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Abstract

Three endemic plants rhizosphere (Astragalus gombo Coss. & Dur., Daucus sahariensis Murb.,
Ononis angustissima Lam.), were used for actinomycetes isolation. Ninety-three (93) isolates have
been screened to evaluate their antagonistic properties against phytopathogenic microorganisms
and to determine their biocontrol properties against Fusarium culmorum, especially responsible
for several cereal diseases like font’s seedlings, rust, and burn of ears. Four (04) isolates (D2, D5,
D8, and AST1) have been in vitro tested to determine PGPR effect and biocontrol characters of
bread wheat (Triticum aestivum L.), Hidhab (HD) variety cultivated in the Murashigue and Skoog
(MS) culture medium. The aim of this study is the evaluation of antagonistic isolates of pathogenic
fungi F. culmorum, without and within commercial fungicide (Tebuconazole, 60 g/1) solution. Our
results showed clearly that these isolates have a significant effect on seed germination and seedl-
ing growth. However, results argue that these actinomycetes isolates show a very interesting ac-
tivity compared to the commercial fungicide. As a result, these bacteria isolates can be used as
biocontrol agents against Fusarium wilt disease of wheat, which have a beneficial effect on growth
parameters.
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1. Introduction

Wheat is the most commonly grown crop in the world, representing a major resource for food [1]. Wheat and
other small grain cereals may be attacked by a wide range of Fusarium spp., so Fusaria have long been recog-
nized as pathogens of many plant species [2]. F. graminearum and F. culmorum are the predominant species in-
fecting wheat [3]. The economic impact of Fusarium damage on wheat has a great importance throughout the
world [4]. Pathogenic fungi can survive for a long time in the soil, and then it is difficult to be controlled [5]. To
fight against these pathogens via unlimited application of pesticides in soil can cause environmental pollution
[6]. Also, the effectiveness of chemical fungicides is often compromised by the emergence of resistant patho-
gens [7]. Due to the worsening problems in fungal diseases control, further research is needed to identify alter-
native methods of protecting plants less dependent on chemicals and more respectful to the environment [8].
However, biological control is a promising method that involves antagonistic microorganisms like actinomy-
cetes. These uses are deemed to apply the best form of living cells because of their ability to colonize plant roots,
to control microorganisms plant pathogens and spores shaped adapted to stable products formation [9] [10].

Actinomycetes are an important part of the microbial community in soil dispersion surface; it gives the apti-
tude to colonize the rhizosphere through their antagonists and competitive characters, and their many secondary
metabolites production that has chemical structures with different biological activities [11]. More than a thou-
sand secondary metabolites are produced by actinomycetes which made 45% of microbial metabolites [12].
Streptomyces genus can produce plant growth regulators such as Indole Acetic Acid (IAA), antibiotics and lytic
enzymes as biocontrol agents against F. culmorum responsible for various symptoms like damping roots, stems
and spikelet fusariosis in many broadleaf and monocotyledons plants such as cereals. These diseases have con-
trolled by synthetic fungicides or chemical compounds. However, chemical control generates enormous negative
impacts on the environment, and the repeated use of these chemical molecules causes resistance among these
pathogens. This study focuses on the biological ability of actinomycetes to fight against these pathogens. They
are often isolated from samples of different ecosystems for producing substances inhibitory activities against
plant pathogens, using suitable culture media and then selecting the successful stem through the identification of
their in vitro antagonistic activity.

2. Materials and Methods
2.1. Plant Material and Actinobacteria Sampling

Seeds of bread wheat (T. aestivum), Hidhab cultivars (HD1220/3*Kal/Nac, proven from CIMMYT, selected in
agricultural research station of Sétif (Algeria) in 1985), treated and untreated by (Tebuconazole, 60 g/l) and in-
oculated with actinomycetes isolates of indigenous plants rhizospheric soil (Ononis angustissima Lam., Astra-
galus gombo Coss. & Dur. and Daucus sahariensis Murb.) taken from Djebel Messaad region at M’sila-State, in
southern of Algeria (Figure 1). Samples were collected in sterile cylinders, closed tightly and stored in the re-
frigerator at 4°C. For each collected sample, 10 g of soil was suspended in 90 ml of physiological water (NaCl, 9
g/l), then incubated in an orbital shaker incubator at 50°C with shaking for 30 min at 160 rpm. The suspension
was serially diluted up to 10.

2.2. Actinomycetes Isolates Recognition

Several solid culture media, such as ISP2, GYEA and GYME (Table 1) in addition to streptomycin, penicillin
and actidione, antibiotics were used to isolate and maintain actinomycetes isolates from selected soil samples.
Culture media autoclaved at 120°C for 2 h; glassware is sterilized at 180°C in ventilated oven for 30 min and
then microbiological manipulations performed in a laminar flow hood around a Bunsen burner.

Using the method of Pochon and Tardieux [13] three samples of 100 g to 5 cm of the top soil away from roots
have been taken from the rhizosphere of 3 endemic plants zones; then putted in plastic bags and analyzed directly
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Figure 1. (a) Endemic plants which rhizospheric soil used to isolate actinomycetes; (b) Study geographical area location
(Map-Info software, version 8).

Table 1. Media for isolation, seeding, and recognition of actinomycetes isolates.

Formula or compounds (ml) 1SP2 GLM GYEA PDA
Malt extract (g/l) 10 3 none /
Yeast extract (g/l) 4 3 10 /
Glucose (g/l) 4 10 10 /
Peptone (g/1) / 5 / /
Dextrose (g/l) / / / 20
Infusat de pomme de terre / / / 200
Distilled water 1000 1000 1000 1000
Agar (g/l) 20 20 18 20
pH 7.3 7.2 6.8 5.4

ISP2 = International Streptomyces Project (Shirling and Gottlieb 1966), GYME = Gelose Yeast-Malt Extract (Kitouni 2007), GYEA = Glucose-Yeast

Extract-Agar (Athalye et al. 1981), PDA = Potato dextrose agar.
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or stored at 4°C for 6 h. 10 g of each sample was ground in a sterile mortar and then sieved. 5 g were processed
by 0.02 g and introduced into a container containing 50 ml of sterile distilled water. After homogenization of
solution, a serie of dilutions of 10 * to 10™° was prepared. 0.1 ml from the last three dilutions collected. Then
seeded depositing 0.1 ml of each sample corresponding to the dilution 103, 10 and 10°° to the spread surface
of the corresponding culture medium (GYME, GYEA, ISP2) in Petri dish. Which were incubated at 28°C for 7
to 14 days, while the boxes containing only 1ISP2 backgrounds, GYEA, GYME served as control and incubated
in the same previous conditions [14]. Actinomycetes colonies were observed under an optical microscope (x40).
They marked by their macroscopic and microscopic appearance of hard colonies; small size with a round shape
surrounded by microfilaments (Figure 2(a), Figure 2(b)) and then crop diversity was thus carefully analyzed
and investigated.

