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auf  Agar  m i t  Zusa tz  von  H o m o g e n i s a t  aus  gesunden  
Nade ln  un te r sch ied l i ch  r e s i s t en te r  Kie fe rn  ku l t i v i e r t  u n d  
die p H - V e r s c h i e b u n g  gemessen.  Es  waren  p H - E r h 6 h u n g e n  
zwischen 0,5 und  1 p H - E i n h e i t  zu verze ichnen .  Zwischen  
den  pH-Ver~inderungen  im Nade l aga r  aus  r e s i s t en ten  u n d  
anf~l l igen K ie f e rn -K lonen  e rgaben  sich s ign i f ikan te  Un-  
t e r sch iede  (p 5%).  S o m i t  b e s t e h t  se lbs t  im n i c h t  m e h r  
v i t a l en  H o m o g e n i s a t  der  W i r t s p f l a n z e  ein un te r sch ied -  
l icher  E inf luss  auf  die p H - R e g u l a t i o n  d u r c h  den  Pa ras i t en .  

Das  R e g u l a t i o n s v e r h a l t e n  der  W i r t s p f l a n z e  liess sich 
w~hrend  der  P a thogenese  in v ivo  n i ch t  pri ifen.  Bes t im-  
m e n d  fli t  d en  W i d e r s t a n d ,  de r  der  p H - R e g u l a t i o n  des 
P a r a s i t e n  en tgegenwirk t ,  i s t  j edoch  die Pu f fe rkapaz i t / i t  
des Gewebes,  in dem er w~Lchst. Diese wurde  in v i t ro  d u t c h  
T i t r a t i o n  yon  N a d e l h o m o g e n i s a t  b e s t i m m t .  Dabe i  e rgab  
sich fiir r es i s ten te  Kie fe rn -Klone  eine s ign i f ikan t  (p 1%) 
h6here  Pufferkapazit~Lt als fiir anf~ll ige (Figur).  

Die Kor re l a t i on  zwischen der  ffir die e inze lnen  Kiefern-  
Klone  e r m i t t e l t e n  Pufferkapazi t~ i t  u n d  der  Ve r sch i ebung  
des p H - W e r t e s  d u r c h  den  Pi lz  in Nade l aga r  e rg ib t  s ich 
zu r* = --0 ,86 (p 1%), zwischen Res i s tenz  u n d  Puffer-  

kapaz i t i i t  zu r* : 0,84 (p 1%).  E r s t e  E rgebn i s se  aus  
U n t e r s u c h u n g e n  an  wei te ren  W i r t - P a r a s i t - S y s t e m e n  
d e u t e n  an, dass  sich ~ihnliche A b h ~ n g i g k e i t e n  a u c h  
do r t  nachweisen  lassen. Dies d e u t e t  auf  die M6gl ichke i t  
bin ,  das  M e r k m a l  Pufferkapazi t~ i t  in Z i i c h t u n g s v o r h a b e n  
zur  i n d i r e k t e n  Diagnose  der  Res i s tenz  zu n u t z e n  und  
aufwendige  k t ins t l iche  In f ek t i o n s v e r s u ch e  zu umgehen .  

Summary. The  connec t ion  b e t w een  t h e  p H - r e g u l a t i o n  
of a p l a n t  (P. sylvestris) a n d  t h e  res i s tance  to funga l  
pa ras i t e s  was s tudied.  The  h o s t - p a r a s i t e - i n t e r a c t i o n  
b e t w een  p ine  a n d  needle  cas t  fungus  showed  a co r re l a t ion  
b e t w een  t h e  buffer  capac i ty  of homogen ized  needles  and  
t h e  res i s t ance  to t h e  p a t h o g e n  Lophodermium pinastri. 
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T h e  O c c u r r e n c e  of B a c t e r i o p h a g e s  in  the  R u m e n  and  t h e i r  I n f l u e n c e  on  R u m e n  
B a c t e r i a l  P o p u l a t i o n s  

T he  capac i ty  of r u m i n a n t s  a n d  o t h e r  he rb ivo res  to  
uti l ize roughage  c o n t a i n i n g  h igh  levels of cellulose as a 
source of n u t r i e n t s  depends  on  t he  presence  a n d  me tabo l i c  
ac t iv i t i e s  of symbio t i c  mic ro -o rgan i sms  c o n c e n t r a t e d  in 
a n a t o m i c a l l y  special ized c o m p a r t m e n t s .  

