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a C T  

A s t r a t e g y  i s  p r o p o s e d  o£ p l a n t  i n o c u l a t i o n  w i t h  v e s l c u l a r - a r b u s e u l a r  

m y c o r r h l z a l  (VAM) f u n g i  b a s e d  on a p p r o p r i a t e  b l o l o g i c a ] ,  t e a t s  ( s o i l  

e n d o m y c o r r h i z a l  p o t e n t i a l  and  f u n g a l  e f f e c t i v e n e s s / s o i l  r e c e p t i v i t y  t e s t )  t h a t  

p r o v i d e  i n f o r m a t i o n  on whe the r  i t  i s  n e c e s s a r y  to i n o c u l a t e  eeld which fungi  to 

u s e .  I t  i s  s u g g e s t e d  t h a t  t h e  i n o c u l u m  p r o d u c t i o n  methods should be chosen in  

f u n c t i o n  o f  t h e  t e c h n i q u e s  u s e d  f o r  p l a n t  p r o d u c t i o n  and o f  t h e  economic  

c r i t e r i o n .  Examples  o f  s u c c e s s f u l  i n o c u l a t i o n  o f  m i c r o p r o p a g a t e d  apple r o o t -  

s t o c k s  and o rnamenta l  p l a n t s  sown in  commercial n u r s e r i e s  a re  p r e s e n t e d .  

~ I O m  

At p r e s e n t ,  a g r i c u l t u r a l  t e chn iques  do n o t  g e n e r a l l y  take  i n t o  c o n s i d e r a t i o n  

t h e  e x i s t e n c e  of  VA endon~ycorrhizae. However, s i n c e  the  p ionee r  exper iments  of  J .  

MENGE on C i t r u s  (MEHGE e t  e l .  1977) t h e  importance of  VAM for  p l a n t  p roduc t ion  

has  become more and more wide ly  accepted ,  end s e v e r a l  p r i v a t e  e n t e r p r i s e s  are  now 

i n t e r e s t e d  i n  p r o d u c i n g  VAM i n o c u l u m .  As f o r  o t h e r  s o i l  m i c r o o r g a n i s m s ,  the  

s u c c e s s f u l  u se  o f  VAM f u n g i  can o n l y  be a c h i e v e d  under c e r t a i n  c o n d i t i o n s  and 

t h e r e f o r e  t h e  c o n c e p t u a l  a p p r o a c h e s  f o r  t h e i r  r a t i o n a l  use need to be de f ined .  

T h e s e  a r e  b a s e d  on t h e  u s e  o f  a p p r o p r i a t e  b i o l o g i c a l  t e s t s  t h a t  p r o v i d e  

i n £ o r m a t ~ o n  on w h e t h e r  i t  i s  neces sa ry  to i n o c u l a t e  and which fungi  to use.  The 

b i o t e s t s  a r e  o u t l i n e d  i n  t h i s  pape r  and  examples a re  g iven  o f  how we are  u s i n g  

them i n  ou r  programme on t h e  a p p l i c a t i o n  o f  VAM to  i n c r e a s e  p l a n t  p roduc t ion .  

Some new a p p r o a c h e s  f o r  b e t t e r  e x p l o i t a t i o n  o f  e f f e c t i v e  i n d i g e n o u s  and 

i n t r o d u c e d  f u n g a l  p o p u l a t i o n s  under  f i e l d  c o n d i t i o n s  a re  a l s o  d i s c u s s e d .  

BIOLOGICAL 

S o i l  e n d o ~ e o r z ' h l s a l  p o t e n t i a l .  The v a r i a t i o n  between s o i l s  in  the number o f  

p r o p e g u l e s  t h a t  genera te  VAM can be very important  and t h e i r  es t imat ion  can vary 
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wi th  t h e  b i o t e ~ t  used to quan t i fy  them. These b i o t e s t s  a re  g e n e r a l l y  based ~ the  

