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Nitrogen Fixation in Deteriorating Wood 

Microfungi  isolated f rom wood conta in ing  a meagre  
n i t rogen con ten t  (ALLISON et al. 1) have  been shown to 
grow on an agar  lacking nu t r i en t s  (S~IARP and  LEvv2). 
COWLING and  MEI~RILL 3 pos tu la t ed  3 mechanisms ,  no t  
necessar i ly  m u tua l l y  exclusive, by  which  fungi  could 
survive condi t ions  w i th  a m i n i m u m  of n i t rogen  presen t  
and  stil l  achieve some growth.  They  are a physiological  
adap ta t ion ,  reuse of n i t rogen  a l ready  avai lable  and  the  
u t i l i sa t ion  of n i t rogen  ob ta ined  f rom outs ide  of the  wood. 
This last  ca tegory  could involve the  t r ans loca t ion  of 
nu t r i en t s  along h y p h a e  or the  diffusion of soil and  rain-  
wa te r  in to  t he  wood or the  f ixa t ion  of a tmosphe r i c  
ni t rogen.  

Fung i  t h a t  can f ix  n i t rogen  have  been r epo r t ed  bu t  by  
using im proved  t echn iques  these  resul ts  have  been  
d iscred i ted  (MILLBANK4). However ,  it  is possible  t h a t  
microorgan isms  o ther  t h a n  fungi  could p e n e t r a t e  wood 
and  f ix n i t rogen  and,  indeed,  such f ixa t ion  has  been 
de tec ted  in whi te  fir t rees and a t t r i b u t e d  to  bac te r ia  
(SEIDLER et  a l ) ) .  Since n i t rogen  f i xa t i on  appears  to  be 
conf ined to  p rocaryo t i c  cells or t issues der ived f rom them,  
and no evidence exis ts  for f ixa t ion  b y  free-l iving act ino-  
mycetes ,  a n y  capac i ty  m u s t  be  ascr ibed to  t he  bac te r ia  
present .  Bacillus polymyxa and  B. macerans have  been  
isolated f rom logs immersed  in wa te r  (ELLwOOD and  
ECXLUND e) and  also shown t o  fix n i t rogen  (WITz, 
]:)]~TROY and  WILSON 7) and likewise Aerobacter aerogenes 
(now Klebsiella pneumoniae) has been  ident i f ied  as a 
wood colonist  (KNUT~I 8) and  as a n i t rogen  f ixer  (PENGRA 
and  WILSON o). I n a d e q u a t e  isolat ion and  ident i f ica t ion  of 
wood bac te r ia  h inders  fu r the r  n i t rogen  f ixing species f rom 
being found,  a l though  u n k n o w n  species of t he  genus 
Clostridium have  been  men t ioned  i n  isolat ion l ists  and  
could refer to  a p r o m i n e n t  n i t rogen  f ixing species. 

Material and method. In  order  to d e m o n s t r a t e  whe th e r  
n i t rogen  f ix ing microorganisms  can pene t r a t e  wood and 
pa r t i c ipa te  in i ts  de te r io ra t ion  a p re l imina ry  inves t iga t ion  
has been unde r t aken  to de tec t  any  n i t rogenase  ac t iv i ty .  
Sets of 8 veneer  pieces, 30 • 20 • 0.6 to  1 ram, were cut  
f rom beech, oak and  Scots pine,  weighed and  bur ied in 
200 g por t ions  of soil t aken  f rom tile Imper ia l  College 
field s tat ion,  Silwood Park;  Sunninghil l ,  Berks.  The soil 

in some cases was a u g m e n t e d  wi th  glucose. Sets con ta in ing  
beech (Fagus sylvatica L.) cubes, 1 cm 3, were s imilar ly  
t r e a t ed  wi th  1 set  hav ing  the  2 t r ansverse  faces sealed by  a 
sil icone adhesive.  The soils were mois tened  to 60% 
mois ture  hold ing  capac i ty  to encourage the  g rowth  of 
bac te r ia  and  t h e n  incuba ted  for 20 days  a t  25~ In  
add i t ion  a s t r ip  of l ime (Tilia europaea L.) of 15 • 10 m m  
sect ion wi th  one radia l  face exposed  was sampled  af ter  
comple t ing  40 days  soil burial  a t  28 ~ and  a Scots p ine  
(Pinus sylvestris L.) s take  was ex t r ac t ed  f rom a s i te  a t  the  
field s ta t ion  af ter  31/2 years  exposure  to  the  soil and  
weather .  