2.3. Purification and Conservation

An aliquot of 0.1 ml of appropriate dilutions was taken and spread evenly over the surface of yeast extract-malt
extract agar medium ISP2 (international streptomycetes project) [15], supplemented with 2.5 mg/ml streptomy-
cin and 75 mg/ml amphotericin B to inhibit bacterial and fungal contamination. Plates were incubated at 28°C
and growth development was monitored through 14 days. The isolates maintained on ISP2 medium slants at 4°C
and as a glycerol suspension 20% (v/v) at —20°C.

Rhizosphere soil of 3 endemic plants
v

| Seeding media (ISP2- GYEA- GLM-PDA |

v

Actinomycete isolates

v v v

| Crusaders streaks | | Agar discs | Direct confrontation in Petri dish
In vivo test against Fusarium disease of bread wheat
(©)

Figure 2. (a) Macro-morphological observations of actinomycetes isolates in ISP2 medium: A = D5 isolate, B = Ast1 isolate,
C = Da8 isolate and D = D2 isolate; (b) Micro-morphological observations of actinomycetes isolates in ISP2 medium: A =
Da8 isolate, B = Ast1 isolate, C = D5 isolate, D = D2 isolate. (c) Antifungal Activity protocol.
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2.4. Phenotypic Characteristics of Actinomycetes Isolate

Isolates morphology was examined according to the methods recommended by Shirling and Gottlieb for the In-
ternational Streptomycetes Project (ISP) [15] and Bergey’s Manual of Systematic Bacteriology [16]. Visual ob-
servation using light microscopy and Gram-straining performed for further identification. Cultural characteris-
tics of pure isolates in ISP2 media recorded after incubation for 7 to 14 days at 28°C. Catalase and oxidase ac-
tivities were determined with 3% (v/v) hydrogen peroxide solution (H,0,) and 1% (v/v) tetra-methyl phenylene-
di-amine dihydrochloride solution (TMPDADC), respectively. The color of mycelium and soluble pigment were
examined in ISP2 medium and determined by comparison with chips color of in the color harmony manual [17].
Growth at pH values (4 - 11), tolerance to NaCl (1% - 12%) and temperature range for growth (5°C - 50°C) was
examined on ISP2 too.

2.5. Indole Acetic Acid (IAA) Production

The ability of actinobacteria to produce 1AA was measured based on the colorimetric method described by
Khamna et al., [18] and Kaur et al., [19] with some modifications. Three discs (6 mm ¢ each one) of growing
actinobacteria from yeast malt agar (YMA) were inoculated into 100 ml yeast medium both containing 0.05%
L-tryptophan and incubated at 28°C on a rotary shaker at 160 rpm for seven days. Cultures were harvested and
centrifuged at 1000 rpm for 10 min at 4°C. Their action mixture, which included 2 ml of supernatant and 2 ml of
“Salkowski reagent”, were incubated at 25°C for 30 min in the dark. The absorbance of the reaction mixture was
measured at 530 nm and the IAA content of the culture filtrate was quantified using a standard curve with
known concentrations of pure IAA (Sigma).

2.6. In Vitro Biocontrol Assay

Bread wheat (Triticum aestivum L.), cultivar (HD), highly susceptible to Fusarium head blight (FHB) used in
this experiment. Seeds were surface sterilized by immersion in 70% ethanol for 1 min, followed by continuous
agitation in a 1% sodium hypochlorite solution (NaOCI) for 5 min and rinsed with sterile distilled water. They
were allowed to imbibe water overnight at room temperature. Pre-germinated seeds grown in Petri dishes, which
experiments were performed in controlled environmental conditions using plant growth chamber. Seeds germi-
nated in 150 mm diameter plastic Petri dishes each containing 20 seeds on two layers of 125 mm diameter
Whitman N°1 filter paper moistened with 8 ml Murashigue and Skoog (MS) solution [20], in three replicates.

Actives fresh suspensions of actinomycetes isolates, approximately 1 x 10 CFU/ml in 1ml of ISP2 broth with
0.01% Tween-20 and 1 ml of F. culmorum approximately 1 x 10° CFU/ml added to the seeds immediately be-
fore planting. Two seed lots were used such as seeds inoculated with F. culmorium untreated by fungicide Tu-
beconazole, 60 g/l without actinomycetes isolates and seeds inoculated with F. culmorum treated by fungicide
Tubeconazole, 60 g/l for 7 days in the presence of actinomycetes isolates. Plants were maintained in a growth
room conditions with temperature 24°C, 16 h light/8h dark photoperiod and relative humidity of 80% and ferti-
lized weekly with MS solution. Germination rate determined after three days after seeding and growth morpho-
physiological parameters, such as the number of leaves, leaf area, root length, and chlorophyll content deter-
mined after four weeks.

2.7. Actinomycetes Antimicrobial Activities

Antimicrobial activities of actinomycetes isolates were evaluated by cross-striations method on ISP2. It consists
in seeding actinomycetes isolates in a single line on the surface of the solid medium. After incubation at 30°C
for seven days, Target isolates were seeded perpendicular to the actinomycetes. Results were obtained after 36
to 48 h by measuring the distance between the edges of inhibition of target strain and actinomycetes isolates.
Actinomycetes seeded, on PDA (Potato Dextrose Agar), the device of the Petri dish (away from the edge of the
box by 3 mm), with a streak of 6mm wide. These cultures incubated at 28°C for five days. A disk of 7 mm di-
ameter mushroom cultivation eight days old deposed share of actinomycetes culture. The distance between mu-
shroom and disc edge of the box is 15 mm. For each fungal isolate a control treatment was provided, with disc
deposited on PDA medium without actinomycetes. Fungus colonies diameter was measured for all treatments
including the control [21]. According to Williams and Willis [22]; Aghighi et al., [23], agar discs (6 mm ¢) were
collected from an actinomycetes culture of 14 days then putted into a Petri dish containing (PDA) medium. A
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washer (8 mm ¢) of F. culmorum of 10 days old was then deposited in the center of the box and at a distance of
3 cm agar discs away. Petri dishes then incubated at 25°C for five days. Control sample contains only a washer
of F. culmorum. Daily reading is done on sample control culture.

