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ABSTRACT

Thô form and seasonal development of in  v iv o  n y o o rrh iz a s . 

of P . s y lv e s tr is  seed lin g s  growing in  f o re s t  nursery  p lo ts  458ÎT70 

(Kennington) and 8^FY7p (V^areham) have been c h a ra c te r ise d ; th i s  ' 

enabled v a rio u s  c h a ra c te rs  o f P . s y lv e s tr is  seed lin g s  ( f o r  example 

non n y co rrh iza l sh o rt ro o ts ,  n y c o rrh iz a l r o o ts ,  * pioneer* and 

'mother* and subord ina te  'mother* ro o ts )  to  be compared fo r  d i f f e r e n t  

s o i l  co n d itio n s .

Examination o f th e  hetero iiyzic  ro o t systems of P . s y lv e s tr is  

and P .n ig ra  shov/ed th a t  long  r o o ts ,  fo r  example 'p ioneer* ro o ts ,  a re  

p o ss ib ly  more capable of adap ting  to  a v a r ie ty  of s o i l  co n d itio n s .

The e f fe c ts  of Simazine on measured asp ec ts  of the ro o t 

systems of nursery  grown P. s y lv e s tr is  and P. n ig ra  a re  unclear; 

eq u iv a len t P ines grawing in  the same s o i l s  contained in  p la n t  p o ts  

showed a dem onstrable increase  in  bo th  numbers of s h o rt ro o ts  and 

in  m ycorrhizas on th e  a p p lic a tio n  of Simazine eq u iv a len t to  4  lb s  

Simazine p e r  ac re ,

Gravth measurements of knavn m ycorrhizal and ro o t  pathogenic 

fungal i s o la t e s ,  on agar p la te s  w ith  added herb icides^ showed th a t  

in c rease  in  grcwth of some i s o la te s  occurred  in  the p resence of h ig h er 

co n cen tra tio n s  of Simazine o r A traz ine , In  c o n tra s t ,  eq u iv a len t 

experim ents using D ieh lo b en il, D ichlobenzoate, C hlorthiam id and 245Î 

in d ic a ted  th a t  id e n tic a l  i s o la te s ,  growing in  the  presence of these  

h e rb ic id e s , were in h ib ite d .



These observations of h e rb ic id a l  a c t iv i ty  on nycorrh izas 

and th e i r  nycobionts were confirmed by measurement o f r e s p ir a t io n  

r a te s  fo r  Boletus elegans and Amanita rubescens, bo th  uycobionts 

( th e  l a t t e r  in  very  ex cep tio n a l c ircum stances), and m ycorrhizal ro o ts  

of P. s y lv e s t r i s . The ex ten t of phosphate uptake by P. s y lv e s tr is  

myc o r rh iz a s , estim ated  from b u ffe red  phosphate so lu tio n s  con ta in in g  

h e rb ic id e , was a lso  in  agreement w ith  the r e s u l t s .

Using a number of e s ta b lish e d  tech n iq u es , a ttem pts to  

produce r e l ia b le  numbers of in  v i t r o  myc o rrh iz a s  were of l im ite d  

success.
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INTRODUCTION

% o o rrh izas  were f i r s t  defined  and named by Frank in  1883. 

Since t h i s  tim e such m ycorrhizas have been s tud ied  in  sane d e ta i l  

(H atch, 1937; K elley , 1931, 1950; H arley , 1940, 1948, 1952, 19&9,

1971; R obertson1954 ; Trappe, 1962; YYilde and Lafond, 1967; Peyronel 

e t a l , 1969) and a re  now known to  be th e  r e s u l t  of an a s so c ia tio n  

involv ing  th e  e x te rn a l t is s u e s  o f th e  h o s t ro o t t i p s ,  k y co rrh iz a l 

fung i in flu en ce  th e  fu n c tio n  and development of t r e e  r o o ts ,  forming 

a s so c ia tio n s  known as e c to tro p h io  m ycorrhizas, and d i f f e r  from o th er 

ro o t in fe c t in g  fu n g i in  th a t  they  r a re ly  e n te r  in to  a  p a r a s i t i c  

r e la t io n s h ip  w ith  th e  h o s t ro o ts . Both G a rre tt (l950) and H arley 

( 1948) reg a rd  m ycorrhizal fu n g i as  s p e c ia lis e d , and evolved from 

saprophytic  ro o t-su rfa c e  fu n g i,

li^co rrh izas a re  w idely d is t r ib u te d  in  fo re s t  s o i l s  and

involve many sp ec ies  of fung i. The v ary in g  s p e c i f ic i ty  of m ycorrh izal
\

fu n g i fo r  th e i r  h o s ts  i s  not understood, although re g u la r  a s so c ia tio n  

of t r e e s  w ith  p a r t ic u la r  fungal f r u i t in g  bodies (m ainly basidiom yoetes) 

has le d  to  th e  p u b lic a tio n  of l i s t s  re p o rtin g  p robable  ec to trc p h ic  

m ycorrh izal a s so c ia tio n s  (P ey ronel, 1921, 1922; M elin, 1936; Modess, 

1941; Trappe, 1962) ,  For exam ple,Cenococcum g ra n iforme. a  w idely 

d is t r ib u te d  m ycorrh izal fungus, forms dark-sheathed  m ycorrhizas w ith  

r a d ia t in g  hyphae on th e  ro o t systems of. many co n ife ro u s  spec ies  

(T rappe, 1962) ;  B oletus ele.gans however, i s  only known to  a s so c ia te  

w ith  L arix  spp. (M elin , 1921; Trappe, I 962) ,  W ithin th ese  extrem es 

l i e  th e  r e s t  o f th e  mycorrhizsG, fu n g i. In  a d d itio n  most t r e e  h o s ts  

seem to  be capable of forming m ycorrhizal a s so c ia tio n s  w ith  se v e ra l 

fu n g i (M elin, 1963; Trappe, I964) ,
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1. IvDRPHOLOGY. ANATOMY ANID CLASSIFICATION OP MYCORRHIZAS.

Since th e  e a rly  s tu d ie s  by Frank in  1885, th e  g ross  

moi*phology and anatomy of m ycorrhizas has been s tu d ied  in  some d e t a i l .  

More r e c e n tly , th e re  have been p a r t i a l l y  su ccessfu l a ttem pts to  

c la s s i f y  m ycorrhizas using  th ese  c r i t e r i a  (se e  below). Many of th e se  

s tu d ie s  of th e  morphology and anatomy of m ycorrhizas concern 

m ycorrhizas found on beech ro o ts  (H arley , 1937, 1940; Clowes, 1949, 

1950, 1951, 1954). In  a d d itio n  S lan k is  (1943, 1949, 1958), MacDougal 

and Dufrenoy (1943, 1944), S can n e rin i(l9 6 8 ), Vozzo and Hacsk^lo ( 1964) , 

Hacskaylo and Vozzo ( 196$) , VYilcox ( 1968) and o th er w orkers have 

s tu d ied  the  ro o t systems of members of th e  P inaceae, The m ycorrhizal 

ro o ts  of the  P inaceae a re  commonly racem osly branched, bu t p in n a te  

and monopodial ro o t systems may a lso  occur (McMinn, 19^3; Bogar and 

Sm ith, 1965) .  Bjorkman (l942) has suggested th a t  th e  p a r t ic u la r

morphology of e c to trcp h ic  .mycorrhizas i s  a consequence of sp e c if ic
\

fu n g a l in fe c tio n s , but t h i s  view i s  no t g en era lly  h e ld .

The s iz e  of th e  m ycorrhizal fungal sheath  and th e  depth 

of p e n e tra tio n  of h o s t ro o t t i s s u e  by th e  m ycorrh izal fungus i s  

dependent on environm ental co n d itio n s . This sheath  of hyphae, bo th  

form ing and surrounding th e  m ycorrhizal r o o ts ,  may be w h ite , y e llow , 

p in k , red  or b lack  in  co lour (Moore, 1922; McArdle, 1932; Lalng,1932; 

Kozloivski, 1949; Trappe, 19^4; W ilcox, 1969) .  At h i ^  m oisture le v e ls  

w h ite-co lou red  m ycorrhizas seem to  develop and to  predom inate; when 

s o i l  m oisture le v e ls  a re  lower they  a re  rep laced  by b lack  m ycorrhizas. 

These b lack  m ycorrhizas a re  o fte n  abundant near th e  s o i l  su rface  and 

to  approxim ately s ix  inches s o i l  depth  in  d ry  sandy s o i l .  This



d is tr ib u tio n , i s  be lieved  to  r e f l e c t  drough re s is ta n c e . Black 

m ycorrhizas a re  e a s i ly  confused w ith  p seudo-nycorrh iza l ro o ts  which 

a re  th e  r e s u l t  of in fe c tio n  of dead c o r t ic a l  c e l l s  by Mycelium 

rad io  i s  a t ro v ire n s . and th e  consequent pseud o-myo o rrh iz a l ro o ts  

appear as b lac k , monopodial, m ycorrhizal l ik e  ro o ts  (M elin, 1927; 

L aing, 1932; R obertson, 1954; Levisohn, 1954).

A natom ically, ec to trq p h ic  m ycorrhizas c o n s is t  of a  core 

of h o s t t is s u e  surrounded by a m antle of fungal t i s s u e .  This 

m antle or sheath  c o n s is ts  of two la y e rs ;  an inner la y e r  of hyphae 

in te r e e l lu la r ly  p e n e tra tin g  th e  h o s t ( sometimes as f a r  as th e  

endodermis) and an o u ter la y e r  from which hyphae extend in to  th e  

s o i l .

Dominik (l9 5 5 , 1959) has proposed a  form of c l a s s i f ic a t io n  

of v a rio u s  e x te rn a l m ycorrhizal a s so c ia tio n s , based on m orphological 

c h a r a c te r is t ic s .  He tak es  as  th e  b a s is  fo r  h i s  c la s s i f ic a t io n  any 

d i s t in c t iv e  c h a ra c te rs  of hyphal and sheath  s tru c tu re .  H is c l a s s i f i ­

c a tio n  im plies th a t  a  sp e c if ic  m ycorrhizal m orphological type 

genera lly  r e la te s  to  only one fungus. These m orphological types 

may belong, according to  Dominik* s scheme, to  any one of sev e ra l 

d i f f e r e n t  prim ary gro ips and sub-gro ips, Dominik fu r th e r  observed 

th a t  a m ycorrhizal type could pass  th r o u ^  se v e ra l o f th ese  prim ary 

groups and through sub-gro ips ( in c lu d in g  co lour sub-groups). 

Presumably th ese  changes between groups and sub-groups depend on 

seasonal and o th er v a r ia t io n s  in  both  h o s t ro o t physio log r and s o i l  

c h a r a c te r is t ic s .
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Trappe (1970) has proposed, a  c l a s s i f ic a t io n  scheme based 

on c r i t e r i a  s im ila r  to  those of Dominik but w ith  a  d i f f e r e n t  

weighting* He l i s t s  th e  most s ta b le  c h a r a c te r is t ic s  of m ycorrhizas 

as hyphal fe a tu re s  r a th e r  than  g ross m orphological f e a tu re s , Suoh 

fe a tu re s  a re : th e  p resence and morphology of s e p ta l  po res; th e  

hyphail d iam eter and c e l l  len g th ; hyphal w a ll th ick n ess ; d e p o s its  

of m a te r ia l on th e  hyphal w a lls ; hyphal fluo rescence  and re a c t io n  

to  s p e c if ic  re ag en ts . F u rth er c h a rac te rs  l i s t e d  by Trappe as  u s e fu l 

fo r  c a te g o ris in g  fungal symibionts eire odour, t a s t e ,  m antle s t r u c tu r e ,  

and co lour,

C atalforao  and T rappe ( I 960) suggested a  c la s s i f ic a t io n  of 

m ycorrhizas based on th e i r  phytochem istry, Krupa and F r ie s  (1971) 

have s ince  used gas spectrcphotom etry to  d isc rim in a te  between th e  

m ycorrhizal ro o ts  o f P. s y lv e s t r is  in fe c te d  w ith  d if f e r e n t  B oletus 

sp ec ies , ^

'AHere the  con tinu ing  re la t io n s h ip  between a  h o s t and a  

m ycorrh izal fungus i s  to  be in v e s tig a te d , th e re  i s  a  need fo r  the  

p re c is e  id e n t i f ic a t io n  of the fungus. C orrect taxonomic id e n t i f ic a t io n  

of fung i involved in  m ycorrhizal a s so c ia tio n s  i s  n o t f e a s ib le  using  

Trappe* s ,  Dominik* s or any o ther scheme. I t  seems d o u b tfu l whether 

any scheme could adequately  sep ara te  the  e f fe c ts  of d i f f e r e n t  

m ycorrh izal fu n g i (on the  morphology of ec to trcp h ic  m ycorrhizas) from 

th e  e f f e c ts  o f season, h o s t a n i s o i l  environment.
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2. SOURCES OP MYCORRHIZAL INFECTION.

The ex isten ce  of v ia b le  m ycorrhizal p rq p ag u les, perhaps 

in c lu d in g  b as id io sp o res  of m ycorrhizal fung i in  the  s o i l ,  i s  v i t a l  

to  the  estab lishm ent o f ec to trcp h ic  m ycorrhizas, Robertson ( 1954) 

and Laiho and Mikola ( 1964) have e s ta b lish e d  th a t  basid iospo rqs 

su rv iv in g  in  s o i ls  can account fo r  th e  e c to trcp h ic  m ycorrhizal 

in fe c t io n  of the  long ro o ts  of seed lin g  p in e s . In  a d d itio n , th e re  

a re  re p o r ts  of su ccess fu l m ycorrhizal syntheses using  b a s id io sp o re s , 

or m ycelia l suspensions, in  a s so c ia tio n  w ith  p e a t moss, l e a f  l i t t e r  

or g ra in  (H atch, 1937; Rayner, 1938; McComib, 1943; Gilmore, 19.68; 

H arley , 1969; B riscoe , 1959; Bowen, I 965, 1966; P a rk , 1969) ,

M ycorrhizal in fe c tio n  may a lso  a r i s e  from rhizomorphs and 

hyphal s tran d s  of m ycorrhizal fung i e x is tin g  in  th e  s o i l .  Such 

s tru c tu re s  may remain v ia b le  in  th e  s o i l  fo r  many y ears  a f t e r  th e  

d ec lin e  of the  h o s t,  Raynèr and Ne i l s  on Jones ( 1944) rep o rted  the 

occurrence of B oletus bovinus rhizomorphs in  alm ost t r e e le s s  hea th lan d .

I t  may a ls o  be p o ss ib le  fo r  m ycorrhizal fu n g i to  occur as  

ro o t fungal saprophytes, Rom ell (1938) has dem onstrated th a t  

B oletus subtomentosus surv ived  as such a saprophyte and formed 

f r u i t in g  bodies when th e  ro o ts  of th e  h o s t ,  P inus montana. were 

is o la te d  by trench ing , Dominik (1956, I 961) has re p o rte d  th e  

form ation  of a m ycorrhizal a s so c ia tio n  between P inus montana and 

Pomes annosus. norm ally a  v i ru le n t  p a r a s i te ,  B oullard  ( 1961, 1962) 

has shavn a  s im ila r  re la t io n s h ip  between A rm illarea m ellea and S itk a
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spruce. Cenocoocum graniform e (probably  a  s t e r i l e  asconycete) i s  

w idespread both  in  s o i l s  p rev io u s ly  bearing  no knovm m ycorrhizal 

h o s t and in  s o i l s  p rev io u sly  b ea rin g  s u ita b le  h o s ts .  The fungus 

can re a d ily  form ec to trcp h ic  m ycorrhizas w ith  alm ost any h o s t t r e e  

from m ycelia l or s c le r o t i a l  p rcp ag u les.

Once m ycorrhizas have been e s ta b lis h e d , whatever th e i r  

source of in fe c t io n , th e re  i s  a sim ple p ro g re ss iv e  spread of 

m ycorrhizal in fe c tio n  to  o th er un in fec ted  r o o ts ,  and to  u n in fec ted  

t re e s  (M itc h e ll, 1939; R o e lo ffs , 1930). In  th e i r  f i r s t  y ea r of 

growth in  new nursery  s o i l s  c o n ife rs  u su a lly  form unbranched 

m ycorrhizas. Simple, non-dichotomous, m ycorrh izal ro o ts  a re  more 

coimmonly found on t r e e s  growing in  ground p rev io u sly  b ea rin g  c o n ife rs . 

In  th e i r  f i r s t  year of growth in  any s o i l ,  n u rse iy  p in es  have sm all 

m ycorrhizal ro o ts  which a re  e i th e r  unbranched or simply fo rked . In

th e i r  second year th ese  p in e  m ycorrhizas become branched; a d d itio n -
\

a l ly ,  they grow in  th re e  o r fo u r seasonal phases th ro u ^ o u t  the  y ea r. 

Subsequent develcpment of the  m ycorrhizal ro o ts  i s  r e la te d  to  th i s  

seasonal p a t te r n  of growth. The predominance of m ycorrh izal fung i 

in  the root-grow ing season may be due to  th e  p r e f e r e n t ia l  s tim u la tio n  

of m ycorrh izal fungi by ro o t exudates. Seasonal d ec lin e  and v a r ia t io n  

of m ycorrhizal ro o ts  may be caused by th e  replacem ent of m ycorrhizas 

w ith  o th er ro o t in fe c tio n s  (R obertson, 1934; W ilcox, 1968; K n p a  

and F r ie s ,  1971).
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3. ISOLATION OP MYCORRHIZAL FUI-TGI AND THE SYNTHESIS OF 

MYCORRHIZAS M  VITRO.

About one hundred of th e se  nyc o r rh iz a l  a s so c ia tio n s  have 

been confirmed by th e  pure  c u ltu re  technique of M elin (1936) which 

i s  th e  accepted  means o f e s ta b lis h in g  w hether a fungus forms 

m ycorrhizas. In  t h i s  technique a  n y co rrh iza  i s  sy n th esised  J n  v i t r o  

between an a s e p tic a l ly  grown seed lin g  and a pure c u l tu re  o f the  fungus. 

The m ycorrhizal anatomy i s  confirmed by m icroscopic exam ination of 

se c tio n s  c u t from th e se  m ycorrhizal ro o ts  (M elin, 1936; H acskaylo,

1953; Trappe, 1962).

Several e a r ly  a ttem pts were made to  i s o la te  the  fungal 

a s so c ia te s  from m ycorrhizas; M üller (l903) and Peklo  (1913) only 

iso la te d  rh izo sp h re  organisms; more re c e n tly  w orkers have success­

f u l ly  iso la te d  m ycorrhizal fu n g i from m ycorrhizal ro o ts  (H arley and 

VYaid, 1955; Y/aid, 1957; A rnold, 1959; Zak and Bryan, 1963; Zak and 

Marx;' 1964) .

Fungal c u ltu re s  d erived  from th e  ^ o ro c a rp s  of b a s id io -  

m ycetes, f r u i t in g  in  s tan d s  of tre e s  whose ro o ts  bear e c to trc p h ic  

m ycorrhizas, a re  re a d ily  id e n t i f ia b le  and as  such have been u se fu l 

fo r  re se a rc h  work (M elin, 1936; H acskaylo, 1953; Zak, 1969; F e r iy ,

1964) .  However the q u e s tio n  of o th er basidiom ycete m ycelia 

p a r a s i t i s in g  th e  sporocazp of these  fu n g i th en  a r is e s  (W atling , 1964, 

I 97I ;  G r i f f i th  and B a rn e tt, 1967) .



Various r e s u l t s  perhaps suggest th a t  th e  m ycorrhizal 

r e la t io n s h ip  c o n s is ts  of more than  th e  * simple* sym biosis of two 

organisms; Mikola ( 1965) ,  Laiho ( 1967) , and Vozzo ( 1969) ,  have 

shown th a t  nursery  seed lin g s  o f co n ifero u s tr e e s  in o cu la ted  w ith  

pure  c u ltu re s  of ec tendo trcph ic  m ycorrh izal fu n g i do no t respond 

as  w e ll as those re c e iv in g  a s o i l  inoculum. S im ila rly  Mosse ( 1962) 

using  an inoculum of an Endo,gone sp ec ies  f a i le d  to  produce endo- 

trc p h ic  m ycorrhizas in  the v a sc u la r  t i s s u e  of straw berry  p la n ts ,  

b u t succeeded when she in troduced  a  th i r d  organism, a Pseudomonas 

sp ec ies , in to  the  system.

Both Zak and Marx ( 1964) and Lamb and R ichards ( 1970) 

have shown th a t  i t  i s  r a re ly  p o s s ib le  to  id e n tify  fungal i s o la te s  

taken  from t r e e  m ycorrhizal ro o ts  u sin g , as a co m p ariso n ,iso la tes  

from th e  sporcphores of basidiom yoetes re g u la r ly  f r u i t in g  near th e

h o s t t r e e .  Both groups of w orkers have concluded th a t  fungal spec ies
\

a c tiv e  in  form ing ec to troph io  m ycorrhizas a re  more numerous than  

has been re p o rte d ; they a ls o  conclude th a t  basidiom yoetes commonly 

te s te d  as  m ycorrh izal a s so c ia te s  o fte n  have a  minor ro le  in  

m ycorrhizal form ation  in  th e  f i e ld .  For example, Lanab and R ichards

( 1970) could i s o la te  n e i th e r  Rhizopogon ro seo lu s  nor B oletus 

g ranu latus from th e  m ycorrhizal ro o ts  of P inus ra d ia  t a . d e sp ite  

the f a c t  th a t  f r u i t in g  bodies of th ese  fu n g i were p re se n t. P re sen t 

re p o r ts  of m ycorrhizal a s so c ia te s  must be t r e a te d  w ith  re se rv a tio n ; 

fo r  example Trappe ( I 962) l i s t s  Rhizopogon ro seo lu s  and B oletus 

g ra n u la tu s . w ith  s ix te e n  o ther fu n g i as  m ycorrh izal; h i s  main
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evidence i s  th e  occurrence of sporcphores of th e se  fung i in  a s so c ia tio n  

w ith  P inus r a d ia ta .

Obviously techniques which can p o s it iv e ly  id e n tify  the  

fungal a s so c ia te s  is o la te d  from nyc o r rh iz a l  ro o ts  need to  be developed, 

Dominik (1956, 1959) &nd Dominik and B oullard  ( 1961) have developed » 

f i e ld  keys to  a s s i s t  in  th e  id e n t i f ic a t io n  o f th e  m ycorrh izal fungus 

from th e  morphology o f the  h o s t m ycorrh izal ro o t.  These keys a re  

of l im ite d  v a lu e  s in ce  m orphological v a r ia t io n  of e c to trc p h ic  

m ycorrhizas occurs w ith in  a  sm all range of s o i l  environment (Zak 

and Marx, 1964) . In  consequence, Zak ( 1969) has developed a  technique 

to  id e n tify  the  m ycorrhizal fungus from th e  a ttach ed  sporophore 

employing u l t r a - v io le t  flu o rescen ce  to  t ra c e  the  s o i l  rhizomorphs 

and hyphae lead in g  from the m ycorrhizas to  th e  su rface  sporcphores.

In  view o f th e se  o b serv a tio n s , perhaps i t  i s  b e t te r  in
\

lab o ra to ry  syntheses of e c to trcp h ic  m ycorrhizas, to  i s o la te  fungi 

from m ycorrhizal ro o ts  r a th e r  than from sporcphores. There are  

problems concerning th e  id e n t i f ic a t io n  of th e  m ycorrh izal fungus 

is o la te d  from m ycorrhizal ro o ts ,  b u t the  chances of su c ce ss fu l 

m ycorrhizal syntheses u sing  m ycorrhizal ro o t  is o la te s  should be 

h ig h e r . In  a d d itio n , th e  a r t i f i c a l  fo rm ation  of ec to tro p h io  

m ycorrhizas, using  pure c u ltu re s  o r ig in a tin g  from sporcphores, does 

n o t n e c e s sa r ily  r e f l e c t  th e  re g u la r  a b i l i i y  of th ese  fu n g i to  form 

m ycorrhizas under n a tu ra l  co n d itio n s.
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4 . SEASONAL DEVELOP],ŒNT OP I.gCOKRHIZAL FUNGI ON PDT5 ROOTS.

The p ine  ro o t system  c o n s is ts  of long  l a t e r a l  r o o ts ,  

some o f which branch fre q u e n tly  to  form long  and sh o rt ro o t  t ip s .  

Both l a t t e r  types of ro o t t i p  show re c u rre n t seasonal cy c les  of 

growth and dormancy and th ese  ro o t t ip s  a re  co lon ised  by m ycorrh izal 

and non-m ycorrhizal fu n g i (Ladefoged, 1939; A ld rich  B lake, 1930; 

Robertson, 1934; MacDougal and Dufrenoy, 1944a, 1944b; Kramer, 1949; 

O rlov, 1957; Y/ilcox, 1964, 1968a, 1968b ) . ify co rrh iza l fu n g i seem 

to  predom inate during  th e  (ro o t)  growing season  (V/ilcox, 1968b ) . 

Non-myc o r rh iz a l  fung i may become dominant du ring  the dormant season 

(K atznelson a t  ^  1962) .  Robertson (1954) has noted th a t  th e re  

i s  an in v erse  r e la t io n s h ip  between rad io  i s  a tro v ire n s  behaving 

as a  f a c u l ta t iv e  p a r a s i te  on the  t ip s  and bases of the long ro o ts  

of Pj_ s y lv e s t r i s  and the  m ycorrh izal in fe c t io n  o f th e  sh o rt ro o t 

t ip s .  He a t t r ib u te s  th i s  re la t io n s h ip  to  th e  e a r ly  death  and 

co llap se  of th e  co rtex  of th e  long ro o ts  which do no t develop in to  

m ycorrhizas, and consequently  form a  su b s tra te  f o r  the  p a r a s i t i c  

fungus.

Follow ing dormancy, r e a c t iv a t io n  of th e  m eristem atic  

t i s s u e  of the  long l a t e r a l ,  ro o ts  and th e  long and sh o rt ro o t t ip s  

occurs. Since th e re  i s  a  la g  between th e  onset of ro o t growth and 

subsequent m ycorrhizal in fe c tio n , m ycorrhizal fu n g i would seem to  

be s tim u la ted  by meristemiatio r e a c t iv a t io n  of ro o t t i s s u e  r a th e r  

than  v ic e  v e rsa  (W ilcox. 1954, 1964, 1967, 1968a ) .
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Robertson (1954) has sho-wn th a t  in  S o o t 's  P in o , long  

l a t e r a l  ro o ts  a re  normally in fe c te d  by a  H a rtig  n e t. Short ro o ts  

a re  commonly m ycorrh izal, th e  source of in fe c tio n  being  the  H a rtig  

n e t which extends along the  long  l a t e r a l  ro o t,  Hyphal growth from 

th e  H artig  n e t i s  s tim u la ted  by th e  r e a c t iv a t io n  of the  long  l a t e r a l  

r o o t ,  and even a delay in  th e  growth of the  fungus appears in s u f f ic ie n t  

to  perm it emerging sh o rt ro o t l a t e r a l s  to  escape in fe c tio n  from the  

H a rtig  n e t .  Only f i r s t  o rder l a t e r a l s  and la rg e 'p io n eer*  ro o ts  

can grow s u f f ic ie n t ly  ra p id ly  to  escape in fe c t io n  by th e  H a rtig  

n e t ,  Vi/hen th i s  occurs new l a t e r a l  ro o ts  become fu n g a l-f re e , b u t - 

may l a t e r  become in fe c ted  from ano ther source.

The m ycorrhizal development o f S c o t 's  P ine  seed lin g s  

occurs th re e  to  four weeks a f te r  the  fo rm ation  of th e  f i r s t  sho rt 

ro o ts  (Laiho and M ikola, 1964) , These au tho rs  have noted  th a t  

m ycorrh izal develcpment of S c o t 's  P in e  seed lin g s  con tinues s te a d ily  

th ro u ^ o u t  th e  grawing season, w ith  up to  60% of the  sh o rt ro o ts  

becoming in fe c te d  by th e  end of the  f i r s t  growing season, and up to  

90^  by th e  end of th e  second grcv/ing season,

Ladefoged (.1939) has a lso  noted  a r e la t io n s h ip  between 

m ycorrhizal a c t iv i ty  and the  groc/th of sho rt ro o ts  in  Norway spruce.

In  th i s  in stan ce  th e  re la tio n s h ip  between sh o rt ro o t  grawth and 

m ycorrhizal a c t iv i ty  occurred from mid June to  mid Judy; t h i s  p e rio d  

of growth was follow ed by a  d ec lin e  of m ycorrhizal a c t iv i ty  and 

sh o rt ro o t growth. Strong develcpment of sh o rt ro o ts  and m ycorrhizal 

a c t iv i ty  recommenced in  August, This a c t iv i ty  la s te d  u n t i l  mid
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August and was follow ed by a fu r th e r  d ec lin e .

C onditions of s o i l  n u tr ie n t  d e fic ien cy  or unbalance seem 

to  favour th e  development of m ycorrhizas (M elin , 1917; K e s se ll ,  1927; 

R o e llo ffs , 1930; Cheyney , 1932; H atch, 1937; Kramer and Kozlowski, 

I 96O; Rayner, 1938; Dimbleby, 1933). In  th ese  cond itions of s o i l  

n u tr ie n t  d e fic ien c y , th e  carbohydrate s ta tu s  of the  v/hole p la n t  

i s  l ik e ly  to  be h ig h , b u t th i s  i s  perhaps in c id e n ta l  to  m ycorrh izal 

form ation (H arley , 1969) .  The carbohydrate s ta tu s  of th e  t r e e  ro o t 

may va ry ,  depending on the  dormancy or a c t iv i ty  of the  ro o t m eristem s, 

and t l i i s  may ex p la in  th e  appearance, th e  d isappearance , and th e  

vary ing  a c t iv i ty  of both  m ycorrhizal and non-myc o r rh iz a l  fu n g i on 

the  h o s t ro o t su rface .

\
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5. THE FUNGAL INFLUENCE.

In  th e  e a r ty  s tag e s  of nyc o r rh iz a l ro o t development 

tlie ex ten t to  which the fungus in flu en ces  the  g ro ss  moiphology 

and the  anatomy of the m ycorrhizas i s  no t c le a r .  However, l a t e r  

m orphological develcpm ent, i , e ,  re g u la r  dichotomous branching of 

th e  m ycorrh izas, i s  c le a r ly  in flu en ced  by th e  fungus (V/arren Y/ilson, 

1951).

In  a review  in  1958, S lank is  re p o rte d  th a t  a  ro o t  

morphology c lo se ly  resem bling th a t  of m ycorrh izal ro o ts  can be 

ob ta ined  w ith  e x te rn a lly  ap p lied  auxin . He noted however, th a t  

non-myc o r rh iz a l  ro o ts  of Scots P ine  may become dichotomous in  the  

absence of e x te rn a lly  ap p lied  auxin . He b e liev e s  ( l9 4 8 , 1949, 1950, 

1951, 1967) th a t  th e  p a r t ic u la r  moiphology o f m ycorrhizal ro o ts  i s  

due to  a  s t a t e  of hyper aux iny caused by th e  p roduction  of auxin by 

the  m ycorrh izal fungus. The observations of Moser ( l9 5 9 ) , U lrich  

( i 960) and Hanak ( 1964) support t h i s  view, A number of

m ycorrh izal fung i a re  kno7/n to  be capable o f sy n th es is in g  in d o le - 

a c e t ic  a c id  from tryp tophan , and Levisohn ( 1960) has noted  th a t  

tryp tophan  ( a  knavn p re c u rso r  of in d o le -a c e tic -a c id )  caused ro o t 

fo rk in g  in  p in e s . However, H it te r  ( 1968) showed th a t  enzyme 

p re p a ra tio n s  from p in e  and b irc h  ro o ts  v,hich norm ally caused 

in d o le -a c e tic  ac id  d e s tru c tio n  (and th e re fo re  re g u la te  le v e ls  of 

in d d e - a c e t ic  ac id  in  ro o t  t is su e s )  were in h ib ite d  by c u ltu re  

so lu tio n s  of B oletus bovinus. In h ib it io n  of these  enzymes would 

cause hyper aux iny in  m ycorrh izal ro o ts  and induce changes in  the  

ro o t morphology; t h i s  would g ive r i s e  to  th e  ro o t s tru c tu re s  p e c u lia r  

to  ec to tro p h io  m ycorrh izal ro o ts .
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6. THE HOST EFFECT.

Most w orkers have assumed th a t  anatom ical and gross 

m orphological d if fe re n c e s  between th e  h o s t t is s u e s  of m ycorrhizal 

and un in fec ted  ro o ts  r e l a t e  to  fu n g a l a c t iv i ty .  Hcw/ever Warren- 

V/i l  son ( 1951) has found evidence of ageing in  th e  ro o t ap ices  in  

u n in fec ted  beech ro o t  t i p s ,  and suggests th a t  th ese  branch r o o t le t s  

growing in  n a tu r a l  s o i l s  may become m odified b e fo re  m ycorrhizal 

in fe c t io n . In  a d d it io n , in  some circum stances, th e  e f fe c t  o f th e  

t r e e  h o s t i s  very  obvious. For example, th e  g ro ss  moipholoQr of 

m ycorrhizas developing  on in fe c te d  p in e  and beech ro o ts  a re  b a s ic a l ly  

d i f f e r e n t .  In fe c te d  p ine  ro o ts  produce dichotomous m ycorrhizas 

w h ils t  beech ro o ts  produce simply branched m ycorrhizas.

