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The soil microflora is exposed to the 
influence of numerous factors, higher 
plants playing the most marked role in 
its composition and properties. Through 
the action of roots during plant growth 
quite specific conditions for the growth 
of  microorganisms are formed in the root 
environs. From the point of view of 
microbial activity, an important  environ- 
ment  is found in the zone of root influence, 
the  environment differing from that  out- 
side direct root influence. On the basis of 
numerous data of the literature the 
conclusion can be drawn that  the micro- 
flora in the root system zone differs 
quantitatively and qualitatively from 
the  microflora of control soft. The greatest 
number  of microorganisms can be found 
on the roots and in their immediate 
vicinity, the number decreasing with 
increasing distance from the roots. Katz- 
nelson (1946) introduced the term "rhi- 
zosphere effect" which expresses the 
coefficient of bacterial incidence in rhizo- 
sphere as compared with control soft. 

Although the rhizosphere effect has 
been confirmed by numerous findings its 
significance is not yet  quite clear (Starkey, 
1958). I t  remains an open question wheth- 
er it is possible to control the rhizosphere 
population. For this it would be necessary 
to obtain detailed information on the 
factors controlling microbial development 
in the rhizosphere and on the properties 
of  the rhizosphere population, on mutual 
relations of its components as well as 
on their physiology and ecology. For 
this reason much attention is being 

devoted to the study of the bacterial flora 
of the rhizosphere. 

Quantitative and qualitative differences 
between the bacterial flora of the rhizos- 
phere and that  of the soft have been 
clearly demonstrated (Clark, 1949; Katz- 
nelson, Lochhead & Timonin, 1948; Kra- 
sffnikov, 1958; Starkey, 1958). Rhi- 
zosphere bacteria differ from those of 
the soil in their nutritional requirements. 
They are characterized by an increased 
incidence of bacteria requiring amino 
acids (Lochhead & Thexton, 1947; Loch- 
head & Rouatt,  1955). Bacteria isolated 
from the rhizosphere are physiologically 
more active (Lochhead, 1940; Katznelson & 
Rouatt ,  1957) and they grow more 
rapidly than soil bacteria (govira, 1956; 
Rouat t  & Katznelson, 1957). Rouatt  and 
Katznelson (1957) therefore expressed the 
assumption that  bacteria which are more 
active physiologically and from the point 
of view of growth will predominate in the 
rhizosphere. Macura (1958) showed that  
on wheat roots, soft bacteria with more 
profuse growth predominate over the 
bacteria of seeds. The rhizosphere types 
also display higher metabolic activity and 
greater rate of oxygen consumption with 
glucose and alanine as substrates than 
soil bacteria (Zagallo & Katznelson, 1957). 

I t  can be assumed that  in addition to 
the rhizosphere zone conditions, pro- 
perties of the bacteria themselves influ- 
ence the colonization of the rhizosphere 
zone by various microorganisms. In  the 
present paper an a t tempt  is described to 
investigate in more detail the bacterial 
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flora of the root surface, of the rhizo- 
sphere and of control soft during the 
initial stages of wheat growth with the 
aim of establishing the differences in the 
composition and properties of the bacterial 
population of these three zones in a 
period when the rhizosphere effect begins 
to show. Emphasis is placed on the role 
of seed bacteria, on the one hand, and of 
soil bacteria, on the other, in the composi- 
tion of the rhizosphere population. 

M A T E R I A L S  A N D  ME T H O D S 

Cultivation o] wheat. The bacterial 
flora of the rhizosphere was investigated 
during the first stages of, wheat growth. 
The wheat sort ~esks p~eslvka (Bohemian 
alternative) was used, being grown in a 
greenhouse in pots containing 1.5 kg. soil 
(chernozem soil from Vino~). Soil humidity 
was kept at 60% water holding capacity 
for the whole duration of the experiment. 
Samples for microbiological analyses were 
removed 7, 14 and 21 days after sowing. 
Each lot contained samples from 4 pots 
which were treated separately. Prior to 
the experiment an analysis of bacterial 
flora from the seed surface and from the 
soil used was carried out. 

t~emoval and treatment o] samples. The 
samples were analysed on the day of 
removal. The number of bacteria on root 
surface, in rhizosphere soil and in control 
eofl was determined. A fallow soil from 
unsown pots served as control. The term 
rhizosphere soil is taken to denote the 
soil which adhered to the roots after shak- 
ing and could be removed only mechani- 
cally. For analysis of root flora roots were 
used from which rhizosphere soil had been 
removed and which were washed in sterile 
water. For the preparation of the basic 
suspension the roots or the soil sample 
were mixed for 2 min. in a Waring Blen- 
der. One ml. suspension of various dilu- 
tions was pipetted into sterile Petri 
dishes and mixed with molten agar 
medium. 

Qualitative characteristic o/bacterial flora. 
l~or the determination of bacterial count 

and for their isolation Taylor's medium 
was employed (1951). Bacterial count 
was taken after 10 days of incubation at  
28 ~ C. From dishes at  suitable dilutions, 
all colonies either from the whole dish or 
from a certain sector were isolated by the 
non-selective method of Lochhead and 
Chase {1943) and transferred by inocula- 
tion to a semi-solid medium of the same 
composition as tha t  used for isolation but  
containing 0.3% agar. During each repeti- 
tion 60 colonies were isolated, so t ha t  
from one zone during a single removal 
240 cultures were obtained. The classifi- 
cation of isolated cultures into morpholo- 
gical groups was carried out on the basis 
of microscopic examination of prepara- 
tions stained by Gram. 

