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SHORT COMMUNICATION 

Changes  in rhizosphere  populat ions  of selected 

physiological  groups  of bacteria related to subst i tut ion of 
specific pairs  of c h r o m o s o m e s  in spring wheat  

Summary 
Rhizosphere  popula t ion  character is t ics  of two cul t ivars  of spring whea t  

(Tritieum aestivum L. emend  Thell.),  Rescue (R) and Cadet  (C), and the re- 
la ted  chromosome subs t i tu t ion  lines, C-R5B and C-R5D, were invest igated.  
Rep l acemen t  of the  chromosome pair,  5 B, in Cadet  wi th  5 B f rom Rescue made  
m a n y  of the  rhizosphere microbial  character is t ics  of C-R5 B similar  to or the  
same as those in the  rhizosphere of the  donor  parent ,  Rescue.  In  contrast ,  
subs t i tu t ion  of the  funct ional ly  re la ted chromosome pair, 5D, did no t  cause 
marked  changes in the  rhizosphere microbial  populat ion,  demons t ra t ing  the  
specif ici ty of the  p lan t ' s  control  over  factors governing  the  rhizosphere micro- 
bial  env i ronment .  

Introduction 

Many rhizosphere studies have  been concerned wi th  the elucidat ion of 
factors in the root  zone env i ronment s  t ha t  s t imula te  or depress the  growth of 
cer ta in  groups of soil micro-organisms 1 9. The growth of these rhizosphere 
microbes is inf luenced by the  sloughing-off of root  cells, physical-chemical  
balances,  and the exuda t ion  of metabol i tes  f rom roots 3, all direct ly  or indi- 
rec t ly  inf luenced by  the p lan t  10 11 12 

Rhizosphere  microf lora  characteris t ics  have  been shown to differ for a 
va r i e ty  of plants  1 9, bu t  l i t t le  is known of any  genetic basis for these differ- 
ences. N e a l  et al. s working wi th  a disomic chromosome subs t i tu t ion  line of 
spring wheat ,  showed tha t  specific a l tera t ion  of hos t -p lant  genotype  media tes  
select ive changes in the growth and ac t iv i ty  of rhizosphere microbes. This 
communica t ion  presents  fur ther  evidence of such a relat ionship.  

Materials and methods 

Lines of spring wheat ,  Triticum aestivum L. emend Thell. ,  selected for 
s tudy  were Cadet  (C), a commerc ia l  cu l t ivar  modera te ly  resis tant  to common 
root  rot ;  Rescue (R) ,  a commerc ia l  cu l t ivar  ve ry  susceptible to common root  
ro t ;  and two homoeologous chromosome subs t i tu t ion  lines, C-R5B and 
C-R5D, ident ical  to the  recipient  parent ,  Cadet,  except  for the  subs t i tu t ion  of 
5B and 5D chromosome pairs, respect ively,  f rom the  donor parent ,  Rescue. 
C-R5B is susceptible to root  rot  whereas C-tZ5D is not  v 
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TABLE 1 

Total populations and selected physiological groups of micro-organisms in rhizosphere 
and non-rhizosphere soil* 

Rhizosphere Disease Bacteria Cellulo- Pectino- Amylo- Ammoni- Nitrate - 
soil reaction** ( × 106) lytic lytic lytie lying reducing 

(× 108 ) (x 104 ) (× 108 ) (× l0 s ) (× 105 ) 

Cadet*** Resistant 165.4b*t 4.7b 4. ld 2.4e 18. le 1.2b 
Rescue*** Susceptible 335.2a 131.2a 570.2a 38.1b l16.1b 3.8b 
C-R5Bt Susceptible 325.9a 146.9e 270.4b 70.3a 221.2a 2.6b 
C-R5D* Resistant 180.4b 3.2b 62.2c 4.4e 15.6e 14.6a 
Non-rhizosphere - 32. le 0.2e 0.3e 2.0c 1.1 d 1.2b 

* Per gram of soil, oven-dry basis. Each value represents a geometric mean of three replicates. 
** Relative resistance to common root rot 7. 

*** Recipient and donor parental varieties, respectively. 
t Substitution lines, identical to Cadet except for substitution of chromosome pair, 5B and 5D, respectively. 

t* Data in each column followed by same letter do not differ statistically (P = 0.01). 

