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ABSTRACT

N ine ty~ rna  ro o t is o la te s  w«rs is o la te d  Trùta the e c to m yco rrh lza l 

ro o t»  o f P jnus s y lv e s t r ie .  B o le tus v a r le q a tu s  1 and B oletus lu te u s  

were is o la te d  from  spotophores*

E le c tro n  m icrographs shewed the d o lip o r®  septum to  be p re se n t 

in  B o le tus lu to u s , b u t a a ln ^ ila  pore occurred  in  the aoptim  o f ro o t  

is o la te

B o le tus  lu to u s  and some ro o t is o la te s  caused the  dichotomy o f  

the  secondary la te r a ls  o f . jn u s  a y lv a s t r is  ssQdiinQs grown on 

P ach leusk i agar s lopes* ICT^M lndol© -3«-® cetic  a c id  had a s im i la r  

e f fe c t *

A ttew fîts  to  syn th e s ize  ec tom yccrrh izae  In  v i t r o  between 

i inus  a y lv e s t r is  end ro o t is o la te s ,  B o le tus  variuQutuQ 1 o r 

B e lo tus  lu te u s  were o f  l im ite d  success* Severa l e s ta b lis h e d  techn iques 

and m o d if le a t io n e  o f  them were used*

However many ro o t  ie o le te e ,  a ls o  B o le tu s  v s r io p a tu s  l^w ere  

© ig n if ic a n t iy  s t im u la te d  by l iv e  exc ised  tomato ro o ts ,  th is  be ing  a 

c h a r a c te r is t ic  o f  e c tc m y c e rrh iz a l fu n g i,  a lthough  B o le tus  v a r le o c tu s  1 

end the  ro o t  is o la te  h13 reac ted  d i f f e r e n t ly  to  exude te s , e x tre c te  and 

hcmoQsnates o f  e xc ised  tomato and p in e  se e d lin g  ro o ts .

S p e c if ic  M 3  grow th s t im u la to ry  f r a c t io n s  o f  exc ised  tomato and 

p in e  s e e d lin g  ro o t  p ra p a re tic n a  were o b ta ined  by paper chrometegrephy 

us ing  two d i f f e r e n t  e o lv a n t système# There were no s p e c i f ic  

G clotua v a r ia q a tu s  1 grow th s t im u la to ry  f ra c t io n s *

A numfc»er o f  o rg a n ic  compound© ware p o s i t iv e ly  id e n t i f ie d  by 

papE#r chromatography to  b« p resen t in  the  exc ised  tomato ro o t 

p re p a ra tio n s *  R ib o f la v in  had s im i la r  f r a c t io n s  as the  Ml3 grow th 

a t i« u ls io r ( s )  i n  bo th  s o lv e n t systems# The id e n t i t y  o f  these 

s t im u la to ry  spo ts  as r ib o f la v in  was con firm ed  by the usa c f  the



Spectrom eter# A lsc  i t s  e f fe c t  on the  grow th o f  h i3 was determ ined# 

TÎ1C n u t r i t io n a l  requ irem ents o f  f1 3  war# s im i la r  to  those o f 

se ve ra l ijnnamad e e to m yco rrh iza l fungi g b u t d i f fe r e d  fro #  the  

requ irem ents o f c e r ta in  named e c to m y c o rrh iz e l fu n g i,  fo r  example 

Be Ic tu s  va rieoe tuQ ,
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REVIEW OF THE LITERATURE.

1 . THE :YmBICTIC ASSOCIATION.

a) M o rp h o lo g ie # !.

Eotom ycorrh lzae occur ve ry  w id e ly  in  nature» and 

tre e s  bea rin g  ectom ycorrh izee  a re  found more fre q u e n tly  

than tre e s  which do n o t.  They a re  produced ae a r e s u lt  

o f  a s y m b io tic  re la t io n a h ip  between a fung i»»  which 

is  u s u a lly  a Baaidiom ycete end fo r e s t  trees»  which 

in  t h is  c o u n try  belong to  the  fa m il ie s  P inaceae, 

Betu laceae and Fagaceee.

An ec tom yco rrh iza  c o n s is ts  b a s ic a l ly  o f  a s te le  

o f  h os t t is s u e  surrounded by the  endodarm is. Outside 

the  andodermia is  the  c o r t ic a l  re g io n  between the  c e l ls  

o f  which the  hyphae o f  the  s y m b io tic  fungus pass to  

form  the  H e r t ig  n e t .  C u ts ide  t h is  re g io n  i s  the m entis  

which c o n s is ts  e n t i r e ly  o f  fu n g a l t is s u e  o f  c lo s e ly  

in te rw oven  and compact fu n g a l hyphae, and i t  i s  th is  

m antle  and the  en la rged  c o r t ic a l  c a l ls  W iich  g ive  the  

ro o t  the  appearance o f  be ing  s w o lle n . The in fe c t io n  

zone occurs behind the  grow ing t i p  and in  f r o n t  o f 

the  re g io n  where the  p rim a ry  c o rte x  d e te r io ra te s  

w ith  the  m a tu ra tio n  o f  the  ro o t,  and has been termed 

the  D y c o rrh iz a l In fe c t io n  Zone o r  h lZ  (Marks and 

F o s te r ,1973).

Ectendom ycorrhizae occur when the  fu n g a l hyphae 

in s te a d  o f  passing  o n ly  in t e r o e l lu la r ly  through the 

co rtex»  a ls o  p e n e tra te  the  c e l ls  im t r a c e l lu la r y .
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Hofs ie n  (1969)» a f t e r  studyim g an octendom ycorrhlza 

found th a t  the  ty p ic a l  d o lip o ra  septum» p resen t in  a l l  

Qasldiom ycates» occurred  in  the  hyphae o f  the  H a rtig  

n e t .

The a c tu a l d is t in c t io n  between these two typos 

o f  m ycorrh izae  i s  s t i l l  n o t c le a r ly  understood . I t  

has been suggested th a t  they may be produced by two 

d i f f e r e n t  fu n g i»  c o n d it io n s  in  the  s o i l  fa vo u rin g  

one type o f fungus ra th e r  than the  o th e r (M iko la ,

1965). A lte r n a t iv e ly  ectendom ycorrh izae may re s u lt  

from  secondary in v a s io n  by a weakly p a r a s it ic  fungus 

(H a cska y lo ,1957) o r one which n o rm a lly  produces 

e c to m yco rrh iza * (w i lc o x ,1971).

M o rp h o lo g ic a lly  p ine  ec tom ycorrh izae  are d is t in c t  

and d i f f e r ,  f o r  exsmv>le, ftom  those found on beech*

The e c to m y c o rrh iz e l ro o ts  o f  p in e  a re  much stunted» 

u s u a lly  sw o lle n  and o fte n  d ichotom ously  branched» 

e i th e r  s im p ly  o r  more p ro fu s e ly  to  form  a c o r a l lo id  

s t ru c tu re  o r  even a tu b e rc le .  In  beech the  young 

non^suberizad  ro o ts  become in fe c te d  and form  racemoeely 

branched e c to m yco rrh iza l systems*

There has bean pub lish e d  a l i s t  o f  h ig h e r fu n g i 

which form  re g u la r  a s s o c ia tio n s  w ith  c o n ife ro u s  and 

o th e r t re e  spec ies  (Trapps,19&2» 1963)» a lthough  these 

a s s o c ia t io n s  have no t always bean con firm ed  by in  v i t r o  

syn theses. These la t t e r  p rocsdu rss  a re  b a s ic a lly  

methods to  determ ine w hether e c to m y c o rrh iz a l fo rm a tio n  

w i l l  occur under s t e r i le  c o n d it io n s  in  a c o n tro lle d  

environm ent (M a lin ,1921% W orkrans;1949; Hacskaylo,



27

19S3| F o rtin »  1966* Paohlowskl» 1967; Pachlewaka#

1967; Pachleweki and Pachlewoka» 1967).

These o c to m y c o rrh lz e l fu n g i u s u a lly  belong to  

the  BaaidiomycetQS and o re  sep ta te»  o fte n  w ith  clamp 

co n n e c tio n s . Some Ascomycetes have been is o la te d »  

and one» Conococcur^ g ra n lfo rm e .  i s  known to  occur 

w id e ly  in  the  e c to m yco rrh iza l ro o ts  o f  fo re s t  t re e s .

A lso  a number o f  t r u f f l e s  have been shown to  form  

ectom yoorrh izaa  in  v i t r o ,  a ,g .  Tuber bruwale w ith  

P inus n ig ra  (Fontana and Fasc ia  Bonfanta» 1971),

Very l i t t l e  work has been done w ith  these asciw^ycetous 

fu n g i»  because o f  la c k  o f  success in  growing p o s s ib le  

opacias in  pure c u ltu re »  t h is  be ing  s tro n g  evidence 

th a t  tf.ay a re  n o t e a p ro p h y tic  fu n g i (Trappe» 1971),

Trapp© say* th a t  s in ce  Cenococcu» g ren ifo rg^e appears 

to  be a n a to m ic a lly  s im i la r  to  Elaphomyces species» 

i t  c o u ld  perhaps be the  v e g e ta tiv e  s tage  o f  Claphomycea 

o n th ra c in u s .

I t  i s  p o s s ib le  to  Is o la te  the  sym b io tic  fungus 

from  th e  e c to m yco rrh iza l ro o t  (Zak and Bryan» 1963;

Zak and Marx» 1964; Lamb amd R ichards»1970; Marx 

a t  a l ,»  1970% Zak» 1971% Pa«W *Cabriales and Valcèts- 

Hgo» 1974), A f te r  s t e r i l i z i n g  the  o u ts id e  o f  an 

e c to m y c o rrh iz a l ro o t  and t r a n s fe r r in g  i t  to  a s u ita b le  

n u t r ie n t  medium the  fu n g u s ( i)  w i l l  grow exit o f  the  

ro o t  a f t e r  a p e r io d  o f  2 to  6 weeks, when i t  c n 

bo ke p t in  pure c u ltu r e ,  where i t  u s u a lly  remains 

s t e r i le  # I t  has bean p o s s ib le  to  match nom  o f  

thaeo fu n g i w ith  known e c to m y c o rrh iz a l fu n g i on the
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b as is  o f  ra te  o f growth and c h a ra c te r o f  m y c e lia l 

mat» b u t a la rg e  number o f  such ro o t  is o la te s  s t i l l  

remain u n id e n t i f ie d  (Zak and B ryan, 1963).

b ) n iochem ica l a spec ts .

C e rta in  b iochem ica l changes occur in  the  hos t 

ro o t a f t e r  the  fo rm a tio n  o f  ac tom yco rrh izee .

The amino a c id  co n te n t o f  the  ro o t a l te r s  

(Krupa ejt a l ,  » 1973* Krupa end Branstrôm» 1974), 

A rg in in e  and c i t r u l l i n e  accum ulate in  the  fre e  poo l 

o f  the c a l ls  o f nonM nycorrh lza l ro o ts  o f  Pinus n ig ra  

and Corylue  a v e lla n a . b u t in  the  e c to m yco rrh iza l 

ro o t  system th e re  was a g e n e ra l decrease in  the  

amine, a c id s , fo llo w e d  by an inc reeae  in  g lu tam ine  

and aspa ra g ine . A lso th e re  was a decrease in  the 

fre e  a rg in in e  p resen t in  B o le tus  w a risqa tus  hyphae 

when i t  formed the  sym b io tic  re la t io n s h ip  w ith  

P inus s y lv e e t r is  and so a rg in in e  s y n th e s is  in  

B o le tus  va ria p a tu s  i s  p robab ly  repressed by the 

h o s t .  I t  i s  suggested th a t  the  fungus uses the  h os t 

a rg in in e  p oo l to  form a more e f f i c i e n t  p ro te in  

s y n th e s is  system in  bo th  the  h o s t end the  fungus.

A n t ib io t ic s  a re  produced by e c to m yco rrh iza l 

fu n g i in  v i t r o  (Sasak and M u s ile k , 1967), They can 

a ls o  be e x tra c te d  from  e c to m y c o rrh iz a l ro o ts  formed 

by Cenococcum o ran ifo rm ^ on P inus s tro b u s , re s in o s a . 

and r ic e s  a b les  (Krywolap e t  e l , ,  1964) and from 

ectom ycorrh izae  formed by L e u c o p a x illu s  c e re a lis  

on P inus e ch ina ta * These a n t ib io t ic s  a re  im p o rta n t
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i n  the  ree ls tancD  o f  e c to m y c o rrh iz a l ro o ts  to  

P hytophthora  cinnamomi. a pathogen o f feede r ro o ts  

(Marx and Davey, 1969a and 1969b)*

A f te r  s tu d y in g  the rh izo ap h e re  o f  m o rp h o lo g ic a lly  

d i f f e r e n t  e c to m y c o rrh iz a l ro o ts  i t  seama th a t  th e re  

i s  8 v a r ia t io n  beUiean them, in  bo th  nim ber and 

types o f  b a c te r ia  and fu n g i p re sen t (Neal a t  al # ,

1964* F o s te r and Marks, 1967)* The d if fe re n c e s  

between these m o rp h o lo g ic a lly  d i f fe r e n t  ec tom ycorrh izae  

a re  though t to  be due, d i r e c t ly  o r  in d i r e c t l y ,  to  

d i f f e r e n t  fu n g a l sym bionts*

Zak (1967) observod a nematode be long ing  to  

the  genus M elo idodera a sso c ia te d  w ith  tw o, m o rp h o lo g ic a lly  

d is t in c t  types o f  e c to m yco rrh iza e , a long a SO#8cm 

Pssudostuna menzies:- .! ro o t*  More Aetinom ycetes and 

b a c te r ia ,  in c lu d in g  b a c te r ia  a b le  to  reduce methylene 

b lu e ,  fe rm ent g lucose and prosmte a m m o n ifica tio n , 

a re  found i n  e c to m y c o rrh iz a l than  non-ectomyc o r r h iz a l 

ro o t  rh izo ep h a rss  o f B o tu la  a lle o h a n ie n s ie  (Katzne leon 

e t  j a * ,  1962}* These b a c te r ia  p ro ba b ly  a l l  belong 

to  one group and are  a ls o  p re se n t i n  the  m en tis  o f  

the  e c to m y c o rrh iz a l ro o ts  o f  P inus ra d ia ts *  the  

s y m b io tic  fungus being B o le tus  o ra n u la tu a * One such 

b a c te r iu m , R1«*2, i s  s t im u la te d  by the  exudates o f  

0. o ra n u la tu s . b u t rw t by P inus ra d ia te  ro o ts *

R1-2 a ls o  develops w a ll i n  a medium s u ita b le  f o r  

n it ro g a rv - f ix in g  b a c te r ia  (R a m b e lli e t  a l * .  1972)*

T here fo re  these b iochem ica l changes which occur 

a f t e r  e c to m yco rrh iza l fo rm a tio n , p o s s ib ly  produce
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an a l t e r a t io n  in  tha  rh izo»ph«ra  o f  the  h os t r o o t ,  

such th a t  a new m ic ro f lo ra  form s and hence s 

m ycorrh izosphero •

c )  P h y s io lo g ic a l#

I t  i s  known th a t  p ine  seod lin g a  in o c u la te d  

w ith  an e c to m y c o rrh iz a l fungus show improved growth 

(F in n , 1942; Thaodorou and Bowen, 1970), even i f  

e c to m y c o rrh iz a l fo rm a tio n , as such, does n o t occur# 

A lso  most b o n a f i t  i s  ob ta in ed  by the  p ine  se ed lin g  

i f  i t  ie  in o c u la te d  w ith  a p o te n t ia l  e c to m yco rrh iza l 

fungus which has been is o la te d  from  the same tre e  

sppc ies  (LaW) and R icha rds, 1971)#

More n u t r ie n ts  a re  known to  be taken up by 

e c to m y c o rrh iz a l than n onuse tom yco rrh iza l p la n ts  

grow ing under n u tr ie n t-p o o r  c o n d it io n s #  Th is has 

been shown to  occur in  p in e  s e e d lin g s , where th e re  

was an in c re a se  o f  86^ n i t r a te s ,  234^' phos^Tetes 

and TSf potassium  in  e c to m y c o rrh iz a l p la n ts ,  

compared w ith  n o n -e c to m yco rrh iza l p la n ts  (H atch , 1937), 

T h is  has been con firm ed  f o r  phosphate (Kramer and 

W ilb u r , 1949} and f o r  ammonitm, c a lc iu m , g lu ta m ic  

a c id ,  phosphate and sodium (F in n , 1942; PWlin and 

N ils s o n , 1950, 1952, 1955# M e lin  g t  s jL ., 1958).

O ther r e s u lts  based on experim ents w ith  exc ised  

beech ectom yoorrh izaa  have shown th a t  most o f  the  

phosphate i s  s to re d  in  the  m a n tle , un less  the 

phosphate in  the  o u b s tra te  i s  reduced and then i t  

passes in t o  the  h os t t is s u e  (H a rle y  and McCreedy
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1950, 1952),

The e c to m yco rrh iza l r o o t ,  es w a ll  as the  m y c e lia l 

s tra n d s  ex tend ing  from  these ro o ts ,  increeae  the 

abso rb ing  s u rfa c e , hence th e re  la  l i k e ly  to  be an 

in c re a e e  in  the  amount o f  w a te r and m iné ra le  which 

can be taken  up by these ro o t# *  I t  i s  known th a t  

lone  e x is t  in  the  s e l l ,  e i th e r  edaorbed w&to the  

su rfa ce  o f  c o l lo id # ,  o r  a# p a r t  o f  the  s o i l  m in e ra l 

s o lu t io n s .  These c o l lo id a l  su rfa ce s  are  la c k in g  

in  i n f e r t i l e  s o i l  and so most o f  the  lena  e x is t  

88 p a r t  o f  the  a o i l  m in e re l s o lu t io n s  and tend 

to  be lo s t  to  the p la n t  by le e c h in g . E xtensive  

m y c e lia l s trand#  must be o f advantage in  n u t r ie n t  

uptake in  such e itu a t io n a .  M y c e lia l s trands  a ttached  

to  e c to m y c o rrh iz a l ro o ts  (a# w e ll  as fu n g i and 

b a c te r ia  a lre a d y  in  the  s o i l )  a re  a ls o  known 

to  produce a c id s  which d is s o lv e  the  s i l i c a te s  in  

the  s o i l ,  the  re leased  ic n a  be ing  absorbed by the  

m y c e lia l s tra n d s  and the  e c to m y c o rrh iz a l ro o ts  

(V o ig t ,  1971),

D uring  a p e r io d  o f  summer d ro u g h t, the re  was 

an in c re a se  in  tha  number o f  p in e  se ed lin g s  tA ic h  

s u rv iv e d  a f t e r  having  boon in o c u la te d  w ith  the 

e c to m y c o rrh iz a l fu n g i,  F^zopogon lu to e lu a  and 

B o le tu s  o ra n u la tu s  (Thaodorou and Bowen, 1970),

I t  has been fu r th e r  suggested th a t  the  

ec tom yco rrh iza  also p ro te c ts  the  ro o t  from a tta c k  

by p a r a s i t ic  fu n g i,  p o s s ib ly  by s e rv in g  as a 

p h y s ic a l b a r r ie r  to  in fe c t io n ,  by s e c re tin g  a n t ib io t ic s
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in to  the  a o i l ,  by using  the  su rp lu s  carbohydra tes 

and 8 0  reducing  tha  a tt ra c t iv e n e s s  to  ro o t  pathogen#, 

o r  by fa v o u rin g  tha  rh izoaphere  organisms which 

p ro te c t  the  ro o t from p a r a s i t ic  fu n g i*  There i s  now 

some expe rim en ta l evidence to  suppo rt t h is  h ypo thes is  

(Z#k, 1964, 1971% f ^ r x ,  1971, 1973),

Monoterpsnes and aesqu ite rpenea  are both  r e la t iv e ly  

abundant c o n s t itu e n ts  o f e c to m y c o rrh iz a l ro o t systems o f 

I in u s  e y lv e s t r is  and as they a re  known to  in h ib i t  the  

grow th o f  Phytophthora cinnamomi and Pomes annosus, 

i t  has been suggested th a t  they p la y  an im p o rta n t 

p a r t  in  d isease re s is ta n c e  (Krupa and F r ie s ,  1971|

Kruna and N ylund, 1972),
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2 .  FLiif'ATICN t. f  CCTl FYCCRRHIZAC.

tc tom yoo rrh lze e  ar@ formed in  the f i e ld  on c o n ta c t between 

an a c t iv e ly  grow ing ro o t and a com pa tib le  fungus. The fungus may 

o r ig io n a te  i n i t i a l l y  from spores in  the  s e l l ,  o r from hyphae 

from  a re s id u a l m ycelium , o r by the  p ro g re ss io n  o f  hyphae from 

the H a rt ig  n e t o f e s ta b lis h e d  ec tom ycorrh izae  (R obertson , 1954),

A number o f fa c to rs  d i r e c t ly  a f f e c t  the  fo rm a tio n  o f  the 

sym b io tic  re la t io n s h ip  between p la n t  and h o s t, and o f these the 

most d iscussed have been s o i l  n u t r ie n t  s ta tu s  and a c id i t y  and 

l i g h t ,

ec tom ycorrh izae  tend to  develop more fre q u e n t ly  in  a c id  

s o i ls  (f-« rx  and Zak, 1965), and c u ltu re d  e c to m y c o rrh iz a l fu n g i 

have t h e i r  optimum grow th in  an a c id  medium#

I t  ha© been suggastod th a t  s in cu  the  su rface  o f the ro o t  i s  

c o n t in u a l ly  be ing  recharged w ith  hydrogen io n s ,  th is  may a c t as 

a b u f fe r  a g a in o t any change in  s o i l  pH, so m a in ta in in g  the  ro o t 

su rface  in  an a c id  environm ent (V o ig t ,  1962). i t h e r  experim ent© 

a ls o  in d ic a te  th a t  e c to m yco rrh iza l development i s  n o t dependent 

d i r e c t ly  on pH, b u t on some o th e r e x te rn a l fa c to r ,  f o r  example 

n i t r i f i c a t i o n ,  whan the n i t r a te  c o n te n t o f the  s o i l  i s  in c re a se d , 

no m a tte r what the  pH i s ,  them the  number o f  ectom ycorrh izae  

decreases (R ic h a rd s , 1961* R ichards end W ilson , 1963), High 

phosphate es w e ll  as h igh  n i t r a te  le v e ls  a ls o  reduce 

e c to m y c o rrh iz a l fo rm a tio n  (F o w e lls  and Kraus©, 1959), H igh le v e ls  

o f n i t r a te s  and phosphates in  f u l l y  i l lu m in a te d  p la n ts ,  a lso  a 

low l i g h t  in te n s i t y  suppressed e c to m y c o rrh iz e l fo rm a tio n  on p in s  

ro o ts  (B jo rkm an, 1942), as a ls o  d id  s tra n g u la t io n  o f the  stems c f  

young p in e  tre e s  (B jo rkw an, 1944),

F u rth e r re s u lts  ob ta ined  by BJorkman (1970) suggested th a t
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th© le v e ls  o f  roducinn substance© in  the  p in s  needles were 

co ns ta n t a t  the  d i f fe r e n t  s o i l  n u t r ie n t  c o n c e n tra t io n s , b u t were 

1 cowered in  the  needles and ro o ts  o f  shaded p la n ts  and in  the ro o ts  

o f p la n ts  grown in  f u l l  and h a l f  d a y l ig h t ,  f e r t i l i z e d  w ith  n i t r a te s .  

H igher le v e ls  were ob ta ined  in  ro o ts  c f  p la n ts  grown w ith  added 

phosphates and s lc o  w ith  an in c re a se  in  the le n g th  o f  the  

phc itcpo riod . Bjorkman concluded from  these re s u lts  th a t  the 

suppress ion  o f e c to m yco rrh iza l fo rm a tio n  w ith  a s h o r t pho ti p e r io d  

re s u lts  from a low sugar co n te n t in  the ro o t*  The e f fe c t  o f  

Is f^gth  o f  pho top e rio d  was con firm ed  by O ou lla rd  (1961) and 

Hacskaylo (1969, unputjliohad  b u t c i te d  by Hacskaylo, 1973). 

C o n f l ic t in g  re s u lts  were ob ta ined  by M iko la  (1948) who found an 

inopease in  e c to m y c o rrh iz a l fo rm a tio n  w ith  a decrease in  le n g th  

o f the  p h o to p e ric d , us ing  p la n ts  o f  B e tu ls  pubsscens which had 

been in o c u la te d  w ith  Concccccu^r; q ra n i ferm e.

Experim ents by Handley and Sanders (1962) using e x a c t ly  the  

same e xp e rim e n ta l c o n d it io n s  as Sjerkman (1942 ), b u t w ith  non- 

e c to m y c o rrh iz a l p in s  s e e d lin g s , have in d ic a te d  th a t  excess 

s o l i^ le  reduc ing  substances in  the  e c to m yco rrh iza l root©  may 

occur as a r e s u l t  o f  e c to m y c o rrh iz a l fo rm a tio n , p o s s ib ly  due to  

the  accum u la tion  o f  these s o lu b le  reduc ing  substances in  tha  fu n g a l 

m y c e lia . A lso  L is te r  (1968) found the same le v e ls  o f

sucrose , g lucose  and fru c to s e  p re s e n t in  bo th  e c to m yco rrh iza l 

and n o n -e c to m yco rrh iza l r o o t * .

Mayor (1962) a lso  ob ta ined  s im i la r  re s u lts  to  Bjcrkmen (1942 ), 

b u t in  acme o f  h ie  experim ents th e re  was en inc rease  in  e c to 

m yc o rrh iz a l frequency in  a n u t r ie n t  r ic h  s o i l ,  in s te a d  c f  a 

n u t r ie n t  d e f ic ie n t  s o i l .  A lso  on the  a d d it io n  o f n i t r a te s  and 

phosphates to  the  s o i l ,  th e re  was no re d u c tio n  in  the  numbers o f
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B c tow yco rrh iza e , and In  fa c t  acme c##ea show an incraaa® .

T here fo re  I t  way no t he the  a c tu a l c o n c e n tra tio n  o f the  phoaphatee 

and n it r a tn a  In  the « o i l  which a f fe c t  e c to m y c o rrh iz a l fo rm a tio n , 

b u t the balance between them ( la n k ie ,  1971),

Fiarley (1969) does n o t accep t 8Jcrkman*a o r ig io o a l 

hypo thaa i#  and he p o in ts  c u t th a t  ca rbohyd ra tes  would be a ve ry 

n o n « e p « c ific  a tim u lw a to  e c to m y c o rrh iz a l in f tw t ic n  anyway# I t  may 

be th a t ,  a ltho u gh  s p e c i f ic  l i g h t  and n u t r ie n t  aupp lem onta tions 

are  necessary , tha  a c tu a l response depends on, f o r  exam ple, a 

s p e c i f ic  s o i l  n u t r ie n t  s ta tu s  o r  a s p e c i f ic  h o a t/fim g u s  

com bination# T h is  would account f o r  tha d i f f e r e n t  re s u lts  

ob ta in ed  by v a rio u s  w orkers us ing  d i f f e r e n t  s o i l  n u t r ie n t  s ta te *  

and d i f f e r e n t  h o s t/fu n g u s  com binations# f o r  example M iko la  (1948) 

who ob ta in ed  an inc rease  in  e c to m y c o rrh iz a l fo rm a tio n  a t  lew l i g h t  

in te n a i t ie e  used B e tu la  pubcscena combined w ith  Cenococcu» 

q ran ifo rm s#  wherasa Bjorkman (1970) who ob ta ined  an in c re a se  in  

e c to m y c o rrh iz e l fo rm a tio n  a t  h ig h e r l i g h t  in ta n a l t ia s  used 

P inus s y lv e e t r is  s s a d lin g *  a sso c ia te d  w ith  e ith e r  B o le tus  bovinus 

o r  B o le tu s  eubtom entcsus. A lso  tha  s o i ls  used by M iko la  and 

Ojorkman were ob ta in ed  from  d i f f e r e n t  sources and hence were 

n o t n u t r i t i o n a l l y  id e n t ic a l#

Tha work o f  Pelham and Mason (1975) in d ic a te s  the  im portance 

o f  each h oa t/fu n gu a  com b ina tion  in  re q u ir in g  a s p e c i f ic  n u t r ie n t  

s ta tu s .  Seed o f  b ir c h  (B e tu la  v e rru co sa ) ob ta inad  from S cotland  

showed me d if fe re n c e  in  the  q u a n tity  o f  ectom ycorrh izae  o b ta in ed  

a t  h ig h  and low phosphate c o n c e n tra t io n s , whereas seed from  

L a tv ia ,  sown in  the  same s o i l  produced more actom ycorrh lzee  a t  

low phosphate co nce n tra tio n s#

fu r th e r  re s u lts  were ob ta in ed  by Pelham and Mason (197S ),
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using  ve riouB  source» o f bo th  b irc h  seod and the s y m b io tic  fungus 

fim sn it.i muscaria# C.-n© is o la te  o f  i\m&njta  m uscaria . from  p ine  

t r iîo s  in  Am erica, would no t form  ectom ycorrh izae  w ith  b ir c h ,  

whereas is o la te s  c o lle c te d  from  b irc h e s  in  B r i ta in  d id .  There was 

a ls o  v a r ia t io n  in  the number o f s h o r t  ro o ts  which became 

G c tcm y c o rrh iz a l, 60-70% w ith  b irc h  seed prow ifkinca 1 and 2 , b u t 

on ly  10% w ith  seed prcvirtsnc© 3 . fa iham  and Mason suggested th a t  

th e re  is  p robab ly  a g e n e tic a l c o n t ro l c f  e c to m yco rrh iza l 

fo rm a tio n , s im i la r  to  th a t  found w ith  the  leQumg/R hizob iunt 

com plex. They a ls o  suggest th a t  I t  m igh t be u s e fu l in  fo r e s t r y  

p ra c t ic e  to  s e le c t  tre e s  and fu n g a l p a r tn e rs . S im ila r  re s u lts

to  those o f Pelham and Mason, were o b ta in ed  by ; r ig h t  and Ching

(1962) us ing  Psoudestuna m a n z io s ii s e e d lin g s , from many d i f f e r e n t  

seed sou rces , grown in  fo r e s t  n u rs e r ie s  in  u n s tc r i i iz e d  s o i ls .

E c to m yco rrh iza l fo rm a tio n  may be in flu e n c e d  by to x in s  

produced by p ine  ro o ts  ( fo s te r  and M arks, 1966, 1967; H i l l i s  ejt al*.

1969) o r by a sso c ia te d  nsacro flo ra , fo r  example grasses (Thacdcrcu

and Bowen, 1971) and C alluna  ep. (H and ley, 1963, c i te d  by H a rle y , 

1969).

The h ig h e s t sa&sonel frequency o f  G ctcm yco rrh iza l development 

o f  p ine  tre e s  grow ing in  fo r e s t  s tands i s  in  the  s p r in g ,  w ith  a 

decrease in  the  summer, p robab ly  due to  the  rcjfejcsd r a in f a l l  and 

h ig h e r t r a n s p ir a t io n  ra te s .  An in c re a se  occurs aga in  in  the 

autumn and a no the r decrease in  the  w in te r,w hen  presumably low 

tem pera tures suppress ro o t  and fu n g a l grow th (H acskaylo , 19S7). 

Nonce bo th  tam pero tu rs  end a v a i la b i l i t y  o f  w a ter appear to  a f f e c t  

tha fo rm a tio n  o f  ec tom yco rrh izae .

Rhizoaphere a c t i v i t y  in  gen e ra l may be im p o rta n t in  

e c to m yco rrh iza l fo rm a tlcm . The grow th  o f  e c to m yco rrh iza l fu n g i in
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the rhlzGGphere o f o th e r p la n ts  may be im p o rta n t tc  the  s u rv iv a l 

o f these fu n g i in  the f i e ld .  I t  i s  known th a t  rh izopooon lu te o lu s  

w i l l  c o lo n iz e  the  s t e r i le  ro o ts  c f  the  ncn-hoa t p la n t ,

Lo llum  perenne (Thnodorou and Bowen, 1971). f^ iz ca p h e re  m ic ro -  

organisme may play some ro le  in  the  fo rm a tio n  c f  ec tom ycorrh izae  

in  v iv o , and i t  has been re p o rte d  th a t  sndom yccrrh iza l in fe c t io n  

by LndcQone sp . cou ld  on ly  be ach ieved  a s e p t ic a l ly  in  the  

presence o f  Pseudomonas #p. (Fcsee, 1962).

C o n d itio n s  necessary f o r  e c to m y c o rrh iz a l fo rm a tio n  a re  

s p e c i f ic  f o r  each h os t/fun g us  co m b in a tio n , as in d ic a te d  by Pelham 

and ra s o n 's  work (1975 ). Hence the  i n a b i l i t y  to  syn th e s ize  

ectom ycorrh izae  w ith  c e r ta in  h o s t/fu n g u s  com binations in  v i t r o  

may n o t be due to  an in n a te  i n a b i l i t y  o f  the  fungus to  form  

ec tom yco rrh izae , b u t because the  c o n d it io n s  d u ring  ttie  e xpe rim en ta l 

p e r io d  a re  too  f a r  removed from those re q u ire d  by th a t  s p e c i f ic  

h o s t/fu n g u s  com b ina tion  in  v iv o .  The i n a b i l i t y ,  th e re fo re ,  c f  a 

s p e c i f ic  fungus to  form ectom yco rrh izae  d u rin g  in  v i t r o  s y n th e s is  

experim ents i s  n o t always d e f in i t e  p ro o f c f  the  i n a b i l i t y  o f  

th a t  fungus to  form  ectom ycorrh izae  under n a tu ra l c o n d it io n s .  

There fo re  n eg a tive  re s u lts  from in  v i t r o  s y n th e s is  te s ts ,  which 

are  used by many w orkers to  prove w hether a fungus is  

e c to m y c o rrh iz a l o r n o n -e c tc fn y c c rrh iia l must be viewed w ith  

c a u t io n .

a ) Hormone*.

E c tom yco rrh iza l fu n g i a re  known to  l ib e r a te  

substances e x t r a c e l lu la r ly .  In  the  e c to m yco rrh iza l r o o t ,  

the  fungus n o t o n ly  passes n u t r ie n ts  from the s o i l  to  the 

h o s t p la n t ,  b u t a ls o  produces and p rc l^sb ly  tra n s lo c a te s
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grow th hcrmon#*, l i k e  ô u x in a , c y to k in in e ,  g lb U o re l l in s  

and grow th re g u la t in g  B -vitam in@ . Th is r e s u lts  In  a 

h lg h a r c o n c e n tra tio n  o f  hormones w ith in  the p ie n t  than 

usua l and thus in f lu e n c e s  the  growth and development o f  

the  h os t (S la n k is ,  1973)*

C e ll f re e  f i l t r a t e s  from  B o le tus  v a rie g a tu s  and 

B o le tus  lu ts u s  cause the dichotom y o f  p ine  ro o t s im i la r  

to  th a t  ob ta ined  d u rin g  e c to n y c o r rh iz s l fo rm a tio n , ms a lso  

does in d o le -3 -a c e t ic  a c id  ( lA A ) ,  o th e r in d o le s  and 

naphtha lene a c e t ic  a c id  (NAA) a t  s u ita b le  c o n c e n tra t ie n s . 

NAA io  more e f fe c t iv e  than  lAA . As the c o n c e n tra tio n  o f 

lAA is  increased  ro o t  h a ir s  d isa pp e a r, the  c o r t ic a l  

c e l ls  g ra d u a lly  show r a d ia l  expansion and the degree o f  

d ichotom y a ls o  in c re ase s  (5-ICmg lA A / l i t r e ) ,  u n t i l  a t  a 

h ig h e r c o n c e n tra t io n , s t ru c tu re s  s im i la r  to  tu b e rc le  

e c tom yco rrh izae  form  (10-20mg lA A / l i t r e )  (S la n k is ,  1948, 

1949, 1930, 1951, 1958,1963).

In  o rd e r to  m a in ta in  t h is  dichotcwKoua developam nt, 

e i t h e r  fu n g a l exudate o r  s y n th e t ic  aux in  has to  be 

s u p p lie d  every o th e r weak, o th e rw ise  the  sw o lle n  t ip s  

b eg in  to  e longa te  and the  a c to w y c c rrh iz a l c h a re c te r ie t ic s  

d isa p p e a r. There fo re  th e re  must be a con tinuous 

p ro d u c tio n  c f  lAA o r s im i la r ly  a c tin g  growth hormone in  

tha  ro o ts ,  perhaps produced by the  fungus {s la n k is ,  1973).

I t  i s  g e n e ra lly  assumed th a t  © c tom yccrrh izs l f im g i 

a re  re s p o n s ib le  f o r  tha  m o rp h o lo g ica l change# which 

occur in  the  ro o t (C cga la , 1971). I t  i s  known th a t  fu n g a l 

aux ins  a re  tra n s p o rte d  te  the  mother ro o t from 

o c tnm yco rrh izae , and e v e n tu a lly  to  the  re s t  o f  the  ro o t
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eystesi, and th a t  exo&enou* a u x in  absorbed by one re g io n  

o f the  ro o t system w i l l  a f f e c t  the re s t  o f  the  ro o t 

system (S la n k is ,  1973).

Th© amount and tim e  o f  p ro d u c tio n  o f these hormones 

v a r ie s  botueon fu n g a l specie© (M oser, 1959; U lr ic h ,  1960), 

f o r  example B o le tus  va rie o & tu s  w i l l  produce ÎAA in  

d e te c ta b le  amcunta a f t e r  3 days, wharsas Amanita 

f rn o t ia n g  re q u ire s  7 months. T h is  m igh t account f o r  

v a r ia t io n s  in  numbers o f  d ichotom ie©  in  e c to m y c o rrh iz a l 

p in e  ro o t  system s.

C y to k ln in  i s  produced by the e c to w y c o rrh iz a l fungus 

HhizopoQon rosQcluB ( m i l le r ,  1971; C ra fts  end f i l l e r ,

1974) and la a t in  has boon ie c la ts d  in  c r y s ta l l in e  fo rm , 

bu t i t  has n o t been de te rm ined  whether c y to k in in s  a re  

a c tu a l ly  produced in  th® ec tnm yco rrh izm l r o o t .  A lso  

g ib b e r e l l ic  a c id  end a complex o f cc#poLmd@ though t to  

be g ib b s r e l l ic  a c id  e s te rs  were produced in  a c u ltu re  

medium o f G oletus © d u lls  (G cga la , 1971). There i s  no 

evidence th a t  these g row th  hormones a re  in v o lv e d  in  

e c to m y c c rrh iz a l s y n th e s is  o r th a t  they a f fe c t  ro o t  

m orphology.

b ) nco t exudates.

Root© a re  known to  exude substances in to  the 

medium in  which they a re  g ro w in g , and i t  i s  known th a t  

these  substance© do in  f a c t  a f f e c t  the  growth o f  s o i l  

m icroo rgan ism s, f o r  the s o i l  im m ed ia te ly  a d jace n t to  the 

ro o t  s u rfa c e , i . e .  the  rh izo a p h e re , co n ta in s  more and 

o fte n  d i f f e r e n t  m icroorganism s compared w ith  s o i l
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Tahlp 1#

d is ta n t  from tho ro o t .

The main aubstancos exuded from c o n ife ro u s  ro o ts  

in c lu d e  ca rb oh yd ra te s , amine a c id s  end o rg an ic  a c id s  

(s8G Table 1 b e low ).

Amino a c id s , o roan ic  a c id s  and ca rbohydra tes  exuded from  

co n ife ro u s  ro o ts . ( S la n k is  e t al## 1964; Sm ith , 1969, 

1970; Bowen, 1969)

Amino a c id s Organic a c id s Carbohydrates

A s p a rt ic  a c id A c e tic Glucose

G lyc ine O xa lic Sucrose

y -a m in o b u ty r ic  a c id S u cc in ic (hamnose

V a line fa lo n lc Hlboae

P ro lin e C i t r i c Arabincse

A lan ins O xa loa ce tic

ly s in e G ly c o lic

A rg in in e M a lic

P heny la lan ine S h ik im ic

Serine c ia - e c o n i t ic

Threonine

Asparagine

M eth ion ine

Tyros ine

Glutam ine

G lutam ic a c id

le u c in a / ls o le u c in e
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C e rta in  u n id e n t i f ie d  subetmnce© are known to  be 

exuded by these ro c te ,  a ls o  the v ita m in , n ia c in  has 

been id e n t i f ie d  in  the  ro o t  exudate o f » Inus ra d is ta  

(S m ith , 1969).

V a r ia t io n  in  the  compounds re leased  and a ls o  the  

q u a n t ity  does occur between d i f fe r e n t  c o n ife re u s  spec ies 

(S m ith , 1969). There may foe some v a r ia t io n  due to  the  

ago o f the  tre e  (S m ith , 1970) snd a ls o  to  s o i l  n u t r ie n t  

s ta tu e  (Rowan, 1959). I t  has bean shown th a t  the  lo s s  o f  

amides and amino a c id s  from  th© ro o ts  o f  r in u s  ra d ia ta  

i s  tim es g re a te r  in  phosphate d e f ic ie n t  s o i ls  than 

in  normal s o i ls ,  and 10 tim es  g ra s te r  in  n itro g e n  

d e f ic ie n t  s o i ls  (Bowen, 1969).

Cf the u n id e n t i f ie d  compounds exuded from p in s  ro o ts ,  

one i s  termed the iv f e c to r ,  which is  re sp on s ib le  f o r  

s t im u la t in g  th© grow th o f  a nmWaer o f  e c to m yco rrh iza l 

fu n g i (M a lin ,  1953, 1954, 1962, 1963$ r ^ l i n  and Das,

1954). T h is  sufostanc© o r  substances is / s r s  a ls o  kno%m 

to  bo p re se n t in  exudates o f  tom ato, L e p id lim  sa tivum  L . ,  

red icaoo  s a tiy a  1 , ,  Cannabis s e i iv a  L . ,  f istjgs sa tivum  

I . ,  and T r lt iC Iu m  aefj^ tivum  L . A few e c tc m y c o r ih iz a l 

fu n g i a re  co m p le ts ly  h e te ro tro p h ic  f o r  th is  f a c to r ,  e .g .  

Russula xe ram pe line . P h p ljo ta  cupe rc ta  ar«l L a c ta riu e  

h c l^ u s .  and w i l l  on ly  grow in  the  prasance o f  ro o ts  

which produce i t .  Cm the  o th e r hand B o le tus v a r ie g o tu s . 

Rhizopocon rc a e o lu s .  la c ta r iu s  ru fu s ,  and L a c ta r iu s  

m itiss im u e  are  o n ly  p a r t i a l l y  d e f ic ie n t  f o r  i t ,  the  

m -fa c to r in c re a s in g  t h e i r  g row th  in  the  f i r s t  s ta g e * o f  

developm ent, b u t they e v e n tu a lly  g ive  the same
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maximum m y c e lls l y ie ld »  as the c o n tro l*  Th is  s t im u la t io n  

appear» to  bs unique to  e c to m yco rrh iza l fu n g i,  f o r  

a ltho u gh  A c le tus  v a r iB o ^ tu » , B o le tus  suhtomantpsus and 

R o lo tue scaber ore a l l  s t im u la te d  by the presence o f  

p in e  r o o t* ,  P s a l l ic ta  a rv a n s is * a l i t t e r  decomposing 

fungus is  n o t (Lundaberg, 1960). A lso the  n o n -e c to m yco rrh iza l 

Hymsncmycotes Hyphctlowa fm s lc u la re # C litn c v b e  

in fu n d lb u l l fo r m is .  C o lly b ja  b u iy ro ce a . Tramcitua v e rs ic o lo r .  

end t a x i l lue  atrcmontosuB ere  n o t a ffe c te d  by tomato 

ro o ts ,  and farasm iue a l l la c e u s  i s  in h ib i te d  by them 

(F e rry ,  1567).

Th© M -fa c to r appears to  be exuded from the ro o t  and 

n e t con ta ined  w ith in  i t ,  s in ce  the  same response i s  

o b ta in ed  w ith  exc ised  p ine  ro o ts  enclosed w ith in  c e l lu lo id  

bogs, and in  fa c t  s t im u la t io n  o f those fu n g i d id  occur 

when p ine  ro o t exudete  was c o lle c te d  and a p p lie d  to  the 

fungus ( f 'S l in ,  196?). The maximum e f fe c t  o f the  fW fs c to r 

on B o le tu s  v a rie ra tu ®  occurs a t  a c o n c e n tre tio n  o f 

5-10 u n i ts *  o f  c u ltu re d  p in e  ro o t  exudcte . C oncen tra tions  

c f  more than 20 u n ite  e x a r t  am in h ib i to r y  e f f e c t  and a t  

40 u n i ts  the amount o f  in h ib i t i o n  was 70% over a p e r io d  

o f  8 days (M s lin ,  1963).

A u to c la v ln g  the  exudate o f  bo th  p ine  and tomato ro o ts  

g iv e s  A g re a te r  in c re ase  in  grow th s t im u la t io n ,  end f e l l n

(1963) suggested th a t  t h is  was because a hea t la b i le  

fa c to r  which passes in t o  the ro o t  exudate end n o rm a lly

*  One u n i t  o f exudet@ i s  equa l to  the amount c o lle c te d  
from  le g  d ry  w e igh t o f ro o t  f o r  6 days a t  4®c.
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causes the  g radua l In a c t iv a t io n  o f  the r - f a c t o r ,  uaa 

destroyed# F rom the re s u lts  c f  o th e r Gxperlmsnt# M e lin  

(1962) suggests th a t  the  F—fa c to r  c o n s is ts  o f  two p a r ts ,  

one being s o lu b le  and the o th e r inso lW ale  in  w a te r , th© 

in s o lu b le  component on ly  be ing  a v a ila b le  to  the  fu n g a l 

hyphae by the  enzymic a c t i v i t y  c f  th© fiangus.

F e lin  proposes th a t  the  fs - fa c to r  i s  c lo s e ly  bound 

«jp w ith  the ro o t c e l l  m e tabo lism , b u t i t  appears U ia t i t  

i s  no t 8 8 -v ita m in , p u r in e  o r  p y r im id in e  base o r an 

amino a c id  p re sen t in  ca se in  h yd rc lysa te #  These 

substances w i l l  n o t re p la ce  the  rc o t  e f fe c t *  The ro o t  

e f f e c t  i s  however negated in  the  presence o f  adenine o r 

i t s  d e r iv a t iv e s  ( f e l i n ,  1959)* In  a re p o r t  to  the  

Swedish C ouncil o f N a tu ra l sc ience  (u n p t^ l is h e d ) ,  R ileecn  

(1960) has s ta te d  th a t  the  d i f f u s ib le  M -fa c to r  co u ld  

be rep laced  by d iphosphopyrid in®  n u c le o tld a *

An unknokxi ro o t exudate fa c to r  i s  known tc  s t im u la te  

spore g e rm in a tio n  o f  e c to m y c o rrh iz a l fu n g i,  c i t h e r  by 

a c c e le ra t in g  th e i r  g e rm in a tio n  in  the  presence c f  ro o ts  

e#g* spores o f  Q clo tua lu ts u e  o r by in d uc in g  spore 

g e rta in a tio n  e .g . spores o f  soma spec ies  o f  Russule 

(M elim , 1962)* Th is apcra in d u c in g  fa c to r  la  a ls o  hea t 

s ta b le  (F e r ry ,  1967).

Both p ine  and tomato ro o ts  exude growth in h ib i t o r y  

subst«nc8(s) (M a lin ,  1962, 1963). However these 8i43«tanc©^) 

do n o t see* to  pass e a s i ly  from  l i v e  ro o ts ,  mors be ing  

e x tra c te d  f ro »  fre e ze  d r ie d  o r crushed ro o ts .  I f  fre e ze  

d r ie d  o r crushed p ina  ro o ts  a re  au toc laved  be fo re  

p u t t in g  the» in t c  w a te r , » grow th prom otion  i s  ob ta in ad
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which ia  s im i la r  to  u n tre a te d  ro o ts ,  guggeating th a t  

th© in h ib i to r y  f a c t c r ( * )  may be heat la b i le  ( F e l in ,  1963)* 

These re s u lts  suçgeot th a t  in t a c t  to o ts  a ls o  

produce an in h i ta i t c r ( s )  which a t  c a r ta in  c o n c e n tra tio n s  

may co u n te ra c t the  M -fa c to r  (M a lin ,  1963)* P o ss ib ly  

tomato ro o t ln h ib i t o r { e )  p re ve n t the  e c to m y c o rrh iz a l fungus 

from  e n te r in g  tha ro o ts  a lto g e th e r ,  yhareaa p in e  ro o t 

in h ib l t o r ( s )  co n fin e  the  fungus tc  d e f in i te  p a r ts  c f  tha  

in fe c te d  roo ts#  fo re  in h ib i t o r ( s )  i®  produced in  the  

main a x is  o f exc ised  p ine  ro o ts  (c u ltu re d  fo r  6 m onths), 

s in ce  fu n c a l development o n ly  occurred  c ro w d  the 

youngest la te r a ls  o f these ro o ts  ( f e l i n ,  1962).

I n h ib i t o r ( s )  may a ls o  l i m i t  c e r ta in  e c to m yco rrh iza l 

fu n g i to  c e r ta in  tre e  species# There is  evidence th a t  the  

in h lb i t o r ( a )  i s  v o la t i le  o r o th e rw ise  la b i le  aa i t s  

e f f e c t  i s  lo s t  a f t e r  a few d<ay$.

ronotcrpenea and sesquitorpene®  occur n a tu r a l ly  in  

bo th  e c to m y c o rrh iz a l end n o n -e c to m ycc rrh iza l ro o ts  o f 

Minus s y lv Q s tr is  se e d lin g s  (K rups and f r ie s ,  1371). The 

e f f e c t  o f  some c f  these compounds on the  grow th o f 

s c to m y c c rrh iz a l fu n g i wee determ ined by M e lin  and Krupa 

(1 9 71 ). In h ib i t io n  occurred  w ith  both  a m ix tu re  o f  and 

in d iv id u e l monoterpenee and eaaquiterpenes# Mewe i t  

co u ld  be th a t  these ccmpounda are  the  in h ib i t o r ( s )  found 

by f a l i n ,  s ince  th e i r  c o n c e n tra tio n  w ith in  the  ro o t  i s  

ju s t  enough to  r e s t r i c t  the  grow th  c f  the  e c to m y c o rrh iz a l 

fungus w ith in  the hos t m e t ,  to  e a ta b lie h  an 

e c to m y c o rrh iz a l r e l a t i o n s h ip .  These v o la t i le  substances 

a re  n e t fu n g ic id a l,  and once removed, the  fungus i s  ab le
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to  co n tin u e  grow ing again#

A l l  o f  tlia sc  ro o t exudB tos, id e n t i f ie d  and 

u n id e n t i f ie d ,  era produced Tttm area# around the  m e t t i p ,  

1*8# from  r e g iw ^  o f h ig h  »eri@t@matic a c t i v i t y  and c e l l  

e lo n g a tio n  ( la n k la  £ t  ^ * ,  1964), and m  I t  ie  in  t h is  

re g io n  th a t  m icroorganism s w i l l  re a c t tc  the  changed 

environm ent# For example n a lo n ie  a c id  (see Table 1) 

which is  a com pati l iv e  I n h ib i t o r  of s u c c in ic  dehydrogenase 

may in f lu e n c e  the o x id a t iv e  re a c tio n s  o f m icroorganism s 

in  tha  rh im sp h e ro#  4 ilk im ic  a c id  {am  Table 1) i s  

an im p o rta n t in t^ rm e d is te  in  m icroorgenism e in  the  

pathway concerned w ith  the  s y n th e s is  o f  phenylem ins end 

ty rc s lrw  (ummt&l end W oo ld ridge , 1528; D av is , 1951, 

bo th  c i te d  by la n k is  e t  e l# ,  1954) end m a lic  a c id  (see 

Table 1) may re la te  to  the  observed (^ p re s s io n  o f  the 

m ic ro f lo ra  o f  B ra ss ie r Juncoa in  the  « e l l  { - f td a l @t e l * .  

1936), The rh izoaphere  m icroorganism s w i l l  i n  tu rn  

in f lu e n c e ,  by th e i r  m v ta h o lie  a c t i v i t i e s ,  o th e r 

m icrcergonism a and these in  tu rn  tha  ro o ts *

Tfscsnt in va s  t ig s  t ie n s  have shown th a t  d i f fe r e n t  

p la n ts  tend to  s e le c t  a s p e c i f ic  fu n g a l m ic ro f lo ra  in  

t h e i r  rh iro s p h e rw  ( R o f ^ e l l l ,  1973), snd s p « ^ i f ic  

GCtomycorrhi r a l  a sso c ia te s  a re  extreme exemple# c f  these# 

A f te r  the  ferm at lo n  c f  vc to m yco rrh ira a  the  tre e  ro o t  

rh iro s p h e rs  w i l l  undergo a change, s in ce  the s y m b io tic  

fungus in  the  usm tla  w i l l  m e tabo lise  some o f  th® ro o t 

exuda tes , those them passing  o u t in to  the  s o i l  as fu n g a l 

m stabcnlites (m am be lli, 1970)#
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3 . GRl.;TH REQUIREMENTS CF CCTuMYCDRRHlZAL FUNGI.

Th© fungu© in  th© ro o t p robab ly  depend© a n t i r e ly  

on the  h o s t p la n t  f o r  it©  source o f  ca rbohydra tes and many 

experim ents have shown th a t  the  ca rbohyd ra tes  from the  

h os t are  tra n s fe r re d  to  the  fungus (M e lln  and N ils s o n ,

1957).

Glucose is  known to  be the  b es t carbon source f o r  

ec tom yco rrh iza e , grown in  pure c u ltu r e  (M a lin , 1925# How,

1940# N orkrans, 1950# f e r r y ,  1967). They can a ls o  u t i lË e  o th e r 

carbon sou rces , f o r  example Cenococcum g r a n i tp r grows e q u a lly  

w e ll on sucrose and m eltose and can u t i l i z e  d e x t r in ,  s ta rc h  and 

m e n n ito l (M ik o la , 1948) and a ls o  mannose, tre h a lo s e , c e llo b io a e  

end oL d e x t r in  ( K e l le r ,  1952). O ther e c to m y c o rrh i% l fu n g i can 

use in u l in  and s ta rc h  (Palmer and H acskaylo , 1970# tasd i, 1974) 

as w e ll  as the  p re v iou s  r ntiem ed ca rb o h yd ra te s . A daptive  growth 

on carbon sources can occur when g lucose  i s  added to  the  

medium a t  a c o n c e n tra tio n  o f  0*1g carbon per l i t r e  (Lamb,

1974).

C e llu lo s e  can be used as # source o f  carbon by a few o f  

these fu n g i.  Trioholom a fumosuw which forms s c to -  and 

ectendom ycorrh izae w ith  p ine  w i l l  s i g n i f i e s t l y  u t i l i z e  

c e l lu lo s s  (N o rk rans , 1950) as a ls o  w i l l  B o le tus  subtcm entosus. 

B o le tus  lu te u s .  B o le tus  varieoatuG  and Amanita c i t r i n e .  

a lthough  to  a f a r  le s s e r  e x te n t than wood o r l i t t e r - d e s t r o y in g  

fu n g i (L y r ,  1963). Wien g lucose i s  added as a s ta r te r  

(0*5g p e r l i t r e ) ,  T richo low a io tb rica tum  and Trieholom a v a c c in t#  

can g iv e  s l ig h t  growth in  tha  presence o f  c e llu lo s e  (N o rk rans , 

1950), t h is  a ls o  be ing noted to  occur w ith  aom© o f  the  21 is o la te s  

used by Lamb (1974) I t  i s  proposed (N o rk ra n s ,1950) th a t
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in d u c ib le  enzyme eyn th es is  i s  in v o lv e d  h e re .

Hacekeylo (1973} c r i t i c i z e s  these r e s u lts .  F# says th a t  

they may be m is lead ing  o r in co m p le te , s in ce  im p u r it ie s  in  the  

te s t  s o lu t io n s  may have a ffe c te d  the  a b i l i t y  o f  these fu n g i to  

u t i l i z e  the  carbon sources. A lso  the  d e te c t io n  o f  c e l lu lo l y t i c  

enzymes in  e c to m y c o rrh iz a l fu n g i depends on the  s e n s i t i v i t y  o f 

the  assay and repeated re s u lts  ve ry  c o n s id e ra b ly .

Evidence fo r  l ig n in  u t i l i z a t i o n  i s  meagre and f o r  the  most 

p a r t  in d i r e c t .  B o le tus  eubtomentosue (a m y c o rrh iz o l- fo rm e r 

w ith  P inus montane) and L a c ta r iu s  d e lic io e u s  (a m y c o rrh iz a l-  

fo rm er w ith  P inus s y lv e s t r is  and P icaa a b ie a ) both  produce la rg e  

q u a n t i t ie s  o f  po lypheno lox idasa  enzymes, when grown on g a l l i c  

and ta n n ic  a c id  media (L in de b e rg , 1948 ). A lso Tricholom a 

fumosum ie  a b le  to  u t i l i z e  l ig n in  in  C ly c s r ia  s traw  (N o rk rans ,

1950).

B o le tus  va rie g a tu e  can grow on gro im d-i#) fo r e s t  l i t t e r  

which has been p re v io u s ly  leeched w ith  w ater (M a lin , 1946) and 

a ls o  fo r e s t  humus i f  g lucose i s  p re se n t (M e lin , u n p iA lis h e d ) .

N itro g e n  n u t r i t i o n  in  e c to m y c o rrh iz a l fu n g i i s  ve ry  s im i la r  

to  o th e r n o n -e c to m yco rrh iza l B asid iom ycetes, growth be ing  b e t te r  

on ammonium t a r t r a t e ,  p rop icm ie  a c id  am ide, g ly c o c o l l ,  aspa rag ine , 

case in  h y d ro ly s a te  and peptone ra th e r  than n i t r a te s  (Rawald,

1963).

Growth o f  L a c ta r iu s  d a lic io s u s  in c re ase s  whan a m ix tu re  

o f  16 amino a c id s  a re  p resen t in  the  medium to g e th e r w ith  an 

ammonium so u rce . These amino a c id s  a re  va ry  s im i la r  to  those 

found in  ca se in  h y d ro ly s a te  (M e lin  and N orkrans, 1948). C e rta in  

species o f  Tricho lom a a re  in h ib i te d  by some amino a c id s  when 

added in d iv id u a l ly  to  the  n u t r ie n t  medium (N orkrans, 1950).



