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Interaction between soil organisms and Rhizobium
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Effect of soil microorganisms on rice bean (cowpea miscellany group) and lentil (R. leguminosarum) Rhizobium isolates was investigated
on agar plate, host rhizosphere and in in vitro soil environment by using streptomycin (400 pg/ml) resistant marker strains of the isolates.
Many soil organisms including fungi, bacteria, and actinomycetes were inhibitory to the growth of Rhizobiumspecies in dual culture on
agar plate. Results indicated interaction between some fungi and rhizobial isolates on host thizoplane and consequest decrease of the root
hairs infectivity of rice bean and lentil plants by their respective Rhizobiumspecies. Nodulation was significantly inhibited in presence
of certain soil fungi. The root pathogens of legumes were most inhibitory to the lentil Rhizobium isolate than rice bean isolate. Survival
study of Rhizobiwm cells in soil environment with individual soil isolates of fungi, bacteria or actinomycetes indicated that Penicillium
species, Macrophomina phaseolina and Corticium sasaki were more inhibitory than other test soil borne fungi. All bacteria and
actinomycetes isolates, however, showed inhibitory activity against both the test rhizobial isolates. The results further indicated presence
of significant numbers of protozoa predators and Bdellovibriospecies parasitic to the test rhizobial isolates in the host rhizosphere soil
samples. In contrast, the member of host specific rhizophages were not detectable in the test rhizosphere soil samples.
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INTRODUCTION

Itis now well established that the growth and survival of introduced or indigenous Rhizobium cells
in soil is effected by a number of abiotic and biotic factors of soil environment (Parker ez al., 1977;
Alexander, 1977; Denso, 1977). Knowledge about these factors regulating the population dynamics
of rhizobia in soils is necessary for ensuring nodulation and proper exploitation of biological nitrogen
fixers. Despite voluminous literature about the role of abiotic factors on persistance of rhizobia in
soil, the information regarding the survival ecology especially the interaction of the introduced
Rhizobium species with soil borne microorganism including root pathogen of host plants is scanty
(Chowdhuri, 1977; Alexander 1977; Subba Rao, 1984). Soil fungi, bacteria, actinomycetes, protozoa,
Bdellovibrio and bacteriophages are the major biological flora of soils influencing the population
dynamics in soils (Chowdhuri, 1977; Subba Rao, 1984; Danso et al, 1977; Parker and Grove, 1970;
Vincest, 1977). Although few reports are available to explain the role of biotic factors on survival
of temperate rhizobia in temperate soils (Chowdhuri, 1977; Danso et al., 1975 Vincest, 1977) but
the information regarding the influence of biotic factors of tropical soils on locally isolated rhizobial
strains is insufficient (Subba Rao, 1984). The present work was designed to investigate the interaction
between host legume rhizosphere soil inhabiting fungi, bacteria and actinomycetes with, rice bean
and lentil rhizobial isolates and their influence on the survival of Rhizobium cells in soil environment.
Attempis were made to detect the occurrence of soil protozoa, Bdellovibro and bacteriophages
which have definitive parasitic and predatory role for the introduced Rhizobium species.

MATERIALS AND METHODS

The rice bean strain of slow growing cowpea Rhizobium and lentil strain of fast growing Rhizobium
leguminosarum used in this study, were locally isolated from effective nodules of 4 - weeks old
host plant following the method of Vincent (1970). The cultures were isolated and maintained on
Yeast extract mannitol (YEM) agar slopes. Marker strains, having resistance to 400 pg/ml of
streptomycin of test rhizobia were developed following the two step method of Obaton (1971).
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Thick suspension of young bacterial culture was streaked on YEM agar containing 200 pg/ml of
streptomycin sulphate (Hindustan Antibiotic Ltd. Pune). The survivors were multiplied on YEM
agar slopes and streaked again on plates with 400 pg/ml of streptomycin sulphate. The surviving
calonies on the latter medium were exposed to 400 pg/ml streptomycin in YEM agar plates employing
the dilution plate technique. The colonies isolated were considered as mutants resistant to
streptomycin and the resistance property of the mutant cells were checked periodically by exposing
the cel's on antibiotic containing agar plates. The wild type and the isolated mutant cells of rhizobia
were characterized by standard microbiological methods (Vincent, 1970).