I n  the  rumen ,  for ins tance ,  bac t e r i a  and  p ro tozoa  
diges t  food m a t e r i a l  inges ted  b y  t he  hos t  a n i m a l  an d  use 
i t  for g r o w t h  and  o the r  ene rgy- requ i r ing  processes;  
the re  is a c o n c o m i t a n t  p r o d u c t i o n  of vo la t i l e  f a t t y  acids 
a n d  release of COs and  m e t h a n e .  The  bu lk  of t he  vo la t i l e  
f a t t y  acids are abso rbed  b y  t he  r u m i n a n t  t h r o u g h  t h e  
t u r e e n  ep i the l ium ; d iges t ion  of t h e  mic rob ia l  cell p roduc t s  
commences  in  t he  a b o m a s u m  1. Any  fac to r  which  affects  
the  ba l ance  of t u r e e n  mic rob ia l  popu la t i ons  and  t h e i r  
r a t e  of m e t a b o l i s m  of the  inges ted  food m a y  h a v e  
i m p o r t a n t  effects on  the  n u t r i t i o n  of t h e  hos t  animal .  

The  t o t a l  p o p u l a t i o n  dens i t y  of bac t e r i a  in t he  t u r e e n  
m a y  be  as h igh  as 2.45 •  l~ m1-1 in a n o r m a l  sheep ~, 
and  4.83 x 10 l~ m1-1 in t h e  absence  of ci l iate  p ro tozoa  ~ 
Large  n u m b e r s  of b a c t e r i a  which  are no t  r u m e n  inhab i -  
t a n t s  m a y  be  inges ted  w i t h  t he  feed 4, and  cer ta in  aerobes  
such as Lampropedia merismopedioides, m a y  ac tua l l y  
grow in t h e  presence  of oxygen  in t he  gas phase  above  t h e  
t u r e e n  d iges ta  1. O t h e r  aerobic  o rgan i sms  which  requi re  a 

h igh  c a r b o n  d iox ide  a t m o s p h e r e  a n d  wh ich  h a v e  been  
isola ted f rom t h e  t u r e e n  5 m a y  be n o r m a l  r u m e n  in- 
h a b i t a n t s ,  t h o u g h  numer i ca l l y  ins ign i f i can t  1. 

In  v iew of t h e  h igh  bac te r i a l  p o p u l a t i o n  dens i ty  
n o r m a l l y  presen t ,  i t  would n o t  be  su rpr iz ing  to  f ind  
bac t e r iophages  in the  rumen ,  an d  indeed  a v a r i e t y  of 
these  are p r e s en t  6-s. Bac t e r i o p h ag es  h a v e  been  r e p o r t e d  
associa ted  wi th  t h e  f acu l t a t i v e  anae robe  Streptococcus 
bovis which  occurs in the  r u m e n  an d  a v a r i e t y  of o the r  
h a b i t a t s  6. Some bac t e r iophages  h a v e  also been  obse rved  in 
samples  of r u m e n  l iquor  atta~ched to  bac te r i a l  cell walls  7, 
b u t  i t  has  n o t  been  e s t ab l i shed  w h e t h e r  these  b a c t e r i a  
are t r ue  t u r e e n  i n h a b i t a n t s  or in fec ted  aerobic  o rgan i sms  
a d v e n t i t i o u s l y  acqu i red  w i t h  t h e  feed. True  r u m e n  
bac t e r i a  occur  usua l ly  a t  h igh  p o p u l a t i o n  densi t ies ,  are 
anaerobic ,  will l ive a t  a t e m p e r a t u r e  of 39-40~  a t  a 
p H  of 5.5-7.0 in  t h e  presence  of f e r m e n t a t i o n  produc ts ,  
a t  t h e  expense  of t h e  inges ta  p r o v i d e d  b y  t h e  r u m i n a n t ,  
an d  m a y  requi re  a c o n s t i t u e n t  of r u m e n  fluid for g r o w t h  1. 
A n u m b e r  of t r u e  r u m e n  bac t e r i a  h a v e  been  i so la ted  and  
cu l tu red  in vi t ro ,  an d  a t  leas t  two  (a g r am nega t i ve  
b a c t e r i u m  des igna ted  W4619 an d  EADIE'S Oval  1~ 
u n d e r  s t u d y  here  h a v e  been  found  to  be  infec ted  w i t h  
bac te r iophages .  