H arley  ( 1969) suggested th a t  two morphogenetic changes 

occur in  e s ta b lis h e d  m ycorrh izal ro o ts .  The h o s t ro o t i t s e l f  under­

goes an ageing  p rocess  (se e  above) and co n cu rren tly  th e re  i s  a  

maintenance of g rav th  and branching  due to  fu n g al a c t iv i ty .  I t  may 

be th a t  c e r t a in  chem ical p ro d u c ts  im p licated  in  m ycorrhizal form ation  

in  v i t r o , e .g .  th e  M -factor (M elin , 1954, 1959) do no t n e c e s sa r ily  

a f f e c t  th e  morphogenetic development of m ycorrhizas.
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7. CARBON NUTRITION.

C le a r ly , in  order to  fu n c tio n ,th e  nycobiont re q u ire s  a  

supply of carbon and energy. Bjorlcman (1942) and o th ers  have 

claim ed th a t  th e  development and maintenance of m ycorrhizas depends 

on a supply of carbohydrates in  the  ro o ts  of th e  t r e e  and th e  

g en e ra l consensus of opinion seems to  be th a t  t h i s  i s  so. F o s te r  

and ICarks (1966) have shown th a t  c e l l s  of th e  ro o t co rtex  of 

P inus r a d i a t a . u n in fec ted  by the m ycorrhizal fungus, co n ta in  s ta rc h  

f i l l e d  am yloplasts; c o r t ic a l  c e l l s  in  co n tac t w ith  the  m ycorrhizal 

fungus of the  H a r tig  n e t  co n ta in  empty am yloplasts. Most known 

m ycorrh izal fu n g i la c k ,  c e l lu la s e  (M elin , 194*6) and seemingly 

need to  o b ta in  carbohydrates from th e  h o s t ro o ts .  However, c e r ta in  

m ycorrh izal fu n g i a re  ex cep tio n a l in  th a t  they a re  ab le  to  ob ta in  

.th e ir  am  carbohydrate  supply from th e  breakdo.m of in so lu b le  

organic m atte r (Young, 1940). ICacDougal and Dufrenoy (1944-, 194-6)
V

is o la te d  m ycorrh izal p in e  ro o ts  sym biotic w ith  Elaphomyces spec ies  

and m aintained  tliese  is o la te d  ro o ts  in  a medium co n ta in in g  organic 

carbon fo r  28 months. They suggest th a t  some of th e  ro o t wood 

sy n th es ised  may be from the  carbohydrate produced by th e  m ycorrhizas; 

an a l te r n a t iv e  ex p lan a tio n  m i ^ t  be th a t  the  ro o t grew as an 

ex cised  s tru c tu re  and supported th e  fungus. S o il carbon d iox ide  

may a ls o  c o n tr ib u te  to  th e  carbon sup p lies  of m ycorrhizas in  v iv o  

(B r ie r ly ,  1955). H arley  ( 1964) has dem onstrated th a t  beech 

m ycorrhizas a s s im ila te  la b e l le d  b icarb o n ate  ions in to  la b e lle d  

in te rm ed ia te s .

Carbon, in  the  form of v a rio u s  carbohydrates obtained  

from the h o s t  r o o ts ,  i s  converted by the  m ycorrhizal fu n ^ s l sheath
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in to  forms which cannot be u t i l i s e d  by the  h o s t .  Lewis and H arley 

( 1963) found th a t  55-75^ of stump ap p lied  sucrose p ass in g

in to  ro o t t i p s  was found in  th e  fungal sheath  a s  tre h a lo se , 

m ann ito l, and glycogen.

T ra n q u il! in i (1959, 1964) has c a lc u la te d  th a t  40^ of the 

p h o to sy n th a te  tra n s lo c a te d  to  th e  ro o ts  of beech seed lin g s  would 

be used by m ycorrh izal fu n g i. H arley and McCready ( 1965) and 

H arley  ( 1969) no te  th a t  th e  fungal sheath  co n ta in s  39^ o f th e  d iy  

w e i ^ t  o f excised m ycorrh izal ro o ts  of beech.



8. FUNCTIONING- OP IgCORRHIZAS AS ORGANS OP ABSORPTION.

There have been many re p o r ts  (se e  reviev/s by H atch, 1937; 

Rayner, 1927; Rayner and N eilson  Jones, 1944; Levisohn, 1938; 

Hackskoylo, 19&9; H arley , 1971 and F o r tin  and P ineau , 197l) of 

in c reased  growth of t r e e s  v/hose ro o ts  a re  in fe c te d  by n y c o rrh iz a l 

fu n g i, conpared w ith  t r e e s  whose ro o ts  a re  n o t n y c o rrh iz a l. klany 

of th ese  re p o r ts  of in c reased  grovth concern t re e s  in fe c te d  w ith  

n y c o rrh iz a l fu n g i developing  in  i n f e r t i l e  s o i ls  or in  s o i l s  lack in g  

one or more major e lem ents. P a r a l le l l in g  th ese  observations of 

in c reased  t r e e  gro.7th th e re  a re  re p o r ts  of increased  n u t r ie n t  ip tak e  

in  such in fe c te d  t r e e s .  C onditions of optimum or excess s o i l  

n u t r i t io n  do no t n e c e s sa r i ly  p reven t n y c o rrh iz a l development bu t 

u su a lly  reduce the  in te n s i ty  of n y co rrh iz a l in fe c tio n  (Rosendahl, 

1943; S tone, 1950; Stone and H cA uliffe, 1954; Linneman and Meyer, 

1958; R ich ard s , 196I ,  I 963) .  This in creased  growth of t r e e s  

b ea rin g  n y c o rrh iz a l ro o ts  i s  a sso c ia ted  w ith  an in c rease  in  dry 

w eight and an in c rease  in  both ro o t t ip s  and branches compared w ith  

t r e e s  th a t  do no t p o ssess  m ycorrhizas (H atch , 1937; M orris son, 19&1; 

Y/akeley, 19&3; Rayner, 1939; Rayner and Levischn, 1941; Rayner.and • 

N eilson  Jo n es , 1944; .iYhite, 1941 ; F in n , 1942; Rosendahl, 1943).

Hatch ( 1937) has p o in ted  out th a t  th e  su rface  a rea  of the  

t r e e  ro o t t i p s  in c re a se s  when th e  t ip s  become n y c o rrh iza l; he a ls o  

in d ic a te s  th a t  th e  hyphae ra d ia t in g  from the m antle in to  th e  s o i l  

w i l l  in c rease  the  absorb ing  a re a . Hatch in p lie s  from th i s  th a t  th e  

b e n e f i t  o f n y co rrh izas  to  th e  h o s t a r is e s  d i r e c t ly  from an in c rease  

in  th e  h o s t ro o t absorb ing  a re a . However, th e re  would seem to  be
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no advantage in  re p la c in g  h o s t ro o t h a i r s ,  which a re  abundantly 

developed in  f e r t i l e  s o i l s ,  w ith  n y co rrh iz a l fu n g al ex ten sio n s.

Mol in  e t  a l  (1950, 1952, 1955a., 1955%, 1955, 1958) have 

e s ta b lish e d  th a t  hyphae a c t iv e ly  absorb and tra n s lo c a te  n u tr ie n ts  

from sy n th e tic  media to  th e  h o s t ,  v ia  n y c o rrh iz a l ro o ts .  Voight 

( 1969) has suggested th a t  n y co rrh izas  i n i t i a t e  most of the n u tr ie n t  

cy c le s  in  i n f e r t i l e  s o i l s .  These s o i l s  (d e fin ed  by V o i^ t )  a re  

c h a ra c te r is e d  by the  lack  o f one or more of th e  s o i l  n u tr ie n ts  

absorbed by e i th e r  u n in fec ted  ro o t t ip s  or by n y c o rrh iza l ro o ts  

(and th e i r  s o i l  hyphal ex te n s io n s) . Voight a lso  accords the  

p resence of n y co rrh izas  to  th e  lack  of organic or inorganic c o llo id s  

in  th e se  i n f e r t i l e  s o i l s .  O ther work has shown th a t  the  n y c e lia  

r a d ia t in g  from th e  m antle of n y co rrh iza l ro o ts  can s o lu b i l is e  the  

s o i l  s i l i c a t e s  con ta ined  in  th e  s o i l  p a r t i c l e s ,  absorb the re le a se d  

ions and tra n s p o r t  th ese  ions to  th e  t r e e  ro o t system (Rosendahl, 1945; 

Wilde and Iy e r ,  19&2; Henderson and D uff, 1965; V o i^ t  e t  a l . 1964; 

V oight, 1969) ,

On a p e r  p la n t  b a s is  n y c o rrh iz a l ro o ts  c o n ta in  tv ic e  as 

much n itro g e n  and po tassium , and fo u r tim es as much p h o ^ h o ru s ,a s  

n o n -n y co rrh iza l ro o ts .  When th ese  same r e s u l t s  a re  expressed on a 

u n i t  d ry  w eight b a s is ,  th e  same n y c o rrh iz a l ro o ts  can c o n ta in  tw ice 

as  much phosphorus as n o n -nyco rrh iza l p la n ts ,  b u t th e re  i s  only a 

sm all d if fe re n c e  in  th e  p la n t  co n ten ts  of n itro g e n  and potassium  

(McComb, 1938, 1943; McComb and G r i f f i th ,  1946; M itc h e ll, 1959;

Kramer and W ilbur, 1949; H arley and McCready, 1950; M orris son, I 961)* 

H arley  and McCready ( 1930) have shown experim entally  th a t  excised
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ro o ts  of beech absorb la b e l le d  pliosphate more e f f ic ie n t ly  than  

u n in fe c ted  ro o ts .

In  c e r ta in  s o i l  co n d itio n s  r e la t in g  to  seasonal changes, 

ip ta k e  of phosphate from th e  s o i l  decreases and phosphate w ith in  the  

fungus i s  m ob ilised  and e n te rs  th e  h o s t (Kramer and W ilbur, 1949; 

H arley  e t  a l . 1950, 1952a, 1952b, 1953, 1954, 1955, 1958; C lode, 

1956; Lobanow, 196O; Bowen and The odor ou, 1967). In  ad d itio n  th e re  

i s  some in d ire c t  evidence th a t  n y co rrh iz a l ro o ts  somehow s tim u la te  

th e  accum ulation o f n itro g e n  in  p la n ts .
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9. THE PROTECTIVE FUNCTION OF MYCORRHIZAS.

(a) ANTIBIOTICS.

In  pure  c u ltu re  mary e c to trq p h ic  ny co rrh izas  produce 

a n t ib io t ic s  a c tiv e  a g a in s t ro o t pathogenic fung i and b a c te r ia ,  bu t 

th e se  a n t ib io t ic s  have n o t so f a r  been dem onstrated to  be fu n c tio n a l 

b io lo g ic a l  c o n tro l mechanisms under n a tu ra l  c o n d itio n s . On the  

o th e r hand, n y c o rrh iz a l fung i may be d i r e c t ly  in flu en ced  by a n t i ­

b io t i c s  produced by s o i l  ac tin cn y ce te s  (M uller, 1960) and by s o i l  

fu n g i (Rayner and N eilso n  Jones, 1944; Levisohn, 1952).

E c to trcp h ic  n y c o rrh iz a l ro o ts  may be le s s  suscep tib le* 'to  

in fe c t io n  by ro o t patliogens than  non-nyc o r rh iz a l  ro o ts .  Zak ( 1964) 

h as  p o s tu la te d  th a t  n y c o rrh iz a l fu n g i may p ro te c t  ro o t t i p s  from 

in fe c t io n  by fu n g a l pathogens in  a  number of y/ays; f i r s t l y ,  by 

u t i l i s i n g  ro o t carbohydrates and o th e r exudates and reducing  the 

'a t t r a c t iv e n e s s *  of th e  ro o t to  pathogens; secondly,by p rov id ing  a 

m echanical b a r r ie r  to  th e  pathogens in  th e  form of a fu n g al m antle; 

th i r d ly ,  by producing a n t ib io t ic s  which may in h ib i t  or k i l l  

th e  p o te n t ia l  pathogens; and fo u r th ly ,  by a t t r a c t in g  a 'p ro tec tiv e *  

rh iz o sp h ere  p o p u la tio n  around a  n y c o rrh iz a l ro o t system.

There i s  some evidence fo r  Z ak 's  p o s tu la te s ;  fo r  exanple, 

Rypacelc ( i 960) has sho'.vn th a t  c u ltu re s  of B oletus v a r ie g a tu s  were 

a n ta g o n is tic  to?/ards some p a r a s i t i c  wood d es tro y in g  hyphonycetes, 

P h e llin u s  h a r t i g i i , P a x il lu s  a trom en ta riu s  and Femes m arg ina tus, bu t 

n o t towards some sap ro p ly tic  wood-decopposing fu n g i, Osmoporus 

p ie r  a t  u s , S ch i  z ophyllum. commune and X ylaria  hypoxylon. In  a d d it io n .
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Sasek ( 196?) and Saselc e t  a l  ( 1968) dem onstrated a n t ib io t ic  a c t iv i ty  

in  a v a r ie ty  o f m ycorrhizal b asid io n y ce tes  a g a in s t R hizoctonia so la n i; 

s im ila r ly  Hyppel ( 1968) noted  th a t  th e  in  v i t r o  grov/th of Pomes 

annosus was in h ib i te d  by 40 of th e  85 n y co rrh iza l fungus i s o la te s  

te s te d . Hyppel c i t e s  i s o la te s  of B oletus bovinus and B oletus 

v a r ie g a tu s  as  th e  most a n ta g o n is tic  to  th e  growth of Pomes annosus.

Santoro and Casida ( 1962) e s ta b lish e d  th a t  acetone e x tra c ts  of 

B o le tu s  lu te u s  were a c tiv e  a g a in s t gram p o s i t iv e  b a c te r ia .  H is to lo g ic a l  

evidence fo r  Short Leaf and Lob lo l l y  P ine  ny co rrh izas v/ith in ta c t  

m antle and H a r tig  n e t showed th a t  both P in es were r e s i s ta n t  to  

in fe c t io n  from zoospores of P. cinnamomi (Marx and Davey, I 969, a  and b ) ,

S a n to ro ,  Grand and Casida ( 1964) found th a t  an a n t ib io t ic  

produced byCbnococcum .<Traniform.e was a c tiv e  a g a in s t b a c te r ia ,  y e a s ts ,  

and a c tin c n y c e te s . P ro d u c tio n  of a n t ib io t ic s  by n y co rrh iz a l fung i 

may a f f e c t  th e i r  h o s ts  d i r e c t ly  by a l t e r in g  c e l l  w a ll m etabolism  or 

c e l l  p e rm e a b ility  or in d ir e c t ly  by p rev en tin g  pathogenic in fe c tio n  

(S an to ro  and C asida, 1962; Zak, 1964; Hyp e l l ,  1968; Marx, 1969 , a  and b ) .  

Marx and Davey, 1967, 1969a, 1969b; Marx and Biyan, 1969) .

R ecen tly  Krupa and P r ie s  ( l9 7 l)  have shown th a t  B o le tu s  

v a r ie g a tu s  p ro d u ces  e th a n o l ,  is o b u ta n o l ,  iso a n y l a lc o h o l ,  a c e to in ,  

and is o - b u ty r ic  a c id ;  bo th  is o b u ta n o l and is o b u ty r ic  a c id  a re  known 

to  be g e n e ra l ly  f u n g i s t a t i c .  I n f e c t io n  o f P in u s  s y lv e s t r i s  r o o ts  

w ith  B o le tu s  v a r ie g a tu s  r e s u l t s  in  th e  accum ulation  o f v o l a t i l e  

te rp e n e s  and s e s q u ite ip e n e s  in  c o n c e n tra tio n s  two t o  e i ^ t  tim es 

g r e a te r  th a n  in  u n in fe c te d  P in u s  s y lv e s t r i s  r o o ts ,  M elin  and K rtp a

( 1971) found th a t  th e se  te ip e n e s  and s e sq u ite rp e n e s  w ere f u n g i s t a t i c .
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Vapour from th e  te rp en es  and sesq u ite rp en es  in h ib i te d  growth of 

B oletus v a r le p a tu s  and Rhizopogon ro seo lu s  from 33% to  . The 

suggestion  i s  th a t  terpenes and sesqu ite rpenes r e s t r i c t  the growth 

of th e  n y c o rrh iza l fu n g i w ith in  the  h o s t ro o ts ,  w h ils t  producing a  

r e s is ta n c e  o f n y c o rrh iz a l ro o t sy stem s to  ro o t p a th o g e n s .
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9.. THE PROTECTIVE FUNCTION OP MYCORRHIZAS.

(b) EXUDATES.

D esp ite  ex tensive  evidence fo r  th e  exudation of organic 

m a te r ia l from r o o ts ,  and the  p robable  ro le  o f such compounds in  

s e t t in g  up and m ain ta in ing  a  rh izo sp h ere  p o p u la tio n  and n y c o rrh iza s , 

th e re  i s  l i t t l e  evidence of any ^ e c i f i c  e f f e c t  of ro o t exudates on 

a normal m ic ro flo ra . The volume of s o i l  around th e  ro o t in to  which 

exudates d i f f u s e ,  and the  e x ten t to  which exudates a re  adsorbed by ' 

s o i l  c o l lo id s ,  i s  unknown. Schroth and Snyder ( 1960) have dem onstrated

tl ia t  the  ro o t  t i p  i s  th e  most im portant zone of ro o t exudation.
Rouatt . ,  .

K atznelson^and Peterson (19o2) have found th a t  th e  rh izosphere  of

Y ellav  E irch  n y co rrh iz a l ro o ts  con tained  a  d i f f e r e n t  p o p u la tio n  of

fu n g i, and a  la rg e r  p o p u la tio n  of b a c te r ia ,  than  the  rh izo sp h ere  of

non-nyc o r rh iz a l  ro o ts .  These d i f f e r e n t  rh izo sp h ere  p o p u la tio n s  a re

l ik e ly  to  r e f l e c t  the  p resence or absence of p o te n t ia l  n y c o rrh iza l
\ '

fu n g i.

Chromatographic analyses perform ed on ro o t exudates 

in d ic a te  th a t  they c o n ta in  v itam in s , organic a c id s , carbohydrates 

and many o th e r compounds (M elin and Das, 1954; R ovira, 1956; K ripa 

and F r ie s ,  1 9 7 l). F ren ze l ( i 960) used ^ e c i f i c  m utants of Neurospora 

to  show th a t  tlireonine and asparag ine exude from th e  ro o t t i p  of 

H elian tlius annu% w h ils t  le u c in e , v a l in e ,  and phenyl.,alan ine exude 

in  g re a te r  amounts from th e  ro o t h a i r  zone. In  a d d itio n  Rovira 

( 1965) rev iew s th e  work of many re se a rc h e rs  and l i s t s  the amino 

ac id s  exuded from d i f f e r e n t  p a r ts  of v a rio u s  p la n t  ro o ts ,  kVith 

reg ard  to  th e  e f f e c ts  of environm ental p a t te rn s  Rovira (l959) h&a



32.

shovm th a t  h i ^  l i g h t  in te n s i ty  in creased  amino ac id  exudation  in  

p la n t  roots*  S lank is (1958) dem onstrated th e  appearance of 

p h o to sy n th e tic a lly  f ix e d  ^4] in  many of th e  conpounds which form 

the  ro o t  exudates of P inus s tro b u s ; malonic ac id  was the  major 

ra d io a c tiv e  exudate.

There i s  much evidence th a t  ro o t exudates co n ta in  substances 

v/hich a re  e s s e n t ia l  to  the  v ig o u r of n y co rrh iz a l fu n g i. M elin 

dem onstrated th e  ex is ten c e  of substances s tim u la tin g  th e  growth of 

n y c o rrh iz a l fu n g i in  th e  exudates of excised  p in e  ro o ts  (1925), in  

y e a s t  e x tra c t  (1959), and in  f re s h  l e a f  l i t t e r  (194-6). L a te r ( 1954-) 

he showed th a t  th e  growth of bo th  B oletus v a r ie g a tu s  and B oletus 

e legans was in creased  in  the p resence of tomato,, w heat, hemp, or 

p in e  ro o ts .  He termed th e  f a c to rs  causing  th is  s tim u la tio n  the *M* 

f a c to r  or s tim u la tin g  p r in c ip le .  M elin a lso  dem onstrated th a t  some 

n y c o rrh iz a l fu n g i, fo r  exanple R ussula spp, L a c ta riu s  spp and C o rtin a riu s  

p h o l io ta . were com pletely dependent on the  p resence of the  'M* fa c to r  

f o r  th e i r  growth in  c u l tu re .  He found th a t  low co n cen tra tio n s  o f 'M* 

f a c to r  s tim u la ted  B oletus v a rie .g a tu s , w h ils t h igh  co n cen tra tions 

in h ib i te d  g rov th  of the  fungus. He suggested th a t  in h ib i t in g  and 

s tim u la tin g  p r in c ip le s  were ob tained  from d i f f e r e n t  p a r ts  o f the 

ro o t  system; th e  o ld e r ro o ts  producing in h ib ito ry  substances, w h ils t  

th e  younger prim ary r o o t le t s  produce s tim u lâ t Lag p r in c ip le s .
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1 0 . THE BPJM-DOV/N OP SYI.ffilCSIS.

E cto tro p h ic  ny co rrh izas on the  ro o ts  of f o r e s t  t r e e s  a re  

g e n e ra lly  accepted as necessary  fo r  the  su rv iv a l and grov/th o f 

t r e e s  in  a c id , n u tr ie n t - d e f ic ie n t  s o i l s  (M elin, 1917; Rayner, 1938; 

Dimhlehy, 1933; W right, 1957; H acskaylo, 1972; P ersid sk y  and W ilde, 

I 96O; P ark , 1971)* Hatch (l937) found th a t  the  a d d it io n  of balanced 

n u t r ie n ts  to  s o i l  r e s u l te d  in  poor n y co rrh iz a l form ation  and 

concluded th a t  th e  in te n s i ty  of n y c o rrh iz a l fo rm ation  was c o n tro lle d  

by in te rn a l  n u tr ie n t  le v e ls  in  h o s t ro o ts .

Under c e r ta in  co n d itio n s  th e  n y c o rrh iz a l fu n g i may behave 

p a r a s i t i c a l l y ,  and th is  was shown by M elin ( l9 2 2 , 1923, 1927), who 

considered  th a t  v igorous n y c o rrh iz a l fung i may p a r a s i t i s e  p la n t  ro o ts .  

Laing (l932) has rep o rted  the  d e s tru c tio n  o f ro o t  t is s u e s  by 

n y c o rrh iz a l fu n g i, and the  conp le te  d e s tru c tio n  of a l l  t is s u e s  e x te rn a l 

to  the endoderm is, as common on pea ty  s o i l s .

S ep ta te  hyphae of e c to trcp h ic  nyco rrh izas of P inus ra d ia  ta  

Vf ere  observed by MacDougal and Dufrenoy ( 1944b) to  d es tro y  th e  

epiderm al and hypodermal c e l l s  of the  ro o t ,  to  tra v e rse  the  middle 

la m e lla  of th e  c o r t ic a l  c e l l s ,  and to  send hyphae in to  th e  vacuoles 

of th e se  c e l l s .

I t  can be seen from th e  above b r ie f  survey th a t  th e  n a tu re  

of th e  r e la t io n s h ip  between nycobiont and h o s t i s  a  f in e ly  balanced 

one. In  f a c t  Dominik ( 196I) and B oullard  ( 196I ,  19&2) have no ted  the  

converse , th a t  i s  th e  development of n y co rrh iza l ro o ts  as a  r e s u l t  o f 

in fe c t io n  by Pomes annosus and A r  m ill  a re a  m alle  a , bo th  common ro o t  

pathogenic fu n g i.
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' 11. TI-iB EFFECT OP SOIL STERILANTS. FUNGICIDES, ' 

INSECTICIDES AND HERBICIDES (BICOIDES) ON MYCORRHIZAS.

Under c e r ta in  c o n d itio n s  of nursery  p r a c t ic e ,  unequal 

a p p lic a tio n  of e i t l ie r  s o i l  s t e r i l a n t s ,  fu n g ic id e s , in s e c tic id e s  or 

h e rb ic id e s  (b io c id e s)  from d i f f e r e n t  s o i l  trea tm en ts  may le a d  to  

r e l a t iv e ly  h ig h  co n cen tra tio n s  in  the s o i l .  These s o i l  co n cen tra tio n s  

of a c tiv e  b io c id e s  may be h ig h er than the  annual a p p lic a tio n s . ■

High b io c id e  co n cen tra tio n s  in  th e  s o i l  may in d ire c tly  

a f f e c t  the  inoculum p o te n t ia l  of any n y c o rrh iza l fu n g al propagules 

in  th e  n u rse ry  s o i l ;  hence a f fe c tin g  th e  degree of myc o r rh iz a l  

in fe c t io n  of nursery  seed lin g s . High le v e ls  of b io c id es  in  the  s o i l  

may a ls o  a f f e c t  the  d is t r ib u t io n  of ro o t pathogenic fung i and thus 

in d i r e c t ly  a f f e c t  th e  development and moiphology of the nursezy 

seed lin g  ro o ts .

The consequent a b i l i ty  of these nursery  seed lin g s  to  

su rv iv e  under f o r e s t  co n d itio n s  i s  l ik e ly  to  be dependent on the  

e f f e c t  of th e  n u rsery  p ra c tic e  on th e  development of the  n y c o rrh iza l 

r o o ts .  M ycorrhizas a re  kno/m to  be p ro te c ta n ts  a g a in s t s o i l  pathogens, 

and any la g  in  n y c o rrh iz a l development i s  l ik e ly  to  inpede the  h o s t 

r o o t 's  immunity a g a in s t ro o t pathogens (Afshapaurefoil967; Sobotka,

1968, 1970).

S o i l  s t e r i l i s a t i o n

In  c e r ta in  s o i l  co n d itio n s  (where the  p o pu la tions of ro o t
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pathogens may p re se n t a co n sid e rab le  problem ), complete s o i l  

s t e r i l i s a t i o n  e f fe c t iv e ly  co n tro ls  th e  spread of ro o t d ise a se . This 

conp le te  s o i l  s t e r i l i s a t i o n  o fte n  causes a "b io lo g ic a l vacuum", how ever, 

r e s u l t in g  in  th e  long term  absence of n y co rrh iza l fu n g i, and the 

r e la t iv e ly  ra p id  ré in tro d u c tio n  of ro o t pa tho-gen ic  fung i.

Hence in  e s ta b lish e d  n u rse ry  p ra c t ic e ,  th e re  i s  a  tendency 

towards tlie  minimal use of s o i l  s t e r i l a n t s ,  and towards the  use of 

p a r t i a l  s t e r i l a n t s  which do no t com pletely s t e r i l i s e  the  s o i l .  For 

example, ethylene dibrom ide, carbon d isu lp h id e , form aldehyde, 

c h lo ro p ic r in  and m ethyl bromide can p a r t i a l l y  s t e r i l i s e  the  s o i l ,  

tem p o ra rily  reduce the  numbers of s o i l  micro organisms and s e le c t iv e ly  

d estro y  the  most v u ln e ra b le  ro o t pathogenic and saprophytic  fung i. 

S urv ivors of th i s  p a r t i a l  s o i l  s t e r i l i s a t i o n  (which u su a lly  include 

Trichoderma v ir id e )  grow p ro fu se ly  and become a n ta g o n is tic  toward 

ro o t pathogens such as  R hizoctonia spp. This rap id  growth of the  

su rv iv o rs  i s  a t t r ib u te d  to  the  in creased  energy being made a v a ila b le  

to  the  n itro g e n  f ix in g  b a c te r ia  p re se n t in  the  s o i l s ;  th ese  b a c te r ia  

consequently  r a i s e  th e  le v e ls  of ammonia, n i t r a t e ,  and amino ac id s  

p re se n t in  tlie s o ils (  Altman, 1964, 1970; Altman and Tsue, I 965) .

S ev era l workers have noted th a t  ro o t pathogenic fung i 

e i th e r  become r e s i s ta n t  to  s o i l  s t e r i l a n t  o r , due to  th e i r  in h e ren t 

r e s is ta n c e ,  occupy the  'v o id ' caused by th e  dea th  of su sc e p tib le  fu n g i. 

For exanple, a lev/ a p p lic a tio n  of c h lo rc p ic rin  may be follow ed by an 

a t ta c k  of VerticilDium albo-atrum , w hile s o i l  ap p lied  PCNB in h b its
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R hiz Got onia s o la n i  but no t Pythium  spp. Surface s o i l  trea tm en ts  of 

'Vapam' p ro te c t  th e  crop ro o ts  throughout t h e i r  ea r ly  grcv^th, b u t 

Pythium spp. and Phytophora spp. may l a t e r  in fe c t  tap  ro o ts  which grav 

down to  th e  lower la y e r  of u n tre a ted  s o i l  and hence in fe c t  th e  whole 

ro o t  system (Balcer, 1970). Consequently, s o i l  s t e r i l i s a t i o n  may 

r e s u l t  in  the absence of s o i l  fu n g i fo r  com paratively sh o rt p e rio d s  

of tim e. The s o i l  may be e f f e c t iv e ly  s t e r i l i s e d  to  f iv e  cm. s o i l  

d ep th , bu t below t h i s  le v e l  ro o t pathogenic fung i a re  a c tiv e  and can 

be ra p id ly  re in tro d u ced  in to  th e  upper s o i l  la y e r s .  Following such 

s o i l  s t e r i l i s a t i o n  a normal s o i l  m icrob ia l p o p u la tio n  i s  ev en tu a lly  

r e s to re d  and ro o t patliogens may ag a in  become p re v a le n t (B rind , 1965) .

S ince myc o r rh iz a l  fu n g i a re  most common in  th e  upper s o i l  

la y e rs  (K reu tze r, I 965) ,  s o i l  s t e r i l i s a t i o n  o ften  r e s u l t s  in  the  long  

term  absence of myc o r rh iz a l  fu n g i. Nowadays, because o f th e  problem 

of ra p id  re -e s ta b lish m e n t\0f  ro o t pathogenic fu n g i, s o i l  s t e r i l a n t s  

have been la rg e ly  rep laced  by s e le c tiv e  fu n g ic id e s . Fungicides used 

f o r  t h i s  purpose include PCNB, *BD* and Dexon. These

fu n g ic id es  a re  both fu n g i- to x ic  and p e r s i s te n t  in  t re a te d  s o i l s  , and 

they may n o t be as  d e le te r io u s  to  the  n y co rrh iza l fungus.
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12. THE EFFECT OP SOIL APPLIED STERILANTS AND FUNGICIDES 

ON THE SURVIVAL OF NURSERY SEEDLDTG3.

Levisohn ( I 965) noted th a t  a f t e r  p a r t i a l  s o i l  s t e r i l i s a t i o n  

an improvement of t r e e  seed lin g  grov/th in  n u rse r ie s  bore no re la t io n s h ip  

to  e i th e r  th e  le v e l  of pathogenic ro o t  in fe c tio n , or to  th e  form ation 

of n y co rrh izas , B en z ian  ( 1968) found th a t  s tu n ted  t r e e  se ed lin g s , 

growing on n e u tra l  s o i l ,  were improved by e i th e r  a c id ify in g  the  s o i l  

o r by p a r t i a l l y  s t e r i l i s i n g  the  s o i l  w ith  steam, fo rm a lin , c h lo ro p ic rin , 

or chlorobromqprcpane, B en z ian  ( 19 65) , Inge s tad  and Mol in  ( 1960) ,  and 

V /ill ( 1962) rep o rte d  growth responses of c o n ife r  seed lin g s a f te r  

p a r t i a l  s o i l  s t e r i l i s a t i o n  in  n u rse r ie s  where s o i l  pathogens d id  not 

norm ally appear to  a f f e c t  t re e  growth.

Ram Reddy, S a l t ,  and L ast ( l9 o 4 ) , and G r if f in  ( 1965) ,  could

n o t f in d  an adequate exp lanation  fo r  the s tim u la tio n  of th e  growth of
\

seed lin g  c o n ife rs  a f t e r  partia l s o i l  s t e r i l i s a t i o n .  They argued th a t  

i f  the  s tim u la tio n  of tre e  growth was re la te d  to  th e  suppression  of 

s o i l  pathogens, then  t r e e  growth responses would d i f f e r  w ith  seasonal 

v a r ia t io n s  in  th e  a c t i v i t y  and growth of tne  s o i l  pathogens. However, 

t h i s  seasonal v a r ia t io n  has n o t been dem onstrated. A b e t te r  ex p lan a tio n  

has been p u t forw ard by Altman ( 19^3, 1964, 1970), who suggested th a t  

p a r t i a l  s o i l  s t e r i l i s a t i o n  in c reases  tlie a c t iv i ty  of niurogen f ix in g  

b a c te r ia ,  consequently  in c reas in g  the  le v e l of s o i l  n i t r a t e ,  s o i l  ammonia 

and s o i l  amino a c id s . These h ig h e r le v e ls  of s o il  n i t r a t e ,  s o i l  ammonia 

and s o i l  amino a c id s  a re  e a s i ly  a s s im ila te d  by th e  nursery  seed lin g s , 

i r r e s p e c t iv e  of any damage to  th e i r  ro o ts  by s o i l  pathogens. Consequently, 

h e a lth y  n u rsery  seed lin g s  can sometimes be grown on p a r t i a l l y  s te r i l i s e d
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s o i l  co n ta in in g  no e f fe c t iv e  n y c o rrh iz a l fu n g i.