Nost  P r o b a b l e  Humber (NPN) e s t i m a t i o n s  c a l c u l a t e d  a f t e r  d i l u t i n g  out  propagules  

in  a s o i l  and b a i t i n g  them with a t e s t  p l a n t .  As s u ~ e s t e d  by GIANINAZZI-PEARSON 

e t  a l .  (1985) in  o r d e r  to  ob ta in  va lues  t h a t  meet c l o s e l y  r e f l e c t  the e c o l o g i c a l  

r e a l i t y  e x i s t i n g  in  a s o i l ,  e n v i r o n m e n t a l  c o n d i t i o n s  s h o u l d  be changed to a 

minimum and d i l u t i o n s  s h o u l d  t h e r e f o r e  be done us ing  the same, but  d i s i n f e c t e d ,  

t e a t  s ~ i l .  E n v i r o n m e n t a l  c o n d i t i o n s ,  h o s t  p l a n t  ( r a p i d l y  r o o t i n g ,  h i g h l y  

m y c o t r o p h i c )  and g rowth  p e r i o d  shou ld  be c o n s t a n t  / 'or  c o m p a r a t i v e  t e s t s  o f  

d i f f e r e n t  s o i l s  ; g rowth  p e r i o d  should not  exceed 5 to 6 weeks a t  20"C in o rde r  

to  e v a l u a t e  t h e  more a g g r e s s i v e  fung i  a b l e  to  i n f e c t  p l a n t s  dur ing  t h e i r  e a r l y  

s t a g e s  o f  development, when VAM have the g r e a t e s t  e f f e c t s  ~ p l a n t  growth. 

F la l lml  e £ £ e o ~ l v e n e s l .  Funga l  popu la t i ons  vary  not  only q u a n t i t a t i v e l y ,  but a l s o  

q u a l i t a t i v e l y ,  t h a t  i s  in t h e i r  a b i l i t y  to improve p l a n t  growth. I t  i s  t h e r e f o r e  

n e c e s s a r y ,  p a r a l l e l  to  an MPN t e s t ,  t o  a n a l y s e  f u n g a l  e f f e c t i v e n e s s .  This i s  

based  on i s o l a t i n g  a l l  p r o p a g u l e a  from a g iven  volume o~" s o i l  and xwtntroducing 

them i n t o  t h e  same volume ot" d i s i n f e c t e d  s o i l .  Growth of  a t e s t  p l a n t  (h igh ly  

e n d o m y ~ o r r h i z a - d e p e n d e n t )  i s  then compared with tha t  in d i s i n f e c t e d  s o i l  wi thout  

1`ungal p r o p a s u l e s  and in  non d i s i n £ e c t e d  s o i l  c o n t a i n i n g  a l l  t he  ind igenous  

mic ro1` lo ra .  The £ i r s t  c o m p a r i s o n  ( d i s i n f e c t e d  vs r e i n o c u l a t e d  s o i l )  given an 

i n d i c a t i o n  o1` the  p o t e n t i a l  e £ £ e c t i v e n e e s  o f  a VA i~nSal  popu l a t i on  in a given 

s o i l ,  w h i l s t  1"tom t h e  second ( d i s i n f e c t e d  va non d i s i n f e c t e d  s o i l )  we can deduce 

t h e  r e a l  e1"fect iv.enepa o£ the  VA propagules ,  i . e .  whether these  a r e  modulated by 

the  p r e s e n c e  o f  o t h e r  c o m p e t i t i v e  o r g a n i s m s  in t he  s o i l .  VAM ftmgi In a g iven 

s o i l  a r e  no t  n e c e s s a r i l y  adapted fo r  maximum a b i l i t y  to enhance p l a n t  growth. In 

t h i s  c a s e  i n o c u l a t i o n  oi" more e f f i c i e n t  fungi  can be envisaged .  I t  i s  necessa ry  

t 'or  ~h i s  to  have  a c o l l e c t i o n  o1" VAM t'tu~gi c a r e c t e r i s e d  1`or t he i~  e f i ' e~ t ivenes s  

under  g i v e n  p h y s i c a l  end chemical s o i l  c o n d i t i o n s  such as pH, l~ve l  o1  ̀ a v a i l a b l e  

P, i n t e n d e d  f e r t i l i z e r  t r e a t m e n t s  and p o s s i b l y  s o i l  texlnare. Comparison under 

c o n t r o l l e d  c o n d i t i o n s  in  d i s i n 1 ` e c t e d  and non d i s i n 1 ` e c t e d  s o t £  o1` t h e  

e f t ' a c t i v e n e s s  ot" t h e  chosen  VAM 1`ungi w i t h  t h a t  ~f  the indigenous  popu la t ions  

w i l l  u n a b l e  us to  p r e d i c t  t h e  outcome o f  c o n t r o l l e d  i n o c u l a t i o n ,  and th~.refore 

d e c i d e  whe the r  i t  i s  w o r t h w h i l e  to i n o c u l a t e  or  not  in the 1"ield and e v e n t u a l l y  

which VAN t"ungl to use .  The lack o1" a p p r o p r i a t e  1"ungal markers,  a p a r t  from a very 

few e x c e p t i o n a l  s i t u a t i o n s  (ABBOTT and ROBSON 1982) ,  1`or d i s t i n g u i s h i n g  and 