Fig. 1. Electron micrograph of W461 coated with bacteriophages 
(W461%al), negatively stained. Scale bar represents 0.5 Mm. 
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B a c t e r i u m  W461 is a g r a m  nega t i ve  cu rved  rod  wh ich  
carr ies  ou t  b i o h y d r o g e n a t i o n  r eac t ions  in vi t ro .  I t  was 
p r e sen t  in  t h e  r u m e n  f rom wh ich  i t  was  i so la ted  a t  a 
p o p u l a t i o n  dens i t y  of 108 ml  -i ,  and  i ts  cu l tu ra l  charac-  
te r i s t ics  sa t i s fy  t h e  r e q u i r e m e n t s  of a n  a u t h e n t i c  r u m e n  
b a c t e r i u m 9 ;  t he  assoc ia ted  b a c t e r i o p h a g e  has  been  
des igna t ed  W461~1.  

B a c t e r i o p h a g e  W461~ol has  a t y p e  A s t r u c t u r e  1~, 
possess ing a con t rac t i l e  t a i l  s h e a t h  and  an  a p p a r e n t l y  
i sooc tahedra l  head .  I t  has  been  obse rved  adso rbed  in 
q u a n t i t i e s  of up  to  50 par t ic les  pe r  cell to  a smal l  p ropor -  
t i on  of W461 cells in l iqu id  cu l tu re  in  v i t ro  (Figure  1). 
B a c t e r i o p h a g e  W461~1 has  been  car r ied  t h r o u g h  m a n y  
subcu l tu re s  of W461 p icked  f rom single i so la ted  colonies 
over  a pe r iod  of a t  leas t  2 years .  This  suggests  t h a t  a 

Fig. 2. Electron micrograph of bacteriophages E2~01, negatively 
stained. Scale bar represents 0.5 [zm. 
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Fig. 3. Population density of EO2 in the rumen of a sheep, in the 
presence and absence of E2~ol. The EO2 were originally cultured in 
vitro and were inoculated into the rmnen of the sheep after it had been 
treated to remove ciliate protozoa and large bacteria. The number of 
EO2 (curve e) and other large bacteria (curve d) in a typical experi- 
ment in the absence of E2~ol, was determined beginning (at T -- 0) 
58 days after inoculation. The entire large bacteria population 
(including EO2) was then removed, and the rumen reinoeulated with 
EO2. The number of EO2 (curve a) and other large bacteria (com- 
bined) (curve b) was determined beginning (at T = 0) 30 days after 
the inoculation with EO2. E2~l was first recorded at point A. 

p r o p h a g e  is p r e s en t  in  t h e  en t i re  p o p u l a t i o n  since each  
colony o r ig ina t ed  f rom a single cell. This  b a c t e r i o p h a g e  
is the re fore  t e m p e r a t e ,  an d  as such  would  n o t  be  expec ted  
to d r a m a t i c a l l y  affect  t h e  p o p u l a t i o n  d en s i t y  of W461 
in v ivo  unless  t h e  p o p u l a t i o n  was exposed to  a n  inducer .  
A t t e m p t s  to  induce  lysis in  cu l tu res  in  v i t r o  b y  exposure  
to  UV-l ight ,  h y d r o g e n  pe rox ide  a n d  m i t o m y c i n  C h a v e  
m e t  w i t h  no success. 