Antifungal activity of actinomycetes isolates was underscored by cross streaks method on the ISP2 environ-
ment, agar-cylinder method and confrontation method in Petri dish [24]. The target seeds used were filamentous
fungi and pathogenic bacteria. The following protocol showed the antifungal activity and biological control
against plant diseases by actinomycetes isolates that produce antibiotics (Figure 2(c)). Both of 8 treated and un-
treated seeds of (HD) with the fungicide seeded on MS medium supplemented with 3 ml of Fusarium suspen-
sion and 3 ml of actinomycetes suspension.

2.8. Antagonistic Actinomycetes Isolate Potential on Fusarium Wither of Wheat Seeds and
Disease Expression

We have studied actinomycetes action on Fusarium mycelium growth to assess the effectiveness of actinomy-
cetes suspensions on Hidhab (HD) variety seeds. Spores of phytopathogenic fungus (F. colmorum) obtained by
flooding a culture of 14 days on (PDA) medium incubated at 25°C with 10 ml of sterile distilled water; conidia
dislodged by scraping the medium surface with sterile Pasteur pipette. The resulting liquid was filtered through
4 layers of cotton to remove debris from the mycelium. The filtrate obtained containing spores washed twice
with sterile distilled water, and spore suspension centrifuged at 1000 rpm for 5 min. Thus, pre-identified isolates
of actinomycetes are streaked on Petri dish containing nutrient agar medium and incubated at 30°C for 24 h.
Cans were flooded with 10 m1 of sterile distilled water and scraped with a sterile Pasteur pipette; the recovered
suspension homogenized by stirring, then spore concentration estimated using a Malassez cell and adjusted to
the required concentration (108 spores/ml) by adding it to sterile distilled water [25]. It noted that we have used
in this study the MS medium [20] supplemented with 0.5 g/l of 2.4, Dichlorophenoxyacetic acid. Wheat seeds
disinfected by 70% alcohol for 70 seconds, and then they soaked in water for 15 min bleach followed by three
successive rinses with sterile distilled water.

2.9. Data Analysis

Measurements related to the enumeration of isolated actinomycetes and their behavior towards the culture me-
dium used and macro-morphological characterizations, and their antagonistic activities mentioned. Data were
processed by the analysis of variance, using Crop-Stat 7.2.3 software (2009), and then Newman-Keuls test at 5%
probability, is used to compare treatment means.

3. Results
3.1. Seed Germination Percentage

Seed germination capacity of bread wheat (T. aestivum), Hidhab variety inoculated by actinomycetes isolates in
the presence of F. culmorum showed that the percentage of both germinated seeds treated and untreated by
commercial fungicide (Tebuconazole, 60 g/l) exceeds 85%, so there is a significant effect of treatment by fungi-
cide. These results, confirm that the treatment by fungicide has a depressive effect on the pathogen and therefore
a positive effect on the germination rate (Figure 3(a)).

3.2. Morphological and Physiological Growth Parameters

In general, plants are grown from inoculated seeds with actinomycetes isolated and treated with commercial
fungicide (Tebuconazole, 60 g/l), the number of leaves is high (6 leaves) compared to seedlings which untreated
seeds (2 leaves) (Figure 3(b)). However, seedlings treated and untreated with the commercial fungicide and in-
oculated with D8 and D5 isolates in the presence of (F. culmorum) have developed an average leaf area 5.5 cm?
and 14 cm? respectively. While plantlets seeds inoculated with AST1 isolate in the presence of the commercial
fungicide, have developed a leaf area (8 cm?), and in the absence of this fungicide (17 cm?). For the D2 isolate,
leaf area is 18 cm? for plantlets treated seeds and 23 cm? for those from untreated seeds (Figure 3(c)). While
root length is 5 to 6.5 cm, for plantlets seed inoculated by D2, D5 and D8 isolates and treated with (Tebucona-
zole, 60 g/l). Seeds inoculated with AST1 isolate in the absence of fungicide reaches a 3 cm length of roots
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Figure 3. (a) Actinomycetes isolates effects on germination percentage; (b) Leaves number; (c) Roots length and (d) leaf
area within F. colmorum on treated seeds by fungicide. D2, D5, D8 = Daucus sahariensis Murb., isolate number 2, 5 and 8.
Astl = Astragalus gombo Coss. & Dur., isolate number1, Fc = Fusarium colmorum). ~ and ™ mean significant and high sig-
nificant respectively.

(Figure 3(d)). The measurements for chlorophyll content of seeds inoculated by D2, D5, D8 and AST1 isolates,
shows values SPAD between 0.9 to 1 for seeds treated with (Tebuconazole, 60 g/l) and between 1.1 to 1.2 for
untreated seeds by Tebuconazole, 60 g/l (Figure 4).

3.3. Biological Control Mechanisms

3.3.1. Biocontrol Agents

Microbial antagonists widely used for the biocontrol of fungal plant diseases. Many species of actinobacteria,
particularly those belonging to the genus Streptomycetes, are well known as antifungal biocontrol agents that in-
hibit several plant pathogenic fungi. Results of this study indicate that seed germination strongly inhibited when
inoculated by pathogenic fungi (Figure 5(a)). It indicated that (HD) variety seedlings treated with D5, D2, and
AST1 isolates have the double character of both stimulation growth and biocontrol agent, (Figure 5(b)). It
shows that increased index of germination observed from, the wheat seeds indicating the potential of actino-
mycetes isolates to inhibit pathogenicity and by this means increase germination.

3.3.2. Plant Growth Promoting Hormone Production (PGPHP)

The ability of bacterial strains to produce indole acetic acid (IAA) as a plant growth promoting hormone (PGPH)
was detected by the development of pink color in ISP2 culture medium after addition of “Salkowski reagent.”
Among four (4) actinomycetes isolates, two (2) only were able to produce high levels of IAA. Interestingly, D2
and AST1 isolates produced the highest amount of IAA compared to D5 and D8 isolates (Figure 6).

