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FO REW O RD

Ever since its establishment in 1919, the Forestry Commission has taken 
an active interest in the afforestation o f heathlands dominated by the 
common heather, C alluna  vulgaris. These heaths hold a large reserve of 
plantable land, but are difficult areas for the good growth o f most timber 
trees. Much research work has therefore been carried out on their prob
lems, from several angles o f  approach.

This present bulletin, by Dr. W. R. C. Handley o f the Commonwealth 
Forestry Institute, Oxford University, presents the results o f  enquiries 
into those heathland mycorrhizal associations—that is the inter-relation
ships between trees, plants, and fungi, which appear to be important to the 
practising Forester. It summarises work done at intervals over the past 
sixteen years, mainly at Oxford but also at several o f the Commission’s 
heathland forests, notably Allerston in Yorkshire and Wareham in Dorset. 
Throughout this period the Commission’s research staff have co-operated 
with Dr. Handley in field studies.

It is believed that this publication will throw valuable light on a field of 
study that is important to both foresters and other scientists concerned 
with soils and plant life.

Forestry Commission, 
25 Savile Row, London, W. 1.

March 1963
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IN T R O D U C T IO N

I t  has now  been established beyond reasonable  d o u b t 
(D im bleby 1952 a) th a t the m arked  podzolization  
occurring  on  the heather m oorlands o f  no rth -east 
Y orkshire has largely arisen since B ronze A ge times.

Pollen analyses o f  the form er m ineral soil surface, 
w hich has rem ained buried  since B ronze A ge times, 
indicate th a t before this period , w here there is now  
m oorland , there was deciduous forest contain ing 
species o f  B e tula, Cory I us, A lnus, Quercus, Tilia, 
Ulmus, w ith Acer, Sa lix  and  Pinus as m inor consti
tuents. I t seems m ost p robab le  th a t a t th a t tim e these 
species w ere associated w ith a brow n forest soil.

S im ilar vegetation changes appear to  have occur
red , a lthough  perhaps n o t always during  exactly the 
sam e period o f  tim e, in o ther regions o f  A tlan tic  
E urope w here extensive, dense C allunetum  associa
ted w ith m arked  podzolization  o f  the soil is to  be 
found  now  o r  a t any ra te  until quite recently. These 
vegetation changes are  a lm ost certainly the result o f  
the activities o f  m an  com m encing w ith the destruc
tion  o f  the deciduous forests. A lthough it is p robab le  
th a t a  num ber o f  changes in the type o f  vegetation 
took  place before Calluna vulgaris becam e dom inant, 
it is likely th a t these areas have supported  a  vegeta
tion  consisting largely o f  Calluna vulgaris fo r cen
turies a t least. T he C allunetum  has been m aintained 
by burn ing  and  grazing.

It is by no  m eans im possible, how ever, fo r the 
long Continued dom inance o f  Calluna vulgaris to be 
broken and  for this species to  be partly  o r wholly 
replaced by o ther species. F o r exam ple, Borggreve 
(1873) m entions th a t pine, willow, aspen, birch, 
ju n ip er and  oak  will colonize Calluna heath land  in 
such num bers th a t the la tte r disappears.

T he colonization  o f strongly  podzolized heather 
covered soils by self sow n tree seedlings has been 
studied in som e detail by D im bleby (1953). As might 
be expected the d istribu tion  o f  self sown pine and 
birch on the heath land  seems to  be closely dependent 
on the proxim ity o f seed trees and  wind direction. 
H ow ever, the occurrence o f  very scattered  seedlings, 
often confined to  local disturbances o f  the m oor sur
face, and  the considerable num bers o f  seedlings occur
ring where there has been considerable m echanical 
d isturbance o f  the C alluna vegetation and  the heath

soil on  parts  o f the m oor m ost rem ote from  seed trees 
is in terpre ted  as indicating  th a t establishm ent o f  tree 
seedlings only takes place where the dom inance o f 
the heather is broken . D im bleby is doubtfu l as to  
w hether b irch  can  invade dense C allunetum  and  the 
instances o f  establishm ent o f  birch seedlings which 
were studied  in detail had  occurred  soon after des
truction  o f  the Calluna by fire, w hich often  occurs 
fo r one reason  o r ano ther before the Calluna be
com es senescent. D im bleby records th a t the m ost 
im p o rtan t colonizers o f  the no rth -east Y orksh ire  
Calluna m oors are  Scots pine an d  birch. O ak, row an 
a n d  willows are  the only o ther w oody species occur
ring  b u t he considers th a t they are  restricted to  cer
ta in  hab ita ts  and  canno t be regarded as colonizers 
o f  the open  m oor.

A ccording to  G aloux  (1953) birch, oak  and  pine 
recolonize the land  spontaneously  a t G are  de As 
after bu rn ing  o f  the C allunetum .

T he sta tus o f the once extensive heath lands o f 
H alland  in  S.W . Sweden has been discussed by 
M alm strom  (1937). O n old m aps the o lder hea th 
lands were show n as being treeless in  1652. O ther 
heath lands.seem  to  be o f  m ore recent origin and  to  be 
ab o u t 150-200 years old. B urning o f  heath land  has 
ceased a t various tim es in  various districts since 
ab o u t 1850. In  1890 the heaths were recorded as 
being either w ithout trees, o r alm ost so, w here burning 
had  ceased m ost recently. W here burn ing  had  ceased 
earlier, scattered  pine and  birch  occurred along w ith 
num erous jun iper bushes. Sorbus aucuparia and  
Sa lix  repens are also  no ted  as species occurring on 
the heath lands. M alm strom ’s studies indicate tha t 
colonization  o f the heath lands by birch and  pine 
occurs soon  a fter burning, and  evidence supporting  
th is is provided in the even-aged stands o f  self-sown 
trees w hich have developed on  form er heath land . 
H e also reported  the presence in the area o f N or
way spruce trees up  to one hundred  years old and  
individuals o r quite sm all g roups o f  this species 
w hich seem to have com e into being w ithout p lan ting  
by m an. Since 1872 N orw ay spruce has been in tro 
duced into this area  to  a very large extent and  stands 
o f  this species occupy ab o u t h a lf the area. O bserva
tions m ade by M alm strom  in the years a round  1930
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ind ica te  th a t N orw ay  spruce occurred  in  som e, 
though  n o t all, o f  th e  b irch  and  pine stands from  
w hich Calluna w as absen t o r to  be found  only as 
iso lated  o r scattered  p lan ts. V igorous groups o f  self- 
sow n N orw ay  sp ruce occurred  w here beech forest 
had  been clearfelled an d  in  alder-b irch  sw am p forest, 
Calluna being absen t from  b o th  sites. I t  is perhaps 
significant th a t, in  con trast, N orw ay  spruce is n o t 
recorded  as occurring  in  the nearby  heath  areas 
w here Calluna is reco rded  as being ab u n d an t and  
w here w oody species such as Betula pubescens, 
B. verrucosa, Sorbus aucuparia, Juniperus communis, 
Quercus sp ., Sa lix  repens and  Pinus silvestris are  to  be 
found , even th ough  it is recorded  th a t good stands 
o f  N orw ay spruce have been ob ta ined  by p lan ting  on 
th is Calluna hea th land  a lthough  the trea tm en t o f  the 
hea th  site before p lan ting  is n o t clear.

T he heaths o f  N o rh o lm  in th e  south-w est o f  Ju t
land  were studied  over a  num ber o f  years (1921-37) 
by B om ebusch  (1943) w ho considers th a t the origi
nal hea th  vegetation  con ta ined  Juniperus communis, 
Sorbus aucuparia, Rham nus frangula , Sa lix  cinerea, 
Betula  (largely pubescens), S a lix  repens and  Populus 
tremula. M ost o f  these species w ere p resent o n  the 
hea th lan d  p lo ts exam ined an d  in add ition  acorns are 
carried  o n  to  the hea th  by various anim als, b u t 
a lthough  they germ inate readily  and  the seedlings 
survive fo r som e years m ost o f  them  eventually 
d isappear. A s usual o n  heath lands the vegetation 
has been subjected  to  a  num ber o f  hazards including 
fire, grazing and  exposure to  w ind, w hich betw een 
them  bring  ab o u t considerable varia tions in  the p lan t 
popu la tion  from  tim e to  tim e. A lthough  the extent 
o f  the  vegetation changes in  the years im m ediately 
preceding the period  o f  observation  is n o t indicated, 
it is o f  in terest to  exam ine B ornebusch’s results for 
the variations in the p lan t pop u la tio n s o f the various 
p lo ts especially w ith  regard  to  N orw ay spruce and  
Calluna. T he  results dem onstrate , if  no th ing  else, the 
influence o f  the  prevailing w ind o n  seed dispersal 
from  the sm all num ber o f  localized seed trees. Those 
p lo ts (N os. 6 , 12 an d  13) w hich are n ear the spruce 
seed trees and  con ta in  appreciable num bers o f  spruce 
p lan ts also show  increasing num bers o f  spruce and  
birch p lan ts as the area covered by Calluna d im ini
shes a lthough  this trend  was n o t m ain tained  by birch 
in  the m ost recent period  possibly because o f  the 
activities o f  deer as suggested by B om ebusch. The 
spruce p lants were still quite young and  there had  
been no opportun ity  to  determ ine the capacity  o f the 
N orw ay spruce to  m ain tain  itself on the hea th  al
though  B ornebusch states th a t the low er branches o f 
the spruce rem ain  green and  spread over the Calluna 
and  sm other it, w hich is perhaps an  indication  th a t he 
considered th a t there is generally a struggle between 
Calluna and  the young  trees. O n the o ther hand  
B om ebusch  considers th a t clim atic conditions are

the reason  fo r Scots pine an d  N orw ay spruce being 
unable  to  m ain ta in  them selves on  the heath land  a t the 
p resen t time. In  only tw o o f  the p lo ts fo r w hich vege
ta tio n  descriptions are  given (N os. 14 and  19) does 
Calluna a tta in  any th ing  like com plete dom inance 
during the period  o f  observation ; in the case o f  p lo t 
14 b o th  m oun ta in  pine and  spruce increase in num 
bers as the a rea  covered by Calluna dim inishes w hilst 
in the case o f  p lo t 19 the increase in  the num ber o f 
b irch  p lan ts  ceases, possibly due to  deer dam age as 
m entioned earlier, w hen the Calluna covers m ost o f 
the p lo t; spruce is v irtually  absen t a t  all tim es 
although  it is n o t certa in  th a t m uch spruce seed 
w ould fall on  this plot.

Semb and  N edkvitne (1957) have described the 
vegetation o f  deciduous w oodland , associated w ith 
brow n forest soils a t Jaeren  in N orw ay, and  th a t o f 
the su rround ing  heath land  w here Calluna covers 
m ost o f  the surface o f  the soil. T he w oodlands con 
tain  hazel, birch, row an, ash , S a lix  caprea, Sorbus 
aria, Populus tremula, Sam bucus racemosa an d  oak, 
and  presum ably seeds o f som e o r all o f  these species 
are  carried  on  to  the Calluna  h e a th la n d ; b u t for one 
reason o r an o th e r the species no ted  as occurring  
there a re  Betula  spp ., Juniperus communis, S a lix  
aurita, Sa lix  repens, Sa lix  spp ., and  Sorbus aucuparia.

Calluna-dom inated  heath lands o f  so u thern  Swe
den  have been studied  recently by D am m an  (1957).

A lthough  there are certain  differences in the p lan t 
species associated w ith  Calluna in  the Scandinavian  
heaths as com pared  w ith  the heath lands o f H o lland  
an d  N .W . G erm any there  is invasion by trees and  
shrubs a s  there  is elsewhere. D am m an  concludes 
th a t the m ost im p o rtan t species in  th is respect are 
Juniperus communis, Picea abies an d  Betula  spp ., 
a lthough  his ow n tables giving the  com position  o f  
the vegetation o f  the various C alluna-dom inated  
heaths w ould seem to  indicate th a t the tree and  shrub  
species found  there w ere Pinus sylvestris, Betula  
pubescens, Sorbus aucuparia, Juniperus communis 
and  Genista pilosa.

T he observations o f  various investigators regar
ding the Calluna heath lands o f  Scandinavia, the 
N etherlands and  N .W . G erm any have been collected 
together an d  sum m arized by B eijerinck (1940). T hus 
N ordhagen  recorded sm all num bers o f  Betula nana 
and  Juniperus nana occurring  o n  Calluna heath land 
in  C entral Scandinavia a t a n  a ltitude o f 850 m. 
R aunk iaer observed Sa lix  repens in  one o f the types 
o f  Calluna hea th  in Ju tland . O bservations on  the 
vegetation  o f  10 Calluna heaths in  the N etherlands 
and  N .W . G erm any, by various investigators, indi
cate the presence o f  sm all num bers o f birch trees on 
8 o f  the 10 heaths, Pinus sylvestris on  5, Juniperus 
communis on  4, Quercus robur on  6, Sorbus aucuparia 
on  4, Sa lix  repens on  2, and  Sa lix  aurita o n  3. 
A lthough  Calluna covers m ore than  three quarters
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o f the area in som e p a rts  o f  all these heaths, by no 
m eans all the  hea th  is covered to  this extent in  all 
cases.

These various observations suggest th a t th rough
o u t the Calluna hea th  region o f  w estern E urope there 
is a  relatively sm all num ber o f tree and  non-Ericace- 
ous sh rub  species able to  colonize the heath land  
w hilst the dom inance o f  Calluna is tem porarily  
broken . These species are  Betula pubescens, B. verru
cosa, Pinus sylvestris, Juniperus communis, Sorbus 
aucuparia, Quercus spp ., Populus tremula, Sa lix  
aurita, Sa lix  repens, Sa lix  spp., an d  Genista spp. 
They are  n o t characterized by a p a rticu la r type o f  
seed, e.g. w ind d istribu ted . A lthough  there are  no  
d o u b t a  num ber o f  factors concerned in  determ ining 
w hether a species can colonize Calluna hea th land  it is 
perhaps im p o rtan t th a t even though  o th er species 
m ay grow  on  ad jacen t areas and  p roduce seed, som e 
o f  w hich p robably  reaches the heath land , they do 
n o t seem to  colonize the heath land  even th ough  they 
m ay be able to  grow  o n  the heath land  u nder certain  
conditions.

Experiences in the afforestation o f Calluna h ea th 
land  show  th a t w hilst som e tree  species such as Scots 
p ine and  larch  can  be successfully established on  
these areas o ther species such as N orw ay an d  Sitka 
spruce, L aw son C ypress and  Silver fir have been 
found  to  be m ore  difficult to  establish w ith  certain ty  
u nder the sam e conditions and  using the sam e 
m ethods.

P. E . M uller (1897) was perhaps the first to  observe 
and  describe the checking o f the grow th o f  N orw ay 
spruce and  silver fir on  Calluna heath lands in w estern 
Ju tland . H e com m ented th a t a lthough  cultivation  o f  
th e  hea th land  soil, p loughing three tim es and  
harrow ing  several times in the course o f  th ree years, 
resu lted  in  satisfactory  grow th o f  the spruce, this 
was only m ain tained  so long as heather d id  n o t re- 
invade the site. P revention o f  re-invasion by heather 
allow ed the spruce to  go on  grow ing bu t once the 
heather covered the site again  stagnation  o f  the 
g row th  o f  spruce ensued and  this effect was m ore 
p ronounced  w here there had  been m ore rap id  grow th 
o f  the spruce follow ing cultivation  o f  the soil.

D uch au fo u r (1950) records observations by M. 
Vazeilles in “ la C orreze” on  the “ P lateau de M ille- 
vaches” th a t spruce p lan ted  on  Calluna land, w hich 
was very little leached b u t having up  to  10 cm s o f 
raw  hum us, e ither died soon after p lanting  o r  w ent 
in to  check; the  needles are  then  yellowish in co lour 
a n d  grow th is practically  nil. O n the sam e sites 
Scots p ine grow s satisfactorily. D uchau fou r also 
records sim ilar observations m ade by M . O udin  in 
th e  Puy de D om e in 1937. H ere again  spruce p lan ted  
o n  Calluna lan d  w ent in to  check and  the needles 
becam e yellow w hilst Scots pine grew  well.

Sim ilar findings have been recorded  by B raathe

(1950) fo r the heaths o f  D en m ark  and  N o rth  G e r
m any an d  to  som e extent in  Sou th  Sw eden and  in  
V estland in  N orw ay. H e states th a t w hen p lan ted  on  
land  w here there is m uch  Calluna vulgaris, N orw ay  
spruce, S itka spruce, silver fir and  som e o ther 
species have a  sho rte r o r  longer period  o f  little 
g row th w hich m ay last fo r a few years up  to  20-25 
years o r  m ore, w hereas Scots p ine and  m oun ta in  p ine 
do  n o t undergo  the sam e grow th inh ib ition  w hen 
p lan ted  under the sam e conditions. In  the case o f  the 
Calluna hea th lands o f  no rth -east Y orksh ire , W eathe- 
rell (1953) has observed th a t th e  g row th o f  N orw ay 
spruce, Sitka spruce and  L aw son’s cypress is checked 
by the Calluna w hilst Scots pine and  Japanese larch 
a re  n o t sim ilarly affected. T he checked grow th o f 
spruce in  the presence o f  heather has also been 
observed in  no rth ern  B ohem ia by N em ec (1954).

T he p o o r g row th  o f  N orw ay spruce an d  som e o th e r 
species in  the presence o f  Calluna on  Calluna h ea th 
lan d  m ay therefore  be regarded as a w idespread 
phenom enon  w hich seems to  differ from  the tem po
ra ry  check to  g row th frequently  observed w hen 
young  spruce p lan ts w hich have been grow n in 
nurseries established on  form er agricultural soils are 
p lan ted  in  th e  forest.

I t  has, how ever, been observed th a t the effect o f  
Calluna is apparen tly  overcom e u nder som e cond i
tions. M uller (1897 and  1903) observed th a t N orw ay 
spruce p lan ted  alone o n  the Calluna heath lands o f 
Ju tlan d  grew a  little during  the first year b u t soon 
ceased g row th  an d  eventually d ied w hereas in the 
m ixed p lan ta tions o f  spruce an d  m oun ta in  pine o f  
E . M . D algas the g row th o f  spruce was m uch 
im proved. H e also no ted  th a t even in  areas o f  Calluna 
h ea th land  w here stagnation  o f  the g row th o f  spruce 
occurs there  are  sm all areas, in w hich the soil and  
n a tu re  o f  the site are n o t visibly different from  the 
rest, w here the spruce continued to  grow  in the 
absence o f  m oun ta in  p ine and , having reached a 
height o f  10 feet, had  alm ost closed canopy : fu rther, 
th a t checking o f  the grow th o f  spruce by Calluna is 
n o t found  in  som e o f  the heaths o f  east Ju tland  n o r 
in  Z ealand  o r  on  the island o f  B ornholm . Even in 
west Ju tlan d  the effect is no t observed, even though  
the g round  is com pletely covered by heather, if the 
spruce is grow ing on  form er farm land.

In  1938 W eatherell (1953 and  1957) observed th a t 
spruce grow n for ab o u t 11 years, on shallow  plough
ed Calluna heath land , in m ixture w ith Scots pine o r 
ad jacen t to  Japanese larch, had  begun to  em erge 
from  check.

Spruce p lan ted  on  ploughed Calluna heath land , 
w here the Calluna has been destroyed a t least p a r
tially for a tim e, has, according to  the observations o f  
M . O udin  in  the Puy de D om e (D uchau fou r (1950)), 
grow n very m uch better th an  spruce p lanted  on an  
un trea ted  Calluna site.
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R ayner and  N eilson-Jones (1944) observed th a t 
w hen an  a rea  o f  Calluna  hea th land  w as trac to r 
p loughed th : re  was a m arked  im provem ent in the 
subsequen t g row th  o f pines and  o f  such m em bers o f 
the n a tu ra l vegetation  as reappeared  spontaneously  
a lthough  m any o f  the failures and  inconsistencies o f 
tree g row th persisted locally. They rem arked  on  the 
im proved soil drainage and  aera tion  resulting  from  
the ploughing. These observations are rem iniscent o f 
those indicating  th a t trees frequently  only appear to  
be able to  invade Calluna h ea th lan d  w hen the dom i
nance o f  the Calluna is b roken  by local d istu rbance 
o r  fire and  it m ay well be th a t, in add ition  to  the 
effects on  drainage and  aeration , an  im portan t effect 
o f  the trac to r p loughing is due to  the dom inance of 
the Calluna being broken.

W eatherell (1953) has found  th a t N orw ay spruce, 
S itka spruce and  L aw son’s cypress, w hose grow th was 
severely checked in  the presence o f  dense Calluna, 
becam e a health ier co lour and  grew m ore rapidly 
w hen the Calluna had  been killed by the application  
o f  a heavy m ulch  o f  Calluna shoots o r  by ro tary  
hoeing. I t  was subsequently  observed th a t needle 
co lou r and  height g row th o f  checked S itka spruce 
are  im proved by the presence o f  Sarotham nus scopa- 
rius, as previously observed by M uller (1903) for 
N orw ay spruce, o r add ition  o f  n itrogenous fertili
zers, a lthough  phosphatic  fertilizers h ad  no  detec
table effect, even th ough  Calluna m ight still be p re 
sent.

C hecking o f  the g row th  o f  spruce in the presence 
o f  Calluna has also been found  to  be dim inished by 
th e  app lication  o f  a m ulch o f  heathe r by N em ec 
(1954) w ho also observed th a t app lication  o f  pow 
dered basalt resulted in a m uch  sm aller im provem ent 
in  the condition  o f  the spruce.

T hus the dom ination  o f  o th er p lan t species by 
Calluna only occurs u nder certa in  conditions and  
can  be m odified by the app lica tion  o f  nitrogenous 
fertilizers and  overcom e by m easures w hich kill the 
Calluna, e.g. heavy m ulching, o r  preven t the re turn  
to dom inance o f  the Calluna follow ing p loughing of 
the heath land , e.g. by the g row th  o f species such as 
pine and  larch, w hich are  apparen tly  less sensitive to 
the influence o f  Calluna, and  dom inate  the retu rn ing  
Calluna by shading.

The reasons fo r the checking o f  the g row th of 
trees and  especially o f species such as spruce, aptly  
described as “ heather sensitive” by W eatherell 
(1953), by Calluna a re  still uncertain . M uller (1897) 
was convinced th a t the effect on  the spruce is exclu
sively due to the heather itself and  could no t be due 
to  the influence o f the w ind, the raw  hum us, the 
leached sand o r the hardpan  since soil w orking m odi
fied all the soil factors yet w hen the heather re turned 
the spruce becam e sickly and  stopped  grow ing. He 
w ondered w hether it is a bacteriological o r soil

physiological p rob lem  o f local occurrence and  w hether 
it could  be solved by inocu lation  w ith  app rop ria te  
soil. L a te r M uller (1903) suggested th a t the effect o f 
m o un ta in  p ine in  overcom ing the checking o f  the 
g row th  o f  spruce by Calluna is due to  the ability  o f 
its m ycorrhizal associations to  assim ilate atm ospheric  
n itrogen  w hich is passed on  to  the spruce on  the 
dea th  o f these associations. D uch au fo u r (1950) p u t 
fo rw ard  the observations o f  M . O ud in  in  the Puy de 
D om e in 1937,as dem onstra ting  th a t lack o f  m ois
ture is n o t the reason for the failure o f spruce p lan ted  
on Calluna heath lands, w hich is in agreem ent w ith 
the observations o f  L evisohn (1952), an d  th a t the 
checked grow th o f  spruce in  this reg ion  m ust, as on 
the P lateau  de M illevaches, be a ttrib u ted  to  n itrogen  
deficiency. T he differing behaviour o f  p ine and  
spruce in  this respect he considers to  be due partly  
to  the tap  ro o t developed by the  p ine in the A 2C 
horizon  an d  partly  to  the num bers an d  various 
types o f  m ycorrhizal associations developed by the 
pine, and  supplying its n itrogen  requirem ents, com 
pared  w ith the absence or insufficiency o f  m ycorrhizal 
associations form ed by spruce u nder these condi
tions. T he previously m entioned  observations by 
W eatherell (1953) o n  the effect o f  Sarothamnus 
scoparius and  the application  o f  n itrogenous fertili
zers on the g row th  o f  spruce in  the presence o f  re- 
invading Calluna were in terp re ted  as suggesting a 
n itrogen  deficiency as being the cause o f  the grow th 
o f  the spruce being checked. A rising o u t o f  som e 
experim ents o n  the establishm ent o f various b road- 
leaf species on Calluna h ea th land  in  no rth -east 
Y orkshire, D im bleby (1958) concludes th a t com peti
tion  from  Calluna has seriously affected the grow th 
o f m ost species an d  he considers th a t the effect is 
m ainly concerned w ith the n itrogen  supply. T he pre
sence o f  b ro o m  was again  found  to  influence the 
grow th o f som e species favourably.

In a recent m ost useful and  com prehensive account 
o f experim ents concerning the afforestation  o f u p 
land heaths by the F orestry  C om m ission, Z ehetm ayr 
(1960) concludes th a t m anuring  has proved o f  little 
im portance com pared  w ith cultivation in the estab 
lishm ent o f  trees on  Calluna hea th land . H e suggests 
th a t the reasons fo r the checking o f  the grow th o f 
trees by Calluna is due to  com petition  w ith the 
Calluna for w ater and  nutrients, th a t the effect o f 
cultivation  o f  the Calluna hea th land  on the grow th 
o f trees is due to  im proved drainage and  aera tion  
o f  the soil, th a t the “ nursing” effect by trees less 
sensitive to  Calluna is due m ore to  th e  provision 
o f im proved conditions for the tree roo ts than  
to  any sheltering effect and  th a t conditions favou r
ing the establishm ent o f  “ heather sensitive” tree 
species on  Calluna h ea th land  are  elim ination o f 
heather com petition  by ploughing, suppression o f 
heather regrow th by a  “ nurse” species and  stim ula
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tion  o f g row th  by phosphatic  m anuring  o r legumes.
Levisohn (1953a) found  th a t, w hen th e  grow th o f 

trees w as released from  check by m ulching, soil 
analyses d id  n o t indicate any change in the phos
phate  sta tus o f  the soil as a  result o f  m ulching. In  
add ition , a lthough  the app lication  o f  a  b racken 
m ulch resulted  in  appreciable am oun ts o f  po tassium  
being added  to  the soil, the trea tm en t o f  checked 
L aw son Cypress p lan ts w ith potassium  su lphate 
produced  no  ap p aren t change in  the ir condition .

U nfavourab le  physical soil conditions, excessive 
acidity o f  the soil, deficiency o f  trace  elem ents in  the 
soil, deficiency o f  m ycorrhizal fungi an d  severe 
com petition  from  Calluna a re  listed by B raathe 
(1950) as causes w hich have been suggested as being 
responsible fo r the inhib ition  o f the g row th  o f 
spruce on  Calluna heath land . H e considers, how 
ever, th a t w hilst one or m ore such factors m ight 
possibly be operative on  the first occasion o n  w hich 
spruce is p lan ted  on  Calluna heath lands w hich have 
been w ithout trees fo r m any centuries, they  canno t 
explain the m any exam ples o f  inh ib ition  o f  grow th 
in  the second generation  o f  spruce on  an  a rea  from  
w hich the first generation, w hich h ad  grow n satis
factorily , was rem oved by clear felling before re
p lan ting  and  the area then  subsequently  invaded by 
Calluna in a few years. B raathe  finds it im possible to  
believe th a t the soil can  change so m arkedly  in tw o 
o r three years th a t it results in  the g row th  o f  the 
spruce p lan ts com ing to  a  standstill o r th a t the Cal
luna a t the tim e o f  invasion should  m onopolize all 
the  nu trien ts so com pletely th a t there is no th ing  left 
for the spruce. H e therefore concluded th a t Calluna 
has a  biological effect on spruce and  suggested th a t 
Calluna p roduces a  substance w hich in  som e way 
inhibits the grow th o f  spruce. E xperim ents by 
B raathe  to tes t this hypothesis did no t give conclusive 
results bu t this p o in t will be considered again later. 
L aing (1932) found  th a t decaying Calluna leaves had  
an  adverse effect on  seedlings o f Picea excelsa  grow 
ing in w ater cu ltu re  w hereas M olinia  leaves had  no 
such effect under the sam e conditions.

A lthough  he does n o t give any reasons fo r doing 
so, B jorkm an (1949) discounts the probability  th a t 
Calluna litter contains, o r th a t Calluna produces, 
substances having a  toxic effect on  spruce and  
prefers to  ascribe the effect to  nu tritional conditions 
especially regarding n itrogen and  phosphorus.

W hen the g row th o f  spruce o n  Calluna heath land  
is being favourably influenced by the presence o f 
pine or larch  the spruce ro o ts  develop very largely 
beneath  the “ nurse” species w here they branch  
freely, travel below the layer o f larch litter, and  only 
occasionally do side branches descend in to  the 
ploughed soils (W eatherell (1953 and  1957)). O n the 
o ther hand, spruce roo ts grow ing in the area occu
pied by the spruce p lant, and  where Calluna was

present, were shorter and  th inner an d  had  m uch 
sm aller tips. In  the case o f  spruce p lan ts ad jacent to 
la rch  b u t rem aining in  check it was found  th a t their 
roo ts were confined to  the Calluna dom inated  area. 
T he d is tribu tion  o f  the roo ts o f  various tree species 
p lan ted  on  Calluna h ea th land  has also been investi
gated by Y eatm an (1955) and  it seems clear tha t 
w hen spruce roo ts spread in to  an  area  occupied by 
p ine roo ts they  will be in the zone o f  free fibrous 
roo ting  o f  the  pines. I t  m ay therefore be expected 
th a t under these conditions there will be severe 
com petition  fo r m oisture an d  nu trien ts yet the 
spruce grow s m uch  better th an  w hen its roo ts are 
restricted  to  soil also occupied by Calluna roots.

Sim ilarly D uchaufour (1950) has recorded th a t 
spruce grows well on  the slightly leached soils o f  the 
P la teau  de M illevaches w hen the Calluna vegetation 
has been replaced by Genista pilosa  o r bracken as a 
result o f the abandonm ent o f sheep grazing whereas 
on pedologically sim ilar sites (the C /N  ratio  o f the 
soil organic m atte r is som ew hat higher), in the m idst 
o f  a good spruce area  w ith Genista pilosa , b u t carry
ing a  vegetation o f  pu re  Calluna, the  grow th o f  
spruce is checked. A lthough  the sim ilarity o f  the 
roo ting  zones o f spruce, Genista pilosa  and  bracken 
is n o t so certain  as in  the case o f  spruce, Calluna and  
m ost species such as pine an d  larch, spruce is able to 
grow  o n  these soils in the presence o f  Genista pilosa 
and  bracken  bu t n o t in  the presence o f Calluna. 
A gain, it has been observed th a t w hen grazing is 
abandoned  the o ld  pastures situated  in  Swedish coni
ferous forests becom e thickets o f  spruce (R om ell 
1957); in  this case also the spruce seems to  be able to 
overcom e any com petition  from  the pasture  vegeta
tio n  fo r nu trien ts an d  m oisture. Sim ilarly spruce 
readily establishes itself in the dense herbaceous 
vegetation o f  alpine m eadow s. I t  is clear th a t u nder a 
variety  o f  conditions spruce is no t w ithout appreci
able capacity  to  com pete w ith o ther p lan t species for 
w ater and  nutrients even though  it appears to  be 
unable  to  com pete w ith Calluna.

In  this connection  the findings o f  Ingestad (1957, 
1959 an d  1960), w ho grew birch, spruce and  pine 
seedlings over a range o f nu trien t conditions in w ater 
culture, a re  interesting. H e found  th a t b irch  and  pine 
seem  to  require a larger supply o f  m ineral nutrients, 
and  especially o f  nitrogen, th an  spruce to  produce 
the sam e am oun t o f  dry m atter. T his could mean 
th a t in the colonization  o f Calluna heath lands the 
nu trien t requirem ents o f  birch and  pine w ould not 
seem to  confer any advantages on these species or 
account for their apparen t superiority  over spruce 
as a colonizing species; if anything, the reverse w ould 
seem  to  be indicated. This seems to be supported  by 
the results from  som e o f  the experim ents reported  by 
Z ehetm ayr (1960) show ing th a t the “ heather sensi
tive” Sitka spruce is grow ing faster than  its “ nurses”
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u nder the n u trien t conditions o f  th e  Calluna  hea th 
land  an d  show ing greater resistance to  exposure.

A lthough  it seem s clear th a t the struggle betw een 
Calluna and  tree species on  heath lands ultim ately 
represents com petition  fo r m ineral nu trien ts  it 
w ould  seem to  have unusual features. U sually  a  
species m ore successful in the com petition  fo r w ater 
and  nu trien ts grow s faster th an  the less successful 
w hich is overtopped  a n d  suppressed ; Calluna, how 
ever, does n o t overtop th e  trees w hose g row th  it 
checks. Som e tree species a re  able to  establish  them 
selves sufficiently quickly o n  heath land , from  w hich 
Calluna has been eradicated , th a t they can  preven t 
the re tu rn  o f  the Calluna by the shade o f  their 
branches, the ir ro o ts  being able to  o b ta in  sufficient 
nu trien ts an d  w ater from  the soil from  w hich the 
Calluna is now  excluded. O ther tree species, such  as 
the “ heathe r sensitive” spruce, a lthough  unab le  to  
becom e sufficiently established during  th e  tim e the 
Calluna is absen t from  th e  hea th land  th a t they can 
effectively exclude the re tu rn ing  Calluna from  a suffi
cient a rea  o f  heath land , can  none the less, o n  the 
sam e sites, com pete w ith  tree  species w hich are 
able to  w ithstand  the retu rn ing  Calluna. T herefore in 
the absence o f  Calluna the  ro o t o f  the “ heather sensi
tive” spruce seem s to  be an  equally effective o rgan  in 
the com petition  fo r w ater and  nu trien ts as the roo ts 
o f  the species, p ine and  larch , w hich are  less sensitive 
to  the effect o f  Calluna. I t  seems ev iden t therefore 
th a t the basis o f  the “ checking” effect o f  the Calluna 
m ust be sought in  an  effect on  the function ing  o f the 
ro o t system  o f  the tree, p robab ly  by interference w ith 
the m echanism  w hereby m ineral nu trien ts are  taken  
in to  the roo t.

W hatever fac to r o r factors are  concerned it 
w ould  seem  th a t they m ust have a  differential effect 
on  various tree species, a lthough  it is possible fo r all 
species to  be affected, an d  m ust be associated w ith 
th e  presence o f  living Calluna, fo r in the absence o f  
living Calluna the differential effect o n  different tree 
species disappears. I t is perhaps im p o rtan t to  rem em 
ber here th a t L ofting  (1951) h as  described how  
continen tal races o f  Scots p ine o f slender branching  
hab it, w hen plan ted  on podzolized heath land , often 
m ain ta in  their perfectly straigh t stem s and  sho rt fine 
la tera l branches so th a t they are  incapable o f  sup 
pressing the Calluna and  are  consequently  liable to 
be unable  to  flourish. O n the o ther h an d  isolated 
pines w hich have recently colonized heath lands have 
widely spreading low er branches w hich prevent the 
g row th  o f  Calluna beneath  them ; the la tte r is also 
true  for birch.

Since the effect o f  Calluna seems to  be b rough t 
ab o u t th rough  its influence on  the tree roo ts it is 
desirable to  try  and  ascertain  w hether there is any 
evidence th a t tree roo ts display any unusual charac
teristics w hen grow ing in the presence o f  Calluna.

C hanges in  the ro o t system s o f  checked Sitka 
spruce w hen the Calluna su rround ing  them  is killed 
by th e  app lication  o f  a  heavy Calluna m ulch have 
been described by Y eatm an  (1955). T he g row th  o f 
Sitka spruce p lan ted  in to  p repared  patches o n  the 
Calluna  hea th land  is checked in  the second year an d  
the num ber o f  survivors gradually  dim inishes. T he 
ro o t system s o f  survivors consist o f  adventitious 
roo ts extending over the surface o f the Calluna raw  
hum us. T he orig inal ro o t system  developed in  the 
nursery  usually  fails to  develop fu rth er after p lan ting  
an d  is su rrounded  by fine Calluna roo ts. W hen the 
living Calluna is suppressed by a  h ea the r m ulch, a 
m ass o f fibrous spruce roo tle ts develops in  the 
Calluna debris lying on  the surface o f  th e  raw  h u m u s ; 
b u t new  ro o ts  grow ing in  the raw  hum us are  n o t p ro 
duced a t  least w ith in  a  period  o f  three years after 
suppression  o f  the Calluna, du ring  w hich tim e the 
needles have changed from  a  sickly yellow to  d a rk  
green an d  there is a  p ronounced  grow th o f  leading 
shoots. T o  m ain ta in  th is im proved cond ition  the re
colon ization  by Calluna m ust be prevented.

T he seeds o f various species o f p ine w ere sow n on  
Calluna h ea th land  by R ayner an d  N eilson Jones 
(1944) and  they subsequently  recorded  th a t a  large 
p ro p o rtio n  o f the seedlings d ied o u trigh t o r  passed 
in to  a cond ition  o f  m ore o r less com plete check, a l
th ough  it was still possible after 14-16 years to  find 
surviving seedlings a  few inches h igh w hose ro o ts  a re  
characterized by m arked  deficiency o f  sh o rt roo ts 
and  poverty  o f m ycorrhizal associations. N o  actual 
ro o t disease o r parasitic  a ttack  by any soil organism  
w as ever observed n o r was there any sign o f  pseu- 
dom ycorrhizal associations. T he sam e au tho rs  also 
observed th a t w hen N orw ay spruce is sow n o r p lan 
ted  in Calluna hea th  soil, e ither in  field p lo ts o r po ts , 
there is a rrest o f ro o t g row th an d  absence o f  m ycorr
hizal associations, a long w ith com plete check to  
shoo t g row th and  severe chlorosis o f  the foliage. In  
these cases also there was no  evidence th a t failure to 
grow  was associated w ith ro o t a ttack  by any soil 
fungus. T he fact th a t checked trees can  rem ain  alive 
fo r m any years in  the presence o f Calluna  an d  res
po n d  a t any tim e to  suppression  o f the Calluna o r 
app lication  o f  fertilizers, also suggests th a t the 
checked trees are n o t being subjected to  a ttack  by 
pathogenic  m icroorganism s.

A lth o u g h  actua l num bers are  n o t given, D uchau 
fou r (1950) found th a t checked spruce o n  Calluna 
heath lands in F rance  h ad  an  absence o r insuffi
ciency o f  m ycorrhizal associations, w hereas p ine had  
fair num bers o f various types o f  such associations 
w hich are considered to  ensure the n itrogen  supply 
o f  the pines. Sim ilarly R ayner an d  N eilson Jones 
(1944) reported  th a t on  the u n trea ted  Calluna hea th 
land  o f  W areham  F orest ro o t grow th is arrested  and  
the fo rm ation  o f  m ycorrhizal associations is com 
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pletely inhibited in N orw ay spruce; they concluded 
th a t the absence o f  m ycorrhizal associations was 
directly rela ted  to  arrested  grow th an d  chlorosis o f 
the spruce p lants. Subsequently L evisohn (1952) ob
served in  the sam e area th a t w hilst the roo ts o f  check
ed spruce show  arrested  developm ent and  either 
absence o r rem arkable scarcity  o f m ycorrhizal asso
ciations, th e  roo ts o f  previously checked plants, 
w hich had  been m ulched an d  w hose co lour h a d  im 
proved, had  well developed m onopodially  b ranched  
ro o t systems characteristic o f  healthy N orw ay spruce; 
the sh o rt ro o ts  w ere fully m ycorrhizal an d  pseu- 
dom ycorrhizal associations were absent. C hanges in 
the roo ts were observed before im provem ent in 
shoo t developm ent was noticeable “ externally” 
(Levisohn (1953a)).

