1 6 Egypt. J Microbiol. 38, No. 3, pp. 217 - 228 (2003)
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WENTY FIVE isolates of WN,-fixing bacteria and eleven

actinomycetes were chosen from 117 microorganisms isolated
from desert soils and different plant roots to study their effect on
Rhizoctonia solani, the causative of the root-rot disease. The data
revealed that Azotobacter Ry and Azospirillum K, were the most active
for nitrogen fixation (210 and 133 ppm), root colonization (61.3% and
65%) and antagonistic effect on the pathogenic fungus R. solani (15
and 17 mm}). The two strains were identified as Azotobacter
chroococcum and Azospirillium lipoferum.

The actinomycetes isolate, Streptomyces N, was the most active
strain for root colonization ability (41.4%) and antagonistic effect
against R. solani (22 mm). This strain was commpletely identified as
Streptomyces lydicus.

Keywords: Azotobacter chroococcum, Azospirillum  lipoferum
Streptomyces fydicus, Rhizoctonia solani, Root rot.

The use of chemical fungicides is undesirable mean for disease control as they
are expensive, cause environmental pollution and may induce pathogen
resistance (Larson, 1987). Therefore, the development of alternative, more
efficient and safe biological methods for plant disease control is an important
approach of agricultural biotechnology (Benhamou and Chet, 1993 and Cook,
1993),

The utilization of some microorganisms as biological agents is considered to
be of extreme importance due to their positive effects on plant growth (Reddy er
al., 1991; Gowily et al., 1993 and El-Shanshoury, 1994).

The role of Ny-fixing bacteria in growth promotion and biocontrol of the
causal organism of the cucumber damping off disease in Egypt was studied by
Hassouna ef al. (1998), who reported that a mixture of the used bacteria reduced
the growth of the pathogen.
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Actinomycetes also play an important role in controlling plant diseases as a
biocontrol agents. Tahvonen & Lahdenpeara (1988}, Trego & Ruben {1997) and
Song et al. (1998) showed that some species of Streptomyces have antagonistic
effect against some pathogenic fungi which causes diseases of many plants.

Microorgansisms that colonize roots are also ideal as biecontrol agents of soil
bome disease (Weller, 1983; Nemee ef af, 1996 and Schloter & Hartmann,
1998). '

The aim of this work was to study the ability of N; fixing bacteria and some
actinomycetes to control the causal organism of the root-rot disease of cucumber
plant and to colonize its roots.

Material and Methods

Isolation of the causal organism of cucumber root-rot disease

The pathogenic fungus was isolated from rotted cucumber roots collected
from Noubaria city. The infected roots were washed with tap water, surface
sterilized by irnmersion in 1% sodium hypochloride for 2-3 min, then washed
with a series of sterile water and dried between two pieces of filter paper. The
infected roots were then cut into pieces under aseptic conditions and plated onto
petri-plates containting Czapek’s agar medium supplemented with streptomycin
to eliminate bacterial growth and incubated at 28°C for 3 days. Hyphae that grew
from the root cuts were purified and identified according to Parameter and
Whitney (1970).

Isolation and purification of Azotobacter, Azospirillum and Actinomyceres
isolates

Fifteen Azotobacters, 10 Azospirille and 11 actinomycetes isolates were
choosen from 117 isolates obtained from sandy soil samples-cultivated by
different crops. They were grown on nitrogen deficient Ashby’s medium (Abd E?
Malek and Ishac, 1968), for Azorobacter, Dcobereiner’s semi-solid malate
medium (Dobereiner, 1978) for Azospirillum and starch-nitrate agar, {Waksman
and Lechevalier, 1962) for actinomycete for 7 days and then kept at 4-5°C for
each until used.

Activity of Azotobacters and Azospirilla for N>—fixation
The purified 25 4zotobacters and Azospirilla isolates were tested for their N,-
fixing capacity by the micro kjeldahi method as described by Jackson (1958).

Antagonistic effect of N»-fixing bacteria and actinomycetes against R-solani

The 36 purified isolates of N,- fixing bacteria and actinomycetes were tested
for their antagonistic activities against R.solami according to the method
described by Waksman (1939) and Hasegawa er af. (1990).
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Root colonization capacity for the isolates

The most active nitrogen fixing and antagonistic isolates of Azotobacter,
Azospirillum (2 isolates for each) together with two most active antagonistic
actinomycetes were tested for their capacity to colonize the roots of cucumber
plant using the plate test method according to Kortemma et al. {1994). The root
colonization was calculated as the percentage of colonized root length to the total
root length. :

Selection and [ dentification o f t he most efficient Azotobacters, Azospirilla and
actinomycetes isolates

The most active isolates of Azotobacters, Azospirilla (one strain of each) in
N,-fixation, antagonistic activity and root colonization capacity were identified
according to their morphological and physiological characteristics using the
methods described i Bergey's Manual of determinative Bacteriology (1974}
Media as well as methods used in this identification were described by Shirling
and Gottlieb (1966).

