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S H O R T  C O M M U N I C A T I O N  

S y m b i o n t s  o f  A l d e r  N o d u l e s  i n  N e w  Z e a l a n d  

Introduction 

In te res t  in nodules and thei r  endophytes  on the  roots of non-leguminous 
p lants  dates  back a t  least  as far  as in teres t  in those of legumes. However ,  
whereas  the  isolat ion and ident i f icat ion of the  legume nodule  endophy te  has 
been recorded for m a n y  years, isolat ion of non- legume nodule endophytes  has 
never  led to unequivoca l  ident i f icat ion since no one has been able to repeated-  
ly form effect ive nodules wi th  such isolates. W o r k  on non- legume endophytes  
has  been ex tens ive ly  reviewed 1 4 5 12 13 14 in recent  years.  Ac t inomyce tes  are 
a lmos t  cer ta in ly  the  causa t ive  organisms and since cross inocuIat ion successes 
have  been confined to in t ragener ic  ones, except  in the  Elaeagnaceae,  there  
are p robab ly  different  groups of nodule organisms t h a t  invade  roots of non- 
legumes as in the  case of the  legumes. Recen t  work  points  to  differences even 
wi th in  genera  in t h a t  nodules formed by  intragei ier ic  cross inoculat ion m a y  be 
physiological ly  ineffect ive  6 s 11. This  fur ther  endorses the  view t h a t  endo- 
phy t e  straii i  differeiices occur in l ion-legumes as in legumes. 

In  New Zealand the  green alder, Alnus viridis, has shown considerable 
success in revege ta t ion  tr ials  on eroded moun ta in  slopes. New Zealand f lora 
has no indigenous aiders and only  two nodula ted  l ion-legume genera,  name ly  
Discaria and Coriaria 7 9. I t  was decided to ca r ry  out  some pre l iminary  
inves t igat ions  to discover  how widespread the  alder  nodule  endophy te  is in 
New Zealand soils away  from its hos t  (A. viridis), and whe ther  different  alders 
acquire  the  same endophyte .  

Materials and methods 

Unnodu la t ed  seedlings of green alder were produced  by  sowing surface- 
sterilised seed (10 minutes  in 0.1% Hg  CI~) on au toc laved  sand in the  spring 
(August,  1967). Seedlings were g iven several  appl icat ions of a complete-  
nu t r i en t  solut ion (including 25 p p m  N) to ensure t h a t  t h e y  were hea l thy  and 
vigorous prior  to  t he  inoculat ion.  

In  October,  p o t t e d  seedlings were used to tes t  whe ther  nodula t ion  could be 
achieved by  app ly ing  ii iocula of crushed-nodule  suspensions produced  f rom 
nodules of Alnus viridis, A.  glutinosa, A. nepalensis and A. sinuata, or by 
using a layer  of soil f rom a number  of sources. Two seedlings were p lan ted  into 
au toc laved  sand in each s ter i l ised pot.  Abou t  ~" of the  appropr ia te  inoculant  
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soil  w a s  i n c o r p o r a t e d  in  t h e  s a n d  ~" b e l o w  t h e  s u r f a c e .  P o t s  w i t h  c o n t r o l  p l a n t s  

a n d  p l a n t s  t h a t  r e c e i v e d  n o d u l e  s u s p e n s i o n s  h a d  5" of  a u t o c l a v e d  n u r s e r y  
soil  i n c o r p o r a t e d  in  t h e  s a n d .  

N o d u l e s  w e r e  e x c i s e d  f r o m  p l a n t s  of  t h e  a l d e r  spec i e s  l i s t ed  a b o v e ,  al l  

g r o w i n g  in  a l o w l a n d  t r e e  n u r s e r y .  N o d u l e s  we re  w a s h e d  c lean ,  r i n s e d  q u i c k -  

ly  in  9 8 %  e t h a n o l  f o l l owed  b y  10 m i n u t e s  in  0 . 1 %  H g  CI~ s o l u t i o n ,  w i t h  

p e r i o d i c  s h a k i n g .  A f t e r  10 r i n s e s  in  d i s t i l l ed  w a t e t ,  n o d u l e s  we re  c r u s h e d  i n t o  

a f ine  s u s p e n s i o n ,  a n d  25 m l  of  t h e  s u s p e n s i o n  w e r e  a p p l i e d  to  e a c h  po t .  

