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ABSTRACT

Antagonism between forty-two isolates of Baciflus spp. against two isolates of
Rhizoctonia solani and Fusarium oxysporum the casuals of flax seedling blight were
studied in vitro. Nine strains frem bacteria consistently showed high level of in vitro
antagonism against the fungal isolates. Other strains were either ineffective or
showed low level of antagonism. Baciffus strains showed different levels of efficiency
in increasing the surviving seedlings, yield and yield components and technological
characters, however, two strains of Baciflus {(No. 5 and 25) showed maximum
efficiency under greenhouse and field conditions compared with the control. Fungicide
Menceren significantly increased seedling survival and yield compared with Bacilfus
strains. A positive correlation was cbserved between seedling survival {stand) and
each of straw yield and its components. Thus, these bacterial biocontrol agents could
be recommended in combination with the chemical fungicide Monceren as integrated
system for controlling R. solani and F. oxysporum in flax, and improving quality of
straw yield.
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INTRODUCTION

Tiax (Linum usitatissimum L.} is one of the most important sources of
fiber and oil. Flax is susceptible to several fungal diseases such as seedling
blight caused by R. solani Kihn and F. oxysporum. These fungi attack the
plant at seedling stage causing great economic losses under favorable
conditions. {Nyvalt, 1981).

In the light of present day constraints on plant disease control by
fungicides, biclogical control is increasingly capturing the attention of plant
pathologists all over the world as a possible mean of controlling soil-borne
pathogens. Among the bacterial antagonists against fungal diseases, Bacillus
sp. showed a great inhibition effect of Fusarium spp. and produced antifungal
antibiotics in culture (Kakz and Demain, 1977). The gram-positive bacteria like
Bacillus spp. have been studied as biocontor! agents less intensively than the
gram negative bacteria (Silo-suh et al, 1994). However, many Bacillus
strains are known to suppress fungal growth in vitro (Katz and Demain, 1977)
and in vivo (Baker et al, 1983; Utkhede and Sholberg, 1986; Pusey et al.,
1986; Fravel, 1988) by the production of one or more antifungal antibictics.
Baciflus sublilis is among the widely used biocontol agents. B. subtilis RB,,
produces the antibiotics iturin A and surfactin (Hiracka et al,, 1992) Kado et
al. (1987) isolated B. polymyxa 9A from the roots of field-grown potatoes
highly infected with wilt. This strain suppressed the development of wilt in
plants. Many strains of B. cereus produce zwittermicin a novel antibiotic that
contributes to the antagonistic activity of B. cereus against certain plant

_pathogens (Raffel et al., 1996).
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Moreover, this antagonistic bacteria and fungi were repressed and
decreased the disease incidence in plants (Afify and Ashour, 1995). Strains
of Baciflus spp. were effective in increasing the percentage of surviving
seedlings and the dry weight of cotton seedlings, also increasing stand and
yield for plant (Ashour and Afify, 1999).

The aim of the present study, is to evaluate the possibilities of
suppressing R. solani and F. oxysporum the incitants of flax seedling blight
by bacterization with Bacillus spp.

MATERIALS AND METHODS

Isolation of aerobic spore-forming bacteria:

To isolate the aerobic endospore-forming bacteria, ten grams of soil
samples collected from rhizosphere of flax seedlings were aseptically added
to 90 ml of sterile tap water in Pyrex flasks. The sample was shaken for 10
min at room temperature. The soil suspension was placed in thermostaticaily
controlled water bath at 80°C for 10 min., followed by cooling to 30°C. A serial
dilution was prepared one mi of each dilution was pipetted and plated on
nutrient agar. The plates from each dilution were incubated in duplicate at
30°C. Surface colonies from each plate were grouped on the basis of colony
morphology, spore shape and the form of the sporangia. One isolate of each
morphological group was selected for further characterization. Cultures were
purified by re-streaking isolated colonies at least three times. The bacteria
were maintained on slants of nutrient agar and stored at 4°C (Harry and Paul,
1989).