However, th e re  a re  some re p o rts  th a t  the  e lim in a tio n  of 

n y co rrh iz a l fu n g i by e i th e r  s o i l  s t e r i l i s a t i o n  or s o i l  ap p lied  

fu n g ic id es  may severe ly  reduce the  uptalce of phosphorus and o ther 

e s s e n t ia l  elem ents from s o i l s  v/hich possess  th ese  n u tr ie n ts  bo th  in  

abundance and in  re a d ily  absorbable forms (Henderson and S tone, 1967; 

Iy e r  L ipas and C h es te rs , 1969) .

T h ere  i s  a  re p o rt by Henderson and Stone ( 1967) th a t  phosphorus 

d e f ic ie n t  nursery  seed lin g s  th o u ^  apparen tly  h ea lth y  and showing 

v igo rous grov/th may have such reduced ro o t systems tlia t the  subsequent 

su rv iv a l of these  seed lin g  tre e s  when tra n sp lan te d  in  to  f o re s t  

c o n d itio n s  may be s ig n if ic a n t ly  decreased . S im ila rly , I y e r ,  L ipas, 

and C h esters  ( I 969) found th a t  th e  prolonged use of 'Ivylone' and 

*Vapam' in  n u rse r ie s  b earin g  Red P in e  seed lings increased  the 

seedlings* n itro g e n  c o n ten t, a t  the same time d ecreasin g  both  potassium  

and phosphorus co n ten ts  of the  seed lin g  fo lia g e , ‘Iy e r,L ip a s  and 

C h este rs  found th a t  th e  nursery  seed lin g  tre e s  were c h a ra c te r is e d  by 

t h e i r  succu len t shoots and sm all ro o t systems.



39.

13. THE EFFECT OP FUNGICIDES AI\T3 HERBICIDES ON MfCORPJilZAL PUIvGI.

The e f f e c ts  of fu n g ic id es  and h e rb ic id e s  a re  e a s i ly  q u a n tif ie d  

by examining the sh o o t;ro o t r a t io s ,  th e  development of the  ro o t system , 

th e  ro o t su rface  a re a , the  d en s ity  and succulence of t i s s u e s  ( ly e r  

and W ilde, 1965; ly o r ,  1964) .  An accu ra te  assay of th e i r  e f fe c t  on 

tlie s o i l  n y c o rrh iz a l fu n g i can be made by assess in g  th e  degree of ,

n y c o rrh iz a l in fe c tio n s  of a se p tic  t re e  seed lin g s  tra n sp la n te d  in to  

s o i l s  t r e a te d  v/ith e i th e r  fu n g ic id es  or h e rb ic id e s  (W ilde, .1934;

Persidslcy and W ilde, I 96O; Voight and P e rs id sk y , 1956; Palmer and 

H acskaylo, 1937).

Using tlie l a t t e r  techniques i t  can be sho.vn th a t  s o i l  

ap p lied  fu n g ic id e s  such as a l l y l  a lc o h o l, formaldeliyde, and methyl 

brom ide, can apparen tly  have a d e le te r io u s  e f fe c t  on the  e c to tro p h ic , 

rh iz o p la n e , and rh izo sp h ere  fu n g i of f o r e s t  t r e e  ro o ts  (lYilde, V o i^ t  

and P e rs id sk y , 1936; Palm er and Hacslcaylo, 1957; P ersid sky  and W üde,

1960  ̂ Iy e r  and Wilde, 1963; Laiiio and M ikola, 1965) .  O ther s o il  

ap p lied  fu n g ic id es  seem to  d is ru p t th e  n y co rrh iza l sy n th e s is , e i th e r  

a f f e c t in g  th e  h o s t t i s s u e s  or n y co rrh iza l moipliology (Simkauer and S h e n e f e l t , 1952 

P ersid sk y  and W ilde, 1960; Ne she Lm and L inn , 1969) .

O ther s o i l  app lied  fu n g ic id e s , fo r  exanple a l l y l  a le  oh o!̂  

and % h i  r  am ' a f f e c t  th e  con iferous ro o t system ra th e r  than 

tlie n y c o rrh iz a l fu n g i. Such fu n g ic id es  may a l t e r  the number of sh o rt 

ro o ts  and th e  ro o t volume and th is  e f f e c t  may r e s u l t  in  the  apparen t 

d ec lin e  in  th e  number o f n y c o rrh iz a l ro o ts .  This d ec lin e  may be due
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to  p liysicû l. changes in  the ro o t system ra th e r  than changes in  the 

in f e c t iv i ty  o f the n y co rrh iza l fung i ( V o i ^ t ,  1955; W ilde, Voight 

and P er 3 id  sky , 1956; P ers  idsky and >V i ld e , 19 60) .

Some h e rb ic id e s ,e s p e c ia lly  those  belonging to  th e  t r ia z in e  

group,may in d ire c t ly  a f f e c t  tlie morphology of n y co rrh iza s , a l te r in g  

tlie frequency of d i f f e r e n t  ec to tro p h ic  n y co rrh iza l fu n g i. For exanple, 

U hlig  ( 1966a , 1966b) observed th a t  s o i l  ap p lied  *Sirnazine* stim u la ted  

growth of th e  n y co rrh iza l fung i Tricholoma pessundatum and Scleroderma 

v u lg a re . This s tim u la tio n , he consid e red , inproved n y co rrh iza l 

fo rm ation  on the  h o s t ro o ts  of P icea  ab ies  and P inus s y lv e s t r i s .
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Tha p re se n t in v e s tig a tio n  v/as to  in v e s tig a te  h e rb ic id e  

e f f e c ts  on n y c o rrh iza s , n y co rrh iza l fu n g i, and ro o t pathogenic fu n g i.

Myc o rrh iz a l fu n g i a re  Imavn to  be b e n e f ic ia l  to  h o s t t re e  

ro o ts ;  ro o t pathogenic fu n g i a re  u su a lly  d e le te r io u s  to  th e  h o s t.

A tten p ts  were made to  see i f  h e rb ic id e s  caused any break-down in  the 

n y c o rrh iza l r e la t io n s h ip ,

Sim azine, A traz in e , 245T> D ic lo b en il, C hlorth iam id , and 

2 ,6 ,D ich lorobenzoic a c id  were s tu d ied  to  see i f  they a ffe c te d  the  

in  v i t r o  gro.vtli or th e  r e s p ir a t io n  r a te s  of n y co rrh iza l and ro o t 

pathogenic  fu n g i. The same h e rb ic id e s  were a lso  s tu d ied  to  see i f  

they  a f fe c te d  th e  r e s p i r a t io n  r a te s  and th e  uptake of inorganic 

phosphate by n y c o rrh iz a l ro o ts  of P .s y lv e s t r i s .

The agar p la te  and l iq u id  c u ltu re  experim ents were
\

designed to  determ ine the  co n cen tra tio n  of any h e rb ic id e  e f f e c t  on 

th e  n y co rrh izas  of P. s y lv e s t r i s .

Both tha n y c o rrh iza l and the ro o t pathogenic fu n g i chosen 

fo r  tlie se in v e s tig a tio n s  a sso c ia ted  v/ith  e i th e r  P, s y lv e s t r is  or P, n ig ra . 

The v e g e ta tiv e  nycelium  of these  n y co rrh iza l and ro o t pathogenic fung i 

i s  probably  most a f fe c te d  by h e rb ic id e s . In  order to  a s c e r ta in  the  

s e le c t iv e  s tim u la tio n  o r in li ib itio n  o f any of these  i s o la te s  by 

h e rb ic id e s , some of the  work concerned the invest^ation of h e rb ic id e  

e f f e c ts  on pure  c u ltu re s  of n y co rrh iza l and ro o t pathogenic fung i.

R eports in  the l i t e r a t u r e  suggest th a t  Simazine and A traz in e  

may s tim u la te  both  th e  development and p o p u la tio n  of rh izosphere  organism s.
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A re p o r t  th a t  Simazine s tim u la ted  both  the in  v i t r o  and the  

in  v ivo  growth of Tricholoma pessundatum and Scleroderma v u lg a re  (bo th  

n y co rrh iza l fungi) , to g e th e r  w ith  re p o rts  th a t  T riaz in e  h e rb ic id e s  

increased  th e  growth and the  o v e ra ll v ig o u r of commercially grown 

c ro p s , le d  to  the assum ption th a t  th ese  groups o f h e rb ic id e s  might 

a f f e c t  th e  n y co rrh iza l s ta tu s  of nursery  grown p in es .
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MATERIALS AND METHODS.

1. THE FOK,! AND DBVELOFl.!SNT OP P D S  ROOT SYSTS3.13.

The ro o t systems of two year old nursery  gro-.vn p in e s  

talc en from F o re s try  Commission p lo t s  458FY70 (Kennington, O xfordshire) 

and 83FY7O ( V,'areham, Dorset) were c a re fu lly  examined and conpared 

w ith  e x is t in g  c l a s s i f ic a t io n  schemes fo r  p in e  ro o ts  (A ldrich  B lake, 

193O; W ilcox, 1964; S u tton , 1969) .

The heterofhy z ic  fe a tu re s  of th e  p in e  ro o t system , th a t  

i s  woody, lo n g  l a t e r a l  ro o ts  and non v/oody, sh o rt ro o ts ,d e sc r ib e d  

by A ldrich  Blake (l930) were id e n tif ie d .

Woody, long  l a t e r a l  ro o ts  were fu r th e r  c la s s i f ie d  in to  

* p io n ee r* , * mother* and * subord inate  mother* ro o ts  (W ilcox, 1964) .  

’Pioneer* ro o ts  were id e n t i f ie d  as ro o ts  w ith  very  sh o rt branches; 

’mother* ro o ts  were sm alle r in  d iam eter, sh o rte r  and p le n t i f u l ly  

branched; * subord inate  mother* ro o ts  were s t i l l  s n a i le r  in  diam eter 

and more densely  branched.

S h o rt r o o ts  w ere commonly n y c o r rh iz a l;  a t t e n t io n  was p a id  

to  th e  assessm en t o f th e  form  and develcpm ent o f  th e se  n y c o r rh iz a l  

r o o ts .
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a) Assessment of th e  form and development of P inus ro o t systems.

The p in e  ro o t systems o f the nursery  seed lin g s  sampled 

in  1970 were a sse ssed  as:

1. T o ta l number of ro o t t ip s

2. T o ta l number of ro o t t ip s  th a t  a re  m ycorrhizal

3 . F resh  w eight of th e  ro o t system '

4 . Dry w eight of the  ro o t system.

The c o r re la t io n s  between the  fo u r v a r iâ te s ,  to g e th e r w ith  steuidard 

d e v ia tio n s  fo r  each v a r i a t e ,  were c a lc u la te d . A standard conputer 

programme developed by th e  U n iv e rs ity  of Los Angeles Bio-M edical 

Department ( c l a s s i f i e d  as EilD 0/M, Stepvrise d isc rim in an t a n a ly s is )  

was used f o r  the  c a lc u la t io n s .  P a r t  of th e  oulput from th i s  programme 

c o n s is ts  o f:

1, Group means and standard  d e v ia tio n s ,

2, W ithin  groups covariance m atrix ,

3 , -W ithin groups c o r re la t io n  m atrix .

To t e s t  th e  s ig n if ic a n c e  o f the  c o r re la t io n  c o e f f ic ie n ts  

ob ta ined  fo r  th a  1970 assessm ents, a  v e iy  la rg e  sample of 465 P. n ig ra  

n u rse ry  seed lin g s  was taken  ( i n  February 1972) from Wareham n u rse ry , 

p lo t  83FY7O, In  la rg e  samples ( in  the reg io n  of 500 or above) the  

d is t r ib u t io n  of a ssessed  v a lu es  i s  symmetrical and u su a lly  

d is t r ib u te d  around a c e n tra l  average v a lu e ; th e  c o r re la t io n  

c o e f f ic ie n t  tends to  have a normal d is t r ib u t io n  w ith  the mean and 

th e  s tandard  d e v ia tio n . Seedlings growing in  f o r e s t  p lo t  S3RY70 

(Wareham) , in  s o i l s  con ta in ing  e i th e r  0 , 1, 2 , 4 , or 8 lb s  

S im azinq /acre , g ive a c o r re la t io n  c o e f f ic ie n t  of 0,96258 -  0,0034 

between shoot f re s h  w e i ^ t  and shoot dry w eight. I t  i s  sa fe  to
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assume th a t  th i s  c o r re la t io n  and some o ther very  s ig n if ic a n t  

c o r re la t io n s  obtained  have a  v a lu e  o f 1 .0 ,

O ther c o r re la t io n s  fo r  sm aller samples of t r e e s  have 

s im ila r  v a lu e s ; fo r  example th e  c o r re la t io n  c o e f f ic ie n t  of th e  

ro o t f re s h  w e i ^ t  and ro o t dry  w e i ^ t  of 254 P . s y lv e s tr is  seed lin g s 

growing in  f o r e s t  p lo t  83FY70 (V/areham) i s  0.9655 -  0 .0054(T ab le  1 ) .

Even in  th ese  sm aller samples the  d is t r ib u t io n  o f the  

assessed  v a r iâ te s  must be norm al, fo r  a l l  the  c o r re la t io n s  obtained 

a re  approxim ately the same as those c a lc u la te d  fo r  the la rg e r  sample. 

C o rre la tio n s  between shoot fresh , w e i ^ t  and shoot dry w eight, and 

betv/een ro o t f re sh  w eight and ro o t dry w ei^t,*w ere h igh  enou#i to  

assuma tlia t  i t  was s u f f ic ie n t  in  subsequent experim ents ju s t  to  

measure ro o t and shoot f re sh  w e i ^ t s .

There i s  some c o r re la t io n  between th e  t o t a l  number of 

non-m ycorrhizal sh o rt ro o ts  and th e  fre sh  w eight of the ro o t;  fo r  

example P. s v lv e s t r i s  (Wareham) 0.7044-6 4 0.05 ( 254 sample s ize ) ;
i l ia b le *

P . n ig ra  (Kennington) 0,78458 -  0,0590 (232 sample size ) £ I t  seems

reasonab le  to  suppose th a t  th e  numbers of non-myc o r rh iz a l  sh o rt
, *

ro o t t ip s  must in c rease  w ith  an in c rease  in  e i th e r  ro o t f re sh  

w eight or ro o t  dry  w e i ^ t .  Hence the  t o t a l  number of sh o rt ro o ts  

p e r  whole ro o t system might be estim ated  u s in g  a  sm a ll sam ple o f  r o o t  

system * However., o ther c h a ra c te rs  of the  ro o t system b ear no 

r e la t io n s h ip  to  any o ther c h a ra c te rs , nor to  them selves; fo r  example 

th e  numbers of ’pioneer* and ’mother* ro o ts  ( Wareham; -0,3577^.

Since th e re  a re  very  few, i f  any, ro o t t ip s  on ’pioneer* ro o ts  

(A ld rich  B lake, 1937; W ilcox, 1964) and th e re  i s  no re la t io n s h ip
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betv/een ’mother* and ’pioneer* ro o ts ;  the  to ta l  number o f ro o t t ip s  

p e r  p la n t  cannot be ex tra p o la ted  from the  number of sh o rt ro o ts  

p e r  gram fre sh  w eight, r o o t  system  (T a b le  2 ) ,

For th e se  reasons a l l  the po t experim ents and the  

experim ents sampled in  February 1972 and November 1972 were assessed  

fo r  the number of ’pioneer* r o o ts ,  number of ’mother* ro o ts  ( in c lu d in g  

* subord inate  mother* r o o ts ) ,  as  w e ll  as  th e  f re s h  w eight of the  shoo t, 

th e  f re s h  w eight of the  ro o t ,  th e  number of dichotomous ro o ts ,  the  

number of n y co rrh iza s , the  number of l a t e r a l  ro o ts  and the  number of 

sh o rt ro o ts .



Table 1, Some c o r re la t io n  c o e f f ic ie n ts  obtained fo r  seed lin g s  of 

P . s y lv e s t r i s  and P. n iy ra  graving on f o re s t  p lo ts

458FY70 (K ennington), 83FY70 (Wareham), and in  Thetford

F o re s t,

Sample
tim e

Seedling F o res t r i o t C haracters assessed C o rre la tio n
c o e f f ic ie n t

Nov, 70 P, s y lv e s t r i s Wareham Root f re s h  w ei^ l/n u m b er 
of u n in fec ted  ro o t t ip s

0.40179

Nov, 72 II II II ■ 0.70446

Nov, 70 II Kennington II 0.44295

Nov, 70 P .n ig ra Wareham II 0.54789

F e b , 72 II II II • 0.53528

N ov,70 II Kennington II 0.78458

Nov, 70 P .n i^ ra Wareham Root f re s h  w e i^ t /s h o o t  
f re sh  v/eiglit

0.75403

Nov, 70 P .s y lv e s t r i s Wareham II 0.96213

Nov, 70 P .n ig ra Wareham Root f re sh  w e i^ t / r o o t  
dry w e i^ t^

0.86000

F e b , 72 II II II 0.87718

Nov, 70 II Kennington II 0.61900

Nov, 70 P . s y lv e s t r i s Kennington II 0.82010

Nov, 71 II Thetford « 0.95102

Nov, 70 II Wareham II 0.96550



Table 2, Some c o r re la t io n  c o e f f ic ie n ts  obtained fo r  seed lin g s  of 

P . s y lv e s tr is  and P .n ig ra  growing in  p la n t p o ts  a t

Bedford C ollege.

Semnle Seedling S o il type C haracters assessed C o rre la tio n
tim e. c o e f f ic ie n t  ■

Nov, 70 P.nim ra Wareham Root fre.sh v/eight/number 
of u n in fec ted  ro o t t ip s  
p e r  gram

■ 0.49802

Nov, 71 1» Thetford II 0.70490

Nov, 70 II Kennington II 0.60293

Nov, 70 P. s y lv e s t r i s Wareham . II 0.36227

Nov, 71 II T hetford II 0.67361

Nov, 70 II Kennington II 0.33433

Nov, 71 P. n ig ra T hetford Root fre sh  w e i^ t /s h o o t  
fre sh  w e i ^ t

0.93426

Nov, 70 II Kennington II 0.76237
Nov, 70 II Wareham II 0.87372

Nov, 71 P .s y lv e s t r i s T hetford II 0.80438
Nov, 70 II Kennington II 0.92324
Nov, 70 II Wareham II 0.78246
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b) Assessment of the  form and development of m ycorrhizal ro o ts .

In  order to  understand  th e  form , the  development and the 

assessm ent of th e  n y c o rrh iz a l ro o ts  of young nursery  grov/n tre e s  

of P. s y lv e s t r i s  and P. n ig r a , i t  was necessary  to  compare n y co rrh iza l 

ro o ts  v /ith  th e i r  m a tu re  co u n te rp a rts .

Sampling was c a r r ie d  out a t  monthly in te rv a ls  on se le c te d  

P in es growing in  T hetford  F o rest ( t o  conpare th e  seasonal v a r ia t io n s  

in  th e  form and develcpment of n y c o rrh iz a l r o o ts ) .  To o b ta in  a  

re fe re n c e  fo r  th e  v a r io u s  seasonal changes of n y c o rrh iz a l form , 

c h a r a c te r is t ic  n y c o rrh iz a l m a te r ia l was photographed and nycorrh izas 

confirm ed by m icroscopic exam ination of cu t s e c tio n s . Ccrrparison 

of th e  morphology of n y c o rrh iza l ro o ts  obtained from p in es  growing 

in  f o r e s t  p lo t s  45SFY70 and 83FY70 w ith  th is  re fe re n c e  c o lle c t io n  

of photographs helped  decide on s u ita b le  ro o t sampling tim es, the  

method of ro o t sampling and any p a r t ic u la r  d e f in i t io n  of n y co rrh iza l 

moiphology.

C are fu l a t te n t io n  was p a id  to  th e  in te ip r e ta t io n  of 

c o ra l lo id  n y co rrh izas ; in  p a r t ic u la r  an attem pt was made to  see 

w hether t h i s  c o ra l lo id  form o rig in a te d  from th e  develcpment of 

dichotomous n y co rrh izas , or from another source.
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c) F ix a tio n  and sec tio n in g  of m ycorrhizas.

I t  was sometimes d i f f i c u l t  to  d is tin g u ish  bet/zeen 

n y c o rrh iz a l and non-i^ycorrhizal dichotomous ro o ts  and so a 

p ro p o rtio n  of n y co rrh iz a l ro o ts  were f ix e d , sectioned  and s ta in ed  

fo r  exam ination by l i g h t  microscopy. Dichotomous ro o ts  of P .s y lv e s t r i s  

or P . n iy r a , e i th e r  f r e s h  or s to red  a t  4°C, were c a re fu lly  cleaned in  

running  tap  w ater and tra n s fe r re d  to  e i th e r  d i s t i l l e d  w a te r, 

g lu ta ra ld eh y d e  (2 .3 ^ ; pH 7*3) or FAA (fo rm alin ; g la c ia l  a c e tic  a c id : 

a lc o h o l .( 7 0 ^ ;  3 : 3 : 90 ( v /v ) ) .

Roots t ra n s fe r re d  to  e i th e r  FAA or g lu ta r  aldehyde were 

s to re d  fo r  the  pu iposes of m orphological eicamination and id e n t i f ic a t io n .  

Roots in  d i s t i l l e d  w ater were b lo t te d  dry and embedded in  3*5% Oxoid 

Ion  Agar Ko. 2 a t  30^0; the agar was tlien cooled qu ick ly  to  

Embedded c y c o r rh is a l  ro o ts  were trimmed to  3mm cubes and fro zen  a t  

-70^0 to  an ic e  face  formed on th e  chuck of a  Cambridge Rocking 

ilicrotom e. A fte r  3 m inutes f re e z in g  th e  block was trimmed to  expose 

th e  c u t t in g  face  and p laced  in  a  Beck c ry o s ta t chamber a t  - 30^b. 

S ec tio n s  6-8 yim th ic k  v;ere c u t and mounted on c lean  g la ss  s l id e s .

S ec tio n s  were s ta in e d  fo r  13 m inutes in  an aqueous so lu tio n  

of K ethyl Green: Pyronin  (0.75/«: 0 .1 3 ^); r in s e d  in  d i s t i l l e d  w ater; 

p ro g re ss iv e ly  dehydrated in  a lco h o l and mounted in  E ip a ro l. Some 

se c tio n s  were s ta in e d  b u t n o t dehydrated; th e se  were mounted in  

d i s t i l l e d  w a te r.

also
S ections weregexamined by phase c o n tra s t  microscopy,
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2. THE EFFECT OF SIIvIAZII-ŒI ON TriS lUGORPJilZAL ROOTS OP P.SYLVESTRIS

MD P. NIGRA.

To a s se s s  th e  e f fe c t  of s o i l  applied, h e rb ic id e s , n y c o rrh iz a l 

ro o ts  of seed lin g  t r e e s  growing in  h e rb ic id e  t r e a te d  s o i ls  can be 

conpared v /ith  iry co rrh iza l ro o ts  of seed ling  t r e e s  growing in  

h e rb ic id e  f r e e  s o i l s .

In  order to  a s se s s  both the  re s id u a l  and d i r e c t  h e rb ic id e  

e f f e c ts  on th e  m ycorrhizal ro o ts  of P. s y lv e s t r is  and P. n ig ra  the  

h e rb ic id e  must be con tinuously  ap p lied . Since th i s  i s  no t p ra c t ic a b le ,  

assessm ent of d i f f e r e n t  a p p lic a tio n  r a te s  of h e rb ic id e  u su a lly  c o n s is ts  

of;

a) The assessm ent o f th e  d i r e c t  e f f e c t  of the h e rb ic id e  ( th i s  

u su a lly  tak es  p la ce  soon a f t e r  th e  p e rio d  of a p p lic a tio n ) .

b) The assessm ent o f th e  r e s id u a l  e f f e c t  of th e  h e rb ic id e  ( t h i s  

u su a lly  ta k e s  p lace  b efo re  th e  p e rio d  of h e rb ic id e  re a p p lic a t io n ) .

Hie d e te rm in a tio n  of s o i l  s i t e ,  seasonal and o th er environ­

m ental e f f e c ts  on P ine ro o t systems cannot be p ro p erly  assessed ; to  

m inim ise th i s  problem seed lin g  p in e s  were taken from s t a t i s t i c a l l y  

designed  nu rsery  b lo ck s , w ith  a t  l e a s t  fo u r re p lic a te d  t r e e  p lo ts  fo r  

each h e rb ic id e  trea tm en t. Using such tre a te d  t r e e  p lo ts  i t  should be 

p o s s ib le  to  sep a ra te  th e  e f f e c t  of the  h e rb ic id e  on the  n y co rrh iza l 

ro o ts  from o th er s i t e  f a c to rs .

Since s o i l  type i s  a d i r e c t  r e f le c t io n  of environm ental 

and p h y s ica l c o n d itio n s , d i f f e r e n t  s o i l  types may in flu en ce  th e  

n a tu re  of the  h e rb ic id e  e f fe c t  on developing n y co rrh iza l r o o ts .
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a) Assessment of the  e f f e c t  o f s o i l  ap p lied  Simazine on the  

m ycorrhizal ro o ts  of E,,?ylv_estrAs. and

The assessm ent of the  e f f e c t  of Simazine on P . s y lv e s tr is  

and P. n ig ra  c o n s is ted  of t\?o continuous experim ents; one in  F o restry  

Commission nursery  p lo t s ,  the o th e r in  p la n t  p o ts  a t  Bedford College.

The t r e e s  used were from F o re s tiy  Commission growth 

experim ents c a r r ie d  out in  nursery  p lo ts  a t  Kennington and Y/areham. 

Sampling tim es were from O ctober to  February only; to  a s se s s  th e  

p e rio d s  of sp rin g  and summer growth the  t r e e s  were saapled in  October 

or November. A s in g le  assessm ent fo r  P .n ig r a , growing in  the  VYareham 

F o re s t n u rse ry , showed th a t  u n in fec ted  ro o t t i p s  and m ycorrhizal 

ro o ts  were fewer in  February than  November. Seedlings of P . s y lv e s t r i s  

and P .n ig r a , in  5 ” p la n t p o ts  co n ta in in g  (a) chalky loam (pH 6.5) from 

T hetfcrd  F o re s t ,  (b) heavy c lay  loam (pH 6.2) from V/ilmington F o re s t ,

(c) sandy loam (pH 5.8) from V/areham F o re s t ,  were grown a t  Bedford 

C ollege. These t r e e s  were used fo r  experim ents to  dem onstrate the 

e f f e c ts  of d i f f e r e n t  s o i l  types on the  morphology and development of 

th e  P in e  ro o t system s; and to  see i f  t h i s  s o i l  e f f e c t  masked any 

e f f e c t  o f d i f f e r e n t  a p p lic a tio n s  o f Simazine.
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b) Design of th e  experiment to  a ssess  the re s id u a l e f fe c ts  of

Simazine on P .s y lv e s t r i s  and P .n ig ra  growing in  nursery  co n d itio n s  ' 

a t  V/areham F o re s t and Kennington.

The f o re s t  n u rsery  p lo ts  a t  Kennington and V/areham v/ere 

ones which had been used p rev io u sly  fo r  “The Weed C ontro l In  

N u rse rie s  P ro je c t"  (No 520) of the F o re s try  Commission. The o b jec t 

of th e  above experiment by the F o re s try  Commission was to  determ ine 

the  e f f e c t  of rep ea ted  a p p lic a tio n s  of Simazine on the  shoot growth 

of v a r io u s  con iferous sp ec ie s  (see  F ig s . 1 and 2 ).

For t h i s  experim ent F o re s try  Commission s t a f f  had p la n ted  

p lo t s  in  e a r ly  Harch 1970 and 1971 w ith  two y ear o ld  seed lin g s  of 

v a r io u s  co n ifero u s sp ec ies; in c lu d in g  P . s y lv e s tr is  and P .n ig ra . The 

c o n ife rs  were p la n te d  in  s ix  fo o t rows ( in  p lo ts  each measuring fou r 

sq. yards) , th e  rows being  n ine  inches a p a rt and th e  in d iv id u a l t r e e s  

a t  two inch spacings (se e  F ig s . 1 and 2 ). In  l a t e  Ilarch 1970 and 1971; 

Sim azine, i . e .  “7/eedex 50", v/as sprayed between th e  nev/ly p lan ted  

t r e e s .  R ates of a p p lic a tio n  were 0 , 1 , 2 , and 8 lb s  Simazine p e r  

a c re . A p p lica tio n  r a te s  fo r  each p lo t  corresponded to  the proceeding 

y e a r ly  a p p lic a tio n s  fo r  th a t  p lo t .

T rees from th i s  F o re s try  Commission experiment were taken  

fo r  th e  p re se n t experim ent to  a sse ss  th e  re s id u a l  e f fe c t  o f Simazine. 

Twenty of th e  cen tre  p la n ts  of each row of P. s y lv e s tr is  and P. n ig ra  

( to g e th e r w ith  some s o i l  surrounding th e i r  ro o ts )  were c a re fu lly  

removed, p laced  in  p la s t i c  bags, and taken back to  Bedford C ollege fo r

assessm ent.
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Table 3.

The fo llow ing  i s  a b r ie f  synopsis of th e  trea tm en ts  and o ther ro u tin e s  

used on th e  experim ental p lo ts  458FY70 and 83P I70 by th e  F o re s tiy  

Commission*

P r io r  to  t r e e  p la n t in g ;

1. 10 lb s  p e r  sq . y a rd  o f w e ll r o t t e d  hop w aste  ( 7 5 ^  and

b racken  (25 /^  was a p p lie d  to  th e  su rfa c e  of each 4  sq . y a rd  p l o t .

2 . Superphosphate (KHC- 0 :2 0 :2 0 ) was ap p lied  to  th e  su rface

of th e  compost a t  th e  r a t e  o f 55 g p e r  sq. y a rd , and *C iserite*  (lîg) 

a t  th e  r a te  of 17 g p e r sq . yard .

3 . The cospost and added f e r t i l i s e r  were forked in to  th e  top 

6 - 8  inches of th e  s o i l .

On t r e e  p la n t in g :

4. In  e a r ly  2.krch seven tren ch es 3 - 9  inches s o i l  depth  v/ere

dug ac ro ss  the  experim ental p lo t  and th e  ro o ts  of c o n ife rs  p laced  in to  

each tren ch  two inches a p a r t.
. V

5 . The t r e e  ro o ts  were sprayed w ith  EiC (S tro b o l ,a t  a co n cen tra tio n

o f 0 .5  a ü / l ) ,

6. The tre n c h e s  v/ere r e f i l l e d  v /ith  t h e i r  s o i l  and th e  t r e e  r o o ts  

com pacted.

A f te r  p la n t  in",:

7. J n  l a t e  Earch the t r e e  p lo ts  were sprayed w ith  Simazine a t  

th e  r a te  of e i th e r  0 ,^ 1 , 2 , 4 , or 8 lb s  p e r  a c re .

8. D ressings of "N itro  Chalk" were app lied  monthly from June to  

September a t  th e  r a t e  of 22 g p er sq. yard .

5. In  e a r ly  September h e ig h t assessm ents of th ese  t r e e s ,  to g e th e r

v /ith  assessm ents o f e f fe c t iv e  weed c o n tro l, were undertaken by F o restry  

Commission s t a f f .

10. In  November P .n ig r a  and P . s y lv e s t r i s  s e e d lin g s  v/ere ta k en
( C o n t . )
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T ab le  3- (ContO

to  Bedford College fo r  fu r th e r  assessm ent, and the  rem aining seed lin g s  

tra n sp la n te d  by th e  F o re s try  Commission.
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On a r r iv a l  a t  Bedford C ollege th e  seed lings were c a re fu lly  

washed in  running  w a te r , repacked in  p la s t i c  hags and re la b e l le d .

The seed lin g s  were s to re d  a t  u n t i l  a ssessed . This assessm ent 

took p la c e  over th e  fo llow ing  fo r tn ig h t .

Assessment fo r  the 1970 sample was as fo llov/s;

F resh  and dry w eights of the ro o t.

Number of m ycorrh izal r o o ts .

Number o f non-m ycorrhizal sh o rt r o o ts .

Number of dichotomous non-m ycorrhizal ro o ts .

Assessment fo r  the 1972 sample was as  fo llow s:

F resh  w eights of the  shoot and ro o t.

Number of m ycorrhizal r o o ts .  ;

Number of non-m ycorrhizal sh o rt ro o ts .

Number of * p io n eer roots* ( th o se  w ith  very  few sh o rt ro o t 

b ran ch es).

Number of 'mother* and * subord inate  mother* ro o ts  (* subord ina te  

motiier* ro o ts  a re  even sm aller in  d iam eter and more 

densely  branched th an  'mother* r o o ts ) .
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F igure  1 • Plsai of the F o re s try  Corn-mission* s Wareham nursery  exDerlment

(d esig n a ted  as  83F Ï70)

IV

M

0 8

j?oo

0

11

CO K 4 8 0

4 8 0

• P icea  s itc h e n s is

P inus n ig ra

P inus s y lv e s tr is

For each b l o c k ,  a s  in d ic a te d  on P inus co n to rta

th e  p la n  above, th e  p lo ts  a re L arlx  le n to le o is

t r e a te d  w ith  e i th e r  0,1,2, 4 , Tsuga h e te ro p h y lla

or 8 lb s  S im az in ^ ac re Pseudotsuga m sn z ies ii

Layout of con ife ro u s  sp ec ies  

in  one 6* x 6* p lo t .