E a e h  t r e a t m e n t  w a s  r e p r e s e n t e d  b y  12 p o t s  (24 p l a n t s ) ,  h a l f  o f  w h i c h  w e r e  

l i f t ed  a n d  a s s e s s e d  for  p r e s e n c e  o f  n o d u l e s  4 w e e k s  a f t e r  i n o c u l a t i o n  ( N o v e m -  

ber ,  1967), a n d  t h e  r e m a i n i n g  ha l f ,  7 w e e k s  a f t e r  i n o c u l a t i o n  ( D e c e m b e r  1967). 

Results and discussion 

TABLE 1 

Nodulation of Alnus viridis seedlings. 1st assessment 4 weeks and 2nd assessment 7 weeks after inoculation 
with surface-sterilised I~odule suspensions (Treatments  1-4) and soils (Treatments  5-14) 

Ist assessment I 2nd assessment 
I 

Trea tment  

1. A. viridis nodule suspension 
2. A. glutinosa nodule suspension 
3. A. ~*epale~zsis nodule suspension 
4. A. sinueta nodule suspension 
5. Rangiora nursery soiI, 120 ft 
6. Sterilised Rangiora nursery soll 
7. Forest topsoil, 2500 ft 
8. Grassland soil, 2500 ft 
9. Grassland soil, 4200 ft 

10. Grassland soil, 5800 It 
11. Subsoil, 3000 ft 
12. Subsoil from A. viridis, 3000 It 
13. Scree, 4200 ft 
14. Scree from A. viridis, 4200 ft 

No. of 
plants 

harvested 
Nov. 1967 

N o ,  

plan ts  
with 

nodules 

Mean No. 
nodules 

per 
nodulated 

plant  

I No. of 
plants  

harvested 
Dec. 1967 

11 
12 
12 
12 
12 
I2 
12 
12 
12 
12 
12 
12 
12 
12 

ó 

0 
0 
0 

12 
0 
1 

12 
10 
11 
8 
2 
0 

i 
0 

1.2 12 
- -  12 
- -  12 
- -  12 
2.ô 12 
- -  12 
1.0 12 
6.7 12 
1.6 12 
2.2 12 
1.6 12 
2.0 12 
- -  12 
- -  12 

No. Mean No. 
plants nodules 
with per 

nodules nodulated 
plant  

1 1  5.6 
I 1.0 
1 1.0 
3 1.0 

12 6.5 
0 
I 1.0 

12 6.3 
12 2,8 
t l  3.6 
7 1.9 
5 1.2 
0 
1 1.0 

Note: Trea tment  5. Nursery soil known to induce nodulat ion of alders. 6. Sterilised soil control. 7. Beeeh forest 
Notho]agus so~andri var. cli[[.) topsoil. 8. Hard  tussock (Festucä novae-zdandiae) grassland topsoil. 9. Snow tussock 
(Chionochloa palle~s) grasslarld topsoil. 10. Snow tussock (Ch. pallens, Poa colensoi, Celmisia viscosa) topsoil. 11. Ex- 
dosed subsoil in hard tussoek grasslarld area. 12. Exposed subsoil in grassland elose to plallted green alder. 13. Ma- 
terial from a bare scree. 14. Material from a bare scree close to planted greei1 alder. 

