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BACTERIAL POPULATION DYNAMICS TN A SOIL—PLANT SYSTEM

.t

- N €. Kirilova. G. A. Stasevich, s
- PUA Kozhevin, and D. G. Zvyagintsev =

B The Jdy framiics of Aiu*obmm ngumu.osr'rvu 1 and Ar"ll‘ﬁf‘dclél’ crysmHopo:etes populatlons mtroduccd into soll ‘
ar it rent denzities were studied in the barley. -hx.osphcxe. The region of microbial life with a high multipli- W
“vation rate is represented “only by the root surface (rhizoplane). A dependence was established for A, crystallo-""*
poteres between the final abundance of bacteria in the rhizoplane and the initial population density. A t..ndcncy
was aoted in nodule bz z2cteria toward abundance stabilization at the same level regardiess of the initial population
) “density, Tt is sitegested that the single level of stabilization in- nodule bactcria and the pronounced dependence -
- ot the tinal abundance of Asthrobacter on the level of introduction refiect the ecological strategy of these micro-
" organiems, Introduction of A. cr}stallopoxetes and R_ leguminosarum dld ot affect thc dynarma of soil -
h.mem ssayed by ,)la:mg : S e R AU E

The inter;s( in studyme the ‘xeh.mor of mmoomamsm; in the soxl plant system is tradmona] but the abundant

’ l‘acl\ul waterial available can be analyvcd only with dnfhculty

~ - Works had appeared recently (Bowen and Rovira, 1976; \ewman and Watson. l97'7) in which attempts were made
to correlate the accumulation of empirical data and at_the same time to construct a.tieoretical model for a microbial ’
system in the rhizosphere. A broad range of signuicant conclusions arise from the Newman—Watson model. Specifically,
the model predicts growth of microorganisms pnmanl) only on the root surface vhich.almost eliminates the traditional
mnwpt of the rhizosphere. o S ' )

Our work is devoted to ‘the expcnmcntal verification of tlu major conclusions of the Newman—Watso-\ model for -,

“populations of Archrobacter cnsmllopou-les and Rlx. z0bium leguminosaru:n erowmz in the rhlzoplane, rhizosphcre, and A

\td.\p'mq\here of barley.

MATERIALS AND METHODS

Warley (Hordeun vulgere) was grown in a greenhouse in pots filled with sod-weakly podz.ohcAhlghly cultivated top
soile Experimeats were performed from June to September 1979 without artificial light, and from October to December
with widitlonat light (more than 18 h-per day). Soil moisture was maintained at 60% of .otal moisture capacny

Streptomycin-iesistant populations of R. leguminosarum ZK (the original strain was praciously presented by Prof
V. P, Nlasen) and A. crystcllopoietes 655 (from the collection of the Institute of Microbiology, Academy of Sciences of
the USSR) were selected as the rescarch subjects. Spontaneous mutants resistant to a high streptomycm concentration were
selected by conventional procedure (Klasen, 1974). ,

Nudule bacteria were grown on a bean infusion for 2 days at 28°C in batch culture. A. crystallopoietes was grow}n
on meat - peptone agar.  Bacterial cultures were washed three times with sterile water, after which they were introduced
into soit at several different population densities. Barley seeds (30 per 5-iter pot) were sown in soil immediately thereafter.

To enumerate miicroorganisms in relation to barley growth, seven-eight plants were placed in sterile Petri dishes at
specilied times. The selection of samples is related to the arbitrary division of the space around roots into three zones
according to the goals set in this work. The furthest zone from the roots (edaphosphere) was represented by soil collected
when the roots were lightly shaken. Soil firmly held on the roots was removed with a sterile scalpel so that the remaining
layer was not thicker than 0.3 cm.; this remaining layer was then scraped off and regarded as the rhizosphere, and micro-
Organhising remaining on roots as the rhizoplane. Since roots were not washed, rhizoplane microflora was not mixed with
thut from the rhizosphere. Soil samples from the rhizosphere and edaphosphere (1 g) and roots (0.1-0.2 g) were placed in
thres trpltcanons in flasks with 100 ml of sterile water and treated with a low-frequency UZDN-1-type pulverizer (22 kHz,
04 A, 2 min). Inoculations were carried out by the dish method (five parallel dishes) with different dilutions of the
suspension on the following media: bean agar with streptomycin (1.39 mg/ml) to enumerate nodule bacteria; meat—peptone
apar diluted 10-fold to enumnerate the soil bacteria complex; and meat— peptone agar with sireptomycin (0.6 mg/ml) to
snumerate A. crystallopoieres. '