Nutritional requirements were deter- 
mined by a somewhat modified method of  
Lochhead and Chase (1943). Three media 
were used in this connection: Medium B 
contained 0.05% (NHa)~HPO~ and 0.1% 
glucose, in addition to mineral salts, me- 
dium A contained in addition 0.4% Cas- 
amino Acids Difco, medium YS contained 
0.3% Michrome yeast extract and 25% 
soil extract. 

After ten days of incubation at 28~ 
the growth of isolates in all the three 
media was estimated by measuring 
transmission on a photoelectric colori- 
meter. The values obtained were used for 
the determination of intensity of growth 
of bacteria isolated from various zones as 
well as of their nutritional requirements. 
Significant growth (i.e. ~ 80% trans- 
mission) served as criterion for placing the 
culture into one of the three nutritional 
groups. 

Common biochemical tests were used 
for the identification of the bacteria as 
may be found in the Manual of Micro- 
biological Methods (1957). Identification 
of the genera isolated was carried out  
according to Bergey's Manual of Deter- 
minative Bacteriology (1957). 

R E S U L T S  

The determination of the number of  
bacteria on roots, in the rhizosphere soil 
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Tab le  1. N u m b e r  o f  bac te r ia  on  roo t  surface,  in the  rh izosphere  and  control  soil d u r i n g  the  first  s t ages  o f  
g r o w t h  of  whea t  a n d  mois tu re  con ten t .  N u m b e r s  are g iven  in mil l ions per  g. f resh  we igh t  of  roots  or  per  g. 

soil of  n a t u r a l  h u m i d i t y .  

Zone 
D a y s  a f te r  p l an t i ng  

14 21 

N u m b e r  of  bac te r i a  

R o o t  sur face  659.3 :t: 70.75 
Rh izosphe re  soil 60.2 :]: 8.10 
Control  soil 45.0 :}: 1.30 

545.9 • 29.34 
74.4 d= 6.86 
37.5 =t= 1.50 

2629.6 d= 531.65 
100.5 d= 12.86 

42.8 ~ 4.67 

Mois tu re  c o n t e n t  in ~/o 

R h i z o s p h e r e  soil 23.4 d= 0.55 
Con t ro l  soil 27.7 -4- 0.43 

22.5 :}: 0.16 
22.8 ~: 0.30 

20.5 d= 0.95 
23.8 d= 0.58 

and in control soft provided evidence that  
the rhizosphere effect is displayed by  
wheat  in numbers of bacteria as early 
as in the stage of seedlings (Table I). An 
analysis of the properties of bacteria 
isolated from the above three zones 
showed that  the rhizosphere effect is 
displayed even qualitatively. In wheat 
seedlings, there is a predominance of 
Gram-negative bacterial forms on the 
root surface and in the rhizosphere soil 
from the very first days of growth 
(Table 2). In control soil, on the other 
hand, Gram-positive organisms represent 
a considerable part of bacterial flora. 
During the ' f i rs t  three weeks of growth 
wheat  roots are found to possess a greater 
number of Gram-negative rods and a 
smaller number of Gram-negative short 
and coceoid rods. In rhizosphere soil, both 
forms of Gram-negative bacteria are 
found to decrease in number. On the other 
hand, in control soft, the incidence of 
Gram-negative and Gram-variable orga- 
nisms increases. During the first stages of 
growth, the roots and the rhizosphere soil 
were also observed to possess an increasing 
number of long non-sporulating and 
sporulating Gram-positive bacteria. 

Marked differences in the occurrence of 
various morphological types of bacteria 
were observed during the analysis of 
bacterial flora of seeds and of soil used in 

the experiments. Gram-negative forms 
were clearly predominant on seeds, Gram- 
negative rods being particularly abundant. 
In non-wetted soil, before sowing the seeds, 
the greatest relative incidence o~ Gram- 
positive cocci and Gram-negative rods 
Was found while sporulating microorga- 
nisms were only sparsely represented. 
After wetting the soil, the ratio between 
the individual morphological groups of 
bacteria changed in that  in the unsown 
soil kept  at constant humidity a marked 
rise in the number of sporulating bacteria 
and a decrease in the number of Gram- 
positive cocci and Gram-negative rods 
could be observed. 

In  comparison with the bacterial flora 
of seeds the roots are found to contain 
more abundant  Gram-positive bacteria, 
both cocci and non-sporulating and sporu- 
lating rods, while Gram-negative organisms 
are less frequently represented. 

Bacterial flora of root surface, of 
rhizosphere and control soil differ markedly 
in the occurrence of bacteria with various 
nutritional requirements (Table 3). Aver- 
age values from all removals show that  
on the roots all the three groups of 
bacteria with different nutritional require- 
ments are represented in approximately 
identical amounts. In the direction from 
the roots to the soil the percentage of 
bacteria requiring amino acids decreases. 
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Table  2. Re la t ive  inc idence  of  var ious  morphologica l  g roups  o f  bac te r ia  on  seeds,  roo t  surface,  in rh izosphere  
a n d  control  soil du r ing  t he  first s tages  of  g r o w t h  of  whea t .  The  va lues  are  expressed  as per  cen t  of  t o t a l  

n u m b e r  of  isolates.  