T h e  d i s t i n e t  d i f f i c u l t y  in  o b t a i n i n g  n o d u l e  s u s p e n s i o n s ,  o t h e r  t h a n  t h o s e  

f r o m  A.  viridis n o d u l e s ,  t o  y i e l d  n o d u l e s  o n  u n n o d u l a t e d  A.  viridis s e e d l i n g s  
s u g g e s t s  t h a t  t h e  e n d o p h y t e s  in  n o d u l e s  o f  .d. nepMensis, A.  glutinos« a n d  A .  
sinu«ta a r e  d i f f e r e n t  f r o m  t h e  e n d o p h y t e  in  n o d u l e s  of  A.  viridis, B e c a u s e  
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pure-cul ture  me thods  cannot  be employed,  the  occasional  lone nodule 
produced  by  nodule  suspensions f rom species o ther  t han  A. viridis must  be 
viewed as probable  con taminan t s  in the  surface-steri l ised donor  nodules. 
Such lone nodules cannot  be considered evidence t h a t  endophytes  t rom A. 
,zepalensis, A. sinuata and A. gluti~osa have  induced nodule fo rmat ion  on A. 
viridis seedlings. 

Spontaneous  eon tamina t ion  dur ing the  course of the  exper iment  seems 
h ighly  unl ikely since sterile-soil controls remained  to ta l ly  free of nodules. 
The  possibi l i ty  t h a t  au toc lav ing  of the  soll produced substances inh ib i tory  to 
nodnlat ion,  t he reby  inva l ida t ing  the  controls,  mus t  also be discarded since 
seedlings inocula ted wi th  A. viridis nodnle suspension were also p lan ted  in 
au toc laved  soil and sand. 

The  use of Rangiora  nursery  soll, a heavy  silt loam, resulted in rapid nodu-  
lation. This was to be expected  since no diff icul ty had e re r  been experienced 
in even tua l ly  obta in ing  nodula t ion  of A. viridis, A. ~epale~sis, A. gluti~~osa, 
A. incana, A. si~»uata, A. crisp« and A. te«uifolia when these were raised f rom 
seed in the  nursery,  which is s i tua ted  several  miles f rom the  neares t  alder  
(A. glutinosa). All provenances  of A. crispa and one h igh-a l t i tude  p rovenance  
of A. tenuifolia, however,  nodula ted  more slowly t h a n  the  rest  under  s imilar  
conditions.  S t e w a r t  13 r emarked  t h a t  t he  endophy te  is no t  carried on the  
seed coat  and this was also the  wri ter ' s  experience since unnodula ted  seedlings 
were readi ly  produced wi th  seed which was no t  surface sterilised. Therefore,  
the  endophytes ,  of A. viridis and A. glutinosa at  least,  taust  be very  common 
organisms in t he  local nursery  soil because nodula t ion  in large beds is nei ther  
slow no t  sporadic. Among  thousands  of young  seedlings no unnodula ted  ones 
have  e r e r  been found and o ther  tr ials have  shown nodules on these plants  
ef fec t ively  fix ni trogen.  

Nodula t ion  obta ined  f rom tussock grassland top  soils was impress ively  
rapid.  The  grassland a t  2500 f t  included in t roduced species such as b rowntop  
(Agrostis lenuis), sweet  verna l  (Anthoxanthum odoratum) and cat ' s  ear  (Hy- 
pochaeris radicata), so the  site cannot  be considered as t ru ly  indigenous. Soll 
t aken  f rom grassland a t  4200 I t  and 5800 It, however,  came from sites oc- 
cupied solely by  na t ive  plants.  I t  is r emarkab le  t h a t  an old isolated pedes ta l  
topsoil  a t  5800 f t  should have  rap id ly  produced  numerous  nodules, since the  
chances of the  na tu ra l  alder  endophytes  occurr ing there,  or a t  4200 It, are 
remote .  Orte can only conclude t h a t  na t ive  soll micro-organisms,  perhaps  
ac t inomycetes ,  which form effect ive nodules on A lnus viridis and o ther  alders 
are widely  d is t r ibu ted  in New Zealand 's  na t ive  grassland soils. Also, there  are 
p robab ly  a number  of different  orgall isms sui ted for symbiosis wi th  different  
alder  species. W h e t h e r  such endophytes  are as effect ive in n i t rogen f ixat ion 
as organisms which have  evolved  ~ath  alders in their  na t ive  hab i t a t  is some- 
th ing  t h a t  needs to be invest igated.  