2ADIE'S Oval,  wh ich  is a r e l a t ive ly  large b a c t e r i u m  
(12.2 ~zm• Fm average)  occurs  in  t h e  r u m e n s  of 
sheep a t  t h e  a u t h o r s '  l a b o r a t o r y  a t  p o p u l a t i o n  dens i t ies  
of up  to 1.1 • 10 s ml  1, t h o u g h  in  t h e  m a j o r i t y  of cases t he  
p o p u l a t i o n  d en s i t y  is b e t w een  106 -- 107 ml  - i  11. 2 s t r a in s  
(des igna ted  2 0 1  a n d  EO2)  h a v e  been  ident i f ied  if,is. A 
b a c t e r i o p h a g e  (E2~01) has  been  found  assoc ia ted  w i t h  2 0 2 .  
Like  the  b a c t e r i o p h a g e  of W461,  2 2 9 1  also has  a t y p e  A 
s t ruc tu re ,  b u t  i t  is u n u s u a l  in t h e  g rea t  l e n g t h  of t h e  ta i l  
( abou t  6,500 ~_) (Figure 2) an d  in t h e  form of t h e  ta i l  
fibres~ I t  was  f i rs t  obse rved  b y  e lec t ron  mic roscopy  in 
nega t ive ly  s t a ined  p r e p a r a t i o n s  of 2 0 2  g rown in v ivo  14 
(For  in  v ivo  cul ture ,  EO2 are f i rs t  g rown in v i t ro  an d  t h e n  
inocu la t ed  an d  g rown as t h e  sole large b a c t e r i u m  in t he  
t u r e e n  of sheep which  h a v e  been  t r e a t e d  to  r e m o v e  
ci l ia te  p r o t o n z o a  an d  large bacter ia) .  These  p r e p a r a t i o n s  
h a d  been  r e p e a t e d l y  cen t r i fuged  (250 g, 5 rain) to  free the  
2 0 2  of o the r  b a c t e r i a  a n d  would  n o t  h a v e  been  expec ted  
to co n t a i n  free bac t e r i ophages  unless  t h e y  de r ived  f rom 
t h e  2 0 2  themse lves .  E x a m i n a t i o n  of t h i n  sect ions  of 
t h e  same p r e p a r a t i o n  revea led  t h e  b a c t e r i o p h a g e  par t ic les  
w i t h i n  i n t a c t  2 0 2  cells. The  free E 2 ~ l  par t ic les  p resum-  
ab ly  were re leased f rom infec ted  cells wh ich  lysed d u r i n g  
t h e  c e n t r i f u g a t i o n  or s u b s e q u e n t  r e suspens ion  in sa l ts  
solut ion.  The  2 0 2  n o r m a l l y  su rv ive  th i s  t r e a t m e n t  
w i t h o u t  lysing,  b u t  in these  p r e p a r a t i o n s  m a n y  of t h e  cells 
were lysed. 