Only P. s y lv e s t r is  and Ponigra  were taken  fo r  assessm ent.
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F igu re  2. P lan  of th e  F o re s try  Commission's Kennington nursery  experim ent

(d esig n a ted  458FY70)

Co

27
CO I

For each ‘b lo ck ,a s  in d ic a te d  on 

tiie p la n  abcve, the  p lo ts  a re  

t r e a te d  w ith  e i th e r  C^l,2, 4> or 

8 lb s  Simazine /  a c re .

P icea  s itc h e n s is

P icea  ab ies

P inus n i Pra

P inus sy lv e s t r i s

P inus co n to rta

Abies nobi l i s

Cupressu s  senroervirens

Layout of con iferous ^ e c i e s  

in  one 6* x 6* p lo t .

Only P. s y lv e s t r i s  and P .n i,ara  were taken, fo r  assessm ent.
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c) D esign o f an experim ent to  a s s e s s  th e  e f f e c t s  o f Sim azine on 

P . s y lv e s t r i s  and P . n ig ra  grov/n in  d i f f e r e n t  s o i l  ty p es  in  a

c o n tro l le d  n o t experim ent.

( i )  N ursery  s o i l s .

Sarjples of su rface  s o i l  v/hich had been ro u tin e ly  tre a te d  

fo r  te n  y ea rs  v/ith a p p l i c a t i o n  o f  4 lb s  Simazine p e r  ac re  by the 

F o re s try  Commission, v/ere se p a ra te ly  c o lle c te d  from F o res try  

Commission p lo ts  83F Ï7O ( V/areham) , and 45SFY70 (Kennington) in  

November 1970» to g e th e r  v /ith  u n t r e a te d  s o i l s .  Each s o i l  v/as 

d is p e n s e d  i n  3 ” p l a s t i c  p o ts  ( 5OO r a l s /p o t ) .

Ten t.vo-year-old  p la n ts  of P . s y lv e s t r i s  and P, n ig ra  v/ere 

p o tte d  in  each of the  Simazine t r e a te d  s o i l s .  P^venty tw o-year-o ld  

p la n ts  of P . s y lv e s t r i s  and P . nin^ra v/ere p o tte d  in  s o i l s  th a t  contained  

no Simazine. The p o ts  v/ere randomly d is t r ib u te d  on a g ravel bed w ith  

an e i ^ t e e n  inch  spacing. In  llarch 1971 &nd Narch 1972 th e  p o ts  v/ere 

each t re a te d  v /ith  the  re le v a n t q u a n t i ty  ( l6 ra g )o f  Simazine (eq u iv a len t 

to  an a p p l ic a t io n o f 41b3 Simazine p e r a c re ) .

( i i )  F o re s t  s o i l s .

Q u a n t i t i e s  o f  s u r f a c e  s o i l  from Brandon 

( Thetford) F o re s t were c o lle c te d  in  November 1970. F orty  p la n ts  Ox 

both  P .s y l v e s t r i s  and P .n ig ra  were p o tte d  in d iv id u a lly  in  th e  . s o i l  

w ith  in  9" p l a s t i c  p o ts  each co n ta in in g  500 mis s o i l .  Simazine was 

ap p lied  a t  tlie  r a t e  of I 6 mg. p e r  p o t (eq u iv a len t to  4  lb s  Simazine p e r 

acre) to  th e  su rface  of h a l f  the  p o ts ,  and tlie  rem aining p o ts  le x t  

u n tre a te d . The p o ts  were randomly d is tr ib u te d  on a  g rav e l bed w ith
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an s i x t e e n  inch spacing.

In  Larch 1972 a  fu r th e r  16 mg. of Simazine v/as ap p lied  to  

each p o t.  (No organic or inorganic f e r t i l i s e r s  or KiC were used in  

tliese  experim ents).

P la n t p o ts  (5*0 tre a te d  a t  the  r a te  of 4  I b ^ a c r e  Simazine 

were w eed-free b u t u n tre a ted  p la n t  p o ts  were v/eeded o ccasio n ally .

The purpose of t l i is  weeding was to  minimise any d iffe re n c e s  betv/een 

th e  le v e ls  of s o i l  n u tr ie n ts  in  th e  p la n t  p o ts  and to  p reven t the 

weeds choking th e  p in e s .

The assessm ent o f th e  nursery  and f o re s t  s o i l  p o ts  was 

under talc en in  September 1972 and was as fo llow s: 

F resh  w e i ^ t  of ro o t and shoot.

The number of sh o rt r o o t s /  gram * m o th e r’ r o o t .

The number of m ycorrh izal ro o ts .

The number of ’pioneer* ro o ts .

The number of ’mother* and * subordinate  mother* ro o ts .  

T o ta l shoot h e ig h t, 

jilnnual shoot g rav th .

The number of branches g ra m  each y e a r .

Length of shoot branches grown each y ea r.

O vera ll growth of shoot branches.
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3. TUB ISOLATION OF ECTOTROKilG I,MYCORRHIZAL FUNGI ' .

AlfD ROOT PATHOOBNIC FITNC-I.

Fungi known to  form rrycorrhizas or to  p a r a s i t i s e  the  ro o ts  

of e i th e r  P . n ig ra  or P. s y lv e s tr is  were is o la te d  in  a v a r ie ty  of v/ays.

P ure c u ltu re s  of th ese  iso la te d  fung i were used to  study 

h e rb ic id e  e f f e c ts  on th e i r  in  v i t r o  growth, to  syn thesise  m ycorrhizas, 

and to  in o c u la te  p la n t  p o ts  co n ta in in g  e i th e r  P . s y lv e s tr is  or P .n ig ra .

a) The i s o la t io n  of e c tc tro c h ic  m ycorrhizal fungi 

( i)  from e c to trc u h ic  m ycorrhizal ro o ts .

Excised ro o ts  taken  from pure s tan d s  of P. s y lv e s t r is  or 

P .n ig ra  were washed and p laced  in  a 250 ml co n ica l f la s k  co n ta in in g  

a t ra c e  o f “Lween 20*', and 50 ml d i s t i l l e d  w a te r. The m ycorrhizal 

ro o ts  were a g i ta te d  fo r  30 m inutes, then tra n s fe r re d  to  30 mis 100 v o ls  

hydrogen p e ro x id e . A fte r  te n  m inutes immersion the hydrogen peroxide 

was removed and the  ro o ts  washed w ith  s t e r i l e  w ater. In d iv id u a l 

n y c o rrh iz a l ro o ts  were tra n s fe r re d  to  agar p la te s , ( b a s ic  io n  a g a r ) .

A lte rn a tiv e ly , th e  su rface  s t e r i l i s e d  fu n g a l co rtex  was 

d is s e c te d  o f f  th e  rye  o r rh iz a l  ro o ts  and fragmented w ith  s t e r i l e  g la ss  

beads. The n y c o rrh iz a l m a te ria l was washed w ith  s t e r i l e  w ater and 

th e  fragm ents in co ip o ra ted  in to  n e a rly  s o l id i f ie d  agar; a l te rn a t iv e ly  

the  frag n en ts  were tra n s fe r re d  to  P e t r i  d ish es  co n ta in in g  40 mis agar. 

In cu b a tio n  was a t  2 5 sp e c ia lly  p repared  is o la t io n  p la te s  

inc oip or a t  ing  N eoiycin and a system ic fung ic ide  (Benomyl) fo r  the
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s e le c t iv e  is o la t io n  of b a s id io iy c e te  n y c e lia  (T ay lo r, 1971) were 

n o t u su a lly  n ecessa iy ,

( i i )  ■ from  g erm ina ting  b a s id io sp o re s .

Germ ination of d r ie d  c o lle c t io n s  of b as id io sp o re s  v/as la v  

or com pletely u n su ccessfu l. F resh ly  c o lle c te d  spores germ inated more 

s u c c e ss fu lly .

P o rtio n s  of f re s h  sporocarp t is s u e  k ep t overnight a t  4^G 

were a ttach ed  w ith  s t e r i l e  g ly c e rin e  to  th e  rubber v/asher in s id e  a  

LcCartney b o t t l e  top so th a t  the ^ o r e  or g i l l  su rface  was exposed; th e  

v/hole assembly v/as screwed onto a McCartney b o t t l e  con ta in ing  sloped 

b a s ic  ion ag a r. A fte r  43 hours a t  room tem perature th e  b o t t l e  tops 

and a ttach ed  sporocarp t is s u e  were rep laced  by normal s t e r i l e  b o t t l e

to p s; the  McCartney b o t t le s  were incubated a t  2 5 u n t i l  spore
\

germ ination  occurred ,

( i i i )  from sn o ro c a m s .

Young sporcphores v/ere c o lle c te d  from the  s i t e s  l i s t e d  in  

Table 4 , and kep t overn ight a t  4  G. Inner s t ip e  or p ile u s  t i s s u e  

v/as a s e p t ic a l ly  removed and incubated  in  P e t r i  d ish es  on basic  ion  

ag ar.

In  the case of Thelephora t e r r e s t r i s , sporocarps v/ere 

su rface  s t e r i l i s e d  w ith  100 v o ls  hydrogen peroxide fo r  te n  minutes 

and l e f t  a t  4^G. A fte r a weelc a t  t l i is  tem perature th ese  sporocarps 

produced f re s h  t is s u e .  This was a s e p t ic a l ly  removed and incubated  a t
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2 5 in  P e t r i  d ishes on b as ic  ion  agar.

b) The is o la t io n  of ro o t pathogenic fu n g i.

Sporocarps of Pomes am o sus and A rm illarea m ellea were 

c o lle c te d  and k ep t o v e r n i^ t  a t  4°C. P ile u s  t i s s u e  v/as a s e p tic a l ly  

removed and incubated  in  P e t r i  d ish e s  on basic  ion  ag ar, ^

Wood in fe c te d  w ith  Pomes am osus v/as c o lle c te d  from P inus 

s y lv e s tr is  growing in  T hetford  F o re s t; the  wood was su rface  s t e r i l i s e d  

w ith  1C0 v o ls  hydrogen perox ide fo r  50 m inutes and c a re fu lly  broken 

a p a r t v /ith  a s t e r i l e  s c a lp e l .  Fragments o f th e  wood were incubated 

a t  2 5 i n P e t r i  d ish es  c o n ta in in g  b as ic  ion agar,

Hhizcmorphs of A rm illarea m ellea were c o lle c te d  from under 

the bark  of P. s^ /lv e s tr is ; th ese  rhizomorphs were su rface  s t e r i l i s e d  

fo r  3G m inutes v /ith  100 v o ls  hydrogen peroxide and a s e p t ic a l ly  s lic e d  

in to  long  th ick  s t r i p s .  These s t r ip s  were incubated a t  25 °G in  

P e t r i  d ish e s  on b a s ic  io n  agar.



Table 4 . The fungal c u l tu re s  and th e  means of th e i r  is o la t io n .

64.

Fungus Source of i s o la te Means of is o la t io n

Amanita ru b escens

B oletus bovinus

B o le tu s ' e d u lis

B oletus e le ran s

Boletu!
r ra n u la tu s  

B oletus lu te u s

B oletus v a r ie o a tu s

B olotus
te s t a e e o s c a b e r

CenoGocciL-n
r ran ifo rm e

Cenococcum
oraniform.e?

Russula em etica

T helerhora
t e r r e s t r i s

A rm illarea
m ellea

Pomes annosus

Penionhora
graminis

B.vinley (Surrey) , under 
P. s y lv e s tr is

Windsor Park ( S u rrey ), 
under P. s y lv e s t r is

Epping F o res t (E ssex ), 
under P. s y lv e s t r i s

Windsor P a rk , under 
l a r lx  sp, bu t near 
P .s y lv e s t r i s

Sw in ie y , under 
P .s y lv e s t r i s

T hetf ord (N orfolk), 
under P. s y lv e s tr is

Sv/inley, under 
P. s y lv e s tr is

Sw inley, under 
B etu la sp.

C ultu re  C o lle c tio n  
(B aa rn e )

War eh am (D orset) , under 
P .s y lv e s t r i s

Sv/inley, under 
P .s y lv e s t r i s

Sv/inley, under 
P .s y lv e s t r i s

T iletford  and Sv/inley, 
under P. s y lv e s tr is

I. y  c e 1 i  um-r e d ic is  
. a trc v lre n s

T hetfo rd , under 
P „ s y lv e s tr is

F o re s try  Commission 
c u ltu re  c o l le c t io n

C ultu re  C o lle c tio n  
(B aa rn e )

Sporocarp and 
b asid io sp o res

Sporocarp

Sporocarp

Sporocarp and 
b as id io sp o res

Sporocarp and 
b asid io sp o res

Sporocarp and 
b as id io sp o res

Sporocarp

Sporocarp and 
b asid io sp o res

M ycorrhizal ro o ts  .

Sporocarp, b a s id io ­
spores and Bedford 
C ollege c u ltu re  
c o lle c t io n

Sporocarp and 
S.Kacskaylo ( c /o  
U.S.D.A, B e l t s v i l l e ,  
U.S.A.)

Tree ro o ts ,  rhizomorph, 
spbrocarp or F o re s try  
Commission c u ltu re  
c o lle c t io n  (A lice  
H a it Lodge, H an ts .)

Tree r o o ts ,  or
F o restry  Commission 
c u ltu re  c o l le c t io n



20g ZnSO,. 5*0mg

0.5g Peso, 5.0mg

1.0g MgSO^.Td^O 0.5mg

4. TUB IN VITRO STUDY OF THE GROWTH OF FUiTGAX ISOLATES.

a) The media

Both b a s ic  ion  agar and b a s ic  l iq u id  media (M elin, 1954) 

v/ere used f o r  in  v i t r o  s tu d ie s  and fo r  tlie i s o la t io n  o f rye o r rh iz a l  

and pathogenic fu n g i. The b a s ic  l iq u id  media c o n s is te d  of:

Glucose

Ammonium t a r t r a t e  

KH^PO^

Thiamin hydroch lo ride  0.05 mg

-  th ese  s a l t s ,  o f A nalar g rade , were d isso lv ed  in  d i s t i l l e d  w ater 

to  one l i t r e .  12.0g of Oxoid Ion Agar No,2 added to  the s a l t s  (b e fo re  

making up to  one l i t r e )  gave b as ic  ion  agar. Basic ion  agar and 

b a s ic  l iq u id  media were steamed to  d isso lv e  th e  c o n s titu e n ts  and 

au toclaved  a t  15 lb s  p s i  steam p re ssu re  fo r  15 m inutes.

b) The s e le c t io n  of c u l tu r e s  f o r  experim ent

C u ltu res  is o la te d  from  sporophores or obtained from  c u ltu re  

c o lle c t io n s  were p o s i t iv e ly  id e n t i f ie d  and were p re fe r re d  f o r  th is  

reason . C u ltu res  of A rm illa re a  m ellea  obtained  from rhizomorphs and 

c u ltu re s  o f Femes ennosus obtained  from d isea se d  tim ber were a lso  

p o s i t iv e ly  id e n t i f ie d .

Bbiamination o f the fung i i s o la te d  from ly c o r rh iz a l  ro o ts  

was d i f f i c u l t ;  m y ce lia l f e a tu re s  such a s  clamp connections fo r  

Basidiom ycetes were n o t re a d ily  observed. Due to  lack  of an 

adequate re fe re n c e  c u ltu re  c o l le c t io n ,id e n t i f ic a t io n  using  the
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hyphal fu s io n  technique v/as im p rac ticab le .

Fungi is o la te d  from the  nyc o rrh iz a l ro o ts  of P. s y lv e s tr is  

and P. n ig ra  were used to  in o c u la te  a se p tic  P . s y lv e s tr is  or P. n ig ra  

seed lin g s  grov/ing in  21 Erlenmeyer f la s k s  co n ta in in g  V erm iculite  

and n u tr ie n t  so lu tio n  (se e  S ec tio n  ?)• Although abundant m ycelia l 

development occurred in  the  V erm icu lite , m ycorrhizas were no t formed. 

In  one case th e  fungus is o la te d  from tlie m ycorrhizal ro o ts  of - 

P . s y lv e s tr is  c lo se ly  resem bled known is o la te s  of Cennoc occum 

gran i f  orme, no,'/ever, th i s  i s o la te  ra p id ly  p a r a s i t i s e d  a se p tic  

seed lin g s  of P. s y lv e s t r i s .

c) The in  v i t r o  gro.vth r a t e  o f fungal i s o la te s .

«

Colony gro.vth of fungal is o la te s  measurably d ec lin ed  when 

the fu n g al is o la te s  v/ere con tinuously  subcu ltu red . However, the 

same fung i produced c o n s is te n t g rav th  r a te s  i f  subcultured,w hen 

re q u ire d , from is o la te s  m aintained on s lopes under a  la y e r  of 

s t e r i l e  p a r a f f in  o i l .  I s o la te s  v/ere i n i t i a l l y  gro//n on b a s ic  ion 

agar p la t e s  a t  25°G (T able 4 ) .

Once th e  n y c e lia  su c ce ss fu lly  co lon ised  th e  agar surface  

the  fungal i s o la te s  were subcu ltu red . The su b cu ltu res  were s to red  

on s lopes a t  4°G a t  room tem perature or under a  la y e r  of s t e r i l e  

paraffin  o i l .  The ly c e l i a l  morphology of a l l  i s o la te s  was examined 

on b a s ic  ion  agar. I s o la te s  of the  same fungus o fte n  shaved vary in g  

c h a r a c te r is t ic s  and i t  was im portant to  s e le c t  i s o la te s  th a t  on 

su b cu ltu re  d id  n o t s e c to r  ( th a t  i s  change in  e i th e r  morphology or 

growth r a t e ) .  To ensure th a t  subcu ltu red  ly c e l ia  was a c tiv e ly
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growing, i t  v/as equally  im portant to  s e le c t  m ycelia l t i s s u e  ( fo r  

subcu ltu re) from th e  p e rip h ery  of th e  gro-.ving colony, and to  

check th a t  su b cu ltu re s  were no t d erived  from se c to rs .

Those i s o la te s  which grew e a s i ly ,  g iv in g  rep roducib le  

groY/th r a t e s ,  v/ere chosen fo r  f u r th e r  experim ent. Many i s o la t e s ,  

e s p e c ia lly  those  of B oletus b a d iu s , and one p a r t ic u la r  i s o la te  

of Cenococcun graniforir.e, would n o t gra// ac ro ss  the  su rface  of b as ic  

io n  agar; in s te a d  th ese  i s o la te s  produced compact co lon ies  around 

th e i r  c e n tra l  inoculum  and made assessm ent of colony growth on 

agar im possib le .

For th ese  re a so n s , i s o la te s  o f Russula em etica, Cenoccccum 

g ra n if  orme and M« ra d ie  i s  a tro v ire n s  were chosen from c u ltu re s  

a v a i la b le ,  and o ther chosen is o la te s  were derived  from m ycorrhizal 

ro o ts .
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5. THE SOLUTION OF HERBICIDES.

H erb ic id es (Table 5) were made ip  a t  25^0 to  the  fo lio ,? in g  

c o n c e n tra tio n s , i n  aqueous s o lu t i o n .

Simazine 5 ppm

A traz ine  30 ppm

245 T 250 ppm

C hlor t  h iam id ( P r e f ix )  2700 ppm

D ic lo b en il 25 ppm

2 ,6  D ichlorobenzoic ac id  530 ppm

In  p r a c t ic e ,  th ese  s o lu b i l i t i e s  were only approached v/ith d i f f i c u l ty  

a f t e r  long  p e rio d s  of a g i ta t io n  on a re c ip ro c a l shaker a t  25^0 .

S ince th e re  i s  a l in e a r  r e la t io n s h ip  bet.veen absorbance 

in  the  u l t r a - v io le t  and th e  co n cen tra tio n  of the  chem ical in  so lu tio n  

(The Lambert Beer law) , th e  f in a l  h e rb ic id e  co n cen tra tions can  be 

checked by reco rd in g  th e  ab so rp tio n  maxima in  th e  U.V, and comparing 

th ese  maxima w ith  p re v io u s ly  p repared  c a l ib r a t io n  curves (F ig  3)*

The w avelengths fo r  maximal absorbance w ith in  the U.V, 

range a re : 245T -  202 pm; Simazine and A trazine -  220 pm; P re f ix  

and 2 ,6  D ichlorobenzoic ac id ^ -  208 pm.

S t e r i l i t y  of th ese  heibicide so lu tio n s  i s  im portan t, 

D ic lo b en il and 2 ,6  D ichlorobenzoic a c id  can be formed by th e  

m ic ro b ia l d eg rad a tio n  of Chlorothiam id. .

H erb ic ide  so lu tio n s  could n o t be s to red  a t  4^G due to  the  

low ering  of th e i r  s o lu b i l i t i e s  a t  t h i s  tem perature (and th e i r



61.

consequent p r e c ip i ta t io n ) ;  hence h e rb ic id e s  were f i l t e r  s t e r i l i s e d  

w ith  an Oxoid Membrane F i l t e r  (No 2) and s to red  a t  25°G in  s t e r i l e  

m edical f l a t s .
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F I G . 3 .

C a l i b r a t i o n  c u r v e s  f o r  t h e  a b s o r b a n c e  o f  d i f f e r e n t  h e r b i c i d e s  a t  t h e  

w a v e l e n g t h s  i n d i c a t e d .

2 4 5 T 2 0 2 n0*9-

p i c i o b e n z o a t e ^ 2 0 8 n m .

, C h l o r t h i a m i d j 2 0 8 n m .  

D i c h l o b e n i l ) 2 0 8 n m .
0*5-

«
u
c(0a
cw
<

S i m a z i n e , 2 2 0 n m .

0 1 -

C o n c e n t r a t i o n  of  h e r b i c i d e ( p p m ) .
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Table 5* The names, form ulae, s o lu b i l i t i e s  and sources of h e rb ic id e s  nRerl.

Name Formula S ta ted  
S o lu b il i ty  
a t  25^0

Source

Simazine 2 ch lo ro  - 

N

4 ,6  bi

A'
V

.s( ethylamino) 
,5 ,5  t r ia z in e

5 ppm Geigy (IK Ltd). 
Simonsway 
l a c h e s  t e r

Weedex *50* 50^ Simazine con ta in s
w ettin g
agent

F isons Ltd
H arston
Cambridge

A traz in e 2 ch lo ro  
6 iso p rc

-  4  eth 
f-py lami

A

ylamino
no 1 ,5 ,5  tr ia z ; 

/CHg
NHCH

''CHj

^ g 3 3  ppm Geigy (IK Ltd)
Simonsway
Manchester

245?
2 ,4 ,5  T ri 
a c e t ic  ac

CX"

ch lo ro

“  S"*'A
Va

phenoxy
:ooH

/

251 ppm P la n t P ro te c tio n  
Ltd

J e a l lo t s  H i l l  
B rack n e ll, H erts

P re f ix
(Chlorothiami4^

2 ,6 , Die

a .

h lo ro th

A
A

iobenz amide

Hi.
2,700
ppm

S h e ll Research L td
S ittin g b o u rn e
Kent



Table 5 . (Cont.)

IZ,

2 ,6 , D ich loro-benzonitrile  
C=N

S h e ll Research L td
S ittin g b o u rn e
Kent

2 ,6 , D iehl ore-benzoic ac id S h e ll Research Ltd
S ittin g b o u rn e
Kent

C L
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6. AS3E3SI.1SKT OF HERBIGIDS EFFECT ON ThB IN VITRO GROWTH

OF FUTT&AL ISOLATES,

a) Assessment of h e rb ic id e  e f fe c t  using  agar p la te s

B asic ion  agar v/as p ip e t te d  in to  P e t r i  d ish es  co n ta in in g  

2 KÜ. aliq^uots of a se p tic  h e rb ic id e  to  g ive the req u ired  h e rb ic id e  

co n c en tra tio n  and a f in a l  agar volume of 20 ml. The P e t r i  d ish es  

v/ere g e n tly  a g i ta te d  to  ensure thorough mixing o f the h e rb ic id e  and 

ag ar.

F in a l co n cen tra tio n s  of th e  h e rb ic id e s  in  the  P e t r i  

d ish e s  were;

H erb ic ide  co n cen tra tio n  

(ppm.)

Simazine A trazine 245T

1

D icloben il Chlorbrh-
iamid

Di chloro  
benzoic 

ac id

0.5 3 .0 25.0 2.5 85.0 42.5

0.25 1.5 12.5 1 .2 42.5 21.25

0 .12 0.75 6.25 0 .6 21.2 10.62

0.06 0.37 3.12 0.3 10.6 5.31

0.03 0.18 1.66 0.15 5.3 2.65

0.015 0.09 0.83 0.07 2 .6 1.32

0.007 0 .0 4 0.41 0.035 1.3 0. 66

0.003 0 .02 0.20 0.017 0.65 0.33

0.0 0 .0 0 .0 0.0 0 .0 0 .0 C ontrol

(C o n tro ls  c o n s is te d  of 2 ml a l iq u o ts  of s t e r i l e  w ater in s tea d  of b io c id e ) .

Wheii s e t ,  th e  agar p la te s  were inocu la ted  w ith  5mm p lugs of 

mycelium taken  from th e  p eriphery  of an a c tiv e ly  g ro .? i^  mycelium 

incubated  a t  25^0 on b as ic  ion agar. Hence the  r a te  of growth f o r  the
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fu n g al i s o la te  growing on d i f f e r e n t  b io c id es  could be conpared.

Each treatm ent was re p l ic a te d  f iv e  tim es; th e  r e p l ic a te  

p la te s  v/ere c a re fu lly  d is t r ib u te d  th r o u ^  the  incubator to  allow  

fo r  tem perature v a r ia t io n s .  The pH of the  agar was checked befo re  

and a f t e r  th e  experim ents and was found to  be unchanged. The 

experim ents continued u n t i l  th e  colony growth p lo t te d  w ith  re sp e c t 

to  tim e p re sen ted  e i th e r  l i t t l e  or no fu r th e r  gro’wth, or u n t i l  the  

colony ra d iu s  approached th a t  of th e  P e t r i  d ish .

O ccasionally  d iffe re n c e s  in  th e  growth r a te  o f an is o la te  

occurred; t h i s  was due to  d i f f e r e n t i a l  g ro / th  (sec to rin g )  of the 

mycelium and v/as compensated fo r  e i th e r  by rep e a tin g  th e  experim ent, 

o r , when the  P e t r i  d ish e s  a f fe c te d  were few in  number, by excluding 

a f fe c te d  c u ltu re s  from th e  r e s u l t s .

\
The d iam eter of each colony v/as measured along a  c e n tr a l ly  

drav/n l in e  on th e  underside of each P e t r i  d ish . Contaminated p la te s  

v/ere d isca rd ed ; badly  contam inated treatm en ts  were rep ea ted ,

Grov/th r a te s  were expressed as  the  r a d ia l  in c rease  of 

colony s iz e  (mm) /  time (h o u rs ) . The in itia lin o c u la tio n  p lu g  was 

5mm d iam ete r, consequently  colony growth was expressed as :

(T o ta l d iam eter of colony (mm) -  5nm)

2

Concurrent experim ents using  s ix  h e rb ic id es  to g e th e r  w ith  e ig h t 

d i lu t io n s  of each h e rb ic id e  and f u l l  r e p l ic a t io n  fo r  each fungal 

i s o la te  u su a lly  produced r e p lic a b le  r e s u l t s .  These r e s u l t s  were used 

to  d e fin e  th e  h e rb ic id e  e f f e c ts  on the colony growth of each fu n g a l is o la te ,
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b) A ssessm ent o f h e rb ic id e  e f f e c t  uainp^ l iq u id  c u l tu r e s

The fungal i s o la te s  used fo r  the  l iq u id  c u ltu re  experim ents 

were th e  same ones used fo r  the  assessm ent of h e rb ic id e  e f f e c ts  on 

basic  io n  ag ar. In  s t i l l  l iq u id  c u l tu re ,  colony gro//th v/as o ften  

a f fe c te d  by tlie c u ltu re s  sin k in g  r a th e r  than the  in h ib ito ry  e f fe c t  

of th e  h e rb ic id e  con tained  in  the b a s ic  l iq u id  media. In  shake 

l iq u id  c u ltu re s  the same c u ltu re s  of th e  fungal, is o la te s  were o ften  

d i f f i c u l t  to  a sse ss  due to  i r r e g u la r  fragm en tation  of th e  m ycelia l 

p e l l e t s .

Basic l iq u id  media (see  s e c tio n  4 ) ,  10/9 of th e  req u ired  

s tre n g th , was s t e r i l i s e d  (15 lb s  p s i  steam p ressu re  fo r  13 minutes) 

in  ICO ml co n ica l f la s k s ,  bhen c o o l, 2 ml a liq u o ts  of a se p tic  

h e rb ic id e  were added to  each f la s k  to  g ive tlae req u ired  h e rb ic id e

co n cen tra tio n s  and a f in a l  volume of 20 ml p e r  f la s k .  F in a l
\

co n cen tra tio n s  of the  h e rb ic id e s  in  th e  co n ica l f la s k s  corresponded 

to  the agar p la te  experim ents ( s e c t io n  6a). E i ^ t  a s e p tic  h e rb ic id e  

d i lu t io n s  were used; th ese  were r e p l ic a te d  f iv e  tim es and the 

c o n tro ls  ten  tim es. Each f la s k  was in o cu la ted  w ith  one q u arte red  

5 mm p lu g  of mycelium s tr ip p e d  of su rp lus ag ar. The f la s k s  were 

p laced  in  an incubato r or a  re c ip ro c a l  shaker a t  25°0 fo r  th re e  weeks.

Eo a ttem pt v/as made to  d u p lic a te  com pletely  the  agar 

p la te  experim ents. In s te a d , c e r ta in  fu n g u ^ h e rb io id e  com binations 

were examined on th e  b a s is  of r e s u l t s  obtained v/ith th e  agar p la te  

technique. A fte r  tliree  weeks incubation  the mycelium was removed
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from th e  b a s ic  l iq u id  medium, waslied, su c tio n  f i l t e r e d  on ta re d  

f i l t e r  p a p e r , and oven d r ie d  a t  to  co n sta n t dry w eight.

R esu lts  7/ere expressed as  mean m ycelia l dry v/eight ( a f t e r  

th re e  v/eelcs incubation) fo r  each h e rb ic id e  co n cen tra tio n .
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7. the SYETI-IS3IS OP IvgCORRIIIZAS.

Techniques used by Mel in  ( l9 2 l ) .  Trappe ( l  967 b) and F o r tin  

( 1966) were fo llav e d  or adapted fo r  the experim ental sy n th esis  of 

rryc o rrh iz a s ,

a) Mel in  and Hacskaylo* s technique.

Seeds of P inus s y lv e s t r i s  and P inus n ig ra  obtained from 

F o re s try  Coinmission R esearch, A lice  H olt Lodge, B entley , H ants, were 

su rface  s t e r i l i s e d  fo r  th i r t y  m inutes in  100 v o ls  hydrogen perox ide 

co n ta in in g  a  tra c e  of * Tween 20*. The seeds were p laced  on b a s ic  

ion  agar and incubated  a t  23^0 ; about 9C^ germ inated w ith in  10 days.

Ten-day-old a s e p tic  seed lings were each tra n s fe r re d  to

2 l i t r e  f la s k s  co n ta in in g  30 g of medium grade V erm iculite and 230 ml

of a  n u t r ie n t  so lu tio n  v/hich contained:

Glucose 2.3g CaCl2 0.03g

(IS  0 .25g NaCl 0.025g

KĤ PO, 0 .5 s  EDTA (P@ sa lt)  6.0%

ICgSO. . THpO 0.13g Thiamin HCl 0.013mg
(added w ith  th e  fungus)

D is t i l le d  w ater to  one l i t r e

In  agreement w ith  the  f in d in g s  of Hacslcaylo (l953) ^<3.

F erry  ( unpublished) , th e  pH of the  media was ra ise d  considerab ly  a f t e r  

au to c lav in g  ( to  about pH 7*5) and consequently HCl v/as added to  each 

f la s k  to  g ive a  pH of 4*5. In  some experiments sieved and non-sieved  

m yce lia l suspensions ( a t  1*0 ml p er f  l a  sic) were used to  in o cu la te  th e  

f la s k s ,  in  o ther experim ents each f la s k  was in ocu la ted  w ith  n y ce lia
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s tr ip p e d  from fo u r 5 mm agar p lu g s .

The m ycelial suspension was prepared  by homogenising n y ce lia  

v/itli g la ss  beads in  s t e r i l e  d i s t i l l e d  w ater. To o b ta in  a sieved  

suspension th e  m a te r ia l was s tra in e d  through fine-m eshed m uslin  

gauze.

Flaslcs were in o cu la ted  w ith  the  fungus when th e  p in e  

seed lin g s  v/ere e i th e r  2 or 13 weeks old . When the seed lin g s  v/ere 

about 12 or 20 v/eeks o ld  re sp e c tiv e ly  they were removed from the  

f la s k s ,  washed to  remove th e  V erm icu lite  and examined fo r  m ycorrhizal 

ro o ts .