1 " o l l o w i n g  the  d e v e l o p m e n t  ot" an i n t r o d u c e d  VAIq 1"ungus among the  i n q i g e n o u s  

p o p u l a t i o n  in  a non d i s i n f e c t e d  s o i l ,  should not  be cons ide red  a major ~ b s t a c l e ,  

s i n c e  t h i s  w i l l  be r e i ' l e c t e d  in  the  improved p l a n t  growth  a n d / o r  l e v e l  o1" 

i n t ' e c t i o n  in et '1"ectiveness t e s t s ,  As l 'or the c n ~ , ~ c o r r h i z a l  p o t e n t i a l  t e s t ,  t h i s  
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b i o t e s t  s h o u l d  be l i m i t e d  i n  t i m e ,  to 6 to  8 weeks in  t h i s  c a s e ,  in order  

c o n s i d e r  o n l y  VAN 1"ungi t h a t  a r e  h i g h l y  e1"1"ect~ve a t  t he  e a r l y  and c r i t i c a l  

s t a g e s  o f  p l a n t  e s t a b l i s h m e n t .  

S o i l  r e c e p t i v i t y .  S o i l s  a r e  known t o  d i1 ' 1 ' e r  i n  t h e i r  r e c e p t i v i t y  t o  

m i c r o o r g a n i s m s  (ALABOUVETTE 1966) ; t h i s  w i l l  be a key f a c t o r  fo r  the  s u c c e s s f u l  

i n t r o d u c t i o n  o f  n o n  ind igenous  VAN fungi  i n t o  a s o i l .  However, because VAN 1'ungt 

a r e  o b l i g a t e  b i o t r o p h s ,  s o i l  r e c e p t i v i t y  to  them can o n l y  be t e s t e d  in  t he  

p r e s e n c e  o f  t h e  h o s t  p l a n t  ; t h i s  i s  a p r e r e q u i s i t e  f o r ,  and t h e r e f o r e  a l r e a d y  

e v a l u a t e d  i n ,  e f f e c t i v e n e s s  t e s t s .  

RPATEGY OF INOCOLATIOH 

The two b t o t e s t s  f o r  e n d o m y c o r r h i z a l  p o t e n t i a l  and f u n g a l  e1"1"ectiveness, 

t o g e t h e r  wi th  c u r r e n t  knowledge about the  endo~ycor rh t za l  dependency of  d i f f e r e n t  

p l a n t  g e n e r a  and  s p e c i e s ,  w i l l  g ive  us the  e s s e n t i a l  t o o l s  f o r  a r a t i o n a l  use o1" 

VA 1"ungi (Table  1) .  

~MNnP~YION 

VA f u n g i  m u s t  be m u l t i p l i e d  on l i v i n g  r o o t s  an~ t h i s  o b l i g e s  us to  u se  

t e c h n i q u e s  f o r  t n o c u l u m  pz~d~c t ' . ~n  t h a t  a r e  d i f f e r e n t  f rom t h o s e  g e n e r a l l y  

emp loyed  f o r  o t h e r  b i o t e c h n t c s l ] v  i n t e r e s t i n g  f u n g i .  Th i s ,  u s u a l l y  cons idered  as 

a m a j o r  d i s a d v a n t a g e ,  a p p e a r s  .. ou r  e x p e r i e n c e  to  be an advantage ,  s i nc e  the 

r i s k  o f  m a i n t a i n i n g  i n  a c u l t u r e  c o l l e c t i o n  VAN f u n g i  t h a t  have l o s t  t h e i r  

s y m b i o t i c  p r o p e r t i e s  i s  v e r y  low b e c a u s e  t h e s e  a r e  e a s i l y  d e t e c t a b l e  by 

c o n s i d e r i n g  t h e  g rowth  of  t he  s t o c k  c u l t u r e  h o s t  p l a n t s .  On t he  o t h e r  hand,  

d i f f i c u l t i e s  o f  p r o d u c i n g  VAN fungi on l i v i n g  p l a n t s  a r i s e  from the p r e c a u t i o n s  

t h a t  h a v e  to  be t a k e n  i n  o r d e r  to  o b t a i n  ' c l e a n '  ( p a t h o g e n - f r e e )  i n o c u l u m .  