MLV, Lomonosov Moscow State Univorsity. Translated from Mlk:obnologlya Vol. 50, No. 1, pp. l28~l33 January-
February, 1981. Ongmal amc!e submitted March 12, 1980.
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Fig, 1. Populatmn dynamics of bactem introduced at different popule-
tion densities into the thizoplane. a) A. crystallopoietes; b) R, legumino-
sarum. N = bacterial cell number /cm? of root surface. The vertical
lines in Figs. 1-3 indicate the confidence interval at a 0.05 sxgmﬁcance
level.

The procedure we used for differentiating zones near the root makes it possible to select samples according o 20ne
with a high reliability in comparison with the root-washing method. In this case, however, when rhizoplane microorganisms
are counted, soil cannot be totally removed from the roots, which is particularly noticeable in work with young seedlinps,
Therefore. it is necessary to verify the relative completeness of the bacterial count in the rhizoplane. For this putpose, young
barley seedlings (3 and S days) were analyzed by two procedures: that described above and a traditional procedure (Rovira
et al., 1974). In the second case, roots were washed in flasks with 100 ml of sterile watcr on 2 shaker for 3 min, then
sterilely transferred to 250-mi flasks with 100 ml of sterile water and 3 g of washed coarse sand, and shaken on a shaker
for 15 min. This procedure did not significantly increase the completencss of the microbial count in the rhizoplane in
comparison with the basic method we used, and observed differences between cortespondmg abundance parameters did not
exceed 20-30%. :

The mlcrobla] count was calculated per unit of root and soil surface. ‘We assumed that the specific surface of batley

- roots was 0.11 m?/g of soil (Guzeva, 1978). Contact between bacteria and secds occurred in soil, since the bacterial popula-

~ tion was added directly to soil and not to the seeds. Therefore, population abundance at time zero on the root dwiing {ts

formation was evaluated on the basis of the surface bacterial concentration. Thus, the corresponding parameter of soil
population density was used as the initial valuc for counting bacteria on the root surface.

Statistical analysis of results was performed following stand.ard procedure (Ashmarin et al., 1975)

RESULTS AND DISCUSSION

Population Dynamics of R. leguminosarum and A. crystallopoietes in the Rhizoplane. The abundance of iniroduced
bacterial populations in all tests increased in the rhizoplane; this was particularly intense during the first test perioda (3-8
days) (Fig. 1). Thus, if the initial density for A. crystallopoietes on barlcy roots was 1.65-10%, 5.49-10!, and 0.34 cells)em?
of root, by the third day abundance increased, respectively, to 1.5.10%, 1.25- 104 and 1.6-10? cellsicm? of root. Gensration
time from these data was approximately 1C h. We used the following formula in the calculations 4?1:1, 1975) e

o la—fylog2 -
log Np~log Ny - -4 "
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Fig. 2. Population dynamics of bacteria introduced into the rhizosphere

and edaphosphere at different population densities. a) A. crystallopoietes;
" b) R. leguminosarum: 1) thizosphere; ?) coaphosphere N= bactenal cell
- number/cm? of soil.