D a y s  a f t e r  sowing  Shor t  coccoid 
rods  

29.5 

22.2 

7 38.8 
14 25.2 
21 20.7 

Average  29.9 

7 26.3 
14 24.8 
21 19.2 

Average  23.6 

7 15.3 
14 14.4 
21 16.3 

Average  15.3 

Cocci 

5.0 

37.8 

7 15.9 
14 22.5 
21 17.2 

Average  18.6 

7 17.9 
14 31.7 
21 12.8 

Average  22.5 

7 17.2 
14 13.4 
21 25.2 

Average  18.0 

G r a m - n e g a t i v e  bac te r i a  

R o d s  Gram-va r i ab l e  

Seeds 

49.1 t 8.2 

Soil before p l an t i ng  

17.8 [ 11.1 

R oo t  surface  

27.7 I s.2 
30.5 5.3 
33.3 8.1 
29.9 7.1 

Rhizosphere  soil 

Tota l  

86.8 

51.1 

74.7 
61.0 
62.1 
66.9 

29.6 16.7 72.6 
26.2 2.1 53.1 
23.4 10.6 53.2 
26.3 8.7 58.6 

Control  soil 

10.4 6.8 32.5 
15.0 7.8 37.2 
18.5 11.9 46.7 
14.4 8.6 38.3 

Gram-pos i t lve  bac te r ia  

]Non-sporula t ing Sporu la t ing  
rods  bac t e r i a  

Seeds 

5.0 I 3.2 

Soil before p l an t i ng  

6.7 I 4.4 

Roo t  surface  

4.7 4.7 
9.9 6.6 

10.4 10.3 
7.9 6.6 

Rhizosphere  soil 

6.3 3.2 
9.0 6.2 

17.0 17.0 
10.5 8.4 

Control  soil 

12.3 38.0 
7.2 42.2 
8.1 20.0 
9.2 34.5 

Total 

13.2 

48.9 

25.3 
39.0 
37.9 
33.1 

27.4 
46.9 
46.8 
41.4 

67.5 
62.8 
53.3 
61.7 
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Table 3. Rela t ive  incidence of bacteria with various nutri t ional  requirements,  on seeds, o n  r o o t  surface, in 
rhlzosphere a n d  contro l  soil dur ing the  first stages of growth of wheat.  The v a l u e s  are  expressed in per c e n t  

of total  number  of isolates. 

Nutr i t ional  groups 
Days  af ter  sowing 

B A YS 

Seeds 

12.6 44.0 43.4 

Soil before plant ing 

48.6 25.7 25.7 

Root  surface 

7 32.3 40.3 
14 28.7 31.1 
21 39.3 31.0 

Average 33.3 34.4 

27.4 
40.2 
29.7 
32.3 

Rhizosphere soil 

7 34.4 26.0 39.6 
14 35.3 30.0 34.7 
21 28.9 31.7 39.4 

Average 33.0 29.1 37.9 

Contro l  soil 

7 44.8 25.1 
14 40.9 27.3 
21 35.9 24.1 

Average 40.7 25.6 

30.1 
31.8 
40.0 
33.7 

Whereas in the rhizosphere soil the highest 
incidence of bacteria with complex nutri- 
tional requirements was observed, in 
control soil bacteria with simple nutri- 
tional requirements are more abundant. 
In  contrast to soil analysed before the 
experiment, wetted control soil contains 
less bacteria growing in a medium with 
mineral nitrogen and more bacteria requi- 
ring substances contained in the yeast and 
soil extracts. 

Even in the case of the occurrence of 
nutritional groups of bacteria there was 
a marked shift in the composition of 
bacterial flora of the root surface as 
compared with bacterial flora of seed 
surface. On the roots the occurrence of 
bacteria with simple nutritional requri- 
rements increased while the occurrence of 

the other two groups of bacteria was 
lowered. 

On comparing the nutritional require- 
ments of various morphological groups of 
bacteria it was shown tha t  there are 
differences in nutritional requirements 
not only between various morphological 
groups of bacteria but also within a single 
morphological group, depending on the 
zone from which the corresponding bacte- 
ria have been isolated (Table 4). For 
bacteria isolated from the seed surface, 
a high incidence of bacteria with complex 
nutritional requirements (with the excep- 
tion of Gram-variable rods) and a low 
incidence of bacteria with simple nutritio- 
nal requirements are characteristic. Among 
the Gram-negative bacteria isolated from 
the soft before the experiment the complex- 
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Table 4. Nutritional require ments  of morphological 

groups of b a c t e r i a .  