I n o c u l u m  i s  p r e s e n t l y  b e i n g  p roduced  i n  l a r g e  q u a n t i t i e s  on p l a n t s  growing in  

e i t h e r  s o i l  o r  a r t i £ i c i a l  s u b s t r a t e s  and p r e p a r e d  f o r  u se  as  s i e v e d  s o i l  

(GIANINAZZI 1982, MENGE 1 9 8 3 ) ,  bound to  i n o r g a n i c  c a r r i e r s  (DEHNE and BACKHAUS 

1986) or  as  e x t r a c t e d  s p o r e s  t h a t  have been a r t i f i c i a l l y  bound to an i n o r g a n i c  

c a r r i e r  ( J .  WOOD p e r s o n a l  communicat ion) .  Each method has i t s  own advantages  and 

l i m i t a t i o n s  ; t h e  way o£ p r o d u c i n g  i n o c u l u m  needs to he dec ided in  f u n c t i o n  o£ 

t h e  t e c h n i q u e s  used  i n  p l a n t  p r o d u c t i o n  and o f  t he  economic  c r i t e r i o n .  For  

e x a m p l e ,  t h i s  y e a r  i n  F r a n c e ,  we have p r e p a r e d  a " s o i l  t ype  i noc u l um"  i n  

a g r i c u l t u r a l  w a s t e  s o i l  p r o d u c e d  by a s u g a r b e e t  company ,  as a means o1" 

c o m m e r c i a l l y  u t t l t s i n g  t h i s  s i d e  p roduc t .  Sur face  disin1"ectod VAM can provide  an 

e x c e l l e n t  1"orm o1" i nocu lum f o r  c e r t a i n  s p c : ~ 1  crops where i t  i s  essen t ia l  to 

conserve  a minimum degree o f  mic rob ia l  contaminat ion at the moment o f  o u t p l a n t i n g  

from axantc c o n d i t i o n s  (e .g ,  mic~opropagated p l a n t ~ ) .  
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T a b l e  1.  P o t e n t i a l  and s t r a t e g y  f o r  m i c r o - s y m b i o n t  i n o c u l a t i o n  (S.  GIANINAZZI 
~ 1 9 8 6  ) 

I -  SOIL : 

I n d i g e n o u s  mic ro -  
s ~ b i o n t  popu la- 
t i o n s  ( p r o p ~ u l e  
number) 

M i c r o - a y m b t o n t  P o t e n t i a l  f o r  S t r a t e g y  
e f  f e c  t i  vene s s  i n o c u l a t i  on 

Abse nt  _- 0 ~.- +++ - - Inocu]~ate 

Low 

, ,  , D m 

High 

- -  ++ - I n o c u l a t e  

- + - I n c r e a s e  t h e  i n d i -  
genous  p o p u l a t i o n  

-~- ++ - I n o c u l a t e  

. 0 ~ . M a i n t a i n  i n d i g e n o u s  
l e v e l  

I I -  PLANT : E s t a b l i s h  t h e  dependence o f  c u l t u r e s  on t h e  mic rosymbion t  f o r  
p l a n t  growth .  

T a b l e  2 .  E f f e c t s  o f  VAM f u n g i  on growth o f  m i c r o p r o p a g a t e d  a p p l e  r o o t - s t o c k  
(N26) one  y e a r  a f t e r  o u t p l a n t i n g  i n t o  f i e l d  p l o t s  on t h e  ' D o m l n e  d ' E p o i s s e s '  
INRA, D i j o n ,  F. o 

Measure, merits Non d i s i n f e c t e d  s o i l  D i s i n f e c t e d  s o i l  
per  p l a n t  C o n t r o l  G.m. G~ i ,  C o n t r o l  O.m. G. 1. 

Fresh wet Rh t (g )  82b(: 1071) 1161) 40c 1 8 1 a  194a 

D iameter  (ram) 12.2b 13.7ab 13.9ab 8.8c 15.9a 15.8a 

17.5a 17.5a 9b 18,5a 17.2a Number o f  branches 8.2b  

Means o f  4 r e p l i c a t e s .  R e s u l t s  i n  each l i n e  f o l l o w e d  by the  same l e t t e r  do no t  
d i t f a r  s i g n i f i c a n t l y  f rom each o t h e r  (P= 0 .05) .  
G.m. : Glomus mossase ; G . i .  : Glomus I n t r a r a d i c e s .  
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CORr2OLLU IHOCOLATION TRIALS 

As i n d i c a t e d  i n  T a b l e  1, s e v e r a l  s i t u a t i o n s  e x i s t  i n  which  c o n t r o l l e d  

i n o c u l a t i o n  o f  VAN f u n g i  c o u l d  be advantageous  fo r  p roduc t ion  and management o f  

the  s u c c e s s  o f  the  c o n t r o l l e d  i n o c u l a t i o n  under  t he se  c i r c u m s t a n c e s .  