48

Casein h y d ro ly s a te  g e m ra lly  g ivea  the  g re a te s t in c re ase  in  

grow th o f  a l l  the  amino a c id  m ix tu re s *

Growth prom otion  i s  a ls o  o b ta in e d  w ith  e x tra c ts  o f  c e r ta in  

Hymenomycats sporophores (M e lin  end N orkrans, 1946), b u t t h is  i s  

though t to  be dm  in  p a r t ,  to  amino a c id s *

Thiam in h a te ro tro p h y  occurs w id e ly  in  many s c i i- in h a b it lm g  

and w ood-destroy ing  Basid iom ycetes (Robbins and Kavanegh, 1942} 

as w a ll  as in  o o tc a y o o rrh iz a l B sa id io syce tea  (Chudjakow and 

w oznjakowskaja, 1951; f # l i n ,  1953; naw ald,1962}* from  15 spec ies  

o f  e c to m y c o rrh iz a l f im g i which ware te s te d  by M e lin , moat o f  

them were e ith e r  p a r t ia l l y  o r  t o t a l l y  dependant on th ia m in  

f o r  t h e i r  g row th* D if fe re n t  ia o la te a  o f  the  same species va ry  

in  hav ing  d i f f e r e n t  re q u irem en ts , and d i f fe r e n t  env ironm en ta l 

c o n d it io n s  a re  known to  a l t a r  these requ irem en ts , M e lin  found 

th a t  most o f  the  fu n g i he used re q u ire d  bo th  th ia m in  m c ie tie s  

i * e *  th ia z o la  and p y r im id in e , b u t a few re q u ire d  o n ly  the  

p y r im id in e  m o ie ty*

T richo lom a im brica tum  i s  p a r t i a l l y  h e tc ro tro p h ic  f o r  

p a n to th e n ic  a c id  (B W rk rw s , 1950 ), i ^ t a r i u s  d e lic ic s u a  i s  

p a r t i a l l y  h e ta ro tro p h ic  f o r  n ic a tin e m id a  (M e lin , 1953} w id 

RhiropoQon roaso lua  i s  p a r t i a l l y  h e te ro tro p h ic  f o r  in o s i t o l  

(M e lin  end L in de b e rg , 1939)*

The e f f e c t  o f  s h o r t ch a in  f a t t y  a c id e  on the  grow th o f  

some e c tc m y o o rrh lre l fu n g i (sp e c ies  o f  B o le tu s ) and a iq iro p h y tie  

Mymenomycat^# (sp e c ie s  o f  Maresmius) i s  to  s tro n g ly  i n h ib i t  

t h e i r  g ro w th . B o le tu s  spec ies be ing  mtx^ mors s e n s it iv e  than  

Marasmiue spec ies  (L indeberg  and L inctoberg, 1974)*

The optiwum grow th o t  s e to m y c o rrh iz a l fu n g i occurs in  an 

a c id ic  environm ent* B o le tus a lsca n s * B o le tu s  l u t « ^ ,  Bqlaty®
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bovinus and B o le tus  v a r is g a tu s  reach t h e i r  optimum grow th a t  

pH 5*0 ( f e r r y ,  1967).

Tha tem pera ture  a t  which optimum grow th occurred  in  tha  above 

fo u r  apacios o f  B o le tus  was a t  2S0C ( f e r r y ,  1967), a lthough  

o th e r e c to m y c o rrh iz a l fu n g i may have th e ir  optim a e ith e r  above, 

e .g .  Amanita rubescans and S u i l lu s  punc tipea  a t  29®C, o r  be low , 

e .g .  Rhizopooon roseo lus  a t  13®C (Hacskaylo  a t  a l^ ., 1965).



50

INTRODUCTION

The main purpose o f th is  in v e s t ig a t io n  was to  o b ta in  more 

in fo rm a tio n  concern ing  the p hys io lo g y  o f  the  fu n g i which are 

a ssoc ia te d  w ith  the  o c to is iyccrrh lrsa  c f  ,■ in u ^  s y lv a e t r ie .

I n i t i a l l y  sn a ttem p t was made to  syn th e s ize  sc tom yccrrh izae  on 

the  ro o ts  of  P inus s y lv e s t r is  in  v i t r o * w ith  c e r ta in  ro o t  is o la te s  and 

w ith  a o le ttis  lu te u g  and G clc tus v a r le g a tv s  1 , two named e c to m y c o rrh iz a l 

fun g i#  Various e s ta b lis h e d  techn iques were used, in  both  s t e r i l e  and 

n o f> -« te r ll«  onv ironm onts, in  o rd e r to  a s c e r ta in  whether those fu n g i 

wore in v o lv e d  in  e c tc m y c o rrh iz s i fo rm a tion#  However, those s y n th e s is  

experim ents were n o t su ccess fu l w ith  any c f  the  ro o t is o la te s  

toe to d  a nd ,s ince  one of these ro o t is o la te s ,  M13, was s t im u la te d  

by a c e r ta in  unknown growth fa c to r ( s )  p re sen t in  both  exc ised  tom ato 

ro o t  end p in e  s e e d lin g  ro o t  p re p a ra tio n s , F i l i n ' s  r e fa c to r  experim ents 

were repeated  and extended, in  o rd e r to  o b ta in  more in fo rm a t iw i  

concern ing  the  n a tu re  c f  t h is  growth fa c tc r ( s )  and a ls o  i t #  e f f e c t  

on the g row th  c f  bo th  M13 end B o le tus  v a r ie c e tu s  1 in  v it ro #

The n u t r i t i o n  o f  many mvnod e c tc w y c o rrh iz a l fu n g i in  v i t r o  i s  

known to  d i f f e r  SBWwhat from non-*sc tom ycorrh lza l fung i#  5im :e 

data concern ing  unnemed e c te m y c o rrh iz a l fu n g i i s  ra th e r  sca rce , 

experim ents were undertak^n in  o rd e r to  determ ine whether the 

n u t r i t i o n  o f  one o f  these ro o t I s o la ts e ,  M l3 , was s im i la r  to  the 

re s u lts  a lre a d y  ob ta in ed  f o r  nsmed e c to m y c o rrh iz a l fun g i#  A lso  to  

determ ine w hether f1 3  and th re e  e th e r ro o t  is o la te s  were a b le  to  

u t i l i z e  the  l ig n in  and c e llu lo s e  p resen t in  plnewood sawdust#

I t  was hoped th a t  these r e s u l t s ,  o f  b o th  the  m ^fac to r and the  

n u t r i t io n a l  e xpe rim en ts , m igh t g lm  some in fo rm a t ic n  concern ing  the 

e c o lo g ic a l s ta tu s  o f  M l3#

Most o f  the  s c tc m y c o rrh iz fil fu n g i re p o rte d  in  the l i t e r a t u r e
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belong to  the  Resid lom ycetea, a lthough  a few are Asconycetes* In  

ordwr to  o a c o rta in  to  which group these la c le te e  belong a few o f  the  

ro o t Is o la te a were se le c te d  and t h e i r  u l t r a - s t r u c tu r e  examined fo r  

the presence nr absence of a d o llp o r©  septum, t h is  being 

c h a r a c te r is t ic  o f  fu n g i be long ing  to  the  Basidiom ycetes e ,g .  B o le tus

lutGUB,
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MATERIALS AND METHODS

ISOLATION Lf THE FUNGI FRCM ECTCMYCGRRHIZAl RIOTS Of PINUS SYLVC5TRIS

AND SPCRCPHCRCS.

E cto m yco rrh lza l ro o ts  wore o b ta in ed  from Brandon F o re s t, near 

T h e tfo rd , N o rfo lk  and from Anglsy Woods, near Cranbrook, Kent#

TWO methods ware used to  is o la te  the  fu n g i from  the  ectom ycorrh izaa#

E c to a y c o rrh ix a l ro o ts  were c u t in to  12 to  15cm le n g th s  and 

washed in  a s ie ve  under the  tap  to  remove a l l  adhering  s o i l ,  wore 

r in s e d  in  d i s t i l l e d  w e ta r, and f i n a l l y  the  e c to m yco rrh ize l s h o r t

ro o ts  wars severed from  the  mein roo t#  These were then su rface

s t e r i l i z e d  f o r  30 m inutes in  lOOvola hydrogen p e ro x id e , c o n ta in in g  

a drop o f  'Tween 8 0 " , and were then t ra n s fe r re d ,  w ith o u t w ash ing, 

onto  agar p la te s  (16 ro o ts  pe r p la te )  c o n ta in in g  the  fo llo w in g  

medio I -

1 , M a lt E x tra c t  Agar (PEA)#

M a lt e x t r a c t  (O xo id ) 15g

*D xo id  aga r No#3 12g

D is t i l l e d  w a te r to  lOOOwl

pH 5*5

* L a ta r  madia con ta ined  Agar Agar (S o lM d ia )#

2 . toeic Ion Aow (8IA ) fwJ B««ic (M Jil.

(M e lin  a t  e l# .  1954)

Glucose 2Qg

Ammonium ta r t r a t e  0*5g

Mq SC4*7H jjO 0 *S q

KHgPüj 1 *0 g

FsSO^'THgC S#Omg
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2 . (c o n t* )

Thiam in MCI 

P u r i f ie d  agar ( Oxoid)

D is t i l l e d  w a ter

pH 5*0

3, T a y lo r*9 Medium (a a le c t iv a  f o r  B as ld iom yca tea)#

5*0*8

0*05*8

15g (o n ly  p resen t in  BIA) 

to  1000*1

(T a y lo r .1971)

Glucose IOq

KWgPD* 1*0g

1*0g

mgsc^.vHgO 0*5g

Peptone ( O xoid) 1*5g

Thiam in MCI IDOug

P u r if ie d  agar (O xoid) 15g

D is t i l l e d  w a te r to  1000ml

S y g / l l t r c

S O u g /lit re

5 0 u g / l i t r a

pH 5*5

S e le c t iv e  agentes*» Benomyl

Neomycin su lp ha te  

s tre p to m yc in  su lpha te  

These s e le c t iv e  agents were added from s tock  s o lu t io n s  

o f  1 o r  lO m g / l i t r e ,  suspended in  0 *1^  w a te r agar and ke p t 

in  the  r e f r ig e r a to r .

4 . M o d ifie d  M e lin -N o rk ra n '#  Medium.

(M arx. 1969)

CaCl,

NaCl

KHgPOj

(NH,)gHPO,

0*D5g

0*025g

0*5 q

0*259
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4 . ( c e n t . )

reC lg  (1%)

M a lt e x t r a c t  (o x o id )

Thiam in HCl 

:ucroae

P u r if ie d  agar ( Oxoid)

D ie t l l l a d  w a ter

pH 3*5

A na la r r^a g o n t*  were used where a v a ila b le *  A l l  media were 

a u toc laved  a t  15 p,@ #l* f o r  15 m inutes and 30ml U8& 

tra n s fe r re d  a s e p t lc a l ly  to  each s t e r i le  p e t r l  d is h  (9cm)*

0*159

1*2ml 

3*0g 

lOOug 

lOg 

15g 

to  1000ml

The in o c u la te d  p la te *  were then in cu ba ted  a t  18*^C in  the

dark*

The second method was s im i la r  to  th a t  used by Zak and Bryen (1 9 63 ), 

Zak and Farx (1964) and LaW) and R ichards (1970)* The e c to m y c o rrh iz a l 

ro o ts  were washed as b e fo re , and then ro o t  p ieces 1*5 to  3 *0cm lo n g , 

bea ring  s u ita b le  ec to m yco rrh iza e , were severed and p laced In  » screw 

cap po ly thene  b o t t le  c o n ta in in g  0*1^ s o lu t io n  c f  "T aepo l” * They were 

hand-shaken v ig o ro u s ly  f o r  3 to  4 m inu tes* The ectom ycorrh izae  

were then tra n s fe r re d  to  » square o f d e n ta l gauze and washed under 

a stream o f runn ing  w a te r to  remove a l l  tra c e s  o f  d e te rg e n t, and 

f i n a l l y  the  gauze was drawn to g e th e r , so e n c lo s in g  the ro o ts ,  and 

t ie d  in  p la ce  us ing  c o tto n  th read * The beg was immorsed in  a 

V/ s o lu t io n  o f  sodium h y p o c h lo r ite  and c o n tin u o u s ly  a g ita te d  fo r  

10 m inu tes , was removed s e e p t ic s l ly  from the s o lu t io n ,  end 

2 l i t r e s  o f s t e r i l e  w a te r passed through i t *  The sctom ycorrh izae
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were then f lo a te d  ou t e s e p t ic a lly  onto  s t e r i l e  d i s t i l l e d  w a te r and 

severed from  the  main ro o t w ith  a s t e r i le  sharp s c a lp e l*  f i n a l l y  

they were tra n s fe r re d  to  agar p la te s  c o n ta in in g  the fo l lo w in g  

media (30ml per p la te ):«*

i)

11)

MCA (sea page

Hagem Medium.

(M odes*.1941)

Glucose 5*0g

NH^Cl 0*2Sq

MgSO^-THjO 0*25g

KHgPO, P*25g

M a lt e x t ra c t  ( Oxold) 5#0g

FeSO^eTHgO 5#Dmg

P u r i f ie d  agar (O xo ld) 15g

D is t i l l e d  w a te r to  ICOOcl

S trep tom yc in  su lpha te 80ppm

pH 5*1

111) M o d ifie d  Hagem Ftedlyro#

(Modess* 1941)

A# above (1 1 ) ,  w ith  the  a d d it io n  o f  I g / l l t r e  yeas t e x tra c t  

(O x o ld ).

pH 5*8

A na la r reagent# were used where a v a ila b le #  A l l  media 

were au to c la ved  a t  15 p *e # i*  f o r  15 m inu tes .

Twelve ro o ts  were p laced  in  each s t e r i le  p s t r l - d ls h  and were 

incuba ted  in  the  dark a t  25^0. A f te r  one week s t e r i le  ro o ts  were
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t ra n s fe r re d  onto  fro a h  agar medium and any contam inated ro o ts  were 

d iscarded#

Any fu n g i which grew from  the  e c to m y c o rrh iz e l ro o ts  a f t e r  a t  

le a s t  2 weeks, were im m ed ia te ly  s u b -c u ltu ra d  onto 8IA on which they 

were m a in ta in e d , most o f  them being  su b c u ltu re d  every A weeks# Stock 

c u ltu re s  o f a l l  the  is o la te s  were ke p t on BIA s lopes under m in e ra l 

o i l  ( l i q u id  p a r a f f in ,  S«G« 0*Q30-0*870)#

The ro o t  is o la te s  ke p t in  c u ltu re  a re  shown below (Tab le  2)# 
Table 2#

The Root Is o la te s .

L o c a lity  o f 

s c to m y c o rrh iz s l 

ro o ts

Data o f  

o o l ls c t io n  o f  

ec to m y c o rrh iz a l 

ro o te

S urface s t e r i la n t  o f  

s e to m y c o rrh iz a l ro o ts

Root

is o la te

nusÆier

Brandon fo r e s t

Brandon fo r e s t  

Brandon fo r s a t  

Brandon fo r e s t  

Brandon fo r e s t

Autumn 1972

S pring  1974 

Spring  1974 

S pring  1974 

Spring  1974

100 v o ls  

hydrogen perox ide  

sodium h y p o c h lo r ite  

1^ sodium h y p o c h lo r ite  

sodium h y p o c h lo r ite  

sodiLw h y p o c h lo r ite

Ml to  M6

M31 to  M33 

re s  to  M7B

meo

MBS to  M91

Angley Woods

Angley Woods 

Angley Woods 

Angley Woods

Autumn 1972

S pring  1974 

S pring 1974 

Spring 1974

100 vo le  

hydrogen pe rox ide  

I f  sodium h y p o c h lo r ite  

1% sodium h y p o c h lo r ite  

I f  sodium h y p o c h lo r ite

M7 to  M30

M34 to  M64 

«79 

«01 to  «87
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Young spopoohorea o f proven e c to w y c c r rh ira l fu n g i,  c o lle c te d  

f ro »  Brandon F o res t ( O olatus v a r ie g a tu s  1 , B o le tus  b a d lu s ) and 

Anglay Woods ( B o le tus  v a r ie c ^ tu a  2 . Bc..etus bowimia* O olatus lu te u a . 

Amanita rubcscena)# were a ls o  used to  o b ta in  c u ltu re s *  T issue was 

a s e p t ic a l ly  removed from  the p i la u s ,  ju s t  above the s t ip e  and was 

tra n s fe r re d  to  an agar p la te  o f  s t e r i l e  MCA o r BIA* P la te s  were 

than incuba ted  a t  25®C, and as soon as hyphaa began to  grow from  the  

aporophore t is s u e ,  they were su b c u ltu re d  and m a in ta ined  on 81A, 

w ith  a u b c u ltu r in g  every 4 weeks* C u ltu re s  were a ls o  ke p t on BIA 

slopes under m in e ra l o i l *

In  o rd e r to  date rm ina  whether 100 v o la  hydrogen pe rox ide  had 

any la s t in g  adverse e f fe c t  on the  fu n g i is o la te d  from the 

o c to m yco rrh iza l ro o ts ,  an experim ent was c a r r ie d  o u t to  determ ine 

the  e f fe c t  o f  v a rio u s  co n c e n tra tio n s  o f  hydrogen perox ide  on tho  

growth o f  M l3 (a ro o t  is o la te )  and B o le tu s  va rie e e tu s  1 (a sporophora 

is o la te ) *

Four c u ltu re s  o f each, grown on BIA f o r  3 weeks, were flo o d e d  

w ith  s o lu t io n s  o f  SO v o le , 25 vo la  and 12*5 v o is  hydrogen pe rox id e * 

The c u ltu re s  were then l e f t  f o r  30 m in u tes , the  hydrogen perox ide  

was removed w ith  a s t e r i le  p as te u r p ip e t te ,  and 3 m y c e lia l p lugs 

(5mm in  d iam e te r) were tra n s fe r re d  from  each c u ltu re  to  fre s h  BIA.

These c u ltu re s  to g e th e r w ith  c o n t ro ls ,  were then incuba ted  a t  

25°C, and t h e i r  grow th was recorded as the ra d iu s  o f the  mycelium 

a f te r  12 days#

The m y c e lia l morphology o f  a l l  the  is o la te s  m a in ta ined  on BIA 

was examined m a cro sco p ice lly  as w e ll as m ic ro s c o p ic a lly ,  and the  

u l t r a s t r u c tu r *  o f M l, M6, and M23 ( ro o t  is o la te s )  end B o le tus  lu te u s  

(sporophore is o la te )  was examined using  the  e le c tro n  m icroscope*



58

ULTRA STRUCTURE LF M .  «8. «23 AND BOLETUS LUTCU5.

Crlenmayer f la s k s  (250m l), each c o n ta in in g  50ml o f  BLM (sea page 5 2 ) 

wore in o c u la te d  w ith  3 m y c e lia l agar p lugs  (5mm d iam ete r) from  a BIA 

c u ltu re  and l e f t  f o r  12 days in  the  ?iark a t  25®C* Cach co lony wee 

then washed w ith  d i s t i l l e d  w a te r, p u t in to  a 25mm g la ss  p a t r i - d is h  

and covered w ith  2^ n o n -e te r i le  w a te r agar (P u r if ie d  aga r, O xo id)* 

cihan s o t,  5 p ieces  o f  agar o f  1mm cube, c o n ta in in g  the  f im g a l t is s u e ,  

were c u t ou t end su b je c te d  to  the  fo l lo w in g  f ix a t io n  and embedding 

tre a tm e n t*

The t is s u e  was f ix e d  in  S% b u ffe re d  g lu ta ra ld e h yd e  f o r  2 h o u rs , 

r in s e d  tw ice  in  M/15 phosphate b u f fe r  (pH 7 *2 ) ,  f o r  one hour each 

tim e , and then l e f t  o v e rn ig h t in  the  b u f fe r  a t  4°C* Next day the  

t is s u e  wee r in s e d  in  b u f fe r ,  l e f t  in  1% osmiLsn te t ro x id e  f o r  4 h o u rs , 

and was then r in s e d  tw ice  w ith  d i s t i l l e d  w a te r* The f ix e d  m a te r ia l 

was sub jec ted  to  the  fo llo w in g  s e r ie s  o f acetone s o lu t io n s  fo llo w e d  

by propylene  o x ide

a) 30^ acetone 15 m inutes

b) 50^ acetone 15 m inutes

c ) 70^ acetone IS  m inutes

d) 90];£ acetone 15 m inutes

•  ) lO O ^acetonc, two changes. 20 m inutes each

f ) 50*50 p ropy lene  ox ide ;ace tone  10 m inutes

g ) lOO:?! p ropy lene  ox ide 15 m inutes

f i n a l l y  the  t is s u e  was i n f i l t r a t e d  w ith  an epoxy re s in  m ix tu re  

mads up as fo l lo w e r -



59

Cpüxy re s in  m ix tu re *

[p ic o te  812 (TAA8 L e b o ra to r ie e , England) 20g

DD5A hardener (Dodacenyl s u c c in ic  anhyd ride ) lOg

NMA hardener (Nadic m ethy l a n h yd rid e ) lOg

BDMA a c c e le ra to r  (Q enzyld lm ethy lem lne) 0*6g

I n i t i a l l y  10^ epoxy re e in  m ix tu re  was added to  the  la e t  p ropy lene  

ox ide  tre a tm e n t, end l e f t  on e r o ta to r  o v e rn ig h t*  Th is was fo llo w e d  

by a 50^ epoxy re e in  m ix tu re  which was a llo w e d  to  i n f i l t r a t e  f o r

4 hours* The specimen# were removed to  100^' re s in ,  l e f t  o v e rn ig h t,  

and then p laced  in  fre s h  100^ re s in  f o r  one day* f i n a l l y  they were 

s u ita b ly  o r ie n ta te d  in  embedding moulds (w h ich  con ta ined  fre s h  

epoxy re e in  m ix tu re )  and p laced a t  60OC f o r  24-48 hours*

U lt r a th in  s e c tio n s  o f  the mycelium were c u t w ith  a g la s s  k n ife  

us ing  a Cambridgs-Huxley U ltra -M ic ro  tome Mark 2 , and then mounted 

on copper g r id s ,  which were covered w ith  a t h in  f i lm  o f  0 *2^ fo rm var* 

The s e c tio n s  were double s ta in e d , i n i t i a l l y  in  a sa tu ra te d  s o lu t io n  

o f  u ra n y l a c e ta te  f o r  15 m inutes* They were then removed, th o ro u g h ly  

weehed w ith  d i s t i l l e d  w a te r and d r ie d  on f i l t e r  paper* f i n a l l y  

they were p laced  in  Reynolds lead  c i t r a t e  s o lu t io n  (see be low ) f o r

5 m inutas and then aga in  washed and d r ie d *

Reynolds le a d  c i t r a t e  s o lu t io n *

a )  Lead n i t r a te  1*33g

Sodium c i t r a t e  1*76g

O i8t i l l e d  w a te r 30ml

d is s o lv e d  to g e th e r

> and
shaken f o r  1 m in .

b ) H NeDH 8ml ,
add to  (a ) above.

D is t i l le d  w a ter to  50ml

A na la r reagsn ts  were used where a v a ila b le *
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a fte r  s ta in in g , the sections on the g rids  were observed w ith an 

AC I Corinth 275 Transmission E lectron Microscope,
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i f  LCT'.TYCi. xRHI/AL.

1. F o rtin *#  Method#

(F o r t in . 1966)

In i t i a l l y  glasa p e tr i  dishes were f i l l e d  w ith 50»! o f 

the fo llow ing substrates (Table 3) end to these s u b s tra te *, 

F o rtin *»  mineral medium cr d is t i l le d  water was added as shewn:-

Table 3.

S u b *tra tc * end media added to  p e tr i  dishes.

Number of 

dishes

Substrate Medium used Volume cf 

fRSdlum (m l)

10 1# P e r l i te M ineral 25

10 ?. r e r l i  te-ipeat (1 4 11) M ineral 25

10 3. Peat M ineral 25

10 4 . Peat^humus (4 :1 ) Mineral 25

5 5. Humus M ineral 20

5 6* Humus D is t i l le d  water 20

5 7* Humus (n o n -s te ril© ) Mineral 20

5 8. Htmis (n o n -a te r ile ) D is t i l le d  water 20

10 9. Sand-H>est (4 *1 ) M ineral 25



62

Fortin## mineral medium.

(F o r t in . 1966)

Ce( NCg)2*4HpO 71*95mg

MgSCj'THpO 2D*4?mg

1D*00mg

F e rric  c it r a te  so lu tio n  1*00mi

Trace element so lu tion  1*0Oml

D is t i l le d  water to 1000®!

pH 4*5 (Adjusted w ith W HCl)

F o rtin 's  tree# slement s d u t io n .

(F o r t in . 1956)

KCl 3«728g

HgBCg 1*5400

MnSC^MH^C 0*845g

ZnSDj'THgO 0*575g

CwS0^*5HjD 0*125g

(NH^)gF:o7C2^*4HjC 0*018%

O l« t i l l6 d  water to 1000ml

Analar reagents were used where a va ilab le *

The m ixture of p e r l i te  end peat (14 *1 ) used, is  th a t  

recommended by Marx and Zak (1965) w ith werm iculite and peat* 

I t  is  claimed to m aintain the medium constant a t  pH 4*6*

The hianus was obtained from the l i t t e r  layer under pines 

in  Angley k/oods, Kent, and was co lle c te d  in  A p ril 1973* I t  

was sieved through e w ire sieve of pore diameter 5mm, to

remove a l l  the large  p a rtic le s *

Only 20ml of l iq u id  media was added to the humus as i t

tended to  be s lig h t ly  damp* The p e r l i t e ,  p e a t /p e r lito  and
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eand/peîat mixtures were e l l  s te r i l iz e d ,  in  th e ir  p e tr i  dishes 

w ith  the mineral medium added, a t  IS p .s . i .  fo r 15 minutes, 

wheroas the peat, peat/humus end humus m ixtures, again  

w ith the l iq u id  already added, were s te r il iz e d  by steaming 

fo r one hour on throe consecutative days#

Coeds c f Pinus s y lv o o tris  (seed n»M)@r 69(4253)1) from 

Thetford fo re s t, ware purchased from the Forestry Commission, 

A lice  Molt Lodge, racclesham, Fernham, Surrey. To germinate 

these soodG a s e p tic a lly , they were f i r s t  s te r i l iz e d  by 

immersing tham in  lOOvols hydrogen peroxide w ith a drop of 

"Tween 80*, fo r 30 minutes (Sm ith, 1973). This not only 

s te r i l iz e d  them, w ithout In ju ry  to the sead, but also  

stim ulated th e ir  germination (Trappe, 1961), The hydrogen 

peroxide was removed using a s te r i le  Pasteur p ip e tte  and 

then the seeds were a s e p tic a lly  tran s ferred  to p e tr i  dishes 

containing s te r i le  d ilu te  PEA (0*5% malt e x tra c t ) ,

Malt e x trac t acar ( 0 * 5 : ) .  

malt e x tra c t (Cxcid) 5g

*rx o id  egar no, 3 12g

D is t i l le d  water to  1000ml

pH 5 *5 . Autoclaved a t  IS p .s . l ,  fo r  15 minutes,

♦ la t e r  media contained Agar Agar (io lm e d ia ).

The p e tr i  dishes were incubated, l i d  up, a t 25®C in  

the dark. Germination a f te r  one week was about 80$*

S eed lings cf Pinus s y lv c a tr is , grown fo r  30 days 

a s e p tic o lly  and w ith the average length of the root 25mm, were 

trea ted  as fo llo w s. The root t ip  was a s e p tic a lly  removed and

else  most
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o f th o  h y p o c o ty l, lo a v ln g  about 5mm o f the  la t t e r  a tta ch e d  

to  tho  ro o t. The h yp o co ty l o f each e x p ia n t was then  pushed 

g e n tly  in to  o rg a n ic  medium co n ta in e d  in  a g laee v ia l

F o r t in ' g o rg a n ic  medium.

(F o r t in .  1966)

Sucrose 175*0g

Thiam in HCl 1*0mg

C ho line  c h lo r id e  2*5mg

D is t i l le d  w a ter to  1000ml

P u r if ie d  agar (O xo id ) 10g

A na la r reaganta  were used where a v e ilo b lG  and 

the  medium woe a u to c la ve d  a t  5 p *a # i. fo r  45 m ina.

The g la s s  v ia l wee b u rle d  in  th e  p e t r i d ie h  s u b s tra ta , 

making sure  th a t the  ro o t was o c rp la te ly  b u rie d * Inoculum  

c o n s is te d  o f fu n g a l m acerate (see (a ) be low ) o f one o f ttm  

ro o t is o la te s , fM , M3 o r M?, and added to  the  s u b s tra ts  

in  the  re g io n  o f the  ro o t,  b u t a t a d is ta n ce  from  th e  v ia l ,  

in  sn e f f o r t  to  p re ve n t grow th  o f th e  fungus in to  th e  

o rg a n ic  medium.

A ll processes were c a rr ie d  o u t a s e p t ic a lly ,  es^h d is h  

be ing  sea led  w ith  masking ta p e , to  p re ve n t co n ta m in a tio n  

and reduce e va p o ra tio n * The d ish e s  were in c t^ ia te d  a t  21 

fo r  a t le a s t 8 weeks.

The above procedures ware repea ted  w ith  c e r ta in  

v a ria tio n s #
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s ) F r& p a ra tlcn  of Fungal r.-.sear^ite#

In  a i l  the fc llew in g  v & ria t io m , » fîjtfK;®! 

macerate was ueud as a source of inoculum and 

was prepared aa fo llo w s.

Three m ycelial agar plugs, cut from the edge 

of a pycelii#) c f one of the iso la te s  were grown, 

submerged, in  20ml of s te r i le  BLM (am pegs 52) 

ccntoinud in  s 100ml Crienmeyer flask  w ith e la y e r  

of 5m» glass beads en tho bottom c f tho f la s k . The 

cu ltures  were incubated a t  25^C in  the dark fo r  

10 days, and than the mycelia were macerated by hand 

shaking the flasks  fo r  2 minutes, ‘Rirce drop® of 

th is  macerate were uaed to inoculate  each F o rtin  

p e tr i d ish,

b) F ilte re d  fW Q al macerate a® inoculim .

Fimgal macerates of two root is o la te s , MS and 

r i6  were prepared (as in  (a )  a b o w ), but the 

macerate was f i r s t  passed through a f in e  dental 

gauze before uss (aee Fig# 1 ) ,  The same substrates  

and media were used e® before ,

c) Use of s te r i le  la n o lin  to seal piss® v ia ls .

The above procedures were repeated (using the 

fungal meetrate a® in  (a ) above) w ith MS and 

substrotes 3 , 4 , S and 7 (see Tobl& 3, page 61) 

but the v ie ls  containing the organic mediiw were 

sealed «round the in serted  hypocotyl® w ith  s t e r i le  

la n o lin  (s te r i l iz e d  a t  IDS® fo r  approximately
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F ig .  1. Appara tus  f o r  p re p a r in g  s ie v e d  m y c e l ia l  suspensions.
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16 h ou r# , Ltm deherg 1960 ), The Iftn o H n  wee le f t  

to  s e t b e fo re  th o  v io le  were e s e p tic a lly  b u rle d  in  

the  G ube tre te ,

(^) la e e u ls U c n  o f o e t r i d lM ie s  w i#  s  "jaess lve ”  doss 

o f n o n - flllr rm d  fu n o o l a a ca ra te .

The fo llo w im g  ie o ls to s  were used as e source 

o f inocu lum , end were added to  p e t r i d iehos w hich 

co n ta in ed  p e r lite  p lu s  15ml o f F o r t in 's  m in o ra i 

medium (n e a t o r d ilu te d  1 to  4 w ith  w a te r) . Is o la te s  

M2, M4, M9, miO, M il,  M13, M S , M21, «23, M28, M32,

M3?, M44B, M48, M6S, M78, B o le tu s  v a rie o a tu s  1 end 

B o le tus lu to u s  were used.

The fu n g a l m acerate was prepared as on page 65 (a ) 

except th a t 10 c o lo n ie s , grown in  BLM, were 

tra n s fe rre d  to  bead fla*$k@ c o n ta in in g  10ml o f 

F o r t in 's  m in e ra l medium (o r  d ilu te d  m in e ra l medium) 

and then the  co n te n ts  o f each f la s k  (e xce p t the  

g la ss  beads) were poured in to  each p e t r i d is h  

a fte r  m e csra tio n . A lso  th e  c o lo n ia e  o f B o le tu s  

v a ria o fltu s  1 and B o lstuB  lu tü u s  m r&  grown 

f lo a t in g  on the  su rfa ce  o f the  BLM, the  la t t e r  be ing  

grown fo r  17 days in  BLM, in s te a d  o f 10 days,

a ) t te n -s ts r ile  hucwe as. # s u b s tra ta .

In  o rd e r to  dete rm ine  w hether e c to fsyco rrh iza e  

would form  in  non -e ta  r i l e  « o il a f te r  in o c u la tio n  

w ith  a ro o t is o la te  and the  a d d itio n  o f a fu n g ic id e  

(w hich elows down the  grow th o f s o il fu n g i b u t
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w hich doso n o t a ffe c t  O eeid iom ycetes, T a y lo r 1 971 ), 

the  above procedures were repeated us ing  humus 

c o lle c te d  from  Angley Uooda, K en t. In  th is  experim en t 

o n ly  the  m in o ra i medium and Semjmyl (a s e le c tiw a  

fu n g ic id e ) wore s te r i l iz e d ,  25ml o f m in e ra l 

medium being added to  the  humus w ith  Benomyl a t  a 

c o n c o n tra tio n  o f lOppm, The is o la te  weed in  th is  

oxperim cnt was M23.

r) tiw cw to U o n  o f t w t r i  d ish e s  w ith  t w  ro o t K o to to . ,

To determ ine the  e ffe c t  o f in o c u le tin g  2 fu n g a l 

is o la tea  in to  one p e t r i d is h , th e  fo llo w in g  

com b ine tlonc (chosen a t random) were used. Each 

com b ina tion  wee re p lic a te d  10 tim e s , u s in g  p e r lite  

and pea t p lu s  p e r lite  (1 *1 4 ) as sW setra tas w ith  

F o r t in 's  m in e ra l medium. The com b ina tions used wars 

M8 + M 6  and M  + M3.

2# PechXewaki' s M e #

(P a c tli— aM .. 1 % 7 lf_ q c h m a k # . 1SS7t P a c h ltw k i and 

13671

Tan b o ilin g  tubes fo r  each fu n g a l is o la te  ware prepared 

c o n ta in in g  50ml o f Pachlsweki#® s ta rv a tio n  medium (Pachlawska 

1967) aa #*own b e lo w *-



Pachlowakl## S tarvation  Medium.

Thiam in HCl lOOug

P u r if ie d  agar (O xo id )

D ia t illa d  w ater to  IOOQmI

pH 5 *5 -6 *0

They were autoclm ved a t IS p .a . i,  fo r  15 m inutaa and than  

co o led  a t an a n g le , ao th a t th e  a ga r in  the  tubes form ed a 

sh a llo w  s lo p e . Seeds o f P inus s y lv e a tr is  were s te r iliz e d  and 

germ inated as d escribed  on pegs 63 th e  p e rio d  fo r  g e rm in a tio n  

be ing  10 days.

One Pinue s y lv e a tr ia  s e e d lin g  o f ra d ic le  le n g th  

e p p ro x im e te ly  10mm was e a e p tic c lly  tra n s fe rre d  to  each agar 

s lo p e , ao th a t the  ra d ic le  grew downwards over th e  agar s u rfa c e . 

They were then  su b je c te d  to  the  fo llo w in g  tre a tm e n ts  t -

a ) Tubes in o c u la te d  w ith  ro o t is o la te s  a f te r  4 weeks 

se e d lin g  grow th on aoa r m ediufi*

f iv e  tubes were wrapped in  a lum in ium  f o i l  and 

were le f t  a t  room te m p e ra tu re , to  aUow th e  ro o t to  

grow in to  th e  s u b s tra ts  b e fo re  in o c u la tio n . A fte r  

4waeks, two m y c e lia l agar p lu g s  (see p ^)e  58) 

were tra n s fe rra d  a s e p tic a lly  in to  each tu b e , the  

p lu g s  be ing  p laced  on th e  mQBt s u rfa ce  near to  th e  

ro o t. The tubas were then  tra n s fe rre d  to  recks in  

the  grcenhouae w hich wee m a in ta ine d  a t a tempo ra tu re  

o f 20%  d u rin g  the  w in te r , b u t v a rie d  in  the  summer 

from  15 to  S3% . The l ig h t  in te n s ity  a t p la n t le v e l 

was equa l to  S036 lu x .
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k) inoculeted immediately with root jaolatas#

The remaining 5 tubes were inoculated immediately  

with two m yceliel agar plugs and a f te r  wrapping them 

in  aluminium f o i l ,  they were placed in  racks end 

incubated in  the greenhouse as before*

The above methods and trea tnents  were used fo r  a range 

of root and sporophore is o la te s .

Six months a fte r  the tubes l̂ad been prepared, a fu r th e r  

inoculum (5ml) of fungal macerate was added to  each tube.

This was prepared as on page 65(a) , except th a t colonies  

grown in  BLM were transferred  to bead flasks  containing s te r i le  

d is t i l le d  water a t the ra te  c f 1ml water per colony. The 

occerate was therefore prepared in  water* (This procedure was 

not reposted fo r Ml2 ss i t  does not grow successfully in  

l iq u id  c u ltu re ) .

In a fu rth e r experiment w ith  some is o la te s , an i n i t i a l  

inoculum of 5wl c f fungal macerate, prepared as above, was 

used* No fu rth e r inoculum was added.

3 . r e l in 's  Fethcd*

This method was f i r s t  used by fa l in  (1921) and le to r  

modified by Norkrsns (1949 ), Hscakaylo (19S3) and Ferry (1967)* 

Also the verm icuiite  was replœcad by p e r li te  as a su b strate .

Two l i t r e  Crlenmayer flasks  wars used and f i l l e d  w ith  cns 

l i t r e  of p e r l i t e ,  also to each f la s k , 600ml c f the fo llow ing  

n u tr ie n t solution was added:—
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Dolin—\c  rkrans nut r ien t s o lu tio n .

(Ncrkrans. 1945}

KH;PC, C*5g

CaClg'GHgC 0*1g

NaCl 0*D25g

MgSC '̂THpC 0*15%

(NHaigHPC, 0*25g

F e—c it r a te  (1%) 1"2ml

Glucose 2*Sg

Thiamin HCl 0*C13mg

D is t i l le d  water to 1000ml

pH a fto r  autcicl&ving » 5*0 

Analar reagents were used where a va ilab le  and the flasks  

were autoclaved a t 15 p . s . l .  fo r  30 minutes#

In  seme cases one l i t r e  c f a mixture cf p e r li ts  and peat 

(840:50) was used in  each f la s k , the peat being added to 

m aintain the pH in  the fla s k  a f te r  autcclaving a t  pH 4 *6 , 

claimed tc  be a su itab le  pH fo r  ectcw ycorrhizal formation  

(fa rx  and 2ak, 1965).

leads of Pinus s y lv e s tr is  were s te r i l iz e d  and germinated 

(see page 63 ) and a ft# r  one week, three of the seedlings

were tran s fe rred  a s e p tic a lly  to each fla sk  and l e f t  a t  room 

temperature fo r 14 days. Three flasks  of p e r li te  and three  

f la s k *  of the p e a t /p e r lite  m ixture u-ero thon inoculated w ith  

10ml of f i l t e r e d  fungal macerate (prepared ss en page 70 

and page 65(b) ) of each is o la te  tas ted .

A ll  flasks  were l e f t  in  the greenhouse.
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a t a te n te ra tu re  o f 70®C in  th e  w in te r , b u t w hich v a rie d  in  

the  aummer between 15°C to  30®C, The l ig h t  in te n s ity  was equa l 

to  8036 lu x  a t  p la n t le v e l.

A fte r  3 m onths, one f la s k  o f each is o la te  gmd tra s tn a n t 

was opened, the  ro o ts  washed fre e  o f s u b s tra te  and th e  se e d lin g s  

exam ined fo r  any s o to m y c o rrh iz a l developm ent. A fte r  7 months 

the  rem a in ing  fla s k s  were re  -  in o c u la te d  w ith  a m assive 

dose o f fu n g a l m ecerate. T h is  was prepared as b e fo re , excep t 

th a t the  c o lo n ie s  were m acerated in  s te r i le  M e lin  «» N orkrans 

n u tr ie n t s o lu tio n  (page 71 } ,  in s te a d  o f d is t i l le d  w a te r, 

and a ls o  th e  m acerate was n o t f i l t e r e d ,  tw enty -  f iv e  

m i l l i l i t r e s  o f m acerate was added to  each f la s k .  These 

s e e d lin g s  were examined a f te r  26 months g ro w th .

4 . ç a v to lte jft ,  a « to a H ? . t

In  o rd e r to  m a in ta in  th e  f la s k s  in  a more c o n tro lle d  

environm ent e .g . te m p e ra tu re , fu r th e r  m o d if lo t io n s  o f M e lin *s  

method were developed.

One l i t r e  o f p e r lite  was a g a in  added to  f la s k  o f

2 l i t r e  c a p a c ity . In  the  to p  o f the  f la s k  a qlsmm tu k *

(2cm d ia m e te r and 50cm lo n g ) , was in s e rte d  u n t i l  i t  ju s t  

touched th e  su rfa ce  o f the  p e r lite  and was wedged in  th e  neck 

o f th e  f la s k  w ith  non *  abso rben t c o tto n  w o o l. M e lin  -  fW rkrane 

n u tr ie n t s o lu tio n  (4 0 0 m l), as used in  th e  p re v io u s  m ethod, 

was added to  9adh f la s k ,  th e  fa  -  c it r a te  s o lu tio n  be ing  

re p la ce d  by 6 » 0 m g /litre  o f e th y le m in s  -  d ia m in e ts tra  *

a c e tic  a c id  (Fe s a lt )  i . e .  Fe *  CDTA (S m ith , 1973 ).

F la sks  o f d ilu te d  n u tr ie n t s o lu tio n  (d ilu te d  1 to  3 w ith
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d is tiX Ia c i w a te r } were a ls o  prepared# The g la s s  tiA e a  were 

the n  p lugged w ith  c o tto n  w ool and a u to c la ve d  a t 15 p .a . i#  

f o r  30 m inutes#

The u n f ilts r a d  fu n g a l m acerate was p repared  aa on page 72 

i# e#  in  n u tr ie n t  o r d ilu te d  n u tr ie n t  s o lu tio n #  Twenty -  f iv e  

m i l l i l i t r e s  o f m acerate was added to  175ml o f s te r i le  

M s lin  -  N orkrans n u tr ie n t s o lu tio n  b e fo re  be ing  poured 

a a s p tic a lly  in to  th e  f la s k s  v ia  th e  g la s s  tu b e s , th e  le t t e r  

be ing  used to  s t i r  th e  m acerate in to  the  su b s tra te #

Ten germ inated  p in e  s e e d lin g s  (see page 63 ) ,  

a p p ro x im a te ly  3 weeks o ld , were then  tra n s fe rre d  e s e p t ic a lly  

to  each f la s k  th rouç^i th e  g la s s  tube#

A l l  f la s k s  wars l e f t  a t  room tem pera tu re  fo r  3 masks 

in  o rd e r fo r  th e  se e d lin g s  to  e s ta b lis h  them selves in  th e  

s u b s tra te , b e fo re  they were tra n s fe rre d  to  a re fr ig e ra te d  

w a te r b a th  m a in ta in ed  a t 2 0 % . The p la n ts  were a ls o  

s u b je c te d  to  a 16 hour p h o to p s rio d  and a l ig h t  in te n s ity  a t 

p la n t le v e l o f 18,750 liec#

The se e d lin g s  were removed fo r  e xam ina tio n  a f te r  1 0 - 1 1  

months#

5. Ppt üperW n*#. 

(nodlflceUon of

Humus c o lle c te d  from  A ngley Woods, K e n t,o r Brandon 

F o re s t, N o rfo lk , was p u t th rou g h  a s ie v e  o f pore  s ir e  5mm 

to  remove a l l  th e  la rg e r  fragm ents# A p p rox im a te ly  800ml 

o f non -  s te r ile  humus was then  p u t in to  each pot#

A fu n g a l m acsrate was p repared  (see page 70 ) and
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25ml was th o ro u g h ly  m ixed w ith  th e  humus u s ir^  a s te r i le  

g la s s  ro d . Root is o lâ te s  o b ta in e d  from  A i^ lo y  woods wore 

in o c u la te d  in to  Angley humus end s im ile ry  ro o t is o la te s  

from  T h e tfo rd  were in o c u la te d  in to  T h e tfo rd  humus. Ten 

p in e  s e e d lin g s  w hich had been a s e p tic a lly  grown fo r  3 weeks 

(see page 63 } were then  added to  each pot# The p o ts

ware l e f t  in  the  greenhouse a t ZO^C in  w in te r , IS  -  

in  summer w ith  an average l ig h t  in te n s ity  a t  p la n t le v e l 

equ a l to  8036 lu x ,

A fu r th e r  experim ent was s e t up u s ing  s te r ile  humus 

(a u to c la ve d  fo r  2 hours a t 15 p * e , i , ,  Theodorou and Bowen,

1970} co n ta in e d  in  pe te  w hich had been su rfa ce d  s te r il iz e d  

w ith  a lc o h o l end u lt r a  -  v io le t  l ig h t  fo r  one h o u r. F in a lly  

a la y e r o f s te r ile  sand was p la ced  on the  humus a f te r  the  

p o ts  had been in o c u la te d .

A l l  p o ts  were w atered when nacasaary w ith  s te r ile  

d is t i l le d  w a te r, i n i t i a l l y  from  th e  base o f the  p o t, b u t 

la te r  fOn the  humus/sand s u rfa c e . The se e d lin g s  were removed 

from  a l l  p o ts  8 months a f te r  in o c u la tio n .
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m ^ im s L M J L m L L  -  3  -  m m .  a c i o  ( i a a )  o h  m  o c v c L Q w m  

OF Pims_ s^LVESTm$ m o i  sYSTcms.

In  o rd e r to  compare th e  e ffe c t#  o f fu n g a l ie o la te e  and lAA 

p in e  e e e d lin g e , the  fo llo w in g  experim en t wee undertaken#

TUbee o f P ach lew eki’ e s ta rv a tio n  medium were prepared as b e fo re  

(see page 69 ) ,  a 10 day o ld  a a a p tic a lly  germ inated p in e  s e e d lin g  

be ing  added to  each tu b e .

lAA s o lu tio n  ( e te r il ir e d  by m icropo re  f i l t r a t io n )  wee added 

a a a p tic a lly  to  eaoh tube to  g iv e  f in a l c o n c e n tra tio n #  ra n g in g  from  

I t r ^  to  10*^^ m# The lAA wa# added 3 tim e#  p e r week, in  o rd e r to  

m a in ta in  th e  lAA c o n te n t in  each tu b e .

The bottom  o f the  b o ilin g  tube# up to  the  s u r f  ace o f th e  a g a r

were wrapped in  a lum in ium  f o i l  and they were than  le f t  in  the

greenhouse w hich  wee a t a co n s ta n t tem pera tu re  o f 20%  in  th e  w in te r#  

b u t w hich v a rie d  between 18 end 30%  in  th e  summer, th e  average 

l ig h t  in te n s ity  was 6036 lu x . O beervation# on th e  fo rm a tio n  o f the  

la te r a l ro o t#  were made over th e  course o f 9 m onths.

In  a fu r th e r  experim en t lAA was n o t added u n t i l  4 weeks a f te r

p in e  s e e d lin g s  were p laced  in  th e  tu b e s .
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KUTHJTlCmL EXPfcRIflEHTS.

1. Pmwwttun pf m m *.

t lw  baa tc  liq u id  medium {BWi) and b a s ic  io n  agar (B IA ) 

Which wet# weed in  these experim en t#  e re  m e d ific e tio n e  o f 

those  weed by M e lin  (m e lin  1954) «nd a re  d oe crib e d

on page 52.

The maximum liq u id  medium (m im ) end maximum Io n  aga r 

(M IA ) co n a ie te d  o f the  b a e ic  media w ith  the  fo llo w in g  

amine a c id #  and v ita m in e  a ls o  added p e r l i t r e *

G lyc in e 2#5mg

«* A lan in e 9*5mg

01 v a lin e 39#5mg

L Leucine 24«5mg

OL le o le u c in e 24#5mg

OL P heny la lan ine 19*5mg

I  T yros ine 33#0mg

I  T ryp to f^a n 11#0mg

1 #  G lutam ic a c id 161«0mg

L A s p a rtic  a c id 20#5mg

L -  P ro lin e 4S#Smg

L «  H yd ro xyp ro lin e . 1#0mg

OL «  S erine 2#5mg

OL -  Threonine 17#Smg

L <* C ystin e 1#5mg

OL «  M eth ion ine 17*0mg

L A rg in in e 19«0ng

L »  H is tid in e  MCI 12*Smg

L Lysine  MCI 30«0mg
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V i ta r in s *

R ib o fla v in  ü*C5mg

La-pantothenate 0*D5#g

F o lic  acid  0*05mg

N iac in  0*05mg

ParB-amlncbenzoic ac id  0*0Smg

Pyridoxin© HCl B*OSmg

B io tin  D*n005mg

Choline ch lo rid e  D#5mg

In o s ito l  SO'Omg

Ansiar resQsnts were used whore a v a ila b le *

The amino ac id  and v itam in  m ixtures were always 

o to r i l iz e d  separa te ly  and were added a e e p tic e lly  to  o th er  

medium c o n s titu e n t*  to produce rLM or MA (pH 4*6)#

U sually  SOel of l iq u id  medium was used in  2S0ml 

rrlonm eyer f la s k s , end approxim ately 30ml ion  agar in  9cm 

p s t r i  dishes*

2# P fap ar^ tlo n  of inocu la  fo r  expérim ente*

r y c c l ia l  agar p lugs, 5mm in  diam eter and cut fro #  the 

( dqa of growing colonies were used fo r  agar p la te  experim ents, 

o f t * r  being leeched in  s t e r i le  d is t i l l e d  w stsr* Fungal 

macerate wae used fo r  l iq u id  madia experim ents. This la t t e r  

inoculum was prepared in  s t e r i l e  d is t i l l e d  water (page 70) 

end unless otherw ise e te tad  was always f i l t e r e d  (see page 65 

(b ) ) .
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3# Growth 8S80s#m8nt.

For those  experim en ts w hich ware perform ed in  l iq u id  

c u ltu r e ,  g row th  was assessed by d ry  w e ig h tin g  th e  m yce lia  a t 

70®C* ! hen ro o ts  were used in  expe rim en ts they were sepa ra ted  

from  th e  fungus b e fo re  the  m ycelium  was d rie d #

When s o lid  agar medium was used in  an e xp e rim e n t, the  

ra d iu s  o f th e  co lo ny  was measured to  the  n e a re s t m illim e tre  

and a lw ays a long  the  same lin e  o f grow th#

In  those  e xp a rim a n ts , th e  tre a tm e n ts  wore re p lic a te d  

th ro e  tim e s  and in c u b a tio n  was a t 25®C, u n less  o th e rw is e  

s ta te d #

S tandard e rro rs  are g ive n  w ith  the  means# The d iffe re n c e  

between two means (one b e ing  th e  c o n tro l,  un isse  o th e rw ise  

s ta te d ) is  co ns ide re d  s ig n if ic a n t  when the  va lu e  o f P » 0*05 

o r le s s , as determ ined by th e  "S tu d e n ts " t  •  d is t r ib u t io n  

(u n ls e s  s ta te d  o th e rw ise )#  Whan no s ig n ific a n c e  o c c u rre d , 

th is  was in d ic a te d  by the  a b ré v ia tio n  *n#s#*#

4# Growth in  B ir  and Mtm and in  m in e ra l s o lu tio n #

The g row th  o f s e le c te d  ro o t is o la te s  was measured in  BLM 

and in  MLM, u s in g  0*5m l o f f i l t e r e d  fu n g a l m acarata (see pages 

70 and 6 5 ( b ) ) #  In  two cases (M  and M3) grow th cu rve s ove r 

a p e rio d  o f 26 days were o b ta in e d  b o th  in  l iq u id  media and 

on aga r madia#

A ll  S4j4)sequent n u t r i t io n a l expe rim en ts ware conducted 

w ith  M 3 , m a in ly  because th is  Is o la te  shows a s tro n g  p o s it iv e  

response to  ro o ts  (see page 175 o f re s u lts  s e c tio n ) and is  a 

re a son a b ly  fa s t  g row ing is o la te #  A lso  0*Sm l o f f i l t e r e d  fu n g a l 

m acerate was used p e r f la s k  o f l iq u id  medium (see pages 70 and 

65(b).Tho response o f M13 to  v a rio u s  components o f MLM was
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measured. Including th iam in, the amine acid  m ixture end the 

vitam in m ixture*

Thg e f fe c t  of temperature and pH on growth of M13 

were determined cn MIA and In  flM  resp ec tive ly * The pH was 

c o n tro lled  using the fo llow ing  b u ffe rs * -  

Table 4 .

The bu ffsrs  added to  MM* 

e) 5crensBn*s phrephate b u ffers *

pH M/15 KH^PC^ M/15 NBgHPC* N/1D HCl

4*5 146*0tnl - 4*0*1

5*0 149*5*1 0*5*1

5*8 131*5ml 18*5*1

7*0 55*0ml 95*0*1

b) Citrio*ecld*»sodiytii citrate buffers(dilutsd from 0*1M 

to Q*01M)*

pH 0*G1M c i t r i c  a c id 0*01M N fijC itra ts

3*0 1S*6ml 1*4#1

3*6 14*9*1 S*1ml

4*0 13*1*1 6*9*1

4*6 10.3*1 9*7ml

5*0 8*2*1 11*8*1
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Tabi»  4# (com te)

c )  Ph th a ïs  ta  *» bL/ fç rs (0 *0 5 M  d ilu te d  to  0#01M),

pH 0*2m KH p h th s ls ta 0.2N  HCl D ilu t io n s

2*2 Sml 4*67m l D ilu te d  to  100ml w ith  ^ 0

2*6 5ml 3*29Sml D ilu te d  to  100*1 w ith

3*0 5ml 2*032*1 D ilu te d  to  100ml w ith  H^O

3*6 5*1 0 .5 9 7 *1 D ilu te d  to  1Cm*l w ith  H^O

4*0 Sml 0 .04m l o f 

0 *2»  fitaOH

D ilu ta d  to  100*1 w ith  HgO

î f i  @11 caaes the  b u ffe r#  ware a u tcc le ve d  s e p a ra te ly , 

end them 9m l o f b u ffe r  wee Im co rp c ra ta d  in to  39m l o f s te r i le  

MlM in  250ml E rlenm eyar fle e k e #

The a b i l i t y  o f M 3  to  u t i l ix e  v e rio u a  n itro g e n  a ou rcee , 

in  BLM, wee d e te rm in e d , th e  n itro g e n  aouroea b e ing  ammonium 

ta r t r a te ,  potaeeium  n it r a te  r̂ md peptone# A l l  were uasd a t 

a c o n c e n tra tio n  o f 0*0027M n itro g e n  and were s te r il iz e d  

(by e u to e la v in g ) e a p e ra ta ly  fro m  th e  re s t o f th e  medixm#

The a f fe c t  o f th e  fo llo w in g  carbon aourcca in  BLM, 

on th e  g row th  o f Ml 3 wa# o b ta ined#  The## were s te r il iz e d  

by a team ing w ith  th e  e x c e p tio n  o f fru c to s e  end xy lo se  

w h ich  were s te r iliz e d  by m ic rop o re  f i l t r a t io n #
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Tabl# 5 .

The carbon sources added to  8LP

C •» source  added to  g iv e  a 

f in a l  c o n c e n tra tio n  o f 2%̂

(A n a la r reagen ts  used where p o s s ib le )

pH a d ju s tm e n t to  

g iv e  f in a l pH 5*0 

(p e r 400ml o f BLM)

G lucose

fru c to s e

G alactose

Mannose -

Xylose 0*3m l N/1 NaOH

M a n n ito l

M altose

Sucrose

Sodium a c e ta te 10ml N/1 HCl

Sodium mala te 5 ta  N/1 HCl

The a b i l i t y  o f M l3 to  u t i l iz e  v a rio u s  p o lysa cch e rid e e  

was a ls o  te s te d  in  8LM* The fo llo w in g  p o lysa cch a rid e s  

were used#
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The p o lysacch a rid es  added to  BLM.