Origin 
Nutri t ional  groups _ _  

I B I A I Ys 

Gram-negative. short  coccoid 
reds 

S e e d s  16.3 I 39.5 44.2 
Soil before 

plant ing 22.2 22.2 55.6 
Root  surface 35.0 40.0 25.0 
Rhizosphere soil 34.4 28.1 37.5 
Control soil 50.0 25.8 24.2 
Average 39.1 32.6 28.3 

Gram-negative long rods 

Seeds 1.5 39.4 l 59.1 
Soil before 

plant ing 22.2 22.2 55.6 
Root  surface 32.3 31.3 36.4 
Rhizosphere soil 27.9 41.2 30.9 
Control soil 29.3 29.3 41.4 
Average 30.2 I 33.8 36.0 

Gram-variable rods 

Seeds 31.2 37.5 31.3 
Soil before 

planting 20.0 40.0 40.0 
Root  surface 54.2 16.6 29.2 
Rhizosphere soil 31.8 13.6 54.6 
Control soil 57.9 18.4 23.7 
A v e r a g e  50.0 16.7 33.3 

S e e d s  
Soil before 

planting 
Root  surface 
Rhizosphere soil 
Control soil 
Average 

Gram-positive cocci 

0.0 28.6 71.4 

47.1 17.6 35.3 
40.0 17.1 42.9 
35.0 18.3 46.7 
43.1 21.5 35.4 
39.7 19.1 41.2 

Gram-positive 
non-sporulat ing rods 

Seeds 12.5 ] 25.0 62.5 
Soil before 

plant ing 66.7 33.3 0.0 
Root  surface 20.0 12.0 68.0 
Rhizosphere soil 30.0 20.0 50.0 
Control soil 26.3 28.9 44.8 
Average 25.8 21.5 52.7 

Sporulating bacteria 

Seeds 0.0 [ 20.0 80.0 
Soft before 

plant ing 50.0 50.0 0.0 
Root  surface 19.0 52.4 28.6 
Rhizosphere soil 34.6 30.8 34.6 
Control soil 36.6 29.2 34.2 
Average 34.6 31.7 33.7 

nutrition group is most abundant, while 
among Gram-positive bacteria the simple- 
nutrition group predominates. In bacteria 
isolated from the root surface, from the 
rhizosphere and control soil during the 
first stages of wheat growth, nutritional 
requirements of bacteria of the same 
morphological type will frequently differ. 

As shown in Table 5 the individual 
nutritional groups of bacteria are repre- 
sented by different morphological types. 
The ratio of individual morphological types 
in the composition of nutritional groups is 
associated with the source of the corres- 
ponding bacterial flora. The group of 
bacteria with simple nutritional require- 
ments was represented in the soil before 
the experiment first of all by Gram-posi- 
tive cocci, in control soil during the first 
stages of wheat growth by Gram-positive 
sporulating microorganisms, cocci and 
Gram-negative minute rods, on the root 
surface and in the rhizosphere soil mostly 
by Gram-negative microorganisms and 
by Gram-positive cocci. In the group of 
bacteria requiring amino acids, Gram- 
negative bacteria predominate in the seed 
bacterial flora, in the soil before planting 
Gram-positive cocci, Gram-negative and 
Gram-variable organisms are most a- 
bundant. In control soil, within this 
nutritional group, there is a marked rise 
in the incidence of Gram-positive orga- 
nisms during the first three weeks of 
wheat growth, while the incidence of 
other types decreases. Among the bacteria 
of this nutritional group isolated from the 
root surface and from rhizosphere soft, 
Gram-negative organisms predominate. 
In the group of bacteria with complex 
nutritional requirements Gram-negative 
rods and short coccoid rods are most 
abundant among the organisms isolated 
from the seeds, while Gram-variable and 
both types of Gram-negative bacteria 
predominate among bacteria isolated from 
soil. The third nutritional group is 
represented on the roots by Gram-nega- 
tive and Gram-variable forms, in the 
rhizosphere soil and even more markedly 
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Table 5. Rat io  of  individual  morphological  types  of  bac ter ia  in nut r i t ional  groups.  

Nu t r i t i ona l  g roups  
G-eoccoid  

rods 

B 50.0 
A 31.5 
u  24.7 

B 12.5 
A 18.2 
YS 27.8 

B 29.9 
A 39.6 
YS 20.7 

B 25.3 
A 24.3 
YS 22.0 

G+nonsporu-  G+sporula- 
G - r o d s  G-va r i ab l e  G+cocci la t ing r ing 

Seeds 

7.2 35.7 0.0 7.1 0.0 
48.1 l l . 1  3.7 3.7 1.9 
50.6 6.5 I 6.5 6.5 5.2 

Soil before p lant ing  

12.5 6.3 I 50.0 12.5 6.2 
18.2 18.2 I 27.2 9.1 9.1 
27.8 11.1 33.3 0.0 0.0 

R o o t  surface 

27.4 11.1 23.9 
30.7 4.0 11.9 
29.7 5.8 24.8 

4.3 I 3.4 
3.0 10.8 

14.1 4.9 

Rhizosphere  soil 

21.8 8.0 24.1 
37.8 4.0 14.9 
19.3 11.0 25.7 

10.4 10.4 
8.2 10.8 

13.8 8.2 

Control  soil 

B 18.9 
A 14.7 
YS 10.7 

9.7 12.6 19.4 5.7 33.7 
14.6 6.0 14.7 9.5 40.5 
16.2 6.0 18.8 11.4 36.9 

in control soil the percentage of Gram- 
negative organisms decreases while the 
percentage of Gram-positive cocci and 
sporulating bacteria rises. 