Lov l e v e l  o f  | n d | E e n o u e  VAN f u n g i .  The non d i s i n f e c t e d ,  f e r t i l i s e d  a r a b l e  s o i l  

f rom 'Doe ,s ine  d ' E p o i s s e s '  has a very e f f e c t i v e  VAN p o p u l a t i o n  (Table  2 and 3) and 

t h r e e  s e p a r a t e  t e s t s  o f  i t s  e n d o m y c o r r h i z a l  p o t e n t i a l  gave h igh  v a l u e s  o f  980 

( t e a t  p l a n t  : o n i o n ) ,  1480 ( t e s t  p l a n t  : on ion )  and 2800 ( t e a t  p l a n t  : c l ove r )  

p r o p a g u l e s / k g  o f  s o i l  ( T a b l e  3 and T a b l e  1 in  GIANINAZZI-PEARSON e t  a l .  1985). 

The~e o b s e r v a t i o n s  l ed  us to  i n v e s t i g a t e  t h e  e f f e c t  o f  d e c r e a s i n g  p ropagu le  

numbers  o f  e f f e c t i v e  VAN f u n g i  on p l a n t  y i e l d  u n d e r  f i e l d  c o n d i t i o n s .  Re su l t s  

p r e s e n t e d  in  T a b l e  5 sho~ t h a t  p l a n t  y i e l d  could be s i g n i f i c a n t l y  i nc rea sed  even 

w i t h  o n l y  50 p r o p a g u l e s / k g  o f  s o i l ,  a l though  optimum r e s u l t s  were ob t a ined  with 

167 and  500 p r o p a g u l e s / k g  of  s o i l .  When t h i s  s o i l  i s  d i s i n f e c t e d ,  t h e r e f o r e ,  200 

p r o p a g u l e s / k g  o f  s o i l  i s  p r o b a b l y  t h e  minimum i n o c u l u m  d e n s i t y  r e q u i r e d .  

E x p e r i m e n t s  i n  non  d i s i n f e c t e d  s o i l  have n o t  ye t  been done, bu t  i t  seems l i k e l y  

t h a t  i n  t h e  c a s e  o f  e f f e c t i v e  ind igenous  VAN f~nga l  p o p u l a t i o n s ,  the  d e n s i t y  o f  

p r o p a g u l e s  r e q u i r e d  would be h i g h e r  th~,u 200 b e c a u s e  o f  t h e  compe t i t i on  wi th  

other existing soll microorganisms. This competition is well illuat~',ated ~y 

c o m p a r i n g  t h e  d e v e l o p m e n t  a f t e r  h a r v e s t  o f  VAN f u n g i  i n  n o n  d i s i n f e c t e d  s o i l  

( T a b l e  1 in  GIANINAZZI-PEARSON e t  a l .  1985) wi th  t h a t  in  d i s i n f e c t e d  s o i l  (Table  

5) : i n  t h e  l a t t e r  c a s e  p r o p a g u l e s  i n c r e a s e d  2 to 5 t imes .  ~ s p i t e  o f  t h i s  we 

s h o u l d  be ab l e  to p r e d i c t  a s u c c e s s f u l  i n o c u l a t i o n  us ing  the f u n g a l  e f f e c t i v e n e s s  

/ s o i l  r e c e p t i v i t y  t e s t .  The same must be t r u e  when the ~ndigenous VAN fungi  a re  

n o t  e f f e c t i v e ,  b u t  i n  t h i s  case  the p o s s i b i l i t y  of  f i n d i n g  a p p r o p r i a t e  fungi  may 

be lower  b e c a u s e  t h e  e x i s t i n g  compe t i t i on  wi th  o the r  s o i l  microorganisms w i l l  be 

r e i n f o r c e d  by t h a t  with non e f f e c t i v e  ind igenous  VAN f u n g i .  

