3 
3 3 3 3 3 3 
3 3 3 3 3 3 
3 3 3 3 3 3 
3 1 1 1 3 3 
1 0 1 0 2 2 
3 1 3 3 3 ;l .  
3 0 2 3 3 3 
3 0 1 2 3 3 
3 3 V 0 V 3 
3 3 3 3 3 3 
1 1 1 1 1 1 

89 5 7  45 4 0  6 9  74 

2 . 3  1 . 5  1 . 2  1 . 0  1 . 8  1 . 9  ------------------------------ -- - --

2 1 
2 1 
0 0 
0 0 
1 1 
2 2 
0 1 
0 0 
1 1 
0 0 
1 V 
1 2 
1 2 

1 2 
1 l 
0 1 
0 1 
2 2 
0 1 
V 1 
1 1 
1 1 
0 1 
1 1 
1 1 
V V 
1 3 
3 3 
3 3 
3 3 
3 2 
0 1 
3 3 
2 3 
1 3 
V V 
3 3 
1 1 

46 5 7  

1 . 2  1 . 5  

1 1 0 
1 1 1 
0 0 0 
0 1 1 
1 0 0 
1 0 0 
1 0 0 
0 . 0 Q 
1 0 0 
0 0 0 
V 0 0 
1 0 0 
2 0 0 

3 0 a· 
0 0 0 
1 0 0 
1 0 0 
2 0 0 
0 0 0 
1 0 0 
1 0 0 
1 0 0 
V 0 0 
V 0 0 
1 0 0 
V 0 0 
3 0 0 
3 2 2 
3 1 1 
3 1 1 
3 0 0 
0 0 0 
3 0 0 
2 0 0 
1 0 0 
V 0 0 
3 0 0 
1 0 0 

5 1  7 6 

1 . 3  0 . 2  0 . 2  ---------------------

1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

, 

0 
0 
0 
0 
0 
2 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 

8 

0 . 2  ---

' 

I I 

I i 

* 0 = No i n fect ion  1 = 1 - 1 0  acervul i / cm2 2 a � 10<25 a cervu l i /cm2 3 • >25 a ce rvu l i / cm2 V = acervul i on ve i ns only 

N N ..j::. 
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The  res u l ts ( Tabl e 79 } s how that  i so l a tes  o f  M. brunnea from 
th ro ugho u t  the wo rl d we re not uni fonnl y pa tho gen i c  an d p rovi de d f u r·ther 

j u s ti fi c a ti on fo r recogn i ti on of the speci a l  fo rm , M.  brunnea f .  s p .  
trepidae . Th a t  i s , i so l ates from P. tremuloides (Br  2 1 ,  B r  2 3 , B r  24 ) 
we re , path o gen i c  to P.  tremula b u t  i n  no i ns tance i n fecte d  cu l  ti va rs o f  

P. de ltoides . 

The fo u r� h i gh l y  s u s cepti b l e c l ones , (P. fremontii3 P. nigra cv . 

I ta l i ca ,  P. nigra cv . B l anc de Ga ronne and  P .  x euramericana cv . NL2 194 ) 

we re hea vi l y  i n fected by a l l  i so l a tes  o f  M. brunnea f. s p .  br�nn�a . The 

rema i n i n g  h i gh l y  res i s tant  cu l ti vars we re vari o us l y  a ttacke d .  I so l a te 

Br  1 2  ( e x .  P. de ltoides, I l l i no i s )  was o u ts tan d i n g l y  p a tho gen i c .  I s o l a te 

Br  8 wa s c l e arl y the mo s t  patho gen i c  New Zea l an d i sol a te des pi t e  h avi n g  

been re peatedl y s ubcu l ture d  (PDA }  fo r a t  l eas t a year pri o r  to i no cu l a ti on .  

I s o l a te B r  5 an d i ts l a rge con i di um va ri an t ( Br5 L 1 )  we re o f  comp a rabl e 
pathogen i ci ty .  

On some h i gh l y  re s i s tan t c l ones , n ame l y  P. de ltoides cv . N L  1660 , 
cv . I 72 / 5 1  an d P .  x euramericana c v .  N L  160 3 ,  ace rvu l i we re fo r·me d o n l y  on 

ve i n s , not on l ea f  tis s ue ,  s u gges ti n g  a d i ffe re nce in  res i s tance  be tv:een 

these t i s s ues . 

D I S CUSS I ON 

Hos t  ran ge and  pathogen i ci ty stud i e s wi th fi rst gen e ra ti o n  New 

Zea l an d i so l a te s  of M. brunnea f.  s p .  brunnea demons t t�a te d thei r compa rab l e 

hos t  ran ge an d pathogen i ci ty ,  whi ch was pos s i bl y  i n di cati ve o f  the i r 

common o ri gi n ( Chapt . 5 ) . 

De tai � e d  host  range and pa tho gen i ci ty s tud ies  w i th a s i n g l e 

New Zea l and i s o l a te o f  M. brunnea f. s p .  brunnea reveal e d  the wi de hos t 

ran ge an d s tron g  pathogen i ci ty of  th i s  s pec i es . Promi s i n g  l e ve l s o f  

res i s ta n ce howeve r we re s hown by ce rta i n  s pec i es from the Secti o n s  kigeiros3 

(P. de ltoides3 P. x eurmnericana) ;  Tacamahaca3 CP. trichocarpa3 

P. maximowiczii, P. ci liata3 P. szechuanica3 P. androscoggin) , an d 
i n te rsect ion a 1 hyb ri ds ; Aigeiros x Tacamahaca (P. x interamerZ cana3 

P. de ltoides x P. maximozuiczii) ;  Leuce x Aige-Z:.ros (P. a lba x P. de Uoides)  

an d Leuce X 1acamahaca (P. alba x P.  yunnanensis) . �1any o f  these  
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observa ti ons  are essen ti a l l y i n  dgreeme n t  wi th those o f  Ca s te l l an i  & 

Cel l e ri no ( 1969 ) o f  i n fected  fi e l d pl a n ti n gs i n  I ta l y ,  based  o n  5 yea rs 

obse rvati on . Al though Ce l l e ri n o ( 1979 ) d i d not o bse rve i n fe c ti o n s  of the 

Sect i on Leuce wi th M. bru.nnea f.  s p .  bru.nnea_, i n  the presen t s t u dy some 

s pe c i es o f  th i s  sect i on were i n fecte d .  

P i non ( 19 74 )  repo rte d  tha t the s u s cepti b i l i ty of pop l a rs t o  

i n fe cti on by M .  bru.nnea f .  s p .  bru.nnea bo th i n  the f i e l d a n d  i n  the 

l abo ra tory i n creased  wi th i n creas i n g  l evel s of i no c u l um .  He furth e r  

foun d tha t a t  i n ocul um s t rengths g re a ter  than 10 , 00 0  con i di a/ml e ven 

res i s tan t c l ones  became severe ly i n fe c ted  and  con c l uded  tha t  l ow i nocu l um 

l eve l s  ( 1000 con i d i a/ml ) mo re accura te l y  re fl ecte d  fi e l d d i ffere n ces  i n  

s us cepti b i l i ty .  These l a tter res ul ts con tra s te d  wi th those o f  the p resen t 
s t u dy wh i ch showe d that d i fferences o f  s us cepti b i l i ty we re s t i l l apparen t 

when i no cu l um l e ve l s  of  10 , 000 con i di a/ml and  g re a ter we re a p p l i e d .  

Compa ra ti ve patho gen i ci ty te sts  o f  New Zea l an d  an d o ve rseas  i so l a tes  

o f  M. brunnea f. sp .  bru.nnea revea l e d  in  many i n s tances g ro s s  d i ffe ren ces  

i n  re l a ti ve pathogen i ci ty .  Th i s  was c l early demon s tra te d by s eve re 

i n fe c ti on of  P.  x euramei"icana cv .  N L  925 an d NL  1603 by some i so l a tes . 
I n  New Ze a l an d  the se  cl ones have rema i ned  free from  i n fe c ti o n  des pi te 

con s tan t expo s u re to extreme ly h i gh l evel s o f  i nocu l um for th ree yea rs . 

Further  there i s  evi den ce to s uggest  tha t i so l a tes  of M. brunnea f .  s p .  

brunnea can become mo re pa thogen i c  fo l l o�tJi n g  re pea ted s ub c u l turi n g .  For 

examp l e i mmedi a te ly  fo l l owi ng  i so l a t i o n , i so l a tes  Br 5 a n d  Br  6 vJe re 

s i mi l ar ly  pa tho gen i c  ( expe ri men t one }  howeve r mo re than a year l a te r  

( fo l l owi n g  repeate d  s ubcu l turi n g )  i so l a te Br  6 was cl ear ly  mo re p a thogen i c .  

I t  i s  the refo re i mpo rtan t tha t a l l pa tho gen i c i ty tes ts be con duc te d  u s i n g  

fi rs t gen e ra ti on i so l a tes . As most  i s o i a tes  u sed  i n  experi ment  t h ree 

we re not fi rst generat ion  i so l a tes i t  i s  un known whe ther the obse rve d 

d i ffe rences i n  pathogeni c i ty were i nn a te or cu l tural l y  i n duce d .  To o b ta i n  

further i n fo rma ti on con ce rn i n g  the o ccu rrence o f  pa tho types ,  i so l a te s  from 

thro ugho ut the wo rl d s ho u l d be compal�e d  i n  one l ocal i _ty on a ser i es o f  

h i gh l y  res i s tant  c l ones . Such i nforma ti on wo u l d as s i s t pop l a r  b ree ders by 
i n di ca ti n g the po s s i b i l i ty of th ei r s e l ecti o n s  be i n g  res i s tant  i n  o th e r  

coun tri es . 

I n  the opi n i on c f  the wri ter the se l ecti on of M. brunnea re s i s tan t 

popl ars wd ul d be fa ci l i ta ted  i f  there was i n te rn a ti ona l  s tandard i s a ti on  o f  
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me tho d s  used to s c reen new sel e c ti ons  for res i s tance . Th i s  s h o u l d be 

pos s i bl e  under the co-o rdi nati on of the Intern a ti ona l Popl a r  Commi s s i on 

whi ch  u n der the ausp i ces of  the Foo d an d Agri cu l ture Organ i s a ti on  o f  the 

Uni te d Na ti on s ( FAO ) i s  the bo dy re s pons i bl e  for co- o rdi n a ti n g resea rch 

on th i s i mpo rta n t  l umbe r  genus . P re v i ous  s creen i n g techn i q ues  h a ve i nvo l ve d  

fl oa ti n g o f  l ea f  d i s cs on wate r and  i no cu l um has  been app l i e d  wi th  an 

a tomi se r  ( Gremmen , 1 964 ; Anse l mi et al 1975 ) .  However wi th  th i s  me thod 

the e xa c t  i nocu l um l oa d  i s  un known a n d  n u tri en ts l each ra p i d l y f rom l ea f  

d i s cs i n to the water a l te ri ng  th ei r res i s tance to Marssonina ( G remme n , 

1964 ) . The agar  l ea f  d i s c  techn i que (Sp i e rs , 1978 }  ove rcome s  these  p robl ems .  

Cu l ti v a rs wi th a d i sease  ra ti n g  o f  2 (>10<25 l es i ons/cm2 l ea f  a rea ) 

2 0 -days fol l owi n g  i nocu l ati on wi th 10 , 000 con i d i a/ di s c  ( 2 . 5  cm di am. ) a re 

cons i dered  s uffi ci en tl y res i s tan t to wa rant  fu rther fi e l d test i n g .  

I no cu l a ti on e xperi men ts sho ul d a l ways i nc l ude re fe rence c l ones  o f  knovm 

fi e l d re s i s tan ce .  I n  addi t i on to i den ti fy i n g  res i s tan t c u l t i va rs the  

res u l ts  wou l d  enabl e the  pathogen i ci ty o f  i so l a tes of  M.  brunnea to be 

compare d be tween countri es . 
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ATCC Ameri can Type Cul tu re Col l ecti on , Ma ryl an d ,  USA . 

B Bo tan i s che r Garten and Museum,  Berl i n  - Da h l em ,  Ge rmany . 

B R  J a rdi n Botan i que Nati ona l  de Be l gi que , Me i se ,  Be l g i um .  

DAOM N a t i o n a l  Mycol ogi ca l  He rba ri um , Cana da Agri cul ture , On tari o ,  
Can a da . 

FH  Fa rl ow Herbari um,  Ha rva rd Un i ve rs i ty ,  Mas sachusetts , USA . 

K The He rba ri um,  Roya l Botan i c  Ga rden s ,  Kew , Surrey , E ng l a n d .  

L Ri j ksherbari um, Lei den , Netherl ands . 

0 B o tan i s k  Museum , Os l o ,  Norway . 
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PC  Labo ra toi re de  Cryptogamie , Mus e e  Nati ona l d 1 Hi s to i re Na ture l l e ,  
Pari s ,  France . 

PS Herbari um P rof .  P .  Sch u t t ,  Fo rs tbo tan i s ches I n s t i t ut ,  Mun chen , 
Ge rmany . 

UPS I n s t i tute o f  Sys tema ti c Botany , Upps a l a ,  Sweden . 

ZT I n s ti tut  fUr Spe zi e l l e  Bo tan i k ,  ETH , Zuri ch , Swi tzer l an d .  

Z Bo tan ischer  Garten un d In s ti tut  ft.ir Sys tema ti s che Bo tan i k der 
Un i ve rs i tti t ,  Zuri ch , Swi t zerl an d .  



· APPEN D I X  la : He rbari um s peci mens o f  M. brunnea exami ne d .  

Spec imen Ori g i n  Co l l ecto r  Hos t 
No . 

1 I ta ly  G .  Ce l l e ri no P. x eura. cv . I214 
2 PS Geesthach t , Ge rmany Zycha P. bero Zinensis 
3 PS Wi nse l do rf ,  Ge rmany Zycha P. mari Zandica 
4 PS Vol ksmanen , Ge rmany Zycha P. nigra 
5 PS Wee de Sch i eren , 

Ge rmany Zycha P. Robusta 
6 PS Tess  i n ,  Ge rmany H .  Buti n P. x eura . 
7 PS Re i nbek ,  Ge rmany Zycha P.  x eura . cv. I488 
8 PS Re i n bek , Ge rmany Zycha P. regenerata 
9 U rban a , I l l i noi s ,  USA J . J .  Joke l a P. de Ztoides 
10 Urbana , I l l i no i s ,  USA J . J .  Joke l a P. de Ztoides 
1 1  Urban a ,  I l l i no i s ,  USA J . J .  Joke l a P. de ltoides 
12 Urbana , I l l i no i s ,  USA J . J .  Joke l a P. de Ztoides 
13 Urbana ,  I l l i no i s ,  USA J . J . Jokel a P. de ltoide s 
14 Urban a ,  I l l i noi s ,  USA J .  Paxton P. de Ztoides 
15 ATCC New Fi e l d ,  New Jersey , E l l i s  & P. candicans 

USA Everhart 
16 Rosemo un t ,  Mi nneso ta , A . L . Sch i ppe r P. trichocarpa 

USA 
1 7  Budapest , Hun gary T . .  Berta 1 an P. x euramericana 
18 C o l umb u s , O h i o ,  USA L . H .  Rho de s  P. de Z toides 
19 UPS Gue l ph ,  On ta ri o , Can ada J .  Dearnes s  P .  de ltoide s 
20 UPS Chi l l i wack , Bri t i s h  D . H .  Ruppe l l  P. regener·ata 

Co l umb i a ,  Can a da 
2 1  FH Trempeal eau , J . J . Oa vi s P. de ltoide s 

Wi s cons i n ,  USA 
22 FH Lon don , On tari o ,  J .  Dearness  P.  ba lsam·ij'era 

Can ada 
23 FH Men data , Wi s con s i n ,  USA J .  J .  Davi s P. canidicans 
24 FH Sac ramen ta , USA H . E .  Parks & P. fremonUi 

W . S .  Fi e l ds 
25 FH Bri ghton , Utah , USA G . D .  Darke r P. aurea 

---

Col l ecti on I denti fi e d  
Date By 

/ 1965 Co l l ector  
19/8/ 1965 Ca l l  ecto r  
13/ 8/ 1965 Col l ector 
25/2/ 1965 Co l l ector 

14/8/ 1965 Co 1 1  ecto r  
20/ 9/ 1964 Co l l ecto r  
16/ 8/1965 Ca l l ector  
16/ 8/ 1965 Co l l ector 
28/ 7/ 19 78 Co l l e c to r  
2 8/ 7/ 19 78 Co 1 1  ector  
28/ 7/ 19 78 Co 1 1  ec to r 
28/ 7  I 1978 Co 1 1  ecto r  
28/ 7/ 19 78 Co 1 1  ector 
2/8/ 19 78 Co l l e c tor 
/ 8/ 1 889 Co 1 1  ector 

/ 19 78 Co.l l ector 

8/ 1/ 1 9 79 Co 1 1  ector  
/ 19 78 Co 1 1  ecto r  
30/ 7/ 19 1 3  D . B . O .  Savi l e  
3/ 8/ 1962 D . B . O .  Savi l e  

2 3/ 8/ 1920 Autho r 

3/ 8/ 189 3  Author 

6/9/ 1922 Col l ector  
8/6/ 1924 Author  

4/8/ 1936 Author 

Commen ts 

-

-

-

-

-

-

-

-

Co l l ection  no . 780 75 
Co l l ec ti on no . 7803 
Col l ect ion no . 780 7 1  
Col l e cti on no . 780 76 
Co l l ecti on no . 780 74 
-

Type s peci men 

-

-

-

DAOM 1 30529 
DAOM 9282 1 

He rb . Un i v .  o f  Wi s con . 

Herb . W . G .  Fa rl ow 

-

Herb . Uni . Cal i f . n o .  
2 254 

-

i 

N N <.0 



APPEND IX  l b :  He rbari um s peci mens  o f  M. brunnea exami n e d .  

Speci men Ori g i n Co 1 1  ector Hos t Co 1 1  ecti on I denti fi e d  Comme n ts 
No . Da te B 

26 FH Wi s cons i n ,  J . J . Da vi s P. candensis 24/8/ 1926 Autho r 
USA 

2 7  FH Ft . Co l l i ns ,  Col orado , C , F .  Bake r P. de Z toides 30/ 9/ 1892 Autho r Ex Herb . E l l i s  
USA 

28 FH Lon don , On tari o ,  J .  Dea rness  P .  baZsamifera / 8/ 189 3  Author Herb . W . G .  Farl ow 
Can a da 

29 FH Madi son , Wi scons i n ,  H . C .  Greene · P. de ltoides 16/8/ 1955 Author Herb . Un i v .  Wi s con . 
USA 

30 FH Lafaye tte , I n di ana , L . D .  Ke rn s P. de ltoides 16/ 7/ 19 10 Author He rb . E l am Ba rtho l omew 
USA 

31 FH Geneva , New York , USA A .  B ,  Seymo ur  P .  de ltoides 8/ 8/ 1900 Author Re l i q u i ae Seymo u ri anae 
32 FH Knoxvi l l e ,  Tennes see , J . K . Un derwood P. baZsamifera 2/ 7/ 1937  Author Fl o r .  of  Tennes see no . 

USA 10887 
33 FH Madi son , Wi s cons i n ,  H . G .  Greene P. de Ztoide s 7/ 9/ 1945 Autho r He rb . Un i v .  Wi s con . 

USA 
34 FH B l ack Ri ve r ,  Wi s con s i n ,  J .  J .  Davi s P. de Ztoides 20/6/ 19 16 Author He rb . Un i v .  Wi s con . 

USA 
35 FH Madi son , Wi s con s i n ,  E .  Ba rtho l - P. candicans 2 7/ 8/ 19 19 Autho r 

USA omew 
36 Fa rnham,  Surrey , D . A .  Burdek i n P. Laevigiata 2 7/ 7/ 1 9 79 Col l ector 

Eng l an d 
37  Farnham ,  Surrey , D . A .  Burdeki n P. Robusta 2 7/ 7/ 19 79 Col l ector  

En gl a n d  
38 K New Fi e l d ,  New Jersey , E l l i s  & P. candicans I 10/ 189 7  Co 1 1  ector  E l l .  & Ev . Fun g i  

USA Everhart . Co l umb i an i c  no . 126 7 
39 K New Fi e l d ,  New Jersey ,  E l l i s  & P. candicans /8/ 1 889 Co l l ector  Type s peci men 

USA E ve rhart 
40 An kara , Tu rkey M .  Vura l  P .  x eura . cv . !214 / 12/ 1979 Co l l ector  
41  Co l orado , USA T . E .  Hi n ds P. de ltoide s 30/ 1 0/ 19 79 Col l ector  
42  Pa l mers ton No rth , NZ  Author P. eugenei 20/4/ 1980 Author I N - w 
4 3  Pal mers ton North , NZ Author P. trichocarpa 20/4/ 1980 Au tho r 0 
44 Pa l mers ton North , NZ Author P. regenera·ta 20/4/ 1980 Autho r 



AFPEND 1 X le : Herba ri um s pe c i mens  o f  M. brunnea exami ned . 

Spec imen Ori gi n Col l ector Host Co 1 1  ecti  on 1 den ti fi ed Commen ts 
No . Date B 

45 Pa l me rs ton No rth , NZ  Author P. szechuanica 20/4/ 1980 Author 
46 Pa l me rs ton No rth , NZ Au tho r P. x eu1•a . cv .  1154 20/4/ 1980 Author 
4 7  Pa l me rs ton North , N Z  Author P. x eura . cv . I 30 20/4/ 1980 Autho r 
48 Pal me rs ton North , NZ Author P. nigra 20/4/ 1980 Author 
49 Pal me rston North , NZ Author P.  nigra 20/4/ 1980 Author 
50 . Pa l me rs ton North , NZ  Author P.  x eura . cv . 1455 20/4/ 1980 Author 
5 1  Pal  me rston No rth , N Z  Autho r P.  Mareg 2 20/4/ 1980 · Autho r 
52 Pal me rston North , NZ Author P.  x eura . cv . 20/4/ 1980 Au tho r 

NL2 195 
5 3  Pa i mers ton North , NZ Au tho r P. simonii 20/4/ 1980 Author 
54 Pal me rs ton North , NZ  Autho r P. fremontii 20/4/ 1980 Autho r 
55  Pa1 �e rston North , NZ  Author P. alba 20/4/ 1980 Autho r 
56 Pal me rston No rth , NZ Au tho r P. Robusta 20/ 5/ 1980 Autho r 
5 7  Pal mers ton No rth , N Z  Author P. candicans 20/4/ 1980 Au tho r 
5 8  ZT Wi scon s i n ,  USA J . J .  Davi s P. tremuloides 16/ 7/ 192 1 Author Ex  He rb . Un i v .  of 

Wi s cons i n  
59 DAOM New Brunswi ck , Cana da W .  R .  Newe l l P. tremuloides - Author DAOM 4305 
60  Vi ctori a ,  Bri t i s h  E . G . Ha rvey P, alba 18/8/ 196 1 Au tho r DAOM 88055 

1 6 1  
Col umb i a ,  Can ada 

Fai rbanks , Al a s ka , USA T .  Hi n ds - P. tremuloides 8/ 8/ 1977  Author Patho l ogy He rb . Ft .  
T .  Lauren t Co l l i n s , no . 4606 - F  

6 2  UPS Kl ama th , Oregon , USA Lee Bon ar P. tremuloides 15/ 8/ 1949 Author Un i . of Ca l i f . Fun gi o f  
Oregon n o .  786 

63 UPS Beave r l ey ,  Bri t i s h  E . V .  Mo rri s P. tremulo·ides 2 3/ 8/ 1960 Au tho r DAOi� .  75 1 1 7  
Col umbi a ,  Canada 

64 UPS Yukon , Canada J .  Ho l ms P. tremu loides 2 1/ 8/ 1962 Autho r DAOI� .  92823 
65 UPS Ki rton , Bri t i s h  J .  Gran t P. tremuloides 1 1/ 9/ 1963 Author DAOM. 10 7716 

Col umbi a ,  Can ada 
66 FH S i e rra Madre Mtns� W . G .  So l hei m - P. tremuloides 12/8/ 1966 Author My eo 1 . He rb . . Wi l he 1 m 

Wyomi n g ,  USA E .  An drews G .  So l he i m  n o .  6460 I N 
6 7  FH Ho ly Cros s ,  Co l ora do , G . E .  He dgecock P. tremuloides /9/ 19 1 7  Author Herb . E .  Bartho l omew w 

..... 
USA No . 3942 
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Spec imen 
No . . 

68  FH 

69 FH 

70 FH 

71 FH 
72 FH 

73 

74 FH 

75 FH 
76 FH 

77  FH 
78 FH 
79 FH 

80 FH 

81 FH 
82 FH 

83 FH 

84 FH 

85 FH 

86 

Ori g·i n 

Al bany Co . , Wyomi n g ,  
USA 

S i erra Madre Mtn�, 
Wyomi n g ,  USA 

Te ton Co . ,  Wyomi n g , 
USA 

Raci ue , Wi s cons i n ,  USA 
Mt . Ti mpa.nagos , U tah 

USA 
Sacramen ta ,  Cal i forn i a ,  

USA 
Fa l l en Leaf Lake , 

Cal i forn i a ,  USA 
Al bany , Wyomi n g , USA 
Ba rron Co . ,  Wi s con si n ,  

USA 
B l a i r ,  Wi s cons i n ,  USA 
Bl a i r ,  Wi s cons i n ,  USA 
Came ron , Wi s cons i n ,  

USA 
Pul l man , Was h i n gton , 

USA 

Co l l ector  

W . G .  So l he i m  

W . G .  Sol hei m 

W . G .  So l he i m  

J .  J .  Da vi s 
A . O .  Ga rrett  

W . S .  Fi e 1 ds  
H . E ,  Parks 
G . D . Da rke r 

Un known 
J . J .  Da vi s 

J , J .  Davi s 
J . J .  Davi s 
J , J .  Davi s 

C .  P i pe r  

Webs ter , Wi s cons i n ,  USA J . J .  Davi s 
Pul l man , Was h i n gton , G . L .  Zun de l 

USA 

Hos t 

P. tremuloides 

P. tremu loides 

P. tremuloides 

P. tremuloides 
P. tremuloides 

P. tremu loides 

P. tremu loides 

P. tremu loides 
P. tremuloides 

P. tremuloides 
P. tremu loides 
P. tremuloides 

P. tremuloides 

P. tremuloides 
P. tremulo1:des 

�ladi son , Wi s cons i n ,  USA E .  Barth- P. tremu loides 
o l omew 

Bozeman , Mon tana , USA D . B .  S�tJ i n g l e P. t1�emulo1:des 

Pul l man , Was h i n gton , C . V ,  Pi per P. tremuloides 
USA 

Rosemoun t ,  Mi nnesota , 
USA 

M .  E .  Os try P. tremulo-ides 

Col l e cti on 
Da te 

16/9/ 1940 

12/ 8/ 1966 

2 3/ 8/ 1949 

25/9/ 1894 
9/ 8/ 1928 

8/6/ 1924 

7/ 9/ 1929 

1/9/ 19 16 

13/ 8/ 1916 
1 3/ 8/ 19 16 
1/9/ 1916  

2 1/ 7  I 1 894 

31/8/ 1916  
26/8/ 1921  

30/ 8/ 1919  

2 1/ 9/ 19 1 1  

3 1/ 8/ 1894 

19/ 7/ 1979 

I denti fi e d  
By 

Author 

Author 

Au tho r 

Autho r 
Author 

Author 

Author 

Author 
Author 

Author 
Author 
Author 

Author 

Autho r 
Au tho r 

Au tho r 

Author 

Au tho r  

Author 

Commen ts 

The Ro cky Mtn . He rb . 
No . 1939 Un i .  Wyomi n g  

Myco l . He rb . �L G .  Sol he i m  
No . 6454 

Mycol . Herb . W . G .  So l he i m  
No . 2686 

He rb . J . J .  Davi s 
Ex .  He rb . A . O .  Ga rre tt 

No . 3466 
He rb . Un i . Ca 1 i f .  

Fa rl ow Herb . , Harvard Un i .  

He rb . Un i . Ca 1 i f .  
He rb . J . J .  Davi s 

He rb . Un i . Wi s con . 
Herb . Un i . Wi s con . 
Herb . Un i . Wi s con . 

Herb . Un i .  Wi s con . 
He rb . J .  Frankl i n  Co l l i ns 

N th . Am . Fung i  E l am 
Barthol omew n o .  6 706 

N th . Am . Fun g J  El am 
Barthol omew 

Was h i n gton Fl or .  n o .  2 39 !'\: 
c.....: 
I'\: 



APPEN D IX  le : He rbari um s pe c i mens o f  M. brunnea exami ned .  

Speci men Ori g i n  Co l l ector Host Co l l ection  I denti fi e d  Commen ts 
No . · Da te B 

8 7  DAOM Guel ph , On ta ri o , Canada J .  Dearnes s P. grandidentata 8/ 8/ 19 13  Author DA0�1 1305 30 
88 DAOM Lon don , On tari o , Can ada J .  Dea rness  P. grandidentata 28/ 8/ 19 1 3  Author DAOM 1305 3 1 · 
89 UPS Guel ph , On tari o ,  Can ada J .  Dearness  P .  grandidentata 8/ 8/ 1913  Autho r DAOM 130530 
90 FH Col umbi a . Co . ,  Wi s cons i n ,  H . C .  Greene P. grandidentata 15/ 10/ 1945 Au tho r Un i . of  Wi s con . 

USA 
9 1  FH Madi son , Wi s con s i n ,  USA J .  J .  Davi  s P. gl'andidentata 1 7/9/ 19 12 Author N th . Am . Fun gi . E l am 

Ba rtho 1 omew 
92 FH Shrevespo rt ,  Loui s i ana , J . D . Lee P. alba var .  10/ 7/ 1912  Author He rb . J .  Fran k l i n  

USA canescens Col l i ns 
9 3  ZT Gl ori a S tr . , Zuri ch , R . H .  Ri mpau P. tremuZa 20/ 10/ 1960 Co l l ecto r  

Swi tzerl an d 
94 ZT Hans i ri e d ,  Zuri ch , R . H .  Ri mpau P. tremu Za 22/ 10/ 1960 Co l l ecto r 

Swi tzerl an d 
95  ZT �·Ja l degg , Zuri ch , R . H . Ri mpau  P. tremuZa 2 3/ 10/ 1960 Col l ector  

Swi tzerl an d 
96  ZT Bran denburg , Germany H .  Sydow P. tremu Za 1 7/ 8/ 19 19 Autho r Myco theca German i ca 

no . 1729  
9 7  PS Berchtesgarten , Ge rmany H .  Bu ti n P. tremuZa 19/ 9/ 1965 Autho r 
98  UPS London , On tari o ,  Can ada J .  Dearness  P .  tremula / 9/ 1923 Author F .  Petrak , Myco the ca 

Genera l i s  no . 1244 
99 z Lon don , On ta ri o ,  Can ada J .  Dea rness  P .  tremu l.a /9/ 192 3 Au tho r  F .  Pe tra k ,  Mycotheca· 

Genera l i s  no . 1244 
100 · z Brandenburg , Ge rmany H .  Sydow P. tremuZa 26/9/ 1908 Autho r Sydow , Mycotheca 

Ge rman i ca no . 834 
10 1 z Hamburg , Ge rmany P .  Magn us P. tremula 2 3/ 9/ 1895 Au tho r 
102 z Bran denburg ,  Ge rmany H .  Sydow P. tremula 1 7/ 8/ 1919  Author Mycotheca Germani ca n o .  

1 729 
103 L Ve rona ,  I ta ly  C .  Mas sa l on go P. tremu la Au tumn/ Autho r D .  Saccard o , · Myco theca 

1905 I ta 1 i ea I N 
104 L Brandenburg ,  Germany H .  Sydow P. tremula 26/ 9/ 1908 Author  Sydow , My eo  theca VJ 

w 
Ge rman i ca no . 834 



APPEN D I X  1 f :  He rba ri um s peci mens o f  M. brunnea exami ne d .  

/ 

Speci men Ori g i n Col l e ctor Hos t  
No . 