Roots s e le c te d  fo r  f u r th e r  exam ination were c a re fu lly

washed in  tap  w ate r and tra n s fe r re d  to  FAA f ix a t iv e  fo r  fu r th e r

exam ination (se e  s e c tio n  1 c),
\

b) T ra n c e 's  te ch n iq u e

Trappe* s technique c o n s is ts  of an assembly fo r  growing 

t re e  s e e d lin g s , so th a t  th e  ro o ts  a re  in  a se p tic  co n d itio n s , w hile 

the  a e r i a l  p a r t s  a re  in  th e  open. Wide mouthed specimen j a r s ,  about 

3 cms d iam eter and 7 cms h e i ^ t ,  were b riim -filled  w ith  e i th e r  a c id  washed 

sand or V erm icu lite ; v a r io u s  n u tr ie n t  so lu tio n s  (see  Table 6) were 

added a t  th e  same r a te  as in  (a) above. A g la ss  tube 2 cms in  

d iam eter and 2 cms deep was in se r te d  in to  th e  V erm iculite  or sand 

so t l ia t  th e  top of the  tube was le v e l  w ith  th e  ja r  top . M a te ria l 

in  th e  tube was removed, the  j a r  top  covered w ith ' aluminium f o i l  

and fa s te n e d  w ith  lig jh t-w eigh t galvan ised  w ire . The whole assembly
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was au toclaved  fo r  30 m inutes a t  13%)si steam p ressu re .

One o f th e  purposes of th e  g la s s  tube was t o , co ncen tra te  

the fu n g a l inoculum around th e  seed lin g  ro o ts .  I t  a lso  served  to  

reduce th e  compaction of th e  V erm icu lite  which r e s u l t s  from 

autoc la v in g .

A fte r  swabbing v/ith  a lco h o l the  aluminium f o i l  was 

punctured  v/itli a  s t e r i l e  need le  ever the c a v ity  excavated in s id e  

th e  g la ss  tube in s e r t .  Through t h i s  ho le  a  2 -  3 cms long s t e r i l e  

r a d ic le  of a  P . s y lv e s t r i s  or P .n ig ra  seed ling  v/as c a re fu lly  in se r te d . 

The h o le  v/as sea led  using  rubber so lu tio n  ( th e  benzene so lven t 

m aintained s t e r i l i t y  u n t i l  th e  rubber hardened) .

The seed lin g s were allowed to  grow in  subdued l i g h t  and 

th e  g la ss  j a r s  checked fo r  v i s ib le  contam inations. Once th e  seed lings 

v/ere e s ta b lis h e d  another p u n c tu re , near th e  develcping s h o o t,  

v/as made w ith  a s t e r i l e  hypodermic n eed le , and an inoculum of 0 .5  d a  

sieved m y ce lia l suspension in troduced . This puncture was sea led  w ith  

rubber s o lu t io n  and, to  exclude l i g h t ,  th e  j a r  was wrapped w ith  

aluminium f o i l .

S eedlings w ere allowed to  grow fo r  up to  e ig h t months, o r , 

in  c e r ta in  c a se s , lo n g e r . At th e  end of th is  p e rio d  any m ycorrhizal 

ro o ts  formed v/ere t ra n s fe r re d  to  FAA fo r  l a t e r  exam ination.
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Tabla 6. Trappe* s (196?) n u tr ie n t  medium fo r  the sy n th es is  of

m ycorrhizas and the n u tr ie n t  medium as m odified fo r  some 

of th e  p re se n t experim ents.

Trappe*s media: 

5*0g glucose 

0.252 KĤ PÔ  

0 .1 25g 

0.052 CaClg

0.152 MgSO .̂TH^O

1.2ml F errous ammonium c i t r a t e

50 mg Thiamin 

D is t i l le d  w ater to  1 l i t r e

Ydiere th e  m odified technique was employed, th e  n u tr ie n ts  were as follcw/s;

Glucose
(g)

Thiamin
(?g)

Fiz 
pH oi 

Sand

la l
Î* media 

V erm iculite

50.00
0.250 0.125 5 .0 0.7

0.1
0.125 0.250 ■ 5 .2 7.0

0.05 "
0.250 0.125 5 .2 6.8

0.125 0.250 5 .2 7.1

50.00 ■
0.250 0.125 5.0 6 .6

1.0
0.125 0.250 5.3 7.1

0.05
0.250 0.125 5 .2 6 .7

0.125• 0.250 5 .2 7.0

E ig h t v a r ia t io n s  in  n u tr ie n t  c o n cen tra tio n  were made; th ese  were as 

above; o th er s a l t s  used by Trappe were no t a l te r e d .

20 a s e p tic  P . s y lv e s t r i s  seed lin g s  were grown in  each v a r ia n t  of th e  

media.
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c) Fortin*  s technique ,

A se p tic a lly  germ inated seed lin g s  of P . s y lv e s tr is  or P. n ig r a , 

v/hoso hypocoty ls were no t sw ollen and whose ro o ts  were between 30 and 

40 mm long,w ere se le c te d  fo r  th is  technique of m ycorrhizal sy n th es is  

( F o r t in ,  1966). The ro o t m eristem  was d is s e c te d  o ff  and th e  shoot 

removed to  leav e  an a ttach ed  hypocoty l of approxim ately 5 The

hypocoty ls were In se r te d  in to  12 x 35 mm g la ss  s h e l l  v i a l s  co n ta in in g

0 .5 .ml s u c ro s ^ a g a r  media (see  Table ? ) .  The whole assembly ( i . e .  

g la s s  s h e l l  v i a l  and in se r te d  ro o t)  was p laced  in  a  P e t r i  d ish  

c o n ta in in g  10 mis V erm icu lite  and 2.0 mis m ineral media (see  Table 7 ) . 

Three drops of sieved m ycelia l m acerate of the fungus were in troduced  

over th e  p in e  ro o t su rfa c e . A fte r  in o cu la tio n  th e  P e t r i  d ish es  were 

sea led  w ith  *Sellotape* and incubated  a t  20% fo r  60 -  70 days. The 

P e t r i  d ish es  were opened and the  degree of n y c o rrh iz a l in fe c tio n  

a s se s se d , to g e th e r  w ith  the  fo llow ing :

1. pH of th e  V erm icu lite .

2. T o ta l le n g th  of the main ro o t.

3. The number of l a t e r a l  ro o ts  and th e i r  len g th s .

4 . The number of second o rder l a t e r a l  r o o ts .

Many of th e  ro o t  systems were photographed. In  a d d itio n , 

tra n sv e rse  se c tio n s  were c u t to  confirm  tlie e c to trc p h ic  m ycorrhizal 

a s so c ia tio n  between h o s t and fungus.



Table 7. The n u t r i e n t s  used f o r  F o r tin * s  tech n iq u e  fo r  m y co rrh iza l

s y n th e s is .

1. The su cro se  agar media ( f o r  the  g la s s  s h e ll  v i a l  in to  v/hioh

th e  hypocotyl i s  in s e r te d ) ,

Sucrose -  175.0 g Oxoid Ion Agar Eo. 2 -  10,0 g

Thiamin -  1 ,0  mg D is t i l le d  w ater to  1 l i t r e

Choline c h lo r id e  -  2.5 mg

The media was steamed and 0.5 ml c a re fu l ly  added to  each g la ss  s h e ll

v i a l .  The v i a l s  were au toclaved  a t  15 lb s  p s i  steam p re ssu re  f o r

15 m inutes,

2. The m inera l media ( t h i s  i s  added to  th e  v e rm ic u lite  b ase).

Ca(KO,) -  72 mg -  1 0 .0 %

l:gSO, «THgO -  20.5 %  'tfo F e r r ic  c i t r a t e  s o lu tio n  -  1.0 ml

D is t i l l e d  w ater to  1 l i t r e  Trace element so lu tio n  -  1.0 ml

3. The t r a c e  elem ent s o lu tio n  (ad d ed  to  th e  m in e ra l  m e d ia ) .

KOI 3.728 g (Kypgllo^Og^.lHgO, 0.018 g

ELEO-, 1.546 g D is t i l l e d  w ater to  1 l i t r e

lliSO, .AHgO, 0.845 g

ZnS0^.7H20, 0.575 g

CuS0^.5H20, 0.125 g
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8 .  HERBICIDES AND THE RESPIRATION M TES OF I.gCORPJilZAL ROOTS.

I n ta c t  ro o ts  of p in e  were taken  from the  l i t t e r  la y e r  

(lb[ 5 . 5) of a  mature s tan d  of P inus s y lv e s tr is  growing in  Thetford 

Chase, N orfo lk . The ro o ts  were s to re d  between a l te r n a te  la y e rs  of . 

decaying need le  l i t t e r  in  polythene bags a t  4% . M ycorrhizas were 

d is s e c te d  o ff  the  s to re d  p in e  ro o ts ,  washed in  running w ater and 

p laced  in  0.01 M p h th a la te  b u ffe r  a t  5 .5 . The r o o ts ,  in  b u f fe r ,  

were a e ra te d  w ith  an a i r  bubbler u n t i l  req u ired . S e lec ted  m a te ria l 

c o n s is te d  of c o ra l lo id  m ycorrhizas developing from successive 

second order l a t e r a l  ro o ts  on a  'm other r o o t ' (se e  F igure 4  )•

(Wilcox 1964, 1963 a  6  b; S u tton , I 969) .

I

These m ycorrhizal ro o ts  v/ere b lo t te d ,  w e i r e d  in to  0.1 g 

samples and t ie d  in  d en ta l gauze to  form sm all bags, approxim ately 

10 X 15 mm. These bags v/ere p laced  in  ae ra te d  p h th a la te  b u ffe r  

(p a  5 .5 ) .

A C larke Oxygen E lec tro d e  (Y e ll07 Springe, Ohio, D3A)

V/as used to  reco rd  th e  r e s p i r a t io n  r a t e  of the  n y co rrh iza l ro o ts ,  

and to  re c o rd  th e  r a t e  a f t e r  trea tm en t w ith  v a rio u s  co n cen tra tio n s  

of h e rb ic id e .

E lec tro d e  sample chambers con tained  10,0 ml 0.01 M p h th a la te

b u f fe r  a t  pH 5 .5 ;  th e  b u f f e r  i n  th e  sam ple ' -

cham bers v/as e q u il ib ra te d  in  a i r  a t  20% so th a t  th e  so lu tio n s  were 

f u l ly  oxygenated. —



The degree of oxygen s a tu ra t io n , tiie tem perature c o n tro l ,  

and the  degree of d r i f t  of the  pen reco rd er (due to  e i th e r  a  f a u l ty  

probe or to  some m alfunction  e .g i a i r  bubbles in  the  sample chamber) 

wore a l l  checked. When th e  rec o rd e r  shaved le s s  than 1.0^ d r i f t  

p e r  10 m inutes, th e  m uslin bag co n ta in in g  m ycorrhizal ro o ts  was 

in troduced  in to  the  sample chamber. This m uslin  bag p ro te c te d  the  

m ycorrh izal ro o ts  from m aceration  by the  magnetic s t i r r e r .  In  order to  

minimise th e  number of a i r  bubbles in  the  sample chamber the  m uslin  

co n ta in in g  th e  m ycorrh izal ro o ts  in  the  a e ra te d  p h th a la te  b u f fe r  was 

p laced  in  a  vacuum d e s ic c a to r ,  evacuated and l e f t  fo r  a  few m inutes. 

I f  th i s  m ycorrh izal sample v/as qu ick ly  in troduced  in to  the sample 

chamber co n ta in in g  a e ra ted  b u f fe r ,  and th e  probe in se r te d  c a re fu l ly ,

bubbles in  th e  sample chamber were no t u su a lly  a problem.
1

H e rb ic id e  c o n c e n tra tio n s  ( nom.) used fo r  tlie  measurement of t h e , 

r e s p i r a t i o n  r a t e s  of m y co rrh iza l ro o ts  and m ycorrh iza l fu n g i.

245T D ic h lo - P re f ix D ic h lo -
b e n i l

. Simazine A trazine

2.5 — 8.5 1.0 5 .0
5 .0 — 85.0 1.0 2.0 10.0

7.5 42.5 112.0 5 .0 3 .0  ■ 20.0

10.0 85.0 170.0 10.0 4 .0 30.0

15.0 142.0 285.0 15.0 5 .0 40.0

27.5 212.0 425.0 30.0 6.0 50.0
— - — ■ - * - 60.0

A fte r  the  .c o 'n tro lre s p ira t io n  ra te , had been recorded  th e  samples of 

m ycorrh izal ro o ts  v/ere p laced  in  a e ra te d  h erb ic id < ^b u ffe r so lu tio n s  

of in c re a s in g  s tre n g th  fo r  20 m inutes, re tu rn ed  to  h e rb ic id e -f re e  

b u f fe r  and allow ed to  recover f o r  a f u r th e r  f iv e  minutes* . The 

r e s p i r a t io n  r a t e s  were then  recorded  in  th e  sam ple chamber c o n ta in -
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- i n g e q u i l i b r a t e d  f r e s h  b u f f e r .

R e s u l t s  v/ere e x p re s s e d  a s  j j l  0^ consumed p e r  100 mg 

m y c o r rh iz a l  r o o t  sam ple p e r  m in u te .



F ig . 4.

Mycorrhizal samples used fo r re sp ira tio n  measurements with the

Oxygen Electrode

8G.
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techniques

k
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9. HERBICIDES AND THE RESPIRATION RATES OP MYCORRHIZAL FUNGI.

The r e t i r a t i o n  r a t e s  of i s o la te s  of Cenococcujn g ra n iforme, 

B oletus v a r ie g a tu s . Thelophora t e r r e s t r i s , B oletus badins and Boletus 

elegans used fo r  h e rb ic id e  assessm ents were measured w ith  an Oxygen 

E lec tro d e .

Erlenmeyer f la s k s  (250 ml) co n ta in in g  50 ml b as ic  l iq u id  

media were in o cu la ted  w ith  two q u a rte red  p lugs of m ycelia s tr ip p e d  

of su rp lu s  ag ar. The f la s k s  were p laced  in  a  re c ip ro c a l shaker and 

incubated  a t  25% f o r  te n  days.

A fte r  in cu b atio n  th e  f la s k s  were removed from th e  shaker, 

the p e l l e t s  of mycelium taken  out and p laced  fo r  f iv e  m inutes in  

50 ml beakers con ta in in g  20 ml fre sh  b as ic  l iq u id  media. The 

r e s p i r a t io n  r a te s  of in d iv id u a l p e l l e t s  (b lo t te d  w eight approxim ately 

60 mg) were recorded  (se e  p rev ious sec tio n ) in  7 .0  ml f u l ly  ae ra ted  

f re sh  b a s ic  l iq u id  media a t  25% . The p e l l e t s  were then  p laced  in  

b as ic  l iq u id  media c o n ta in in g  a knavn co n cen tra tio n  o f h e rb ic id e , 

a e ra ted  fo r  te n  m inutes, removed, washed in  f re s h  media fo r  a fu r th e r  

minute and th e  r e t i r a t i o n  r a t e  re-m easured. The p e l l e t s  of n y co rrh iza l 

fungal t i s s u e  were u n affec ted  by the  magnetic s t i r r e r s .

R esu lts  were expressed as  y il 0^ consumed p er 100 mg fre sh  

w eight fungus. The range of h e rb ic id e s  examined was as  in  the 

p rev io u s  se c tio n .
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10. HERBICIDES AND TI-I3 13PTAIŒ OP HiOSHliATB Ef MYCORRHIZAS.

The uptake of FO^^ by n y co rrh iza l ro o ts  was estim ated  

by assay ing  th e  co n cen tra tio n  o f PO^^" rem aining in  the  medium.

The phosphate p re se n t in  th e  b u f fe r  was determ ined by the method of 

P iske  and Subarrow ( 1925) .  The m a te ria l s e le c te d  co n s is ted  of h ig h ly  

developed c o r a l lo id  n y co rrh izas . The samples con tained  v ery  l i t t l e  

cu t su rfa c e , l i t t l e  damaged t i s s u e ,  and a la rg e  su rface  a rea  of 

n y co rrh izas  ( F i g . 4 ) .

Ten 100 mg samples of m ycorrh izal m a te r ia l were each p laced  

in to  t e s t  tubes co n ta in in g  10 mis 0.01 M p h th a la te  b u ffe r  (pH 5 ,5) ,

0 ,5  mg ICH^PO  ̂ and h e rb ic id e  a t  v a rio u s  co n cen tra tio n s . The t e s t  

tubes v/ere p laced  in  stabilised 50 ml Erlenmeyer f la sk s ;  bubb lers ( fe d  

from a  m anifold  supply ing  a i r  a t  a  c o n s tan t ra te )  a e ra te d  bo th  the  

b u ffe r  and th e  m ycorrhizas, A low speed a i r  flow m aintained the 

tem perature a t  20% and minimised evapora tion  of the  b u f fe r  (ev ap o ra tio n  

would in c rea se  th e  co n cen tra tio n s  of phosphate and h e rb ic id e ) ,

0 ,2  ml a l iq u o ts  of th e  b u f fe r  v/ere talc en and p laced  in  c lean  

dry t e s t  tubes; 1,0 ml d i s t i l l e d  w ater v/as added to  each a liq u o t,

1,0 ml 2, 5/0 ammonium molybdate in  5H H^SO^ was added to  each tu b e , 

th e  co n ten ts  thoroughly mixed and 0 ,2  ml reducing  ag en t, c o n s is tin g  of 

0 , 25^  1 , 2 , 4  am ino-naphthol-sulphonic ac id  in  0 ,5 ^  sodium su lp h ite  

and 10^ sodium m e tab isu lp h ite  s o lu t io n , added. The sample was thoroughly 

mixed.

Normally th e  b lu e  phospho-ammonium molybdate complex was f u l ly  

develcped te n  m inutes a f t e r  th e  f in a l  m ixing. The co n cen tra tio n  of
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phosphate v/as determ ined colourim e t r io  a l ly  u sing  a  Beckman D, B, 

G rating  Spectrophotom eter a t  420 nro. The read in g s  v/ere converted  to  

mg PO^^ /m l u sing  s tandard  curves co n stru c ted  from the e x tin c tio n  of 

kna'/n phosphate co n cen tra tio n s  .-(F ig . 5 ) ,

A fte r  th e  a d d it io n  of H^SO^ and ammonium m olybdate, each 

tube co n ta in in g  any Simazine or A traz in e  develcped a normal b lue 

co lo u r , b u t tu rb id i ty  (caused  by in te ra c t io n  of the  added Simazine or 

A trazine) in te r f e re d  w ith  assays of phosphate in  so lu tio n . Some 

compounds a re  knam  to  in te r f e r e  w ith  the  co lou rim etrio  de term ination  

of ino rgan ic  phosphate(S lD orryet a l , 1971). Since Simazine and 

A traz in e  a re  nav knavn to  in te r f e r e ,  they a re  now included in  th is  

ca teg o ry . Hence any e f f e c ts  of Simazine or A trazine  on th e  uptake 

of phosphate by m ycorrhizas could n o t be observed c o lo u rim e tr ic a lly .
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RESULTS

1, TUE FOR]-.! Aim DEVELOP:,C3̂ T OF PINE ROOT 8YSTE1,IS. .

The ro o t system s of the P in es  examined were c le a r ly  

h e te ro rh y z ic , in  agreement w ith  Wilcox* s ( 1964) c la s s i f ic a t io n  scheme; 

a d d it io n a lly  i t  was p o s s ib le  to  subdivide th e  woody, long  l a t e r a l  

p in e  ro o ts  examined in to  Wilcox*s c la s s e s  of 'p io n ee r* , 'mother* and

* subord ina te  mother* ro o ts  (se e  Tables 8 , 10, 11 and 12).

Non-woody sh o rt ro o ts  were found to  be le s s  frequen t on 

tlie  ro o t systems of P . n ie ra  th an  P . s y lv e s t r i s . Both spec ies  of p in e  

grcT.ving in  f o r e s t  p lo t s  45GPY70 (Kennington) and 8j?Y70 (Wareham) 

developed fe.v m ycorrh izal sh o rt ro o ts ;  in  some cases th e  short ro o ts  

were dichotomous bu t n o t n y c o rrh iz a l, Ho.vever, s lio rt ro o ts  of 

P. s y lv e s t r i s  and P .n im ra , 'gro-ving in  l e s s  f e r t i l e  T hetford  s o i l s ,  

or in  more extreme environm ental c o n d itio n s  (p la n t  po ts))w ere  

abundantly  m ycorrh izal conpared w itli those of p in e s  growing in  

Kenning ton  and Wareham f o r e s t  p lo t s .

The r e s u l t s  of bo th  p o t and f i e ld  experim ents show th a t  

P . n i era  has few er m ycorrh izal t i p s  and fewer non-nyc o rrh iz  a l  

dichotomous ro o t  t ip s  than  P . s y lv e s t r i s  ( Table 8 ) , In  a d d itio n  

P ,n ig ra  has more 'p ioneer* r o o ts ,  fewer 'mother* ro o ts  and fewer

* subord inate  mother* ro o ts  th an  P . s y lv e s t r i s . The t o t a l  number of 

ro o t t i p s  p e r  t r e e  i s  l e s s  f o r  P .n ig ra  th an  P . s y lv e s t r i s , as  i s  the 

shoot and r o o t  f re s h  w eight.



Table 8, The w e r a l l  d i f f e r e n c e s  between a sse sse d  s arm ies o f 

two y e a r  o ld  P . sy l v e s t r i s  and P « n ip ra  s e e d lin g s ,

(R esu lts  a re  expressed as v/eight (grams) or numbers p e r p la n t ) .

----------------- 1----------------------
p .s y lv e s t r i s F ie ld 3" p la n t ,p o ts

range mean range mean

Shoot fre sh  v/eight - - 9 - 2 3 21,9
Root f re s h  v/eig|iit 3 •*' ^ . 4 ,8 14 -  19 13.3
No,, of l a t e r a l  ro o ts 3 . “ 6 6 .2 9 -  13 10,3
No. of ‘pioneer* ro o ts 0 - 2 1.3 1 -  2 2.3
No of ro o t t ip s  p e r  

gram ro o t 69 -  162 102.8 72 -173 101.6

T o ta l no. of ro o t t ip s 340 -  880 629.3 - -

No, of m ycorrhizas 8 -  173 32.9 33 -  241 169,3
No, of dichotom ies^ 2 - 2 8 19.2 0 - 4 2,3

P. n ig ra F ie ld 3" p la n t p o ts

range mean range mean

Shoot f re sh  w eight - - 10 -  16 14.23

Root f re s h  w eight 2 - 4 3 .7 7 - 1 0 ■ 10,2

No. o f l a t e r a l  ro o ts  If 3 - 5 3 .8 4 - 1 0 7 .4

No, o f ‘pioneer* ro o ts 3 - 6 3 .7 1 -  2 1 .6

No, of ro o t t i p s  p e r 
gram ro o t 45 -  140 80,2 23 -  74 30 .4

T otal no, o f ro o t t ip s 130 -  294 247.3 - — •

No, of n y co rrh izas  
No, of dichotom ies^

3 - 2 1  

2 -  36
13.7
16,2

10 -  26 
0 -  1

21.7
0,06

t  l a t e r a l  r o o t s  a r e  ‘m other* and  s u b o rd in a te  ‘m other* r o o t s ,  

t" non m y c o r rh iz a l .



93.

A study of th e  ro o t systems o f young self-sov/n  p ine  

seed lin g s  developing in  King*s f o re s t  (T hetfo rd  F o rest) and Thetford 

Chase showed th a t  m ycorrh izal in fe c t io n  took p lac e  w ith in  th e  f i r s t  

few weeks of growth. However young nu rsery  seed lin g s , germ inated in  

the same l o c a l i t i e s ,  v/ere n o t u su a lly  n y c o rrh iz a l u n t i l  th e  fo llow ing 

y e a r . D evelcping m ycorrh izal systems on s e l f  sown p ine  seed lings 

were e i th e r  unbranched, dichotomous, or c o ra llo id  in  form.

In  agreement w ith  the  f in d in g s  of l.iacDougal and Dufrenoy 

( 1944a)jV/ilcox ( 1964) and many o th e r w orkers, the  m ycorrhizas were 

found to  develop from non-v/oody s h o r t  ro o ts  (o f te n  re fe r re d  to  as  

second order l a t e r a l  ro o ts )  (F ig u re  14)• An H a r tig  n e t surrounding 

th e  f i r s t  o rder l a t e r a l  ro o ts  n e c e s sa r i ly  in fe c te d  any emerging sh o rt 

r o o ts .  N ycorrhizas formed in  t h i s  v/ay v/ere alv/ays dichotomous.

The cy c les  of seasonal g rav th  and development of nyco rrh izas 

observed v/ere in  agreement w ith  A ldrich  Blake (l930) and Ladefoged 

( 1939) .  N ycorrh izas grow in  two seasonal c y c le s ; th a t  i s  l a t e  spring  

and l a t e  autumn. The f  oUowing y ear th ese  ny co rrh izas may become 

moribund (F ig u re  17); new n y c o rrh iz a l development i s  confined  to  

newly developed sh o rt r o o ts .  Hence i t  v/as im portant to  d isc r im in a te  

betveen a c t i v e  and moribund n y co rrh izas .

Evidence was accumulated to  suggest th a t  many n y co rrh iza l 

r o o ts ,  e s p e c ia lly  c o r a l lo id  ones, were n o t derived  from in fe c tio n  

of sh o rt ro o ts  by th e  H a r tig  n e t  bu t from fungal p ropagules in  the
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s o i l .  For example, m ycorrhizal in fe c t io n  of ‘pioneer* ro o ts  i s  

in fre q u e n t (F igu re  I 3) and r e s u l t s  suggest th a t p a r t ly  decayed ro o t 

branches and p in e  cones e i th e r  co n ta in  fungal p rcpagules v/hich are  

re sp o n s ib le  fo r  th e  m ycorrh izal in fe c t io n  of th ese  ‘pioneer* ro o ts  

or c o n s t i tu te  a  favourab le  environment f o r  n y co rrh iza l f  o rm a tio n  

(F ig u res  6, 7 and 8 ) ,

Although a t  many s i t e s  (T h e tfo rd , Wareham, Wilmington and 

Kenning ton) the  n y c o rrh iz a l m orphologies were id e n t ic a l ,  vary ing  

degrees of n y c o rrh iz a l in fe c t io n  were no ted . G enerally  in  one y ea r 

fo u r types of myc o rrh iz  a were id e n t i f ie d :

1) Non-dichotomous, racemose n y co rrh izas  found on ro o ts  th a t  

had p e n e tra te d  p in e  cones; th e  p a t te r n  of the  n y co rrh iza l ro o ts  

conplying w ith  th e  shape and s iz e  of th e  cone segments (F igu res 6 and 

16) .

2) Complex c o ra l lo id  n y co irh iz as  found on ‘pioneer* and ‘mother* 

ro o ts  which had p e n e tra te d  decaying ro o t b ranches, p ine  cones or o ther 

organic m a te r ia l;  th ese  c o ra l lo id  n y co rrh izas  o fte n  extended beyond 

th e  organic m a te r ia l  (F ig u res  7 &nd 8 ) .

3) Dichotomous n y co rrh izas  develcped from th e  re g u la r  a c rc p e ta l 

system of sh o rt ro o ts .  Such n y co rrh izas  may develop in to  a s e r ie s  of 

dichotom ies and form  sm all c o ra l lo id  n y co rrh izas  (F ig u res  9 , 10, 11,

14 and 15) .

4) F ig u re  12 shovvs a v e iy  in freq u en t form of "nyc o rrh iz  a" which 

talc es the  form of a sm all w h ite  sp h e ric a l s t r u c tu r e .  Such a s tru c tu re  

seemed to  develop from dichotomous n y co rrh izas; i t  was found in freq u e n tly  

a t  a l l  th e  s i t e s  eicamined.



The morphology of n y co rrh iza l ro o ts  developing on P. s y lv e s tr is .
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Figure 6,
(Non-dichotomous, racemose 
mycorrhizas found on roo-^s 
which had p en etra ted  pine 
cones, XU.

Figure 7.
Ccnplex c o ra llo id  
mycorrhizas found on 
‘pioneer* ro o ts  p e n e tra tin g  
decaying ro o t branches . x t .

Figure 8.
Conplex c o ra llo id  nycorrh izas 
found on ‘mother* ro o ts  
p en e tra tin g  organic 
m ate ria l . X Z .
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Figure 9 
(y.z).

Figure 10

Figures 9 and. 10.
Dichotomous nycorrh izas 
developed from the 
reg u la r acropeta l 
system of sho rt ro o ts .
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Figure 11.
Dichotomous nyco rrh iza l 
ro o ts  (F igures ^ and 10) 
may develop in to  small 
c o ra llo id  nycorrhizas.X  2 .

Figure 12.
Small white spherical 
s tru c tu res  occasionally found 
on dichotomous nycorrhizas. X 5".



Figure 13.
Dichotomous nycorrhizas 
found on a 'pioneer* 
root t i p . X 5".

Figure 14.
Dichotomous nycorrhizas 
forming second dichotomies 
on a ' mother' r o o t .

Figure 15.
Sinply branched nycorrhizas 
developing on a 'mother* 
ro o t. X S'.



Figure 16.
Non dichotomous 
racemose nycorrhizas 
(developing in  
p a r t ly  deconposed 
humus). X2. .

F igure 1?.
Seasonal development 
of nycorrh izas on a 
'mother* r o o t . XZ .
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Figure 18. Transverse section of dichotomous mycorrhiza developed

on a short roo t of P, sy lv e s tris  . (x Z5o).

Transverse sections of raycorrhizas found, on P> sy lv e s tr is  roo ts 

confirmed th e ir  ectotrophic nature. All sections showed a w ell 

developed H artig  net surrounded by a fungal sheath.



lOL

2. TI-IB POSSIBLE EbYEGT OF SPaZINB ON THE IvafCORRHIZAL ROOTS 

ON P.SYLVSSTHI3 AND P. NIGRA

Siinazine, a l th o u ^  s l ig h t ly  a f fe c tin g  th e  m ycorrhizas and 

u n in fec ted  sh o rt ro o ts  of P . s y lv e s tr is  and P .n ig ra  grov/ing in  f o r e s t  

p lo ts  83FÏ70 (Wareham) and 458FÏ70 (K ennington), d id  n o t measurably 

in flu en ce  any o ther asp ec ts  of th e  ro o t systems of p in e  seed lin g s . 

However, a f a c to r  vrhich confused th e  e f f e c t  of Simazine appears in  

p a r t  o f the Kennington s i t e  (F igu re  2 ) , This f a c to r  was rev ea led  on 

assessm ent of th e  dry  w e i ^ t  /  f re sh  w eight r a t io s  o f the  ro o ts  of 

P . n ig ra  seed lin g s . The r a t i o  of th e  ro o t  d iy  w eight to  f re sh  w eight 

f o r  b lock  IV, t r e a te d  w ith  Simazine a t  4  lb s  p e r  a c re , i s  between

0 .67  and 0. 84, w h ils t  the r a t io  of th e  ro o t àry  w e i ^ t  to  ro o t f re s h  

w eight f o r  the  rem ainder of the p lo ts  i s  between 0.30 and 0. 20.

T h is  d if f e r e n c e  o ccu rs  i r r e s p e c t iv e  o f Sim azine tre a tm e n t,

\
The c o r re la t io n  c o e f f ic ie n t  between f re s h  weight and dry  

w eight f o r  t h i s  p lo t  (b lock  IV tr e a te d  w ith  4  lb s  Simazine p e r acre) 

i s  a p p re c iab ly  h ig h e r (O .89) than  the  equ iva len t c o r re la t io n  

c o e f f ic ie n t  f o r  the  Kennington experim ental p lo ts  as  a  whole (O .61) .

A nalysis of v a ria n c e  and c a lc u la tio n  of the s tandard  

d e v ia tio n s  shewed th a t  th e  dry w e i^ t s  of seed lings taken  from the 

Kennington p lo ts  which had received  1 , 2 , or 4  lb s  Simazine p e r  ac re  

v a r ie d  s ig n if ic a n t ly  fo r  any one trea tm en t. No s ig n if ic a n t  d if ie re n c e  

was found fo r  the  dry w e i ^ t s  of seed lin g s gravn on p lo ts  which had 

rece iv ed  0 or 8 lb s  Simazine p e r acre  .(T a b le  9)*
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F u rth e r  a n a ly s is  of v a rian ce  and c a lc u la tio n s  of s tandard  

d ev ia tio n s  fo r  the o ther v a r iâ te s  measured shov/ed th a t  the observed 

d iffe re n c e s  "between dry w eight and f re sh  v / e i ^ t  r a t io s  fo r  each 

trea tm en t were of lim ite d  s ig n if ic a n c e  and d id  n o t s t a t i s t i c a l l y  

a f f e c t  th e  o th e r c h a ra c te rs  of th e  ro o t system.

In  the l ig h t  of th i s  r e s u l t ,  i t  v/as decided to  consider

problems of s i t e  e f f e c ts  in  an experiment s e t  up a t  Bedford C ollege,

th e  r e s u l t s  of v/hich a re  given in  Tables 13 and 14.
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Table 9. A nalysis of v arian ce  of ro o t dry v/eights of two year old

P .n ig ra  seed lin g s  sanpled in  Kennington F o re s t p lo t  456FÏ70.