‘whete t, is the gencration time: and N, and N, the number of microorganisms at times t, and t,, respectively. “A similar
pattern was observed also for nodule bacteria at the start of the experiment. If the initial population density was 1-10°,
0.27.10' (and 0.31 cells/ain® of rcot, by day § bacterial abundance increased, respectively, to 1.6-10%, 6.3-10°,
~and S 10! cells/em? of roct. Generation time was approximately 13 h, if counts were made with the use of the specific
sofl and wwot surfaces proposed (Guzeva, 1978), The legitimacy of this asswinption requires veritication; we should poirit
out, howewer, the coincidence of results on population dynamics and bacterial multiplication rate we obtained with the
vrresponding conclusions from the Newiman —Watson model. In subsequent periods of the experiment, the abundance of
o «rvwllogww es hardly varied and remained at the level reached by day 3.

s noteworthy that there is a clear correlation between stabilization level and initial density of the Arthrobacter
population: A\ more abundant introduction corresponds to a higher final abundance. This particular aspect:of the popula-
tlon dynawmics of this population in the rhizoplane is significant and corresponds to the dynamics of nodule. bacteria in soil
(Kothevin et al,, 1977). This means that there is no single value for the amount of medium specified in the experiment for
Arthrodacter.  Moreover, the Newman— Watson model indicates that, in contrast to soil, the rhizoplane is characterized by
the same amount of medium, and the stabilization level esscntially does not depend on the level of introduction. In our
eXpernnent a taore abuadant Arthrobacter population is maintained in the final count with a more abundant introduction
tnto the thizoplane, but this high level only represents a potential and is not realized at a lower population introduction
density. Oune possible reason for this is the disparity in the ecological strategy of Arthrobacter and conditions in the
rhizoplane in the presence of other organisms.

The population of nodule bacteria introduced at-a high level decreased slightly by day 33 after a short multiplication
petiod. At an average introduction density, the R. leguminosarum population hardly varied after the fifth day. Moreover,
the nodule bacteria population in the variant with the lowest introduction level increased by the end of the experiment. In
this cuse, a tendency was obscrved for stabilization at the same level regardless of the dependence on the level of introduction
of nadule bactenia, as indicated for the general case by the model. This indicates that the ccological strategy of nodule
bacterdn, In comparison with that of Arthrobucter, makes possible a more complete realization of potential possibilities for
growth at a low initial abundance. The realization of these possibilities in the rhizoplanc may be significantly detcrmined by
the capacity for migration (transition into a nearby favorable microzone and its assimilation) and other characteristics
(growth rate, expenditures for maintenance, half-life during starvation, etc.). If the stratcgy characteristics are considered
(May, 1976), it may be concluded that Arthrobacter is inclined toward a K-strategy and nodule bacteria on the same back-
ground are microorganisms with a more pronounced r-strategy.
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Fig. 3. Population dynamics for the soil bacteria complex. a) For
introduction of A. crystallopoietes at all levels of initial population
density; b) for introduction of R. leguminosarum at all levels of
initial population density; ¢) without introduction of a population;
1) rhizoplane; 2) rhizospherc; 3) edaphosphere; 4) soil without
plants; N = cell number/cm? of surface of roots for the rhizoplane
and of soils for others. '

i Papulation Dynamics of R. leguminosarum and A. crystallopoietes in the Rhizosphere and Edaphosphere. No significant
differences in bacterial abundance in the rhizosphere and edaphosphere were observed in all tests (Fig. 2). The Arthrobacter
population density generally decreased during the first 3 days, and then remained approximately stable; the level of
stabilization was higher if the introduced population density was higher. The abundance of nodule bacteria began to in-
crease slightly in all variants, and then decreased. The decrease was more extensive at a higher population introduction
level. Considering the theory on soil microzonality, we can suggest that most zones that nodule bacteria entered were un-
favorable far them, which resulted in bacterial death. On the whole, population dynamics for the two populations in zones
defined as the thizosphere and edaphosphere differed essentially from the dynamics in the rhizoplane. The starting level was
exceeded 10-, 100~, and even 1000-fold only in the rhizoplane. ‘

_Th\!S. our results do not contradict the conclusion that rhizoplane microflora is « powerful filter through which barely
trunsgm_ts Toot excretions into the rhizosphere and soil (Newman and Watson, 1977). The zone of microbial life with a high
{nult\pltcatlon rate (about 10 h) is represented almost only by the root surface, and as one proceeds even a few millimeters
irom it the so-called rhizosphere effect is almost not observed.