In vitro interaction between spore forming bacteria and fungal
pathogens:

Antagonism between the isolated endospore-forming bacteria and
Rhizoctonia solani and Fusarium oxysporum was studied using potato
dextrose agar (PDA) medium at pH 6.8. Petri dishes containing 10 ml of PDA
medium were inoculated with mycelial discs (4mm in diameter) of the tested
fungi. Discs of the tested fungi (previously grown on the same medium for 8
days) were placed at the periphery of plates. For each tested bacterial strain
a loopful of a two day-old suspension (previously grown on nutrient broth
medium) was streaked at opposite sides of the plates periphery. In the control
treatment, plates were streaked with sterile nutrient broth medium. Five
replicates from each treatment, were used (Sivamani and Gnanama nickam,
1988).

The antagonistic effects of the tested organisms were determined by
measuring the maximum inhibition zone after 5-8 days when the surface of
the control plate was covered by the mycelium of the tested fungus.
Identification:

Forty-two endospore-forming, gram-positive, catalase positive, rod-
shaped isolates were assumed to be members of the genus Bacillus. Only
nine isolates were highly antagonistic to the tested pathogenic fungiand
these were identified.
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Bacterial seed treatment:

Each bacterial strain was grown for 48 h at 28°C on nutrient broth
medium. For a single strain inoculation, 1.5 ml of a bacterial suspension and
5 g of flax seeds (Sakha 1 cv.) were mixed in a small plastic bag, and sown in
greenhouse potted soil andfor field experiment (Mew and Rosales, 1986).
Seed-dressing fungicide:

Monceren was applied at the recommended dose (3 g/kg seeds). The
treated seeds were planted in greenhouse and field experiments.

Preparation of fungal inoculum:

R. solani Kuhn and Fusarium oxysporum, isolated from roots of
blighted flax seedling were used throughout this study, isolation, purification,
and identification of these fungi were carried out at plant pathclogy lab.
Sakha Agric. Res. Station. ARC. The inoculum was prepared by growing R.
sofani and F. oxysporum in 500 ml bottles containing barley grain medium
(100 g of barley grains + 50 ml water), then incubated at 20°C for 20 days.
The incculum was mixed throughout with soil at rate of 0.1 g/kg of soil weight.

Greenhouse study was conducted by using clay pots of 20 em in
diameter. In the field experiment, treatments were sown in 1.5x4 m plots.
Seed rate was 85.7 gmiplot which are equivalent to 60 kgffeddan. The soil
used in both experiments was naturally clay soil (pH 7.5 clay 62.1 percent,
E.C. 1.4 mmhos/cm). The design of layout of both triais was randomized
complet~  block design with four replications. Greenhouse and field
experiments were carried out during 2001/2002 and 2002/2003 growing
seasons at Sakha Agric. Res. Station, ARC.

30 flax seeds (Sakhal cv.) treated with bacterial suspensions were
planted in each pot one week after soil infestation. Percentage of surviving
seedlings, were recorded 40 day from sowing in both greenhouse and field
experiments. Yield and yield components and technological characters were
recorded at the end growth seasons in the field trials.

Statistical analysis:

Percentage data of greenhouse and field experiments were
transformed into arc sine angles before carrying out analysis of variance
(ANOVA) to produce approximately constant variance. ANOVA was
performed by the soft ware MSTAT (A Microcomputer program for the
Design, Management and Analysis of Agronomic Research Experiments
Michigan State Univ., USA).

RESULTS AND DISCUSSION

Of the forty-two Bacillus isolates tested for in vifro antagonism against
isolates of R. sofani and F. oxysporum, 8 strains numbers( 3, 8, 12, 17, 24,
25, 30, 36 and 38} consistently showed high level of in vitro antagonism
against the two tested fungy. Other isolates were either in effective or showed
low level of antagonism (Table, 1). These resuits are in agreement with the
previous reports which indicated that Bacilus isolates suppressed fungal
growth in vitrc (Ashour and Afify, 1999) by the production of one or more
antifungal antibiotics (Katz and Demain, 1977, Leifert et a/,, 1995).
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Table 1: Screening of different Bacillus spp. for in vitro antagonism
against two isolates of R. solani and F. oxysporum.