The most active isolate o f actinomycetes in antagonistic activity as well as
root-colonization ability was completely identified according to the Bergey’s
Manual (1984).

Results and Discussion

Isolation and identification of the causal organism

Samples of rotted cucumber roots were collected from fields in Noubaria city
and used for isolating the pathogenic fungus. It was identified as Rhizoctonia
solani (Fig. 1). In this respect, Ceresini & Souza (1997) and Otten & Gilligan
(1998) reported that R.selani is one of the major pathogen involved in the root-
rot and damping off diseases of many plants.

Fig. 1. Vegetative cells of Rhizectonia solani (x1000) .
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Activity of Azotobacter, and Azospirilla for N-fixation

The data presented in Table 1 show that isolate Ry of Azotobacters was the
most active in fixing n itrogen being (210 ppm) followed byisolates k, and k,,
being (202 ppm). On the other hand, less active isolate was R, being (20 ppm).

With respect to 4zospirilla isolates, the results revealed that, the most active
isolates in fixing nitrogen were k, and k, being (133 ppm) followed by M,, and
M, being (115 ppm) whle the lowest Azospirilfum isolate R¢ being (91 ppm).

In this respect, Burris er al. (1978} showed that Azospirillum lipoferum is an
interesting b acterium c apable of fixing a tmospheric nitrogen in free state or in
association with the roots of plants. The fixed nitrogen by Azotobacter made
available to plants and production of antifungal antibiotics {Shende et al., 1979).

Antagonistic effect of Nrfixing bacteria and actinomycetes isolates against R-
solani

Data presented in Table 1 and Fig. 2 show inhibition zones of different
diameters for N,-fixing bacteria and actinomycetes isolates against R. solani. For
Azotobacter isolates, isolate Ry was the most active antagonistic cffect to
R solani being (15 mmy), followed by k. and R, isolates (10 mm) for each. Five
isolates were with less activity (3-8 mm) while the remaining 7 isolates failed to
reduce the growth of the pathogen.

With respect to Azespirillum isolates, the most active antagonistic effect to R.
solgni was isolate k; with inhibition zone of {17 mm) in diameter, followed by
isolate k, {14 mmi). The rest proved to be weak against R.solani growth whereas
they gave inhbition zones ranging from 0 to 9mmin diameter. In this respect,
Cho and Chung (1998) reported that Azospirillum sp and Pseudomonas sp
inhibited the growth of Fusarium sp, Pythium sp and Rhizoctonia solani
infecting cucumber and tomato plants.

For actinomycetes, the two isolates N,,; and F,, proved to be the most active
with inhibition zones diameter of 22 and 20 mm, respectively. Three isolates
were less active as they gave inhibition zones not exceeding 7 mm in diameter.
Six isolates were non antagonist to the pathogen (Table 1 and Fig. 2). These
findings were previously interpreted by Schmiedeknecht (1993); Song et al.
{1998) and Chamberiain & Crawford (1999) reported that Strepiomyces sp
produced antibiotics which controlled root - rot diseases caused by R. s olani.
Trego and Ruben {1997} found that some Streptomyces species reduce the
growth of plant pathogenic fungi.
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TABLE 1. Nfixing activities of Azotobacter and  Agospirilia isolates and antagonistic
activities of Azotobacters, Azospirille and Streptomyces against Ririzroctonia

solani
Azotobacter Azospirilia Streptomy Crop
ces
isolate [ Total | Inhibition | Total | Inhibition | Inhibition
N Zone N zone Zone
{ppm) {(mm) {ppm) () {mm)
R¢ 210 15 g1 5 0 Foeniculum
R, 100 3 - - 0 Wheat
90 10 - - 0 Com
R, 20 0 - - 0 Uncultivate
d
R, 115 0 93 ] Barley
K, 202 10 133 17 5 Cuminum
K, 202 0 133 14 0 Ocimum
Nowt 150 5 100 9. 22 Cucumber
Neyz 110 5 95 7 5 Cucumber
Ny 40 0 110 3 - Wheat
Neg 190 0 - - - Corn
Fou 200 0 101 0 20 Cucumber
Fy 100 0 - - - Barley
M,. 45 8 115 0 0 Wheat
Mo 95 7 115 4 7 Com
Ri, RuRo Ry R, - 10" of Ramadan soil K., K, : El Khatatba soil. Ny,
Moz s Nu s Neo - Noubaria soil. Fu, Fy : Fayoum soil. M,,
M : Maryout soil.