Bacteria isolated from the soil before the 
experiment are characterized by a mark- 
edly higher growth intensity (Tab. 6). 
Similarly, on the roots, in the rhizosphere 
and in the control soft changes in the 
incidence of bacteria with different 
growth intensity can be encountered 
during the first 21 days of wheat growth. 
In the first two lots, i.e. on the 7th and 
14th days after sowing, the highest per- 
centage of growth-active types could 
be observed among the soil isolates. In 
further lots, however, i.e. on the 21st day 
of growth, the highest percentage of 
growth-active types was found among 
bacteria isolated from the root surface. 

Bacteria isolated from rhizosphere soil 
displayed the lowest percentage of growth- 
active types of bacteria in all lots removed. 

In the same way as with nutritional 
requirements, during the determination 
of the growth intensity of bacteria of the 
individual morphological groups there 
existed differences in growth intensity 
not only between individual morpholo- 
gical groups but also within these groups 
according to the source of bacteria 
(Table 7). In the first two media, i.e. in 
the medium with mineral nitrogen and 
amino acids, the seed bacteria display the 
lowest growth activity in all morphological 
groups. The highest percentage of growth- 
active bacteria was observed among 
bacteria isolated from the soil and from 
the root surface. Among Gram-negative 
coccoid rods, Gram-variable rods, Gram- 
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Table  6. I n t e n s i t y  o f  g r o w t h  of  bac ter ia  i sola ted 
f r o m  seeds,  root  mrrfaee, rh izosphere  and  cont ro l  
soil du r ing  the  first s tages  of  g rowth  of  whea t .  
The  va lues  are expressed  as per  cen t  bac te r ia  ex- 
h ib i t ing  g rowth  w i th  t r a n s m i s s i o n  less t h a n  90~o. 

Table  7. I n t e n s i t y  of  g r o w t h  of  morpho log ica l  
g roups  of  bacter ia ,  i sola ted f rom seeds,  root  su r face ,  
rh izospbere  and  cont ro l  soil of  whea t .  The  v a l u e s  
are expressed  as per  cen t  o f  isolates w i th  t r a n s m i s -  

s ion less t h a n  90~o. 

D a y s  a f te r  sowing  

7 
14 
2I 

Average  

7 
14 
21 

Average  

7 
14 
21 

Average  

Med ium 

Seeds 

26.4 I 41.5 I 83.6 

Soil before p l an t ing  

44.4 r 62.2 I 88.9 

Root  sur face  

53.5 64.1 79.4 
39.1 48.3 84.9 
63.2 62.1 86.2 
50.2 57.8 82.8 

Rh izosphere  soil 

36.8 5 1 . 6 1  
33.8 40.7 I 
46.8 60.6 ] 
37.9 48.8 ] 

Controil  soil 

60.1 67.5 
60.5 71.7 
34.1 45.9 
53.0 62.9 

81.i  
79.3 
86.3 
80.8 

92.0 
95.0 
79.3 
89.5 

positive non-sporulating and sporulating 
rods, those isolated from the soil were the 
most growth-active. Among Gram-nega- 
tive rods and Gram-positive cocci the 
highest percentage of growth-active types 
was among root isolates. 

Differences between the bacterial flora 
of seeds and of soil (before experiment) as 
well as between the bacterial flora of root 
surface, the rhizosphere and control soil 
were also observed with respect to the 
occurrence of types with different physio- 
logical properties (Table 8). With in- 
creasing distance from the roots the 
occurrence of bacteria acidifying a glucose- 
containing medium and hydrolyzing 
starch decreases while the occurrence of 
nitrate-reducing bacteria rises. On the 
other hand, in the course of the first three 

Origin 
M e d i u m  

B I A I Y s  
Gram-nega t ive  shor t  coeeoid 

rods 

Seeds 38.3 46.8 85.I  
Soil before 

p l an t i ng  40.0 60.0 90.0 
R oo t  su r f ace  56.6 64.0 82.0 
Rh izosphere  soil 42.8 51.7 84.4 
Control  soil 66.6 66.6 89.8 

Seeds 
Soil before 

p l an t i ng  
Roo t  sur face  
Rhizosphere  soil 
Control  soil 

Gram-nega t i ve  long rods  

20.5 38.5 80.8 

25.0 50.0 75.0 
45.1 54.9 79.5 
38.4 52.0 73.5 
38.9 51.8 70.3 

Gram-var i ab le  rods 

Gram-pos i t ive  cocci 

Seeds 37.5 50.0 100.0 
Soil before 

p l an t i ng  58.8 76.6 94.1 
R oo t  sur face  52.4 60.4 90.4 
Rh izosphere  soil 35.9 47.9 82.5 
Control  soil 51.1 56.8 92.8 

Gram-pos i t ive  
non - spo ru l a t i ng  rods 

Seeds 25.0 37.5 87.5 
Soil before 

p l an t i ng  33.3 66.7 66.7 
R o o t  su r f ace  34.3 44.7 81.1 
Rh izosphere  soil 37.1 45.6 88.4 
Control  soil 36.3 49.9 85.0 

Sporu la t ing  bac te r ia  

Seeds 20.0 20.0 100.0 
Soil before 

p l an t i ng  100.0 100.0 100.0 
R oo t  su r face  48.1 59.3 85.1 
Rh izosphere  soil 42.8 50.0 89.2 
Control  soil 54.3 70.2 97.0 

Seeds 15.4 46.2 84.6 
Soil before 

p l an t i ng  20.0 20.0 100.0 
R oo t  su r f ace  58.5 51.5 79.1 
Rh izosphere  soil 27.5 41.3 79.1 
Control  soil 68.1 72.9 89.9 
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Table 8. Relative incidence of bacter ia  with various physiological properties on roots, in rhizosphere and 
control soil during the first stages of growth of wheat.  