The  effect  of E2~1 p r o v i d e d  ev idence  t h a t  bac te r io -  
phages  can  exer t  a s ign i f ican t  inf luence  u p o n  t h e  popu la -  
t i on  d en s i t y  of t h e  hos t  b a c t e r i u m  in t h e  r u m e n  (Figure 3). 
Shor t ly  a f t e r  E2~01 was found  to be p r e s en t  t h e  p o p u l a t i o n  
d en s i t y  of EO2 in v ivo  fell f rom 5.2 • 10 ~ m1-1 to zero, 
w i t h i n  10 days  (curve a, F igure  3). The  p o p u l a t i o n  dens i ty  
of un in fec t ed  cells as shown  in p rev ious  e p x e r i m e n t s  
us ing  EO2,  t h e  same sheep, fed t h e  same  diet ,  was 
m a i n t a i n e d  a t  a h i g h  level  for severa l  weeks (curve c, 
F igure  3) u n t i l  o ther ,  a p p a r e n t l y  compe t ing ,  large 
bac t e r i a  (Quin 's  Ovals,  large Se l enomonads  a n d  Oscillo- 
@ira guilliermondii) b e c a m e  es tab l i shed  (curve d ,  
F igure  3). The  decrease  in p o p u l a t i o n  d en s i t y  of t he  
in fec ted  EO2 (curve a, F igure  3) was n o t  co inc iden t  w i t h  a 
rise in  the  p o p u l a t i o n  dens i t ies  of t h e  o the r  large b a c t e r i a  
(curve b, F igure  3). The  EO2 were n o t  de t ec t ed  for a 
f u r t h e r  36 days  a f t e r  wh ich  smal l  n u m b e r s  were aga in  
obse rved  a n d  t h e  EO2 p o p u l a t i o n  dens i ty  t h e n  f l u c t u a t e d  
be tween  2 • 105 ml  - i  a n d  zero du r ing  t h e  n e x t  few m o n t h s .  
3 s u b s e q u e n t  a t t e m p t s  to  boos t  t h e  p o p u l a t i o n  b y  t h e  
a d d i t i o n  of 109 EO2 g rown in v i t ro  11 an d  free of bac te r io -  
phage  par t ic les ,  failed. This  n u m b e r  of 2 0 2  would  
n o r m a l l y  h a v e  been  suff ic ient  to  e s t ab l i sh  t h e  EO2 a t  a 
h igh  p o p u l a t i o n  d en s i t y  w i t h i n  2-4  weeks. 

In fec t ed  EO2 cells were also added  to t h e  r u m e n  of a 
second sheep c o n t a i n i n g  8 .2 •  m1-1 of n o r m a l  un-  
in fec ted  cells ; t h i s  resu l ted  in a d r a m a t i c  fall  in t h e  popu-  
l a t i on  d e n s i t y  to  zero a f t e r  7 days ;  22~vl was  p r e s en t  
d u r i n g  t h e  decline. There  were no 2 0 2  p r e s en t  d u r i n g  t h e  
n e x t  3 m o n t h s .  
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There is no evidence to suggest t h a t  E2~01 was present  
in the  EO2 as a t empera te  phage ;  had i t  been t empera te  
and become induced in v ivo  due to a componen t  in the  
sheep's diet, then, assuming a uniform dis t r ibut ion  of the  
inducer  in the  rumen,  all the  cells in the  popula t ion  
would lyse wi th in  a short  t ime.  If, due to uneven mixing 
within  the  rumen, only a propor t ion  of t h e - E O 2  were 
exposed to the  inducer, there  would only be a par t ia l  
drop in the popula t ion  density.  Complete  and gradual  
lysis could only be explained by  pos tu la t ing  a regular 
in take  of inducer  which did no t  mix  uni formly  in the  
rumen;  this  is unlikely, however,  since the  same diet  had  
been fed for more than  1 year  dur ing periods of high EO2 
popula t ion  densities and had been fed to o ther  sheep 
containing EO2 in which bacter iophages did not  sub- 
sequent ly  appear.  Bac te r iophage  E2~01 is therefore  
probably  a v i ru lent  and no t  an induced t empera te  
bacter iophage.  

Recogni t ion  of the  presence of bo th  t empera te  and 
v i ru lent  bacter iophages  in the  rumen  therefore brings 
another  factor  for considerat ion into the  a l ready complex 
field of ruminan t  nu t r i t ion  and rumen  ecology. Al though  
it  is as yet  no t  known if o ther  rumen  bacter ia  have  
bac ter iophage  pathogens  the  number  and va r i e ty  of 
bacter iophage part icles present  in the  rumen  suggest t h a t  
this is so. Tempera t e  bacter iophages would not  be expected 
to have  a dramat ic  effect on the  popula t ion  densit ies of 
individual  bacter ia l  species unless t ha t  popula t ion  was 
subjected to induction,  perhaps by  a p lan t  cons t i tu ten t  in 