V igorous young birch  trees colonizing the Cal
luna heath lands o f  no rth -east Y orksh ire  were found 
by D im bleby (1953) to  have developed m ycorrhizal 
associations especially in old  ro tten  ro o ts  and  tree 
stum ps and  occasionally in the hum us layer w hich is 
som etim es strongly developed ju s t above the pan . 
N one o f the p ine seedlings grow ing in  the sam e area 
appeared  to  have form ed m ycorrhizal associations.

In  the case o f  the pine heaths o f  Sweden, w here 
Calluna is the p redom inan t constituen t o f  the 
g round  vegetation, ,M elin (1948) has po in ted  ou t 
th a t it has long been know n th a t in such p lan t com 
m unities m ycorrhizal associations are  form ed w ith 
difficulty by trees as is also the case in old, slow 
grow ing spruce w oods w ith inactive raw  hum us 
where the g round  flora contains a  considerable 
am oun t o f  Vaccinium myrtillus. In  1924 H esselm an 
set u p  trenched p lo t experim ents in pine heath  fo r
ests n ear V indeln. Som e o f  these plots were hoed; 
this resulted  in the dea th  o f the Calluna and  as re
po rted  by R om ell an d  M alm strom  (1945) the seed
lings show ed better developm ent o f  roo ts and  m y
corrhizal associations.

T here seems to  be evidence therefore th a t w hen 
tree  seedlings grow  poorly  in the presence o f living 
Calluna they are  usually  characterized by lack o f 
developm ent o f  characteristic  ecto trophic  m ycorr
hizal associations.

In  the colon ization  o f m any Calluna heath lands by 
trees, the conflict betw een Calluna and  tree seedlings 
seems to  be characterized by the follow ing features. 
U sually few, if any, tree species can  invade dense 
and  undistu rbed  C allunetum , b u t if there is local 
d istu rbance an d  the dom inance o f  the Calluna is 
b roken  then  a num ber o f  tree species will be able to  
grow  and  o f  these som e will be able to  com pete 
successfully w ith the re-invading Calluna w hilst 
o thers such as spruce will n o t be able to  do  so. Those

trees w hich successfully colonize the d isturbed heath 
land  will be found  to  have halted  the re tu rn  o f  the 
Calluna by shade produced  by the extending b ran 
ches. W here the trees a re  sufficiently close together 
this process con tinues un til canopy is closed. The 
check to  the g row th o f  tree species such as spruce 
can  be overcom e by m easures such as m ulching 
w hich kill the  heather, o r by the application  o f  n itro 
genous fertilizers; and  it is n o t observed in spruce 
grow ing in the presence o f  Calluna on  heath land  
w hich has been subjected to  agricultural practices o r 
in spruce w hose roo ts are  grow ing beneath  the 
canopy o f  ano ther species w hich has com pletely 
shaded  ou t the Calluna. T he check to  the grow th o f 
trees is likely to  recur if  conditions arise w hich per
m it recolonization  by vigorous heather.

Individuals o f bo th  “ sensitive” and  “ less sensi
tive” tree species w hich have been unsuccessful on 
the Calluna hea th land  seem  to  be characterized  by 
lack o f  developm ent o f  characteristic  ecto trophic  
m ycorrhizal associations.

I t  m ust be rem em bered th a t the factor o r factors 
responsible fo r the effect o f Calluna on spruce and  
o ther p lan t species seem  likely to  be m arkedly 
m odified by a change in circum stances.

T he situa tion  regarding the p rob lem  o f  the stag
n a tio n  o f  the grow th o f spruce and  o ther species in 
the presence o f  Calluna w ould still seem  to  be well 
sum m ed up  by M uller’s (1897) verdict: “ Vi h aa r her 
lige overfor e t x, en ubekendt, om  en fysisk, en 
kem isk eller en jordbundsfysio logisk  F ak to r vilde 
det vore a f  sto rste  V igtighed norm ere a t undersoge*.”

H ow ever, no  m atte r w hat the function  o f  charac
teristic ec to trophic  m ycorrhizal associations m ay be 
w ith regard  to  tree g row th ; the fo rm ation  o f  such 
associations appears to  be associated w ith m ore 
satisfactory  tree grow th and  recovery o f  trees from  
the influence o f  Calluna o n  Calluna heath lands. 
Therefore if the basis o f  this lack  o f  developm ent o f 
m ycorrhizal associations can  be ascertained it m ay 
be o f  assistance in  understanding  the failure o f 
spruce and  o ther species to  grow  in the presence o f 
living Calluna and  the ability  o f o ther tree species 
to  com pete successfully w ith re turn ing  Calluna.

Such in form ation  should  help tow ards a  better 
understand ing  o f  the ecological problem s associated 
w ith the colonization  o f  Calluna heath lands by trees 
an d  m ay be o f  assistance in forestry practice in such 
areas.

A n  a ttem p t has therefore been m ade to inquire 
in to  the reasons fo r the lack o f  developm ent o f  
characteristic  ecto troph ic  m ycorrhizal associations 
on  the roo ts o f  trees w hose grow th has been checked 
by the presence o f  Calluna.

♦“Here we come up against an x, an unknown. It would be of the greatest importance to examine more closely whether 
this is a physical, a chemical, or a soil physiological factor.”



Chapter 1

FACTORS A F F E C T IN G  THE FO R M ATIO N OF 
ECTOTROPHIC M YCO RRH IZAL ASSO CIATIO NS

E cto troph ic  m ycorrhizal associations a re  close 
associations betw een very different k inds o f  o rga
nism s. I f  such associations are  to  be form ed o n  a 
p articu lar site the higher p lan t m ust be able to  re
m ain  alive on  the site and  m ust be in an  app rop ria te  
cond ition  to  be infected by the fungus and  in  a 
cond ition  to  p rom ote  the fo rm ation  o f  a n  associa
tion  w ith the fungus. T he fungus m ust be able to  
persist o n  the site sufficiently long for it to  be able to  
reach o r p rom o te  conditions enab ling  it to  fo rm  an 
association  w ith the h igher p lan t. A lthough  details 
o f  the processes leading to  the fo rm ation  o f  such 
associations are n o t know n it is p robab le  th a t such 
an in tim ate relationsh ip  betw een tw o different kinds 
o f  organism s will be influenced by a  variety  o f fac
to rs acting on the activities o f e ither o r bo th  the 
organism s concerned ; the different factors varying 
in im portance according to  circum stances.

In  o rder to  app roach  the m ore specific p roblem  o f 
the factors contro lling  the fo rm ation  o f  ecto troph ic  
m ycorrhizal associations in trees grow ing on  Cal
luna hea th land  sites, in form ation  concerning the 
factors influencing the fo rm ation  o f  ecto trophic  
m ycorrhizal associations generally will be considered 
as well.

The problem  o f  try ing to  ascertain  the factors in
fluencing the fo rm ation  o f ecto troph ic  m ycorrhizal 
associations has been approached  in a num ber o f 
ways.

A  b road  approach  to  the prob lem  has been m ade 
by various investigators by no ting  the varia tions in 
the abundance o f  m ycorrhizal associations developed 
by trees grow ing in  different kinds o f  soil.

T his quite naturally  led to  the consideration  o f the 
possible influence o f  m ineral nu trien ts in the soil on 
the fo rm ation  o f m ycorrhizal associations; for 
exam ple, the influence o f  availability o f  m ineral n u 
trients in the soil on  in ternal conditions in  the host 
and  on  the p roduction  o f sho rt roo ts and  ro o t exu
date  m aterials by the host.

M uch effort has been expended in ascertaining the 
n u tritiona l characteristics and  m etabolic activities 
o f  m ycorrhizal fungi and  the influence o f  various 
factors o f the soil environm ent on their nu trition  and  
m etabolic activities.

In  recent tim es there has been increasing aw are
ness o f  the possible in teractions betw een various 
m icroorganism s o f  the soil env ironm ent and  the 
m ycorrhizal fungi, and  betw een m ycorrhizal fungi 
and  p lan t roots.
(i) V ariations in the abundance o f mycorrhizal 
associations in different soils

L ack o f  ecto troph ic  m ycorrhizal associations is no t 
only to  be found  in trees m oribund  o r grow ing 
poorly  on  Calluna h ea th land  soils. Indeed, soon  after 
the n a tu re  o f  the association  had  been established, 
varia tions in the occurrence o f such associations in 
the sam e tree species w hen grow n on  different kinds 
o f soil w ere apparen tly  the cause o f conflicting re
p o rts on  their occurrence in various species.

Early observations indicated  th a t a  tree species 
form ing ab u n d an t ecto troph ic  tm ycorrhizal associa
tions under forest conditions was frequently  devoid 
o f such associations w hen grow n in nurseries o r 
bo tan ic  gardens and  on  agricultural soils. Subse
quently  m ore detailed observations on  the differen
tia l d is tribu tion  o f  ecto trophic m ycorrhizal associa
tions were m ade and  the general trend  o f such obser
vations is well illustrated  by the findings o f  M elin 
(1923a, 1925) th a t m ycorrhizal associations are 
poorly developed on  weakly acid o r neu tral soils 
such as the hardw ood  m eadow s o f  C entral Sweden 
and  the coniferous forests rich  in  herbs grow ing on 
soil contain ing m uch lime and  having a reaction o f 
pH  6-7 . A typical m ycorrhizal associations occur, 
bu t only sporadically, on  the roo ts o f pine and  spruce 
in such forests. I t  m ay be im p o rtan t from  the 
present po in t o f  view th a t in  such soils groups o f 
ecto troph ic  m ycorrhizal associations often  develop 
on roo ts grow ing in  pieces o f  decayed w ood o r bark. 
O n the o ther hand  Tansley (1939) described how  the 
slender ram ifying roo tle ts o f  beech densely fill the 
shallow  lim estone soils, w hich have a  reaction  o f 
pH  7 7 -2 -8 -4  and  con ta in  free C a C 0 3, and  form  
ab u n d an t m ycorrhizal associations, a lthough  it m ay 
be th a t these associations are  form ed by a ra th e r 
different type o f  fungus com pared  w ith those concer
ned in  the fo rm ation  o f  M elin’s A  and  B type asso
ciations in pine and  spruce.

A lthough  M elin (1925) asserts th a t ecto trophic
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m ycorrhizal associations are ab u n d an t on  the roo ts 
o f  p ine and  spruce in non-calcareous m ull soils, 
B jo rkm an  (1949) apparen tly  considers th a t these are 
no t characteristic  associations b u t m erely the 
hy p h ae  o f m ycorrhizal fungi enveloping sh o rt roo ts 
w ithou t fo rm ing  characteristic  associations, even 
though  B jorkm an (1942) him self describes young 
spruce p lan ts grow ing o n  non-calcareous beech m ull 
an d  having up  to  96 per cent o f their sh o rt ro o ts  as 
A  and  B type m ycorrhizal associations w ith H artig  
ne ts ; also in  the case o f experim ental p ine an d  spruce 
p lan ts grow ing on  apparen tly  non-calcareous m ull 
soils, B jorkm an (1940) ob tained  high percentages 
o f  sh o rt roo ts form ing A  and  B type m ycorrhizal 
associations.

M elin (1925) states th a t ecto trophic  m ycorrhizal 
associations reach op tim um  developm ent in  con i
ferous forests w ith so-called “ good” o r “ active” raw  
hum us. In  these forests the forest floor is rich  in 
m oss and  sam ples o f  the raw  hum us show  conside
rab le  n itrogen  m obilization  o n  incubation . In  the 
case o f p ine heaths and  forests o f  slow -grow ing old  
spruces w ith “ inactive” raw  hum us, i.e. raw  hum us 
w hich show s little, if any, tendency for n itrogen  
m obilization  w hen treated  w ith lime o r in sam ples 
rem oved an d  incubated , m ycorrhizal associations 
are  only form ed sparingly and  as previously m en
tioned the g round  vegetation o f the p ine heaths is 
predom inantly  Calluna vulgaris.

B jorkm an (1942) divided ecto trophic  m ycorrhizal 
associations in to  a  num ber o f m orphological types 
w hich he designated A , B, C, D  and  pseudom ycorr- 
hizal types. As far as is know n a t p resent the A , B 
and  C  types o f  m ycorrhizal association  are form ed 
m ainly by association  betw een tree roo ts and  certa in  
H ym enom ycetes and  G asterom ycetes such as species 
o f  Boletus, Tricholoma, Rhizopogon, Am anita, etc. 
Type D  are black m ycorrhizal associations and  the 
pseudom ycorrhizal type are associations form ed 
w ith M .r. atrovirens. H e exam ined the com pletely 
undam aged ro o t system s o f  20-100 sm all pine and  
spruce p lants and  parts  o f the ro o t systems o f  older 
trees from  a  num ber o f different kinds o f  forest 
stand , and  determ ined the num ber o f  sh o rt roo ts 
w hich had  form ed one o r o ther o f the various types 
o f  m ycorrhizal association. O ne o r m ore o f  the 
various types o f  m ycorrhizal association m ay be 
form ed by different sh o rt roo ts o f  one an d  the sam e 
p lant.

A lthough  the m ore general observations such as 
those o f  M elin (1925) an d  the m ore detailed observa
tions o f B jorkm an (1942) indicate th a t the form ation 
o f  m ycorrhizal associations varies under different 
conditions, it is n o t possible to  ascerta in  from  these 
observations how  th e  fo rm ation  o f m ycorrhizal 
associations is contro lled  in  different types o f  forest 
s tan d ; one m ust agree w ith B jorkm an’s conclusion

th a t the factors governing the fo rm ation  o f  m y
corrh izal associations can n o t be established by 
observations in  na tu re  alone. I t is p robab le  th a t a 
num ber o f  factors are  involved an d  th a t their relative 
im portance varies under different conditions. O bser
vations on  the occurrence o f m ycorrhizal associations 
in the field do how ever suggest th a t there are  som e 
factors w hich have an  overriding influence, e.g. cal
careous m ull soils and  Calluna grow ing on base- 
deficient soils; bu t even in  these cases the un favour
able fac to r o r  factors can  be overcom e locally by 
th e  presence o f  fairly substan tia l pieces o f  decaying 
w oody tissue. Sim ilarly if there is any significance in 
the differential d is tribu tion  o f  A , B an d  C type 
m ycorrhizal associations on  the one hand , and  D  and 
pseudom ycorrhizal associations on  the o ther, repre
sentatives o f  the tw o groups occurring  o n  one and  
the sam e p lan t, it w ould seem  to  be necessary th a t 
som e fac to r o r factors having a  d iscontinuous and  
ra th e r localized d is tribu tion  in  e ither the soil o r the 
ro o t m ust be exerting a  contro lling  influence.

It is n o t surprising  therefore th a t a ttem pts have 
been m ade to  carry  o u t experim ents to  elucidate the 
factors contro lling  the fo rm ation  o f  ecto troph ic  
m ycorrhizal associations.
(ii) Experimental investigations into the effect o f level 
o f mineral nutrients on the formation o f mycorrhizal 
associations

E arly observations on  the occurrence o f ec to tro 
phic m ycorrhizal associations led to the opin ion th a t 
they were only form ed in soils having a high organic 
m atte r conten t. W ider experience has show n th a t 
th is is n o t the case and  th a t associations a re  to  be 
found  in sandy soils con tain ing  very sm all am ounts 
o f  organic m atter. In  add ition , as m entioned pre
viously, they m ay be absent from  the roo ts o f  trees 
grow ing in the highly organic raw  hum us layers o f  
Calluna heath .

As the observations on the occurrence o f  ecto
trophic  m ycorrhizal associations in different kinds o f 
soil increased in num ber, the idea developed th a t the 
level o f  available nu trien ts in a  soil was the factor 
determ ining the fo rm ation  o f these associations. In  
1937 H atch  p u t forw ard a schem atic diagram  to illus
tra te  the relationship  betw een the developm ent o f 
ec to trophic  m ycorrhizal associations in various 
hab ita ts  and  the nu trien t availability in the soils o f 
those hab ita ts  (see Fig. 1 overleaf). T his m ight be 
taken  to  im ply th a t the absence o f  ecto trophic  
m ycorrhizal associations in trees grow ing on hea th 
lands is due to  inadequate  supplies o f  nu trien ts and  
especially m ineralized nitrogen.

T he view th a t the level o f  available nu trien ts in the 
soil con tro ls the form ation  o f  ecto trophic  m ycorr
hizal associations is now  widely held. H owever, since 
ecto trophic  m ycorrhizal associations do n o t seem to 
be developed by trees whose grow th is checked in
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Fig. 1. Schem atic D iag ram  to  illustrate  the D evelopm ent o f  E cto troph ic  M ycorrhizal A ssociations 
in  V arious H ab ita ts  an d  Soils. (A fter H atch  1937).

th e  presence o f  living Calluna, w hilst such associa
tions are  well developed w hen the trees are  released 
from  check by suppression o f  the heather, even 
though  they are  grow ing in  com petition  w ith indivi
duals o f  the sam e o r an o th e r tree species, suggests 
th a t the evidence fo r this view should  be m ore closely 
scrutinized.

A  num ber o f a ttem pts have been m ade to  investi
gate  experim entally the influence o f  m ineral nu 
trients o n  the fo rm ation  o f m ycorrhizal associations 
although  the determ ination  o f  available soil n u 
trients presents great difficulties.

H esselm an (1927) an d  M elin (1927) grew  pine 
seedlings in  m ixtures o f  sand  an d  raw  hum us from  
four different forest sites having th e  follow ing 
characteristics,

I. O pen pine heath  difficult to  regenerate,
II. R egeneration  group  beneath  o lder pines on 

p ine heath ,
III. O ld, slow-growing and  lichen-covered spruce 

forest,
IV . F ro m  site o f  old slow-growing and  lichen- 

covered spruce forest clear felled 14 years 
previously.

T he plo ts were w atered either w ith distilled w ater 
o r freshly p repared  aqueous extract o f fresh raw  
hum us. A fter three grow ing seasons the p ine  p lan ts 
w ere exam ined fo r developm ent o f  m ycorrhizal 
associations an d  n itrogen  m obilization  in  the  soils 
was determ ined by chem ical analyses o f  sam ples,

w hich h ad  been incubated  fo r three m onths, fo r N H 4 
a n d  N 0 3 content. A nalyses o f  sim ilarly treated  
sam ples w ere m ade in the au tu m n  o f the first and  
second grow ing seasons; the three values fo r each 
type o f  raw  hum us are  taken  as a  m easure o f  n itro 
gen m obilization  in  th e  experim ental sand-raw  
hum us m ixtures over the three year experim ental 
period . T he results for the n itrogen  analyses and  the 
developm ent o f  m ycorrhizal associations are  given 
in T ab le  I w hich has been p repared  from  the results 
o f  H esselm an an d  M elin.

T he raw  hum us from  site IV  yielded com paratively 
large am o u n t o f  N H 4 and  N O a nitrogen  even a t the 
end o f  the th ird  grow ing season, w hilst in the case o f  
the raw  hum us from  the o ther sites the am o u n ts  o f 
m obilized n itrogen  dim inished each year and  were 
very sm all in  the th ird  year. S im ilar trends were 
show n w hether w atering was carried  o u t w ith distil
led w ater o r w ith raw  hum us extract. T he n itrogen 
conten ts o f  the p ine p lan ts w ere apparen tly  no t 
determ ined so it is n o t possible to  ascertain  w hether 
the n itrogen  absorbed  by the p lan ts was related  to  
the assessm ents o f nitrogen m obilization  in the soils. 
I t  should  be rem em bered, how ever, th a t the assess
m ents o f  n itrogen  m obilization  were m ade each year 
after the p ine seedlings h ad  abso rbed  previously 
m obilized n itrogen fo r the ir grow th, an d  th a t the 
am o u n t o f  n itrogen  m obilized under the experim en
ta l conditions is likely to  be greater th a n  in  the field 
because o f  the effects o f  the unavoidable disturbance
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w hich takes place w hen the sam ples are  ob ta ined  
and  w hich will resu lt in  th e  dea th  o f  severed ro o ts  
and  o ther changes. T he to ta l m obilization  o f  n itro 
gen over three years, as represented  by the m easure
m ents m ade, w as g rea ter in  the case o f  hum us IV 
than  for hum us I, II  an d  III, b u t th is is largely be
cause the am o u n t o f  n itrogen  m obilized in hum us IV 
rem ains m ore o r less constan t w hilst in  the case o f 
hum us I, I I  and  II I  there is d im inution  w ith  tim e 
and  especially in th e  th ird  year. In  the first year the 
level o f n itrogen  m obilization  in II  an d  II I  was o f the 
sam e o rder as fo r all the years fo r hum us IV. M elin 
exam ined the ro o ts  o f  the p ine p lan ts a t the end  of 
the experim ent an d  assessed the num bers o f  various 
types (A , B, C, D , E , F  an d  pseudom ycorrhizal 
(characterized by in tracellu lar fungal infection)) o f 
m ycorrhizal associations w hich h ad  developed. 
A lthough  the significance o f  the fo rm ation  o f pseu
dom ycorrhizal associations as com pared  w ith the 
fo rm ation  o f  types A -F  is no t thoroughly  understood , 
it was found  th a t p redom inantly  pseudom ycorrhizal 
associations h ad  been form ed a t the end  o f  three 
years, w hen the m obilized n itrogen (as m easured) was 
very low, in the case o f  hum us sam ples I, II  and  III, 
whereas in hum us sam ple IV m ycorrhizal associa
tions were form ed in sim ilar num bers bu t p redom i
nantly  o f the A  type. This could  be taken  to  indicate 
the influence o f  n itrogen  m obilization  on  the p ro p o r
tion  o f sho rt roo ts w hich becom e type A  m ycorrhizal 
associations. If, as seem s likely, how ever, m ycorr
hizal associations are  largely form ed anew  each year 
(M elin 1923 and  R obertson  1954) it w ould have been 
m ore indicative th a t o ther factors were n o t involved 
if it had  been possible to  exam ine p lan ts a t the end 
o f  the first and  second years, w hen presum ably  there 
m ight have been a  m arked  difference in the type o f 
m ycorrhizal association form ed, com pared  w ith the 
th ird  year, if as the findings indicate the am oun t o f 
m obilized n itrogen decreased in the case o f hum us 
sam ples I, II and  III.

In 1930 G ast (1937) carried  ou t a  sim ilar experi
m ent but in  this case the seedlings were grow n under 
a range o f light intensities and  their nitrogen con
tents were determ ined. Finns sylvestris seedlings were 
grow n in sand mixed w ith sam ples o f  raw  hum us 
from  different sources and  show ing varying levels o f 
n itrogen  m obilization  after incubation  for three 
m onths. T he sources from  w hich the raw  hum us 
sam ples were ob tained  w ere :
1. A n undistu rbed  overm ature slow grow ing spruce 

forest o f the H ylocom iw n-rich Vaccinium m yrtiiius 
type.

2. A sim ilar site adjacent to  (1) bu t w hich had  been 
clear-cut and  burned  in  1927— F  layer burned  
bu t H  layer unaffected.

3. A  rapidly grow ing mixed stand  o f spruce, pine 
and  birch developing after burning.

4. A n area on w hich Scots p ine had  been clear felled 
five years previously an d  a t  the tim e o f  sam pling 
had  a  herbaceous flora and  the soil w as said  to  be 
well o n  the w ay to  becom ing a  m ull.

T he assessm ent o f  the num bers o f  m ycorrhizal 
associations w hich h ad  developed a t the end o f  the 
experim ent gives no  ind ication  as to  w hether diffe
ren t types o f m ycorrhizal associations were developed 
o r  not. T he results ob ta ined  a re  show n in T able  2 
derived from  G ast (1937) an d  H atch  (1937).

A lthough  the precise m athem atical relationships 
m ay n o t be clear certain  trends seem  to emerge from  
these results. I t is necessary to  assum e th a t n itrogen 
m obilization  an d  availability will be sim ilar in the 
sam e sand-raw  hum us m ixtures w hen exposed to 
different intensities o f  rad ia tion . As the rad ia tion  
intensity  increases there is a  tendency fo r the seedling 
dry  weight, the am oun t o f  n itrogen  absorbed  by the 
seedlings, the num ber o f  sho rt roo ts per seedling 
and  the num ber o f  sh o rt roo ts per seedling w hich 
develop in to  m ycorrhizal associations, to  increase. 
B earing in  m ind th a t there is no  differentiation o f the 
various types o f m ycorrhizal association  there is no 
m arked  trend  in the p ro p o rtio n  o f sho rt roo ts w hich 
form  m ycorrhizal associations as rad ia tion  intensity 
increases. I t m ay be deduced from  these results th a t 
fo r a given light intensity one m ay expect the num 
ber o f  sho rt roo ts form ing m ycorrhizal associations 
to  tend  to  increase as the n itrogen  concen tra tion  in 
the seedlings increases and  also as the m obilized ni
trogen in  the soil, as m easured in  th is experim ent, 
increases.

In  1932 H atch  (1937) grew seedlings o f Pinus 
strobus on  m ixtures o f  sand  and  m ineral soil from  
the upper m ineral horizons o f  four soils, suspected 
to be o f differing fertility for tree grow th, supporting  
different types o f hardw ood stand . T he soil sam ples 
w ere k ep t m oist until placed in the po ts except in the 
case o f one (M id-slope (poor)) w hich becam e 
thoroughly  a ir dried. T he n itrogen  sta tus o f  the four 
soils was determ ined by direct chem ical analysis 
(M itchell 1934) an d  found  to  be:

N H i  +  NO-j as mg. nitrogen per kg. o f  soil on an 
air-dry basis:

M id slope M id slope 
Cove soil (good) soil (poor) soil R idge soil 

484 365 362 308
G ast (1937) considers th a t n itrogen  m obilization 

values, as determ ined in storage tests, do no t provide 
a m easure o f available n itrogen in  hum us-sand cul
tures com parab le  w ith the concen tra tion  o f free ions 
in nu trien t so lu tion  sand cultures and  M itchell (1934) 
also states th a t there is little reason  to suppose th a t 
there is necessarily any relation  betw een the am ounts 
o f nu trien ts extracted  from  soils by chem ical re
agents in the labora to ry  and  the am oun ts w hich can 
be taken  up by p lants, since such reagents do  no t
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necessarily have extractive pow ers corresponding  to  
those o f  p lan t roo ts. F ro m  sand  cu ltu re  experim ents 
M itchell deduced th a t the op tim um  nitrogen  concen
tra tio n  fo r W hite p ine seedlings is o f  the o rder o f  
300 p .p .m . an d  th a t dry w eight p roduction  an d  n itro 
gen  conten ts o f  the seedlings are  p ro p o rtio n a l to  the 
n itrogen  concen tra tion  o f th e  n u trien t so lu tion . F ro m  
th e  dry w eights an d  n itrogen  conten ts o f  seedlings 
grow n o n  the fou r soils, in  the presence o f  added  
nu trien ts  o th er th an  n itrogen, it was accordingly 
deduced th a t the available n itrogen  conten ts o f the 
soils in  mg. per kg. w ere:

M id  slope M id  slope 
Cove (good) (poor) Ridge
72-37 40-54  44-87 29-71

M itchell considers th a t it is doub tfu l if any 
na tu ra l soil could  supply the op tim um  nitrogen  con
cen tra tion  o f  300 mg. per kg. indicated  by sand 
cultures.

In  som e cases nu trien t so lu tions were added  to  the 
soils w hich resulted in  add itional am oun ts o f  96-8 
and  193-6 mg. o f  n itrogen, in the fo rm  o f  N H 4 N 0 3, 
being added  per litre  o f  n u trien t so lu tion  used. This 
m eans, according to  H atch , th a t 276 and  553 mg. 
o f  n itrogen  were added  per p o t b u t it does n o t seem 
possible to  deduce the concen tra tion  per litre  o r 
per k ilogram  o f  soil. T he du ra tio n  o f  the grow ing 
period  is n o t clear and  the m ycorrhizal associations 
w hich developed were n o t separated  in to  different 
types although  it is sta ted  th a t in the case o f  the M id 
slope (poor) soil they were a lm ost entirely  o f  the 
M .r. nigrostrigosum  type. The illustrations o f  the 
m ycorrhizal associations form ed in the o ther soils 
indicate th a t they m ay well have been characteristic  
ecto trophic types. This lack o f  inform ation  regarding 
the type(s) o f m ycorrhizal associations form ed in
creases the difficulty o f in terpre ting  H a tch ’s results. 
I t w ould seem how ever th a t add ition  o f  n itrogen to  
the R idge soil, w hich w ould appear to  con ta in  rela
tively sm all am oun ts o f m ineralizable n itrogen  com 
pared  w ith the o ther soils used, does n o t change the 
p ro p o rtio n  o f sho rt ro o ts  form ing m ycorrhizal 
associations, presum ably o f  the M .r. nigrostrigosum  
type, and  there is perhaps a very sm all decrease in 
the num ber o f m ycorrhizal po in ts and  an  increase 
in n itrogen  concentration  in  the seedlings. In  the 
case o f the Cove soil, w hich apparen tly  contains the 
largest am ounts o f  m obilizable n itrogen, addition  
o f  n itrogen  causes a  decrease in  the p ro p o rtio n  o f 
sh o rt ro o ts  becom ing m ycorrhizal associations, and  
in the num bers o f  m ycorrhizal points, w hilst a t the 
sam e tim e the nitrogen concentration  in the seedlings 
increases. As H atch  points ou t this disagrees w ith his 
ow n previous findings fo r the influence o f external 
nitrogen concentration  on  the fo rm ation  o f  m ycorr
hizal associations and  also w ith the findings o f M elin 
(1927), bu t it w ould seem th a t in this experim ent the

concentrations o f  am m onia and  n itra te  in  the soils 
w here the fo rm ation  o f  m ycorrhizal associations is 
decreased are  likely to  be very considerably greater 
th an  in  his ow n previous experim ent o r th a t o f  Hessel
m an  (1927) an d  M elin (1927).

F ro m  a  single p o t H atch  selected fifteen seedlings 
w hich differed widely in  their developm ent o f  m y
corrh izal associations and  determ ined their n itrogen  
and  percentage n itrogen con ten ts on  a  dry w eight 
basis. H e ob tained  a  direct relationsh ip  betw een the 
percentage n itrogen con ten t o f the seedlings and  the 
num ber o f  m ycorrhizal associations developed w hich 
cou ld  be expressed as N itrogen  concentration  (as 
percentage o f  dry  w eight) =  0-00164 X N um ber o f 
m ycorrhizal po in ts +  1-31. T h a t the d a ta  are  too  
few to  be conclusive w as po in ted  o u t by H atch  as 
was also the fact th a t his results fo r developm ent o f 
m ycorrhizal associations and  n itrogen  concentration  
in  sim ilar seedlings grow n in the various soils under 
various conditions canno t be considered to  be in 
agreem ent w ith the results ob ta ined  fo r the fifteen 
seedlings from  a single po t.

D esp ite  the lack o f  agreem ent betw een the results 
o f  his various experim ents H atch  concludes from  his 
results as a  w hole th a t the abundance o f m ycorrhizal 
associations o n  the roo ts o f p ine seedlings is de ter
m ined in  no rm al forest soils by the availability  o f  
m ineral salts an d  th a t m ycorrhizal associations are 
p roduced  in  abundance  u nder conditions o f  low 
availability  o f any one o r m ore o f the fou r elem ents 
— nitrogen, phosphorus, po tassium  and  calcium  o r 
when there is lack o f  balance in the availability o f 
these nu trien ts. F u rth er, th a t in relatively p o o r soils, 
as used by him self (H atch  1937, G ast 1937), M elin 
(1927) an d  o ther E u ropean  investigators, the percen
tage o f sh o rt roo ts w hich becom e m ycorrhizal associ
a tions increases w ith increase in  available n itrogen, 
w hilst in  soils richer in  nu trien ts developm ent o f 
m ycorrhizal associations decreases w ith increasing 
individual availability o f P, K , C a and  N .

T he effect o f  w atering p ine an d  spruce seedlings, 
grow ing in  various soils, w ith am m onium  n itrate  
solutions, w hose concentrations form ed a  geom etric 
series, o n  the fo rm ation  o f  m ycorrhizal associations 
w as investigated by B jorkm an (1940). W ith  one 
exception the soils were o f  the m ull type an d  had  
reactions varying betw een pH  4 ■ 5 and  p H  7 • 5. The 
am m onia n itrogen  an d  n itra te  n itrogen  contents o f 
the soils were determ ined a t the s ta rt o f  the experi
m en t w hen they were found  to  vary from  0 -5  to  7 
mg. per litre  o f  soil fo r am m onia  n itrogen  an d  from  
0 to  21 mg. per litre o f  soil fo r n itra te  nitrogen. 
T he n itrogen  m obilized as n itra te  in the  various 
soils during storage fo r three m onths varied from  6 
to  86 mg. per litre o f  soil and  the am oun ts o f  n itro 
gen added  as am m onium  n itra te  varied  from  82 to  
2579 mg. per litre  o f soil. T he  am m onia and  n itrate
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nitrogen  rem aining in the soils a t  the tim e o f  harves
ting  w as determ ined and  a lthough  in m any  cases 
these values show ed decreases com pared  w ith the 
n itrogen  presen t a t the s ta rt o f  the experim ent, the 
concentrations rem aining are  still very high in  m any 
cases. I t  seems probab le  th a t the h igher concen tra
tions o f added  n itrogen  are  likely to  give rise to  con
cen trations o f  available n itrogen  w hich m ay well be a  
n um ber o f  tim es greater th an  those likely to  occur 
natu rally  even in  the richest soils. T here w as little, if 
any, effect o n  the num bers an d  percentages o f  the 
ro o ts  form ing A  an d  B type m ycorrhizal associations 
w hen up  to  250-300 mg. o f  n itrogen as am m onium  
n itra te , even m ore in the case o f spruce m ull, were 
added  per litre  o f  soil; this applies in  the case o f  all 
the  soils a n d  it is no tew orthy  th a t the wide variation  
in reaction  o f  the soils, as indicated by p H  m easure
m ents, does no t appear to  influence the fo rm ation  o f 
m ycorrhizal associations. T here was som e depression 
in the num bers o f sho rt roo ts and  in the percentage 
form ing A and  B type m ycorrhizal associations a t the 
h igher ra tes o f  add ition  o f  am m onium  n itra te , bu t 
even in  these cases appreciable num bers o f A  an d  B 
type m ycorrhizal associations were form ed. T he re
sults o f  these experim ents indicate th a t the highest 
concen trations o f  am m onia  and  n itra te  nitrogen

likely to  occur naturally  in  soils a re  unlikely by them 
selves to  be the cause o f  lack o f  developm ent o f  
A  and  B type m ycorrhizal associations. T here was no  
ind ication  o f  any significant influence o f changes in  
am m onia an d  n itra te  n itrogen concen tra tion  on  the 
fo rm ation  o f  A  an d  B type m ycorrhizal associations 
over the low er p a r t o f  the range. T he results have 
been collected together in  T able  II I  overleaf.

Subsequently B jorkm an (1942), in  experim ents 
specifically designed to  test H a tch ’s conclusions, grew 
pine seedlings for one grow ing season in m ixtures o f 
sand  an d  tw o kinds o f  raw -hum us an d  one k ind  o f 
m ull, the  am m onia  an d  n itra te  n itrogen  contents o f 
th e  m ixtures being determ ined initially an d  after 
storage for th ree m onths, to  w hich n u trien t solutions 
were added  a t intervals during the grow ing period. 
N itrogen  w here added was a t the ra te  o f  180 mg. o f 
nitrogen, as N H 4N 0 3, to  each litre o f  soil during 
the grow ing period . T he easily soluble am m onia 
an d  n itra te  n itrogen  rem aining in the sand  m ixtures 
a t the end  o f  the experim ent was determ ined and 
the percentage o f  sho rt roo ts w hich had  becom e 
A  an d  B type m ycorrhizal associations was ascer
tained. T he results a re  collected together in T able  IV  
on  page 17.

( T ext resumes on page 18)
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U nlike the previous experim ent, it w ould appear 
th a t in  this case ad d itio n  o f  n itrogen  in  th e  fo rm  o f  
am m onium  n itra te  has stim ulated  the m ineralization  
o f  soil n itrogen  so th a t a t the end o f the experim ent 
there has been a  gain  in  m ineralized n itrogen  instead 
o f  a  loss. W herever am m onium  n itra te  w as added, 
and  especially w hen it w as added  along w ith  p hos
p horus, the percentage o f  sh o rt ro o ts  fo rm ing  A  and  
B type m ycorrhizal associations w as severely dim i
nished. By com parison  w ith  th e  previous experi
m en t the p ronounced  reduction  in  the percentage o f 
sh o rt roo ts form ing A  an d  B type m ycorrhizal asso
ciations w hen am m onium  n itra te  is added  seems to  
occur a t  low er concen tra tions o f  added  am m onium  
n itra te  w hen phosphorus is a lso  added. I t  is perhaps 
also significant th a t in  those cases w here n itrogen  
an d  phosphorus w ere n o t added, an d  also w here only 
distilled w ater was used fo r w atering, the levels o f 
n itra te  and  am m onia  in the soil, as determ ined, were 
very sim ilar to  those in  the u n trea ted  m ull soils o f 
the previous experim ent yet the percentages o f sh o rt 
ro o ts  form ing A  an d  B type m ycorrhizal associa
tions d id  n o t reach  any th ing  like the percentages 
a tta ined  in the  previous experim ent except in  the 
case o f  raw  hum us K .

B jorkm an (1942) extended this line o f  enquiry  in 
1941 w hen he grew pine seedlings on  raw  hum us from  
tw o different sources. (R aw  H um us K  from  a  m oss- 
rich spruce forest o f  Vaccinium  type an d  T o rf H , a  
pea t from  a  drained  bog  on w hich Androm eda poli- 
fo l ia  was grow ing) to  w hich were added  varying com 
binations o f  various am oun ts o f  N H 4N 0 3 and  
H 3P 0 4. H e determ ined the m ineralized n itrogen  
present in the unam ended soils initially and  after 
storage fo r three m on ths; a t  the end  o f the experi
m en t the residual m ineralized n itrogen in  the soil 
o f  th e  experim ental po ts was determ ined. T he N H 4 
and  N 0 3 n itrogen  in  the soils was determ ined by the 
m ethod  o f Olsen. Easily soluble phosphate  rem aining 
in the soils a t the end o f  the experim ent was deter
m ined by the m ethod  o f  Egner. T he num bers o f  the 
various types o f m ycorrhizal association  w ere ascer
tained an d  the dry w eights and  the n itrogen  and  
phosphorus con ten ts o f  roo ts and  shoots were deter
m ined separately. Som e o f  these results and  the 
results from  som e calculations m ade using B jork- 
m an ’s da ta  are  given in  Tables V and  VI, pp. 19-20.

T here is insufficient in form ation  available to  as
certain  w hether there are any relationships betw een 
the percentage o f sho rt roo ts form ing A and  B type 
m ycorrhizal associations and  the concentrations o f 
am m onia and  n itra te  nitrogen and  easily soluble 
phosphorus in the soil. In  term s o f  the am oun ts o f 
n itrogen and  phosphorus added to the soils, how ever, 
there is a  tendency for the percentage o f  A  and  B 
type m ycorrhizal associations form ed to  dim inish, 
especially when nitrogen and  phosphorus are added

together, a lthough  there  seems to  be little correlation  
betw een the am ounts o f  n itrogen  an d  phosphorus 
added  an d  the am oun ts recovered from  the soil a t the 
end  o f  the experim ent. T his could  be due to  a  num 
ber o f  reasons bu t, if  th e  m ineralized n itrogen  an d  
easily soluble phosphate , as determ ined, rem aining 
in  the soils a t the end  o f  the experim ent are  related 
to  the fo rm ation  o f A  an d  B type m ycorrhizal re la
tionships, it is n o t easy to  see how, e ither in  term s o f  
ac tua l levels o f  n itrogen  an d  phosphorus or ra tios o f 
n itrogen  an d  phosphorus.