Days after  sowing 

Incidence of bacter ia  in ~o 

Acidifying 

glucose I sucrose 

85.4 I 37.5 

Nitrate-reducing I 

16.6 

48.0 I 32.0 32.0 

7 83.0 37.7 20.7 
14 72.3 34.1 36.2 
21 75.6 27.8 51.1 

Average 76.8 32.1 38.9 

Hydrolyzing 
s tarch 

Seeds 

I 39.8 

Soft before plant ing 

I 56.0 t 

Root  surface 

58.6 
53.2 
48.9 
52.6 

Rhizosphere soil 

51.8 
50.O 
40.2 
45.8 

Control soil 

39.6 
57.7 
18.5 
38.3 

7 66.7 38.9 
14 61.1 25.9 
21 58.8 27.8 

Average 61.5 30.2 

7 50.0 22.9 
14 82.7 76.9 
21 42.6 13.0 

Average 58.4 37.7 

Liquefying 
gelatine 

66.0 

60.4 
40.4 
60.0 
55.3 

57.4 64.8 
38.9 51.8 
34.0 52.6 
41.5 55.6 

45.8 56.3 
65.4 75.0 
25.9 43.3 
45.4 59.1 

Table 9. Generic composition of bacter ia  of the root  
surface, the rhizosphere and control soil during the 

first stages of growth of  wheat.  

Number  of Root  Rhizo- Control 
isolates [ surface sphere soil soil 

Genera ~ 185 I 189 I |82 

Achromobaeter 1.1 4.8 3.3 
Arthrobacter 9.7 14.3 6.6 
Bacillus 6.5 10.1 36.3 
Corynebacterium 6.0 5.3 3.8 
Brevibacteriu m 1.6 3.2 4.9 
2~lavobacterium 16.2 11.1 5.0 
Kurthia  3.2 0.5 1.7 
.Micrococcus 10.8 7.9 12.6 
Mycococcus 4.3 8.5 12.6 
M ycabacteri u m 8.1 7.9 3.9 
1ff ycoplana 4.3 11.1 2.2 
Pseudomonas 22.7 14.3 7.1 
V/br/o 4.3 0.5 0.0 

weeks of wheat growth the incidence of 
bacteria acidifying glucose and sucrose 
and hydrolyzing starch decreases on the 
roots while the nitrate-reducing bacteria 
content increases. This trend is also marked 
in rhizosphere soil, an exception being 
formed by  nitrate-reducing bacteria whose 
occurrence in this zone decreases. 

Table 9 shows the generic composition 
of bacterial flora isolated from the root 
surface, from the rhizosphere and control 
soil. Bacteria isolated in 311 three removals 
are comprised in the Table. I t  was shown 
that  on wheat roots bacteria of the genera 
Pseudomonas and Flavobacterium, further 
Micrococcus and Mycobacterium are most 
abundant  during the initial stages of 
growth. In the rhizosphere soil, the 
highest incidence of Pseudomonas and 
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Arthrobacter and further of ~'lavobacterium 
and Mycoplana species could be noted. 
In the control soft, however, bacilli and 
members of the genera Micrococcus and 
Mycococcus are most abundant. Bacteria 
of the genera Pseudomonas, _Flavobacterium 
and Mycobacterium are considered to be 
typical root forms as they are not only 
most abundant  on the roots but  their 
occurrence decreases with increasing 
distance from the root. On the other hand, 
with increasing distance, the occurrence 
of Bacillus, Mycococcus and Brevibacterium 
rises. The rhizosphere soil is most char- 
acterized by bacteria of the genera 
Arthrobacter, Achromobacter and Myco- 
plana. But even within the individual 
genera different species occur in different 
zones. Thus, of sporulating microorgan- 
isms, the following species occurred on 
the roots: Bacillus circulans, Bacillus 
brevis, Bacillus laterosporus, Bacillus pu- 
milus, Bacillus sphaericus; the following 
could not be found although they occurred 
in the control soil: Bacillus firmus, Bacillus 
licheni]ormis, Bacillus megaterium, Ba- 
cillus subtilis and Bacillus cereus. 