the diet. Virulent  bacteriophages,  on the  o ther  hand, as 
shown by the  effect of E 2 ~ l  on EO2 would have  a 
radical  effect on specific populat ions.  In  te rms  of the  
well-being of the  host  animal,  lysis of bacter ia  in the  
rumen  wi th  secondary fe rmenta t ion  of the  products  
would involve  losses of carbon compounds  in the  form of 
gases, bu t  this  would be par t ia l ly  offset by increased 
volat i le  f a t ty  acid product ion.  The effect of the  loss of a 
single species, even of the  impor t an t  cellulolytic bacter ia  
would p robab ly  be t e m p o r a r y  because other  species 
capable of occupying the  same ecological niche would 
proliferate.  Since, however,  inducers of t empera te  phages 
are non-specific in thei r  action, should such an inducer  
occur in the  diet  i t  is possible t ha t  several  species could 
be lost s imultaneously.  

Resumen. Se han demostrado que dos cul t ivos de 
bacter ias  de rumen  (un bast6n gram negat ivo,  designado 
W461, y una cepa de 6valos de EADIE) ests infectados 
con bacteridfagos. E1 bacteridfago de W461 es t emplado ;  
aquel  de los 6valos es vi rulento  y deple ta  r s  la 
poblaci6n bacter iana  en vivo.  
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Pattern of Electrolyte Leakage in Downy Mildew 

Altera t ion of permeabi l i ty  and ionic imbalance associ- 
a ted wi th  p lan t  disease deve lopment  has been reported 
by  m a n y  workers1. The present  invest igat ion reveals the  
pa t t e rn  of e lectrolyte  leakage in sorghum plants  system- 
ically affected by downy mildew, incited by Sclerospora 
sorghi. 

Materials and methods. A highly susceptible va r ie ty  
(DMS 652) was used for the  present  invest igat ion.  
Systemic infect ion was obta ined following a previous 
method  2. 

The loss of electrolyte  was es t imated  by measur ing the  
conduc t iv i ty  of the  leachates. The electrolyte  leakage was 
assessed from the  roots, s tem and leaves after  15, 30 and 
45 days of sowing. The p lan t  par ts  were ini t ia l ly  washed 
thoroughly  wi th  t ap  water ,  subsequent ly  wi th  several  
changes of disti l led water  and f inal ly rinsed wi th  double 
distil led water.  They  were blot ted  dry  and were suspended 
in sterile double distil led water  in the  rat io  of 1 g of 
p lant  par t  to 10 ml  of double distil led water .  The  con- 

Affected Sorghum 

duc t iv i ty  of the ba th ing  solution was measured after  
incubat ion a t  25~ for 24 h. AI1 conduc t iv i ty  measure-  
ments  were made  wi th  all E L I C O  model  CM-82 conduct i -  
v i ty  bridge wi th  p la t inum blackened electrodes. The 
t empera tu re  of the  ba th ing  solution was main ta ined  at  
25 ~ dur ing conduc t iv i ty  measurements .  The  results are 
expressed as specific conduc t iv i ty  (vmh/cm) of the  
leachates.  

Results and discussion. The var ious par ts  of sorghum 
plant  exhibi ted  a pa t t e rn  of loss of electrolytes and perme- 
ab i l i ty  change as a result  of downy mildew a t t ack  
(Table). 

The greater  leakage of electrolytes from diseased roots  
and leaves m a y  be due to the  higher  absorpt ion of electro- 
lytes by diseased plants  f rom the  soil. Being an obligate 

l H. WHEELER and P. HANCHEY, A. Rev. Phytopath. 6, 331 (1968). 
2 K. A. BALASlJBRAMANIAN, Plant Soil 38, 477 (1973). 

Specific conductivity of bathing solutions of different parts of sorghum attacked by Sclerospora sorghi 

Days after planting Specific conductivity ([xm h/cm) of bathing solutions of 

Roots Stems Leaves 

Healthy Diseased Healthy Diseased Healthy Diseased 

15 252.4 430.4 259.4 184.2 433.2 480.0 

30 256.2 427.2 270.9 186.9 453.5 691.9 
45 263.6 447.3 296.0 197.3 890.0 1530.8 