Fig. 2. Antagonistic activity of the most active isolates against R. solani.
A Azospirillum K.. B : Azotobacter isolate (Ry
C . Streptomyces isolate N,
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The most active isolates Azotobacters (Ry & K.), Azospirillum (K, & K,) and
actinomycetes (N, & F,) were tested for their ability to colonize cucumber
roots. The resulis represented in Table 2 reveal that. The four isolates of nitrogen
fixing bacteria Azotobacters Ry & K, and Azospirilla Ry, & Ky, were active in
colonizing cucumber roots ranged descendingly from Azospiridium K, (65%) to
Azotobacter K (51.3%). With regard to actinomycetes isolates (N, & F.,), the
isolate N, was the most active in colonizing cucumber roots {41.4%) while the
isolate F,, was the least active one {26.6%) compared to all tested microbes. In
this respect, Gras and Fernendez (1993) found that inoculation with Azospirillum
lipoferum increase yields of cucumber by 57-114%; Sanhita ef aL.(1995) reported
that inoculation with Azospiriflum sp and Azotebacter chroococcum increase dry
weight, root and shoot length, Weller {1988) and Nemec ef al. (1996) reported
that the microorganism that colonizes the roots is ideal for use as a biocontrol
agent against soil borne disease.

TABLE 2. Effect of inoculation with biofertilizer agents on root colonization of
encumber seedlings.

Microbial isolates

Root length (cm)

Root coloization
length (cm)

Root colonization _

k0]

Azotobacter Ry

10.1

6.2

61.3

Azotobacter k.

7.4

3.8

513

Azospirillum K.,

10

6.5

63.0

5.3

55.7

Azospirillum K, 9.5
Streptomyces Ny
Streptomyces F,

414

Control : Uninoculated root fength = 7.25 cm.

Selection and identification of the most active isolates

Data presented in Tables 3 & 4 and Fig. 3 & 4 show the characteristics of the
most active bacteria (Ry & K.) in fixing nitrogen, inhibiting the growth of
pathogenic fungus R.solani and root colonization ability, According to Bergey’s
Manual (1984), they were identified as Azotobactar chroococcum and
Azospirillum lipoferum, respectively.

With respect to the most active actinomycetes isolate N, in inhibiting R-
solani and root colonization, it was identified according to their biological and
chemical characteristics. The data recorded in Table 5 show that the isolate gave
a good aerial mycelium at 30°C after 14 days of incubation period on all the used
media. It produced non-fragmenting substrate mycelium with well branching
aerial hiyphae carrying long spiral chains of spores. Spores are cylindrical to oval
in shape with smooth surface, (Figs. 5 & 6).
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TABLE 3. Identification of Azotebacter isolate (Ry) .

Biochemical reaction

Shape

- Cell morphology

Qvoid shaped in pairs

- Sucrose as sole carbon source

| - Manito! as sole carbon source

- Benzoate as sole carbon source

1 - Motility

| - Reduction of NO;

p - Catalase production

- Starch hydrolysis

I uctin of non diffusible

iochemical reaction

- Cell morphology

- Motility

Sucrose as sole carbon source

Glucose as sole carbon source

-o. - Ketoglutaric acid as sole c-source

- Reduction of nitrate

- Catalase production

- Acidification of glucose

- Biotin requirement

Fig. 3. Vegetative cells of Azospirillum
lipoferum (x 1000) .

Fig. 4. Vegetative cells of Azotobacter
chroococcum (x 1000} .
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TABLE 5. Cultural, Morphological and Physiological Characteristics of

Streptomyces isolate N .

Cher

| Colour of aerial mycelium

Grey series

Yellowish brown

| Colour of substrate mycelium
t Diffusible pigments

Not produced

Spore chains

Spiral

i Spore surface*

Smooth

Melanoid pigment

Not produced

Growth on Czapek’s medium

Moderate

D-Glucose

+

D-xylose

-+

L-Arabinose

+

L-Rhamnose.

Inositol

Sucrose

Utilization of sole nitrogen source

+

Auntagonistic activity

Antifungal, slight anti bacterial

Sensetivity to streptomycin

Inhibited

>10%

NaCl tolerance
Remar

¥ Examtned by electron microscope

4

{x400)

{x 1000}

Fig. 5. Micromorphology of spore chains of Streptomyces Iydicus.
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Fig. 6. Electron micrograph of spore morphelogy of Streptomyces lydicus.

Cultura] properties of the isolate showed that the colour of aerial mycelium
was in the grey series and substrate mycelium was yellowish brown, no
distinctive diffusible or melanoid pigments. Most of the tested carbon and
nitrogen sources utilized has antifungal and slightly antibacterial activities.
These properties of the isolate were nearest to the species lydicus, therefore the
isolate N,,; was suggested to belong to Streptomyces (Bergery’s, 1984).
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