D I S C U S S I O N  

I t  can be concluded on the basis of 
several previous papers and of the results 
described here that  the rhizosphere effect 
can be observed as early as during the 
first days of growth of plant roots. Timo- 
nin (1940) sowed surface-sterile seeds into 
soil and on the third day after germination 
he observed markedly higher numbers of 
bacteria in the rhizosphere than in the 
soil. Rovira (1956) grew non-sterile seeds 
of oats and tomato in sterile sand or on 
glass beads and he showed that  the seed 
microflora can form a quantitatively 
characteristic rhizosphere population. On 
the basis of his paper the conclusion was 
drawn that  the rhizosphere microflora has 
its origin in the seed microflora. Other 
authors also ascribe an important role to 
the seed microflora where the rhizosphere 
population was concerned (Rempe, 1951; 
Wallace & Lochhead, 1951; Pantos, 1957). 

On the other hand, however, some authors 
ascribe a more significant role in the origin 
of the rhizosphere population to the soil 
mieroflora (Isakova, 1939; Shilova, 1955). 
I t  was shown recently by  Rouat t  (1959) 
that  in wheat it is possible to determine 
a marked rhizosphere effect both as 
concerns the number of bacteria and the 
incidence of groups of bacteria with 
different physiological properties three 
days after planting. He also points out  
that  most rhizosphere organisms can 
originate in the soil. 

When growing wheat in a nutrient 
solution, Macura (1958) found tha t  seed 
bacteria can move over to the roots and 
colonize them. If, however, soil bacteria 
were added to the nutrient solution, these 
bacteria being physiologically more active 
than those from seeds, the soil types 
predominated on the roots. A similar 
finding was made in the work described 
here. In wheat seedlings, a marked rhizo- 
sphere effect was observed on the 7th, 
14th and 21st day  after sowing, both as 
concerns the number and composition 
of the bacterial population of roots and 
of rhizosphere soil. In all cases, a predo- 
minance of Gram-negative bacteria was 
observed on the roots. The higher in- 
cidence of bacteria requiring amino acids 
on roots than in the rhizosphere or control 
soil confirms the observation that the 
rhizosphere effect is noticeable immediate- 
ly after the germination of seeds. A compa- 
rison of the properties of the bacterial 
flora of seeds and control soil with the 
properties of the bacterial flora of the 
root surface of seedlings showed that even 
if during the first days of growth the roots 
are found to contain bacteria typical for 
seeds, with further growth of the plant the 
percentage of characteristic types of soil 
bacteria in the composition of root 
bacterial flora rises. This was shown in 
changes of occurrence of various morpho- 
logical and nutrition groups of bacteria. 
A comparison of growth of bacteria isola- 
ted from roots, from the rhizosphere and 
from control soil revealed that  the lowest 
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incidence of rapidly growing strains occurs 
in the rhizosphere soil which appears to 
be connected with the finding that  among 
the bacterial flora of this zone the 
complex-nutrition types of bacteria are 
most abundant.  In control soil, bacteria 
with simple nutritional requirements 
predominate and during the first two 
removals the highest incidence of rapidly 
growing bacterial types was found here. 
On the roots, there is approximately an 
equal representation of all the three 
nutrition groups, the root bacteria exhibit 
more active growth than the rhizosphere 
bacteria and on the 21st day after sowing 
the roots were found to contain the 
highest number of rapidly growing strains. 
Similarly also the bacteria of these three 
zones differ with respect to occurrence of 
types with different physiological prop- 
erties. 

An analysis of generic composition of 
bacterial flora of the root surface and of 
the  rhizosphere and control soil during the 
first 21 days of growth of wheat has also 
revealed qualitative differences. Bacteria 
of  the genus Pseudomonas, Flavobacterium, 
Mycobacterium and to a lesser extent also 
Vibrio and Corynebacterium are characte- 
ristic for the root zone. The control soil 
which is not under the influence of growing 
roots is characterized by  the occurrence 
of  the genera Bacillus, Mycococcus and 
Brevibacterium. The rhizosphere zone was 
characterized in the experiments described 
here by  the genera Arthrobacter, Achromo- 
bacter and Mycoplana. Representatives 
of  the genus Micrococcus occurred in a 
rather considerable amount in all the 
zones. 

I t  is "known that  the bacteria of the 
genus Pseudomonas are characteristic 
representatives of rhizosphere microflora 
(Clark, 1940; Starc, 1943; Krasffnikov, 
1944; Fedorov & Nepomiluev, 1954; Pan- 
tos, 1957). These bacteria are often produ- 
cers of growth substances and can favou- 
rab ly  influence the initial growth of plants 
(Krasffnikov, 1944; Pantos, 1957). The 
occurrence of bacilli in the rhizosphere is 

usually considerably lower than in the con- 
trol soft (Krasffnikov, 1934; Krasirnikov, 
Kriss & Litvinov, 1936; Lochhead, 1940). 
At the same time, there exist differences 
in the occurrence of the individual species 
of this genus in the rhizosphere and in soil. 
This was also observed in our experiments 
and it is mentioned by Clark (1940) and 
Berezova (1948). Interesting observations 
on the distribution and significance of 
sporulating organisms in the wheat rhizo- 
sphere were published by  Vs (1956). 
While in cocci and non-sporulating Gram- 
positive rods the rhizosphere effect is not 
very marked some other bacteria can be 
considered as characteristic for the root 
population. To these belong Mycobacte- 
rium (Khudyakov & Voznyakovskaya, 
1956) Achromobacter (Voznyakovskaya, 
1948), Arthrobacter (Lochhead, 1948; Pan- 
tos, 1957; Fedorov & Pantos, 1958), 
Flavobacterium (Pantos, 1957). Even if the 
function of these microorganisms is not 
yet  known some papers refer to their 
possible significance. Thus Flavobacterium 
solare affects the growth of wheat favour- 
ably (Pantos, 1957). The finding of Sper- 
ber (1958) that  Arthrobacter, Brevibacte- 
rium, Flavobacterium, Achromobacter and 
Mycobacterium isolated from the rhizo- 
sphere are able to solubilize apatite, is of 
interest. According to Sorokina (1958) 
Mycobacterium phlei and Pseudomonas 
caudata stimulate the germination of 
kok-saghyz. 