P o lysa cch a rid e  

and c o n c e n tra tio n O rig in

pH ad jus tm e n t 

to  g iv e  a f in a l 

pH o f  5*0

25b S ta rch 6#0«H, «•

^% P e c tin S u r^ ia t Growers 2w l N/1 NaOH 

p e r 400ml

^% Sodium S un k ia t Growers

p o ly p e c ta te

I 5K C arboxym ethyl H e rcu les 1ml N/1 HCl

c e llu lo s e  (CMC) p e r 400ml

In  a d d itio n  the  e ffe c t  o f theee p o ly e a c e h e rid i s w ith  

th e  a d d itio n  o f 0*05^ g lucoee was determ ined#

The a b i l i t y  o f  e e le c te d  ro o t is o la te e , M13, M23, R37 

and ft6 5 , to  u t i l iz e  th e  c e llu lo s e  and lig n in  p re se n t in  th e  

cewduet o f P inue s y lv e e tr is  wood wee determ ined#

Fahreeue* method was used w ith  m o d ific e tio n a  (Fahraeue 

a t 1949)# F ive  grams o f a i r  -  d r ie d  sewduat (e q u a l to

4#8g o f o ve n -d rie d  sa w d u st), w h ich  had been passed th rou gh  

a s ie v e  o f pore s iz e  2mm, was tra n s fe rre d  to  a 250ml 

E rlenm eyer f la s k ,  w ith  4Qml o f th e  fo llo w in g  s o lu tio n *
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m im erai a o lu t& on .

e t * 1 . .  19A8)

KM2 PC4  C.Sg

mgSD^'TMgG 0#5g

raS C ^*ÎH j,ti 0*01g

D ls t l l la d  w a te r to  lOOCkil

pH a f te r  a u to c la v im g  «  pH 5«3 

Am alar raagam t* were uaed where a v a ila b le #

S ix  fla e k e  were p repa red  fo r  each ro o t ie o la te ,  0*1% 

g lucose  be ing  added to  th re e  o f theae fla a ke #  They were 

then  a u ta c la ve d  a t 15p#e#i# f o r  3G m lnutea# A fte r  c o o lin g , 

th e  fla e k e  ware in o c u la te d  w ith  0*5m l o f f i l t e r e d  fu n g a l 

m acerate (eee page 70 end page 6 5 ( b ) ) and were the n  IncW aatad 

a t 2S*C in  th e  d a rk  f o r  s ix  menthe# S te r ile  d ie t i l le d  w a te r 

wee added a f te r  S weeks to  cofKpeneate fo r  thm le e s  o f w a te r 

by e v a p o ra tio n , th e  m o m t b e ing  dete rm ined  by w e ig h ing  

the  c o n tro l fla s k # #

A t th e  and o f th e  e x p a rim e n ta l p e r io d , the  c o n te n ts  o f 

th e  fla a k e  ware d rie d  to  a c o n s ta n t (d ry )  w e ig h t a t  6S^C fo r  

3 daya#

A fte r  3 daya e q u ilib r a t io n  a t norm al a ir  h u m id ity  th e  

co n te n t#  o f re p lic a te  fla s k s  were p o o le d , ground in  a p e s tle  

and m o rta r, and were than  ana lyse d  fo r  lig n in  and c e llu lo s e  

as fo llo w s
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a ) ^BtGpmination o f Ilg-nXn#

(5v3r>Qt»son# 1323. 1938; L in d e b e ro . 1944, 19468 

fah reeu»  c t  s i , ,  1969; üopkrans. 1950* B raun#. 19S2)

The method used fo r  the determ ination o f l ig n in  

m e  © im ilar to th a t used by Brauns (19S2)# Samp las  

of approximately 350fag dry weight (sea page 166 

of resu lts  section fo r  actu a l dry w e ig h t), were 

digested , a t  100% , w ith  3ml o f th lc g iy c c lic  ac id  

(sigma d^ade I I )  dissolved in  40ml 2» HCl, fo r  

4 hours w ith eccasaional shaking# The d ig est was 

then coclad, f i l t e r e d  through a Buchner funnel 

containing uhatman no# 1 f i l t e r  paper, and then the  

residue was washed w ith  100ml d is t i l le d  water and 

a i r  dried#

150ml N/15 KOH was added to  th is  residua in  a 

stoppered 250ml b o tt le  and shaken fo r  24 hours, the 

l ig n in  -  th lo g ly c o llc  ac id  complex entering  in to  

solution# The remaining residue was again f i l t e r e d  

o f f ,  th is  being kept to one side fo r  the c e llu lo s e  

a n a ly s is , a f te r  washing i t  w ith  approxim ately 100ml 

d is t i l le d  water# To the f i l t r a t e ,  20ml of 5N HCl 

was added to p re c ip ita te  the lig n in  th lo g ly c o llc  

acid  complex, which was then l e f t  standing overnight 

fo r the brownish p re c ip ita te  to  s e t t le  out#

The p re c ip ita te  was f i l t e r e d  through a Whatman 

no* 40 f i l t e r  paper in  a Buchner funnel and then 

washed w ith d is t i l le d  water# f ln s l iy  i t  was d ried  

a t S0% u n t i l  a constant dry weight was obta ined, 

the quantity  of l ig n in  in  the sample being
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expressed as l ig n in  -  th lo g ly c o llc  a c id  complex#

TWO hundred, fo u r  hundred, e lx  hundred and 

e ig h t hundred m illig ra m  fre s h  u a ig h t sam ples o f 

sawdust were used in  o rd e r to  o b ta in  a c o rre c tio n  

cu rve  fo r  th e  f r a c t io n  o f lig n in  #. th lo g ly c o llc  

a c id  com plex w hich does n o t p re c ip ita te  o u t w ith  

SN HCl (L in d e b e rg , 1946)#

b ) D e te rm in a tio n  o f c e llu lo s e #

(lin d e b e m #  1946* Fahraeus a t  ml## 1949i N orkram *.

1950)

T h ir ty  m i l l i l i t r e s  o f fre s h ly  p repared  

S chw eizer’ s rea gen t (cwram m onium  h y d ro x id e ), 

p repared  as b e low , was added to  the  washed re s id u e  

in s o lu b le  in  N/1S KOH, from  the  lig n in  d e te rm in a tio n  

(sea above)# T h is  was the n  shaken in  a ecrew cap 

b o t t le  fo r  one h ou r to  d is s o lv e  the  c e llu lo s e  

and the  c e llu lo s e  was p re c ip ita te d  o u t by the  a d d itio n  

o f 50ml 805̂ . e th a n o l#  The p re c lp lta to  was le f t  

o v e rn ig h t to  s e t t le ,  and f in a l ly  i t  was f i l t e r e d  

th rough  a Dhatman no# 40 f i l t e r  paper co n ta in e d  in  

a Buchner fu n n e l, washed and then  d rie d  to  a 

co n s ta n t d ry  w e ig h t a t  8(5®C#

i )  P w iP iiw tU on ef  S chw a iw t» »  ra w e n t.

(fjra u n s . 1952)

To 62*5g o f e u p rie  su lp h a te  d is s o lv e d  in  

625ml w a te r, 200ml o f 2U NaOH (ca rb o na te  fre e )  

was s lo w ly  added, w ith  v ig o ro u s  s t i r r in g ,  u n t i l
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no more c u p r lc  h yd ro x id e  p re c ip ita te d  from  the  

s o lu tio n #  The su p e rn a ta n t was removed by 

f i l t r a t io n  and th a n  th e  p re c ip ita te  was washed 

w ith  d is t i l le d  w a te r u n t i l  fre e  o f s u lp h a te  

io n e  (te s te d  w ith  BaC l^)# T h is  p re c ip ita te  o f 

c u p ric  h y d ro x id e , was tra n s fe rre d  to  a one l i t r e  

b o t t le ,  w ith o u t b e ing  d rie d  and f in a l ly  ju s t  

d is s o lv e d  in  0*88 ammonia to  form  the  deep 

b lu e , s a tu ra te d  s o lu tio n , o f cuprammonium 

hydroxide#

The grow th  o f the  same fo u r  Is o la te s  on f i l t e r  paper 

(c e llu lo s e )  in c o rp o ra te d  in to  RIA was determ ined# f i l t e r  

paper w hich had bean ground to  a p u lp  w ith  a l i t t l e  w a te r, 

wee s u b s titu te d  fo r  the  g lucose  in  BIA a t the  ra te  o f 20g 

p e r l i t r e #  The medium was a u to c la ve d  a t 15 p .e # i#  fo r  

15 m inutes#
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EXPCMimCKTS ITH . XCl ,î D Jl)

:u ltu re  of mxciaod rcets*

’lead® of tomato of the v a r ie ty  Alaa Craig wore used, and were 

s te r i l iz e d  and germinated a® fo r  the c u ltu re  of pine seedlings  

(so® page 63 )# Cno germinated eeod was selected fo r  cu lture#

Sevan day® a f te r  germ ination, the ra d ic le  t ip  was removed and the 

root severed from the hypocotyl* The excised root than being 

tra n s fe rre d  to a 2S0ml Erlenmeyer fla s k  containing 50ml e te r il iz & d  

modified Lhlte+m medium (F e rry , 196?),

M odified 'h ite * a madiim;*

a ) Carbon source# Sucrose ?G*Og

b) M acro-nutrients , C a C N O jjj'W jf G*2g

mesc^'THgC 0*36g

KNC3 0"08g

KCl 0«D65g

N*,SO, 0 * 2g

NeWgPCa'ZHgC C*016Sg

c ) Tr^ce-nutrlente# K I 0 .75 *9

FsSC^+THgü 2*5*9

fnSC^*4HjC 0*5«8q

ZnSCj'THgC 1*5*9

M3 GK3
1*5*9

d) Vitamins# Thiamin HCl G*1mg

Niacin 0*5*9

Pyridcxlne HCl 0*1*9

g1 8t i l l e d  water. tc 1 0 0 0 * 1

l ia r  reagents were used where e v e ila b le  and the medium wes

autocXaved a t IS p*s#i# fo r  15 minutes*



These ro o ts  (see F ig , 2 ) ,  were then  s u b c u ltu re d  e ith e r

every  week (C ions A ), o r every 10 days (C lone B )* The f i r s t  c lo n e  

( a ) w ith  e 7 day d ry  w e ig h t o f 1»9mg, lo s t  i t s  v ig o u r a f te r  6 m onths, 

the  second c lo n e  (S ), w ith  a 10 day d ry  w e ig h t o f 6*2mg la s te d  fo r  

12 months* To s u b c u ltu re  the  ro o ts , th e  ro o t t ip s  were f i r s t  

severed from  the  la te r a ls  and then  th e  la te r a ls  were severed from  

the  main ro o t.  Those la te r a ls  b e a rin g  5 to  8 secondary la te r a ls  

wars tra n s fe rre d  to  fre s h  W hitens medium*

K ille d  e xc ise d  tom sto ro o ts  were p repared  from  ro o ts  w hich 

had been grown in  W hite*® medium, e ith e r  fo r  7 days (C loneA) o r 

10 days (C lone B )* These wet® p lunged in to  b o ilin g  w a te r fo r  

5 seconds and tra n s fe rre d  to  f la s k *  to  be used as re q u ire d  in  the  

expe rim en ts*

1* E xperim ents w ith  l iv e  and k i l le d  e xc ise d  tom ato ro o ts *

a ) Growth o f v a rio u s  ia o la ta s  in  ttm  oresanc# o f 

e xc ise d  tom ato ro o ts  in  MLM*

50ml o f RIM in  a 250ml E rlenm eyer f la s k  was 

in o c u la te d  w ith  0 *5 » i f i l t e r e d  fu n g a l m acerate 

(see pages 70 and65(b) ) ,  n in e  fla s k s  be ing  

prepared  fo r  each fungus* To th re e  f la s k s , one 

l iv e  exc ised  tom ato ro o t was added, end to  a n o th e r 

th re e  fla s k s  one k i l le d  e xc ise d  tom ato ro o t was 

added*The rem ain ing  th ro e  f la s k s  were used as 

c o n tro ls  1 *0* la c k in g  ro o ts *  A l l  f la s k s  were 

in cu b a te d  a t 25%  in  th e  dark fo r  7 o r 14 days, 

when the  fungus wss sepa ra ted  from  the  ro o t,  

f i l t e r e d  end d rie d  ^8 fo r  d e ta ils ) .
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F ig .  2 . Ten day o ld  e xc is e d  tomato r o o t  (C lone B ).
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Tbs fo llo w in g  fu n g a l is o la te s  were used w ith  

Clone A ro o ts  t«>

Ml, M2, M3, m ,  MS, M6, M7, M8, RIO, M11, R13, 

M15, R16, R21, R22, R23, mfW S o le tu *  va rio Q a tu s  1 ,

C lDm g ro o ts  were used w ith  the  fo l lo w in g  

ro o t  is o la te s t -

M13, M37, r44B, f4 8 ,  R65, R70, and M78.

In  a l l  subséquent experim ents Clo*w 8 roo ts#  

were used#

b ) Saventsen ## day tim e  course experim ent w ith  Ml3 

in  FLm.

The a f fe c t  o f  10 day o ld  l i v e  and k i l l e d  

e xc ised  tomato ro o ts  (C lone i )  cn the  grow th o f  

Ml3 in  f^R  over a p e r io d  o f  17 days was fu r th e r  bb - 

served#

c )  Growth o f  M13 and M23 in  the  presence o f exc ised  

tom ato ro o ts  in  BLR, and MLR f o r  14 days.

The 14 day experim en t xame repeated f o r  Ml 3 and 

M23 (sea s e c tio n  (a )  above) b u t us ing  both  SIM and 

MLR and root©  o f  Clones#

d ) Growth o f  M l3 (co n tinu o us  la b o ra to ry  c u ltu re  and 

c u ltu re  m a in ta ined  under o i l )  in  the presenca o f  

exc ised  tomato ro o ts  in  PLM#

I t  i s  known th a t  over a p e rio d  o f  tim e  the 

grcHtfth requ lram ents o f  a c o n t in u a lly  s iA c u ltu re d  

fungus can change (How, 1940). An experim ent to
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determine the e f fe c t  of excised tomato roots  

(Clone B) im the growth of Ml3 which has continuously  

btàfân subcultured fo r  two yoars in  the lab o ra to ry , 

and M 3  which had bean kept under o i l  fo r  two years  

was prepared# flasks  were inoculated w ith  0*5®1 

f i l t e r e d  fungal macorate (*e& page* 70 and 65(b) ) 

were incubeted a t  ZS^C in  the dark fo r 14 days.

o) Growth of PM3 in  the presence of a co tton"root"  

and an extracted excised tomato root^ both w ith  and 

w ithout l iv e  Gxcieod tcmatc ro c t exudate (wlcropore  

f i l t e r e d ) .

In  or<^r to  determine whether these fim g i were 

stim ulated only by the presence c f supporting strands 

in  the medium, and not by any eubotance exuded by 

the roo ts , the growth o f Ml3 In  the presence of a 

cotton''root" was observed.

Cotton "roots" were prepared by ty ing  four 

strand* c f whit# cotton thread , 21cm long, together 

in  the middle and than leaching thee overnight in  

d is t i l le d  water# me cotton"roo t" was placed 

separately in  250ml Erlunmeyar fla s k s , each 

containing 30ml d is t i l le d  water and autoclaved a t  

15 p . s . i .  fo r  15 minutes. These "rccts" were then 

a s e p tic a liy  tran s ferred  tc  50*1 s te r i le  rim , 

contai ing 0*5*1 f i l t e r e d  fungal macerate (eee 

pages 70 end 65(b) ) ,  in  250ml Crlenmeyer f la s k s . 

The flasks  were then incubated a t 25% fo r  14 days 

in  the dark.
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The e ffe c t  of a ccttor»''root" together w ith  

excised tomato root exudate cn the growth c f Ml3 

in  MLR was determined* Micropore f i l t e r e d  l iv e  

excised tomato root exudate (the equivalent of  

6*2œg dry weight c f excised tomate ro o t, prepared  

a® on page 93 ) ,  was added to a l l  f la s k s , except

three contro l flasks* The flasks  were tlmn Inoculoted  

and incubated as b efcro , fo r 14 days*

The growth of Ml3 in  the presence of on excised  

tomato root which had previously been extrac ted  

w ith b o ilin g  water was also determined* Roots were 

bo iled  in  d is t i l le d  water fo r  20 minutes and than 

tran s fe rred  a s e p tic a liy  to 25Dml flasks  containing  

s te r i le  d is t i l le d  w ater, in  which they were leached 

fo r  epproximetely 8 hours* They were f in a l ly  

tran s fe rred  tc  flasks  containing SOml s te r i le  RLM* 

These flasks  were then inoculated and incubated as 

above, fo r  14 days*

Ttio e ffe c t  of micrcporo f i l t e r e d  l iv e  excised  

tomato root exudate together w ith an extracted  root 

on the growth of Ml3, was also determined fo llow ing  

the same procedure ae w ith  the cotton"roots" (see 

above)*

f ) The e ffe c t  of enclosing exciaeo tomato roots

w ith in  cUalysia membrane bogs on the growth of Ml3

in MM*

A f in a l  experiment was conducted w ith ro o ts .

Live and k i l le d  excised tomato roots (Clone B)
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were a s s p tic a lly  enclosed In  s te r i l iz e d  (autocleved) 

d ie ly e is  membrene bag* containing 8ml MLM each. THeso 

bag® were then tran s fe rred  in to  250ml f la s k *  each 

containing 50ml fLM and the flasks  were inocu lated  

w ith 0*5ml f i l t e r e d  fungal macerate o f Ml3 (eee 

pages 70 and 55(b) } ,  Controls were prepared 

including d ia ly s is  membrane bags containing no roots*

o) The e ffe c t  of autocXavino d ia ly s is  membrane bag*.

In order to determine whether autoclaving a lte rs  

the structure  of d ia ly s is  membrane bags, the a b i l i t y  

of both autcclaved snd non*@utoclaved d ia ly s is  

membrane bags to d ia lyse  a st@rch/ammoniurn sulphate  

mixture was tes ted . The bags were l e f t  suspended 

in  250ml d is t i l le d  water fo r  4 hours, whan the 

d la lyea te  was tested  fo r  ammonium sulphate (w ith  

0*05# BeCl^) and starch (w ith  io d in e ).

2 .  Cxpepiments w ith  exc ised  tom ate ro o t  exudate , e x tra c t  and 

hcmoQgnate.

P re p a ra tio n  o f  sxyd a ta . e x tr a c t  and hcmcpenete o f  exc ised  

tomato ro o ts *

These root preparations were prepared as fo llow s  

using Clone B excised tomato roots*

The exudmte c f k i l le d  or l iv e  excised tomato roots  

wsjs co lle c te d  from roots which had been grown fo r  10 days 

in  ih i t e * *  medium (see page 87 ) .  The roots were

tra n s fe rre d  e ith e r  immediately or a f te r  k i l l in g  them, to
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50ml s t é r i le  d is t i l le d  water contained in  250ml Erlenmeyer 

f la s k s . They were l e f t  in  the dark a t  2S% fo r  14 daya end 

were then removwd from the fla s k s . The root exudate was 

concontroted under vacuum on & ro ta ry  evaporator a t 4Q®C 

to give 6*2i»p dry weight of excised tomato root (e q u iva len t 

tc  cn® excised tomato ro o t) par 0*Sml so lu tion*

Excised tomate root e x tra c t was prepared by p lacing  

10 day old l iv e  excised tomato roots in  b o ilin g  d is t i l l e d  

water fo r  20 minutes end then concentrating the e x tra c t  

as above. The e x trac t was f in a l ly  micropere f i l t e r e d  to  

remove any debris*

Homogenats was also prepared using 10 day old l iv e  

excised tomato ro o ts . They were placed in  a Waring b lender, 

covered w ith  d is t i l le d  water and macerated fo r  2 minutes*

The debris  was removed tyy f i l t e r in g  through a Buchner 

funnel containing LA>etmon no* 1 f i l t e r  paper and f in a l ly  

the f i l t r a t e  was concentrated ss above. Any remaining 

debris  was removed by micropore f i l t r a t io n *

a) Growth of M 3  in  the presence o f excised tomato root 

exudate, from l iv e  and k i l le d  root# (c o lle c te d  in  

d is t i l le d  wRter)^ e x tra c t and homopenata in  miM.

The growth of M l5 in  the presence o f micrepore 

f i l t e r e d  and autoclaved excised tomato root exudate 

( l iv e  and k i l l e d ) ,  e x tra c t and homogenete was 

te s te d , the equ iva lent o f 6*2mg dry weight of excised  

tomato root preparation  ( in  0*5®1) being added to  

each fla s k  containing 50ml f lR  and 0*5ml f i l t e r e d  

fungel mace re ts  (see pages 70 and 65(b) ) .  The
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fla sk s  were then in c ita  ted a t  25%  fc r  14 daya.

b) Growth pf M 3  a t two d if fe re n t  le v e ls  of mjcrupore 

filte re d  excised tomato root exudate from l iv e

and k i l le d  roots (c o lle c te d  in  d is t i l le d  w a te r)*  

e x tra c t and hoeopenatG in  i j j  .

M 3  grown a t  two d if fe re n t  le v e ls  of mictcpat&  

f i l t e r e d  excised tomato root exudate from l iv e  and 

k i l le d  ro o ts , e x tra c t and homogenate was observed*

The flasks  were inocu lated  and incubated aa above 

(a e c tic n  (&} ) .

c ) Growth of  M 3  in  the presence e f excised toA^to root 

exudate, co lle c te d  d a ily  ( in  d is t i l le d  w ater) in  PLM.

Further experiments were undertaken c o lle c tin g  

the k i l le d  and l iv e  excised tometo root exudate 

d o ily  fo r  14 daya, a f t e r  which time the samples 

were pee led «nd then evaporated as b e fo re , except 

th a t t h is  root exudate was evaporated to g ive a 

f in a l  concentration o f 6»2mg dry weight of excised  

tomato re n t eq u iva len t to  1*Gml# H a lf o f the samples 

were autoclaved the re s t büing micropore f i l te re d #

A s im ila r  uxpsriment was c a rrie d  out as above, 

except th a t the exudate, c o lle c te d  and concentrated  

d a ily ,  was adc^d to the f la s k s  containing Ml3 on the 

some day as the exudate was c o lle c te d . I t  was 

s te r i l iz e d  by micropore f i l t r a t io n  or a u tc c ls v in ç .

A ll  the flasks  were inocu lated  and incubated as in  

section (a ) .
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d) Gcewth. pf f13 tn the ppe*enc# of djal,«#ta «n,
p o te n ta te  o f  fcow to  r c p t  Mwd#t#  (fro m  l i v e  e * c i» * d  

tpmatp .ro g t» . c o l le c te d  in  d i s t i l l e d  w a ta r ) .  e w tr * c t

and hf nerjorvita in  r IR .

The e f fe c t  o f  d le ly o ln g  exc ised  tomato ro o t  

exudate from l i v e  ro o ts ,  e x t r a c t  and hom oçem te 

a g a in a t w a te r was da to rm ina d . Up to  8ml o f  ro o t  

exuda te , co n ce n tra te d  to  6*2»g d ry  w e ig h t o f  ro o t  

p e r 0 *5m l, wao d ia ly a o d  a g a in s t 250ml d i s t i l l e d  

w a te r a t  6®C fo r  3 h o u rs , w ith  th re e  changes c f  

the  w a te r d u r in g  t h is  tim e# The d ia lysafce  end 

re te n te te  were then  re e d ju s te d  tc  6*2»g d ry  w e ig h t 

o f  Gxoiaed tom ato ro o t  p e r 0*5m l medium. H a lf  o f  

each f r a c t io n  was then  a u to c la v e d , and the  

rem a in ing  h a l f  m icropore  f i l t e r e d .  0*S«1 o f  

d ia ly s e te  o r p o te n ta te  was added to  250ml 

Erlenm eyer f la s k s  c o n ta in in g  30ml f lR  in o c u la te d  

w ith  0*5«1 f i l t e r e d  fu n g a l macerate o f  M 3  (see 

pages 70 end 65 ( b ) ) .

T h is  p rocedure  was repeated  f o r  e x t r a c t  and 

homogenate o f e xc ise d  tom ato ro o ts .  A l l  the  f la s k s  

were in cu ba ted  as in  s e c tio n  ( a ) .
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e ) Crowtb c f M 3  In  rLM. in  the presence of d le ly s e te  

and rg ten ta to  c o lle c te d  in  d is t i l le d  water from 

l iv e  exuding gxclt^ed tomato route enclcsad w ith in  

d io ly s is  mambreno t)tn a .

An experiment wks a lso  conducted w ith  l iv e  

excised tomato roots enclosed a s e p tic a liy  in  

s te r i l iz e d  d ia ly s is  membrane bag® contain ing 0ml 

d is t i l le d  water in  each* These bags were tra n s fe rre d  

to 250ml flasks  contain ing 50ml s te r i le  d is t i l le d  

water and l e f t  in  the dark a t  25%  fo r  14 days.

The roots were thon removed and the d ie ly s a te  and 

re te n ta te  evaporated to  g ive the equ iva len t c f  

6*2rg dry weight o f l iv e  excised tomato root per 

0*5ml c f root p re p ara tio n . Thoir e f fe c t  on the 

growth of #13 was teated# 0*5ml of each root 

preparation  was added tc  fla sk e  of contain ing  

0*5ml f i l t e r e d  fimoial macerate (see pages 70 

and 65(b) ) •  The fla s k s  were than incubated as in  

section  ( a ) .

f  ) Growth o f #13 in  R if *  in  the pgegertcf? o f l iv e  

excised tomato roo t exudate (c o lle c te d  in  RLM)*

The e f fe c t  of exudate, co lle c te d  from l iv e  

excised tomato roots Immersed in  Ins tead  of 

w ater, was determined on the growth of #13. Live  

excised tomato root© were tra n s fe rre d  to  fla s k s  of 

ML# and lo f t  fo r  14 days a t  25% * A fte r th is  time 

the roots ware a s e p tic a liy  removed, tvalf of the 

fla sk s  were eutoclaved and f in a l ly  a l l  f la s k *  were
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in o cu la tod w ith  0*5ml f i l t e r e d  fungal macerate of 

M 3  and ineubetsd as above (section  (a ) )♦

g) Growth c f #13 in  M M . in  the pressncis of d ja ly s a te  

end re to n ta te  c o lle c te d  in  M #  from l iv e  exuding 

excised tomato roots enclosed w ith in  d ia ly s is  

membruns bogs.

The expsrlment in  which root exudate was 

c o lls c ts d  from in s id e  end outsiJa the d ia ly s is  

membrane bags was repeated (»e© section (s ) above), 

except th a t the c o lle c tin g  medium both in s id e  and 

outside the bag, was MLR# There was a lso no 

evaporation of the d ia ly a a te  or re te n ta te . 0*5ml 

f i l t e r e d  fungal macerate o f Ml3 (ses page© 70 

and 65 ( b ) ) was added d ir e c t ly  to  each fla s k  

containing 50ml eutcclawed or mlcrcpore f i l t e r e d  

MM containing e ith e r  d ia ly a a te , re te n te te  or 

ju s t  MM ( i . e .  co n tro l f la s k s ) .  The fla sk s  were 

then incubated as in  section  ( a ) ,

3 . The e f fe c t  o f excised tomato roo t exudate from l lv o  end 

k i l le d  roots (co llectw d in  d is t i l l e d  w a te r), e x tra c t and 

homoQenatG on the growth of Boletus varieqotus 1 in  M M .

The a f fe c t  of 0*5 ib1 o f excised tw m to  re s t exudate 

from l iv e  and k i l le d  ro o ts , e x tra c t end homogemate was 

determined cn the growth o f Ooletus v&rloQ&tus 1 in  MIM#

The ro o t preparations were e ith e r  s te r i l iz e d  by micropore 

f i l t r a t i o n  or by au to c lav ln g , and 0*5ml was added to  each 

fla s k  conta in ing  0*5#il o f 8 , variegatus 1 f i l t e r e d  fungal
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macerate (sa© pagoa 70 and 65 (b ) ) ,  b u t passed th rough  

coarse d o n ta l q ru zb . F lasks  were in cu be ted  a t  25®C fo r  7 days.

6 . Chtagsatcqraphlc tio m a a y  o f e xc ised  tomato ro o t  p re p a ra tio n a #  

1*5m l (e q u iv a le n t o f  th re e  exc ised  tomato ro o ts ,  see 

page 93 ) o f  exc ised  tom ate r c c t  exudate (fro m  l i v e  ro o ts  

c o l le c te d  in  d i s t i l l e d  w a te r ) ,  e x t r a c t  o r homogenate was 

loaded onto  . hatman no# 1 Chrometography paper to  form  a 

s tre a k  3cm wide a t  the  o r ig in #  F i f t y  m i l l i l i t r e s  o f b u ta n o l -  

a c e t ic  a c id  w a te r (BuA) s o lv e n t (60 s 15 t 25) o r  b u ta n o l -  

p y r id in e  -  w a te r (BuF) s o lv e n t (60 t 60 i  60) ( l im ith ,  1960) 

was p laced  in  a Shandcn Chromatography tank  and a llo w e d  

tc  s tand  f o r  one hour b e fo re  the  chromatogram was run#

The s o lv e n t was a llo w e d  to  ascend f o r  a pp ro x im a te ly  8 hours 

u n t i l  th e  f r o n t  wes 16cm from  the  o r ig in #  The chromatogram 

was d r ie d  f c r  30 m lnutea and then  c u t in to  10 f r a c t io n s  

(see F ig .  3 ) from  o r ig in  to  s o lv e n t f r o n t ,  each f r a c t io n  

b e in r  d iv id e d  in to  th re e  p o r t io n s ,  each be ing  e q u iv a le n t ,  

th e re fo re ,  to  a lo a d in g  o f  one ro o t*  The f r a c t io n s  were 

la b e lle d  1 to  10 from  o r ig in  to  s o lv e n t fro n t#

These f r a c t io n s  were s t e r i l i z e d  under the  u l t r a  -  

v io le t  (UV) l i g h t  f o r  one h o u r, be ing  tu rn e d  over a f t e r  

30 m in u te s . In  o rd e r to  s t e r i l i z e  bo th  s id e s  o f  the  

paper* They were then t ra n s fe r re d  a s e p t ic a l iy  to  f la s k s  

o f  s t e r i l e  MLR c o n ta in in g  0»5ml f i l t e r e d  fu r ^ e l  m acerate 

c f  M 3  (see pages 70 and 65(b) ) o r B o le tus  v e r le g a tu s  1
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of the streaked' 
sample

r i g ,  3. P re p a r a t io n  o f  the chromatogram f o r  the b ioassay o f  

exc ised  tomato ro o t  p r e p a r a t i o n s .
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(oeo P&Q# 98 )♦ Control fla sk s  contained sclmant tre a te d

fra c tio n s  o f chromatography paper# M13 flasks  were incubated  

fo r  14 days and 0 , vorlcoatus 1 fla s k s  fo r  7 days a t  2S&C,

This procedure was repeated , except th a t tho chromatogram 

fra c tio n s  wore s te r i l iz e d  by owtoclaving in  the fla sk s  o f 

MLM,

A d d itio n a lly  tho e f fe c t  o f oxciaod tomato roo t d ia ly s e te  

from l iv e  exuding roots (seo page 97 section (e ) ) 

fra c tio n a te d  in  BuA and s te r i l iz e d  by UV l ig h t  was determined  

on tho growth of M13,
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EXPERimCNTS WITH PINE SEEOLlkG RCOTS.

P y p a ra t ic n  o f  p in e  g eod llno  ro o t e x u d a te * , e x t  pacte  and howogenates#

P ino s e e d lin g  ro o t  exudate was c o lle c te d  over 25 weeks in  

grow th tubes as seen in  F ig *  4* These tubes c o n s is te d  e s s e n t ia l ly  

o f  two p a rts#  The upper h a l f  was an open ended g la ss  g row th  tube 

in  the  base o f  which a rubbe r bung, covered by two la y e rs  o f 

f in e  d e n ta l gauze was in s e r te d *  A t h in  g la s s  tube was passed th rough  

0 h o le  in  the  c e n tre  v f the hung# The g row th  tube i t s e l f  co n ta in e d  

15ml o f  f in e  a c id  washed s i l v e r  sand, to  which had been added 5ml 

o f  d i s t i l l e d  water# In s e rte d  in  the  c o tto n  wool p lug  a t  the  top  

o f  the  g row th  tube was a p a s te u r p ip e t te  which had been p lugged 

w ith  c o tto n  w o o l, the  t i p  o f  the  p ip e t te  ju a t  touch ing  the  s u rfa ce  

o f th e  sand# The bottom  h a l f  c o n s is te d  o f  a 100ml E rlenm eyer f la s k ,  

p lugged w ith  c o tto n  w o o l, throueih which the  th in  g la s s  tube 

passing th rough  the  rubber bung was in s e rte d #  The Crlenm syer 

f la s k  was a u to c la ve d  s e p a ra te ly  from  the  upper grow th  tube w ith  

Ü ppara g la s s  rod  in s e r te d  in  the  c o tto n  wool p lu g *  F o llo w in g  

a u to c la v in g  the  spare g la s s  rod  was removed and the  whole 

appara tus asecmbled# (The appa ra tus  was a u to c la ved  a t  15 p#@ *i. 

f o r  30 m in u to e ).

A 3 weak o ld  s e e d lin g  o f  P inua s y lv e s t r is  (see page 53) 

was then  a s e p t ic a l ly  t ra n s fe r re d  to  each tubs# The base o f  each 

tube wee wrapped in  a lum in ium  f o i l  and a l l  tubes wera incu t)a ted  

in  the  greenhouse a t  20^0, where th e  l i g h t  in te n s i t y  was equa l 

to  8036 lux#

Each week 10ml s t e r i l e  d i s t i l l e d  w a te r was added th rough  

the  p a e tsu r p ip e t te  and tho  exudate c o l le c te d  in  the  Crlenm eyer 

f la s k *

A f te r  25 weeks the  exudate was poo led  and f i n a l l y  co n ce n tre te d
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4 'y

F i q ,  4 ,  Growth tubes  f o r  the c u l t u r e  o f  P inus  s y l v e s t r i s  s e e d l i n g s .  

(Exuda te  c o l l e c t e d  f o r  25 weeks ) .
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under v-fîcuuw on the ro tary  Qvwpmrator a t 40 '̂C to  6*2mg dry 

weight of pine seedling root per 0*Sml of ©xud£?,te.

Also c f te r  removal of the pins seedlings from the tubas,

h a lf  of the mot® of the seedlings wero ex trac ted  in  b o ilin g  

d is t i l le d  w ater, and the other h a lf  homogenized ( fo r  the procedure 

of e x tra c tio n  and homogenization see the method used for the 

oxcisod tomato ro o ts , page 93 ) .  Tficse sample© were also

evaporated to g ive a f in a l  concentration o f 6*2mg dry weight of 

pine ocedling ro o t por 0*5<al of root p rep ara tio n *

Pine soodllng root exudoto wee e ls e  c o lle c te d  over 3 weeks

using a m o d ifica tio n  o f the apparatus used by Terry (1967) fc r  

tho c o lle c tio n  of tomato seedling root exudato* Growth tubes 

were prepared as in  T ig . 5» They conslstod of a b o il in r  tub©, 

ins ide  which a 4"x1* specimen tube was placed* Over the open end 

nf the speciBUJn tut-»®, cc&rm  pouze was t ie d  and then d ia t i l ls d  water 

was added to th is  tube tc  the le v e l c f  the gauze* f in a l ly  tha neck 

of tho b o ilin g  tube wa® plugged w ith  cotton  wool and the tuba 

was s te r i l iz e d  a t  15 p * s . i *  fo r  15 minute#*

Tour, 3 weak old seedlings o f Pinug s y lv G s t r i#  (see pags 63) 

were a s e p tic a lly  tra n s fe rre d  tc  each growth tube tasking sure 

th a t the ra d ic le s  paessd through the gauze in to  the water bolcw#

Tho tubes were wrapped in  a Iw i in iurn f o i l  to  the le v e l o f the  

gauze and l e f t  a t  room temperature* The le v e l c f water in  

specimen tube was kept cm ietant by the ad d itio n  of more s t e r i le  

water to the tubes when neceamary* A fte r  3 weeks the pine  

seedling® were removed, h a lf  c f the roots were extracted  end 

h a lf  homogenized (a@ described cn page 93 fo r  sxciced tcim to  

ro o ts )* The pins seadllng root exudeta ,  e x tra c t and hcmogonate 

waro a l l  evaporated, under vacuum, on the ro ta ry  evaporator



105

i q .  5 .  Growth tubes  f o r  the c u l t u r e  o f  P inus  s y l v e s t r i s  s e e d l i n g s ,  

(Exuda te c o l l e c t e d  f o r  3 weeks ) .
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a i  40°C to  6*2mg d ry  w e ig h t o f  p im  a##dlim g ro o t  pe r D*5ml o f  

ro o t  p re p a ra tio n #

1. E xperim en t* w ith  p ine  aopd liina  ro o t  axwdatee. a x tra c ta  

and homopenateg in  MLM#

The e f f e c t  o f  p in e  e e e d lin p  ro o t  gxudate (c o l le c te d  

f o r  25 weeks) and e x tr a c t  and homogenate from  these ro o ts  

was de te rm ined  on tho  grow th  o f  M13. The same method was 

uflcd a« f r r  the  exc iood  tom ato ro o t  e x t r a c t ,  homogenate 

and exudate e xpe rim en ts , the  p in e  s o o d lir ^  ro o t p re p a ra tio n s  

be ing  e i t h e r  m icropore  f i l t e r e d  o r  a u tc c la v a d , end 0*5m l o f  

p in e  m aedling ro o t  p re p a ra tio n  be ing  added to  each f la s k  

c o n ta in in g  MLM w ith  0*5m l o f  f i l t e r e d  fu n g a l macerate 

(see pagee 70 and 6 5 (b ) )and in c iA a to d  a t  25®C f o r  14 

deys# T h is  wee repeated  w ith  3 week p ine  se e d lin g  ro o t  

p re p a ra tio n s#

The e f f e c t  o f  thsso  p in e  s e e d lin g  ro o t  p re p a ra tio n s  

on the  grow th  o f  Oolotua v e r ie n a tu s  1 was a ls o  de te rm ined . 

Coarse ly  f i l t e r e d  fu n g a l m acerate o f  B# v a r if jo a tu s  1 

(see paqo 98 ) wss weed m  a source o f  in o c u lim  w ith

the  3 week p in e  se e d lin g  ro o t  p ro p » ra tio n s  and the  f la s k s  

were in cu b a te d  f o r  7 days a t  25°C# The o n ly  2S week 

p in e  s e e d lin g  ro o t  p re p a ra tio n  te s te d  on the  grow th u f 

Q# v a r ie r a tue  1 was # ic ro p o re  f i l t e r e d  oxuda ta , bacsuse 

o f  the  la c k  c f  m a te r ia l#  A lso  w ith  t h is  ro o t  p re p a ra tio n  

f in e ly  f i l t e r e d  B# ve riepm tus 1 fu n g a l macerate (ses 

pages 70 end 6 5 (b ))  was used a« a source o f inocu lum  

and the  f la s k s  were in cu ba ted  a t  2S^C f o r  14 days#
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2* Chrom atographic b joassay o f  n in e  w e d lln g  ro o t  exudates 

in  n tP ,

The same procedure  was used ae f o r  exc ised  tom ato ro o t  

p re p a ra tio n s  excep t f o r  D o io tug  ve rle qa tu B  1 w ith  p in e  

se e d lin g  ro o t  exuctete c o lle c te d  f o r  25 weeks, when f in e ly  

f i l t e r e d  S* v a rie u a tu s  1 fu n g a l m acsrste  (see pages 70 

and 65 (b ))  was s u b s t itu te d  f o r  the  c o a rs e ly  f i l t e r e d  fu n g a l 

mecerate and the  f la s k s  ware in cu b a te d  f o r  14 days a t  25®C# 

A lso  o n ly  one s o lv e n t systom (BuA) was used and o n ly  p in e  

s e e d lin g  ro o t  exudate was assayed because o f  la c k  o f  

m a te r ia l#
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CHKCMATCGAAPHY OF CXCIùEO TlMATi R llT  EXUJATE (FROM LIVE BOLTS 

CLLLECTEO IN 01 TILLED WATER). l XTHACT AND HOMCGENATE.

The technlquQS used a re  those based on Smith (1960)# Most 

o f  the  chromatograms were run ascending on uhetamn no# 1 

Chromatography paper in  a Uhandon chrom atography ta n k , a lth o u g h  

a fow were run  descending on uhetman no# 1 chrom atography paper*

A l l  the  o c lv e n ta  were c le a re d  from  the  chromatograms in  the  

fume cupboard f o r  3D svinutoa excep t the  fo rm ic  a c id  amyl 

a lc o h o l -  c h lo ro fo rm  w a te r s o lv e n t ,  which was l e f t  to  evepora te  

in  the  fume cupboard o ve rn ig h t#  A l l  the  reagen ts  wore a p p lie d  by 

d ip p in g ,  excep t b rom ocreeol green which was a p p lie d  as a f in e  

spray# Spots bfere a llo w e d  to  develop a t  room tem pe ra tu re , excep t 

the  sugars where the  d ipped chromatogram was heated a t  95*C f o r  

a few m inutes# The tim e  o f  development a t  room tem^mra tu re  v a r ie d ,  

from  in s ta n t ly  (bromocr©®ol g reen) to  o v e rn ig h t (n in h y d r ln )#

A lso  w ith  the  n in h y d r in  d ip ,  once the  oc -  amino a c id s  had developed 

the  chromatogram was heated a t  lOO^C f o r  a few m inutes to  see i f  

any fu r th e r  amino a c id s  appeared#

The reagen ts  ( f r e s h ly  p repa red ) used to  id e n t i f y  s p e c i f ic  

o rg a n ic  compounds in  the  ro o t  p re p a ra tio n s  are shown below (T ab le  7 ) .



Table 7 .

The lo c a t in g  reagen ts

109

L oca ting

reagent In g re d ie n ts Q u a n tity Commenta

N in h yd rin N in h yd r in 0*2g

Acetone 100ml

I s a t in I s a t in 0*2q

Acetone 100ml

A n il in e  - 1. O iphenyiam lne 49 The

d iphonylam lne 2# Acetone 200ml in g re d ie n ta

3# A n il in e 4ml added in

4 . Phosphoric a c id 20ml the  o rd e r

1 to  4*

Brom ocreacl B rom ocreacl green D*1g m.

green A < 99*Sf e th a n o l 100ml

N NaOH S u f f ic ie n t

to  tu rn  the #e

s o lu t io n

b lu e /g re a n ##

M ix tu re  A 20ml e#

Acetone 80ml

Cont inued
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lo c a t in g

reagent In g re d ie n t* q u a n tity Comment*

iu lp h a n i l ic S u lp h a n il ic  a c id %

a c id A - C oncentra ted MCI 90*1

, D is t i l l e d  w a te r 900ml

m ix tu re  A 25ml -
A llo w  to

B < S% sodium n i t r i t e 25ml  ̂ s tand  f o r

( in  d i s t i l l e d  w a te r) 4*»5 m ins.

F ix tu re  B 50ml

Sodium ca rbona te* 50ml

anhydrous* tO^l in  w a te r .

E h r lic h p^dim ethylam lncbenza ldehyde* 20*1

10K in  co nce n tra te d  MCI

(w /v ) «

N in h y d rin  ^ N in h y d r in *  0*2^ in  acetone 90*1

a c e t ic  a c id G la c ia l a c e t ic  a c id 10ml

F e r r ic FeC lg , 3^ in  w a te r , 25ml

c h lo r id e  ~ d i lu te d  10 t i fm s *

fe r r ic y e m id e KgFe{CN)g, 3^ in  w a te r . 25*1

d i lu te d  10 t im e * .

The s o lv e n ts  end reagen ts  used in  the  chroma tog  r@phy o f  the  

tom ato ro o t  p re p a ra tio n #  a re  sham  in  Table  @#
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Tab le B,

Solvents end reagents used in  tha chrometecrephy c f

Chemical

group

Q uantity  o f excised tcwato 

ro o t p re p ara tio n  

(expressed as mg dry weight 

o f excised tcwato rc c t )

Solvent

Exudate E x tra c t Homogenate

Amino

acids

3 n 1*5 B u ta n o l-a c e tic  ac ld -w o tcr  

Phenol-0 mmonia-water

3 3 3 B u ta n o l-a c e tic  ac id -w a te r

3 3 3 Butanc1—py r i  d in e-w ater

- 3 3 B u ta n o l-a c e tic  a c id -w e te r

- 3 3 B u ta n o l-a c e tic  a c id -w a te r

Sugars 3 3 3 S u te n o l-e c e tic  a c id -w a te r

3 3 3 D u ten o l-p y rld ln e -w a te r

3 ,1 *5 6 ,3 Isopropanol-w oter

Organic 3 3 3 B u ta n o l-a c e tic  ac id -w a te r

acids 3 3 3 Butanol—pyrid ine-w a te  r

3 2 3 Formic acld-am yl e lc o h c l-  

chlorcform —water

E h rlic h  - 6 ,3 6 ,3 6 ,3 B u ta n o l-a c e tic  a c id -w a te r

p o s it iv e 6 ,3 6 ,3 6 ,3 B u to n o l-p y rid ln a -w a to r

substances# 6 6 1 2 ,9 ,6 ,3 B u ta n n l-a c e tic  sc id -w a te r

6 - R u tan o l-p y rld in o -w a ts r  

Phono 1—ummor>ia—we te r

6 ,3 6 ,3 6 ,3 Isopropanol-ammcnia—w ater

- 6 ,3 6 ,3 B u ta n o l-a c e tic  e c id -u e te r

Phenolic 3 3 3 B u ta n c l-a c e tic  ac id -w a ta r

acids 3 3 3 lacprcpanol-am m onia-wator

Phenols 6 ,3 6 ,3 6 ,3 B u ta n o l-e c e tic  a c id -w a te r
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Ratio of 

eolwünt

Ascending or dtoscsndlng, 

timfe #nd distance#

lo catin g

reag&nt

60;12;25

160*1:40

60:12:25

60:60:60

60:12:25

60:12:25

10 hour® Ascending 

iv e rn ig h t 3way 

Aocending, 3 hours, 16cm 

Ascending, 6 hours, 16cm 

Descending, 22 hours, 41cm 

descending, 24 hours, 41cm

Ninhydrin

uinhydrin  

Ninhydrin  

Is a t in  

Ninhydrin

60:12:25

60:60:60

160:40

Ascending, 9 hours, 16cm 

Ascending, 0 hours, lécm 

Descending, 40 hours, -

A n iline-d ip heny len ine  

A niiine-d iphenyiam ine  

An i1i ne—dipheny1amino

60:12:25

60:60:60

30*90:90:90

Ascending, 8 hours, 18cm 

Aseerdine, B hours, 15cm 

Descending, 16 hours, 41cm

ftroiRCîcresel green 

Promocresol green 

Oromocresol gre&n

60:17:25

60:60:60

60:12:25

60:60:60

180*1:40

200:10:20

60:12:25

Ascending, 8 hoursf, 16cm 

Ascending, 8 hours, 16cm 

Ascending, 10 hours, 18cm 

10 hours Ascending 

Cve m ig h t 2~way 

Ascending, 10 hours, IBcm 

Lescendimg, 22 hours, 4lcm

E hrlich  

E h rlich  

E h rlich  and long wave UV 

Ih r l ic h

C hrlich

E h rlich

60:12:25

200:10:20

Ascending, 8 hours, 16cm 

Ascendin%1D hours, 16cm

Lw lphanilic  acid  

ju lp h a n ilic  acid

60:12:25 Ascending, B hours, 16cm f e r r ic  c h lo rid e  -  

fe rricya r.id e  reagent

Con t inued
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T a b le  8 ,  ( c e n t . )

Chemical

group

Q uantity  o f excised tomato 

ro o t p rfip e ra ticn  

(expressed ae mg dry weight 

of excised tomato ro o t)

Solvent

Cxudete E x tra c t Homogenets

Tryntnminee - 3 3 B u ta n o l-a c e tic  a c id -w a te r

V itam in* 3 3 3 B u ta n o l-a c e tic  a c id -u a te r

3 3 3 Q utancl-nyrid ino -w otQ r

O'img pine ro o t exudate 

(c o lle c te d  fo r  3 waoks)

B u ta n o l-a c e tic  acid-wwt%r

n*1mg pine ro o t exudate 

(c o lle c te d  fo r  3 weeks)

B u ta n c l-p y rid in e -w a to r
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Ratio of Aacending or descending. Locating

Qclvant lim© and distance# reagent

60:12:25 Ascending, 10 hours, IGcm ninhydrin -ecG tic  ecid

60:12:25 acceding, 9 hours, 16cbj Long wave UV

60:60:60 Ascending, 8 hours, 16cm long wevo UV

60*12:25 Ascending, 0 hours, 16cm long wave UV

60:60*60 Ascending, 8 hours, 16cw Long wave UV
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VITAMIN A-:5AY.

Since only n few vitamin® con be id e n t if ie d  using long 

wave u lt r B -v lo le t  l ig h t ,  v itam in re q u irin g  microorganisms 

wero uaod, to  determine the presence of eny v ltsm in in  exucte»te, 

e x tra c t and homogonate of excised tomato roots* This technique 

is  l ik e ly  to be more s en s itiv e  than th a t using long weve u lt r a 

v io le t  l ig h t  as a lo catin g  reagent in  chromatography#

1# A#*#Y8 w ith  Escherichia c o i l  mutants#

In  order to determine the presence o f n iac in  and 

th iam in , two vitam in req u irin g  mutants, Fscherichia  

c o li  n ia "  (8110, obtained from the Tory Research S ta tio n , 

Aberdeen) and Fachgricbia c o l i  th i *  (re s p e c tiv e ly ) ware 

used#

An overnight c u ltu re  of each bacterium was prepared 

by in o cu la tin g  4ml of n u tr ie n t b ro th , s te r i l iz e d  in  

c en trifu g e  tubes, w ith b a c te ria  c e l ls ,

N u trio n t b ro th ,

N u trie n t broth no, 2 (Oxoid) 2Sg

D is t i l le d  water to 1000ml

pH 7*5

Autoclawsri a t  IS p ,s# i#  fo r  IS  minutes#

The tubes were incubated a t  37^C overn ight, than 

cen trifu g ed  a t  5 ,000 r#p#m# fo r  20 minute® and the 

supernatant discarded# Tho c e lls  were then re-suspended in  

4ml of s t e r i le  b u ffe r , re -c e n trifu g s d  and r@-@uspendod.
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B u ffe r.

NapMPüj'ZHpO 9*0g

3-os

KaCl 4.0g

rgSC^'THgC 0"2g

D is t i l le d  weter to  1000ml

The b u ffe r  was autcclawad a t 15 p *s # i* fo r IS  minutee

end Analar reagents were used where a v a ila b le *

10^^ and 10"^ d ilu tio n s  of each bacterium were made, 

using the b u ffe r  as the d ilu ta n t*

0*5»1 of excised tomato root e x tra c t (eq u iva len t of 

6*2mg dry weight of r o o t ) ,  s te r i l iz e d  by ©icropore f i l t r a t i o n  

was a s e p tic a lly  tra n s fe rre d  to  3cm s t e r i le  p e tr i  dishes to  

which Sml o f cooled molten minimal mger was added end the  

two were mixed together*



117

f in im a l s o a r .*
CrI u CO 1% • Ojj
NMjCl 5#Cg

NH.NC_ 4 3 1*0g

MaSfjj anhydroue 2*0g

KjHPD^ anhydrous 3*0g

MgSD^'THgC D *ig

P u r i f ie d  agar ( f 'x o ld ) 15g

D is t i l l e d  w a ter to  1000ml

pH 7*2

A ne la r reagen ts  were u«ed where a v a ila b le  and the  irediuR 

was awtociawGd a t  15 p # e # i, f o r  IS m inu tea .

T h is  was repeated s ix  tim es ( th re e  traatm em ta f c r  

t * c o l i  t h f  and th re e  f o r  C* c o l i  n ia * )  end than  repea ted  

f o r  homoganata and exudate ( f r o s  l i v e  ro o ts  c o lle c te d  in  

d i s t i l l e d  w a te r)  o f  exc ised  tom ato ro o ts *  A lso  s ix  p la te s  

o f  m in im a l agar c o n ta in in g  lu g /m l o f  n ia c in ,  and th re e  

c o n ta in in g  lu g /m l c f  th ia m in  were p repa red , end a ls o  tw e lve  

p la te s  w ith  no v ita m in s  o r  sam ple, to  use as c o n tro ls *

Two drops o f  a 10*^ d i lu t io n  o f  C* c o l^  th i* "  were 

spread on the  s u rfa ce  o f  the  m in im a l agar c o n ta in in g  e x t r a c t ,  

homogenats o r  th ia m in  and on c o n t ro l agar*Two drops c f  a 

ICT^ d i lu t io n  were aproad over the  eurfsn:® o f  agar 

c o n ta in in g  exudate o r th ia m in  o r c o n t ro l agar Th is  same 

procedure  was repeated  w ith  C* c o l i  n ia *  and a l l  the  p la te s

*  each s a l t  was d ie s o lv e d  in  c o ld  w a te r In  the  above o rd e r ,  
w a it in g  u n t i l  the  p re v io u s  s a l t  d is s o lv e d  b e fo re  adding the  
n e x t*  As a l i g h t  p r e c ip i ta te  fo rm s , the  s o lu t io n  was 
f i l t e r e d ,  b e fo re  m ix ing  w ith  the  agar and g lucose  s o lu t io n .
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wore in cu b a te d  a t  37°C o v e rn ig h t*

Samples o f n ia c in  and th ia m in  were a ls o  run on 

chromatograms in  and QuP in  o rd e r t c  do te rm ina  t h e i r  

n f f r a c t io n ,  us ing  th is  assay* 10ug lo a d in g s  ware used end 

a f t e r  ru n n in g ,th e  chromatograms ware d iv id e d  in to  Rf f r a c t io n s  

(1 -  10)* Each chromatogram f r a c t io n  was s te r i l i z e d  under 

the  u l t r a  -  v io le t  l i g h t  and then  a s e p t ic a l ly  t ra n s fe r re d  

to  the  m in im al agar in  p e t r i  d ishes spread w ith  two drops 

o f  10*^ d i lu t io n  o f c e l ls  { ::* c o l i  th i* * )  o r two drops o f  

a ICT*^ d i lu t io n  ( E. c e l l  n ia ** ) . Three p la te s  o f  n ia c in  and 

th re e  o f  th ia m in  and s ix  w ith o u t v ita m in s  were used as c o n t ro ls .  

Again the  p e t r i  d ishes were in cu ba ted  a t  37®C o v e rn ig h t*

2* Aoaavs w ith  A s p e ro lllu a  n jdw lena  m utants*

The presence o f b ic t in  and p y r id o x in *  in  the  exc ised  

tom ato ro o t  p re p a ra tio n s  was determ ined using  the  v ita m in  

re q u ir in g  m utants A s p e rg illu s  n id u la n s  bicT* and 

A* n id u la n s  pyr**, bo th  fu n g i a ls o  re q u ir in g  adenine*

C u ltu re s  o f  these fu n g i ware m a in ta ined  on V8 medium

V8 medium.

V8 Ju ice  200*1

CaCCg (A n s la r)  3g

Agar agar ( lo lm a d is )  15g

D is t i l l e d  w ater to  1000ml

0#5ml o f  exc ised  tomato ro o t  exude t* (from  l i v e  ro o ts  

c o l le c te d  in  d i s t i l l e d  w a te r ) ,  e x t r a c t  o r hoaogenst© ( i . e .  

e q u iv a le n t to  6*2mg d ry  w e ig h t o f  r o o t ) ,  a l l  s t e r i l i z e d  by
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micrnpor© f i l t r a t i o n ,  a lso pyridoxine and b io tin  (s te r i l iz e d  

by autoclaving a t  5 p #s# i, fo r  10 minutes) ware incorporated  

in to  3cm agar p la tes  containing Sml s te r i le  BIA (see 

page 52 fo r  d e ta ils )  w ith  adenine (I0 0 u g /» 1 ). Control 

p la tes  contained no root p reparation  or vitam ins*

Agar plugs (5mm diam eter) from the edge of the mycelium 

of A* nidulans nia**, or A* nidulans p yr* were tran s fe rred  

a s e p tic a lly  to the p e tr i  dishes*

B io tin  was run on a chromatogram in  order to determine 

i t s  Rf fra c tio n  in  BuA and BuP, using the same procedure as 

n ia c in  and thiam in (see above, page 118 )*  Inocu lation  

was by means of agar plugs cut from the p a rife ry  of the 

mycelium and then tran s ferred  to p e tr i  dishes containing  

BIA w ith  adenine*

The Rf fra c tio n  o f pyridoxin© run in  BuA and BuP was 

determined by long wave u lt r a  -  v io le t  l ig h t  fluorescence*
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ICCNTinCATieW or HIBCFIAVIN USING THE MASS ^PCCTRCMCTCR.

In  o rd e r to  dete rm ine  w hether r ib o f la v in  co u ld  be the  a i& s ta n c e fs ) 

which s t im u la te s  the  ro o t  is o le  to  M13, end which i s  p ro sen t in  p ine  

se ed lin g  ro o t  end exc ised  tomato ro o t exuda te , e x tra c t  and homogenato, 

samples o f  e x tr a c t  were prepared f o r  a n a ly s is  in  the Mass 

pectrom oter#  The e xc ised  tomato ro o t e x t r a c t  was prepared us ing  the  

sane method as the  chrom atograph ic b ioasasy (see page 99 ) ,  1«Sal

o f  e x tra c t  (e q u iv a le n t o f  th re e  exc ised  tom ato ro o ts )  was s tre a ke d  

onto  the  o r ig in  and run in  8uA o r BuP. The chromatogram was c u t in t o  

the  usua l Rf f r a c t io n s  (1 to  10) end then the  M13 growth s t im u la to ry  

f r a c t io n s  ware e lu te d  e ith e r  in d iv id u a l ly  ( f r a c t io n s  1 and 7 a f t e r  

f r a c t io n a t io n  in  Butf’ and f r a c t io n  8 a f t e r  f r a c t io n a t io n  in  OuA) o r 

combined ( f r a c t io n s  0 - 4  a f t e r  f r a c t io n a t io n  in  BuA) in  d i s t i l l e d  

w a ter o v e rn ig h t a t  6°C. Each o lu ta n t  was then  evaporated to  dryness 

and f i n a l l y  taken  up in  two drops (0«04m l) c f  e th a n o l.

Thin techn ique  was repeated us ing  r ib o f la v in  ( lu g )  a p p lie d  as 

0  sp o t in s te a d  o f  exc ised  tomato ro o t  e x t r a c t .  The r ib o f la v in  spo ts  

ware id e n t i f ie d  on the  chromatogram under the  long  tiwive u l t r a  -  

v io le t  l i g h t  and were then  e lu te d  and co nce n tra te d  as b e fo re .

Those samples as w e ll as a ve ry  d i lu t e  s o lu t io n  o f  r ib o f la v in ,  

c o n s is t in g  o f  on© c r y s ta l  o f  r ib o f la v in  suspended in  two drops 

o f  e th a n o l, were then  ana lysed by tho  Mass Spectrom eter 

(micrornaes 12, V .C. Mlcromase L td . )  and the  re s u lts  were compered.
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GRCUfTH CXPLRIRCNTS WITH CU-> UJQ:.;S IDENTIFIED IN LaCISiD TCMhTu Q,.;:T 

rRQPAMATIlWS.

1. Amino ac ida .

The amino cc ids  te n ta t iv e ly  id e n t if ie d  in  im cised 

tomato ro o t exudate (from  l iv e  ro o ts , c o lle c te d  in  d is t i l l e d  

w a te r), e x tra c t and homoQenate were tes ted  both in d iv id u a l ly  

and in  com bination, on the growth o f M13 in  BIP p lus 

v ita m in e , end MIR. Tim q u a n tit ie s  o f emino acids used were 

« ith e r  those concen tra tions usod in  the hLM, or i f  th© 

amino a c id  wos not present in  th is  medium, then a volume 

equal to  th a t o f an amine ac id  (present in  FLM) o f a 

s im ila r  «pel s ize  was used* (See Table 9 bslow). Each f la s k  

a lso  conta ined 0*5ml o f f i l t e r e d  funga l m acerate,of M13, 

(prepared ao on pages 70 end 65(b) ) and they were 

incubated a t 2S*̂ C fo r  14 days*
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Table 9 .