4. Discussion

The role of microorganisms in biological control of plants against diseases showed that the use of microorgan-
isms to fight against the enemy culture (bio-pesticides) is a plant protection means respecting the environment.
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Figure 4. Actinomycetes isolates effects on chlorophyll content within F. colmorum
on treated seeds by fungicide. © mean significant. D2, D5, D8 = Daucus sahariensis
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Figure 5. Seeds inoculated with F. culmorium untreated (a) and treated (b) by fungi-
cide (Tubeconazole, 60 g/l) in absence of actinomycetes isolates (A1 & B1) and in
presence of actinomycetes isolates (A2 & B2).

Yekkour et al., [26] applied the biocontrol seedling blight through saharian actinomycetes. Certainly, most para-
sites, fungi or weeds of the plants have one or more natural microbial enemies, and it will be necessary to know
the pathogenic fungi development cycle and antagonist activity conditions. Streptomycetes soil produce hy-
droxamate-type siderophore, could inhibit plant pathogens growth and thus reduce their action by competing for
the phenomenon for iron [27]-[29]. Or by stimulation of plant defenses [30]-[33]. Thus, the results obtained in
this study on Fusarium soft wheat will contribute positively to the improvement of biocontrol process against
these diseases. Results analysis of PGPR effects of actinomycetes isolates on growth parameters show that the
isolates have a significant effect on the germination rate of the treated and untreated seeds of the same degree by
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a fungicide, and then Newman-Keuls test at 5% reached eight homogeneous groups (Table 2 and Table 3).
Analysis of variance revealed a very highly significant effect on germination rate for foliage, and significant for
leaves number and root length. while the chlorophyll content effect is not significant for all both treated and un-
treated seeds by fungicide in the presence of actinomycetes isolates, and it is the same for the interaction (fungi-
cide treatment/actinomycetes isolates) (Table 4). As against the number of leaves is a differential between
treated seeds by a fungicide with a high number of leaves especially for seeds inoculated with D2 and D8 iso-
lates, while for untreated one, leaves number reduced for both isolates compare to ASTlisolate. D5 isolate has a
high number of leaves for either treated or untreated seeds with fungicide, whereas, this isolate has a beneficial
effect on the development of leaf area. Also, analysis results show that D5 isolate has a remarkable influence on
the root length. Seeds treatment by actinomycetes isolates from different rhizospheric areas of endemic plants
gave important results of PGPR effects, resulting in improved growth parameters studied. However, D5 isolate
has a very important effect on growth compared to the fungicide effect. This stimulation resulted mainly from
better growth for untreated seeds by fungicide (Tebuconazole, 60 g/l) (Figure 5(a): Al, A2 & Figure 5(b): B1,
B2). These results certainly participate in the biocontrol process [34]. Thus, actinomycetes isolates used in this
study may be affiliated with (plant growth promoting rhizobacteria (PGPR). Then, it is known that PGPR may
also protect plants against phytopathogenic infections. Biocontrol assay of actinomycetes isolates against F.
culmorum is reflected in germination percentage. That is very important for all seeds inoculated with the four

35 - Production of growth promoting hormone (PGPH)
a
30 -
% 25 -
2 b
§ 20 -
] c
315 - <
2
Q.
< 10 -
<
5 .
0 T T T
D2 AST1 D5 D8
Rhizospheric isolates

Figure 6. Indole acetic acid (IAA) production by the antagonistic actinomycetes isolates (different lowercase letters a, b and
¢ on top of the histograms indicate significant differences or homogenous groups). D2, D5, D8 = Daucus sahariensis Murb.,
isolate number 2, 5 and 8. Astl = Astragalus gombo Coss. & Dur., isolate number 1.

Table 2. Measured variables average values of actinomycetes isolates and fungicide used for growth parameters studied.

Actinomycetes isolated + seeds treated with fungicide
Growth parameters

D2 +F.c. D5 + F.c. D8 + F.c. AST1 + F.c.
Germination (%) 83.33+5.9° 875+ 0° 83.33+5.9° 75 £ 0%
Number of leaves 6 +0.89° 5.66 + 0.52 4+0f 6+0°
Length of roots 6.66 +0.52° 50 5+0f 6+0°
Leaf area 17.2£25° 8.03 +0.85° 5.23+0.23 9+0.89°
Chlorophyll content 1.02 £0.01"™ 1.03 £0.06"™ 0.92 +£0.04™ 0.97 £ 0.04™

(D2, D5, D8 = Daucus sahariensis Murb., isolate number 2, 5 and 8. Astl = Astragalus gombo Coss. & Dur., isolate numberl, F.c. = Fusarium col-
morum). ns = non significant, lettres ¢, °, -, ) = homogenous groups.
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Table 3. Measured variables average values of actinomycetes isolates and fungicide used for studied growth parameters.

Growth parameters

Actinomycetes isolated + seeds untreated by fungicide

D2 +F.c. D5 + F.c. D8 + F.c. AST1 +F.c.
Germination (%) 70.83 + 6.45%° 75+11.18° 58.33 + 6.45° 75+ 0%
Number of leaves 3+0° 4+0f 2+0.82" 5+0.82f
Length of roots 2.33+1.03" 4.33 1,03 2+0" 6+0°
Leaf area 22.6 +1.61° 14.33 + 3.89" 7.2+0.18° 16.43 % 3.09"
Chlorophyll content 1.08 £0.03™ 1.19 £ 0.01"™ 1+0.08™ 1.16 £ 0.04™

D2, D5, D8 = Daucus sahariensis Murb., isolate number 2, 5 and 8. Astl = Astragalus gombo Coss. & Dur., isolate numberl, F.c. = Fusarium col-
morum). ns = non significant, lettres ¢, °, -, ") = homogenous groups.