105 FH Bran denb u rg , Ge rmany H .  Sydow P. tremula 

106 FH Bran denburg , Germany H .  Sydow P. tremula 

107 K Lon don , On tari o ,  Cana da J .  Dearness  P. tremula 
108 K London , On tari o ,  Canada J .  De arness  P. trerrrula 

109 K Pavi a ,  I ta l y  B .  E .  Cavara P. tremula 
1 10 K B randenburg , Germany H .  Sydow P. tremula 

'1 1 1  BR Wes tfa l en ,  Ge rmany A .  Ludwi g P. tremu la 
/ 

1 12 BR Westfa l en , Ge rmany A .  Ludwi g P. tremula 

1 1 3  B R  France C .  Roumequ�re P. tremula 
1 14 BR  France C .  Roumequere P. tremula 

/ 

1 15 ZT  Mythenquai , Z uri ch , R . H .  Ri mpau  P. alba 
Swi tze rl and 

1 16 0 No Y'\tJay I .  Jorstad P. alba 

Col l e cti on I denti f i e d  
Date B 

26/9/ 1908 Autho r 

1 7/ 8/ 1919  Author 

/ 9/ 1923 Author 
/9/ 1923 Author 

1890 Au tho r  
2 6/9/ 1908 Author 

20/9/ 1923 Author 

20/9/ 1923 Autho r 

- Au tho r 
-· Autho r 

3/ 8/ 1960 Author 

2 7/ 7/ 192 7 Author 

Comments 

Sydow , Mycotheca Ge rman -
i ca n o .  834 

Sydow , Mycotheca Ge rman -
i ea n o .  1 2 79 

F .  Pe trak , �1yco theca 
Gene ral i s  no . 1244 

Bri os i e  Cavara no . 149 
Mycotheca Ge rman i ca no . 

834 
Sydow , Mycotheca 

Ge rmani ca No . 2 2 19 
Sydow , Myco theca 

Ge rman i ca No . 2 2 19 
Fun g i  Se l ec ti Gal l i ae i  
Fun g i  Se l e cti Gal l i aei  

No . 1 75 7  
Mi xed i n fecti on wi th 

M. cas tagnei 

N 
w ...,. 



APPEND I X  l g :  Herbari um spec imens o f  M. popuZi exami ned .  

Speci men 
No . 

1 DAOM 

2 ZT 

3 Z.T 
4 ZT 

5 ZT 
6 Z T  

7 ZT 
8 ZT 
/ 

9 ZT 

10 PS 
11 PS 

12 PS 
13 PS 
14 DAOM 

15 DAOM 

16 
1 7  

1 8  UPS 

19 UPS 

Ori gi n 

Bri t i s h Co l umbi a ,  
Canada 

Hannove rs MUn den , 
Ge rmany 

Kasse 1 ,  Ge rmany 
Hannovers MUnden , 

Ge rmany 
Zuri ch , Swi tzerl an d 
Zu ri ch , Swi tzerl and 

Affo l tern , Wehnta l e r  
Zuri ch , Swi tzerl an d 
N i e de rdonau , Ge rmany 

Hamburg ,  Ge rmany 

Bayern , Ge rmany 
Rothen burg , Hannove r ,  

Ge rmany 
Herrman�s be rg , Germany 
Gees that ht , Germany 
Bri t i s h  Col umb i a ,  

Can a da 
Bear  I s . ,  On tari o ,  

Can ada 
Ha rpen den , En g l and 
Mun chen , Germany 

� 
Cuxhaven , Ge rmany 

USSR 

Co l l e ctor  

C . S .  Wood 

H .  But i n  

H .  Buti n 
H .  Buti n 

R . H .  Ri mpau 
R . H ,  Ri mpau 

R . H .  Ri mpau 
F .  Pe trak 

A .  Ludwi g 

H .  Buti n 
Zych a  

Zycha  
Zycha 
R . J .  An drews 

Hos t 

P. trichocarpa 

P. berolinensis 

P. regenerata 
P. mariZandica 

P. nigra 
P. nigra 

P. nigra 
P. nigra 

P. nigra 

P, ge Zrica 
P. simonii 

P. n1.-gra 
P. hero Unensis 
P. tremuloides 

G . E .  Thompson P. baZsamifera 

J . S . W .  Di ckens 
P ro f .  

P ,  Sch u tt 
A .  Ludwi g 

P. baZsamifera 
P .  x berolinen­

sis 
P. nigra 

T . C .  Hebotto- P. nigra 
bek 

Co l l ect i on 
Da te 

30/ 7/ 1969 

12/5/ 1956 

15/ 10/ 1956 
20/8/ 1955 

3/8/ 1960 
17/8/ 1960 

7/ 9/ 1960 
/ 9/ 1939 

/ 8/ 192 7  

/ 8/ 1959 
1 7/8/ 1966 

16/8/ 1965 
19/ 8/ 1965 
18/ 7/ 196 1 

25/8/ 19 3 1  

13/ 1 1/ 1978 
14/9/ 1 978 

/8/ 192 7 

8/ 9/ 1950 

I denti fi e d  Commen ts 
By 

K . A .  Pi ro zyn - DAOM . 1386 32 
s k i  

Co l l ector  

Co l l ector 
Col l ecto r  

Co l l ecto r  
Col l ector  

Col l ector 
Co l l ector  F .  Petrak , Mycotheca 

· General i s  
Col l e c tor F .  Petrak , Mycotheca 

Genera 1 i s  

Col l ector  

Col l ector  .:.. 
Col l ecto r  
D . B . O .  Savi l e  DAOM 88060 

Co l l ector  

Co  1 1  ector  
Co l l e ctor 

F .  Petrak 

E x .  Herb . Ray F .  Cai n ,  
DAOM 81 786 

F .  Petrak , Mycotheca 
Gene ra 1 i s  N 

w U1 



APPENDIX  1h : Herbari um s pec imens o f  M. populi exami ned ,  

Speci men Ori g i n  Co 1 1  ecto r  Host 
No . 

20  UPS N i e de rdonau , Germany F .  Petrak P. nigra 

2 1  UPS Denma rk F . G .  Ros t rup  P. nigra 
22 UPS Stockho l m ,  Sweden J .  Eri ks son P. nigra 

2 3  PC France J . B .  De sma - P. niqra 
zi eres 

24 0 No rway I .  Jors tad  P.  nigra 
25  0 No rway I .  Jors tad P. nigra 
26 0 No rway I .  Jars tad P. simonii 
2 7  0 Madl a l i a ,  No rway I .  Jo rs tad P. nigra 
28  0 Bo l s ay , Norway I .  Jors tad P. bero Zinensis 
29 0 L i n s i n ,  Norway I .  Jars tad P. bero linensis 
30 0 Norway I .  Jorstad P. beroZinensis 
31 0 Norway I .  Jors tad P. berolinensis 
32 0 Norway I .  Jors tad P. nigra 
33 0 Norway I .  Jars tad P. beroU.nensis 
34 0 Norway I .  Jorstad P. nigra 
35 0 No rway I .  Jorstad P.  nigra 
36 0 Norway I .  Jars tad P. nigra 
37  0 No rway I ,  Jars tad P. nigra 
38 0 No rway Unknown P. nigra 
39 0 No rway I .  Jors tad  P .  nigra 
40 0 Norway I .  Jorstad P.  nigra 
4 1  0 No rway I .  Jors tad P. nigra 
42 0 Norway I .  Jorstad P. nigra 
43  0 Norway I .  Jors ta d  P .  nigra 
44 0 Be rgen , Norway I .  Jors tad P. nigra 
45 0 Norway I .  Jorstad P. m:gra 
46 0 Norway I .  Jorstad P. nigra 
4 7  0 Norway I .  Jorstad P. nigra 
48  0 Norway __ I .  Jorstad P. niara 

Col l ecti on I den ti fi ed  
Da te B 

/ 9/ 1939 F.  Pe trak 

18/ 8/ 1902 Co l l ecto r  
5/8/ 1884 Author 

/ 1849 Author 

25/9/ 192 7 Col l ector  
10/9/ 1962 Co l l ector  
10/ 8/ 1944 Co l l ector 
12/9/ 19 76 Co l l ecto r  
1/9/1953  Col l ector  
5/9/ 192 5  Col l ecto r  
10/9/ 1931  Co l l ec to r  
10/ 8/ 1944 Co l l ector  
29/8/ 1965 Col l ecto r  
2 7/ 9/ 195 7 Co l l ector  
/ 8/ 1926 Co l l ecto r  
4/ 7/ 1934 Co l l ecto r  
19/ 8/ 1920 Co l l ecto r  
7/9/ 1923 Co l l ector  
2 1/ 8/ 1908 Co l l ector 
25/9/ 192 7 Co l l ecto r  
2 1/ 9/ 192 7 Co l l ecto r  
29/8/ 192 7 Col l ector 
2 7/ 7/ 1927  Co l l ecto r  
2 1/ 7/ 1925 Col l ecto r  
/ 1935 Co l l ector  
2 1/6/ 1932 Co l l ector 
16/8/ 1929 Col l ector 
12/9/ 1931  Col l ector  
10/8/ 1944 Col l ec tor 

Commen ts ..... 

F .  Petrak , Mycotheca 
Genera l i s  

-

Fun g i  Paras i t i c i  
Scandi navi c i  

Col l . Desm .  No . 1 729 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

I I I 

N 
w en 



APPEN D I X  1 i : He rbari um s peci mens of  M. populi exami ned .  

Spec imen 
No . 

49 0 
50 0 
5 1  0 
52 z 
53  . z  
54 z 
55  z 
56 z 
5-7 L 

58 L 

59 L 

60 L 

6 1  L 
62 L 
63  L 
64 L 
65 L 
66  FH 
6 7  FH 

68 FH 
69  FH 

70 FH 

Ori g i n 

Be rgen , Norway 
No rway 
Madl a l i a , Norway 
Wes tfal en , Ge rmany 

Fran ce 
Ni ede rdonau , Germany 

Vi n dobonen s i , Germany 

Hamburg , Ge rmany 

Hol l an d  

Ve rona ,  I ta ly  

Mari a-Ei n s i edel , 
Ge rmany 

Gron i n gen , Ne therl ands 

Gron i n gen , Ne therl ands 
Gron i n gen , Ne therl ands 
Nethe rl ands 
Ne therl ands 
Un known , Nethe r l ands 
Mun chen , Ge rmany 
Wyomi n g ,  USA 

Wi s con s i n ,  USA 
No rman dy , Fran ce 

Was h i ngton , USA 

Col l ector  

I .  Jo rstad  
I .  Jorstad 
I .  Jorstad  
A .  Ludwi g 

M . A .  L i bert 
F .  Petrak  

F .  Pe trak 

A .  Ludwi g 

Unknown 

D .  Sacca rdo 

A .  Al l escher  

D ,  Saccardo 

D .  Saccardo 
Unknown 
Un known 
Unknown 
Un known 
A .  A l l es che r 
W . G . So l he i m  

J . J .  Dav i s  
L ,  Boberge 

C . V .  Pi pe r  

Host 

P. nigra 
P. nigra 
P. n-tgra 
P. nigra 

P. nigra 
P. nigra 

P. nigra 

P. nigra 

P. nigra 

P. nigra 

P. nigra 

P. nigra 

P. nigra 
P. nigra 
P. nigra 
P. nigra 
P. nigra 
P. nigra 
P. angustifolia 

P. balsamifera 
P. nigra 

P. trichoca1?pa 

Co l l e cti on I den ti f ied  Commen ts r Da te By 

7/ 10/ 1944 Co l l e ctor 
26/8/ 1939 Col l ecto r 
2 3/ 7/ 19 73 Co l l ector  
1 8/9/ 1937  Col l ector  

1834 
/9/ 1939 

/ 8/ 

/ 8/ 192 7 

Unknown 

/ 9/ 1905 

/9/ 1896 

/ 10/ 1877  

/9/ 1894 
/ 187 1  
12/9/ 1871 
/9/ 1894 
1/6/ 1872 
/9/ 1896 
4/ 10/ 1952 

Col l ecto r  
Col l e ctor 

Co l l ector  

Co  1 1  ecto r  

Col l ecto r  

Co l l ector  

Col l ector  

Co l l ector  

Co l l ector  
Col l ecto r  

l/ 8/ 1925 Col l ecto r  
/ 1896 

26/ 10/ 1894 

Sydow , Myco the ca 
Ge rrnan i ca 

Type Spec imen 
Mycotheca Genera l i s  

n o .  1334 
F .  Pe trak Cryp togamae 

exs i  ccatue 3374 
F .  Petrak M .  Genera l i s  

no . 120 
Ex The Ri j ksherbari um,  

· Lei den 
D .  Sacca rdo , Mycotheca 

I ta l i ea 
Al l escher & Schnabl . ,  

Fun g i  Bavari c i  
Saccardo , Mycotheca 

Veneta n o .  1237  

He rb . W . G .  So l hei m ,  n o .  
34 33 

Herbi er , Barbey Bos s i e r  
No . 2412 

Was h i n gton Fl ora ,  
E .  Bartho l omew 

N w "-J 



APPENDI X  lj : Herbari um speci mens  of  M. populi exami n e d .  

Spec imen Ori g i n  
No . 

Co l l ector Hos t 

7 1  FH 

72 
73 K 

74 K 
75 K 
76 K 

7 7  K 
78 K 

79 K 
80 BR  

81  BR  

82  BR  
83  BR  
84 BR 
85 BR 

86 BR  

87  
88 
89 

Wash i n gton , USA 

Su rrey , Eng l an d 
Rus h ton , En gl a n d  

C . V .  Pi per P. trichocarpa 

D . A .  Burdek i n P. nigra 
M . J .  Be rke l ey P. nigra 

Bl oemendaal , Ne the r l ands J .  Gremmen P. nigra 
Hydde rs fi e l d , Engl an d L . H .  Broadhead P. nigra 
Rush ton , E ng l and  M . J .  Be rke l ey P. nigra 

Ches h i re ,  En g l an d  
Vi ndo bonen s i , Ge rmany 

Fran ce 
France 

Rus hton , Engl an d 

France 
Be l g i um 
Vi n dobonen s  i , Ge rmany 
Wes tfa l en , Ge rmany 

I ta ly  

An kara , Tu rkey 
Mi l ton , Engl an d 
Dub l i n ,  I re l an d  

J . W .  El l i s  
F .  Pe trak 

M . A ,  L i be rt 
J . B .  Desma z ­

i � res 

P. de ltoides?  
P. nigra 

P. n1.-gra 
P. nigra 

M . J . Be rke l ey P. nigra 

M . A .  L i bert 
E ,  Os  qui  ne t 
F .  Petrak 
A .  Ludwi g 

V .  r�ou ton 

P. n1.-gra 
P. nigra 
P. nigra 
P. nigra 

P. nigra 

M .  Vu ra l  P. n1.-gra 
A . G .  Bai l ey P. nigra 
F .  O ' Ri o rdai n P. nigra 

Co 1 1  ecti  on 
Da te 

26/ 10/ 1894 

2 7/ 7/ 19 79 
1879 

/9/ 196 3 
/9/ 190 7 
"" 

30/ 8/ 19 13  
/8/ 

/ 1834 
/ 1849 

8/4/ 1843 

/ 1834 
28/9/ 185 5 
/8/ 
18/9/ 1937  

/ 1 0/ 1877  

/ 12/ 1979 
10/ 1 1/ 1979 
3 1/ 10/ 1979 

I den ti fi e d  
By 

Col l ector  

Co l l ector 

Sub .Asteroma 
Labes . 

Sub .Asteroma 
Labes .  

Sydow 

Co 1 i ector 
Col l ecto r  Col l ector  

Commen ts 

Wash i n gton Fl ora , 
E .  Bartho l omew 

Herb . Be rk . - Asteroma 
Labes 

J .  Gremmen No . 2232 
Herb . C. Cros s l an d  
He rb . C . E .  Broome 

Herb . �� . B .  Grove 
Cryptogami e e xi s i ccatae , 

n o .  3379 
Type s pec i men 
Desmazi eres , P l an tes 

Cryptogame s de Fran ce , 
n o .  2 129 

Type specimen 

F .  Petrak  n o .  3379 
Sydow , Mycotheca 

Ge rman i ca no . 3385 
Saccardo , Myco theca 

Vene ta n o .  1237  

N 
w CO 



APPEND I X  1k : He rbari um speci mens  o f  M. castagnei exami n e d .  

Speci men Ori gi n Co 1 1  ecto r  Hos t  Col l e cti on I den ti fi ed  Commen ts 
No . · Da te B 

1 DAOM Mt .  Horeb , Wi s cons i n ,  R . F ,  Cai n P. alba 6/9/ 1953 Co l l ector  DAOM 4083 1 
USA 

2 ZT An kara , Tu rkey H .  Breme r P. alba 25/9/ 194 1  Col l ecto r  
3 ZT Lubmi n ,  Ge rmany F . W .  Nege r P. alba Un kn own Col l ector 
4 ZT Zuri ch , Swi t ze rl and  A .  Vo l kart P. alba 7/9/ 1907 Co l l ector 
5 ZT Germany H .  Sydow P. alba 8/ 1 9 1 9  Col l ecto r  Ex . Herb . D r .  F .  Pe trak 
6 ZT Zuri chbe rg , Zuri ch , R . H .  Ri mpau  P.  alba 2 7/ 7/ 1960 Col l ector  

Swi tzerl and  
7 ZT  Mythenqua i , Zuri ch , R . H .  Ri mpau P, alba 3/ 8/ 1960 Col l ector 

Swi tze rl and  
8 ZT Be l l evue - P l a tz ,  Zuri ch , R . H .  Ri mpau P. alba 20/ 8/ 1960 Co l l ector 

Swi t ze r l and 
9 DAOM Ki ngs  Co . , Nova Scoti a ,  D .  Cree l man P, alba 3/9/ 1953  Col l ector  DAOM 44004 

Can ada 
10 Col umbus , Ohi o ,  USA C . W .  El l e tt P. alba Un known Co l l ector  
1 1  UPS Ai x ,  Fran ce J . L .  Cas tagne P. alba Un known Col l ecto r  Herb . E .  Fri es  
12 UPS Bouches du Rhone , J . L .  Cas tagne P. alba Un known Co l l ector Herb . E .  Fri es  

Mi ramas , Fran ce 
13 UPS Latvi a ,  USSR  K .  S tares P. a lba / 9/ 1934 Col l ector  Cryptogamae exs i cc .  

ed i tae Museo .  Na tr . 
V i n doben s i , n o .  36 15 

14 UPS Denmark F . G . E ,  Ros trup P. alba 2 7/8/ 1888 Au tho r 
15 UPS Gare de Gui l l ou ,  Fran ce Fau trey P. alba / 9/ 1894 Author 
16 UPS Mon tubeccari a ,  I ta l y  C .  Pol l i n i  P .  alba / 1 888 Au thor , Herb . Agri . Ti c i nen s i s  
1 7  UPS Stockho l m ,  Sweden J .  Eri ks s on P. a lba 5/8/ 1884 Co l l ecto r  Eri ks son , - fung i  para-

s i t i c i Scand i navi ci , 
n o .  384 

18 S tockho l m ,  Swe den J ,  Eri ks son P. alba 5/8/ 1884 Col l ector 
19 UPS Ottawa , On tari o ,  Canada D . B . O .  Savi l e  P. alba 20/ 8/ 1073 Col l ecto r  DAOM 144431 I 20  UPS Uppsal a ,  Sweden J .  Nann fe l dt P. a lba 2 1 / 8/ 1930 Col l ector Fl o ra Sueci ca , 3805 

N 
w 

2 1  UPS Mun chen , Ge rmany K . W .  fucke l P. alba / 1894 Co l l ector  Herb i e r  Barbey-Bos s i e r ,  
\.0 

2478 



APPENDIX  1 L :  Herbari um spec i mens  o f  M. castagnei exami ned . 

I 

Speci men Ori g i n 
No . 

2 2  UPS Nurnberg , Ge rmany 

2 3  PC  France 

24 0 
25 0 
26 0 
2 7  0 
28 0 
29 0 

30 z 
31 z 
32 z 
33 z 
34 z 
35 z 

Norway 
Norway 
No rway 
No rway 
Norway 
Be rgen , Norway 

Frankfurt , Ge rmany 
Temesvar , Hungary 

1<. 
M�hr-We i s s k i rchen 

C zechos l ovak i a  
Tharan d t ,  Ge rmany 
Brandenburg , Ge rmany 

Thuri n gen , Ge rmany 1 36 L 
I 

Bran denburg , Germany 

3 7  L 
38 L 
39 L 

40 L 
4 1  L 
42 L 
43 FH 

Nurnbe rg , Ge rmany 
Tharandt , Ge rmany 
Che s ter  Co . ,  

Ph i l ade l p h i a ,  USA 
Nunspeek , Be l g i um 
Nunspeek , Be l g i um 
Nunspeek , Be l g i um . 
Sh reves po rt , Lou i s i ana  

USA 

Co l l e c tor  

K .  S tares 

Un known 

I .  Jorstad 
I .  Jors tad 
Unknown 
Un known 
Un known 
V .  J .  Ro l l ­

Hansen 
P .  r�agn us 
G .  V .  t·1oes z  

F .  Pe trak 

F .  W. Ne ge r 
H .  Sydow 

G . · Oe rte l 

H .  Sydow 

K. S tares 
F . W .  Neger 
Dr . Ma r·ti n 

Unknown 
Un knmvn 
Unknown 

J . D .  Lee 

Hos t 

P. aZ.ba 

P. aZ.ba 

P. aZ.ba 
P. aZ.ba 
P. aZ.ba 
P. aZ.ba 
P. aZ.ba 
P. aZ.ba 

P. a Z.ba 
P. aZ.ba 

P. aZ.ba 

P. alba 
P. aZ.ba 

P. aZ.ba 

P. aZ.ba 

P. aZ.ba 
P. aZ.ba 
P. aZ.ba 

P. aZ.ba 
P. aZ.ba 
P. aZ.ba 
P. aZ.ba 

Col l ecti on I den ti fi e d  
Date By 

6/9/ 1948 Co l l ector  

1849  Col l e ctor 

5/8/ 1931  
9/ 9/192 7  
28/ 9/ 1 9 5 7  
8/ 10/ 1941  
10/ 8/ 1944 
13/ 9/ 1 944 

1 7/9/1873 
/ 9/ 1925 

2 7/ 8/ 1924 

18/8/ 1918  

6/ 10/ 1903 

18/ 8/ 1918  

6/9/ 1948 

/ 7/ 1882 

18/8/ 1896 
6/9/ 1902 
8/ 1894 
10/ 7/ 1 9 12 

Author 
Author 
Author 
Au thor  
Author 
Au thor 

Col l ecto r  
Co 1 1  ector  

Co l l ector 

Col l ector 
Col l ector  

Co 1 1  ector  

Co l l ector  

Co l l ector  
Co l l ector  
Col l ector 

Co l l ector  
Col l ec tor 
Col l ector  
Author 

Commen ts 

He rb . S ta res , F l ora 
Bavari ca n o .  9285 

Col l ecti on Mougeo t ,  
no . 1484 

F .  Petrak , Mycotheca 
Gene ra l i s .  

F .  Petrak F l ora Bohemi a c  
& Morav i ac ,  no . 1932 

Herb . Fi s her-Si gwart 
Sydmv , Mycotheca 

Ge rman i ca ,  no . 1 728 
Sydow , t·1yco theca 

German i ca ,  n o .  187  
Sydow , r�ycotheca 

Ge rman i ea , no . 1 728  

E l l i s ,  Nth . Am . Fun gi , 
No . 1 1 72 

Herb . J .  Fran k l i n  Col l i n s  
N +:> 0 



APPEND I X  1m : Herbari um s pec i mens  of M. castagnei exami ned . 

Spec imen Ori g i n Co l l ector  Hos t Co 1 1  ecti  on I den ti fi e d  Commen ts 
No . Date By 

44 FH Hays , Kan s as , USA E .  Barthol omew P. alba 10/ 10/ 1930 Author E .  Bartho l omew Herb . 
no . 1 1284 

45 FH Col umbus , Kan s as , USA E .  Barthol omew P. alba 16/9/ 1920 Au tho r 
46 FH Sti l l wa te r ,  Okl ahoma , W . W .  Ray P. alba 2 1/ 7/ 194 3 Author Herb . Ok l a .  A . &  M .  Ca l l .  

USA n o .  2902 
47 FH Empo ri a ,  Kan s as , USA E .  Barthol omew P. alba 13/ 10/ 1932 Author E .  Bartho l omew Herb . 
48 FH Raci ne , Wi s con s i n ,  USA J .  J .  Dav i s P. alba 16/9/ 1893 Author Herb . , J . J .  Dav i s 
49  FH Ogl e Co . , I l l i no i s ,  ·USA E .  F .  Guba P. alba 29/8/ 1922 Author Fa r l ow He rb . 
50 FH London , On tari o ,  Can ada J .  Dearness  P .  alba 30/9/ 1892 Author Rerb . W . G .  Fa r l ow 
5 1  FH London , On tari o ,  Can ada J .  Dearness P. alba 13/9/192 3  Author Herb . E l am Bartho l omew 
52 FH Wes tboro , On tari o ,  D . B . O .  Savi l e  P. alba 29/ 7/ 1945 Co l l ector Myco l . Herb . Can . Dept . 

Can ada Ag ri c . , No . 15 , 5 5 7  
53  FH Ottawa , On tari o , Canada D . B . O . Savi l e  P. alba 20/8/ 19 73 Co l l e ctor DAOM 14443 1  
5 4  FH Che s te r  Co . ,  Dr . �1a rti n P. alba / 7/ 1882 Co l l ector  E l l i s ,  N th , Am . Fung i  

Ph i l ade l ph i a ,  USA 
55 FH B l ock I s . , Rhode I s l an d ,  G .  G .  Hedgecock P. alba 5/8/ 1919  Co l l ector Herb . J .  Fran k l i n  Col l i n s  

USA 
56 FH Ai ken , Sou th Carol i na ,  E .  Bartho l omew P. a lba 14/ 10/ 1924 Co l l ector E l am Barthol omew , He rb . 

USA no . 9005 
5 7  FH Hatten he i m ,  Ge rmany K . W .  Fucke l P. alba 1894 Col l ector Herb i e r  Barbey Boi s s i e r ,  

no . 2478 
58 FH Temesvar ,  Hungary G .  V .  �1oesz P. alba / 9/ 1925 Col l ector F .  Pe trak , �1yco theca 

gen era l i s ,  no . 20 
59 FH Temesvar , Hungary G . V .  Moesz  P .  alba 2 7/ 9/ 1923 Ca l l ecto r  Herb . Musei . Nat . Hunga r .  

Budapest  
60 FH Brandenburg , Ge rmany H .  Sydow P. alba 18/8/ 1918  Co 1 1  ector  SydovJ , t"ycotheca 

I 6 1  FH 
German i ca , no . 1 728  

Brandenburg , Germany G . V .  Moesz P.  alba 8/ 9/ 1927  Co 1 1  ecto r  Herb . Musei  . . Nat . 

1 62  K 
Hut:� gar . Buda pes t  I N 

Ches ter Co . ,  Dr . Marti n P. alba / 7/ 1882 Co l l ector El l i s ,  Nth . Am . Fung i . � 
...... 

I Ph i l adel phi a ,  USA no . 1 1 72 



APPEND I X  ln : Herbari um s pec i mens of  M. castagnei e xami ned . 

Speci men Ori g i n  
No . 

6 3  K . S tockho l m .  Sweden 

64 K Thuri n gen , Ge rmany 

65 K Tams e1 , Germany 
66 K Po l perro , I ta l y  

6 7  BR Ai x ,  Fran ce 
68 BR Th u ri ngen , Germany 

69 BR Fon tai nebl eau , France 

Co l l ector  Hos t  

J .  Eri ksson P. alba 

G .  Ge rtel P. alba 

P .  Vogel  P .  alba 
P .  Rhode s & P. alba 
E .  Ri l stone 
Desm . & Mont .  P. alba 
G .  Oerte l  P. alba 

C .  Roume gue re P. alba 

70 BR Pa l menga rten , Fran k fu r t ,  P .  Ma gnus P. alba 

71  · BR 
72 BR 
73 BR 
74 BR 
75 BR 

76 BR 

77  BR 

78 BR 

79 
80 

81  

Ge rmany 
Pa vi a ,  I ta 1 y 
Pa rma , I ta ly  
Boi s de l a  Cambe , France 
Bo i ts port , France 
Vi bro i  x ,  Fra nce 

Wa terma i l ,  France 

Mah r- We i s s k i rchen , 
Czecho s l ovak i a 

France 

An kara , Tu rkey 
Co rva 1 1  i s ,  USA 

Dubl i n ,  I re l and  

C .  Po 1 1  i n  i 
G .  Passeri n i  
Unknown 
Un known 
Putl eman 

E .  Bommer & 
M .  Ro usseau  
F .  Pe tra k 

P. alba 
P. alba 
P. a lba 
P. alba 
P. alba 

P. alba 

P. alba 

C .  Ro umegue re P. alba 

M .  Vura l  P. alba 
C . W . S .  van P. alba 
van Kraayenoord 
F. o • Ri o rd� n P. alba 

Col l ection  I den ti fi e d 
Da te By 

25/ 8/ 1884 Col l ector 

6/ 10/ 1903 Col l ecto r  

2/9/ 1921  Col l ector 
2 1 / 7/ 1929 Co l l ecto r 

/ 1849 Co l l ector  
6/ 10/ 1903 Co l l ector 

6/1884 Autho r 

7/9/ 1873 

/ 1888 
/ 1874 
/ 7/ 1882 
/ 8/ 1879 
25/9/ 191 7  

18/ 7/ 1880 

2 7/ 8/ 1924 

Unknown 

Co l l ector 

Author 
Autho r 
Author 
Author 
Au tho r 

Co l l ector 

Ca l l ector 

Co l l ecto r 

/ 12/ 1979 Col l ecto r  
8/ 1979 Author 

31/ 10/ 1 9 79 Co l l ector 

----, 
Comments 

Eri ksson , Fun g i  
Scan di navi ci  no . 3846 

Sydow , �1ycotheca 
Ge rman i ca ,  no . 187 

He rb .  Rev .  P . G . M .  Rhodes 
He rb . W . B .  Grove , 4 10 1  

Type s peci men  
Sydow , t1yco theca 

Ge rman i ca ,  no . 187 
Fun gi  Ga l l i ci  e xs i ccat i , 

no . 3189 

Col l e ction  Ma uri ce Beel i ,  
no . 6 39 

Herb . E .  Bommer & 
M .  Ro usseau 

F .  Petra k ,  Fl o ra Bohemi ae 
. & Mo ravi ae , no . 1932 
Fungi  Ga l l i ci  exs i ccati , 

no . 3 1 7  

N � N 



Number 

1 

2 

3 

I : 
6 

7 
8 
9 

10 

1 1  

1 2  

13 
14 

15 

16 

1 7  

18 

19 

20 

2 1  

APPEN D I X  2 a : Con i d i a l  di mens i on s  o f  M. brunnea from Herba ri um s pec i mens 

t·1ean r�an L : B TL : S  LS : B  % Sept . Numbe r Mean 
Len gth Breadth Rat i o  Rati o Ra ti o Len gth 

. ( u )  ( u )  ( u )  
a 15 . 2  1 •  2 4 .  6 o . 3 3 . 30 2 . 86 1 . 20 34 . 9  22  16 . 6  1 . 5 

15 . 4 1 . 2 4 . 0 o · 2 3 . 90 3 . 00 1 .  30 33 . 4  2 3  15 . 2 1 • 3  
14 . 0 0 . 8 4 .  5 0 . 3 3 . 06 3 . 0 3 1 . 0 1 33 . 0 24  14 . 6 1 . 1 
15 . 0 1 ' 5  4 . 1 o . 3 3 . 70 2 . 90 1 .  30 34 . 0  25  15 . 1 1 . � 
14 . 9 0 . 8 4 . 0 0 ' 2 3 . 60 3 . 20 1 . 16 3 1 . 2  26 15 . 4 1 . 8 
14 . 2  1 '  0 4 . 0 0 ' 2 3 . 50 3 . 14 1 . 12 31 . 7  2 7  16 . 0  1 ·  3 
14 . 8 0 . 9 4 . 0 0 ' 2  3 . 70 3 . 2 3 1 . 15 31 . 0  28 1 7 . 0 2 · 0 
14 . 0 0 . 9 4 . 1 o . 3 3 . 40 3 . 08 1 . 10 32 . 4  29  14 . 2 1 · 5 
13 . 6 1 · � 4 . 4 o . 3 3 . 00 3 . 00 1 . 02 33 . 0  30 15 . 0  l • 3 
14 . 1 1 • 6 4 . 1 o . 3 3 . 4-2 3 . 1 3 1 . 10 32 . 0  31 15 . 2  2 . 5 

15 . 6 1 ' 6  4 . l a . 2 3 . 80 3 . 00 1 . 24 33 . 0  32 14 . 8 1 . I+ 

14 . 2 1 ' 5  4 . 1 0 . 3 3 . 40 3 . 1 3  1 . 10 32 . 0  33 14 . 4 1 · 0 
13 . 5 2 • 0 4 . 2 0 ' 2  3 . 20 3 . 00 1 . 05 33 . 0  34 14 . 6 1 · 5 
1 3 . 9 o · e 4 .  3 o . 3 3 . 20 3 . 20 1 . 00 3 1 . 4  35 15 . 3 1 .  3 
15 . 1 1 ' 0  4 . 5 0 • 1+ 3 . 32 3 . 0 1  1 . 10 33 . 1 36 1 3 . 5 1 · 0 

14 . 0 1 ' 0  4 . 5 0 ' 2 3 . 12 3 . 2 3 1 . 00 31 . 0  3 7  13 . 9 1 · 2 
14 . 2 0 . 7 4 . 4 0 ' 2  3 . 2 1  3 . 02 1 . 06 33 . 0  38 15 . 6 1 · 1+ 
1 3 . 7 0 • 9 4 . 7 0 ' 1+  2 . 9 1 3 . 1 8 0 . 90 3 1 . 4  39 14 . 5 1 · 2 
1 5 . 3 1 ' 5  4 . l a . 6 3 . 70 3 . 0 7 1 . 20 32 . 6  40 1 3 . 0 2 · 0 
14 . 3 0 . 8 4 . 4 0 . 3 3 . 24 3 . 16 1 . 02 31 . 6  4 1 . 14 . 7 1 · 0 

14 . 7 � . 5 4 . 5 o · 5 3 . 24  3 . 15 1 . 03 3 1 . 7  4 2  1 5  . 0 1 . 1 

Mean L : B TL : S  
B readth Ra ti o Ra t·i o  
( u )  

4 .  4 o · 3 3 . 80 3 . 20 

4 .  4 0 . 3 3 . 50 3 . 20 
4 .  3 0 . 3 3 . 40 3 . 28 
4 .  0 0 . 3 3 . 70 3 . 1 3  
4 .  3 0 . 3 3 . 60 3 . 3 1 
4 .  6 0 . 5 3 . 5 1  3 . 12 
4 .  7 0 . 6 3 . 70 3 . 30 
4 . 4  0 ·  � 3 . 20 3 . 2 0 
4 .  3 o . 3 3 . 5 1 3 : 16 

4 . 7 0 • 1+  3 . 2 0  3 . 00 

4 .  7 0 .  I+ 3 . 10 3 . 18 
4 .  3 o . 3 3 . 40 3 . 37 
4 .  3 o . 3 3 . 40 3 . 3 1 
4 .  6 0 . 3 3 . 34 3 . 20 
4 .  2 0 . 3 3 . 2 3 3 . 50 

4 . 0 o . 2 3 . 50 3 . 70 

4 .  7 0 . 5 3 . 30 . 3 . 16 

4 .  7 0 . 7 3 . 00 3 . 1 7  

4 .  2 o . 3 3 . 06 3 . 14 

4 .  6 o . 3 3 . 18 3 . 03 

4 . 4 0 • 2  3 . 44 3 . 37 
-----

LS : B  
Ra ti o 

1 . 20 

1 . 08 

1 . 03 

1 .  20 
1 . 08 

1 . 1 2 
1 . 12 
1 . 00 
1 . 10 

1 . 06 

1 . 00 

1 . 04 

1 . 04 
1 . 04 

0 . 90 

0 . 94 

1 . 04 

1 . 00 

0 .  9 ].  