Lbs. Sim azine 
p e r  a c re  
a p p lie d

Block Lean S tandard  
D ev ia tio n

D egrees 
- of 
Freedom

p .v a lu e S ig n ifican ce

0 I 1.2509 0.4877 11
I I 1.1420 0.5699 10

I I I 1.1900 0.3043 12
IV 1.2618 0.4863 22

3/51 0.1922 N o t.s ig n if ic a n t

1 I 1.1284 0.4669 13
I I I 0.9393 0.3869 15

IV 1.5700 0.5682 25

^ 5 0 8.3197 0.t%

2 I 1.3233 0.4479 12
I I 1.1241 0.4222 12

I I I 1.2500 0.3423 18

IV 0.8576 0.3869 21

3/59 5.2748 1 .(^

4 I 1.1411 0.7996 9
I I 1.1561 0.4638 13

I I I" 1.3475 0.4972 12

r / 0. 6416 0.3085 19

3/49 5.8947 1.0^

8 I 1.2858 0.4035 12

I I 1.3275 0.6638 12

I I I 1.3627 0.4474 11

IV 1.1875 0.6847 20

3/51 0.2638 Not s ig n if ic a n t

The anomalous dry w e i^ t / f r e s h  w e i^ it  r a t io s  observed in  b lock XV 4  lb s  

Simazine p e r  a c re  a re  r e f le c te d  in  the s ig n if ic a n t  F. v a lu e  obtained  

on a n a ly s is  o f v a rian ce  of ro o t dry w e i^ t s .
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a) The e f f e c t  of Simazine on the  m ycorrhizas and un in fec ted  ro o t 

t i p s  of P . s y lv e s t r is  and P . n ig ra  growing in  f o r e s t  p lo ts

453FI70 (Kennington) and 83FY70 (Wareham).

( i)  P. s y lv e s t r i s .

I n  some cases s o i l  supplied  Simazine may have a f fe c te d  

the  numbers of a y c o rrh iz a l ro o ts  of P. s y lv e s tr is  (see  T ab les, 11 and 

12 and F ig u res  19, 20 and 21 ) .

I .y c o rrh iz a s  d ev e lo p in g  on s e e d lin g s  sampled in  November 

1970 a t  th e  K ennington s i t e  in c re a se d  a f t e r  an  a p p l ic a t io n  of 4  l b s  / a c r e  

(T ab le  1 l) .  S e e d lin g s  sajiqoled a t  th e  Wareham s i t e  in  November 1970 

showed a  marked in c re a s e  in  th e  numbers of m y co rrh iza l ro o ts  a f t e r  

th e  a p p l ic a t io n  o f S im azine, L y c o rrh iza s  o f s e e d lin g s  sampled in

Noveraberl972 a t  the  same Wareham s i t e  d id  n o t respond to  any a p p lic a tio n s
\

of Simazine (T a b le  1 2 ) .

A p p lica tio n s  of Simazine on th e  same f  o re s t p lo ts  and ■. 

seed lin g s  a f fe c te d  the number of un infected  ro o t t ip s  per, t r e e  a t  one 

s i t e ’. S e e d lin g s  growing on th e  Kennington p lo t  to  which a p p lic a tio n s  

a t  4  lb s  Simazine p e r ac re  had been made (sampled in  November 1970) 

sliowed a c l e a r  in crease  in  "the numbers of un in fec ted  ro o t t i p s  p e r  

t r e e  (T able 1 l ) .  No such  e f f e c t  o f  S im azine  on th e  t o t a l  number o f  

u n in f e c te d  r o o t  t i p s  p e r  t r e e  ( c . f .  u n in f e c te d  r o o t  t i p s  p e r  g) was 

o b se rv e d  i n ' t h e  Wareham s i t e (  when sam pled i n  Novem ber.1970 and 1972 

those  se ed lin g s  graving on th e  "Wareham s i t e  which had rece iv ed  Simazine
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showed n o  apparent increase  in  numbers of u n in fec ted  sh o rt ro o ts  p e r  

t re e  (Table 12}),

( P. n ig ra

S o il ap p lied  Simazine may a f f e c t  the numbers o f n y co rrh iza l 

ro o ts  of  P. n i  era in  s im ila r  ways to  P, s y lv e s tr is  (see  Tables 10 and 

11 and F ig u res  19, 20 and 21 ) ,

In  November 1970 the  numbers of n y co rrh izas  p e r  seed lin g
(Tatle llj-

tree^Y/ere no t a f fe c te d  by any a p p lic a tio n s  of Simazine./^ Seedlings 

sampled in  November 1970 a t  th e  Wareham s i t e  ( Table 10) which had 

rece iv ed  a p p lic a tio n s  of Sim azine, showed some in c rease  in  th e  numbers 

o f m ycorrh izas, e s p e c ia lly  vrith th e  a p p lic a tio n  o f 8 lb s  Simazine p e r 

a c re . However, in  February 1972, on the same s i t e  and v/ith  the  same 

a p p lic a tio n s  of Sim azine, the  numbers of m ycorrhizas developing on 

sh o rt ro o ts  were no t a ffe c te d  by any of the  a p p lic a tio n s  of Simazine,

Simazine had l i t t l e  e f f e c t  on the  numbers of u n in fec ted  

ro o t t i p s  of seed lin g s sampled in  November 1970 in  the Kennington and 

Wareham s i t e s ,  and s im ila r ly ,  in  Februaiy 1972, in  th e  Wareham s i t e  

( Tables 10 and 1 l ) ,



Table 10, 1970 ^nd 1972 assessm en ts o f th e  means and s tan d a rd  e r r o r s
'ob tained  1 o r tlrie ex p erim en ta l p lo t  83F f 70 a reham) , to  show 
th e  e f f e c t  o f Simazine on th e  ro o t  system s of P in u s  n ig r a .
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Table 11. 1970 assessm ents o f the means and standard e rr o r s , obtained
fo r  the expérim ental p lo t  458FY70 (Kenninp-.ton) , t o  shâ ? the e f f e c t  of 
Siinazine on the ro o t systems o f P inus s y lv e s tr is  and Pinus ni;?,ra.
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T able  12, 1970 and 1972 assessm en ts  o f th e  means and s tan d a rd  e r r o r s ,
o b ta in ed  fo r  th e  ex p erim en ta l p lo t  83^770 (V/areham) , to  shcf'>v the  
e f f e c t  o f Sim azine on th e  ro o t  system s of P in u s  s y l v e s t r i s .
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L) The e f f e c t s  of Siinazine on th e  n y c o rrh iz a s  o f P« s y lv e s t r i s  and P .n ig y a  

se e d lin g s  .rro'-vin.fT im p la n t  p o ts  c o n ta in in /r  s o i l  talcen from  T h e tfo rd  

Chase (c h a lk y  s o i l )  , Kerminpr.ton ( s i l t y  loam) or Wareham (san d y  s o i l ) .

The P in e  ro o t systems v/ere assessed  18 months a f t e r  p o tt in g ;  

the s o i l s  d id  no t c o n ta in  EcIC, f e r t i l i s e r  sijpplem ents, o r supplem entary 

organic m a te r ia l. Roots were more common around the p la n t  p o t s id e  

and c o ra l lo id  n y co rrh izas  confined to  the  ro o ts  gro'.ving a t  the  edge 

of th e  p la n t  p o t .  Ho%vever, dichotomous n y co rrh iz a l ro o ts  were 

d is t r ib u te d  throughout the ro o t system.

Due to  th e  hi^h- l e v e l  of u n in f e c te d  r o o t  tip s ,a sse s sm e n t 

was d i f f i c u l t .  For th is  reason  th e  numbers of u n in  f e e t  e d "ro o t  t i p s / g  

f re s h  w e i ^ t  ’mother* ro o t were counted in s tea d  of the  numbers of 

■ u n in fe c te d  r o o t  t i p s  p e r  s e e d l in g .

\

C e rta in  g en era l e f fe c ts  on th e  p in e  ro o t system s were noted; 

the e f f e c ts  v a r ie d  w ith  d iffe re n c e s  in  s o i l  type , and w ith  •the 

a p p lic a t io n  of Sim azine. P . s y lv e s tr is  seed lin g s  gravn in  T hetford  

s o i l s  sho'.ved an in c rease  in  th e  number of l a t e r a l  ro o ts  (Table 13^^

This in c rease  in  the numbers of l a t e r a l  ro o ts  c o n s is ted  

of an in c re a se  in  botli ’mother* and subord inate  ’mother* ro o ts  and 

was n o t observed in  any o th e r in s tan ce .
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p . s y lv e s t r i s  and P .n ig ra  seed lin g s g rav ing  in  p la n t  p o ts  

co n ta in in g  the v a r io u s  s o i ls  from Y/areham or T hetford  t re a te d  w ith  

4  lb s  /  ac re  Simazine g en era lly  shaved more m ycorrhizas than  the  

u n tre a te d  c o n tro ls  (T a b le s  13 and 1 4 ) .

The number of n o n -n y co rrh iza l, dichotomous ro o t t i p s  p e r  

t re e  were always very lo.v and were no t a f fe c te d  by th e  a p p lic a tio n  

of 4  lb s  /  ac re  Simazine. H a/ever, P . s y lv e s t r i s  and P .n i.g ra  g razing  

in  sandy V/areham s o i l  t re a te d  w ith  4  lb s  / a c r e  Simazine shaved an 

in c rease  in  the  number of un in fec ted  sh o rt ro o ts  p e r  gram f re sh  

w eight ( Tables 13 and 14).
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Table 13* The means and standard  e r ro r s  obtained from th e  experiment 
to  sho'.v the  e f fe c ts  of Simazine on the  ro o t systems of 
P .s y lv e s t r i s  growing in  p la n t  p o ts  co n ta in in g  d i f f e r e n t  s o i l  types.

P .s y lv e s t r i s  growing in  s o i l  from Thetford Chase
0 I b ^ a c r e
Simazine

4  lb s /a c r e
Simazine

Sanrole s iz e  (N) 14: - - 53 ____

F resh  w eight of slioot (g ) 
F resh w eight of ro o t (g )
No,of u n in fa c ted  ro o t 

t ip s /g  f r e s h  w e ig h t‘d 
No. of m y co rrh izas /tree  
No, o f dichotomous ro o ts / tre e *  
N o,of l a t e r a l  r o o ts / t r e e  
No, of p io n eer r o o ts / t r e e

Mean Std.
e r ro r

Mean Std,
e r ro r

22.43
14.67

110.86

178.30
2.34
9.50
2.87

(1.705)
( 1. 090)
( 9. 072)

( 30. 309)
( 0. 591)
( 0. 750)
( 0. 688)

23.44
19.27

127.78

241.55
1.12

15.79
3.39

( 1. 604)
( 1. 241)
(9 .456)

( 43. 010)
( 0. 369)
( 1. 640)
( 1. 123)

P. s v lv e s t r i s  growing in  s o i l  from V/areham

Sanrole s iz e  (I-) 26 •)5
Fresh  w eight of shoot (g ) 
F resh  w eight of ro o t (g )
Ko, of u r.iri'eo ted  ro o t 

t i p ^ g  f r e s h  w e ig h t i"
Ko.of m y co rrh izas /tree
Ko. of dichotomous r o o ts / t r e e *  
Ko,o f l a t e r a l  r o o t s / t r e e  
K o.of p io n eer r o o t^ / t r e e

23.83
17.32

101.73
274.11

4 . 5s
12.35

1.92

( 2. 608)
( 1. 509)
(7 .099)

(34.400)

( 1. 364)
( 1. 021)
( 0. 432)

22.15
18.13

173.80
501.40

11.87
14.27

2.13

( 1. 207)
( 1. 128)
(8.866)

( 39. 408)

(2.877)
( I .C 89)
( 0 . 601)

P . s y lv e s t r i s  growing in  s o i l  from Kennington

Samole s iz e 8 6

F resh  w eigh t of shoot (g ) 
F resh  w eigh t of ro o t (g )
N o,of un in fec ted  ro o t 

t i p ^ g  f r e s h  w e ig h t 
No, of mj'-c o r r h iz a ^ t r e e  
No, of dichotomous r o o ts / t r e e  
No, of l a t e r a l  r o o t ^ t r e e  
No, of p io n eer r o o t ^ t r e e

19.57
14.18

92,17
55.61

0,11
9.72
2,22

( 1. 470)
(1 .337)
(6.789)

( 10, 469)
( 0 , 076)
( 1. 035)
(0.482)

19.71
14,86

72.94
89.38

0 ,0
9.62
1.06

(2.947)
( 2. 382)
( 9. 860)

( 21. 020)
( 0 , 000)
(1 .408)
(0.348)

* D ichotom ous r o o t s  a r e  n o n -m y c o rrh iz a l .  

t  ’m other* r o o t .



Table 14. The means and standard  e r ro rs  obtained  from th e  experim ent
to  siio'.v the e f f e c ts  of Simazine on the ro o t system s of P .n ig ra
grawing in  p la n t  p o ts  co n ta in in g  d i f f e r e n t  s o i l  ty p es .

IIS'.

P .n ig ra  growing in  s o i l  from Thetford  Chase.
0 lb s /a c re  
Simazine

4  lb s /a c r e  
Simazine

Sanrole s iz e  (N) 12 11

Mean Std.
e rro r

Mean s td ,
e r ro r

Presh w eight of slioot (g ) 
F resh w eight of ro o t (g )
No. of un in fec ted  ro o t 

t i p s /g  f r e s h  w e ig h t^  
ilo. of i ry c o r rh iz a ^ tre e  ^ 
No. of dichotomous r o o ts / t r e e  
No.of l a t e r a l  r o o ts / t r e e  
No, of p io n eer r o o t ^ t r e e

16,18
9.88

36.50
10.92
0,0
7.42
1.56

(2.084)
( 1. 227)

( 3 . 059)
( 4 . 560)
( 0 . 000)
( 0. 721)
( 0 . 743)

13.02
6450

14.18

32.36
0 .0
5.63
1.36

( 2. 523)
( 1. 614)
( 8. 229)
( 8. 925) 
(0.000) 
( 1. 029) 
( 0. 717)

P.ni.r~ra g rav ing  in  s o i l  from V/areham.

Saiinle s iz e  (I.) 16 20

Fresh  w eigiit of slioot (g ) 
Fresh w eight of ro o t (g )
No, of un in fec ted  ro o t 

t i p s / g  f r e s h  w e ig h t t  
No, of m y c o rrh iz a ^ tre e  ^ 
No, of dichotomous r o o ts / t r e e  
No, of l a t e r a l  r o o t ^ t r e e  
No. of p io n ee r r o o ts / t r e e

10.56 
7.30

23.56 

26,94
.0 .1 9
4.69
1,00

( 2, 640)
( 1. 506)

(4 . 297)
( 6. 274)
(0 .188)
( 1. 106)
( 0 . 303)

19.15
15.15
76.55
51.45

0,10
7.70
2495

(1.747)
( I . 308)

( 4 . 615)
( 4 . 562) .
(0.10(3)
(0.837)
(1.859)

P. n ig ra  growing in  s o i l  from Kennington

Sanrole s iz e  (N) 17 19

F resh  w eight of shoot (g ) 
F resh w eiglit of ro o t (g )
No,of u n in fec ted  ro o t 

t i p s /g  f r e s h  w e ig h t+
N o,of D y c o rrh iza s /tre e  ^ 
No, of dichotomous r o o t^ t r e e  
N o,of l a t e r a l  r o o ts / t r e e  
N o,of p io n eer r o o ts / t r e e

16,01
10,11

74.71
28,43
0 ,0

10,85
1.29

(1.384)
( 0 , 676)

(5 . 699)
(5 . 883)
( 0 . 000)
(0 .733)
( 0 . 270)

17.14
10.10
67.22

56.78
0.11
1489
1.22

( 2. 429)
(1.508)

(6 .753)
( 12. 334)

( 0 . 076)
( 0 . 963)
( 0. 223)

D ichotom ous r o o t s  a r e  non m y c o rrh iz a l ,
I I

t" mother r o o t ,
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3 . THE HERBICIDE EFFECT ON THE I N 'VITRO GROWTH OF FUNGAL. ISOLATES.

R a d ia l  growth r a te s  were conpared on b as ic  io n  agar and 

a re  g iven  in  Table 15.

Table 15. The growth r a te s  of fungal is o la te s  on b as ic  ion  agar p la te s

(mip/wk) a t  25^

B. granulatus 25.0

3 . lu teu s  26,5

B .v a r ie ra tu s  17.0

B .badins 15.0

B .b a /in n s 15.5

B. ed’j l i s  9 .5

B. ele<^sns 19.0

F.annosus 20 .0

C.graniform e 16,0

R. erne t i c  a 20,0

A.rubescens 18,5

T .t e r r e s t r i s  17.5

A .m ellea 15.5

l&R. a tro v ire n s  19.0

P. .graninis 10.5

These g row th  r a t e s  were o b ta in e d  from  m easurem ent 

o f  i s o l a t e s  i n  t h e i r  l i n e a r  grow th  p h a se .
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a) H erb ic ide  e f f e c t  assessed  by agar p l a t e s .

A p lo t  of colony growth on b a s ic  ion agar co n ta in in g  

known c o n cen tra tio n s  of re le v a n t h e rb ic id e , v /ith  re sp e c t to  tim e, 

gave a curve w ith  th re e  consecutive phases:

1. L i t t l e  bu t a c c e le ra tin g  g rav th  ( la g  and a c c e le ra tio n  p h ase )ê

2. Rapid and approxim ately l in e a r  growth,

3. L i t t l e  c r  no n e t growth (approaching s ta tio n a ry  p h ase ).

The in h ib ito ry  or s tim u la to ry  e f f e c t  of the  h e rb ic id e  on th e  growth 

r a te  of the  fu n g al i s o la te  i s  expressed as th e  percen tage d iffe re n c e  

between the l in e a r  growth r a te  on p la te s  c o n ta in in g  knam  co n cen tra tio n s  

o f h e rb ic id e , and th e  l in e a r  growth r a te  of tlie c o n tro l. However,' the 

fundam ental c r i t i c i s m  of th e  techn ique , th a t  i s  measurement o f colony 

diair.eter in s te a d  of colony dry w eig jit, was no t met and f o r  t l i is  

reaso n  some l iq u id  c u ltu re  assays were undertaken, V/ith shake l iq u id  

c u ltu re  assay s  i t  was no t p o ss ib le  to  ca rry  out s u f f ic ie n t  v a r ie ty  of 

trea tm en ts  and adequate r e p l ic a t io n ,  hence agar p la te s  were the main 

assay  technique employed. H erb ic ide  co n cen tra tio n s  r e s u l t in g  in  

in ii ib i t io n s  a t  70, 5Q and 30 p e r cen t le v e ls  of th e  c o n tro ls  a re  d e r iv e d  

ffomPigures 22 to  27.

S everal of th e  is o la te s  in h ib ite d  by r e la t iv e ly  low 

co n ce n tra tio n s  of h e rb ic id e  showed l i t t l e  in c rease  of in h ib i t io n  a t  

h i ^ e r  co n cen tra tio n s  o f h e rb ic id e ; fo r  example A .rubescens and 

M.R. a tro v ire n s  w ith  C hlorthiam id (F ig u re  13).
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Simazine and A trazine d id  n o t in l i ib i t  any o f the  fungal 

i s o la te s  te s te d  (F ig u res  26 and 2 ?). Indeed some is o la te s  appeared 

to  be s tim u la ted  by c e r ta in  co n cen tra tio n s  o f Simazine; A .m ellea 

and B. g ran u la tu s  were s tim u la ted  a t  co n cen tra tio n s  of 0 ,4  and 0.^5 ppm • 

re sp e c tiv e ly ;  v/hen th e  Simazine co n cen tra tio n  was in creased  to  0 .6  ppm 

tlie growth r a te s  of tliese tv/o i s o la te s  equalled  those o f the  c o n tro ls .

The i s o la te s  most in h ib ite d  by D ieh l or obenz oat e were

B.bcvinus ( 8 ppm) , B. g ran u la tu s  ( 8 ppm) , B .badius ( 8 ppm) and

C. g ra n iforme (15 ppm) ; a t  th e se  co n cen tra tio n s  of h e rb ic id e , growth 

of these  i s o la te s  was in h ib i te d  by 59 p e r cen t r e la t iv e  to  th e  

co n tro l (F ig u re  22),

3 . lu te u s  (0 ,5  ppm), B .bo /inus (0 ,8  ppm) , B .elegans (1 ,5  ppm) 

and A .rubescens (2 ,0  ppm) were the  i s o la te s  most in h ib ite d  by 

D ich lor obenz o n i t r i l e ;  a t  tliese  co n cen tra tio n s  of D iehl or ob enz oni t r  i l  e 

the  i s o la te s  were in h ib i te d  by 50 p e r  cen t r e la t iv e  to  th e  c o n tro l 

(F ig u re  24).

The i s o la te s  most in h ib i te d  by C hlorth iam id were

C .g ra n iforme (1 2 ,0  ppm) , B .g ran u la tu s  (15 .0  ppm) , B .v arieg a tu s  (50 .0  ppm) ; 

a t  th e se  c o n c en tra tio n s  of Chi or o th  iamid the  i s o la te s  a re  in h ib ite d  

by 50 p e r cen t r e l a t iv e  to  th e  c o n tro l  (F igu re  23).

With 245T the  i s o la te s  were in h ib i te d  by very  much th e  same 

co n c en tra tio n  range , a  s im ila r  50 p e r  cen t in l i ib i tio n  ( r e l a t i v e  to  the  

co n tro l)  o ccu rrin g  between 15 &nd 17 ppm 245T, I s o la te s  of B. g ra n u la tu s ,

A .m ellea and P.gram in  i s  were excep tions; th ese  showed 50 p e r  cen t 

in h ib i t io n  ( r e l a t i v e  to  th e  co n tro l)  a t  25 -  28 ppm 245T (F ig u re  25).
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I lC .Z 3 .(con t l
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FIG. 24"
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FIG .  25-.
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The effect  ^  245T on the relative growth rate(r.gxl of  m y corrhizal fung i .
and pathogenic root fjjjigi.
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THE EFFECT OF S I M A Z I N E  O N  TH E RELATIVE G R O W T H  RATE
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l'lG.27.(cont).

THE EFFECT OF ATRAZINE ON THE RELATIVE GROWTH RATE

^l.G.R.) OF PATHOGENIC ROOT F U N G I .
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b) H e rb ic id e  e f f e c t  a s s e s se d  by shake liqu id , c u l t u r e s .

Shalee l iq u id  c u ltu re s  were used to  confirm  c e r ta in  experim ental 

r e s u l t s  r e la t in g  to  th e  e f f e c t  of h e rb ic id e s  on the  gre/yth of i s o la te s  

on agar p la te s  (F ig u res  28 , 29 and 3 0 ). The co n cen tra tio n s  Icnam to  

in h ib i t  th e  gra.vth of the i s o la te  on agar p la te s  a lso  a f fe c te d  the  

grcr//tli of th e  same i s o la te s  in  shake l iq u id  c u ltu re . The inoculum 

fo r  shake l iq u id  c u l tu r e s ,  c o n s is tin g  of s tr ip p e d  and q u arte red  

p lu g s , i s  in e v ita b ly  v a r ia b le  even though a l l  p re ca u tio n s  a re  taken  

to  keep tlie inoculum as c o n s is te n t as p o s s ib le . Some inocu la  grown 

in  shalce l iq u id  c u ltu re  produce e i th e r  fragmented m ycelia or sm all 

compact p e l l e t s  which subsequently  fra g n e n t, th ese  fragm ents in  tu rn  

producing more compact sm all p e l l e t s ,  inocula grcr-ving in  the  absence 

of added h e rb ic id e  or in  only law h e rb ic id e  co n cen tra tio n s  developed 

( f o r  any one s e t  of con d itio n s) in to  uniform  m ycelia l p e l l e t s  of

rep ro d u c ib le  d ry  v /eight, . Hovvever, h ig h e r h e rb ic id e  co n cen tra tio n s  o f te n
\

produced e r r a t i c  r e s u l t s .  The use of 245T co n cen tra tio n s  of 15 -  25 ppm 

in h ib ite d  a l l  i s o la te s  (F igu re  28) ,  C hlorthiam id a t  co n cen tra tio n s  

of 8 -  15 ppm reduced the  m ycelia l dry w eight to  70^ of th e  c o n tro ls

(F ig u re  30) f o r  a l l  i s o l a t e s  e x c e p t R .e m e tic a .  A tra z in e  had no 

i n h i b i t o r y  e f f e c t  on B o le tu s  v a r l e c a tu s  o r  Pomes a n n o su s .

O ther h e rb ic id e s , fo r  example D ich lo ro b en zo n itrile  and

D ich lorobenzoate , knov/n to  in h ib i t  growth of fungal is o la te s  on agar 

p la te s  a lso  in h ib ite d  growth of tiiese  fungi in  l iq u id  c u ltu re . Hence 

th e  shake l iq u id  c u ltu re  r e s u l t s  su b s ta n tia te d  those  obtained  from th e  

agar p la te  method. However, a s  a  technique fo r  a ccu ra te ly  assay ing  

h e rb ic id e  e f f e c ts  on th e  fu n g a l i s o la te s  th e  method i s  l e s s  s a tis fa c to ry  

than  agar p la te  assays fo r  reasons mentioned p rev io u s ly .
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p. TTi3 SWrIESIS OP Ivf/CORHrIIZAS.

LIelin*s F o r t in ’ s (1$66) and Trappe*s (1967,b)

techniques f o r  th e  sy n th es is  of m ycorrhizas were used v/ith v a rio u s  

degrees of success, Y/ith Trappe's  technique, m ycorrhizas were formed 

h u t rep ro d u c ib le  h i ^  r a te s  of success were no t ob tained . C e rta in  

changes in  th e  com position of the  media (se e  Table6) , fo r  example 

the  red u c tio n  of g lucose from 5 to  e i th e r  0,1 or 1.0 g / l ,  coupled 

w ith  a  decrease  o f th iam in  from 50 to  0,05 m g/l and a change in  th e  pEi 

from 4 .5  to  5 .0  caused changes in  t r e e  seed lin g  growth bu t had no 

e f f e c t  on th e  f i n a l  numbers of m ycorrhizas formed, V erm icu lite  

co n ta in in g  Trappe* s media or th e  media m odified as  above, in o cu la ted  

w ith  m ycorrhizas fungus m acerates, she/fed abundant m ycelia l growth 

and v igorous ro o t system s. However, th e  pH of th e  media ro se  to  

about pH 7.0 a f t e r  60 -  70 days in cu b a tio n . Sand co n ta in in g  any media 

was found to  be u n su ita b le  fo r  ro o t and m ycelia l grow th, due to  

w aterlogg ing  and, p a ra d o x ic a lly , d ry in g  out of the  sand su rface  due 

to  poor c a p i l l a r i t y .  The fu n g a l i s o l a t e s  t e s t e d  w ere th e  ones u sed  

i n  th e  K e lin  te c h n iq u e  ( s e e  t a b l e  1 6 ) .

i l e l in ’ s technique was a lso  found to  be u n s a tis fa c to ry . The 

number of m ycorrhizas formed were la v  (F ig u re s  31 &nd 32) even th o u ^  

the  inoculum o fte n  grew as  a m ycelial lawn on th e  su rface  of the 

v e rm ic u lite  and was o fte n  seen to  co lo n ise  ro o t su rfaces . Some in o cu la , 

encouraged by the  very  h ig h  hum idity in  th e  f la s k s ,  grew up th e  shoots 

of the p in e  se e d lin g s , and in  one case an i s o la t e  resem bling C ..pranifom e 

grew over the  whole sh o o t, th e  v e rm ic u lite  su rfa c e , and the  ro o t 

(Table 16).



Table 16. The combina tio n s  of fu n g i  ̂ in o cu la  and media used in  
I'-el in* s ( 1921) technique of m ycorrhizal sy n th e s is .
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Figure 31.

l^co rrh izas  synthesised

using the technique of

Melin ( 1921): A. rubescens

on th e  h o s t ,  _P̂  s y l v e s t r i
XZ.

Figure 32.

Transverse section  of 

a mycorrhiza from. 

Figure 31 .(^ /ooo ).
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Fortin* s technique was found to  he more su ccess fu l; about 

32 -  38 p e r  cen t of the  in o cu la ted  ro o ts  su rv iv ing  th e  incubation  

produced mycorrhizas* This compares w ith  Fortin* s success r a t e  of 

approxim ately 40 p e r c e n t. Hov/ever, th e  percen tage success of 

m ycorrh izal fo rm ation  w ith  F o rtin * s  technique v/as n o t la rg e  enough to  

o b ta in  s u f f ic ie n t  n ^co rrh izas  f o r  experim ent. Very la rg e  numbers o f 

'e x p la n ts ' had to  be s e t  up and th i s  was beyond th e  scope o f the 

f a c i l i t i e s  and time a v a ila b le . I t  i s  apparent th a t  th e  F o r tin  

technique i s  su cc e ss fu l; th e  cho ice of fungal i s o la te  and th e  choice 

of media^ tliough c r i t i c a l ,  a re  no t n e c e s sa r ily  the  only fa c to rs  which 

r e s t r i c t  the success r a t e  fo r  n y c o rrh iz a l syn theses. By c a re fu l  

c o n tro l  of te ip e r a tu re ,  media, pH, inoculum and grov/th p e rio d s  i t  was 

p o s s ib le  to  a sse ss  th e  e f f e c t  o f th ese  v a r ia b le s  on th e  ro o t system.

This enabled i s o la te s  to  be c h a ra c te r is e d  a s  to  th e i r  sp e c if ic  e f f e c t s ,  

in c lu d in g  m ycorrhizal fo rm ation , on th e  ro o t systems (T able 17; F igure  33)*

The assessm ent of th e  p in e  ro o ts  in o cu la ted  w ith  T « te r r e s t r i s .

A .rubescens, and B .v a rieg a tu s  i s  p resen ted  in  Table 17. In  a l l  cases

th e re  v;as a recorded  pH change of the  V erm icu lite  from 4 .5  to  7 .0

a f t e r  60 -  70 days incubation , I.!ycorrhizas v/ere formed using  in o cu la

o f T . t e r r e s t r i s  or A .rubescens on th e  excised  ro o ts  of P .s y lv e s t r i s .

Success r a te s  f o r  m ycorrh izal sy n th es is  by th e  two inocu la  were 32 and

38 p e r  cen t re sp e c tiv e ly . The i s o la te  of C. craniform e produced no
slightly

m ycorrh izas, b u t increased  th e  t o t a l  ro o t le n g th  and/reduced th e  t o t a l  

number of l a t e r a l  ro o ts .

The sm all compact dichotomous n y co rrh iza l ro o t t i p s  formed 

in  tlie above syntlieses shaved on exam ination a ty p ic a l  sheath  w ith  a
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w ell d e fin ed  H artig  n e t .  Some tra n sv e rse  sec tio n s  of th e  H a rtig  

n e t showed th a t  in t r a -  as  w e ll as i n te r - c e l lu la r  hyphae w ere p re se n t;  

th ese  m ycorrhizas were p o ss ib ly  of the  ectendotrqphic  type (W ilcox, 

1964) (F ig u re  31) ,



Table 17. The e f f e c ts  of fungal i s o la te s  on P .s y lv e s t r i s  ro o t 

"explants'* , grown using  the method of F o r tin  (1966),

Thelenhora
t e r r e s t r i s

Amanita
rubescens

B oletus
v a r ie g a tu s

Ce n oc occum 
g ra n iforme

Samole s iz e 40- 71 ;• 95 . 81 :

Nean Std.
e r ro r

Nean Std,
e r ro r

Mean s td ,
e r ro r

lilean S td ,e r ro r  
e r ro r

F in a l pli 
of m atrix 6.0 (0 .48) 6.1 (0 .42) 5 .9 (0 .90 ) Not £v a i la b le

Root
len g th 28.1 (2 .05) 26.2 (1 .04) 27.9 (0 .92) 54.9 (0 .90)

Hypocotyl
len g tn 8 .4 (0 .25) 8 .3 ( 0. 62) 7 .7 (0.68) Not £v a i la b le

Rumber of 
l a t e r a l  ro o ts 1.8 (0.32) 1.9 (0 .23) 1.9 (0 .22) 1,2 (0 .14 )

T o ta l ro o t 
len g th 6 .4 ( 1. 32) 6,0 (0 .93) 7.0 (1 .05) 6,3 (1 .04)

Number of 
m ycorrhizas 1.7 (0 .11)\ 1.9 (0 .11) 0,0 (o .oo) 0 ,0 (o .oo)

Roots were assessed  60-70 days a f t e r  in o cu la tio n .
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fig.33).
T H E  R E L A T I O N S H I P  B E T W E E N  R O O T  LENGTH A N D  T H E  NU MBER O f  L A T E R A L  
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F igure  34

C o ra ilold m ycorrhizas

formed on ‘* exp lan ts"  of

P .s y lv e s t r i s  in o cu la ted

■ w ith  Thelephora t e r r e s t r i s .
XI.
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6. m s  EFFZCT OF HERBICIDES ON THE HS,SPIRATIOIT RATES OF 

BOm Ï/IYCCRRHIZ/J, AND miM?>XTED ROOT TIPS OF 

P.SYLV33TRI3 AIJD P. NIGRA.

The r e s p i r a t io n  r a te s  of excised  c o ra l lo id  nyco rrh izas  were 

meas'ored v^ith an oxygen e le c tro d e . The morphology of th ese  c o ra l lo id  

n y co rrh izas  c o rre ^ o n d s  in  p a r t  to  those  m ycorrhizas a sse ssed  f o r  the 

e f f e c ts  of Simazine on the m ycorrhizal ro o ts  of P. s y lv e s t r i s  and P .n ig ra  

grav ing  in  f o re s t  nu rsery  p lo ts  and in  p la n t  p o ts  ( F i g . 4 ) .