T he difficulty o f  relating  the concentrations o f 
m ineralized n itrogen  found  in  a  soil by various 
m ethods to  the concen tra tion  w hich influences the 
activities o f  roo ts and  m icroorganism s grow ing in 
the soil is well know n. In  view o f  this it m ay be useful 
to  com pare the results o f  th e  above experim ents in 
w hich soils were used w ith those ob ta ined  by B jork
m an  (1942) in  pu re  cultu re  experim ents. In  1939 he 
grew pine seedlings u nder aseptic conditions in cul
tu re  solutions con tain ing  varying know n am ounts o f 
n itrogen  and  phosphorus an d  o ther m ineral nu trien ts 
an d  a t tw o concentrations o f  glucose. U nder these 
conditions the initial physiologically effective con
cen trations o f  N  and  P are presum ably  know n m ore 
certainly. Som e o f  the flasks w ere inoculated  w ith 
Rhizopogon roseolas, w hich form s m ycorrhizal 
associations w ith Pinus sylvestris, w hilst sim ilar 
flasks rem ained uninoculated . A t the end o f  the ex
perim ent the percentage o f  sho rt roo ts w hich had  
form ed A and  B type m ycorrhizal associations was 
ascertained. T he results obtained  by B jorkm an will 
be found  in  T able V II. H ere again  in  the presence o f 
h igh concentrations o f  m ineral n itrogen  and  phos
pho rus the percentage o f  sho rt roo ts form ing A  and  
B type m ycorrhizal associations is m arkedly  reduced. 
In  the low est range o f  the concentrations used there 
is also a reduction  in  the percentage o f  sh o rt roo ts 
form ing A  and  B type m ycorrhizal associations al
though  som e are still form ed. T he low est concen tra
tion  o f n itrogen used was 2 -4  m gm s/litre a lthough  
there were only 40 ml. o f  cultu re  fluid per flask and  
therefore the to ta l am o u n t o f  n itrogen  available 
w ould be very sm all and  considerable changes in  con
cen tra tion  m ust have taken  place by the end  o f  the 
experim ent.

If  it is assum ed th a t levels o f  m ineral nu trien ts o f  
this o rder are influencing the fo rm ation  o f  A  an d  B 
type m ycorrhizal associations the problem  is how  to 
re late  th e  various determ inations o f  N H 4 and  N 0 3 in 
soils an d  the corresponding  percentage o f  A  a n d  B 
type m ycorrhizal associations fo rm ed to  these 
findings. F o r  exam ple if  the concentrations o f  N H 4 
an d  N 0 3 found  by B jorkm an to  be p resen t in  the 
soils a t  th e  end  o f  the experim ent, w hen considerable 
ab so rp tion  o f  N H 4 and  N O a m ay have taken  place, 
be used, then  in the case o f P 1( P 3 an d  P 4 o f  the
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T o rf H  series (Table VI) the o rder o f  concen trations 
is the sam e as th a t o f  the low est concen tra tion  in  the 
p u re  cu ltu re  series yet very considerably  h igher per
centages o f  A  an d  B type m ycorrhizal associations 
are  form ed in  the T o rf  H  series. T he concentrations 
o f  N H 4 a n d  N 0 3 rem aining a t th e  end  o f the experi
m ent in  th e  o ther cases (pots w atered  w ith distilled 
w ater) w here n itrogen  w as n o t added  a n d  the con 
cen trations o f  N H 4 an d  N 0 3 initially  p resen t in  the 
soils, as determ ined an d  in  the absence o f  storage, are 
all several tim es greater th a n  the low est concen tra
tio n  initially p resen t in  the pu re  cultu re  experim ent. 
Perhaps the m ost su itable concen tra tion  value avail
able fo r com parative purposes is th a t o f  th e  N H 4 
an d  N 0 3 initially p resen t in  th e  soil, determ ined 
w ithou t storage, and  it w ould  appear th a t, in the case 
o f  bo th  raw  hum us K  and  T o rf  H , the level o f  this 
concen tra tion  is considerably h igher th a n  th a t a t 
w hich the developm ent o f types A  an d  B m ycorrhizal 
associations appears to  be lim ited  in  p u re  culture 
experim ents.

(iii) “ Ecological”  concentrations of N H 4 and N 0 3 in 
soils

T here have been a num ber o f  a ttem pts to  ascertain  
the concen tra tion  o f  N H 4 and  N 0 3 in various soils 
an d  these will be considered in  re la tion  to  the above 
m entioned  experim ental findings o f  B jorkm an. The 
determ inations have been m ade on  aqueous extracts, 
o r  extracts ob ta ined  by the use o f  aqueous solutions 
o f  m ineral acids an d  salts, o f freshly collected sam 
ples o f  so il; b u t in som e cases the resu lts o f  determ in
ations on  sto red  sam ples a re  included fo r com pari
son. T he soil m oistu re  generally occupies only  a 
fraction  o f  the soil volum e and  therefore the concen
tra tions o f  m ineral n itrogen  in the soil so lu tion  are 
likely to  be considerably  greater th an  those expressed 
o n  the basis o f  a  litre o f  soil.

Investigations o n  o ld  w oodland  soils, w hich had  
developed on  different kinds o f  m ineral m aterial 
(base-rich and  base-poor) and  on  w hich stands o f 
various tree species (bo th  conifer and  hardw ood) 
w ere grow ing, were carried  o u t by C larke (1924). 
Since the investigation w as prim arily  intended to  
ascertain  the influence o f  soil acidity on n itra te  and  
am m onia production , the soils w ere divided into two 
groups according to  reaction , i.e. p H  3 • 5-5 and  pH
5-7. T he sam ples were collected from  the upper 3 
inches o f  the m ineral soil a t intervals o f a  fo rtn igh t 
o r three weeks from  January  to  N ovem ber and  the 
am oun ts o f N H 4 and  N O a, w hich could  be extracted  
by w ater, determ ined w ith in  a few hours o f  collec
tion . B earing in m ind the difficulties o f the m ethods 
then  available for the determ ination  o f  am m onia 
and  n itra te , C larke’s results indicate th a t in soils 
having a  reaction  o f  p H  3 -5 -5  the w ater soluble 
am m onia varied  betw een 1 and  35 p .p .m . o f  soil

heated  fo r 24 hou rs a t 100°C, w hilst w ater so luble 
n itra te  varied  from  0 -7  p .p .m .; the correspond ing  
values fo r the soils o f reac tion  p H  5 -7  are  0 -9  an d  
0 -10  p .p .m . o f  d ry  soil respectively. T he results also 
indicate considerable variation  in  the concen tra tion  
o f  w ater-ex tractab le  am m onia  in th e  case o f  soils w ith 
reaction  p H  3 -5 -5  an d  in  the concen tra tion  o f  n i
tra tes, especially in  the soils w ith in  the reaction  
range p H  5 -7 , w ith  season, being low  betw een ab o u t 
the m iddle o f  June  a n d  the m iddle o f O ctober. Even 
though  expressed as m gm s/kg o f  dry soil it is clear 
th a t these am m onia  and  n itra te  concentrations are 
frequently  considerably  greater th an  those a t w hich 
B jo rkm an  observed the fo rm ation  o f  only sm all 
percentages o f types A  and  B m ycorrhizal associa
tions in  pu re  cultures.

A  little later A altonen  (1926) carried  ou t an  ex
tensive investigation  o f  the am m onia  an d  n itra te  
contents o f  the soils o f  a range o f fo rest types classi
fied according to  the m ethod  o f  C ajander. Sam ples 
from  the surface organic  layer an d  from  the m ineral 
soil beneath  (0-5 cm  depth) were taken  a t each site. 
A m m onia n itrogen  (extractable w ith successive 
quantities o f  N /2  K C1) an d  n itra te  n itrogen  were 
determ ined im m ediately after sam pling and  also after 
s to rage o f  the sam ples fo r tw o m onths a t  a  tem pera
tu re  o f  ab o u t 25°C. Sam ples w ere dried  to  constan t 
w eight a t ro o m  tem peratu re  (ab o u t 20°C) and  the 
m oisture loss determ ined. A altonen ’s results for 
am m onia  an d  n itra te  ex tractable a t the tim e o f  sam 
pling and  after incubation  fo r tw o m onths are given 
in  Tables V III an d  IX . A lthough  it is n o t know n 
how  the concentrations o f  m ineralized n itrogen  thus 
ob ta ined  are  rela ted  to  the co rresponding  physio lo
gically active concentrations, and  although  con 
siderable varia tions are  encountered  w ith in  a single 
forest type, it is perhaps o f  significance th a t even in 
those stands (CT) w here Calluna is dom inan t in  the 
g round  flora an d  spruce is no t recorded as being 
present, the concentrations o f m ineralized nitrogen 
ex tractab le  from  the soils a t the tim e o f  sam pling are  
n o t characteristically  different from  those o f  the soils 
from  o ther types o f  forest stand . I f  they are  a t all 
com parab le  w ith  the concentrations in B jo rkm an’s 
p u re  cultures then  they considerably exceed those a t 
w hich a depression w as observed in the percentage o f  
A  an d  B type m ycorrhizal associations form ed.

S im ilar conclusions m ay be draw n from  the exten
sive observations o f G lem m e (1932). A lthough  the 
soils having a  p reponderance  o f  Calluna in the 
g round  vegetation  are  in the low est p a r t o f  the range 
o f  levels o f  m obilized n itrogen  con ten t an d  m ay con
ta in  little  o r no  n itra te  a n d  show  little o r no  p roduc
tion  o f  n itra te  on  incubation , they a re  n o t un ique in 
this respect n o r in the level o f  am m onia extractable 
initially o r after incubation . A s po in ted  o u t by 
G lem m e, n itrogen m obilization  seems to  be m ore



M Y C O R R H I Z A L  A S S O C I A T I O N S  A N D  C A L L U N A  H E A T H L A N D  A F F O R E S T A T I O N  23

T a b l e  VIII
Ammonia nitrogen extracted from soil samples from various kinds o f forest stand 

during June to October, from Aaltonen (1926)

Ammonia nitrogen 
extracted from  

humus layer

Ammonia nitrogen 
extracted from  

mineral soil layer

Ammonia nitrogen 
extracted from  

humus layer after incubation

Ammonia nitrogen 
extracted from  

mineral soil layer after 
incubation

pH 4-2 4-6
CT VT

4-8
MT

5-2 5 0
OMT OMAT

4-2
CT

4-6
VT

4-8
MT

5-2 5-0
OMT OMAT

4-2
CT

4-6
VT

4-8
MT

5-2 5 0
OMT OMAT

4-2
CT

4-6
VT

4-8
MT

5-2 5-0
OMT OMAT

1 25 27 49 23 13 16 14 14 17 23 128 76 231 64 11 13 26 22 29
June

2 31 16 29 22 14 15 13 10 16 30 65 81 113 48 12 13 30 19 48
14 42 52 24 25 15 16 16 13 11 65 86 104 170 133 8 23 30 14 18
9 32 65 25 23 14 15 15 8 17 32 68 204 249 147 9 12 15 19 39
6 56 30 115 66 8 12 6 16 11 10 73 198 119 230 4 6 26 25 57

13 58 42 53 86 10 14 8 17 27 7 35 208 52 271 4 8 32 29 75
4 39 38 46 77 10 13 12 18 27 9 58 224 263 243 5 3 40 29 55

.— 24 78 64 55 — 12 15 16 16 13 21 224 239 284 7 7 84 7 21
20 71 42 36 32 14 14 12 17 16 65 110 184 75 197 8 4 27 7 74
21 30 74 37 34 13 14 15 16 21 55 73 120 128 168 6 14 19 38 77

40 41 82 55 81 _ 11 16 20 22 60 67 120 146 365 4 11 19 33 66
26 21 41 61 40 13 14 13 25 18 27 49 40 98 492 4 6 15 44 81
48 23 21 45 25 15 8 27 18 21 232 64 48 89 26 4 37 4 56 19
62 27 21 22 23 14 7 16 16 15 166 73 39 77 35 8 29 6 53 20
37 35 23 26 26 11 7 21 14 12 163 73 48 100 78 11 22 8 64 28

53 42 41 29 54 12 9 15 14 14 163 83 44 176 58 5 35 3 53 19
25 39 74 14 20 10 6 15 4 16 232 59 107 199 98 6 27 21 91 63
40 30 110 15 20 12 12 14 5 21 230 73 67 869 104 7 27 23 52 86
40 28 24 36 16 10 9 14 4 16 407 86 91 574 70 6 59 22 53 70
13 27 19 29 21 12 11 15 4 16 83 73 81 464 114 7 47 13 73 45

5 24 16 19 62 _ 14 4 2 15 272 159 122 658 132 _ 26 58 58 73
12 18 28 4 30 _ 12 4 2 9 241 75 191 382 — — 28 45 96 61
18 46 27 20 23 _ 10 2 7 15 202 191 280 560 143 — 30 33 96 73

7 37 37 45 35 _ 11 3 10 14 329 200 416 825 232 — 39 70 108 112
37 37 20 33 14 4 4 4 10 16 580 113 293 427 146 67 40 56 112 93

35 58 36 30 28 6 3 3 10 15 296 385 424 293 146 58 50 56 86 87
24 48 14 42 17 4 — 2 8 7 218 184 293 398 117 66 53 48 56 60
35 14 35 37 59 4 4 2 8 14 732 356 486 527 272 60 74 45 67 68
17 57 33 14 29 3 — — 7 26 325 263 237 226 153 49 — — 107 137
69 58 43 44 20 3 — — 8 16 249 621 385 236 128 58 — — 67 107

46 85 51 61 18 4 _ _ 7 27 184 512 183 486 197 49 _ _ 108 96
36 74 46 57 16 4 _ _ 15 28 150 325 293 395 114 52 — — 99 117

42 97 _ 4 293 258 — 70
57 70 — 9 234 365 — 74

October 74 114 — 3 294 296 — 58

77 86 — 2 241 263 — 63

N H 4 nitrogen in mgm/kg. of soil dried at 20'JC

c t  =  Cajander’s Calluna forest type 
v t  =  Cajander’s Vaccinium forest type 
m t  =  Cajander’s Myrtillus forest type 

o m t  =  Cajander’s Oxalis/Myrtillus forest type 
o m a t  =  Cajander’s OxalisjMajanthemum forest type
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T a b l e  IX
Nitrate nitrogen extracted from soil samples taken from various kinds o f forest stand 

during June to October, from Aaltonen (1926)

Nitrate nitrogen 
extracted from  

humus layer

Nitrate nitrogen 
extracted from  

mineral soil layer

Nitrate nitrogen 
extracted from  

humus layer after incubation

Nitrate nitrogen 
extracted from mineral 

soil layer after 
incubation

p H 4 - 2  4 - 6
CT VT

4 - 8
MT

5 - 2  5 0
OMT OMAT

4 -2
CT

4 - 6
VT

4 - 8
MT

5 - 2  5 - 0
OMT OMAT

4 - 2
CT

4 - 6
VT

4 - 8
MT

5 - 2  5 0
OMT OMAT

4 - 2
CT

4 - 6
VT

4 - 8
MT

5 - 2  5 0
OMT OMAT

0 6 1 2 1 - 0 0 5 0 7 0 0 0 0 0 0 0 0 0 5 0 6 1 0 0 8 5 64 0 0 0 0 - 0 0 0 0 0 40 0
June

0 8 1 6 0 - 8 0 5 0 5 0 5 0 8 1 1 0 7 5 21 4 40 0
0 9 1 1 1 - 4 0 5 0 5 0 5 0 8 1 0 0 7 5 5 0 36 0
0 5 1 0 1 -4 0 5 0 5 0 7 0 6 0 7 1 0 5 8 4 36 0
0 6 1 5 0 - 5 0 7 >» 0 - 5 0 6 0 5 2 0 0 5 1 0 7 5 0 - 5 »> 35 2 12 8

0 8 1 6 0 - 6 0 7 1 0 0 0 0 5 0 5 1 5 0 5 4 - 8 29 0 0 0 0 0 2 2
0 7 1 8 0 - 8 0 7 4 8 0 5 0 8 1 2 0 5 2 - 6 119 9 15 2 0 5

0 - 6 0 7 8 9 — 2 3 0 5 0 0 0 5 1 1 130 0 22 0 18 0
0 5 0 7 0 - 6 0 5 0 5 0 0 0 5 0 5 1 1 0 0 (140) 74 0 80 0 5 8
0 5 0 0 0 - 7 0 5 0 5 >» >> 0 0 0 5 0 8 1 6 2- 1 256 0 0*5 »» 4 0 62 0

0 5 0 6 0 - 6 0 5 1 0 0 0 0 6 0 8 1 8 0 - 9 64 0 0 0 2 0 14 0
0 5 0 6 1 1 0 5 0 5 0 5 0 5 0 7 0 0 2 - 4 1 0 36 0 1 4
0 8 0 5 0 - 5 0 0 0 5 0 0 2 0 0 6 0 5 1-7 0 0 12 7 28 6
0 9 0 6 0 - 5 0 0 0 5 0 0 1 7 0 8 0 5 1- 9 4 6 2 0 4 0
0 6 0 5 0 - 5 0 0 0 5 n >> 0 0 1 4 0 8 0 5 2 - 3 66 9 >» t • >> 0 0 6 2

0 5 0 0 _ 0 0 0 5 0 0 1 2 0 7 0 5 2 - 5 6 3 30 8 1 7
0 5 0 5 0 - 5 0 5 19 4 1 2 1 1 0 5 0 6 0 0 42 2 0 0 0 6 9
0 5 0 5 0 - 5 0 6 21 8 8 0 1 3 0 5 0 6 1- 3 47 6 0 1 7 24 6
0 7 0 5 0 - 7 0 5 13 2 -- 1 6 0 7 0 5 0 9 1 - 8 396 0 0 0 13 8
0 5 — 0 5 4 9 ») — >> 1 3 0 5 0 5 0 5 1- 5 42 2 0 >» 0 - 5 ■ 1 7

0 7 0 0 0 - 9 0 5 0 6 0 0 0 5 1 1 0 0 0 9 1 0 337 0 0 0 0 6
1 0 0 0 0 - 6 0 5 0 5 0 5 1 0 0 0 1 1 1 0 1 2
0 6 0 0 2 - 3 0 0 0 6 0 5 1 3 0 0 1 8 1 1 355 0 1 3
0 7 0 0 1 1 0 0 0 7 0 5 1 5 0 0 2 4 2 - 7 370 0 3 0 1 3
0 6 0 9 0 - 6 1 2 0 5 »> >■ 0 5 0 0 0 7 1 1 8 0 1 8 >• 0 0 1 3

0 7 1 0 1- 8 1 1 0 6 0 5 1 1 1 9 1 2 1- 7 3 9 0 6
0 7 0 6 0 - 5 1 3 0 5 0 5 0 7 9 1 1 1 -9 0 7 0 0
0 7 0 5 4 - 8 1 4 0 7 0 5 0 7 1 1 1 5 2 0 7 9 , 9 5
0 0 1 2 0 - 5 0 6 1 0 0 7 0 9 1 5 1 3 1- 3 40 0 0 0 - 5 0- 5 9 2
0 0 1 3 2 1 0 6 0 8 ** >» »» 1 3 1 2 1 9 1 6 0 - 8 317 0 »» 0 - 5 0- 0 10 6

0 - 0  3 
0 0  1 

2 
1

October
2

7
8 
0  
7

2

2 - 6
0 - 6
0 - 7
0 - 5

1 1

0
0

7
7

0
0

8
9

n
SJ

>>

>»

0 - 5
0 0

5J

)» 0
0

0
0

1 1
0 - 9

2
1
1
1

1

5
2
I
0

3

1
1
1
1

2

8
4
5 
7

5

4 - 6
0 - 9

63
370

4
0

>»
>»

11 
it 
»» 
>»

1*

0 - 5
0 - 5
0 0
0 0

0 0

>
1
3

1
7

2 5 1- 3 „ 1 1 1 9 „ 0 0

Nitrate nitrogen in mgms. per kilogram of soil dried at 20°C

c t  =  Cajander’s Calluna forest type 
v t  =  Cajander’s Vaccinium forest type 
m t  =  Cajander’s Myrtillus forest type 

o m t  =  Cajander’s Oxalis/Myrtillus forest type 
o m a t  =  Cajander’s Oxalis/Majanthemum forest type
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active, in som e cases ex traord inarily  so, in N orw e
gian  soils th an  in those o f  o ther parts  o f Scandinavia 
a n d  F in land . Soils associated  w ith  Calluna a re  no 
exception in this respect the values being conside
rab ly  greater th a n  those ob ta ined  by A altonen  (1926) 
fo r soils associated  w ith  Calluna. T here is also great 
varia tion  in the am oun ts o f  am m onia an d  n itra te  
n itrogen  produced  by the various soils a fter 3 m on ths’ 
incubation . T his p ictu re  is supported  by the recent 
investigation o f  Lag an d  M ork  (1959) using Calluna 
raw  hum us.

R ecently Schonar (1955) has estim ated the am m o
nia an d  n itra te  extractable, w ith N /10 HC1 an d  1 per 
cent po tash  alum  respectively, from  a  num ber o f  
forest soils. T he forest stands were oak/beech  on 
acid soils, first generation  spruce on  soils w hich were 
previously sim ilar to  those o f  the oak/beech  s tand  
and  oak/beech on  weakly acid soils. T he reactions 
o f the various soils, as indicated  by p H  m easure
m ents, covered a very sim ilar range to  those investi
gated  by A altonen . Samples were taken  from  0-3 , 
3 -10 and  10-20 cm . depths in June, A ugust, N ovem 
ber and  D ecem ber. E xtrac tab le  am m onia and  
n itra te  were determ ined directly after sam pling and  
also a fter storage fo r 7 an d  28 days in  the case o f  the 
June  and  A ugust sam ples. In  the freshly-collected 
sam ples from  3-20 cm  depths, a t no tim e was the 
presence o f am m onia an d  n itra te  dem onstrable in 
any o f  the soils. In  the freshly-collected sam ples from  
0-3  cm  depths, am m onia and  n itra te  were n o t detec
table  in the A ugust sam ples and  even a t the o ther 
tim es the ex tractable am m onia and  n itra te  was fre
quently  zero ; in only one instance d id  either reach 
a  value o f  10 m gm s n itrogen  per litre o f  dry soil; 13 
m gm s o f am m onia plus n itra te  n itrogen was the 
m axim um  observed.

T he sam ples from  the 0 -3  cm s surface layer 
generally yielded h igher concentrations o f  am m onia 
+  n itra te  n itrogen after storage th an  sam ples from  
3-20 cm s depth . In  June the range o f extractable 
m ineralized n itrogen ( N 0 3 and  N H 4) varied from  4 
to  24 m gm s/Iitre o f dry soil a fter 7 days storage and  
from  18 to  78 m gm s after 28 days storage. C orres
pond ing  figures for the A ugust sam ples are 5 to  24 
m gm s and  22 to  77 m gm s respectively. A lthough 
there is no  m ention o f  the m atter there seems no 
reason to  suppose th a t characteristic  ecto trophic  
m ycorrhizal associations w ould n o t be form ed by 
the trees, including spruce, grow ing on these sites.

I t has been recorded (Pearsall 1938 and  Rom ell 
1932) th a t even in  soils in w hich nitrification can 
take place readily  it is frequently n o t possible to  
detect the presence o f n itrates a t those times o f  the 
year w hen plan ts are actively grow ing on  them .

B earing in m ind the difficulties o f relating  the con
centrations o f  am m onia and  n itra te  n itrogen in 
various soils, as determ ined by various m ethods, to

the physiologically active concentrations experien
ced by p lan t roo ts and  m icroorganism s, it w ould 
appear th a t a  wide range o f  concen trations is likely 
to  be m et w ith even in the sam e soil over a  period  o f  
tim e and  such evidence as is available does no t sug
gest th a t som e soils, including those having a  g round  
vegetation w hich is p redom inantly  Calluna, are 
characterised by concentrations, low o r high, which 
w ould be associated w ith absence o f developm ent o f  
A  and  B type m ycorrhizal associations; indeed in the 
case o f  soils w here such associations w ould be 
expected to  occur, m ineralized n itrogen seems a t  
tim es, including those w hen m ycorrhizal associations 
m ay be expected to  be form ing, to  be undetectable 
a n d  B jo rkm an’s (1940) ow n experim ents indicate 
th a t A  and  B type m ycorrhizal associations are 
form ed equally well in soils apparen tly  contain ing a  
wide range o f  am m onia and  n itra te  n itrogen  concen
trations.

(iv) The influence o f internal conditions in the higher 
p lant on the form ation o f ectotrophic mycorrhizal 
associations

A lthough, as R om ell (1935) has poin ted  o u t, 
certa in  arte-facts o r “ sam pling effects”  are  liable to  
arise in m easurem ents o f  n itrogen m ineralization in 
stored  sam ples o f  soil, such m easurem ents indicate 
th a t the am o u n t o f am m onia and  n itra te  produced 
over a period o f  tim e m ay vary considerably for 
different soils. T herefore, a lthough  a t  certa in  times 
the concen tra tion  o f  m ineralized n itrogen to  which 
p lan t roo ts and  m ycorrhizal fungi are  exposed m ay 
be low or nil, due in  all probability  to absorp tion  by 
p lan t roo ts, in a variety o f  soils it m ay well be th a t 
the ra te  o f  p roduction  o f  m ineralized n itrogen 
varies considerably in different soils so th a t the 
am oun ts available fo r ab so rp tion  by p lants in one 
soil m ay, over a period tim e, be very different 
from  those in ano ther soil. Such differences may 
lead to  differing grow th rates an d  physiological 
conditions inside the p lan t, w hich in tu rn  m ay in
fluence the form ation o f  ecto trophic  m ycorrhizal 
associations.

H atch  (1937) transp lan ted  m onth-old  seedlings o f 
Pinus strobus into boxes o f  infertile soil taken  from  a 
Pinus rigida stand. Sim ilar seedlings grow ing in  fibre 
cartridges contain ing added m ineral nu trien ts, equi
valent to  those found  to  be op tim um  for Pinus stro
bus by M itchell (1934) in sand cultu re  experim ents, 
were p lan ted  in  soil o f the sam e kind. A fter three 
m onths the roo ts had  grow n o u t o f  the cartridge into 
the su rrounding  soil bu t very few o f the roo ts o f  these 
p lan ts had  form ed m ycorrhizal associations w hereas 
m any m ycorrhizal associations had  been form ed on 
the roo ts o f p lan ts w hich had grow n in the absence o f 
the m ineral nutrien t-con tain ing  fibre cartridge. 
H atch  contends th a t this observation  supports the
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belief th a t the concen tra tion  o f  nu trien ts inside the 
roo ts con tro ls susceptibility  to  the fo rm atio n  o f  ec to 
troph ic  m ycorrh izal associations. I t  w ould  also  seem  
to  im ply a ra th e r un iform  system ic cond ition  th ro u g h 
o u t the ro o t system , w hich does n o t seem  to  be a t  all 
certa in  since m ycorrhizal, and  apparen tly  equivalent 
non-m ycorrh izal, sh o rt ro o ts  can  occur side by side, 
b u t it does n o t seem  to  be certa in  th a t m ineral 
nu trien ts d id  n o t diffuse from  the cartridge in to  the 
su rround ing  soil.

T he possible ro le o f  conditions w ith in  the ro o t on  
the fo rm ation  o f  ec to troph ic  m ycorrhizal associa
tions was studied m ore closely by B jd rkm an  (1940 
a n d  1942). H e considered th a t the am oun ts o f  avail
ab le  m ineral nu trien ts in  th e  soil influence the 
am oun ts o f  these nu trien ts inside the ro o ts  w hich in 
tu rn  influence the am ounts o f  soluble carbohydrates 
in the ro o ts  an d  only w hen the concen tra tion  o f 
soluble carbohyd ra te  reaches a  sufficient level can  
the fo rm ation  o f  ec to troph ic  m ycorrhizal associa
tions take  place. B jd rkm an  (1949) envisages th a t 
varia tions in  the am o u n t o f  p hospho rus available to 
the p lan t will influence the p ro d u c tio n  o f  carbohy
d ra tes  by photosynthesis, w hilst th e  am oun ts and 
p ro p o rtio n s o f  n itrogen  and  p hospho rus available to  
the p lan t will influence the u tiliza tion  o f  soluble 
carbohyd ra te  fo r tissue synthesis. E ither ab u n d an t 
supplies o f  n itrogen  o r a  very g rea t deficiency, how 
these are  to  be characterized  is no t sta ted , will result 
in  low concentrations o f  so luble carbohydrate  in  the 
p lan t. I t  is also considered th a t a  large deficiency of 
phosphorus will reduce the sugar concen tra tion  in  the 
p lan t by reducing C O a assim ilation , w hilst a  m oderate  
deficiency will allow  o f  no rm a l C 0 2 assim ilation bu t 
the synthesis o f p ro te in  will be reduced an d  a t times 
there will be a surplus o f  soluble carbohydrate . U nder 
these circum stances characteristic  ecto trophic m y
corrh izal associations will be form ed. B jdrkm an 
(1940 and  1942) considers th a t this hypothesis is sup
po rted  by experim ents in  w hich varying quantities 
o f  n itrogen- an d  phosphorus-contain ing  m ineral salts 
were added  to  soils in  w hich p ine seedlings were 
grow ing under different light intensities. A s the 
am o u n t o f  n itrogen o r phosphorus added to the soil 
increased, and  especially w hen b o th  were added, the 
percentage o f  sh o rt ro o ts  form ing A  an d  B type 
m ycorrhizal associations d im inished; this w as also 
the case as the light intensity in  w hich the p lan ts were 
grow ing decreased. T he la tter is in  agreem ent w ith 
observations th a t the percentage o f  A  and  B type 
m ycorrhizal associations tends to  be sm all w hen 
trees are grow ing in shade in the forest (e.g. B jdrk
m an  1942). T he roo ts and  shoo ts o f the p lan ts grow n 
u nder various conditions by B jdrkm an w ere dried 
a t  80°C, and  after being pow dered the reducing sub
stances w hich could  be extracted  by distilled w ater 
were determ ined. T he findings indicate th a t the per

centage o f  sh o rt ro o ts  fo rm ing  A  an d  B type m ycorr
hizal associations increased as th e  concen tra tion  o f  
reducing substances in  the pow dered ro o t m ateria l 
increased. Essentially sim ilar findings w ere ob ta ined  
by H arley an d  W aid  (1955) fo r beech seedlings 
grow n u nder different light intensities. T he greater 
the percentage o f  sh o rt roo ts w hich becam e A  and  B 
type m ycorrhizal associations, the stronger w as the 
reac tion  fo r starch  in  the roo ts. B jo rkm an  also points 
o u t th a t w hilst such m ycorrhizal associations are  
num erous in  the au tu m n  they are  seldom  to  be found  
in the sum m er m o n th s; he concludes from  these 
various observations th a t ecto troph ic  m ycorrhizal 
fungi do  n o t fo rm  associations w ith ro o ts  unless the 
la tte r co n ta in  m ore th an  a  certa in  am o u n t o f  soluble 
carbohydrate  an d  if  fo r any  reason, e.g. because o f 
unsu itab le  am oun ts o f  m ineral nu trien ts o r inade
quate  light intensity, the pho tosyn thetic  processes 
are unab le  to  m ain ta in  a n  adequate  level o f  soluble 
carbohydrates in  th e  roo ts , then  the fo rm ation  o f  
m ycorrhizal associations will be in terfered  w ith.

I t  w ould seem, how ever, th a t the am oun ts o f  n itro 
gen and  phosphorus con ta ined  by the p lan ts are 
b e tte r indications o f  th e  n itrogen  an d  phosphorus 
available in  th e  soil fo r th e  p lants, an d  also o f  the 
n itrogen  an d  phospho rus re lations inside th e  p lan t, 
th an  are  the am oun ts o f  n itrogen  an d  phosphorus 
added  to  the soil o r found  in the soil by analyses o f 
one k ind o r ano ther. I f  the values fo r the n itrogen  
and  phosphorus con ta ined  by the p lan ts an d  present 
in the ro o ts  o f  B jo rkm an’s experim ental p lan ts are 
calculated  (see Tables V, VI and  V II) it will be seen 
th a t there is no  direct re lationsh ip  betw een these 
values o r the various n itrogen /phosphorus ra tio s and  
the percentages o f sh o rt roo ts form ing A  an d  B type 
m ycorrhizal associations, o r th e  concen tra tion  o f  
easily soluble reducing substance in the roo ts.

T here is perhaps a slight indication  from  the re
sults o f B jo rkm an’s (1942) experim ents w ith Pinus 
sylvestris an d  Rhizopogon roseolus in  pure  culture 
th a t a t the low est levels o f  n itrogen , 0-094  m gm s o f 
n itrogen  as (N H 4)2 H P 0 4 per flask con tain ing  a single 
seedling, this n u trien t is p resent in  inadequate  am 
ounts and  is perhaps restricting b o th  the grow th o f 
the p lan ts an d  the fo rm ation  o f  A  and  B type 
m ycorrhizal associations, in sp ite o f  the presence o f  
adequate  am oun ts o f  phospho rus: it is the only 
experim ent in  w hich there is an  increase in  the per
centage o f  sho rt roo ts form ing A  and  B type m ycorr
hizal associations w ith increase in  the am o u n t o f 
n itrogen  supplied to  the p lan t and  in  the am oun t o f 
n itrogen absorbed  by the p lan t; the low est levels o f 
nitrogen in all the o ther experim ents w ere apparen tly  
considerably h igher than  the low est levels in  this 
experim ent. B o th  the percentage o f n itrogen  in  the 
dry  m atte r o f  the ro o t and  shoot, and  th e  to ta l 
am ounts o f  n itrogen  absorbed , were larger, the la tte r



M Y C O R R H I Z A L  A S S O C I A T I O N S  A N D  C A L L U N A  H E A T H L A N D  A F F O R E S T A T I O N  27

several tim es larger even, in  the case o f  soils w atered 
w ith  distilled w ater, th an  those fo r the low est n itro 
gen levels in  the pu re  culture experim ent w here a t 
least h a lf  o f  the n itrogen  o f the seedling probab ly  
cam e from  the seed itself. A ll the indications are, 
therefore, th a t the am oun t o f  n itrogen  available, as 
d is tinc t from  the concentration , in  those flasks w here 
it  appeared  th a t this m ight be lim iting the fo rm ation  
o f  m ycorrhizal associations, is considerably less th a n  
the  am o u n t o f  m ineralized n itrogen likely to  be 
available du ring  the course o f  a  grow ing season even 
in p o o r forest soils.

B jo rkm an’s (1942) results for the concentration  o f 
reducing substances as a  percentage o f ro o t m aterial 
d ry  w eight indicate a  direct relationship  betw een this 
a n d  the percentage o f sh o rt roo ts form ing A  an d  B 
type m ycorrhizal associations. B jdrkm an (1944) also 
found  a  d irect relationship  betw een the concentra
tions o f  reducing substance in  one and  tw o year old 
ro o t m ateria l from  strang led  an d  un trea ted  pine 
p lan ts, an d  the num ber o f  newly form ed m ycorrhizal 
associations o ther th a n  pseudom ycorrhizal associa
tions. In  this experim ent, how ever, the highest level 
o f  reducing substance, a t  w hich 70 per cent o f the 
sh o rt roo ts form ed m ycorrhizal associations, in  the 
ro o t m aterial is the sam e (2 • 1-2 • 3 per cent o f the dry 
w eight) as th a t a t w hich few o r no  A  and  B type 
m ycorrhizal associations were found  in the previous 
study  (B jdrkm an 1942). B jdrkm an ascribes this to 
seasonal differences and  to  the fact th a t w hereas the 
ro o t m ateria l analysed in  the previous experim ent 
was only one year o ld  in th e  presen t case, 2 year old 
ro o ts  were included w hich w ould con tain  a  higher 
relative w eight o f  cell wall m aterial.

In  b o th  the pu re  cu ltu re  an d  o ther experim ents 
B jdrkm an expresses the num ber o f sh o rt roo ts fo r
m ing A  an d  B type m ycorrhizal associations as a 
percentage o f  the to ta l num ber o f  sho rt roo ts and, 
a lthough  he has po in ted  o u t (B jdrkm an, 1940) th a t 
it  is n o t alw ays possible to  distinguish from  external 
appearances alone w hether a  la teral ro o t is a  true 
sh o rt ro o t o r  a  sh o rt ro o t having the na tu re  and  
poten tia lities o f  a  long roo t, he m ust, therefore, con
sider a t  least som e o f  those sh o rt roo ts w hich do no t 
fo rm  A  and  B type m ycorrhizal associations as being 
potentially  sim ilar to  those w hich do. H e postulates 
th a t the concentration  o f soluble carbohydrate  m ust 
be o f  an  adequate  level in  ro o ts  before A  and  B type 
m ycorrhizal associations can be form ed. As a  result 
th e  percentage o f  sh o rt roo ts form ing A  and  B type 
m ycorrhizal associations shows a relationship  to  the 
concen tra tion  o f  easily soluble reducing substance 
in  th e  ro o t m aterial as a  whole. O n the basis o f  these 
points it w ould seem th a t in  o rder to  explain the lack 
o f  fo rm ation  o f  A  an d  B type m ycorrhizal associa
tions in  a  p ro p o rtio n  o f  the sh o rt roo ts, w here there 
w as otherw ise apparen tly  every opportun ity  fo r them

to  do so, o f the p ine p lan ts grow ing in  pure  culture 
w ith Rhizopogon roseolus, th e  level o f  easily soluble 
reducing substance in  these ro o ts  m ust have been to o  
low  fo r such associations to  be form ed an d  low er than  
the concentrations in  those sh o rt ro o ts  on  the sam e 
p lan ts w hich form ed A  an d  B type m ycorrhizal asso 
ciations. Sim ilarly, in  the case o f  p lan ts grow ing 
under conditions o f  reduced light intensity, it is p re
sum ably considered th a t there will be a  sm aller 
supply o f  photosyn thetic  m aterial to  the roo ts re
sulting in  a  reduced p ro p o rtio n  o f  sh o rt ro o ts  fo rm 
ing type A  and  B m ycorrhizal associations w hilst the 
o th e r sh o rt ro o ts  fo rm  pseudom ycorrhizal associa
tions, this presum ably  indicates th a t the la tte r a re  in 
fact sh o rt roo ts an d  n o t po ten tia l long roo ts, w hose 
fo rm ation  is presum ably  n o t affected in  the sam e way 
by the level o f  the concen tra tion  o f  easily soluble re
ducing m ateria l; in  such circum stances it w ould 
seem  th a t even ad jacen t sh o rt ro o ts  w ould have to 
con ta in  very different concen trations o f  easily sol
uble reducing m aterial.

The fo rm ation  o f  A  and  B type m ycorrhizal asso
ciations by only a  p ro p o rtio n  o f  the sh o rt roo ts in 
B jo rkm an’s pu re  cu ltu re  an d  o ther experim ents 
w ould seem  to  indicate th a t any fac to r inside the roo t 
system  w hich has a contro lling  influence o n  the fo r
m ation  o f  such associations has a  d iscontinuous dis
tr ibu tion  w ithin the ro o t system , p rov ided  th a t the 
non-m ycorrhizal sh o rt ro o ts  are otherw ise equivalent 
to  those w hich are  m ycorrhizal.