E a c h  of the  de te r io ra ted  woods were t ho rough ly  
washed  in d is t i l l ed-water  to  remove  adher ing  soil. The  
veneers  were cut  in to  slivers, t h e  cubes were s a n d p a p e r e d  
to  r emove  superficial  g rowth  before slicing in to  t h in  
sect ions and a piece of the  l ime s t r ip  and  Scots p ine  
s take  a t  the  ground- l ine  were cut  up and  the  outer  2 to 
3 m m  wood discarded.  

The wood samples  were ex ami n ed  for microorganisms  
wi th  n i t rogenase  ac t iv i ty  by  means  of the  acety lene  
reduc t ion  technique .  I n c u b a t i o n  was a t  25~ under  
anaerobiosis ,  us ing bo t t l es  of 28-30 ml capac i ty  capped  
wi th  'Subs - sea l '  closures (W. F r e e m a n  and  Co., Subs-sea l  
works,  Staincross,  Barnsley,  Yorks. ,  England) .  The 
gaseous a t m o s p h e r e  consis ted  of Ar + CO 2 (95:5) 97% 
and  C2H 2 3%. E t h y l e n e  was de t e rmined  in a Pye  104 gas- 
l iquid c h r o m a t o g r a p h  f i t t ed  wi th  a f lame ionisat ion 
detec tor .  Gas samples  (0.5 ml) were in jec ted  in to  a one 
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Acetylene reduction in various deteriorating woods 

Wood Length oi ineu- Glucose Initial weight 
bation in soil added to soil of wood, (g) 

(% w/w) 

nmole C~H 4 per h nmole N 2 per h a 

Beech veneers 20 days 0 2.062 0.092 0.031 
Beech veneers 20 days 0.5 2.105 3.069 1.023 
Beech veneers 20 days 8.0 2.056 155.0 51.6 
Beech cubes 20 days 0.5 5.171 3.066 1.022 
Beech cubes 20 days 8.0 5.545 0.083 0.027 
Beech cubes with transverse face sealed 20 days 8.0 5.305 0.825 0.275 
Scots pine veneers 20 days 0 2.432 0.086 0.029 
Oak veneers 20 days 0 1.713 0.036 0.012 
Dak veneers 20 days 0.5 1.527 0.781 0.26 
9ak veneers 20 days 8.0 1.528 145.5 48.5 
Lime strip with only radial face exposed 40 clays 0 - 0.023 0.008 
~cots pine stake 3.5 years 0 - 2.548 0.849 

The conversion of 'ethylene formed' to 'nitrogen fixed' data was assumed to be by a factor of ~/a- Before assaying for ethylene formation 
~eeeh cubes had their surfaces sandpapered off and the lime strip and Scots pine stake had their outer 2 to 3 mm of wood cut away. 
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m e t r e  co lumn  (4 m m  i n t e r n a l  d iamete r )  of ' P o r o p a k  R '  
a t  50~ w i t h  n i t rogen  as t h e  car r ier  gas f lowing a t  
60 ml /min .  W i t h  a f ixed sample  vo lume  t he  peak  h e i g h t  
was  p r o p o r t i o n a l  to  t h e  a m o u n t  of e thy lene  in t he  sample .  

Results and discussion. T he  resu l t s  shown  in t he  Tab le  
i nd i ca t e  t h a t  al l  t h e  woods  p e r m i t t e d  t h e  p e n e t r a t i o n  of 
mic roorgan i sms  capab le  of f ix ing  n i t rogen  and  t h i s  is, as 
far  as we are aware,  t h e  f i r s t  r e p o r t  of such  a c t i v i t y  in  
wood w i t h  g r o u n d  con tac t .  F i x a t i o n  no t  on ly  occur red  in 
samples  h a v i n g  some faces sealed t h a t  m i g h t  o the rwise  
h a v e  a l lowed a pass ive  p e n e t r a t i o n  v i a  t he  vessels, b u t  
also in oak  (Quercus sp.) a n d  Scots  p ine  w h i c h  con t a in  
subs tances  i n h i b i t o r y  to  m a n y  mic roo rgan i sms  a n d  in a 
s t ake  wh ich  h a d  unde rgone  p ro longed  de te r io ra t ion .  The  
add i t i on  of glucose to  t h e  soil cons ide rab ly  s t i m u l a t e d  t h e  
ace ty lene  reduc t ion ,  b u t  t h i s  was  no t  a lways  cons i s t en t  
a n d  was  p r o b a b l y  affected b y  va r i ab l e  soil condi t ions .  