C oncen tre tione  o f  armino a c id s  imwd in  wrowth 

expérim enta*

Amino a c id C oncen tra tion  

(ug /m l c f  n u t r ie n t  medium)

Is o le u c in e 24*5

M eth ion ine 17*0

V a lin e 39*5

A la n in e 9*5

^G lyc ine 2*5

Lyaine 30*0

H is t id in e 12*5

♦T yro s in e 165*0

G lutam ine 150*0

^H yd ro xyp ro lin e 5*0

Asparagine 20*0

S erine 2*5

A s p a r t ic  a c id 20*5

C ye ta ine 20*0

*  These amino a c id s  a lth o u g h  In c lu d e d  in  th is  

expe rim en t were n e t p o s i t iv e ly  id e n t i f ie d  in  any o f  the  

e xc ise d  tom ato ro o t  p ro p s ra t io n s *
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2. .;.-uqars»

The threw sugars, g lucose, fru c to se  and sucrose, 

which were present In  excised tomato ro o t e x tra c t and homogenats 

wore tes te d  both In d iv id u a lly  and as a m ixture on the growth 

o f M 3  In  MLR# They were added to  f la s k s  ccntain inc] 50ml 

MM, a f te r  steam s te r i l i z a t io n  to  g ive a f in a l  concen tra tion  

o f sugars in  the medium o f 2*05)1 w ith  the in d iv id u a l sugars 

or 2*15^ w ith  the sugar m ix tu re . Each f la s k  a lso  contained 

0*Sml o f f i l t e r e d  fungal macerate, prepared as cn pages 70 

and 65(b) and they were then incubated a t 25®C fo r  14 days*

3. R ib o fla v in *

The v ita m in  r ib o f la v in ,  which appeared to have the 

oofwe Rf fra c t io n s  as the M l3 growth s tim u la to ry  f« c to r ( s ) ,  

and which was id e n t i f ie d  in  a l l  excised tomato ro o t 

p répa ra tio ns  and pine seed ling  ro o t exudate (c o lle c te d  fo r  

3 weeks) was tes ted  on the growth o f Ml3 in  FLM. E ith e r 

lOug, 30ug o r 100ug o f m icropore f i l t e r e d  r i t o f le v in  waa 

added to  SOml o f MtM co n ta in in g  0»5ml o f f i l t e r e d  fungal 

macerate (see pages 70 and 65(b) ) in  250ml Erlenmeyer

f la s k s *  They were then incubated a t 25°C fo r  14 days*
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RCvULTS

IS LATICN IS  TMC FUNGI FNCM ECTCmYCl^RHIZAL RCGTb CF PINUP ùYLVLüTRIb

\ m  SrCRDNHLRCS.

Suspected e c to o ryco rrh iza l fu n g i emerged from  s t e r i l iz e d  

e c to m y c o rrh lz a l ro o ts  a pp rox im a te ly  two week® a f t e r  p la t in g  them o u t 

onto  n u t r ie n t  agar (e .g *  Ml9 and M25). However some d id  n o t grow 

u n t i l  a f t e r  a tim e  lapse  o f  fo u r  weeks e .g ,  M13, M31 and PS1* 

e ig h t  weeks e#g# MS end M6 o r even s ix te e n  weeks e .g ,  M88, M89,

M90 end F B I. G ften  two m o rp h o lo g ic a lly  d is t in c t  fu n g i appeared to  

emerge from  one e c to m yco rrh ize , th is  a ls o  be ing  observed by Zak and 

Bryan (1963)*

A l l  these fu n g i grew very s lo w ly  in  pure c u ltu r e ,  t h e i r  grow th

ra te  r e la t in g  to  the  tim e o f  emergence# Those emerging 2 weeks a f t e r

s t e r i l i z a t io n  grew much fe s te r  than those emerging 16 weeks a f t e r  

s t e r i l iz a t io n #  T h is  was tru e  fo r  a l l  the  is o la te s  except those 

having  a b lo c k  m ycelium , these g ro tjin g  much fe s te r  than the  re s t  o f  

the  fu n g a l is o la t e * .  A l l  is o la te s  w ar* se p ta te  b u t no clamp connec tions  

co u ld  be d e te c te d  in  any o f  them*

Three o f  tho  is o la te *  were b la ck  in  c o lo u r cn B IA , the  re s t  

be ing  e i th e r  w h ite ,  g rey o r  v a ry in g  ahades o f  brown, and most c f  

them showed some degree o f v a r ia t io n  in  c o lo u r  between the  o ld  and 

the new p a r ts  o f  the  mycelium when grown on agar*

A number o f  the  fu n g i is o la te d  from  the  e c to m y c o rrh iz a l ro o ts

appeared to  be m o rp h o lo g ic a lly  s im i la r  on BIA as shown in  Table ID 

b e lo w :-
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Table 10,

C m um  c f  iB c la te e  wbi&h gooaay m orpho log ica lly

s im ila r  cn OIA»

Croup Root is o la te s  which appear m o rp h o lo g ic a lly  s im i la r  on 8ÎA

1 M408,► #41, #44A, #440, M49, #53, #59A
2 #598,► #60, MS

3 #79, #80

4 P61, PS56

5 M52, m ?
6 P172, #73

A s e le c t io n  o f  these ro o t is o la te s  were sen t to  the Commonwealth 

ry c o lo g ic a l I n s t i t u t e  a t  Kew, f o r  id e n t i f i c a t io n ,  where i t  was found 

th a t  most o f  them remained s t e r i le  d e s p ite  naar-UV tre a tm e n t fu r  

s e ve ra l weeks, in ly  two is o la te s ,  f7S and M12 were Id e n t i f ie d  as 

V e r t ic il lf t jm  p s a l l jo ta e  Treohow and an cremcnium ap. re s p e c t iv e ly .

Thera was l i t t l e  v a r in t io n  between tho  percentage number o f 

fu n g i is o la te d  from  e c to m y c c rrh ita e  c o l le c te d  from Brandon F o re s t, 

on any medium used, a f t e r  s t e r i l i z a t io n  w ith  sodium h y p o c h lo r ite ,  

a l l  g iv in g  a y ie ld  c f  app ro x im a te ly  S#. recovery  from the  

e c to m y c o rrh iz a l ro o ts .  Those c o lle c te d  from  Angloy Woods a l l  gave a 

y ie ld  o f a p p ro x im a te ly  2Üf (see Table 1 1 ).

Y ie ld s  o b ta in e d , fo l lo w in g  s t e r i l i z a t io n  o f  ro o ts  w ith  100 v o ls  

hydrogen p e ro x id e  wore g e n e ra lly  ve ry  low  ( le e s  than 4‘j ) ,  mast 

be ing  o b ta in ed  on MCA p la te s .  Uslf% t h is  method o f  s t e r i l i z a t io n  

s l ig h t ly  more is o la te s  were o b ta ined  from  Angley ivoeds e c to m y c o rrh iz a l 

ro o ts  than those from  Brandon F o re s t (ee® Table 1 1 ).
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Table 11 ,

Percentage number c f  auspcctod ec tom vco rph iza l fu n g i 

from s t e r i l e  e c trm y c o rrh iz e l ro o ts .

S ta r i -

la n t

Source 

o f  ec to— 

m ycorrh izae

Medium c r lg io n a l 

number 

o f  ro o ts

F in a l

number

o f

ro o ts

Nmdaer o f 

suspected 

ecto 

m yco rrh iza l 

fu n g i

Percentage 

number o f 

suspected 

s c to -  

m y c o rrh iz a l 

fu n g i

” 2°2 T h e tfo rd MCA 512 384 7 1*8

T h e tfo rd BIA 480 448 1 0*3

" A T h e tfo rd T# 416 256 1 0*3

" , 0 , T h e tfo rd IW 320 288 0 0$0

" , o . Angley MCA 928 288 11 3" 8

"2 °2 Angley BIA 752 496 2 0*4

"2«2 Angley TM 272 224 1 0*5

"2 °2
Angley (TO 192 128 0 0*0

No hypo T h e tfo rd Hketrep 360 265 138 52*1

Me hypo T h e tfo rd H+Y+atrep 360 283 133 47*0

rJa hypo T h e tfo rd MCA 360 240 116 48*3

Ne hypo Angley M+atrep 448 81 19 23*5

Na hypo Angley H^Y-t s tre p 448 63 13 20*6

îva hypo Angley MLA 432 36 6 16*7

MCAwflalt e x t r a c t  agar 

0 IA «6a« ic ic n  agar 

S tre p *  0tre p  tom ycln  

HcHegem medium

H+Yrn4lagem m adlua^yeast e x tra c t

T fm Taylo r*»  medium 

##f4®#©difi®d m e lin -f^o rkrans medium 

H^Oj^slOOvole hydrogen pe rox ide  

Ne hypowSodium h y p o c h lo r ite  (1^)
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la o la ts #  o f  B o le tus  v e rle q a tu s  1 and 2 , B o le tus  faadiua.

Uclwtus b c v in u s . B o le tus  lu te u s  and Amenit# rubsscens. were o b ta in ed  

from  s t e r i le  p ieces  c f  sporophcre t is s u e *  These were m a in ta ined  on 

OIA end l i k e  the ro o t  is o la te s  they a l l  e x h ib ite d  slow  q r w th  ra te s *  

Since the y ie ld  o f  is o la te s  from  e c to m y c o rrh iz a l ro o ts  

o b ta ined  w ith  IDOvols hydrogen pe rox ide  was much low er then w ith  

sodium h y p o c h lo r ite ,  the  e f fe c t  o f  a d i lu te d  s o lu t io n  c f  hydrogen 

pe rox ide  was observed on the  grow th o f  M 3  and a ls o  B o le tus 

v a rio q a tu s  1*

from  f i g *  6 , i t  appears th a t  hydrogen pe rox ide  haa a s tro n g  

in h ib i to r y  e f f e c t  on M 3  and r e la t iv e ly  l i t t l e  e f fe c t  cn B .v a rle q a tu s  1 

e s p e c ia lly  a t  the  low e r c o n c e n tra tio n s *  The im p lic a t io n  i s  th a t  

M 3  had recovered to  a "h ig h "  grow th ra te  fo l lo w in g  i t s  i n i t i a l  

is o la t io n  from  e c to m y c o rrh iz a l ro o ts  us ing  hydrogen p e rox iite  as a 

a te r i la n t *
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M 1 3

1 2 *

E
E

c
o 20 4 00 6 0

C o n c c n t r a l i o n  of  H j O j  ( V o l s ) .

B o l e t u s  v a r i e t u s  1

c

jjç x .
S t a n d a r d

e r r o r

4 0 6 00 2 0
( o n c c n i r y t i o n  o f  H 2 O 2  ( V o l s ) .

F ig .  6 . The e f f e c t  o f  hydrogen p e ro x id e  on tho  grow th o f

B o le tu s  v a r ie g a tu s  1 and M13,
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ütTRASTRUCTURC FF M l. M8. M23 ANO BCLCTUS LUTiUS.

Dn exam ination o f the three ro o t is o la te s  under the e le c tro n  

microscope (see Figs# 7 , 8^ 9) the hyphae o f M l, MÔ and M23 appeared 

more vacuolated than these fountain Oolotus lu te u e . the hyphee o fte n  

being nea rly  f i l l e d  w ith  vacuoles. In  some o f these vacuoles, deposits  

o f an unknown substance occurred which o fte n  f i i l s d  most o f the vacuole# 

Deposited throughout the hyphee o f these is o la te s  ware a la rge  number 

o f e le c tro n  dense, u n id e n tif ia b le  bod ies, which could be e ith e r  o i l  

bod ies, glycogen granules o r the ve s ic le s  mentioned by Foster and 

Marks (1966)# Abundant endoplasmic re ticu lu m  and m itochondria 

wore a lso  present# Tho septa saen in  these hyphas were complete, 

nnd g e n e ra lly  no pores or ovidence o f d o lip o re  septa were v is ib le ,  

e ith e r  bocause the sections w*ere no t taken across the centra  o f the 

septa , o r because there  ware none present# In  on© is o la te .  M l, 

there was a sim ple pore across the cen tre  o f the septum, the 

cytoplasm from one c e l l  connecting w ith  th a t o f the next c e l l ,  

a lthough the a c tu a l pore was blocked by an e le c tro n  dense body 

(F ig . 7)#

In  B# Xutoys complete septa were seemingly q u ite  abundant 

(Fig# 10) bu t a few d o lip o rs  septa ware observed (Fig# 11). The 

paronthoGone, covering  the d o lip o re  eapta and appearing to  be 

continuous w ith  the endoplasmic re ticu lu m  (Moor®, 1965), was 

p e rfo ra te d . Also a p lug o f e le c tro n  denes m a te ria l blocked both 

openings c f  tho d o lip o re , an observa tion recorded a lso  fo r  

F o ly s tic tu s  (G ib a rd t, 1961). Abundant endoplasmic re ticu lu m , 

m itochondria  and ribosomes wore a lso  presen t in  the hyphae end 

in  the vacuoles there  were o fte n  l i g h t  coloured sphe rica l in c lu s io n s  

(Fig# 10)#

The e le c tro n  micrographs seem to  in d ic a te  th a t Ml could belong
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s

H v

KEY 

V=V8Cuole.

ER=Endoplasmic r e t i c u lu m .

S=Septum.

SPs=Simple pore  b lo cke d  by an e le c t r o n  dense body. 

HW=Hyphal w a l l .

M a g n i f i c a t io n  x 80,000

r i o .  7 .  S e c t io n  th ro u g h  a hypha o f  M1.
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%

KEY 

V=Vacuole,

ER=Endoplasmic r e t i c u lu m .

S=Septum.

SP=Simple pore  b lo cke d  by an e le c t r o n  dense body. 

HW=Hyphal w a l l .

M a g n i f ic a t io n  x 80,000

F ig .  7 .  S e c t io n  th ro u g h  a hypha o f  M1.
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KEY

Vacuole*

S«Septum.

M *M itochondrion .

HüWHyphal w a l l .

USmUnknown substance deposited  in  a va cuo le .

M a g n i f i c a t io n  x 80,000

r i g .  6 .  S e c t io n  t h ro u g h  a » o f
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.T

KEY

V=Vacuole.

5=5eptum.

M =M itochond rio n ,

HW=Hyphal w a l l .

US=Unknown subs tance  d e p o s i te d  i n  a v a c u o le .

M a g n i f ic a t io n  x 80,000

i q .  8 .  S e c t io n  th ro u g h  a hypha o f  M8,
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KEY

ERsEndoplasmic re ticu lu m , 

5=Septum.

V=Vacuole.

B=Electron dense body.

M agn ifica tion  x 80,000

F i g .  9 .  S e c t io n  th ro u g h  a hypha o f  M23,
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VIS
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KEY

ER=Endoplasmic r e t i c u lu m .  

S=Septum.

V=Vacuole.

B = E le c tro n  dense body.

M a g n i f ic a t io n  x 80,000

Fi g .  9 .  S e c t io n  th ro u g h  a hypha o f  M23.
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S

KEY

S=Septum,

V=Vacuole.

I=S pherica l in c lu s io n .

M agn ifica tion  x 32,000

F i g .  10 . S e c t io n  th ro u g h  a hypha o f  B o le tu s  l u t e u s .

' M
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KEY

S=Septum.

V=Vacuole.

I= S p h e r ic a l  i n c l u s i o n .

M a g n i f ic a t io n  x 32,000

F i g .  10 . S e c t io n  th ro u g h  a hypha o f  B o le tu s  l u t e u s .
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■ l V

P=sParenthosome.

D^Oollpore,

'** ap tu# .

[ O = r l * c t r o n  dense m a te r ia l  b lo c k in g  d o l i p o r e ,  

P W M itochondr ion .

M a g n i f ic a t io n  x 80,000

11, S e c t io n  th ro u g h  a hypha o f  B o le tu s  lu t e u s .  T ransverse  

s e c t io n  th rough  a d o l ip o r e  septum.
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KEY

P=Parenthosome.

D = D o l ip o re ,

S=Septum.

ED=E lec tron  dense m a te r ia l  b lo c k in g  d o l i p o r e ,  

M =M itochond rio n ,

M a g n i f i c a t io n  x 80,000

F ig ,  11, S e c t io n  th ro u g h  a hypha o f  B o le tu s  lu t e u s .  T ransverse  

s e c t io n  th rough  a d o l ip o r e  septum.
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th e re fo re ,  to  the  Ascomycetes, s in ce  a s im p le  pore was observed In  

one septum, b u t no evidence o f e i th e r  e s im p le  pore o r d c lip o ro  co u ld  

be found in  M8 o r M23 and hence th e re  i s  no co n c lu s ive  evidence 

f o r  p la c in g  e i th e r  o f these fu n g i in  the Sasidiom ycatse o r 

Ascnmycetas*
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SYNTHESIS CF ECTLMYCÜRRHIZA^.

M e lln ’ e (1921) method fo r  Um s y n th e s is  o f ectom yeorrh izee  w ith  

m o d if ic a t io n s  designed to  m e in ta in  the  f la s k s  in  a c o n tro lle d  

environm ent was the  o n ly  method which was su cce ss fu l in  the  s y n th e s is  

o f  ectom ycorrh iza©  in  v i t r o ,  and then  o n ly  Ic tu s  lu te u s  formed 

PC to m yco rrh i zsf» #

F o r t in ’ s method (1966) us ing  v a r io u s  a u h s tre te s  and a ls o  d i f f e r e n t  

d i lu t io n s  o f  the  m in e ra l medium was t o t a l l y  w ia u o ce ss fu l, a ltho u gh  

la t e r a l  ro o t  grow th  d id  occur in  e number o f  the  e x p ia n ts . Growth 

o f  the fungus in  the  a u b o tra te  was always abundant e s p e c ia lly  in  the  

re g io n  o f  the  ro o t  and the fungus grew on the su rfa ce  o f thrr r o o t ,  

when la n o l in  was a p p lie d  to  the  open end o f  the  v ia ls ,  no grow th  o f  

the  fungus occu rred  in  the  o rgan ic  medium. A d d it io n  o f  fu r th e r  inoculum  

o r us ing  wore inoculum  o r extend ing  the  in c u b a tio n  p e r io d  d id  n o t 

r e s u l t  in  e c to m y c o rrh iz a l fo rm a tio n .

In  sow© cases (M3 and f io le tua  lu te u s  in  p e r l i t e )  seconckary 

la t e r a l  ro o ts  were branched d icho tom cus ly , b u t th e re  was no evidence 

o f  e c to m y c o rrh iz a l ferm at io n ,  s ince  they were n e t sw o lle n  and no 

fu n g a l m antle  o r K a r t ig  n e t had formed ( f i g ,  1 2 ) ,

Many ro o t  is o la te s  had no e f f e c t  on the  nuR^^er o f la t e r a ls  formed 

nor t h e i r  le n g th ,  when grown in  a s u b s tra te  o th e r than p e r l i t e .

The r e s u lts  (see Appendix 8 ) suggest th a t  s u b s tra te  and media 

e ffe c te d  the  fo rm a tio n  o f the la t e r a l  r o o ts ,  Fmter as a 'medium^ 

added to  the  humus produced very l i t t l e  la t e r a l  ro o t  fo rm a tio n , 

and o fte n  in  d i lu t e  m in e ra l medium few er la t e r a l  ro o ts  formed then 

in  tho  normal c o n c e n tra tio n  o f  m in e ra l madiwm. The p e r l i t e  gave the  

b e s t re s u lt»  f o r  grow th o f la t e r a l  ro o ts .  Sand as « s u b s tra te  

tended to  d ry  o u t ve ry  q u ic k ly  whereas p e r l i t e  h e ld  i t s  m o is tu re  

f o r  lo n g e r p e r io d s .
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M a g n i f i c a t io n  x 2*5

F ig ,  12. F o r t i n ' s  method f o r  the  s y n th e s is  o f  e c to m yco r rh iza e  

i n  v i t r o .

Form a tion  o f  d ichotomous l a t e r a l  r o o ts  on an e x p la n t  o f  

P inus  s y l v e s t r i s  a f t e r  i n o c u la t i o n  w i t h  B o le tu s  lu t e u s .
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The method c f  e c to m y c e rr filz a l s y n th e s is  which was used by 

PachlAwskl (P a ch lew sk i, 1967; P&ehlew&ka, 1967; Paehlewski and 

Pechlawoka, 1967) was a ls o  u n su c c e s s fu l, a ltho u gh  thar© was a s l ig h t  

in c re ase  in  la t e r a l  ro c t  fo rm a tio n  when the  tubes had been in o c u la te d  

w ith  the  fu n g a l is o la to s *

Some in o c u la te d  s e e d lin g *  (w ith  m y c e lia l agar p lugs  and la t e r  

a fu n g a l m ace ra te ), a f t e r  s ix  months produced dicotomous secondary 

la t e r a l  ro o ts  w ith  h i ,  M3, M7, jo lo tu s  lu te u s  and B o le tus va riaQ stu#  1 , 

b u t aga in  th e re  was no evidence o f p a n s tra t io n  o f  the fungus in t o  the  

ro o t  to  form  e o to m yco rrh ira s  (see F ig *  13)* In  the  tubes where 

m y c e lia l agar p lugs had been used as a source o f  inoculuRî tho  fungus 

grew o n ly  on the su rface  o f  the a g a r, b u t when a fu r th e r  Inoculum  

o f  fu n g a l macerate was added, the hyphae grew p ro fu s e ly  th rou g ho u t 

the  agar and a ls o  around the ro o ts  c f  the  p in e  se e d lin g s * S t i l l  no 

ectom ycorrh izao  formed*

The method used by M e lin  end m o d ifie d  by fa r x  and Zsk (1965) 

us ing  p e r l i t e  and a m ix tu re  o f p se t end p e r l i t e  as s u b s tra te s  was 

? l* o  u nsuccess fu l*
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(Tube viewed from  be low) M a g n i f i c a t io n  x 2*5

F ig .  13. P a c h le w s k i 's  method f o r  the  s y n th e s is  o f  e c to m yc o r rh iz a e  

i n  v i t r o .

F orm ation  o f  d ichotomous secondary  l a t e r a l  r o o ts  s i x  months 

a f t e r  the i n o c u la t io n  o f  s e e d l in g s  o f  P inus s y l v e s t r i s  

w i t h  B o le tu s  lu te u s .
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Growth o f  p lnu# a y lv e a t r le  ae«d lfnya  amcloaed in  2 - l l t r e  

fXaaks in  two d i f f e r e n t  Q ubetre tes w ith  va rio u s  ro o t  

ia o la te g .

r  ungua S ube tra te

P eriod  o f  

in c u b a tio n  

(month»)

Root mean 

d ry  w e igh t 

betwaen 

r e p lic a te  

f la a k s  (2 )

mg

standard  

e r ro r

Shoot moan 

d ry  w e igh t 

between 

re p l ic a te  

f la s k s  (? )  

mg

Standard

e r ro r

mi

r i

M3

M3

n
M7

MR

M8

C o n tro l

P e r l i t e

P e r l i t e

P e r l i t e

P e r l i t e

P e r l i t e

P e r l i t e

P e r l i t e

P e r l i t e

P e r l i t e

25

3

25

3

25

3

25

3

25

159*7

80*7

164*0

37*5

139*2

22*4

124*1

22*5

53*9

(36 *8 ) 333*3

n o t a v a ila b le

(128*6)

4
330*0

n o t a v a i la b le

(2 5 *2 ) 275*8

n o t a v a ila b le

(9 4 *6 )

 7

(191*2 ) 

 >

(66*2 ) 
 »

(24 *3 ) 277*1

4 n o t a v a ila b le

424*1

(6 0 *1 )

 >

M1

Ml

M3

M3

M7

Ml?

MB

MS

C o n tro l

P t+ p e r l i te

P t * p e r l i t 8

P t^ p o r l l te

P t+ p e r l i te

P t+ p e r l i t8

P t+ p e r l i te

P t+ p e r l i te  

P t+ p s e lite

P t4 p e r l i te

25

3

25

3

25

3

25

3

25

64*7

15*3

177*9

16*7

111*9

20*2

149*1

13*2

124*1

(3 .1 ) 347*2

t n o t a v a ila b le

(7 4 *2 ) 707*3

n e t a v a ila b le

(7 7 *9 ) 595*6

n o t a v a ila b le

(125*1 ) 

f —

298*8

(2 8 *8 )

 >

(136*5)

 >

(326*6 )

 »

(20*6 )
 n o t a v a ila b ly

(7 9 *3 ) 253*3

 >

(0*8 )

P t » Peat 

 ̂ m in e  re p l ic a te
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Tho ftbnve re s u lts  (Tab le  12) in d ic a te  th a t  th e re  is  p o s s ib ly  

a fungus e f fe c t  rn  tho  r fo t /e h c o t  r a t io s  ^h ich  i s  d i f fe r e n t  f o r  the  

two s u b s tra te s . G ene ra lly  p la n ts  in o c u la te d  w ith  ro o t is o la te s  and 

grown in  p e r l i t e  had more ro o t grow th and le s s  shoot grow th than 

u n in o cu la to d  p la n ts .  Conversely p la n ts  grown in  the  p e a t /p e r l i te  

m ix tu re  and in o c u la te d  w ith  ro o t  is o la te s  had le s s  ro o t o ro  th  and 

more hoo t grow th than u n in o cu la te d  p la n ts ,

Tho c o n t ro l le d  environm ent method usa o f  l im ite d  e w ce ss* 

Ectom ycorrh izae occurred  on the  ro o ts  o f  p ine  seed lin g s  in o c u la te d  

w ith  B o lü tus  lu te u s  in  bo th  d i lu te  and normal co n c e n tra tio n s  o f  the 

n u t r ie n t  medium (F ig ,  1 4 ), A l l  the  se e d lin g s  (1 1 ) in  d i lu te  medium 

were e c to m y c o rrh iz a l, end a t  the  normal c o n c e n tra tio n  7 ou t o f the  

3 se e d lin g s  ^ere  e c to m y c o rrh iz a l.

In  a l l  f la s k s  ( in o c u la te d  and u n in o c u la tc d ) ,  the  shoots o f  the  

se ed lin g s  grown in  a d i lu te  n u t r ie n t  medium were s l ig h t ly  c h lo r o t ic ,  

even when ec tom ycorrh izae  had form ed, whereas those grown in  the  

ncrm al c o n c e n tra tio n  o f  n u t r ie n t  medium looked h e a lth y .

The e c to m y c o rrh iz a l ro o ts  o b ta ined  w ith  B, lu te u s  shewed w e ll 

developed H a r t ig  n e t and fun g a l m antle  (see F ig ,  IS ) ,  The 

ec tom ycorrh izae  which formed cn ro o ts  grown in  d i lu te  n u t r ie n t  medium 

were much le s s  abundant than those grown in  norm ol mediums. A lso 

in  the d i lu te  medium the e c to m yco rrh iza l ro o ts  were co n fin e d  to  

c lu s te r s  near the  Ju n c tio n  o f the ro c t  and shoot and thus near to  

the su rface  o f the  p e r l i t e  (F ie ,  1 6 ) ,

The fu n g a l grow th in  a l l  the f la s k s  was co ncen tra ted  around 

the  ro o ts  o f the s e e d lin g s , th is  be ing  observed when the  p la n ts  

were removed from  the f la s k s ,  b u t s in ce  west o f  the  fu n g i were the  

seme c o lo u r as the  s u b s tra te , the a c tu a l d e n s ity  o f fiHngal grow th  

was n o t o bv iou s .
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M a g n i f i c a t io n  x 2*5

F ig ,  14, C o n t r o l le d  env ironm en t method f o r  the  s y n th e s is  o f  

e c to m y c o r rh iz a e  i n  v i t r o .

S y n th e t ic  e c to m y c o r rh iz a e  form ed between P inus s y l v e s t r i s  

s e e d l in g s  grown i n  a d i l u t e  n u t r i e n t  medium and B o le tu s  

l u t e u s .
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M a g n i f i c a t io n  x%64

F ig ,  15, C o n t r o l le d  env ironm ent method f o r  the  s y n th e s is  o f  

e c to m y c o r rh iz a e  i n  v i t r o .

T ransve rse  s e c t io n s  o f  a s y n t h e t i c  e c to m yco rrh iz a  formed 

between P inus s y l v e s t r i s  and B o le tu s  lu te u s  to  show the  

d e t a i l s  o f  the  m antle and H a r t ig  n e t .

Continued . . . . .
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H

M antle

H a r t ig

ne t

M a g n i f i c a t io n  x l256

f i g .  15. ( c o n t . )
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M a g n i f i c a t io n  x 0*25

a ) S e e d l in g s  grown i n  normal n u t r i e n t  medium.

F ig ,  16, C o n t r o l le d  env ironm en t method f o r  the  s y n th e s is  o f  

e c to m y c o r rh iz a e  i n  v i t r o .

S y n th e t i c  e c to m y c o r rh iz a e  form ed between P inus s y l v e s t r i s

and B o le t u s  l u t e u s .

C o n t in u e d
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M a g n i f i c a t io n  x 0*25

b ) S e e d l in g s  grown i n  d i l u t e  n u t r i e n t  medium.

F ig .  16. ( c o n t . )
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The In  v . ltrc  ayntheicle o f ectom ycorrhizae in  pota i . e .  w ith  

th e ir  shc?nt8 fsxposed norm ally  to  the atmosphere, was ©Iso 

unsucceesfu l, even though non -* s t e r i le  humus u>as c o lle c te d  fro »  s ite s  

from which the fu n g i were c r ig ic n a l ly  is o le ted* Such humus should 

have ccnto ined p o te n t ia l ec tom yco rrh ira l form ing fung i*
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Tab le 13.

iroutb of Inus a y Iv a s tr is  seedllnoe in  s t e r i le  and

r ungus Substrate O rig in

Period of 

incubation

(months)

Control N o n -s te r ilo  humus Thotford 5

M Non—s t e r i le  humus T hctfo rd 4

Boletus lutoufi N o n -s to r ile  humus Thetfo rd 4

Control S te r i le  humus Th stfo rd 5

M S te r i le  humus Th etfo rd 6

r.23 S te r i le  humus Th etfo rd 4

M23 S te r i le  humus T h e tfc rd 8

Boletus lu teus S te r i le  humus Thetfnrd e

Control N o n -s te r ile  humus Angloy 10

P76 h o n ^ s te rile  hunue Snglcy 10

ms5 N c n -s te r ils  humus Anrjlsy 5

Control S te r i le  humu* Angley 5

mi 3 S te r i le  humus Angley 5

r,37 S te r i le  humus Aw; le y 5

P7Q S te r i le  humus Angley 5
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n c n - s te r i le  humu6 In o c u la te d  u l t h  v a r io u s  is c la to a  end B, lu te u e .

Root 

mean a ry  

w e igh t (mq)

Standard

e r r o r

Shoot 

moan d ry  

w e ig h t (mg)

Standard

e r r o r

Number o f  

re p l ic a te s

111*2 (6 8 *2 ) 327*6 (172*6 ) 3

52*2 (33 *2 ) 163*3 (105*9 ) 5

48*9 (1 8 *3 ) 169*6 (8 1 *8 ) 6

135*6 (3 5 *6 ) 557*0 (141*5 ) 4

358*0 (7 1 *4 ) 1416*3 (101*8 ) 4

157*7 (2 7 *6 ) 510*5 (6 *9 ) 2

191*7 (143*0 ) 763*8 (682*9 ) 3

263*9 (118*0 ) 933*6 (304*3 ) 5

86*5 (5 5 *2 ) 238*8 (197*5 ) 4

154*5 368*5 - 1

227*8 500*2 1

139*7 (6 7 *6 ) 506*4 (228*8 ) 4

97*5 (3 6 *1 ) 408*3 (?2?«7) 4

179*1 (5 5 *7 ) 577*8 (168*6 ) 9

116*5 (6 4 *6 ) 532*6 (292*9 ) 6
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The grow th  o f  the  c o n t ro l e a e d lln g *  In  n o n -» t© r ll»  humua 

(eee Table 13 a b o ve ), woe n o t ae g re a t ae th»s© grown in  s te r i l©  

hwmue* C le a r ly  e u to c la v in g  the  s o i l  d id  n o t have any d e te r im e n te l 

e f f e c t  on the  g row th  o f  the  pin© e a e d lin # # * A lso  under those 

c o n d it lo n e  in o c u la t io n  o f  the  htmue d id  n o t in f lu e n c e  the  s e e d lin g  

grow th in  a re g u la r  end d o e r  c u t way as was found w ith  those 

s e e d lin g s  grown in  the  « fte lin  flasks»» (see pegs 141 and Table 1 2 )* 

However i t  shou ld  he noted  th a t  d i f f e r e n t  ro o t  is o la te s  were used 

(e xce p t # 1 ) .
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m  ÇFFLGI, Cf .W k lL - 3 -  flC£IIC. M IS (lAftl m  THC DCVELOP̂ HT 

t r  PIBUS 5YIVE&TM ,. 5YSTEr&.

O bserva tions o f  the  tubes over the  d u re t ic n  o f th is  experim en t

i$e# n in e  m onths, showed th a t  ÏAA a t  the  h ig h e r c c n c e n tro t io n s , 

i r r ^  to  ic r® p , added e i th e r  i n i t i a l l y  o r a f t e r  a p e r io d  o f  4 weeks 

to  the grow th tu b e s , caused in h ib i t i o n  o f  ro o t  g row th . The main 

ro o t became a w o lle n , a ls o  the la t e r a l  ro o ts  were ve ry  sw o lle n  and 

d is to r te d ,  and e v e n tu a lly  these s o e d lin g s  d ie d *  A t a c o n c e n tra t io n  

o f  10"^P aga in  the  mein ro o t  g row th was g re a t ly  re ta rd e d  and t h is  

ro o t  bee erne ve ry  much awe: l ie n ,  b u t the  la t e r a l  ro c te  showed none 

c f  the  s w e llin g  o f the  main ro o t .  T h is  occu rred  when lAA um  

added i n i t i a l l y  to  the  tub e s , b u t when added to  the  se e d lin g s  a f t e r  

4 weeks grow th  th e re  was no s tu n t in g  o f  the  main ro o t ,  excep t a t  

the t i p ,  and the  secondary la te r a ls  d iv id e d  d ichotom ously  to  

produce s tru c tu re s  (see F ig .  17) va ry  s im i la r  to  those produced 

by p ine  saadlim g ro o ts  in  the  prasonca o f  M l, M3, m?. B o le tus  lu te u s  

and G cletus v e ria g a tu a  1 (see page 138 and F ig ,  1 3 ),

A t the  lo w e r c o n c e n tra tio n s  o f  lAA 1 *8 , 10“"*̂  and ICT^M,

added e i th e r  im m ed ia te ly  o r  a f t e r  4 weeks to  the  tub e s , the  ro o t

grow th was ve ry  s im i la r  to  th a t  o f  the  c o n t ro l se e d lin g s * the  main 

ro o t  showing no s ig n s  o f  any s w e llin g  and o n ly  a fstn s h o r t p rim a ry  

la t e r a l  ro o ts  be ing  produced. A t ICT^ to1C3f“ ’*^h , the  mein ro o t  c f  the  

s e e d lin g s  grow a p p ro x im a te ly  tw ice  as lo n g  as the  c o n tro l ro o ts ,  

a lth o u g h  the  la t e r a l  ro o t  fo rm a tio n  was s im i la r  to  th a t  o f the  c o n t r o l .  

A f te r  n in e  months th e  p in e  s e e d lin g s  rem ein ing  in  the  tubes 

were removed, washed, and then d r ie d  f o r  48 hours a t  70^C, to  

de te rm ine  t h e i r  f i n a l  d ry  w e ig h ts . The mean d ry  w e ight#  a re  g ive n  

in  the  fo l lo w in g  ta b le  (Tab le  1 4 ).
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M a g n i f i c a t io n  x 2*5

a ) No lAA ( c o n t r o l ) .

F ig .  17. D ichotomous secondary l a t e r a l  r o o t s  produced a f t e r  f o u r  

months g row th  o f  P inus s y l v e s t r i s  s e e d l in g s  i n  the

p resence o f  10~^M lAA.

C o n t in u e d
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M a g n i f i c a t io n  x 2*5

b ) i o ~6|Y[ YAA added a f t e r  f o u r  weeks g ro w th .

F i g .  17 . ( c o n t . )
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QrpwM in  BLM end MLM and In  m in e ra l s o lu t io n .

The g row th  o f  th re e  ro o t  I s o la te s ,  M l, M3, and M13 in  

BLM and MLN la  shown in  Table 15#

Table 15»

The grow th  o f  M .  M3, end M 3  in  B l f  and NLM.

Moot

is o la te

Growth a f t e r  14 days 

(d ry  w e ig h t o f  mycelium in  mg)

P

(In c re a se  I n  d ry  

w e igh t o f  ro o t  

is o la te  in  MLR 

compared w ith  BLB)

BLR standard

e r r o r

MLR Standard

e r r o r

mi 167*0 (12*0) 236*2 (41*6) 0*001

M3 224*8 (32*3) 256*4 (7 0 *4 ) n .s .

mi 3 60*6 (11*0) 141*3 (3*2) 0*001

The e f fe c t  o f  adding amino a c ldo  and v ite m in a  to  81M v a r ie s  

w ith  the  is o la t e .  Growth curves in  BLN and MLM, over a p e r io d  o f  

26 days, a re  g ive n  f o r  Ml end M3 in  F ig .  18» These emphasize the

d i f f e r e n t  response o f  these two Is o la te s  to  MLM and the  e f f e c t  i s

con firm e d  by t h a l r  g row th  on 8IA and MIA (F ig .  1 9 ).

The e f f e c t  o f  v a r io u s  components o f  the MiM on the  g row th  o f

M l3 ia  g ive n  in  F ig .  20. Th is  is o la te  shows a n e a r ly  c o e x is te  

requ irem en t f o r  th ia m in . In  the  presence o f  th ia m in  M l3 responds 

p o s i t iv e ly  to  the  amino a c id  m ix tu re  used in  MLM, b u t n o t s ig n i f ic a n t ly  

to  the a d d it io n a l v ita m in s . However when th e  amino a c id s  and 

v ita m in s  a re  added to g e th e r i . e .  as MLR, th e re  i s  a s l ig h t  

p o s i t iv e  in te r a c t io n .
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M l

4 0 0 -

T T Ï
3 2

l i m e  in days

Key

S t a n d a r d
er r or

ML M
BLM:  8 0 0 -

z
M 3

6 0 0 -

200 -

1 6
T i m e  in days

3 22 4

F ig .  18* The g ro w th  o f  Ml and M3 i n  BLM and MLM*
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16

12

8 -

y
0 8 16

T i m e  in days

M l

2 4 7 2

Key .

0 —0  M I A 

BI  A

12-

M 3

16 2 4 3 28
T i m e  in d ays

r i g ,  1 9 ,  The g ro w th  o f  1*11 and W3 on BIA and MIA,



158

1 0 0

50

O’o

Q.

f i g ,  2 0 ,  G row th  o f  1*113 w i t h  am ino  a c id s  and v i t a m i n s .
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Tho optimum tem péra ture  f e r  the  grow th o f  fi13 en mi A 

was 2H®C oa shewn in  F ig , 21*

The optimum pH fo r  th ia  fungus would appear tc  be e t  the 

lo w e r end o f  the  rang© o f  b u f fe r  systems used 1 ,8 , about 

pH 2*2 as in d lc a to d  in  F ig ,  22*

The grow th  o f  M 3  w ith  v a r io u s  n itro g e n  sourcas in  BLM 

ia  g iv e n  in  Table 16,

TablG 16*

Growth o f  mi3 w ith  v a r io u s  n itro g e n  souroes*

N itro g e n  source

mean d ry  w e ig h t, 

*9

Standard

e r ro r

P

(in c re a se  in  grow th 

ever t a r t r a t e )

t a r t r a t e 26*5 (1 *2 )

33*3 (4 *8 ) 0*02

Peptone 34*0 (4 *7 ) 0*02

Growth was s l ig h t ly  b e t to r  on peptone end potassium  

n i t r a t e  than  on ammonium ta r t r a te *

The grow th  o f  M 3  w ith  v a r io u s  carbon sources ie  shown 

in  Table  17 and F ig *  23*
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1 5 -

QJ
CJ

10 -

(U

<n

o

Si

o

0
- n r -

10 20
T e m p e  r a tu r e ,

30
0

F ig ,  21, Temperature growth curve fo r  FI13
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Sorensen's  phosphate buffers

150

100 -

5 0

pH

Ci t r i c  acid-sodium citrate buffers.

150-

oc
E

*

50

pH I
Key

St  a n d a r d  
, e r r o r

P h t h a l a t e - H C I  buffers

150

100

50

F i g ,  22 , pH g ro w th  c u rv e s  f o r  1*113,
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Toble 17,

Growth o f  M 3  w ith  vaplowp g«rbort «o»gc«a In  8^m.

Carbon source 

(2'/: suga r)

Roan d ry  w e ig h t, mg Standard

e r r o r

P

None 1*1 (O 'S ) 0*001 ( in h ib iU o n )

Glucose ( c o n t r o l ) 69*2 (6«3)

G alactose 86*7 (1 0 *7 ) 0 .02

F ructose 86*2 (20 *2 ) n .s .

Sucrose 89*1 (6 *9 ) 0*01

Mannoso 83*2 (1 0 *0 ) 0*05

r & n n l tc l 93*S (9 *3 ) 0*01

M altose 89*5 (1 5 *1 ) 0*05

A ceta te 0*0 (0 *0 ) I n h ib i t io n

R e la te 37*2 (16 *1 ) 0*01 ( in h ib i t io n )

Xylose 111*3 (7 *7 ) 0*001

Xylose çavs the  beet grow th end g a la c to s e , sucrose , 

raannooe, m o n n lto l and m lto m  «11 gave mers growth than g lu c o s e • 

r e la te  produced poor growth and a c e ta te  wee com p le te ly  

in h ib i t o r y .  Some grow th d id  occur in  the  fla sk©  c o n ta in in g  

no carbon so u rce , t h is  p o s s ib ly  due to  the  carry-Hsver o f 

g lucose  in  the  in c c u lim  from  the  8LM in  which i t  was 

o r ig io n o l ly  grown.

Tho a b i l i t y  o f M 3  to  u t i l i z e  v a r io u s  po lysaccha rides  

in  DLfi w ith  and w ith o u t the a d d it io n  o f a tra c e  (0 *0 5^) 

o f  g lucose is  shown in  Tsb lo  IS  and F ig *  24.
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T a b le  1 9 .

Growth o f  R13 w ith  v a r io u s  po lysacch a rid gs  in  OLM.

Carbon source Mean dry  

w e ig h t,

mg

Standard

e r r o r

*P In te ra c t io n  

w ith  0*GSf 

g lucose

None 1*9 (2 *1 ) ""

Glucose (2%) 66*5 (G '5 ) ~

Glucose (0*05%) 57*7 (6 *9 )

P o lypecta te  (1%) 70*8 (18 *0 )

P o lypecta t©  ( 1%)+ g lu c o w (0*05% ) 85*7 (18 *9 ) 0*001 N egative

CMC (r /O 0*6 (0 *2 ) -

CMC (1? )4g lucose  (0*05%) 91*3 (8 *7 ) 0*05 P o o it iv e

S tarch  (2%) 89*9 (1 2 .8 )

n ta rch  (2%)+gluco»e (0*05%) 105*1 (8 *1 ) 0*001 N egative

P e c tin  ( I f ) 48*8 (2 *7 ) ~

P e c tin  (1 y )4 g luco se  (0 *0 S f) 47*8 (4 *1 ) 0*001 Negative

*  S ig n if ic a n c e  determ ined by the  ^  d is t r ib u t io n .

S ta rch  gave more growth than glucose# Growth w ith  

p c lyp G c ta te  a t  1% wtte very s im i la r  to  th a t  ob ta ined  w ith  g lucoae 

a t  2/., where®» p e c t in  end CMC (b o th  a t  1^) gave lea» grow th 

than  g lucoea a t  2 ^ .

The presence c f  e tra c e  o f  g lucose  had l i t t l e  m ffo c t on 

the  a b i l i t y  c f  F13 tc  u t i l i z e  these p o ly s a c c h î^ r iies excep t 

c r c ,  where th e re  was © s ig n i f ic a n t  p c s it iw a  in te r a c t io n .

The r e s u lts  of e x p e r im n ts  to  da te rm ine  whether s e le c te d  

ro o t  is o la te ©  a re  ab le  to  u t i l i z e  c e llu lo s e  and l ig n in  in  

plnewood sawdust a re  g iven  in  Table  19 and f i g .  26#
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K e y .

m  , \ u g l u c o s e .

I P l u s  gl u cose  
(0 05 /.).

2 00 -

o 1 0 0

- V

cT

J L
I

-5oc

F ig ,  24, Growth o f  (113 wi t h  v a r io u s  p o ly sa c ch a r id e s ^  i n  BLM,
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T a b le  19,

The amount n f  I l c n in  and c e l lu lo s e  decomposed by fc u r

runQus

:ry  w e ig h t 

c f  sample 

used in  

a n a ly s is ,  

mg

♦Mean c ry  w e ig h t 

o f  l i g n in ,  mg.

( as lig n irv -  

th io g ly c c lic  

e c id ) .

Standard

a r r o r r

A

l i g n in

deccmpccGd,

%

None

( c o n t r o l )

348*8 87*0 (1 1 *6 ) -

r i 3 353*7 74*0 (1 6 .3 ) 0 *9 . 14*8

M 3 'g lu c o s e  

(0.1% )

343*2 72*0 (4 *1 ) 0*05 18*0

M23 332*9 72*7 (3 *7 ) 0*05 17*2

M 234gluco*o

(0.1% )

364*4 23*5 (8 *8 ) n *8* 4*9

Î137 346*3 76*3 (7 *3 ) n .s . 13*1

m37+glucD*8

(0.1% )

363*4 74*6 (1 0 *5 ) n .s . 15*0

P65 348*0 87*8 (4 *0 ) m .a . 0*0

MôS^glucosG

(0.1% )

353*7 98*3 (8 *4 ) n .s . 12*0

( in c re a s e )

♦  Ir%lude@ the  c o r r e c t io n  va lu e  (see F ig ,  25)
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ro o t  is o lâ t# *  in  pjLnewcoti «awdust a f t e r  e ix  months g row th .

Mean d ry  w e ig h t 

o f c e l lu lo s e ,  

mg

Standard

e r ro r P

B

c e llu lo s e

docomposod,

%

Q u o tie n t

8/A

133*8 (4 8 -2 ) - — -

94*2 (1 -1 ) n .s . 29*6 2*0

85*2 (4 -7 ) o-os 36*3 2-0

102*1 (1 0 *9 ) n#s* 23*7 1*3

95.8 (1 0 -4 ) n.a+ 28*4 5*8

122*1 (7 -3 ) n .s . 8*7 0*7

117*1 (22»9) n .s . 12*5 0*8

142*7 (2 0 *9 ) n .s . 6*7

( in c re a s e )

117*4 (22 *4 ) n .s . 12*3

t  Dry m a t te r  pe r  f l a s k  b e fo re  decay = 5»0g

I n i t i a l  c o m p o s i t io n  o f  sawdust = c e l l u l o s e  38*4% and l i g n i n  25*2%
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125"

100 -
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s  i a n d a r d  
e r r o r .c

c
ex

2 5o

m g o f  p i n e woo d  s a w d u s i .

200 4 0 0 6 0 0 8 0 0

25 -
( o r r c c i i o n  value = 2 7  Ont %.

F i a .  2 5 .  C o r r e c t i o n  c u r v e  f o r  l i g n i n  a n a l y s i s .
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F ig . 26, The amount o f  l i g n in  and c e l lu lo s e  decomposed by

fo u r  ro o t  is o la t e s ,  in  pinewood saw dust, a f t e r  

s ix -m o n th s  g ro w th .
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M 3  showed a s ig n if ic a n t a b i l i t y  tc  u t i l i z e  wood c e llu lo s e  

only in  tho pp&eonco of a trace q u an tity  (D*1v) of glucose*

Tills plnewood c e llu lo s e  was not decomposed by e ith e r  M23, P37 

op M65,

f73  showod a lim ite d  capacity  to  u t i l i z e  i ip n ln ,  w h ils t  

M 3 , f'37, end M65 showed none* Tho a d d itio n  o f 0*1# glucose 

to  the medium had no e f fe c t ,  except to  cause adaptive growth 

w ith  M13, but in  the case o f m23 l ig n in  u t i l iz a t io n  was 

much reduced*

The a b i l i t y  o f the above four is o la te s  tc  grow on ground 

up f i l t e r  paper, added to a m ediw  o f 9IA lees glucose is  

9hmm in  Table 20*

Table ?C*

Growth o f root is o la te s  cn OIA plus ce llu lo se  and 

minus glucoso*

r  ungus f ©an radius o f colony (mm) Standard e rro r

f 13 7*5 (G*0)

r23 17*5 (0 *0 )

f37 5*0 (0 *0 )

mes 6*3 (1 *8 )

A ll is o la te s  appeared to be ab le  to  grow on the c e llu lo s e  

to f,nme o x te n t, M23 being able tc  u t i l i z e  the c e llu lo se  mors 

then mi 3 , fl37 or m S .
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CXPCRIMCNTS UftTM EXCISED TCMATC HCUTj .

1. Lxp#MmnW_. w ith  l i v e

a ) Growth o f  v a r io u s  js cX a te s  in  the  presenc# o f  

oxcJlsti’d to tra to  ro o ts  in  ( LP#

Over a p e r io d  o f  7 days most o f  the  ro o t  

io c la to a  and B o le tu s  ve rie rr> tu s  1 were s t im u la te d  

to  some e x ta n t by the  presence o f l i v e  e xc ise d  

tomato ro o ts  in  MLM, excep t f o r  M2, M5, M8, M10, 

M22, res  and F70.

In  most coses (see Appendix C and Fig# 2 7 ) , 

k i l l e d  exc ised  tom ato ro o ts  had no e f f e c t  on the 

g row th  o f  the is o la te s  a f t e r  7 days in c u b a t io n ,  

b u t M3, M4, 1*6, M 3 ,  M 6  (w ith  14 day o ld  

e xc ise d  tomato r o o ts ) ,  f-23, M48 and M7G were a l l  

s t im u la te d  by them, Lne is o la te ,  MS,was 

s t im u la te d  o n ly  by k i l l e d  end n o t by l i v e  e xc ise d  

tom ato ro o ts .

The ro o t  is o la te s  grown in  the  presence o f  

b o th  l i v e  and k i l l e d  e xc ise d  tomato ro o ts  f o r  

14 days g e n e ra lly  show in c re ase d  s t im u la t io n  

in  th© presence c f  r o o ts .  Two is o la te s  i , e ,  

res  and M70 which were n o t s ig n i f ic a n t ly  s t im u la te d  

a f t e r  7 days e x h ib ite d  e s ig n i f ic a n t  s t im u la t io n  

(P w 0*001 and 0*05 re s p e c t iv e ly ) ,  a f t e r  14 days, 

b u t M78 and B« v a r ie g a tu s  1 showed reduced 

s t im u la t io n  a f t e r  14 days.
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10 0

Ml  M2

100 -

100 m 100

M 5

100 -

M 3  M 4

100

7 ” da> s incubât ion

t i g .  27, Growth o f  ro o t  i s o la t e s  and Bo le tus v a r ie q a tu s  1 

w ith  l i v e  and k i l l e d  exc ised  tomato ro o ts  in  HLM,

C o n t in u e d  . . . . .
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Fig. 27, (cont.)

C o n t in u e d
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2 ^ q J  •omalo root)
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-h t  /

M21 M22
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7 - days incubation

rig, 27, (cont,)

C o n t in u e d
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F ig ,  27, ( c o n t .  )

C ontinued  , , , , ,
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m M65

ill II
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7~(ia>s ifu’iihation 14-da>s incii hat ion

r i g .  27. ( c o n t . )

C o n t in u e d  . . . .
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M 7 0 M 7 0

100 100

M 7 8 M 7 8

100 100

+ t

7-da>s incubation 14 -da>s incubation

F i a .  7 7 .  ( c o n t . )
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b) tlma cewrm mpiSTlmmt. w ith  r l3

i i U i t i * .

The growth c f  M 3  in  MLM and in  the presence 

of l iv e  %tnd k i l le d  excleed tomate root© over 0 

period o f 17 day® i«  shr^in In  F ig* 28*

From F ig* 28* the exci#ed tumetc rco te*  

both l iv e  and k il lw d ,  aa axpeckod, a ti^ u la ta d  tha  

grcwtJ’i o f Ml3 over  ̂ period o f 17 diiy®* The 

rm ponm  to  the excised l iv e  recta  was gene re 3 Xy 

about dcu^'ls th a t to  k i l le d  roots*

c ) Growths of p l3  and in  the preaanco o f exciaad  

t c m io  ro o t#  in  B in  and r t r .  for 14 dava.

Lihon Ml3 and M23 ware grown in  BLM and 

s tim u la tio n  by both l iv e  and k i l le d  excised  

tcxnato roots was g re a te r in  8LM (eaa Table 21 

and F ig * 29}*
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300
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00
E

Time in days

Ki l l ed  excised tomat o  r oot

300 '

2 00 -

100 -

T i m e  in day s

Key

• — •  No r o o t  

0 —0 r oot

S t a n d a r d
e r r or

F ig ,  28, Growth o f  Ml3 in  the presence o f l i v e  and k i l l e d

excised tomato ro o ts ,  in  MLM.
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Growth of F I3 and M23 in  the preeencg of excised tomato 

TOO te in  OLF) and f-lf'. fog 1A days.

Fungus r%dlum Treatm ent *M08n dry 

w eight, n«g

Standard

e rro r

P

M 3 Btr No root 35*6 (5 .« ) -

M 3 atm 4Live root 68*5 (1 2 -4 ) 0*001

M 3 8Lf - {K il le d  root 54*5 (S -7 ) 0*001

M 3 FL& No root 63*6 (15«Ê) —

M 3 M P 4L iva root 87.0 (1 2 -4 ) 0*002

M 3 MLM ^ K illed  root 70*2 (23 "2 ) n .s *

F23 8LF to  root 51*1 {10-C ) "»

F23 BLf 4 iiv a  root 82*0 <1S.6) 0*081

M22 8LR ^ K illed  root 79*0 ( 6 .  2) 0*001

P23 MLM No root 89*4 (1 3 *4 ) «.

m23 miM -fLiv® root 117*5 (2 4 .5 ) 0*01

K23 MLM + K illed  root 121*9 (2 8 .5 ) 0*01

► Number of re p lic a te s  % 6#
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M13 \ I 13

1004 ■  ■  ■  100

I  V123 M 2 3

100 100

+  +  2  4- t  z
c  Zi «  c  z  »

o © n> ft O
Q. ©  Q.  O: - I s ’
O  ^  ©

BLIM IMLiM

F i g ,  29 .  Growth o f  M13 and M23 i n  t h e  p resence  o f  e x c i s e d

to m a to  r o o t s  i n  BLM and MLM f o r  14 d a y s .
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Table 22.

d ) Growth o f M l3 (co n tin u o u s  la b o ra to ry  c u ltu r e  and 

c u ltu r e  m a in ta ined  under o i l )  in  the presence o f  

exc ise d  tomate re s ta  in  F ir  «

Continuou© s u b c u ltu r in g  over m p e r io d  o f  tim e 

reduced the responso o f M 3  to  ro o ts  (Teb le  22)*

Growth o f  M l3 (co n tin u o u s  la b o ra to ry  c u ltu re  and c u ltu r e  

(po in ta in cd  under o i l )  in  the  prasonce o f  l i v e  end k i l l e d  

e xc ise d  tcw a to  ro o ts  in  F i r *

Fungus Treatm ent Mean d ry  

w e ig h t, mg

Standard

e r r o r

P

Ml3 (fro m  co n tin u ou s No ro o t 63*5 (1 1 *5 ) -

la b o ra to ry  c u l tu r e )  ^ f t iv e  ro o t 122*8 (22 *2 ) 0*01

r K i l ie d  ro o t 104*3 (6 *5 ) 0*002

M13 (fro m  c u ltu r e No ro c t 52*3 (9 *3 ) -

m a in ta ined  under o i l )  < f l i v e  ro o t 157*8 (2 8 *5 ) 0*001

^ K il le d  r c L t 108*2 (21 *9 ) 0*01
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Tabla 23.

©) Growth o f  F13 In  the  presence o f  a c o t to n ''ro o t

and an e x tra c te d  e xc ise d  tom ato ro o t*  bo th  w ith  and 

w ith o u t l i v e  e xc ised  togs to  ro o t  exudate (m lcropo re  

f i l t e r e d ) .

The grow th of M13 in  th© presence o f  a c o tto n  

" ro o t* ’ , w ith  and w ith o u t l i v e  exc ised  tom ato ro o t  

exuda te , a ie o  an e x tra c te d  ro o t ,  w ith  and w ith o u t 

l i v e  exc ised  tom ato ro o t  exudate is  shewn in  the  

fo l lo w in g  ta b le  (Tab le  23) and F ig ,  30,

Growth o f  M 3  in  the  presence o f a c o tto n  " ro o t"  and an 

e x tra c te d  axc iaad  tomate r o o t ,  bo th  w ith  and w ith o u t 

l i v e  o xc ise d  tom ato ro o t  exudate (le ic ropo re  f i l t e r e d ) .

Type c f  ro o t Fean d ry  w e ig h t, mg Standard e r r o r P

No ro o t ( c o n t r o l ) 57 .6 (9 .4 )

G otten "root** 66*6 (2 6 *8 ) 0 .05

No r c o t  ( c o n t r o l ) 66*2 (1 2 .2 )

C otton "rco t**4*oxudate 108*5 (1 7 .4 ) 0.01

No r c o t  ( c o n t r o l ) 70*2 (1 3 *6 ) -

e x tra c te d  ro o t 126*6 (5 .6 ) 0*001

No ro o t ( c o n t r o l ) 123*7 (2 5 .5 )

E x tra c te d  roo t+ ^exuda te 215*0 (3 .0 ) 0*001

f iic ro p o re  f i l t e r e d  l i v e  e xc ise d  tom ato ro o t  exuda te .
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□
N o  e x c i s e d  f o m a l o  
root  e x u d a t e .