I t  w ould have been easier to  accept B jo rkm an’s 
hypothesis if da ta  concerning the concen tra tion  o f  
reducing substances in  ro o t m aterial from  p lan ts 
which h ad  been grow n u nder various app rop ria te  
conditions, b u t w ith the absence o f  fo rm ation  o f  
m ycorrhizal associations, h ad  been available. T he 
fungal m antle  an d  the H artig  net m ay fo rm  a  consi
derable p ro p o rtio n  o f the m ateria l o f  a  m ycorrhizal 
association. M elin and  N ilsson (1958) have deter
m ined the dry weights o f the fungal sheath  an d  the 
core fo r a  num ber o f  m ycorrhizal ro o ts ; in som e 
cases the w eight o f  the sheath , w hich does n o t o f  
course include the fungal m ateria l o f  the H artig  net, 
is greater th a n  the w eight o f  th e  core. I t  has been 
show n th a t the m ycelium  o f  som e species o f  fungi 
w hen grow n u nder som e conditions m ay con ta in  
very considerable quantities o f  readily  hydrolysable 
carbohydrate  m aterial w hich usually seems to  give 
glucose on  hydrolysis a lthough  o ther hexoses have 
occasionally been ob ta ined  (Iran i, R . J. an d  G ana- 
path i, K . (1959), Shu, P. an d  T horn , J. A . (1952), 
N orm an , A. G ., Petersen, W . H ., H outz, R . C . 
(1932)). T he conditions used for ex traction  and  
hydrolysis o f the intracellular carbohydrates, a lthough  
gelatinous m aterial su rround ing  the hyphae may 
have been included in som e cases, a re  generally 
som ew hat m ore severe than  those used by B jdrkm an
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in  h is determ inations o f  reducing substances in  ro o t 
m aterial. In  view o f the fac t th a t values fo r reducing 
substances u p  to  60 per cen t o f the  d ry  w eight o f  the 
m ycelium  have been ob tained , it w ould  seem  desir
able th a t the possibility o f there being quite consi
derable concentrations o f  reducing substances in  the 
hyphal m antles o f  m ycorrhizal associations should  
be considered. T his possibility seems to  be suppo r
ted  by the recen t w ork  o f  M elin and  N ilsson (1957) 
w ho found  th a t p ine seedlings, w hich h ad  form ed 
m ycorrh izal associations in  p u re  culture, p roduced  
photosyn thetic  m aterial w hich w as rapidly  tran sp o r
ted  to  the hyphal m antles w hen the p lan ts w ere ex
posed to  C 14Oo fo r a  sh o rt period  o f $-1 h o u r; in 
add ition  the radioactiv ity  values o f the fungal 
m antles were som ew hat higher th an  those o f  u n in 
fected ro o ts  b u t th is is n o t necessarily due to  ca rb o 
hydrate. T he presence o f  even m oderately increased 
concentrations o f  reducing substances in  the hyphal 
m antles m ay be sufficient to  account for the increases 
in  concentration  o f reducing substances in  the ro o t 
m aterial, as the percentage o f sh o rt roo ts form ing 
A  and  B m ycorrhizal associations increases, w ithout 
any appreciable difference in  the concen tra tion  o f 
reducing substances in  the ro o t tissue. I t  m ay well be 
significant in  this connection  th a t B jo rkm an’s values 
show  fa r less varia tion  in  the concentration  o f redu
cing substances in  shoo t m aterial grow n under 
various conditions, th an  is the case fo r th e  corres
pond ing  ro o t m aterial. T his w ould m ean  th a t the 
increased concentrations o f  reducing substance ob
served in the ro o t m ateria l are the result and  n o t the

cause o f  the fo rm ation  o f  A  and  B type m ycorrhizal 
associations and  w ould require  th a t the m ycelium  o f  
pseudom ycorrhizal associations accum ulate  little  
easily soluble reducing substance. T his aspect o f  the 
prob lem  has recently been investigated experim en
tally (H andley and  Sanders, 1962) and  the results 
ob ta ined  do  n o t suggest th a t there are any variations, 
such as w ould  seem  to  be requ ired  by B jo rkm an’s 
hypothesis, in  the concentration  o f  easily soluble 
reducing substances in  th e  ro o ts  o f  p ine p lan ts 
grow n under the sam e m ineral n u trien t conditions 
b u t in  different light intensities.

Indeed  it is difficult to  u nders tand  how  a concen
tra tio n  o f  glucose or reducing substance w ithin a 
ro o t can  influence a fungus outside the ro o t unless it 
is reflected in, o r associated w ith, som e external ro o t 
characteristic  to  w hich the fungus is able to  react.

I t  is also possible th a t u nder som e circum stances 
conditions arise inside the ro o t w hich prevent the 
fo rm ation  o f m ycorrhizal associations by interfering 
w ith the g row th or m etabolism  o f  m ycorrhizal fungi. 
F o r  such a fac to r to  be responsible fo r the lack o f  fo r
m ation  o f  m ycorrhizal associations in  spruce whose 
grow th has been checked by living Calluna, i t  is 
necessary th a t it ceases to  be effective w hen the living 
Calluna is killed, e.g. by mulching.

I t  therefore seems doub tfu l w hether in ternal con
ditions in the p lan t, as represented  by concentration  
o f  easily soluble reducing substance and  the N /P  
ra tio  o f the p lan t tissue, a re  directly rela ted  to  the 
fo rm ation  o f  A  and  B type m ycorrhizal associations.



Chapter 2

THE INFLUENCE OF FACTORS OUTSIDE THE ROOT ON 
THE FORMATION OF ECTOTROPHIC MYCORRHIZAL 

ASSOCIATIONS

Instances o f  m arked  localized varia tion  in the p ro 
p o rtio n  o f  sh o rt roo ts form ing ecto trophic  m ycorr
h iza l associations have been recorded.

M elin (192S) found  th a t in calcareous m ull soils, 
w here ecto trophic m ycorrhizal associations are  n o t 
usually  form ed o n  the roo ts o f  coniferous species, 
excellent g roups o f m ycorrhizal roo ts m ay occur 
locally in  decayed w ood o r pieces o f bark.

In  beech w oodland, H arley (1952) no ted  th a t roo ts 
colonizing decayed w ood deep in the soil below the 
hum us layer often  develop m ycorrhizal laterals in 
quan tity  w hich is in strik ing con trast to  the develop
m ent in  the su rrounding  m ineral soil.

T he localised developm ent o f  m ycorrhizal associa
tions by birch grow ing in  old ro tten  roo ts and  tree 
stum ps (D im bleby 1953) has a lready been m en
tioned.

These m arked  localized variations have been 
noticed on different parts  o f  the ro o t system o f  one 
an d  the sam e tree  and  draw  a tten tion  to  possible 
effects w hich variations in the soil environm ent may 
have o n  either p artn er o f  the m ycorrhizal associa
tion. M elin (1927) concluded th a t the na tu re  o f  the 
hum us form  h ad  a  direct o r indirect significance for 
the fo rm ation  o f  m ycorrhizal associations by in
fluencing either the virulence o f  the fungus o r the 
activity o f the ro o t cells o r both . I t  is conceivable 
th a t the different roo ts o f  the sam e tree grow ing in 
different soil environm ents do no t have com plete sys
tem ic m etabolic and  physiological continuity  and  as 
a  result in ternal conditions, w hich influence the for
m ation  o f  m ycorrhizal associations, m ay differ in 
roo ts occupying the tw o differing environm ents. 
T h a t the external ro o t environm ent m ay m odify 
conditions inside the ro o t is suggested by the results 
obtained  by D im bleby (1952 (b)) from  analyses o f 
the sap  exuded from  the cu t roo ts o f young birch 
trees grow ing on  Calluna heathland.

T he m ycorrhizal fungi w hich have so far been 
found  to  form  A  and  B type associations are re la
tively sensitive and  nutritionally  exacting organism s. 
I t  w ould  n o t be surprising, therefore, if the localized 
differential developm ent o f ecto trophic m ycorrhizal 
associations is a n  indication  th a t in  som e soils there 
m ay be conditions w hich are  inim ical to  the life o f

these fungi o r to  one o r m ore o f  their activities on 
w hich fo rm ation  o f the association  depends. This 
cou ld  be a t least as im portan t as the effect o f  environ
m ental conditions o n  the roo t. T he localized absence 
o f  m ycorrhizal associations m ay well be due to 
different causes in the different environm ents. D is
continuous d is tribu tion  o f such inimical conditions, 
perhaps varying w ith tim e and  very local differences 
o r changes in vegetation, m ight well be the basis o f 
B jorkm an’s (1942) conclusion th a t no indication 
could  be found  from  field studies for the very variable 
developm ent o f  m ycorrhizal associations w ithin 
apparen tly  un iform  forest com m unities. T he possible 
im portance o f factors outside the ro o t which are  in 
som e way inim ical to  the life o r activities o f m ycorr
hizal fungi is perhaps em phasized by the previously 
m entioned lack o f correlation  between ‘ecological’ 
levels o f  m ineral nu trien ts in  soils o r the m ineral 
nu trien t con ten t o f seedlings and  the percentage of 
their sh o rt ro o ts  form ing A  and  B type m ycorrhizal 
associations an d  also, in the absence o f som e dis- 
continuously  d istribu ted  factor inside the ro o t sys
tem , by the indications from  R obertson ’s (1954) w ork 
th a t in young seedlings com ing in to  con tac t w ith the 
m ycorrhizal fungus a t an  early stage o f grow th the 
fungus w ould  be expected to  spread to  all sho rt roo ts 
from  a  single focus in the absence o f factors affecting 
the spread o f the m ycelium  adversely.

F ro m  the po in t o f  view o f the fo rm ation  o f  ecto
trophic  m ycorrhizal associations by trees grow ing on 
Calluna heath land  it is therefore im portan t to  know  
first o f  all w hether trees grow ing in this environm ent 
are able to  produce sho rt roo ts and  w hether the 
m ycorrhizal fungi are able to  live there.

(a) Effect o f soil conditions on the formation o f short 
roots

The fo rm ation  o f  m ycorrhizal associations is 
dependent on the presence o f suitable roots. W hilst it 
is som etim es contended th a t when a  lateral ro o t is 
infected by a  m ycorrhizal fungus its grow th is re
tarded  and  it becomes a  sho rt roo t because o f  this, 
there are  others (e.g. A ldrich Blake 1930, H atch  
1937) w ho consider th a t a  sho rt ro o t is sho rt because 
o f  the inherent physiological sta te  o r lack o f vigour
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in  such roo ts. O bservations indicate th a t the quan 
tities o f available nu trien ts in  soils o r cultu re  solu
tions have a  strong  influence o n  the p ro duc tion  of 
sh o rt roo ts. W here relatively large supplies o f  n u 
trien ts a re  available, ro o t grow th as a w hole d im ini
shes and  sho rt roo ts m ay be alm ost, if n o t com ple
tely, absent. A t low er concentrations increasing 
num bers o f  sh o rt ro o ts  are  produced  and  even a t very 
low  concentrations o f nu trien ts sh o rt roo ts are  by no 
m eans absen t (H atch  1937) and  sh o rt roo ts, sim ilar to  
those w hich form  characteristic ecto troph ic  m ycorr
hizal associations, have been observed to  be p ro d u 
ced by pine p lants grow ing in aseptic cultu re . S hort 
roo ts w hich do n o t becom e infected by m ycorrhizal 
fungi do  n o t seem  to  persist fo r long.

R ayner and  N eilson Jones (1944) exam ined the 
ro o ts  o f various coniferous species grow ing on 
Calluna heath land . In  the case o f young  pine p lan ts 
there was a  m arked  deficiency in the num ber o f  short 
roo ts and  a  corresponding poverty  o f m ycorrhizal 
associations, a lthough  there  was no  evidence o f  ro o t 
disease, a ttack  by parasitic  m icroorganism s o r the 
fo rm ation  o f  pseudom ycorrhizal associations. N o r
way spruce grew  very poorly  on  the sam e soil and  
show ed arrest o f ro o t grow th and  absence o f  develop
m ent o f m ycorrhizal associations; here again  there 
was no  evidence th a t failure o f the p lan ts to  grow 
w as associated w ith  the roo ts being a ttacked  by any 
so il fungus. O n the o ther hand , a lthough  S itka spruce 
grow s very poorly on  the sam e soil and  has ro o t sys
tem s w hich are very dark  in co lour and  deficient in 
sub latera ls, the  m ajority  o f  the sho rt ro o ts  in this 
case form  m ycorrhizal associations w hich are  im 
perfect in struc tu re  an d  apparen tly  due to  associa
tion  w ith M .r. atrovirens o r Rhizoctonia sylvestris.

L ate r L evisohn (1952) also exam ined the roo ts o f 
p lants o f various conifer species grow ing o n  Calluna 
hea th land  an d  show ing well developed sym ptom s of 
checked g row th ; she com pared  them  w ith the roo ts 
o f  sim ilar plants em erging from  grow th check as a 
result o f  being m ulched w ith Calluna shoots. P lants 
o f N orw ay spruce w hose g row th  has been checked 
have considerably reduced ro o t system s having a 
pronounced  deficiency o f  sho rt roo ts. In  som e areas 
these short roots are uninfected w hereas in o ther 
areas they have form ed pseudom ycorrhizal associa
tions w ith M .r. atrovirens. T he m ulched p lants on  the 
o th er hand  had  well developed m onopodially  b ran 
ched roo t systems w hich were characteristic  for 
healthy N orw ay spruce; the sho rt ro o ts  were fully 
m ycorrhizal an d  pseudom ycorrhizal associations 
were absent. T his is a  ra th e r different result from  
w hat m ight have been anticipated  from  the pre
viously m entioned experiences o f  L aing (1932) in 
which decaying Calluna leaves had an  adverse effect 
on seedlings o f Picea excclsa  grow ing in  w ater cul
ture. W hilst the roo ts o f  S itka spruce p lan ts  show ing

checked grow th were non-m ycorrhizal, the roo ts o f 
m ulched plants, w hich were previously show ing 
checked grow th, had  fully developed m ycorrhizal 
associations. Similarly in the case o f birch and  the 
endotrophically  m ycorrhizal Lawson cypress, m ulch
ing greatly stim ulated  the fo rm ation  o f  m ycorrhizal 
associations.

T he absence o f characteristic A  and  B type ecto
trophic m ycorrhizal associations from  the roo ts o f 
trees w hose grow th is checked on the Calluna 
hea th land  is apparen tly  no t due to  absence o f sho rt 
roots, assum ing th a t the sh o rt roo ts w hich are 
present are  o f  a type poten tially  capable o f  form ing 
m ycorrhizal associations, even though  they may be 
considerably fewer in  num ber than  when the trees 
are grow ing norm ally : it m ay well be th a t if the for
m ation o f m ycorrhizal associations once began the 
production  o f m ore sh o rt roo ts w ould be stim ulated  
and  subsequently m ore m ycorrhizal associations 
w ould be form ed, a lthough  as is well know n the mere 
presence o f sho rt roo ts does not necessarily m ean 
th a t all o f them  will form  m ycorrhizal associations. 
This suggests the p robability  th a t u nder Calluna 
hea th land  conditions som e fac to r is preventing the 
grow th or activities o f ecto trophic m ycorrhizal fungi 
on  which the form ation o f type A  and  B m ycorrhi
zal associations is dependent.

(b) The occurrence of ectotrophic niycorrhizal fungi 
in Calluna heathland soil

For the fo rm ation  o f ec to troph ic  m ycorrhizal 
associations on  the roo ts o f trees grow ing on 
Calluna heath land  the ability o f  the appropria te  
fungi to  live and  carry o u t any activities essential for 
the form ation o f such associations in th a t env iron
m ent is a t least equally as im portan t as the ability  o f 
the tree to  form  sh o rt roo ts under the sam e condi
tions: it m ay be even m ore im portan t in view o f  the 
possible effects o f som e o f  these fungi on  ro o t grow th, 
both  in pure culture (Slankis 1948) and  in soils 
(R ayner and N eilson Jones 1944 and  Levisohn 1953b 
and 1956), before m ycorrhizal associations arc 
form ed.

C om paratively little is know n with certainty 
abou t the ecto trophic m ycorrhizal fungi as free 
living organism s in soils. F rom  studies w ith pure 
cultures o f these organism s, generally isolated from  
sporophores, it has been established th a t under these 
conditions they are nutritionally  exacting and  rela
tively sensitive to  environm ental conditions although 
the group o f organism s as a w hole shows a range of 
requirem ents. These organism s have been show n, 
especially from  the extensive w ork  o f M elin (1953) 
and  his co llaborators, to  require the provision o f a 
num ber o f substances, whose identity is know n, for 
the ir grow th in pure culture. These include simple 
carbohydrates, am ino acids, th iam ine o r its consti
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tuents pyrim idine and  thiazole, pan to then ic  acid, 
nicotinic acid, b io tin  and  inositol. I t has also been 
found  th a t a num ber o f unidentified substances 
stim ulate the grow th o f these organism s in pure cul
tu re , they include yeast extract, m aterials extractable 
from  freshly fallen leaf litter a t a  suitable d ilution, 
and  substances em anating  from  the roo ts o f m any 
different p lan ts including those w ith w hich the fungi 
are  n o t know n to  form  associations. The tem pera
tu re  for op tim um  grow th o f ecto trophic m ycorrhizal 
fungi o f  tem perate clim ates m ay vary, under pure 
culture conditions, for different species and  even for 
different strains o f the sam e species (M oser 1959) but 
in  m any cases it seems to  be in the region o f 20°C. 
These fungi seem to survive longer in pure culture in 
the vegetative phase a t considerably low er tem pera
tures. M elin (1925) has pointed  ou t th a t m ycorrhizal 
associations develop well on trees grow ing in sub- 
alpine and  sub-arctic regions. I t  seems probable th a t 
these fungi are capable o f form ing m ycorrhizal asso
ciations over a  considerable tem perature range, and 
the Calluna  heath land w ould no t seem to be excep
tional in this respect as is indicated by the fact th a t 
trees grow ing on such heathlands develop A and B 
type m ycorrhizal associations in the absence o f 
Calluna. F o r  optim um  grow th rates in pure culture 
these fungi require low concentrations o f salts and  
nu trien ts and  a suitable reaction  (pH ). In pure cul
tu re  op tim um  grow th o f  the ecto trophic m ycorrhizal 
fungi is obtained  over the reaction range pH  3 -5 -
6-5  and  few o f  these organism s appear to  be able to 
grow  a t all under these conditions at reactions above 
pH  7-0  (M odess 1941) a lthough strains o f som e of 
them , a t least, are able to grow, even though a t a 
reduced rate, a t reactions o f pH  2-5 and  som e at 
pH  2-1. T herefore, a lthough there m ay be som e 
doub t concerning the suitability for the grow th o f 
m ycorrhizal fungi o f soils whose reaction is on the 

alkaline side o f  neutrality , there seems no reason 
why the reaction  o f Callima heath land soil should 
be unsuitable.

It is perhaps to be expected tha t the presence o f  the 
vegetative m ycelium o f  organism s having such 
characteristics w ould be difficult to  detect in sam ples 
o f soil by the use o f  culture media. This has proved 
to be the case, any mycelium o f these organism s 
w hich m ay be present in sam ples o f soil p lated  on 
culture m edia being rapidly overgrow n by less 
exacting fungi. Even if isolated in this way the ir 
identification is a  m atter o f great difficulty. These 
considerations have resulted in the widely accepted 
view th a t the m ycorrhizal fungi are a t a disadvantage 
as free living organism s in the soil com pared w ith 
m any o ther soil fungi. This view also seems to  be 
supported  by the sm all success which has attended 
attem pts (e.g. R obertson 1954), to  use m ycorrhizal 
ro o t m aterial as a  source o f infection for uninfected

plants grow ing in  soil a lthough  L evisohn (1953b) 
claim s it to  be a  satisfactory  m ethod.

I t  m ay well be how ever, th a t the characteristics o f 
these organism s as observed in  pure  cu ltu re  m ay no t 
represent com pletely the capabilities o f  these 
organism s in  the soil. In  pu re  cu ltu re  few ecto trophic  
m ycorrhizal fungi have show n ability  to  utilize m ore 
th an  sim ple sugars, yet it w ould seem  th a t w hen in 
association w ith roo ts they m ay be able to  modify 
the m aterials o f  the m iddle lam ellae betw een the roo t 
cortical cells an d  under som e circum stances som e o f 
them , a t least, penetra te  the walls o f  the cortical 
cells. W hatever their capabilities in  soil aw ay from  
roo ts, w hen an  association  is form ed w ith a  ro o t 
they seem to possess characteristics enabling  them  
to  dom inate  the environm ent im m ediately su rroun 
ding the roo t. In  this respect the ecto trophic  m ycorr
hizal fungi show  sim ilarities to  o ther H ym enom y
cetes w hich appear to  live m ainly on  litter and  w hich 
are also rarely obtained  in p late  cultures o f  soils. 
These litter-destroying H ym enom ycetes have been 
show n by W arcup (1951) to  occupy definite zones, 
from  w hich very few species o f  m icrofungi were iso
lated, in soils; this was especially true  fo r m aterial 
collected from  beneath  groups o f sporophores. M ore 
recent w ork by W arcup (1959) indicates th a t 
Basidiom ycetes m ay be isolated from  soils if ap p ro 
priate  m ethods are used and  th a t these organism s are 
particularly  likely to  be ob tained  from  roo t m aterial 
and  the larger fragm ents o f  p lan t debris.

A t present, know ledge o f  the existence o f  ecto
trophic m ycorrhizal fungi in particu lar soils is 
largely dependent on  the fo rm ation  o f characteristic 
associations w ith roo ts and  the p roduction  o f sporo 
phores, a lthough  the absence o f  e ither o f  these 
m anifestations from  a site canno t be taken  to  indi
cate th a t ecto trophic  Hym enom ycetes are  no t present 
as free living m ycelium o r spores. In  m any cases trees 
have n o t grow n on Calluna heath lands for very 
considerable periods o f tim e and  the frequently ob 
served lack o f  developm ent o f m ycorrhizal associa
tions by young trees in this environm ent m ight well 
be due to  the absence o f the appropria te  fungi from  
these heath land  soils. In  this connection W arcup 
(1959) records the occurrence o f  sporophores o f 
Boletus granulatus on  pastures and  the iso lation  o f 
the m ycelium  o f the sam e organism  from  pastures 
bu t he does n o t sta te  w hether o r no t there a re  trees 
in the vicinity o f the pasture. A lthough for reasons 
already m entioned it is unlikely to  be any easier to  
a ttem pt to  dem onstrate the presence o r absence of 
the m ycelium o f  ecto trophic m ycorrhizal fungi in 
Calluna heath land  soils th an  in  the case o f any o ther 
soil, by the use o f  the custom ary d ilution m ethod  
and  plate cultures, it m ight be possible to  investigate 
the p roblem  by the m ethods used by W arcup.

R ayner and  Levjsohn (1941) recorded th e  isola
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tion , from  rhizom orphs occurring in  hea th land  soil, 
o f  a  m ycelium  w hich in pu re  cu ltu re  had  ch aracter
istics sim ilar to  those o f pu re  cultures o f  Boletus 
bovinus. In  1955 L evisohn again  isolated m ycelia 
from  rh izom orphs occurring  in  hea th land  soil and  
states th a t the fungi isolated were Boletus bovinus, 
Boletus scaber and  M .r. nigrostrigosum; the  hyphal 
strands from  w hich the  fungi were iso lated  were 
apparen tly  sim ilar to  each o ther. In  neither case does 
it seem  probab le  th a t the organism s were isolated 
from  soil in  the vicinity o f Calluna p lan ts grow ing on 
und istu rbed  treeless heath land .

As a  result o f the w ork o f  R obertson  (1954) and  o f 
m ulching experim ents by L evisohn (1952) it w ould 
appear th a t the p roblem  shou ld  be looked  a t from  a 
ra th e r different angle. Experim ents indicate th a t 
w here the living heather a round  trees, w hose grow th 
is checked, is suppressed, fo r exam ple, by m ulching 
w ith m aterials such as heather o r bracken , the vege
tative mycelium  o f ecto trophic  m ycorrhizal fungi 
very soon  e ither arrives o r  becom es active, w hereas 
previously it was absen t o r inactive. In  view o f 
R o bertson ’s findings there seems every possibility 
th a t the spores o f these fungi will reach  the surface 
o f  the Calluna heath land  in sufficient num bers to  
ensure the presence o f these organism s in the vegeta
tive phase w hen conditions are  suitab le; th is m akes 
the problem  o f  dem onstrating  the presence o r 
absence o f  the m ycelium  o f  ec to trophic  m ycorrhizal 
fungi in  the Calluna hea th land  soil, a t any particu lar 
tim e, o f  dim inished im portance from  the present 
po in t o f view.

F ro m  the po in t o f view o f the nu trition  o f ecto
trophic m ycorrhizal fungi it w ould seem th a t the 
Calluna hea th land  soil is equally as suitable as o ther 
soils. A bundan t developm ent o f ecto trophic  m ycorr
hizal associations has been recorded for roo ts grow 
ing  in coniferous raw  hum us, and  Calluna hea th land  
is usually characterised by the developm ent o f  a raw  
hum us layer which seems to  arise in a  sim ilar m anner 
to  th a t o f coniferous forests. W oody tissues are de

com posed u nder Calluna h ea th land  conditions, in 
all probability  by w ood-destroying H ym enom ycetes 
w hich have a  sim ilar he tero trophy  fo r v itam ins as 
the m ycorrhizal H ym enom ycetes. I t  m ay reasonably  
be expected th a t Calluna litter will, like the leaf 
litter o f o ther p lan t species, provide grow th stim ula
ting factors fo r the m ycorrhizal H ym enom ycetes and  
also th a t the roo ts o f  trees, an d  perhaps the ro o ts  o f  
Calluna itself in  this environm ent, w ould provide the 
M elin ‘M ’ factor. In  add ition  any m obilized n itrogen 
is likely to  be in  the m ore favourable am m onia form , 
ra th er th an  as n itrate , in Calluna h ea th land  soils. 
The spores o f  m ycorrhizal H ym enom ycetes germ i
nate  w ith difficulty o r n o t a t all o n  cultu re  m edia in 
the laborato ry . Fries (1943) found  th a t they w ould 
germ inate in  the presence o f  certa in  o ther soil 
m icroorganism s and  it seems likely th a t organism s 
capable o f  bringing ab o u t the germ ination  o f  spores 
o f  m ycorrhizal H ym enom ycetes will be present in  the 
soils o f  Calluna heath lands.

T here seems, therefore, to  be little if any th ing  to  
suggest th a t the Calluna h ea th land  soil is inferior to 
o ther soils as a nu tritiona l and  physical environm ent 
for ecto trophic  m ycorrhizal fungi. T he nu tritional 
su itability  o f the Calluna heath land  fo r m ycorrhizal 
Hym enom ycetes also seems to  be indicated by the 
fact th a t as soon  as the living Calluna is suppressed 
e.g. by m ulching w ith bracken  or heather, ecto
trophic m ycorrhizal associations are readily form ed. 
There seems little reason  to  suppose th a t m ulching 
significantly changes the nu tritional o r o ther environ
m ental factors except perhaps m oisture relations a t 
the surface o f the raw  hum us.

This seems to  suggest th a t in  som e w ay the m ulch 
rem oves o r nullifies som e factor(s) hindering the fo r
m ation  o f m ycorrhizal associations. Such a fac to r 
m ay be influencing the germ ination  o f  the spores, 
o r the grow th and  activities o f  the m ycelium  o f 
the m ycorrhizal H ym enom ycetes, in  the unm odified 
Calluna heath land  soil supporting  living Calluna.



Chapter 3

THE CALLUNA  HEATHLAND SOIL AS AN ENVIRONMENT  
FOR THE GROWTH AND ACTIVITIES OF 

ECTOTROPHIC MYCORRHIZAL FUNGI

Since the problem  o f  lack o f  fo rm ation  o f  m ycorr
hizal associations by trees grow ing on  Calluna 
h ea th land  does no t seem  to be concerned w ith  the 
actua l presence o r absence in the Calluna hea th land  
soil o f  suitable p ropagules o f  the m ycorrhizal 
H ym enom ycetes, n o r w ith n u tritiona l and  physical 
characteristics o f  th e  Calluna heath land  soil as an 
environm ent fo r th e  m ycorrhizal H ym enom ycetes, 
b u t w ith  som e factor w hich has a deleterious in 
fluence o n  the germ ination  o f  spores o r the g row th 
and  activities o f the m ycelium  o f  the m ycorrhizal 
H ym enom ycetes, it is desirable to  consider the overall 
suitability  o f  the Calluna hea th land  soil as an  en
v ironm ent fo r ecto troph ic  m ycorrhizal fungi; fo r it is 
evident th a t in  those soils in  w hich num erous ecto- 
trophie  m ycorrhizal associations are  form ed by tree 
roo ts, overall conditions are  suitable for these fungi 
o r a t  least n o t inhibitory  tow ards them .

T here have been a num ber o f a ttem pts to  grow 
ecto troph ic  m ycorrhizal fungi on soils, raw  hum us, 
litter an d  extracts o f  these various m aterials.

In  an  investigation o f  the relationship  between 
Boletus elegans and  larch, H am m arlund  (1923) 
reported  th a t he ob tained  good grow th from  basidio- 
spores o f  Boletus elegans placed on  soil (apparently  a 
garden  soil) w hich h ad  been treated  w ith form alde
hyde. W ishing to  study the developm ent o f  m ycorr
hizal fungi on  various natu ral hum us form s, and 
realizing the difficulty o f  sterilizing hum us w ithout 
a t the sam e tim e producing  chem ical changes in it, 
M elin (1925) trea ted  a  ‘good ’ raw  hum us w ith for
m aldehyde according to  H am m arlu n d ’s m ethod. 
Inocu la  from  vigorous colonies o f  Boletus elegans, 
B. variegatus and  M .r. sylvestris /9 and  y*  failed to 
m ake fu rther grow th on  this m aterial and  he con
sidered th a t hum us treated  in  this way has probably 
undergone chem ical change m aking com parison with 
natu ra l raw  hum us im possible. Subsequently Melin 
heated raw  hum us in a m oist a tm osphere a t 50°C for 
three days. Boletus variegatus and  Boletus luteus 
grew strongly on this m aterial bu t after 3 o r 4 days 
they were overgrow n by vigorous m ycelium  arising 
from  spores originally present in the soil and  w hich 
had  no t been killed by the heat treatm ent. M elin 
sterilized raw  hum us by heating it to  100°C and

found  th a t m ycorrhizal fungi only grew on  it, and  
even then  ra ther weakly, w hen the hum us had  been 
w ashed w ith w ater follow ing sterilization; he con
sidered the feeble grow th to  be due to  incom plete 
rem oval o f toxic substances produced  during heating.

R ecently, M oser (1958 has reported  th a t he ob 
tained good grow th o f  a  num ber o f  species o f  ecto
trophic  m ycorrhizal fungi, including species o f 
Boletus, Am anita  and  Lactarius, on  peat (N ieder- 
m oorto rf), w ith  o r w ithout adm ixture o f  larch or 
spruce needles, w hich had  been sterilized by au to- 
claving and  to w hich glucose, phosphorus an d  n itro 
gen were added. A ddition  o f  calcium  appeared  to  
favour the grow th o f  som e species o f m ycorrhizal 
fungi and  the grow th o f  som e species was favoured 
by add ition  o f  biotin  and  aneurin . T here does no t 
seem to  be any suggestion, how ever, th a t autoclaving 
resulted in  the production  o f  substances toxic to  the 
m ycorrhizal fungi. T he p lan t com m unity w hose re
m ains gave rise to  the peat is no t indicated. W ith a 
sim ilar a im  in view— the p rom o tion  o f the form ation 
o f m ycorrhizal associations by forest trees in the 
field by inoculation  w ith pure cultures o f  m ycorr
hizal fungi— B oker (1958) claim s to  have obtained 
pure cultures o f  various ecto trophic  m ycorrhizal 
fungi from  basidiospores placed on  nu trien t agar and 
to  have grow n the resulting mycelia on a m edium  o f 
loose fibrous peat, bu t insufficient details a re  given 
for a  com parison  to  be m ade w ith the observations 
m entioned previously.

M elin (1925) considered tha t results obtained  with 
unheated  hum us extracts sterilized by filtration  were 
o f greater interest. O n such an  ex tract p repared  from  
‘good’ raw  hum us, presum ably a raw  hum us show ing 
appreciable nitrogen m obilization on incubation , the 
ecto trophic  m ycorrhizal fungi M . r. sylvestris a, ft 
and  y  and  M .r. abietis were able to  grow  w ithout 
add ition  o f am endm ents bu t only sm all colourless 
colonies were produced. G row th  sim ilar to  tha t on  a 
good nu trien t m edium  was ob tained  when glucose 
was added to  such a hum us extract. E xtracts pre
pared in a sim ilar m anner from  beech and  oak  
forest hum us supported  only poo r o r even scarcely 
perceptible grow th o f these organism s. T he p rep ara
tion  o f extracts in  such a m anner w ould alm ost cer

•N ote: The initials’Af.r. stand for Mycelium jadicis.
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ta in ly  involve d ilu tion , as com pared  w ith their con
cen tra tion  in und istu rbed  soil, o f  any factors u n 
favourable to  the grow th o f ec to trophic m ycorrhizal 
fungi even if they were n o t rem oved during steriliza
tion  by filtration.

L a te r M elin (1946) ex trac ted  the freshly fallen leaf 
li tte r  o f  various p lan t species (Acer platanoides L ., 
Betula verrucosa E hrh ., Fagus syha tica  L., Pinus 
sylvestris L ., Populus tremula  L., Quercus robur L., 
and  Glyceria m axim a  (H artm . H olm b.) w ith distilled 
w ater fo r 24 h o u rs  a t 5°C. These extracts were 
sterilized either by au toclaving o r Seitz-filtration and 
were then  found  to  stim ulate the grow th o f  ecto
trophic  m ycorrh izal fungi a t low concentrations. A t 
higher concen tra tions such extracts, w ith the excep
tion  o f the ex trac t o f Glyceria m axim a  w hich had  no 
such effect, exerted  an  inhibitory effect o n  the grow th 
o f these fungi. T he m agnitude o f the inhibitory 
effect varied considerably, depending on the p lan t 
species from  w hich the litter had  been ob tained, in 
the case o f the Seitz-filtered ex tract w hose grow th- 
inh ib ito ry  effect M elin considers m ay be the sam e as 
th a t o f  the un trea ted  extract. The variation  in the 
inhibitory  effect was sm aller for sim ilar extracts 
w hich had  been autoclaved, a  process w hich seems 
to  have increased the inhibitory effect. W hilst the 
g row th o f the m ycorrhizal H ym enom ycetes was 
inhibited by the litter extracts at the higher concen
tra tions, the grow th o f  the litter-decom posing H ym e
nom ycetes was no t inhibited except by autoclaved 
extracts o f the litte r o f Acer platanoides L. Subse
quently  M elin (1953) pu t forw ard the view th a t these 
inhib itory  substances in litter may be the cause o f 
the lack o f  fo rm ation  o f ecto trophic  m ycorrhizal 
associations in the litter layers bu t that, as these 
substances will in tim e d isappear due to  leaching or 
decom position , any an tib io tic substances present in 
forest hum us are likely to  be produced by m icro
organism s.

R ayner and  N eilson-Jones (1944) concluded that 
the superficial organic layer o f  the Calluna heath

land  soil con tains substances actively injurious to 
ro o t g row th and  th a t cond itions in this layer are 
inim ical to  the fo rm ation  o f m ycorrhizal associa
tions. F ro m  observations on  the behaviour o f 
young  trees in the field, and  fungal cultures on  the 
soil in th e  labora to ry , it was concluded th a t the 
degree o f toxicity in the Calluna hea th land  soil fluc
tuated  w ith the season o f the year, being a t a  m axi
m um  in late w inter and  decreasing during  the sum 
mer. T his suggested th a t excessive am ounts o f w ater 
in  the soil increased the degree o f toxicity and  labo ra
to ry  experim ents show ed th a t the toxicity o f the soil 
tow ards fungi was m aintained o r even increased 
w hen the sam ples were kep t under w aterlogged con
d itions. A ir drying and  steam ing for no t m ore than  
20 m ins. rendered the soil non-toxic, and  it rem ained 
so indefinitely if kep t only m oderately m oist but 
gradually  regained its toxicity w hen w aterlogged. 
S team ing for one hour, autoclaving o r treatm ent w ith 
alcohol rem oved the toxicity; the soil did no t re
gain its toxicity even under w aterlogged conditions 
un til inoculated w ith un trea ted  soil. T his suggested 
th a t the toxicity is o f biological origin and  produced 
by anaerobic  m icroorganism s; it was further sugges
ted th a t the toxicity is due to  hydrogen sulphide p ro 
duced by anaerob ic  m icroorganism s although this 
could  no t be dem onstrated . N eilson-Jones does point 
ou t th a t there is no direct evidence th a t the toxicity 
show n to be responsible for inhibition o f fungal 
g row th can  ac t directly on the grow th o f vascular 
p lants, and  also th a t the p roduction  o f  deleterious 
substances o r toxic conditions by causes o ther than 
w aterlogging is n o t excluded.

Subsequently Brian, H em m ing and M cG ow an 
(1945) isolated saprophytic  fungi (e.g. Penicillium  
spp.) from  the sam e Calluna hea th land  soil. In pure 
culture these organism s produced a substance, 
apparen tly  gliotoxin, w hich inhibited the grow th o f 
various fungi w hen these were inoculated on  to  m alt 
ex tract agar con tain ing  this substance (see T able X).

T a b l e  X

G liotoxin
Ugm/ml.

B oletus
bovinus

Boletus
elegans

M r .
nigrostrigosum

M.r
atrovirens

R hizoctonia
sp.

P liom a radicis 
callunae

0 -!- -1- +  + - |  __L
- M - +  -1 - +  +

5 — -1 - -1-
-L -!- +

10 — _L — — — +  +

20 — — — +

40 — — — —

+  +  =  n o rm a l  g ro w th  
-I- =  re d u c e d  g ro w th  
—  =  n o  g ro w th
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I t  still rem ained to  be dem onstrated  w hether o r no t 
glio toxin  is in  fact p roduced in  Calluna heath land  
soil. T his p rob lem  was taken  a  step fu rth er by 
W righ t (1956) in  an  investigation o f the p roduction  
o f an tib io tic  substances in the soil itself from  the 
sam e Calluna heath land . The presence o f  antib io tic, 
and  its possible identity w ith gliotoxin, was investi
gated  by extraction  o f the soil o r o ther m aterial 
w ith ether, follow ed by ch rom atography , o f  the 
extract alongside an  authentic  sam ple o f  g liotoxin; 
the antib io tics w ere assayed by placing the ch rom a
togram s on  plates seeded w ith  B. subtilis. T he soil 
sam ples were no t heated  and  contained the natu ral 
m icroflora. Based o n  the hypothesis th a t if  an tib io 
tics are p roduced in soil they will p robably  occur in 
localized zones where the supply o f organic nutrients 
is favourable, straw  was incorporated  in  the soil 
and  in som e cases the soil was inoculated with sus
pensions o f  spores o f a strain  o f  Trichodenna viride 
know n to produce gliotoxin in pure culture. A l
though  the straw  in the soil n o t inoculated  w ith 
T. viride supported  a good grow th o f  fungi in no case 
could an tib io tic  be detected in  extracts o f  the straw  
o r the soil su rrounding  the straw . In  the soil inocula
ted w ith T. viride how ever, a  substance apparently  
identical w ith g lio toxin  was produced bu t only in the 
vicinity o f the straw . W hen the reaction  o f  the soil 
was adjusted  to  pH  6-5  o r 7-3 by add ition  o f 
C a(O H )2 the production  o f antib io tic was reduced 
a lm ost to  zero. O n the o ther hand  an tib io tic  yields 
were increased by ad d ition  o f  1 per cent K N O a,
1 per cent C a superphosphate  o r 1 per cent (N H 4).. 
S 0 4 to  soils inoculated w ith T. viride and  to  which 
straw  h ad  been added. (NH.dsSCh was the m ost 
effective in  increasing an tib io tic  production . The 
absence o f  detectable an tib io tic  in  the ether extract 
o f  acid Calluna heath land soil in  the absence of ino
culation  w ith T. viride seems to  be in agreem ent with 
the observation  o f  Jackson  (1958) th a t an  acid hum us 
soil having a reaction  o f pH  2-8 and  supporting  a 
vegetation o f  Pteridium  an d  Aira  only inhibited the 
germ ination  o f the spores o f the acid-sensitive fungus 
Acrostalagm us cinnabarinus ou t o f the eight test soil 
fungi used w hereas arable o r pasture  soils having a 
c ircum neutral reaction  show ed therm olabile inhibi
tory effects on the germ ination o f the spores o f the 
m ajority  o f the sam e fungi. A lthough  the inhibitory 
effect a t the less acid reactions does n o t seem to be 
due to  the reaction  as such, it was found to  be de
creased w hen the acidity o f the soils was increased.