I t  h a s  st i l l  to  be  shown  h o w  s ign i f i can t  t h i s  f ixed 
n i t r ogen  is for funga l  g r o w t h  a n d  wood decay,  b u t  t he  

presence  of such  mic roo rgan i sms  p rov ides  a n o t h e r  aspec t  
to  t h e  ecology of wood colonisa t ion.  

Rdsumd. Divers  t ypes  de bois  on t  6t6 d6t6rior6s p a r  des 
mic roo rgan i smes  du  sol e t  leur  capac i t6  de r6duc t ion  de 
l ' ac6ty l~ne  mesur6e.  L '6 thyI~ne  p r o d u i t  a r6v616 l 'exis-  
t ence  d ' n n e  ac t iv i t6  n i t rog6nas ique  et  sugg6r6 que  des 
mic roo rgan i smes  f ixa teu r s  d ' a zo t e  p e u v e n t  p6n6t re r  e t  
v iv re  dans  le bois. 
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Verfinderungen der aggressiven Handlungsbereitschaft mfinnlicher SchwerttrOger, 
Xiphophorus helleri, nach sozialer Isolation (Fische, Poeciliidae) 

D u r c h  LORI~NZ l w n r d e  in l e tz te r  Zei t  eine l ebha f t e  
in te rd i sz ip l ingre  Diskuss ion  zu der  F rage  ausgel6st ,  ob 
in t raspez i f i sches  Aggres s ionsve rha l t en  als T r i e b v e r h a l t e n  
aufgefass t  werden  kann .  N a c h  der  k lass i schen  Vors te l lung  
der  E tho log ie  miiss te  a u f g r u n d  s p o n t a n e r  A k k u m u l a t i o n  
t r iebspez i f i scher  Energ ie  die H a n d l u n g s b e r e i t s c h a f t  ge- 
geni iber  e inem k o n s t a n t e n  Reiz  steigen,  w e n n  die H a n d -  
lung  l~ngere  Zei t  lang n i c h t  ausgel6st  wird.  Diese Erschei -  
h u n g  k a n n  s u c h  als T r i e b s t a u u n g  beze ichne t  werden,  ohne  
dass  d a m i t  be re i t s  efwas t iber  den  zugrunde l i egenden  
phys io log ischen  Mech an i s m us  ansgesag t  werden  soll. 

Se tz t  m a n  Schwer t t r~ger -M&nnchen  aus  ve r sch i edenen  
Z u c h t e n  zusammen ,  so f i ih ren  sic bet  e twa  gleicher K6r-  
pergr6sse  R a n g o r d n u n g s k ~ m p f e  aus, die m i t d e r  U n i e r -  
l egenhe i t  eines der  be iden  R i v M e n  enden.  IKennzeichnend 
fiir diese aggress iven  A u s e i n a n d e r s e t z u n g e n  h6chs t e r  
In tens i t&t  s ind die b e i d e n  Ve rha l t en swe i sen  Kregsen, ein 
m e h r  oder  m i n d e r  gleichzeit iges wechselweises Beissen  
und  R a m m e n  der  Gegner ,  u n d  der  Maulkamp/. Regel-  
m~ssig t r i t t  M a u l k a m p f  ers t  n a c h  d e m  ers ten  Kre i sen  auf, 

1 K. LOREXZ, Das sogenannte BOse (Borotha-Sehoeler, Wien 1963)i 
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Fig. 1. Zunahme des Kreisens und der Maulk~impfe in Rangordungsk~impfen nach sozialer Isolation. Die einfache vertikale Linie gibt die 
Variationsbreite der gefundenen Werte an, der Querstrich den Mittelwert. Die schmale vertikale S~iule ist gleich der doppelten Stan- 
dardabweichung (2s) und die breite S~ule gleich dem doppelten Standardfehler (2sin). 