Rhizosphere soil samples of rice bean and lentil plants were collected from experimental research
plots. sieved through 2 mm sieve and stored in aseptic condition. Fungi, bacteria and actinomycetes
of these soil samples were isolated by using rose bengal-streptomycin agar and nutrient agar
respectively following the dilution plate technique method of Pramer and Schmidt (1967).

Interaction between rhizobial cells and individual soil isolates was determined by dual culture
method of Pridam er al. (1956) with modifications. A test soil isolate was streaked on YEM agar
plate and after 48 h of incubation (30°C for fungi and 37°C for bacteria and actinomycetes) the test
rhizobial isolate was steaked 4 cm apart at right angle of the growing colony of soil isolate. After
incubation at 30°C for 2-4 days, inhibition zones developed, if any, were noted and measured.

Interaction between rhizobial isolates and soil microorganisms on rhizoplane of test host plants
were deterined following the method of Fahraeus (1957). Three-day-old host seedlings were exposed
to propagul suspension of a soil organism and cell suspension of a test Rhizobium in Petridish and
incubated at 30C. Seedling roots exposed to water or rhizobial cell suspension alone surved as
control. Percentage of root hairs curled was determined after 10 h of incubation.

Interaction between Rhizobium and rhizosphere organism in soil environment was determined by
inoculation of sterilized soil (by autoclaving at lfp.s.i. for 1 h on three consecutive days) keptin
a glass vessel by an individual rhizosphere organism. The vessel thus prepared were inoculated
with a test rhizobial species and incubated at 28°C. The number of surviving cells in soils was
determined at intervals using soil dilution plate technique using YEM agar containing 400 pg/ml
streptomycin.

Presence of protozoa in soils predatory on test rlizobial isolates was determined following the
method of Singh (1955). Glass rings (2 cm dia) were placed on 1.5% water agar medium and 0.1 ml
of rhizobial cell suspension (107 cells/ml) as host bacterium and 0.1 ml of soil dilution ( 102 as
source of protozoa were poured in each ring. After 3 to 4 days of incubation at 30°C in a moist
chamber the presence or absence of protozoa was detected by microscopic observation and identified
following the method of Chaudhuri (1929) and Kudo ( 1966).

Presence of Bdellovibrio in test soil samples was determined following the double agar layer
technique of Stolp and Starr (1963). Soil dilutions (10-*) passed through 0.8 pm served as
Bdellovibrio source. Sterilized Petridishes were poured with buffer saline agar containing salts of
YEM and 1.5% Difco agar. After solidification 4 ml of yeast extract peptone agar held at 45°C
(YPA : 0.3% yeast extract, 1% peptone and 0.6% Difco agar) containing Rhizobium cell suspension
(0.5 m1) and Bdellovibrio inoculum suspension (0.5 ml) were poured as top layer. The plates were
incubated at 30°C in the dark and Bdellovibrio pleque formation was examined for 7 to 10 days.
The presence of bacteriophages of Rhizobium in soil was assayed by plaque count method using
double aéar layer technique of Billings (1969). Twenty ml of 1.5% agar containing YEM and 4 ml
of 0.7% agar contain YEM (with 0.5 ml rhizobial cell suspension plus 1 ml soil dilution) were used
as bottom and top layer respectively. The development of characteristic phage plaque was monitored
after 24 h for 3 days.
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RESULTS AND DISCUSSION

The role of rhizospheric microorganisms of leguminous plants on the growth and survival of rice
bean and lentil rhizobial isolates was studied by using wild type and streptomycin resistant strains
of the test rhizobia. The antagonistic activity of soil fungi, bacteria and actinomycetes on test
rhizobial isolates was examined in vitro on YEM agar plate by dual culture method. It is evident
from the resuits (Table 1) that soil fungi showed variable antagonism to the test Rhizobium species.
Of the five Penicillium species isolated. two were inihibitory to rice Rhizobium but all the five
were significantly inihibitory to lentil Rhizobium. Among the soil borne plant pathogenic fungi
Corticium salaki and Fusarium sp. were inihibitory to both rice bean and lentil rhizobia.
Macrophomina phaseolina and Rhizoctonia salani on the other hand, were inihibitory to lentil
Rhizobium. Sclerotium rolfsii in contrast were inhibitory to rice bean Rhizobium but not to lentil
Rhizobium. Itis apparent from the results (Table 1) that Corticium sasakiwas significantly inhibitory
against both the test rhizobia. The inhibitory of rhizobial growth by soil borne fungi like Penicillium
and Aspergillus species in in vitro cultural condition was previously reported by few workers
(Chowdhuri, 1977; Subba Rao, 1984). Significant inhibitory activity was exhibited by soil
actinomycetes against both the test rhizobia. This results are also in agreement with the earlier
works (Van Schreven, 1964; Pugashetti et al., 1982; Polyanskaya, 1985).