Population Dynamics of Soil Bacteria in the Barley Root Zone after Introduction of R. leguminosarum and A.
crystallopoietes to Soil. The population dynamics of soil bacteria, counted on meat—peptone agar, was the same in all -




vXperiments and did not depend either or the species of bacteria introduced or on their population density (Fig. 3). As

it the control experiment (without introduction of populations, Fig. 3¢), the bacterial abundance in the rhizoplane in-
eteased considerably during the first 3-S days (a generation time of about 10 h), and then increased slowly, reaching 10°
vells/em? of root by the end of the experiment (initial bacterial count was 13 cells/cm? of root). The bactetial number
increased Ly not more than an order of magnitude in the rhizosphere and edaphosphere. This increase is evidently not
telated to the inflow of root secrctions, since the bacterial population dynamics did not ditfer significantly from that in the
control variant (moistened soil without plants). Consequently, a distinct difference between the behavior of bacteria in

the rhizoplane, on the one hand, and in the rhizosphere and edaphosphere, on the other, was observed as in previous cases.
- 1t s noteworthy that even abundant introduction of Arthrobacter and nodiile bacteria populations did not significantly alter
-~ the dynamics of the soil bacteria comnlex on méat—peptone agar; however, r‘mc effect of introduced microorganisms on
l‘hlmplane and il microflora deserves comprehensive analysis. :
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1 (o ROBIOLOGICAL PROCESSES IN THE MEROMICI'IC
LAKE SAKOVO

V. M. Gorlenko and E. N. Chebotarev \ UDC 576.8.095:577.472(185.2)

The freshwater meromictic Lake Sakovo, located in the Vologda Oblast, was analyzed. Its maximum depth is
16 m. The lake contained unusually high concentrations of sulfate up to 816 mg/liter, but sulfate reduction
intensity in the water was low, not more than 16 pg of H, S/liter per day, wherereas in the sediment 4.5 mg/liter
of H,Swas produced per day. Bacterial sulfate rcductlon was limited by an organic substrate deficiency. The
nonmixing layers of the monimolimnion contained not more than 11 mg of H,S. The boundary of the hydrogen
sulfide zone occurred at 3.54.5 m, which coincided with the thermocline and chemocline. In this area the water
_ Was green, which was determined by the growth of two species of green sulfur bacteria: Pelodictven luteolum
(maximum of 7.35:10¢ cells/ml) and Chlorobium linicola, which participates in a symbiotic complex with
Chlorochromatium aggregatum (maximum of 0.42-10® aggrcgates/ml). Phototrophic bacteria synthesized 320
ug of Cfliter per day at 4.25 m. Assimilation of carbon dioxide in the dark at the interface of hydrogen sulfide
and oxygenated water comprised 100 ug of C/liter per day, and was evidently determined by the chemosynthesis
of thionic bacteria (maximum count of 1000 cells/ml). In the water column, 9 mg of H ,S/m? per day and in
the silt 500 mg of H,S/m? per day were formed. Green bacteria oxidized about 268 mg of H,S/m? and thionic
bacteria 250 mg of H S/m per day. Sulfur bacteria may obtain sulﬁde by syntrophism with sulfate-rcc.ucmo and
sulfate bacteria and from diffusion of H,S from sllt deposits.

Meromictic lakes, the water column of which is always separated into aerobic and anaerobic zones, are a pamculariy
sultablo subject for studying microbiological processes involved in the sulfur and carbon cycles.

The specnﬁcs of physicochemical conditions in these water bodies are determined by the umqueness of mxcroblologu:al
Processes occurfing in water and silt deposits and also by the microflora composition. Results from research periormed crn

Institute of Microbiology, Academy of Scicnces of the USSR. Translated from Mlkmoxmogxya, Vol. 50 I\o 1,
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