Table 4. Parameters signification as a function of actinomycetes inoculation and fungicidal treatment.

ddl G % LN RL LA cC
Act_iso 4 0.001™" 0.05" 0.05 0.01" 0.1ns
FT 2 0.001™" 0.05" 0.05" 0.01™ 0.07ns
Act_isox F_T 8 0.001™" 0.05" 0.05" 0.01™ 0.1ns

ddl: degree of liberty; ns: no significant (p > 0.05); "<0.05, ""<0.01, ""<0.001: Significant, highly significant and very high significant respectively.
G %: Germination percentage, L N: Leaves number, R L: Roots length, L A: Leaf area, CC: Chlorophyll content, Act_iso: Actinomycetes isolates,
F_T: fungicide treatment, Act_iso X F_T: Interaction between Actinomycetes isolates x fungicide treatment.

isolates (treated and untreated with fungicide), while, we can confirm that actinomycete isolates had an inhibi-
tory effect against the pathogen, for untreated seeds by (Tebuconazole, 60 g/l) and inoculated into both actino-
mycetes isolate and F. culmorium. They have a high germination rate different leaves number between treated
and untreated seeds, which have restricted and highly respectively especially for AST1, D2 and D5 isolates.
These results confirm that actinomycetes isolates can reduce Fusarium mycelium growth butter than commercial
fungicide (Tebuconazole, 60 g/l). Similarly to the parameter of the root length recorded, D2 and AST1 isolates,
have a very interesting effectiveness in protecting the root system against F. culmorum. The fungicide has a de-
trimental effect on leaves number increase and root length; while biological control against the pathogen by dif-
ferent actinomycetes isolates especially D5 and D8 is a more best to fight against diseases in bread wheat (HD)
variety (Figure 5(a): Al, A2 & Figure 5(b): B1, B2). Production of antifungal substances [35] [36] and phyto-
hormones [35]-[37] by actinomycetes isolates, can increase seed germination and controlling plant pathogenicity
[38] [39]. Few or most of these factors attribute an advantage to treated plants. The potential use of actinomy-
cetes isolates as a biocontrol agent has been reviewed previously [38] [39], where inoculation with these micro-
organisms promoted the growth of plants. Almost all rhizospheric actinomycetes isolate enhanced the agronom-
ic performance of wheat cultivar, Hidhab (HD) by influencing its growth parameters. Khaleeq and Khan [40]
reported that actinomycetes isolate significantly improved the use of fungicides which is effective in enhancing
germination, emergence and growth as well as in reducing damping-off. Also, accelerated germination is re-
ported to help improve stress resistance and enhance overall plant growth and productivity [41]-[43].

Results obtained for IAA production by actinomycetes isolates showing a positive reaction. It affects plant
cell division, extension, and differentiation. Stimulate seeds and tuber germination increase the rate of xylem
and root development. Controls processes of vegetative growth; initiates lateral and adventitious root formation;
mediates responses to light and gravity; affects photosynthesis, pigment formation, biosynthesis of various me-
tabolites and resistance to stressful conditions [37] [44]. IAA production has a very vital role in the plant growth
promotion potential of theses isolates. It should note that one of the possible antifungal mechanisms of D5, D2,
and AST1 isolate, may be associated with the production of an antifungal agent, and IAA. Actinomycetes have
been reported as biocontrol agents effective against numerous plant pathogens [8] [35] [45]-[48]. So, actino-
mycetes isolates can also play a role in plant development, especially in root development (Figure 6). Growth
promoting effects may be related to I1AA [18] [49]-[51], and Siderophores production or other antifungal sub-
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stances [52]-[54]. The activity against fungal plant pathogens of Actinomycetes attributed by the production of
mycolytic enzymes.

5. Conclusion

Antagonistic activities of four actinomycetes isolate from rhizospheric soil of three (3) endemic plants in Algeria,
against F. culmorum which is a causal agent of Fusarium disease and also biological control mechanisms for (T.
aestivum L.) variety (HD) seeds, treated and untreated with commercial fungicide (Tebuconazole 60 g/l). The
test of PGPR/biocontrol had made a comparison between fungicide action and antagonist’s actinomycetes sus-
pensions effects. PGPR effect, in addition to the fungicide, is less effective, and it appeared with the comparison
of wheat seeds inoculated only with D5, D8, D2, AST1 isolates suspension that has better results in terms of
growth parameters, like germination rate, leaf number, roots length, leaf area and chlorophyll content. Similarly
for the bio-control test, the D5 isolate has a strong action against Fusarium suspension, but the action of fungi-
cide is very interesting against this pathogen. Depending on the results, we can confirm that the fungicide has an
inhibitory effect against F. culmorum, but also has a harmful effect on growth parameters. The isolated Actino-
mycetes play a role in both, protection against pathogenic agents and in improved growth parameters.

Acknowledgements

This study was supported by a grant from the Ministry of Higher Education and scientific research-Algeria.

References

[1] Charmet, G. (2011) Wheat Domestication: Lessons for the Future. Comptes Rendus Biologies, 334, 212-220.
http://dx.doi.org/10.1016/j.crvi.2010.12.013

[2] Nelson, P.E., Toussoun, T.A. and Marasa, W.F.O. (1983) Fusarium Species: An Illustrated Manual for Identification.
Pennsylvania State University Press, University Park, 206 p.

[3] Wagacha, J.M. and Muthomi, J.W. (2007) Fusarium culmorum: Infection Process, Mechanisms of Mycotoxin Produc-
tion and Their Role in Pathogenesis in Wheat. Crop Protection, 26, 877-885.
http://dx.doi.org/10.1016/j.cropro.2006.09.003

[4] Windels, C.E. (2000) Economic and Social Impacts of Fusarium Head Blight (FHB): Changing Farms and Rural
Communities in the Northern Great Plains. Phytopathology, 90, 17-21.
http://dx.doi.org/10.1094/PHYT0.2000.90.1.17

[5] Tshen, J.S.M. (1985) Biological Control of Plant Diseases by Microorganisms. Chinese Bioscience, 26, 33-39.

[6] Alloway, B.J. and Ayres, D.C. (1997) Chemical Principles of Environmental Pollution. 2nd Edition, Blackie Academic
Professional, Chapman and Hall, London, 381 p.

[7] Keith, J.B. and Derek, W.H. (2007) Fungicide Resistance in Crop Pathogens: How Can It Be Managed? Fungicide Re-
sistance Action Committee 2007, 2nd Edition, 60 p.