Table 1. Interaction between some soil organisms and isolates of rice bean and lentil Rhizobium in
dual culture in vitro

Inhibition zone (mm) produced against
Rice bean Rhizobium Lentil Rhizobium

Soil Wild type Marker Wild type  Marker
Organism Mutant Mutant
Fungi :
Penicillium chrvsogenum 2:5 2.0 4.2 4.5
Penicillivm digitatum -a - 3.0 3.0
Penicillium expansum - - 4.0 4.5
Penicillium notaturri - - 5.0 5.0
Penicillium vermiculatum 2.8 i 5.6 6.0
Corticium sasaki 8.0 8.0 11.0 10.0
Fusarium sp. (lentil stran) 35 4.0 5.0 4.5
Macrophomina phaseolina - - 4.0 4.0
Rhizoetonia solani - - 7.0 8.0
Sclerotium rolfsii 2.0 1.8 - -
Bacteria and actinomycetes
Bacillus sp. 1.0 - 1.5 1.5
Pseudomonas sp. 20 2.0 25 25
Actinomyces flavus 10.0 9.0 8.0 7.0
Streptomyces sp. 7.0 6.0 4.0 4.0

*Inhibition zone not formed

The interaction between soil fungi and rhizobial isolates on rhizoplane of host plants with subsequent
decrease in percentage of root hair curling was studied as compared to control seedlings exposed
1o Rhizobium cells alone. It is apparent from the results (Table 2) that Rhizobium induced root hair
curling was significantly reduced by soil borne fungi. The degree, of inhibition, however, was
variable. It may be noted that of the two species of Rhizobium the root hair curling caused by the
lentil isolate was relatively more inhibited by soil organisms than the rice bean isolate of Rhizobium
(Table 2). The results suggested that soil fungi exhibited their influence on host rhizoplana also.
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Table 2. Interaction between rice bean and lentil Rhizobium with some soil fungi on the rhizoplane

of host.
Percent root hair curled® by rhizobial isolates
Root hairs Rice bean Lentil
exposed to Wild type  Maker Mutant Wild type = Maker Mutant
Water 0 0 0 0
Rhizobium Cell Suspension J2.7 74.0 68.5 68.0

Rhizobium Cell suspension
plus propagule suspension of

Aspergillus sp. 58.6(19.4)°  56.0(24.4) 43.3(36.8) 40.7(38.4)
Penicillivm chrysogenum 35.0(51.9) 34.0(54.1) 23.0(66.5) 24.0(63.7)
Corticium sasaki 32.0(56.0) 32.2(56.5) 36.0(47.5) 35.2(46.7)
Curvularia sp. 34.0(53.3) 33.5(54.8) 50.0(27.1) 48.5(26.6)
Fusarium sp. (lentil strain) 40.8(43.9) 40.0(46.0) 35.0(49.0) 36.2(45.2)
Helminthosporium oryzae 37.0(49.2) 36.0(51.4) 33.3(51.4) 32.1(51.4)
Macrophomina phaseolina 50.0(31.3) 51.0(31.1) 30.0(56.3) 30.0(54.6)
Rhizoctonia solani 55.024.4) 53.0(28.4) 46.2(32.6) 44.2(33.1)
Sclerotium rolfsii 34.5(52.6) 33.5(54.8) 36.6(46.6) 36.1(45.4)

“Host plant seedlings (3-days old) were flooded with test Rhizobium cell suspensions (107) cells/
ml) alone or in combination with each of the fungal organisms and incubated for 10 h