, Fungi tested

Bacillus No. R. sofani F. oxysporum
T = -
2 - -
3 + ++
4 + -
5 - -
6 + -
7 - +
8 ++ ++
g - +
10 - -
11 - -
12 ++ +
13 - -
14 + -
15 + -
16 - +
17 ++ ++
18 - +
19 . -
20 + -
21 - -
22 - +
23 - +
24 ++ ++
35 ++ ++
26 - -
27 - +
28 - -
29 - -
30 ++ +4
31 - -
32 - +
33 + .
34 - +
35 + +
36 ++ ++
37 - -
38 ++ ++
39 - -
40 - -
41 - -
42 + -

++Inhibition of pathegen by over growth,

+ Inhibition of pathogen.

- No Inhibition.

t Inhibition of the potential antagonist by pathogen.

As shown in Table (2)the nine isolates (No. 3, 8, 12, 17, 24, 25, 30, 36
and 38) were long rods shape, endospore forming, gram positive motile and
catalase producers and by biochemical characteristics they were aerobic or
facultative anaerobic, positive with gelatin and variable reactions with others
testes and maximum temperature (40 to 55). Bergey's Manual of
Determinative Bacteriology 9™ ed. (Holt et al., 1994) used to identify these
nine strains, it was found that they were belonging to B. cereus (strains No. 3
and 24);, B. subtilis (No. 12 and 17); B. purmilus (No. 3Q); B. polymyxa {No.
36); and Bacillus sp. (No. 8, 25 and 38) {Table, 3}.
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Table 2: The morphological, physiological and biochemical characters
of the antagonistic bacteria.

Isolates No.
3 8 12 17 24 25 30 386 38
Cell diameter (um) 3.0x1.0 2.0xt.4 50x1.2 2.0x7.5 3.047.0 5.0x0.8 4.0x0.7 55x3.0 3.5x1.5

Character

Shape R+C CR CR R+C R+C CR CR CR R+C
Sporulation EC EC EC ET EC ET ET EC ET
Motility + + + + + + + + +
Gram stain + + + + + + + . .
Catalase production  + * + + + + + +
Degradation of:

Gelatin + + + + + + + + +
Casein + + - + . + . . +
Starch + + - + - + + . .
Aergbiosis herobic or lacultative anaerobic

Anaerobic growth + + + - . - . . +
V.P.test + + * - * . . +

Indole production - - - - . - -
Tolerance of 5% NaCl + + + t - - * +
Tolerance of 7% NaCl  + - - + - +
Production of acid from:

Glucose + + R . . + . . .
Mannose - + + . R - . ) +
Mannitole + - - - + + - . -
M;ﬂ g":_ - temp. for growth o g5 40 50 40 55 50 55 40

Sporé: (E -:Ellipsoidal, C = Central, 7 = Terminal).
CR = Chains rods, R+C = Rods with capsules.

t = variable reactions + = Positive reaction - = Negative reaction.
Table 3: Scientific name of isolated strains.
No. of strain Scientific name Code name
3 Bacilius cereus Be-3
8 Bacilius sp. Bsp-8
12 Bacillus subtilis Bs-12
17 Bacilius subtilis Bs-17
24 Bacillus cereys Be-24
25 Bacillus sp. Bsp-25
30 Bacillus pumilus Bp-30
36 Bacillus polymyxa Bp-36
38 Bacillus sp. Bsp-38

Data in Tables (4) and (5} showed that all Baciflus strains were
effective in increasing the surviving seedlings whether they were applied
under greenhouse or field conditions however their efficiency was always
much higher in case of two strains of Bacillus {Bsp-8 and Bsp-25) under
greenhouse and field conditions. The efficiency of Bacilfus strains was
comparable to that of Monceren. Bacillus strains were much more effective
against F. oxysporum than R. sofani and significantly increased percentage of
surviving seedlings compared to the untreated control. The interaction
between biccontrol agents and fungi failed to express any significant effect of
the percentage of surviving seedlings. Monceren significantly increased
surviving seedlings as compared with Bacilus strains. On the other hand
Bacifius strains were more effective in reducing disease incidence that
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control. Bsp-3 and Bsp-25 strains gave the maximum percentage of surviving

seedling under greenhouse and field conditions as compared with the control.

Tahle 4: Effect of Bacillus spp. on seedling survival of flax under
greenhouse conditions.