It is difficult to  see how  the R ayner and  N eilson- 
Jones fungistatic factor, developing in  Calluna 
heath land  soils under conditions o f w aterlogging, 
can  be equated  to  gliotoxin w hich is produced by 
fungi, isolated from  Calluna heath land  soil, grow ing 
in pure culture under aerobic conditions. The 
observations o f W right th a t the presence o f gliotoxin

o r sim ilar an tib io tic  could  n o t be detected in un
heated Calluna h ea th land  soil, in  the absence o f 
added  straw  and  inoculation  w ith spores o f Triclio- 
derma viride, m ake it im probable th a t any inhibition  
o f  the grow th o f  m ycorrhizal H ym enom ycetes in 
these soils is due to  g lio toxin  o r sim ilar antib io tics. 
This is reinforced by W right’s finding th a t the an ti
b io tic is p roduced  in  greater am ounts in the presence 
o f  p lan t residues, since one w ould expect from  this 
th a t p loughing o f Calluna heath land , w hich results in 
the breaking up , burial and  death  o f  Calluna roo ts 
a n d  shoots, and  the application  o f  nitrogenous ferti
lizers, w ould result in increased p roduction  o f  an ti
biotic, w hereas in fact these procedures seem to 
m arkedly  reduce the check to  g row th o f  trees and 
increase the fo rm ation  o f  m ycorrhizal associations.

A lthough aera tion  reduces the R ayner and  N eil
son-Jones fungistatic factor in previously w ater
logged Calluna hea th land  soil, and  p loughing alle
viates the check to tree grow th on Calluna hea th 
land , w hen living Calluna su rrounding  checked 
spruce plants is killed by a m ulch o f Calluna shoots, 
conditions in the raw  hum us becom e considerably 
m oister (e.g. N em ec 1954), yet the spruce and  their 
m ycorrhizal associations show  im provem ent. As 
previously m entioned, D uchaufour (1950) found  
th a t spruce grow ing well and  spruce show ing  
checked grow th and  scarcity o f m ycorrhizal associa
tions were grow ing on  pedologically sim ilar sites 
w hilst B raathe (1950) records th a t even on a  site 
from  w hich a crop o f  spruce has been rem oved by 
clear felling, the grow th o f  recently p lan ted  spruce 
will be checked if the site is colonized by Calluna.

T here seems reason to  d oub t therefore w hether an 
inhibitory factor having the characteristics described  
by R ayner and  N eilson-Jones, o r a substance having 
the characteristic o f gliotoxin, can be the reasons for 
the checked grow th and  lack o f developm ent o f  
m ycorrhizal associations in spruce grow ing on ty p i
cal Calluna heath land  in th e  presence o f living 
Calluna. T his doub t seems to be strengthened by 
Levisohn’s (1952) observations on  Calluna hea th land  
soils from  the sam e area as used in the original inves1 
tigations o f  R ayncr and  N eilson-Jones. A  high degree 
o f  toxicity was expected in view o f previous expe
riences because o f  the extrem ely wet cond itions 
during the w inter and  spring o f  1950-51, b u t in fact 
there was no indication  o f  toxicity in any o f the soil 
sam ples from  various depths. It is also reco rded  
th a t pine and spruce seedlings grow n in th is soil 
grew better and  w ith m ore norm al m ycorrh izal asso
ciations than  was the case in earlier years. T h is  indi
cates th a t the factor responsible for fungal inh ib ition  
and  depression o f seedling grow th canno t be perpe
tuated  indefinitely merely by in term ittent renew al o f  
high w ater con ten t in the soil and  it is perhap  s signi
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ficant th a t it seem s likely th a t it is som e tim e since 
th is soil supported  a  vegetation o f Calluna. T he 
som ew hat con trad icto ry  findings concerning the 
influence o f  raw  hum us o n  the g row th  o f fungi and  
on th e  grow th o f  m ycorrhizal H ym enom ycetes in

particu lar also suggest th a t the effect o f  Calluna 
h ea th land  soil, and  especially o f  such a  soil w hich is 
carry ing  a  vegetation o f  living Calluna, on the grow th 
o f  m ycorrhizal H ym enom ycetes, should  be re 
exam ined.



AN EXPERIMENTAL RE-EXAMINATION OF CALLUNA  
RAW HUMUS AS AN ENVIRONMENT FOR THE GROWTH OF 

MYCORRHIZAL HYMENOMYCETES AND OTHER FUNGI

Chapter 4

In  various previously m entioned investigations in to  
th e  effect o f  raw  hum us o n  the grow th o f  fungi, in
cluding m ycorrhizal H ym enom ycetes, the solid  
m aterial w as used an d  it is clearly desirable to  use 
this m ateria l if  possible. H ow ever, the m ycorrhizal 
H ym enom ycetes are  relatively slow-growing fungi 
w hich m akes it desirable to  use sterile substrates, bu t 
it is difficult to  sterilize raw  hum us w ith certain ty  
o ther th an  by autoclaving, a  process w hich is clearly 
undesirable . In  addition , fo r com parative purposes 
it is desirable to  use if  possible a  m ore certainly 
hom ogeneous m aterial than  solid raw  hum us.

I t  seem ed probab le  th a t any substances inhib itory  
to  the m ycorrhizal H ym enom ycetes and  present in 
th e  Calluna raw  hum us as a result o f the activities o f 
m icroorganism s o r the roo ts o f Calluna p lan ts 
w ould be present in  the soil w ater and  extractable 
w ith w ater. T herefore, even though  it was apprecia
ted  th a t ex traction  o f  raw  hum us w ith  w ater w ould 
resu lt in  d ilu tion  o f  any  inhib itory  factor, it was deci
ded to  investigate the effects o f aqueous extracts o f 
Calluna raw  hum us on  the grow th o f m ycorrhizal 
H ym enom ycetes an d  o ther fu n g i: a  very brief m en
tion  o f  som e o f  the findings has already been m ade 
(H arley, 1952).

(a) P reparation  o f E x trac ts
Calluna raw  hum us supporting  a vigorous and  well 

established b u t in  no  way senescent, m onoculture o f 
Calluna vulgaris was ob tained  from  a characteristic 
podzol w hich has long been associated w ith this 
p lan t species in  no rth -east Y orkshire. The m oist, 
d a rk  brow n, a lm ost b lack  organic m aterial was 
crum bled away from  the Calluna roo ts by hand  
a lthough  m any fragm ents o f  fine roo ts rem ained in 
the m aterial. Tw o hund red  gms. o f this m aterial were 
m ixed w ith 500 ml. o f distilled w ater and  20 ml. o f 
ch loroform . T his m ixture stood  in a  stoppered ja r  
fo r fou r weeks a t room  tem perature  when a  clear 
golden brow n fluid h av in g a reac tio n o f approxim ately 
pH  3 • 7 was rem oved and  kep t in  the presence o f 
chloroform  until required.

(b) M ethod o f assay o f ex tracts for inhibition o f 
fungal growth

Inco rpo ra tion  o f  the extracts in  agar slopes w ith
o u t fu rther considerable d ilu tion  o f  the extract 
w ould  have involved considerable heating  o f  the 
extracts w hich it was desirable to  avoid ; there is also 
the risk  o f abso rp tion  on  to  the agar o f  any inh ib ito r 
w hich m ay be present. A ttem pts were therefore m ade 
to  grow  m ycorrhizal H ym enom ycetes in fluid cul
tures. A lthough  grow th o f  inocula  o f  m ycorrhizal 
H ym enom ycetes was frequently  unsatisfactory  even 
in shallow  layers o f  a suitable liquid m edium , it was 
found  th a t th is could  be rem edied by supporting  the 
inoculum , a t o r ju s t above the surface o f  the liquid, 
on  quartz  sand  o r g rit w hich was free from  calcareous 
m aterial an d  iron . T he m ethod  o f cu ltu re  ultim ately 
adop ted  was to  sterilize, by autoclaving, 50 m l. 
Pyrex conical flasks plugged w ith co tton  wool and  
contain ing 10 gms o f  the q u artz  sand o r g rit; subse
quently 5 ml. o f  culture fluid and  0 05 m l o f  ch lo ro 
form  were added  to  each flask w hich was placed 
a long w ith o thers in a  large desiccator con tain ing  a 
shallow  layer o f  chloroform . T he flasks were kep t in  
the desiccators fo r 4 -6  weeks a t room  tem perature. 
O n rem oving the flasks from  the desiccators they 
w ere heated in a  w aterbath  fo r 20 m inutes a t a  tem 
pera tu re  o f  62°C, to  drive off any residual ch lo ro 
form , and  then  allowed to  stand  overnight a t room  
tem perature  before inoculation.
(c) Effect o f aqueous extracts o f Calluna raw  humus 
on the growth o f fungi

In  the first experim ents stra ins o f  the follow ing 
fungi isolated from  sporophores were used. B. 
bovinus, B. variegatus, B. elegans, B. scaber, Rhizo- 
pogon luteolus and  a  species o f Penicillium  isolated 
from  Calluna raw  hum us.

I t  is difficult to  assess the grow th o f  fungi in this 
type o f culture o ther th an  subjectively and  grow th 
is therefore indicated in the follow ing term s. + +  in
dicates good vigorous grow th, +  a  sm all am oun t o f 
grow th, and  —  no  grow th.

The extract o f Calluna raw  hum us used had  a 
reaction  o f  p H  3-61 and  one m onth  after inoculation 
grow th results show n in T able X I were recorded.
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Boletus bovimis B. variegatus B. elegans B. scaber Rhizopogon luteolus Penicillium spp.

— — — + — -i-

I t  seem ed possible th a t shortage o r absence o f 
m ineral o r organic nu trien ts m ay be the cause o f 
lack  o f  g row th o f  these fungi in  the presence o f 
Calluna raw  hum us extract. T herefore the follow ing 
m ineral an d  organic nu trien ts w ere added  to  each 
100 ml. o f  Calluna raw  hum us ex trac t before 
sterilization  by ch lo ro fo rm :

0 -5  m l 10 per cent N H 4C1 
0 -5  m l 10 per cen t M g S 0 4 7 H 20  
1 -0 m l 10 per cent K H 2P 0 4 
1 -0 gm  glucose
2 -0  m l 10 per cent so lu tion  o f  m alt extract

W henever m ineral n u trien ts  o r m alt ex tract have 
been used in  these investigations, sm all volum es o f  
concen tra ted  solu tions were added, glucose w as 
added  as a  solid, to  avoid  unnecessary d ilu tion  o f  the 
experim ental extracts, an d  equal quantities o f  w ater 
w ere added  w hen com parisons w ith unam ended  
ex tracts were being m ade.

T he reaction  o f  the Calluna  raw  hum us ex trac t 
a fter the e add itions w as p H  3 • 67. O ne m on th  a fte r 
inocula* o n  the follow ing g row th  results were 
recorder (see T able X II).

T a b l e  X II

Boletus bovinus B. variegatus B. elegans 11. scaber Rhizopogon luteolus Penicillium spp.

— — +  + — +  +

A lthough  the g row th  o f  Boletus scaber an d  the 
Penicillium  species is greater th an  in  the absence o f  
added  nu trien ts the o ther strains o f  fungi still failed 
to  grow.

T he reaction  o f the Calluna raw  hum us ex trac t is 
on  the acid  side o f  th e  reaction  a t w hich op tim um  
grow th has been observed fo r m any o f  the m ycorr

h izal H ym enom ycetes in pu re  culture. T he reaction  
o f  th e  Calluna raw  hum us ex trac t was ad justed  to  
p H  5-02 by add ition  o f  N/ 10 N aO H  an d  the g row th 
o f  the sam e fungi o n  th is substrate  under the sam e 
conditions as before was ascertained (see T able 
X III).

T a b l e  X III

Boletus bovinus B. variegatus B. elegans B. scaber Rhizopogon luteolus Penicillium spp.

+ + + -r ~T +

W hen m ineral an d  organic nu trien ts were added  and  the grow th o f  the fungi on  this substrate  was as
to the Calluna raw  hum us w hose reaction  had  been show n in T able XIV.
adjusted  to  p H  5-02 the reaction  becam e pH  4 -92

T a b l e  X IV

Boletus bovinus B. variegatus B. elegans B. scaber Rhizopogon luteolus Penicillium spp.

+  + + + +  + +  + +  +
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T o  clarify the ro le o f  reaction  in the g row th  o f  the 
fungi u nder these conditions the reaction  o f  a 
m edium  contain ing  only the m ineral an d  organic 
nu trien ts was ad justed  to  p H  3 ■ 52 (i.e. approxim ately  
th a t o f  th e  Calluna raw  hum us extract) an d  the

grow th o f  the fungi o n  this m edium , u nder the sam e 
conditions as before, com pared  w ith their g row th on  
the Calluna raw  hum us ex tract an d  o n  the m ineral 
an d  organic n u trien t m edium  w hose reaction  (pH  
4-85) had  n o t been ad justed  (see T able XV).

T able XV

Boletus
bovinus B. variegatus B. elegans B. scaber

Rhizopogon
luteolus

Penicillium
spp.

Mineral and organic nutrient 
medium pH 3-52 +  + +  + +  + +  + +  + + +

Mineral and organic nutrient 
medium pH 4-85 +  + +  4- +  + +  + +  + +  +

F ro m  these results it w ould seem th a t the inability 
o f  som e o f  the m ycorrhizal H ym enom ycetes to 
grow  on  the Calluna raw  hum us extracts is n o t due to 
an unfavourab le  reaction  o r to lack o f  nutrients bu t 
apparen tly  to  som e inhibitory  factor w hich is m ore 
active a t m ore acid reactions. T he stra in  o f B. scaber 
used seems to  be able to  to lerate  the inhib itory  factor 
better th an  the strains o f  the o ther m ycorrhizal 
H ym enom ycetes tested.

In the case o f  a few o f  the extracts o f  Calluna raw  
hum us w hich have been prepared , som e o f  the 
strains o f  m ycorrhizal H ym enom ycetes o ther than  
B. scaber have show n som e grow th. This m ay be due 
to  differences in the initial concen tration  o f  inh ib ito r 
in the various sam ples o f  Calluna raw  hum us used 
and  w hich undergoes considerable d ilu tion  during 
the p repara tion  o f  the extracts. I t  m ay well be th a t 
the concentration  o f  inh ib ito r initially present in the 
raw  hum us is even sufficient to preven t the grow th 
o f  this strain  o f B. scaber.

(d) Removal o f the factor present in ex tracts o f 
Calluna raw  humus which is inhibitory to the growth of 
mycorrhizal Hymenomycetes, by the growth o f sapro
phytic microorganisms

Ploughing o f  Calluna heath land , w hich results in 
increased aera tion  o f  the soil and  the death  o f m ost 
o f  the Calluna p lants, can  result in better grow th, for 
a  tim e a t  least, o f  trees, including spruce, subse
quently  p lanted  there. B oth  increased aera tion  and 
the residues from  the killed Calluna p lan ts m ay be 
expected to  result in increased m icrobiological acti
vity in the heath land  soil.

Since p loughing  is associated w ith im proved tree 
grow th, if there is a  re lationship  betw een the factor 
in raw  hum us extracts w hich is inh ib ito ry  to  the 
grow th o f  m ycorrhizal H ym enom ycetes and  the 
checked grow th o f  spruce, then  it m ay well be th a t 
rem oval o f such an inhibitory factor is p rom oted  by 
one o r m ore o f  the effects o f ploughing.

The experiences o f  R ayner an d  N eilson-Jones 
(1944) in  nurseries established on  form er Calluna 
heath land , and  the results o f  p o t experim ents w ith 
soils from  such sites, indicate th a t the effect o f  any 
substance w hich m ay be directly o r indirectly inh ib i
tory  to  the grow th o f tree seedlings on  these soils 
d isappears only slowly in the absence o f added 
m aterials such as com posts o f  one k ind o r another, 
w hen the tree seedlings then  develop an abundance 
o f short roo ts and  m ycorrhizal associations. In add i
tion Y eatm an (1955) observed th a t when heather 
a round  Sitka spruce trees, whose grow th h ad  been 
checked, was killed by a  Calluna m ulch, the spruce 
developed new roo ts in the m ulch bu t no t in the un 
disturbed Calluna raw  hum us, fo r a t least a  few years 
after the m ulch was applied. This again  indicates 
th a t the inhibitory factor seems to take som e tim e to 
d isappear from  Calluna raw  hum us. O n the o ther 
hand, it has been observed th a t sporophores o f 
Boletus scaber appear in the shade o f young birch 
trees only a few years old which have becom e estab 
lished on  a Calluna hea th land  podzol where the 
Calluna p lants have been killed by hoeing bu t the site 
n o t otherwise cultivated. In  this case constituents o f 
the birch litter may have prom oted  the rem oval o f 
inhibitory substances from  the Calluna raw  hum us..

It therefore seemed likely th a t rem oval o f  the fac
to r present in extracts o f  Calluna raw  hum us w hich is 
inhibitory to the grow th o f  m ycorrhizal H ym enom y
cetes m ight be expedited by add ition  o f  m aterial o r 
m icroorganism s, from  a com post found  to  be effec
tive in  the field, to  such an  extract when this was 
placed under conditions suitable fo r the grow th and 
activity o f  saprophytic m icroorganism s.

A n aqueous extract o f  Calluna raw  hum us pre
pared  in  the usual way and  inhib itory  to  the grow th 
o f  m ycorrhizal H ym enom ycetes was therefore sub
jected  to  various treatm ents in  an  a ttem p t to  rem ove 
the inhibitory factor. T he treatm ents included addi
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tio n  o f  a  sm all quan tity  o f  an  aqueous ex tract o f  a 
com post (C 6) found  by R ayner an d  N eilson-Jones 
(1944) to  be effective in  p rom oting  the grow th o f 
tree seedlings in  Calluna h ea th land  nurseries. T he 
ex trac t w as prepared  by add ing  500 m l. o f distilled 
w ater an d  50 ml. o f  ch lo ro fo rm  to  200 gms o f  fresh, 
m oist com post an d  allow ing the m ixture to  stand  
w ith  occasional shaking fo r four days. 300 m l. o f  a  
golden yellow fluid w ere ob ta ined  an d  th is was 
sto red  in  the presence o f  ch lo ro fo rm  until required .

Separate 100 ml. quan tities o f  the Calluna raw  
hum us ex tract w ere subjected to  the follow ing trea t
m ents a t room  tem perature .

1. S tanding unaera ted  in the presence o f ch lo ro 
form .

2. A s 1, bu t w ith 2 ml. o f the com post ex tract 
added.

3. A ir bubbled  th rough  un til all ch lo ro fo rm  had  
been rem oved, w hen very sm all particles o f 
Calluna raw  hum us an d  C 5 com post were 
added  an d  the aera tion  continued.

4. As (3) b u t w ith 2 ml. o f  ex tract o f  C 6 com post 
added.

5. Sterile a ir bubbled  th rough  the extract previ
ously sterilized by chloroform .

6. As 5 bu t w ith 2 ml. o f ex tract o f  C 6 com post 
(sterilized by chloroform ) added.

A fter 4 weeks aera tion  was stopped . G row th  o f 
m icroorganism s was no t detectable in flasks 1, 2, 5 
and  6, bu t there was a heavy grow th o f  m icro
organism s in flasks 3 and  4. The co lour o f the fluids 
in flasks 3 and  4, and  especially in 4, had  becom e 
m uch paler as a result o f  the treatm ent, w hereas the 
co lour o f  the extracts in the o ther flasks rem ained 
unchanged.

W here necessary the volum e o f the ex tract in  each 
flask was m ade up  to  102 ml. w ith distilled w ater; 
this was after rem oval o f the grow th o f  m icro
organism s by centrifuging in the case o f flasks 3 and
4. The reaction  (glass electrode) o f  the six fluids was 
then  ascertained.

Treatment p H
1 3-57
2 3-59
3 4 -24
4 4 -44
5 3-61
6 3-63

T o  ensure an  adequate  supply o f m ineral and  orga
nic nu trien ts  fo r the grow th o f  the m ycorrhizal 
H ym enom ycetes, 0-5 ml. o f  10 per cent M g S 0 4 
7H 20 ,  0-5 ml. 10 per cent N H 4C1, and  TO ml. 10 per 
cent K H 2PO i, 1 -0 gm. glucose and  2 ml. o f  a  10 per 
cen t so lu tion  o f  m alt extract, w ere added  to  each o f 
the six fluids. F lu id  m edia (num bers 7 and  8) con
tain ing  these m ineral an d  organic nutrients added  to 
distilled w ater, instead o f  Calluna raw  hum us ex

trac t, an d  w ith reactions ad justed  to  tw o different 
levels, w ere also p repared .

A s the g row th o f  m icroorganism s in fluids 3 and  4 
was accom panied by considerable change in acidity, 
the reaction  o f h a lf  the volum e o f  fluid from  each  o f 
these flasks was ad justed  to  approxim ately  th a t o f  the 
fluids 1, 2, 5 an d  6.

T he final reactions o f the various test fluids before 
d is tribu tion  in 5 ml. quantities am ong  sterile 50 ml. 
conical flasks, con tain ing  10 gms sand , and  steriliza
tion  by ch lo ro fo rm  w ere:

F lu id p H  (glass electrode)
1 3-66
2 3-70
3a 4-34
3b 3-65
4a 4-49
4b 3-65
5 3-73
6 3-72
7 4-89
8 3-68

A fter sterilization  by chloroform  in the usual way 
the flasks were inoculated  w ith stra ins o f  various 
m ycorrhizal H ym enom ycetes. T he grow th results in 
T able X V I were recorded after the inoculated  flasks 
had  stood  a t room  tem peratu re for 3 weeks.

T he general trend  o f  these results indicates th a t 
the inh ib ition  to  the grow th o f m ycorrhizal H ym eno
m ycetes dim inishes w hen the fluids are aerated  in the 
presence o f  saprophytic  m icroorganism s w hereas 
aera tion  alone does n o t bring ab o u t d isappearance 
o f  the inhib itory  fac to r i.e. it is no t readily volatile. 
T he d im inution  o f  the inhibitory factor does no t 
seem to  be due to  the change to a  reaction  m ore 
favourable fo r the grow th o f  the m ycorrhizal 
H ym enom ycetes. T here is no th ing  to  suggest th a t 
the extract o f  C 5 com post is necessary for the dim i
nu tion  o f the inhibitory  factor bu t on  the o ther hand 
there is no reason to  suppose th a t C 5 com post and  
probably  birch litter and  dead Calluna p lan t m ate
rial w ould  h inder the rem oval o f  the inhibitory  fac
to r  in the field, and  they  m ay assist in its rem oval.

T he finding th a t the grow th o f m icroorganism s in 
aerated  ex tract o f  Calluna raw  hum us results in  re
m oval o f the inhib itory  factor suggests th a t ploughing 
o f Calluna heath land  m ay assist the rem oval o f  such 
an  inhibitory factor in  the field and  th a t the activities 
o f  saprophytic  m icroorganism s m ay n o t be the 
source o f the inhibitory factor.

(e) Investigation of Calluna litter as the source o f the 
factor inhibitory to  the growth of mycorrhizal H ym e
nomycetes in Calluna raw  humus extracts

A lthough  the vigorous developm ent o f  spruce 
roo ts and  m ycorrhizal associations in the Calluna 
m ulch applied a round  spruce trees, w hose grow th on
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Fluid
Number

Amanita
muscaria

Boletus
elegans

Rhizopogon
luteolus

Boletus
scaber

Boletus
variegatus

Boletus
granulatus

Boletus
luteus

Boletus
bovinus

Penicillium
spp.

1 — — — +  + - — — — 4-4-

2 — — — 4- + — — — + +  4-

3a 4-4- 4-4- 4- 4-4- 4-4- 4- +  + 4-4- 4-4-

3b _L - +  4- — +  4- 4-4- 4- + 4-4- 4-4- +  +

4a — 4- + 4-4- — + 4-4- — 4-4-

4b 4-4- 4-4- — 4-4- 4-4- 4 -  + _ L +  4- 4-4-

5 — — — 4- — — — 4-4-

6 — 4- 4- + — — — + +

7 + -  ■ 4-4- 4-4- 4- +  4- +  4- 4-4- 4- +

8 4- +  + +  + +  4- 4- 4-4- 4-4- 4-4- 4-4-

Calluna heath land  has previously been checked in 
the presence o f living Calluna, w ould n o t lead one to  
expect th a t inhib itors to  the grow th o f  m ycorrhizal 
H ym enom ycetes are  added  to  the system  by the 
m ulching process, it m ust be rem em bered th a t m uch 
o f  the m ulching m aterial is m oribund  Calluna p lan t 
m aterial and  no t dead Calluna litter. M elin (1946), 
how ever, found th a t the freshly fallen litte r o f maple, 
birch, beech, oak , aspen and  pine contained  w ater 
soluble m aterial w hich inhibited the g row th o f  m any 
soil H ym enom ycetes, w hereas extracts o f  the litter 
o f  Glyceria m axim a  had  no inhibitory effect on the 
fungi tested. In  add ition , very low concentrations o f 
th e  inhib itory  extracts stim ulated the grow th o f the 
m ycorrhizal and  litter decom posing Hym enom ycetes 
very considerably, and  o f  course m ycorrhizal associa
tions are well developed in  the raw  hum us layers 
developing from  the litte r o f  som e o f  these tree 
species.

In  order to  ascertain  w hether o r n o t Calluna litter 
con tains a factor inhibitory  to  the grow th o f  m ycorr
hizal H ym enom ycetes, aqueous extracts o f  Calluna 
litter were p repared. The Calluna litter was collected 
from  Calluna p lants grow ing on  a Calluna heath land  
podzol, in  the sam e area as th a t from  w hich the 
Calluna raw  hum us was collected, by shaking the 
p lan ts over sheets o f  paper. T he dead leaf m aterial 
ob tained  in this way was a ir dried a t room  tem p
era tu re  and  50 gms o f  it w ere extracted  with 
500 ml. o f  distilled w ater and  20 ml. o f  chloroform . 
A fter standing  fo r 5 days a t room  tem perature, w ith 
occasional shaking, 410 ml. o f  pale yellow fluid 
were obtained. This fluid was clarified by centri

fuging and  then  tested, in  its original state and  
after am endm ent in various ways, for inhibitory 
activity tow ards m ycorrhizal H ym enom ycetes and  
o th er fungi, under the sam e conditions as the extracts 
o f Calluna raw  hum us were te s ted :

The various fluids and  their reactions w ere :
pH

1. Calluna litter extract in original state 3-84
2. Calluna litter extract +  m ineral and  

organic nutrients 3 • 94
3. Calluna litter extract w ith reaction 

modified by add ition  o f N aO H  4-92
4. Calluna litter ex tract +  m ineral and 

organic nutrients and  reaction m odi
fied by add ition  o f N aO H  4-92

5. M ineral and  organic nu trien ts in  dis
tilled w ater, reaction adjusted  by add i
tion  o f HC1 3-78

6. M ineral and  organic nu trien ts in dis
tilled w ater 4 -8 9 -

The m ineral an d  organic nutrients added  were 
0 -5  ml. 10 p e rcen t M g S 0 4 7H 20 , 0 -5  ml. 1 0 per cent 
N H 4CI, TO ml. K H 2PO, TO gm. glucose, and  2 m l. 
o f 10 per cent m alt ex tract so lu tion  to  100 ml. o f  
litter extract o r distilled w ater. T he follow ing results 
for the g row th o f  various fungi were recorded after 
the inoculated flasks had  been stand ing  a t 2 T 5 °C  
for 4 weeks. A t present it is difficult to  explain the 
failure o f  m any o f  the fungi to  grow  in the extract o f  
Calluna litter w hen the reaction  had been adjusted  to  
pH  4-92, unless it is due to  som e unknow n experi
m ental error. The rem aining results do  n o t po in t to  
Calluna litter as being the source o f  the inhib itory
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fac to r observed in  ex tracts o f  Calluna raw  hum us; 
if any th ing  they po in t to  the litter ex tract being 
nu tritionally  inadequa te  to  su p p o rt the grow th o f  a 
few o f  the species o f  fungi.

T he ap p aren t absence o f  inhibitory  fac to r in  the 
leafy Calluna m ateria l m ay be the basis o f  the incon
clusive results ob ta ined  by B raathe (1950) w hen 
spruce p lan ts w ere w atered w ith w ater w hich had  
stood  in  the presence o f  Calluna shoots and  som e 
ro o t m ateria l fo r -J—1 hour, a lthough  the du ra tio n  o f 
the ex traction  tim e was extrem ely short.

(f) Concentration by vacuum distillation o f the factor 
which can be extracted  from  Calluna raw  humus and 
which is inhibitory to  the growth o f mycorrhizal 
Hymenomycetes

R aw  hum us was collected from  a Calluna podzol 
in B erkshire in  late au tu m n  in 1958 after a  w et and  
du ll sum m er an d  au tum n. T he site was a very sm all 
opening in  a  pine stan d ; the Calluna grow ing there 
w as subjected to considerable shading and  was leggy 
w ith only sparse flowers. O ccasional pine roo ts were 
found  in the F  and  H  layers o f the Calluna raw  hum us. 
These roo ts were approxim ately  3 m m . in d iam eter 
an d  alm ost unbranched . A  few sho rt forked roo ts 
w ith very swollen, g lobular, alm ost white tips were 
found  in  the debris beneath  a pa tch  o f moss. The 
m uch b ranched  p ine roo ts beneath  the p ine canopy, 
w here Calluna was com pletely absent, had  forked 
sh o rt roo ts w ith reddish  brow n or tan  coloured 
m ycorrhizal associations.

T he raw  hum us from  beneath  the Calluna p lants 
w as very m oist w hen collected. A n aqueous extract 
w as p repared  by extracting  the raw  hum us w ith  dis
tilled w ater in  the presence o f  chloroform  as before. 
W hen expressed and  centrifuged the ex tract was 
clear golden brow n  in co lour and  had  a reaction  of 
pH  3 • 5. T his ex tract was tested for its effect on  the 
grow th o f  m ycorrhizal H ym enom ycetes by the 
m ethod  previously described. In  those cases w here 
m ineral nu trien ts were added to  the extract a  m ore 
com plex salt m ixture than  previously, th a t o f  
m edium  II I  o f  N o rk ran s (1950), was used and
0-15 ml. o f the modified H oag land’s A -Z  m ixture 
(R obbins and  K avanagh  1938) w ere also  added  to 
each 150 ml. o f extract. Since add itional strains o f 
Boletus scaber had  becom e available these were 
included in  the tests a long w ith  a  num ber o f  non- 
m ycorrhizal fungi. The grow th results are given in 
T able X V III.

These results suggest th a t the extract from  Calluna 
raw  hum us associated w ith shaded and  leggy 
Calluna is som ew hat less inhibitory  tow ards m ycorr
hizal H ym enom ycetes, a lthough  it is active against 
som e o f  the strains o f  Boletus scaber, th an  the ex tract 
o f  Calluna raw  hum us from  north -east Y orkshire. 
The grow th results w ith extracts to  w hich m ineral
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and  organic nu trien ts have been added do n o t sug
gest th a t inadequate  n u trition  is influencing the 
g row th  o f  the m ycorrhizal H ym enom ycetes. T he 
g row th  o f  the stra ins o f m ycorrhizal H ym enom ycetes 
on  a cu ltu re  m edium  con tain ing  only the m ineral 
salts an d  organ ic  nu trien ts, and  hav ing  the sam e reac
tio n  (pH  3-5) as the ex tract o f Calluna raw  hum us, 
indicates th a t the reaction  is n o t the cause o f  the 
decreased grow th o f som e o f  the fungi in the Calluna 
raw  hum us extract. These results and  those obtained  
fo r the ex tract o f Calluna raw  hum us from  n o rth 
east Y orkshire suggest th a t there m ay be a  range o f 
sensitivity am ong the various m ycorrhizal H ym eno
mycetes to  the inhibitory  factor in Calluna raw  hum 
us.

In view o f the apparen tly  low er inhibitory  activity 
tow ards m ycorrhizal H ym enom ycetes o f  the B erk
shire sam ple o f Calluna raw  hum us, com pared w ith 
th a t o f the no rth -east Y orksh ire  sam ple, p a rt o f the 
ex tract from  the Berkshire Calluna raw  hum us was 
concentrated , by d istillation  under reduced pressure 
a t a tem peratu re  o f  40°C, to  approxim ately 1 /6th o f  
its initial volum e. The d istillate was clear an d  co lour
less and  had  a reaction  o f p H  3-7. The concentrated  
residue was clarified by centrifuging, had  a reaction 
o f  p H  3-25, an d  was tested, a t a  reaction  o f  p H  3-5, 
for inhibitory  activity tow ards various m ycorrhizal 
H ym enom ycetes and  o ther fungi by the m ethod  
previously described. A lthough m alt ex tract and  glu
cose w ere added to  the concentrated  extract in one 
case, add itional m ineral nu trien ts were no t added  in 
view o f the increase in concentration  o f those already 
present as a result o f the vacuum  distillation . The 
results o f these tests (Table X V III) indicate th a t as a 
result o f concentration  the ex tract has becom e m ore 
inhibitory tow ards m ycorrhizal H ym enom ycetes and  
M .r. nigrostrigosum. Tw o strains o f  Boletus scaber, 
isolated from  sporophores from  Calluna hea th land  
areas, were able to grow  satisfactorily in the concen
tra ted  extract as is also the stra in  o f Boletus variegatus 
w hen m ineral and  organic nu trien ts have been 
added.

These findings suggest that, perhaps as a  result o f 
the Calluna a t present grow ing on the site being sub
jected  to shading o r to its having reached the leggy 
and possibly senescent stage, the level o f  inh ib ito r to 
m ycorrhizal H ym enom ycetes is now  low er in this 
Calluna raw  hum us th an  in  th a t from  the open 
heath land  o f  north-east Y orkshire, and  th a t the in
h ib ito r can  be concentrated  by d istillation  o f  the 
extract under reduced pressure.
(g) The effect o f aqueous extracts o f various soils and 
soil organic layers on the growth o f mycorrhizal 
Hymenomycetes

The effect o f  aqueous extracts o f  tw o brow n forest 
soils an d  the surface organic layers o f a pine stand  
on the grow th o f  m ycorrhizal H ym enom ycetes has

been investigated.
Tw o m ull soils were used, one supporting  an  even- 

aged stand  o f  sessile oak , ab o u t 50 years old, grow ing 
on an  acid  sandy loam  w ith a  very sparse g round  
flora, the o ther supporting  a sim ilar stand  o f  W ych 
elm  grow ing o n  a  less acid  sandy  soil having a 
g round  flora o f  Urtica dioica, M ercurialis perennis 
an d  mosses.

T he sm all am o u n t o f  loose p lan t debris on  the sur
face o f  the soil was rem oved before sam ples o f  the 
m ull (0-10 cm s.) were collected in  early  M arch. 
Stones, roo ts an d  o th er obvious p lan t m aterial were 
rem oved from  the sam ples before they were extracted  
w ith distilled w ater; equal weights o f w ater an d  fresh 
soil, on  an  oven dry basis, being used. These m ixtures 
stood  a t room  tem perature  in the presence o f ch lo ro 
fo rm  fo r n ine  days w hen as m uch  fluid as possible 
was squeezed ou t in  a  press. T he extracts were clari
fied by centrifuging and  their reactions w ere pH  4 • 24 
fo r the oak  soil an d  pH  5 • 34 fo r the W ych elm  soil. 
H a lf o f  each ex tract was supplem ented by add ition  
o f  N ork rans salt m ixture, H oaglands A -Z  m ixture, 
glucose an d  m alt and  the reaction  o f  bo th  halves 
then  adjusted  to  p H  3 - 6 by the add ition  o f  su lphuric 
acid. T he capacity o f  the extracts to  allow  the grow th 
o f  m ycorrhizal H ym enom ycetes w as then tested by 
the m ethod  previously described. T he grow th results 
are  given in T able X IX .

It is clear from  these results th a t m ore stra ins o f 
m ycorrhizal H ym enom ycetes were able to  grow  in 
the presence o f  extracts o f oak  and  W ych elm  soil, 
especially in the presence o f added  nu trien ts, th an  
grew in the presence o f  extracts o f  Calluna raw  
hum us.

As has been indicated  previously ec to trophic  m y
corrhizal associations are  developed abundantly  by 
trees grow ing o n  Calluna heath lands from  w hich 
living Calluna has been com pletely suppressed or 
rem oved. T herefore the surface organic layers o f the 
soil beneath a  30-40 year old stand  o f m aritim e pine, 
devoid o f g round  flora and grow ing on a little- 
disturbed, characteristic Calluna podzol in  Berkshire 
were exam ined fo r their capacity  to inhibit the 
grow th o f m ycorrhizal H ym enom ycetes and  o ther 
fungi. Sam ples o f the following horizons w ere collec
ted in  m id-O ctober.

(a) A fter rem oval o f the L  layer the 5 cm. thick 
F  layer was sam pled. I t was slightly m oist, consisted 
o f easily recognizable brittle  fragm ents o f pine 
needles and was traversed by a  num ber o f  pine roots 
having “ G abelm ykorrh iza” .

(b) B eneath the F  layer o f pine debris and  sharply 
dem arcated  from  it were the slightly dam p surface 
organic layers o f the soil associated w ith the form er 
Calluna vegetation. Recognizable Calluna litter and  
hollow  Calluna stem s were still p resent on  the su r
face o f  the o ld  Calluna m or. T he la tter was ab o u t
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T able X IX

The growth o f mycorrhizal Hymenomycetes and other fungi 
on aqueous extracts o f mull soils

-
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Oak soil extract. Reaction pH 3 • 6 +  + ~r -f + + — — + +  + — —

Oak soil extract and mineral nutrients,
malt and glucose. Reaction pH 3 • 6 +  + +  + +  + — +  + +  + +  + +  + — —

Wych elm soil extract. Reaction pH 3-6 — — + + + — + +  + — —

Wych elm soil extract and mineral nu
trients, malt and glucose. Reaction pH +  + ~r ~r +  + — — +  + +  + — —
3-6

+  +  =  good vigorous growth over surface of grit 
+  =  some growth on surface of grit 
— =  no growth.

1 cm . in thickness and  although  dense and  com pact 
contained  num erous m uch branched  pine roo ts 
w ith reddish brow n o r yellow brow n ‘G abelm y- 
ko rrh iza’ sim ilar to  those found in the F  layer o f  the 
p ine debris.

These m aterials were extracted for seven weeks 
a t room  tem perature  w ith  approxim ately their own 
weights o f deionized w ater in the presence o f  chloro
fo rm ; sufficient w ater being added to  the m aterial, 
packed in to  a  glass ja r , th a t it was ju s t subm erged. 
T he fluids were extracted by m eans o f  a press and  
centrifuged; their reactions were then found  to  be 
p H  3-30 fo r the pine F  layer m aterial and  pH  2-95 
fo r the old Calluna m or. The extracts were then 
assayed, by the m ethod previously described, for 
their capacity  to  support o r inhibit the grow th o f 
various strains o f m ycorrhizal H ym enom ycetes and  
o th er fungi in the presence and  absence o f  added 
m ineral nutrients, m alt and glucose. The results o f 
these experim ents are given in T able X X . A lthough 
som e o f  the stra ins o f m ycorrhizal Hym enom ycetes 
fail to  grow  in extracts o f the pine F  layer m aterial 
they are  all able to  grow w hen glucose and  m alt are 
added  although  the grow th o f Boletus carpini was 
ra th er feeble. T here is little  evidence o f the presence 
in the extract o f  a factor having an  adverse influence 
o n  the m ycorrhizal Hym enom ycetes a lthough  it is 
no t easy to  understand  why som e strains failed to 
grow  w hen the m ineral salt m ixture was added to  the 
ex tract as well as glucose and  m alt. The m ycorrhizal 
H ym enom ycetes were able to  grow, even though 
som e strains grew ra ther feebly, in the presence of 
unam ended extracts o f the old Calluna raw  hum us;

w hen nu trien ts were added to the ex tract the grow th 
o f  som e strains was im proved w hilst a  few failed to 
grow. T his extract o f  old Calluna raw  hum us is m uch 
less inhib itory  to  the grow th o f  m ycorrhizal H ym eno
mycetes th an  the extracts o f Calluna raw  hum us 
bearing vigorous unshaded Calluna and  any extrac
tab le  inhibitory  activity it may have had  has been 
alm ost, if  n o t com pletely, lost, as m ight be expected 
from  the presence now in  the old Calluna raw  hum us 
o f pine ro o ts  w ith characteristic  ecto trophic m ycorr
hizal associations. All the strains o f  fungi used in  the 
test grew vigorously on a culture m edium  o f N ork- 
rans (1950) m ineral salt m ixture w ith glucose and  
m alt added  and  having a reaction  (pH  3-0) sim ilar 
to  th a t o f  the extracts. T he increased grow th of 
strains o f fungi o ther th an  the m ycorrhizal H ym eno
mycetes w hen organic nutrients were added to  the 
extracts indicates tha t the already satisfactory grow th 
o f  these organism s on the unam ended extracts was 
only lim ited by inadequate supplies o f  nutrients.