"Figure in the parenthesis indicate percentage inhibition of root hair curled as compared to number
of root-hair curled in Rhizobium suspension alone

The growth and survival of known number of marker rhizobial cells in sterilized and sterilized but
reinoculated with individual soil organism was studied. The number of surviving cells in treatment
and control soils was determined at intervals. It is apparent from the results (Table 3) that all the
test fungi caused significant inhibition to the growth and survival of Rhizobium cells in soil
environment. The degree of inhibition, however, was variable. Penicillium species, Macrophomina
phaseolina and Corticium sasaki showed maximum inhibitory effects than other soil fungal isolates.
Of the bacterial isolates tested, actinomycetes and Bacillus species were more inhibitory on survival
of rice bean and lentil Rhizobium in soils. Less proliferation of the test rhizobia as compared to
control soils over 8-weeks tenure of experiment suggest that strong inhibitory effects of soil
organisms on test rhizobia and poor competitive ability of rhizobia in soil environment.

Presence of protozoa in the test soil samples inhibitory to the growth and persistence of rice bean
and lentil Rhizobium cells in soils was examined. The results indicated Colpoda was the predominent
soil inhabiting protozoan member and showed significant predatory activity against both the test
rhizobial species. In addition to Celpoda, species of Bodo and Colpedium were also obtained
particularly from lentil rhizospheric soil which had active inhibitory role against lentil Rhizobium.
Presence of protozoa in legume rhizospheric soil and their precise antagonistic activity on the
growth and survival of Rhizobium species in soils was previously reported by many (Denso and
Alexandé_r, 1975; Danso et al. 1975; Habte and Alexander, 1978; Chao and Alexander, 1981). This
finding, therefore is inconformation of the previous works. The results obtained in this study also
indicated persistence of protozoa in test rhizospheric soil samples but their quantitative estimation
warrants investigation.
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Table 3. Population dynamics of rice been (RB) and lentil (RL) Rhizobium in sterilized soil in
presence of other rhizosphere organisms

Number of surviving cells® recovered®/g of soil (XO7)
after days of incubation

Soil 0 14 28 56
Organism RB RL RB RL RB RL RB RL
Fungi

Aspergillus sp. 4 3 19 14 57 45 28 16
Penicillium chrysogenum 6 2 2 3 1 0.6 0.03 0.004
Penicillium notatum 5 3 6 3 12 1 0.8 0.1
Corticium sasaki 4 3 7 0.5 | 0.1 0.06 0.006
Fusarium lentis 6 4 10 7 37 25 8 2
Macrophomina phaseolina 5 4 12 19 8 22 0.7 15
Rhizoctonia solani 6 - 14 6 52 40 18 12
Sclerotium rolfsii 6 3 BN 62 49 80 21 14
Bacteria and actinomycetes

Bacillus sp. 4 6 30 42 24 34 10 10
Pseudomonas sp. 6 4 22 32 13 27 2 1
Actinomyces flavus S 5 3 5 1 0.5 0.2 0.004
Streptomyces sp. - 4 0.8 0.9 0.3 0.4 0.01 0.002
Control 4 - 99 90 116 100 152 90

(No organism)

1§S0il samples were inoculated with initial cell density of 8 x 107 cells/g of soil
"After indicated days of intervals cells were recovered from soil by standard soil dilution plate
technique on YEM agar containing 400 pg/ml streptomycin

Presence of Bdellovibrio parasitic to rice bean and lentil Rhizobium in soil samples was investigated.
It was estimated that the population of Bdellovibrio parasitic to rice bean and lentil Rhizobium
were 2000 and 3000 per g of soil respectively. Presence of bacteriophages of test rhizobial isolates
in Kalyani soil sample was examined by exposing bacterial cell suspensions to soil dilutions using
double agar layer technique. The results further indicated that Bdellovibrio present but bacteriophages
were absent in the test soil samples. Presence of Bdellovibrio parasitic on Rhizobium species
inhabiting in Australian soils was previously reported by Parker and Grove (1970). The results
therefore were in aggrement with the previous results. Apparently antagonism, parasitism and lysis
of the test rhizobia by different soil microgamsins are important biotic factor for rapid declination
of introduced rhizobial inoculants in soil.
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