[8] Prapagdee, B., Kuekulvong, C. and Mongkolsuk, S. (2008) Antifungal Potential of Extracellular Metabolites Produced
by Streptomyces hygroscopicus against Phytopathogenic Fungi. International Journal of Biological Science, 4, 330-
337. http://dx.doi.org/10.7150/ijbs.4.330

[9] Xiao, K., Kinkel, L.L. and Samac, D.A. (2002) Biological Control of Phytophthora Root Rots on Alfalfa and Soybean
with Streptomyces. Biological Control, 23, 285-295. http://dx.doi.org/10.1006/bcon.2001.1015

[10] Bressan, W. (2003) Biological Control of Maize Seed Pathogenic Fungi by Use of Actinomycetes. BioControl, 48,
233-240. http://dx.doi.org/10.1023/A:1022673226324

[11] Gundliffe, E. (2006) Antibiotic Production by Actinomycetes: The Janus Faces of Regulation. Journal of Indian Mi-
crobiology and Biotechnology, 33, 500-506. http://dx.doi.org/10.1007/s10295-006-0083-6

[12] Berdy, J. (2005) Bioactive Microbial Metabolites. Journal of Antibiotic (Tokyo), 58, 1-26.
http://dx.doi.org/10.1038/ja.2005.1

[13] Pochon, J. and Tardieux, P. (1962) Analytical Techniques of Soil Microbiology St-Mandé: Edition de la Tourtourelle,
111 p.

[14] Kitouni, M. (2007) Isolation of Bacteria Producing Actinomycetes Antibiotics from Extreme Ecosystems. Molecular
Identification of Active Strains and Preliminary Characterization of the Developed Substances. Applied Microbiology
Thesis, Mentouri Constantine University, Algeria, 170 p.



http://dx.doi.org/10.1016/j.crvi.2010.12.013
http://dx.doi.org/10.1016/j.cropro.2006.09.003
http://dx.doi.org/10.1094/PHYTO.2000.90.1.17
http://dx.doi.org/10.7150/ijbs.4.330
http://dx.doi.org/10.1006/bcon.2001.1015
http://dx.doi.org/10.1023/A:1022673226324
http://dx.doi.org/10.1007/s10295-006-0083-6
http://dx.doi.org/10.1038/ja.2005.1

B. Laid et al.

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Shirling, E.B. and Gottlieb, D. (1966) Methods for Characterization of Streptomyces Species. International Journal of
Systematic Bacteriology, 16, 313-340. http://dx.doi.org/10.1099/00207713-16-3-313

Williams, S.T., Goodfellow, M. and Alderson, G. (1989) Genus Streptomyces Waksman and Henrici 1943, 3394 In:
Williams S.T., Sharpe, M.E. and Holt, J.G., Eds., Bergey’s Manual of Systematic Bacteriology, Vol. 4, Williams and
Wilkins, Baltimore, 2452-2492.

Jacobson, E., Grauville, W.C. and Fogs, C.E. (1958) Color Harmony Manual. 4th Edition, Container Corporation of
America, Chicago.

Khamna, S., Yokota, A. and Lumyong, S. (2009) Actinobacteria Isolated from Medicinal Plant Rhizosphere Soils: Di-
versity and Screening of Antifungal Compounds, iNdole-3-Acetic Acid, and Siderophore Production. World Journal of
Microbiology and Biotechnology, 25, 649-655. http://dx.doi.org/10.1007/s11274-008-9933-x

Kaur, T., Sharma, D., Kaur, A. and Manhas, R.K. (2013) Antagonistic and Plant Growth Promoting Activities of En-
dophytic and Soil Actinomycetes. Archives of Phytopathology and Plant Protection, 46, 1756-1768.
http://dx.doi.org/10.1080/03235408.2013.777169

Murashigue, T. and Skoog, F. (1962) A Revised Medium for Rapid Growth and Bio-Assays with Tobacco Tissue Cul-
tures. Physiologia Plantarum, 15, 437-496. http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x

Soares, A.C.F., Sousa, C.D.S., Garrido, M.D.S., Perez, J.O. and Santos de Almeida, N. (2006) Soil Streptomycetes
with In Vitro Activity against the Yam Pathogens Curvularia eragrostis and Colletotrichum gloeosporioides. Brazilian
Journal of Microbiology, 37, 456-461. http://dx.doi.org/10.1590/S1517-83822006000400010

Williams, L.E. and Willis G.M. (1962) Agar Ring Method for In Vitro Studies of Fungistatic Activity. Phytopathology.
52, 368-369.

Aghighi, S., Shahidi Bonjar, G.H., Rawashdeh, R., Batayneh, S. and Saadoun, I. (2004) The First Report of Antifungal
Spectra of Activity of Iranian Actinomycetes Isolates against Alternaria solani, Alternaria alternate, Fusarium solani,
Phytophthora megasperm, Verticillium dahlia and Saccharomyces cerevisiae. Asian Journal of Plant Sciences, 4, 463-
471.

Badji, B., Riba, A., Mathieu, F., Lebrihi, A. and Sabaou, N. (2005) Antifungal Activity of a Saharan Actinomadura
Strains against Various Pathogenic and Toxicogenic Fungi. Journal of Medical Mycology, 15, 211-219.
http://dx.doi.org/10.1016/j.mycmed.2005.07.001

Barakat, M., Ouhdouch, Y., Oufdou, K.H. and Bealieu, C. (2002) Characterization of Rhizospheric Soil Streptomyces
from Moroccan Habitats, and Their Antimicrobial Activities. Word Journal of Microbiology Biotechnology, 18, 49-54.
http://dx.doi.org/10.1023/A:1013966407890

Yekkour, A., Meklat, A., Bijani, C., Toumatia, O., Errakhi, R., Lebrihi, A., Mathieu, F., Zitouni, A. and Sabaou N.
(2015) A Novel Hydroxamic Acid-Containing Antibiotic Produced by a Saharan Soil-Living Streptomyces Strain. Let-
ters in Applied Microbiology, 60, 589-596. http://dx.doi.org/10.1111/lam.12412

Muller, G., Matzanke, B.F. and Raymond, K.N. (1984) Iron Transport in Streptomyces pilosus Mediated by Ferrich-
rome Siderophores, Rhodotorulic Acid, and Enantiorhodotorulic Acid. Journal of Bacteriology, 160, 313-318.

Muller, G. and Raymond K.N. (1984) Specificity and Mechanism of Ferrioxamine-Mediated Iron Transport in Strep-
tomyces pilosus. Journal of Bacteriology, 160, 304-312.