The results presented here justify 
the conclusion that  soil bacteria which 
are more active physiologically and from 
the point of view of growth than seed 
bacteria can considerably contribute to 
the rhizosphere population and can 
colonize the plant roots during the very 
first stages of plant growth. 

S U M M A R Y  

The composition and some properties 
of bacterial flora isolated from root sur- 
face, from the rhizosphere and control 
soft during the initial stages of wheat 
growth were studied. Isolated bacteria 
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were divided into groups according to 
their morphological properties, their 
nutritional requirements and growth in- 
tensity and according to some biochemical 
properties. 

It was found that the bacterial flora of 
the root surface, of the rhizosphere and 
control soil during the initial stages of 
wheat development differ in the occur- 
rence of morphological types, nutritional 
requirements and growth activity. The 
rhizosphere effect was also quite marked 
in the percentage of bacterial genera in the 
above three zones. 

It was shown by comparing the pro- 
perties of bacterial flora of  seeds and of 
soil in which the wheat was grown that 
the seed bacteria, in common with the 
soil bacteria, can move over to the roots 
but that the physiologically more active 
soil bacteria become predominant and 
markedly affect the composition of the 
rhizosphere population. 

The  authors  are  i n d e b t e d  to Mrs. M. Cimrhaklovg~ 
for  sk i l fu l  t echn ica l  a s s i s tance .  
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MHI~POq)JIOPA P I 4 3 0 C q ) E P b I  I l f l IEHI4I IbI  

I. COCTaB ~I CBOI~CTBa 6aKwepr~a~hHofi ~p~opH 
nepB~x (~a3ax pocTa nmeH~II~ 

I4. Baznepoea, t0 .  Mat4ypa u B .  rtamcgan 

I43yqa~c~ COETaB II n e K o T o p b i e  CBOff- 
CTBa 6aKTepgaa~HOf f  ~ a o p ~ ,  u ~ i ~ e a e n n o f i  
c g o B e p x H o c T ~  ~opHef i ,  ~a  p n 3 o c ~ e p s I  
I~I3 CB0~O~HOff II0qBIaI B H a ~ a a b n b i x  ~a3ax 
p o e T a  n m e n ~ L  B~i~e~ennbm 6aKTepI~H 
6bIY[H paaReyiei tbr  Ha r p y n n ~ t  n o  aBOHM 
M O p ~ o a o r H ~ e C K n M  CBOffCTBaM, lIO T p e 6 0 -  
BaHH~M K III/ITaHnlO~ nO I/IHTOHCI/IBHO(~Tn 
p o c T a  n nO HeKoTopbIM 6~OXnMH~eCKHM 
CBOffCTBaM. 

BbIaO yCTanOB~eno ,  qTO cyn~ecTByIOT 
p a a a n ~ n g  MemXy IIpe~CTaBHTe~I~tMII 6 a u -  
T e p H a a ~ n o f f  dpaop~i c n o B e p x n o c w n  ~ o p -  
nef f ,  n 3  p H 3 0 c ~ e p s I  H Ha CBO60~HOfi nOqBSI 
B n a ~ a a b H b I X  ~ a a a x  pa3BI4WI4~I n m e n H K b i ,  
qTO ~aeaewcf l  M o p ~ o ~ o r n q e c ~ H x  TnnOB, 
wpe~OBaHHi'I K III4WaHnIO I4 aKTHBHOCTI~ 
pocTa. 1/I ~wO Kacaewcfl  po~los  6 a ~ w e p n f i ,  
n p e ~ c T a B a e n n ~ x  B ~THX wpex  8 o n a x ,  3a -  
Mewao npoaBgaCa 3d~qbe~w pn3oc/~epsi. 

CpaBHenne CBOffCTB 5anwepHaa~nofi 
~JIOpbI CeM~It II IlOqBbI, B t(OTOpOff n m e -  
nI4IIa D b i p a n I ~ B a a a c b ,  n o n a 3 a a o ,  tITO 6an- 
T e p g n  CeMi~H TaR ~ e ,  I~a~ ~I 6aKTep~H 
nO~BSI, MoryT n e p e x o ~ ( n T  Ha ~ o p n g ,  HO 
~HsHoaorn~ec~n 6oaee a~TnBH~,Ie nO~I - 
SeHnMe 6a~TepsH noay~a~oT npeHMyme- 
CTBO II oKa3I, IBalOW r J i a B n o e  BJ1Hitnrie Ha 
COCTaB n o n y a a ~ H H  p u 3 o c d p e p ~ .  