The ro o ts  o f P .n ig ra  possessed  co n p ara tiv e ly  fe.v w e ll 

developed c o ra llo id  m ycorrhizas and although s u f f ic ie n t  c o ra l lo id  

m ycorrhizas were c o lle c te d  to  enable measurement of th e  e f f e c t  of 

A traz in e  on the  r e s p ir a t io n  r a t e ,  th e  remainder of th e  experim ents 

u t i l i s e d  the  c o ra l lo id  ny co rrh izas of P .s y lv e s t r i s .

I

The r e s p i r a t io n  r a te  of c o ra llo id  m ycorrhizal ro o ts  o f 

P . s y lv e s t r is  sampled in  Ih rch  1972 was le s s  than  h a l f  th e  r e s p i r a t io n  

r a t e  of s im ila r  ro o ts  sampled in  September 1972’( 0,49 and 1,12 

^LO^/niinute/lOO mg c o ra llo id  m ycorrhizas r e s p e c tiv e ly ) .

P . s y lv e s tr is  and P. n i,pra, sampled in  Narch 1972, had 

s im ila r  r e s p ir a t io n  r a te s  (0 ,95 and 0,105 ^ lO ^m inu t^ lO O  mg u n in fec ted  

ro o t t i p s  re s p e c tiv e ly ) ,  C o ra llo id  m ycorrh izal ro o ts  o f P .n ig ra  

sampled in  llarch 1972, gpve r e t i r a t i o n  r a t e s  of O.3I juL O^/minute/lOO mg 

c o ra l lo id  m ycorrhizal ro o ts .  Measurement o f the  r e s p i r a t io n  r a te s  of 

c o ra l lo id  m ycorrhizas and un in fected  ro o ts  of P .n ig ra  was n o t undertaken 

in  September 1972, due to  lack  of s u ita b le  m ycorrhizal m a te r ia l.
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C o ra llo id  m ycorrhizal ro o ts  of P. s y lv e s t r i s , sampled in  

March 1972, p ro tre a te d  v/ith 30 ppm A traz ine  or 4  ppm Simazine f  o llav ed  

by te n  minute recovery  in  f re s h  p h th a la te  b u f fe r ,  shov/ed some in c re a se  

in  t h e i r  r e s p i r a t io n  r a te s  (se e  F igu re  35), In  September th i s  

in c rease  in  r e s p i r a t io n  r a te  was n o t noted a f t e r  th e  a p p lic a tio n  

of e i th e r  30 ppm A traz ine  or 4  ppm Simazine, The r e s p i r a t io n  r a te s  

of non m ycorrhizal ro o ts  o f P . s y l v e s t r i s . sampled in  March 1972, 

p r e tre a te d  fo r  to n  m inutes w ith  30 ppm A trazine  or 1 ppm Simazine 

shO'/zed s tim u la tio n ; th i s  was approxim ately 35 p e r  cen t over ihe 

c o n tro l  (F igure  35).

Non m ycorrhizal sh o r t ro o ts  of P.ni.&Ta (sampled in  March 

1972) in c reased  th e i r  r e s p i r a t io n  r a t e  a f t e r  te n  m inutes p re trea tm en t 

w ith  0 ,5  ppm A traz in e , C o ra llo id  n y c o rrh iza l ro o ts  of P .n ig ra  shaved 

100 r>er cen t in c rease  of r e s p i r a t io n  r a t e  a f t e r  ten  m inutes 

pro  trea tm en t w ith  2,5 ppm A traz in e ,

Ten m inute p re trea tm en ts  w ith  245^ sit co n cen tra tio n s  of 

50 and 150 ppm re s p e c tiv e ly ,  follovved by recovery in  f re s h  p h tira la te  

b u ffe r  ( te n  m inutes) , reduced th e  r e s p ir a t io n  r a te s  of c o ra llo id  

n y co rrh izas  of P . s y lv e s t r i s  to  86 and 25 p e r  cen t of th e  c o n tro l 

(F ig u re  36) .  D ieh lo b en il a t  la v  co n cen tra tio n s  (5 ppm fo r  ten  

m inutes) may cause some s tim u la tio n  in  th e  r e s p ir a t io n  r a t e  of 

c o r a l lo id  n y co rrh iza s , Havever, a t  h ig h e r  c o n c en tra tio n s , p re -  

tre a tm e n t w ith  D ich lo b en il (IO and 20 ppm) caused th e  r e s p i r a t io n



r a te s  of c o ra llo id  n y co rrh izas  to  be reduced to  88 and ' 4 p e r  cen t o f  

th e  c o n tro ls (F ig u re  36) .  Ten minute p re trea tm en ts  v /ith  D iclilobenzoate 

(D iehlorobenzoic acid ) a t  400 and 8OO ppm caused r e t i r a t i o n  r a te s  of 

c o ra l lo id  nycorrh izas of P . s y lv e s tr is  to  be reduced to  80 and 5  p e r 

cen t re sp e c tiv e ly  (F ig u re  3&j* Although p re trea tm en t w ith  C hlorthiam id 

(P re f ix )  a t  la v  co n cen tra tio n s  had no e f fe c t  on th e  r e s p i r a t io n  r a te s  

of c o ra l lo id  ny co rrh izas  of P, s y lv e s t r i s , te n  minute p re trea tm en ts  

w ith  C hlorthiam id a t  200 and 400 ppm caused re sp e c tiv e  red u c tio n s  o f 

th e  r e s p i r a t io n  r a te s  to  75 and 50 p e r  cen t of the  c o n tro ls  (F igu re  36) .
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7. ' TIG SP?]-]GT 0? HERBICIDES ON TliE RESPIRATION PJVT53

OF m oo^m izK L  to ig i .

The r e s p ir a t io n  r a te s  of B.elep-ans and A .rubescens, gro/m 

in slialcQ l iq u id  c u l tu re s ,  a re  much h igher than  th e  r e t i r a t i o n  r a t e s  

o f the  same v / e i ^ t  of c o ra l lo id  m ycorrhizas. The measured r e s p i r a t io n  

r a t e  of B .elegans i s  9*25 ^lO^^rninute/lO mg f re s h  w eight of fungal 

p e l l e t ;  a r e s p i r a t io n  r a te  of 4 .5  jUilO^minute/lO mg f re s h  w eight of 

fungal p e l l e t  was obtained fo r  A .rubescens. Even w ith  tem perature 

d if fe re n c e s  taken  in to  account ( in c u b a tio n  a t  20°G fo r  m ycorrh izal 

ro o ts  and 25% fo r  fungal is o la te s )  , the r e s u l t s  suggest th a t  

m ycori'hizal fungal i s o la te s ,  in  term s of th e i r  r e s p ir a to ry  a c t i v i t y ,  

a re  much more a c t iv e  in  pu re  c u l tu re  than as  developed n y co rrh izas .

The e f fe c ts  of h e rb ic id e s  on th e  r e s p ir a t io n  r a t e s  of 

B .elegans and A .rubescens were estim ated  a f t e r  te n  m inute p re -tre a tm e n ts  

w ith  a e ra te d  basic  l iq u id  media con ta in ing  sp e c if ic  co n cen tra tio n s  of 

h e rb ic id e . P re trea tm eh t w ith  150 ppm 245^ a t  25% caused re sp e c tiv e  

red u c tio n s  in  the  r e s p ir a t io n  r a te s  o f B .elegans and A .rubescens to  

77 and 91 p _ ^  c e n t  o f  th e  co n tro l (F ig u res  37 and 38) ,  A fte r  te n  

m inutes immersion a t  25% in  60O ppm D iehlobenzoate, 20 ppm D ich loben il 

or 200 ppm C hlorth iam id , B. elegans shaved 73> 60. and 7I  2ÊZ. p en t 

red u c tio n s  o f  the  re sp e c tiv e  r e s p i r a t io n  r a t e s ,  r e la t iv e  to  th e  

c o n tro l  (F ig u re  37).

Reductions in  th e  r e s p ir a t io n  r a te s  o f A .rubescens to  9 3 , 

and 89 p e r  cen t of th e  c o n tro l a re  achieved by 200 ppm D iehl obenz o a te .



15 ppm D ic h lo b e n il  and 400 ppm C hlorth iam id (F igure  38).

Havever, Simazine and A traz ine  a t  any of th e  co n cen tra tio n s  

s p e c if ie d  (F igu res 37 and 38) d id  n o t a f f e c t  th e  r e s p i r a t io n  r a te s  of

B«elegans and A .rubescens.
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8. TIE) TJPTAIŒ OP HiOSPrîATE BY IHCORRIIIZAL ROOTS OF P. 8TLVESTRIS

A eration  of IQI^PO  ̂ so lu tio n s  (0 ,05  mo/ml) in  sanple chambers 

a t  2 0 f or  25 hours d id  n o t r e s u l t  in  p r e c ip i ta t io n  o f th e  phosphate .

l.Tycorrhizal ro o ts  k i l l e d  w ith  sodium az id e  a l te r e d  th e  le v e l  of

in  p h th a la te  b u f fe r ,  but ab so rp tio n  of by th ese  k i l l e d

n y c o rrh iz a l ro o ts  was l e s s  than  0.001 mg P0^^~ /  100 mg k i l l e d  

iry co rrh iza l ro o ts  /  25 hours (F ig u re  39 b ) . Any low ering  of th e  

co n c e n tra tio n  of b u ffe red  p h o ^ h a te  in  t i e  sample chambers co n ta in in g  

l iv in g  c o ra l lo id  iry co rrh iza l ro o ts  (below;0.Q35 mg /  ml PO^^") can 

be a t t r ib u te d  to  the  uptake of phosphate by the sa rp le .

A erated c o ra l lo id  rrycorrhizas of P . s y lv e s t r is  ro o ts  began

to  taZce ip  PO^^ from a b u ffe red  so lu tio n  co n ta in in g  0.05 mg /  ml

KH^PO^ a f t e r  1.5 -  2.5 hours. A fte r  5 -  ^ hours th e  c o ra l lo id

sy c o rrh iz a s  had talc en up approxim ately 40 p e r  cen t of the  PO, ^
\ 4-

p re se n t in  th e  b u ffe red  so lu tio n ; subsequent phosphate e s tim atio n s  

d u rin g  the  rem ainder of the  experim ental p e rio d  ( l8  -  19 hours) 

showed th a t  phosphate abso rp tion  by such c o ra l lo id  n y co rrh izas d id  

n o t in c rease  ap p rec iab ly  a f t e r  th i s  tim e. Phosphate uptake fo r  

100 mg c o ra llo id  m ycorrhizal samples v a r ie d  s l i g h t ly ,  b u t in  a l l  

cases ab so rp tio n  of PO^^^" a f t e r  20 hours was betw een 0 .1 4  and 0 .17  

mg P 0 ^ ~  /  ICO mg c o ra llo id  m ycorrhizas (F igu res 39 o and 4 0 ).

A bsorption by u n in fec ted  ro o t t i p s  of P . s y lv e s t r is  v/as 

( a f t e r  5 .5  hours) in  the  reg io n  of 0 .02  mg PO^^ /  100 mg non 

m ycorrh izal sh o rt ro o ts ,  Havever, a f t e r  20 hours the  le v e l  of
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in  tlie non-irycorrh izal s h o r t  ro o ts  can decrease (F ig u re  39 a ) .

The uptake of PO '̂  ̂ by c o ra l lo id  m ycorrhizas was found to  

bo alm ost com pletely in h ib ite d  by th e  ad d itio n  of 1 ppm 243T to  th e  

sample chamber (F ig u re  39 ). The a d d itio n  to  the  sample chambers of 

120 ppm C hlorth iam id, 60 ppm Diehlobenz oate  or 23 ppm D ieh lo b e n z o n itr ile  

caused approxim ately 8 -  10 p e r cen t red u c tio n s  ( r e l a t iv e  to  the  

c o n tro l)  in  the  uptake of phosphate (F igu re  40 ).

Vthen reducing  agent v/as added to  b u ffe re d  p h o ^ h a te  s o lu tio n s  

co n ta in in g  A traz in e  or Simazine the  sample became tu rb id . This 

obscured tlie development of the phospho ammonium molybdate complex; 

hence e f f e c ts  of Simazine and A traz ine  on the uptake of phosphate by 

c o ra l lo id  m ycorrhizas could n o t be measured usin g  t l i i s  techn ique.
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DISCUSSION

1• The form and development of P ine ro o ts .

The t ’.vo P ine  sp ec ies  examined c o n tra s te d  niarkedly in  the 

n a tu re  of t l ie i r  h e te ro rh iz ic  ro o t systems* The ro o t systems of 

P*ni,rra seed lin g s  co n s is ted  o f abundant ’pioneer* ro o ts ;  th e  fear 

sh o rt ro o ts  p re se n t were a s so c ia te d  v /ith  sm all numbers o f ’mother* 

ro o t and subord inate  ’m other’ ro o ts ,  P. s y lv e s t r i s  se e d lin g s , on the 

o ther hand, possessed  r e la t iv e ly  fe ?  ’p io n e e r’ ro o ts  w hile  numerous 

sh o rt ro o ts  formed on the  r e la t iv e ly  abundant ’m other’ and 

subord inate  ’m other’ ro o ts .  These d if fe re n c e s  between p ro p o rtio n s  

of ’p io n e e r’ and ’m other’ , and subord inate  ’m other’ ro o ts  on 

P .s v lv e s t r i s  and P .n i r r a  seed lin g s  accounted fo r  th e  la rg e  d if fe re n c e s  

noted in  the  t o t a l  numbers of un infected  sh o rt ro o t t i p s  and nycorrh izas,

F ie ld  observations c le a r ly  show th a t  th e re  can be d isc rep ­

a n c ie s  between the estab lishm ent of n y co rrh izas  on P in es  p la n te d  in  

n u rse ry  p lo ts  and on P in es  n a tu ra l ly  e s ta b lish e d  in  f o r e s t  p la n ta t io n s .  

For exaiip le, a d iscrepancy was noted on comparison of n u rse ry  p la n te d  

P in es  v /ith  P ines p la n te d  in  T hetford  f o r e s t .  Such d isc re p a n c ie s  m i ^ t  

be a t t r ib u ta b le  to  s o i l  n u tr ie n t  le v e ls  or to  numbers of nyc o rrh iza l. 

p ropagules and th e i r  inoculum p o te n t ia l  in  f o re s t  s o i l s  compared w ith  

n u rsery  s o i l s .  There i s  a lso  tlie p o s s ib i l i ty  th a t  s o i l  ap p lied  

h e rb ic id e s  may a f f e c t  e i th e r  the v ig o u r of m ycorrhizal fu n g i or the 

growth and development of tre e  ro o t system s, A f u r th e r  f a c to r  which 

m ight in flu en ce  m ycorrhizal development in  F o re s try  Commission 

n u rsery  p lo ts  i s  th e  use of B,H,C, fo r  ro o t w eev il c o n tro l.
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Hi^h- le v e ls  of s o i l  n u t r ie n ts  in  f o r e s t  n u rse r ie s  may 

d iscourage good development of ro o t  system s. For exanple, Sbding 

( 1952) ,  A ird ( 1962) ,  Henderson and Stone (19&7) and S utton  ( 1969) 

have shown th a t  th e re  i s  a r e la t io n s h ip  between p oorly  developed 

ro o t systems and f e r t i l e  s o i l s .  In  a d d itio n , a s im ila r  r e la t io n ­

sh ip  between s o i l  f e r t i l i t y  and th e  p ro p o rtio n s  of ’p io n eer* , 

subord inate  ’m other’ , and ’m other’ ro o ts  p robably  e x is ts .  Thus, 

th e  o v e ra ll development of the ro o t system of a c o n ife r  seed lin g  

v / i l l  depend on th e  p a r t ic u la r  s o i l  n u tr ie n t  le v e ls  in  which i t  i s  

growing (A ld rich  B lake, 1930; V/iicox, 1964; S u tto n , 1969) ,

In  tile p re se n t study n u tr ie n ts  were added a t  th e  same 

le v e ls  in  a l l  tiie e/zperim ental nursery  p lo t s  5 th e re fo re  o v e ra ll  

assessm ents of t r e e s  w ith in  groups of h e rb ic id e  trea tm en ts  could be 

made, iihen Simazine i s  ap p lied  to  s o i l s ,o r  s o i l s  are hand weeded, 

com petition  fo r  n u tr ie n ts  between weeds ( in c lu d in g  g rasses) and 

p ine  ro o ts  w i l l  be reduced. This fa c to r  may be re le v a n t to  

P .n i r r a  s e e d lin g s , fo r  these  seed lings p o ssessed  a  h ig h er ’p io n e e r’ 

ro o t:  subord ina te  ’m other’ ro o t and ’m other’ ro o t r a t i o  than  

P , s y lv e s t r i s  in  a l l  th e  nursery  s i t e s  a ssessed . Because of th is  

tlie r e la t io n s h ip  between th e  d i f f e r e n t  s i t e  con d itio n s  and the  

’p io n e e r’ ro o t:  subord inate  ’m other’ ro o t and ’m other’ ro o t r a t io s  

of P .s y lv e s t r i s  and P .n i r r a  seed lin g s was of p a r t ic u la r  in t e r e s t .

These observations concerning th e  e f f e c t  o f s o i l  n u t r ie n ts  

on ro o t systems suggest th a t  P ,n ig ra  and P, s y lv e s t r i s  may d i f f e r  

s ig n i f ic a n t ly  reg a rd in g  th e i r  a b i l i t y  to  grov? in  n u rse ry  and in  

n a tu ra l  f o re s t  s o i l s .  P ines w ith  a  b as ic  ’p io n e e r’ ro o t system
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w ith  few sh o rt ro o ts  can take advantage of hi^ÿi s o i l  n u tr ie n t  le v e ls ;  

however these ro o ts  may be capable of developing in to  secondary 

’mother* ro o t systems (S u tto n , 19^9). A ’p io n e e r’ ro o t system can 

be o r rh iz a l  in  any case (A ld rich  B lake, 1930; H atch , 1937), 

and may f in a l ly  give r i s e  to  a w e ll developed m ycorrh izal system.

Problems regard ing  numbers of m ycorrh izal propagules and 

th e i r  inoculum p o te n t ia l  in  n u rse ry  and f o r e s t  s o i l s  a re  n o t e a s i ly  

open to  in v e s tig a tio n . I t  seems l ik e ly  th a t  c e r ta in  p ropagu les, 

f o r  example sp o res , would n o t v ary  app rec iab ly  in  numbers and 

p o ss ib ly  inoculum p o te n t ia l ,  bu t o th e rs , fo r  example rhizom orphs, 

m ight show co n sid e rab le  v a r ia t io n .

The poor development o f m ycorrhizas noted  in  f o re s t  

n u rsery  p lo ts  imay be p a r t ly  a consequence o f th e  a p p lic a tio n  of 

3 ,Ii,C , (S tro b o l) by the F o re s try  Commission to  c o n tro l ro o t  w eev ils  

(Table 3 )« Although a p p lic a tio n  was only 0 ,5  ml B ,H ,C ,(S trobol) /  

l i t r e , t h i s  may have been s u f f ic ie n t  to  a f f e c t  growth and development 

of new sh o rt ro o ts .  Under c e r ta in  cond itions B,H.C, i s  known to  

e x e r t harm ful e f fe c ts  on p la n t  growth and development; fo r  example 

vregorek (l957) fo u n d .th a t low a p p lic a tio n s  of B,H,C, were harm ful 

to  germ inating wheat shoots growing in  sandy s o i l ;  w hile the same 

dosage of B,E,C, d id  no t a f f e c t  wheat germ inating  in  heavy s o i l s ,  

Hov/ever, the  s o i l  m ic ro -f lo ra  in  e i th e r  B,H,C, t re a te d  s o i l  was 

n o t a f fe c te d  in  any d is t in c t iv e  way.

In  th e  p re se n t study B,H.C, was sprayed by th e  F o re s try  

Commission d i r e c t ly  onto th e  ro o ts  of P, s y lv e s t r i s  and P ,n ig r a .
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I f  B.H.C, in fluences th e  resum ption of sh o rt ro o t growth, sp arse  

m ycorrh izal development a t  or near th e  ends of ’mother* ro o ts  may 

be a d i r e c t  consequence o f new sh o rt ro o t  development only tak in g  

p lace  o u ts id e  th e  B.H.C. tre a te d  zone.

I t  i s  of in te r e s t  th a t  P in es  no t t r e a te d  w ith  B.H.C., 

growing as  p o t orperim ents using  the  s o i l s  from th ese  fo re s t  

re se a rc h  p lo ts ,d ev e lo p ed  abundant m ycorrhizas. I f  such p o t grawn 

P in es  had been t r e a te d  w ith  B.H.C. then  i t  would have been p o s s ib le  

to  e s ta b lis h  v/hether B.H.C, a f fe c te d  the sy n th es is  of m ycorrhizas 

an d /o r the development of sh o rt r o o ts .

I t  must be emphasised th a t  o th er f a c to r s  may a ls o  a f f e c t  

the  development of the ro o t system , fo r  example ro o t wounding i s  

known to  s tim u la te  ro o t growth (S u tto n , 1967) w h ils t  the  p resence  

of f re sh  or only p a r t ly  hum ified p la n t  re s id u e s  causes some in h ib i t io n  

of ro o t growth (Kononova, I 961) ,

C la s s if ic a t io n  of m ycorrhizas was r e s t r i c t e d  to  a  sim ple 

d e s c r ip t io n  of th e i r  e s s e n t ia l  c h a r a c te r is t ic s ,  namely:

1, Non dichotomous racemose m ycorrhizas (F igu re  6 ),

2, Simply-branched m ycorrhizas (F igu re  15).

3 , Dichotomous m ycorrhizas (F igu re  14).

4 , C o ra llo id  mycorrhizas (F ig u re  7 ).

5 , Small w hite  sp h e ric a l s tru c tu re s  found o ccas io n a lly

on dichotomous m ycorrhizas (F ig u re  12),
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The c la s s i f ic a t io n  schemes of Mel in  ( 1927) ,  Dominik ( 1959) snd 

E ou llard  and Dominik ( i 960) were found d i f f i c u l t  to  use and in te r p r e t .  

A ttem pts to  describ e  th e  co lour of m ycorrhizas were abandoned, fo r  

t l ie i r  co lou rs  changed on exposure. I t  was sometimes d i f f i c u l t  to  

d efin e  d i s t i n c t  m ycorrh izal morphologies s in ce  the types of 

m ycorrhiza encountered in  th e  assessm ents in te r-g rad ed . Marks ( 1 9 0 )  

suggests t l ia t  th i s  in te r -g ra d a tio n  of m orphological m ycorrh izal 

■types i s  probably  due to  se v e ra l m ycorrh izal fung i c o -h a b itin g  

the ro o t and g iv ing  r i s e  to  d i f f e r e n t  m ycorrh izal mozphologies in  ' 

d i f f e r e n t  s o i l  c o n d itio n s . S im ila rly , Zak and Marx ( 1964) recogn ised  

the ex is ten c e  of m u ltip le  fungus m ycorrhizas which c o n s is te d  of 

a s so c ia tio n s  of Cenococcum graniform e and a q u iescen t fungus, the 

m u ltip le  fungus m ycorrhiza changing in  fungal com position w ith  

d i f f e r e n t  s o i l  c o n d itio n s .

S q u a lly , i t  i s  p o ss ib le  th a t  one fungus m ight give r i s e  to  

d i f f e r e n t  m ycorrh izal ro o t m orphologies under d i f f e r e n t  s o i l  or ro o t 

co n d itio n s . However Marks ( 1965) suggests th a t  d i f f e r e n t  m ycorrh izal 

types a re  reasonably  co n s ta n t,b u t chance in v asio n  of a P ine  sh o rt 

ro o t in to  an a re a  dominated by a  p a r t ic u la r  s o i l  m ycorrh izal fungus 

p o p u la tio n  can modify a p a r t ic u la r  m ycorrhizal a s so c ia tio n .

The d if f e re n t  m ycorrhizal types d escrib ed  in  -the p re se n t 

in v e s tig a tio n  may be a consequence of in te ra c t io n s  between many 

d i f f e r e n t  fa c to rs .

However, .the basic  problems of m ycorrh izal assessm ent a re  n o t 

c la s s i f ic a to r y  ones bu t concern assessm ent of seasonal growth. The
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developm ent, of m ycorrhizas on P .s y lv e s t r i s  and P .n ig ra  sh o rt ro o ts  

was seasonal and took p lace  in  sp rin g  and l a t e  summer. Consequently 

any P ine ro o ts  sampled in  l a t e  summer possessed  bo th  rec en t and 

o lder m ycorrhizas. The o lder m ycorrhizas wore be liev ed  to  re p re se n t 

bo th  the  p rev ious sp rin g  and tlie p rev ious summer’s growth.

The ob serv a tio n  of seasonal m ycorrhizal development was 

confirm ed w ith  a sample of seed lings o f P .n i.g ra  talc en in  February 

1972 from f o re s t  p lo t  83F Ï70 (V/areham), This February assessm ent 

shoved th a t  th e  number of young m ycorrh izas, compared w ith  a November 

assessm ent, was very  few, and th a t  o ld e r mycorrhizan were p ro p o rtio n a lly  

micro abundant (Table 10) ,  Consequently i t  was considered  th a t  the  

I'lcr/emiber sampling tim e probably  gave the  b e t te r  e s tim a te  of young 

(and presum ably more a c tiv e )  m ycorrhizas,

biien n u rsery  seed lin g s  a re  tra n sp la n te d  ro o t grovth should 

n o t be in te r ru p te d , p rov id in g  f re s h  ro o t t i p s  a re  p re s e n t ,  th e re  i s  

s u f f ic ie n t  s o i l  m o istu re , and th e  s o i l  tem perature i s  s u ita b le .

However the  p o s s ib i l i ty  of a  ’check’ in  growth on tra n s p la n ta tio n  

obviously e x is ts .  To allow fo r  p o s s ib le  delays in  the  resum ption 

of ro o t growth. P in e  seed lin g s  were assessed  in  November, e ig h t 

months a f t e r  t r a n s p la n ta t io n  in  l^Iarch, Assuming th a t  new sh o rt ro o ts  

had developed by e a r ly  summer, tlien  November e s tim ates  of m ycorrh izal 

in te n s i ty  must in c lu d e  any m ycorrhizas developed on these ' new s h o rt 

ro o ts  in  th e  l a t e  summer p e rio d  o f g rav th .

The assessm ent of m ycorrhizas in  the  p re se n t study includes 

m ycorrhizas developed from an e x is t in g  H a r tig  n e t and /  or from s o i l
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fungal p ropagu les, I .^corrh izas developed from successive  sh o rt 

ro o ts  a re  considered  a consequence of in fe c t io n  by an e x is t in g  H a rtig  

n e t. On the  o th er hand, c o ra l lo id  m ycorrhizas a re  b e lie v e d  to  

re p re se n t th e  in fe c tio n  of new sh o rt ro o ts  by s o i l  fu n g al p ro p ag u les, 

as probably  a re  sp a rse , s in g ly  dichotomous m ycorrh izal ro o ts  

encountered a t  or near the ends of sub o rd in a te  ’mother* r o o ts ,  ’m other’ 

ro o ts  or o ccas io n a lly  ’p io n e e r’ ro o ts .



2. The e f fe c t  of Simazine on th e  pyo -̂ t̂h and m ycorrh izal

development of P .s y lv e s t r i s and P .n ig ra  seed lin g s .

The te  clinique of p la n tin g  non-myc o r rh iz a l  seed lin g s  in to  

s o i l  p r e tre a te d  w ith  Sim azine, fu r th e r  annual treatm ent of the s o i l  

w itli Sim azine,and assessm ent of consequent m ycorrhizal in fe c t io n  of 

the ro o t system , can be considered  an assessm ent of the inoculum 

p o te n t ia l  of the iry co rrh iza l propagules in  the  Simazine t r e a te d  s o i l s  

(lYilde, 1934) .  Nursery seed lin g s  were more or le s s  f re e  of nyc o rrh iza s  

when tra n sp la n te d  in to  Simazine tre a te d  and co n tro l s o i l s .  Hcvrever, 

as s ta te d  p rev io u s ly , the  p lo ts  made a v a ila b le  fo r  the  p re se n t study 

rece iv ed  h igh  co n cen tra tio n s  of f e r t i l i z e r  and w e ll r o t te d  organic 

m a te r ia l (Table 3) ;  th i s  probably  re s u l te d  in  s o i l  co n d itio n s  th a t  

enabled bo th  P .s y lv e s t r i s  and P .n ig ra  to  gro-v w ithou t th e  ex tensive  

development of a ro o t system  and th e re fo re  w ithout sh o rt ro o ts  

s u ita b le  f o r  m ycorrh izal development. Hence th e  absence of abundant 

m ycorrhizas on assessed  ro o t  systems does no t imply th a t  th e  s o i l s  

t r e a te d  w ith  Simazine lacked  iryco rrh iza l p ropagules.

I t  i s  n o t c le a r  w hether Simazine a f f e c ts  th e  grovth  and 

development of s h o r t  ro o ts  and m ycorrhizas of P ine  seed lin g s  growing 

on f o r e s t  p lo ts  43SFY70 (Kennington) and 83PY7O (V/areham), On the  

whole th e  r e s u l t s  suggest th a t  th e re  i s  in  f a c t  l i t t l e  Simazine e f f e c t  

on th e  u n in fec ted  ro o t  t ip s  of P . sy lv e s tr is .  and P .n ig r a . A lth o u ^  

th e re  was an in c re a se  in  the ' number of m ycorrhizas on P .n ig ra  

seed lin g s  sampled in  November 1970 grooving in  Wareham ( 83FY7O) s o i l s  

t r e a te d  w itli 8 lb s  Simazine p e r  a c re , th is  was possibly s ig n if ic a n t  

b u t  d id  not occur in  the  February 1972 sample. S im ila rly  P . s v lv e s t r i s  

u n in fe c ted  ro o t t i p s  and m ycorrhizas, sampled from the Kennington
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s i t e  ( 438FY70) in  November 1970, responded by some in c rease  in  

numbers to  tlie a p p lic a tio n  of 4  lb s  Simazine p e r  a c re ; th i s  r e s u l t  

i s  p o ss ib ly  more v a l id ,  fo r  a d d it io n a lly  th e re  was an  in c rease  in
r o o t.

th e /f r e s h  w eights of these  t r e a te d  P in es  (Table I I ) .  However th is  

assessm ent v/as n o t repeated  du0 to  o ther unresolved problems of t h i s  

s i t e .  However i t  i s  conceivable th a t  Simazine does a f f e c t  th e  

P in es  growing on the  f o re s t  nu rsery  p lo t s ,  b u t th a t  th e  e f fe c ts  a re  

sm all and perhaps e a s i ly  masked by o th e r s i t e  f a c to r s .

One n o tic e a b le  example of the  e f f e c t  of s i t e  on P ine  

seed lin g  growth and development occurred a t  Kennington, Comparison 

of tlie r a t io s  o f ro o t dry v /-e i^ t : f re sh  iveight fo r  P .n ig ra  seed lin g s  

su b jec ted  to  th e  v a rio u s  Simazine trea tm en ts  showed th a t  n o tic e a b le  

d iffe re n c e s  between p lo ts  were n o t r e la te d  to  Simazine trea tm en ts .

I t  was observed th a t  p lo ts  v /ith  a  h ig h er ro o t dry  w e i ^ t  : f r e s h  

w eiglit r a t i o  were lo c a l is e d  in  one corner of tlie experim ental a re a ; 

the whole s i t e  sloped tovards t h i s  co rner. S t a t i s t i c a l  a n a ly s is ,  

comparing c e r ta in  v a r iâ te s  of P in es  grcw/ing on th is  corner w ith  those 

growing on the  r e s t  of the s i t e ,  sliaved th a t  ro o t dry w e ig h tev aried  

s ig n if ic a n t ly ,  b u t th a t  o th er measured v a r iâ te s  were n o t a f fe c te d , 

Reasons f o r  t h i s  change in  th e  ro o t  dry w eigh t a re  u n c lea r , b u t in  

view of th i s  a d d it io n a l f a c to r  re q u ir in g  c o n s id e ra tio n , i t  was 

decided n o t to  re a sse ss  the Kennington s i t e .

In  an a tte irp t  to  overcome the problem  of v a r i a b i l i t y  of 

ro o t systems noted in  f o r e s t  nursery  p lo t s .  P ines were grown in  

p la n t  p o ts  co n ta in in g  s o i l s  talcen from th e  same nu rsery  p lo ts  

(K ennington and V/areham) and from T hetford  f o r e s t .  These p o t grown
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P in e s , when, subsequently  a sse ssed , shewed a s im ila r  in h eren t 

v a r i a b i l i t y  of th e i r  ro o t system s. O verall c o r re la t io n s  between 

assessed  ro o t c h a ra c te rs  were s im ila r  to  those ob tained  from 

seed lin g s  growing in  nursery  p lo ts  (T ables 1 and 2 ),

Root assessm ents and ro o t counts made e ig h t months a f t e r  

p o t p la n tin g  shoved th a t  l i t t l e  general ex ten sio n  grovth of the 

ro o t system s had occurred a l t h o u ^  m ycorrh izal development appeared 

to  be p roceed ing  on a  g re a te r  sc a le  than  in  f o r e s t  nursery  p lo t s .