' 1 .  05 

1 . 02 

% Sept 

31 . 3  ' 

3 1 . 3  
30 . 5  
32 . 0  
30 . 2  
32 . 0  
30 . 3  
3 1 . 2  

3 1 . 7 

33 . 2  

3 1 . 4  

31 . 0  

30 . 2  

31 . 2  

28 . 6  

2 7 . 1 

3 1 . 6  . 

31 . 5  

3 1 . 8  

33 . 0  

29 . 6  

I l 
I 

I 

N 
+>o w 



Numbe r  

4 3  

44 

45  

46  

1 4 7  

48 
49 

' s o 
5 1  

52  
5 3  

54 
55 
56 
5 7  
l 5s 

59 

60 
6 1  

62 1 6 3 I 

APPEND I X 2 b : 

Mean �iean  
Len gth Breadth 
( u )  ( u ) 
14 . 3 o . 6 4 . 2 o · 2  
14 . 6 1 • 2  4 . 4 o . 3 

14 . 9 1 • 2  4 . 4 o . 3 
14 . 5 o · 7  4 . 1 o . 2 
15 . 3 o . a 4 .  3 o . 3 

14 . 7 1 , 0 4 . 4 o . 3 
14 . 3 0 • 7 4 . 0 0 ' 2 
14 . 7 0 . a 4 . 4 0 • 2 
14 . 9 0 . 7 4 . 0 0 ' 2 
14 . 7 0 ' 7 4 . 1 0 . 2 
14 . 7 1 ' 0  3 . 9 0 • 4  
14 . 9 0 • 9 4 . 0 0 • 2  
15 . 0 1 . 0 4 .  3 o . 3 
14 . 7 0 . 9 4 .  2 0 . 2 
14 . 9 1 • 5  4 . 2 0 • 2 
15 . 2 1 • 2 4 .  4 0 . 3 
14 . 0 0 . 7 4 . 0 0 ' 2 
14 . 71 ' 1  4 . 20 • 3 
14 . 6 1 • 3 4 . 0 0 • 3  

16 . 0 1 • 5 4 . 4 0 • 2 

16 . 0 1 • 8 4 . 1 0 • 2  

L : B  
Rati o 

3 . 3 1  

3 . 31 

3 . 40 

3 .  5 1  

3 . 58 

3 . 35 
3 . 40 
3 . 34 

3 . 66 

3 . 60 

3 .  7 1  

3 . 6 7  

3 . 52 
3 . 52 

3 . 55 

3 . 4 3  

3 . 55 

3 . 4 8  
3 . 68  

3 . 6 3  

3 . 90 

Con i di a l di men s i ons  of  M. brunnea from Herbari um s peci mens 

TL : S  
Ra ti o 

3 . 3 1 

3 . 33 

3 . 2 3  

3 . 28 

3 . 3 1 

3 . 30 
3 . 30 

3 . 30 

3 . 35 

3 . 25 

3 . 29 

3 . 24 

3 . 1 3  
3 . 2 7  

3 . 30 

3 . 00 

3 . 00 

3 . 2 1 
3 . 20 

3 . 02 

2 . 85 

LS : B  
Rati o 

1 . 02 

1 . 00 

1 . 05 

1 . 07 

1 . 08 

1 . 0 1  
1 . 03 
1 .  0 1  

1 . 09 

1 . 10 

1 . 12 

1 . 13 
1 . 12 
1 . 0 7  
1 . 06 

1 . 1 3 

1 .  20 

1 . 08 
1 . 15 

1 . 20 

1 .  36 

% Sept . 

30 . 2  

29 . 9  

30 . 1  

30 . 5  

30 . 2  

30 . 3  
30 . 3  

30 . 3  

29 . 8  

30 . 8  

30 . 3  

30 . 8  
3 1 . 9  
30 . 6  
30 . 0  

3 3 . 6 

3 3 . 6  

31 . 1  
3 1 . 3 

33 . 1  

35 . 0  

I 

Numbe r 

64 

65 

66 

67  

68 

69 

70 
7 1  
72 

73 

74 

75 

76 

7 7  
78 

79 

80 

81 
82 
83 

84 

�lean 
Length ( u ) 
16 0 3 1 '  2 
15 . 8 1 . 3 

14 . 5 1 .  3 
1 3 . 8 1 .  4 

14 . 3 1 . 5 

14 . 4 1 .  5 

14 . 9  1 · 6 

15 . 0  1 · 4 

14 . 9 1 .  a 

14 . 0 o .  9 

1 5  0 6 1  0 3 
15 . 3 1 . 4 

1 5 . 2 1 . 2  
14 . 6 1  0 3 

14 . 7 1 . 6  

14 . 7 1 · '• 

16 . 0 1 . 4  

1 5 . 32 . 8  
15 . 6 ! . 5  

14 . 7 1 · 4 

14 . 4 } . 3 

Mean 
Breadth ( u ) 
4 . 2 0 0 2 
4 .  3 0 .  3 

4 . 4 0 .  3 

3 .  7 0 0 2 
4 .  1 0 .  4 

4 .  2 0 . 5 
4 .  2 0 0 2 
4 . 1 0 . 3 
4 .  3 0 .  3 
4 .  3 o .  2 

4 .  O o .  3 

4 . 2 o . 4  

4 .  5 0  0 4 

4 . O o . 3 

4 . 0 o . 4 
4 . 4 o . 3 
4 .  6 o . s 

4 .  3 o . 3 

4 .  2 0 0 3 

4 .  2 o . 3 
4 . 1 o o �, 

L : B  
Ra ti o 

3 . 90 

3 .  7 1  

3 . 30 

3 . 76 

3 . 46 

3 . 45 

3 . 52 
3 . 66 
3 . 50 

3 . 2 3  

3 . 90 

3 . 70 

3 . 40 

3 . 60 
3 . 64 

3 . 32 
3 . 46 

3 . 54 
3 . 68 

3 . 54 

. 3 . 50 

TL : S  
Rati o 

2 . 95 

3 . 00 

3 . 00 

3 . 20 
3 . 1 1  
3 .  20 
3 . 08 
3 . 2 3 

3 . 12  

3 . 32 

3 . 36 

3 . 15 

3 . 06 

3 . 05 
3 . 20 

3 . 0 1  

3 . 03 

2 . 93 

3 . 3 1 

3 . 07 
. 3 . 06 

LS : B  
Rati o 

1 .  3 1  

1 . 24 

1 . 10 

1 . 1 7 

1 . 1 1 

1 . 08 

1 . 14 
1 . 1 3 

1 . 1 1  

1 . 00 

1 . 16 
1 . 1 7 

1 . 1 1  

1 . 18 
1 . 14 

1 . 10 

1 . 14 

1 . 2 1  
1 . 1 1 

1 . 15 

1 . 15 

--

% Sept . 

34 . 0  

33 . 6  

33 . 6  

3 1 .  1 
32 . 1  

3 1 . 3  
32 . 5  
31 . 0  

32 . 0  

30 . 1 

29 . 7  
32 . 7  

32 . 7  

32 . 7  
3 1 . 3  

33 . 2  

33 . 0  

34 . 1  
30 . 2  

32 . 6  

32 . 7  

I I I I 

I 

I 

I I � 

I � 
• 



APPEND I X 2 c :  Con i d i al di mens i ons  o f  M. brunnea 'Herbari um s pec i mens 

Numbe r Mean t•Jean L : B  TL : S  LS : B  % Sept . Number r�ean 
Len gth Breadth Ra ti o Rati o Rati o Len gth 
( u ) ( u ) ( u ) 

85 15 . 8 1 . 6 4 . 4 o . 5 3 . 56 3 . 04 1 . 1 7 32 . 9  10 1 15 . 2 0 . 9 

1 86 13 . 2 1 · 0 3 . 9 o . 4  3 . 40 3 . 10 1 . 09 32 . 2  102 15 . 3 1 . 2 
87 15 . 6 1 · 4 5 .  O o . 4 3 . 20 2 . 95 1 . 03 33 . 8  103 16 . 3 1 • 2 
83 14 . 3 1 .  0 4 . 0 0 · 2  3 . 60 3 . 10 1 . 15 32 . 3  104 15 . 2  1 . 5 

89 14 . 2 1 . 2 3 . 80 · 2 3 .  70 ' 3 . 0 7  1 . 29 32 . 6  105 15 . 7 1 • 6 
90 14 . 0 1 . 1 3 .  9 o . 3 3 . 60 3 . 15 1 . 14 31 . 7  106 15 . 6 1 · 5 
9 1  13 . 7 1 • 3  4 . 0 0 • '+ 3 . 40 3 . 9 1  1 . 16 34 . 4  10 7 14 . 1 1 • 3 
92 14 . 0 1 • 2  4 .  2 o . 5 3 . 30 3 . 05 1 . 08 32 . 7  108 14 . 6 1 . 8 
93 16 . 0 1 . 3 4 . 9 0 • '+ 3 . 2 7  2 .  85 1 . 20 35 . 0  109 15 . 6 1 . '+ 
94 16 . 6 1 • 8 5 .  3 o . 6 3 . 2 1  2 . 60 1 . 30 38 . 5 1 10 16 . 0 1 . 5 

95 1 7 . 2 1 · 8  5 . 5 0 • 6  3 . 2 1  2 . 60 1 .  30 38 . 6  1 1 1  15 . 2 1 . 6 

96 16 . 4 1 . 3 5 . 1 o .  8 3 . 2 7  2 . 80 1 . 13 35 . 0  1 12 15 . 9 1 . 7 

9 7  1 7 . 1 1 • 6 4 . 8 o · '+  3 . 50 2 . 80 1 .  24 35 . 5  1 1 3  16 . 0 1 · 5 

1 98 14 . 7 0 . 13 4 .  2 0 . 3 3 . 50 3 . 02 1 . 15 33 . 0  1 14 16 . 3 1 · 2  
14 . 7 1 • 3  4 . 1 o � 2  3 . 60 3 . 1 1 1 . 15 32 . 0  1 15 1 3 . 9 0 · 9 99 

100 15 . 6 1 . 3 5 . 0 0 • 5  3 . 14 3 . 02 1 . 04 33 . 0  116 14 . 31 • 4 
f•1ean 15 . 0 o · 9  

a Stan dard de vi a tton 

�lean L : B  TL : S  
Breadth Ra ti o Rati o 
( u ) 

5 .  2 0 . 5 2 . 9 3 2 . 8 1 

4 .  7 0 . 3 3 . 25 2 . 98 

4 .  5 0 . 3 3 . 6 1  2 . 90 
5 . 1 o .  s 2 . 94 2 . 9 0  
5 . 1 o . 5 3 . 10 2 . 95 
4 .  5 0 . 3 3 . 43 3 . 00 
4 .  2 0 . 3 3 . 37 3 . 20 
4 . 3 0 • 4 3 . 40 3 . 00 

4 .  6 o . 5 3 . 35 3 . 20 
4 . 7 0 · '+ 3 . 34 3 . 13 

4 . 8 0 • 6 3 . 16 3 . 08 

4 . 7 0 · 6 3 . 3 7 3 . 00 
4 .  7 0 . 5 3 . 36 2 . 90 
5 . 0 0 · '+ 3 . 30 3 . 10 

4 . 1 o . 3 3 . 40 3 . 46 

4 . 1 o . 2 3 . 45 3 . 30 
4 . 4 0 . 3 3 . 42 0 . 2 3 . 10 o · 2  

LS : B  
Rati o 

1 .  04 

1 . 09 

1 . 25 

1 . 0 1  
1 . 04 
1 . 14 
1 . 06 

1 . 13 

1 . 05 

1 . 0 7 

1 .  03 

1 . 12 

1 . 15 
1 . 0 7  

0 . 95 

1 . 04 

1 . 10 0 . 1 0  

% SepL I 
35 . 5  
33 . 5  

34 . 6  

34 . 4  
33 . 8  
33 . 2  
3 1 . 5  

33 . 3  

31 . 2  

32 . 0  

32 . 4  

33 . 2 

34 . 4  I 
32 . 4  I 29 . 0  I 30 . 2  l 32 . 4 1 .  5 i 

1'\: 
+:: 
(J 



Numbe r  

1 

2 
3 

4 

5 

6 
7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

2 1  

APPEN D I X  2 d : Con i di a l di men s i on s  o f  M. populi from herbari um speci mens 

Mean Mean 
Len gth Breadth 
( u ) ( u ) 

a 
16 . 5  1 • 2 7 .  0 0 . 8 
2 1 . 0 2 . 0 6 .  7 0 . 7 
2 3 . 2 2 • 2 6 . 7 0 · 6 
29 . 8 1 . 5 6 .  8 o . 5 
20 . 8 1 • 8 . 6 . 6 0 • 6 
18 . 4 1 · 5  6 . 0 0 . 5 
20 . 5  2 . 0 6 . 0 0 • 6 
2 1 . 5 1 . 7 7 . 2 0 • 7 
19 . 6 1 .  6 6 .  7 0 . 7 
19 . 3 1 • 9  6 . 7 0 • 8 
2 1 . 0 2 . 2 6 . 2 0 . 8 
2 0 . 3 1 • 4 6 . 8 o . 5 
20 . 0 1 · 9 6 . 0 0 · 5  
22 . 2 1 • 4  9 . 0 0 • 9  
19 . 8 1 · 1 6 . 3 0 • 5 
19 . 1 1 • 8 5 . 3 0 · 4  
2 1 . 4 1 • 4  6 . 8 0 • 5  
20 . 7 1 • 4  6 . 7 0 • 5  
2 1 . 5 2 • 0  6 . 80 • 5  

2 1 . 3 1 • 5  6 . 8 0 • 8 
20 . 0 1- • 4  6 .  5 o . 6 

L : B  
Ra ti o 

2 . 42 

3 . 10 
3 . 40 

3 . 10 

3 . 2 1  

3 . 10 

3 . 35 

2 . 9 7  

2 . 96 

2 . 88 

3 . 40 

3 . 00 

3 , 40 

2 . 4 7  

3 . 13  

3 . 6 1  

3 . 05 

3 . 1 1  

3 . 14 

3 . 1 1  

3 . 04 

TL : S  
Rati o 

3 . 60 

3 . 2 3 

3 . 04 

3 . 24 

3 . 18 

3 . 33 

3 . 25 
3 . 1 7  

3 . 2 1  

3 . 87 

3 . 25 

3 . 35 

3 . 40 

3 . 2 7  

3 . 70 

3 . 55 

3 . 37  

3 . 5 7 

3 . 50 

3 . 43 

3 . 40 
------ -----

LS : B  % Sept . 
Rati o 

0 . 66 2 7 . 8  

1 . 00 3 1 . 0  

1 . 14 32 . 8  

0 . 96 3 1 . 0  

1 . 0 1  3 1 . 4  

0 . 96 30 . 0  

1 . 1 1 30 . 7  

0 . 94 3 1 . 5  

0 . 90 3 1 . 0  

0 .  7 7  25 . 8  

1 . 06 30 . 7  

0 . 9 3 30 . 0  

1 . 00 29 . 2  

0 . 76 30 . 6  

0 . 85 2 7 . 1 

1 . 02 28 . 2 

0 . 90 29 . 6  

0 . 87 28 . 0 

0 . 90 28 . 5 

0 . 90 29 . 2  

0 . 90 29 . 3  

Number 

22 

23 

24  

25  

26 

2 7  

28 

29 

30 

3 1  

32 

33 

34 

35 

36 

3 7  

38 

39 

40 

4 1  

42 

Mean 
Len gth ( u ) 
19 . 5 1 . 3 
20 . 0 1 • 4 
18 . 7 1 • 5 
20 . 0 1 • 8 
19 . 8 2 . 0 
19 . 7 2 • 2 
1 9 . 7 1 • 8 
1 7 . 9 1 • 5 
19 . 4 1 • 3 
2 1 . 0 2 . 0 
18 . 7 1 . 6 
19 . 7 1 • 5 
1 9 . 0 1 • 7 
1 7 . 8 1 . 8 
24 . 3 1 • 6 
20 . 0 1 " 4 
19 . 5 1 . 8 
20 . 4 1 • 6 
2 0 . 2 2 • 0 
18 . 6 1 . 3 

18 . 7 1 • 3 
--·- ---

Mean L : B  TL : S  
Breadth Rati o Rati o 
( u ) 
6 .  6 0 . 5 2 . 96 3 . 85 

6 .  7 0 . 6 2 . 9 7  3 . 60 

6 . 4 0 . 5 2 . 90 3 . 52 

6 .  8 0 . 8 2 . 9 3 3 . 6 3 

6 .  6 0 . 4 2 . 98 3 . 40 

6 .  7 0 . 5 2 . 95 3 . 56 

6 . 3 o · 5 3 . 10 � . 44 

6 .  0 1 '  0 2 . 94 3 . 84 

6 . 6 0 • 4 2 . 92 3 . 65 

7 . 2 0 . 7 2 . 9 1  3 . 5 1  

6 . 9 o · s 2 . 70 3 . 40 

6 .  5 0 . 4 3 . 00 3 . 80 

6 .  3 o . 4 3 . 03 3 . 2 7 

6 .  5 0 . 6 2 . 7 1 3 . 6 1 

6 .  9 0 . 5 2 . 6 7  3 . 6 1  

7 . 3 0 • 7 2 . 74 3 . 62 

6 . 7 0 • 6 2 . 92 3 . 64 

6 .  6 o . 7 3 . 08 3 . 64 

6 . 4 0 . 5 3 . 15 3 . 3 7 

6 .  6 a . 7 2 . 80 3 . 3 1 

7 . 0 0 . 5 2 . 70 3 . 44 

LS : B  
Ra ti o 

0 .  7 7  
0 . 82 

0 . 82 

0 . 80 

0 . 90 
0 . 83 

0 . 90 

0. 76 

0 . 80 

0 . 83 

0 . 80 

0 . 80 

0 . 92 

0 .  75 

0 .  74 

0 .  76 

0 . 80 

0 . 84 

0 . 9 3 

0 . 84 '  

0 . 80 

% Sep t .  

26 . 0  

2 7 . 7 

28 . 3  

2 7 . 5  

29 . 4  
28 . 1 

29 . 0  

26 . 0  

2 7 . 3 

28 . 5 

29 . 5  

26 . 3  

30 . 5  

2 7 . 7 
2 7 . 7 

2 7 . 6  

2 7 . 5  

2 7 . 4  

29 . 7  

30 . 2  

29 . 0  

I 

N .+::> O'l 



J 
Numbe r 

I 43 

44 

45 

46 

4 7  

48 

49 
50  

5 1  

52  

5 3  

54 

I 5s 
56 

5 7  

5 8  

59 

6 0  
6 1  
62 

APPEND IX  2e : Con i d i a l di me n s i ons o f  M. populi from he rba ri um s peci mens 

�1ean  t�ean L : B  TL : S  LS : B  % Sept . Numbe r t�ean  
L�n gth Brea dth Rati o Ra ti o Rati o Length 
( u )  ( u )  ( u )  

1 7 . 7 1 • 8  7 . 1 0 • 6  2 . 50 3 . 55 0 . 70 2 8 . 1 6 3  1 8 . 6 1 ' 8 
1 7 . 7 1 • 0  6 . 4 0 · 4 2 .  75 3 . 39 0 . 80 29 . 4  64 18 . 4  1 .  7 

18 . 4 1 • 4  6 . 3 0 • 4  2 . 92 3 . 52 0 . 83 28 . 4 65 19 . 7 2 · 3 

18 . 2 1 · 5 6 . 6 1 . 0 2 . 80 3 . 44 0 . 80 29 . 1  66 20 • 7 1 o  8 

13 . 6 1 . 3 6 . 9 0 • 5  2 .  70 ' 3 . 64 0 . 74 2 7 . 4  6 7  16 . 3 1 - s 

20 . 0 1 • 4 6 .  4 1 . 1 3 . 13 3 . 45 0 . 90 28 . 9  68 22 . 3 2 · 3 

18 . 6  1 · 4 6 .  5 0 . 3 2 .  86 3 . 60 0 . 80 2 7 . 9  69  19 . 0 1 · 7 

1 7 . 9 1 • 0  6 .  5 0 . 5 2 . 73 3 . 30 0 . 83 30 . 4  70 18 . 1 1 . 9 

1 7 . 3 1 · 0 6 . 8 0 • 4 2 . 5 3 3 . 4 1  0 .  74 29 . 3  7 1  19 . 3 2 · 1 

20 . 4 1 • 4 6 . 3 1 • 0  3 . 25 3 .  74 0 . 87 26 . 7  72 18 . h . 2  

20 . 5 2 . 0 6 . 5 0 • 8 3 . 14 3 . 55 0 . 88 28 . 1 I 73 18 . 4 1 · 5  

20 . 4 1 · 5 7 . 3 0 • 6 2 . 82 3 . 3 7  0 . 83 29 . 6  74 2 1 . 0 2 . 0 

18 . 8 1 • 4  6 . 7 0 • 6 2 . 80 3 . 9 1 0 . 7 1 25 . 5  75 18 . 3 1 . 3 

19 . 3 1 · 5 6 .  4 o · 5 3 . 02 3 . 78 0 . 80 26 . 4  76 19 . 0 2 . 0 

20 . 82 · 0  6 . 8 0 .· 6  3 . 04 3 . 30 0 . 92 30 . 3  7 7  18 . 7 1 · 8  

18 . 4 1 • 4  6 . 6 0 . 7 2 . 80 3 . 60 0 . 80 2 7 . 7 78 20 . 0 2 · 0  

20 . 5 1 • 6 7 . 1 1 . 0 2 . 90 3 . 50 0 . 82 28 . 6  79 20 . 2 2 · 0  

18 . 6 1 · 6 6 . 3 0 • 9 2 . 95 3 . 50 0 .  84 2 8 . 6 80 2 0 . 7 2 . 0  

16 . 8 1 . 2 6 . 7 0 · 6 2 . 50 3 . 50 0 .  7 1  28 . 5  8 1  1 7 . 82 · 1  

20 . 4 1 • 7 6 . 5 1 • 0  3 . 12 3 . 40 0 . 9 1 29 . 4  82 19 . 82 . � 

Mean 
Breadth 
( u )  

6 .  6 1 ' 0 
6 .  5 0 . 7 
7 .  0 1 ·  0 
6 . 7 o o 7 
6 .  4 0 . 6 
8 . 9 o . 8 
6 .  S o . 1 

6 .  7 0 . 6 
7 .  4 o . 8 
6 . 2 0 .  5 
7 . 0 o . 6 
6 . 1 0 . 5 
6 .  4 o . 6 
6 .  6 0 . 7 
6 . 6 1 - 1  
6 .  9 0 . 5 

6 .  6 0 . 8 

6 .  7 0 . 7 

6 .  7 0 .  8 
6 .  6 0 . 7 

L : B  
Ra ti o 

2 . 81 

2 . 82 

2 . 82 

3 . 08 

2 . 55 
2 . 5 1  
2 . 80 
2 .  72 

2 . 6 1  

2 . 94 

2 . 60 

3 . 4 1  

2 . 87 

2 . 86 

2 . 85 

2 . 90 

3 . 06 

3 . 08 

2 . 70 

3 . 00 

TL : S  LS : B  
Ra ti o Rati o 

3 .  32 0 . 84 

3 . 50 0 . 80 

3 . 35 0 . 84 

3 . 54 0 . 87 
3 . 33 0 .  76 
3 . 30 0 .  76 
3 . 66 0 .  76 
3 . 60 0 .  76 

3 . 78 0 . 70 

3 .  75 0 .  78 

4 . 03 0 . 64 

3 . 3 7 1 .  0 1  

3 . 55 0 . 80 

3 . 90 0 . 74 

3 . 76 0 .  76 

3 . 6 3 0 . 80 

3 . 43 0 . 90 

3 . 70 0 . 83 

4 . 08 0 . 65 

3 . 73 0 . 80 

% Sept . 

30 . 0  

28 . 5 

29 . 8  

2 8 . 2  

30 . 0  
30 . 5  
2 7 . 3 
2 7 . 9  

26 . 4  

26 . 6  

24 . 8  

29 . 6  

28 . 1 

25 . 7  

26 . 6  

2 7 . 5 

29 . 0  

2 7 . 0  

24 . 5  

26 . 8  

I 

I 

I'( 
..., 
....._ 



APPENDI X 2f : Con i di a l di mens i ons of  M. popu li from herbari um s peci mens 

Number Mean Mean L : B  TL : S  
Len gth Breadth Ra ti o Ra ti o 
( u )  ( u )  

83 20 . 7 1 . 7 6 .  5 0 . 7 3 . 20 3 . 72  

84 19 . 7 2 . 0 7 .  O o . 8 2 .  80 3 .  7 7  

85 20 . 2 1 . 5 6 .  S o . 9 2 . 95 3 .  75 

86 1 7 . 2 1 • 7 6 . 6 0 . 7 2 . 60 3 . 64 

87  18 . 4 1 • 4 6 .  8 1 . 0 ' 2 .  7 1  3 . 59 

88 18 . 9 2 • 1  6 . 2 0 · 4  3 . 06 3 . 49 

89 2 1 . 4 2 · 0 6 . 0 1 · 2 3 . 5 9 3 . 70 

Mean 19 . 6 1 • 4 6 . 7 o . s 2 . 9 3 o · 2  3 . 5 3 0 • 2 

- -----------------

a Stan dard  dev i at ion  

LS : B  
Ra ti o 

0 . 85 

0 .  75 

0 . 78 

0 . 7 1  

0 . 75 

0 . 88 
0 . 96 

0 . 83o . o g  

% Sep t .  

26 . 9  

26 . 5  
26 . 6  

2 7 . 4  

2 7 . 8 

2 8 . 7 
26 . 9  

28 . 1 3 • 2  

N +:> 
CO 



I 

APPEND I X 2g: Con i di al d i men s i ons  of M. castagnei from herbari um specimens 

Numbe r t·1ean �1ean L : B  TL : S  LS : I3  % Sept Number  t·1ean 
Len gth B readth Rati o Rati o Ra t io  Len gth 

. ( u ) ( u ) ( u ) 

2 1  18 . 82 .· 0 6 . 0 0 • 4 3 . 1 7  2 . 4 7  1 . 28 . 0 .  5 I 42 18 . 1 1 · 6  

Mean L : B  
Brea dth Ra ti o ( u ) 

6 . O o .  s 3 . 06 

TL : S  LS : B  
Ra ti o Ra t io  

2 . 35 1 . 30 

% Sept . 