B l a b  l e v e l  o f  tlldigw~3ua VAN f l a lg i .  When high l e v e l s  o f  i nd i ge nous ,  e f f e c t i v e  VAN 

f u n g i  a r e  p r e s e n t  i n  s g i v e n  s o i l ,  i n o c u l a t i o n  i s  n o t  n e c e s s a r y  ( T a b l e  3 ) .  

However ,  u s e  o f  a m e t a l a x y l  or  aluminium e t h y l  phosphonate-based f u n g i c i d e  (J .A. 

NENGE, pe~,sonal  c o ~ u n i ~ a t t o n )  t h a t  can  e l i m i n a t e  or  c o n s i d e r a b l y  reduce the 

l e v e l  o f  c o m p e t i t i v e  s o i l  f u n g i  l i k e  P y t h i u m  sp .  or  Ph:r thophthora sp.  wi thou t  

a f f e c t i n g  VAN fung i  ( see  NOPANDI, in  t h i s  volume) ,  could be an i n t e r e s t i n g  way o f  

i n c r e a s i n g  the  e n d o ~ c o r r h i z a l  e f f e c t .  

I n  s o i l s  w i t h  h i g h  p o p u l a t i o n s  of  i n e f f e c t i v e  VAN f u n g i ,  i n o c u l a t i o n  may no t  

i n c r e a s e  p l a n t  p r o d u c t i o n  u n l e s s  t he  s o i l  i s  d i s i n f e c t e d ,  because  o f  m i c r o b i a l  

( s y m b i o t i c  or  n o t )  c o m p e t i t i o n .  We know v e r y  l i t t l e  about  c o m p e t i t i o n  between 
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different VAM fungi, or between them and other soil microorganisms and more 

r e s e a r c h  i s  needed .  We h a v e ,  however ,  r e c e n t l y  d i scovered  pea mutan ts  which do 

n o t  f o r m  VAN i n  po t  t e s t s  (DUC, TROUVELGT, GIA~INAZZI-PEARSON, GIANINAZZI, 

u n p u b l i s h e d  r e s u l t s ) .  I f  some VAM funga l  s t r a i n s  could s e l e c t i v e l y  overcome t h i s  

r e s i s t a n c e ,  a s  i s  t h e  c a s e  f o r  c e r t a i n  n o d u l a t i o n  m u t a n t s  w i t h  d i f f e r e n t  

endomycor rh iza -dependent  p l a n t  s p e c i e s .  

Table  3.  Co,l~arison of  t he  e f f e c t i v e n e s s  o£ the  i nd igenous  VAM fLmgi o f  the  
'Domaine d ' E p o i s s e s * ,  D i jon ,  F. with G. l n t r s r a d i c e s  u s i n g  &llium cepa 
cv.  Augusta as s t e s t  p l a n t .  

Tre atmen t s  Propsgu le  I n f e c t i o n ( % )  
numbers /ks  o f  s o i l  

Dry  weight  
g / p l a n t  

D i s i n f e c t e d  s o i l  

D i s i n f e c t e d  s o i l  + 
O. t n t r a r a d i c e s  

Non d i s i n f e c t e d  s o i l  

Non d i s i n f e c t e d  s o i l  + 
G. i n t r s r a d t c e s  

10b 4c 0 • 2b 

1890a 90a 9 . 6 a  

1480a 60ab l l . 4 a  

980a 48b 13 .2a  

Means o f  4 r e p l i c a t e s .  R e s u l t s  in  each column fo l lowed by the  same l e t t e r  do no t  
d i f f e r  s i g n i f i c a n t l y  from each o t h e r  (P :  0 . 0 5 ) .  

Table  4 ,  I n c r e a s e d  growth (~) o£ s e v e r a l  woody s p e c i e s  on~ yea r  a f t e r  i n o c u l a t i o n  
in a n u r s e r y  (Levavasseur  & F i l s ,  Ussy, 14420 P o t i g n y ,  F . )  as compared to  
u n i n o c u l a t e d  c o n t r o l s .  

He igh ta  D i a m e t e r  
P l a n t  s p e c i e s  G . i .  G.m, O . i .  G.m. 