Tokala, R.K., Strap, J.L., Jung, C.M., Crawford D.L., Salove M.H., Deobald L.A., Bailey J.F. and Morra M.J. (2002)
Novel Plant-Microbe Rhizosphere Interaction Involving Streptomyces lyrics WYEC108 and the Pea Plant (Pisum sati-
vum). Applied and Environmental Microbiology, 68, 108-113.

http://dx.doi.org/10.1128/AEM.68.5.2161-2171.2002

Franceschi, V.R., Krokene, P., Christiansen, E. and Krekling, T. (2005) Anatomical and Chemical Defenses of Conifer
bark against Bark Beetles and Other Pests. New Phytologist, 167, 353-375.
http://dx.doi.org/10.1111/j.1469-8137.2005.01436.x

Vassilev, N., Vassileva, M. and Nikolaeva, 1. (2006) Simultaneous P-Solubilizing and Biocontrol Activity of Microor-
ganisms: Potentials and Future Trends. Applied Microbiology Biotechnology, 71, 137-144.
http://dx.doi.org/10.1007/s00253-006-0380-z

Prévost, K., Couture, G., Shipley, B., Brzezinski, R. and Beaulieu, C. (2006) Effect of Chitosan and a Biocontrol
Streptomycete on Field and Potato Tuber Bacterial Communities. BioControl, 51, 533-546.
http://dx.doi.org/10.1007/s10526-005-4240-z

Lehr, N.-A, Schrey, S.D., Bauer, R., Hampp, R. and Tarkka, M.T. (2007) Suppression of Plant Defense Response by a
Mycorrhiza Helper Bacterium. New Phytologist, 174, 892-903.
http://dx.doi.org/10.1111/].1469-8137.2007.02021.x

Kloepper, J.W., Leong, J., Teintze, M. and Schroth, M.N. (1980) Pseudomonas Siderophores: A Mechanism Is Ex-

688


http://dx.doi.org/10.1099/00207713-16-3-313
http://dx.doi.org/10.1007/s11274-008-9933-x
http://dx.doi.org/10.1080/03235408.2013.777169
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1590/S1517-83822006000400010
http://dx.doi.org/10.1016/j.mycmed.2005.07.001
http://dx.doi.org/10.1023/A:1013966407890
http://dx.doi.org/10.1111/lam.12412
http://dx.doi.org/10.1128/AEM.68.5.2161-2171.2002
http://dx.doi.org/10.1111/j.1469-8137.2005.01436.x
http://dx.doi.org/10.1007/s00253-006-0380-z
http://dx.doi.org/10.1007/s10526-005-4240-z
http://dx.doi.org/10.1111/j.1469-8137.2007.02021.x

B. Laid et al.

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

plaining Disease-Suppressive Soils. Current Microbiology, 4, 317-320. http://dx.doi.org/10.1007/BF02602840

Li, Q., Jiang, Y., Ning, P., Zheng, L., Huang, J., Li, G., Jiang, D. and Hsiang, T. (2011) Suppression of Magnaporthe
oryza by Culture Filtrates of Streptomyces globisporus JK-1. Biological Control, 58, 139-148.
http://dx.doi.org/10.1016/j.biocontrol.2011.04.013

Souagui, Y., Tritsch, D., Grosdemange-Billiard, C. and Kecha, M. (2015) Optimization of Antifungal Production by an
Alkaliphilic and Halotolerant Actinomycetes, Streptomyces sp. SY-BS5, Using Response Surface Methodology. Jour-
nal of Medical Mycology, 25, 108-115. http://dx.doi.org/10.1016/j.mycmed.2014.12.004

Spaepen, S. and Vanderleyden, J. (2011) Auxin and Plant-Microbe Interactions. Cold Spring Harbor Perspectives Bi-
ology, 3, Article ID: a001438. http://dx.doi.org/10.1101/cshperspect.a001438

Al-Askar, A.A., Rashad, Y.M., Hafez, E.E., Abdulkhair, W.M., Baka, Z.A. and Ghoneem, K.M. (2015) Characteriza-
tion of Alkaline Protease Produced by Streptomyces griseorubens E44G and Its Possibility for Controlling Rhizoctonia
Root Rot Disease of Corn. Biotechnology & Biotechnological Equipment, 29, 457-462.
http://dx.doi.org/10.1080/13102818.2015.1015446

Sabaratnam, S. and Traquair, J.A. (2015) Mechanism of Antagonism by Streptomyces grisecarneous (Strain Di944)
against Fungal Pathogens of Greenhouse-Grown Tomato Transplants. Canadian Journal of Plant Pathology, 37, 197-
211. http://dx.doi.org/10.1080/07060661.2015.1039062

Khaleeg, M.1. and Khan, S.M. (1993) Efficacy of Seed Dressing Fungicides on Germination and Grain Yield of Wheat
(Triticum aestivum L.). Pakistan Journal of Agricultural Sciences, 30, 212-216.

Harris, D., Pattan, A.K., Gothkar, P., Joshi, A., Chivasa, W. and Nyamudeza, P. (2001) On-Farm Seed Priming Using
Participatory Methods to Revive and Refine a Key Technology. Agricultural Systems, 69, 151-164.
http://dx.doi.org/10.1016/S0308-521X(01)00023-3

Ghadbane, M., Harzallah, D., Jaouadi, B., lbn Larbi, A. and Belhadj, H. (2013) Purification and Biochemical Charac-
terization of a Highly Thermostable Bacteriocin Isolated from Brevibacillus brevis Strain GM100. Bioscience, Bio-
technology, and Biochemistry, 77, 151-160. http://dx.doi.org/10.1271/bbb.120681

Ghadbane, M., Harzallah, D., Jaouadi, B., Ibn Larbi, A. and Belhadj, H. (2013) New Bacteriocin from Bacillus clausii
Strain GM17: Purification, Characterization, and Biological Activity. Applied Biochemistry and Biotechnology, 171,
2186-2200. http://dx.doi.org/10.1007/s12010-013-0489-3

Gupta, G., Parihar, S.S., Ahirwar, N.K., Snehi, S.K. and Singh, V. (2015) Plant Growth Promoting Rhizobacteria
(PGPR): Current and Prospects for Development of Sustainable Agriculture. Journal of Microbial and Biochemical
Technology, 7, 96-102.