42 . 5  

N 
+::> 1.0 



APPEND I X  2 h : Con i d i a l di men s i ons  of M. castagnei from herba ri um s peci mens 

Numbe r Mean t·1ean L : B  TL : S  LS : B  % Sep t .  Numbe r Mean 
Length Breadth Ra ti o Ra ti o Ra ti o Len gth 
( u )  ( u ) ( u ) 

43 1 7 . 4 1 · 6  6 . 0 a . 4 2 . 9 3  2 . 68 1 . 09 3 7 . 2 64 1 7 . 2 1 • 5  

44 19 . 4 1 • 7  6 .  0 1 •  a 3 . 22 2 . 40 1 .  32 42 . 0  65 18 . 3 1 • 8 

45  17 . 6 1 · 7  5 .  7 1 . a 3 . 08 2 . 55 1 . 2 1  39 . 2  66  1 7 . 6 1 • 5  

46 16 . 8 1 . " 5 .  7 a . 4 2 . 93  2 .  70 1 . 10 3 7 . 1 1 6 7  1 7 . 2 1 • 7 

1 4 7  1 7 . 32 • 3 5 . 9 a . 5 2 . 93 2 . 66 1 . 10 3 7 . 6  6 8 .  1 7 . 1 1 · 6  

48 1 7 . 2 2 · 0 5 . 6 0 · 4  3 . 06 2 . 55 1 . 20 39 . 2  69  18 . 9 2 • 0  

49 19 . 2 1 . 5 5 . 7 a • '+ 3 . 34 2 . 46 1 .  36 4 0 . 7 70 1 8 . 7 1 · 8 

50 1 9 . 0 1 · 6 6 . l a . 1 3 . 10 2 . 46 ' 1 .  26 40 . 7  7 1  1 7 . 2 1 · 6  

5 1  19 . 12 . a 6 . 3 a · 5 3 . 02 2 . 33 1 . 29 43 . 0  
72 l8 . 0 2 . a 

52 1 8 . 42 · 4 6 . 0 a . 5 3 . 04 2 . 50 1 . 22  40 . 1 
7 3  18 . 0 1 • 6  

5 3  17 . 4 1 · 4 5 .  B a . 5 3 . 00 2 . 56 1 . 1 7 39 . 0  
74 1 7 . 0 1 • 6 

54 1 8 . 5 1 - 3  6 . 4 o . 7  2 . 90 2 . 54 1 . 14 39 . 4  
75 l8 . 0 2 . a 

55 19 . 0 2 · 0  6 . l o .  4 3 . 12 2 . 60 1 . 20  38. 7 
76 18 . 2 1 . 8 

56 20  . lz . 0 6 .  3 o  . rf 3 . 2 1  2 . 42 1 . 32 4 1 . 3  
7 7  1 7 . 3 1 · 5 

5 7  H3 . 82 . o 6 . 1 a . 7  3 . 10 2 . 5 3 1 . 22 39 . 5  78 16 . 5 1 . 3 
5 8  19 . 2 2 . o 6 . l a . s 3 . 14 2 . 46 1 . 28  40 . 6  79 1 7 . 3 1 • 7 

59 19 . lz . 1 6 .  2 o . 6 3 . 06 2 . 50 1 . 24 40 . 4  80 18 . 1 1 • 9 

60 1 8 . 5 2 . 3 6 . l a .  5 3 . 03 2 . 33 1 . 30 42 . 8  8 1  1 7 . 6 1 • 4  

6 1  1 7 . 4 1 .  8 5 .  7 0 .  5 3 . 0 7  2 . 56 1 . 20 39 . 0  

62 1 8 . 2 1 · 9 6 .  2 a . 5 2 . 92 2 . 48 1 . 18  40 . 3  
�1ean 1 7 . 9 1 · 2  

5 3  18 . 5 1 · 5  5 . 3 o . 6  2 . 94 2 . 5 7 1 . 14 39 . 0  
- ----- ----�--

a S tandard devi at ion  

Mean L : B  TL : S  
Breadth Ra ti o Ra ti o ( u ) 
5 . 4 a · 4  3 . 17 2 . 6 3 

5 .  7 a . 4 3 . 1 7  2 . 56 

5 .  7 a . 4 3 . 09 2 . 74 

6 . 1 a • <t 2 .  80 2 . 44 

5 . 9 a • 6 2 . 9 1 2 . 6 7  

6 . 4 a · 6  2 . 96 2 . 65 

6 .  2 o . 7 3 . 02 2 . 6 1 

6 . l a . 5 2 . 82 2 . 70 

6 . 2 0 • 6  2 . 90 2 . 5 3 

6 . O o . 8 3 . 02 2 . 54 

5 .  7 a . 7 3 . 00 2 . 59 

6 . 0 o . 6  3 . 00 2 . 60 

6 . 0 0 • 4  3 . 00 2 . 5 8 

6 . l a . 5 2 . 85 2 . 60 

5 .  O o . 6 3 . 32 2 . 70 

6 .  2 a . 5 2 . 81 2 . 6 1  

5 . 7 0 • 4 3 . 19 2 . 60 

5 . 4 0 • 6 3 . 26 2 . 84 

5 . 9 0 · 4  3 .  02 0 . 1 2 . 5 3 0 • 1 

----- -

LS : B  
Ra ti o 

1 . 20 

1 .  24 

1 . 12 

1 . 1 5 

1 . 09 

1 . 1 1 

1 . 56 

1 . 05 

1 . 14 
1 . 19 

1 . 15 

1 . 15 

1 . 16 

1 . 10 

1 . 24 

1 .  0 7  

1 . 22 

1 . 48 

1 . 2 0 c · 2 

% Sept .  

38 . 0  

39 . 0  

36 . 4  

4 1 . 0  

37 . 4  

37 . 6 

38 . 3 

37 . 2  

40 . 0  

39 . 4  

38 . 6  

38 . 7  

38 . 8  

38 . 5  

3 7 . 4  

38 . 3  

38 . 4  

35 . 2  

39 . 6 � . ( 

I 

I 

I 

N 01 
0 



t\P PEt: O I X  Ja : I n fl uence o f  cul ture me d f um on con i di a l  d i me n s i on s  o f  Marsscmina s pe c i e s  fo l l owi n g  10 days i n cuba tion a t  2 0 ° C  unde r a 
12 hour wh i te l i ght pho tope r i o d ,  

Trea tmen t Lenqth ( u) B re a d th l : B  TL : 5 L S : B  :t S c o t . 

I so l a te M. brutU1.?a BP 1 P. ywmcn:cnaitJ N Z  

C CA 1 5 . 8 1 .  l 4 .  7 0 .  � 3. 3 3  2 .  74 1 .  2 3  36 . 5  
P DA 1 5 . 0  I ,  5 5 . 0 o .  • 3 . 03 3 .  14 0 . 95 3 1 . 3  

PCA 1 5 . 3 1 . l 4 . O o ,  l 3 . 80 2 . 90 1 .  30 34 . 4  
PC - 10 1 5 .  7 I , 2 4 . 1 0 .  , 3 .  80 2 . 96 1 .  2 8  33 . 7  

15:GV8 1 5 . 5  I , �  4 .  0 0 .  l 3. 86 2 . 95 1 .  30 33 . 9  

Mean 15 . 5 o . J 4 .  4 0 .  5 3 . 56 2 . 94 1 .  2 1  34 . 1  

I so l a te 1-1. brunnea Br 2 P. X euramericc.ma NZ 

C DA 15 . 5 I .  I 5 .  5 0  • •  2 . 82 3 . 00 0 . 94 3 3 . 5  
PDA 15 . 7 1 .  � 4 ,  9 o ,  J 3 . 20 3 . 20 0 .  9 8  3 1 . 4 

PCA 14 . 9 1 ,  l 4 , 0 o .  5 3 . 70 2 . 90 1 .  30 34 . 4  
PC- 10 1 4 . 7 1 .  l 4 . 2 0 .  J 3 . 40 2 . 9 3 1 . 20 34 . 0  
15�Y8 1 5  . 4 1 .  l 3 .  9 6 .  J 3 . 9 5  3 . DO 1 .  32 3 3 . 6 

�lecln 1 5 . 2 o . •  4 . 6 o .  7 3 . 4 1  3 . 00 1 . 15 3 3 . 4  

I so l a te N. brunnea Br 3 P. fremontii c v .  6 1/l!8 N Z  

C DA 1 4 . 7 1 . 0  4 . 4 o . 2 3 . 3 3 3 . 0 8  l . lD 32 . 4  
P DA 1 5 . 1 t . s  4 .  5 0  . •  3 . 33 2 . 90 1 . 1 6 34 . 5  

PC,'\ 1 4 . 1 1 . 0 4 .  D 0 .  2 3 . 52 2 . 9 9  1 . 1 8 3 3 . 11  
P C - 1 0  14 . 0 o . a 4 . 1 o . 2  3 .  4 3  3 . 0D 1 . 14 3 3 . 3  
1s:::vs 14 . l o . !  3 . 8o . 2  3 .  6 7  3 . 20 1 . 16 3 1 . 2  

�lean 1 4 . 4 o . 5 4 .  2 0 . J 3 . 45 3 . D 3  1 . 15 33 . 0  

I s o l a te !1. brun,..ea Br 4 P. fremon tii c v .  66/� NZ 

C DA 15 . 0 1 · 0  4 .  7 0 . ' 3 . 16 3 . D3 1 . 04 32 . 9  
P DA 1 5 .  1 1 . l 4 . 7 0 • 2  3 . 1 8  3 . 08 l . D 3  32 . 4  
PCA 14 . 2 1 . 0 4 . 0 0 • 2 3 . 56 2 . 95 1 .  2 1  34 . D  
PC- 1 0  1 4 . 5  • •  , 3 . 8 o . z 3 .  76 3 . 08 1 .  2 1  32 . 4  
15 :::vs 15 . D o . ,  4 . 0 o . z 3 . 75 3 . 04 1 .  24 32 . 8  

I 

T rea tmen t 

I so 1 a te 
CDA 

P DA 

PCA 

P C - 10 

1 s ;v8 
��e a n  

I so l a te 

C DA 

P DA 

P CA 
PC- 10 

15;!;V8 

Mecl n 

I s o l a te 

C DA 

P DA 
PCA 

P C - 1 0  

1 5 %V8 

Mean 

I s o l a te 

C DA 
P DA 

PCA 

P C - 1 0  

1 5 :'.: ¥ 8  

Length (u) 

M. brunnea 

15 . 4 o . a 
15 . 5 o .  a 
1 5 . 0 ! . 2 

1 4 . 9 1 . 0 

15 . 3 1 .  2 

1 5 . 2 o .  a 

/1, b!'"'.mnea 
1 7 . 6 1 . $ 

1 9 . 0 1 . 5 

1 6 . 7 1 .  2 

16 . 5  l o .  

1 7 . 4 1 • •  

1 7 . 4  I ,  0 

M. br-unnea 

1 5 . 4 t . o  
15 . 3 1 . 2  
1 5 . D J . ;;  

14 . 8 1 . 1  
1 5 . 0  I . 0 

1 5 . 1 o . 2  

N. brunnea 

1 7 . 6 1 . e 

1 7 . 3 1 . � 
1 6 . 3 1 - 5  
16 . 7 1 . � 

16 . 4 )  • •  

Breadth (u) L : B  TL : S  l S : B  :t Sept 

Dr 5 P. X euramericana c v .  I -2 14 N Z  

5 .  0 0 .  2 3 . 06 3 .  0 2  1 . 00 33 . 0  
4 .  7 0 .  2 3 . 3 1  2 . 95 1.  13 34 . 0  
4 .  1 0 .  2 3 .  70 3 . 02 1 .  22 33 . 0 

4 . 1  O d  3 . 6 5  2 . 96 1 .  2 3  33 . 7  
4 . 2  0 . ] 3 . 64 2 . 9 3 1 .  26 34 . 0  
4 .  4 0 . ' 3 . 4  7 2 . 9 7 1 . 1 7 --I 3 3 . 5 I 

Br 6 P. a Zba N Z  

5 .  1 0 .  l 3 . 4 5  2 . 98 1 .  15  33 . 5  
5 . 1 o . s 3 . 7 3  3 . 00 1 .  24 3 3 . 3 
4 .  2 0 .  2 4 . 02 3 . 14 l .  2 7  32 . 0  
4 . 1  o .  a 4 . 02 2 . 96 1 .  35 33 . .' 8  
4 .  2 0 .  J 4 . 1D 3 . 00 1 .  3 7  3 3 . 3 

4 .  5 0 . � 3 . 86 3 . 4 4  1 . 28 33 . 2  

81" 7 P. x euramer-icana cv.  Fl e vo NZ 

4 . 9 o . , 3 . 15 3 . 2 5  0 . 96 3D . 7  
4 .  6 0 .  3 3 . 32 3 . 22 1 . 0 3  3 1 . 0  

3 .  9 o .  s 3 . 87 3 . 20 1 .  2 1  3 1 . 3  

4 . O o .  2 3. 72 3 . 2D 1 . 16 3 1 . 3  
4 .  1 0 .  2 3 . 2 7  2 .  70 1 . 20 35 . 0  

4 .  3 0 . '  3 . 4 7 3 . 1 1  1 . 1 1  32 . 0  

Br 8 P. X euramericana cv.  NL2 1 94 NZ 
4 .  B o . ,  3 . 6 8 3 . 08 . 1 . 1 9  32 . 4  
4 .  5 0 .  3 3 . 66 3 . D 8  1 . 1 9 32 . 4  

4 .  D o . 2 4 . 06 3 . 14 1 .  ?. 9  3 1 . 7  
4 .  D o . 2 4 . 1 7 3 . D 7 1 .  36 32 . 5  
4 . 2 o . 2 3 . 96 2 .  96 1 .  33 33 . 7 

I 

Me a n  1 !4 . 7 o . �  4 . 2 o . •  3 . 4 8  3 . 04 1 . 1 5 32 . 9  � �1e iln 1 6 . 8 o . s  4 .  3 o . 3 3 . 9 1  3 .  0 7  1 .  2 7 32 . 5  J I ·-

N (.]'1 1--' 



APPENDIX  Jb : Infl uence o r  cul ture medi um on coni d i a l  d i me n s i on s  of Marssonina species fol l owi ng 10 days i ncub a t i on a t  20° C under a 

Tre a tmen t 
I so 1 a te 

CDA 

" "" 
PCA 

?C- 1D 
1 5 '. vs 
r·:ed n  

I s o l a te 

CDA 

POA 

PCA 

P C - 1 0  

1 s:::vs 

Mean 

I s o l a te 

C DA 

I P DA 

PCA 
PC - 1 0 

15::vs 

�lean 

I so l a te 
CDA 

PDA 

PCA 

PC- 1 0  

1 5 .W8 

Mean 

1 2  hour w�t te l fght pho tope r i o d ,  
· 

Lenqth (u) 

N. bronr:ea 

14 . 7 1 .  I 

1 5 . 4 l · ) 

14 . 9  I ·  l 
1 5 . 2  l .  2 

1 5 . 5 , ,  

1 5 .  1 0 .  ) 

11. bronnea 

1 5 . 3 1 . 0  

14 . 4  0 . •  

14 . l o . a 

14 . 1 0 • • 

1 3 . 9 o . 1 

14 . 4 o . 's 

N. b:runnea 

1 4 . 8 t . o 

14 . 8o . ,  

1 4 . 2 o . a 

1 4 . 0  l ·  0 

1 4 . 7 a . !  

1 4 . 5 a .  • 

11. b:runnea 

1 5 .  2 , . l 
1 5 . 0 , . 0 

14 . 3 o .  a 

14 . 5 , .  0 

1 5 . 0 1  o 2  

14 . 8 o . •  

Bre a dth (u) L : (l  .TL : S L S : B  % Sep t .  Trea tll'�n t 
Br 9 P. de l t .  X P. mr..ri . CV . 1 8 3 / 5 8  NZ I s o l a te 

5 . 0  2 . 96 3 . 10 

5 . 0  3 . 1D 3 . 14 

4 . 0  3 . 76 3 . 15 

4 . D 3 . 8D 3 . D 3  

4 . D  3 . 86 3 . 0 5 
4 . 4  0 . 5 3 . 5D 3 . D9 

Br 1 �  P. de Z toidaa USA 

5 . 4  0 .  2 2 .  BD 2 . 94 

4 .  Bo o 1  2 . 9 8 2 . 99 

4 . 0 o . 2 3 . 5 3 3 . 3 3 

4 . D o . 2  3 . 4 7  3 . 1 5 

4 . O o . , 3 . 4 0  3 . D8 

4 . 4 o . ,  3 . 24 3 . 10 

Br 1 1  P .  de Z toides USA 

5 .  5 0  . •  2 .  70 2 .  9 7  

S . O o . •  2 . 92 3 . 0 7  

4 . O o .  2 3 . 5 3  3 . D3 

3 . 9 o . z  3 . 60 3 . 08 

4 .  2 0 .  2 3 . 5D 2 . 94 

4 . 5 o . 7  3 . 25 3 . 02 

Br 12 P. de L toidas USA 

5 . 5 0 .  3 2 .  70 3 . 00 

5 . 2 o . s  2 . 90 3 . 00 

. 4 . 1 o .  s 3 . 50 3 . 1 2 

4 . 2 o . s  3 . 45 3 . 00 

4 .  2 0 .  3 3 . 60 3 . 0 7  

4 .  la . 7 3 . 2 3  3 . 04 

0 . 95 

0 .  98 

1 .  2 D  

1 .  2 5  

1 .  2 6  

1 . 1 3 

D . 95 

1 . 00 

1 . 0 7  

1 . 1D 

1 . 1D 

1 . 04 

0 . 90 

0 . 95 

1 . 16 

1 . 1 7 

1 . 1 7 

1 . 0 7  

0 . 92 

1 .  00 

1 . 12 

1 . 0 3  

1 . 1 7  

1 . 0 5  

32 . 3  C DA 

3 1 . 8  PDA 

3 1 . 7  PCA 

3 3 . 0  P C - 10 

32 . 7 1 5:!:: \'8 

32 . 3  � �lean 

I s o l a te 

34 . 0 COA 

3 3 . 4  PDA 

3D . O  PCA 

3 1 . 7  P C - 1 0  

32 . 4 1 5 % V 8  

32 . 3  �e an 

I so l a te 

33 . 6  C OA 

32 . 5  PDA 

3 3 . D  PCA 

32 . 4  P C - 1 0  

3 4  . D  1 5:W8 

3 3 . 1  Mean 

I so l a te 

3 3 . 3 C [lA 

33 . 3  I PDA 
32 . 0  -h" 
3 3 . 3 . P C - 1 0  

32 . 5  15 ! VS 
----

32 . 9  Mean 

Length ( u )  Bre a d t h  'u) L : B  TL : S  

I f.!. brunnea Br 1 J  P. dc Z toides USA 

1 5 .  3 o .  1 5 .  0 0 .  2 3 . 05 2 . 99 

1 5 . 5 1 . 1 5 .  1 0 .  2 3 . D 1  2 . 99 

14 . 5  l .  0 4 .  D 0 . 2 3 . 6D 3 .  16  

1 5 . 0  l • ' 4 .  D o . 2 3. 73 3. 1 3  

15 . 1 , .  0 4 .  1 0 .  2 3. 7D 3 . 02 

1 5 .  1 0 . •  4 .  4 0 .  6 3 . 4 2  3 . D6 

J.f. twunnea Br 1 4  P .  trichJcarpa USA 

1 6 . D o .  e 4 .  7 0 .  2 3 . 40 3 . 1 1  
16 . 2  l ;  0 4 . 6 0 .  ' 3 . 50 3 . 0 1  
14 . 6 0 • •  3 .  9 0 .  2 3. 74 3 . 1 6  

1 5 . 4 o .  � 3 .  B o .  2 3 . 99 3 . D 3  

1 5 . 3 o .  1 4 .  O o .  1 3 . 82 3 . 1 5 

1 5 . 5 o . , 4 .  2 0 • •  3 . 69 3 . 09 

f.!. brunnea Br 1 5  P .  de Ztoides USA 

1 5 . 1 o .  1 5 . 1 0 .  2 2 . 95 2 . 94 

I 
\ 5 . 5  • . •  4 .  B o . s 3 . 2 5  3 . 0 3  

1 4  . D  l .  I 4 . D o .  J 4 . 40 3 . 96 

1 4 . 9 1 . 0  4 .  2 0 .  2 3 . 52 3 . 08 

14 . 7 o . ,  4 .  2 0 .  2 3 . 4 5 3 . 1 2 

1 4 . 8 o . s 4 . 4 a . •  3 . 52 3 . 2 3  

M. bronnea Br 1 6  P .  Robusta Engl a n d  

1 6  . 1 , .  3 S . B o . s 2 . 78 3 . 2 6 

1 5 . 5 1  . •  5 . 4 0 . •  2 . 86  3 . 1 0 

1 4 . 7 1 . •  4 .  O o . ,. 3 . 63 3 . 25 

1 4 . 3 J . t  4 . 1 0 . ]  3 . 4 9  3 . 25 

14 . 6 o . a  4 . 0 o o � 3 . 6 3  3 . 38 f-
1 5 . 0 o . 7  4 . 7 o d  3 . 28 3 . 2 5 

L S : B  % Se�t . 

1 .  02 3 3 . 4  

l . DO 3 3 . 4  

1 . 1 3 3 1 . 6  

1 .  19 32 . D 

1 .  2 1  J J . D  
1 . 1 1  32 . 7 

1 . 08 32 . 1  

1 . 15 3 3 . 2  

1 . 18 3 1 . 6  

1 .  3 1  3 3 . 0  

1 . 2 1  3 1 .  7 

1 . 1 9 32 . 3  

1 . 0 7  34 . D  

1 . 07 3 3 . 0  

1 . 12 25 . 4  

1 . 14 32 . 5  

1 . 10 32 . D  

1 . 10 3 1 . 4  

0 . 85 30 . 6  

0 . 92 32 . 2  

1 . 12 30 . 8  

1 . 0 7  30 . 8  

1 .  0 7  2 9 . 5  

1 . 01 30 . 8  

N (.}1 N 



APt>E N D I X  3c : I n fl uence of cul ture me di um on con i di a l  d i me n s i on s  of Marosonir:a s pec i es fol l owi n g  10 days i n cuba t i on a t  2 0 ° C  under a 
12 hour whi te l i gh t  pho tope ri o d ,  

T re a t�n t ]  Leng th {u) Bre adth (u) L : B TL : S  L S : B  :t_j_cp_t . Tre a tmen t 1 Length (u) Bre a d th (u) L : B  TL : S  L S : B  t Sept . I 
I s o l a te N. brwmca Dr 21 P. tret:1u loidcs US/\ I so l a te 

COA 
PDA 
PCA 
I'C- 10  
1 �  �vu  
Ne a n  

I so l a te 

C DA 
P DA 
PCA 

. PC- 1 0  I 1 5XV8 

t-'.ean 

I so l a te 
CDA 

PDA 

PCA 

PC- 10 
1 s:::va 

Mean 

I so l a te 
C OA 
PO.A 
PCA 
PC- 10 
15XV8 

1 �lean 

M.  81•.mnaa 
1 5 .  3 1 . ' 
1 5 .  8 ! .  l 

I 1 5 .  1 1 . , 
. 1 5 . 0 1 . 0 

ill' 1 7  P. X Ro/.nw t.:� I re l an d  
34 . 2 5 . 3 o . • 2 . 88 3 . 09 0 . 9 3  32 . 3  I C DA l6 . 6 1 . 0  4 . 6 o , 2 3 . 5 7  2 . 74 1 . 30 

5 . 4 o . s 2 . 88 3 . 14 0 . 92 3 1 . 9  . PDA 1 6 . 4 1; 0 4 . 7 o - l 3 . 4 3  2 . 80 1 . 32 34 . 0  J 4 . l o . s 3 . 6 8 3 . 1 1  1 . 1 8  32 . 1  PCA 1 5 . 4 1 .  z 3 . 9 o . 2 3 . 94 3 . 09 1 . 28 32 . 4  1 
4 . 2 o . 2 3 . 5 9 3 . 0 7  1 . 1 7  32 . 6  PC- 10 1 5 . 7 o . 9 3 . 9 o . z  4 . 00 3 . 00 1 . 33 3 3 . 3  

J 5 . 0 � . o 4 . 3 o . s 3 . 4 6  3 . 08 1 . 12 32 . 5  _:_: � v_8 __ 1 5 . 8 1 . 2  3 . 9 o - 2  4 . 03 3 . 05 1 . 32 32 . 7  j ·---

3 . 30 3 . 10 1 . 06 32 . 3  l Mean ! 6 . 0 o . s 4 . 2 o . , 3 . 79 2 . 9 3 1 . 3 1 JD-� 1 5 .  2 0 .  l 

J.t. b:>unnea 
1 6 . 0  I .  2 
16 . 1 1 . 2 

14 . 3 o . '  
1 5 .  ) I .  0 

1 5 . 4 1 .  I 

1 5 . 4 o . 7 

N. brunnea 
1 5 . 1 D , ,  
15 . 1 1 . 1  
14 . 8 1 . 0 

14 . 3 o . e  
14 . 8 1 . 0 

14 . 8 o .  s 

M. bJ•,.r.nea 
14 . 8 1 , I 
1 5 . 2 o . ' 
14 . 8o , \  
15 . 3 o . e  

15 . 6 1 . 0 

I 15 . 1 o .  J 

4 .  7 0 . ' 

Bio 18 P. x eul'an:eri.ca>la France 'I I s o l a te f./. bl" .. nnea 82• 22 P. troemu Zoides USA 
4 . 8 o . l 3 . 30 2 . 9 8 1 . 1 0 33 . 5  C Ot\ 16 . 9 1 . o  4 . 7 o . , 3 . 60 2 . 64 
4 . 9 o . 2  3 . 30 3 . 00 1 . 09 33 . 3  PDA l l . 0 1 . o 4 . 7 o . s 3 . 60 2 . 72 
3 .  8 0 • 2 3 . 7 1  2 . 86 1 .  30 34 . 9 I p CA 1 5 . 3 0 • 7 3 . 9 0 • 2 .3 . 9 2 3 .  0 7 
3 . 8 o . z 4 . 03 2 . 9 3 1 . 37 34 . 1  P C - 10 15 . 5 ! . o  4 . 0 o . 2  3 . 90 3 . 00 
4 . 2 o . 2  4 . 0 3  3 . 0 1  1 . 34 33 . 2  1 15%V8 15 . 7 1 - 1  4 . 0 o , z 3 . 9 3 3 . 1 2 

1 .  36 
1 .  3 1  

1 . 2 7 
1 .  29 

1 .  26 

3 7 . 8  
36 . 7  
32 . 5  
3 3 . 2 
32 . 0  

4 . 2 o . , 3 . 6 7  2 . 95 1 . 24  33 . 8  t1e an 15  . 8 1 . I 4 .  2 0 . '  3 . 79 2 . 9 1 1 . 30 34 . 4  

Br 1 9  P .  de Z toides Hol l an d  
5 . 1 o . s  2 . 96 2 . 95 1 . 00 3 3 . 8  
4 . 8o . l 3 . 12  2 . 90 1 . 0 7 34 . 5  
4 .  1 0 .  l 

4 . 0 0 , 2  
4 . 0 0 . 2  

4 . 4 o . 5  

3 . 60 2 . 96 1 . 15 32 . 0  
3 . 6 5  3 . 10 1 . 1 7 32 . 2  
3 . 6 7  3 . 1 3  1 . 1 7 32 . 0  

3 . 40 3 . 0 1  1 . 1 1 32 , 9  

Br 20 P. X etlran:e ricana c v .  1 2 14 Turkey 
4 . 0 0 . 2  
5 . 2 o . �o  
4 .  2 � .  l 
4 . 1 o . 2  

4 .  4 0 .  2 

4 .  4 o . 5 

3 . 69 3 . 30 

3. 00 3 . 00 
3 . 5 7  3 . 2 3 

h . l2 30 . 3  
1 .  00 33 . 2  
1 . 10 3 1 . 0  

3 . 72 3 . 25 1 . 14 30 . 7  

3 . 56 3 .  }11 1 . 1 3 ) l . [J 

3 . 5 1  3 . 18 1 . 10 3 1 . 4  

I s o l a te 

CDA 

PDA 

PCA 

I PC- 1 0  
1 5%V8 

�ie.m 

I so l a te 

C OA 

P DA 
PCA I PC- 10 

j 15%V8 

Mea n  

M .  brwmea 

1 6 . 3 1 . o 
1 6 . 1 o . 9  
1 5 . 6 1 . ,  
16 . 0 1 . 2 

1 5 . 6 1 - 1  

1 5 . 9 o . s  

11. brunnea 
1 5 . 9 1 . 0 

1 5 . 4  0 . '  

1 5 . 2 o . s  
1 6 . 1 o .  e 

15 . 4  o .  e 

I 1 5 . 6 o . • 

Br 23 P. tremu Zoidea A l a s ka 

4 . 6 o .  s 3 . 52 2 . 7 7 
4 .  4 0 .  2 
3 . 8 o . z  
3 .  9 0 . 2 

3 .  9 0 . 2 

3 . 66 2 . YO 

4 . 05 3 . 35 
4 . 03 3 . 0 7 
3 . 95 2 . 9 3  

1 .  2 7  
1 . 26 

36 . 0  
34 . 6  

1 . 2 1 2 9 . 8  
l .  3 1  3 2 .  6 
1 .  34 34 . 0  

4 . 1 o . ,  3 . 84 3 . 00 1 . 28 3 3 . 4  

Br 2 4  P .  tremu Z oidee USA 

4 . 9 o . ,  
4 . 6 o . ,  
4 .  2 0 .  2 
4 .  2 o .  2 

4 . 1 o . 2  

3 . 26 
3 . 33 
3 . 65 
3 . 79 
3 . 70 

2 . 99 
2 .  9 7  
3 . 14 
3 . 1 1  
3 . 06 

1 .{)9 

1 . 12 

1 . 16 
1 .  20 

1 .  22 

33. 4 
33 . 6  
3 1 . 8  
32 . 0  
32 . 6  

4 . 4 0 .  l 3 . 54 3 . 05 1 . 1 6 32 . 7  
------------------ -------------------� 

N U1 
w 



APPENDI X 3d :  I n fl uence o f  cul t u re medi um o n  coni di a l  d i me n s i o n s  o f  Narsoonina s pe c i e s  fo l l owi n g  10  days i n cuba t i on a t  20° C  under a 
12 hour wh t te l t gh t  pho tope r i o d ,  

Trea tmen t 

I so 1 a te 

C DA 
PDA 

PCA 
PC- 10 

15%V8 

f".can 

I so l a te 
C DA 

PDA 

P CA 

PC-10 

15:!;V8 

��an 

I so l a te 

CDA 

PDA 

PCA 
PC-lD 

1 5:!:V8 

�lean  

Length (uJ Breadth G! l  L : B  TL : S  LS : B  

N. caa tagnei Cs la P. a lba S�1i tze rl and 

2 7 . 2  1 .  6 

2 7 . 6  1 .  5 

2 2 .  3 1  . ..  
2 3 .  7 1 . ' 

2 5 . 6  I .  S 

25 . l 2 . o  

N. cas tagnei 

2 3 . 0  I ,  S 

22 . 2  I ,  'o 

2D . 6 I ,  & 

20 . 8 1 .  5 

? 3 . 0  I ,  S 

22 . D  1 .  I 

f.!. cao tagnei 

1 8 . D  I .  'o 

1 7 . 4  1 ,  I 

1 8 . 2  1 .  3 

1 7 .  7 1 . I 

1 7 . 6 1 . 2  

1 7 .  8 o . 3 

7 .  5 0 .  s 3 . 53 2 . 80 1 .  30 

7 .  7 0 .  7 3 . 50 2 . 42  1 . 4 5  

6 . 0  o . •  3 . 6 7  2 .  12 1. 80 
6 . 6  o .  7 3 . 60 2 . 30 1 .  56 

6 .  3 o . s 4 . D5 2 . 24 1 .  80 

6 .  S o .  1 3 . 69 2 . 38 1 .  58 

Cs lb P, alba Swi tzerl and 

7 .  1 0.  ' 3 . 2 1  2 . 4 2 1 .  32 

7 . 0  o ; 7 3 . 15 2 .  36 1 .  34 

6 . D o .  7 3 . 4D 2 . 24 1 .  5 1  

5 . S o . '  3 . 6D 2 . 26 1 . 59 

6 . 4  o .  7 3 . 62 2 .  34 1 .  54 

6 .  5 0 . 5 3 . 4D 2 . 32 1 . 46 

ea 2 P. alba I re l and  

6 .  2 0 .  5 2 . 9D 2 . 88 1 . 12 

6 . O o . � 2 . 87 2 . 64 1 . 09 

6. 1 0 . .. 3 . 0D 2 . 86 l . D5 

5 .  9 o . ..  3 . DD 2 . 76 1 . 09 

6 . D o . , 2 . 9 1  2 . 6 3  L ID 

6 . O o .  1 2 . 94 2 .  75 l . D9 

% SeE!.:..._i I 
35 . 6  

4 1 . 2  

4 7 . 0  

4 3 . 6  

4 4 . 6  

42 . 4  

4 1 . 2  

42 . 4  

4 4 . 6  

44 . 2  

4 2 . 7  

4 3 . D 

3 7 . 0  

3 7 . 8  I 34 . 9  

36 . 2  

3 7 . 9  I 
36 . 8  i 

Trea tment Lenqth (u) Bread th (u) L : B  TL : S  LS : B  % Sept . 
I so l a te M. cae taq>zei Cs J P. a lba Turkey 

CDA 1 8 . 9 1 .  3 5 .  6 o . •  3 .  35 2 . 39 1 . 40 4 1 . 8 
PDA 1 7 . 6  1 .  � 5 .  9 o . ' 2 . 88 2 . 55 1 . 1 3 39 . ?  
P CA 1 8 . 8 1 . 1 5 .  5 0 . ' 3 .  39 2 . 52 1 .  34 39 . 6  

PC- 10 19. 3 ! .  I 5 .  4 o. ' 3 . 56 2 . 5 5 1 . 4D  39 . 2  

15ZV8 2D . D  1 .  0 5 .  9 o .  l 3 . 36 2 . 6 1  1 . 29 38. 3 

Mean 18 . 9 o . • 5 .  6 o .  2 3 . 31 2 . 5 2 1 .  31  39 . 6  

I so l a te J.J. populi Po 1 M. canadensis En g l an d  
C DA 18. 0 1 . , 6 . 0  0 • • 2 . 9 7  3 . 04 0 . 9 8  32 . 9  

PDA 18 . D  I .  2 6 . D o .  • 3 . DO 3 . 10 D . 9 7  32 . 3  

PCA 18 . 2  I ,  'o 6 .  D o . • 3 . 10 3 . 4 4  0 . 9D 29, D 

PC-1D  18 . 4 1 .  l 5 .  7 0 .  3 3 . 24 3 . 35 D . 96 3D . O  

15%V8 1 8 . 6  1 .  0 6 . 0  0 • • 3 . 14  3 . 3 1 D . 95 3D . 2  
-

��ean 1 8 . 2  0 .  3 5 .  9 0 .  I 3 . D9 3 . 25 D . 95 3D . 9  

I so l a te M. popu li Po 2 P. nigra Engl and 

CDA 1 9 . 5 1 .  0 6 . 9 o . •  2 . 8 1  3 . D4 D . 92 32 . 8  

P DA 20 . 0 1 .  1 7 .  1 0 . ..  2 .  80 3 . 33 0 . 83 30 . 3  
PCA 1 9 .  J 1 .  3 5 .  9 0 .  3 3 . 24 3 . 50 D . 93 2 8 . 6  

PC-10  2D . D  I .  3 6 . 1 0  . ..  3 . 26 3 . 2 7  l . DO 30 . 5  

1 5'XV8 1 9 . 3 t . o 6 .  D 0 .  3 3 . 2 1  3 . 54 0 . 90 2 8 . 2  

Mean 1 9 . 6  0 . ..  6 . 4 0 .  5 3 . 06 3 .  34 0 . 92 3D . 1  

----- N U1 +:. 