T he m ain points o f the results arising from  the 
experim ents w ith ex tracts o f  Calluna raw  hum us and  
soils, o r  horizons o f  soils, n o t supporting  a  vegetation 
o f Calluna m ay be sum m arized :

1. The grow th o f  m ycorrhizal H ym enom ycetes is 
inhibited by extracts o f Calluna raw  hum us suppo r
ting  vigorous Calluna grow ing in full light. The 
inhibitory effect seems less m arked w ith extracts o f 
Calluna raw  hum us supporting  Calluna grow ing in 
reduced light intensity.

2. The failure o f  m ycorrhizal Hym enom ycetes to 
grow  o n  extracts o f  Calluna raw  hum us does no t 
appear to  be due to  insufficiency o f  nutrients o r m eta-
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bolites o r to  an  unsu itab le  reaction  i.e. the  ra th er 
acid reaction.

3. T he activity o f  the inhibitory fac to r seem s to  be 
less p ronounced  a t less acid reactions.

4. T he activity o f  the inhibitory  fac to r can  be re
m oved by saprophytic  soil m icroorganism s.

5. W hilst extracts o f  Calluna raw  hum us associa
ted w ith unshaded, vigorous Calluna inh ib it the 
g row th o f  m ycorrhizal H ym enom ycetes, w ith the 
exception o f  a  stra in  o f  Boletus scaber, sim ilar ex
trac ts from  soils o r  soil horizons n o t currently  asso
ciated  w ith a  vegetation o f  Calluna allow  the grow th 
o f  m ost o f  the strains o f  m ycorrhizal H ym enom ycetes 
tested , especially when th e  extracts a re  am ended  by 
the add ition  o f  m ineral and  organic nu trien ts.

6. The factor inhib itory  to  the grow th o f  m ycorr

hizal H ym enom ycetes does n o t appear to  be present 
in Calluna litter.

7. Som e strains o f  Boletus scaber, o rig inating  
from  sporophores from  Calluna hea th land  soils, 
seem to  have considerable resistance to  the inhibi
to ry  fac to r p resent in the extracts o f  Calluna raw  
hum us a lthough  it m ust be borne in m ind th a t the 
inhibitory  fac to r m ust undergo considerable dilu
tion  during  the process o f  extraction  and  is p robably  
to  a  greater o r lesser extent incom pletely extracted 
so th a t in  the Calluna raw  hum us in its n a tu ra l state 
the concentration  o f  inh ib ito ry  fac to r m ay well be 
sufficient to  prevent th e  g row th o f  these relatively 
resistan t stra ins o f  B. scaber.

8. T here is an  ind ication  th a t there  m ay be a range 
o f sensitivity am ong m ycorrhizal H ym enom ycetes 
to  the inhibitory fac to r in  Calluna raw  hum us.



Chapter 5

IMPLICATIONS OF THE EFFECT OF EXTRACTS OF 
CALLUNA  RAW HUM US ON THE GROWTH OF 

MYCORRHIZAL HYMENOMYCETES, AND ESPECIALLY 
THE DIFFERENTIAL EFFECTS ON STRAINS OF BOLETUS 

SCABER,  FOR THE GROWTH OF TREES ON 
CALLUNA  HEATHLAND

T he m ethod  o f  ex traction  o f  the factor inhibitory  to  
th e  grow th o f  m ycorrhizal H ym enom ycetes from  
Calluna raw  hum us, and  the fact th a t extracts p re
pared  in a  sim ilar way from  soils supporting  o ther 
p lan t species do n o t exhibit a  com parab le  inhibitory  
effect, m akes it unlikely th a t the inhib itory  effect is an  
artefact resulting from  the m ethod  o f p repara tion . 
T he m ethod  o f p repara tion  inevitably results in d ilu
tion  o f  the inhibitory factor and  since it appears to  be 
possible to  concentrate  the factor by vacuum  distilla
tion  it seems probab le  th a t this factor could  be pre
sent in som e sam ples o f  Calluna raw  hum us a t suffi
cient streng th  to  inhib it the grow th o f  all m ycorrhizal 
H ym enom ycetes. I t  m ay therefore be expected th a t 
this factor w ould prevent the fo rm ation  o f ecto
trophic  m ycorrhizal associations on  the roo ts o f 
trees in con tac t w ith vigorous unshaded  Calluna on 
heath lands o f long standing.

O bservations have been cited earlier w hich indi
cate th a t trees whose grow th has been checked by 
the presence o f  Calluna a re  alm ost if n o t quite devoid 
o f  ec to trophic  m ycorrhizal associations and  their 
roo ts m ay show  no indications o f a ttack  o r parasi
tism  by m icroorganism s. The observations th a t trees 
m ay rem ain alive bu t in  check fo r 30 years o r so in 
the presence o f living Calluna and  then  recover spon
taneously and  also respond quickly a t any tim e to  the 
app lica tion  o f n itrogenous fertilizers are also indica
tions th a t an  organism  pathogenic in the usual sense 
o f  a ttack ing  p lan t tissue is n o t likely to  be involved. 
In  add ition  the roo ts o f  trees w hose grow th, on 
previously sim ilar sites, is unchecked o r has been 
released from  check as a  result o f such treatm ents as 
m ulching o r the roots reaching the soil beneath  trees 
w hich have form ed canopy, are  characterized by the 
presence o f ecto trophic  m ycorrhizal associations. 
Such observations, along w ith those o f  M elin and  
N ilsson (1958) and  M elin, N ilsson and  H acskaylo
(1958) indicating th a t the m ycorrhizal association 
p rom otes the absorp tion  o f  m ineral nu trien ts, sug
gest th a t the g row th of trees under Calluna hea th 
land  and  o ther conditions m ay be dependent on  the 
fo rm ation  o f m ycorrhizal associations for the abso rp 
tion  o f m ineral nutrients in  com petition  w ith the 
roo ts o f  o ther p lants especially if the supply o f

m ineral nu trien ts is sm all. T herefore it seems feasible 
th a t a  fac to r in  Calluna raw  hum us inh ib ito ry  to  the 
grow th o f  ecto troph ic  m ycorrhizal fungi is a  very 
likely cause o f  the checked grow th o f trees on  Calluna 
hea th land , th is being b rough t ab o u t by its effect on  
the fo rm ation  o f ecto troph ic  m ycorrhizal associations 
by the tree w hich are  the po ten tia l m ineral nu trien t 
absorb ing  system  o f  the tree.

T o take this hypothesis fu rther, the apparen tly  
greater resistance o f  certa in  strains o f  Boletus 
scaber to  the inhibitory  factor o f Calluna raw  hum us 
as com pared  w ith the resistance o f the stra ins o f 
o ther m ycorrhizal fungi tested w ould  seem  to  be o f 
significance in  the establishm ent o f  trees on Calluna 
hea th land . L evisohn (1957a) has reported  differing 
reactions by B. scaber com pared  w ith the reactions 
o f o ther ecto trophic  m ycorrhizal fungi w hen in 
m ixed cultures w ith strains o f  Alternaria tenuis and  
tow ards culture filtrates o f Alternaria tenuis. In  bo th  
cases the g row th o f B. scaber was m uch less inhibited 
th an  was th a t o f the o ther fungi. Sim ilar results 
appear to  have been obtained  w ith gibberellic acid 
(Levisohn 1960a). A  com parative study o f  the cul
tu ra l characteristics o f a  num ber o f stra ins o f 
B. scaber isolated from  different sporophores, 
believed to  be identifiable as B. scaber o n  a n  o rth o 
dox taxonom ic basis, obtained  from  different types 
o f p lan t h ab ita t has also been m ade by L evisohn 
(1959). T here was a sharp  d istinction  betw een the 
cu ltu ral characteristics o f the tw o stra ins from  
sporophores from  Calluna hea th land  sites (they grew 
m ore readily and  were m uch m ore active in relation  
to  various substrates) and  those o f  strains from  
sporophores from  m oorland  and  w oodland sites.

T he ability o f m ycorrhizal H ym enom ycetes to 
grow  in the presence o f  extracts o f Calluna raw  
hum us w hich has no t supported  living Calluna for 
som e tim e, and  the destruction  o f  the inhibitory  fac
to r  by m icroorganism s, could m ean th a t w hen the 
living Calluna o f the Calluna h ea th land  is interfered 
w ith and  virtually excluded fo r a tim e by ploughing 
o r burning, the level o f inhib itory  fac to r will p ro 
gressively decrease either by being leached ou t or 
being destroyed by the activity o f m icroorganism s. 
As the concentration  o f inh ib ito ry  factor decreases a
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level will presum ably be reached a t w hich stra ins o f 
Boletus scaber resistan t to  this fac to r will be able to 
grow  o r their spores to  germ inate before o ther 
m ycorrhizal H ym enom ycetes are  able to  grow , 
a lthough  the possibility th a t there are  stra ins o f  o ther 
species o f m ycorrhizal H ym enom ycetes w hich are 
resistant to  the inhibitory  fac to r canno t be ru led  out. 
I t m ay be expected th a t any tree species w hich is 
ab le  to  form  m ycorrhizal associations w ith resistant 
stra ins o f  Boletus scaber will be able to  establish 
itself m ore quickly before the site is massively re- 
invaded by Calluna (say ab o u t 4  o r 5 years) and  p ro 
duction  o f  inhibitory  factor is renew ed. O nce estab
lished and  equipped w ith m ycorrhizal associations 
and  spreading low er branches such trees will 
gradually  shade ou t m ore and  m ore o f  the reinva- 
d ing Calluna until canopy is form ed.

Present know ledge, how ever, indicates a certa in  
degree o f  specificity betw een various tree  species 
an d  the species o f  m ycorrhizal fungi a lthough  the 
p icture is doubtless by no m eans com plete. T he fo r
m ation o f  ecto trophic  m ycorrhizal associations be
tw een a particu lar higher p lan t species an d  a 
p articu lar species o f  fungus m ay be indicated from  
tw o kinds o f  observations. The first depends on the 
fact th a t m ost if no t all o f the fungi considered to  be 
able to  form  A and  B type ecto trophic  m ycorrhizal 
associations are  only know n to  p roduce sporophores 
in the presence o f an  appropria te  higher p lan t and  
therefore the p roduction  o f sporophores by one o f 
these fungi in  a  pu re  stand  o f  a  particu lar higher 
p lan t species m ay be regarded as strong  evidence o f 
the fo rm ation  o f  an  association betw een the fungus 
and  the higher p lant. O n the o ther hand the absence 
o f  sporophores o f  a  particu lar m ycorrhizal fungus 
does no t necessarily m ean th a t it canno t fo rm  associa
tions w ith th a t particular higher p lant. T he second 
type o f  observation  depends on culture experim ents 
in w hich pure  cultures obtained  from  sporophores 
o f  know n Basidiom ycetes and  seedlings o f  the higher 
p lan t are grow n together under aseptic conditions. 
T he fo rm ation  o f  m ycorrhizal associations under 
such conditions m ay be regarded as strong  evidence 
th a t the two organism s are  likely to  form  associations 
bu t the absence o f  form ation o f  m ycorrhizal assoc
iations under such conditions does n o t necessarily 
m ean th a t the tw o organism s are unable to  form  
associations. T he tw o types o f observation  should be 
used in  conjunction  w ith  each o ther in assessing 
w hether o r n o t a  particu lar fungus is likely to form  
associations w ith a  particu lar higher p lan t in 
the field.

If  the in fo rm ation  concerning Boletus scaber is 
exam ined from  this po in t o f view it will be found, as 
is to  be expected, th a t there are relatively few pure 
culture synthesis experim ents and  ra ther m ore re
cords o f  the parallel occurrence o f  Boletus scaber

sporophores and  various tree species.
M elin (1923b) repo rted  th a t Boletus scaber was 

one o f  the m ost widely d istribu ted  H ym enom ycetes 
in birch an d  aspen w oods and  in  w oods o f  o ther 
broadleaved species b u t was only found  in coni
ferous w oods in  exceptional cases. Like T hesleff he 
has observed Boletus scaber in  association  w ith 
larch, oak  an d  a lder; he also quotes Peyronel an d  
Thesleff as sta ting  th a t B. scaber m ay  be found  
associated w ith  oak  and  larch  in F in lan d  an d  w ith 
Fagus, Corylus, Castanea  and  Sorbus aucuparia in 
N o rth e rn  Italy . M elin also sites a  num ber o f  o ther 
references supporting  the very frequent occurrence 
o f  Boletus scaber in birch woods.

It w ould seem  to  be significant th a t sporophores o f 
Boletus scaber a re  to  be found beneath  isolated young  
b irch  trees o f  bushy hab it and  ab o u t one m etre in 
height w hich have becom e established on  Calluna 
h ea th land  after d isturbance o f  the previously 
vigorous heather.

M odess (1941) states th a t he has found  Boletus 
scaber in  pure coniferous w oods o n  repeated  occa
sions bu t he does no t indicate w hether they were o f  
pine o r spruce o r both.

T he occurrence o f  sporophores o f  Boletus scaber, 
a long w ith those o f o ther species o f m ycorrhizal 
fungi, in a pure  pine stand  85-100 year old, has been 
reported  by B jorkm an (1942).

In  a survey o f  the H ym enom ycetes to  be found  in 
various kinds o f  w oods M alm strom  (1937) records 
th a t Boletus scaber occurs in beech and  birch w oods 
(contain ing  silver fir in a few places) bu t he does no t 
reco rd  it from  the spruce w oods exam ined. O n the 
o ther h an d  W arcup (1951) records Boletus scaber 
from  a  pine stand  although  it does no t seem certain 
w hether o ther tree species were present o r no t. The 
only definite statem ent regarding the parallel occur
rence o f  Boletus scaber and  Picea abies seems to  be 
th a t o f  L evisohn (1960b) w ho merely states th a t 
Boletus scaber has been observed to occur in  the 
neighbourhood  o f  Picea abies bu t w hether in a  pure 
stand  o r n o t is n o t stated. H er com m ent w ith regard  
to  pines is th a t sporophores o f Boletus scaber a re  no t 
frequently  m et in pine stands and  the fungus has no t 
been acclaim ed as a com m on m ycorrhiza form er for 
the genus Pinus.

In  pure cultu re  experim ents M elin (1923b) o b 
served th a t Boletus scaber form ed m ycorrhizal asso
ciations w ith birch and  aspen seedlings. Subsequently, 
he recorded (M elin 1925) the results o f  pure cu ltu re  
experim ents w ith Boletus scaber and  pine and  spruce 
seedlings. H e found th a t a lthough  the hyphae o f 
B. scaber su rrounded  the roo ts o f Pinus sylvestris 
seedlings after 16 m onths, in only one case did they 
penetrate  the roo ts and  this occurred only in scat
tered cells o f  the tap  ro o t and  m ycorrhizal associa
tions were no t form ed. In the case o f  N orw ay spruce
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seedlings, a lthough  the fungus developed rapid ly  the 
seedlings were very w eak and  the hyphae penetra ted  
the roo ts profusely, especially the cortical cells o f 
the tap  ro o t, an d  the fungus w as considered to  be 
highly v iru lent tow ards the seedlings. In  his assess
m ent o f  these findings in re la tion  to  field conditions 
M elin is o f  the op in ion  th a t Boletus scaber m ay be a 
m ycorrhizal associate o f  a secondary o rder for pine. 
H e is uncertain  how  the  species o f  Boletus (B . scaber, 
B. variegatus an d  B. badius) found  to  be highly v iru
len t tow ards spruce in pu re  cu ltu re  w ould  behave 
to w ard s this species in na tu re , since in  general these 
fungi do  n o t belong to the spruce forest, b u t suggests 
th a t they m ay ac t as m ycorrhizal associates o f  a 
secondary o rder in  cases w here the fungus is less 
v iru lent an d  com petition  w ith o ther m ycorrhizal 
fungi is n o t so strong.

I t  is un fo rtuna te  th a t in  his extensive pu re  culture 
experim ents w ith pine and  spruce M odess (1941) did 
n o t use a  s tra in  o f  Boletus scaber. B o th  he and  M elin 
found  a num ber o f o ther fungi w hich form ed m ycorr
hizal associations w ith  spruce under these conditions.

Y oung (1940) found  th a t typical m ycorrhizal 
associations were form ed w hen seedlings o f  Pinus 
taeda an d  Pinus caribaea were grow n u nder sterile 
conditions an d  inoculated  w ith Boletus scaber.

Recently Levisohn (1960b) has found  tha t, in p o t 
cu ltu res using sterilized sand, Pinus sylvestris seed
lings developed ab u n d an t m ycorrhizal associations 
w hen inoculated  w ith  Boletus scaber. T he grow th o f 
the P ine seedlings was stim ulated  by com parison  w ith 
the g row th  o f  con tro l seedlings an d  o f  seedlings 
grow n in the presence o f Boletus bovinus w hen only a 
few m ycorrhizal associations were form ed.

A lthough  the evidence is perhaps n o t so com plete 
as one cou ld  wish, it does suggest th a t Boletus scaber 
is able to  form  m ycorrhizal associations w ith  birch, 
aspen, larch , oak , alder, beech, hazel, sweet chestnut, 
row an  and  various species o f  pine. These tree species 
include a g reat p ro p o rtio n  o f those w hich  have been 
recorded  as being able to  colonize Calluna hea th land  
o r are  m ore readily  established thereon  in forestry 
practice. O n the o ther h an d  it seem s doub tfu l w heth
er Boletus scaber form s m ycorrhizal associations w ith  
N orw ay spruce n o r does there appear to  be any sug
gestion a t present th a t associations are  fo rm ed w ith 
o ther ‘heather sensitive’ species such as Law son 
cypress, Sitka spruce and  silver fir. I t  is therefore 
tem pting  to  consider w hether those tree species 
w hich have been recorded as being able to  colonize 
d istu rbed  Calluna hea th land  are  those w hich in  all 
p robability  seem  to  be able to  fo rm  m ycorrhizal 
associations w ith  Boletus scaber w hilst on  th e  o th er 
hand  the ‘heather sensitive’ species m ay n o t be able 
to  form  associations w ith Boletus scaber. T here seems 
to  be little if any evidence w hich is con trad icto ry  to  
this suggestion.

In  term s o f  such a  hypothesis the follow ing se
quence o f  events is envisaged fo r the g row th  o f young  
trees on  Calluna hea th land  follow ing interference by 
burn ing  o r p loughing  to  such a n  extent th a t vigorous 
Calluna is virtually  absen t fo r several years. I t  is 
assum ed th a t if  the Calluna w ere n o t d istu rbed  the 
g row th  o f  young  trees on  the heath land  w ould  be 
severely checked if n o t entirely prevented. Follow ing 
the v irtual ob lite ra tion  o f  living Calluna the  level o f 
the fac to r in  the soil inhibitory  to  the g row th  o f 
m ycorrhizal H ym enom ycetes w ould  be expected to  
decrease an d  observations suggest th a t it will be 
leached o u t and  inactivated by m icroorganism s. 
A ssum ing th a t there is a  th reshold  level o f  concen
tra tio n  o f the inhib itory  fac to r above w hich even the 
resistan t form s o f  Boletus scaber m ay be unable  to  
grow  an d  fo rm  associations w ith  tree  ro o ts  then, 
a fter the concen tra tion  o f  the inhib itory  fac to r has 
fallen below th is level it m ay be expected th a t 
na tu ra lly  occurring  seedlings o r  young  p lan ted  
individuals o f  tree  species, e.g. birch, pine an d  larch, 
w hich are  able to  fo rm  associations w ith Boletus 
scaber an d  are  otherw ise adap ted  to  the Calluna 
h ea th land  environm ent, will be ab le  to  establish 
them selves by th e  a id  o f  such m ycorrhizal associa
tions. Indeed  Boletus scarber sporophores a re  to  be 
fo u n d  beneath  quite young b irch  trees w hich have 
invaded d istu rbed  heath land . Such trees will have the 
m axim um  tim e in  w hich to  grow  before the Calluna 
begins to  re tu rn  a n d  p roduc tion  o f  inhibitory  fac to r 
is renew ed. I f  g row th  o f  the young trees has p roceed
ed sufficiently before th is occurs then , if the supply 
o f  m ineral nu trien ts is adequate , one m ay expect the 
Calluna to  be increasingly shaded out, as is especially 
the case w ith the m ultistem m ed form  o f  P. m ontana  
p lan ted  on  the Calluna heath lands o f  Ju tland , an d  its 
a rea  o f  occupation  reduced un til the trees fo rm  a 
com plete canopy  and  the Calluna is com pletely sup 
pressed as in the case o f p ine and  larch. I t  w ould  be 
expected th a t p lants o f  tree species w hich are  unable 
to  fo rm  associations w ith Boletus scaber w ould have 
to  w ait longer before the concen tra tion  o f  the inhi
b ito ry  fac to r falls, after ob lite ra tion  o f  the living 
Calluna, below the threshold  level fo r the fungi w hich 
are  m ore susceptible to  the Calluna inhibitory  fac to r 
an d  w ith  w hich they are able to  form  associations. 
T hus they w ould  have less tim e in  w hich to  grow  
before th e  reinvasion by Calluna and  w ould  find it 
m ore difficult to  becom e established unless o r until 
their roo ts can  reach the soil beneath  the canopy o f  a 
species able to  form  associations w ith  Boletus scaber. 
In  the soil beneath  the canopy the concen tra tion  o f  
inhibitory  fac to r will be quite low enough  fo r the 
ro o ts  o f  the ‘heather sensitive’ tree species to  fo rm  
associations w ith  app rop ria te  fungi w hich are m ore 
sensitive to  the Calluna inhib itory  factor. Such indi
viduals o f  a  ‘heather sensitive’ tree species w ill then
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be able to  grow  an d  them selves shade o u t Calluna, 
and  in  tim e form  com plete canopy having been 
‘nursed’ by the species able to  form  associations w ith 
Boletus scaber. In  the case o f  trees p lan ted  on 
Calluna h ea th land  the speed an d  m anner in  w hich 
th is occurs will depend on  the d is tribu tion  p a tte rn  o f 
the ‘sensitive’ and  ‘non-sensitive’ tree species.

I t is o f  course possible th a t there m ay be resistant

strains o f  o th er species o f  m ycorrhizal fungi bu t 
there seems to  be no  evidence o f  this so far from  
labora to ry  o r field observations. I f  there are resis
tan t strains o f  fungi able to  form  m ycorrhizal asso
ciations w ith  spruce it w ould  be expected th a t spruce 
w ould be equal to  birch an d  pine, etc. as a  colonizer 
o f Calluna heath land.



Chapter 6

THE POSSIBLE SOURCE OF THE FACTOR IN CALLUNA  
RAW HUMUS INHIBITORY TO THE GROWTH OF 

MYCORRHIZAL HYMENOMYCETES

Experim ents w ith aqueous extracts o f Calluna raw  
hum us indicate th a t the factor inhibitory  to  the 
grow th o f m ycorrhizal H ym enom ycetes is inactiva
ted o r destroyed by the activities o f  soil organism s. 
O n long established Calluna hea th land  tree  seedlings 
o r  young plan ted  trees su rrounded  by vigorous 
Calluna do n o t seem to develop ecto troph ic  m ycorr
h izal associations and  their g row th is checked. I f  the 
Calluna is shaded  o r killed the grow th o f  the ‘check
ed ’ trees will im prove and  ecto trophic m ycorrhizal 
associations will develop on their roo ts. A lthough  
the ‘heather sensitive’ tree species a re  unab le  to  
com pete w ith  vigorous unshaded  Calluna they are 
well able, w hen they have developed m ycorrhizal 
associations, to  com pete w ith o ther tree species, less 
sensitive to the effect o f  Calluna, w hich have becom e 
established an d  form ed canopy on  the Calluna h ea th 
land  ; in  fact there is on the con trary  the well know n 
‘nursing’ effect o f the sensitive species by the less 
sensitive species and  it seems unlikely th a t the m ine
ral nu trien ts required  by the ‘nurse’ trees will be less 
th an  those needed by Calluna,

Such observations strongly suggest th a t the inh ib i
tory  effect is in som e way associated w ith  living 
Calluna. Since very heavy m ulches o f  Calluna shoots 
result in the recovery o f ‘sensitive’ tree species from  
‘check’ and  the fac to r inhibitory  to  the grow th o f 
m ycorrhizal H ym enom ycetes could  n o t be detected 
in Calluna litter the prob lem  seems to  be narrow ed 
still fu rther to  the living roo ts o f the Calluna p lant. 
As the inhibitory effect seems to  d isappear w hen the 
living Calluna is rem oved o r k illed  this suggests th a t 
the inhib itory  fac to r m ust be continuously  p roduced  
to  m ain ta in  the inhibitory level.

The inhibitory factor could arise in one o r m ore o f 
several ways from  the Calluna ro o t system  or its 
im m ediate v icin ity :

(a) from  the roo ts them selves e ither w ith  or 
w ithout the influence o f  the associated 
endophyte,

(b) from  the associated endophyte,
(c) from  rhizosphere organism s,
The roo t tissues o f a  num ber o f  p lan t species have 

been show n to con ta in  substances actually  o r po ten 
tially deleterious to  p lan t roo ts o r m icroorganism s.

I t  is well know n th a t jug lone an d  the glucosides 
am ygdalin , phloridzin  and  scopolin  occur in the 
roo ts o f various p lan ts and  th a t these substances or 
their hydroly tic p roducts have a deleterious effect on  
p lan t roo ts o r m icroorganism s.

E xperim ents w ith  the ro o ts  o f  p lan ts grow ing 
under aseptic conditions have show n th a t it m ay be 
expected th a t a  variety o f  organic substances such as 
am ino  acids, sugars, vitam ins, etc., will be released 
from  ro o t tissues in to  the m edium  su rround ing  the 
ro o t bu t it seem s very likely tha t, except perhaps in 
abnorm al circum stances, in the case o f  in tac t p lan ts 
m ost if n o t all o f  these substances arise from  
sloughed off ro o t cells o r are  the p roducts o f  their 
autolysis (e.g. R ov ira  1956). O n  the o ther hand  there 
has been m uch in terest in the prob lem  o f  the dele
terious effect o f  flax on  subsequent crops o f the sam e 
p lan t and  there have been a  num ber o f  a ttem pts to  
determ ine the na tu re  and  source o f the effect. 
Becquerel and  R ousseau (1941) found  th a t w hen flax 
seedlings were grow n under aseptic conditions in 
distilled w ater they apparen tly  excreted m aterials 
w hich hindered the grow th, based o n  com parisons 
o f  ro o t elongation , o f  o ther flax seedlings, b u t no t o f  
the seedlings o f o ther p lan t species, subsequently 
p laced in con tac t w ith  the w ater. They also found 
th a t the effect was m uch enhanced if the roo ts o f the 
seedlings were killed by heating  and  suggested th a t 
w hen the flax crop  is harvested the inhibitory  factor 
passes into the soil when the ro o t residues die. 
H ow ever, B orner, M artin , C lauss and  R adem acher
(1959) sta ted  th a t aqueous extracts o f  flax roo t 
residues p roduced  no appreciable effect on  the grow th 
o f  flax seedlings n o r was there any inhibitory  effect 
o n  the grow th o f  flax seedlings o f  ro o t excretions 
from  flax seedlings grow n under sterile conditions, 
a lthough  w hen in non-sterile culture solutions the 
grow th o f  flax p lan ts had  a  deleterious effect on  the 
subsequent grow th (stem  length, dry w eight o f  shoo t 
and  num ber o f  flowers bu t n o t on  ro o t grow th) o f 
o ther flax p lants in the sam e culture solu tion  even 
though  the absorbed  nu trien ts had  been replaced. 
H o t w ater extracts o f  the roo ts o f  flax seedlings and  
alcohol extracts o f  the roo ts o f flax p lants ju s t begin
n ing  to  flower bo th  contained m aterials w hich
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h indered  the germ ination and  ro o t g row th o f  flax 
seedlings. T here seems to  be no  clear evidence 
suggesting th a t , 'in  an  environm ent having physical 
an d  chem ical characteristics co rresponding  to  those 
o f  soil and  in  the absence o f  m icroorganism s, the 
ro o ts  o f  in tact p lan ts excrete organic m aterial, such 
as the above m entioned toxic o r poten tia lly  toxic 
substances, in the sense o f  excretion by the kidney 
fo r exam ple w hereby a  considerable variety  o f  organic 
substances m ay be excreted from  the an im al body. 
In  the case o f  ro o ts  any excretory processes o f  this 
k in d  w ould  have to  be sustained and  o n  a  consider
able scale for ro o t constituents, such as those 
previously m entioned, to  reach  a  concentration  
having an  appreciable sphere o f  influence o n  the 
roo ts o f  o ther p lan ts and  m icroorganism s since the 
inhibitory  substances concerned, o r their toxic 
m oieties, a re  liable to  degradation  and  consequent 
inactivation  by m icroorganism s. I t  m ust be borne 
in  m ind how ever th a t som e o f the aerial o rgans o f 
som e p lan ts appear to  be capable o f  excreting 
organic m aterials, e.g. during gu tta tion  from  leaves 
and  from  nectaries.

T herefore there does no t appear a t p resen t to  be 
reason  to  suppose th a t in the absence o f m icro
organism s the roo ts o f Calluna m ight be able to  
excrete substances in to  the soil w hich w ould inhibit 
the g row th o f  o th er p lan t cells. Even though  som e 
p lan ts con ta in  toxic m aterials w hich m ight be 
liberated  into the soil in appreciable quantities from  
ro o t residues under certain  conditions, e.g. a fter 
harvesting a crop, thereby adversely affecting fu ture 
crops, it seems clear th a t such a m echanism  is n o t 
the basis o f  the effect o f  Calluna on  m ycorrhizal fungi 
since the effect p roduced  by Calluna occurs in  the 
presence o f  the w hole p lan t grow ing vigorously and  
any treatm en t w hich results in  the death o f  Calluna 
roo ts is generally follow ed by the form ation  o f ecto
troph ic  m ycorrhizal associations and  im provem ent 
o f  g row th in  the checked trees.

In  spite o f  the above, w hat appear to  be well sub
stan tia ted  exam ples o f  one p lan t species exerting an 
unfavourab le  influence on  ano ther under conditions 
w here effects due to  com petition  for w ater, light and  
m ineral nutrients can  be ruled ou t have been quoted  
by B orner (1960), M iller (1938) and  W oods (1960). 
Such effects have only been repo rted  for p lants no t 
grow ing under aseptic conditions. In  none o f these 
cases does the na tu re  o f  the effect appear to  have 
been determ ined in the sense o f iso lation  or identifi
ca tion  o f  a  toxic factor. T he possibility th a t m icro
organism s are involved in these effects, either by in
ducing ro o t tissues to  excrete toxic m aterials and  a t 
the sam e tim e stim ulating  increased p roduction  of 
toxic m aterial by the ro o t o r p roducing toxic sub
stances them selves should be considered. Findings 
such as those o f  H ughes and  Swain (1960) and  B ar

nes an d  W illiam s (1960) suggest th a t infection o f  
p lan t tissues by pathogenic m icroorganism s m ay re
su lt in a  m arked  increase in the con ten t o f  fungistatic 
o r o ther substances w hich are norm al constituents o f  
healthy p lan t tissue. In  add ition  the observations o f  
M artin  (1958) indicate th a t cultu re  filtrates from  
Fusarium m oniliforme w hen added to  the culture 
so lu tion  in  w hich oats were grow ing under aseptic 
conditions resu lted  in a 3^ fold increase in  the release 
o f  scopoletin  (6-m ethoxy-7-oxycoum arin) from  the 
ro o ts  w ithout ro o t g row th being influenced, a l
though  exposure o f  the roo ts to  the cultu re  filtrate 
was o f  relatively sho rt du ra tio n  an d  it rem ains to  be 
dem onstrated  w hether the organism  w ould produce 
the sam e effect under soil conditions. In  som e in
stances it seems th a t infection o f  h igher p lan t tissue 
w ith m icroorganism s results in  the p roduction  o f  
substances n o t previously detectable in the tissues. 
T hus G au m an n  and  K ern  (1959) and  G aum ann , 
N iiesch and  R im pau  (1960) have found  th a t sub
stances, either orcinol o r substances o f  unknow n 
com position , inhibitory to  the grow th o f  fungi are 
only produced  in  the tubers o f  24 species o f E u ro 
pean  orchids w hen infected by fungi and  especially 
orch id  m ycorrhizal fungi o r by 3 species o f soil bac
teria  w hich often occur in  the ou ter cells o f  the 
tubers, w hilst C ondon  and  K uc (1959 and  1960) ob
served th a t a  fungitoxic substance is only to  be found 
in c a rro t tissue after inoculation  w ith Ceratocystis 
fim briata. Such substances m ay be p roduced  either 
by the higher p lan t tissue in  response to  the action  o f 
m icroorganism s o r by the m icroorganism s in the 
nu tritional environm ent o f the higher p lan t tissue.

A lthough  the considerably greater populations o f 
m icroorganism s o f  the rhizosphere suggest th a t 
nu tritional conditions may be m ore favourable there 
th an  in the su rround ing  soil it seems unlikely, from  
the indications m entioned previously, th a t even in 
the rh izosphere will there be nu trien ts in sufficient 
quantity  fo r the continued production , by rhizos
phere m icroorganism s, o f  toxic substances in effec
tive concentration . I t is well know n th a t the p roduc
tion  o f  an tib io tics by m icroorganism s requires very 
favourable nu tritiona l conditions bu t adequate  
supplies o f  nu trien ts fo r vigorous grow th is no t 
necessarily the only requirem ent and  supplies o f  
specific m aterials m ay also be required  before an ti
biotics o r toxic substances are  produced, even though  
grow th is vigorous. As is therefore to  be expected, 
active p roduc tion  o f  antib io tics by m icroorganism s 
in natu ra l environm ents occurs either w hen they 
are grow ing in the presence o f the living tissues o f 
anim als and  higher p lants o r in the presence o f con
siderable supplies o f  organic m aterials, e.g. p lant and  
anim al residues. U nder such conditions the m icro
organism s producing the an tib io tic  frequently dom i
nate  the m icrobial population  for a  tim e a t least. The
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in terio r o f the ro o t m ay well p rovide a  nu tritional 
env ironm ent favourab le  for the p roduc tion  o f  an ti
b io tic  m aterials by m icroorganism s an d  th e  endo 
phyte w ith in  the ro o t cells in  endo troph ic  m ycorr
hizal associations w ould  appear to  be particularly  
well placed from  this p o in t o f  view an d  con tinuous 
p ro duc tion  o f  an tib io tic  over considerable periods 
w ould  seem  to  be feasible.

I t  now  seems qu ite  clear th a t w hilst on  the one 
han d  m ineral nu trien ts can  be absorbed  from  the 
soil by the hyphae o f  th e  ecto troph ic  m ycorrhizal 
association , these are  then  conveyed inside the ro o t 
an d  subsequently  given u p  to  th e  tissues o f  the higher 
p lan t, o n  the o ther h an d  the fungus takes up  p h o to 
synthetic p roducts from  the h igher p lan t and , 
in  view o f  the ability o f  fungal m ycelium  to  excrete 
e labo ra ted  m aterials such as enzym es, antib io tics 
etc., it seem s feasible th a t the endophyte  o f  the endo
trophic m ycorrhizal association  could  excrete e la
bora ted  antib io tics in to  the soil. Such an tib io tics may 
well have little o r no effect on  higher p lan t cells 
com pared  w ith their effects on  m icroorganism s.

T he endophytes o f  endo troph ic  m ycorrhizal 
associations have som e connections w ith  the soil 
and  possibly considerably m ore ram ifications in the 
soil th an  is com m only currently  supposed (e.g. 
M osse 1959). T herefore in view o f  the ability  o f 
fungal hyphae to  tran sp o rt an d  excrete various 
m aterials any e labora ted  antib io tics could  be 
excreted directly in to  the soil from  the m ycelium  
external to  the ro o t. This w ould result in  restric
tion  o f the species o f  m icroorganism s able to  inhab it 
the rhizosphere and  perhaps the soil environm ent in 
general for an  appreciable distance in the vicinity o f 
the roo t.

Such a system  could also be the basis o f  the local 
dom inance o f  ecto trophic  m ycorrhizal fungi in the 
rhizosphere o f  the roo ts w ith  w hich they are  associa
ted even though  the com petitive saprophytic  ability 
o f  these fungi m ay be low and  the factors initially 
enab ling  them  to form  associations w ith roo ts still 
rem ain  to  be elucidated.

W hen the roots o f o ther p lan ts en ter the sphere o f 
influence o f  such an an tib io tic producing  system, 
an d  as described by Y eatm an (1955) the roo ts o f 
trees w hose grow th is checked in the presence o f 
Calluna are closely invested by Calluna roo ts, they 
w ould no t be able to  develop m ycorrhizal associa
tions if the fungi norm ally form ing such associations 
a re  susceptible to  the influence o f  the  an tib io tic ; 
hence under conditions w here supplies o f  m ineral 
nu trien ts are sm all such higher p lan ts m ay n o t be 
able to  ob ta in  adequate supplies o f m ineral nu trien ts 
and  be unable to  com pete w ith the o ther species.

In  view o f  such possibilities it is o f interest tha t, as 
has been m entioned previously, Calluna does n o t 
invariably have an un tow ard  effect on  o ther p lan t

species. T he effect o f  Calluna o n  o ther p lan ts is re
duced o r  rem oved if  the Calluna is shaded. I f  the 
Calluna escapes being b u rned  fo r betw een 20 an d  30 
years it will becom e senescent an d  the grow th o f 
trees w hich have rem ained in  check during  this tim e 
will begin to  im prove. T he o th er circum stances, 
a p a rt from  shading an d  w aterlogging, in  w hich 
Calluna appears to  lose its dom inating  influence 
usually  seem to  be associated w ith increased am ounts 
o f  p lan t nu trien ts in  the soil; th is applies especially 
to  n itrogen  fo r o ther nu trien ts seem  to  have little 
influence a lthough  m odification  o f  the reaction  o f 
the soil by add ition  o f  C a o r M g m ay, in  som e cir
cum stances, have an  effect sim ilar to  th a t o f  in
creased supplies o f  nitrogen.