W i t h  l i v e  e x c i s e d  
t o m a t o  r o o t  e x u d a t e
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F ig ,  3 0 , Growth o f M l3 in  th e  p re s e n c e  o f a c o tto n  " r o o t ” 

and an e x t r a c te d  r o o t ,  b o th  w ith  and w ith o u t  l i v e

e x c is e d  tom ato  ro o t  e x u d a te  (m ic ro p o re  f i l t e r e d ) .
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These r s a u l t s ,  w ith  a r t i f i c i e l  c o t to n '‘ro o t© " , 

show th a t  th© in c re a se  in  grow th o f M 3  can ba 

a t t r ib u te d  p a r t i a l l y ,  b u t n e t w h o lly  to  the  

e xc ise d  tomato ro o ts  a c t in g  as a su pp o rt in  the  

l i q u id  medium. Adding l i v e  exc ised  tomate ro o t  exudntc 

to  the  f la s k s  w ith  the  c o tto n  " ro o ts ”  caused an 

in c re a se  in  the  grow th o f  the fungus , b u t s t i l l  the  

same amount of grow th  s t im u la t io n  was n o t o b ta in e d  

as when a l i v e  exc ised  tom ato ro o t wes p re se n t in  

tho  modlum.

An e x tra c te d  e xc ise d  tomato ro o t  w ith  end 

w ith o u t the  presence c f  l i v e  exc ised  tom ato rc o t 

exudate a ls o  s t im u la te d  the  grow th o f  M13, b u t 

aga in  n e t to  the same e x te n t as a l i v e  e xc ise d  

tom ato ro o t ,  a lth o u g h  i t  doea e tlm u ia t©  more than 

a c o tto n  " ro o t"  w ith  l i v e  ©xciaed tomato ro o t  

exuda te ,

f ) T^m e f f e c t  o f  e n c lo s in g  e xc ie ed  to m to  ro o ts

w ith in  d ia ly s is  membrana bags on the  g row th  o f  F I3 

in

The e f f e c t  o f  s e p a ra tin g  exc ised  l i v e  and 

k i l l e d  tomato ro o ts  from  th© fungus by e n c lo s in g  

them w ith in  d ia ly s is  membrane bees in  MLM i s  shewn 

in  Table 24 and F ig .  31,
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T a b le  2 4 ,

The e f f e c t  c f  e n c lo s in g  e xc ise d  tcm atc ro o ts  w ith in  

d ja lv s ia  membrane b^gs on the  nrowUi ©f r i3  in  MLM*

Treatm ent f.can d ry Standard P

w e ig h t, mg erre -r

No bag o r ro o t  ( c o n t r o l ) 70*6 (1 7 *7 ) -

l i v e  ro o t enc losed  in  fag 10*2 (7 *1 ) 0*001 ( in h ib i t io n )

K i l le d  ro o t mnclo&Gd in  bag 21*1 (7 *3 ) 0*002 ( in h ib i t io n )

No bag o r ro o t  ( c o n t r o l ) 57* r> (9 "4 )

Empty bag 27*7 (6 *3 ) 0*01 ( in h ib i t io n )

M a to ris il from  l i v e  and k i l l e d  exc ised  tom ato 

ro o ts ,  which passes th rough  the d ia ly s is  membrane 

in h ib i te d  the  grow th o f M l3 , the  e f fe c t  be ing  

g re a te s t  w ith  l i v e  ro o ts#  In h ib i t io n  i s  s t i l l  

o b ta in e d  w ith  l i v e  ro o ts ,  even a f t e r  a llow ance  has 

been made f o r  in h ib i t i o n  due to  the  d ia ly s is  

membrane i t s e l f #

g ) The e f fe c t  o f  autoclavifM a d ia lv a ia  membrane begs# 

The re s u lts  (see Table 25) In d ic a te  th e t  the  

d ia ly s is  mambr^one does n e t a l t e r  i t s  p h y s ic a l 

p ro p e r t ie s  when i t  i s  au toc lsw ed , f o r  o n ly  the  

ammonium su lp ha te  passed in t o  the e x te rn a l medium, 

the  s ta rc h  rem ain ing  in s id e  the  d ia ly s is  membrane 

bags.
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F ig .  3 1 , The e f f e c t  o f  e n c lo s in g  e x c is e d  to m a to  r o o ts

w i t h i n  d i a l y s i s  m em brane b ag s  on th e  g ro w th  o f  

M13 i n  MLM,
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T a b le  2 5 .

The a ffe c t  of sutrc.lavinr? d le ly e ls  membrams bang.

Treatm ent Presence o r abeonce in  o u te r medium o f * -

Ammonium sulph<»,te S tarch

A utoc loved  bag + -

N’o rv-autoclavod bag + -

2 , Experim ent# w ith  exc ised  tomate ro o t  exudate , e x tr a c t  and 

homo^enatg .

a ) Growth c f  M l3 in  the  presence o f  exc ised  tomato

ro o t exuda te , from  l i v e  and k i l l e d  ro o ts  ( c o l le c te d  

In  d i s t i l l a d  w e te r ) ,  e x t r a c t  end homooenat© in  MLM* 

The grow th  o f  M l3 w«s inc re ase d  in  the  

presence o f  m icroporo  f i l t e r e d  end a u to c lsve d  

exc ise d  tomato r c o t  exudate (fro m  l i v e  end k i l l e d  

r o o ts ) ,  e x t r a c t  and homogenats (see Table 26 below 

and a ls o  F ig .  3 2 ) ,
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Table 26 .

C ro w th  o f  M 3  i n  th e  rr& a & n c c  of e x c is e #  p o o l

w x y d p te . f r c #  l i v e  anid k i l l e d  rc -o ta  (c??ll»c:ifed i n  

d j a i i i l a d  w a te r ) ,  ax t r a c t  :r:nd homcxmnet# In  r ^ r .

Method o f 

a ta r l l lz m t ln n

Treatm ent Mean d ry  

w e ig h t*  Ktg

Standard

e r r o r

P

- No ro o t  p re p a ra tio n  

( c c n t r c l )

75*7 (1 2 '7 )

M icropor© f i l t r a t i o n L iv e  ro o t Gxudet# 1D?'S (6 *5 ) 0.01

A u te o la v ln g l i v e  ro o t  axwdate 109*7 {2 3 *9 ) 0 .02

M icropore  f i l t r a t i o n k i l l e d  ro o t  oxudete 1D6#8 (1 1 .8 ) C.02

A u to c la v in g K i l le d  ro o t exudat& 165*4 (1 2 .C) 0*QC1

No r o c t  p re p a ra t io n  

( e o n t r o l)

117*9 (2 *7 )

f ic ro p o re  f i l t r a t i o n E x tra c t 224*5 (4 3 .3 ) 0*01

A u to c la v in # E x tra c t i e s * 7 (4 4 .8 ) 0 .0 2

No ro c t  p re p a ra t io n  

( c o n t r o l )

70*2 (1 3 .9 ) m

M leropore  f i l t r a t i o n Homogenata 136*9 (1 8 .3 ) 0#G0*

A u to c la v in g Honcgenat® 135*5 (2 4 .8 ) 0*01
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Key

M i c r o  p o r c  f i l t e r e d

n cl  a \ e  d

10 0-^

r i g .  32,  Growth o f  M l3 i n  th e  p resence  o f  e x c i s e d  t o m a t o 

r o o t  e x uda te  f r om  l i v e  and k i l l e d  r o o t s  

( c o l l e c t e d  i n  d i s t i l l e d  w a t e r ) ,  e x t r a c t  and 

homogenate i n  MLM,
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Tho most s ig n i f ic a n t  grow th s t im u la t io n ,  a f t e r  

s t e r i l i z i n g  by w ic ro p o rc  f i l t r a t i o n ,  was produced 

w ith  exc ised  tcw s to  r c o t  homogeneta* S l ig h t ly  lo s e  

g row th  s t im u la t io n  o ccu rre d  in  ttva presence o f  

e xc ise d  tomato ro o t  e x t r a c t  and Uve le a s t  w ith  

e xc ise d  tomato ro o t  exudates (fro m  U rn  and k i l l e d  

ro o t» )*  A u tc c la v in g  the  ro o t  p repa re t ie n s  s l ig h t l y  

reduced the  a b i l i t y  o f  the  l i v e  exc ised  tom ato ro o t  

exuda te , e x tr a c t  and homogenate to  s t im u la te ,  b u t 

g ro n t ly  in c re ase d  Ute a f f e c t  o f tho  k i l l e d  e xc ise d  

tam oto ro o t  exude to«

b ) Growth o f  Ml3 a t  two d i f f e r e n t  le v e ls  o f m jcropore  

f i l t a r a d  exc ised  tonna to  ro o t  exuda te , from  l i v e  and 

k i l l e d  ro o ts  ( c o l le c te d  in  d i s t i l l e d  w a te r ) ,  e x t r a c t  

and homer,onnts In  MtF.

Growth o f  M l3 in  the  presence o f  two d i f f e r e n t  

le v e ls  o f  e xc ised  tom ato ro o t  exudate (fro m  l i v e  

and k l l lm d  r o o ts ) ,  e x t r a c t  and homoganats i s  g ive n  

in  Table 27 and F ig .  33.
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Growth c f  M13 a t  two d i f f e r e n t  l@vwls o f m jc rap c rc  

f i l t e r e d  a xc iscd  tcL’ a to  r c o t  frum X lvs and

k i l l e d  ro o ts  (c c -Iie c to d  in  d i s t i l i t d  w a te r ) ,  e x t r a c t  

and hemoGGnote in  MLM.

Q u a n tity  o f  ro o t  

p re p a ra tio n  (d ry  

w e ig h t o f  e xc ise d  

tometo ro o t)

Treatm ent

Maan d ry  

w e ig h t, mg

Standard

e r r o r P

None No ro o t p re p a ra tio n  

( c o n t r o l)

75*2 (19 *4 ) -

6*2mg L ive  ro o t exudate 90*3 (14 *6 ) n .s .

3#1mg L iv e  ro o t  exudate 71*1 (9 *4 ) n .e .

6*2wg K i l le d  ro o t  exudate 106*8 (1 0 *0 ) 0*02

3«1mg K i l le d  ro o t  exudate 97*1 (1 7 *9 ) n.G*

None No ro o t p re p a ra tio n  

( c o n t r o l)

71*7 (4 *9 )

6*2mg E x tra c t 128*4 (4 *8 ) 0*001

3»1mG E x tra c t 101*2 (1 9 *5 ) 0*02

6*2mg Hoffiogenats 135*7 (1 2 *4 ) 0*001

3*1mg Homogenate 116*7 (6 *7 ) 0*001
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Kc V

6 2 mg

[~~ j  3 1  mg

Dr y  wei ght  of excised  
t o m a t o  r o o t s  .

100

F i g .  33,  Growth o f  Ml3 a t  two d i f f e r e n t  l e v e l s  o f  m ic ro po re  

f i l t e r e d  exc i s e d  tomato r o o t  exudate f rom l i v e  

and k i l l e d  r o o t s  ( c o l l e c t e d  i n  d i s t i l l e d  w a t e r ) ,  

e x t r a c t  and homogenate i n  MLM.
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Tt’ies® r# 8 u lt9  in d ic a te  th a t  the  amount o f  

s t im u la t io n  ob ta in ed  depends on the q u a n t ity  o f 

ro o t  p re p a ra tio n  added, 3*1o»g d ry  w e ig h t c f  e xc ised  

tom ato ro c t  g iv in g  le s s  s t im u la t io n  than 6*2mg, 

excep t l i v e  e xc ise d  tom ato ro o t  exuda ta , where 

n e ith e r  3*1my o r  d ry  w e ig h t o f  exc ised  tomato

ro o t  s ig n i f ic a n t ly  s t im u la te d  the  grow th o f M13#

c )  Growth o f  h i 3 in  the  presence o f  e xc ised  ttm e^e  

ro o t  exudate c o l le c te d  d a i ly  ( in  d i s t i l l e d  

wo t e r )  in  r u  ♦

The g row th  o f  M l3 in  the  presanco o f  e xc ise d  

tom ato ro o t  cxiidat©  c o l le c te d  d a i ly  end then 

p o o le d , a ls o  c c l ls c te d  d a i ly  and added d a i ly  to  

the  grow th f la s k s  o re  shown in  Table 28 and 

r i g .  34,
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Tnblo 2 8 .

Growth o f  r i 3  in  the presence o f © xcjsad ï,mmtù ro o t  

oxudatg G c lie c te d  d a l ly  ( in  d l& t l l l e d  w a te r} in

Type o f oxudate Treatm ent l%ethod o f 

s t e r i l i z a t io n

Mean

dry

w e ig h t

mg

Standard

e r ro r

P

- No exudate 

( c o n t r o l)

- 73*2 (1 4 *2 ) ~

From l i v e  ro o to Pooled F ic ro p o re

f i l t r a t i o n

70*6 (1 8 *6 ) n .s *

F rom l i v e  ro o ts Peeled A u to c la v in g 118*6 (6 *2 ) 0*D1

From k i l l e d  ro o ts Pooled M icropore

f i l t r a t i o n

76*5 (1 2 *5 ) n .s *

From k i l l e d  ro o ts Peeled A u to c la v in g 96*9 (1 4 *2 ) 0*05

No exudate 

( c o n t r o l )

— 79*3 (3 *6 ) -

From l i v e  ro o ts Added d a i ly M lcropor©

f i l t r a t i o n

57*6 (3 *6 ) 0*001

- No exudate 

( c o n t r o l)

- 55*4 (1 *9 ) ~

From l i v e  ro o ts Added d a i ly A u to c ie v in g 70*1 (0 *2 ) 0*001

From k i l l e d  ro o ts Added d a i ly M icropore

f i l t r a t i o n

66*9 (8 *4 ) 0*02

From k i l l e d  ro o ts Added d a i ly A u to c la v in g 68*7 (6 *0 ) 0*01

*  I n h ib i t io n .
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Exudate collected daily and pooled.

100

Key

Mi  c ropore 
f i l tered

[Z1 A" toclaved

Exudate collected daily and added 
daily to the growth f lasks.

100’ ■  

e1

o
o

n>
Xc
o.
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rt>
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Q.

A
Z
o
n
Xca.

F i g .  34. Growth of M13 in  the presence of excised tomato

root exudate co lle c te d  d a ily  (in  d is t i l le d  w ater) 

in  MLM.
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The k i l l e d  and l i v e  e xc ise d  tomato ro o t  exudates 

c o lle c te d  c te ily  end poo led  had no s ig n i f ic a n t  e f f e c t  

on the grow th o f  f1 3 ,  b u t when these ro o t  

p repa ra tic îna  were autoc law ed s t im u la t io n  o f  grow th  

occurred# L ive  exudate c o lle c te d  d a i ly  and added 

d a i ly  in h ib i te d  g ro w th , b u t the k i l l e d  exudate 

caused grow th s t im u la t io n .  A utoclaw ing bo th  these 

ro o t  p re p a ra tio n s  s t im u la te d  the  grow th o f  f13#

d ) Growth o f  h i3 in  th e  preaenc® of d ia lv e a ta  and

ps tan tm ta  o f  tom ato ro o t  exudate (from  l i v e  e xc ise d  

tom ato ro o ts ,  c o l le c te d  in  d i s t i l l e d  w a te r ) ,  e x t r a c t  

and homotîenste in  r t f .

The e f fe c t  o f  d ia ly a in g  l i v e  e xc ised  tom ato 

ro o t  exuda te , e x t r a c t  and homogenate a g a in s t w a te r 

on the  grow th o f  M 3  i s  shown in  Table 29 and 

F ig# 3S#
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Table 2 9 .

Growth o f F I3 In  the  presence o f d la ly a a te  and ro to n ta ta  

o f  tom ato ro o t  oxudate (from  l i v e  exc ised  tomate ro o ts ,  

c o l le c te d  in  d i s t i l l e d  w a te r ) ,  e x t r a c t  and homogenntG in  miM.

fio thod o f  

s t e r i l i z a t io n

Treatm ent

Mean

dry

w e ig h t,

»9

Standard

e r ro r

P

No ro o t p re p e ro t ic n  

( c o n t r o l)

75*7 (12 *7 ) -

f lc r c p o ro  f i l t r a t i o n D ia ly s a te  o f  l i v e  

ro o t exudate

94*0 (11 *5 ) O'OS

A utoc lew ing D ia ly& a io  o f  l i v o  

ro o t  exudate

91*0 (5 *5 ) 0 '0 5

M cpoporc f i l t r a t i o n Rate n ta te  o f  l i v e  

ro o t exudate

95*2 (S '? ) O'OS

A u to c la v in g Rete n ta te  c f  l i v e  

ro o t  exudate

89*9 (1 1 '3 ) n .s .

Hg ro o t  p re p a ra t io n  

( c o n t r o l )

117*9 ( 2 '7 )

M icropore  f i l t r a t i o n D ia ly e a ta  o f  e x tr a c t 167*5 (1 3 *2 ) O'OOl

A u to c la v in g ü ia ly a a te  o f  e x t r a c t 197*7 (21 *8 ) O '001

M icropore  f i l t r a t i o n S eton ta te  o f  e x t r a c t 169*5 (3 6 '3 ) O'OS

A u to c la v in g Rete n ta te  o f e x tr a c t 200*2 (6 7 '6 ) O'OS

## No ro o t p re p a ra tio n  

( c o n t r o l )

70*2 (13 *9 )

M icropora  f i l t r a t i o n a ia ly s a te  o f  

homogenate

124*5 (ID 'O ) 0*002

A u to c la v in g D ie ly s e te  c f  

homogenate

105*9 (1 0 .5 ) O 'OI

M lcropore  f i l t r a t i o n R e ten ta te  o f  

homogenate

118*9 (11 *1 ) O'OI

A u to c la v in g R aten ta te  o f  

homoganata

122*8 (B '9 ) O '002
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100- n
/ / I

a
K x (  r a c t

”  1 0 0 -

Ke>

VI icroporc 
f i Ucrcd

[  ] Aulo elated

Homogenate

1 0 0 -

F ig .  35. Growth o f  Ml3 i n  the presence o f  d i a l y s a t e  and

r e t e n t a t e  o f  tomato r o o t  exudate ( f rom l i v e  exc is e d  

tomato r o o t s ,  c o l l e c t e d  i n  d i s t i l l e d  w a t e r ) ,  e x t r a c t  

and homogenate i n  MLM.
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Thstte re s u lts  suggest th a t  the  s t im u la to ry  

fa c to rC » ) cons la t®  c f  two f r a c t io n s ,  on© d ia ly s a b l©  

and on© n o t,  each o f which s t im u la te d  the  fungus 

to  app ro x im a te ly  the  same e x ta n t*

o ) Growth o f  M13 in  MLM. in  the  pyesanca o f  d ia ly s a te  

end re te n ta te  c o l le c te d  in  d im t i l le d  w a te r from  

l i v e  exuding e xc ise d  tom ato ro o ts  enc losed  w ith in  

d ia ly s is  membrane baps*

T h is  experim ent was repeated  th ree  t im e s , b u t 

c o n f l i c t in g  r e s u lts  wore o b ta in ed  as shewn below 

(see Table 30 and F ig ,  3 6 ),
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T a b le  3 0 .

Grobtth of M 3  in  PLM# In  the pmsenco of d ia lysatp  

and re te n ta te  c o lle c te d  in  d is t i l le d  uetar from l iv e

exuding exc ised  tomato rr  c ts  e ftc losed w ith in  d ia ly s is  

membrane baps*

i'e thod  c f  

s t e r i l i z a t io n  

o f  exudate

Treatm ent Mean d ry  

w e ig h t, ng

Standard

e r ro r

F experim en t

number

- Ko exudate 

( c o n tr o l)

69*6 1?*2) - 1

f ic r c p o re  f i l t r a t i o n O ia ly s a tf i 48*1 (6 3 *0 ) n .s . 1

A u to c la v in g D ia ly s a te 48«0 (11 *4 ) 0.002 1

M c rc p o re  f i l t r a t i o n R eten ta te 93*4 (4 *4 ) n .s . 1

A u tc c la v in g Ratenta te B1*4 (n *5 ) n.s# 1

- No exudate 

( c o n t r o l)

83*4 (12 *2 ) 2

M c ro p o ro  f i l t r a t i o n D ia ly s a te 119*4 (9 *3 ) n *o i 2

A u tc c la v in # D ia ly s a te 115*3 (6 *1 ) 0*01 2

rd c ro p o re  f i l t r a t i o n Rs ten  ta  to 104*9 (3 *7 ) 0*01 2

A u tc c la v in ç R eten tate 106*9 (6 *6 ) 0*01 2

~ No exudate 

( c o n t r o l)

138*7 (7 *1 ) 3

M icropcre  f i l t r a t i o n D ia ly s a te 144*0 (2 4 *1 ) n .s * 3

A u to c la v in g O la ly s a te 173*5 (1 1 *3 ) 0*002 3

M icropore  f i l t r a t i o n R e ten ta te 181*1 (2 7 *3 ) 0*02 3

A u to c la v in g R eten ta te 134*1 (2 0 *4 ) n .s * 3
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Experiment 1

100 -

J I
Experiment 2

100
t :

/

Key

Mi cropore
fi ltered

CH A" loci a ved

Experiment 3

100

F ig ,  36. Growth o f  M 3 i n  MLM, i n  the presence o f  d i a l y s a t e

and r e t e n t a t e  c o l l e c t e d  i n  d i s t i l l e d  wate r  f rom l i v e  

exuding exc ised tomato r o o ts  enc losed w i t h i n  d i a l y s i s  

membrane bags.
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If) ttie f i r s t  experiment the mlcropora f i l t e r e d  

d io lyes te  and re te n ta ts  and the eutcclaved retentst©  

h î̂d no s ig n if ic a n t  e f fe c t  on the growth c f M13» The 

eutoclovad d ia ly s a te  s tim u la ted . In  the second 

experiment growth s tim u la tio n  occurred w ith  sX I samples, 

but in  the th ird  experiment s tim u la tio n  o f growth 

woe only obtained w ith  the autoclaved re te n ta te  

and the mlcroaore f i l t e r e d  d ia ly s e t©* The reason 

fo r  tl'.Q»® c o n flic t in g  re s u lts  is  unknmm,

f ) Growth of f1 3  in  In  the  p rasance of live

excised tomato root exudat  ̂ (collected in

The resu lts  o f an experiment in  which l iv e  

excised tomato root exudate was c o lle c te d  in  f - i f  

and tested  on M13 arc given in  Table 31 and F ig * 37*

C rw th  o f  M l3 in  Mtp* in  the  preaanpe o f  l i v e  exc ise d  

tom nto ro o t  exudate ( c o l le c te d  in  F iM }*

Treatm ent Mean d ry  

w e ig h t, mg

Standard

e r ro r

P

Ho exudate ( c o n t r o l ) 76*8 (1 3 *3 ) -

L ive  ro o t  exudate 256*1 (8 1 *5 ) 0*01

L ive  ro o t  exudate (a u to c la v e d ) 296*2 (3 1 "1 ) 0*001
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4 0 0 -

300H

5 100 -
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O

<T»
X
c
o.
A3
<T>

Key

N o n  -  a u t o c l  a ved

{ I A u t o c l a v e d

ro
X
C
Q.
A3«"4-
fD

F ig .  3 7 . Growth o f M l3 in  MLM, in  th e  p resen ce  o f l i v e

e x c is e d  tom ato r o o t  e x u d a te  ( c o l le c t e d  in  MLM).
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Cxudste o f l iv e  excised tomato rocto eo iie c to d  

In  MLM stim ulated  tiie  growth of M13, the le v e l o f 

s tim u la tio n  being mucfrt g re a te r than th a t w ith  

exudate co lle c te d  in  w ater, but vary s im ila r  to  

th a t obtained in  tl.® prsaence of exciaod l iv e  togmto 

roota a f ta r  14 day® growth (see f ig *  2 7 ) .

s ) Ctcwth pf R13 in  ftp :, in  tha pM m nee o f d ie lv a a te  

and re te n ta te  c o lle c te d  in  riM  from l iv e  exud&rm 

Bxciaad tomato root® enclosed w ith in  d ie ly a ia  

membn^ne bgqg#

The growth of M 3  in  the presence c f d ia ly s a te  

and re te n ta te  c o lle c te d  a f te r  the d ie ly s ia  c f l iv e  

exuding tomato roots (ag a in st MM) ia  Wiovm in  

Table  32 and f ig *  38.
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T a b le  3 2 ,

Growth t f  Ml3 In  MLM. in  th«i presence a t t ija ly s a te  and 

r e te n t^ L w  c o l le c t e d  i.o  M r  f t t m  l iy - e  o x u d lm j w xc lew d  

tome to root-P enclosed w ith in  d ia ly s is  mwmbrene bags.

Mothcd o f 

s t e r i l i z a t io n

Treatment tMan dry 

w e igh t, (%Q

Standard

e r ro r

P

- No oxudete 

( c o n tro l)

83*4 (12*2) -

M icrepore

f i l t r a t i o n

O ie lyaata 63*3 (16*0) 0*05 ( in h ib i t io n )

Au toclaving Dialyemte 28*5 (22*7) 0*01 ( in h ib i t io n )

No exudeto 

(c o n tro l)

S1*4 (3*0 )

r ic ro p o re

f i l t r a t i o n

Retentate 69*9 (1*5 ) 0*001

Autoclaving Retentate 0*0 (0*0 ) Complete

in h ib i t io n

D ia lysa te  In h ib ite d  the growth o f M 3 , 

whereas re te n ta te  atisBulatsd i t s  growth. A u toc lav ing  

increeaed the in h ib i t io n  produced by the d ia ly e s te  

end caused complete in h ib i t io n  in  the presence o f 

the re te n ta te .
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M i c r o p o r e
f i l t er ed

I j  Aut oc i  a> ed
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100

r i g ,  38. Growth o f  3 i n  MLM, i n  th e  p resence  o f  d i a l y s a t e  

and r e t e n t a t e  c o l l e c t e d  i n  MLM from  l i v e  e x u d in g  

e x c is e d  tom ato  r o o t s  e n c lo s e d  w i t h i n  d i a l y s i s  

membrane bags .
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3 . The e f f e c t  o f  e x c is e d  tcm ato  r o o t  oxudaLe f r c n  l i v e  end 

k i l l e d  r o p te  ( c o l l e c t e d  i n  d i e t i i l e d  w a t e r ) ,  e x t r a c t  and 

homogenate on the o row th  o f  B o le tu s  v a r le c a tu s  1 I n  MLM#

The g ro w th  o f  OoletuQ v a r le g a tu a  1 In  the  p resence  o f  

l i v e  exclofôd tom ato r o o t  e x u d a te ,  e x t r a c t  and hcmcgortate 

I s  shewn be low  (T a b le  33 and F ig# 3 9 ) ,



T a b le  33,
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The e f fe c t  c f excised tomato root exuratc from l iv e  and 

k i l le d  rcot® (c o lle c te d  in  d is t i l le d  water )# e x tra c t  

and homogenate on the growth o f Boletus varlegatu# 1 

in  f i r .

Method of 

s t e r i l i z a t ic n

Treatment Mean dry 

w eight, mg

Standard

e rro r

F

~ ho root preparation  

(c o n tro l)

35*2 (2 *3 ) -

M cropore f i l t r a t i o n Live root exudete 23*3 (6 .8 ) 0^01

Autoclaving l iv e  root exudate 26*5 (6 *1 )
*

0*02

Micropore f i l t r a t i o n K ille d  root exudate 12*9 (2 .3 ) o îoo l

Autoclaving K ille d  root exudate 13*2 (5 *2 ) 0*001

- No root preparation  

(c o n tro l)

14*3 (8 *3 )

Micropore f i l t r a t i o n E xtrac t 15*0 (3 .9 ) n ,8 .

Autoclaving E xtrac t 6*3 (0 .6 ) n .s .

- No root preparation  

(c o n tro l)

3*0 (0 .9 )

Micropore f i l t r a t i o n Homogenate 15*5 (2 .6 ) 0*001

- No root preparation  

(c o n trc l)

13*2 (5 .1 )

Autoclaving Homcgonete 8*9 (2 .7 ) n .s .

*  In h ib it io n
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F ig ,  39. The e f f e c t  o f  exc is e d  tomato ro o t  exudate, from 

l i v e  and k i l l e d  ro o ts  ( c o l l e c te d  i n  d i s t i l l e d  

w a te r ) ,  e x t r a c t  and homogenate on the grow th  o f  

B o le tus  v a r ie g a tu s  1, i n  MLM.
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The anly excised tom»to root preparation which 

eignifiCBntly stimulated tha growth of Bolytus væriegetuG 1 

WG® the mlcrnpor# filtered homogenate (P w 0*001), the rest 

of the root properotions had no aipniflcent growth stimulatory 

effect* The killed and live excised tomato root préparations 

a ll  caused growth inhibition,

4 , Chromatographic bioesBgy o f excised tomato root p rep ara tio n s .

Definite Rf fractions stimulated the growth of F13, efter 

the fractionation of live excised tomato root exudate, extract 

and homcpenate by paper chromatography, as shown in Figs, 40 

tc 46 (al«o so© Appendix O),

From Figs, 40, 42, 43 and 45 a definite and consistent 

pattern of stimulatory Rf fractions were produced by a ll the 

root preparations fractionated in BuA and sterilized by Ulf. 

POBk Rf fraction# &mre 3 , 4 end 6 f c r  exudi^te, 1 , 2 , 3 , 4, 8 

and 10 for extract and 3 and 10 for homogenat®. Tha 

dielys&blo Rf fraction© (from live exuding excised tomato 

roots, enclosed within dialysis bags and collected

in d istilled  water) also peeked at 1, 2, 3 and 4 and to a 

lesser extent at 5, 6, 7 and 8* Similar growth stimuletcry Rf 

fractions were nbtiiined after these fr  ctinns had been 

sterilized by autoclaving (Figs* 40, 42, 43 and 45), except 

Rf fractions 1, 8 end 10 of the fractionated excised tomato 

root extract had no effect on the grow th  of M l3 after 

autoclaving, whereas Rf fraction 5 became growth stimulatory. 

None of the autoclaved f’f  fraction® of the dialysate (from 

live exuding excised tomato roots, enclosed within dialysis

*#mbran@ bag© and collected in distilled water) produced
5 I co-io L ^r<ruJ +  i\ p rcrwAO 11 o .
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rFactions sterilized by IJU,

100 lllllllllli
Factions sterilized by autoclaving.

imiuiuii
1 2 3 4 5 6 7 8 9  10

R f f ract i ons

era a.

Fig. 40. Growth of M13,in MLM, with different Rf fractions,
after the fractionation of live excised tomato
root exudate in BuA, by paper chromatography.
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Fractions sterilized by UV.

100JUimiiii
F ra c t io n s  s t e r i l i z e d  by a u to c la v in g .

100 - lllllllllli
1 2 3 4 5 6 7 8 9  10 zo
_ Rf  f r a c t i o n s
O c/̂  2-I © ^
—  —  c(TQ ■< a.
— • ©  as3 3̂  ©

F ig .  4 1 .  Growth o f  M13, i n  MLM, w i t h  d i f f e r e n t  Rf f r a c t i o n s  .

a f t e r  th e  f r a c t i o n a t i o n  o f  l i v e  e x c is e d  to m a to

r o o t  e x u d a te  i n  BuP, by p ap e r  c h ro m a to g ra p h y .
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f ractions sterilized by IIV.

IIIIIIIIIU
r a c t io n s  s t e r i l i z e d  by a u to c la v in g .

100 lllllllllli
z

1 2 3 4 5 6 7 8 9  10 zO
_  Rf  f ract i ons

arc

F ig .  42. Growth o f  M13, i n  MLM, w i th  d i f f e r e n t  Rf f r a c t i o n s ,  

a f t e r  the f r a c t i o n a t i o n  o f  l i v e  exc ised  tomato 

r o o t  d ia ly s a te  ( c o l l e c t e d  in  d i s t i l l e d  w a te r  from 

exud ing ro o ts  enc losed  w i t h i n  d i a l y s i s  membrane 

bags) i n  BuA, by paper chrom atography.
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fractions sterilized by UV.

100

F ra c t io n s  s t e r i l i z e d  by a u to c la v in g .

100

_ Rf  f ract i ons

?  ÿ  S
(TQ < “«

© W
5 2

Fig. 43. Growth of M13, in MLM, with different Rf fractions ,
after the fractionation of excised tomato root
extract in RuA, by paper chromatography.
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F r a c t i o n s  s t e r i l i z e d  by UV.

100

3 Fractions sterilized by autoclaving.

100

Rf  f r a c t i o n s

F ig .  4 4 .  Growth o f  M13, i n  MLM. w i t h  d i f f e r e n t  Rf f r a c t i o n s  »

a f t e r  th e  f r a c t i o n a t i o n  o f  e x c is e d  to m a to  r o o t

e x t r a c t  i n  BuP, by p a p e r  c h ro m a to g ra p h y .
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Fractions sterilized by UV.

100 lllllllllli
F r a c t io n s  s t e r i l i z e d  by a u to c la v in g ,

100H

Rf  f r a c t i o n s

F ig .  4 5 .  Growth o f  M13, i n  MLM, w i t h  d i f f e r e n t  Rf f r a c t i o n s ,

a f t e r  th e  f r a c t i o n a t i o n  o f  e x c is e d  to m a to  r o o t

homogenate i n  BuA, by p a p e r  c h ro m a to g ra p h y .
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r a c t i o n s  s t e r i l i z e d  by UV.

100 -

F r a c t io n s  s t e r i l i z e d  by a u to c la v in g ,

100 -

R f  f r ac t i ons

SÛ

F ig .  4 6 .  Growth o f  M13, i n  MLM, w i t h  d i f f e r e n t  Rf f r a c t i o n s ,

a f t e r  th e  f r a c t i o n a t i o n  o f  e x c is e d  tom a to  r o o t

homogenate i n  BuP, by p a p e r  c h ro m a to g ra p h y .
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C c m i« t® n t p a tte rn s  o f  g row th  s t i r u la t io n  ware a ls o  

o b ta in e d  s f t o r  f r a c t io n a t io n  o f ro o t  p re p a ra tio n s  in  8uP 

(sea r ig s *  41, 44 and 46)* Tho peak grow th s t im u la to ry  Rf 

f ra c t io n ©  a f t e r  s t e r i l i z i n g  under UV l i g h t  were 1 , 3 and 9 

f o r  l i v e  ro o t  @%ud@te end 1 f o r  e x t ra c t*  F ra c tio n a te d  

homogenate had nc s ig n i f ic a n t  peak i f  f r a c t io n ,  a lth o u g h  

the  grow th  curve  waa s im i la r  in  shape to  the o th e r e xc ise d  

tom ato rcc it p re p a ra tio n s *  A f te r  a u to c la v in g , the g row th  

s t im u la tc r y  Rf fra c t io n ®  remained th^? same fo r  e x t r a c t ,  b u t 

became in s ig n i f i c a n t  f o r  l i v e  ro o t  exW e te * However fo u r  

s p e c i f ic  Rf f r a c t io n s  which produced grow th s t im u la t io n  (1 ,  2 , 

5 end 7 ) were observed a f t e r  a u to c le v im j the  f ra c t io n a te d  

homcgenate.

T h e re fo re  the  e f f e c t  o f  a u to c la v in g  these Rf fra c t io n ®  

(fro m  l i v e  e xc ised  tom ato ro o t p re p a ra tio n ® , f ra c t io n a te d  in  

8uA and BuP) v a r ie s ,  a lth o u g h  in  most case® (oxcr^pt e x t r a c t  

f ra c t io n a te d  In  Bui^), more g row th  s t im u la t io n  wo® produced#

The grow th  c f  B o le tu s  varisge^tua 1 w ith  f ra c t io n a te d  

l i v e  ro o t  exuda te , e x t r a c t  and homogenate o f  e xc ise d  tom ato 

ro o t® , in  QuA and BuP a rc  g ive n  In  rig® # 47 to  S2 (a ls o  

see Appendix D}#

The Rf f r a c t io n s  o f a l l  f r a c t io n a te d  ro o t p re p a ra tio n s  

in h ib i te d  tha  grow th c f  O o lc tus va rieG atus  1 , when 

f ra c t io n a te d  in  e i t f ie r  8u.A o r  SuP so lven t©  (F ig s *  47 to  

52)# A u to c la v in g  reduced the  g e n e ra l in h ib i t i o n  o f  most Rf 

f ra c t io n s #  There was soma s im i la r i t y  between some o f  the  

g row th  cu rves o f B o la tua  va rie p A tu s  1 f o r  the  v a rio u s  

ro o t  p re p a ra t io n » , le s s  in h ib i t i o n  o c c u rr in g  a t
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rrctions sterilized by UV,

100-

F r a c t io n s  s t e r i l i z e d  by a u to c la v in g .

100

1 2 3 4 5 6 7 8 9  10 z
^  Rf  f r a c t i o n s
O cr ©-I o x— — c
M © «-

3

' i o .  47. Growth o f  B o le tu s  v a r ie g a tu s  1 i n  MLM, w i t h

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the  f r a c t i o n a t i o n  

o f  l i v e  e xc ise d  tomato r o o t  exudate  i n RuA, 

by paper ch rom atog raphy .
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raclions sterilized by U\/.

10 oJ

r ra c l io n s  s t e r i l i z e d  by a u to c la u in q .

lihllllllli
1 2 3 4 5 6 7 8 9 10 Ô

Rf  f r a c t i o n s

I I iJO < a.— • O ÛÎ

r i g ,  48. Growth o f  Bole tus v a r ie g a tu s  1, in  MLP, w i th

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t io n a t io n  

o f  l i v e  exc ised tomato ro o t  exudate in  BuP, 

by paper chromatography.
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Fractions sterilized by UU,

100 -

t- r a c t io n s  s t e r i l i z e d  by a u to c la v in g .

100

l l l l ü l l i l l
1 2 3 4 5 6 7 8 9  10 >'

Rf  f r a c t i o n s
C CA ^-I O X
QTQ <

F ig .  49, Growth o f Bo le tus  v a r ie g a tu s  1, in  MLM, w i th

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t i o n a t i o n  

o f  exc ised  tomato ro o t  e x t r a c t  in  BuA, by paper 

chromatography.



223

Fractions sterilized by UW,

100

J l l l l l l l l l  I
F ra c t io n s  s t e r i l i z e d  by a u to c la v in g .

100

l l l l l l l l l l
1 2 3 4 5 6 7 8 9  10
.  Rf  f r a c t i o n s

oro

g/
(/) n>

F ig ,  50. Growth o f  Bo le tus  v a r ie g a tu s  1, i n FILFl, w i th

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t i o n a t i o n  

o f  exc ised  tomato ro o t  e x t r a c t  in  BuP, by paper 

chromatography.
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ractions sterilized by lJU,

F ra c t io n s  s t e r i l i z e d  by a u to c la v in g .

Iliiiilll.i ̂
1 2 3 4 5 6 7 8 9  10 ^

Rf f r a c t i o ns

JQ

F ig* 51, Growth o f  Bo le tus  v a r ie g a tu s  1, in  FLM, w i th

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t i o n a t i o n  

o f  exc ised  tomato ro o t  homogenate in  BuA, by 

paper chromatography.
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r  Factions sterilized by UV.

100

. . - M  1  ■ M1 1 1 1  ■ I
F ra c t io n s  s t e r i l i z e d  by a u toc lav in g ,

lilllllllll
1 2 3 4 5 6 7 8 9  10 z

Rf  f ract  ions
C/5

JO

o
2
o

(TO
ft

F ig .  52, Growth o f  B o le tus  v a r ie g a tu s  1, in  FIM, w i th

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t i o n a t i o n  

o f  exc ised  tomato ro o t  homogenate in  BuP, by 

paper chromatography.
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Rf Fraction# 2 -3* 9 , and 9-10 in  üuA. In  BuP, peaka were

net c le a r ly  defimgd or ecnst^nt.
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C.XPCmmNK. WITH P IK i SCCmiNS BCvTS.

1 . L.x,,eriaent.s w lU , Q if* . A m à lim  to o t  m x w # W . BxtPBCt*

end hcifnof-.£.natC'S in  PIJ' »

The re su lts  of Gxperlmamls w ith pin® seedling roct 

exudate, e x tra c t and homogenata frcm pin© seedling roets  

grown fo r  3 weaks and 25 weeks in  growth tubes are given in  

Tables 34 and 35 and Figs* S3 and 54,
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T a b le  3 4 ,

Growth o f M l3 in  ih o  presence cF pin® se e d lin g  ro o t 

wxudatü, e x t ra c t  and hcmcwenete In  FLM#

P eriod  

o f ro o t

m xudatlon

Method c f  

s t f s r l l i r e t io n

Treatm ent

f%an

dry

w e ig h t,

mg

standard

e r r o r

P

3 weeks - lit) ro o t  p re p a ra tio n  

( c o n t r o l )

124»L (1 *7 ) -

3 weeks M lcropom

f i l t r a t i o n

Exudate 95*9 (1 0 .7 ) 0?D1

3 weeks A u to c la v in g Exudate 121*4 (2 4 .5 ) n *s .

3 weeks M icropore

f i l t r a t i o n

E x tra c t 114*5 (9 "2 ) n.8«

3 weeks A u to c lc v in p E x tra c t 165*2 (4 5 *6 ) n .8 .

3 weeks f- ic ro p o re

f i l t r a t i o n

HkMogenate 136*2 (4 1 .0 ) n .a *

3 weeks A u to c la v in g Hoeogemate 120*2 (2 3 .9 ) n ,s .

25 weeks - No ro o t  p re p a ra tio n  

( c o n t r o l )

20*6 (4 .0 ) -

25 weeks f ic ro p o re

f i l t r a t i o n

Exudate 91*1 (6 ‘ 3 ) 0*001

25 weeks A u tc c le v in g Exudate 36*2 (2 .0 ) 0*01

25 weeks No ro o t p re p a ra t io n  

( c o n t r o l )

114*5 (2 0 .2 ) «"

25 weeks M icroporo

f i l t r a t i o n

E x tra c t 194*3 ( 2 2 . 5 ) G*G1

25 weeks A u to c la v in g E x tra c t 239*4 ( 5 4 . B) 0*01

25 weeks M icropore

f i l t r a t i o n

Homogenate 104*2 (1 2 .4 ) 0*002

25 weeks A u to c la v in g Homogenate 224*9 (2 9 *7 ) 0*002

♦ I n h ib i t io n
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Pine see d l in g  ro o t  p re p a ra t io n s  from seed l ing s  grown 

f o r  3 weeks in  growth tubes .

100 -

J
Pine s e e d l in g  ro o t  p re p a ra t io n s  from seed l ing s  grown 

f o r  25 weeks in  growth tubes.

4 0 0

100 -

X

hey

M i cropo re 
f i I t e red

□A ut ocl aved

F ig ,  53, Growth o f M13 in  the presence o f p ine s e e d l in g  

ro o t  exudate, e x t r a c t  and homogenate in  MLfl,
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Growth üf Boletus variegatus 1 in  iha presence of 

pine eeedllnn root oxwdate, e x tra c t and homogenatg 

in  MIM,

Period  

of roct 

exudation

Method of 

s t e r i l iz a t io n

Troatment

Mean

dry

w eight,

mg

Standard

e rro r

P

3 weeko - No root preparation  

(c o n tro l)

6*3 d o ) -

3 ueeks rdcropore

f i l t r a t i o n

Exudate 5*6 (2 .9 ) n ,s .

3 weeks Autoclaving Exudate 8*8 ( 3 . 3 ) n, s *

3 weeks Mi c rope re  

f i l t r a t i o n

E xtrac t 8*% (2 *0 ) n ,8 .

3 weeks Autoclaving E xtract 10*1 (Z«1) 0*02

3 weeks Micropor© 

f i l t r e tio n

Homogenate 7*5 (2 -9 ) n .s .

3 weeks Autoclaving HomoQsnote 7*7 (6 .C ) n ,s .

25 weeks - No root prepara tion  

(c o n tro l)

10*4 (4 .3 ) —

25 weeks fiicrcpcr©

f i l t r a t i o n

Exudate 0*3 (0 *0 ) 0 Î 0 I

♦ I n h ib i t io n
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Pine see d l in g  ro o t  p re p a ra t io n s  from seed lings  grown 

f o r  3 weeks in  growth tubes .

100 -

Pine see d l in g  ro o t  p re p a ra t io n s  from seed l ing s  grown 

f o r  25 weeks in  growth tubes

Kc '

100
No data a v a i la b le

nXsa.
ft

“V~
X

— sr
Xo
So

JQ
ft
3
&3
ft

Micropore
f i l t ered

I ~] Autoclaved

y.
o
"1o
o

F ig ,  54, Growth o f  Bo le tus  v a r ie g a tu s  1 in  the presence o f

p ine seed l ing  ro o t  exudate , e x t r a c t  and homogenate

in FILM,
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ftcfii F ig ,  53, the  grow th rsapcnss o f  M l3 to  the  p ine  

a o e d lin g  ro o t  exudate ( c o l le c te d  f o r  23 weeks) and e x t r a c t  

and homcgenate c f  those ro o ts  was ve ry  s lm l le r  to  th a t  

o b ta in e d  w ith  e xc ised  tom ato ro o t  p re p a ra tio n s  (aae F ig ,

3 2 ) , excep t th a t  p in e  s e e d lin g  ro o t  exudete  s t im u la te d  

more than e x t r a c t  o r homcgonate from  these ro o ts .  However 

the  grow th  response o f  M l3 to  m ic rcpc re  f i l t e r e d  p in e  se e d lin g  

ro o t  exudeto was very d i f f e r e n t  to  th a t  produced by b o le tu s  

v g rio c ja tu s  1 (F ig ,  5 4 ) , s ine#  t h is  ro o t  p re p a ra tio n  

in h ib i te d  the  grow th o f B, v a r lo g ^ tu s l,

M c ro p o re  f i l t e r e d  p ine  s a e d lin g  ro o t  exudate (fro m  

pin© s e « d lin g s  grown in  grow th  tubes f o r  3 weeks) 

s ig n i f ic a n t ly  in h ib i te d  th© grow th  o f M13, no ro o t  

p re p a ra tio n  from  these p in e  s e e d lin g s  causing grow th  

s t im u la t io n ,  Only a u to c la ve d  p in e  se e d lin g  ro o t e x tr a c t  

s ig n i f ic a n t ly  s t im u la te d  the  grow th  o f  t3, v a r io n a tu s  l ,

2 , Chrom atographic b ioossay o f  p in e  s e a d lin o  ro o t  exudates 

in  MLF,

The re s u lts  o f f r a c t io n a t in g  p in e  se a d lin g  ro o t  exudate 

by paper chrom atography us ing  th© BuA s o lv e n t and th© e f fe c t  

on the  grow th o f  M l3 and B o le tu s  v a rie p a tu s  1 a re  shown in  

F ig s , 55 to  SB (a ls o  see Appendix 0 ) ,

s ig n i f ic a n t  grow th s t im u la t io n  o f  M13 occurred  a t  Rf 

f r a c t io n s  1 end 5 f o r  exudste c o lle c te d  f o r  25 W8#k@ (se®

F ig ,  56) and a t  2 f o r  exudate c o lle c te d  f o r  3 weeks (sec 

F ig .  5 5 ) .

P ins  s e e d lin g  ro o t  e xuda te , l l k s  exc ised  tc-matc ro o t  

exuda te , in h ib i te d  the  grow th  o f  B o le tus  v a rle q a tu e  1 a t
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ractions sterilized by UV.

100*

F ra c t io n s  s t e r i l i z e d  by a u to c la v in g .

100

Rf  f r a c t i o n s

oro
3

O
-<
n>
3

Q.
a:

F ig ,  55, Growth o f  M13, i n  FILM, w i th  d i f f e r e n t  Rf f r a c t i o n s ,  

a f t e r  the f r a c t io n a t io n  o f  p ine see d l in g  ro o t  

exudate ( c o l l e c ted f o r  3 weeks) in  BuA, by paper 

chromatography.
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Fractions sterilized by UV,

100lilllllllll I
F ra c t io n s  s t e r i l i z e d  by a u toc lav in g ,

jimmX  
X  
X  
X  
X

1 2 3 4 5 6 7 8 9  10 ^
g  R f  f r a c t i o n s  ^  g

oro

F ig ,  56. Growth o f  M13, in  MLM, w i th  d i f f e r e n t  Rf f r a c t i o n s ,  

a f t e r  the f r a c t i o n a t i o n  o f  p ine seed l ing  ro o t  

exudate ( c o l le c te d  f o r  25 weeks) in  BuA, by paper 

chromatography.
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fractions sterilized by UV.

100

H f

r r a c t io n s  s t e r i l i z e d  by a u toc lav in g ,

100

.lilillnl I
y
o
ft 
X.cQ.

8 9 10
Rf  f r a c t i on s

OTQ

C/ÎO
O

F ig ,  57, Growth o f  Bo le tus  v a r ie g a tu s  1 , i n  FILM, w i th

d i f fe r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t i o n a t i o n 

o f  p ine  seed l ing  ro o t  exudate ( c o l le c te d  f o r  3 

weeks) i n  BuA, by paper chromatography.
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236

100

I I I I ■ ■ ■
F ra c t io n s  s t e r i l i z e d  by a u to c la v in g ,

100 '

9 10
R f  f r a c t i o n s

(W

F ig .  58, Growth o f  Bo le tus  v a r ie g a tu s  1, i n  MLM, w i th

d i f f e r e n t  Rf f r a c t i o n s ,  a f t e r  the f r a c t io n a t io n  

o f  p ine  seed l ing  ro o t  exudate (co l l e c t e d  f o r  25 

weeks) in  BuA, by paper chromatography.
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moat Rf fraction®  and th is  was reduced a f te r  au to c lav in g , 

although no s ig n if ic a n t growth s tim u la tio n  occurred, (2as 

r ig s *  57 and 5 9 ),

A summary c f the result®  c f the chromatographic 

bicossay cf excised tomato root preparations and pine  

«sedlinQ roo t exudate® to ©hew the s tim ulato ry  R f fra c tio n s  

in  9uA and OuP are shewn below {Table 3 6 ) ,
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T.?ble 36*

A of P13 and Boletus varieqetu&l growth

tttim ulatorv  Rf fra c tio n s  in  frec tio n aW d  sxcjged tomato 

root wxwdatE (frcuB l iv e  roota co lle c te d  in  d is t i l le d  

w a te r) , e x tra c t, hcmonenatc and d ia lyea te  (from l iv e  

taxudino roots enclosed in  d ia ly s is  membrane baos and 

c o lle c te d  in  d is t i l le d  w ater) and pine a w d lin d  root 

^ x u d ^ to s ,

1# Cxcloed trm«to root préparai tie n s  fra c tio n a te d  in  PuA,

fungus

Method o f 

s t e r i l i z a t io n

«s tim u la to ry  Rf fra c tio n s  

o f ro o t preparations

Lxudate E xtrac t Hoffiogenote D ia lyaa te

m z UV 3 ,4 ,6 1 ,2 ,3 ,4  

8,10

3,10 1 ,2 ,3 ,4

5 ,6 ,7 ,8

M l 3 A utocloving 1 ,2 ,3 ,4  

5 ,6 ,7 ,8

2 ,2 ,4 ,5 1 ,2 ,3 ,4 ••

9 , w@rleQ&tu8 1 UV Nome Nona None -

8, va rieoe tuc 1 Autoclaving None Mona None •

C ontinued
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T a b le  3C* ( c o n t» )

i l .  Excised tomate root preparations fra c tio n a te d  In  OuP.

r unguo

fîethod of 

s te r i l iz a t io n

Stim ulatory Rf fraction©  

cf root oreparetions

i xuda te E xtract Homogenate

M 3 UV 1 ,3 ,9 1 %‘one

M 3 Autoclaving Non# 1 1 ,2 ,5 ,?

R. varicQ«tu« 1 UV Non# None None

F.. varieco lus 1 Autoclaving None None Nome

i l l .  i ins seodlinc root exydateg fra c tio n a te d  in  U w A #

fungus

Period o f c o lle c tio n  

of exudate

Method c f 

s t e r i l iz a t io n

Stim ulatory  

Rf fra c tio n »  

of exudate

M 3 3 wG@ks UV 2

M 3 3 weeks Autccleving None

r3. vorieqctuf. 1 3 w#@ks m None

8. warieoetus 1 3 weeks Autoclaving Non#

M 3 25 week* UV 1,5

M 3 25 weeks Autoclaving None

B. variepatus 1 25 weeks UV None

B# varleqatua 1 25 week* AutcGlaving None
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CHRiraTCGRAPWY Vf EXCISED TlMATC SECT EXUDATE (FACM LIVL RCCTa

Q o iic m o

In  order to ch arac te rize  the s tim u la to ry  fs c tc r (s ) ,  which 

otim ulato« the growth c f M13, chrcmatogram® were sprayed to  t ry  tc  

lo c a te , in  exciead tcm&to root preparstlcn® , c e rta in  group® o f 

substance® known tc  cccur genera lly  in  p lan t rc c t exudate®,

1 , Amino acids*

Those were a l l  te n ta t iv e ly  id e n t i f ie d  by comperi&on 

w ith  marker amino acid® a® shown in  Table 37*
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T a b le  3 7 .

Amino ^cidg present In  l iv e  cxcioQcf tomato rc c t exudate, 

e x tra c t and homoqenato#

Amino

acids

ProaencB in  root 

preparation

Rf values 

(by ascending 

chromatography)

Rf eq u iva len t 

to fra c tio n s  

used in  chro - 

matogrophic 

bioassay

Cxudate e x trac t Homogenate BuA PhAm BuA BuP

Iso leucine 4 4" 4 6*2 8 .3 7 6 -7

Methionine 

cr va lin e

+ 4 4 3*1 1*9 6 6

Alanine - 4 4 2*6 5*8 4 4

Lysine or 

h is tid in e

4- - 4 1*2 7*5 3 2-3

Glutamine 4 4 4 1*S 5*3 3 3

♦Asparagine + 4 1*0 3*6 2 2-3

Serine 4 4 4 1*4 3*2 3 4

Aapertic

acid

4 4 4 1*9 2*5 3 3

Cystoim? - 4- 4 1*2 1*3 2 2-3

Unknown 1 4 4 4*0 7*9 5 7

*' Orange spot in  n inhydrin

PhAw » Phenol -  ammcnia « water (1 6 0 :1 :4 0 )

BuA S5 Butanol — a c e tic  acid  water (60 :1 5 :2 5 ) 

BuP « Butanol -  pyrid in e  water (5 0 :6 0 :6 0 )
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7m Sugars»

These were te n ta t iv e ly  id e n t i f ie d  by ccm p^rle rn  w ith  

m arker su ga rs . G lucose, fru c tc s e  and sucrose were a l l  

p re se n t in  e xc ised  tomato ro o t  e x t r a c t  and homogenota, b u t 

o n ly  g lucose  and fru c to s e  were p re se n t in  l i v e  e xc ise d  tomato 

ro o t  exuda te . Rf end Rtj valu*;® fo r  these sugars in  the  s o lv e n ts  

used wore as fo llc w a  (Tab le  3 8 ),

Table 30.

Hf and Rq va lues fo r  tha  sugars p re sen t in  l i v e  e xc ise d  

tom ato ro o t exudate , e x t r a c t  and homogenate.

Sugar

C o lour in  a n i l in e -  

d iphenylam ine  

reagen t

Rf e q u iv a le n t to  f r a c t io n s  

used in  chrom atograph ic  

b ioassay

Rg va lues 

in  IPrAq 

(descend ing )

BuA BuP

Glucoso Grey 3 a l l  run 10*0

Fructose Brown 4 > to g e th e r 10*6

Sucrose Brown 2-3 a t  f i f  7 -9 8*1

*2%

BuA

BuP
> Sea Table 37

IPrAq » Is o p rc p o n o l •  w a te r (1 6 0 :4 0 )

3» ( rq a n ic  ac ic te .

Two o rg a n ic  a c id *  ware lo c a te d  in  l i v e  e xc ised  tomato 

ro o t  exudate and one In  e x tr a c t  and homogenate, b u t they 

c o u ld  n o t be equated w ith  any m arker o rg an ic  a c id  (T ab le  3 9 ).