This may have been due to  the  r a th e r  d i f f e r e n t  growth c o n d itio n s ; 

fo r  example, no added f e r t i l i z e r  and no mulching.

I t  was considered  th a t  sampling th ese  P in es  e ig h teen  

montlis a f t e r  p o t p la n tin g  gave a more r e a l i s t i c  assessm ent of th e i r  

o v e ra ll  growtli and ro o t development. P in es  growing in  p o ts  fo r

e ig h teen  months developed many more ro o t t ip s  p e r p la n t  than  P ines
\

growing in  f o re s t  nu rsery  p lo ts  fo r  e ig h t months. I t  proved too 

tim e consum ing,for such p o t grown P in e s , to  count th e  sh o rt ro o t t ip s  

on a p e r  p la n t  b a s is ;  in s te a d  r e s u l t s  were expressed as the  numbers 

of ro o t t i p s  p e r  1.0 g f re sh  w e i ^ t  ’m other’ ro o t.  These r e s u l ts  

were compared w ith  s im ila r  da ta  ob tained  from f o re s t  n u rse ry  p lo t s ,  

except t l ia t  c a lc u la tio n s  fo r  the  assessm ent of the l a t t e r  P in es were 

based on whole ro o t systems and no t ju s t  ’m other’ ro o ts .  The va lu es  

f o r  th e  fo re s t  n u rse iy  p lo ts  a re  presumably underestim ated  (see  Tables 

10 -  14) ; n e v e rth e le ss  the  in te n s i ty  of slmort ro o ts  seems much g re a te r  

on p o t grown P in e s , A d d itio n a lly , p o t grovn P in es possessed  g re a te r  

numbers of m ycorrhizas, in c lud ing  p rc p o rtio n a te ly  more c o ra llo id  

ty p es.
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D iffe ren ces  in  th e  n a tu re  of the  ro o t system  of p o t grown 

se ed lin g s , compared w ith  nursery  grown se e d lin g s , may be due to  a 

p h y s ica l e f fe c t  of the  p la n t p o t which somehow a l t e r s  th e  ’p io n eer* ; 

’m other’ ro o t r a t io s .  For in s ta n c e , the p la n t  p o t may r e s t r i c t  

’p io n e e r’ ro o t development. Such r e s t r i c t e d  ’p io n e e r’ ro o ts  may 

develop in to  secondary ’m other’ ro o t systems. Increased  development 

of ’motiier’ ro o t systems may account fo r  th e  g re a te r  numbers of sh o rt 

ro o t t ip s  developed on these p o t grcvm seed lin g s ; th i s  in c reased  

development of sh o rt ro o t t ip s  may ex p la in  the  g re a te r  numbers of 

m ycorrhizas, in c lu d in g  c o ra l lo id  m ycorrhizas, p re se n t.(C o ra llo id  

m ycorrhizas were very  in freq u en t in  f o re s t  n u rse ry  p lo t s ) .  In c reas in g  

n u tr ie n t  d e fic ien cy  in  p o ts  over the d u ra tio n  of th e  experiment may 

have s tim u la ted  sh o rt ro o t and consequent m ycorrh izal development.

In  a d d itio n , den ser occupation of sh o rt ro o ts  p e r  u n it  volume of 

s o i l  means th a t  the  s iio rt ro o ts  should encounter most of the fu n g a l 

propagules p re se n t,
A \

A nalysis of p o t and f ie ld  experim ents in d ic a te s  th a t  Simazine 

d id  e x e r t c e r ta in  e f f e c ts  on P in e  seed lin g s  grown under c e r ta in  

c o n d itio n s , S inazine a t  4  lb s  p e r  ac re  in creased  the numbers of 

nyc o rrh iz a s  on P ines growing in  p o ts  fo r  a l l  the s o i l  ty p es; th i s  

e f f e c t  was no t p ro p erly  dem onstrated in  th e  f o re s t  nu rsery  experim ents. 

The r e s u l t s  obtained  suggest th a t  Simazine a f f e c ts  the  P ine  ro o t 

systems in  two ways; f i r s t l y  by somehow in c re a s in g  the  numbers of P ine  

sh o rt ro o t t i p s  a v a ila b le  fo r  in fe c tio n  in  p a r t ic u la r  s o i l s  and 

secondly by causing  an in c rease  in  tlie nyc o r rh iz a l  in fe c t io n  of sh o rt 

ro o ts .  Anyhow, i t  i s  c e r ta in ly  t r u e  th a t  Simazine a t  any of the  

co n cen tra tio n s  ap p lied  fo r  the  p o t and f o r e s t  nursery  experim ents had 

no d e tr im en ta l e f fe c t  on th e  a b i l i t y  o f P in e  ro o ts  to  form m ycorrhizas.
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3- The h e rb ic id e  e f fe c t  on the  y.lfecQ growth of fungal i s o l a t e s .

For measurement of growth of fungal i s o la te s  in  c u ltu re  i t  

i s  e s s e n t ia l  to  use i s o la te s  which rem ain co n s tan t w ith  reg a rd  to  

m orphological v ig o u r. I s o la te s  n o t f u l f i l l i n g  th ese  requ irem ents 

were r e je c te d  fo r  th e  purposes of the p re se n t experim ents. Such, 

i s o la te s  might in  f a c t  have been good p o te n t ia l  in o cu la  fo r  

rye o r rh iz a l  syn th eses , poor growth perhaps r e la t in g  to  a more 

o b lig a te  fungus /  ro o t r e la t io n s h ip ,  Kaywever such i s o la te s  when 

te s te d  f o r  th e i r  a b i l i t y  to  form nyc o rrh iz a s  w ith  a s e p tic  P ine  

seed lin g s  gave s im ila r  success r a te s  to  th e  more ra p id ly  growing 

i s o la te s .

The iry co rrh iza l fu n g i f in a l ly  used fo r  these  experim ents 

were derived  from e i th e r  roorocarps or basid io sp o re s , the  excep tion  

was Cenococcum • fcranif orme v ( c u l tu re  c o lle c tio n )  ,

Fungal i s o la te s  v;ere g ra m  on sy n th e tic  media; th i s  may 

p a r t ly  account fo r  the u n s a tis fa c to ry  g rav th  of some of th ese  

i s o la t e s ,  s in c e  the g rav th  o f some b asid io n y ce te s  can be b e t te r  

on n a tu ra l  p ro d u c ts  media (Sspensliade, I 962) ,  Kavever, most i s o la te s  

examined grew s a t i s f a c to r i ly  on b asic  ion  agar and f o r  reaso n s of 

co n sis ten cy  i t  was decided to  use only t l i is  ag a r.

Agar p la te s  re p re se n t the  most r e a l i s t i c  and p ra c t ic a b le  

means o f assay ing  h e rb ic id e  e f f e c ts  on nyc o r rh iz a l  fu n g al i s o la te s  

and some ro o t pathogenic  fu n g i. Cochrane (1938) s ta te s  th a t  most 

q u a n t i ta t iv e  s tu d ie s  on th e  growth of fu n g i re q u ire  a  l iq u id  medium.
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he f u r th e r  s ta te s  th a t  the most s a t is f a c to ry  estim ate  o f gro/zth i s  to  

determ ine rry ce lia l dry w eight. Hcwever, Cochrane (1938) a lso  

concludes th a t  agar p la te s  are  adequate fo r  s tu d ie s  o f some environm ental 

f a c to r s ,  even when th e  r e s u l ts  ob tained  do n o t c o r re la te  w ith  dry 

v /e i^ it r e s u l t s  from l iq u id  c u ltu re  experim ents,

Vihether agar p la te s  should be used fo r  e s s e n t ia l ly  chemicgj. 

problem s, fo r  example the e f f e c ts  of h e rb ic id e s , i s  d eb a tab le , f o r  

few experim ental r e s u l t s  e x is t .  However, agar p la te s  o f fe r  co n sid e rab le  

advantages over l iq u id  c u ltu re  s tu d ie s ,  th e  prim ary advantage being  

th e  ease of colony g rav th  measurement.

U nlike many w orkers, fo r  example.Rodriguez Kabana e i  a l  

( 196b ) , th e  h e rb ic id e s  used fo r  experim ent were d isso lv ed  in  w ate r; 

fo r  t h i s  reason  th e  h e rb ic id e  co n cen tra tio n  ranges were low, V/ater 

was chosen as  the  h e rb ic id e  so lv en t in s te a d  of ethanol or acetone 

s in c e , f i r s t l y ,  the p o s s ib le  e f fe c ts  o f these  organic so lv en ts  on 

the  growth of fungal i s o la te s  would o therw ise a r i s e ,  and secondly , 

w ater a s  a so lven t g ives h e rb ic id e  co n cen tra tio n s  th a t  a re  presumably 

c lo se r  to  those encountered in  th e  s o i l .  T h ird ly , over a  long  p e rio d  

of in cu b a tio n  a t  25^C, i t  i s  q u ite  p o s s ib le  th a t  some o f th e  so lv en t 

could  evapora te . Hence the  s o lu b i l i ty  of th e  h e rb ic id e  in  so lu tio n  

could be a f fe c te d , and th i s  would change th e  p re c is e  co n cen tra tio n  of 

h e rb ic id e  in  s t r i c t  so lu tio n  in  the ag ar.

The r e s u l t s  obtained were to  some ex ten t p re d ic ta b le ,  and 

ju s t i f y  claim s th a t  t h i s  assay technique i s  s e n s i t iv e .  Many of the 

i s o la te s  growing on agar p la te s  co n ta in in g  A traz in e  o r Simazine shaved
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an i n i t i a l  la g  of e ig h t to  ten  days compared v/ith the c o n tro l; t h i s  

v/as fo lla v e d  "by a  p e rio d  of growth, in  some cases a s tim u la tio n  was 

shown r e la t iv e  to  the  c o n tro l growth r a te .  For exanple A rm illarea  

m ellea and Boletus g ran u la tu s  v/ere s tim u la ted  "by co n cen tra tio n s  of 

0 ,5  ppm Simazine, The la g  induced by t r ia z in e  h e rb ic id e s  has a lso  

been observed by Rodriguez Kabana e t  a l  ( 1966) ,  and may in d ic a te  

th a t  an adap tive  p e rio d  i s  re q u ired  by the fungus to  th e  h e rb ic id e  

b e fo re  i t  can e f f e c t  ap p rec iab le  grcv/th.

The r e s u l t s  show th a t  D ich loben il (2 ,6 ,D ich lo ro b e n z o n itr ile )  

i s  more to x ic  to  fungal i s o la t e  growth (1 -  5 ppm causing 50 p e r  cen t 

growth in h ib i t io n  of fungal is o la te s )  , than  th e  two o th er r e la te d  

h e rb ic id e s , D iehlobenzoate ( 2, 6,D iehlorobenzoic acid) and P re f ix  

( 2 ,6 ,D ich loro th iobenzam ide). D iehlobenzoate ( 2 , 6, D ichlorobenzoi: acid) 

i s  a brealcdov.n p roduct of D ich lo b en il ( 2 ,6  D ich lo ro b en zo n itril^  ; 

the  c lo se ly  r e la te d  h e rb ic id e  P re f ix  ( 2 ,6  D ichlorothiobenzam ide) 

i s  converted in  both  p la n ts  and s o i l s  to  D ich loben il ( Swanson 1969) ,  

The r e s u l t s  show th a t  D ich loben il i s  more to x ic  to  fungal i s o la te  

g rav th  ( 1 - 3  ppm causing 50 p e r  cen t g rav th  in h ib i t io n  of fungal 

is o la te s )  , th an  the  two o ther r e la te d  h e rb ic id e s , D ichlobenzoate 

( tlie s o i l  d eg rad a tio n  p roduct of D ich loben il and P re fix )  (Swanson 

1969) appears to  be more to x ic  to  fungal i s o la te s  than P re f ix  

(10 -  45 ppm and 10 -  90 ppm causing  50 p e r  cen t gro?/th in h ib i t io n  

of fungal i s o la te s  r e s p e c t iv e ly ) ,

The r e s u l t s  a re  of p a r t i c u la r  s ig n if ic a n c e , s in ce  

D ic lilo b en il, c h a ra c te r is e d  by i t s  la v  s o lu b i l i ty  and h i# i  to x ic i ty  to  

fu n g a l growth, cou ld  cause co n sid e rab le  damage to  a p o p u la tio n  of s o i l
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nyc o r rh iz a l  fu n g i. P o ss ib ly  soma care  should be e x e rc ise d  in  the  

a p p lic a tio n  of tlie se th re e  c lo se ly  r e la te d  h e rb ic id e s , e sp e c ia lly  

D ich lo b en il, However, D ich lobenil i s  qu ick ly  broken davn in  th e  s o i l  

to  D ichlobenzoate.

However a l l  these h e rb ic id e s , l ik e  245T, should be a p p lie d  

sp a rin g ly  on f o r e s t  nursery  p la n ta t io n s  (245T was found to  cause 50 

p e r  cen t growth in h ib i t io n  of fungal is o la te s  between 15 and 28 ppm),

V/ith shake l iq u id  c u ltu re s  se v e ra l problems w ere encountered, 

one of which was the s e le c t io n  Qf fungal i s o la te s  fo r  experim ent. The 

c u ltu re s  employed were those used f o r  agar p la t e  assays; sev e ra l of 

th ese  i s o la t e s  gave in c o n s is te n t growth in  shake l iq u id  c u ltu re ,

Santoro  and Casida (1959) have s ta te d  th a t  fragm ented 

m ycelia a re  the b e s t  inoch la  fo r  th e  l iq u id  c u ltu re  of iry co rrh iza l 

fu n g i, the  g la ss  beads fragm enting and e>q)osing more hyphae to  th e  

l iq u id  media and thereby  p ro v id in g  a  g re a te r  p o te n t ia l  fo r  grcw/th. 

However d if fe re n c e s  in  the  dry v/eights of r e p l ic a te s  w ere found even 

when c a re fu lly  s iev ed  n y c e lia l  m acerates were used as  inocu la . 

Consequently the inoculum fo r  the  p re se n t l iq u id  c u ltu re  experim ents 

c o n s is te d  of fungal n y c e lia  s tr ip p e d  from q u arte red  5 p lugs of 

mycelium g ra m  on b aà ic  ion  ag ar.

The purpose of th e  shake l iq u id  c u ltu re  a ssay s , as s ta te d .  

Was to  conpare o v e ra ll  h e rb ic id e  in h ib i t io n s  w ith  those ob ta ined  from 

the  agar p la te  assay s; c o n s is te n t r e s u l t s  were g en e ra lly  ob ta ined . I t  

i s  q u ite  c le a r  th a t  th e re  was no in h ib ito ry  e f f e c t  of Simazine or
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A trazine  ( a t  tire co n cen tra tio n s  used) on th e  growth of fungal i s o la te s  

in  l iq u id  c u l tu re ,  upholding th e  r e s u l t s  ob ta ined  w ith  agar p la te s .

245T caused in h ib i t io n  of a l l  i s o la te s  in  l iq u id  c u ltu re ;  P r e f ix ,  

D ich loben il and D ichlobenzoate in h ib ite d  fu n g al i s o la te s  to  a  le s s e r  

ex te n t. Hew/ever, th e re  v/as one n o tic ea b le  ex cep tio n  concerning th e  

consistency  of r e s u l t s  betv/een l iq u id  c u ltu re  and agar p la te s ;

Russula emetic a showed no in h ib i t io n  of grov/th when c u ltu re d  in  l iq u id  

media co n ta in in g  co n cen tra tio n s  of iç> to  20 ppm Dichlobenz amide (P re f ix ) ,

I t  should be noted th a t  th e  r e l a t iv e  growth r a t e s  obtained  

fo r  th e  d i f f e r e n t  h e rb ic id e  trea tm en ts  w i l l  include any e f f e c t  of 

h e rb ic id e  on the  la g  phase o f growth.
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4. The sy n th es is  of m ycorrhizas

Washing in  100 v o ls  hydrogen perox ide follow ed hy in cu b a tio n  

in  the  dark  a t  2 5 v/as a  very  su c ce ss fu l means o f s t e r i l i z i n g  

P . s y lv e s t r i s  seed and re su lte d  in  a t  l e a s t  90 p e r  cen t germ ination  

(T rappe, 1 9 o l). However the  same s t e r i l i z a t i o n  procedure on P ,n ig ra  

seeds proved to  be l e s s  s a t i s f a c to ry ,  fo r  v a r io u s  re a so n s , and no 

s u ita b le  a l te r n a t iv e  method of s t e r i l i z a t i o n  v/as found. T herefo re , 

most of the  sy n th e s is  work v/as r e s t r i c t e d  to  P. s y lv e s t r i s .

The b e s t  form of inoculum fo r  the  J n  v i t r o  sy n th e s is  of 

ec to tro p h ic  nyc o rrh iz a s  v/as m acerated fungus mycelium, c o n s is t in g  of 

la rg e  numbers of hyphal t i p s ,

Anotlier source of fungal inoculum was nycelium  s tr ip p e d  

from 5 lam p lugs of b a s ic  ion  agar. Such inocu la  v/ere used ex ten s iv e ly  ■ 

fo r  Mel i n ’ s tech n iq u e , s in ce  i t  was an easy m atter to  bury Ihe mycelium 

n ea r th e  growing P in e  seed lin g s .

C onsiderable evidence in  the l i t e r a t u r e  suggests  th a t  

f a i lu r e  o f m ycorrhizal i s o la te s  to  form in  v i t r o  m ycorrhizas may be 

a t t r ib u te d  to  the  age of th e  fungal i s o la t e .  I t  may be th a t  i s o la te s  

lo se  th e  cap ac ity  to  form m ycorrhizas t h r o u ^  freq u en t su b -c u ltu rin g  

and m utation . C u ltu res  m aintained on slopes under m inera l o i l  should 

so lve  t h i s  problem.

Many of th e  fungal i s o la te s  is o la te d  from sporocarp t i s s u e  

may be more s u ite d  to  su rv iv a l a s  saprqpliytes form ing pseudo-m ycorrhizas
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r a th e r  than e c to tro p h ic  m ycorrhizas. Suggs and Grand (1972) s ta te  

t l ia t  an _in v i t r o  re la t io n s h ip  hatv/een sporocarp and tre e  h o s t does 

n o t n e c e s sa r ily  p rec lu d e  the J n  v iv o  form ation  of m ycorrhizas by 

o th e r fungal i s o la te s .  In  a d d itio n  i t  has n o t been n e c e s sa r ily  sha//n 

th a t  J n  v ivo  r e la t io n s h ip s  between sporocarps a s so c ia te d  w ith  t r e e s  

and th e  form ation o f m ycorrhizas alv/ays e x is t .  C e r ta in ly , i t  does 

n o t f o l la v  th a t  sporocarps a s so c ia te d  w ith  t r e e s  n e c e s sa r ily  form 

ec to tro p h ic  m ycorrh izal a s so c ia tio n s  w ith  th e se  t r e e s .  They may 

in s te a d  form pseudo-m ycorrhizas, o r o th er ro o t su rface  a s so c ia tio n s  

or even be p a r t  of a m u ltip le  fungus m ycorrhiza, Zak and Marx 

(190-) recognised  the  ex isten ce  of such a  m u ltip le  fungus m ycorrhiza, 

c o n s is t in g  of Cenococcum graniform e and a  q u ie scen t fungus (n e i th e r  

of which form sporophores) ; the r a t i o  of th ese  two fung i changed w ith  

d i f f e r e n t  s o i l  co n d itio n s , the  s tim u la tio n  of one fungus suppressing  

th e  o th e r. These o b se rv a tio n s , to g e tlie r w ith  the  suggestion  of 

Wat l in g  ( 1971) th a t  sporocarp t i s s u e  may c o n s is t  of more than  one 

fungus sp e c ie s , and th e  f in d in g s  of Mosse ( 1962) th a t  th e  sy n th e s is  

of endotrophic m ycorrhizas req u ired  a  b a c te r ia l  in fe c t io n  as  w e ll 

as  the  myc obi ont ( Sndogone sp .)  , may p o in t to  a  p o s s ib le  reaso n  fo r  

tlie la c k  o f success w ith  th e  J n  v i t r o  m ycorrhizal syn theses.

In  th e  i s o la t io n  of th e  m ycorrh izal fung i fo r  th e  p re se n t 

s tudy , tlie ex is ten ce  of m u ltip le  fungus or fungus and b a c te r ia l  

a s so c ia tio n s  as a  p ro  r e q u is i te  fo r  su ccess fu l m ycorrhizal syntheses 

was n o t considered . Since the  components of th e  in  v i t r o  m ycorrh izal 

sy n th e s is  were a se p tic  P ine  seed lin g s  and pure c u ltu re s  of fungal 

i s o la te s ,  i t  i s  p o s s ib le  th a t  co n d itio n s  were too  f a r  removed from
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the  normal J n  v ivo  s i tu a t io n  fo r  m ycorrhizal sy n th e s is , Many of 

the fungal i s o la te s  te s te d  fo r  th e i r  a b i l i t y  to  form J n  v i t r o  

m ycorrhizas v/ere capable o f forming a  ’m antle*, but no t a H a r tig  n e t 

on h o s t P ine  ro o ts . I t  was considered  th a t  such fungal i s o la te s  

formed pseudo-m ycorrhizas under the experim ental co n d itio n s  emplcyed.

Thus a problem  of the  c o r re c t  d e f in i t io n  o f a  m ycorrh izal in fe c t io n  

a ro se .

Trappe’ s technique of m ycorrh izal sy n th e s is , analagous to  

th a t  o f Liirdeberg ( 1960) in  th a t  th e  a e r i a l  p a r ts  of th e  P ine  a re  

exposed to  th e  cpen a i r ,  was found more s a t is f a c to ry  than  the  l a t t e r  

techn ique. The experim ental co n d itio n s  of Trappe’ s technique enable 

th e  develcpment of t ru e  e c to trc p h ic  m ycorrhizas ( in s te a d  of pseudo— ' 

m ycorrhizas) between fungal inoculum and P ine  ro o t,  t ^ l i n ’ s 

tech n iq u e ,which n e c e s s i ta te s  en c lo sin g  shoots in  a humid s t e r i l e  

atm osphere,would seem le s s  s a t is f a c to ry  in  terms o f normal shoo t, 

and th e re fo re  se ed lin g , develcpment, Kavever, n e i th e r  Trappe’ s nor 

Mel i n ’ s technique produced c o n s is te n t ly  h igh  and th e re fo re  ex perim en tally  

u se fu l numbers of w e ll  developed in  v i t r o  m ycorrhizas on P ,s y lv e s t r i s  

s e e d lin g s . The numbers of m ycorrhizas found developed on P , s y lv e s t r i s  

’ e x p la n ts ’ in o cu la ted  w ith  Thelephora t e r r e s t r i s  or Amanita rubescens 

using  th e  F o r tin  techn ique were s im ila r  to  those ob tained  by F o r tin  

( 1966) i . e ,  32 and 38 p e r  cen t r e sp e c tiv e ly .

Zak and Bryan (1 9 0 )  , Marx and Ross (1970) and Marx and 

Bryant ( 1969) have pub lished  r e s u l t s  shaving th a t  su ccess fu l in  v i t r o  

m ycorrh izal syn theses a re  p o s s ib le  between c e r ta in  P in es  and
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Thele-phora te r re s  t r i s ; th i s  has been confirm ed by Hacskaylo (19^3> 

and p erso n a l communication, 1970). Hence, fo r  the  p re se n t study i t  

was concluded th a t  Thelephora t o r r e s t r i s  "was p o ss ib ly  one of the 

b e t t e r  n y c o rrh iz a l fu n g i to  use fo r  th e  sy n th e s is  of c o n s is te n tly  

su c c e ss fu l v i t r o  n y co rrh izas , Havever th e  r e s u l t s  obtained  do 

n o t confirm  t l i i s ;  Thelenhora t e r r e s t r i s  proved no b e t t e r  than 

Amanita rubescens fo r  su ccessfu l v i t r o  m ycorrh izal sy n th e s is .
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5» The r e s p ir a t io n  r a te s  of inycorrhizas and m ycorrh izal fu n g i.

R esu lts  obtained  using  an Oxygen e le c tro d e  have helped  

confirm  th e  f i e ld  r e s u l t s  concerning th e  e f f e c t  of Simazine on 

n y co rrh izas  and have a d d itio n a lly  provided in fo rm ation  concerning th e  

e f f e c ts  of o th er h e rb ic id e s .

The r e s p i r a t io n  r a t e s  o f P. s y lv e s t r i s  n y co rrh iz a l ro o ts  

sanroled in  Septeiaber were approxim ately th re e  tim es those of eq u iv a len t 

P> s y lv e s t r is  n y c o rrh iza l ro o ts  sanç)led in  liar ch. This confirm s f i e ld  

observations th a t  n y co rrh iza l ro o ts  in  September a re  in  an a c tiv e  

phase of growth and development, w h ils t  n y co rrh izas  sampled in  llarch 

a re  more or le s s  q u iescen t. In  c o n tra s t th e  r e s p ir a t io n  r a t e s  of 

u n in fec ted  sh o rt ro o ts  sanpled in  Harch and September remained alm ost 

. unchanged.

'

The h i ^  r e s p i r a t io n  r a te s  recorded  fo r  th ese  un in fec ted  

sh o rt ro o ts  may in  p a r t  r e f l e c t  a  g re a te r  degree of wounding. Never­

th e le s s  un in fec ted  sh o rt roo ts ,sam pled  in  ilarch and September, showed 

an in c re a se  in  t h e i r  r e s p i r a t io n  r a te  a f t e r  trea tm en t w itli Simazine 

or A traz in e ,

The o v e ra ll  e f fe c ts  of v a rio u s  h e rb ic id e s  on the  r e s p ir a t io n  

of P. s y lv e s t r is  n y co rrh izas  a re  in  agreement w ith  th e  f in d in g s  of 

h e rb ic id e  e f fe c ts  on tlie growth o f fungal i s o la te s  on b as ic  io n  ag a r.

I t  i s  considered  th a t  the  te n  m inute p re trea tm e n ts  w ith  h ig h  le v e ls  

of h e rb ic id e  f o r  th e se  r e s p ir a to ry  s tu d ie s  a re  to  some e x ten t eq u iv a len t
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to  thô e f f e c ts  of lower h e rb ic id e  co n cen tra tio n s  in  the  agar p la t e  

assay s.

Simazine and A traz in e  d id  no t measurably a f f e c t  the 

r e s p i r a t io n  r a te s  of n y c o rrh iz a l ro o ts  sanpled  in  September, bu t 

caused co n sid e rab le  in c re a se s  in  the r e s p i r a t io n  r a te s  of the 

ap p aren tly  qu iescen t nyco rrh izas sanpled in  llarch. '

Of the  s e r ie s  C hlorthiam id ( P re f ix ) , D ieh lo b en il, and 

D iehlobenzoate; Chlorthiam id i s  most fre q u en tly  ap p lied  to  c o n tro l
o je e . J  $

f o r e s t  Wôevtls. This h e rb ic id e  i s  u su a lly  ap p lied  in  g ran u la r form; 

the  g ranu les  slow ly d isso lv e  and the a c tiv e  h e rb ic id e  washes in to  

th e  s o i l ,  hence th re e  phases in  th e  s o i l  deg rad a tio n  of Chlorthiam id 

occur, each phase p o ss ib ly  a f f e c ts  th e  n y co rrh iza l ro o ts  in  d i f f e r e n t  

ways as fo llow s;

1, Phase of l i t t l e  ^effec t o ther than  the  c o n tro l of

( ip  to  200 ppm as C hlorth iam id),

2, P o ss ib le  e f fe c t  on n y co rrh izas  (a s  D ich loben il ip  to  5 ppn^,

then  co n sid e rab le  red u c tio n  in  th e  r e s p ir a t io n  r a t e  of 

n y co rrh iz a l ro o ts ,  and in h ib i t io n  of n y c o rrh iz a l fu n g i

( over 5 ppm D ich lo b en il) .

3, Very l i t t l e  e f fe c t  on n y c o rrh iz a s , the  h e rb ic id e s  having

p e rc o la te d  t h r o u ^  the  s o i l  an<%/or hav ing  been degraded to

D iclilor obenz o a te .

R e sp ira tio n  r a te s  of " p e l l e t s ' of n y c o rrh iz a l fung i (grcwn 

in  shalee l iq u id  c u ltu re )  were h i ^ e r ,  perhaps n o t unexpectedly .
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than  til G r e s p i r a t io n  r a te s  of u n in fec ted  sh o rt ro o ts  or ny co rrh izas  

of P. s y lv e s t r i s . The r e s p ir a t io n  r a te s  of "p e lle ts*  of Amanita rubescens 

and B oletus elenans shaved eq u iv a len t responses to  h e rb ic id e s  compared 

w ith  s im ila r ly  t r e a te d P. s y lv e s t r i s  n y co rrh izas . S im ila r i t ie s  bet^veen 

the h e rb ic id e  response curves fo r  n y co rrh izas  and is o la te d  n y c o rrh iz a l 

fu n g i suggest th a t  n y co rrh iza l ro o t responses may be those of th e  

fu n g a l r a th e r  than  the  h o s t conponent, Havevef, in  th e  absence of 

d a ta , concerning r e s p ir a t io n  r a te s  of non n y c o rrh iz a l P . s y lv e s t r is  

ro o ts  fo r  the  co np le te  range o f h e rb ic id e s , th i s  must remain a  p o in t  

f o r  sp ecu la tio n .



6. The up talc G of phosphate hy m ycorrh izal ro o ts  o f P , s y lv e s t r i s

•The ip tak e  of phosphate by n y c o rrh iz a l ro o ts  vras dem onstrated; 

havever th e  r e s u l t s  obtained  cannot e a s i ly  be conpared w ith  those  of 

H arley and HcCready (1950) and llo rrisso iv  ( 19^1) s in ce  a l l  the  s e ts  of 

r e s u l t s  a re  expressed  on d i f f e r e n t  b ases.

The r e s u l t s  in d ic a te  th a t  h e rb ic id e s  induce p a r a l l e l  

responses in  phosphate uptake to  r e s p ira to ry  responses of n y co rrh izas  

and n y c o rrh iz a l fu n g i, and to  growth responses o f n y c o rrh iz a l fungal 

i s o la te s ,  Havever, as n o ted , d a ta  fo r  phosphate iptalce in  the  

p resence of S inaaine  or A traz in e  a re  n o t a v a i la b le ,  s in ce  th ese  

h e rb ic id e s  caused the  development o f tu rb id i ty  on th e  a d d itio n  to  the  

sample so lu tio n  of H^SO^ and ammonium molybdate. This made the  

e s tim a tio n  of phosphate i n  s o lu tio n  u n re lia b le . I n te re s t in g ly ,

E l L orry , iledina and B ac ila  (1972) have encountered a  s im ila r  

tu rb id i ty  problem  using  th is  method of P isk e  and Subarrow (1923) to  

measure the  e f f e c ts  of P heno th iaz ine  conpounds on ATPase a c t i v i t y .

I t  i s  d i f f i c u l t  to  draw conparisons between the  v ario u s  

experim ental r e s u l t s ,  bu t i t  seems l ik e ly  th a t  245T e x e r ts  a  co n sid e rab le  

in flu en ce  on the  ip ta k e  o f phosphate , the  r e s p ir a t io n  r a te s  and the 

g rav th  o f n y co rrh iza l and o th er fungal i s o la te s  conpared w ith  the 

o ther h e rb ic id e s  te s te d ;  namely Sim azine, A traz in e , D ich lo b en il,

D iehl obenz oate  and C hlorthiam id.
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A P F E im iX  1

P u ll  chem ical narrées of b ioc ides mentioned in  te x t ,

1. S o il fu n g ic id e s , fum igants and s te r H a n ts ,

A lly l a le  oliol
Benoiqyl
Carbon d isu lp h id e
Chlorobromo propane
Cliloro p ie r  in ; t r i c h l  or onitromo thane
‘D-D’ , 1,3 -d ic lilo rcp rcpane (50 p e r  cent) + 1 ,2 , -d ich lo rcp ropane  

( É5 p e r  c e n t) .
Dexon; -d ir .e th y l am ino-benzene-diazo sodium sulphonate .
E thylene di-brom ide
Porrnaldeliyde
Form alin
I.ylone; 3 ,5  -  dim ethyl t e t r a  hydro -  1 ,3 ,5  “ th ia d a z in e -2 -th io n e . 
P .O .N.B. ; p en tach lo ran itro -b en zen e  
Thiram; te tram ethy lth iu rarad isu lph ide  
Vapam; sodium N -m ethy lthd ith io -carbonate

2. In s e c t ic id e s  and Nematocides

B.K.C. (S tro b o l) benzene hexach lo ride

3. H erb ic id es

A traz in e ; 2 -c lilo r-4 -e th y lam in o -6 -iscp ro p y l am ino-1,3,5 -  t r ia z in e
Chlortliiam id (P re f ix ) ;  2 ,6  d ichlorothiobenzam ide
D ich lo b en il; 2 ,6  d ic h lo ro b e n z o n itr ile
Diclilobenz o a te ; 2 ,6  d ic iilo ro  benzoic a c id
P re f ix :  (see  Chlorthiam id)
Simsizine; 2 -ch lo ro -4 ,6 - b is  (ethylamino)-1,3 ,5 ;:t r ia z in e  
245T: 2 ,4 ,5  t r i c h l  or o phenoxyacétic ac id
Y/eedex *50*; a c tiv e  in g re d ie n t 50 p e r  cent Simazine (see  Sim azine).