Fungi involved in flax seedling disease

Treatments R. solani__ F. oxysporum__Non Infested soil* Mean

B. cereus (Bc-3) 557" (48.31)° B67.2 (55.06) 572 {55.06) 61.8 (51.84)
Bacilius sp. (Bsp-8) 65.2 (53.85) 780 (62.05) 78.0 (62.05) 69.6 (56 56)
8. subtiiis (Bs-12) 58.6 (49.97) 72.2 (58.19) 72.2 (58.19)  64.3  (53.28}
B. subtfiis (Bs-17} 47.9  {4377) 658  [54.24) 85.8 (54.24) 537 (47.12)
8. cereus (Bc-24) 450 (42.11) 630  (52.53) 3.0 (52.53) 52.2 (48.2T)
Bacillus sp. Bsp-25 68.2 (55.56) 745 (59.68) 74.5 (59.68) 699 5677
B. pumilus Bp-30 449 (42.00) 668  (54.60) 54.9 (47.81) 580 (49.59)
B. polymyxa Bp-36 543 (47.48) 665  (54.83) 88.5 (54.63) 58.0 (49.55)
Baciilus sp. Bsp-38 529 (46.68) 67.2 (55.07) 67.2 (55.07) 587 (50.03)
Nutrient broth 277 (31.78) 529  (46.87) 529 (46.67) 377 (3787
Monceren 710 (57.42) 926  (74.28) 926 (74.29) 818 [64.72)
Control 240 (2096) 522 (46.27) 52.2 (46.27) 333 (35.55)
Mean 514 (45.75) 68,2 (55.87) 68.2 (5567)  58.0 (49.60)

“¥Percentage of surviving seedlings.
® Arc sine-transformed data.
* Soil non infested either R, solani or F.oxysporum
L.5.0. tor bacterial agents = 3.71 (p = 0.05) or 4.91 {p = 0.01).
for fungal treatments = 1.86 (p = 0.05) or 2.45 (p = 0.01).

Table 5: Effect of Bacillus spp. on seedling survival of fiax under field

conditions.
Seedling survival %
Treatments 200172002 20022003
B. cereus (Bc-3) 56.5° (873 623 (52.09)
Bacillus sp. {Bsp-8) 69.5 (56.47) 68.1 (55.60)
B. subtilis (Bs-12) 56.6 (48.77) 64.3 (53.33)
B. subtilis (88-1T} 51.5 {51.64) 60.8 (51.22)
B. cereus (Bc-24) 61.5 (51.64) 62.2 (52.09)
Bacilius sp. Bsp-25 73.0 (58.71} 730 (58.66)
B. pumilus Bp-30 815 (51.64) 60.1 (50.63)
B. polymyxa Bp-36 56.5 (48.73) 57.2 (49.13)
Bacillus sp. Bsp-38 58.5 {50.28) 61.7 (51.79)
Nutrient broth 499 (44.98) 48.6 (44.18)
Monceren 78.9 (62.85) 76.7 {61 13)
Control 435 (41.29) 428 {40.83)
Mean §0.9 (51.30) 61.7 (51.74)
L.S.D. (p =05 5.60 5.66
{(p=01) 7.54 7.62

* Surviving seedlings, was calculated as percentage of the planted seeds in a random row
b Arc sine-transformed data.

Data in Table 6 show that Bacilfus strains significantly increased straw
yield per feddan as compared with untreated control. Bsp-8 and Bsp-25
strains were effective in increasing straw vyield per feddan and its
components. On the other hand, fungicide Meonceren treatment gave the
maximum straw yield per feddan, while the lowest value obtained from the
untreated treatment. Data in Table 7 indicated that Bsp-25 strain significantly
increased fiber percentage, fiber length (cms), fiber yield per feddan (kgs)
and fiber fineness.
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Table 6: Mean values of yield and yield components of flax from
combined analysis over seasons

Characters P -
E [ [ - — ‘- c - .d
a— 2 = K] Em u—% g 8 xQ »
wE @ [+ = SE ©°% oF B [T =2
-8 E= B Zg N§g & 2 F-BLIEB,
8z SE BE 22 o 8% 3% SEE-Tel
— TE 5.0 ™ 0 £ L - ;] ._m-u.:$>.0
EP g~ ;= == £8 §3 §% >7egic”
EQC = 22
8 8 § & 25 z2 z3 § 43 8
I - t - a = Pr-
Treatments = 0 @ 0