243

Table 39»

Unnamed c ro e n ic  a c id s  p re sen t in  l i v e  exc ised  tom ato 

ro o t  axuda te , e x tra c t  end hcmcqenate»

Irg a n ic  a c id  

spo t

c' rasonce in  ro o t 

p re p a ra tio n

Rf e q u iv a le n t to  f r a c t io n s  

used in  chrom atograph ic 

b ioassay

Exudate t x t r e c t Homogenate OuA BuP

Unknown I 4 4 4 2 7

l^known I I 4 - 3-4 6

K £ I

BuA

Ruf
S®® Table 37

yhen these tomato ro o t  p re p a ra tio n ®  wore run 

descending In  fo rm ic  a c id  — amyl a lc o h o l -  c h lo ro fo rm  -  

w a te r s o lv e n t ,  fo u r  o rg a n ic  a c id  spo ts  were lo c a te d , two 

be ing  te n ta t iv e ly  ic îe n t i f ie d  as c i t r i c  a c id  and t c r t a r i c  

a c id ,  by c o e ^a rls cn  w ith  m arker o rg a n ic  a c id o * A lso  one 

b a s ic  epo t occu rred  which ran  o n ly  a s h o r t  d is ta n ce  from  

the  o r ig in  and which oppaared b iu o  in  c o lo u r when oprayed 

w ith  b rom ocreac l green reagen t ( th e  o rg s n ic  a c id s  fo rm ing  

y e llo w  spo te  w ith  t h is  re a g e n t) (see Table 40)»
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t, ro a n ic  ^cicJs p rosen t In  l i v e  exc ised  tc rm tc  ro o t 

Q xuüüte . e x t r a c t  and homosenate when run cteeconding 

In  fo rm ic  a c id  -  amyl a lc o h o l -  c h lo rc fo r is  -  w a te r 

so lva n t»

C rganic a c id

Type u f spo t 

( a c id ic  o r  b a s ic )  

in  brom ocreacl 

green reagent

Hf va lue Presence in  ro o t  

p re p a ra tio n

Exudate e x tra c t Homogenate

C i t r i c  a c id A c id ic 2*9 + 4 4

T a r ta r ic  a c id A c id ic 2*1 4 4 4

Unknown A A c id ic 4*6 - 4 4

Unknown 8 A c id ic 0*8 4 4 4

Unknown C B asic 0*3 4 4 4

4» : h r l ic h - p c s i t iy g  gubstonces*

These were re la te d  where p o s s ib le  to  marker E h r l ie h -  

p o s it iv G  compounds, as in  the  fo l lo w in g  ta b le  (Tab le  41)»
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Tab le  41*

C h r l i c h - p c s l t i v e  s u b s ta n c e s  p r o s g n t  I n  l i v e  e x c ia G d

Substance C o lo u r c f  s p o t i n ; -

Prosonc© in  ro o t  

p re p a ra t io n

C h r llc h

reagen t

Long wave 

UV

Exudate E x t ra c t Homogenate

Tryp tophan P u rp le N ega tive 4 4 4

Urea Y e llow N e g a tive 4 4 4

Unknown 1 Y e llow B lue 4 4 4

Unknown 2 Y e llow B lue 4 4 4

Unknown 3 Blue N ega tive 4 4

Unknown 4 P ink N e g a tive 4 4

Unknown 5 P ink B lue 4- 4 4

m ,

8uA

Bur } Sa# Table  37

IPrAm « Is o p ro p a n c l -  ammonia -  w a te r (2 0 0 t 10 i 20)
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tome to  ro o t  exuda te , a x t r a c t  end homor.anate«

"\f e q u iv a le n t tc  f r a c t io n s  used 

in  ch rom atograph ic  b loosoay

A c tu a l

Rf va lue#  i n j -

OuA 5uP IP rA * BuA

(descend ing )

5

Absent

1-2

2-3

9

1C

A

5-7

5

Absent

3*7

4*1

Absent

The two spo ts  run to g e th e r a t  R fa j-

}
2-3  

6-10 (o n ly  

homcgsnate) 

7 -8

0*4

1*6
2*4 (o n ly  exuda te ) 

1*0

1*0

8*2

Absent

3*0
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From the  above ta b le ,  try p to p h a n  and uras wore 

te n ta t iv e ly  id e n t i f ie d  as be ing  p re se n t in  the  exc ised  tom ato 

ro o t  p re p a ra tio n # *

5 . -h a n d s  and p h g n o lic  acid®^

Chromatogram* were run to  de te rm ine  w tm ther phenol© 

and p h e n o lic  acid© were p re se n t in  tbase saRH^les, b u t no 

a tte m p ts  were made to  id e n t i f y  them (Tablee 42 and 4 3 ) ,

Table 42#

P he n o lic  a c id *  p reaon t in  l i v e  exc ieed  tom ato ro o t  

exudate 1 e x tr a c t  and homoqonate*

P heno lic

a c id

C o lou r in  

a u lp h a n il ic  

a c id

reaoent

Presence in  ro o t  

p re p a ra tio n

ex

udate

Ex

t r a c t

Homog

ène te

Rf

e q u iv a le n t 

to  f ra c t io n s

used in  

chromato

g ra p h ic  

b ioaasay

BmA

A c t u a l  

Rf va lues

IP rA *

Unknown 1 

Unknown 2 

Unknown 3 

Unknown 4

L ig h t  b lu e  

P ink 

P ink 

Y e llow

3

> 2

Absent

Absent

3*7

1*8
5*4

JSSÜL

BuA ® See Table 37 

IPrAm » 5e© Table 41
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T ib lo  4 3 ,

Phone Is  p resen t In  l i v e  o xc ise d  tometc ro o t o xud ^ te , 

e x tra c t ;md hcmoqenete.

Phenol Presence in  ro o t p re p a ra tio n

Rf e q u iv a le n t 

to  f ra c t io n s  

used in  chro

m atographic 

b ioassay, 

BuA

A c tu a l  

nf va lue

BuAExudate E x tra c t Homogenate

Unknotj^n 1 4- 4 4 1-2 1*0

Unknown 7 4 4 3 2*0

Unknown 3 + 4 4 3-4 3*0

Unknown 4 — + - 5 -8 6*0

BuA » Sa# Tabla 37

Four p h e n o lic  a c id *  were p ra a e n t in  l i v e  exc iaad  tom ato 

ro o t  exudate (eaa Table 4 2 ) ,  b u t o n ly  th ro e  c f  these were 

p re se n t in  exc ised  tom ato ro o t  e x t r a c t  am) homoganate*

In  e xc ise d  tom ato ro o t  e x t r a c t  th e re  wore fo u r  phenol#  

p re se n t and th ro e  o f these a ls o  occu rred  in  the  exudet© and 

homogenato c f  exc ised  tom ato ro o ts *

T ryp tam inss*

No fu r th e r  tryp ta m in e s  were id e n t i f ie d  us ing  the  

n in h y d r in  -  a c e t ic  a c id  re a g e n t, o th e r than those a lre a d y  

id e n t i f ie d  us ing  the  n in h y d r in  -  acetone reagen t ( i,@ . f o r  

amino a c id  id e n t i f i c a t io n } *



249

7 , V ita m in s ,

The o n ly  long  wavs, u l t r a - v io le t  (UV) f lu o re s c e n t 

v ita m in  in  the  exc ised  tom ato ro o t  exudate (from  l i v e  r o o ts ) ,  

e x t r a c t  and homogonatQ, o th e r  than  p y r id c x ln o  {m o  la t o r  

r a s u l t s ,  page 264 ) was r ib o f la v in  (see f ig o ,  59 -  6 2 ) ,

TTUs v ita m in  gave r is ©  to  s e v e ra l spo ts  a f t e r  ru nn ing  in  

bo th  BuA and Buf' s c lv o n t ay star.?©. In  a l l  exc ised  tom ato ro o t 

p re p a ra tio n s  those s^jots o ccu rre d  a t  Hf f r a c t io n s  1 , 2 ,

3 -4  end 7-8  in  BuA, whereas in  Buf the  spo ts  were a t  Rf 

f r a c t io n s  1 -2 , 3 and 8 f o r  homcçenate, 1 , 2 , 4 and B f o r  

e x t r a c t  and 1, 2 , 3 and 0 f o r  the  cxucfeta. These spo ts  

co rrespond  w ith  m arker r ib o f la v in  in  9uA, b u t in  BuP 

the  m arker r ib o f la v in  o n ly  ran  a t  Rf f r a c t io n s  1 and 8*

These re s u lts  do suggest th a t  the  unknown m l3 grow th  

s t im u le to ry  fa c to r ( s )  co u ld  be r ib o f la v in ,  f o r  the  Rf f r a c t io n s  

f o r  t h is  v ita m in  e re  vary s im i la r  to  those found in  l i v e  

e xc ise d  tom ato ro o t  exuda te , e x t r a c t  and homc-fj@nate where 

grow th  s t im u la t io n  occu rred  in  the  two d i f f e r u n t  s o lv e n t 

system s.

R ib o f la v in  was a ls o  id e n t i f ie d  in  p in #  s e e d lin g  ro o t  

exudate ( c o l le c te d  f o r  3 weeks} a t  Rf f r a c t io n s  1 and 4 in  

BuA and 1-3 and 8 in  GW. Hence th is  may a ls o  foe the  mi3 

grow th  s t im u la to ry  f a c to r ( s ) .  A lso  i t  was noted th a t  th e  p in s  

s e e d lin g  ro o t  exudate co n ta in e d  much more r ib o f la v in  

(a p p ro x im a te ly  31 tim e s ) p e r m il l ig ra m  d ry  w e igh t o f  ro o t  

then e xc ise d  tcm ato ro o t  p re p a ra tio n s  (see F ig s . 53 and 6 4 ) ,
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5C

Oa

Live root
_g2üidatiU.

3-lmg

lug
Kc\

Î /st reaking

l ong wa>e I  \  

fluorescent spot,

fig. 59, Riboflavin present in live excised tomato root exudate after
fractionation in BuA,
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— LuujJL

spot
s pill

5

Homoçenatc, MarkerKxtract,

3 -Img 3 1 mg riboflavin, 
lug

Key

. / *  Streaking

Long wave I  \  

f luorescent spot.

Fig. 60, Riboflavin present in excised tomato root extract and
homogenate after fractionation in BuA.
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h iiL i ni LfMill

MarkerLive root
riboflavin,exudate,

3-lmg lug

O

St rcaking

1.0n g wave  I  V 

fluorescent spot.

Fig. 61, Riboflavin present in live excised tomato root exudate
after fractionation in BuP,
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X

O3

Homogenate, 
—3Ld.mg--------

MarkerExtract
3 Im g ribof lav in ,

lug

kl
^ ^4  Streaking

O Long wave l  \  
fluorescent spot.

Fiq. 62, Riboflavin present in excised tomato root extract and
homogenate after fractionation in BuP,
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X

Kxudatc
riboflavin.0 Img

Ki \

Streaking

l ong «ave I V 
fluorescent spot

F in .  63, R ib o f la v in  p resent in  p ine  se e d l in g  ro o t  exudate ( c o l le c te d  

f o r  3 weeks) a f t e r  f r a c t i o n a t i o n  in  BuA,
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X

Origin

Marker
riboflavin.

lug

Kc\

'  ^ ' S t r e a k i n g

long " a » I I \  
f luor isceni  spot.

l o .  64, R ib o f la v in  p resent in  p ine  se e d l in g  ro o t  exudate ( c o l le c te d

for 3 weeks) after fractionation in BuP,
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1. Asftays w ith  ITgchorlchla c o l l  mutants#

The re s u lts  o f  th ia m in  and n ia c in  assays w ith  e xc ise d  

tom ato ro o t  exudate (fro m  l i v e  r o o ts ,  c o lle c te d  in  d i s t i l l e d  

w e to r ) ,  e x t r a c t  and homogenate ue ing  C. c o l i  t h i "  end 

A. c c l i  n ia*" a re  shown in  Table 44*
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Growth of  tm c o l i  th i**  and C# coX i nia** in  the presence 

o f l i v e  exc ised  tomato ro o t  exudn te . e x tra c t  and

homogenate*

Bacterium D ilu t io n  o f 

b ac te riu m

Rcct p re p a ra tio n Growth o f  bac te rium  

(p o s it iv e  o r  n e g a tiv e )

L. c o l i t h i - iO~2 No re s t  p re p a ra tio n  

( c o n t r o l )

C. c c l i th i~ 10-2 Thiam in +

C# c o l l t h i - 10-2 E x tra c t T

E. c o l l t h i - 10-2 Hemogenata

[#  c o l l th i~ ic M No ro o t  p re p a ra tio n  

( c o n t r o l )

L* c o l i t h i~ 10-4 Thiam in +

E. c c l i t h i - 10-^ Exudate

[#  c e l l  n ia ~ 10-2 No ro o t  p re p a ra tio n  

( c o n t r o l )

-

L# c o l i m a  10-2 N ia c in

E. c o l i n ia - 10-2 E x tra c t +

E# c o l i n ie r 10-2 HiTmoganate 4

L . c o l i m a - 10-4 No ro o t  p re p a ra tio n  

( c o n t r o l )

-

L* c c l i m a  10-4 N ia c in 4

W i n ia - 10-4 Exudate 4
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These re s u lt®  in d lc m te  th a t  bo th  th ia m in  and n ia c in  

o re  p re se n t in  l i v e  e xc ise d  tom ato re n t exuda te , e x t r a c t  and 

homcgonato#

The nf f r a c t io n s  o f these  v ita m in s  were then dete rm ined  

in  9uA and 8uP s o lv e n t*  (see Table 45 and Fig# 65 )*
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Rf fra c tio n s  fo r the vlWmime thimmim end n ia c in  

fra c tio n a te d  in  8uA and RwP# ae determined by the 

growth of I#  c c l i  t h j -  and C. c c l i  n la*#

Bacterium Rf f r a c t io n

Number o f  c o lo n ie s  o f c c l i  t h i *  

o r the  preeonc® c r  mbaence o f grow th  

w ith  [ *  c c l i  n ia "  i n : -

0U-- BuP

E. c c l i  th i~ No th ia m in 4 1

( c o n t r o l)

c o l i  t h i - Thimmin 134 2G6

r  *. c o l l  t h i - 1 31 20

E. c o l i  t h i " 2 40 9

E. c o l i  t h i - 3 130 45

E. c o l i  t h i - 4 1S6 58

E. c o l i  t h l - S 140 130

t h i - 6 187 140

E. c o l i  t h i - 7 27 196

km s o l i  t h i " 6 S 144

E. c o l i  t h i - 9 25 6

£• c o l i  t h i - to 24 6

C. c o l i  n ia - No n ia c in

( c o n t r o l )

C. c o l i  n ia " N ia c in 4 4

E# c o l i  n ia " 1 ««

E. c o l i  n i« - 2

[ .  c o l l  n ia - 3

L . c p l i  n la - 4

[ .  c o l i  n i« - S S l ig h t ly  4

E. c e l l  n ia*“ 6 4

[ *  c o l i  n ia " 7

[ *  c o l i  n ia  8 4

i t  Ç P li n ia - 9 4

C" p o l i 10 - -
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Thiamin fractionated in RuA,

5,000

. . i l i l — .n
Thiamin f r a c t io n a te d  in  BuP,

15.000-

spoo-

1 2 3 4 5 6 7 8 9  10 H
^  Kf  f r a c t i o n s  ^

i q ,  65, Rf f r a c t io n s  f o r  th ia m in  f r a c t io n a te d  in  BuA and

RnP as determined by the growth o f  E sch e r ich ia  

c o l i  t h i ” .
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Rf fra c tlc n  fo r  thiam in in  6uA was 3-6  and in  

OuP' 5 -6  ( f i g ,  6 5 ) , whereae the Rf fra c tio n  fo r  n le c in  use 

9-9 in  BuA and 4-5  in  (Table 4 5 ) . Tli0@@ value® dc not 

corr@$pcnd c lo ae ly  w ith  the unknown M13 growth a tlm u lato ry  

fa c tc rC a ),

2 ,  Aaaava w ith  A aperaillw * nidulana m utant*.

TÎ.Q re su lts  of b lc t in  and pyridoxins assay® w ith  

oxcioeci tomato roo t exudate (from l iv e  ro o ts , c o lle c te d  in  

d is t i l l e d  watwr) ,  e x tra c t and homogenate, using A, nldulans  

b io -  and r ,  nidulano pyr" a te  shown in  Table 46 and F ig . 66*
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T a b la  46*

C rnuth o f A* n ld u la n o  b ip -  and A. n ld u le n e  p v r "  in  the 

presence o f exc ised  tomate ro o t  oxudate ( l i v e ) *  s x t r a c t  

and homopunata*

Irg an ism Root p re p a ra tio n mean ra d iu s  o f 

co lo ny  (mm)

Standard

e r ro r

P

A. n id i^ lpns  b io - No ro o t p re p a ra tio n  

( c o n t r o l)

0 .6 (D .1 ) -

Aj, b io - Exudate 5*7 (0 *2 ) 0.001

a « _ c is & & s a & b io r E x tra c t 1*4 <0.2} 0 .02

A . b io - Homogenate 1*5 (0 .0 ) 0.001

? i . jâ É / is m .  b ib - B io t in 3*0 (0 .0 ) 0.001

p y r - No ro o t  p re p a ra tio n  

( c o n t r o l )

1*0 (0 .0 )

ft* n i d u ^ s  pvr- Exudate 2*9 (0 .2 ) 0.001

a* n iW m #  p y r - E x tra c t 2 .4 (0 .2 ) 0.001

Homogenate 4*4 (0 .2 ) 0*001

A p y i r P yridox in® 5*9 (0 .2 ) 0.001

B io t in  end p y r id c x in a  ware b o th  p re se n t in  the  l i v e  

e xc ise d  tom ato ro o t  exuda te , e x tr a c t  end homogenate* More 

b io t i n  was p re se n t in  the  e xc ise d  tomato ro o t  exudate 

( i * e ,  mere than  lu g /m l a g a r) than  in  the  exc ised  tom ato 

ro o t  e x t r a c t  o r  homogenat© ( i * e *  le a s  than  1 ug/m l a g a r)*  

W ith  the  p y r id o x in s  mere was p ré se n t in  the  e xc ised  tom ato 

ro o t  homogenate, than in  the  e x t r a c t  o r  exud^ate o f  e xc ise d  

tom sto ro o ts  and in  a l l  r o o t  p re p a ra tio n s  the  amount o f
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A s p e rg i l lu s  n id u la n s  b io “ .

10 0 0 -

500 h

A s p e rg i l lu s  n id u la n s  p y r “ .

1000

500

X X
a. 3o30

OsOS

F ig ,  66, Growth o f A s p e rg i l lu s  n id u la n s  b io ”  and A s p e rg i l lu s  

n id u la n s  p y r "  in  the presence o f  exc ised  tomato 

ro o t  exudate ( l i v e ) ,  e x t r a c t  and homogenate.
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p y r id o x in #  1@@# than lu g /m l*

Tf'10 Rf f ra c t io n #  fo r  b io t in  were th®n determ ined 

(see Tabla 47 and F ig * 67)*

Table 47*

Rf f r a c t io n s  fo r  b ic t in  f fn o t io n a te d  in  BuA I 

a# deta rm ined  by the  grow th  r f  A. n ld u la n g  bio**«

Rf f r a c t io n Radius o f  co lony  (mm) i n i -

BuA Bur

No b io t in 1*0 1*0

( c o n t r o l)

B io t in 3*5 3*5

1 3*5 3*0

2 1*5 1*0

3 1*5 0*5

4 1*5 3*5

5 1*5 3*5

6 3*0 3*0

7 4*5 3*5

6 4*0 1*0

9 7*5 0*5

10 I 'D 0*5

From F ig *  67 the  Rf f r a c t io n s  fo r  b io t in  in  BuA were 

1 and 6 -9  and in  8uP 1 and 4 -7 , The Rf f ra c t io n s  f o r  

p y rid o x in ©  bwre ctetorm inad by lon g  waive UV l i g h t  as be ing  

a t  Rf f r a c t io n  6 -7  in  8uA and 9 in  But# a ltho u gh  the  UV 

l i g h t  was n o t s o n s ! t iva enough to  dote rm ine  the  presence o f
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Biotin fractionated in BuA,

4 0 0 -  I  g

limlllliH H
B io t in  f r a c t io n a te d  in  BuP,

4 0 0

l-llll-L
1 2 3 4 5 6 7 8 9  10 ^  p
_  R f f r a c l r o n s

TQ
o a

F ig .  67, Rf f r a c t io n s  f o r  b i o t i n  f r a c t io n a te d  in  BuA and 

BuP as d e te rmined by the growth o f  A s p e rg i l lu s  

n id u la n s  b io ” .
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pyridoxin® in  e ith e r  excised tomato rc c t exudeta ,  e x tra c t  

cr hrmcgenate.

Hence these tut? vitam ins dc not correspond to the M 3  

growth s tim u la to ry  Rf fra c tio n s  c f  excised tomato root sxudete, 

e x tra c t cr  homogenet# and pine seedling root exudate*
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l o u e u r  I C h l  I l-H i f  RIBLflAWIN USING THI KASS 5P1-CTRI.b;TlH*

Th© resuli® obtained by this method of anelyais tc indicate

that in fact riboflavin dews correspond to the Af fractions where 

growth promotion occurred (see Fige* 68 to 73)*

The mass spectra of riboflavin and excised tomato root extract 

ofto p  their fractionation in BuP (Figs* 69 end 70) show a very

similar pattern of peak fomation# with the highest m/e (mass -  to -

charge ratio) value being at 273 (Rf fraction 1) and 278 (Rf frecticn 

7), hence these two Rf fraction© have different maximum */e  values* 

Similar B'ksse spectra fcr riboflavin and excised tcmatc root 

extract were also obteinsd after fractionation in BuA (figs* 71 and 

72)* There was no pesik at m/e 278 in either the riboflavin or 

oxcisod tomato root extract Rf fractions# also peak a/a 223 was 

absent from both riboflavin Rf fractions and peak m/© 206 was not 

present in riboflavin Rf fraction 0-4*

In both the riboflavin and the excised tomato root extract Rf 

fractions# peaks st m/s 206 and 223 (tifhisn present) were always of 

equal height, «Iso peeks m/e 104 and 105 war# always present*

C.n comparison cf the m m  spectrum of the non-fracticnatyd 

riboflavin (Fig. 68) with the previous mass ©pectrs the peak* at

the lower »/s velues were more intense, but towards the higher

m/e values the peaks were very similar* also peak m/e 278 was 

prosent* The actuel molecular weight of riboflavin is 3?é, but no 

peaks occurred above m/e 278 in either the fractionated or 

nom-frectionated riboflavin or the fractionated oxcised tomato root 

e x tra c t*

A mass spectrum of the tomato ro o t extract, fractionated in 

8 u r, at Rf fraction 4 was a lso  obta ined (Fig* 73 ). A similar ©pmctrum 

was formed m  the fractionated riboflavin with the high&et m /e
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being a t  223, hence r ib o f la v in  was present* tn  examination of fch® 

chromatogram^ under long wave UV l ig h t  i t  was ncts’sd th a t the 

r ib o fla v in  spots In  th is  root p reparation  tended to streak across 

th is  Rf f r a c t io n . This would th ere fo re  account fo r i t s  presence in  

f i f  fra c tio n  4 , although i t  dees not appear to be o f  a high enough 

concentroticn to produce Ml3 growth stim u lation#

Therefore by the d ire c t comparison o f these spectra fu r th e r  

evidence fo r the p o s s ib il ity  th a t r ib o f la v in  cculd b« the M 3  

growth s tlit»u la to r(s ) w^a obtained*
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CRCWTH CXPERimCNTS WITH POUNDS IDENTIFIED IN CXClSCü TOMATO ROOT 

PRÇPARATirNS.

1* Amino ;::cid8.

Table 48 and F ig * 74 ©how the  e f f e c t  o f in c lu d in g  

in d iv id u a l  amino a c id s  in  B l f  (p lu s  v ita m in s )  on the  g row th  

o f  M l3 and a ls o  the  e f fe c t  o f  supp lem enting  MIM w ith  these 

seme amino a c id s *
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The o ffv c t of in d iv id u a l  &mir\o acids on the grow th 

c f M 3  in  (HM C-t v ita m in  m ix tu re )  and MLM#

Amino acid®

Dry w e ig h t in  O ir  p lu s  

v ita m in  m ix tu re  (mg)

Dry w e igh t In  MLM 

(M l)
Moan Standard e r ro r P Mean Standard e r ro r P

Nc amine acid® 

( c o n t r o l)

65'R (7 .7 ) - 120*7 (1 3 .5 ) -

la o le u c in e 61*8 (1 5 .0 ) n#8. 144-0 (1 3 .6 ) n,@.

M eth ion ine 83*2 (6 .5 ) C-01 144-8 (1 1 .9 ) 0*05

V a l im 7G*2 (1 4 .2 ) n .6 . 130*3 (2 0 .6 ) n.@.

A len ine 99.1 (1 1 .7 ) CU03 147-0 (1 9 .8 ) n,@.

Lys ine 101*1 (9 *1 ) 0*02 141.1 (3 1 .2 ) n *s*

H is t id in e 92*4 (2 9 .1 ) h .8 . 125*4 (1 .2 ) n .8 .

Asparagine 87*6 (1 3 .6 ) 0*02 143*7 (1 9 .9 ) n.@.

S erine 91*4 (9 .6 ) 0*01 148*3 (1 2 .8 ) 0*05

A s p a rt ic  a c id 99*6 (23 *2 ) 0*02 139*0 (3 1 .9 ) n .8 .

C yste ine 76*3 (3 3 .1 ) n *8 . 96*9 (1 4 .2 ) 0*02

No amino a c id s  

( c o n t r o l)

130.7 (20*3 ) - 115-1 (1 5 .6 )

T yros ine 123*5 (8 .1 ) n.9# 100*0 (1 3 .4 ) n .s .

G lutam ine 139*2 (1S .1 ) n .8 . 102*9 (1 0 .3 ) n . a .

H yd ro xyp ro lin o 130-7 (1 S .0 ) n .a * 95*5 (1 0 .2 )
*

0*05

M ix tu re  o f 

above cmlno 

a c id e .

83*0 (9 *0 ) n#s* 101*3 (9 .9 ) n« s .

*  I n h ib i t io n
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F ig ,  74, The e f f e c t  o f  i n d i v i d u a l  amino ac ids on the growth 

of  M13 i n  BLM (+v i t a m in  m ix tu r e )  and MLM,
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A nufiAer c»f the wmlno acids s tim ulated  the growth of 

M13 in  DIM (p lus v itam in s ), methionine and serine to the 

g ro a tast e x te n t, whereas seme e .g , tyros ine  and hydroxyproline  

had no s ig n if ic a n t  e ffe c t  on the growth c f M13,

S im ila r resu lts  were obtained w ith  in d iv id u a l amino 

o d d »  in  Ml M, except th a t the s tim u la tio n  c f Ml3 was much 

reduced, and w ith  cysteine and hydroxyproline s ig n if ic a n t  

in h ib it io n  o f growth occurred* Hence these amino acids  

possibly do not correspond to  the Ml3 growth s tim u lato ry  

fa c to r (» )♦

2* uga rs*

The growth o f  Ml3 in  MLR in  the presence of glucose, 

fructos© or sucrose is  shown in  Table 49 and Fig* 75*

Teblo 49

Crovth c f M 3  in  the presence o f e ith e r  nluccQ©* 

fructose or ©ucrcsu in  nth*

A dditional carbon source 

(0*05%)

Mean dry w eight,

mg

Standard e rro r P

No sugar (c o n tro l) 117*2 (30 *3 ) *

Glucose 87*8 (12 *1 ) n*8*

Fructose 139*5 (26*0 ) n*s*

Sucrose 95*9 (2 0 *3 ) n*8*

Sugar m ixture  

(m ixture c f above sugar»)

89*3 (4 *9 ) n ,s *
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1001

r i g ,  75, Growth of  All3 i n  t h e presence of  e i t h e r  g lucose ,  

f r u c to s e  or sucrose i n  MLM,
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G lucose, fru c to s e  and su c ro se , both  in d iv id u a l ly  and 

as a m ix tu re  hod no s ig n i f ic a n t  e f f e c t  on the grow th o f M13 

in  MLM» T here fo re  these sugars do n o t correapond to  the  

M 3  grow th  s t im u la to ry  fa c t c r ( s ) *

3. R ib o f la v in .

The grow th  o f M13 in  M P , in  the presence o f  v a r io u s  

c o n c e n tra t io n s  o f r ib o f la v in  i s  shown below in  Table 50 

and F ig ,  76.

Table 60#

Growth, o f  M 3  in  the  presence o f  va rio u s  c o n c e n tra t io n s  

o f  r ib o f la v in  in  i l.P.

C o n cen tra tion  of r ib o f la v in  

(ug per SCwl r iM )

Mean d ry  w e ig h t

(wq)

Standard e rrc -r P

C ( c o n t r o l ) 70*2 (9 *7 ) —

10 94*1 (7 *7 ) 0*01

30 100*4 (5 *7 ) 0*002

100 93*2 (10*2 ) 0*02

A l l  co nce n tra tio n ®  o f r ib o f la v in  s ig n i f ic a n t ly  

s t im u la te d  the  grow th o f  M l3 , 30ug c f  r ib o f la v in  p e r SOml 

o f  MLM g iv in g  the  g ro e te a t grow th  s t im u la t io n .  Hence t h is  

v ita m in  sfjpears tc  be an M13 grow th  s t im u la to ry  f a c to r .
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J A l i v e  c row lh  of' T13 u ' i t h  r i t i r f  l o w in

r  100-

10 30 100
Concentrai  ion o f  
r l b o f l a \  in ( ug per 50ml  
M L  .Vl )

%
X
X  
X

no
3

The e f f e c t  o f  r i b o f l o v i n  on the q r o u t h  o f  M13.

100 -

50

0

+ t

25 5 0  7 5̂ 100
C o n c e n t r a t i o n  of  r i b o f l a v i n  (ug per 5 0 m l  M L M )

^ i g ,  76. Growth o f  Ml3 i n  the  presence o f  v a r i o u s  

c o n c e n t r a t i o n s  o f  r i b o f l a v i n  i n  MIM.
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ISOLATION (T THC FUNGI FüCf CCTlMYClâimiZAL RLDTS (F PINUS SYLVESTRIS

IkKÜ

The is o la t in n  o f  fu n g i from  the ro o ts  o f su rfa ce  a te r i l iz a d  

Q ctofnycnrrh izso  has bK©n c a r r ie d  o u t by s e ve ra l workers (e .g .  Zak 

and r « r x ,  1964| Lamb and R ichard®, 1970} Pena-Caforialos and Valdes 

Hqo. 1976).

Hydrogen p e ro x id e  (100 v c ls )  was i n i t i a l l y  used in  t^ i is  

in v e s t ig a t io n  to  s t e r i l i z e  the e c to m y c o rrh lz a l ro o ts  f o r  30 m in u te s , 

t h is  p e r io d  c f  tim o  p roduc ing  th® le a s t  number o f con tam inan ts . The 

hydrcgon p e ro x id e  method was then re p lace d  by sodium h y p o c h lo r ite  

(1% ), because the  percentage number o f fu n g i is o la te d  from 

G c tcm yco rrh iza l ro o ts  s t e r i l i z e d  w ith  hydrogen pe rox ide  woe ve ry  le w . 

A lso  the ro o t  is o la te ©  from  hydrogen p e ro x id e  tre a te d  G c to m yco rrh izs l 

ro o ts  d id  n o t form  ectom yco rrh izae  in  v i t r o  w ith  any o f the 

a c tc m y c c rrh iz a l s y n th e s is  techn iques used# I t  was specu la ted  th a t  

perhaps the hydrogen pe rox id e  had a f fe c te d  the  a b i l i t y  c f  the  ro o t  

is o la te s  to  produce the  h o s t/fu n o u s  r e la t io n s h ip ,  s in ce  an 

experim ent u s ing  v a r io u s  c o n c e n tra tio n s  c f  hydrogen pe rox ide  shewed 

th a t  the  grow th  ra te  o f M l3 over a p e r io d  o f  12 days was reduced 

by th is  substance•

The percen tage  numt^er o f  fu n g i is o la te d  a f t e r  s t e r i l i z i n g  the  

© c to m yco rrh izo l ro o ts  w ith  sodium h y p o c h lo r ite  was much h ig h e r ,  

b u t aga in  these ro o t  Is o la te s  wore unab le  to  produce ec tom yco rrh izae  

w ith  the  ro o ts  o f  i in u s  g y lv o s t r is  s e e d lin g s  in  v i t r o *  Therefor©  

any d e le te r io u s  e f f e c t  o f hydrogen p e ro x id e  on the  e c to m y c o rrh iz a l 

fo rm ing  a b i l i t y  o f  thes© is o la te s  c o u ld  n o t a lono  e x p la in  the  la c k  

o f e c to fn y c c rrh iz a l fo rm a tio n *  However the  p o s s ib i l i t y  o f  a s e le c t iv e  

a c t io n  o f  these c t e r i la n t s  a g a in s t is o la t in g  e c to m y c c r rh iz a l-
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fo rm ing  fu n g i must be con©ld^»rod. I t  seeip® more l i k e ly  th a t  c o n d it io n s  

conducive to  o c to m y c o rrh iz a l fo rm a tio n  w ith  those is o la te s  may n o t 

have been used and th is  p o s s ib i l i t y  i s  d iscussed  in  & l a t e r  s e c tio n  

(see page 288).

Root and sporophora is o la te s  wore m a in ta ined  under m in e ra l o i l  

on agar s lo p o a . F e rry  (1967) no ted  th a t  c u ltu re s  n e t m a in ta ined  

under o i l  showed change* in  t h e i r  grow th  v ig o u r ,  p o s a ib iy  by a 

process o f  in a d v e r te n t  s e le c t io n  c f  s e c to rs .  The re s u lts  c f  an 

QXporiwent us ing  the  ro o t I s o la te  M l3 , m a in ta ined  in  a co n tin u ou s  

la b o ra to ry  c u l tu r e ,  in d ic a te  th a t  over a p e r io d  o f  two years th e re  

was some loea in  a b i l i t y  o f  t h is  ro o t  I s o la te  to  respond to  the  

presence o f  l i v e  e xc ise d  tomato ro o ts .  However the s l ig h t  lo s s  in  

a b i l i t y  to  respond to  these m o ts  d id  n e t s e r io u s ly  e f f e c t  

e xpe rim en ta l r e s u l t s .

Two ro o t  is o la te s  wer© s p e c i f ic a l ly  id e n t i f ie d .  M78 was 

id e n t i f ie d  a® V e r t i c i l l i u m  p s a l l io ta e ,  t h is  be ing  an Aseomycete and 

a w idespread pathogen o f  v a rio u s  A g a r ic s , b u t can a ls o  be is o la te d  

frcan le a f  l i t t e r  and s o i l .  There i s  no evidence th a t  i t  i s  

e c to w y c o rrh iz a l,  n e v e r th e le s * ,  i t  shou ld  be no ted  th a t  V. p s a l l io ta e  

was s t im u la te d  c o n s id e ra b ly  by bo th  k i l l e d  and l i v e  e xc ised  tom ato 

ro o ts  in  RIM, a lth o u g h  exc ised  tom ato ro o ts  do n o t appear to  

s t im u la te  n o rv e c to m y c o rrh lz a l Myroenowycetea (F e r ry ,  1967), M12 was 

id e n t i f ie d  a© an Acremonlum sp , tha»«s be ing  u b iq u ito u s  saprophyte® .

No in v e s t ig a t io n s  wars made m  to  the  response c f  th is  is o la te  to  

exc ised  tom ato ro o ts  because i t  d id  n o t grow s u c c e s s fu lly  in  l iq u id  

c u l tu r e .

In  a few caees two d is t in c t  fu n g i war# observed to  grow from  

one o c to m y c o rrh ira l r o o t ,  e *g , m59a and MS98, T h is  co n firm s  those 

o b se rva tio n s  made by Zsk end Mar* (1964) and suggests the  p o s s ib i l i t y
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th a t  more thon one fungus m igh t be in v o lv e d  in  the fo rm e tlo n  o f n 

s in g le  s c to m y c o rrh iz a l ro o t ,

Deverel o f the ro o t Is o la te s  o b ta in e d  from  d i f fe r e n t  ro o ts  

appeared to  be m o rp h o lo g ic a lly  s im i la r  whan grown on GIA, T tiis  

s iX 'gestc th a t  som? is o la te s  may have been a s in g le  w idespread 

sp e c ie s , n o t n e c e s s a r ily  co n fin e d  to  one a re o , s ,g .  tfm  two 

m o rp h o lo g ic a lly  s im i la r  is o la te s ,  R79 and M-BC, us re  is o la te d  from  

e c to m y c o rrh iz o l ro o ts  c o lle c te d  from  Angley woods and Brandon F c re s t  

re s p e c t iv e ly .

Three o f the  ro o t  is o la te s  were b la ck  in  c o lo u r and ware ve ry  

s im i la r  to ,  b u t n o t p o s i t iv e ly  id e n t i f ie d  as Cenococcum c ira n ifo rm e . 

A l l  the  ro o t  is o la te s  grow in t o ,  as w e ll as on the  su rfa c e  c f  

the  agar and were s e p ta te , b u t they a l l  appeared to  la c k  clamp 

c o n n e c tio n s . Clomp connec tions  w@r@ a ls o  la c k ln r) in  a number c f  

u n id e n t i f ie d  e c to m y c o rrh iz a l ro o t  is o la te s ,  is o la te d  by Ismb and 

R ichards (1 9 7 0 ),

In  o rd e r to  de te rm ine  whether these m e t  is o la to® were 

Basid iom ycatos o r scomycetee, t h e i r  u l t r è s t ru e tu rs  was examined 

u s ing  the  e le c tro n  m icroscope.

The d c l ip c re  sep ts  t y p ic a l  c f  B asid iem ycetes and a ls o  o c c u rr in g  

in  the  e c tc m y c o rrh iz a l fu n g i grow ing w ith in  the  H a rt ig  n e t and m antle  

(F o o te r and M s fks , 1966), occu rred  in  the  eep ts  o f  B o le tus  lu te u s ,  

b u t wore n o t observed in  the  septa o f  M l, M3 o r MS, îience e i t h e r  

they were n o t p re se n t o r  they were n o t seen in  the  s e c tio n s  

exam ined. In  one ro o t  is o la te ,  M l, a s im p le  pore was p re sen t in  one 

o f  the  septa which in d ic a te s  th a t  t h is  fungus co u ld  p o s s ib ly  be an 

Ascomycete, A lthough  Ml ssems n o t to  bo a ass id iom yce ts  i t  co u ld  

be an e c tc m y c o rrh iz a l- fe rm in g  fungus , s in c e  a nusibar o f  Asccm ycetes, 

e ,g .  Tuber brwm&le (Fontana and Fasc lo  B o n fsn te , 1971) can form
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fâctomycrrrhlzsae w ith  Pjnus nigrr.? and Cenecoccum gr&nlfcrm© can 

form octomycorrhlza® w ith © number of d if fe re n t  tree  species#
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CTCMYCORRHIZAl SYNTHCSIS AND THC RLC7 MORPHILLGY I f  PINUS SYLUCSTRlS

3. Fi'/lIfJGd.

The s€îod« o f P lnus s y lw e s tr is  used in  these experim ents were 

c o lle c te d  by the  F o re s try  Commission from  tre e s  grown a t  Brandon 

F o re s t, N o r fo lk ,  in  stands s im i la r  to  those frcm  which the 

o c to m y c n rrh iz a l ro o ts  (end hence some o f the  ro o t is o lâ te s )  were 

c o l le c te d .  The reason fo r  us ing  t h is  seed was tc  produce  ̂in u s  

s y lv Q g tr ls  s e e d lin g s  which were h o p e fu lly  co m pa tib le  w ith  the  ro o t 

is o la te s  from  t h is  re g io n .

Hydrogen p e ro x id e , used as a method o f  seed s t e r i l i z a t i o n ,  was 

ve ry  s u c c e s s fu l os in d ic a te d  by Trappe (1 9 6 1 ), w ith  a pp ro x im a te ly  

80i?' o f  the  seed© g o rm in a tln g  in  10 days.

The t o t a l  la c k  o f  success us ing  F o r t in 's  method to  syn th e s ize  

ec tom yco rrh izee  i s  n o t e a s i ly  exp la ined»  F o r t in  (196 6) ob ta in ed  

o f  © c to w y c o rrh iz a l ro o t  t ip ®  on [-jnus a y lv c s t r is  s x p le n ts  

w ith  Amanita rubescsno a t  2 1 ^  I^C  and u s ing  v e rm ic u ll te  as a 

s u b s tra ta , Smith (1973) found th a t  32K o f the  ro o ts  in o c u la te d  w ith  

Thejophcre t & r r c s t r is  and 38 -̂ c f  the  ro o ts  in o c u la te d  w ith  

Amanita rubescons produced e c tcm ycc rrh iza o  u s in g  w srm icu la t®  as s 

s u b s tra te , b u t ©s s ta te d  by Smith th e  ch o ice  o f  media and the  ch o ice  

c f  fu n g a l is o la te  i s  c r i t i c a l .  I t  seems l i k e l y  th a t ,  in  these 

p re sen t e xpe rim e n ts , c o n d it io n s  were n o t fa v o u ra b le  fo r  the 

p ro d u c tio n  o f ec to m yccrrh izae  w ith  o i th e r  ro o t  is o la te s  o r B o le tu s  

lu te u s  and B o le tu s  vorioc atuG% ra th e r  than  th a t  the  fu n g i were 

unable to  form  e c tcm yo o rrh iza e . Both S» lu to u s  and 8» v a rio G a tu s i 

a re  proven o c tc m y c c rrh iz e l fu n g i (T rappe , 1962) and the  fo rm er 

d id  form  e c tcm yco rrh lzee  under o th e r c o n d it io n s  (see b e lo w ).

P e c h lo w s k i's  techn ique  was e ls e  u n s u c c e s s fu l, a lthough  

Pachlew ski (1967) o b ta in e d  80% in fe c t io n  o f  ^•iny© s y lv e s t r is
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®0Qdling roots w ith  L&ctariu& rufus and 1D0% w ith RhIzcpcoon rcsocluG. 

a t room tamperaturo in  d ay lig h t* The in a b i l i t y  of the root is o la te s  

and also B* lu teos and 0* wariegztuGl t c  synthesize ectomycorrhlzao 

w ith the pine roots grown in  Fachiawaki tubes was not due to the lack  

of funcjal growth, fo r  when the tut’O© were inoculated  w ith e hyphal 

eueponcion the fungi were noted tc  grew extens ive ly  throughout 

the media* Again i t  must be asatmaed th a t the onvircnmental 

condition® warm probably not conduslvo to  ectcm yccrrhizal form ation*

To try  tc Imprcvo conditions pine seedlings were gr. wn in  a 

substrate s im ila r  tc  th u ir  n a tu ra l environment, namely fo re s t humus 

c o lle c te d  from arose where the cctom yccrrhizal roots were obtained* 

Both s te r i le  and n c n -s to r ile  humus were used and seedlings were 

grown in  pci® , sc th a t th e ir  shoots were exposed tc the normal 

a e r ia l  environment* Again there wee a marked leek of euccesa, the 

only ectcm ycorrhlze formed being in  a c o n tro l (un inccu iated) pot* 

Thcodcrou and Bowen (1570) using severel is o la te s  of Rhizc&cgcn 

Jutoolus and Boletus pranulatus obtained good ectom ycorrhizel 

form ation on Pinua rad ia te  seedling roots in  a l l  inoculated  p lant® , 

using a r i l  which had been s te r i l iz e d  by camm ir ra d ia t io n *

The technique used by P ^ lin  (1921, 1936) and la te r  m odified by 

Hacskaylo (1953) end Ferry (1 9 67 ), where the pine eesdlings were 

grown enclosed in  flnaka  of p e r l i t e ,  was adapted by mixing the 

p e r l i t e  w ith  peat as recctwaoncfed l;y ^arx and I&k (1965) tc  m aintain  

the pH a t pH 4 *6* Again no ectcmycorrhizae formed, although the 

seedlings a l l  appeared to  bo health y* f^ rx  and Zak (196S) 

obtained 4*6 ectom ycorrhlzoa per centim etre c f la t e r a l  root c f  

rinus a l l i o t t i i  w ith  lo c ca ria  lacco to * 0*8 w ith  Boletus lu teus and 

#«2 w ith  Conoccccum d ran i F ormu a t  pH 4*6 using th is  method* However
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tha  baea» o f  the  f la s k s  were m a in ta ined  in  a co ns ta n t tem pera tu re  

w a te r ba th  and they  ware p laced  in  a shaded greanhouae.

S ince I t  appoers advantageous to  m a in ta in  the  ro o ts  o f  the  pin® 

eeodlinr;® a t  a c o n s ta n t tamporatuPG and to  have a c c n tr c l ls b i®  l i g h t  

acurc®, an a tte m p t uaa made to  grow tham in  such a c o n t ro l le d  e n v iro n -  

mont* The ro o ta  o f the  p in e  o eed llnga  ( I' in u s  a y lv a a t r le ) were 

m a in ta ined  a t  a c n n s ts n t tem pera ture  o f ZO^C, and the  shoot© a t  & 

co n s ta n t l i g h t  in t e n s i t y  and p h o to p e rio d . T h is  method was s u c c e s s fu l 

w ith  O olotug lu te u a . ac tcm ycerrh lzae  be ing  produced on tfm  root©  o f 

seed ling©  grown in  bo th  a d i lu te  and norm al m in e ra l medlufn* The 

Q ctom ycorrh iz#*,deve loped  on p in e  root®  in  o ilu t©  medium were is s s  

abundant, and the  shoots  o f  these p la n ts  were c h lo r o t ic *  Hence the 

c o n c e n tra tio n s  o f  m in e ra ls  in  the  su b s tra t®  a f f e c t  the  cksgroe c f  

Q c to m y c o rrh ira l fo rm a tio n  ee w e ll as the  a b i l i t y  o f  the  s e e d lin g s  to  

produce c h lo ro p h y ll*  There tms no s ig n  o f  e c to m y c o rrh iz a l fo rm a tio n  

w ith  any o f U>® ro o t  is o la te s ,

A lthough  the  in  v i t r o  s y n th e s is  of e c tcm yco rrh izae  w ith  the  

rn o t is o la te s  f a i le d ,  t h is  i s  n o t c o n c lu s iv e  evidence o f  an i n a b i l i t y  

o f  these ro o t  is o la te s  to  fcrm  e c tcm yco rrh iza#  as i t  i s  p o s s ib le

th a t  these is o la te s  co u ld  form  ©ctom ycorrh iza®  in  the r ig h t

e nv ironm en ta l c o n d it io n s *

F i r s t l y  i t  seems necessary t c  m a in ta in  the  aea d lin gs  in  a 

s u ita b ly  c o n t ro l le d  environm ent f o r  the  fo rm a tio n  o f  ec tom yco rrh izee  

(as shown In  t h is  in v e s t ig a t io n  w ith  8 t le tu s  lu te u s ) ,  w ith  an 

adequate l i g h t  eourc® and day la n g th  as suggested by Sjarkman (1942,

1944 and 1970) and the  m>ad to  m a in ta in  the  ro o ts  a t  e c o n s ta n t

temp® re two (Marx ^  1970#. A lso  t h is  method may need to  be

m o d ifie d  fu r th e r  by exposing the  shoot to  the  atm osphere, s in ce  

co m p le te ly  e n c lo s in g  the  shoot end hence the  p ine  s e e d lin g s , exposes
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i t  to  on abno rm a lly  humid env ironm ent,

Pelham and Mason (197fi) hove shown d i f f e r e n t  n u t r ie n t  (phosphate ) 

requ irem ents f o r  e c to m y c o rrh iz o l fo rm a tio n  w ith  va rica js  s t r a in s  o f  

B o tu la  ve rrucosa  and Amanita muscor i a .  The ro o t  is o la te ,  M13, does 

have d i f f e r e n t  n u t r i t i o n a l  requ irem en ts  to  those c f  B o le tu s  lu te u a  

( t h is  i s  d iscussed  in  the  n e x t s e c t io n ,  p#ga 291 ) and hone® i t

can bo assumed th o t  i f  t h is  ro o t is o la te  i©  © c to m y c o rrh iz a l, the  

c o n d it io n s  f o r  the  f r rw a t io n  o f  e c tcm yco rrh lzae  would d i f f e r  from  

those re q u ire d  by D o la tuc  lu te u e ,

f i n a l l y  rh izo sp h e re  m icroorganism s a re  p o s s ib ly  ®n im p o rta n t 

fa c to r  in  e c to m y c c r rh iz s l fo rm a tio n  in  v iv o . C e rta in  b a c te r ia  

p re sen t in  the  rh izo e p h s re  o f the  s e l l  e re  known to  be s p e c i f ic a l ly  

p re se n t in  the  o c to m y c c rrh iz a l ro o ts  o f  r in u s  ra d ia ta  in fe c te d  w ith  

PoletuG o ra n u lg tu s  (Rambe.111 e t  a l ,  1972 ), iJhether such rh izosphar®  

m lcronrcenism © a re  e s s e n t ia l to  e c to m y c c r rh iz a l fo rm a tio n  is  n o t 

known. I t  shou ld  be noted th a t  endom yco rrh iza l in fe c t io n  by 

Lndcqone sp , c o u ld  o n ly  be achieved in  v i t r o  in  the  presence o f  a 

c e r ta in  spec ies  o f  Pseudomonas (Mcsee, 1962), However when non- 

s t e r i le  humus was used in  those s c to m y c o rrh iz e l s y n th e s is  

e xpe rim en ts , no © ctom yccrrh izae  formed on the  ro o ts  o f P jnus 

a y lv B s tr is  a f t e r  in o c u la t io n  w ith  e i th e r  the  ro o t  is o la te s  o r the  

proven e c to m y c c rrh lz a l fungus S c lo tu a  lu te u s .  fience the  rh izospher®  

m icroorganism s p re se n t in  the  non- t o r i l e  hixRua ware n e t conducive  

to  © c to m ycc rrh izo l fo rm a tio n  in  these env iron m e n ta l c o n d it io n s .  

A lthough these  ro o t  is o la te s  d id  n o t produce sc tom ycorrh lzee  

w ith  the  ro o ts  o f  P inus s y lv c is t r is ,  the y  d id ,  in  some in s ta n c e s , 

in f lu e n c e  t h e i r  m orphology* In  e x p la n ts  o f  P inus a y lv e e t r is ,  u s ing  

F o r t in 's  system f o r  @ ctom ycfrrh lzs1 s y n th e s is  w ith  p e r l i t e  as a 

s u b s tra te  and norm al medium, a few d icho tonous  m on-ec tom yco rrh iza l
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secondary la t e r a l  ro o ts  were produced in  the  presence o f M3 snd 

B o le tus  lu te u s * A lso  n o n -e c to m y c o rrh lz e l d ic h o tc-mou» im ccndary la te r a ls  

were formwd u s ing  P e ch le w sk i's  method fo r  ectom ycoPrtiiza 1 s y n th e s is  

on P inus s y Iv e s t r i s  se e d lin g s  in  the  presence o f M l, M3, M7 and 

Pr lo tu s  lu te  us. M o rp h o lo g ic e lly  thi^se d lc h o tm o u s  ro o ts  wore vo ry 

s im i la r  tfc those produced d u r in g  ec tm m yeorrh izs1 fo r e e t in n ,  excep t 

th a t  they showed nc fo rm a tio n  o f  M s r tig  n e t o r m e n tle , a ltho u gh  the  

hyphae d id  grow on around the ro o ts#  S ls n k ls  (1949, 1950, 1931, 

1958, 1963) no ted  th a t  c e l l  f re e  c u ltu r e  f i l t r a t e s  from  bo th  

D oletoo lu te u c  and B o le tus  ve rioc ;a tus  1produced d icho tom iec  c f  p ine  

ro o ts  s im i la r  tc  th a t  ob ta ined  d u r in g  e c to m y c o rrh lrs l fo rm a tio n , end 

a ls o  th a t  these d icho tom ioe  c c u ld  a ls o  be produced by the  exogenous 

a p p lic a t io n  o f  in d c le - 3 - a c s t lc  a c id  (lA A )#  In  th is  in v e s t ig a t io n ,  

when lAA was © p p lied  a t  v a rio u s  c o n c e n tra tio n s  to  p in e  s e e d lin g  ro o ts  

grown on P a c h le w a k i's  s ta rv a t io n  medium, o n ly  a ve ry  c r i t i c a l  le v e l 

o f  lAA (1 0 * '% ), added fo u r  weeks a f t e r  the  se e d lin g s  had been 

t ra n s fe r re d  to  the  grow th tu b e s , produced d ich o to m ie s . P ine s e e d lin g  

root©  appear to  be m o rp h o lo g ic a lly  in f lu e n c e d  by the  presence o f  

lAA , a ls o  these  ro o t  is o la te s  somehow supp ly  an e q u iv a le n t s t im u lu s ,  

which way o r  may n e t in v o lv e  lAA i t s e l f .
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NUTRITILN (F THC RUT IStLATES^

The n u t r i t i o n  o f  the  ro o t io c la ta o  (m a in ly  M13) was in v e s t ig e te d  

in  o rd e r to  o b ta in  wore in fo rm a tio n  conce rn ing  t h e i r  requ irem en ts  

and to  a llo w  com parison w ith  known e c to m y c o rrh iz a l fu n g i.

M13 was a b le  to  u t i l i z e  a l l  the  carbon sources te s te d  w e ll  

(excep t m ala to  end a c e ta te )  and some (g a la c to s e , sucrose , manncse, 

m a n n ito l and x y lo s e ) even b e t te r  than g lu c o s e . These c h a r a c te r is t ic #  

o f  M l3 a re  s im i la r  to  these o f c e r ta in  named e c to m y c o rrh iz a l fu n g i*  

Palmar and Hacskaylo (1970) used s ix  named e c to m y c o rrh lz a l fu n g i 

in c lu d in g  Amanita rubescens and found th a t  mannose co u ld  be 

u t i l i z e d  more e f f e c t iv e ly  tt'>an g lucose  w ith  s e v e ra l o f  these is o la te s *  

Lamb (1874) no ted  th a t  o u t o f  the  21 e c to m y c o rrh lz s l fu n g i he te s te d ,  

the  C asterom ycetes, two spec ies o f  Tha lephcra* XerocccH^s ̂ s i^ tom ontosus  

and f iv e  u n id e n t i f ie d  fu n g i were capab le  o f u t i l i z i n g  the  la rg e s t  

number o f  carbon sources* A lec the  u n id e n t i f ie d  fu n g i which were 

shown to  be ie ip c r ta n t  e c to m y c o rrh iz a l fo rm ing  fu n g i in  some 

A u s tra lia n  pin© p la n ta t io n s  u t i l i z e d  many carbon sources ( i . e .  mannose, 

x y lo s e , o e l lo b io a s ,  t re h a lo s e , g lycogen  and p e c t in )  as w e ll  as o r  

b e t te r  than  g lu cose * These f im g i as w e ll as B c le tu e  lu ta u s  a ls o  

a d a p tiv e ly  grew on more carbon sources and u t i l i z e d  more in  the  

absence o f  added g lucose  (0*1g C /1 ) .  He concluded th a t  these named 

fu n g i m entioned above, which ar® dom inant o c to m y c o rrh iz a l fo rm ing  

fu n g i in  fo r e s t  n u rs e r ie s ,  a ls o  the  unnamed fu n g i (w hich a re  

w idespread in  p in e  p la n ta t io n s )  may be b e t te r  adapted to  s u r v iv a l 

in  the  s o i l ,  in  the  absence o f  a s u ita b le  h o s t ,  then b e t te r  known 

s c to m y c o rrh iz a l fu n g i,  siras© they e re  le e s  fa s t id io ia i  in  t h e i r  

carbon n u t r i t io n *  However h e l in  (1925) founijl th a t  #  l e t  us e leeens 

and O c le tus  v a r ic c a tu s  grow w e ll  o n ly  in  the  presence o f  g lu c o s e .
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o th e r carbon source# bwing u t i l i z e d  to  a le s s e r  e x te n t*  Th is  was 

con firm ed  by F e rry  (1567) and F e rry  and Das (196#) w ith  v a r io u s  

sp ec ie * o f B o lu tu s # in c lu d in g  the  two m entioned above#

A l l  the  p o lysa cch a rid e s  te s te d  were used w e ll by ro o t  is o la te  

h i 3 , excep t CMC, which suggest» th a t  th e re  i s  s la c k  o f  e x t r a c e l lu la r  

c e llu la s e  p ro d u c tio n  in  th is  ro o t is o la t e .  The a b i l i t y  c f  M l3 to  grow 

w e ll  in  the  presence c f  o th e r p o lysa cch a rid e s  c o n f l i c t  w ith  those results 

ob ta ined  by F e rry  (1967) w ith  fo u r  specie© o f B o le tus  where poor 

grow th was recorded  on o i l  p o lysa cch a rid e s  te s te d .  However Lamb 

(1974) found th a t  a l l  the 21 e c tc in y c o rrh iz a l fu n g i (named and 

unnamed) grew w e ll  on bo th  s ta rc h  and p e c t in .  T h is  was con firm ed  

by Palmer and H acskaylo  (1970) w ith  p e c t in ,  a lthough  the  p e c t in  

used in  t h e i r  in v e s t ig a t io n  may have been im pure*

A dap tive  grow th  o f  e c to m y c c rrh iz a l fu n g i w ith  p o lysa cch a rid e s  

is  known tc? occur in  the  presence o f  a tra c e  amount o f  g lucose  

(Norkran©, 1950} F e r ry ,  1967; Lamb, 1974) and a s im i la r  response 

occurred  w ith  M 3  f o r  some p o ly o a c c h a rid e s , e s p e c ia lly  w ith  CMC*

Hence Ml3 sofima tc  a d a p tiv e ly  produce e x t r a c e l lu la r  c @ llu la # e (# )*

However p e c t in  u t i l i z a t i o n  was reduced in  the  presence o f  a tra c e  

o f  g lu cose .