APPEND I X  Je : I nfl uence o f  cul ture medium on con td ta l  dtmenstons of Marooonir� spec 1es  fol l ow1 n g  10 d�s f ncubatton at 2 0 ° C  unde r  a 
12 hour wh i te l tght pho toperiod,  

Trea t � n t  L e n a th (u )  B readth (u) L : B  TL : S  L S : B  , ''I , .... , ,.,, Len qth {u) B readth ( u )  L : B  TL : S  L S : B  � seet . j 
I s o l a te N. pop:.� l i  Po 3 P. nigra E n g l and I so 1 a te N. popu l i  Po 6 P. nigm Swi tzerl and 

C OA 19 . 6 1 · 2  
PDA 20 . 3 1 . ] 
PCA 2 0 . 3 1 . 2 

PC- 1 0  2 0 .  7 1 . 1 
15XY8 2 0 . 9 1  · 2 

l·lean 20 . 4  0 .  s 

I so l a te M. populi 

CDA 19 . 6 1 .  1 
PDA 2 0  . 4 , .  2 

PCA 18 . 8 , . 2' 

P C - 10 20 . 2 , . , 
15%Y8 2 1 . 3 , . 2 

�ean 20 . 0 0 . ,  

I s o l ate M. popu li 

CDA 24 . 7 , . 2 
POA 2 5 . 7 1  . •  
PCA 2 8 . 3 1 . 3 

PC- 10 2 4 . 4 0 . , 
15%Y3 24 . 0 1  . •  

6 . 6 0 . , 2 . 9 7  3 . 48 0 . 85 
7 . 0 0 • ]  2 . 9 1 3 . 6 3  0 . 80 
5 . 6 0 - l  3 . 60 3 .  7 1  0 . 9 6  
5 .  B o . ,  3 . 5 3  3 . 4 6 1 . 02 
6 . 4 o .. ] 3 . 2 7  3 . 84 0 . 85 

6 . 3  • .  , 3 . 2 5  3 . 62 0 . 89 

Po 4 P. nigra I rel and 

6 . 7 o . s  . 2 . 9 1  3 . 06 0 . 95 
6 . 5 o •. , 3 . 0 5  3 . 38 0 . 90 
5 . 7 o . s 3 . 2 7  3 . 34 0 . 9 8 
6 . 0 o · 2 3 . 34 3 . 50 0 . 96 
5. 7 0 . ,  3 .  70 3 . 74 0 . 98 

6 . l o . 5 3 . 25 3 . 4 0  0 . 95 

Po 5 P. X beroZincr:sis Ge rmany 

6 . 3 0 • ] 3 . 92 3 . 22 1 . 2 1 
6 .  7 0 • •  3 . 85 2 . 94 1 .  31  
6 . 5 • .  , 4 . 3 7  3 . 1 8  1 .  3 7  
6 . 2  • . ,  3 . 94 3 . 00 1 .  3 1  
6 . 2  • .  , 3 . !l7 2 . 93 1 .  36 

28.  7 . COA 
2 7 .  5 ! PDA 
26 . 9  PCA 
28 . 9  I P C - 1 0  
2 6 . 1  J 1 s:�v8 

2 7 . 6  �lean 

I so l a te 

32 . 6  CDA 
2 9 . 6  POA 
29 . 9  PCA 
2 8 . 6  PC - 10 
26 . 7  1 5%Y8 

29 . 5  t �lean 

3 ] . 0  
34 . 0  
3 1 . 4  
3 3 . 4  
34 . 0  J �an j 2 5 . 4 1 . 7  6 . 2 0 . ,  3 . 99 3 . 0 5  1 . 3 1  32 . 8  

" 

I 
2 1 . 3 1 · 5  7 .  1 0 . 7 3 . 00 3 . 1 0 1 . 00 32 . 2  I 2 1 . 5 1 · •  6 . 8 o . G 3 . 1 5  3 . 10 1 . 03 32 . 2  
2 2 . 2 1 .  5 6 . 5 o . 5  3 . 54 3 . 62 1 . 04 2 7 . 6  I 
20 . 3 1 · 7  5 .  1 0 . 6 3 . 95 3 . 7 1  1 . 0 7  . 2 7 . 0  I 20 . 0 1 . 6 5 . 4 o . s 3 . 7 1  3 . 6 3  1 . 02 2 7 . 5 ! 
2 1 . 0 0 . �  6 .  2 0 .  9 3 . 4  7 3 . 4 3  1 . 03 29 . 3  

M. popu li Po 7 P. nigra Swi tzerl and 

2 1 . 1 1 - l  6 . 4 o .  • 3 . 30 3 . 0 5  1 . 0 7 32 . 8 
2 3 . 3 1  . •  6 .  5 0 .  5 3 .  33 2 . 95 1 . 14 3 3 . 7 
2 1 . 0 1 · 5 5 . 7 o . s 3 . 6 7  3 . 58 1 . 02 2 7 . 8 

2 1 . 0 ,  . •  5 .  5 0  . •  3 . 83 3 . 4 8  1 . 10 2 8 . 7 
2 1 . 0 , . ,  6 .  0 0 .  3 3 . 52 3 . 42 1 . 0 3  29 . 2  

2 1 . 5 1 · 0 6 . D o . , 3 . 54 3. 30 1 . 0 7  30 . 4  

N 01 U1 



APPE>;D I X  4 a : I n fl uence o f  media pH on con t di al d i me n s i ons of P.areecnina s pectes fol l ow i n g  10 days incubation on 15%V8 at  
20 ° C  under a 12 hour wh t te l f g h t  pho tope r i o d .  

Trea tment  Lenqth u Brc�dth (u) L : B  TL : S  LS_:.!_.!_2£Q_tl' Treatmen t  Bre�dth (u) L : B TL : S LS : B % Sept . 
l I so i a �e M. b1'w1ne.:: Bl' 1 P. yunnancmsia N Z  I s o l a te M. br!mnea Bl' 5 P. x eummal'icana c v .  I -2 14 NZ I pH 5 . 5 16 . 0 t . l  4 . 1 o . 3 3 . 9 0 2 . 86 1 . 35 34 . 9  pH 5 . 5  15 . 6 t . o 4 . 3 o . J  3 . 66 2 . 92 1 . 25 34 . 3  

6 . 0  15 . 3 1 . 3  4 . l o . 2  3 . 72 2 . 82 1 . 3 1 35 . 4 'I 6 . 0  l S . S 1 . 2- 4 . 2 o . J  3 . 69 2 . 92 1 . 24 34 . 2  
6 . 5  1 5 . 9 1 . • 3 . 9 o . 3  4 . 05 2 . 86 1 . 40 34 . 8 6 . 5  1 5 . 4 t . t  4 . 2 o . 2  3 . 6 5  2 . 94 1 . 24 34 . 0  I 
7 . 0  15 . 3 t . J  4 . 0 0 . 3 3 . 80 2 . 90 1 . 30 3�1 . 4  7 . 0  1 5 . 6 1 . 3  4 . 2 0 . 2  3 . 72 2 . 8 7 1 . 24 33 . 6  I 7 . 5  1 4 . 8 l . o  4 . 1 o . 3 3 . 60 2 . 86 1 . 26  34 . 9  l 7 . 5 1_J5 . 3 1 . o 4 . 2 o . 3  3 . 64 2 . 99 1 . 2 1  3 3 . 3 

�� an 

I s o l a te I 

I pH 5 . 5 6 . 0 
I 6 . 5  

7 . 0  

7 . 5  

Mean 

I so 1 a te 

I pH 

5 . 5  

6 . 0  
6 . 5  
7 . 0  
7 . 5 

Mean 

I so l a te 
pH 5 . 5  

6 . 1J 
6 . 5  

7 . 0  

7 . 5  

Mea n  

1 5 . 5  0 .  5 

f.!. bt•tmnea 

14 . 0  I ,  3 

16 . Q  I ,  I 

14 . 9 1 . 3  
14 . 4  1 ,  0 

14 . 6 1 ,  I 

14 . 8o . 7  

U. brunn��a 
14 . 9 1 . 2  

1 5 . 4 1 . 0  
1 4 . 2 o , ,  
14 . 6 o . e  
14 . 8o . 9  

14 . 8 o . •  

I·!. nl'unnca 

15 . 7 1 . 0  
1 5 . 6 1 . 0  

1 5 . 8 1 . 0 

1 5 . 7 o , ,  

1 5 . 0 1 . 0  

1 5 . 5 o . J  

4 . 0 o . o '  3 .  8 1  2 .  86 l .  32 34 . 9  

Bl' 2 P. X ew• •. xmc l'icarza NZ  
4 .  3 o .  • 

4 . 3 • . •  

4 .  a · • •  5 
4 .  3 o . '  

4 .  3 o· ,  • 

3 . 25 2 . 80 1 . 1 8 
3 . 72 2 . 90 1 . 25 

3 . 70 2 . 90 0 . 9 8  
3 . 40 2 . 80 1 . 22 
3. 35 3 .  10 1 .  0 8  

35 . 0  

34 . 4  

3 1 . 4  

35 . 0 

32 . 0  

4 .  2 o .  1 3 . 4 8  2 . 90 1 . 14 33 . 6  

Br 3 P. fremontii c v .  6 1/4S N Z  
4 . 0 o , 1  3 . 80 3 . 10 1 . 22 

3 . 80 3 . 00 1 .  2 2 

3 . 6 7  3 . 20 1 . 16 

3 .  65  2 .  80 1 .  30 

32 . 2  

33 . 3  
3 1 . 2  
35 . 6  

4 . O o  . 1  

3 . !l o , 2  

4 . 0  0 .  2 

4 ,  O o .  2 3 . 70 3 . 00 1 . 2 2  3 3 . 3 

�lei:!n 

I s o l a te 

pH 5 . 5  

6 . 0  
6 . 5  
7 . 0  
7 . 5  

Mean 

I so l a te 
pH 5 . 5  

6 . 0  
6 . 5  

7 . 0  

7 . 5  

a 
4 . 0 o  . 1  3 .  72 3 . 02 1 . 22  3 3 , 1 � �1ean 

15 . 5  0 .  1 

M. b:ounnec 

1 7 . 4  1 . '  

1 7 . 3 1 . 2 
1 7 . 2  1 . ' 
1 7 . Q  I • I 
1 7 . 0 1 . ) 

1 7 . 2 o . 2 

M. b:-unnea 

15 . 2 o · 7  
E i . 2 1 · 1 

1 5 . 0 o . 7  

1 5 . 1 1 . 0 

1 5 . 3 • .  , 

1 5 . 2 o . t  

Bl' 4 P. fremo>� t i i  x P. rzigm cv . G 6/9 NZ ! I so l a te M. lwunnea 

4 .  2 0 .  0 .  3 . 6 7  2 . 9 3  1 . 24  3 3 . 9  

Bl' 6 P .  aLba N Z  

4 . 2 0 · 2  4 . 1 3 3 . 0 7  

3 . 14 

3 . 05 

3 . 05 

2 . 96 

1 .  34 

1 .  3 3  

6 .  35 

32 . 5  

32 . 0  

32 . 7  
32 : 7  
3 3 . 7 

4 . 1 o . 2  4 . 2 1  
4 . 1 o o �  4 .- 15 

4 . 2 o o 2  
4 . 1 o . 1 

4 . l o . o 5  

4 . 06 
4 . 1 3 

1 .  32 

1 .  39 

4 . 1 4 3 . 06 1 . 35 32 . 7  

Br P. X euramericana c v .  F l evo NZ  
4 . 0 o . 2  3 . 7 7 3 . 1 3 1 . 2 0 32 . 0 

4 .  D o . 2 

4 .  1 0 .  2 
4 .  O o . 2 

4 . 0  • . 2 

4 . 0 o · • •  

3 . 74 3 . 04 
3 . 6 3  3 . 0 1 
3 . 74 3 . 04 

1 . 2 3 3 3 . 0  
1 . 20 3 3 . 2 
1 . 2 3 32 . 8  

3 . 7 7  3 . 04 1 . 24 32 . 8  

3. 73 3 . 05 1 . 2 2  32 . 8 

B� 8 P. X eu�amel'icana CV . Nl 2 194 N Z  
4 . 0 o . 2  3 . 96 3 . 0 3  1 . 33 32 . 9  I p H  5 . 5  1 7 . 2 1 . 6 4 . 0 o . 2  4 . 32 3 . 06 1 . 4 1  32 . 6  

3 . 9 0 . 2  3 . 96 2 . 95 1 . 35 34 . 0  l� 6 . 0  1 7 . 0 1 . 5  4 . 0 0 . 2  4 . 2 0  2 . 96 1 . 4 2  33 . 7  
3 . 9 0 . 2  4 . 00 2 . 93 1 . 38 34 . 0  6 . 5  1 7 . 0 1 . 5 4 . 0 0 . 2  4 . 2 2 2 . 9 7 1 . 4 2  3 3 . 6 
3 . 9 o . 1  3 . 9 7 2 . 96 1 . 38 3 3 . 7  .. 7 . 0  1 7 . 5 1 . 5  4 . 1 o . z  4 . 30 3 . 0 1  1 . 4 2 3 3 . 2  
3 . 9 o , 1  3 . BO 2 . 9 8  1 . 28 3 3 . 5 7 . 5  1 7 . 0 1 . 6  4 . 0 o . l  4 . 20 2 . 9 1 1 . 44 34 . 3  

3 . 9 o . o •  3 . 94 2 . 9 7  1 . 34 33 . 6  ! l1c an 1 7 . 1 o . 2  4 . 0 o . u • 4 . 2 5  2 . 98 1 . 4 2  33 . 5  I 
---·� ----- ______ :�----- - -----· 

N U1 m 



APP�N D I X  4 b :  I n fl uence o f  me d i a  p H  o n  con i d i a l  dfmens fons o f  Marssonina species  fol l owi n g  10 days i ncuba tion o n  1 5%V8 a t  
2 0 ° C  under a 12 hour wh1 te l i gh t  photope ri o d ,  

Trea tmen t  

I so l a te 

pH 5 . 5  

6 . 0  

6 . 5  

7 . 0 

7 . 5  

: �t.ea:. 

I so l a te 

pH 5 . 5  

6 . 0  

6 . 5 

7 . 0  

7 . 5  

t-'.e an 

I s o l a te 

pH 5 . 5  

6 . 0  

6 . 5  

7 . 0  

7 . 5  

Mean 

I so l a te 

pH 5 . 5  

6 . 0  

6 . 5  

7 . 0  

7 . 5  

l".e an 

Len q th ( u) 

N. brwmea 

15 . 0 o . '  

1 5 . 4  1 .  2 

1 5 . 3 1 .  0 

1 5 . 6  l .  0 

15 . 3 1 .  0 

15 . 3 0 .  2 

f.!. brunnea 

1 4 . 0 o .  s 

14 . O o . a 

14 . 5  l .  0 

14 . 3 o . 7 

14 . 0 o . c 

14 . 2 o .  2 

M. brunnsa 
14 . 1 1 .  0 

1 4 . 5 o .  7 

1 4 .  1 o . '  
1 4 . 3 o . 7 
14 . 2 o . ,  

14 . 2 o o �  

N. brounn£a 
14 . 5 1 .  1 

15 . 0 1 . 0 

1 5 . 0 1 . a 

14 . 8 1 .  0 

14 . 7 a . e  

14 . 8 o . �  

Bre a d th (u) l : B  TL : S  LS : B  1: Sept . Trea tTTJent 

B2• 9 P. de Z t ,  X P. m,-::ri . C V .  I83/58 NZ ! I s o l a te 

4 . 0 0 ,  2 3 . 37 2 .  76 

4 . 0 0 , 2 3 . 90 3 . 0 5 

4 . 0 o  2 3 . 8 1 3 .  0 7  

4 . 0 o . l 3 . 90 3 . 10 

4 . 0 o . z 3 . 80 3 . 08 

4 . 0  0 .  0 3 .  76 3 . 0 1  

Br '10 P. de l toides USA 

4 . 2 o . z 3 . 36 3 . 02 

4 . 2  0 ·  I 3 .  36 3 . 00 
4 . 3 o . 2  3 . 40 3 . 0 1  

4 . 0 0 .  I 3 . 70 3 . 00 
4 . 1 c' . z 3 . 4 1 3 . 00 

4 .  2 0 .  l 3 . 4 5  3 .  0 1  

Br 1 1  P. dc l toides USA 
4 .  2 0 . ,  3 . 36 3 . 00 

4 . 0 0 . , 3 . 60 3 . 24 

4 . 0 o . z 3 . 50 2 . 9 5  

4 . 0 o . ,  3 . 6 0  3 . 06 

4 .  O o . s 3 . 50 2 . 83 

4 . 0 o o �  3 . 5 1  3 . 02 

81' 1 2  P. de Ztoides USA 

4 . 0 o . z  3 .  6 2  3 .  1 2  

4 . 1 o . s  3 . 6 5  3 . 1 6 

4 . l o .  2 3 . 65 3 . 2 3  

4 . 0 a . z 3 .  70 3 . 06 

4 .  l o . 2 3 . 60 3 . 1 3 

4 . l o . o s  3 . 64 3 . 14 

1 . 2 2 

1 .  2 7  

1 .  24 

1 .  26 

1 . 2 3  

1 .  24 

1 . 1 3 

1 . 14 

1 .  12  

1 . 2 1  

1 . 12 

1 . 14 

1 . 14 

1 . 10 

1 . 1 8 

1 . 16 

1 . 2 3  

1 . 16 

1 . 15 

1 . 16 

1 . 1 3 

1 . 20 

1 . 15 

1 . 16 

36 . 2  p H  5 . 5  

32 . 7  6 . 0  

32 . 5  6 . 5  

32 . 2  7 . 0  

32 . 4  7 . 5  
·----

33 . 2  Mean 

I so l a te 

3 3 . 1 pH 5 . 5  

3 3 . 0 6 . 0  

33 . 2  6 . 5  

33 . 0  7 . 0  

3 3 . 0  7 . 5 

3 3 . 1 Mean 

I so 1 a te 

33 . 3  pH 5 . 5  

30 . 8  6 . 0  

33 . 8  6 . 5  

32 . 4  7 . 0  

35 . 2  7 . 5 

3 3 . 1 
i Mean 

I s o l a te 

32 . 0  pH 5 . 5  

3 1 . 6  6 . 0  

3 1 . 0  6 . 5  3 3 . 6 I 7 . 0  

32 . 0  7 . 5  

32 . o  __ _  j Mean 

Lenc:th (u) B re a d t h  (u) L : B  TL : S  LS : B  

M. brunnca Br J J  P .  de l toides USA 

1 5 . 3o . e 4 .  O o . 2 3 . 75 3 . 14 1 . 19 

15 . 0 o . !  4 . O o .  2 3 .  70 3 . 04 1 .  2 1  

14 . 7 o . •  4 . 0 0 , 2  3 .  70 3 . 06 1 . 20 

1 5 . 0 o . 7  4 .  O o . 2 3 .  72 3. 1 1 1 . 19 
1 4 . 8 o . 6  4 . O o .  l 3 .  70 3 . 1 4  1 . 1 7 

14 . 9 o . 2  4 .  O o . o 3 .  7 1  3 . 1 0  1 . 1 9 

M. brumzea Br 1 4  P. trichoc:::rpa USA 
1 5 . 2  1 .  0 3 .  9 o . 2 3 . 90 2 . 96 1 .  3 1  
15 . 3 0 . 7  3 . 8o . z  4 . 08 3 . 3 7  1 .  2 0  
1 5 .  3 o .  1 3 .  9 o .  l 3 . 90 3 . 0 7  1 . 2 6 

15 . 5 o . l  4 . O o . 1 3 . 90 3 . 14 1 . 24 

15 . 4 o , 7  4 . 0 o . z  3 . 92 3 . 0 3 1 .  2 9  

1 5 .  3 o . 1 3 .  9 o .  1 3 . 94 3 . 1 1 1 . 26 

N. brunnea Br 1 5  P .  de l toidee USA 
1 5 . 0 o , s  4 . 2 0 , 2 3 . 52 3 . 00 1 . 1 7 
.14 . 9 0 ,  I 4 . 3 0 . 2 3 . 4 7  2 . 98 1 . 16 
14 . 7 o . •  4 .  2 0 .  2 3 . 4 5 3 . 1 2 1 . 10 
14 . 5 o . e  4 . 2 0 . 2  3 . 4 5  2 . 95 1 . 1 7  
1 4 . 9 o , a  4 .  3o . 2 - 3 . 4 8  2 . 99 1 . 16 

1 4 . 8o . 2  4 . 2 o . o s  3 . 4 7  3 . 00 1 . 1 5 

N. brunnea Br l C  P .  Robusta Engl and 
1 4 . 5 o . e  4 .  O c . 2 3 . 5 8 3 . 1 9  1 . 12 
14 . 7 o . ,  4 .  1 0  . 2 3 . 59 3 . 1 8 1 . 1 3 

14 . 6 o .  1 4 . O o .  1 3 . 6 3  3 . 38 1 . 0 7  
1 5 . 0 o . e  4 . 1 o .  2 3 . 6 7  3 . 1 7  1 . 15 

14 . S o o 7  3 . 9 o . z  3 . 75 3 . 24 1 . 15 

14 . 7 o . 2  4 . 0 o . o l  3 . 64 3 . 2 3 1 .  12  

% Sept . 

3 1 . 9  

32 . 8  

32 . 7  

32 . 1  

3 1 . 8 

32 . 3  

33 . 8  

29 . 6  

32 . 5  

3 1 . 8  

33 . 0  

32 . 1  

3 3 . 3  

33 . 5  

32 . 0  

3 3 . 9 

3 3 . 4  

3 3 . 2  

3 1 . 3  

31 . 3  

2 9 . 5  

3 1 . 5  

30 . 8  

30 . 9  

I 
, '  

I I 

N U1 
-.....J 



APPE N D I X  4 c :  I n fl uence o f  medi a p H  o n  con i di a l d i men s i on s  o f  Ma�eeonina s pe c i es fo l l owi n g  1 0  days i n cuba t i on o n  15%V8 a t  
2 0 ° C  und e r  a 1 2  hour wh i te l i gh t  pho tope r i o d, I T re a tmcn t Length (u) B rea dth {ul �: B TL : S  LS : I3  :; �t . Trea tmen t J Leng�) B re a d th ( u) L : B  TL : S  LS : B  

I s o l a te N. brunnea Br 1 7  P. Robusta I re l a n d  I so l a te M. brunnaa Br 2 1  P .  tren� loideo USA 
pH 5 . 5  14 . 6 o .  1 4 . 3 o , 2  3 . 40 3. 19  1 . 06 3 1 . 3  p H  5 . 5  1 5 . 9 ! • 0  3 . 9 0 • 2  4 . 04 2 . 9 8 1 .  35 

6 . 0  14 . 4  0 . •  4 .  2 o .  l 3 . 44 3 . 08 1 .  1 2  32 . 5 6 . 0 1 5 . 9 t . q  3 .  9 o .  1 4 . 04 2 .  9 7  1 .  36 
6 . 5  1 5 . 0  I .  0 4 .  3 o . l 3 . 46 3 . 03 1 .  12  32 . 5  6 . 5  1 5 . 8 1 . 0  3 .  9 0 .  I 4 . 00 3 . 00 1 .  33 
7 .  0 1 4 . 9 1 . 0  4 . 3 o . l 3 . 30 3 .  0 1  l . O'J 33 . 2  7 . 0  16 . 0 o . •  3 .  9 o .  2 4 . 09 3 . 06 1 .  33 
7 . 5  1 4 . 8 o . a 4 .  4 0 .  l 3 . 30 3 . 04 1 . 09 32 . 8 7 . 5  15 . 9  I .  0 3 .  9 o .  1 4 . 08 3 . 0 1  1 .  35 I Mean 14 . 7 o .  2 4 . 3 0 . 0 7  3 . 38 3 . 08 1 . 10 32 . 5  Mea n  15 . 9 0 . 0 7  3 .  9 0 .  0 4 . 05 3 . 00 1 .  34 

I so l a te M. b r'Unnea Br 1 8  · P. x euran;a1>icana France I so l a te M. brunnea Br 22 P. tremu lo·i.d88 USA 
pll 5 . 5  1 5 . 4  3 . 8 o . 2 4 . 06 2 . 96 1 .  3 7  33 . 7  pH 5 . 5  1 5  . 8 ! .  I 4 . 0 0 . ) 3 . 94 3 . 09 1 . 2 7  

6 . 0  1 5  . l  3 . 8o , 2 3 .  9 7 3 . 10 1 .  2 8  32 . 2  6 . 0  16 . 0 o . a  3 .  9 0 .  2 4 . 06 2 . 92 1 . 4 0  
: . s 1 5 . 3  3 . 8 0 . 2  4 . 0 3  3 . 00 1 .  34 3 3 . 4  6 . 5  1 5 . 4 1 . 0  3 .  9 0 .  l 3 .  85 3 . 09 1 . 24 
7 . 0 15 . 4 3 . 8 o . 2  4 . 08 3 . 0 3  1 .  34 33 . 0  I 7 . 0  15 . 4 o . e  3 .  9 0 .  2 3 . 9 5  3 . 04 1 .  30 
7 . 5  1 5 . 4  3 . Bo : 2  4 . 03 3 . 0 3  1 .  3 3  3 3 . 0  7 . 5  1 5 . 4 1 .  0 3 . 9 0 . 2  3 . 94 3 . 08 1 .  2 8  

Mean 1 5 . 3 o , 1  3 . 8 o . o 4 . 0 3  3 . 02 1 .  3 3  3 3 . 1 t".ea n  1 5 . 6 o .  3 3 . 9 0 . 0 � 3 . 95 3 . 04 1 .  30 

I s o l a te M. br-unnea Br 19  P. de l toidea Hol l an d  I s o l a te J.J. brurmea 81• 2J  P. trenm loidea Al a s ka 

pH 5 . 5  14 . 9 1 · 0  4 .  O o . 2 3 . 6 8  3 . 18 1 . 1 5  31 . 4  pH 5 . 5  15 . 9 1 . 2  3 .  9 o .  2 4 . 03 3 . 00 1 .  35 
6 . 0  1 4 . 8 o . 8 4 . O o . 1 3 . 73 3 . 10 1 .  2 1  32 . 4  6 . 0  15 . 7 1 . 3  3 . 9 o . 2  4 . 04 2 . 92 1 .  38 

6 . 5  1 4 . 4 o . 1 4 . l o . 2 3'. 54 3 . 10 1 . 14 32 . 4  6 , 5  1 5 . 3 1 ,  0 4 .  O o .  2 3 . 80 3 . 03 1 .  25  
7 . 0  1 5  . o  • .  0 4 . 0 0 • 2 3 . 71 3 . 14 1 . 18 32 . 0  7 . 0  15 . 3 1 .  I 3 .  9 o .  2 3 . 90 3 . 02 1 . 2 8  
7 . 5 14 . 80 . 8 4 . o  • . •  3 . 70 3 . 14 1 . 1 7  3 1 . 8 7 . 5  15 . 5 1 . 0  3 .  9 o .  I 3 . 95 2 . 9 3  1 .  34 

�ean 1 4 . 8 o · 2  4 . 0 o . o �  3 . 6 7  3 . 1 3  1 . 1 7 32 . 0  }le an 1 5 . 5 o , l 3 . 9 o . o �  3 . 94 2 . 98 1 .  32 

I s o l a te N. bnmnea Br 20 P. x euramel"�cana cv.  ! 2 1 4  Tu rkey I so l a te N. bl:"�nnea Er 24 P. tremu Zoidea USA 
pH 5 . 5  14 . 9 c . 7 4 . 2 0 • 2  3 .  5 3  3 . 1 3 1 . 1 3 3 1 . 9  p H  5 . 5  1 5 . 8 1 • 0  4 .  2 o . 2 3 . 83 3 . 08 1 . 2 3  

6 . 0  15 . 3 o . a 4 . 3c . 2  3 . 5 7 3 . 08 1 . 16 32 . 4  i 6 . a  1 6 . 1 1 .  Q 4 .  1 o .  2 3 . 91 3 . 16 1 . 24 -
6 . 5  1 5 . 6 1 • 0  4 . 4 o . 2 3 . 56 3 . 14 1 . 1 3 3 1 . 8  6 . 5  1 6 . 3o .  8 4 .  1 0 . 2  3 . 96 2 . 9 7 1 .  33 
7 . 0  1 ls . s  • . , 4 . 4 o . :  3 . 56 3 . 06 1 . 1 6  32 . 6  7 . 0  16 . 4  o .  e 4 . 1 o . 2  4 . 00 3 . 14 1 . 2 7  
7 . 5  1 5 . 5 o . e 4 . 4  0 .  2 3 . 5 5 3 . 1 2 1 . 1 3 32 . 0  7 . 5  1 6 . 0  I . 1  4 . l o .  2 3 . 90 3 . 0 7 1 .  26 

I"� an 1 1 5 . 4 o · 1 8  4 .  3 o · 1  3 . 5 5 3 . 10 1 . 14 32 . 1  Mean 16 . 1 o . 2 �  4 .  1 0 .  0 3 . 92 3 . 08 1 . 2 7  
Olo----· 

% SeQt . ! 
33 . 6  I 
33 . 6  
3 3 . 3 
32 . 7 
33 . 2  

33 . 3  

32 . 4  
34 . 2  
32 . 3  
32 . 8 

32 . 5  

32 . 8  

3 3 . 4  
34 . 2  
33 . 0  
33 . 0 
34 . 1 

33 . 5  

32 . 4  
31 . 6  
3 3 . 6  
3 1 . 8  

32 . 5  

32 . 4  I 

N U1 
(X) 
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APPGIDIX  4 d :  --- I n f l uenr.e o f  me d i a  pH on con i di al d i nc n s i ons of Marssonir4 species fol l ow i n g  10 days i n cuba ti on on 15%V8 a t  
2 0 ° C  under a 1 2  hour wh f te l i g h t  pho top e r i od. 