Ampelopsis v e t t c h t i  
Berberis,.  thunber~ i  
Cerc i s  s l l i q u a s  trum 
C o r m s  sar~uineum 
F m x i n u s  e x c e l s i o r  
Ht.blscus s~rl s~us 
Ligus t rum Japont  cure 
LiRuidm.bar  s t ~ r e c i f l u a  

+ 73**  + 4 5 * *  + 13 +26* *  
+ 30**  + 3 + 16 - 2  
+ 1 + 20 + 7 +26**  
+ 17 + 3~* *  + 2 +14 
+ 12 + 9 1 " *  + 8 +50* *  
+ 26*  + 7 0 * *  + 31 " *  +14 
+ 15 + 21 + 2 5 * *  +26* *  
+244**  ~106"*  +107"*  +50**  

S i g n l f l c a n t l y  inc reased  : P= 0.01 (**) and P~ 0 .05  {~) 
G.m. = Glomus mosseae ; G, i .  = Glomu~ I n t r a r a d i c e s .  
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T~b~@ 5.  S o i l  i n o c u l u m  d e n s i t y  o f  G. i n t r a r a d i c e s  in  d i s i n f e c t e d  f i e l d  p l o t s  : 
e f f e c t  on l eek  y i e l d ,  endomycor rh iza l  infec t t (k~ and s o i l  endomycorrh tza l  p o ~ . n t i a l  
a f t e r  h a r v e s t .  

Propggule  numbers b e f o r e  crop/kg o f  a r a b l e  s o i l  
500 167 50 0 

Y ie l d  ( g / p l o t s )  102181) 1273a 789b 466c 

I n f e c t i o n  l e v e l  * 
F~ 93a 83a 87a 18L~ 
I ~  60a 60a 61a 6b 
&~ 61a 54a 5,?a 3b 

Propqzu le  numbers 
a~ter  harves t  29333a 8600b 18400ab 173c 

e TROUVELOT et  a l .  1985. R e s u l t s  in  e~-ch l i n e  fo l lowed by the'same l e t t e r  do not  
d i f f e r  s i g n i f i c a n t l y  from each other (P= C.05) .  

Absence o f  J n d l m e n ~ 8  VAN F m ~ l .  Th i s  s ~ t u a t t o n  i s  t y p i c a l  i n  nurser ies  where 

a r t i f i c i a l  ( i n e r t )  p o t t i n g  m i x t u r e s  o r  s u b s t r a t e s  are used,  or  where s o i l  i s  

d i s i n f e c t e d  b e f o r e  p l a n t i n g .  I n  these cases, on ly  the funsa l  e f f e c t i v e n e s s / s o i l  

r e c e p t i v i t y  t e s t  w i l l  be necessa ry .  Among 14 d i f f e r e n t  s u b s t r a t e s  ~e~L~d f o r  

t h e i r  r e l a t i v e  a b i l i t y  to  ensure s u i t a b l e  funsa l  and p lan t  development, we have 

chosen a p e a t / s o i l / g r a v e l  m i x t u r e  ( 2 5 : 5 0 : 2 5 )  as a s t a n d a r d  subs t ra te  f o r  our 

programme on t h e  i n t r o d u c t i o n  o f  VAN f u n g i  i n t o  the  p r o d u c t i o n  c y c l e  o f  

m ie rop ropaga ted  woody f r u i t  c rops .  R e s u l t s  o b t a i n e d  w i t h  t he  l a t t e r  w i l l  be 

l i m i t e d  i n  the  p r e s e n t  paper  to  apple t ree  roo t - s tock  ; o the rs  concerning v ines 

(RAVOLANIRXNA e t  a l .  ) and o i l  palms (BLAL a~d GIANINAZZ1- PEARSON) m ' e  presented 

e l sewhe re  i n  t h i s  vo lume.  P l a n t s  were I n o c u l a t e d  i n  May w i t h  Glomus mosseae 

(LPAS) and G. i n t r a r a d i c e s  (LP&8) d u r i n g  the  po~t  i n  v i t r o  a c c l i m a t i s a t i o n  

p e r i o d ,  t r a n s f e r r e d  t o  a g l a s s h o u s e  and then o u t p l a n t e d  i n  October  i n t o  

d i s i n f e c t e d  or  non d i s i n f e c t e d  s o i l  i n  a f i e l d  nu rse ry .  The int roduced lungs1 

s t r a i n s  were chosen f o r  t h e i r  c o m p a t i b i l i t y  w i t~  the c lay  loam nursery s o i l  (pH 