The fo rmat ion  of nodules was considerably less effect ive in subsoils t h a n  in 
grassland topsoils.  The  snbsoils used were f rom small  areas wi th in  hard-  
tussock grassland (Fesluca novae-zelandiae). The low fer t i l i ty  of subsoils taus t  
influence the  numbers  of endophytes  present  in the  free-livilag s tage and this 
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probably  accounts  for the  decreased nodula t ion  in these solls. However ,  
small  quant i t ies  of new grassland topsoil  regular ly  become incorpora ted  into 
the  subsoils tested.  Rock  screes appear  to form such a poor  mledium for the  
free-l iving endophytes  t h a t  nodula t ion  cannot  be expected,  even in s¢ree 
mater ia l  close to  alder roots. The ex t reme infert i l i ty,  par t icu lar ly  the  lack of 
organic carbon, means  this is no t  surprising. Beech forest  topsoil  seems to  
have  a microbial  popula t ion  t h a t  does no t  regular ly  include nodule-Iorming 
organisms. 

I t  is also in teres t ing to note  t h a t  though  nodula t ion  of A. v$ridis undoub-  
ted ly  takes  place mos t  readi ly  in spring and ear ly  summer,  nodula t ion  was 
also achieved in a similar  t r ia l  in the  au tumn.  In  fact,  no diff icul ty has 
e re r  occurred in obtaini l lg nodula ted  greell-alder seedlings a t  any  t ime dur ing 
the  growing season. The  a u t u m n  tr ia l  also resul ted in zero l lodulat ion of A.  
viridis seedlings wheI1 nodules of A. nepalensis and A. sinuata were used as 
inoculant .  In  addit ion,  nodules of the  na t ive  Coriaria sarmen•osa were found 
to be ineffect ive for the  nodula t ion  of A. viridis. 

R o b e r g  10 tes ted the  abi l i ty  of seven different  solls to nodula te  Alnus 
glutinosa, Elaeagnus angustißolia and Hippophae rhamnoides, including solls 
away  from the  na tu ra l  hab i t a t  of these species. He  was able to conclude t h a t  
t he  nodule endophytes  are weil d is t r ibuted in solls alld are able to l ive and 
mul t ip ly  outs ide the  nodule.  I t  would now seem unwise to ignore results  such 
as R o b e r g ' s  on the  grounds of dubious exper imel l ta l  methods.  In  fact,  
B e c k in  g's v iew a tha t  the  alder  endophy te  m a y  be an  obligate symbion t  ean- 
not  be t rue  ill the  l ight  of the  exper iments  described here  and, as for Coriaria e, 
the  endophyte  taust  have  a free-living s tage in the  soll which is ex t raordinar i -  
ly ubiqui tõus  ill distr ibution.  F r o m  the  prac t ica l  poi l l t  of v iew i t  can be 
expected t h a t  organisms na t ive  to New Zealand will  ensure no real  diff icul ty 
in obta in ing effective nodula t ion  of Alnus viridis, and mos t  p robab ly  o ther  
species of alders, on New Zealand 's  moun ta in  slopes except  where ve ry  
infert i le sites ex tend  over  large areas. Trials  are now under  way  to eompare  
nitrogeI1 fixillg effectiveness of A. viridis nodules produced by  I lat ive hab i t a t  
(Austria) organisms wi th  those  produced by  New Zealalld soll organisrns. 

Su~4mary 

Micro-organisms capable  of forming effective nodules on roots of Alnus 
viridis have  been found to be present  in New Zealand solls. I t  is concluded 
tha t  endemic soll orgallisms sui table  for nodula t ion  of Alnus viridis occur, and 
cross inoculat ion trials have  indicated t h a t  there  are probably  differences 
be tween  orgallisms forming llodules wi th  var ious speeies of alders. 
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