T re a tmen t Length i_uJ B re a d th (u) L : B  TL : S  L S : B  : Sep t .  T re a tmen t Lenqth (ul Breadth (u} L : B  TL : S  L S : B  

I so l a te M. cas tagnei Cs la P. a l ba Sw i tze r l a nd  I so l a te N. cas tagnei. Cs 3 P. a lba Tu rkey 

pH 5 . 5  2 3 . 0 1  . •  6 .  5 o . e 3 . 54 2 . 30 1 . 4 5 4 3 . 4  p l l  5 . 5  1 9 .  6 1 . 1 5 .  9 0 . 3 3 . 32 2 . 66 1 .  2 5  

6 . 0  2 4 . 5 1 . •  6 .  4 0 .  6 3 . 82 2 .  30 l .  70 4 3 . 8  6 . 0  1 9 . 4 1 . 2 5 .  So . 3 3 . 3 1 2 . 73 1 . 29 

6 . 5  2 5 . 0 1 .  5 6 . 2 o . 7  4 . 00 2 . 2 1  1 .  81  4 5  . 1  6 . 5  20 . 0 1 . 0 5 .  9 0 .  3 3 . 36 2 . 6 1  1 . 2 9 
7 . 0  24 . 7 ! . .  6 .  3 o . 5 3 . 92 2 . 3 1 1 .  6 8  4 3 . 2  7 . 0  2 0 .  2 1 . 2 5 . a • .  2 3 . 50 2 . 4  7 1 . 4 1  

7 . 5  24 . 1 1 .  5 6 . 6 0 .  5 3 . 6 3 2 . 35 1 . 5 4  4 5 . 5  7 . 5  2 0 .  1 1 . 0 5 .  9 o . 3 3 .  39 2 . 64 1 .  2 8  

l".e an 24 . 2 o . e  6 . 4  • .  1 6  3 . 78 2 . 29 1 . 54 44 . 2  Me a n  19 . 9 o . 3  5 . 8 o . o 5  3 . 38 2 . 62 1 .  30 

I so l a te J.f, C<%8 ta9"1ei Cs lb P. aLba Swi tzerl and I so l a te M. popu Zi Po 1 P. canadansis Engl and 
pH 5 . 5  22 . 8 ! . '  6 . 2 o .  7 3 . 6 7  2 . 2 7 1 . 62 4 4 . 0  p H  5 . 5  18 . 4 1 .  1 6 . 0 o . •  3 . 10 3 . 2 3  0 . 95 

6 . 0  22 . 9 ! . 5  6 .  4 0 .. , 3 .  5 8  2 . 29 1 .  56 4 3 . 6  6 . 0  1 8 . 6 1 , 3  6 . 0 o . •  3 . 12 3 . 33 0 . 93 

6 . 5  2 2 . 8 ! . '  6 .4 o . s  3 . 56 2 . 3 7 1 .  50 4 2 . 2  6 . 5  1 8 .  3 1 .  1 6 . O o . '  3 . 10 3 . 30 0 . 92 

7 . 0  2 3  . 0 1 . - 6 . 3 o . s  3 . 6 3 2 . 26 1 . 60 4 4 . 3  7 . 0  1 8. 6 1 .  z 6 . O o .  3 3 . 10 3 . 22 0 . 9 5  

7 . 5  2 3 . 0 1 .  5 6 . 5 0 . 1  3 . 52 2 . 26 l .  56 4 4 . 2  7 . 5  1 8 . 6 1 . 1  6 .  O o .  3 3 . 1 0 3 . 30 0 . 94 

Mean 22 . 9 o . 1 6 .  3 o .  1 3 . 5 9 2 . 29 1 .  5 7  4 3 . 6  Mean 1 8 . 5 0 . 1 6 . O o . o 3 . 10 3 . 2 8  0 . 94 

I s o l a te N. cas t.agnei Cs 2 P. a lba I re l a n d  ! so l a te N. popu li Po 2 P. nigPa Engl a n d  

pH 5 . 5  1 8 .  5 ! .  0 6 . l c . •  3 . 0 1 2 . 44 1 . 2 3  40 . 9  pH 5 . 5  20 . 0  1 .  1 6 .  3 c .  s 3 . 1 5 3 . 4 0  0 . 92 

6 . 0  1 8 . 5 1 . 2 5 . 9 o . •  3 . 14  2 . 56 1 . 2 2 39 . 0  6 . 0 1 9 . 6 o . ,  6 .  O o . J 3 . 15 3 .  5 7  0 . 88 

6 . 5  18. 0 1 .  2 5 . 8 o . 5 3 . 1 1  2 . 52 1 . 2 3  39 . 6  6 . 5  1 9 . 3 o . , 6 . 0 o . z 3 .  2 1  3 . 54 0 . 90 

7 . 0  1 8 .  6 1 . 2  5 .  7o . • 3 . 2 4  2 . 50 1 .  30 40 . 0  7 . 0  19 . 6 1 • 1  6 . o • . , 3 . 26 3 . 4 8  0 . 94 

7 . 5  1 7 . 5 1 . 1 6 . 0 c . •  2 . 9 1  2 . 6 1  1 . 1 1  38 . 3  7 . 5  1 9 . 3 1 .  1 6 . 0  • .  3 3 . 19 3 . 36 0 . 9 5 . 

Mean 1 8. 2 o .  H 5 . 9 o .  u 3 . 08 2 . 5 3  1 .  22 39 . 6  i l-Ie an 1 9 . 5 o · 2 ' 6 . l o o 1 3 . 19 3 . 4  7 0 . 92 

·-

% Sept . 

3 7 . 5  

36 . 3  

38. 3 

40 . 5  

3 7 . 8  

38 . 1 

3 1 . 0  

30 . 0  

30 � 2  

3 1 . 0  

30 . 2  

30 . 5  

2 9 . 4  

2 8 . 0 

2 8 . 2 

2 8 . 7 

2 9 . 7  

2 8 . 8 

N U1 � 



APPEND I X  4 e :  !nfl uence o f  � d 1 a  p H  o n  con i di a l d i men s 1 ons o f  Marseonir.a spec i e s  fol l ow i n g  1 0  days i n cuba t i on o n  15%V8 a t  
Z 0 ° C  unde r  a 1 2  hour wh1 te l f g h t  pho tope ri od. 

Trea tmen t 
I s o l a te 

pH 5 . 5  

6 . 0  

6 . 5  
7 . 0  

7 . 5  

:.le an 

I s o l a te 

pfl 5 . 5  

6 . 0  

6 . 5  
7 . 0  

7 . 5 

Mean 

I s o l a te 

pH 5 . 5  
6 . 0  

5 . 5  
7 . 0  

7 . 5  

Mea n  

Length (u) 

n. populi 
2 0 . 8 1 .  0 

2 0 . 7 1 . 2 
2 0 . 9 1 . l 

2 1 . 5 1 • 0  

2 1 . 2 1  o O  

2 l . O o . s 

N. pop�ti. 
2 1 . 0  I •  I 
2 1 . 5 1 • 2  
2 1 . 3 1 • 2  
2 1 . 2 1 • 2 
2 1 . 4 1 •  I 

2 1 . 3 o · 2  

��- popuLi 
2 2 . 3 1  . •  

2 3 . 9 1 • 2  
24 . 1 1 .  J 

24 . 0 1 . 2 
2 3 .  9 1 •  1 

2 3 . 6 o • 7  

B re a d th (u) L : fl  TL : S  L S : B  

Po J P. nigra E n g l a n d  

6 . 2 o . s 3 , 34 3 .  9 7  0 . 84 

6 . 3 0 . � 3 . 24 3 . 78 0 .  86 

6 . 4 o . s 3 . 2 7  3 . 84 0 . 85 
6 .  3 0 . , 3 . 40 3 . 8 1  0 . 90 

6 . 4 o · s  3 . 3 1  4 . 00 0 . 83 

6 . 3 o . o e 3 .  3 1  3 . 88 0 . 85 

Po 4 P. nigra l re 1 and 

5 .  7 0 . s 3 . 6 5 3 . 5 3 1 . 03 

5 .  7 0 . s 3 . 76 3 . 60 1 . 04 

5 . 7 o · s  3 . 70 3 . 74 1. 00 

5 .  7 � . ,  3 . 73 3 . 70 1 . 0 1  
5 . 5 0 • !  3 .  85 3 . 56 1 .  08 

5 . 70 • 0 9 3 .  74 3 . 62 1 . 0 3  

Po 5 P. X bero tinens is Germany 

5 . 8 o - s  4 . 15 2 .  9 3  1 . 4 2  

5 . 2 o · s  3 , 85 2 . 85 1 .  35 

6 . l o . ,  3 , 9 3 2 .  85 1 . 38 
6 . 2 0 . , 3 . 87 2 .  9 3. l .  32 

6 . 0 o . s 3 . 94 3 . 04 1 .  30 

6 . O o . 2 3 . 95 2 . 92 l. 35 
-

:!: Se[)t . . Tre a tme n t  Lenath (u ) B re a d t h  ( u} L : B  TL : S LS : B  

I s o l a te N. popu li Po iJ P. nigra Sw i tze rl a n d  

25 . 2  p H  5 . 5  20 . 1 1 . ""  5 . 9 o - s  3 . 40 3 . 83 0 . 92 

26 . 4  6 . 0  20 . 6 1 .  5 5 .  7 0 . •  3 .  6 1  3 . 5 3  1 . 0 1  

26 . 1  6 . 5  19 . 7 1 . e 5 . 8o . '  3 . 40 3 . 52 0 . 96 

26 . 2  7 . 0  2 0 . 7 1 .  5 5 .  5 0 . 5 3 .  75 3 . 5 2  1 . 09 

2 5 . 0  7 . 5  2 0 .  1 1 . •  5 . 5 o o 5  3 .  6 1  3 . 4 1  1 .  06 

25 . 8  Mean 2 0 . 2 o . •  5 .  7 0 .  2 3 . 55 3 . 56 1 . 0 1  

! s o  1 a te M. popu li Po 7 P. nigra Sw i t ze r l a n d  

28 . 3  i pH 5 . 5  20 . 4 1 . s 5 .  8 o .  5 3 . 52 3 . 5 1  1 . 00 

2 7 . 8 6 . 0  2 0 . 8 1 . l 5 .  8 o . ,  3 . 60 3 . 5 7  1 . 00 

2 6 . 7  6 . 5  2 0 .  6 1 . , 5 .  7 0 • •  3 . 62 3 . 5 3 1 . 03 
2 7 .  0 7 . 0  20 . 3 1 . 2 5 .  7 0 . l 3 . 60 3 . 37 1 . 06 
2 8 . 0  7 . 5  2 0 . 2 1 - 2  5 . 6 o o 3  3 . 60 3 . 33 1 . 08 

2 7 . 6  Mean 2 0 . 4 o . 2  5 .  7 0 .  1 3 . 5 9 3 . 4 6  1 . 0 3 

34 . 0  
35 . 0  
35 . 0  

34 . 0  

32 . �  

3� 

% Sc�t . l 
2 6 . 1  

2 8 . 3 

2 8 . 3 

2 8 . 4  

29 . 3  I 

2 8 .  1 l 
28 . 5  I 
28 . 0  I 

. 2 8 . 3  

29 . 6  
30 . 0  

2 8 . 9  .I 

l'j 0\ 0 



APrEND I X  S a :  I n f l uence o f  i ncubation tempe ra ture o n  con i di a l d i men s i on s  o f  Marooonina s p e c i es fol l ow i ng 1 0  days ·i ncuba t i o n  o n  1 5%'1 8 ,  
pH 6 . 5  u n d e r  a 1 2  h o u r  wh i te l i g h t  photoper i o d , 

I 1 T re a tment  Leno th  ( u )  

I I s o l a te N. brunr...c� 
12 'C 1 7 . 3  I .  l 

0 16 "C 16 . 3  1 . '  I 20 cc 1 5 . 4  1 .  l 
24 "C 1 5 .  5 1 .  ' 

28 =c 14 . l 1 . !  
�:e a n  1 5 . 7 1 . 2  

I s o  1 a te N. bi" .. mnea 

1 2  •c 1 5 . 1 1 . o  

1 6  "C 1 5 .  3 1 . ' 

20 oc 14 . 4 z . s  

24 oc 14 . 9 1 .  s 

28 •c 1 3 .  8 1 ,  0 
-

Mean 14 . 7 0 . '  

I s ol a te f.!. br.<nnea 

12 •c 16 , 4 1 .  I 1 16 •c 16 . 5 1 . o  

20 °C 1 5 . 7 o .  1 

24 •c 1 5 . 8o . a  

28 ° C 1 5 . 3 1 . 0  

i·!can I _l 5 .  9 o . !  

I s o l  a te .'·f. brunnea 

1 2 °C 1 5 . 6 1 . 1 

16 °C 1 5 . 4  o .  a 

20 °C 1 5 . 4  0 .  8 

24 •c 15 . 8 1 . Q 

2 8 ° C  1 5 . 7 1 . 0  

�\ea n  1 5 . 6 o . z  
L_ 

Bre� dth l u l  L : B  TL : S  L 5 : 8  X Sep t  o Treatme n t  
B r  1 i'. y:mna•:.:nsio NZ I so l a te 

3 .  9 • .  ' 4 . 44 2 . 86 1 .  5 5  34 . 9  1 2  •c 
4 .  3 0 .  2 3 . 80 2 . 86 1 .  30 34 . 9  16 •c 
4 . 1  o . ' 3 . 80 2 . 90 1 .  30 34 . 4  2 0  •c 
4 .  2 0. ' 3 . 70 2 . 32 l .  3 1  35 . 4  24 •c 
4 .  2 o .  1 3 . 4 5  2 . 9 3 1 . 1 9 3 . 4 0 za •c 
4 . 1 0 ,  I 3 . 84 2 . 8 7 1 . 3 3  34 . 7  Mean 

B'l' 2 P; X euroameroicana NZ I s o l a te 

4 . o  • . •  3 . 7 7 2 . 90 l .  25 34 . 4  1 2  oc 

4 . 0 o . •  3 . 82 3 . 00 1 . 26 33 . 5  1 6  oc 
4 . 0 0 , !  . 3 . 60 3 . 00 l .  20 33 . 2  2o oc 
4 . 0  • • •  3 .  72 2 . 90 1 . 2 5 34 . 4  I 24 oc 

4 . 3 o . • 3 . 20 2 . 84 1 . 1 3 35 . 1  28 °C 

4 . h . l  3 . 62 2 . 93 1 . 2 2  34 . 1 �!e a n  

Br J P. fr<�mon tii c v . 6 1 /� B N Z  I s o l a te 

4 .  1 0 .  ' 3 . 98 3 . 00 1 .  3 3  33 . 3  1 2 °C 
3 .  9 o .  2 4 . 20 3 . 06 1 .  3 7  32 . 6  16 °C 

4 . 0 0 . 2  3 . 90 3 . 03 1 . 24 32 . 9  2 0 ° C  

4 . 1 o .  2 3 . 85 2 . 94 1 .  3 1  34 . 0  24 °C 

3 . 9 0 , 2  3 . 9 5  3 . 02 1 .  30 33 . 0  2 8 ° C  

4 . O o . 1 3 .  9 7  3 . 0 1  1 .  31  33 . 2  Mean 

B r  4 P. fremon t i i  X P. nigra cv . 6 6/9 NZ I so l a te 

4 . 0 o . z  3 .  9 3  2 . 9 5  1 .  3 3  

4 . 0 0 . 2  3 . 80 3 . 05 l .  2 7  

4 . O o . 2 3 . 87 3 . 0 5  1 . 2 5 

3 . 9 o  . 1  4 . 00 2 . 9 J  1 .  38  
3 . 80 . 2  4 . 10 2 . 8 7  1 . 42 

3 . 9 0 . 1  3 . 94 2 . 9 7 1 .  33 

33 . 9  1 2  c 

3 2 . 7  I 16 c 

32 . 7  20 c 

34 . 0  2 4  c 
34 . 7 28 c 

3 3 . 6  � �le a n  
- - --- ..L-

Lenoth (u l Breadth  (u) L : B  TL : S  L S : B  % Sep t .  
M. bPunnea Bz• 5 P. X euru.�zericarza c v .  1 - 2 1 4  NZ 

15 . 2 1 . ,  4 .  2 0 .  2 3 . 62 3 . 02 1 . 2 0  33 . 1 

15 . 1 o . e •  4 .  1 0 . 2 3 . 64 2 .  9 7  1 . 2 2  33 . 6  

1 5 . 2 1 . ! 4 . 2  • .  2 3 . 6 0  3 . 0 7  1 .  1 7  32 . 5 

1 5 . 3 1 . ! 4 .  2 0 . 2 3 . 64 2 . 94 1 . 2 3  34 . 0  
1 5 .  3 1 . 0 4 . 2 0 .  2 3 . 64 2 . 9 5  1 .  24 33 . 8  

1 5 . 2 o . o �  4 . 2 o . o • 3 .  6 3  2 . 99 1 .  2 1  3 3 . 4  

M. brunnea Br 6 P. a l ba NZ 

1 7 . 4 z .  0 4 .  1 0 . 2 4 . 20 3 . 00 1 . 40 33 . 3  
1 7 . 4 1 . !  4 .  1 o . 2 4 . 2 1  2 . 94 1 . 4 3 3 3 . 9  

1 7 . 0 z . o  4 .  1 0 . 2 4 . 24 3 . 00 1 . 4 1  3 3 . 3 

1 7 . 0  I ,  J 4 .  O o . 2 4 . 1 5 2 . 98 1 .  39 3 3 . 5 
16 . 8 1 . ,  4 . 1 0 . 2  4 . 09 2 . 93 1 .  39 34 . 1  

1 7 . 1 0 . 1 4 . 1 • • 2 4 . 18 2 . 9 7  1 . 4 0  33 . 6  

N. brwmea Br 7 P. X eurowr.e rica�� c v .  Fl cvo N Z  

14 . 9 0 • 8  4 .  o • . 2 3 . 6 7  3 . 1 1 1 . 2 0  32 . 2  

1 5  · 4 1 · 0 4 . o • .  2 3 . 80 3 . 00 1 . 2 7  3 3 . 4  

1 5 . 1 0 . 7 4 . 0 0 • 2  3 . 7 7 2 .  75  1 . 2 2  36 . 3  
14 , 7 1 .  1 4 .  o • .  l 3 . 68 3 . 1 1 1 . 18 32 . 2  

1 4 . 4 1 • 0  4 . o • .  2 3 . 6 1  3 . 1 3 1 . 1 5 32 . 0  

14 . 9 0 •  • 4 . o  • . •  3 .  70 3 . 02 1 .  2 0  3 3 . 2 

11. brunnea Br 8 P. X eurwnericar� c v .  NL 2 1 94 NZ 
1 7 . 3 1 . s 4 . 0 0 · 2  4 . 25 3 .  10 1 .  3 7 32 . 2  
1 7 . 6 1 . 6  4 . l o o l  4 . 2 5  3 . 0 2  1 . 4 1  33 . 1  

1 7 . 4  . . ! 4 . l a .  3 4 . 2 0  2 . 9 5  1 . 4 2  3 3 . 9  

1 7 . 4 t . z  4 . 1  0 .  2 4 . 24 3 . 00 1 . 4 1  3 3 . 4  

1 7 . 4 1 . ) 4 .  2 0 .  2 4 . 14 3 . 00 1 .  38 33 . 3  

I 1 7  , 4 ,, . I 4 . l a . 0 7  4 . 22 3 . 0 1  1 . 4 0 3 3 . 2  
- I 

N 
0"1 ....... 



APPEND I X  Sb : I n fl uence o f  1 n cubat1on tempera ture on con i d i a l  d i me n s i o n s  o f  Narseonina spec i es fol l owi n g  10 days i nc uba t l on on 15:V8,  
pH 6 . 5 under a 1 2  hour wh i te l i gh t  pho to p e r i o d ,  

I T r e a tme n t  �� ( u) I I so l a te 

\ �!:� 
z o • c  
2 4  ' c  

z s • c  i-- · --
�lea n  

1 I s o l a te 
l2 ° C 
15 ° C  

zo0 c 
1 24 • c  

2 8 ° C  

�:C an 

I I s o l a te 

1 12 ° C  

I 1 6  ° C  

2 0 ° C  

24 ° C  

28 °C 

l·�an 
I s o l a te 

1 2 ° C  

1 6 ° C  
1 zo•c  I ,. . , 2 8 ° C  

Medn 

M. b�·wmea 
: s .  3 l. l 

1 5 . 3  I .  2 

1 5 . 5  l .  z 

1 5 . 2 1 .  ' 
14 . 8 ! . 5 

1 5 . 2 o . 2 

M. brunnea 

l4 . 5 o . ' 
14 . 1 0 • • 

l4 . 0 o . ! 

14 . 0  • .  , 

14 . 2 o . a 

l4 . 2 o .  2 

l·f . C:-ur.nea 

14 . 5  0 .  6 

1 4 . 4 o .  1 

14 . 1 1 .  0 

14 .  6 0 • •  

1 4 . 4 o . 7  

l4 . 4 o . 2  

N. brunnea 

14 . 7 1 . 0 

1 5 . 6 1 • 1  

1 5 . 6 0 •  8 
1 4 . 2 0 • 7 

1 4 . 6 o . ,  

14 . 9 o . 6  

Bre a d t h  {u) L : B  TL : S  LS : !l  Z SeQ t .  I Trea tmen t  
Br 9 P, de l t .  X P. ma=i . !83/58 NZ I I so l a te 
. 4 . 0  c . : 3 . 81 3 . 02 1 . 2 6  3 3 . 0  l2 ° C I 

4 .  0 0 .  2 3 . 80 3 . 02 1 . 26 3 3 . 1  

I 
16 ° C  

4 . 0 • .  2 3 . 8 1 3 . 0 1 1 . 2 6  33 . 2  2 0 ° C 

4 .  1 0 . 2 3 .  72 2 . 9 5  1 .  2 6  3 3 . 9  2 4 ° C  

4 .  0 0 .  2 3 .  70 2 . 96 1 .  25  3 3 . 8 2 8 ° C  

4 . 0 o .  o •  3 .  7 7  2 . 99 l .  26 3 3 . 4  �lean 

Br 1 0  P. de l toides USA I so l a te 

4 .  2 0 .  J 3 . 4 5  3 . 1 0 1 . 12 32 . 2  1 2 °  c 
4 .  2 o .  2 3 . 35 3 . 10 1 . 09 32 . 2  1 6 ° C  

4 . 1 0 .  l . 3 . 4 1  3 . 00 1 . 09 3 3 . 0 20 ° C  

4 . 1  0 .  l 3 . 4 1  3 . 00 1 . 1 1 3 3 . 0  I 2 4 ° C  

4 .  2 0 .  I J. 40 2 . 95 1 . 14 3 3 . 8  2 8 ° C  

4 . 2 o .  o 5  3 . 4 0 3 . 03 1 . 1 1 32 . 8 Mea n  
Br 1 1  P. ds ttoideo USA I s o l a te 

4 .  2 0 .  3 3 . <1 2  3 . 03 1 . 12 32 . 9  1 2 • c  
4 .  3 � .  l 3 . 36 2 . 90 1 . 12 34 . 6  l 6 ° C  

4 . 0 o . 2  3 . 4 8  2 . 95 1 . 1 7  33 . 8  2 0 ° C  

4 . 1 0 .  l 3 . 55 3 . 00 1 . 18 33 . 2  24 ° C  

4 . 3o . 2  3 .  34 2 . 98 1 . 1 2 3 3 . 5  I 2 8 ° C  
.._ 

4 . 2 0 . 1  3 . 4 3  2 . 9 7  1 . 14 3 3 . 6 i Mea n  

Br 1 2  P .  de ltoides USA I s o l a te 

4 . 3 0 • 1  3 .  44 3 . 1 0 1 . 09 32 . 2  I 12 ° C 

4 .  3o .  2 3 . 63 3 . 25 1 . 1 1 30 . 7  1 6 ° C  

4 .  4 o .  l 3 . 54 2 . 94 1 . 22 33 . 9  2 0 ° C  

4 .  2 0 .  2 3 . 36 3 . 1 1  1 . 08 32 . 1  2 4  ° C 
4 . 4 o . 2 3 . 33 3 . 1 2  1 . 06 32 . 0  ' 2 8 ° C  

4 . 30 · 0 8  3 . 46 3 . 10 1 . 1 1  32 . 2  �lean 
--�-�-

Length (u ) 

N. bnmnea 
1 5 .  l o .  a 

15 · 0 l .  O •  
14 . 7 0 • • 
1 4 .  6 0 • •  

14 .  7 0 • • 

1 4 . 8 o · 2  

N. brzmnea 

1 5 . 8 , . a  

1 5 . 4 1 • 0  

1 5 . 3 o .  9 

1 5 . 6 o .  1 

1 5 . 4 o . a 

15 . 5 o . 2  

M. b MmnBa 

14 . 7 0 .  B 

IS . 1 o .  e 

1 4 . 9 o .  e 

14 . 9 o . 9  

l4 . 1 o . ,  

14 . 7 0 . ..  

f.J. br'Unnea 

1 5 . 6 o , ,  

16 . 1 o . e  

1 6 .  Q I .  0 

16 . 2 o . '  

1 5  . 0 1 .  1 

15 . 8 o .  5 

Breadth ( u \  L : B  TL : S  
Br J J  P .  de l toices USA 

4 .  1 o . : 3 . 70 3 . 12 

4 .  I o . 2 3. 6 7  3 . 08 

4 .  o , .  > 3 . 74 3 .  2 1  
4 .  O o .  1 3 . 70 3 . 14 

4 .  I 0 .  I 3 . 62 3 . 02 

4 .  0 0 .  0 5 3 . 68 3 .  1 1  
8J• 1 4  P .  ti'iehoearpa USA 

4 . 0  • .  2 3 . 90 3 . 06 

4 .  o , . 2 3 .  84 3 . 10 

4 .  O o .  1 3 . 87 3 . 1 3 

4 . 0 o . z  3 . 84 3 . 10 

4 .  O o .  2 3 . 86 3 . 82 

4 .  O o .  o 3 . 86 3 . 04 

Br 1 5  P .  de t toidfJ8 

4 .  2 0 .  2 3 . 4 6 2 . 96 

4 .  2 o .  1 3 . 60 3 . 02 

4 . 2 o , 2  3 . 5 2  3 . 04 

4 .  3 0 . ) 3 . 4 8 2 . 92 

4 .  3 o . 1 3 . 2 7  3 . 06 

4 . 2 0 . 0 5  3 . 4 7  3 . 00 

Br 16 P. Robusta Engl a n d  

4 .  1 0 . 2 3 .  75 3 . 2 5 

4 .  2 o . 1 3 . 82 3 . 1 7  

4 .  1 0 .  2 3 . 88 3 . 2 5 

4 . 1 0 .  2 3 . 94 3 . 32 

4 . 2 o . 2 3 . 6 1  3 . 06 

4 .  ! c .  0 5 3 . 80 3 . 2 1  

L S : B  :: Sept . 

1 . 18 32 . 0  

1 . 19 32 . 5 

1 . 16 3 1 . 2  

1 . 1 7 3 1 . 8  

1 . 1 9 3 3 . 1 

1 . 1 8 32 . 1 

1 .  26 32 . 6  

1 . 24 32 . 3  

1 . 2 3 32 . 0  

1 .  24 32 . 2  

1 .  37 35 . 5  

l .  2 7 32 . 9 

1 . 1 7 3 3 . 7 

1 . 1 9 33 . 0  

1 . 16 3 3 . 1 

1 . 1 9 34 . 3  

1 .  0 7 32 . 6  

1 . 1 5 33 . 3  

1 . 15 30 . 7  

1 .  20 3 1 . 4  

1 . 19 30 . 8  

1 . 1 8 30 . 1 

l . H l 32 . 7  

1 . 1 8 3 1 . 1  

N 
(j) 
r.J 



APP::;;o r x  S e :  I n f l uenc'! o f  i n cuba t i on temper a t u re o n  con i d i a l  d i me n s i on s  o f  Marssonina s pe c i es fo l l owi n g  10 days i nc uba t i o n  on 1 5%V8 , 
pH 6 . 5  under 1 2  hour wh i te l i g h t  pho tope r i o d .  

1 Tre a tme n t  ! L�ngth { u )  
I 

Length ( u )  Breadth ( u )  % Sept . ] B readth (u) l : B  Tl : S  LS : B  '.t s e  et . 1 Tre a tme n t  L : B  Tl : S  LS : B  

I so 1  a te I N. brwmea Br 1 7  P. Rob�sta I re l a n d  ! s o  1 a te N. !n'Unnea 81• 2 1  P .  tremuloides USA 
12 � c 1 5 . 2  1 .  I 4 .  3 �- 3 3 . 54 3. 12 1 . 13 32 . 0  1 2  ° C  1 5 . 7 o . a  3 . 9 0 . 2  3 .  98 2 . 9 5 1 . 35 3 3 . 9  
1 6  ° C 1 5 . 3 o . , 4 . 4 o. 3 3 . 4 3  3 . 08 1 . 1 1 32 . 4  l 6 ° C  I S .  8 1 .  I .  3 . 9 0 . 1  4 . 08 3 . 05 1 .  34 32 . 8  
20 °C 1 5 . 2 o . , 4 .  4 o. 3 3 . 35 3 . 1 5 1 .  Oti 3 1 . 7 2 0 ° C  1 1i .  1 1 .  0 3 .  9 o . 1 4 .  15  2 . 90 1 . 4 4  34 . 8  
24 ° C  1 5 . 1 o . a 4 . 4 o .  2 3 . 4 6 3 .  15 1 . 09 3 1 .  7 24 ° C 1 6 . 1 1 . 1  3 .  9 0 .  2 4 . 1 1 3 . 00 1 .  38 33 . 4 
2 s •c 1 5 . 1 o . , 4 .  4 .: 2 3 . 46 3 . 20 1 . 08 3 1 . 2  2 8 ° C  I r regu l ar co n i d i a  

�� ---
�:ean 1 5 . 2 o . o e  4 . 4 • . • • 3 . 4 5  3 .  14 1. 09 3 1 . 8  Mean 15 . 9 0 . 2 3 . 9 c . o 4 . 08 2 . 9 7 1 .  38 3 3 . 7 

I so l a t e  M, b1·�nnaa 81' 18 P. x eta'amel'ioana France I so l a te M. br�nnea Br 2 2  P. trem� loides U SA 

12 • c  16 . 1  3 . 8  4 . 2 0  2 . 8 1  1 . 4 6  35 . 0  1 2 ° C  1 5 .  8 1 . 0  3 . 9 0 · 2  4 . 04 3 . 09 1 .  3 1  32 . 4  
1 5  •c 1 5 . 7  3 . 8 4 . 15 3 . 06 1 .  35 32 . 6  16  ' C  1 6 . 0 o . e 3 .  8o .  2 4 . 14 2 . 9 3  1 . 4 1  34 . 1  

2o • c  1 5 . 3 3 . 7 4 . 12 3 . 08 1 .  34 32 . 5  � 2 0 • C  1 6 .  1 1 . 0 3 .  9 o . 2 4 . 1 6 2 . 9 3 1 . 4 2  34 . 1  

24 °C 1 5 . 6 3 . 8  4 . 09 2 .  9 3  1 .  39 34 . 1  2 4 ° C 1 6 . 1 o . ,  3 .  9 o . 2 4 . 08 2 . 98 l .  3 7  33 :5 
2 8 ° C  15 . 9  3 . 8 . 4 . 1 7 2 . 83 1 . 4 7  3 5 . 2  2 8 ° C I rregul ar con i di a  

�lean 15 . 7 o . 3 3 . 8 o . a �  4 . 15 2 . 94 1 . 40 33 . 9  Mean 16.  O o . 1 3 . 9 0 · 0 5  4 . 10 2 . 98 1 . 38 33. 5 
I so l a te N. b runnea Br 1 9  P. de ltoides Ho l l and I s o l a te N. brunMa Br 23 P. t�nr� loides Al a s k a  
1 z • c  1 4 . 8 4 .  0 0 .  2 3 . 6 5 3 . 1 3 1 . 1 7 32 . 0  1 2 • c  1 5 • 5 1 . 0 3 . 9 o . 2 3 . 9 0  3 . 04 1 . 28 32 . 9  
1 5  • c  14 . 6  4 .  0 Q .  2 3 . 6 3 3 . 10 1 . 1 7 32 . 2  15 ° C  1 5 .  7 1 . 0 3 . 9 0 • 2  3 . 95 2 . 93 1 .  35 34 . 1  
2 o • c  14 . 5 4 . 0 o . 2  3 . 60 3 . 1 7 1 . 1 3 31 . 5  z o • c  1 5 . 9 1 .  0 4 .  D o . 2 3 . 00 2 . 90 l .  38 34 . 5  I 24 • c  14 . 6  4 . 0  0 .  2 3 . 60 3 . 1 3  1 . 15 3 1 . 9  24 • c  1 5 . 6 1 . 2 3 . 9 o . z 3 . 94 3 . 00 1 .  3 1  33 . 3  

2s • c  14 . 8 4 . 4 o o l  3 . 30 3 . 02 1 . 09 33. 1 2s•c  15 . 2 1 . 2 3 . 9 o . 2  3 . 86 3 . 03 1 . 2 7  3 3 . 0  
1 �an 1 4 . 7 o .  2 4 . 1 0 .  2 3 . 5 5 3 . 1 1 1 . 14 32 . 1  Mean 1 5 . 6 o . ,  3 . 9 o . o �  3 . 9 3 2 . 98 1 .  32 33 . 5 

! so 1 a te N. brunnea Br 20 P. X e�ramer�oana I -2 14 Turkey I so l a te M. b1'Unnea Br 2 4  P. tremu loidee USA 

1 2 • c  15 . 7 1 .  I 4 .  5 0 . 2  . 3 . 4 9  3 . 02 1 . 16 3 3 . 1 l 2 ° C  1 5 . 9 1 , 1 4 .  O o .  2 4 . 00 3 . 06 . 1 . 30 32 . 6  
1 6 ° C  1 5 . 7 o . !  4 . 4 0 .  2 3 . 5 7  3 . 04 1 . 1 7 32 . 8  1 6 ° C 1 6 . 0 1 .  0 4 .  O o .  2 3 . 93 2 . 95 1 .  33 3 3 . 8 
2 o • c  1 5 . 8 : .  I 4 .  5 0 .  2 3 . 50 3 . 04 1 . 14 32 . 8 i 2 o • c  1 6 . 3 o , ,  4 . 1 0 .  2 3 . 9 5  2 . 96 1 .  33 3 3 . 7 
2 4 � C  1 5 . 5 o . '  4 . 4 o . z  3 . 5 1  2 .  9 7  1 . 1 8 33 . 7  2 4 ° C 1 6 . 4 1 , 0  4 .  O o . 1 4 . 06 2 . 90 1 . 4 1  34 . 8  � 
2s • c  1 5 . 6 o . e  4 . 4 o . z  3 . 5 5  3 . 2 0  1 . 10 3 1 . 2  ! 2 s • c  1 5  , 1 1 .  0 4 .  2 0 .  2 3 . 6 1  3 . 33 1 . 08 29 . 9  

1-'.ea n  1 5 .  7 0 .  1 1  4 . 4 0 . 0 5  3 . 52 3 . 05 1 . 1 5 32 . 7  Mean 1 5 . 9  0 .  5 4 . 0 o . o ' 3 . 9 1 3 . 04 1 .  29 33 . 0  I ----

N Q') 
w 



APPEND I X  S d :  I n fl uence o f  i ncuba t i on tempera ture o n  con i di a l  d i me n s i ons o f  Ma1•osonina s pec i es fo l l ow i n g  1 0  days i n cuba t i on o n  15%V8,  
pH 6 . 5  under 1 2  hour wh i te l i gh t  pho tope ri o d ,  

I Trea tmen t ! Ler1_g_th ( u )  Breadth ( u) L : B  TL : S  LS : B  r. Sept . � Trea tmen t I Lenath ( u )  B re a d t h  ( u )  L : B  TL : S  L S : B  % � 
I so l a te 

1 2 ° C  

1 5 ° C  

2 0 ° C  
2 4  • c  
2 8 ° C  

!-1. caa tagrzei l a  P .  a lba Swi tz e r l a n d  !so 1 a t(! g. castagnci 

24 . 4 1 . ,  6 . 3 0 • 7 3 . 84 2 . 00 1 .  74 4 9 . 7 i 1 2 ° C  1 9 . 2 1 • 1  

2 3 . 5 1 . ,  6 . 0 0 • 6  3 . 90 2 . 14 1 . 82 46 . 6  i 1 6 ° C  18 . 9 1 • 2' 
2 5 . 1 1 . ,  6 . 2 0 • 7  4 . 0 7  2 . 30 1 . 78 4 3 . 8  � 20 ° C  1 9 . 9 1 • 1  

22 . 5 1 • 5 6 . 3 0 • 6  3 . 5 7  2 . 50 1 . 32 4 0 . 0  i 24 ° C  20 . 0 0 • 9  

Cs J P. a lba Turkey 

5 . 9 o . J 3 . 26 2 . 52 

5 . 8o . z 3 . 22 2 . 6 1  

5 .  9 0 • l 3 .  38 2 .  5 5  

6 .  0 0 . 3 3 .  38 2 .  64 

1 . 2 9  

1 .  2 3  

1 .  32 

1 . 28 

39 . 6  

38 . 2  

39 . 2  

3 7 . 8 

�'oean 2 3 . 9 1 . I 6 .  2 o • I 3 . 85 2 . 2 3  1 . 66 4 5 . 0  5 . 9 , . , .  3 . 3 1 2 . 5 8 1 .  24 38 . 7 

:Jo growth 2 8 ° C No growth �------�------------------------------------------r---------+--------------------------------------------+ I �ean 1 9 . 5 , . s 

I so l a te 

1 2 .  c 

1 6 ' r  

zo • c 

24 • c 

2 8 ° C  

Mean 

I sol a te 

12 • c  

1 6 ° C  

2 o • c  

24 ° C  

2 8 ° C  

�:e,,n 

u. cas tagnei Cs lb P • .  alba Swi tze rl and 

2 3 . 3 , , ,  5 . 3 , . ,  3 . 70 2 . 4 0  1 . 54  

2 3 . 1 ,: • 6 . 3 , . ,  3 . 66 2 . 26 1 . 62 

22 . 8 1 · •  6 . 2 , . ,  3 . 6 7  2 . 24 1 . 6 3  

22 . 7 1 · 1  6 . 3 , . ,  3 . 62 2 . 3 1 1 . 56 

No g rowth 

4 1 . 7 
44 . 2  

44 . 5  

4 3 . 3 

2 3 . 0 o . z 6 . 3 o . c 5  3 . 65 2 . 30 1 . 59 4 3 . 4  

M .  cas tagnei 

1 9  . o , . 2 

1 8 . 5 1 • I  

1 8 . 0 1 . l 

1 8 .  9 1 . •  

No growth 

1 8 . 6 ,  . • 

Cs 2 P. 