A ccording to  S teinm ann (1947) there is a num ber 
o f  general statem ents th a t Calluna only thrives on  
soils p o o r in nu trien ts an d  th a t it yields to  the com 
petition  o f  o ther p lants in soils richer in  nu trien ts 
and  on  increasingly calcareous soils. T he la tter effect 
m ay be associated w ith  increasing am oun ts o f  cal
cium , less acid  reactions o r  increased supplies o f 
p lan t nu trien ts especially m ineral n itrogen  in  the 
soil. The factor inhibitory  to  the grow th o f  ec to tro 
phic m ycorrhizal fungi appeared  to  be less active a t 
less acid reactions an d  it m ay well be th a t the loss 
o f  dom inance by Calluna o n  richer soils is in  som e 
cases in p a r t a t least associated w ith  decreased acti
vity o f  the inhibitory  fac to r on  these soils. Such 
effects recall P. E . M uller’s (1897) observation  th a t 
spruce was n o t affected by Calluna, even if  it occu
pied the g round  betw een the spruces com pletely, on  
o ld  farm land . I t  is perhaps o f  im portance in  the sam e 
connection  th a t G im ingham  (1960) states th a t m uch 
anim al m anuring  affects Calluna adversely. Beijerin- 
ck (1940) also seem s to  consider th a t anim al m anure 
is one o f  the factors w hich brings ab o u t a  change 
from  hea th  vegetation to  sand  grasses and  herbs, 
w hilst N icholson and  R obertson  (1958) com m ent 
th a t the grazing habits o f  cattle  an d  the effects o f 
large quantities o f dung and  urine depress the grow th 
o f  Calluna to  a greater degree th an  the sm aller an d  
m ore selective grazing anim als. I t  seems possible 
th a t the influence o f  rabb its  in  converting  Calluna 
hea th land  to  grass hea th  is in p a rt due to  a m anurial 
effect from  the faecal pellets o f  the rabb its. The 
dom inance o f  Nardus stricta  (com m ented on by 
K ing (I960)) o n  sheep paths across C alluneta  m ay 
orig inate in  a sim ilar m anner fo r otherw ise Nardus 
only seems to  be able to  achieve dom inance w hen the 
com petitive pow er o f  Calluna is reduced, fo r exam ple 
by senility o f the Calluna. W hat appear to  be ana lo 
gous changes in  vegetation have been recorded 
(G illham  1960) fo r the sclerophyllous hea th  and  
scrub vegetation o f  coastal areas o f  A ustralia  w hen 
colonized by sea-birds, the guano causing a change 
to  annual, b iennial and  succulent species including
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a considerable num ber o f  alien species w here there 
are  in troducing agencies.

R ayner (1911) was im pressed by the differential 
occurrence o f  Calluna vulgaris o n  the B erkshire and  
W iltshire D ow ns, the p lan t grow ing w here the layer 
o f  Clay w ith F lin ts is deepest an d  being absen t where 
the chalk  approached  m ore closely to  the surface. 
H er experim ental investigations (R ayner 1913) in to  
the causes o f this differential d is tribu tion  o f  Calluna 
seem to  po in t to  the im portance o f  m ineral nu trien ts 
in influencing its grow th. C alluna seedlings grow n in 
soil from  where the heather grew on the Clay-with- 
F lin ts loam  (i.e. “heathe r” soil) were b righ t green 
in co lour and  had  a vigorous, m uch b ranched  ro o t 
system  having an  ab undan t characteristic en d o tro 
phic m ycorrhizal association w hereas the g row th  o f 
the Calluna seedlings on  the “ chalk” soil, from  which 
Calluna was absen t in  the field, was practically  com 
pletely inhibited an d  ro o t g row th was a lm ost com 
pletely checked; a lthough  m any la teral ro o ts  began 
to  develop, the tips were often  recurved and  had  a 
brow nish  discoloration , sim ilar ineffective efforts to  
develop a  ro o t system  m ay be m ade repeatedly. In  
such seedlings fungal m ycelium was present only in 
scanty am ounts in  the roo ts w hereas num erous bac
teria  w ere present an d  even penetrated  the ro o t 
cortical parenchym a. W hen transp lan ted  to  the 
C lay-w ith-F lints “heathe r” loam  such seedlings 
quickly recover an d  grow  norm ally. Calluna seed
lings grow ing norm ally in the “ heather” soil were 
w atered w ith aqueous extracts o f  the chalk soil and  
only after 6 -7  m on ths d id  the seedlings begin to  
show  signs o f  in jury; g row th becam e stunted , the 
foliage yellowish and  leaves on  som e o f  the older 
shoots h ad  d ied w hilst in  add ition  ro o t g row th had  
been checked the tips having m arked  curvatures and  
often had associated dense m antles o f  bacteria, and  
the m ycorrhizal association  was poorly developed. 
T he response o f  similarly treated  Calluna seedlings 
grow ing in larger po ts o f “ heather”  soil, a lthough  
sim ilar, appeared  m uch m ore slowly. Calluna seed
lings grow ing in “ chalk” soil were w atered (a) w ith 
distilled w ater an d  (b) w ith an  aqueous extract o f 
“ heather” soil. T he seedlings w atered w ith distilled 
w ater were dead after six m onths w hilst those 
w atered w ith ex tract o f “heather”  soil had  m ade som e 
progress the stem  having four to  six leaves a n d  the 
ro o t g row th is said  to  have been m ore norm al 
a lthough  the state o f  the m ycorrhizal association is 
n o t indicated. Since the grow th o f  the Calluna 
seedlings was influenced by filtered, unheated  ex
trac ts  o f  the soils and  the injurious effects developed 
m ore slowly in  p lan ts grow ing in  larger pots it was 
concluded th a t the unfavourable factor was chemical 
and  n o t physical o r biological in  nature . Subse
quently R ayner (1915 and  1921) grew Calluna seed
lings in aqueous extracts o f  the “heathe r” and

“ cha lk” soils an d  in m ineral nu trien t so lu tion  in  the 
presence an d  absence o f  a  fungus isolated from  
Calluna ro o t m aterial. T he seedlings grow ing in 
“ heather”  soil ex trac t grew norm ally , the cortical 
cells o f  the ro o t being filled w ith colourless hyphae, 
w hilst b o th  ro o t and  shoo t g row th o f  seedlings in the 
“ chalk” soil ex tract w ere strongly arrested  an d  m ost 
o f  the seedlings were dead  o r  m oribund  tw o m onths 
after p lanting , having the appearance o f being 
severely parasitized  by the fungus w ith  w hich the cul
tures w ere inoculated . W hen Calluna seedlings free 
from  m icroorganism s w ere grow n in  sterilized 
m ineral nu trien t so lu tion  they grew  very feebly and  
produced  virtually  no  roo ts w hereas under sim ilar 
conditions b u t in the presence o f  a  fungus isolated 
from  Calluna ovary tissue the Calluna seedlings p ro 
duced considerable shoo t grow th and  m any roo ts 
were p roduced. T he presence o r otherw ise o f  fungal 
associations in the roo ts does n o t seem  to  have been 
investigated although  there was m uch  g row th  o f  the 
fungus, in the vicinity o f  the roo ts, in  the agar w ith 
w hich the nu trien t so lu tion  h ad  been solidified. 
R ayner (1921 and  1924) states th a t using a  nu trien t 
so lu tion  having the com position  K N 0 3, 1 -0 gm, 
M g S 0 4 0 -4  gm, C aSO i 0 -5  gm, C aH 4P 20 8 0 -5  gm, 
N aC l 0 -5  gm, FeCU trace, dist. w ater to 1000 ml, as 
a  basis she found  th a t optim um  grow th o f  Calluna 
seedlings was ob tained  w hen the to ta l salt concen
tra tion  was 0-1 o r 0 -05  per cent, g row th being 
adversely affected a t  higher concentrations, and  
R ayner appears to  have considered this to  confirm  
previous suggestions th a t the Calluna p lan t is unable 
to  thrive in any bu t w eak nu trien t solutions. I t  m ust 
be rem em bered how ever th a t the nu trien t so lu tion  
used  by R ayner con tained  quantities o f  available 
m ineral nu trien ts w hich very p robably  represent 
com paratively high “ ecological” concentrations and  
th a t Calluna seedlings only grew in this so lu tion  in 
the presence o f fungi w hich m ay well have reduced 
significantly the concen tra tion  o f  one o r m ore nu 
trients, particularly  n itrogen, during their grow th.

In  a study o f  the possibility o f  n itrogen  fixation in 
the Ericaceae, R ayner (1922) com m ented on  the 
association  o f  Calluna and  o ther ericaceous species 
w ith soils generally considered to  be deficient in ni
tra tes an d  posed the question  as to  w hether Calluna 
could be cultivated in relatively alkaline soils if the 
n itra te  an d  o ther salt con ten t were low  as is consi
dered to  be the case in  heath  soils. T his seems to 
imply tha t R ayner was inclined to  consider th a t the 
effect o f  the “chem ical” fac to r o f the “ chalk” soil on  
the grow th o f  Calluna seedlings m ay be due to  its 
con ten t o f  n itra te  o r o ther m ineral nu trien ts a l
though  the hydrogen ion concen tra tion  m ay well 
have been a  com plicating factor. In  the sam e paper 
R ayner records tha t, in  the presence o f a  fungus iso
la ted  from  Calluna, the grow th o f  Calluna seedlings
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was as vigorous an d  the seedlings a  b righ ter green 
an d  health ier on  m ineral n u trien t so lu tions solidi
fied w ith agar to  w hich com bined n itrogen  h ad  n o t 
been added  as o n  sim ilar solutions contain ing
0 -5  gm  K N O j per litre.

Subsequently R ayner (1924-5) com m ented th a t 
“ no satisfactory  evidence w as know n to  the w riter 
th a t p lants o f  ling ever occur under na tu ra l condi
tions o r under cultivation  entirely free from  specific 
fungal infection and  th a t it is im possible to  cultivate 
the ling p lan t in  the absence o f  its associate .”

T he follow ing po in ts significant in  the present 
context seem  to  emerge from  R ayner’s w ork on 
Calluna.

1. Calluna form s typical m ycorrhizal associations 
in soils generally considered to  be deficient in ni
tra tes— these associations m ay be deficient in  the 
presence o f o ther form s o f  com bined n itrogen  th an  
n itrate.

2. Calluna seedlings grow  vigorously under experi
m ental conditions, in  the presence o f  a  fungus isola
ted from  living Calluna p lan t m aterial, w here the 
supply o f  com bined n itrogen in  the m edium  w ould 
appear to  be extrem ely small.

3. T he young  roo ts o f Calluna seedlings grow ing in 
soils o r extracts o f  soils likely to  con ta in  appreciable 
am ounts o f  n itra te  an d /o r o ther m ineral nu trien ts 
show  a  rem arkable  investm ent w ith  and  penetra tion  
by bacteria  and  only scanty fungal mycelium  in  the 
roo ts.

I t is o f  considerable in terest th a t R ayner appears 
to  consider th a t her experim ental observations sug
gest th a t Calluna does n o t thrive in the presence o f 
increased supplies o f  m ineral n itrogen since this is in 
agreem ent w ith  the field observations th a t Calluna 
loses its pow er to  becom e dom inan t on  richer soils 
a n d  in the presence o f  applications o f  anim al m anure 
b o th  o f  w hich m ay be expected to  be associated w ith 
increased supplies o f m ineral nu trien ts an d  especially 
n itrogen. I t is also o f  interest th a t increased supplies 
o f  m ineral n itrogen appear to  result in dim inished 
incidence o f  m ycorrhizal associations in  Calluna. 
These findings appear to  receive suppo rt from  inves
tigations into the effect o f  add ition  o f  fertilizers to  
soils o n  the grow th and  developm ent o f  m ycorrhizal 
associations in o ther p lan t species and  especially 
m em bers o f  the Ericaceae.

R ecently M osse (1962) reported  th a t soluble n itro 
gen in various form s (K N 0 3, (N H 4)3S 0 4, urea and  
asparagine) a t a  concen tration  o f 0-05 per cent 
strongly inhibited the form ation o f  associations be
tw een Endogone sp. and  Trifolium parviflorum. The 
app lication  o f  urea to  the leaves is said to have in
creased p lan t size bu t no t the num ber o f associations. 
In  addition , C artw right and  Snow  (1962) found tha t 
spraying o f urea on to  the leaves adversely affected 
n odu la tion  in  seven species o f  legum es w ithout

im pairing  the g row th  o f  the p lants.
T he effect o f  added  nu trien ts on  the g row th o f  

cranberry  and  the fo rm ation  o f m ycorrhizal associa
tions in  its roo ts has been investigated by A ddam s 
an d  M ounce (1931) an d  B ain (1937). T he results 
ob ta ined  suggest th a t the developm ent o f  m ycorr
hizal associations is less p ronounced  in the presence 
o f  added  nu trien ts th an  w hen nu trien ts are  no t added  
b u t th a t the effect is by no m eans so m arked  as th a t 
ob ta ined  in  the case o f  Calluna by R ayner.

M ore recently B rook (1952) a n d  M orrison  (1957) 
have investigated the effect o f  various levels o f  added  
m ineral nu trien ts on  the  developm ent o f  m ycorrhizal 
associations an d  grow th in  Pernettya macrostigma. 
B rook  used different levels o f added  nu trien ts : 22, 
110 o r 550 p .p .m . in the case o f  n itrogen, an d  tw o 
applications a t  these levels were m ade w ith an  in ter
val o f  five weeks betw een them . H e observed th a t a t 
the low est ra te  o f  n u trien t add itions all the p lan ts 
rem ained  healthy, a t the in term ediate levels K  and  
C a added  together depressed the  grow th o f  seedlings 
m arkedly , w hilst som e o f  the p lan ts receiving C a an d  
som e receiving n itrogen  show ed signs o f  injury. A t 
the highest level o f  app lication  o f  nu trien ts all p lan ts 
receiving n itrogen  and  som e receiving C a h ad  died 
a t the cotyledon stage the p lan ts o f  o ther treatm ents 
rem aining vigorous. In  spite o f  the wide range o f 
g row th response to  the trea tm en ts m ost p lan ts had  
copious m ycorrhizal associations and  the less intense 
infections were n o t clearly co rrelated  w ith any 
elem ent o r com bination  o f  elem ents. T he only 
positive result was th a t p lan ts receiving phosphorus 
show ed a som ew hat reduced incidence o f m ycorrhizal 
associations although  the d ry  w eight o f  the stems 
o f  the p lan ts increased w ith increasing doses o f  
phosphorus. In  the present context it is im portan t 
th a t one o f  B rook ’s m ain  conclusions was th a t the 
p lan t was adversely affected by dressings o f  nitrogen 
o f  the o rder norm ally  used fo r crop  p lants. M orrison  
also carried  o u t experim ents on  the effect o f added  
nutrients (N , P, K ) on  P ernettya m acrostigma  grow 
ing in soil from  the p lan t’s na tu ra l hab ita t. In  term s 
o f  the m ethod  o f  ascertaining the incidence o f m y
corrhizal associations, i.e. num bers o f  infected and  
uninfected epiderm al cells in  10 fields under the 
m icroscope a t random , all additions o f  nutrients 
b rought ab o u t a reduced incidence o f infection com 
pared w ith the contro ls, b u t add ition  o f  N H 4N O a 
was especially associated w ith reduction  (50 per cent) 
in  infection and  in the absence o f  added  phosphate , 
the soil was considered to  be deficient in available 
phosphate , in reduced grow th o f  the p lan ts; a t the 
highest levels o f  add ition  (ca. 550 p .p .m . n itrogen) all 
the plants were dead.

B urgeff (1961) observed th a t the add ition  o f
0-025 per cent N H 4N 0 3 to  the m edium  in w hich 
young  seedlings o f  Vaccinium oxycoccus were grow 
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ing resulted in  the p lants having d a rk  green leaves 
a n d  being ab o u t twice as long, and  the leaves twice 
as large, as those o f p lants grow n in the absence o f 
added  N H 4N O a; the la tter p lants had  light green 
leaves an d  their ro o ts  system s were m uch  larger in 
volum e w ith very slender an d  m uch branched  roots. 
In  add ition  there was m uch greater developm ent o f  
associations betw een fungi and  the roo ts, b o th  in ter
nally and  externally, th an  w as the case w ith the 
p lan ts grow n in the presence o f  added  N H 4N O a.

T he investigations o f  S talder and  Schiitz (1957) 
in to  a  disease o f nursery-grow n Erica gracilis w ould 
seem  to  be o f considerable significance. T he disease, 
w hich is characterized by sym ptom s o f  nu trien t defi
ciency an d  desiccation, is associated w ith  dea th  and  
brow ning o f  roo ts, the death  w ith in  a  sh o rt tim e o f 
newly developed roo ts an d  a  heavy infection o f  the 
ro o ts  o f the diseased p lan ts w ith  a  species o f  Olpi- 
dium. I t is o f interest th a t L evisohn (1957b) found  
th a t in  the case o f  som e species, such as A sh, al
though  very deficient in m ycorrhizal associations 
w hen grow ing in  soils o f  high nu trien t sta tus they 
w ere characterized by a  rem arkably  rap id  grow th 
ra te  and  w ere presum ably n o t affected by pathogenic 
organism s. T he disease is never found  in  w ild p lants 
o f  Erica carnea, Erica vagans and  Calluna vulgaris 
an d  Olpidium  was only found  in isolated ou ter cells 
o f  the ro o ts  even in p lan ts o f  E. carnea p lan ted  close 
to  b u t outside the area w here the diseased p lan ts 
were. I t  is strik ing th a t the young roo ts o f  these un 
affected p lan ts contained , alm ost w ithout exception, 
well developed m ycorrhizal associations. S talder 
and  Schiitz raise the question as to  w hether wild 
p lan ts o f  Erica  a re  no t a ttacked  by Olpidium  because 
th e  m ycorrhizal associations o f the Erica  roo ts are 
an tagonistic  to  Olpidium. I t  was also observed th a t 
even if cu ltivated  Erica gracilis initially h ad  profuse 
m ycorrhizal associations these were lost com pletely 
in  the second year w hen the flowering tim e o f  the 
p lan ts was being contro lled  by the application  o f 
n itrogenous fertilizers during the second year.

In  experim ental investigations into this problem , 
w hich were in tended to  show  up  the relative im por
tance o f  the various possible factors concerned, 
S talder and  Schiitz observed the effect o f  add ition  o f 
various am ounts o f N , P, K  on  the grow th o f  non- 
m ycorrhizal roo ted  cuttings o f Erica gracilis. The 
greater the am oun t o f  n itrogen added the greater 
the sh o o t/ro o t ra tio  becam e; this was associated w ith 
inability  to  absorb  adequate supplies o f  w ater and  
increased deleterious effects from  attacks by Olpi
dium  and  Rhizophidium. In  a  fu rther experim ent the 
effect o f different levels o f  added  n itrogen  on  the 
developm ent o f  m ycorrhizal associations by roo ted  
cuttings o f  Erica gracilis was observed after 1 m o n th ’s 
trea tm en t w ith nutrients. There was little difference 
betw een the con tro l p lants, w hich did n o t receive

add itional nu trien ts, and  those receiving
P N K  . N  = 1 - 2  m gm  (N H 4)2S 0 4 per litre.

ioo ( Too
w hereas in the case o f  p lan ts receiving P 3N  K  (3N  =  
353-2 m gm  (N H 4)2 S 0 4 per litre) the developm ent o f 
m ycorrhizal associations w as reduced to  i .  I t  is de
duced th a t the add ition  o f  nu trien ts is h indering  the 
fo rm ation  o f  m ycorrhizal associations an d  further, 
th a t the lack o f  difference betw een the con tro l an d  the 
P N K  plants in  this respect indicates th a t it is the

100
added  n itrogen  w hich is affecting the fo rm ation  o f 
m ycorrhizal associations. F ro m  the results o f 
an o th e r experim ent, in w hich m ineral nu trien ts were 
n o t added, it is concluded th a t g row th  p rom o tion  
follow ing add ition  o f  n itrogenous nu trien ts differs 
from  grow th p ro m o tio n  follow ing the fo rm ation  o f 
m ycorrhizal associations in  th a t w hilst nitrogenous 
nu trien ts favour sh o o t grow th bu t h inder ro o t 
grow th, m ycorrhizal associations encourage bo th  
ro o t and  shoo t grow th, the roo ts o f m ycorrhizal 
p lan ts being up  to  five times better developed than  
those o f  p lan ts w ith few o r no  m ycorrhizal associa
tions.

T he results o f  these various investigations suggest 
th a t the developm ent o f  m ycorrhizal associations 
and  the g row th o f  Erica  spp. and  Calluna a re  m ore 
adversely affected by additions o f  n itrogenous fertili
zers th an  is the case w ith cranberry  and  Pernettya. 
B oth  M orrison  and  S talder and  Schiitz draw  a tten 
tion  to  the apparen tly  very sm all effect o f  nitroge
nous fertilizers on the developm ent o f  m ycorrhizal 
associations and  grow th in spruce and  pine. T hus 
B jorkm an (1940) found  th a t som e ecto trophic  
m ycorrhizal associations were developed in tree 
seedlings grow ing in full light even when nitrogen 
was applied  a t the ra te  o f  2500 m gm /kgm  o f  soil 
a lthough  none were form ed when 9000 mgm N  were 
added  per kgm  soil. T here is a tendency in this case 
fo r add ition  o f n itrogen to  be associated w ith the for
m ation  o f  fewer m ycorrhizal associations the lower 
the light intensity  but, as B jorkm an com m ents, it is . 
rem arkable th a t developm ent o f  m ycorrhizal associa
tions took  place a t all a t these very high levels o f 
nitrogen. The developm ent o f  the tree seedlings re
m ained surprisingly steady in the presence o f  added 
nitrogen, unlike the effects p roduced on  ericaceous 
plants.

I t  therefore seems possible to  pu t forw ard a series 
in which addition  o f com bined nitrogen is associated 
w ith decreasingly adverse effects on p lan t grow th 
and  the fo rm ation  o f  m ycorrhizal associations: 
Erica  and  Calluna ^  cranberry  and  Pernettya  ^  
Scots Pine and  Spruce although  recent results ob 
tained by R ichards (1961) from  po t cultures o f  Pinus 
taeda and  Pinus caribaea suggest th a t when N H 4N 0 3
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w as added to  soils having reactions approach ing  
neu trality  and  resulting  in levels o f  71 -4 and  115-3 
p.p .m . o f  N 0 3, the already ra th e r low percentage o f 
sh o rt roo ts form ing A  and  B type ecto troph ic  m ycorr
hizal associations was greatly reduced. W hether it is 
the am oun t o f  n itrogen  available over a period  o r  the 
concen tra tion  o f  available m ineral n itrogen in the 
soil w hich is im portan t, rem ains to  be elucidated.

Such a s ta te  o f  affairs cou ld  well accoun t fo r the 
apparen tly  decreased ability  o f Calluna to  dom inate  
the vegetation on  richer soils and  w hen n itrogenous 
fertilizers are  used for, in  add ition  to  any assistance 
such im proved nu tritiona l conditions m ay afford to  
previously dom inated  species, the increased am ounts 
o f  m ineral nutrients, especially n itrogen, seems likely 
to  have a deleterious effect on  the g row th and  survi
val o f  Calluna. Conversely, w hen forests are  cleared 
and  the succeeding vegetation is repeatedly  subjec
ted  to  burn ing  and  crop  rem oval the m ineralizable 
soil n itrogen will be progressively depleted w hich 
m ay be expected to  encourage th e  g row th o f  Calluna. 
The ability  o f  Calluna to  thrive on  sm all supplies o f 
m ineral nu trien ts does n o t alone seem to  offer an 
explanation  o f  the po ten tiality  o f  Calluna to  dom i
na te  the vegetation o f  sites apparen tly  p o o r in avail
able n itrogen since tree species w hich canno t com 
pete w ith Calluna on  heath land  are  able to  com pete 
w ith w hat w ould appear to  be the equal o r  greater 
n u tritiona l dem ands o f  o ther tree species on the 
sam e heath lands in the absence o f added nutrients 
p rovided they have developed characteristic ecto
troph ic  m ycorrhizal associations. I t  is here th a t the 
suggestion o f S talder and  Schiitz th a t th e  m ycorr
hizal associate o f  Erica exerts an an tagonistic  effect 
on  Olpidium  becom es o f  considerable interest. T his 
seem s to  be paralleled by the observations o f  Levi
sohn (1953c) th a t the in tracellu lar hausto ria l infec
tion  found in the ro o ts  o f  pines is readily induced in 
seedlings lacking ecto trophic  m ycorrhizal associa
tions w hereas p lan ts well fu rn ished w ith ecto trophic  
m ycorrhizal associations appear to  be im m une to  
infection. A lso in the invasion o f  lily bulb scales by a 
pathogenic bacterium  b o th  an tagonistic  and  syner
gistic effects due to  different species o f  fungi have 
been reported  by Bald and  Solberg (1960).

A n antagonistic action  arising  from  the m ycorr
hizal roo ts o f  Calluna, w hether from  the ro o t tissue 
itself under the influence o f  the endophyte o r from  
the endophyte itself w hen in association  w ith the 
ro o t, on ecto troph ic  m ycorrhizal H ym enom ycetes, 
w ould fit well the observed presence o f  an  inh ib ito r 
to  the grow th o f  m ycorrhizal H ym enom ycetes in 
aqueous extracts o f  Calluna raw  hum us associated 
w ith Calluna grow ing vigorously in full light on soils 
w hich are generally supposed to  be poo r in available 
n itrogen. B oth these are  in accord  w ith observations 
th a t the lack o f fo rm ation  o f  ecto trophic m ycorrhizal

associations by checked spruce on  Calluna hea th 
lands is associated w ith the presence o f  living Calluna 
roo ts, closely investing th e  tree ro o ts  (Y eatm an 
1955), likely to  have num erous m ycorrhizal associa
tions.

A lthough  th e  identity  o f  the endophyte  o f  Calluna 
seems to  be uncerta in  the  organism  w ould  appear to 
be ub iqu itous in  Calluna h ea th land  soils a t least. I f  it 
is able to  grow  in the absence o f  Calluna there  is no 
ind ication  th a t it has an  effect on  tree g row th such 
as is observed in  the  presence o f  vigorous living 
Calluna w ith  a b u n d an t and  vigorous developm ent o f 
m ycorrhizal associations. Since there  seems to  be no 
p recedent a t  p resen t fo r th e  excretion o f  toxic 
m aterials by th e  Calluna roo ts per se it w ould seem 
to  be p rofitab le  to  enquire  w hether the endophyte in
duces the p roduc tion  o f  an tib io tic  by the ro o t tissue 
o r  w hether the endophyte  produces an an tib io tic  o r 
toxic fac to r w hen in  association  w ith Calluna roo ts 
and  especially u nder the nu tritional conditions o f  the 
Calluna hea th land . I t  m ay be o f  significance in  this 
connection  th a t, as m entioned  earlier, in  the absence 
o f  the endophyte, apparen tly  induced by increased 
supplies o f  m ineral n itrogen, Calluna roo ts have been 
observed to  have a  considerable surface popu la tion  
o f  bacteria  and  these m ay even penetra te  the ro o t 
co rtical cells. A ny capacity  o f  the Calluna endophyte  
to  p roduce o r  induce p roduction  o f  an tib io tic  sub 
stances m ay be reduced o r have disappeared som e 
tim e before increased supplies o f  n itrogen  have resul
ted  in th e  disappearance o f  the endophyte from  the 
Calluna roots.

I t  has a lready been suggested th a t m ycorrhizal 
fungi m ay achieve dom inance in an d  on  the ro o t as a 
resu lt o f  an tib io tic  p roduction  w ith consequent res
tric tion  o f  the com position  o f  the rh izosphere m icro- 
flora. T his could  result in the exclusion o f  po ten tia l 
ro o t pathogens and  a t the sam e tim e achieve a m ore 
effective and  extensive system for the abso rp tion  o f 
m ineral nu trien ts from  the soil. A ny an tib io tic  con
flict betw een system s o f  this k ind  in different p lan t 
species w ould  place the p lan t w ith the dom inated  
system  in a very unfavourable position , even though  
its ro o t tissue is undam aged, fo r the abso rp tion  o f  
m ineral nu trien ts w hen lim ited am oun ts o f  these are 
available and  its g row th m ay be expected to  be 
curtailed.

Such a system  w ould be a very effective form  of 
com petition  between p lan t species, especially w here 
the roo ts o f  individuals o f the tw o species a re  in 
close con tac t as in the case o f  the roo ts o f  Calluna 
and  trees, and  seems to  fit m ost if n o t all the  observa
tions regarding the behaviour o f  tree species in the 
presence o f  Calluna:

(a) T he absence o f  check to  the grow th o f  young 
trees on Calluna hea th land  w here the Calluna has 
been killed by ploughing o r burn ing  w hen one m ight
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expect increased p roduction  o f  a toxic fac to r arising 
from  saprophytic  soil organism s w hereas in  fact 
everything suggests th a t any toxic fac to r d isappears.

(b) R esum ption  o f  grow th by trees, w hose grow th 
has been checked in the presence o f  living Calluna, 
follow ing application  o f  n itrogenous fertilizer. Such 
trea tm en t in  add ition  to  suppressing the endophyte  
o f  the Calluna ro o t system, thereby dim inishing any 
production  o f antib io tics and  increasing th e  possibi
lity o f  developm ent o f ecto trophic  m ycorrhizal asso
ciations on tree roo ts, m ight be expected to  allow  the 
non-m ycorrhizal, and  apparen tly  undam aged, roo ts 
o f the checked trees to  absorb  increased supplies o f 
m ineral nutrients. The im proved grow th o f  the trees 
can  only be expected to  be m aintained a fter the 
exhaustion  o f  the added  n itrogen if g row th o f the 
trees in the m eantim e has been sufficient to  shade 
o u t an  appreciable area o f Calluna, and  ecto trophic  
m ycorrhizal associations have been fo rm ed ; if this 
has n o t occurred  the tree m ay then  be in an  even 
m ore vulnerable position, as observed by P. E. M u l
ler (1897), w hen the Calluna is again grow ing a t 
low er levels o f  available nitrogen.

(c) I t is to  be expected th a t the richer soils, where 
Calluna apparently  lacks the capacity  to  dom inate  
the vegetation, will be characterized by increased 
supplies o f m ineral nutrients including nitrogen and  
in m any cases w ith a  reaction  less acid th an  th a t o f 
the Calluna heath land . T he greater supplies o f  n itro 
gen m ay be expected to  reduce the incidence o f 
m ycorrhizal infection in  Calluna and  the  less acid 
reaction  to  decrease the activity o f  a factor, sim ilar 
to  th a t observed in extracts o f  Calluna raw  hum us, 
inh ib ito ry  to  ecto trophic m ycorrhizal fungi. E ither 
o r  bo th  o f  these factors m ay be expected to  reduce 
the capacity  o f  Calluna to  dom inate  o ther species.

(d) Calluna is in to leran t o f  shading e.g. by the 
low er branches o f  trees, and  this m ay be expected to 
interfere w ith the incidence an d /o r activity o f  endo- 
phytes in the Calluna roo ts w hich could result in the 
tree  ro o ts  developing ecto trophic  m ycorrhizal asso
ciations and  thereby being better fitted to  com pete 
fo r supplies o f  m ineral nutrients. Artificial shading 
a n d  m ulching o f  th e  Calluna w ould therefore  be 
expected to  have the observed sim ilar effect on  the 
g row th o f  trees checked by the presence o f  Calluna.

(e) D uring  the senescent phase o f Calluna stands 
the  soil will becom e increasingly less occupied by 
active Calluna ro o ts  and  therefore the ro o t systems 
o f  o th er p lants, e.g. trees in check, on the sam e site

will be increasingly less influenced by any effects due 
to  the Calluna ro o ts  until eventually it should be 
possible fo r the  tree roo ts to  form  ecto trophic  m y
corrh izal associations and  th e  trees m ay then be 
expected to  begin to  grow . T his m ay well be the basis 
o f  the observation  th a t trees w hose grow th is checked 
by Calluna m ay begin to  grow  after 20-30 years.

(f) T he “nursing” effect o f  certa in  tree species 
tow ards o thers w hen grow ing on  Calluna heath land, 
the greater “ heather sensitivity” o f som e tree 
species an d  the characteristics o f  the tree species 
able to  colonize Calluna heath land  when the dom i
nance o f  Calluna is broken , m ay all represen t expres
sions o f  the sam e phenom enon, nam ely th a t those 
tree species best ab le to  invade the Calluna hea th 
land  all appear to  be able to  form  associations w ith 
Boletus scaber. C ertain  strains o f  this organism  
appear to  be especially resistant to  the inhibitory  fac
to r  extractable from  Calluna raw  hum us. I f  this 
factor is p roduced  by the m ycorrhizal associations o f 
Calluna then  any trea tm en t w hich rem oves the 
Calluna o r  reduces the incidence o f  its m ycorrhizal 
associations m ay be expected to  tend to  allow  trees to  
form  ecto trophic m ycorrhizal associations and  grow. 
Trees form ing associations w ith B. scaber m ay be 
expected to  form  associations earlier a fter rem oval 
o r suppression o f  Calluna th an  trees w hich do no t 
and  will therefore have a  longer tim e in w hich to 
becom e established before the Calluna begins to  
re tu rn ; this will increase the possibility fo r progres
sive shading ou t o f  the re tu rn ing  Calluna a t the sam e 
tim e providing a ro o t environm ent in  which the con 
cen tra tion  o f  the. fac to r inhibitory  to  ecto trophic 
m ycorrhizal H ym enom ycetes is low  and  in w hich 
ecto trophic  m ycorrhizal associations m ay therefore 
be form ed by those species e.g. spruce, w hich do  no t 
appear to  form  associations w ith Boletus scaber bu t 
only w ith fungi m ore susceptible to  the inhibitory  
fac to r; the developm ent o f  ro o ts  in the litter layer 
arising from  the trees a lready established, and  from  
w hich the inhibitory  fac to r will be absent, will also 
assist the g row th o f  the “ heathe r sensitive” species. 
I t  m ay also be expected th a t the level o f  inh ib ito r 
in the soil m ay show  wide varia tion  depending on 
such factors as age o f  the Calluna and  incidence o f 
the endophyte  in Calluna roo ts according to  environ
m ental conditions such as the m ineral nu trien ts 
available in the soil and  shading. I t  is also possible 
th a t there could  be wide local variations in the level 
o f  inh ib ito r over sho rt distances depending on the 
d is tribu tion  o f  Calluna roo ts a t any particu lar tim e.



Chapter 7

THE IMPLICATIONS FOR FORESTRY PRACTICE OF 
THE SUPPRESSION OF THE FORMATION OF A & B TYPE 

ECTOTROPHIC MYCORRHIZAL ASSOCIATIONS IN 
FOREST TREES BY CALLUNA VULGARIS

W hether a p lan t species succeeds on  a particu lar site 
is re la ted  to  inherent, genetically determ ined charac
teristics concerning its requirem ents fo r light, w ater, 
m ineral nu trien ts etc. w hich determ ine w hether the 
physical factors o f the site are  suitable, w hether the 
supply o f m ineral nutrients is suitable, w hether it is 
able to  com pete successfully w ith o th er p lan t species 
fo r w hich the site also offers a  suitable environm ent 
and  w hether it is able to  to lerate  interference by m an 
and  grazing anim als. W hen a  num ber o f  p lan t 
species are  potentially  able to  grow on a site in the 
absence o f com petition  from  o ther species dom inance 
by a particu lar species in a m ixed cultu re  o f  such 
species m ay be achieved by various m ethods. F o r  
exam ple one p lan \ species m ay m ake m ore rap id  
grow th, o r grow to  a greater height, th an  ano ther 
w ith the result th a t the m ore slowly grow ing plant, 
unless shade to leran t, is eventually killed. Some 
p lan t species m ay for som e reason be able to  to lerate  
d rough t better than  o thers and  therefore survive to  
the exclusion o f o ther species w hen w ater supplies 
becom e scarce. In  yet o ther cases dom inance m ay be 
achieved by the production  o f  new plants by m eans o f 
runners w hich are  nourished by the paren t p lan t, in 
the m idst o f  p lan ts o f ano ther species, until they have 
grow n sufficiently to becom e established and  sup
press p lants o f o ther species by shading. Such m eth
ods do no t seem to  opera te  in the case o f the com peti
tion  between Calluna vulgaris and  m any o th er plants 
including tree species on base-poor heathlands, 
w hereby the grow th o f the trees is checked fo r m any 
years even though  they are  well able to  grow  on  the 
heath lands in the absence o f Calluna, w here the 
Calluna may kill o r suppress the grow th o f o ther 
p lan t species even though  it does n o t overtop  them .

T he dom ination  o f  tree species by Calluna seems 
to  be associated w ith the lack o f developm ent o f  ecto
troph ic  m ycorrhizal associations by the trees w hich 
in tu rn  seems to  be associated w ith som e factor p ro 
duced by the living Calluna roots. T he effect o f 
Calluna is m ore m arked  in the case o f  “ heather sensi
tive” tree species than  w ith o ther tree species which 
appear to  be characterized by their ability to  form  
m ycorrhizal associations w ith Boletus scaber.

W hen the Calluna heath land  is subjected to  b u rn 

ing o r  m echanical d isturbance, resulting in the elimi
nation  o f  living Calluna fo r a tim e, co lon iza tion  by 
various tree species such as birch o r pine will occur if 
there are  sources o f  seed. T he effect o f  Calluna on 
the grow th o f p lan ted  trees can be counteracted  by 
elim ination  o f  the Calluna by cultivation , by shading 
o f  the Calluna, by application  o f  n itrogenous fertili
zers and  perhaps to  som e extent by m aking the 
reaction  o f the  soil less acid. These considerations 
will have considerable im portance fo r the establish
m ent and  subsequent grow th o f  trees on Calluna 
heath land.

A  heath land  soil on  w hich Calluna has grow n fo r a 
long tim e usually supplies only sm all quantities o f 
available nitrogen and , a lthough  add itional am ounts 
m ay be m obilized from  the ro o t and shoo t residues 
follow ing killing o f  the Calluna by cultivation  o r 
shading, it m ay be expected, from  the na tu re  o f  the 
Calluna effect as described above, th a t under these 
conditions the roo ts o f  pu re  o r  alm ost pu re  stands 
o f  Calluna will be associated w ith m axim um  inten
sity o f checking o f trees p lanted  thereon.

M any years ago D anish  experience indicated th a t 
cu ltivation  alone was n o t the answ er to  the problem  
o f  the difficulties o f  tree grow th on Calluna hea th 
lands, the im portan t fac to r being suppression o f 
Calluna.

Initially the B ritish Forestry  C om m ission (as re
ported  by Z ehetm ayr 1960) a ttem pted  to  establish 
trees on Calluna heath land  by hand  plan ting  m eth
ods involving a  m inim um  o f cultivation  o r p repara
tion  bu t the results were disappointing . Subsequently 
increasing intensities o f cultivation  were undertaken  
w ith a view to  am eliorating  w hat w ere considered to  
be unsuitable conditions o f drainage and  aera tion  o f 
the soil. Experience suggests th a t the orig inal belief 
th a t furrow s were required  to  rem ove w ater from  the 
heath  is fa r from  being the case once the pan is frac
tu red  o r the soil d isturbed to  a  sufficient depth , on 
the con trary  w ater conservation m ay be needed in 
m any areas, e.g. those having a  rainfall below 35 in. 
In  various places in his rep o rt Zehetm ayr lays em pha
sis on different factors and  it w ould appear th a t he 
feels uncertain  as to  the crux o f  the problem  o f the 
checking o f  tree grow th on  Calluna heath land. A t
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one  po in t he concludes th a t every increase in soil dis
tu rbance, by increased coverage, dep th  and  repeti
tion , increases grow th, breaking o f  the pan  being o f 
im portance w here this is near the surface, an d  th a t 
d is tu rbance o f  the surface peat to  p rom ote  its aera
tion  and  breakdow n is the vital fac to r in th is cultiva
tion . Elsewhere, however, he po in ts ou t th a t the 
success o f  furrow  planting, well rem oved from  decay
ing vegetation, m akes the conclusion th a t m obiliza
tion  o f  nutrients by decay o f  buried  vegetation  is 
largely responsible fo r th e  excellent early  grow th o f  
young trees on ploughed heath land  open to  question. 
In  add ition , since the raw  hum us first began to  
accum ulate  on  a  w ell-aerated m ull surface it w ould 
seem very unlikely th a t m echanical disturbance alone 
is likely to  lead to  its breakdow n. F u rth er, the re
sults o f  the experim ents in w hich various types and  
intensities o f  cultivation were used along w ith  broom  
an d /o r Scots pine “ nurses” could  m ore realistically 
be in terpre ted  as indicating th a t any effect o f  in
creased cultivation is due to  suppression o f  an  in
creased p ropo rtion  o f  Calluna since deep ploughing 
over the w hole a rea  p roduced  no  better g row th  o f 
Sitka spruce between the 6 th  to  the 13th year th an  
single furrow  shallow  ploughing, the trees being 
nursed by broom  in bo th  cases. These trees p roduced 
ten  times as m uch height grow th, in the sam e period, 
a s  sim ilar trees grow ing on  ad jacent unploughed 
heath land. T his in terpre tation  m ay well be envisaged 
in Zehetm ayer’s definition o f  the favourable condi
tions for establishm ent o f  Sitka spruce as being elim i
na tion  o f heather com petition by ploughing, sup
pression o f heather regrow th by a  nurse crop  and  
stim ulation  o f the spruce by phosphatic  m anuring 
o r  legumes. This is in essence the old D anish  recipe 
the im portance o f which is fu rther em phasized by the 
concept o f  the checking o f tree grow th on  Calluna 
hea th land  being associated w ith the suppression o f 
the form ation  o f m ycorrhizal associations by tree 
ro o ts  due to  the activities o f the Calluna ro o t system.