T h e re fo re , l i k e  these ro o t  i& c la ta s  used by Lamb (1 9 74 ), M l 3 

i s  ab le  to  u t i l i z e  a wide range o f  carbon sources In c lu d in g  soma 

p o lysa cch a rid e s * Hence i t  i®  a ls o ,  perhaps, b e t te r  adapted f o r  

sa p ro p h y tic  g row th  in  fo r e s t  s o i l s ,  than many na^md © c tc m y c c rrh iz a l 

fu n g i,  which a re  ra th e r  more fa s t id io u s  in  th«?ir onrbm  n u t r i t io n *

As m entioned p re v io u s ly  M l3 can u t i l i z e  CMC o n ly  in  the  

presence o f  a tra c e  o f g lu co se , b u t whan t h is  ro o t  is o la te  was grown 

CO HIA c o n ta in in g  macerated f i l t e r  paper ( i . s *  c e l lu lo s e )  as a carbon 

source in s te a d  o f g lucose  e x te n s ive  b u t sparse grow th o ccu rre d .
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S im ila r  re s u lt®  were o b ta in ed  w ith  ro o t  is o la te s  M23* Fi37 and M65. 

b b v iè u s ly  grow th  recorded  by th is  method i s  n o t comparable w ith  

m y c e lia l g row th  on 81A (c o n ta in in g  glu c e a s ) because o f the  d i f f e r e n t  

m y c e lia l d e n s it ie s #  Some comparison can be made, however, between 

these fo u r  ro o t  is o la te *  w ith o u t r e fe r r in g  to  c o n t ro l tre a tm e n ts  

c o n ta in in g  g lucose# A l l  is o la te ®  appeared capab le  c f  u t i l i z i n g  

c e llu lo s e  to  a s ig n i f ic a n t  e x ten t#  Grc^fth o f  M13 in  l iq u id  medium 

c o n ta in in g  CMC, where the  a c tu a l d ry  w e ig h t o f  the  fungus was 

recorded was p ro b a b ly  more in d ic a t iv e  o f  a l im ite d  a b i l i t y  o f  t h is  

fungus to  u t i l i z e  c e llu lo s e #

As c e l lu lo s e  does n e t u s u a lly  occur fra®  in  n a tu re , b u t 

p h y s ic a lly  combined w ith  o th e r p la n t  m a te r ia l,  the  grow th o f  the  above 

fo u r  is o lâ te s  from  o c to m y c o rrh iz a l ro o ts  i# s ,  M l3 , M23, M37 and M65 was 

determ ined on the  sawdust o f P inus s y lv e s t r is  wood* The a b i l i t y  o f  these 

ro o t  is o la te s  to  u t i l i z e  the  c e l lu lo s e  and l ig n in  in  t h is  sawdust w ith  

and w ith o u t a tra c e  o f  g lucose was observed* I n ly  M 3  s ig n i f ic a n t ly  

decompcsed some o f  the  c e l lu lo s e  in  p in e  sawdust and, as w ith  CMC, 

c e llu lo s e  breakdown o n ly  occu rred  in  the  presence of a tra c e  amount 

o f  glucose#

M l3 was a ls o  a b le  to  s ig n i f ic a n t ly  decompose the  l i g n in ,  b u t 

aga in  o n ly  In  the  presence o f  a tra c e  o f  g lu co se , and hence th e re  

was apparent a d a p tiv e  p ro d u c tio n  o f e x t r a c e l lu la r  lig n a s e s  by t h is  

fungus* M23 a ls o  seemed a b le  to  prodixss e x t r a c e l lu la r  lig n a s e s , b u t 

o n ly  in  the absence o f  g lucose* Hence g lucose  suppressed l ig n in  

u t l l i z e t i c n  by t h is  ro o t  is o la te #  Two o th e r ro o t  Is o la te s  (M3? and M65) 

were unable to  decompose e i th e r  the l ig n in  o r the  c e llu lo s e  in  

pinewood sawdust*

Some named e c to m y c o rrh iz a l fu n g i a re  a b le  tc  u t i l i z e  l ig n in  

a n d /o r c e l lu lo s e *  N orkrsns (1968) found th a t ,  in  the  absence o f
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g lu c c s e , b o th  the  c e liu io s s i and l ig n in  p ra ea n t in  ü iy c ü r ie  s tra w  

wwro u t i l i z e d  by th re e  epeclas o f T richo lu iaa  ( in c lu d in g  T» fumoaun) 

and th a t  c e l lu lo s e  deccmpoaed In  p re fe re n ce  to  l ig n in #  A iso  the  

presence c f  a tra c e  o f  g lucose  in c re a se d  the l ig n in  u t i l i z a t i o n  c f  a i l  

spoci©® and caused s d s p tlv e  grow th o f  T . personatum («e w ith  M13)*

T he re fo re  the  a b i l i t y  o f  F I3 to  u t i l i z e  the  c e llu lo s e  and l ig n in  

in  pinewood oowdust 1® no in d ic a t io n  o f  n o t W in g  an e c to m y c o rrh iz a i 

fungus* In  fa c t  Ncrkrrans (1950) suggested th a t  soma B c to m y c o rrfilz s l 

fu m îi w i l l  rem ain in  tW  e c te m y c c rrh lz a l s ta te  as long as th e re  i s  

an OKcess o f sugars in  the  h o s t,  b u t when Iheee become l im i t in g  than 

c e llu la s e e  a re  produced which break down c e l l  w a lls  to  fo re  

ec tondom yco rrh izae , i# e *  the  fu n g i become more p a ra s it ic #

The optimum tem pera ture  f o r  tho  grow th  o f f1 3  was a t  20®C, th is  

be ing  low e r than  the  optim a (2S^C) o f  eevarf*! epecie& of B o le tu s  

( f s r r y ,  1967), a lth o u g h  Rhizcpogon rc s o e lu s  has an optimum tem pera tu re  

o f 13®C (H acskaylo  a t  | i i * ,  1965)#

No optimum pH was o b ta in ed  fo r  #13, s in c e  i t  seemed to  be 

below the range o f th e  pH va lues used# However i t  shou ld  be noted  

th a t  the  n a tu ra l h a b ita t  o f  t h is  ro o t  is rX e te  i s  in  the va ry  a c id  

s o i l  (hunRus) under p in e s , end i t s  a b i l i t y  to  w ith s ta n d  a ve ry  a c id  

environm ent i s ,  perhaps, a no the r in d ic a t io n  o f  i t s  a b i l i t y  to  

s u rv iv e  In  adverse c o n d it io n s  in  the  s e l l ,  which many named 

s c to w y c o rrh iz a l fu n g i cannot to le r a te  so e a s i ly *  f e r r y  (1967) 

re p o rte d  the  optimum pH o f two e c to w y c o rrh lz a l f im g i,  B o lo tu s  bov inus 

and Ocl&tw& v o r ia g a tu s  as pH 5*0#

Many Hymsnomycetes a re  known to  p re fe r  m m vnim  or an o rg a n ic  

fo ra  o f  n itro g e n  f o r  t h e i r  growth# #13 u t i l i z e d  a l l  n it ro g e n  sources 

w o * l c t  pH 4*6  showing l i t t l e  s ig n i f ic a n t  p re fe re n ce  f o r  e i th e r  

ammonium, peptone o r n i t r a te #  However i t  shou ld  be noted th a t  the
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a b i l i t y  of fungi to u t i l i z e  c e rta in  n itrogan  scurceo dows depend cn 

the pH of the mrdlum* f'tber workers (e ,g# Rewald, 1963) have noted 

thmt named Bctnmycorrhizel fungi e ,g * Trichclone veccim # u t i l i z e  

n it r a te  pcnrly in  comparison w ith  ammonium ®a « n itrogen source, 

f1 3 , l ik f i  moat named ectomycmrrhiz&l fu n g i, wee comfilete ly  

hntorntrcphlc  fo r  th iam in , th is  not halncj replaced by e ith e r  tho 

m ixture of other vitam in®, or the amino acid  m ixture, cr a 

combination of these tuo*

In  the presence of th iam in , &mlno acids s tim ulated  Ml3 more than 

tho vitmmln m ix tu re , but whan the vitam ins and amino acid© were 

combined, a p o s itiv e  in te ra c tio n  occurred, A s im ila r  responoe was 

obtained w ith the four ap&cim  of Boletus in ves tig a ted  by Ferry  

(1 9 67 ). Of the other is o la te s  tsstsd fo r  response# tc  vitam ins ( in  

a d d itio n  tc  th iam in) and amino acids Ml showed Increased growth 

in  th e ir  combina# prassnce, whereas M3 ah owed ds^crsAsed gr&atb^

In  summary, there  would appear to be no s ig n if ic a n t aspect of 

the n u tr it io n  o f the&e pressent root is o la te s  th a t precludes them 

from being © ctom ycorrhlzal. There i#  evidence th a t some, e*g* F13, 

do use c e llu lo s e  and l lg n ln  to a em ail ex ten t but then so do seme 

named ecto isycorrhizal fungi# The a b i l i t y  of f1 3  to grow w a ll a t very 

lew pH value® and tc  u t i l i z e  n i t r a te  n it ro g e n  e f f ic ie n t ly  may be c f 

some o ign ificencs#
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Cctomycoprhizal synthesis expérim enta, which were i n i t i a l l y  

c a rrie d  out during the course of th is  in v e s tig a tio n , w ith several 

root is o la te s  (In c lu d in g  F13), suggest th a t these fungi are possibly  

not ectom ycorrhizal for«rlng fungi in  v i t r c  untter those environmental 

conditions used in  these experiments* However, as mentioned previously  

(sea page 288 ) ,  th is  is  not conclusive evidence c f an in a b i l i t y

of these root is o la te s  to form octomycorrhizae in  v ivo .

As octom ycorrhizol fungi ©re known to be stim ulated  by both 

pine and tomato roots in  pure c u ltu re , i t  was decided to in v e s tig a te  

the e f fe c t  of these roots on the growth of the root is o la te s ,  

esp e c ia lly  f1 3 , and Qoletua v a r ic o a tu s l(a named ectom ycorrhizal fungus)* 

Also the responses of root is o la te  f13  and 8* v a rie o a tu s lto  various  

excised tomato root and pine seedling root preparations wore 

compared* I t  wee hoped th a t these re s u lts  m ight, in  the l ig h t  o f 

result©  obtained by e ther workers (h o lln ,  1954, 1962, 1963; fe r r y ,

1967) give in fo rm ation  on the eco lo g ica l status o f Ml3.

The e f fe c t  of roots and root preparations on the growth o f Ml3 

and 9* varle% ntusl#r@ eummarized below (see Table 51),
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T ab la  51.

The o f fs e t  o f  Bxciaed tomato and p ine  seed ling  ro o t

Root preparation

1 # Cxclsod tomate r c c t  répara t ie n s *

L ive  r c c t  (7 days) in  PIN, 

L ivs  ro o t (14 days) in  r im . 

K i l le d  r c c t  (7 days) in  MlM* 

K i l le d  r c c t  (14 day®) in  MLM*

L ive  r c c t  (14 days) in  bsg in  MM. 

K i l le d  rc o t  (14 days) in  beg in  MLM.

C o tto n "ro o t^  (14 daya) in  MLM,

C o tto n "ro o t"  (14 daya l+ liw e  r c c t  exudate in  MLf. 

E x trac te d  ro o t (14 days) in  flM *

E x trac te d  ro o t (14 d s y s ï^ liv e  ro o t exudate in  f iM .

L ive  ro o t exudate (14 days) in  MLM* 

K i l le d  ro o t exudate (14 days) in  MM* 

Rcct e x t ra c t  (14 days) in  MLR*

3oot hcmoQonate (14 deys) in  PLM,

i  L ive  ro o t exudate (14 days) in  MLR*

I  K i l le d  ro o t exudate (14 days) in  MLM* 

i  Root e x t ra c t  (14 days) in  rUM. 

i  Root hoRogenat® (14 days) in  miM*

L ive  ro o t exudate c o lle c te d  d a i ly  à supp lied  pooled (14 days) in  MLM* 

K i l le d  ro o t exudate c o lle c te d  d a ily  & sup p lie d  p o o le d {l4  doys)in  MLR. 

l i v e  ro o t exudate c o lle c te d  d a ily  & R e p lie d  d a ily  (14 days) in  MLM* 

K i l le d  ro o t exudate c o lle c te d  d a ily  i  sup p lie d  d a l ly (14 d a ys )in  MLM*

L ive  ro o t exudate c o lle c te d  in  MLM (14 days) in  r i h j
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préparatlpns on the growth of Ml2 and Boletus varlo g a tu s l.

r<athcd of s te r i l iz a t io n  and fungal Is o la te

fic ro p o rv  f i l t r a t io n A u to c la v in g

M 3 I}» v a r ia q a tu s l M 3 8. verieg atu e l

?-7 OO

4"3 2*7 - -

1*8 1*0 - *"

2*1 0*5 - -

0*7 - - —

0*9 - -

1*5 #"» «

1*6 —

1*3 - - -

1*7 —

1*4 0*7 1*4 0*8

1*4 0*4 2 .2 0*4

1*9 1*0 1*7 0*6

2*0 5*2 1*9 0*7

0*9 -

1*3 -

1*4 -

1*6 -

1 .0 1*6

1*0 1 .3

0*7 1*3

1*2 1.2

3*3 3*9

Continued
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T a b le  5 1 .  ( c e n t * )

Root prepara tion

l iv e  roo t exudate d la ly s a to  (16 deys) in  MM.  

Live root exudate ra tc n ta te  (14 days) In  MLR* 

Soot e x tra c t d ia ly » a t©  (14 days) in  RIP*

Root e x tra c t re te n ta te  (16 days) in  MLR.

Root homcçenate d ic ly s a te  (16 days) in  M ir* 

Root homorenete re te n ta is  (14 days) in  MLR*

Live root in MLR rfialysate* 
Live root in MM retentate*

2 . Pine seedling root preparationo#

3 week exudate*

3 weak e x tra c t*

3 week homogenate*

25 week exudate*

25 week extrac t#

25 week homogenate*

♦ a ) Growth s tim u la tio n  » > 1 *0  

b) Growth in h ib it io n  « < 1 * 0

Root-depleted MLM*
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Method of ® t© r iliz ® tic n  and fungal is o la te

Micrcporo f i l t r a t i o n Autaciaving

M 3 B .  vori©uatus1 M 3 B. voriegatus i

1 .2 1.2 -

1.3 - 1 * 2 -

1.4 — 1 .7 -

1.4 — 1.7 -

1.8 - 1*5 —

1 .7 - 1 .7

0 .6 0 .3
1.4 — 0 * 0

0 .8 G.9 1*0 1*4

0 .9 1*4 1*3 1*6

1*1 1*2 1 .0 1 * 2

4*4 <0*1 1*8

1*7 2*1

1*6 2*0
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B e  X b  t u a  v a r  Î 0L: a tus 1 waa s t i m u l a t e d  b y  l i v e  e x c i s e d  t o m e  to r o o t a  

in  MIM, confirm ing the resu lts  obtained by other workers (b e iln ,

1962j F e rry , 1967). I t  d id not respond to killed roots and again th is  

is  in  Qonerol agreement w ith the re su lts  o f other workers*

Melin (1962, 1963) in  oxporimants w ith  excised pine and smcised 

tomato roots and w ith  root exudates, concluded th a t Boletus variegatus  

was responding to both s tim u lato ry  and in h ib ito ry  components in  the 

exudates* Net s tim u la tio n  occurred a t  low ©xudato concentrations, and 

net in h ib it io n  a t  ra th e r higher concentrations*

The c r i t i c a l  concentration above which net in h ib it io n  o f fungal 

growth occurred fo r  excised pine roots was about 30 u n its  par fla s k  

(M o lin , 1963)* Cna u n it  was defined ss the exudate c o lle c te d  from 

1r^ dry weight o f ro o t over a 6 day p e rio d , f e l in  a lso  noted th a t  

the c r i t ic a l  concentration fo r  pin® seedling root exudate (from  

n o n -s to rlla  grown ple n ts ) was much low er, about 8 u n its . For tomato 

roots* there is  no c le a r  date in  the l i t e r a t u r e ,  but f e l in  (personal 

communication to  fe r r y ,  1967) s ta tes  a c r i t ic a l  concentration o f 

^  10 u n ite  per fla s k  fo r  excised tomato root exudate, and fe r ry  

(1967) obtained increasing a tim u ia tifm  w ith  up to  1*2 u n its  per 

f la s k .

R e lin  noted th a t ony treatm ent which disrupted root c e l l  w alls  

and membranes w ithout completely d is in te g ra tin g  the rcots e .g .  

freeze d ry in g , increased the in h ib it io n  a t  m y  p a r tic u la r  

concentration o f exudate, stggesting th a t the in h ib lto r (s )  was not 

e a s ily  released frum In ta c t  c e lls *  The lack c f s tim u la tio n  of 

Boletus varioQGtusiw lth  k i l le d  root© could w e ll be due to a leakage 

o f in h ib ito r (s )  through damaged membranes ra th e r than simply a lack  

of production o f stim uleturC © )*

R a lin  a lso  found th a t autoclavlnc root exudate resu lted  in  net
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increased s tim u la tio n  end concluded from th is  th a t the in h ib ito r fs )  

was somewhat h&mt la b i le ,  F in a lly  from other experiments in vo lv in g  

roots extrac ted  a t 1D0*^C, Mel in  (1 9 6 3 ), ccncludsd th a t e Further 

n o n -d iffu s ib le  s tim u lato ry  fac to r(ta ) w#s bound up w ith in  the root 

tissu es . The present resu lts  need to be viewed in  the l ig h t  of these 

re su lts  c f Mttlin w ith  pDl&tuo varlecRrtus#

In the pr#@ent expérimenta exciwed tomato root exudeto©, 

c o lle c te d  from l iv e  and k i l le d  rocts used a t  m concentration of 

6*2 u n its  per fla s k  in h ib ite d  the growth of Bole tue va r i  sc. A tu© 1 ,

Root e x tra c t had no e ffe c t  and root hcmogenste, the preparation  of 

which involved maximum d is ru p tio n  of root c e l ls ,  markedly s tim ulated  

Boletus vwriccetus 1 . The in h ib it io n  obtained w ith root exudates 

must have involved leakage c f in h lb ito r (s )  from tW  c e l ls ,  the e f fe c t  

being g re a te r w ith  k i l le d  root exudate deriwsd from pocte w ith  

damaged c e l l  membranes. Thorough ho&ogenizatian of the ro o ts , however, 

resu lted  in  e markvd re le ase  c f a stim u ls te ry  f® c to r(e ), presumably 

f a l in 's  n c n -d iffu s ib le  s tim u la te ry fs c tc r . I t  would ©asm th a t the 

6*2 u n its  of excised tomato root exudate used in  th is  experiment is  

above the c r i t i c a l  concentration fo r  s tim u la to r in h ib ito r  c f  

Bclfetua varigqatu©#.

At the same concentration , 6*2 u n its  per f la s k , 3 week o ld  

pine seedling rc c t preparations had no e ffe c t  on Boletus verieqetus 1 

whereas 25 week old pine seedling roo t exudate wee very in h ib ito ry .

This suggests a much g rea te r quan tity  o f in h ib ito r  (o r las#  

s tim u la to r) coming from the c id er ro o ts , M eiin (1963) he® noted th a t  

older part® c f pine root ayetomo were much mere in h ib ito ry  to  

Boletus varieuütu# than younger ro o t# .

L i t t l e  evidence was obtained to  suggest th a t any root in h ib itc c (o )  

involved wa® heat la b i le ,  Autocleving root prepsratlcna had l i t t l e
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e ffe c t  en s tim u la tio n  of Golotue variegatus 1, In  fa c t ,  in  the cosa 

of excised tofnoto rco t hcmcgcnate a meesivo s tim u latio n  obtained  

w ith  mlcropop® f i l t e r e d  preparation was converted tc  a s ig n if ic a n t  

in h ib it io n .

Root is o la te  M 3  was stim ulated  by both l iv e  and k i l le d  

exclood tomato rcot® . This fungus a lso  exh ib ited  growth s tim u la tio n  

in  the presence c f l iv e  and k i l le d  excised tomato root exudal# and 

ra tlie r  more s tim u la tio n  w ltfi root e x tra c t and homogenste. The 

stim u la tio n  c f M 3  by exudate c o lle c te d  from k i l le d  ro o ts , and by 

k i l le d  roots themselves suggests th a t i t  Is  less s en s itiv e  to any 

in h ib ito r (s )  produced by rcota compared w ith  üolotus vari&^atue 1* 

Also l ik e  boletus varlBGRtus 1 no heat la b i le  growth in h ib ito r (s )  

were detected in  ony of the poet p rep ara tio n s , except in  the exudate 

c o lle c te d  from k i l le d  excised tomato re e ls *

The d iffe re n c e  in  s t im u la t io n  of M 3  between roots and rco t 

exudate* in  fLM could b© a purely physica l e f fe c t ,  the fungus 

req u irin g  some physica l surface to  grew cn* The experiment w ith  

a r t i f i c i e l  cotton "roots" and a lso  w ith  leached extracted  roots  

suggest* th a t  th is  may possibly be so, Howtwar & chcmicsJ explanation  

cannot be excluded because the roots do appear to contain c a l l  bound 

0 t im u le to r(B ), Also the c e llu lo s e  (c o tto n ) o f the a r t i f i c i a l  roots  

and possibly o f the extrac ted  ro o t* , may have been u t i l iz e d  to  

some oxtant by M 3 ,

Like Be Ic tu s  varisQ atu* 1 , M 3  d id  not respond to 3 week old  

pin® seedling root p rep ara tio n s , but i t  d id  show marked s tim u la tio n  

w ith  a l l  ?5 week old pin© seedling root p rep ara tio n s , e s p e c ia lly  l iv e  

root exudate. Again th is  suggests th s t h i5 is  less subject to the 

e ffe c ts  of in h ih lto r (s )  prod*teed by roots then Boletus varlegstus 1 , 

fu r th e r  experiments in  which exudate was co lle c te d  d a ily  from
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l iv e  and k i l le d  excised tcnrnto roote fo r  up to 2 weeks added l i t t l e  

in form ation* No g reet s tim u latio n  or in h ib it io n  o f R13 in  PLPi was 

obtained e ith e r  when the oxudete was added d a ily  to the medium or 

ns e s in g le  dose, eddad a t the end of 2 weeks* However autcclawing  

those root p rep ara tio n s , did re s u lt in  some s tim u latio n  of M 3  

growth*

In  B f in a l  experim ent, where ©xudato f r o *  l iv e  excised tomato 

rcot® was c o lle c te d  in  MLR ra th er thon w#t@r considerable growth 

stim u la tio n  of M 3  occur rad, comparable w ith  th a t obtained w ith  

l iv e  root® ®nd again thi% was enhanced when the exudate was 

«utoclavod# TJierfi is  th e re fo re , some s lig h t  evidence fo r  a h eat- 

la b ile  in h ib ito r  a ffe c tin g  the growth of M 3 *

There is  a lso  evidence th a t roots exuding in to  RLM ra th e r than 

d is t i l le d  water might produce more d if fu s ib le  s t im u la tc r (s ) , R e lin  

(1967; found th is  to be true c f pin# seedling roots whore he obtained  

g re a te r stim w lstion  c f Boletus variegatus w ith  exudate c o lle c te d  f ro *  

seedlings grown a t  high n itrogen and phosphorus le v e ls *  However, 

another in te rp re ta t io n  of the result?? c f experiment© invo lv ing  

exudate produced by l iv e  root® in  MM (and l iv e  roots in  m th), is  

th e t the liv in g  roots reduced the le v e ls  of c e rta in  n u tr ie n ts , e *g , 

amino ac ids , in  the F.tf' which were to x ic  tc  M13* Cthcr workers 

(M e lin , 1963; T e rry , 1967) considered th a t MLM might net be optim al 

fo r  the growth c f various #ctom ycorrhl?al fungi and there is  

evidence in  the present in v e s tig a tio n  th a t M R is  not e n t ire ly  

s u itab le  fo r  M 3 ,  ©*g* wiU? respect to carbon source and pH#

In  summary, i t  can be said th a t l ik e  Boletus variceatua , Ml3 

ift s tim ulated  by l lv #  tomato end pin© roots* &cn-#ycorrhiz@l 

Hymenomycetas appear not to  be stim ulated  (Lumd#b#rg, 1960; F e rry , 

1967) end th is  suggests th a t M 3  might be ectcm yccrrhizal# However,
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i f  both Boletus v a rle ra tu s  1 end M 3  are rweponding to the amrne fac to rs  

in  root exudates, then c e r ta in ly  they mepond d if fe re n t ly  to  

varying concentrations of these fac to r# * M 3  seems g en era lly  to be 

lea© in fluenced by ln h lb lto r {s )  in  root preparations then boletus  

varlecMtus 1* f e l in  consider© th a t such inhibited®/m ay help to  

l im it  invasion of roots by funoi* Ectomyccrrhiz©! fungi in  p a r t ic u la r  

8%em to bo lim ite d  to  in te r c e l lu la r  p en etra tio n  of the pine root 

cortox and to  the root surface only of tc#ato  roots*

Other root is o la te s , tested w ith  l iv e  end k i l le d  excised  

tomato roots in  M h , showed n range of response** fiany, l ik e  

Bclatuo variogatue 1 , shewed s tim u la tio n  w ith  l iv e  roo ts , but net 

w ith  k i l le d  ro o ts , h few, l ik e  R13, responded s lig h t ly  to k i l le d  

rro ts  and some were considerably « tim ulatsd  by k i l le d  root® 6*g*

F3, MS, M22 and f523. I t  is  possible th a t these la t t e r  is o la te s , and 

to  some extent M13, are capable of a more saprophytic mode of l i f e  than 

"conventional" ©ctom yccrrhlzel fung i* I t  would be in te re s t lm  tc  

knotrf ivhether species l ik e  Tricholom® Fume sum and Boletus sub toman tosus * 

known to  be ectom ycorrhizal end also  capable c f c e llu lo se  and lign im  

u t i l iz a t io n  (Ncrkrens, 19S0; l y r ,  1963 ), respond to  k i l le d  roots*

experiments on the e f fe c t  of root fac to rs  on M 3  were continued  

fu rth e r  in  an e f f o r t  to  is o la to  and id e n t ify  a t le a s t the s tim u lato ry  

f« c to r (s )  fo r M13#

O la lya ia  of l iv e  excised tomato roo t exudate, e x tra c t and 

homogenete gave su rpris ing  re s u lts . In  a l l  cases both d ia ly s a te  and 

re t^ n ta te  produced s tim u la tio n  of fi13 growth, comparable to th a t  

obtained w ith  non-dialysed roct p reparations*

I t  would appear th a t no separation of s tim u lato ry  and 

in h ib ito ry  component* of these rco t p rep ara tio n * had occurred*

However in  fu r th e r  experiment® in  which l iv e  and k i l le d  excised
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tomato ro o ts  enc losed  in  d ia ly s is  mombrene bags were a llo w e d  to  exude 

in to  M f#  some ev idence was o t)ta ined  f o r  s e p a ra tio n  c f  ro o t  fa c to r { s )  

in t o  a somewhat d i& ly s a b le  In h ib i t o r y  f r a c t io n  and e le s s  d iaX ysab le  

s t im u la to ry  f r a c t io n *  However the  s e p a ra tio n  does n o t seem to  have 

bean com plete* There i s  nc data a v a i la b le  in  the  l i t e r a t u r e  f o r  the  

e f f e c t  o f  e xc ise d  tom ato ro o ts  enclosed  w ith in  d ia ly s is  membrane bags 

on ttva g row th  o f  e c to m y c o rrh lz a l fu n g i*  However fW in  (1954) found th a t  

B o le tus  va rio r;c ;tus  was s t im u la te d  on agar by p ine  ro o ts  enclosed  

w ith in  c e l lu le  id  bags* T h is  suggests th a t  a B o le tus  v a r ie n a ty s  

s t im u la to ry  f a c t o r ( s ) ,  exuded by the  enc losed  p in e  ro o ts ,  was ab le  

to  pass th rough  the  c e l lu lo id  membrane*

fu r th o r  experim en ts  were then  developed in  an a tte m p t to  

separa te  more s u c c e s s fu lly  the  s t im u la to ry  f a c to r ( s )  in t o  Rf fra c t io n ©  

by paper chrom atography* T h is  method proved more su c c e s s fu l than 

d ia ly s is  and s p e c i f ic  f13  grow th s t im u la to ry  Rf f r a c t io n s  ware 

ob ta in ed  in  bo th  Bu/; and Duf’ ,  w ith  a l l  e xc iead  tom ato ro o t  

p re p a ra tio n s  and p in e  se e d lin g  rc o t  exudates#

The amount o f  mi3 grow th s t im u la t io n  ob ta in ed  in  the  prescfw e 

o f  the  grow th  s t im u la to ry  Rf f r a c t io n s  was ve ry  s im i la r  to  the  

n o n - fra e tio n e te d  ro o t  p re p a ra t io n s , excep t p im i se e d lin g  ro o t  exudate 

(c o lle c te d  f o r  25 w eeks), when the  m assive g row th  s t im u la t io n  which 

occurred  in  the  n o n - fra c t ie n » to d  ro o t  p re p a ra tio n  was n o t e v id e n t 

a f t e r  f r a c t io n a t io n  in  8uA# lo s e lb ly ,  th e re fo r® , th e re  was an 

in te r a c t io n  between a l l  o r e p e e if ic  Rf f r a c t io n s  in  the  non- 

f ra c t io n a te d  p in e  se e d lin g  ro o t  exudate which s ig n i f ic a n t ly  

in c re ase d  the  grow th  e t lm u le t io n  o f  m l3#

F ra c t io n a t io n  o f l i v e  e xc ise d  tom ato ro o t  p re p a ra tio n s  

c h ro m a to g ra p h ic a lly  a ls o  p ro v ide d  sow© fu r th e r  evidence f o r  the  

e x is te n c e  o f  an M l3 grow th in h ib i to r ( ® )#  One such in h ib i t o r ( e )
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occurred  in  the d le ly s a te  (from  l i v e  exuding ro o ts  enclosed w ith in  

d ia ly s is  membrane bags and c o lle c te d  in  d i s t i l l e d  w a te r ) ,  f ra c t io n a te d  

in  RuA end was produced a f t e r  a grow th s t im u la to ry  Rf f r a c t io n  had 

been a u to c la v a d , hence th is  s t im u la to ry  Rf f r a c t io n  became to x ic  

on a u to c la v in g . A hea t la b i le  grow th in h ib i t o r  was p re sen t in  p ine  

se e d lin g  ro o t  exudate (c o lle c te d  f o r  25 w eeks), f ra c t io n a te d  in  BuA 

end a ls o  in  bo th  the  e x tra c t  and hcmooGnate (a t  the  same Rf f r a c t io n s )  

o f exc ised  tom ato ro o ts ,  a f t e r  f r a c t io n a t io n  in  BuP, b u t n o t in  

BuA* However u n l ik e  the  M13 grow th s t i f « u la to r ( s ) ,  the in h ib i t o r y  

Rf f r a c t io n s  were n o t c o n s is ta n t ly  found in  a l l  r c o t  p re p a ra t io n s , 

th e re  be ing non© p re se n t in  l i v e  e xc ise d  tom ato ro o t  exudate o r 

p ine  se e d lin g  ro o t exuda te , c o lle c te d  f o r  3 weeks*

A l l  f r a c t io n a te d ,  l i k e  n o n - fre c t io n e te d , ro o t p re p a ra tio n s  c f  

bo th  exc ised  tom ato ro o ts  and p ine  s e e d lin g  ro o ts  e i th e r  in h ib i te d  

o r  had no s ig n i f ic a n t  e f f e c t  on the grow th  o f  B o le tus  v s r ie g a tu s  1.

The B o le tus  v a r io g a tu s  1 grow th in h ib i t o r y  Rf f ra c t io n s  in  the  

exc ised  tomato ro o t  p re p a ra tio n s  were bo th  hea t la b i le  (e .g .  e x tr a c t  

f ra c t io n a te d  in  BuA) and hea t s ta b le  (e *g * l i v e  ro o t exudate 

fra c t io n a te d  in  BuA). The B o le tu s  v a r ie g a tu s  1 grow th in h ib i t o r s  

in  p in s  s e e d lin g  ro o t  exudates were a ls o  hea t la b i le ,  which thus  

co n firm s  M e lin 's  r e s u lts  (1963) w ith  n c n - fr s c t io n a te d  p ine  ro o t 

exudate*

T h e re fo re , to  summarize, d ia ly s in c  the  e xc ise d  tom ato ro o t  

p re p a ra t io n s , es w a ll  a© f r a c t io n a t in g  them c h ro m e to g re p h ic a lly  

produced s p e c i f ic  M l3 grow th s t im u la to ry  f r a c t io n s *  However, th e re  

i s  some ©vidence th a t  an M l3 grow th in h ih i to p ( s )  does e x is t  in  

GxciGKd tom ato ro o t  p re p a ra t io n s , s in c e  i t  was separa ted  by 

d ia ly s is  from  l i v e  and k i l l e d  e xc ised  tom ato ro o ts ,  a f t e r  they had 

been enclosed  in  d ia ly s is  membrane bag® and frc*?) c e r ta in  l i v e



308

exc ised  tomato ro o t g rc p a ro tic n o  and pin© se e d lin g  ro o t  p re p a ra tio n s  

(1 ,8 ,  ftxudo tss) which had been f ra c t io n a te d  c h ro m a tc g ra p h ic e lly . A lso 

aa noted p re v io u s ly  w ith  n c n - fra c t io n a t& d  rrsot p re p a ra tio n s , a l l  Rf 

f r a c t io n s  wore in h ib i t o r y  to  B o le tus  varifcc.s'itue 1 a t  co n ce n tra tio n ®  

which wer% s t im u la to ry  to  #13,

A ttem pts tc  id e n t i f y  the  #13 g row th  s tim uJ .a tD r(s ) le d  to  the  

id e n t i f i c a t io n  o f  many groups o f substancofô p re se n t in  l i v e  e xc ise d  

tomato ro o t p re p a ra tio n » ,

Many amine a c id s  were p re sen t in  a l l  the  l i v e  exc ised  tom ato 

r c o t  p re p a ra tio n ® . C e rta in  amine acid® a rc  known to  s t im u la te  the  

growth o f ec to m yco rrh izm l fu n g i in  v i t r o  e#g# L a c ta r iu s  d e l ie ic s u s  

ie  s t im u la te d  by » m ix tu re  o f 18 amino a c id s  s im i la r  to  thcas found 

in  case in  h y d ro ly o e te , when grown in  a n u t r ie n t  s o lu t io n  c o n ta in in g  

g lu cose , m in e ra l s a l t s ,  om^onlum ta r t r a t e  and th ia m in  (P s i ln  and 

Norkrena, 1948), M13 a ls o  showud a s im i la r  s t i i f fu ia t io n  when an 

amino a c id  m ix tu re  was added tc  RLM, K wevar ML# (w hich c o n ta in s  

t h is  amino a c id  m ix tu re )  was used as a grow th medium in  a i l  these  

ro o t  e xpe rim en ts . A lso  when grow th experim en ts  were c a r r ie d  o u t,  

adding the  amine a c id s  id e n t i f ie d  in  the  e xc ise d  to## to  r c o t  

p re p a ra tio n s  tc  MLF, bo th  in d iv id u a l ly  and os a m ix tu re , th e re  was no 

fu r th e r  s ig n i f ic a n t  #13 grow th s t im u la t io n  by any c f  the  amino a c id s  

p resen t w ith in  the  M l3 grow th s t im u la to ry  Rf f r a c t io n s .  T here fo re  

none o f these amino a c id s  rep lace d  the  #13 g row th  s t im u la to ry  

f o c to r ( s ) ,

A w ide range o f  carbon sources e re  known to  be u t i l i z e d  by 

G c to a y c o rrh iz a l fu n g i grown in  pure c u l tu r e ,  GltÆos© is  known 

to  be the  b e s t source o f  carbon f o r  many o f  those f&mgi ( f^ e lin ,

1925; How, 1940; N orkrans, 1950; f e r r y ,  1967 ), and ®o in  a l l  o f  

these ro o t  expe rim en t* the  carbon sourco used in  the grow th
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rïïadium wae g lu co se . However a© noted p ro v lc u a ly  (soe p&g# 291) 

t h is  carbon source do#s n o t g iv e  o p tim a l grow th o f #13, b u t the  

a d d it io n  c f  one, or a m ix tu re , of the  carbon 8 0 uzx::e$, p re se n t in  

the  Qxciaed tom ate ro o t  p re pa re t ie n s ,  to  the  grow th rnedium, d id  n o t 

s ig n i f ic a n t ly  s t im u la te  tha  grow th o f  #13* A© s ta te d  by H a rle y  (1 9 69 ), 

they would bo a v# ry  no*T-@ pecific g row th  s t im u la to r .

O rganic a c id s  and a ls o  C h r lic h  p o s i t iv e  substances d id  n o t 

« b a c lu ts ly  co rrespond  t c  the #13 g row th  s t im u la to ry  f r a c t io n s *  A lso  

s a v e ra i pheno ls  and p h e n o lic  a c id s  were d e te c te d , b u t they were n e t 

id e n t i f ie d  any f u r t h e r ,  f o r  a© suggested by T e rry  (1967) they 

would be ve ry  u n l ik e ly  to  s t im u la te  m y c e lio l g ro w th , a ltho u gh  i t  

co u ld  b0 th a t  the  M l3 grow th  in h ib i t o r ( s )  i s  a p h e n o lic  compound ( s ) *  

V itam ine  a re  knc%m tc  s t im u la te  the  g row th  c f  a nimAî&r of 

e c tc m y c o rrh iz a l fu n g i*  Thiam in i s  re q u ire d  e i th e r  p a r t i a l l y  o r 

t o t a l l y  by moat a c to m y c c r rh ira l fu n g i (Chudjakcw and 

ücrn jakow ek& je , 1951; M e lin , 19S3| Hawaid, 1962}* A lso p a r t i a l  

requ irem ent#  f o r  in o s i t o l  by RhircpcQon ro s e c lu s  (P te lin  end 

L indebarc j, 1939 ), p a n to th e n ic  e c id  by T richc lom a  jm brica tum  (N o rk ran a , 

1950) and n ia c in  by L sc ta riw e  d e lip lc a u e  (M e lim , 1953) a re  known 

to  occur* S evera l v ita m in # , i# e ,  th ia m in ,  n ia c in ,  b io t i n ,  p y r id o x in ©  

and r ib o f la v in  were Id e n t i f ie d  in  a l l  the  e xc ise d  tomato ro o t  

p re p a ra tio n #  and one, l*e #  r ib o f la v in ,  which was a le c  found in  p in e  

se e d lin g  ro o t  exudate c o lle c te d  f o r  3 week#, had a s im i la r  

f r e c t io r w i in n  p a t te rn  es the  #13 g row th  s t im u la t c r ( s ) *  The r ib o f la v in  

m olecu le  on f r a c t io n a t io n  s p l i t  in to  two p a r te ,  and i t  I s  these 

twc Rf f r a c t io n s  which correspondad t c  the  M l3 grow th s t im u la to ry  

Rf f r a c t io n s *  T h is  was a ls o  con firm e d  by th e  mass epec tra  o f  the 

f ra c t io n a te d  e xc ise d  tou is tc  ro o t  e x t r a c t .

There a re  no re p o r t#  o f any e c to m y c o rrh iz a l f im g i re q u ir in g
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r ib o f la v in  in  the  l i t e r a t u r e .  M everthelesB  M 3  grow th experim ent#  

using  v a rio u s  c o n c e n tra tio n #  o f r ib o f la v in  added tc  MLM suggest th a t  

M 3  has a p a r t ia l  requ irem en t f o r  t h is  v i t e # in ,  maximum grow th 

s t im u la t io n  o c c u r r in g  a t  a c o n c e n tra t io n  c f  abou t 30ug per SGmi r iM *

A s im i la r  amount o f  g row th  s t im u la t io n  was a ls o  produced by M 3  in  

the  presence o f  bo th  l iv e  and k i l l e d  m lc rop cr#  f i l t e r e d  e xc ise d  tom ato 

ro o t  exudate* Hmnce i t  i©  p robab le  th a t  i t  ie  the  r ib o f la v in  p re se n t 

In  the exc iaod  tom ato m e t  exudate which i s  re s p o n s ib le  f o r  the  

grow th s t im u la t io n  c f  M 3  in  the  presence o f  thaee ro o t  p re p a ra tio n ® , 

a ltho u gh  fu r th e r  experim en ts need to  be undertaken  to  de te rm ine  the  

a c tu a l c o n c e n tra t io n  o f  r ib o f la v in  in  those exc ised  tomato ro o t  

exudates to  sea w hether i t  i s  comparable w ith  t i 'is t  added a d d i t io n a l ly  

to  ML# i . e .  3Cug o f  r ib o f la v in  pe r 50ml MLM* However the  grow th  

o f  M 3  in  the  presence o f  bo th  e xc ise d  tom ato ro o t  e x tra c t  and 

homogenats, e ls e  w ith  e xc ised  tomato ro o ts  them selves, was much 

g re a te r  then w ith  e i t h e r  the  m icropore  f i l t e r e d  l i v e  o r k i l l e d  exc ised  

tomato ro o t  axudato o r  r ib o f la v in *  Hence i t  can ba assumed th a t  s in ce  

the  c c n c e n trc t ic jn  c f  r ib n f le v in  which produces o p tim a l grow th does 

n o t appear to  be much above the  va lue  o b ta in e d  w ith  30ug o f r ib o f la v in  

p e r SGml FLM, th e re  must be scftte o th e r  f a c t c r ( s )  in vo lved #  T h is  

a ls o  seems to  a p p ly  to  the  p ine  s e e d lin g  ro o t  p re p a ra tio n s  prepared  

from  ro o ts  which had been exuding f o r  2S weoks in to  d i s t i l l e d  w a te r .

m e lin  (1963) d id  suggest th a t  th e  B - fa c to r  doc# c o n s is t  o f  two 

components, cna be ing  bound w ith in  the  ro o t  c a l ls  and the o th e r be ing  

a b le  to  pass th rough  the  ro o t  c e l l  w a lls *  E xpé rim en ta l r e s u lts  w ith  

these e xc ise d  tom ato ro o t  p ré p a ra tio n s  e i^ jp c r t  th&s p o s s ib i l i t y ,  

s in ce  d is ru {> tio n  o f  the  c e l l  w a lls  e i th e r  by e x tra c t io n  o r 

hom ogénisa tion  b o th  gave on in c re a se  in  grow th  s t im u la t io n ,  p o s s ib ly ,  

th e re fo re ,  due to  the  re le ase  o f  t h is  c a l l  bound M 3  grow th
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a t lm u ie to r fa ) .  However n e ith e r  ro o t  p re p a ra tio n s  s t im u la te d  the  

grow th c f  M l3 tc  such an e x te n t as the  exc ised  tomato ro o t  i t s e l f ,  

a lth o u g h  as m entioned p re v io u s ly ,  the  ro o t  was exuding in to  MLf#

Hence i t  i s  q u ito  p robab le  th a t  the  ro o t  may a l t e r  some component o f 

the  MLM which thus causes a much g re a te r  M 3  grow th s t im u la t io n *  T h is  

p o s s ib i l i t y  was supported  by the  re s u lts  w ith  exc ised  tom ato ro o t  

oxudate c o l le c te d  in  MM end used w ith o u t e va p o ra tio n *

As m entioned p re v io u s ly  p in e  s e e d lin g  ro o t  p re p a ra tio n s  from 

ro o ts  which had been exuding f o r  25 weeks, a ls o  produced much mere 

massive M l3 g row th  s t im u la t io n  than co u ld  be accounted f o r  by 

r ib o f la v in  alone# However no a tte m p t was made (duo to  la c k  o f  m a te r ia l)  

to  determ ine w hether r ib o f la v in  was p re se n t in  these ro o t p re p a ra tio n s *  

Pin® s e e d lin g  ro o t  p re p a ra t io n s , from  ro o ts  which had been exuding 

f o r  3 weeks d id  n o t s t im u la te  the  grow th  c f  M l3 , a ltho u gh  r ib o f la v in  

was id e n t i f ie d  in  the  p in e  se e d lin g  ro o t  exuda te . The q u a n t i ty  o f 

r ib o f la v in  p re s e n t in  t h is  p ine  s e e d lin g  ro o t  exudate was much 

g re a te r  (a p p ro x im a te ly  31 tim e s ) than  th a t  found in  a s im i la r  q u a n t ity  

( c f  e q u iv a le n t d ry  w e ig h t o f  r o o t)  o f  e xc ise d  tomato ro o t ,  

p ropsr e t ie n s ,  hence i t  i s  p robab le  th a t  t h is  c o n c e n tra t io n  o f  

r ib o f la v in  was too  h ig h  to  causa M l3 g row th  s t im u la t io n .  Thus t h is  

may be the  o r  one o f the  reasons why the  p in e  se e d lin g  ro o t  exuda te , 

c o lle c te d  f o r  3 weeks, and p o s s ib ly  the  e x t r a c t  and hcmogsnate from  

these ro o ts , d id  n e t s t im u la te  the  grow th  o f  M 3 ,

Another expe rim en t besides t h is  r ib o f la v in  grow th experim en t 

has a ls o  dom onctra tsd  the p a r t ia l  dependence o f  M l3 on t h is  v ita m in *  

Growth o f  M 3  in  MLM which lack® the  norm al v ita m in  m ix tu re , b u t 

which c o n ta in s  r ib o f la v in  e t  a c o n c e n tra t io n  o f  SOug p e r 50ml o f 

medium, i s  s im i la r  to  the  grow th which occurs  in  the  presence o f  

miM (w h ich  in c lu d e s  the  v ita m in  m ix tu re ) .  Hence the  o th e r v ita m in s
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In  th i©  m ixturra appear to  b# o f  l i t t l e  e d d it io n a l va lue in  the  

grow th o f  M l3 In  MLM* I t  would e la o  be In te r e s t in g  to  see w hether 

e th e r e c to w y c o rrh iz a l f i jn g i (a#g. Qo 1 e tua  w e rle g a tu s ) .  respond to  

r ib o f la v in  and i f  so whether a t  the  se.»ve o r a t  a d i f f e r e n t  

c c n c o n tra t lo n  to  th a t  re q u ire d  by M13*

T h o re fo re  to  oumnarize in  f i n a l i t y ,  a tta ia p ts  tc  syn th e s ize  

oc tom yco rrh izae  on the  ro o ts  o f  Pinuo s y lv e s t r is  in  v i t r o  w ith  

o e vo ra l o f  the  ro o t  is o la te s  were u nsu cce ss fu l under those c o n d it io n s  

used in  these expe rim en ts . However those ro o t  is o la te s ,  e s p e c ia lly  

M l3 , do have s im i la r  n u t r i t i o n a l  requ irem en ts  to  many named and 

unnamed e c to ro y c o rrh iz a l fu n g i is o la te d  from  sporophore» and from  

o c tc im yco rrh ize l ro o ts  o f  c o n ife rs  by e .g .  lamb (1974 ), a lth o u g h  they 

do d i f f e r  from  acme named e c to m y c o rrh iz a l fu n g i s ,g .  B o le tus  

v s r ie q a tu s  (F e r r y ,  1967)*

The r e s u lts  o f  ro o t experim ents show th a t  l i k e  many 

e c to m y c o rrh ira l fu n g i ,  a la rg e  number o f  the  ro o t is o la te s  a re  

s t im u la te d  by l i v e  e xc ise d  tomato ro o ts  and a ls o  one o f  Umse ro o t  

is o la te s  1 * 0 * M l3 i s  s t im u la te d  by b o th  l i v e  e xc ised  tomato ro o t  

p ré p a ra tio n s  and p in e  se e d lin g  ro o t  p re p a ra t io n s , which i s  in  

accordance w ith  the  re s u lts  o f F e lin  (1954, 1962 and 1963) us ing  

B o le tus  va rlo Q a tu a ,

N eve rthe le ss  the  c o n c e n tra t io n  o f  ro o t  p re p a ra tio n  which

s tim u la te d  M l3 was h ig h e r than th a t  re q u ire d  to  s t im u la te  

B c le tu s  v a r ie q a tu G l,

A ttem p ts  to  id & rttify  t h is  mi3 grow th  s t im u la to ry  fe c te rC s ) le d
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to  the id e n t i f i c a t io n  of r ib o f la v in  a@ on M l3 grow th s t im u la to r .

However t h is  v ita m in  i s  n o t the  o n ly  fa c to r  in v o lv e d , s in ce  the  

r e s u lts  c f  grow th ©Kp#rim©nt® w ith  uariou®  c o n c e n tra tio n s  c f  

r ib o f la v in  have shm^n th a t  maximum grow th  s t im u la t io n  o f  B13 i s  

n o t as massive #s th© excimed tom sto ro o t  i t s e l f .

Hence P13 grow th  s t lm u la t ic n  i s  p ro b a b ly  the r e s u lt  o f  a complex 

system o f in te r a c t in g  grow th fa c to rs  which e xpe rim en ta l evidence 

has shown to  c o n s is t  p o s s ib ly  c f  bo th  c e l l  boimd arwi c e l l  f re e  grow th  

8 t lm u la to r ( s )  { in c lu d in g  r ib o f la v in ) ,  w ith  M 3  grow th  in h ib i t o r ( s )  

a ls o  be ing p re s e n t.

T h e re fo re  to  ccncludm , i t  m a m  th a t  these ro o t  is o la te s ,  e s p e c ia lly  

M 3 ,  do have m n y  c h a rc c te r is t ic ®  c f  named e c tc m y c o rrh iz a l fu n g i,  

responding to  bo th  e xc ise d  tomato and p in e  s e o d l i f ^  ro o ts ,  a la c  t h e i r  

n u t r i t i o n a l  requ irem en ts  a re  s im i la r  t c  c e r ta in  named and unnamed 

e c to m y c n rrh iz a l fu n g i,  Nance th is  ev idence  suggest® th a t  these ro o t  

is o la te ®  are  p ro ba b ly  in v o lv e d  in  e c to m y c o rrh iz a l fo rm a tio n  in  v iv o . 

However to  c o n firm  t h i s ,  fu r th e r  expe rim en ts  w ith  these ro o t  is o la te s  

m:oti tc  be u n d e rL  ken to  de term ine the  c o n d it io n s  necessary f o r  

n e t r w y c o r 1%al fo rm a tio n  in  v i t r c  (u s in g  the  knowledge o b ta in e d  

from  t h is  I n v e s t ig a t io n ) ,  and hence so to  prove fey e c to m y c o rrh iz a l 

s y n th e s is  e xp e rim e n ts , th a t  these r o c t  is o la te s  a re  e c tc m y c o rrh lz a l 

fu n g i.
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pp 54-68#

WRlGfîT, £• & CHING, K*K* (1962)* E f fe c t  o f  seed source on n y c o r rh iz a l 

fo ro m tio n  on Dougla© f i r  s so d lin c s #

N orthw est S c i« , 36, 1#

ZAK, 8* ( 1 9 i4 ) .  Role e f  m ycorrh izsB  In  ro o t  d isease*

Ann# Review P h y to p e th *, ^  377*

ZAK, 8 . (1 9 6 7 ). A ne»®tode (M s lc id ed e re  ®P*) on Douglas f i r  m yco rrh lza e . 

PI# D is *  R e p o rt* , 264#

ZAK, B* (19718)* C h a ra c te r iz a tio n  end c la s s i f ic a t io n  o f  m ycorrh izee

c f  Douglas f i r *  Î Ï #  >■ ssudostuca m e n z lc s ij 4 # iz c p c c o n  v in ic o lc r *  

Can* 3# B o t* ,  49 , 1079.

ZAK, R* (1971b)* 08to x ic s t ic n  o f a u to c la ve d  s o i l  by a m y c o rrh lz a l 

fungus#

USDA fo r e s t  S e rv ice  Research N ote , PNLw159, 1*
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ZAK, G# & BRYAN, W#C* (1 9 6 3 ). I s o la t io n  c f  fu n g a l sym bionts from  pin© 

m ycorrh ixao* 

f o r .  S c i . ,  9 ,  270,

ZAK, B. & PViRX, D.H. (1 9 64 ). I s o la t io n  of  m yc ts rrh iza i fu n g i from  

ro o ts  o f  in d iv id u a l  s la sh  p in e s*

F o r. D e l. ,  10, 214.
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fippi n o i x  A

M ycelle l morphology om 8I*ii of sporophor© leo la to a  and a s é le c tio n  

of unnemad root is o la tp# iselata.ef. from, the ectoayccrrh izB l roots of 

Pinus s y lv o a tr io *

1# Celopy charsctfôriatlc®  of aporophor© Is c la ts s *  (Lee F ig* 77) 

Qolotus lu teus.

Dark brown hypham adprossed to surface o f agar. 

White a e r ie l  hyphae sparse a t  p e r ife ry , but danse a t  

the centre*

Undur@ urface%- L ig h t  brown m argin to  dark brown a t  

the cfm tre*

boletus varieqatue 1,

Qark brcwn w ith  w h it is h -b ro w n  sparse a e r ia l  hyphae* 

M argin very i r r e g u la r .

U ndersu rface : -  B row n !sh -w h ite  m argin to  dark brown 

a t  the  ce n tre *

7* Colony c h a r a c te r is t ic s  c f  ro o t  is o la te s *  (See F ig# 78)

M .

Pure w h ite  to  green to  g re e n is h -w h ite  a t  the  c e n tre  

due to  the  presence o f  coarse  a e r ia l  hyphae. ?^pha© a t  

edge adpresoed to  and p e n e tra t in g  agar su rfa c e *

U n d o r s u r f a c e h i t s  m arg in  to  green to  cream a t  

the  c e n tra *
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B o le tu s

l u t e u s

à

B o le tu s  

v a r i e q a t u s  1

Fig, 77. Sporophore isolates on BIA,
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M3

' i g ,  78.  Root i s o l a t e s  on BIA.

Continued
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r-17

MS

Fig. 78. (cont.)
Continued
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%

M13

M23

Fig. 78. (cont.)
Continued
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M3 7

M44B

Fig. 78. (cont.)
Continued
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M48

M55

Fig. 78. (cont.)
Continued
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M70

M78

( U e r t i c i l l i u m

p s a l l i o t a e )

Fig. 78. (cont.)
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m3.

Pure white. 'Jlde margin where th© hyphae are 

adpreG&ed tc  and p e n e tre te  the agar e u rfa c e . Centre  

cream with patches cf grey, Cnarw aerl&l hypha© ars 

a ls o  p re s e n t.

Undorsurfacc*; -  White margin to cream at the ce n tra  

with patches of gray*

M7.

Pure w h ite  tc» cream a t  tiw  c e n tre  w ith  a e r ia l  

hyphee. Hyphae a re  ©dpresaad to  end p e n e tra te  the  agar 

s u rfe c o  a t  the  m arg in .

UndcrBurfHces- W hite m arg in  to  cream a t  the  c e n tre *

r£ .

Pure w h ite  w ith  patches of croom where tho  hypha® 

nr© adprosaad to  and p e n e tra te  the  agcr su rfa c e  to  

form  a d ense mat# Centre cream w ith  d a rk  grey a e r ia l  

hyphoo (e p a rse )*

{in d e rs u rfa c e $- ‘i h l t s  m argin w ith  a cream c e n tre *

r i 3 ,

Pure w h ite . Hypha© adpreaaed to  and p e n e tra te  agar 

su rfec©  a t  th© m argin* A e r ia l hyphse a t  the c e n tra *  

UndsrsurfaCBi -  W hite m arg in  w ith  a cream can tr© *

f2 3 .

3e t b la c k . A e r ia l hyphae gray and dene© a t  the  cen tre#  

Um dersurface* -  B lock a t  the  m arg in , g rey a t  the  c e n tra *
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P37,

W hite m arg in , where dense hyphae are  sdpressed to  

and p e n e tra te  the agar e u r fa c s . ’Whitfe m yce llm i mat 

fo ld e d  a t  the  c e n tre *  w ith  a green m argin* E xtrem ely 

slew  grow ing*

Undersurfece u h ito  m arg in  to  g reen ish -cream  a t

the  c e n tre *

M4B*

Pure w h ite , hyphme adpreasod to  and p e n e tra te  agar 

su rfa c e *  Ji^hlte f l u f f y  a e r ia l  hyphae a t  the c e n tre  where 

the  m y c e lia l mat la  w r in k le d *

ü n d o ra u r fs c e î-  u fh ite  m arg in  to  green t c  cream a t  

the  c e n tre .

M49,

J e t b la ck * Hyphae p e n e tre te  agar s u rfa c e  a t  the  

m arg in* Grey hyphae adprsssed to  agar surfac©  a t  th s  

c e n tre .

UnderaurfRce* -  B lack m arg in  to  g rs y -b le c k  a t  the  

ce n tre

P65.

Pure w h ite  to  cream a t  th s  c e n tre  w ith  pa tches 

o f  p rey*

U ndorBurface* -  lA i t a  m arg in  to  g re y ish -c re am  a t  

the  centre0



341

M7C.

Pure whit© with an irregular ?nargin. Hyphae 

ndpressed to and penetrate agar surface. Pinkiah-bruwm 

centre with a ye 11 o w l r m r g l n .

PnUuraurr^cu;-' whita margin which turns to yellow 

tc dork grwen and finally to pink at the centre#

P78 (VarLicillum psaliiotau Tresehow)#

Pure white with a wide margin where hyphae are 

adpraasad tc and panatraie the agar surface# i)ef»s© 

hyphae on the surface cf the ager at the centre#

Undersurface;- .Jhlts margin to cream at the centre.
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APPENDIX B

SYNTHESIS CF CTCMYCIRRHIZAC. 

1 . F o rt in *®  Method 

( F o r t in .  1966)

Table  52.

The e f f e c t  o f  s u b a tra te .  funoue and mediw# on th#  i# t# f@ l

Fungus S u b s tra te Medium

P erio d  o f  

in c u b a t io n  

(m onths)

No fungus P e r l i t e F in o re l 3

( c o n t r o l )

No fungus P e r l i t e m in e ra l 8

( c o n t r o l )

No fungus r e r l i te D ilu te  m in e ra l 3

( c o n t r o l )

No fungus P e r l i t e D ilu te  m in e ra l 8

( c o n t r o l )

r i P e r l i t e M in e ra l 2

M2 P e r l i t e M in e ro i 2

M2 P e r l i t e D ilu te  m in e ra l 3

m3 P e r l i t e M in e ra l 2

M2 P e r l i t e M in e ra l 2*5

P e r l i t e M n e re l 2

r4 P e r l i t e M in e ra l 3

M4 P e r l i t e M in e ra l 6

MA P e r l i t e D i lu te  m in e ra l 3

MA P e r l i t e D ilu te  m in e ra l 6

MA P e r l i t e D ilu te  m in e ra l 6



ro o t  grow th c f  e x p ia n ts  o f P inus s y lv e s t r is #

343

Mean number 

o f la te r a ls  

per ro o t

Standard I 
e r ro r

Fean le n g th  

o f la te r a ls  

por ro o t 

(mm)

Standard

e r ro r

Number o f 

r e p l ic a ts s

1*4 ( 1 '6 ) 2*7 (2 .7 ) 5

1*0 (C»7) 2*2 (2 .2 ) 5

1*0 ( I 'D ) 1*2 (1 .2 ) 5

1*6 (1 .6 ) 1*9 (1 .9 ) 5

1*4 (1 .3 ) 5*8 (5 .8 ) 10

0*0 (0 .0 ) 0*0 (0 .0 ) 9

0*6 (0 -6 ) 0*7 (0 .7 ) ID

0*8 (0 -8 ) 3*2 (3 .2 ) 5

0*4 (0 .4 ) 0*4 (0 -4 ) 5

0*0 (0 *0 ) 0*0 (O.C) 9

0*8 (o-e) 1*4 (1 .4 ) 5

0*5 (0 .5 ) 0*8 (0 .8 ) 4

1*7 (1 .3 ) 3*3 (2 .0 ) IB

3*5 (2 *1 ) 1*5 (0 .0 ) 2

1*6 (1 .6 ) 3*8 (3 .4 ) 5

Continued
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Treble 5 2 .  ( c o n t . )

r ungtfs S u b fttrs te Medium

P erio d  o f  

in c u b a t io n  

(m onths)

m? F o r l l t e P in e ra l 3

m f ' s r l i t o M in e ra l ?

r9 P e r l i t e m in e ra l 3

M9 P e r l i t e P in e rc l 0

m P e r l i t e D ilu te  m lnwrml 3

M9 P e r l i t e D ilu te  m in o ra i B

MIG P e r l i t e M in o ra i 2

M10 P e r l i t e D ilu te  m in e ra l 3

n o P e r l i t e D ilu te  m in e ra l 7

M l P e r l i t e M in e ra l 3

M l P e r l i t e M in e ra l 8

M1 P e r l i t e D ilu te  m in e ra l 4

M l P e r l i t e D ilu te  m in e ra l 8

M13 P e r l i t e M in e ra l 3

M 3 P e r l i t e M in e ra l ?