6 . 0 ,  . •  

6 . O o . • 

5 . o  • . •  

5 .  7 0 .  l 

5 , 9 o o l  

alba I re l an d  

3 . 16 2 . 68 1 . 18 

3 . 08 2 . 6 5  1 . 16 

2 . 98 2 . 5 7  1 . 15 

3 . 29 2 . 4 2  1 . 36 

3 . 1 3 2 . 5 8 1 . 2 1  

3 7 . 3  

3 7 . 6  

38 . 8  

4 1 . 3  

38 . 7  

I so l a te 

12 • c  

1 6 ° C  

2 o • c  

24 • c  

2 8 ° C  

11can 

I s o l a te 

. 12 • c  I 16 • c  

I 1 1 2 o � c  

2 4 ° C  

?. 3 ° C  

Mean 

N. popuZi 
19 . 2 1 .  s 
1 8 .  9 1 . 2 

18 , 4 1 •  1 
18 . 5 1 . 0  

No g rowth 

1 8 .  7 0 • •  

Po 1 P. oanadensis Engl and 

5 . 8 , . .  3 . 30 3 . 12 

6 . 0 , , ,  3 . 20 3 . 10 

5 . 9 , . ,  3 . 1 3 3 . 3 1 

6 .  D o . 3 3 . 00 3 . 4 0 

1 . 05 

1 . 03 

0 . 94 

0 . 90 

..!2 . 0  

32 . 3  

30, 1 

2 9 . 5  

5 .  9 o . 1 3 . 16 3 . 2 3 0 . 98 3 1 . 0  

N. popu Zi Po 2 P .  nigra Engl a n d  

1 9 . 7 , . ,  

19 . 5 1 . 0 

1 9 .  7 o . , 

1 9 . 7 1 . 0 

No g rowth 

1 9 . 6  0 • I 

6 .  2 0 . l 

6 .  O o . 1 

6 .  O o . J 

6 .  O o . 1 

6 . 0 o . 1 

3 . 16 3 . 35 

3 . 2 1  3 . 4 3  

3 . 2 7  3 . 50 

3 .  2 7 3 .  70 

3 . 2 3  3 . 4 9  

0 . 94 

0 . 94 

0 . 9 3  

0 . 9 0  

0 . 93 

2 9 . 8  

2 9 . 1  

2 8 . 5  

2 7 . 0  

28 . 6  

N en .j:";> 



APPEND I X  S e :  I n fl uen ce o f  i ncuba ti o n  tem pe ra ture on con i di a l  d i men s i o n s  of Marssonina spe c i es fo l l owi ng 10 days i nc uba tfon on 15�V8 , 
pH 6 . 5  Under 12 hou r wh i te l i gh t  photope r i o d , 

T re a tme n t  

I I so l a te 

i 1 2 ° c 
I 16 oc  l zooc 
j 24 • c  

2 S ° C  I �� an 

I 
I I so l a te 

! 12 • c  
1 16 ° C  

z o • c  1 2o1 oc 
2 8 ° C  

��ean 
I j I s o l a te 

1 2 • c  
1 6 ° C  
2 D ° C  I \ Z .! ° C  

1 2 8° C 

1·\e Jn 

Len th u )  

M. popu l i  

2 1 . 4 1 • 0  
2 1 . 3 t . o  
2 1 . 4 o . 9  
2 1 . 9 o  · '  

No srow th 

2 1 . 5 o . >  

M. popu,Zi 

2 1 . 6 1 • 0  
2 1 . 3 o . 9  
2 1 .  S 1 .  1 

2 1 . 4 1 . 2  
No growth 

2 1 . 4 o . l  

M. popu Zi 

24 . 3 1 . .  
2 3 . 7 1 . 2  

24 . 0 1 .  5 

24 . 7 1 . •  
No growth 

I 24 . l o . •  

Breadth u L : B  TL : S  LS : B  

Po J P. nigra En gl and 
6 .  l n . J 3 . 50 3 . 4 8  1 . 00 
6 . 2 o .  J 3 .  4 3  3 . 54 0 . 9 7 

6 .  D o . >  3 . 5 5 3 .  80 0 . 9 3 
6 .  3 o . 2 3 . 40 3 . 90 0 . 98 

6 . l o  . 1  . 3 . 4  7 3 . 68 0 . 9 7  

Po 4 P. nigra I re l and 

5 . 6 0 • 2  3 . 82 3 . 60 1 . 06 
5 . 7 o . 1 3 .  76 3. 5 7  1 . 05 
5 .  S o .  1 3 . 58 3 . 55 1 . 04 
S . 8 e . 2  3 . 6 7  3 . 68 1 . 00 

5 . 7 0 . 0 9  3 .  73 3 . 60 1 . 04 

Po 5 P. X bero tinensis Germ�ny 
6 .  3 o .  • 3 . 85 2 . 88 1 .  3 3  
6 . 3 o . s  3 . 78 2 . 90 1 .  30 
6 . 2 o .  s 3 . 89 3 . 06 1 . 2 7  
6 .  l o . 1 4 . 06 3 . 00 1 . 35 

6 .  2 o .  1 3 . 89 2 . 96 1 .  3 1 

:t �''''""" ' I s o l a te 

28 
28 

25 
2 5  

. 7  � 1 2 • c  

2 7  

2 7  
28 
28 

2 7  

. 2  

. 3 

. 7 

. 2  

. 8  

. 0  

. 2  

. 2  

--
2 7  

34 
34 
32 

. tl  

. 6  
, g  
. 6  

! 

. 2  33.
- l 

33 . 8  ! 
--- 1 

15 ° C 
20 °c  
24 • c  
2 8 ° C  

�le an 

I s o l ate 

1 2 • c  
l 5 ° C  
2o • c 

2 4 ° C  
£ a • c  

Mean 

Length (u )  

f.!. popu li 

2 2  .Q  1 . ;  

22 . 4  I 0 '  
. 

20 . 5 1 . '  
2 0 . 7 1 . '  
No growth 

2 1 . 4  • .  , 

11. populi 

2 1 . 4 1 · • 
2 1 . 2 1 .  l 

2 0 .  5 1 .  2 
2 0 . 6 1 · 2  
No g rowth 

2 1 . 0 0 . ,  

Breadth ( u l  L : B  TL : S  LS : B  % Sep t .  

Po 6 P. nigra Swi t ze rl a n d  

5 . 5 o . s 3 . 85 3 . 00 1 .  2 7  33 . 3  
5 . D o . , 3 .  72 3 .  36 1 . 1 0 2 9 . 7  
s .  a • . , 3 . 50 3 . 1 0  1 . 15 32 . 3  
5 . 6 o . s 3 .  70 3 . 50 1 . 0 5  2 8 . 5  

5 . 7 o . z 3 . 69 3 . 24 1 . 14 3 1 . 0  

Po 7 P. nigra Swi tzerl a n d  

5 .  S o . "  3 . 66 3 . 33 1 . 10 30 . 0 
s . a  • . , 3 . 66 3 .  36 1 . 09 2 9 . 7  
5 . S o . , 3 . 54 3 .  5 1 1 . 0 1  2 8 .  5' 
5 .  8 0 . , 3 . 54 3 . 4 6 1 . 0 2  2 8 . 8 

5 .  s • . 0 3 . 60 3 . 4 1  1 . 05 2 9 . 7.  

f') 
0'\ 
Ul 



APPEN D I X  6a : I n fl uence o f  �ho tope r 1 o d  on con i di a l  d 1 me n s 1 o n s  o f  Narssonina s pe c i es fo l l owi n g  10 days i ncubation on 15%Y8 ,  
p H  6 . 5 ,  a t  2 0  C ,  

Trea tmen t 

I so l a te 
D I L/ D 
r;uv; o 
�lean 

I so l a te 
0 
L/ 0 
NUV/ 0 
�lean 
I so 1 a te 

0 

L/ 0 

NUY/ 0 

J �lean 

I I s o l a te 
0 

l./ 0 

NUY/ 0 
-· 

Mean 

I s ol a te 
0 

L/ D 
NUY/ 0 

,...ean 

Lenqth (u) 
N. br-... m:ea 
1 6 . 0 1 - 2  

1 6 . 6  I •  2 

1 7 . 0  I • ' 

16 . 5 o . s 

N. brunnea 

14 .  9 1 . 0 

14 . 4 1 - J 
14 . 2  I • Z 

14 . 5  0 . •  

U. bnmnea 
1 5 . 3 1 - o  

1 S . 7 a . '? 

15 . 2  I • 0 

1 5 . 4 o . 2  

U. brunnea 
15 . 4 o . a 

1 6 . 4  0 • • 
1 6 . 2 1 · 0  

1 6 . D o . s  

N. brunnea 
1 5 . 1 1 . 0 

15 . 1 o . a  
1 5 . 5 1 · 2  

1 5 . 2 o . 2 

Breadth (u) L : B  TL : S  L S : B  
Br 1 P. yunnanensis NZ 

4.  0 0 · 2 4 . 00 2 . 9 2  1 . 4 1  

4 .  o • .  2 4 . 08 2 . 90 1 . 4 1  

4 .  1 o . 2 4 . 10 3 . 0 9  1 . 40 

4 . 0  • .  " '  4 . 06 2 . 9 7  1 . 4 1  

Br 2 P. x 11uramcri.ca11;:z N Z  

4 . 2 0 .  s 3 . 6 0 3 . 00 1 . 2 0  

4 . 0  0 .  s 3 . 60 3 . 00 1 .  20 
4 . 4 0 . , 3 . 4 5 2 . 90 1 . 20 

4 . 2 0 ·  2 3 . 5 5 2 .  9 7  1 .  20 

w J  P. fNmontii C V .  6 1  /q8 NZ 

4 . o . -- 2 3. 76 3 . 00 1 . 24 
4 . 0 o . z 3 . 90 3 . 03 1 .  24 

4 . 0 o . z  3 . 73 2 . 95 1 . 2 7  

4 . o  • • •  3 . 80 3 . 00 1 .  2 5  

'.t Sept . Tre a tmen t  
I so l a te 

34 . 0 D 

34 . 5  L / 0  

32 . 4  NUV/0 

3 3 . 6  He an 

I so l a te 
33 . 2  I D 

3 3 . 5  L / 0  

34 . 4  I :--IUV / 0  

3 3 . 7 � Mean 
�� I .o h t• 

33 . 4  0 

32 . 9  L / 0  

33 . 8  NUV/ 0 

3 3 . 4  i Mean 

Br 4 P. fremon tii x P. nigra c v . 6 6 / 9  N Z  I I so 1 a tc 

I 3 . 9 o . z  3 . 90 3 . 05 1 . 2 7  32 . 7 D 
4 . D o . 1 4 . 10 3 . 1 1  ] .  32 32 . 0  L/D  

4 . 0 o . z 4 . 06 3 . 00 1 . 34 33 . 3  l NUY / D  

I !-lea n  4 . 0  • .  " '  4 . 02 3 . 05 1 .  3 1  32 . 7  

Br 5 P. X euramericr.na c v .  ! 2 14 NZ I s o l a te 
4 . 2 a . 2 3 . 6 2  2 . 90 1 .  2 5  34 . 5  I D 

4 . 2 o . z 3 . 62 3 . 0 7  1 . 1 7 32 . 5  L / 0  

4 .  2 0 .  2 3 . 6 9  2 .  94 1 .  2 6  34 . 0  NUV/ 0 
� 

4 . 2 0 .  0 3 . 64 2 . 9 7  1 .  2 3  3 3 . 7 I Mean 
' -

Length (u) Breadth (u ) L : B  TL : S  LS : B  % Sept . 
M. b1ounnca Br 6 P. a lba NZ 

16 . 8 1 . 2 4 .  2 0 .  2 4 . 04 2 . 99 1 . 35 3 3 . 4  
1 7 .  0 1 . 0  • 4 . 1 0 .  2 4 . 14 2 .  9 8  1 . 4 3  3 3 . 5  

1 7 . 2 1 . 2  4 .  2 0 .  2 4 . 1 3 3 . 0 1  1 .  3 7  3 3 . 2 

1 7 . D o o 2  4 . 2 o . o 6 4 . 10 2 . 99 1 .  38 3 3 . 4  

J.f. brunnea Er 7 P. X eura:ner•icana c v . F l evo NZ 
1 5 . 0  4 . 0 o . J  3 .  76 3 . 00 1 . 26 3 3 . 6  

1 5 . 1  4 . 0 o - 2  3 .  7 7  3 . 04 1 .  22 32 . 8  
14 . 8  4 .  o • . •  3 . 6 7  3 . 0 1  1 . 2 2  3 3 . 2 
14 . 9 o . 1 4 .  D o . o 3 .  7 3  3 . 02 1 . 2 3  3 3 . 2 I M. brunnea Br 8 P. X surc.ur.c>oicana c v .  Nl 2 194 NZ . 
1 7 .  3 z . s 4 . 1 o . z 4 . 12 2 . 90 1 . 44 .34 . 4  

1 7 . 3 1 . s 4 . 1 o . J  4 . 2 2  2 . 90 1 . 4 2  34 . 4  

1 6 . 6 1 . '  4 . l o . z  4 . 04 2 . 9 8  1 .  36 3 3 . 5  

1 7 .  D o .  • 4 . 1  0 .  0 4 . 1 3 2 .  9 3  1 . 4 1  34 . 1 

N. brunnea Br 9 P. de lt .  x P. maxi . C V .  ! 83/58 NZ 

1 5 . 5 1 - 2  4 . 1 o . z  3 . 80 3 . 00 1 .  26 3 3 . 3 

15 . 5 1 . 2 4 . o  • .  2 3 . 8 1 3 . 0 1 1 . 26 33 . 2  
15 . 4 , . )  4 . 0 0 . 2 3 . 82 3 . 0 3  1 . 2 6  3 3 . 0  

1 5 . 4 0 , 0 6  4 . 0 0 . 0 6  3 . 81 3 . 0 1 1 .  26 33 . 2  

M. brunnea Br 1 0  P .  de l toides USA 

14 . 0 o . ' 4 .  1 0 . 3 3 . 4 1  3 . 10 1 . 12 32 . 2 

14 . 2 o . a 4 . 2 o . J  3 . 40 3 . 20 1 . 05 3 1 . 4  
14 . 0 o . a  4 . o  • . ) 3 . 40 3 . 00 1 . 1 3 3 3 . 0  

14 , }  O .  I 4 . 1 0 . I 3 . 4 0  3 . 10 1 . 10 � N 
0\ 0\ 



APPEND I X  6 b :  I n fl uence o f  �ho toperiod o n  con i di a l  d i me n s i ons o f  Mareoo�ina s pe c i e s  fo l l owi ng 1 0  days i ncuba ti on o n  15%V8 , 
pH 6 . 5 ,  a t  20 C ,  

T rea tmen t I Length (u) 
I s o l a te I N. brunnea 

0 14 . 2 o . , 

Breadth ( u} L : B  TL : S  L S : B  % Sep t .  
B r  1 1  P. del toidea USA 

T rea tmen t 

I so 1 a te 

U 0 

Leng_th_itlL __ ?rea_djh _ _{_uj __ j..: 8 TL : S  LS : B % Sept . I 
M. brunnea Br 1 6  P. Robuo ta Engl and 
1 5 . 6 o .  s 4 . 0 o . l 3 . 94 3 . 15 1 . 24 3 1 . 5  

3 .  9 0 .  z l L / 0  1 14 . 8 o . 1 

f--
.. ��- 1 6 . 1 o . & 

·��--�------������ 
L/ 0 

NUV/ 0 

14 . 3 1 . 0 

14 . 3 1 ,  I 

4 . D o . J 

4 .  4 c .  J 

4 .  3 o o 1  

3 . 55 2 . 96 1 . 1 7 

3 . 2 3  3 . 1 3 1 . 0 3  

3 .  35 3 . 15 1 .  06 

3 3 . 7 

3 1 . 9  

32 . 0  

3 1 . 0  

3 1 . 4  4 .  2 0 .  2 

3 . 75 3 . 20 

3 . 8 3  3 . 19 

1 .  1 8  
1 .  2 0  

�le an 

I so l a te 
0 
L/ D 

NUV/ 0 . 

�lean 

I s o l a te 
D 

L / 0  

NUV/ 0 

14 . 3 o . o & 4 .  2 0 . 2 3 . 38 3 . 0 8  1 . 09 32 . 5  

M. bl'unnea Br 1 2  P. de l to·idas USA 

1 5 .  3 1 . 2 

15 . 5 1  o 2  

15 .  3 1 . I 

15 . 4  0 ,  I 

f.J. brur.rJea 
15 . 4 1 . 0 

14 . 7 Q • •  

15 . 2 o .  a 

4 . 1  • •  2 

4 . 2 o . z 

4 . 1  • •  : 

3 .  76 3 .  32 1 .  1 3  
3 .  70 3 .  10 1 .  20 

3 . 73 3 . 1 0 1 . 22 

30 . 1  

32 . 3  

32 . 3  

4 . 1 o . o a  3 . 73 3 . 1 7  1 . 1 8 3 1 . 6  

Br 1 3  P. de ltoidcs USA 

4 . 0 o . 2 3 . 83 3 . 1 1  1 . 22 

4 . 0 o . z  3 . 74 3 . 2 1  1 . 15 

4 . 0 o . o l  3 . 80 3 . 10 1 . 22 

32 . 1  

3 1 . 2  

32 . 3  

ij 

�le a n  

I so l a te 
0 
L/ D 

tWV/ 0 

He an 

I so l a te 
0 

L / 0  

NUV/ D 

1 5 . 5 o , 6  4 .  O o .  1 � 3 . 83 3 . 1 8  1 . 2 1  •. 3 1 . 3 

M. brunnea Br 1 7  P. Robusta I re l a n d  
1 5 . 3 o .  1 

1 5 . 2 o . , . 

1 5 . 0  I .  0 

15 . 2 o . l 5  

M. brunnea 

1 5 . 4 o .  1 

1 5 . 3 1 . 2  

1 5 . 5 t . J  

4 . 3 0 . 2  

4 .  4 Q .  J 

4 .  3 o . ' 

4 .  3 o . o & 

3 . 52 

3 . 35 

3 . 46 

3 . 16 

3 . 1 5 

3 . 08 

1 .  1 1  

1 . 05 

1 .  12 

3 1 . 6  

3 1 .  7 

32 . 5  

3 . 44 3 . 1 3  1 . 10 3 1 . 9  

Br 1 8  P. X euramericana France 
3 . 8 o . 2  

3 . 8 o .  2 

3 . 8 o . 2 

4 . 0 7  

4 . 03 

4 . 14 

3 . 13 

3 . 08 

3 . 04 

1 .  30 

1 .  34 

1 .  35 

32 . 0  

32 . 5  

32 . 8  �----+------------------------------1 : 
��ca n  

I so l a te 

0 

l / 0  

�IUV/ 0 

1 �ei\n 

I s o l a te 
D 

L / 0  

NUV/ 0 

1 5 . l o . ,  

N. brur.nea 
1 5 . 5 o . 7 
15 . 4 o . ,  

1 5 . 4 o .  a 

1 5 . 4 o . o &  

N. brunr.ea 

14 . 8o . a  

14 . 9 o .  a 

1 4 . 7 o . �  

4 .  0 0 .  Q 3 . 79 3 . 14 1 . 20 3 1 . 8  

Br 1 4  P. trichocarpa USA 

4 . 0 0 , z  3 . 9 3 3 . 00 1 . 31 

4 . 0 o . z 3 . 88 3 . 0 7 1 . 26 

4 . 0 0 , z  3 . 90 3 . 14 1 . 24 

33 . 3  

32 . 5  

31 . 9  

4 .  O o .  o 3 . 90 3 . 0 7 1 . 2 7  32 . 6  

Br 1 5  P. de Z t o i c!e s  USA 

Me <Jn 

! so l a te  
0 

15 . 5 o . z  

M. brunnea 

3 .8 o .  o 4 . 08 3 . 08 1 . 33 32 . 4  

Br 1 9  P. de L toides Ho l l and 

• 

I I 
3 1 . 0  

3 1 . 7  

32 . 1  

L/ 0  

NUV/ 0 

14 . 6  

14 . 6  

14 . 8  

4 .  O o .  1 

4 .  O o .  1 

4 . 0 0 . 2  

3 . 60 3 . 2 3  

3 . 62 3 . 15 

3 . 6 7  3 . 1 1  

1 . 1 1 

1 . 15 

1 . 18 

t·lean 1 4 . 7 o .  1 4 . 0 o . o  3 . 5 3  3 . 16 1 . 15 3 1 . 5  

I s o l a te N. brunnea Br 20 P. X euramericana c v .  I 2 14 Turkey 
4 . 3 o . z  

4 . 2 o . 2  

4 .  2 Q .  2 

3 . 44 3 . 02 1 . 14 33 . 1  0 1 5 . 4 o , ,  4 . 4 o . 2  3 . 50 3 . 2 5 1 . 0 7  30 . 7  I 3 . 52 3 . 04 1 . 16 33 . 3  L / 0  1 5 . 6 o . , 4 . 4 o . 2  3 . 5 6  3 . 14 1 . 1 3 31 . 8  

3 . 4 5  3 . 12 1 . 10 32 . 0 NUV/ D __ 1 5 . 5 o . a 4 . 3 o . 2  3 .���9 1 . 16 32 � 
� �� a n  \ 14 . 8 o . t  4 . 2 0 . o 6  3 . 4 7  3 . 06 1 . 1 3 32 . 8  �an 1 5 . 5 o . t  4 . 4 o . o s 3 . 5 5  3 . 16 1 . 12 J l . G  l 

N 0) 
'1 



APPENDI X 6c : l n fl �ence of �hotoperi od on con i di a l  d i me n s i ons o f  Marssonir� speci e s  fo l l owi ng  i ncuba t i o n  on 1 5XV8 , 
pH 6 . 5 ,  at 20 c .  

Tre a tmen t Lenqth (u) B r e a d t h  {u) L : B  TL : S  L S : B  X Sept . Trea tll'(!n t Lenqth (u ) B re a d th (u) L : B  TL : S  

I so l a te .'·1. bl�.<nnea Br 2 1  P. trcmu Loides USA I s o l a te M. caatagnei Co lb P. a Lba Swi t ze r l and 

0 16 , 1 0 . 9  3 . 9 o · 2 4 . 08 2 .  9 7  1 .  3 7 3 3 . 7 0 23 . 3 1 . •  6 . 3 o . s  3 . 70 2 . 30 

L/ 0 16 . 1 1 . 0 3 . 9 0 • 1  4 . 1 5 2 . 90 1 . 44 34 . 8  L / 0  2 2  . 81 .  • 6 .  2 0 .  6 3 . 6 7  2 . 24 

NUV/ 0 1 5 . 8 1 . 0 3 . 9 0 • 1 4 .  0 3  3 . 05 1 .  32 32 . 7 NUV/ D 2 2 .  7 1 . •  6'. 4 0 . s 3 . 56 2 .  30 � -
l'e an Hi . O o . 2 3 . 9 o . o 4 . 09 2 .  9 7  l .  3 7  3 3 . 7 He�n 2 2 .  9 o .  J 6 .  3 o . 1 3 . 64 2 . 28 

I s o l a te M. brunnea Br 22 P. t'l'emu l.oides USA !so 1 a te N. castagnei Cs 2 P. a lba I re l a n d  

0 1 6 . 0  • .  , 3 . 9 o . z 4 . 10 2 . 9 7 1 .  3 8  33 . 6 D 1 9 . 2 1 .  2 6 . 0 o . •  3 . 1 7  2 . 4 8  

L / 0  16 . l o . e  3 . 9 o • 2 4 . 1 6 2 . 9 3 1 . 4 2 34 . 1 L / 0  1 9 . 0  1 .  0 6 .  O o .  J 3 . 1 6 2 . 6 8 
NUV/ 0 15 .  7 1 . 0  4 .  O o .  2 3 . 9 3 3 . 1 2 1 .  25  32 . 0  NUV/ 0 1 9 . 3 1 . 2 6 .  2 0 .  3 3 . 1 3 2 .  35 

�lean 15 . 9 o · 2  3 . 9 � · 0 6 4 . 06 3 . 00 1 .  35 33 . 2  Mean 1 9 . 2 0 . 1 5  6 . l o .  1 3 . 1 5 2 . 50 

I so l a te f.f. br::vr.nea B'l' 2 3  P. tremu lo�dea A l a s ka I s o l a te M. cas tagnei Co J P. aLba Tu rkey 

0 1 5 . 7 1 . 0 3 . 9 0 • 1  3 . 9 7 3 . 00 1 .  32 3 3 . 3  0 2 0 . 0 o . e  5 .  S o . '  3 . 4 1  2 . 54 

L / D  1 5 . 9 1 • 0  4 . 0 0 . 2 4 . 00 2 . 90 1 .  38 34 . 5  L/0 1 9 . 9 o . •  5 . 9 o . J  3 . 38 2 . 5 5 

NUV/ 0 1 5 . 5 1 • I  3 . 9 0 • 2  3 . 95 2 . 9 3 1 .  34 34 . 0 NUV/ 0 2 0 . 0 1 . 0 5 .  9 o . ' 3 . 38 2 . 4  7 

1-'.c an 1 5 . 7 0 • 2  3 . 9 0 • 0 1  3 . 9 7 2 . 9 4 1 .  34 33 . 8  �le an 20 . 0 o .  o t  5 . 9 o . u  3 . 39 2 . 5 2 

I so l a te M. bru11nea Er 2 4  P. tremu1oidea USA I so l a te M. popu Li Po 1 P. canadenais E n g l and 

D 1 6 .  3 0 . ,  4 . 1  • •  : 3 . '15 2 . 9 6  1 .  3 3  3 3 . 7 0 1 0 .  3 1 .  0 6 .  O o . ,  3 .  10 3 . 2 0 

L/ D 16 . 0 0 • 8  4 . l o .  2 3 . 90 3 . 02 1 .  2 9 3 3 . 1  L/ D 1 8 . 4 1 . 0 5 . 7 o . J 3 . 2 3 3 . 2 5 

NUV/ 0 1 6 . 3  • .  , 4 . l o .  2 3 . 95 2 . 9 7 1 .  3 3  33 . 6  NUY/ 0  1 8 . 0 1 . 0  5 .  8o . z  3 .  10 3 . 20 

Me an 16 . 2 0 . 2 4 . 1 o . o  3 . 94 2 .  9 8  1 .  32 33 . 4  f-le an 1 8 . 2 o . z  5 .  8o . 1 3 . 14 3 . 22 
...._ 

I sol a te M. castagnei ea la P. aZba Swi tzerl a n d  I s o l ate M. popu li Po 2 P. nigra Engl and 

0 24 . 9 1 • 5  6 .  3 � . 7 3 . 95 2 . 30 1 .  60 4 3 . 3 D 1 9 . 5 1 . 0 6 .  1 0 .  l 3 . 22 3 . 4 5  

L / 0  24 . 0 1 . 6 5 . 9 o . 1 4 . 0 8 2 . 32 1 .  75 4 3 . 1 L/ 0 1 9 . 7 o _ ,  6 . O o .  l 3 . 2 7  3 . 50 

NUV/ 0 24 . 5 1  . • 6 . 4  0 .  7 3 . 82 2 . 30 1 . 69 4 3 . 3  NUV/ 0  19 . 3 o . ,  6 . 0 o . ,  3 . 2 1  3 . 54 

t·tea n  24 . 4 o . �  6 . 2 o . 2 3 . 95 2 . 3 1 1 .  6 8  4 3 . 2  t�ean 1 9 . 5  0 .  2 6 . 0 o : a 6  3 . 2 3  3 . 50 
-

LS : B  

1 . 6 1  

1 .  6 3  

1 . 55 

1 .  59 

1 .  2 8  

1 . 1 8  

1 .  3 3  

1 .  2 6  

1 .  34 

1 .  32 

1 .  36 

1 .  34 

0 .  96 

0 . 99 
0 . 96 

0 . 9 7  

0 . 93 

0 . 9 3  

0 . 90 

0 . 92 

% Sept . 