T he follow ing m easures (a, b, c and  d) m ay be 
expected to  assist in minim izing the effect o f the 
Calluna roo ts and  prom ote the developm ent o f  either 
stands o f heather sensitive species o r o f m ixtures o f 
“ nurses” and  heather sensitive species which will be 
able to  form  m ycorrhizal associations w ithout delay, 
s ta rt grow th a t the sam e tim e and  have a  better 
chance o f  m aking equal progress:

(a) P lanting  in the furrow  o f  shallow  single furrow  
ploughing so th a t the tree roo ts are in a m edium 
w hich is, and  has been, relatively free from  Calluna 
roo ts. This has already been found to  be beneficial 
in practice.

(b) D elay o f  p lanting  a fter suppression o f  the 
Calluna by cultivation  o r o ther m eans to  allow  suffi
cien t tim e fo r the death  o f  Calluna roo ts and  fo r the 
Calluna ro o t factor to  be leached o u t o r destroyed.

E xperim ents on  th e  op tim um  tim e fo r p lanting  a fter 
cultivation  have so fa r resulted  in  the conclusion 
(Z ehetm ayr 1960) th a t w eathering  fo r one w inter 
a fter cultivation  is advantageous and  tw o w inters 
m ay elapse betw een cultivation  an d  p lan ting  but 
th a t no t m ore th an  one grow ing season should  in ter
vene because if a longer tim e is allow ed to  elapse the 
Calluna begins to  re tu rn  and  severe checking o f  tree 
g row th develops. I t  could well be th a t the initial 
grow th o f  heather sensitive tree species w ould be 
assisted if p lan ting  could be delayed still further, 
the regrow th o f  Calluna being suppressed by selec
tive herbicides, in o rder th a t the level o f  the Calluna 
ro o t factor could  be still fu rther reduced. T his seems 
to  be supported  by D im bleby’s (1953) findings th a t 
colon ization  o f  Calluna heath  by p ine is p o o r 
im m ediately follow ing a fire bu t th a t it gradually  
builds up  until a m axim um  is reached 3 to  5 years 
afterw ards thereafter decreasing as the heather re
turns.

(c) I t  seems probab le  th a t cultivation , if only to  
provide a  m edium  relatively free from  Calluna roo ts 
in w hich the tree roo ts can develop, m ay well be u n 
necessary even fo r “ heather sensitive” tree species 
p lan ted  w ithout “nurses” if the Calluna could  be 
eradicated , a few years before the trees are  p lanted, 
by the use o f  herbicides w hich could  be used subse
quently  to  p revent recolonization  by Calluna until 
th e  trees were in no danger from  the Calluna. W here 
“ heather sensitive” species are p lanted  w ith “ nurses” 
o r  o th er species, erad ication  o f the Calluna fo r som e 
tim e before p lan ting  and  prevention o f  reinvasion by 
Calluna by the use o f  herbicides should ensure m ore 
equal grow th o f  the heather-sensitive and  o ther 
species and  avoid the need to  rem ove “nurses” which 
are  in danger o f suppressing the spruce bu t w hich if 
rem oved, m ay allow  o f  resurgence o f  Calluna 
a lthough  o f  course different heaths m ay provide dif
ferent environm ental and  nu tritional conditions even 
w hen cleared o f  Calluna so th a t the reaction  o f  indivi
dual species and  provenances o f  species and  the 
in teractions betw een various species m ay be expected 
to  differ to  som e extent on different heaths.

(d) T he  application  o f  fertilizers and  especially 
n itrogenous fertilizers, a lthough the la tte r a re  usually 
short-lived in the soil, m ay be expected to  assist the 
grow th o f trees and reduce the checking activity o f  the 
Calluna ro o t system. The use o f  calcareous m aterials 
in sufficient quantities to  reduce substantially  the 
acidity  o f  the heath land  soil m ay also be expected to  
reduce the inhib itory  effect due to  Calluna roo t 
activity.

T he sensitivity o f  a tree species to  heather is no 
guide to  its grow th on a  site in the absence o f Calluna 
and  therefore the nutrient-supplying status o f  a site 
as reflected by the grow th responses o f  the trees 
follow ing the addition  o f  fertilizers is likely to  be
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m asked o r m odified by th e  presence o f  Calluna. 
W hen canopy has fo rm ed the developm ent o f  a 
g round  flora is likely to  be precluded fo r som e tim e 
especially in  stands contain ing only evergreen coni
ferous species and  a t this stage the g row th responses 
o f  the trees to  the add ition  o f  fertilizers should  indi
ca te  w hich nu trien ts are  particu larly  inadequa te  in 
available form  on  a particu lar site. U n d er such condi
tions the trees should  be in a  favourab le  position  to  
utilize added  m ineral nu trien ts, especially n itrogen, 
assum ing o f  course th a t the trees are  suited to  the 
physical factors o f the site.

W hen th e  stand  has grow n sufficiently to  need 
th inning, o r openings are  m ade fo r the in troduction  
o f  o ther species, the danger o f resurgence o f  the 
Calluna is considerable especially if the  canopy is 
opened too  rapidly  and  sufficient light reaches the 
forest floor to  allow  the grow th an d  activity o f 
Calluna. This danger m ay be expected to  increase in 
even-aged heath land  stands as they becom e m ore 
open tow ards the end  o f  the ro ta tio n  especially if 
seeding fellings, o r clear fellings p rio r to  replanting, 
a re  m ade. These dangers are  underlined  by observa
tions such as those o f  B raathe (1950) on the checking 
o f  the second generation o f  N orw ay spruce following 
invasion o f the site by Calluna a fter clear felling o f 
the first crop , also by the failure o f pine seedlings to  
p rosper in the Ca//«wa-dom inated openings o f  the 
Swedish pine heaths, w hich had previously carried  a 
fine pine stand , as described by H esselm an (1910) 
and  by the cases m entioned by Z ehetm ayr (1960) o f 
25 year o ld  pines w hich are  double the height o f 
their 100 year o ld  predecessors w hich h ad  battled  
against Calluna and  o f  o ld  pines on heaths w hich 
have developed new leaders after soil w orking nearby 
w hich suggests th a t as the tree has grow n o lder the 
Calluna has crep t in tow ards the stem  and  although  
the tree has survived it has grow n m ore slowly than  
it m ight have done in the absence o f  Calluna.

In  a private com m unication , Jagm astare  G u sta f 
K o lm odin  described how  in the first experim ents, 
ab o u t 1890, to  try  to  ob ta in  regeneration  o f  Scots 
p ine, on old Calluna g round, the soil was p loughed 
w ith a F innp lough ; the la tte r is an  im plem ent the 
use o f w hich probably  did n o t result in  the Calluna 
being suppressed to  any considerable extent. A l
though  there were only 2-12 o ld  Scots pine trees per 
hectare, m any seedlings were ob tained  during the 
course o f  m any years b u t none survived beyond the 
early  stages. T he sam e results were ob tained  w hen the 
p loughing was com bined w ith ditching. In  1938, 
pow dered sodium  ch lorate  w as applied a t the ra te  
o f  100 litres per hectare and  the few old Scots p ine 
trees subsequently gave rise to  6,500-15,000 seed
lings per hectare w here heather w as decaying, the 
pine p lants being 20 cms high w hen 4 years old, the 
last extension shoo t being 10 cms long.

I t  m ay be possible in  som e cases to  m inim ize the 
po ten tia l effect o f  re invading Calluna by careful regu
la tion  o f  th inn ing  so th a t the am oun t o f  light reach
ing the forest floor is alw ays a m inim um , o r  by the 
use o f  selective herbicides especially w hen groups o f  
young trees a re  being in troduced  in to  openings so 
th a t there  m ay be a  steady succession o f  younger 
trees to  replace th e  o lder trees w hen they  are  rem o
ved. I t  m ay be desirable in som e cases a t least to en
courage non-ericaceous shrubs and  herbs w hich will 
p revent light reaching the soil to  the extent th a t 
Calluna is unab le  to  grow ; although  such p lan ts will 
use som e o f  the available nu trien ts fo r g row th their 
litter m ay catalyse the decom position  o f  coniferous 
litte r and  th e  liberation  o f  m ineral nu trien ts there
from  especially if calcareous m ateria l can  be applied. 
Since as fa r  as is know n a t p resent all the  coniferous 
species a re  likely to  give rise to  raw  hum us on  the 
base-poor Calluna heath lands the supply o f m ineral 
n itrogen  is likely to  be low  and  m ineral nitrogen 
supplied as fertilizer is likely to becom e unavailable  
w hen it has been absorbed  by the tree and  re tu rns to  
the soil in the litter. I f  how ever tree species w hose 
litter does n o t give rise to  raw  hum us on  the base- 
po o r Calluna hea th lands (and  it should  be rem em 
bered th a t species able to  form  m ycorrhizal associa
tions w ith B. scaber a re  m ore likely to  be able to  
com pete w ith the re turn ing  Calluna provided they 
a re  otherw ise suited  to  the environm ent) can  be 
m ixed w ith the conifers then  m ore n itrogen m ay be 
expected to  becom e available from  the Calluna raw  
hum us an d  the conifer litter th an  w hen non-erica- 
ceous shrubs and  herbs form  the g round  flora. A ny 
such increases in supplies o f  available nitrogen 
should  tend  to  reduce the developm ent and  intensity 
o f  the Calluna checking effect and  a t the sam e tim e 
p rom ote  the grow th o f the trees.

T here  a re  soils w hich are  low o r  relatively p o o r in 
bases w hich have so fa r escaped the activities o f raw  
hum us-form ing p lan t species. Such soils a re  usually 
in  w hat m ay be regarded as a delicately poised condi
tion  from  th e  po in t o f  view o f soil developm ent and  
especially raw  hum us fo rm ation . I f  p u re  stands o f  
coniferous species are  p lan ted  on  them  the reserves 
o f  m obilizable nitrogen will tend  to  be used up  for 
the g row th o f the conifers and , especially in the case 
o f  such soils having a  sandy texture, they will readily 
acquire a raw  hum us layer the nitrogen o f  w hich is 
likely to  be difficult to  m obilize. Supplies o f  m ineral 
n itrogen will becom e m eagre so th a t a t a  la ter stage 
if adequate  light is allow ed to  reach the forest floor 
conditions will be suitable fo r invasion by Calluna 
and  a  deleterious effect on tree  grow th an d  tree re
generation  m ay be expected to  follow.

T he effect o f  Calluna on  th e  g row th o f  trees an d  
especially young trees is d ram atic  and  th e  problem  
has therefore a ttrac ted  m uch a tten tion . I f  the effect is
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associated, as there seems reason to  believe, w ith the 
activity o f  th e  m ycorrhizal ro o ts  o f  Calluna it m ay 
well be th a t o ther phenom ena have a  sim ilar basis, 
a lthough  they are  perhaps no t quite so d ram atic  and  
have been ascribed to  o ther causes. F o r  exam ple 
Petrin i (1932-34 and  1935) concludes th a t in  various 
spruce stands the vegetation type was m ore im por
ta n t in determ ining spruce regeneration  th an  soil 
type and  th a t o f  the vegetation types, th a t dom inated  
by Vaccinium  was the m ost unfavourable. Sodium  
ch lo ra te  has been used in  Sweden to  suppress 
Vaccinium  so th a t spruce m ay regenerate m ore 
read ily ; this is in the sam e region where, as previous
ly m entioned, spruce readily invades old pastures 
w hen grazing is abandoned . A  sim ilar effect associa
ted  w ith Vaccinium  seems to  have been observed in 
recen t tim es in the spruce forests o f  the A lps (T repp 
1961) w hich is also in a region where, as m entioned  
previously, spruce is able to  invade pastures. In  the 
old Swedish spruce stands w here the g row th o f  the 
trees has becom e stagnant, though  no t necessarily 
perm anently  so, there is generally a g round  vegeta
tion  o f Vaccinium  and as poin ted  ou t by M elin (1948) 
th e  trees form  m ycorrhizal associations w ith diffi
culty under such conditions. T iren  (1951) has con
cluded th a t under these conditions even the presence o f 
sufficient and  sufficiently high grade seed trees is 
valueless if care is no t taken  to  see th a t screefing 
and  burning are  efficiently carried  ou t. I t cou ld  well 
be th a t Vaccinium  has a sim ilar, though  perhaps no t 
quite so dram atic , effect on tree grow th as Calluna on 
soils w ith raw  hum us layers and  it w ould be interes
ting  to  know  w hether o ther E ricaceous species and  
indeed plan ts from  o ther genera, families o r groups 
have sim ilar properties.

R ichards (1962) has studied the suppression o f 
Araucaria cunninghamii, p lan ted  on the lateritic, 
podzolic soils o f  the coastal low lands o f  South  
Q ueensland, by sclerophyll forest dom inated  by 
Eucalyptus sp. T he grow th o f  Araucaria on  these 
sites is im proved if cu ltivation  is carried  o u t before 
p lanting , o r if  adequate  supplies o f  n itrogenous fer
tilizer are  added. Araucaria  will grow  successfully on 
these sites in association w ith perennial legumes o r 
Pinus taeda o r Pinus elliottii in circum stances w hich 
suggest a  very close parallel between the effect o f  the 
sclerophyll vegetation on  Araucaria cunninghamii 
and  the effect o f  Calluna on N orw ay spruce; it seems 
possible th a t sim ilar m echanism s are  involved in 
b o th  cases.

F o r  a  considerable period  o f  tim e it has been the 
opinion o f  those concerned w ith the production  o f 
certain  crops th a t there  a re  m arked  in teractions be
tw een certain  p lan t species w hich do  no t seem to  be 
attribu tab le  to  factors norm ally  associated w ith p lan t 
com petition, e.g. shade, nutrients and  w ater. M any o f 
these opinions have been concerned w ith the genus

Juglans and  the effect seems to  be m ore pronounced  
the less p roductive the soil (B rooks 1951 and  Schnei- 
derhan  1927). O nly som e species o f  the genus 
(J. nigra and  J. cinerea) appear to  d isplay activity 
w hich has lethal effects on  som e o ther p lants e.g. 
apple, tom ato , p o ta to  and  ericaceous p lants. The 
sam e species o f  the genus Juglans m ay have no 
effects on  o th er p lan t species an d  perhaps even bene
ficial effects on  yet o th er p lan t species. I t  is perhaps 
significant th a t in  the cases w here deleterious effects 
a re  observed there  is apparen tly  close ro o t con tac t 
betw een the w alnut and  the affected p lan t. I t is sus
pected th a t a  toxic fac to r is p roduced only in close 
proxim ity to  the w alnu t roo t, b u t the m anner o f 
excretion o f w hatever fac to r is involved appears to  be 
unknow n. I t seems possible th a t a  m echanism  ana lo 
gous to  th a t suggested fo r the action  o f  Calluna on 
o th er p lan t species m ay be involved.

Ivy, Hedera helix , a lthough  generally found grow 
ing on the m ore fertile soils, also appears to  have an 
effect on m any herbaceous p lan ts w hich bears 
resem blances to  the effect o f  Calluna on o ther p lan t 
species. Ivy m ay occupy extensive areas o f  the forest 
floor in broad-leaved w oods to  the exclusion o f  
m ost, if  n o t all, o ther p lants. T his appears to  be 
achieved by creeping shoots w hich grow  between 
the herbaceous p lants and , w ithout shading them , 
apparen tly  cause the herbaceous p lan ts to  g rad 
ually  fade away. I t is o f  course know n from  the 
w ork  o f  B ou llard  (1953 and  1954) th a t Hedera  
develops ab u n d an t m ycorrhizal associations and  it 
could be th a t these associations have an unfavour
able effect on  the roo ts o f  o ther p lan t species.

W hen tw o o r  m ore tree species are p lanted  in inti
m ate  m ixture it som etim es happens th a t one species 
fails to  thrive and  is ultim ately suppressed and  dies 
ou t. Such failure is often attribu ted  to  unsuitability  
o f  th e  soil o r  som e o ther characteristic o f  the site for 
the particu lar species and  som e such fac to r is no 
d o u b t responsible in som e cases. Instances o f  un
favourable action  o f  one p lan t species on  ano ther 
have been recorded over a considerable period o f  
tim e and  instances are  given by various au tho rs such 
as B orner (1960) and  W oods (1960). I t is suggested 
th a t such instances should  be exam ined from  the 
p o in t o f  view o f  in teraction  between p lan t species 
th rough  the m etabolic activities o f  the m icroorgani
sm s associated w ith the ir roo ts w hereby substances 
are  p roduced  w hich in som e way, such as interfer
ence w ith the processes o f  abso rp tion  o f  nutrients by 
the ro o ts  e.g. by inhibiting the fo rm ation  o r function
ing o f  m ycorrhizal associations, have a  deleterious 
effect on o ther p lan t species; such in teractions being 
perhaps modified by the k ind  o f  soil in w hich the 
plan ts are  growing.

T here w ould also appear to  be the sam e problem  in 
reverse as it were. T he specific peach, apple and  ci
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tru s  decline and  rep lan t problem s w hich occur in 
som e regions b u t n o t in o thers a re  well know n and  
have been investigated from  a num ber o f  different 
angles w ithou t satisfactory conclusions concerning 
the causes being reached. T here are  also suggestions 
from  tim e to  tim e th a t the grow th o f som e forest 
tree  species tends to  stagnate  w hen they are  grow ing 
in p u re  stands. In  som e o f these cases a t least in 
adequate  supplies o f  m ineral nu trien ts do  no t seem 
to  be the cause and  there seems to  be little indication 
th a t pathogenic organism s have invaded th e  roo t 
tissue. T he fact th a t for som e years grow th is satis
factory  seems to  indicate th a t the plants are  n o t a lto 
gether unsuited  fo r the environm ents w here the re
p lan t and  sim ilar problem s occur. These are  und o u b 
tedly difficult and  probably  com plex problem s bu t it 
is suggested th a t they bear a strong  resem blance to  
the well know n ‘staling’ effects observed in cultures 
o f  m icroorganism s. I t should  therefore be considered 
w hether o r no t in som e soils one o r m ore o f the 
m icroorganism s, e.g. m ycorrhizal fungi, closely 
associated w ith the roo ts o f  p lants o f  th is k ind  and 
w hich in som e way affect the grow th o f these p lants, 
produce m etabolites w hich are  e ither relatively stable 
and  over a  period  o f tim e accum ulate in the soil o r 
gradually  induce o ther m icroorganism s in  the soil to  
p roduce unfavourab le  conditions so th a t the grow th 
o r  activity o f the m ycorrhizal fungi is interfered w ith. 
A fter som e tim e the g row th o f  the p lan ts already 
there and  o f p lan ts o f the sam e species p lan ted  on the 
sam e site is adversely affected. I f  such self-inhibitory 
p lants are  grow n in in tim ate  m ixture w ith p lan ts o f 
o ther species the m icroflora o f  the ro o ts  o f the la tter 
p lan t species m ay inactivate o r destroy inhibitory  
m etabolites influencing the self-inhibitory p lan t 
species. I t  is n o t easy to  visualize the quan tita tive  
and  spatial re lationships o f  such systems and  one 
m ay ask why one o r m ore o f  the m any kinds o f  soil 
m icroorganism s are no t active in such a  process o f 
inactivation  o r destruction  in the absence o f  p lan t

ro o ts  o f  an o th e r species, b u t it is in teresting  th a t there 
seems to  be a  ra th e r sim ilar specific system  operating  
in  the case o f  certain  aquatic  anim als. F o r  exam ple, 
the  well know n fish Lebistes reticulatus appears to  
p roduce ra th e r specific w ater b o rne  substances 
w hich lim it the popu la tion  o f  the species (R ose 1959). 
T hus w hen scarcity  o f  food is n o t a lim iting factor 
b o th  production  and  survival o f the young fish de
crease as the num ber o f  adu lts increases, the aq u a 
rium  size being kep t constan t. T he p roduction  o f  fish 
can  be increased by replacing the w ater in the 
aquaria  w ith w ater from  o th er aquaria  contain ing 
fish o f o ther species. A lso w hen Lebistes reticulatus is 
living u nder crow ded conditions, so th a t p roduction  
is lim ited even though  there is no  shortage o f  food, 
th e  survival o f  young fish is m arkedly increased 
w hen an o th e r species o f  fish (Tanichthys albonubes) is 
in troduced  in to  th e  aquarium  even though  food and  
oxygen dem and  is thereby still fu rther increased. 
U nder uncrow ded conditions th e  in troduction  o f 
Tanichthys albonubes p roduced no  effect. O n the 
o th er hand  Tanichthys albonubes p roduces factors 
w hich very effectively lim it its ow n populations. I t is 
suggested th a t the self-inhibitory system  produced by 
Lebistes reticulatus is inactivated  o r  destroyed by the 
m etabolic activities o f  Tanichthys albonubes o r  pos
sibly by its associated m icroorganism s; if the la tter 
is the case it w ould be o f  interest to  know  w hy the 
m icroorganism s o f  the w ater o f  the aquaria  do no t 
apparen tly  inactivate o r  destroy  the inhibitory 
m aterial. Should  certa in  p lan t species possess ana lo 
gous characteristics then  it m ay be expected th a t in 
som e instances m em bers o f  a species will grow  better 
in  m ixture w ith o ther species th an  w ith their own 
kind.

A ttem pts should be m ade to  isolate, identify and 
ascertain  the properties o f  specific active substances 
from  these contrasting  interspecific and  intraspecific 
inhibitory  systems w hich could be o f  considerable 
im portance in p lan t ecology and  p lan t p roduction .



SUMMARY

In fo rm ation  from  w idely scattered  Calluna hea th 
lands in E u rope  indicates th a t the w oody species 
colonizing burned  o r m echanically-disturbed hea th 
land  are  restricted to  Betula  spp ., Pinus sylvestris, 
Juniperus communis, Sorbus aucuparia, Quercus spp., 
Populus tremula, Sa lix  spp. and  Genista spp. even 
though  th e  seed o f  o ther species m ay be available.

T he grow th o f trees p lanted on  ancient Calluna 
hea th land  is usually checked if the dom inance o f  the 
heathe r is no t broken  by m easures such as cultiva
tion . A fter the dom inance o f  the heather has been 
tem porarily  broken by cultivation o f  the heathland 
the grow th o f  trees p lanted thereon m ay be checked 
by the return ing  Calluna. Some tree species are  m ore 
sensitive to  the presence o f Calluna than  o thers. The 
check to  grow th can be alleviated to  som e extent by 
n itrogenous fertilizers and  by anything w hich sup
presses the re tu rn ing  Calluna, e.g. m ulching, and the 
presence o f  species less sensitive to  the returning 
Calluna provided they have grow n to  a sufficient 
size.

T he suppression o f  tree grow th by Calluna has 
been attribu ted  to  various factors bu t none seems to  
provide a satisfactory explanation.

“ H eather sensitive” species such as spruce are well 
able to  com pete, under a  variety o f conditions, with 
o th er types o f  vegetation than  Calluna fo r nutrients 
an d  w ater. T he m ineral nu trien t requirem ents o f 
spruce do no t seem to be unusual and m ay even be 
less th an  those o f  species such as pine and  birch 
w hich are  less sensitive to  the influence o f  Calluna. 
A lthough  unable to  resist the return ing  Calluna the 
“ heather sensitive” species can com pete successfully 
o n  heathland, in the absence o f Calluna, with o ther 
tree  species w hich are  able to  resist the returning 
Calluna.

T he na tu re  o f  the com petition  between tree 
species and  Calluna on heath land  is unusual in th a t 
th e  successful species, Calluna, does no t outgrow  
an d  suppress the trees by overtopping.

It is concluded th a t the basis o f  the checking effect 
on  the grow th o f  trees by living Calluna m ust be 
sough t in an effect on the functioning o f  the ro o t 
system  o f  the tree, probably  by interference w ith the 
m echanism  w hereby m ineral nutrients are  taken  into 
th e  roo t.

Trees w hose grow th is checked by the presence of 
living Calluna seem to  be characterized by lack of 
developm ent o f  ecto trophic  m ycorrhizal associations. 
I f  the basis o f th is lack o f developm ent o f  m ycorr
h izal associations can be ascertained it should be o f 
assistance in understand ing  the failure o f  spruce and  
o th e r  species to  grow  in the presence o f  living 
Calluna.

O bservations on the differential occurrence o f  
ecto troph ic  m ycorrhizal associations on  tree roo ts in 
the field led to  the idea th a t the level o f  available 
nutrients in the soil was the fac to r determ ining the 
fo rm ation  o f  these associations. T he results o f  experi
m ental investigation by various w orkers in to  the in
fluence o f  the level o f  m ineral nu trien ts, especially 
nitrogen, in the soil, on  the fo rm ation  o f  ecto trophic  
m ycorrhizal associations, do  n o t seem to  give any 
conclusive results. B earing in m ind the difficulties o f 
relating  the concentrations o f  am m onia and  n itra te  
nitrogen in various soils, as determ ined by various 
m ethods, to  the physiologically active concen tra tions 
experienced by p lan t roo ts and, m icroorganism s, it 
w ould appear th a t a  considerable range o f  concen tra 
tions is likely to  be m et w ith even in the sam e soil 
over a  period o f  tim e; b u t there is no indication  as 
yet th a t soils in which developm ent o f  A and  B type 
ecto troph ic  m ycorrhizal associations is scanty or 
lacking, can  be characterized by the ir concentrations 
o f  am m onia and  n itra te  nitrogen.

It is concluded th a t it is doub tfu l w hether in ternal 
conditions in the p lant, as represented by concen tra
tion  o f  easily soluble reducing substance and  the N /P  
ra tio  o f  the p lan t tissue, a re  directly related  to  the 
fo rm ation  o f  A  and B type m ycorrhizal associations 
by tree  roots.

Exam ples o f  m arked  localized varia tion  in the 
developm ent o f  m ycorrhizal associations on the sam e 
ro o t system  suggest th a t local variations in the exter
nal ro o t environm ent m ay influence the fo rm ation  o f  
m ycorrhizal associations by m odifying conditions 
locally inside the ro o t an d /o r by affecting th e  grow th 
and  activities o f  the ecto trophic m ycorrhizal fungi.

T he absence o f  characteristic  A  and  B type ecto
troph ic  m ycorrhizal associations from  the roo ts o f 
trees w hose grow th is checked in the presence o f 
living Calluna on heath land  does n o t appear to  be 
due to  absence o f  short roo ts even though  these m ay 
be considerably fewer in num ber th an  when trees 
are  grow ing norm ally.

T here seems to  be little if anything to  suggest th a t 
the Calluna heath land  soil is inferior to  o th er soils as 
a  nu tritional and  physical environm ent fo r ecto
troph ic  m ycorrhizal fungi.

T he p rio r presence in the Calluna heath land  soil o f 
the m ycorrhizal H ym enom ycetes in one form  or 
ano ther appears to  be o f  little im portance in the 
problem  o f lack o f  fo rm ation  o f  m ycorrhizal 
associations by trees grow ing on Calluna heathlands.

I t looks as though  under Calluna heath land  condi
tions som e factor associated w ith living Calluna is 
preventing the grow th o f  activities o f  m ycorrhizal 
H ym enom ycetes on w hich the fo rm ation  o f  ecto-
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troph ic  m ycorrhizal associations is dependent.
A vailable in form ation  concerning the presence 

and  source o f  factors in  soils and  raw  hum us w hich 
are  inhibitory  to  the grow th o f  m ycorrhizal H ym eno
m ycetes is som ew hat con trad ic to ry ; a  re-exam ina
tion  o f  the soil o f Calluna h ea th land  from  th is p o in t 
o f  view seem ed desirable.

A queous extracts o f  Calluna raw  hum us have been 
p repared  w hich inhibit the g row th o f  a  num ber o f  
m ycorrhizal H ym enom ycetes. T he inability  o f these 
fungi to  grow  on such extracts appears to  be due no t 
to  an  unfavourab le  reaction  o r to  lack  o f  nu trien ts 
b u t to  som e positive inhibitory  fac to r w hich is m ore 
active a t m ore acid reactions. Som e strains o f  Boletus 
scaber seem to  show  resistance to  this inhibitory  
factor.

W hen saprophytic  soil m icroorganism s were 
grow n in an aerated  ex tract o f  Calluna raw  hum us 
inh ib ito ry  to  m ycorrhizal H ym enom ycetes, the inhi
b ito ry  effect disappeared.

Experim ental investigation does n o t p o in t to  
Calluna litter as being the source o f  th e  inhibitory  
fac to r observed in  extracts o f Calluna raw  hum us.

Calluna raw  hum us associated w ith som ew hat 
shaded, leggy and  perhaps senescent Calluna yielded 
extracts contain ing a low er level o f  inh ib ito r to  m y
corrh izal H ym enom ycetes th an  extracts o f  raw  
hum us from  open Calluna heath land. T he inh ib ito r 
cou ld  be concentrated  by d istillation  o f the ex tract 
u nder reduced pressure. Several stra ins o f  Boletus 
scaber were used as test organism s and  the tw o resis
tan t to  the concentrated  ex tract w ere b o th  from  
sporophores from  heathland.

M ore stra ins o f m ycorrhizal H ym enom ycetes were 
able to  grow  in the presence o f  aqueous extracts p re
pared  from  tw o m ull soils, especially in the presence 
o f  added  nu trien ts, th an  grew in the presence o f  ex
trac ts o f  Calluna raw  hum us.

A queous extracts o f  the F  layer from  pine debris 
and  o f old Calluna raw  hum us from  a M aritim e pine 
stand , bo th  o f  w hich contained  characteristic ecto
trophic  m ycorrhizal p ine roo ts, allowed the grow th 
o f  a lm ost all stra ins o f  m ycorrhizal H ym enom ycetes 
tested especially w hen m alt and  glucose were added. 
T he ex trac t o f  old Calluna raw  hum us is m uch less 
inh ib ito ry  to  the grow th o f m ycorrhizal H ym enom y
cetes than  extracts o f  Calluna raw  hum us supporting  
vigorous, unshaded  Calluna, and  any ex tractab le  in
h ib ito ry  activity it m ay have had , has been a lm ost if 
n o t com pletely lost.

A ny inhibitory  factor will be d ilu ted  during p re
p a ra tion  o f  extracts com pared  w ith its concen tra
tion  in the Calluna raw  hum us, w here even the resis
tan t strains o f Boletus scaber m ay be inhibited.

It is suggested th a t the fac to r in  Calluna raw  
hum us inhibitory  to  the grow th o f  m ycorrhizal 
H ym enom ycetes is a very likely cause o f the checked

grow th o f  trees on  Calluna h ea th land  due to  the 
possibility  o f  its effect on  th e  fo rm ation  o f ec to 
troph ic  m ycorrhizal associations by trees, since these 
a re  th e  po ten tia l m ineral nu trien t-absorb ing  system 
o f  the tree  especially w hen th e  supply o f  m ineral 
nu trien ts m ay be sm all.

T he greater resistance o f  certa in  strains o f Boletus 
scaber to  the fac to r in Calluna raw  hum us inh ib ito ry  
to  m ycorrhizal H ym enom ycetes, and  th e  ap p aren t 
specificity betw een tree  species and  m ycorrhizal 
H ym enom ycete species, could well explain why som e 
tree species are  able to  establish them selves m ore 
readily  on  the d is tu rbed  Calluna hea th land  th an  the 
“ heather sensitive” species.

T he effects o f  “ nu rse” trees and  m ulches on the 
grow th o f  heather sensitive trees, w hose grow th is 
checked by Calluna, indicate th a t the effect o f  
Calluna is associated w ith living Calluna. I f  the 
check to  tree grow th and  the factor inh ib ito ry  to  the 
grow th o f  m ycorrhizal H ym enom ycetes have the 
sam e basis, then  th is w ould seem to  be associated 
w ith living Calluna roo ts since m ulches o f  Calluna 
shoots, w hich kill the  Calluna, release the g row th o f 
trees from  check, and  extracts o f  Calluna litte r do no t 
inh ib it the grow th o f m ycorrhizal H ym enom ycetes.

T he d isappearance o f  the fac to r inhibitory  to  
m ycorrhizal H ym enom ycetes when Calluna is sup 
pressed suggests th a t it m ust be continuously  p ro 
duced to  m ain tain  the inh ib ito ry  level.

In  considering the possible source o f  the fac to r 
inh ib ito ry  to  the m ycorrhizal H ym enom ycetes, w hich 
appears to  be associated w ith living Calluna roo ts, 
there  seems no  precedent fo r the Calluna ro o t tissue 
as such being the source and  it is suggested th a t the 
endophyte  o f Calluna is in a nutritionally  favourab le  
environm ent fo r the p roduction  o f an tib io tic  sub
stances w hich could be excreted in to  the soil in the 
vicinity o f  the roo t. Such a system w ould explain the 
local dom ination  by m ycorrhizal fungi o f the zone 
close to  the roo t.

Calluna loses its pow er to  dom inate  the vegetation 
on richer soils and  in  the presence o f anim al excreta, 
bo th  o f  w hich m ay be expected to  be associated w ith 
increased supplies o f m ineral nitrogen. Increased 
supplies o f m ineral nitrogen also  appear to  be asso
ciated  w ith dim inished incidence o f  m ycorrhizal 
associations in the roo ts o f ericaceous species and  
have a  greater effect in this d irection on the m ycorr
hizal associations and  grow th o f  Calluna th an  on  the 
m ycorrhizal associations and  grow th o f  species such 
as pine. S talder and  Schiitz (1957) found  tha t, in the 
case o f  Erica gracilis, in  add ition  to  having a delete
rious effect on  the balance o f ro o t and  shoo t grow th 
an d  survival, the  application  o f  n itrogenous fertilizers 
also causes the d isappearance o f  m ycorrhizal associa
tions and  is associated w ith a ttack  by pathogenic 
fung i; these au tho rs suggest an  an tagonistic effect o f



M Y C O R R H I Z A L  A S S O C I A T I O N S  A N D  C A L L U N A  H E A T H L A N D  A F F O R E S T A T I O N  67

the endophyte o f  Erica gracilis on  the pathogenic 
Olpidium.

A n an tagonistic action  on  m ycorrhizal H ym eno
mycetes arising from  the m ycorrhizal ro o ts  o f  
Calluna w ould fit well the observed presence o f an 
inh ib ito r to  the  grow th o f  these fungi in aqueous ex
trac ts o f Calluna raw  hum us associated w ith Calluna 
grow ing vigorously in  full light on soils w hich are 
generally supposed to  be p o o r in available nitrogen.

A ntib io tic  conflict between the m ycorrhizal sys
tem s o f  different p lan t species w ould place the dom i
nated  system in a  very unfavourable position, even 
though  the ro o t tissue is undam aged, fo r the abso rp 
tio n  o f  m ineral nu trien ts w hen only lim ited am ounts 
o f  these are  available and  the grow th o f  the w hole 
p lan t m ay be expected to  be curtailed. Such a  system 
w ould be a  very effective form  o f com petition  be
tw een p lan t species, especially w here the ro o ts  o f 
individuals o f the tw o species are in close con tac t as 
in the case o f th e  roo ts o f  Calluna and  trees, and  
seem s to  fit m ost if no t all the observations regarding 
th e  behaviour o f tree  species in  the presence o f 
Calluna.

The suppression o f  the grow th o f trees by Calluna 
on Calluna heath lands seems to represent an unusual 
form  o f  com petition  between p lan t species in tha t 
the dom inan t Calluna does n o t usually  overtop  its 
victim s. This has im portan t consequences fo r forestry 
practice o n  Calluna heathlands.

In  the establishm ent o f young trees on  Calluna 
hea th land  the chief function  o f  cultivation  is the sup
pression  o f  Calluna. Suppression can be increased 
a n d  m ain tained  by the p lan ting  o f  b room  and  trees 
less sensitive to  the effect o f  Calluna. Single furrow  
ploughing, besides suppressing a certain  am oun t o f 
Calluna, p robab ly  helps the initial establishm ent o f 
young  trees by enabling them  to  be p lanted  in a 
m ateria l w hich has been less intensively occupied by 
Calluna roots.

D elay o f  p lan ting  after cultivation  w hilst allowing 
m ore  tim e fo r the disappearance o f  the factor inhibi
to ry  to  the fo rm ation  o f  m ycorrhizal associations 
also  decreases the tim e between plan ting  o f  the trees 
an d  reinvasion by Calluna and  it is suggested th a t 
a ttem p ts should  be m ade to  overcom e the latter

d isadvantage by th e  use o f  herbicides. T he use o f 
these substances a t the ou tset m ay even obviate the 
necessity fo r cultivation  and  allow  o f  m ore equal 
g row th o f  m ixtures o f  the “ heather sensitive” and  
o ther species w hen they are  eventually p lanted.

T he application  o f  fertilizers, especially n itro 
genous fertilizers, m ay be expected to  assist the 
grow th o f  trees and  reduce the checking effect o f  
Calluna a lthough  th e  effect o f  the nitrogen fertilizer s 
will be shortlived. M axim um  effect o f  fertilizers on 
tree g row th  is to  be expected in th e  absence o f 
Calluna, i.e. w hen the trees have form ed canopy  and 
possess m ycorrhizal associations.

A s the stands becom e o lder and  require  thinning, 
the danger o f  resurgence o f  Calluna, w ith  its accom 
panying unfavourable effect on  tree grow th, will in
crease. A ttem pts should  be m ade to  coun ter such 
effects by keeping the am oun t o f  light reaching the 
forest floor to  a m inim um , possibly by using selective 
herbicides to  suppress the resurgent Calluna, an d  by 
encouraging non-ericaceous shrubs and  herbs which, 
besides preventing light reaching th e  soil surface and  
the redevelopm ent o f Calluna, will produce litte r 
which m ay catalyse the decom position  o f  coniferous 
litte r and  the liberation  o f  m ineral nutrients, especially 
if calcareous m aterial can  also be applied. T he mixing 
o f  tree species w hose litter does n o t give rise to  raw  
hum us w ith coniferous species, m ay also be expected 
to  assist in the m obilization o f  m ineral nutrients.

I t  is suggested th a t o ther species, e.g. Vaccinium  
myrtillus, m ay have a sim ilar, a lthough  perhaps no t 
such a d ram atic , effect on tree grow th as Calluna and  
also th a t in teractions o f  a sim ilar na tu re  between tree 
species should  no t be overlooked.

T he possibility th a t cases w here individuals o f  one 
p lan t species seem to  have a  deleterious effect on 
each o ther, i.e. intraspecific in teraction , should be 
regarded as the converse o f  interspecific action , is 
suggested and  it seems possible th a t in  such cases 
the in troduction  o f  o ther species m ay alleviate the 
condition .

A ttem pts should  be m ade to  isolate, identify and 
study the properties o f  specific substances from  such 
systems w hich could be o f  considerable im portance 
in p lan t ecology and  p lan t p roduction .
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