Eccleston, K.L., Brooks, P.R. and Kurthoke, D. (2010) Assessment of the Role of Local Strawberry Rhizosphere-As-
sociated Streptomycetes on the Bacterially-Induced Growth and Botrytis cinerea Infection Resistance of the Fruit. Sus-
tainability, 2, 3831-3845. http://dx.doi.org/10.3390/su2123831

Patil, H.J., Srivastava, A.K., Singh, D.P., Chaudhari, B.L. and Arora, D.K. (2011) Actinomycetes Mediated Biochem-
ical Responses in Tomato (Solanum lycopersicum) Enhances Protection against Rhizoctonia solani. Crop Protection,
30, 1269-1273. http://dx.doi.org/10.1016/j.cropro.2011.04.008

Cuesta, G., Garcia-de-la-Fuente, R., Abad, M. and Fornes, F. (2012) Isolation and Identification of Actinomycetes
from a Compost-Amended Soil with Potential as Biocontrol Agents. Journal of Environmental Management, 95, 280-
284. http://dx.doi.org/10.1016/j.jenvman.2010.11.023

Sastrahidayat, I.R., Djauhari, S., Prasetya, B. and Saleh, N. (2011) Biocontrol of Damping-Off Disease (Sclerotium
rolfii SACC.) Using Actinomycetes and Fungi on Soybean and Impact to Crop Production and Microorganism Diver-
sity in Rhizosphere Zone. International Journal of Academic Research, 3, 114-119.

Fialho de Oliveira, M., Germano da Silva, M. and Van Der Sand, S.T. (2010) Anti-Phytopathogen Potential of Endo-
phytic Actinobacteria Isolated from Tomato Plants (Lycopersicon esculentum) in Southern Brazil and Characterization
of Streptomyces sp. R18(6), a Potential Biocontrol Agent. Research in Microbiology, 161, 565-572.
http://dx.doi.org/10.1016/j.resmic.2010.05.008

Hamdali, H., Hafidi, M., Virolle, M. and Ouhdouch, Y. (2008) Growth Promotion and Protection against Damping-Off
of Wheat by Two Rock Phosphate Solubilizing Actinomycetes in Phosphor-Deficient Soil under Greenhouse Condi-
tions. Applied Soil Ecology, 40, 510-517. http://dx.doi.org/10.1016/j.apsoil.2008.08.001

Cao, L., Qiu, Z, You, J., Tan, H. and Zhou, S. (2005) Isolation and Characterization of Endophytic Streptomycetes
Antagonists of Fusarium Wilt Pathogen from Surface-Sterilized Banana Roots. FEMS Microbiology Letters, 247, 147-
152. http://dx.doi.org/10.1016/j.femsle.2005.05.006

Jayasinghe, B.A.T.D. and Parkinson, D. (2008) Actinomycetes as Antagonists of Litter Decomposer Fungi. Applied
Soil Ecology, 38, 109-118. http://dx.doi.org/10.1016/j.apsoil.2007.09.005

Errakhi, R., Bouteau, F., Lebrihi, A. and Barakate, M. (2007) Evidence of biological control Capacities of Streptomyc-

689


http://dx.doi.org/10.1007/BF02602840
http://dx.doi.org/10.1016/j.biocontrol.2011.04.013
http://dx.doi.org/10.1016/j.mycmed.2014.12.004
http://dx.doi.org/10.1101/cshperspect.a001438
http://dx.doi.org/10.1080/13102818.2015.1015446
http://dx.doi.org/10.1080/07060661.2015.1039062
http://dx.doi.org/10.1016/S0308-521X(01)00023-3
http://dx.doi.org/10.1271/bbb.120681
http://dx.doi.org/10.1007/s12010-013-0489-3
http://dx.doi.org/10.3390/su2123831
http://dx.doi.org/10.1016/j.cropro.2011.04.008
http://dx.doi.org/10.1016/j.jenvman.2010.11.023
http://dx.doi.org/10.1016/j.resmic.2010.05.008
http://dx.doi.org/10.1016/j.apsoil.2008.08.001
http://dx.doi.org/10.1016/j.femsle.2005.05.006
http://dx.doi.org/10.1016/j.apsoil.2007.09.005

B. Laid et al.

es sp., against Sclerotium, rolfsii Responsible for Damping-Off Disease in Sugar Beet (Beta vulgaris L.) World Journal
of Microbiology and Biotechnology, 23, 1503-1509. http://dx.doi.org/10.1007/s11274-007-9394-7

[54] Singh, A K. and Chhatpar, H.S. (2011) Combined Use of Streptomyces sp. A6 and Chemical Fungicides against Fusa-
rium Wilt of Cajanus cajan May Reduce the Dosage of Fungicides Required in the Field. Crop Protection, 30,
770-775. http://dx.doi.org/10.1016/j.cropro.2011.03.015

2
&%
"::0

Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best service for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.
A wide selection of journals (inclusive of 9 subjects, more than 200 journals)
Providing 24-hour high-quality service

User-friendly online submission system

Fair and swift peer-review system

Efficient typesetting and proofreading procedure

Display of the result of downloads and visits, as well as the number of cited articles
Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/



http://dx.doi.org/10.1007/s11274-007-9394-7
http://dx.doi.org/10.1016/j.cropro.2011.03.015
http://papersubmission.scirp.org/

	Effects of Plant Growth Promoting Rhizobacteria (PGPR) on In Vitro Bread Wheat (Triticum aestivum L.) Growth Parameters and Biological Control Mechanisms
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Plant Material and Actinobacteria Sampling
	2.2. Actinomycetes Isolates Recognition
	2.3. Purification and Conservation
	2.4. Phenotypic Characteristics of Actinomycetes Isolate
	2.5. Indole Acetic Acid (IAA) Production
	2.6. In Vitro Biocontrol Assay
	2.7. Actinomycetes Antimicrobial Activities
	2.8. Antagonistic Actinomycetes Isolate Potential on Fusarium Wither of Wheat Seeds and Disease Expression
	2.9. Data Analysis

	3. Results
	3.1. Seed Germination Percentage
	3.2. Morphological and Physiological Growth Parameters
	3.3. Biological Control Mechanisms
	3.3.1. Biocontrol Agents
	3.3.2. Plant Growth Promoting Hormone Production (PGPHP)


	4. Discussion
	5. Conclusion
	Acknowledgements
	References