M 3 P e r l i t e D i lu te  m in e ra l 3

M 3 P e r l i t e D ilu te  m in e ra l 9

MIS P e r l i t e M in e ra l 3

MS P e r l i t e M in e ra l 7

M15 P e r l i t e D i lu te  m in e ra l 3

M S P e r l i t e D i lu te  m in e ra l 9

M 6 P e r l i t e M in e ra l 1



345

Mson number 

o f  le te r e lo  

per ro o t

Standard

e r r o r

P'-oan le n g th  

o f  la te ra l©  

per ro o t 

(mm)

Standard

e r ro r

Number o f  

r e p l ic a te s

1*3 (1 *3 ) 2*4 (2 *4 ) 7

0 .3 (0 *3 ) 0*6 (0 *6 ) 10

1*6 (1 *3 ) 3*8 (3 *6 ) 5

1*0 (1 *0 ) 0*2 (0 *0 ) 5

0*0 (0 .0 ) 0*0 (0 *0 ) S

2 .0 (1 *0 ) 5*1 (5 *1 ) 5

0*3 (0 *3 ) 0*6 (0 *6 ) 10

o*e (0 *8 ) 0*6 (0 *5 ) 5

0*5 (0 *5 ) 1*0 (1 *0 ) 2

1*0 (1 *0 ) 0*8 (0 *7 ) S

1.2 (0 *8 ) 3*7 (3 *3 ) S

2*2 (1 *5 ) 4*1 (3 *4 ) 5

1*4 (1 *1 ) 3*6 (2 *1 ) 5

0*5 (0 *5 ) 1*0 (1 *0 ) S

1*4 (1 *1 ) 1*0 (0 *6 ) S

0*8 <n*4) 0*2 (0 *2 ) 5

2*0 (1 *4 ) 2*7 (2 *1 ) 5

1*0 (1 *0 ) 0*5 (0 *5 ) S

2*0 (2 *0 ) 0*0 (0 *8 ) s

1*4 (1 *1 ) 2*4 (2 *4 ) 5

1*8 (1 .3 ) 4*3 (4 *3 ) S

0*0 (0 *0 ) 0*0 (0 *0 ) 10

Continued
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T a b le  52 . ( c o n t . )

r  ungua S u b s tra te Medium

P erio d  o f 

in c u b a t io n  

(m onths)

r21 P e r l i t e r in e r a l 3

T e r l i t e M in e ra l 8

P e r l i t e D ilu te  m in e ra l 3

P21 P e r l i t e D ilu te  m in e ra l 0

P23 P e r l i t e M in e ra l 3

P22 P e r l i t e M in e ra l 6

PÏ23 P e r i l t f i D i lu te  m in e ra l 3

{"23 P e r l i t e D ilu te  m in e ra l e

M2 8 P e r l i t e M in e ra l 5

M29 P e r l i t e M in e ra l 16

R28 P e r l i t e D ilu te  m in e ra l 3

M28 P e r l i t e D ilu te  m in e ra l 16

F32 P e r l i t e M in e ra l 15

M32 P e r l i t e M in e ra l 18

M32 P e r l i t e D ilu te  m in e ra l 15

f 32 P e r l i t e D i lu te  m in e ra l 16

RGiMie P e r l i t e m in e ra l 2

P e r l i t e M in e ra i 2

f3 7 P e r i l t© m in e ra l 12

M37 P e r l i t e m in e ra l 12*5

M3? P e r l i t© D ilu te  m in e ra l 12

F37 P e r l i t e D i lu te  m in e ra l 12
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Moan number 

c f  la te r a lo  

per ro o t

Standard

e r r o r

Mean la n o th  

o f  la te r a l#  

per ro o t 

(mm)

Standard

a r rn r

Number o f 

re p lic a te ®

0*4 (0 *4 ) 0*6 (0 *6 ) 5

0*4 (0 *4 ) 2*6 (2 *6 ) 5

0*0 (0*C ) 0*0 (0 *0 ) 5

0*6 (0 *8 ) 0*7 (0 *7 ) 5

0*0 (0 *0 ) 0*0 (0 *0 ) 5

1*0 (1 *0 ) 0*3 (0 *3 ) 5

0*2 (0 *2 ) 0*1 (0 *1 ) 5

I 'D ( I 'D ) C*4 (0 *4 ) 5

0*6 (0 .6 ) 1*1 (1 *1 ) 5

1*8 (0 *9 ) 2*5 (1 *5 ) S

0*4 (0 *4 ) D*2 (0 *2 ) 5

0*0 (0 *0 ) 0*0 (0 *0 ) 5

2*0 (1 *2 ) 2*0 (1 *3 ) S

I 'D (0 *6 ) 1*5 (1 *7 ) 5

1*2 (0 *8 ) 0*7 (0 *5 ) 5

2*2 (1 *9 ) 1*4 (0 *4 ) 4

0*2 (0 *2 ) 0*3 (0 *3 ) 10

0*1 (0 *1 ) 0*1 (0 *1 ) 8

0*0 (0 *0 ) 0*0 (0 *0 ) S

0*2 (0 *2 ) 0*2 (0 *2 ) s

0*2 (0 *2 ) 0*2 (0 *2 ) 5

0*0 (0 *0 ) 0*0 (0 *0 ) 4

Continued
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TmMp 5 2 .  ( c e n t # )

r  uncus S u b s tra ts Medium

P tr ie d  o f 

in c u b a t io n  

(fctonth©)

f ‘44a P e r l i t s r in e r e i 14

M.448 P e r i l te M in e ra l 14

M448 P e r l i t e D ilu te  m in e ra l 13

P44B P e r l i t© D ilu te  m in e ra l 14

m s P e r l i t e M in e ra l 14

r48 P e r l i t e M in e ra l 14

NG P e r l i t e D ilu te  m in e ra l 12

M 6 P e r l i t e D ilu te  m in e ra l 12

M65 P e r l i t e M in e ra l 14

M65 P e r l i t e M in e ra l 14

mes P o r l i t e D ilu te  m in e ra l 13

m s P e r l i t e D ilu te  m in e ra l 13

M70 P e r l i t e M in e ra l 14

MÎC P e r l i t e M in e ra l 14

M70 P e r l i t e D i lu te  m in e ra l 12

f.7C P e r l i t e D ilu te  m in e ra l 12

M76 P e r l i t e M in e ra l 12

M70 P e r l i t e M in e ra l 12

M78 P e r l i t e D ilu te  m in e ra l 12

M7e P e r l i t e D ilu te  m in e ra l 12

8 # lu te u # P e r l i t e M in e ra l 18

G .lu te u * P e r l i t e M in e ra l 15

B f iu te u * P e r l i t e D ilu te  m in e ra l 4

B . iu te u * P e r l i t e D ilu te  m in e ra l 8
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Mean number 

o f la te r a ls  

per ro o t

Standard

e r r o r

Mean le n g th  

o f la t e r a ls  

pe r ro o t  

(mm)

Standard

e r ro r

Number o f 

re p lie s te a

0*6 (0 .5 ) 1*4 (1 *4 ) S

n*Q (0 -0 ) 3*2 (3 .2 ; S

0*2 (0 .2 ) 0*7 (0 *2 ) 5

0*0 (0 .0 ) 0*0 (C *0) 5

0*2 (O '? ) 0*6 (0 .6 ) 5

0*0 (G.C) 0*0 (O-O) 5

0*6 (0 *6 ) 0*2 (0 .2 ) S

0*0 (0 .0 ) 0*0 (0 *0 ) 4

0*4 (0 .4 ) 0*8 (0 *8 ) 5

0*0 (0 *0 ) 0*0 (0 *0 ) S

0*2 (0 .2 ) 0*2 (0 .2 ) s

0*4 (0 *4 ) 0*3 (0 *3 ) s

0*2 (0 .2 ) 0*2 (0 *2 ) 5

0*0 (0 *0 ) 0*0 (o .e ) 5

0*0 (0 *0 ) 0*0 (0 *0 ) 5

0*0 (0 *0 ) 0*0 (0 *0 ) 5

0*6 (0 *5 ) 0*7 (O '? ) S

0*2 (0 *2 ) 1*0 (V O ) 5

1*8 (0 *8 ) 1*7 (V O ) 5

1*6 (1 *6 ) 0*6 (0 *8 ) S

2*5 (0 .6 ) 6*4 (3 *4 ) 4

1*8 (0 .9 ) 2*6 (1 .6 ) 4

2*5 (2 *2 ) 2*1 (2 *1 ) 5

2*5 (1 -3 ) 3*9 (2 *4 ) 4

Continued
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T a b le  5 2 .  ( c e n t * )

r  uooua S u b s tra te Medium

P e rio d  o f 

in c u b a t io n

(m onths)

B .v a r ie r a tu o l P e r l i t e m in e ra l 7

B *v«ri© ga tus1 P e r l i t e D ilu te  m in e ra l 3

B.varlGQatuel P e r l i t e D ilu te  m in e ra l 3

n P e a t4 p « r lit© M in e ra l 2

M3 P e a t^ p e r litG M in e ra l 2

P,7 P e a t+ p e r l i ta M in e ra l 3

M16 P G o t+ p e rlitG M in e ra l 2

rl+M 3 P e e t^ p e r l i te M in e ra l 2

M8+mi6 Peat p e r l i t e M in e ra l 2

mi Peat+humus M in e ra l 2

M3 Peat^humuG M in e ra l 2
M3 Peat •ihmrua M in e ra l 2

M7 Paat+humua M in e ra l 1*5

r? Peat^humuG M in e ra l 2

M8 Peat fhuisue M in e ra l 2

mi6 Peat4humus M in e ra l 2
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feen number 

o f la te r a ls  

per ro o t

Standard

e r ro r

Mean le n g th  

o f  la te ra l®  

par ro o t 

(mm)

Standard

e r ro r

! u»bor o f 

ra p l ic a te s

0*7 (0 *7 ) 2*0 (2 'C ) ID

1*4 (1 *3 ) 2*6 ( Î - 4 ) G

2*6 (1 *1 ) 4*7 (4 *5 ) li

0*0 (0 *0 ) 0*0 (D.O) e

0*1 (0 *1 ) 0*1 ( O 'l ) 10

0*0 (0 *0 ) 0*0 (0«0) 5

0*3 (0 *3 ) 0*6 (O 'G ) 10

1*0 (1 *0 ) C*5 (0 .5 ) à

0*3 (G '3 ) 0*4 (0 .4 ) ID

0*0 (0 *0 ) 0*0 (Q.O) 9

0*2 (0 *2 ) 0*2 (0 .2 ) 5

0*6 (0 *4 ) 0*6 (0 *5 ) S

0*3 (0 *3 ) 1*0 (V O ) 6

0*0 (0 *0 ) 0*0 (0 .0 ) 5

0*5 (0 *5 ) 0*3 (0 .3 ) S

0*1 (0 *1 ) 0*2 (0 .2 ) 10

Continued
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T a b le  52 . ( c e n t . )

r  un e us S ubstra t© Medlum

P e rio d  o f 

in c u b a t io n  

(m rn th s )

M Sand+peat M in e ra i 2

M3 Sandvpeat M in e ra i 1*5

F? land+peat m in e ra i 2

ma Sand ipea t W in» ra l 2

M16 Sandkpeat m in e ra i 2

n Poat M in e ra i 2

r.3 Peet M in e ra l 2

#3 P ost m in e ra l 2

F7 Peat M in e ra l 2

PB Peat M in e ra l 2

M 6 P«at M in e ra l 2

M1 Humus M in e ra l 2

m3 Humus M in e ra l 2

r s Humus m in e ra l 2

m3 Humus m in e ra l 2

F7 Humus M in e ra l 2

ml 6 Humus M in e ra l 2
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Feon number 

o f la te r a ls  

per ro o t

s tandard

e r ro r

Mean le n g th  

o f la te r a ls  

per ro o t

(mm)

Standard

e r ro r

Number o f 

r e p l ic a  te  (à

0*4 (0 .4 ) 0*4 (e .4 ) 9

U#0 (0 .0 ) 0*0 (0 .0 ) 9

0*2 (0 .2 ) 0*4 (0 .4 ) 10

0*0 (0 .0 ) 0*0 (D.O) 10

0*0 (0 .0 ) 0*0 (0 .0 ) 7

0*3 (0 *3 ) 0*9 (0 .9 ) 9

G*C (Ü.C) 0*0 (D.O) 6

1*0 (1 .0 ) 0*5 (O 'S ) 5

0*0 (0 .0 ) 0*0 (0 .0 ) 7

0*2 (0 .2 ) 0*4 (0 .4 ) 5

0*0 (0 .0 ) 0*0 (0 .0 ) 10

0*0 (0 .0 ) 0*0 (0 .0 ) 4

0*0 (0 *0 ) 0*0 (0 .0 ) 3

0*4 (0 .4 ) 0*3 (0 .3 ) 4

0*0 (0 *0 ) 0*0 (0 *0 ) 2

0*2 (0 .2 ) 0*6 (0 .5 ) 5

0*1 (0 *1 ) 0*1 (0 *1 ) 8

Continued
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T a b la  5 2 ,  ( c e n t , )

r  ungus S ubstra t© Medium

Pfeticd  o f  

in c u ta t ie n  

(m onths)

P'1 Humue D is t i l l e d  w a ta r 2

M3 Humuô D is t i l l e d  w a te r 2

M3 Humus D is t i l l e d  w a te r 2

Humus D is t i l l e d  w a ta r 2

re Humus D is t i l l e d  w a te r 7

M3 fic rv -s tc r il©  humus M in e ra l 7

m N o n -s te r i lo  humus M in e ra l 2

M23 N c n -s to r i le  humus M in e ra l 2

K23 n o n - s to r l le  humus M insra l+benom yl 2
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Maan number 

o f  l a t g r a l w  

par ro o t

s tandard

e r r o r

m m  le n g th  

o f  la te r a ls

p e r ro o t  

(mm)

standard

e r r u r

fdumber o f 

r e p l i c a t e s

C*C ( 0 * 0 ) 0 *0 (w *o) 5

L*D ( 0 * 0 ) 0*0 (G 'O) 2

Ü*V, ( 0 * 0 ) 0*0 (0 *0 ) 3

0*0 (0*D) 0 *0 ( u , 0 ) 3

0*0 ( 0 * 0 ) 0*0 (C*0 ) 4

u*c (0*G ) 0*0 (0 *0 ) 3

0*0 ( t ' O ) 0*0 (0*C) 4

0*2 (0 *2 ) 0*2 (0 *2 ) 10

0*0 (0 *0 ) 0*0 (0 *0 ) 9
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APPENDIX C

CXPERinCNTS WITH CXCIS&Ü TEMTC ROOTS.

1. Cxperlm&nts w ith  l l v s  and k i l l e d  excised tomato root*#

a) Growth of ve rio ua  iGcjatea in  the  pre&ence of exc ise d

Teb le  53,

tomate root'- in M.F,

Growth of root isolate® and Qpletue wariegatusl with 

live and killed excised tomato root© in MLM#

r ungu* Treatment Period of 
incubation

Mean dry 
weight (mg)

Standard
error

P

Ml No. root 7 deys 19*8 (2*3) -
Ml +11VG root 7 days 23*4 (0*9) 0*02
Ml 4Killed root 7 days 20"0 (4*4) n.s.

M2 No root 7 days 16*6 (5*4) -

M2 +live rcot 7 d&nys 18*3 (4*2) n.s.
M2 ^Killed root 7 day» 18*3 (4*2) n *8 .

F3 No root 7 days 18*1 (5*2) -

P3 +llve rcot 7 days 26*5 (3*6) G*05
F3 rî-Kllled root 7 days 26*8 (3*7) 0*05

m No root 7 day© 22*6 (1*9) -

m 4liv© root 7 days 31*5 (5*6) 0*02
M4 ^Killed rcot 7 days 27*7 (3*5) 0*05

ra No root 7 day© 11*5 (4*1) -

m 4live root 7 day© 12*6 (0*4) n*s.
M5 4Killed root 7 days 15*2 (1*1) 0*02

r6 Nc root 7 days 7*5 (2*0) -

M6 4live root 7 days 15*0 (0*9) 0*001
m ^Killed rcot 7 days 6*1 (1*6) n*6.

Continued
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f uncus Treatment Period of 

incubation

Mean dry 

weight im )

Standard

e rro r

P

m? No root 7 d#y# 10*6 (3 *2 ) ■*

M7 4l iv e  root 7 days 19*0 (0*6) 0*002

M7 ^ K ille d  root 7 day© 12*5 (2 *0 ) n .s .

me No roct 7 days 13*1 (3 '3 ) mm

M8 4tiwo root 7 days 19*2 {5 -2 ) n# 5 «

me + K llle d  root 7 day© 15*2 (3 *7 ) n .s .

m9 No root 7 days 19*5 (0 *7 ) -

F9 + liv o  root 7 days 29*6 (6 *0 ) 0*02

r9 ^ K ille d  root ? days 18*2 (1 *5 ) n , ® ,

MO No root 7 days 17*6 (1 .9 ) MO

mio + llv e  root 7 days 15*1 (2 *0 ) n ,8 .

MO ^ K ille d  roct 7 day© 17*3 (2 *4 ) n ,s .

M 1 No root 7 day® 15*8 (1 *9 )

M il +11we root 7 days 24*4 (3 *2 ) 0*01

mil ^ K ille d  root 7 days 13*3 (2 *1 ) n«s.

M 3 No root 7 days 31*4 (5 *9 ) «.

mi 3 +Liwe root 7 days 83*3 (11 .0) 0*001

mi 3 ^ K ille d  root 7 day© 56*7 (16.6) 0*02

M 3 No root 14 days 51*3 (7 .0 ) -

M 3 +Liv© root 14 days 221*8 ( 5 5 . 5 ) 0*002

M 3 + K ilis d  root 14 days 109*5 (13 .1) 0*091

n«vari&Qatus1 m  root 7 days 0*0 (Q.O) -

n .varieq a tu s i + llv e  root 7 days 3*7 ( 1. 9 ) 0*01

G .varlenatus l +Kili@d root 7 day® 0*0 ( 0 * 0 n.@.

Continued



T a b le  53 . ( c o n t . )

358

r  unguG Treatment Period o f 

Incuba tion

Mean dry 

w e igh t (mg)

Standard

e r ro r

P

D .voriogetuB l No ro o t 14 days 11*7 (3*1 ) -

O .vo rio ca tu s l + liv e  roo t 14 days 31*4 (1 5 *2 ) 0*05

B .vo rie q a tu s l No ro o t 14 days 14*3 (8 *3 )

O .varleqa tus i + K illo d  ro o t 14 days 7*6 (3 *4 ) n .s .

r i5 No ro c t ? days 13*4 (2 *1 )

MS +Liw€ ro o t 7 days 18*5 (4 *1 ) 0*05

MS ^ K il le d  rc o t 7 days 13*8 (0 *3 ) n .s .

MS No ro o t 7 days 13*7 (2 *9 ) -

M 6 +11V© rc o t 7 days 18*6 (0 *7 ) 0*02

M 6 + K llle d  ro o t 7 days 13*2 (1 *2 ) n .s .

M 6 No ro o t 7 days 12*1 (2 *3 )

PH 6 4 liw e  ro o t* 7 days 29*4 (3 *5 ) 0*001

P;16 +Kill@ d ro o t* 7 days 15*8 (2*G ) 0*02

F21 Ho ro o t 7 days 24*6 (1 *3 ) mm

F21 +Llv8 ro o t 7 days 36*0 (5*7 ) 0*01

F.21 4 # ll le d  ro o t 7 days 24*1 (0 *8 ) n .e .

r n No ro o t 7 days 32 '3 (5 *9 ) *w*

F22 + llv©  ro o t 7 days 33*7 (1 0 *4 ) n .s .

F22 +Klll@ d ro o t 7 days 39*4 (2 *6 ) n .s .

F23 No ro o t 7 days 38*3 (2 *7 ) *

M23 +Llve ro o t 7 days 82*2 (1 6 *4 ) 0*001

F23 ^ K il le d  ro o t 7 days 63*1 (14*3) 0*002

P!3? No ro o t 7 days 31*5 (3 *6 ) mm

P37 +Live roo t 7 days 39*1 (2 *8 ) 0*02

F37 + K lll® d  ro o t 7 days 29*1 (8 *3 ) n .s .

Continued
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r  ungu© Treatm ent P e riod  o f 

in c u b a tio n

Fean d ry  

w e ig h t (r-g)

Standard

e r ro r

P

P37 No ro o t 14 days 58*2 (7*1 ) -

P37 + l iv 0  ro o t 14 day© 188*2 (17 .D ) 0.001

r*37 + K ill© d  ro o t 14 days 155*9 (15 "1 ) C'DOI

P448 No ro o t 7 days 20*3 (0 .7 ) —

F44B 4 llv 8  ro o t 7 days 28*4 (0 -7 ) 0*001

M44B 4 K il le d  ro o t 7 days 18*6 (2 *7 ) n .s .

N 4 8 No ro o t 14 days 54*4 (6 *6 )

M44B 4L1v® ro o t 14 days 154*0 (23*9 ) 0*001

M44B ^ K i l le d  ro o t 14 days 105*8 (8 '4 ) 0*001

{■46 No ro o t 7 days 43*4 (4 .3 ) —

M 6 4l i v e  ro o t 7 days 92*1 (1 9 .6 ) 0*01

M 6 + K ll l# d  ro o t 7 days 65*2 (8 .6 ) 0*01

N 6 Nc ro o t 14 day» 258*6 (2 6 .4 ) —

N 8 + llv o  ro o t 14 days 344*4 (5 .1 ) 0*01

mae 4K i l le d  ro o t 14 days 320*6 (1 S '2 j 0*02

M6S No ro c t 7 deys 30*0 (6 *0 ) —

ras 4 l iv e  ro o t 7 days 42*0 (5 .0 ) n .s *

mas + K ll l# d  r c o t 7 days 39*0 (2 -5 ) n *s .

P65 No ro o t 14 days 74*3 (1 0 .3 ) -

mes +L.ive ro o t 14 days 234*7 (3 3 .3 ) 0*001

M65 ^ K i l le d  ro o t 14 d%ya 142*8 (23»3) 0*01

m7(/ No ro o t 7 deys 32*2 (3 .1 ) mm

fTO 4L ive  ro o t 7 days 28*9 ( 5 . 1 ) n .s#

r?o f K l l lo d  ro o t 7 days 27*8 (2 *3 ) n ,8 .

Continued



T e b l#  53. ( c o n t . )

360

Fungue Treatment P eriod  of 

incubation

Fean d ry  

w e ig h t (mg)

Standard

e rro r

F

M70 No root 14 day® 56*5 (3 5 ,4 ) -

M70 + liv o  root 14 days 131*9 {« •3 ) C-fiS

P70 + K lllo d  root 14 days S2*6 ( IQ . I ) n .s .

?7B No rc o t 7 days 119*2 (32 *6 )

P7B +L ive  root 7 days 183*3 (27 .6 0*02

M7e + K llio d  root 7 days 180*0 (0 *7 ) 0*01

f',78 No root 14 days 202*4 (B«9) —

M78 +Liv© rcot 14 days 272*9 (1 8 .5 ) 0*05

F78 ^ K i l le d  root 14 days 218"3 (20 *5 ) n .s .

♦ 14 day o ld  exc iead  to ira to  ro o ts  (C lone A) wôrss used.
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ApPDNÎiX U

.Chrom tcfigapH lc b ioessey c f. ©Kclmed tom atg ro n t  p re p a ra tin n e  end 

p ln e  se e d lin g  ro o t  exudwtea*

Table 5 4.
Growth o f M 3 in  r lM  w :th  d i f f e r e n t  Rf f ra c t io n ®  a fti^g  

the  f r a c t io n a t io n  o f l iv ©  faxcXs&d tomato ro o t 

üre p a ra t io n s , by :.‘oper chrom atography.

Solvent Root

preparation

Method of 

9 te r i l l r a 

tio n  of the 

frac tio n s

Rf fra c tio n

roan

dry

weight

(mg)

Standard

orrcir

P

OuA Caudate m No exudate 

(c o n tro l)

1D4"1 (1 1 *6 ) -

BuA Lxudate iiv 1 102*7 (1 1 .0 ) n .s .
8uA Exudate uv 2 122*3 {16 .2 } n .s .
Qua Exudate uv 3 131*3 ( IQ .5 ) 0*05
BuA Exudate uv 4 140*6 ( 9 . 0 ) 0*01
3ufi Cxudate uv S 109*1 (6 .8 ) n .s .
BuA Cxudate uv 6 120*2 (1 .6 ) 0*05
BuA Exudate uv 7 105*0 (5 *6 ) n ,© .

BuA Exudate uv a 139*7 (4 5 *0 ) n .s .

BuA txudaiQ uv 9 98.5 ( 4 . 5 ) n .s .
BuA. Exudate uv 10 116*2 (1 2 .2 ) n .s .

OuA Exudate Autoclaving No exudate 

(c o n tro l)

74*9 (4 *7 )

BuA Exudate Autoclavini) 1 86*1 (6 *0 ) 0*02

BuA Exudate Autcclsving 2 94*7 (2 .S ) 0*001

BuA Exudate Autdclaving 3 100*3 (6«5) 0*002

OuA Exudate AutcclavifiQ 4 108*9 ( 6 . 9 ) 0*001

BuA Lxudeta Autociaving 5 93*1 (8 *2 ) #*01
BuA Exudate Autoclaving 6 87*4 (1 *6 ) 0*01

BuA Exudate Autocisvlng 7 86*1 (2 '4 ) 0*01

OuA Cxudate Autoclaving e 90*3 (S .1 ) 0*01

BuA Exudate Autccievlng 9 86*4 (1 1 .9 ) n .s .

BuA Cxudate Autoclaving to 83*8 (1 1 *8 ) n .s .

Continued
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Solvent Root

preparation

Method of 

s t e r i l i z a 

tio n  of the 

fraction®

Bf fra c tio n

Mean

dry

weight

(mg)

Stsnda rd 

e rro r

P

Bur Exudet» UV No exudate 

(c o n tro l)

126*6 (5 *5 ) -

Bur Exudate UV 1 147*0 (2 *8 ) 0*01

BuP Exudate UV 2 130*1 (4 *3 ) n .s .

8uP Exudate UV 3 144*2 (3 *3 ) 0*002

IM- Exudete UV 4 132*5 (5 *1 ) n .s .

Bur I xuriatG UV 5 120.6 (1 9 .8 ) n .s .

8u: Exudate uv 6 120*7 (2 3 *2 ) n .s .

BU‘> Exudate uv 7 126*1 (1 7 *5 ) n .s .

GW Exudate uv 6 136*5 (9 *5 ) n .s .

BuP Exudate uv 9 148*5 (1 0 *7 ) 0*01

9ui‘ Exudate uv 10 131*7 (1 *3 ) n .s .

8uP Exudate Autoclavlng No exudate 

(c o n tro l)

73*8 (1 1 *9 )

BuP Exudate AutoclawinQ 1 63*6 (6 *3 ) n .s .

BuP Exudate Autoclaving 2 76*6 (8 *4 ) n .s .

BuP Exudate Autoclaving 3 74*2 (6 *8 ) n .s .

8uf Exudate AutcGlaving 4 75*3 (8 *4 ) n .s .

BuP Exudate Autoclaving 5 77*1 (5 *1 ) n .s .

BuP Exudate Autoclaving 6 8G*4 (6 *4 ) n .s .

BuP Exudate Autoclavin# ? 76*8 (6 *1 ) n .s .

BuP Exudate Autoclaving 6 80*8 (9 *4 ) n .s .

Wuf Exudate Autoclawing 9 79*3 (5 *2 ) n .s .

BuP Exudate Autocleving 10 73*6 (1 0 *1 ) n .© .

Continued
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Solvent Root

preparation

Method of 

s t e r i l i z e -  

t ie n  of the 

fra c tio n s

Rf fra c tio n

Mean

dry

weight

(eg)

Standard

e rrc r

P

BuA ^D ialyseto UV No d ia ly s a te  

(c o n tro l)

74*9 {4 *7 ) -

BuA Dialyooto UV 1 06*1 {6 *0 ) C.02

BuA D ia lyse t® UV 2 95*0 (2 *8 ) 0*002

BuA O ialysate UV 3 100*3 (6 *5 ) 0*002

BuA D io lyeate UV 4 107*2 (4 *1 ) 0*001

BuA Dlalyswte uv 5 93*1 (S *2 ) 0*01

OuA D lolysote uv 6 67*4 (1 *6 ) 0*01

OuA D ia lysete uv 7 66*1 (Z '4 ) 0*01

BuA üialyofôto uv 8 90*4 (5 M ) 0*01

6uA O ialysate uv 9 86*5 (1 2 *1 ) n ,B ,

BuA O ialysate uv 10 83*8 (1 1 *6 ) n ,8 .

BuA D la lyssta Autcclaving No d ia ly s a te  

(c o n tro l)

87*1 (7 -4 } ~

BuA D ia lysata Autoclawing 1 80*2 (2 *6 ) n .s .

8uA D ia lysete Autoclaving 2 74*5 (9 *1 ) 0*05

BuA Dialys a te AutoGlsving 3 95*0 (16 *3 ) n *s .

BuA D ia lyseta Autoelaving 6 64*3 (1 6 *8 ) n ,s .

OuA D io lysats Autoclaving 5 87*2 (19*S) n .s .

BuA ü la lysa te Autccloving 6 05*6 (7 *2 ) n .s .

OuA D ia lyse te Autoclsving 7 81*5 (4 *7 ) n .s .

OuA O ielysate Autnclawing a 83*3 (1 1 *3 ) n .s .

8uA Gialys a te Autoclavlng 9 78*1 (1 2 *4 ) n .s .

BuA D ia lysate Autcclaving 10 84*7 (13*3) n .s .

Continued
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Solvent Boot

pr& paraticn

Mathcd c f 

s t e r i l i z a 

tio n  o f th© 

fraction®

Bf fra c tio n

r#an

dry

weight

(mg)

Standard

e rro r

P

CÎUA E xtrac t UV No e x tra c t  

(c o n tro l}

96"2 (0*Q) -

BuA E xtrac t UV 1 121*7 (21*1) 0*02

BuA E xtrac t uv 2 130*3 ( 4 '7 ) D.GtJI

BuA e x tra c t uv 3 133*2 (S*2) O'UOI

BuA E xtract uv 4 134*5 (14 *9 ) D.Ü02

auA e x tra c t uv 3 89*9 (7 -7 ) n .s .

BuA E xtrac t uv 6 94*7 (11*D) n*s .

BuA e x tra c t uv 7 89*0 (8*S ) n *8 .

BuA E xtrac t uv 8 115*7 (23 *5 ) 0*05

8uA E xtrac t uv 9 98*7 (2 4 *4 ) n .s .

Bur E xtract uv 10 111*8 (1 6 *4 ) 0*02

BuA E xtrac t Autoelaving Nc e x tra c t  

(c o n tro l)

123*7 {2 9 "0 }

BuA E xtrac t Autociaving 1 154*4 (1 0 *9 ) n,@.

BuA e x tra c t Autoelaving No e x tra c t  

(c n t r o l )

91*1 (10 *8 ) -

BuA E xtract Autcclaving 2 205*9 (@S"9) 0*01

BuA E xtrac t Autoclaving 3 202*7 (5 5 .8 ) 0*01

BuA E xtrac t Autoclaving 4 127*9 (11 *1 ) 0*01

OuA E xtrac t Autaclaving 5 111*5 (7 *3 ) 0*02

OuA E xtrac t Autociaving e 92*7 (10"1) n*tt#

BuA E xtrac t Awtoclaving 7 109*2 (4 7 *5 ) n .s .

BuA E xtract Rutoclaving B 117*7 (32.8) n ,6 .

BuA E xtrac t Autoclawing 9 83*0 (6 *3 ) n .s .

BuA E xtrac t AutocXaving W 86*8 (2 *2 ) n .s .

Continued
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Solvant Boot

prepara tion

Method of 

3t a r i l i r a 

tio n  c f the 

f ra c tio n *

Rf fra c tio n

Mean

dry

weight

i m )

Standard

e r r o r

?

Quf' E xtrac t UV No e x tra c t  

(c o n tro l)

95*7 (2 2 *9 ) -

But E xtrac t UV 1 132*2 (2 -6 ) 0.01

BuP E xtract UV 2 100*0 ( * • 2 ) n .s .

Dur' E xtrac t uv 3 106*3 (1 3 .8 ) n .s .

3uP E xtrac t uv 4 104*5 (15 *6 ) n .s .

BuP E xtrac t uv 5 81*9 (6 .9 ) n .s .

GuP E xtract uv 6 84*9 (8 .7 ) n .s .

Ouf E xtrac t uv 7 76*G (1 2 .6 ) n .s .

OuP E xtrac t uv 8 84*8 (5 *7 ) n .s .

Ou? E xtrac t liV 9 54*1 (1 1 .1 ) C*05

OüP E xtrac t uv 10 81*3 (O 'S ) n .s .

Duk E xtrac t Autrelaving No e x tra c t  

(c o n tro l)

71*7 (12-C ) -

OuP E xtrac t Autoclaving 1 121*7 (3 *7 ) 0*001

3üf'-* E x trac t Autoclawing 2 64*0 (1 0 *9 ) n .s .

3uP E xtrac t Autcclaving 3 67*5 (7 .3 ) n .s .

Ouf' E xtrac t Autociawing 4 78*9 (a«3) n .s .

8uP E xtract Autoclawing 5 65*5 (1 0 *8 ) n .s .

9uî E xtrac t Autcciewing 6 65*8 (14*8) n .s .

BuP E xtrac t Autccl&ving 7 84*0 (6 *4 ) n .s .

BuP E xtract Autoclavimg 8 87*7 (1 7 *3 ) n .s .

em-' E xtract Autoclaving 9 62*2 (3 *8 ) n .s .

GW E xtrac t Autoclaving 10 59*6 (5 .2 ) n .8 .

Continued
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Solvent Root

preparation

Mîfthcd c f 

a t e r l l l z a -  

tic n  of the 

fra c tio n s

Rf fra c tio n

Mean

dry

weight

(«%)

Standard

e rro r

P

BuA Homogenato UV No homogenata 

(c o n tro l)

119*5 (16.3) -

SuA Momcgenmte UV 1 110*3 (3 1 .Z) n .s .

Fî'uA Homcgenat© UV 2 125*1 (2C.0) n .s .

8uA Homcgamate uv 3 158*2 (9 .0 ) 0*01

BuA Homogenate uv 4 141*2 (25.6) n .s .

BuA Homcgenate uv 5 111*7 (5>5) n ,8 .

buA Hoirsegonate uv S 115*8 (6 .2 ) n .s .

BuA HomogsnatQ uv 7 122*2 (16.6) n .s .

BuA Hoaogenatc uv a 106*2 (10.6) n.G .

auA Hoffiogonat» uv 9 123*5 (16.2) n ,8 .

f uA Hcwogonate uv 10 142*6 (7 .6 ) 0*GS

OuA Hcfnogonato Autoclawing Me homogenat® 

(c c n trc l)

70*7 (e .3 ) -

UuA Hcmtgenato Autoclaving 1 93*9 (12.8) 0*02

BuA Hcmcgenate Autoclawing 7 100*3 (13"7) 0*01

BuA Komcgenat© Autoclaving 3 112*8 (6 .6 ) 0*001

BuA HcmagenatB Autoclaving 4 105*9 (8*7) 0*002

OuA Howogsnate Autoclaving 5 87*9 (16.7) m,@.

OuA HomogematQ Autoclaving 6 81*1 (18.1) n .s .

BuA Homogsnate Autoclaving 7 72*9 (26-6) n .s .

BuA HDmogenatG Autoclaving 8 66*6 (S'O) n .s .

BuA Hcmogomste Autoclaving 9 75*0 (12*6) n .s .

BuA Homogenate Autoclaving 10 69*6 (10.5) n ,s *

Continued
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f'othod a f Pm^n

Doivent Root s t e r i l i z a  Rf fra c tio n dry Standard P

prop®ration tio n  of the 

f  D ie tions

weight

(mg)

e rro r

BuP Homonenate UV No homogenete 

(c o n tro l)

114*5 (33*5) *

BuP HoffsogormtG ry 1 192*6 (K4*9) n .s .

Buf': Hof»cgonete uv 7 121*8 (31*5) n ,s .

BuP Homoçienate uv 3 128*0 (1 0 *1 ) n .e .

Bur Hnmngcnete uv 4 128*6 (23*8) n,® .

Our Hamopen®ts uv n 106*6 (3D*S) n ,s .

Our Homcgonata uv 6 99*0 (17*1) n ,s .

Our Homcgenate uv 7 116*9 (37*6) n « B,

Bun Homogenate uv a K4*7 (9*8) n, ® *

OuT Homogeneto uv 9 74*4 (9*2)
*

0*05
Bur Howogenate uv 10 93*0 (22*8) n# Ë,

BW Hcsmogeneto Autoclaving Ne hoiRCÇjenst© 

(c o n tro l)

72*5 (1 *6 ) -

OuP Homogenete Autoclfîvlng 1 129*1 (8*2 ) 0*001
Our Homogène te Autoclaving 2 75*9 (2*2) 0*05
Our HomoganatG Autoclaving 3 70*1 (S*5) n .e .

RuT Homogensto Autoclaving 4 71*9 (7*0) n *s .

Bur Hcmcganate Autoclaving S 85*2 (4*5) 0*01

Bur- Konogenete Autoclaving 6 70*1 (5*2) n ,e .

Bur HDWcçenoto Autoclaving 7 102*2 (1 5 *5 ) 0*001
Bur Homegênate Autoclaving 8 76*1 (5*9) n *s .

BuP Homt genet© Autoclaving 9 71*8 (5 *0 ) n .s .

BuP Howogenato Autoclaving 1C 71*7 (5*7) n .s .

*  I n h ib i t io n

ü ia ly s o t©  c o lle c te d  In  d i s t i l l e d  w a te r from  l i v e  exuding ro o ts  

enclosed w ith in  d ia ly s is  membrane hags.
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Growth o f BoleW e ve rie w a tu & l Im riF ; w ith  d i f f é r e n t  

Rf fra c t io n ®  a f t e r  the  f r a c t io n a t io n  o f l i v e  e xc ise d  

tc-giato gne^ p re p a ra tio n s , by paper chromatography#

S o lven t Boot

p re p a ra tio n

Method o f 

s t e r i l i z a 

t io n  o f  the 

fra c tio n #

Rf fra c tio n

Mean

dry

w e ig h t

(mg)

Standard

e r r o r

P

OuA Cxudata UV No exudate 

( c o n t r o l )

9*5 (3 -3 )

0 *C18uA Cxudate UV 1 2*2 (1 * - ';

BuA exudate uv 2 6*9 (3 *7 ) A . 8 ,

duA exudate uv 3 3*3 (2 .0 )
*

0 'D2
muA exudate uv 4 4*6 (0 *6 ) 0*05
OuA tKud&te uv 5 2*4 (1 *6 ) 0?01

BuA Exudate uv 6 4*7 (1 *0 ) 0?02

BuA Cxudate uv 7 6*7 (0 *3 ) n .s .

Bu/1 Exudate uv 8 5*7 (0 *5 ) O^GS

BuA Exudfôte uv 9 7*8 (2 *1 ) n .6 *

BuA Exudate uv 10 8*0 (1 *3 ) n .8 *

BuA Lxudat# A u to c la v in g No ffixuciate 

( c o n t r o l )

10*3 (3 .0 )

6 U A Exudate A u to c la v in g 1 6*1 (2 .4 ) oTos

BuA Cxudate A u to c la v in g 2 7*3 (1 *7 ) n .8 .

BuA Cxudate A u to c la v in g 3 7*2 (1 *7 ) n .s *

BuA Cxudate A u to c la v in g 4 5*8 (1 *9 ) 0*05

BuA Cxudate A u to c la v in g 5 6*7 (1 .7 ) 0*05

BuA Exudate A u to c la v in g 6 6*7 (G.e) n .s .

BuA Cxudate A u to c la v in g 7 6*9 (1 *6 ) n .s *

3uA Exudate A u to c la v in g B 9*8 (3"5 ) n .8 .

BuA Cxudate A u to c la v in g 9 12*7 (5 *6 ) n#s.

0uA Exudate A u to c la v in g 10 6*2 (1 *5 ) 0*05

Continued
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S olven t Rent

p re p a ra tio n

f'e thod  o f 

e t o r i l i z a -  

t ia n  o f  the 

f ra c t io n s

Rf f r a c t io n

Mean

dry

w e igh t

(mg)

Standard

e r ro r

P

But Cxudate UV No exudate 

( c o n t r o l }

19*7 (7 *3 ) -

Bur Cxudate uv 1 4*1 (1 *7 ) G?01

Bur Cxudate uv 2 12*9 (1 *1 ) n .s *

But Cxudate uv 3 12*2 (1 *6 ) n* s*

BuP Cxudate uv 4 11*6 (5 * 6 ) n .s .

BuP Exudate uv 5 11*1 (1 * 0 ) 0*05

BuP Cxudate uv 6 13*6 (7 *8 ) n .s .

BuP Cxudato uv 7 7*4 (2 *6 ) 0*02

BuP Cxudate uv B 6*7 (1 *2 ) 0*01

SuP Cxudat© uv 9 7*8 (5 *0 ) 0*02

BuP Cxudate uv 10 14*8 (9 * 5 ) n .s .

BuP Exudate A u to c la v in g No oxudst® 

( c o n t r o l )

8*3 (1 *2 ) «"

Cxudate A u to c la v in g 1 4*6 (3 *2 ) n .8 *

RuP Cxudate A u to c la v in g 2 7*0 (0 *2 ) n .6 .

Cxudate A u tc c le v in g 3 3*7 (2 .3 ) 0*02

BuP Cxudet® A u to c la v in g 4 5*6 (3 *6 ) n .s *

BuP Cxudate A u to c la v in g 5 5*1 (1 *3 ) 0*01

8uP Cxudate A u to c la v in g 6 6*0 (0 * 5 ) 0*05

BuP Cxudate A u to c la v in g 7 10*8 (4*4) n .s *

But Cxudate A u to c la v in g a 6*3 (2 * 5 ) n .s .

BuP Exudate A u to c la v in g 9 6*1 (0 *9 ) n .s .

BuP Cxudate A u to c la v in g 10 7*4 (2*6) n .s .

Continued
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D oivent Root

p re p a ra tio n

Method o f 

s t e r i l i z a 

t io n  o f the 

f ra c t io n s

Rf f r a c t io n d ry

w e igh t

(*rg)

S tandard

e r ro r

P

BuA e x tra c t UV No R X tre c t 

( c o n t r o l)

28*2 (5 -7 ) -

BuA E x tra c t UV 1 9*8 (3 *7 ) 0 Î 0 0 2

BuA e x tr a c t UV 7 21*2 (1 3 *1 ) n .s .

RuA E x tra c t UV 3 9*2 (O 'S ) 0*001

BuA E x tra c t uv 4 13*0 (2 *7 ) O'OI

BuA E x tra c t uv 5 17*5 (1 0 *7 } n .s .

BuA E x tra c t uv 6 27*2 (1 3 .2 ) n .s .

OuA E x tra c t uv 7 18*5 (3 .4 ) 0*02

GuA E x tra c t uv 8 12*4 (6*4) 0*01

OuA E x tra c t uv 9 17*1 (0 .9 ) 0?D5

8uA E x tra c t uv 10 27*1 (S '5 ) n .s .

BuA E x tra c t Autoclevim g No e x tr a c t  

( c o n t r o l )

7*4 (2 "0 ) -

BuA E x tra c t A u to c la v in g 1 7*4 ( V 4 ) n .s .

BuA E x tra c t A u to c la v in g 2 6*7 (2 *0 ) n .s .

BuA E x tra c t A utcc law iog 3 8*3 (4 .7 ) n .s .

SuA E x tra c t A u to c la v in g 6 7*0 (0 .2 ) n .s .

SuA E x tra c t A u to c la v in g 5 5*3 (1 .9 ) n« a*

BuA E x tra c t A u to c la v in g 6 7*1 (2 *3 ) n .8 .

BuA E x tra c t A u to c la v in g 7 7*3 (1 .8 ) n#8#

BuA E x tra c t A u to c la v in g 8 6*8 (1 .2 ) n *s*

BuA E x tra c t A u to c la v in g 9 5*2 (1 .0 ) 0*05

BuA E x tra c t A u to c la v in g 10 6*9 (0 *9 ) n ,8 *

Continued
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S olvan t Root 

p ro p e ra tio n

Method o f 

a t o r i l i r a 

t io n  o f  tho  

f ra c t ie n s

Rf f r a c t io n

Mean

dry

w e igh t

(my)

Standard

& rrw r

P

nuP e x tra c t UV No e x tr a c t  

( c o n t r o l )

16*5 (0«4) —

BuP E x tra c t UV 1 7*3 (2*7) 0*002

Buf E x tra c t uv 2 1C*0 (3*8) OÎ02

Q\Jf e x tra c t uv 3 8*8 (1 ‘ 2) 0*001

8W) E x tra c t uv 4 7*4 (1 'S ) OÎ001

BuP E x tra c t uv S 10*6 (1 -6 ) 0*001

BuP E x tra c t uv 6 14*6 (4 "6 ) n#s#

Bur C x tr& c t uv 7 13*5 ( 2 '9 ) 0*DS

W E x tra c t uv 8 9*8 (1*3) 0*001

diiP E x tra c t uv 9 12*0 (2 *8 )
*

0*02

BuP E x tra c t uv 10 10*5 (D *2) 0*001

0Uf' E x tra c t A u to c la v ln g No e x t r a c t  

( c o n t r o l )

14*3 (6 *3 )

Buf E x tra c t AutocXavlng 1 8*3 (0*4) n,@.

Bu:' E x tra c t Auto e la v in g ? 9*6 <4*5) n *s .

BuP E x tra c t A u to c la v in o 3 7*0 (V S ) 0 ÎOS

BuP E x tra c t A u te c la v in g 4 8*1 (4 *0 ) n *9 .

BuP E x tra c t A u to e iav ing 5 9*5 (6 *5 ) n .8 *

But E x tra c t A u to c la v ln g 6 10*6 (0*7) n*a*

But' E x tra c t A u tc c la v in g 7 9*4 (5 *1 ) n *8 .

Our E x tra c t AutocXawing 6 10*7 (4*0) n*9*

BuP E x tra c t Auto e la v in g 9 8*9 (1*9 ) n#&.
GwP e x tra c t A u to e lov lng 10 10*3 (1*3) n *$ .

Continued
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S o lven t Root

p re p a ra tio n

Method o f 

a t o r i l l r a 

t io n  o f the  

f ra c t io n s

Rf f r a c t io n

Mean

dry

w e igh t

(®y)

Standard

e r ro r

P

BuA Homogenate UV Ne homogenete 

( c o n t r o l )

10*1 (1 -S ) -

Qua Homogenato uv 1 5*1 (2 *4 ) 0?D1

BuA Homcganate uv 2 7*5 {1 *3 ) 0*01

BuA Homogsnate uv 3 9*3 (0 -9 ) n .s .

OuA Hcmogenatc uv A 6*6 ( l - f ! ) 0*02

Qua Homogenate uv 5 6*6 (2 *7 ) 0*05

Qua Homogenete uv 6 10*2 (0 *3 ) n .s *

BuA Moflsogenete uv 7 6*4 (0 .5 ) 0*01

BuA Homcgnnato uv 8 7*7 {2 .5 } n .s .

DUA Homogenate uv 9 10*7 (0 .7 ) n *s .

OuA Homegenate uv 10 9*3 (2 .9 ) n*@#

BuA Homogonato A utD clav lng Ko homogonete 

( c o n t r o l )

8*9 (5 .1 ) -

BuA HofncQsnate A utoclew ing 1 6*3 (4 *0 ) n .s .

OuA Hcmcgenate A u to c le v in g 2 5*2 (4 *5 ) n .s .

Qua Hoflîoçenate A u to c le v in g 3 4*0 (3 .7 ) n .s .

BuA Homogenate Autc c la v in g 4 3*0 (1 M ) oîos

BuA Hoffogenato A u to c la v in g 5 5*3 (0 .9 ) n .s .

B\jl\ HomogenatG A u to c lo v in g 6 8*3 (2 *9 ) n .s .

BuA HowogenetR A u to c la v in g 7 6*2 (0 .3 ) n .s .

BuA Moffiogenate A u to c la v in g 8 7*8 (2 *3 ) n .s .

OuA Homogenat® AutDCloving 9 3*1 (2 'S ) gÎ os

6uA Homogenate A u to c la v in g 10 4*4 ( I 'S ) n .s .

Continued
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b ü lven t Root

p re p a ra tio n

Method o f 

î î t o r l l l z ô -  

t io n  o f  the 

fra c t io n #

Rf f r a c t io n

Mean

dry

w e igh t

(mg;

S tandsrd 

e r ro r

P

Sur HcmcQfflnDt© UV Ne hofnoQcnate 

( c o n t r o l )

2CM (1 *5 ) -

BuP HoRK'penate UV 1 4*4 (2 *6 ) 0*001

RuP Hoinoçenete UV 2 4*8 (0 *4 ) 0*001

3uP Homogenete UV 3 3*2 (0*7: 0*001

BuP Horngenate UV 4 6 '3 (3 *4 ) 0*001

Ruf' Hofnogonat® UV 5 6*3 (1 *6 ) 0*001

Ru? Mufnogenat© uv 6 10*7 (3 *2 ) 0*002

BuF Momoganata uv 7 12*2 (4 *3 ) D*C1

OuP Hcmrçenate uv 8 5*7 (1 *1 ) o fo o l

BuP HfJHfctganet» uv 9 4*3 (2 *5 ) 0*001

BuP Hemogonat* uv 10 14*1 (3 *0 ) 0*01

BüF' Hcmogenat® A utoclaw lng Ne homogenete 

( c o n t r o l )

3*4 (2 *4 ) —

Ouf Homogenate A u to c la v in g 1 4*0 (1 *1 ) n .s .

8uP Homogenate A u tcc la v in g 2 2*1 (1 *7 ) n .s .

Sur Homogenete A u tc c la v in g 3 3*9 (1 *4 ) n .s .

BuP Hcmogenate Autocla v in g 4 4*6 (1 *2 ) n .s *

OuP Homogaoate A u tfjc lô v in g S 4*3 (1 *7 ) n .s .

BuP Momogenato A utD c lav ing 6 3*6 (0 *7 ) n .s *

BuP Hofpogencto A u tcc le v ln g 7 5*4 (2 *1 ) n .a .

BuP Homogènete A utoclaw ing 8 4*4 (1 *7 ) n .s .

But* Homogenet® A u to c la v in g 9 2*5 (1 *6 ) n .s *

BuP Homoganata PutoGl#vim% 1C 3*6 (1 *5 ) n .s .

» In h ib i t lc ^
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Growth e f M 3  in  MLM w ith  d i f f e r e n t  Rf f r a c t io n s  a f t e r  

the  f r ^ 'C t io m t ln n  o f p in e  n ee d lin g  ro o t exydmte in  BuA* 

by paper chrcm atooraphy.

P e riod  o f

e xuda tion

Method o f  

s t e r i l i z e t i c n  

o f the  f r a c t io n s

Rf f r a c t io n

f'oan d ry  

w e ig h t (mg)

Standard

e r ro r P

3 weeks UV No exudoto 

( c o n t r o l )

94*6 (S .7 ) -

3 weeks UV 1 99*0 (4 *5 ) n .a .

3 weeks UV 2 103*7 (4 *1 ) 0 .05

3 weeks m 3 102*3 {11 *2 } n .s»

3 weeks uv 4 95*5 (7 .4 ) n .s *

3 weeks uv 5 119*5 (28 *1 ) n .s»

3 weeks uv 6 94*6 (15 *3 ) n .s .

3 weeks uv 7 95*0 (1 .7 ) n .s *

3 weeks uv 8 91*6 (7 .2 ) n .s *

3 weeks uv 9 90*8 (9 .1 ) n *s .

3 weeks uv 10 95*2 (4 .6 ) n .s .

3 weeks A u to c la u in g No exudate 

( c o n t r o l)

91*8 (18-6) -

3 weeks A u to c la v in o 1 95*3 (0 .1 ) n»8*

3 weeks A u toc law ing 2 100*4 (8 .9 ) n .a *

3 weeks A u to c le v in g 3 103*3 (2 .8 ) n .s .

3 weeks A titoc la v in g 4 87*8 (6 .0 ) n .s *

3 weeks A u to c la v in g 5 93*0 (1 1 .3 ) n .s»

3 weeks A u to c la v in o 6 95*3 (12.6) n .s .

3 weeks A utoc lftw ing 7 94*6 (8 .8 ) n .s *

3 weeks A u to c le v in g 8 69*7 (0 .6 ) n .s *

3 weeks A utoc lG ving 9 93*9 {10 *9 ) n .s .

3 weeks A utoe lsw ing 10 87*5 (0 .5 ) n#8.

Continued
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Period o f 

exudation

Method o f 

s t e r i l i z a t io n  

o f the f ra c t io n s

Rf f ra c t io n

Mean dry 

weight (mg)

Standard

e rro r P

25 weeks m No exudate 

( c o n t ro l)

96.7 (6*3) -

25 weeks UV 1 127*6 (17*3) 0*01

25 weeks UV 2 103*8 (30.0) n .s *

25 weeks uv 3 119*2 (35*9) n .s .

25 weeks uv A 89*9 (2 .6 ) n .B .

25 weeks uv 5 119*1 (7 .4 ) 0*01

25 weeks uv 6 100*6 (1 9 .9 ) n .s .

25 weeks uv 7 86*2 (22*0) n .s .

26 weeks uv B 80*4 (19.8) n .s .

25 weoks uv 9 97*9 (22 *6 ) n .s .

25 wei^ks uv 10 68*4 (2 *3 ) 0?001

25 weeks Autoclawim) Nc exudate 

(c o n tro l)

19*2 (3 .1 ) -

25 wewks Autoc lav ing 1 19*0 (1 .1 ) n .s .

25 weeks Aute c la v in g 2 23*5 (3 *0 ) n .s *

25 weeks A u tc c le v ln g 3 21*6 {3*8) n .s .

25 weeks A u toc lcv ing 4 20*1 ( 4 .5 ) n .s .

25 week* u to c ls v in g 5 21*2 (3«7) n .s .

25 weeks A utüc lev lnç 6 21*8 (1 .4 ) n .e .

25 week6 A u toc lav ing 7 19*2 (3 *9 ) n .s .

25 weeks A utcc lav lng 8 20*4 (4 .7 ) n .s .

25 weeks A utoc lav ing 9 19*8 (2 .5 ) n .s *

25 weeks Autoc lav ing 10 23*6 (8*9) n#o*

*  In h ib i t io n
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Growth f l f  B o le tu s  v a r ie ra tue 1 in  MLM w ith  d i f f e r e n t  

Rf f r a c t io n s  a f t e r  the f r a c t io n a t io n  o f p ine  se e d lin o

ro o t exudate In  8uA. by paper chrcffiatcQ raohy.

P e riod  o f 

axudw tlon

Method o f 

s t e r i l i z a t io n  

o f  the  f ra c t io n s

Rf f r a c t io n

Mean dry 

w e ig h t (mg)

Standard

e r ro r p

3 weeks UV No Qxudwte 

( c o n t r o l )

2*9 (D "7)

3 weeks uv 1 0*1 (0 -1 ) 0*01

3 weeks uv 2 0*1 (0 *0 ) 0*01

3 weeks uv 3 0*0 (O'O)
%

0*01

3 weeks uv 4 0*3 (0 *3 ) 0*01

3 weeks uv S 0*5 (0 *5 )
'*

0*02

3 weeks uv 6 1*4 (1 *1 ) n .s *

3 weeks uv 7 0*1 (O'O) 0*01

3 weeks uv S 0*1 (0 *0 )
*

0*01

3 weeks uv 9 1*5 (1 'S ) n .s .

3 weeks uv 1C 1*1 (0 *3 ) 0*05

3 weaks AutCiClavlng No exudate 

( c o n t r o l )

5*0 (3 -2 ) -

3 weeks A u tcc iffiv ing 1 1*5 (1 *5 ) n .e .

3 week* A u to c is tf in g 2 5*0 (3«9) n .s *

3 weeks A u tc c la v in g 3 2*6 (0 *1 ) n .s .

3 weeks A u to c ia v ln g 4 4*9 (1*6) n .s .

3 weeks A utc-c lav ing S 3*5 ( 2 '0 ) n .s .

3 weeks A u tc c la v in g 6 3*9 (1 'S ) n .s .

3 ueoks A u to c la v in o 7 4*2 (0 *3 ) n .s .

3 weeks A u toc iav inc j 8 2*7 ( i * e ) n .s .

3 week* A u to c la v in g 5 3*1 ( I ' D n .s .

3 weeke A u tc c is v ln g 10 5*9 (1 *0 ) n .s .

Continued
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P eriod  o f 

exuda tion

Method o f 

s t e r i l i z a t io n  

o f the  f r a c t io n s

Rf f r a c t io n

Mean dry 

w e ig h t (mg)

Standard

e r ro r P

25 weak© UV No oxudat# 

( c o n t r o l }

14*2 (S -7 ) -

25 wBoks UV 1 4»r (3 *5 ) 0*05

25 weeks UV 2 16*4 (g .s ) n .a .

25 weeks UV 3 10*8 (4 *7 ) n .s .

25 weeks UV h 6*3 ( i * n ) n* s .

25 weeks uv 5 5*4 (5 -1 ) n .s .

25 weeks uv 6 0*1 (? *3 ) n .s .

25 weeks uv 7 7*9 (3 .9 ) n .s .

25 weeks uv 0 2*6 (1 *6 ) 0*05

25 weeks uv 9 3*2 (0 .7 ) 0*05

25 weeks uv 10 2*9 (O 'S ) 0^05

25 weeks A u to c la v in o No exudate 

( c o n t r o l)

10*0 (7 .4 ) -

25 weeks A utec law ing 1 9*4 (5 .9 ) n .s#

25 weeks A u tc c la v in o 2 12*2 (5 *3 ) n .s .

25 weeks A utoc lew lng 3 12*5 (3 *0 ) n .s .

25 weeks A u to c la v in o 4 10*7 (3 *1 ) n .s *

25 weeks A u tce ia v in g 5 13*5 (5 .4 ) n .a .

25 weeks A u tc c la v in c 6 13*4 ( 7 . 7 ) n .s .

25 weeks A u to c la v in o 7 14*5 (5 .9 ) n .s .

25 weeks A u to c la v in o 3 9*5 (9 *3 ) n .s .

25 weeks A u tn c la v in g 9 5*9 (2 *3 ) n .s *

25 weeks A u to c la v in o 1C 15*9 ( 1 5 . 9 ) n .s .

♦ Inhibition