4 3 . 6  

44 . 5  

4 3 . 5  

4 3 . 8  

4 0 . 3 

3 7 . 3  

4 2 . 4  

40 . 0  

39 . 4  

39 . 2  
40 . 4  

3 9 . 7 

3 1 . 2  I 30 . 7  

3 1 . 2  

3 1 . 0 I 
1' 8 . 9  I 

lli 

28 . 2  

28 . 5  

N 0'> 
CO 



Af'PEN O ! X  6 d :  Infl uence o f  �ho tope r i o d  o n  con i di a l d i mens i ons o f  MareaO>rina speci e s  fo l l owi n g  i n cuba t i o n  on 15%V8 , 
pH 6 . 5 ,  at 2 0  c .  

Tre a tme n t  Lenqth (u) B re a d th ( u) L : B  TL : S  L S : B  % Sept . Trea tmen t Lenqth l u) Bre a d t h  (u) L : B  TL : S  

I � o l a te M. popu li Po J P. nigra En gl and  I so l a te M. popu li ?o 6 P. nigra Swi t ze r l an d  
D 2 1 . 2 o . , 6 . 2 0 • 3 3 .  4 1  3 . 78 0 . 90 26 . 4 D 2 0 . 5 j . 6 5 . 9 0 · 6  3 .  4 7 3 . 10 
L/0 1 2 1 . 4 0 . , 6 . O o . 1 3 . 55 3 .  80 0 . 9 3  26 . 3  L/0 2 2 . 0 1 . 7 5 . 5 o . s 4 . 00 3 . 4 3  
��UV/ 0 2 0 .  9 1 . 2 6 . 4  0 . l 3 . 2 7 3 .  84 0 . 85 2 6 . 1  NUV/ 0 2 0 . 5 1 . 6 5 .  S o .  5 3 . 70 3 . 66 

�:e an 2 1 . 2 o · 2  6 . 2  0 .  2 3 . 4 1  3 . 8 1  0 . 89 2 6 .)1 �;ca n  2 l . O o · e  5 . 6 o . 2 
3

. 72  3 . 40 
� 

l so 1 a te g. popuLi Po 4 P. nig� I re l an d  I s o  1 a te N. populi Po 7 P. nigra Sw i t ze r l a n d  
0 2 1 . 2 0 . 9 5 .  9 o . ,  3. 56 3 . 39 l .  os 29 . 5  0 2 0 . 8 1  . • 5 . 7 0 . l 3 . 6 7  3 . 54 
L/ D 2 1 . 5 1 : I  5 . So . 3 3 . 6 8  3 . 55 1 . 04 2 8 . 2  L/ 0 2 0 . 5 1 . 2 5 .  Bo . 1 3 . 54 3 . 5 1  
NUV/ 0 2 1 . 7 ! • 0 5 .  6 o .  s 3 . 86 3 . 7 3  1 . 0 3  2 6 . 8  NUV/ 0 2 0 . 3 1 . 1 5 . 8 o . 1 3 . 50 3 . 60 

Mean 2 1 . 5 o · 2  5 .  Bo . 1 3 . 70 3 . 56 1 . 04 28 . 2  rlean 2 0 . 5 o · 2  5 . 7 0 • 0 6 3 .  5 7  3 . 55 

I so l a te !-!. populi Po 5 P. x bero lineneis Ge rmany I 0 24 . 0 1 . ,  6 . 2  0 . '  3 . 8 7 2 . 9 3 1 .  36 34 . 0  
L / 0  2 4 . 0 ! • 5  6 . 2 o . 3 3 . 89 3 . 06 1 . 2 7  32 . 6  
NUV/D 24 . 2 1 · • 6 . 2 o .  3 3 . 86 2 . 94 1 .  3 1  34 . 0  I 
�:ean 2 4 . 0 o · J  6 . 2 0 • 6  3 . 87 2 . 9 7  1 .  3 1  3 3 . 5  I 

LS : B  

1 .  1 5  
1 .  1 7  
1 .  00 

1 .  1 1  

1 .  04 
1 . 0 1 
0 . 9 7 

1 . 0 1  

x seet . l  I 
32 . 3  
2 9 . 1 
2 7 . 3  

2 9 . 6  

2 8 . 3 
2 8 . 5 

2 7 . 8  

2 8 . 2  I 

N Q) � 



AP PEN D I X  7a : Fi e l d co l l ecti on s o f  M. castagnei exami ned for mo rphol ogy of  mi crocon i di ophores  an d 
mi cru coni  di a 

Speci men 
Numbe r 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12  
13  
14  
15 
16 
17  
1 8  
19 
20 

Host Speci es  

P.  a lba 
P. alba 
P. a lba 
P. a lba 
P. alba 
P. alba 
P. alba 
P. alba 
P. alba 
P. alba 
P. alba 
P. a lba 
P. a lba 
P. alba 
P. alba 
P. a lba 
P. alba 
P. a lba 
P. a lba 
P. alba 

--- ---

O ri g i n  

Dane Co . ,  Wi s con s i n ,  USA 
Anka ra , Turkey 
Zuri ch , Swi tzerl an d 
Ge rmany 
Zuri ch , Swi tzerl and  
�1i ramas , France 
Vi  dzeme , La tvi a 
I ta ly  
Norway 
Fran kfurt ,  Germany 
Temesva r ,  Hun g a ry 
Temes var , Hun gary 
Temes va r ,  Hun gary 
Bran den b u rg ,  Ge rmany 
Kes the ly , Hun gari a 
Fran kfurt , Ge rmany 
I ta l y  
Parma , I ta ly  
Wei s s k i rchen , C zechos l ovaki a 
Dub l i n ,  I re l and 

Co l l ector Da te 

R .  F .  Ca i n  6 . 9 . 1953 
H .  Bremer 2 5 . 9 . 194 1 
A .  Vo l kart 7 . 9 . 1907 
H .  Syd01·1 . 8 . 1 9 1 9  
R . H .  Ri mpau  3 . 8 . 1960 
J .  L .  Cas tagne -

K .  Stares . 10 . 1934 
Prof .  C .  Po l l i n i  . 1888 
Kl app 8 . 10 . 194 1 
P .  Magn us 17 . 9 . 1873 
G .  Moes z . 9 . 1925 
G .  Moes z  . 9 . 1 925 
G.  Moes z  2 7 . 9 . 192 3 
H .  Sydow 18 . 8 . 1 9 19  
G .  Moesz  9 . 1 . 192 7 
P .  Magn us 1 7 . 9 . 1873 
Prof .  Po l l i n i  . 1888 
P rof .  Pas seri n i . 1874 
Dr .  F .  Petrak 2 7 . 8 . 1924 
F . 0 '  Ri o rdai n 3 1 . 10 . 19 79 

! 

N 
" 0 



APPEND I X  7b : Fi e l d col l ect ions  o f  M. populi e xami ned  for mo rpho l ogy of  mi c rocon i di ophores and  mi crocon i d i a  

Speci men Hos t 
Numbe r 

2 1  P. beroZinensis 
22 P. regenerata 
2 3  P. mari Zandica 
24 P. nigra 
25 P. nigra 
25  P .  nigra 
2 7  P. balsamifera 
28* P. nigra 
29 P. angustifo Zia 
30 P. angustifo Zia 
3 1  P .  nigra 
32 P. mari Zandica 
33* P. nigra 
34 P. nigra 
35 P. nigra 
36 P. nigra 
37  P. nigra 
38 P. nigl'a 

* Type s pec i mens 

Ori g i n 

Hann . Mun den , Ge rmany 
Kas se  1 ,  Ge rmany 
Hann . Mun den , Ge rmany 
Zuri ch , Swi tze rl and  
Zuri ch , Swi tze rl and  
N i e de rdona u ,  Ge rmany 
Harpen den : Engl and  
Fran ce 
Wyomi n g ,  USA 
Wyomi n g ,  USA 
S u rrey , En g l an d  
Li empde , Hol l an d  
Fran ce 
Be l g i um 
Ypres , Be l g i um 
Dub l i n ,  I re 1 and  
flji l ton , En gl and  
Su rrey , Eng l an d 

Co l l ecto r  Da te 

H .  Buti n 12 . 5 . 1956 
H .  Buti n 15 . 10 . 1956 
H. Buti n 20 . 8 . 1955 
R . H .  Ri mpa u 1 7 .  8 .  1960 
R . H . Ri mpau 7 . 9 . 1960 
F. Pe trak  . 9 . 1939 
J . S .  Di ckens . 19 79 
M . A .  Li bert . 1834 
W . G .  So l he i m  30 . 9 . 1956 
W . G .  So l hei m 4 .  10 . 1952 
D . A .  Burdek i n 2 7 .  7 . 1979 
J .  Gremmen 24 . 4 . 196 3 
M . A .  Li bert . 1834 
Eosq u i net  2 8 . 9 .  1855 
Eosqui net  9 .  10 . 185 7 
F .  0 '  Ri o rda i n  3 1 .  10 . 1 9 79 
A . G .  Bai l ey 10 . 1 1 . 1 979 
A . G .  Bai l ey 12 . 1 1 . 19 79 . 

N 
'-.1 ....... 



APPENDIX 7c : Fi el d col l ec ti ons  of  M. brunnea exami ned for mo rpho l ogy of  mi c rocon i di ophores an d mi crocon i d i a  

Speci men 
Numbe r 

39 
40 
4 1  
42  
43 
44 
45 
46 
4 7  
48 
49 
50 
5 1  
52 
5 3- 5 7  

---------

Host 

P. tremuZa 
P. tremuZa 
P. tremu Za 
P. tremuZa 
P. tremu Za 
P. tremuZa 
P. grandidentata 
P. tremuZoides 
P. tremu Zoide s 
P. tremuZoides 
P. trerrruZoides 
P. de Ztoides 
P .x .euramericcm5b c\ 

d z ·a o us P. e to?.- .es 
P. species 

----------- -----

Ori g i n 

Zuri ch , Swi tzerl an d 
Zuri ch , Swi tzerl a n d  
On tari o ,  Can ada 
Pavi a ,  I ta ly  
Wes tfa l en , Ge rmany 
Wes tfa 1 en , Ge rmany 
On tari o ,  Canada 
Wi scons i n ,  USA 
Utah , USA 
Wi s cons i n ,  USA 
Was h i n gton , USA 
Col ora do , USA 
Dub l i n ,  I rel and 
Co l o ra do , USA 
Pa l mers ton No rth , NZ  

Co l l ector  Date 

R . H .  Ri mpau 20 . 10 . 1960 
R . H .  Ri mpau 2 3 . 10 . 1960 
J .  Dearnes s . 9 . 1923  
F .  Cavara . 1890 I 
A .  L udw i g 20 . 9 . 1923  
A .  L u dw i  g 19 . 9 . 1 9 2 3  
J .  Dearness 8 . 8 . 1913  
J . J .  Davi s 25 . 9 . 1894 
A . O .  Garre tt 9 . 8 . 1928  
J . J .  Davi s 3 1 . 8 . 19 16 
C .  V .  Pi pe r 3 1 .  8 .  1894 
C . F .  Baker 30 . 8 . 1892 
F. O ' Ri orda i n 3 1 . 10 . 1979 
T . E .  H i n ds 30 . 10 . 19 79 
Author I 2 5 . 5 . 1 9 78 

N 
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APPENr i X  8 
PRJPARAT I ON OF  MATER I AL FOR  SCANN I NG 

AND TRAN SM I SS I ON E LECTRON M I CROSCOPY  . - - - - - --· . . · - . . -

A .  SCANN I NG E LE CTRON M I C ROSCOPY 

2 7 3  

Sma l l bl ocks o f  ��ce l i um we re fi xed i n  3% g l uta ra l dehyde & 2 %  

forma l dehyde i n  0 . 1�1 pho s phate buffe r ( pH 7 . 2 )  ( Ka rnovs ky , 1965 ) for three 

hours . The  b l ocks we re then was hed i n  th ree chan ges o f  d i s ti l l e d wate r .  

E xcess  mo i s t u re was remo ve d wi th b l otti n g  paper and  the s peci men q u i ck­

fro zen i n  l i q u i d freon , fo l l owed by l i q u i d n i t ro gen . The  b l ocks  we re then 

trans fe rre d to s uper-coo l e d  bra s s  di scs ( l i qu i d n i tro gen ) an d p l aced  i n  a 

vacuum overn i gh t .  Free ze- d ri e d  s peci mens we re g l ued to me ta l  s t u b s  a n d  

coa te d  w i th  go l d  ( ap pro x .  150A0 ) .  Obse rva ti ons  we re ma de w i th a Cwi ks can 

100 fi e l d emi s s i on s cann i n g el ectron mi crosco pe . 

B .  TRAN SM I S S I ON ELE CTRON M I CRO S CO P Y  

Sma l l bl ocks o f  agar ,  sq uares of  l ea f  t i s s ue ,  we re fi xed  i n  3% 

g l u tara l dehyde + 2% fo rma l dehy de i n  O . H1 phos phate buffer ( pH 7 . 2 )  

( Karnovs ky , 196 5 ) , vacuum i n fi l tra ted  an d store d  i n  the p ri mary fi xa ti ve a t  

4 ° C .  S pe c i men s we re then trans ferre d to fre s h  buffe r ( th ree b u ffe r was hes  

i n  30 mi n s . )  and pos t-fi xe d for 3-5 hours i n  1% osmi um te t roxi de ( O s 0 4 )  a t  

4 ° C .  Fol l owi n g  th ree b uffer was hes , the fi xe d ma teri a l  was dehydra te d 

i n  an e thano l s er ie s  ( 2 5% , 50% , 75% , 95% , 100% ) , trea te d wi th p ro pyl ene  

oxi de ( 15 mi ns . ) ,  i n fi l tra te d an d embedded i n  Fl uka epoxy res i n  ( cu re d  

2 5  ho u rs a t  60 ° C ) . Sect ions  we re cut wi th a di amon d kn i fe on a L KB 

u l trami c ro tome and  mo un te d  on s up porte d gri ds . Gri d mo un te d  s e c ti o n s  we re 

s ta i ne d  5 - 7  mi n u tes  w i th s a tura ted uranyl ace ta te i n  50% e thanol , was he d  i n  

50% ethano l ,  then i n  d i s t i l l ed wa ter and  s ta i ne d  5 - 7  mi n .  w i th l e ad  c i tra te 

( Venab l e  & Cogges h a l l ,  1965 ) ,  washed wi th di s t i l l ed water an d e xami n e d  wi th 

Phi l i ps EM 200 e l ectron mi cros cope . 
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APPEN D I X  9a : M. castagnei - di men s i on s  o f  mi cro coni di a from fi el d co l l e ct ions  

Speci men Len gth ( u )  Breadth 
N umbe r �1i n .  r�ean Max .  Mi n .  Mean 

1 a 3 . 6  4 . 4  5 . 4 1 . 3  1 . 5  
2 3 . 6  4 . 4  6 . 0  1 . 4  1 . 6  
3 3 . 6  4 . 6 6 . 0 1 . 4  1 . 6  
4 4 . 0  4 . 9  6 . 0  1 . 2  1 . 5  
5 4 . 0  4 . 9 6 . 4  1 . 1  1 . 4  
6 4 . 0  5 . 3  6 . 4  1 . 0  1 . 3  
7 4 . 0  4 . 6  6 . 4  1 . 0  1 . 3  
8 4 . 0  4 . 8  6 . 0 1 . 2  1 . 5  
9 4 . 0  5 . 4  6 . 4 1 . 2 1 . 4 
10 3 . 6  4 . 5  6 . 0  1 . 3  1 . 5  
1 1  3 . 6  4 . 7  6 . 0  1 . 2  1 . 4 
12  3 . 4  4 . 9  6 . 0  1 . 2  1 . 4  
1 3  3 . 6  5 . 2 6 . 4 1 . 2  1 . 5  
14 4 . 0  5 . 7 8 . 0 1 . 2  1 . 6  
15 4 . 0  4 . 8  6 . 8 1 . 2  1 . 4  
16  4 . 4  5 . 1  6 . 4  1 . 2 1 . 4 
1 7  3 . 2  4 . 6  6 . 0 1 . 2  1 . 4  
18 4 . 0  5 . 0  7 . 2  1 . 2  1 . 4  
19  4 . 0 4 . 8  6 . 2  1 . 2  1 . 9  
2 0  3 . 6  5 .  1 8 . 0  1 . 1 1 . 4  

Mean 3 . 2  4 .  9 o . 3 
D 

8 . 0  1 . 0  1 . 5 0 • 3  

a Fo r i den ti fi cat ion of i s o l ates s ee Appen di x 7a 
b S tandard de vi a ti on 

( u )  L : B  
Max . Ra t i o 

1 . 8  2 . 9  
1 . 8  2 . 7 
1 . 8  2 . 9  
1 . 8  3 . 3 
1 . 8  3 . 5 
1 . 6 4 . 1 
1 . 6  3 . 5 
1 . 8  3 . 2  
1 . 8  3 . 8  
2 . 2  3 . 0 
2 . 2  3 . 3 
1 . 8  3 . 5 
2 . 0 3 . 5  
1 . 8  3 . 6  
1 . 6  3 . 4 
2 . 0  3 . 6  
1 . 7 3 . 3  
2 . 0  3 . 6  
2 . 5  2 . 5  
1 . 8 3 . 6  

2 . 5  3 . 3 0 · '+  I 

APPE NDI X 9b : M. populi - d imen s i ons  o f  mi cro con i di a  from fi e l d co l l e c ti on s  

Speci men Len g th ( u ) Bre a dth 
N umbe r Mi n .  Mean tvlax · r�i n .  �ie an 

2 1a 3 . 4  5 .  1 6 . 8  1 . 0  1 . 3  
2 2  3 . 6  5 . 0  6 . 8  1 . 1 1 . 3 
2 3  4 . 0  5 . 4  7 . 6  1 . 1  1 . 3  
24 4 . 0  4 . 8  6 . 8 1 . 1  1 . 4 
2 5  4 . 0  5 . 2  6 . 8 1 . 2  1 . 4  
26  5 . 2  6 . 8  8 . 8  1 . 1 1 . 3  
2 7  4 . 0  5 . 4  7 . 0  1 . 0  1 . 2  
2 8  3 . 6  6 . 1  8 . 0  1 . 0  1 . 2  
2 9  3 . 6  5 . 5  6 . 8  1 . 2  1 . 4  
30 3 . ·6 5 . 8  8 . 0  1 . 2  1 . 4  
3 1  4 . 0  6 . 1 8. 0 1 . 2  1 . 6  
32 4 . 0  5 . 9  8 . 0 1 . 1 1 . 3 
33 3 . 6  5 . 6  7 . 0  1 . 2  1 . 4  
34 3 . 6  5 . 4 6 . 4 1 . 2  1 . 3 
35 4 . 0  5 . 7 8 . 0  1 . 2  1 . 4 
36 4 . 0  6 . 3  9 . 0  1 . 1  1 . 5  
3 7  4 . 0  5 . 9  8 . 0  1 . 1  1 . 3  
38 4 . 0  4 . 8  6 . 6  1 . 1 1 . 3  

Mean 3 . 4  5 .  6 o . s 
b 9 . 0  1 . 0  1 .  3 o . 1 

-

a Fo r i den ti fi ca ti on of  i so l ates  s ee Appen di x 7b 
b Stan da rd de vi a ti on 

( u )  L : B  I t•1a x .  Ra t i o 
1 . 8  3 . 9 
1 . 8 3 . 8  
1 . 8 4 . 1  
1 . 8  3 . 4  
1 . 8  3 . 7 
1 . 6  5 . 2  
1 . 6  4 . 5  
1 . 6  5 . 1  
1 . 6  3 . 9 
1 . 8  4 . 1 
2 . 0  3 . 8 
1 . 6  4 . 5  
1 . 7 4 . 0  
1 . 8  4 . 1 
2 . 0  4 . 1  
2 . 0  4 . 2  
1 . 8  4 . 5  
1 . 6  3 . 7 

2 . 0 4 . 1 o . " 



APPEND I X  9c : 

Speci men 
N umbe r Mi n .  

39a 3 . 6  
4 0  3 . 4  
4 1  3 . 4  
42  3 . 2 
4 3  3 . 2 
44  3 . 6  
45  3 . 4  
46  3 . 6  
4 7  3 . 6  
4 8  3 . 4  
49  3 . 2  
50  3 . 4  
5 1  3 . 2 
5 2  3 . 2 
53  3 . 6  
5 4  3 . 5  
55  3 . 2 
56  3 . 4  
5 7  3 . 4  

�1ean 3 . 2 

M. brunnea - di mens i ons  o f  mi croconi -di a from fi e l d 
co l l e cti ons  

Len gth ( u ) Bre a dth ( u ) 
�1ean t�ax .  Mi n .  �lean Max .  

4 . 4  5 . 2 1 . 1  1 . 3  1 . 8  
4 . 3  5 . 6  1 . 0  1 . 3  1 . 6  
4 . 1 6 . 0 1 . 0  1 . 3  2 . 0  
4 . 5  6 . 0 1 . 0  1 . 2  1 . 6 
4 . 2  5 . 6 1 . 0 1 . 3 1 . 8  
4 . 6  5 . 6 1 . 2 1 . 3  1 . 6  
4 . 5 6 . 0 1 . 0  1 . 2  1 . 6  
4 . 8  8 . 0  1 . 0  1 . 3  1 . 6  
4 . 6  6 . 0 1 . 0 1 . 3 1 . 6  
4 . 6  6 . 0 1 . 1 1 . 3  1 . 6  
4 . 6  6 . 0 1 . 1  1 . 4  2 . 0  
4 . 6  6 . 0  1 . 1  1 . 2  1 . 6  
4 . 6  8 . 0  1 . 0  1 . 3  1 . 6  
4 . 1  6 . 0  1 . 1  1 . 2  1 . 6  
5 . 4  6 . 8  1 . 1 1 . 3  1 . 6  
4 . 0  5 . 6  1 . 1 1 . 3  1 . 6  
3 . 8  5 . 0  1 . 1  1 . 2 1 . 6  
5 . 2  6 . 4 1 . 2  1 . 4  2 . 0  
5 . 4  7 . 6  1 . 1  1 . 3  1 . 8  

4 . 5 0 • 4 
b 8 . 0  1 . 0  1 . 3 0 · 0 6 2 . 0  

a Fo r i den ti fi cat ion  of i so l ates  see Appen di x 7c  
b S tanda rd devi a ti on 

... 
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L : B  
Rati o 

3 . 4  
3 . 3  
3 . 1 
3 . 7 
3 . 2  
3 . 5  
3 . 7 
3 . 7 
3 . 5  
3 . 5  
3 . 3 
3 . 8 
3 . 5 
3 . 4  
4 . 5  
3 . 1 
3 . 2  
3 . 7 I 4 . 1  

3 . 5 c · 3  I 



.I 

P.PPENDIX 10 
TAXON OMY O F  SPEC I ES W I TH I N TH E G EN US 

POPULUS 
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Much of  th i s  re vi ew i s  based on the a rti c l e  by Schrei ner  i n  ' Se e ds 

of  ��oody P l ants i n  the Un i te d States ' ,  Un i ted S ta tes Departmen t of  Agri cu l ture , 

1 9 74 . 

The gen us Popu lus i n cl u des approxi ma te ly  40 s peci e s  o f  l a rge 

dec i duous  trees rep resen ted th roughout  E u rope , As i a  and  Ame ri ca . As mos t  

s peci es  a re readi l y  propagate d  from s tem o r  root cutti ngs , new cl ones  may be 
mul ti p l i ed q u i ckl y w i th the as s u rance tha t  each tree wi l l  be  the s ame . 

( i ) 
( i i ) 
( i i i ) 
( i V )  

A .  

Speci es o f  popl ar  a re g rouped i n to fo ur secti o ns : 

Secti on Le uce - the s i l ver  and  a s pen pop l a rs . 

Secti on Ai ge i ros - the b l ack pop l a rs .  

Secti on Ta camahaca - the ba l s am popl ars . 

Secti on Le ucoi de s  - a smal l s ecti on comp ri s i n g  o n l y  two s pe c i es . 

S E CT I ON L E UCE : 

I n c l u des the s i l ve r  popl ars (P. a lba) an d the a spen pop l a rs 
(P. tremula., P. tremuloides) whi eh are g ro uped  unde r  s ub- secti ons  A lbidae 

an d Trepidae res pe c ti ve l y .  

( 1 }  Sub-secti on A lbidae - P. alba L .  o r  s i l ver  (wh i te ,  abe l e ) po p l a r . 

These  s peci es a re endemi c to cen tra l an d s o u th ern E urope to wes te rn 
S i beri a a n d  centra l  As i a .  

( 2 )  Sub-secti on Trepidae - The aspe n  popl ars comp ri s i n g the fol l ow i n g  
s pe ci es : 

( i ) P. tremuloides tvli chx .  ( P. aurea T i de s t r . ) common l y  k nown 
as the q uak i n g  a s pen , trembl i n g a s pen , or go l den as pen . Th i s  

s peci es i s  en demi c to the Ame ri can con ti nent . 

. ( i i ) P. grandidentata �li chx . the b i g too th a s pen ; e n demi c to 
No rth Ame ri ea . 
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( i i i ) P. sieboZdiana fvli q .  (P. tremuZa var . v i l l osa  French  & S a v . ) . 

The s i ebo l d  a s pen ; endemi c to Japan . 

( i v ) P. tremuZa L .  the E uropean as pen ; fo un d i n  Eu r·ope , 

north e rn Afri ca and no rth easte rn As i a .  Fi rs t  gen e ra ti on hyb ri ds  

between Europea n P .  tremuZa an d Ame ri can P .  tremu Zoide s  have been 
p ro duced  convnerc i a l l y by con trol l ed hyb ri di za ti on i n  E u rope . Such  

hyb ri ds show s uperior growth to  e i ther  parent s pec i es ( Sch re i ne r ,  

1959 ) . 

Natura l  hybri ds o f  the s ub secti ons  A Zbidae and  Trepidae o cc u r ,  fo r 

e xamp l e P .  x canescens ( Ai t . ) Sm . ( the grey popl ar ) wh i ch i s  a hyb r i d o f  
P .  a lba x P. tremuZa . Th i s  hybri d s peci es i s  found i n  EU 1�ope a n d  wes te rn 

Asi a .  

B .  S ECTI ON AIGE I ROS : 

The l a rgest secti on of pop l ars wh i ch i s  compri sed  o f  tv1o ma i n  

groups ; the  Ame ri can and  European b l ack popl a rs . 

( 1 ) The Ame ri can b l a�k popl a rs ( co ttonwo o d  pop l ars ) . Th i s gro u p  i s  

qui te d i verse an d i n c l u des  the fo l l owi n g  s pec i es , al l of  v1h i ch are e n demi c 

to the Ameri can con ti nen t .  

( i ) P. acuminata Ryb d .  - the l an ce l eaf co ttonwood .  
( i i ) P. angustifoZia James - the narrow l eaf  co ttonwood . 
( i i i ) P. de Ztoides Bartr . - eastern co ttonwood , Caro l i na pop l a r  

o r  neckl ace pop l a r .  I n c l uded i n  thi s s peci es a re n ume rous  

vari e ti es .  Fo r i ns tan ce ; P .  de Ztoides  var .  de l toi des ; va r .  

mi s so u ri ens i s ;  va r .  vi rgi n i ana  and  var . occi den ta l i s .  
( i v ) P. fremontii S .  Ha ts . va r .  fremon ti i - th e FreiTK)n t co t to n -

woo d  .. 

P. fremontii var .  Wi s l i zen i i  S .  Wats . - the R i o Gra n de 
co ttonwood . 

( 2 )  The  E u ropean b l ack popl a rs (P. nigra) cons i s t of  a s i n gl e  s pe ci es  

(P. nigra L . J occurri n g  througho u t  Europe and  wes tern As i a .  

The Ame ri can b l ack popl a r  (P. de Ztoides)  was i n tro duced to E u rope 

befo re 1 75 0AD and  hyb ri di sed  natura l l y wi th P.  nigra. 
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The res u l ti n g  ' e u rame ri can • hyb ri d seedl i n gs s howed remarkab l e  hyb ri d 

v i go ur  an d many we re s el e cted  an d exten s i vel y  c u l ti va te d ,  often s uppl a n t i n g  

the parent  s peci es . To these new hyb ri d s pec i es we re appl i ed names s u ch  

a s  Robu s ta , Sero ti na  an d Mari l andi ca (Wi l k i n son , 1975 ) . S i n ce then many 

new se l ecti ons of P.  x euramericana ( Dode ) Gu i n i e r pop l a rs have been b re d  

and  re l eased  unde r names s uch as ; Gi orgi one , Lon gh i , Vene z i ano , o r  n umbe rs ; 

N L  2 195 , OP 6 6 , NZ  500 1 ,  1 78 ,  ANU 65-2 7 ,  depen d i n g  on the re s ea rch 

i n sti tute res pons i b l e  fo r the hyb ri di z a ti on and s e l ecti on .  

C .  S E CT I ON TACM1AHACA : 

Speci e s  o f  thi s secti on are common l y  known as ' ba l sam  pop l a rs • a n d  

a re characteri zed  by l ea ves wi th a dark g reen a daxi a l  s urface a n d  wh i te to 

l i gh t  g reen abaxi a l  s urfa ce . Leaf  buds commo n l y  exude amo un ts o f  a n  ambe r· , 

s t i cky , aroma t·i c s ubs tan ce ' ba l sam • . The Secti o n  Tacamahaca i s  the s econ d 

l arges t secti on of the genus , compri s i n g  the fo l l ow i n g  mai n  speci es ; 

( i ) P. baZsamifera L .  (= P. tacamahaca Mi l l . ,  P. candicans Ai t . ) - the 

ba l sam o r  tacamahaca pop l a r  wh i ch i s  endemi c to the Un i ted States . 

( i i )  P. trichocarpa Tor r .  & Gray ( = P. hastata Dode ) - the b l ack  co t to n ­

wood o r  Cal i fo rn i a  popl a r  wh i ch i s  endemi c t o  t h e  Un i te d  States . 

( i i i )  P. maximowiczii Hen ry ( =  P. Koreana Reh d . }  - the Japanese popl a r  

occurri n g  thro ugho u t  N . E .  As i a  an d Japan . 

( i v } P. simonii Carr . - the s i mon popl ar \'-lh i ch i s  en demi c to N . \4 .  Ch i n a '· 

and Korea . 

( v }  P. Zaurifo Zia Ledeb . (P .  yunnanensis Dode ) - the l a ure l pop l a r  

whi ch i s  endemi c to S i be ri a and Ch i na .  

( v i ) P. szechuanica Schnei d .  - the Hi ma l ayan o r  Ti beti an popl a r  wh i c h i s  

endemi c to cen tral  As i a .  

I n  addi t i on to the above s peci es the re a re nume ro us hybri ds between 

these s peci es . Fo r exampl e ,  P. x androscoggin i s  a hyb ri d of  P. maximowiczii 

an d P. trichocarpa. There a re a l so hybri ds of P. koreana x P. trichocarpa 

an d P. tacmnahaca x P. trichocarpa . 



D .  S E CTION  LEUCO I DES : 
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Th i s  i s  the sma l l e s t  section of the gen us compri s i n g  two co.mme rc i a l l y 

i ns i gn i f i can t s peci es , P. Zasiocarpa Ol i v .  a nd  P. wi lsonii Schne i d . 

. . 
I n  addi t i on to s peci es deri ved  from i n trasecti ona l  c rosses , th e re 

a re a l s o  n ume ro us c u l ti vars de ri ve d from i n te rsec ti on a l  cros ses  be tween 

s pec i e s  o f  the Secti ons ; Leuce x Aigeiros3 Ai.geiros x Tacamahaca an d 

Leuce x Tacamahaca . Duri n g  the l as t  20 yea rs an exten s i ve i n te rchan ge 

of see ds , po l l en , cutti  n gs an d fl oweri n g  b ranches has  occurre d  be tween 

re search s tat ions  t h ro ughout the wo rl d and new s e l ecti ons  b re d  fo r 

res i s ta n ce to Me lampsora rusts and Marssonina s peci es a re con ti n ua l l y  be i n g  

p ro duce d .  There a re tho usands of  s uch pop l a r  c l ones under tes t  an d 

h un dre ds i n  commerci a l  use thro ugho ut  the worl d (Schre i  n e r ,  1959 ) . 
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