7 . 0 ,  30 to  40ppm 01sen P ) .  As cou ld  be p red i c ted ,  the VAM fung i  do~olo,,ed very 

w e l l  and s t i m u l a t e d  p l a n t  g rowth  i n  pots ; t h i s  i n f t i a l  advantage was amp l i f i ed  

a £ t e r  o u t p l a n t i n g  i n  t he  f i e l u  p l o t s  w i t h  d i s i n f e c t e d  s o i l  (Tab le  2 ) .  The 

advan tage  o f  the c o n t r o l l e d  i n o c u l a t i o n  was reduced in  non d i s i n f e c t e d  s o i l .  Th is  

can be e x p l a i n e d  by the  f a c t  t h a t  : 1 -  t he  u n i n o c u l a t e d  p l a n t s  grew b e t t e r  

because t h e y  were i n f e c t e d  by i n d i g e n o u s  VAX fung i  ; 2-  the inocu la ted  p l a n t s '  

g rowth  was l ess  t han  i n  d i s i n f e c t e d  s o i l  p r o b a b l y  due to a negat ive  e f f e c t  o f  

o t h e r  s o i l  m ic roo rgan i sms  e l i m i n a t e d  by s o i l  d i s i n f e c t i o n .  Comparison o f  the 

e f f e c t i v e n e s s  o f  t h e  i n d i g e n o u s  VAN f u n g i  w i t h  t h a t  o f  t h e  i n t r o d u c e d  t~ngt  

showed t h a t  t h e  f o r m e r  were  in  f a c t  v e r y  e f f e c t i v e  (Table  3 ) .  As i n d i c a t e d  in  
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T a b l e  1 t h e r e  i s  l i t t l e  l i k e l y  b e n e f i t  in i n o c u l a t i n g  p l a n t s  be fo re  t r a n s p l a n t i n g  

i n t o  non d i s i n f e c t e d  f i e l d  s o i l s  con t a in ing  e f f e c t i v e  V&M fung i .  

We h a v e  a l s o  s t u d i e d  t h e  i n t e r e s t  o f  i n t r o d u c i n g  VAN f u u g i  in  commerc ia l  

n u r s e r i e s  where s o i l  d i s i n f e c t i o n  i s  a c u r r e n t  p r a c t i c e .  S o i l s  from d i f f e r e n t  

n u r s e r i e s  in  n o r t h e r n  F r a n c e  were t e a t e d  fo r  t h e i r  c o m p a t i b i l i t y  to  our s t r a i n s  

u s i n g  t h e  f u n g a l  e f f e c t i v e n e s s / s o i l  r e c e p t i v i t y  t e s t .  S e l e c t e d  nu r se ry  beds were 

then  i n o c u l a t e d  with G. t n t r a r a d i c e s  or G. mosseae be fore  seed ing  ; usua l  nursery  

p r a c t i c e s  were o t h e r w i s e  used  £or p l a n t  p r o d u c t i o n .  Growth enhancement  was 

o b s e r v e d  wi th  a l l  t h e  t e s t e d  p l a n t  s p e c i e s  b u t  n o t  a lways  w i t h  b o t h  f u n g i ,  

u n d e r l i n i n g  t h e  i m p o r t a n c e  of" p l a n t - f u n g u s  i n t e r a c t i o n s  ( T a b l e  4 ) .  I t  i s  

t h e r e f o r e  r e a s o n a b l e  to  t h i n k  t h a t  i n o c u l a t i o n  w i th  both VAN fungi would have 

e n s u r e d  b e t t e r  g r o w t h  o f  a l l  t he  p l a n t s .  We a r e  now e x p e r i m e n t i n g  wi th  a 

° c o c k t a i l °  inoculum c o n t a i n i n g  more than one 1"angus which we th ink  w i l l  guarantee  

l~hizobi~m p o p u l a t i o n s  (GRESSHOFF e t  e l .  1986), t h i s  could a l low the development 

o f  p l a n t  c u l t i v a t e  t h a t  w i l l  form endo,~ycorrhiza only  with c e r t a i n ,  s p e c i f i c a l l y  

s e l e c t e d  (GIANINAZZI and GIANINAZZI-I~ARSON 1986) VAN fungi .  This would overcome 

p r o b l e m s  o f  h igh  l e v e l s  o f  non e f f e c t i v e  i n d i g e n o u s  inocu lum as  we~l as  the  

p o s s i b i l i t y  o f  i n t r o d u c i n g  inoculum, which i s  o f  high q u a l i t y  and has a p r e c i s e  

t a r g e t .  

I n  c o n c l u s i o n ,  we can s a y  t h a t  knowledge  accumulated about  VAM in the pa s t  

y e a r s  h a s  now c r e a t e d  t h e  c o n d i t i o n s  to  b e g i n  r a t i o n a l l y  us ing  them for  p l a n t  

p roduc t ion .  
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