B. cereus (Bc-3) 78.77 210 223 3286 16.78 23.87 196.69 1.821 9.16 0.784
Baciflus sp. (Bsp-8) 90.81 202 278 3.728 10.03 1428 117.81 1.148 9.12 0.584
B. subtilis (Bs-12) 76.78 211 217 3187 1851 2586 213.35 2.021 9.16 0.786
B. subtilis (Bs-17)  B85.67 2.06 268 3.689 11.03 17.58 14504 1.363 9.13 0654
8. cereus (Bc-24) 91.28 2.05 272 3712 10.89 16.36 134.97 1.296 9.12 0644
Baciflus sp. Bsp-25 9283 2.01 2.88 3890 947 1279 106.27 1.038 9.11 0.591
B polymyxaBp-30 8396 2.07 269 3.607 1281 19.76 163.19 1.533 9.14 0674
B. polymyxa Bp-36 7481 212 209 3071 1938 29.74 24536 2,286 9.18 0.863
Bacillus sp. Bsp-38 80.81 2.09 231 3.367 1496 21.81 179.93 1.663 9.15 0.711

Nutrient broth 7278 213 200 2986 17.22 38.78 319.94 2.979 9.21 0987
Moncearen 96.78 199 296 4.071 896 1078 88.94 0840 9.10 0.521
Control B2.78 208 249 2662 13.07 20.07 165.58 1.599 9.14 0.682
LSD. 0.05 281 N3 009 0622 285 021 002 0209 012 0123

0.01 377 NS 012 0836 383 032 137 0324 0.16 0.189

Table 7: "ean values of technological characters of flax from combined
analysis over seasons

Gharacters Fiber |::1t::;1 yi.fllgf‘:;d Fiber
Treatments percentage (cms) (kgs) fineness
B. cereus (Bc-3) 10.33 71.51 339.44 230.81
Baciflus sp. (Bsp-8) 11.76 §1.50 443.28 260.78
B. subtilis (Bs-12) 10.58 74.52 356.23 242.71
8. subtilis (Bs-17) 11,23 78.39 414.28 258.81
8. cereus (Bc-24) 11.89 83.53 443.26 260.42
Bacillus sp. Bsp-25 12.78 85.55 485.14 271.82
B. polymyxa Bp-30 10.98 76.68 396.05 251.71
8. polymyxa Bp-36 10.18 69.50 324 44 22581
Bacillus sp. Bsp-38 10.73 75.50 366.1 248.11
Nutrient broth 10.12 67.53 310.78 220.81
Monceren 13.10 B89.50 5433.30 282.18
Control 9.98 65.50 298.00 217.18

LS.D. 0.5 0.20 1.06 11.52 4.44
0.01 0.27 1.43 15.48 5.96

These results are in agreement with previously reported results by
other workers (Wolk and Sarkar, 1993; Fukui et al., 1994; Pierson et af. 1995;
Sedra and Maslcuhy, 1995 and Yeom-Ju Rip et ai, 1995). A positive
correlated was observed between seedling survival (stand) and each of straw
yield and its components. On the other hand, the correlation was negative
between stand and each of seed yield and its components {(Table 8). These
correlations are in agreement with the results of El-Kassaby et al. (1999),
Abul-Dahab (2002) and Kineber (2003). These results imply that the increase
in seedling stand by Bacillus spp. led to quantitative increase in straw yield
and qualitative improvement in its technological traits.
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Table 8: Correlation coefficient (r) between flax seedling survival and
each of yield and vyield components and technologicat
characters under field conditions.

Seedling survival %

r
Characters
Yield and yield components:
1. Technical stem length (cms) 0.810™
2. Stem diameter {mm} -0.790 **
3. Straw yield per plant (gm) 0.682*
4, Straw yield per feddan (tons) 0,929 **
5. Fruiting zene length (ems) -0.635"
6. Number of capsules per plant -0.762 ™
7. Number of seeds per plant -0.761 ™
8. Seed yield per plant (gm) -077T1 ™
9. Seed index weight (1000 seeds) -0.701 ™
10. Seed yield per feddan (tons) -0.716 ™
Technological characters:
1. Fiber percentage 0.899 **
2. Fiber length (cms) 0.415NS
3. Fiber yield per feddan (kgs) 0.922*
4. Fiber fineness 0.924 **

- Linear correlation coefficient {r) is significant at p < 0.01 (**) or p < 0.05 {").
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