The  genera l  e x p e r i m e n t a l  p rocedures  were as p rev ious ly  descr ibed  s. Af te r  
growing for 7 weeks in t he  greenhouse ,  t h e  p l a n t  roots  were r e m o v e d  a n d  esti- 
ma te s  m a d e  of the  t o t a l  rh izosphere  mic rob ia l  p o p u l a t i o n  an d  of those  micro-  
o rgan i sms  capab le  of ammoni f i ca t i on ,  n i t r a t e  reduc t ion ,  an d  hydro lys i s  of 
s t a r c h  s, cellulose is, and  pec t in  5 b y  the  p la t e  d i lu t ion  f r equency  t e c h n i q u e  
Cellulolytic,  pec t inoly t ic ,  a n d  amylo ly t i c  bac t e r i a  were specif ical ly  setected 
for e n u m e r a t i o n  because  t h e y  m a y  p l ay  a role in d e t e r m i n i n g  the  r eac t ion  of 
w h e a t  to  c o m m o n  root  rot .  The  soil was assayed  for roo t  r o t  before  seeding an d  
found  to be essent ia l ly  'd isease-free. '  The  rep l i ca ted  d a t a  were sub jec ted  to 
log t r a n s f o r m a t i o n  and  ana lys i s  of var iance .  The  s ignif icance of the  dif ference 
be tween  t he  m e a n s  was d e t e r m i n e d  by  D u n c a n ' s  mu l t i p l e  r ange  test .  

Results 

The  p r o n o u n c e d  increase  in the  t o t a l  bac te r i a l  p o p u l a t i o n  of each  rhizo-  
sphere  over  t h a t  of non- rh i zosphe re  soil d e m o n s t r a t e d  t h e  t yp ica l  rh izosphere  
effect  (Table  1). The  increase  was more  p r o n o u n c e d  in t h e  rh izosphere  of t h e  
roo t - ro t - suscep t ib le  Rescue  and  C-R5B t h a n  in t h e  roo t - ro t - r e s i s t an t  Cade t  
and  C-R5D. The  bac te r i a l  coun t s  were n o t  s ign i f i can t ly  d i f fe ren t  b e t w een  
Cade t  and  C-RSD no r  be tween  Rescue  an d  C-R5B. 

More cellulolytic,  amylo ly t ic ,  pec t inoly t ic ,  an d  a m m o n i f y i n g  bac t e r i a  were 
found  in t he  rh izospheres  of Rescue an d  C-R5B , t h a n  in t h e  rh izospheres  of 
Cade t  a n d  C-R5D. The  n u m b e r s  of cel lulolyt ic  a n d  pec t ino ly t i c  micro-organ-  
isms were low re la t ive  to t he  n u m b e r  of amylo ly t i c  bac t e r i a  e n u m e r a t e d  in 
each  of t he  rh izosphere  soils. Cadet ,  Rescue,  an d  C-R5B showed no rhizo-  
sphere  effect  in  t he  n u m b e r s  of n i t r a t e - r ed u c i n g  microbes .  T h e  n u m b e r  of 
n i t r a t e - r e d u c i n g  microbes  in the  rh izosphere  of C-R5D was, however ,  signi- 
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ficantly greater than that  in the non-rhizosphere soil and in the rhizosphere 
soils of the other varieties. 

Discussion 

The data presented substantiate the generally accepted view tha t  rhizo- 
sphere soil supports micro-organisms that  differ numerically and physiologi- 
cally from soil devoid of living plant roots. The proportionately greater rhi- 
zosphere effect exerted by the root-rot-susceptible varieties, Rescue  and 
C-R5 B, than by the resistant varieties, Cadet and C-R5D, confirms the find- 
ings of others 1 3 4 6 s 9 14 

The most interesting aspect of this study was the demonstration that  the 
substitution of a pair of 5 B chromosomes from one cultivar for its homologue 
in another changed certain microbial characteristics of the rhizosphere in the 
direction of the donor parent, Rescue (Table 1). C-R5B, containing 20 pairs of 
chromosomes from Cadet and one pair from Rescue, resembled the donor 
parent, Rescue, in most of the rhizosphere microbial characteristics examined. 
The fact that  the substitution of the homoeologous chromosome pair, 5D, 
did not have this effect is evidence for the specificity of the plant 's genetic 
control of the factors governing the rhizosphere environment. 

In general, homoeologous chromosomes govern similar metabolic process- 
es 13. Presumably, then, although chromosome 5D of Rescue in this instance 
did not cause the microbial characteristics of the rhizosphere of C-R5D to 
change from those of Cadet to those of Rescue, it nevertheless may carry genes 
controlling other rhizosphere microbial characteristics not yet  investigated. 

Chromosome 5 B has a major effect in differentiating resistance and sus- 
ceptibility to common root rot 7. In our previous studies, the substitution of 
5 B from Apex for 5 B in S-615 not only made the latter resistant 7 but  also 
caused substantial changes in the rhizosphere s. In the present study, the sub- 
stitution of chromosome 5 B of Rescue for that  in Cadet, which makes the 
latter susceptible 7, caused equally profound changes in the rhizosphere. 

Since the experiments reported in this paper were conducted in an essen- 
tially 'disease-free' soil, we believe these changes in the rhizosphere microbial 
characteristics are directly attr ibutable to the genetic changes in the plant, 
not secondarily to the presence of disease as suggested for maize (Zea rnays 
L.) 3 4 Whether or how these changes in the rhizosphere microbial population 
are causally related to the reaction of the plant to common root rot remains to 
be seen. 
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