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The principa This study conducted the tests in vitro with Bacillus subtilis, Pseudomonas sp. RC,
Azospirillum brasilense and Rhizobium meliloti against Bipolaris spicifera, Curvularialunata, Fusarium
spp., Nigrospora oryzae, Exserohilum rostratum, Alternari aspp. And Thanatephoruscucumeris via
the dual culture technique, and found that each bacterium was varied in its inhibitory effect on each
pathogen. The interaction between pathogens conidia, sclerotia germinated and B.subtilis, Pseudomonas
sp. RC, A.brasilense and R.meliloti showed abnormal hyphal swelling, lyses and completed degradation
of the hyphal tip. The results have been seen that the controls where no
cultures were incubated in the wells, the fungal culture continued to grow and covered the 9 cm petri
dishes in 7 days. Clear inhibition zones were observed in the interaction area between N.oryzae
RO9+B.subtilis, B.spicifera R15+B.subtilis, A.alternata R18+B.subtilis, N.oryzae R9+Pseudomonas
sp. RC, T.cucumeris R12+Pseudomonas sp. RC, A.alternata R18+Pseudomonas sp. RCand A.alternata
R20+ Pseudomonas sp. RC. And found that there were a great inhibition zones that were observed
between pathogens by approximately 83.33% respectively around the fungal culture. R.meliloti revealed
moderate inhibition activity towards T.cucumeris R2, and gave value roughly 77.77%. However,
A.brasilense was determined as the bacteria with the weakest inhibitory activity against N.oryzae R9; it
recorded the lowest level of inhibition which was scored 66.66%.

Copyright©2017, Hamdia Ali et al., This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION

The development of new strategies to control B.spicifera,
C.lunata, Fusarium spp., N.oryzae, E.rostratum, Alternaria
spp. and T.cucumerissuch as the application of the biological
control agents BCAs like B.subtilis, P.fluorescens,
A.brasilense and R.meliloti, however require more work
towards understanding their mode of action and eco-
physiology with suitable formulation that may be applied as
beneficial rhizosphere biofertilizer to help increase growth and
health to control pathogens, as well as provide a natural safe
alternative towards the use of synthetic chemicals (Antounand
Pre Vost, 2005; Yasuda et al, 2009; Latha et al., 2011; Yu-
xiang et al., 2011; Chowdappa et al, 2012; Hamdia et al,
2016c¢). As an alternative to using B.subtilis, P.fluorescens,
A.brasilense and R.meliloti microorganisms directly in soil to
achieve the above purpose, excellent microbial sources with
good enzyme activity have been identified as a source for

*Corresponding author: Hamdia Z. Ali,
Pest Plant Control Center, Agriculture Research Directorate,
Ministry of Science and Technology, Baghdad, Iraq.

application in large scale enzyme production via microbial
cells (Mohammed et al., 2014; Pérez-Montafio et al., 2014).
B.subtilis, P.fluorescens, A.brasilense and R.meliloti have
many advantages such as good suppression of rice pathogens,
adaptability to wide soil pH, availability of these organisms in
all soils types with abilities to secrete hydrolytic enzymes and
cause mycoparasitism of plant fungal pathogens and enhanced
plant growth and productivity (Abeysingne, 2007; Walters et
al., 2013). The enzyme activity from these bacteria has
multiple functions and one potential application is as a soil
conditioner that may be added together with fertilizers to keep
unwanted pathogens population under check as well as to
promote growth (Schirmbock et al., 1994; Lorito et al,
1996).Many mechanisms have been reported on the mode by
which these biological control agents may control the spread
of phytopathogens, and exploited B.subtilis, P.fluorescens,
A.brasilense and R.meliloti as biocontrolagents (Titiya et al.,
2007; Wiwattanapatapee et al., 2007; Cummings et al., 2009;
Kumar et al., 2009). Moreover, several investigations found
these agents with the ability to release different kinds of
antimicrobial compounds, including antibiotic peptides and
hydrolytic enzymese.g. glucanase enzyme activity produced
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by B.subtilis, P.fluorescens (Katz and Demain, 1977,
Tabernero, 1994; Mawadza, 2000;Ganeshan and Kumar,
2005). P.fluorescens, A.brasilense and R.meliloti are
responsible for releasing indole-3-acetic acid (IAA) by consist
of various isoenzymeswith different molecular weights
(Gopalakrishnan et al., 2015). Bioactive compounds exuded
from B.circulans IAM 1165 and B.subtilis NSRS 89-24 in vivo
have been shown to have the potential to be applied as
fungicides to control blast and sheath blight diseases of rice
plants (Tabernero, 1994; Leelasuphakul et al., 2006; Idris et
al., 2007; Yadi et al, 2013).B.subtilis, P.fluorescens,
A.brasilense and R.meliloti strains have been played crucial
role to protect fruits and vegetable crops from post-harvest
diseases (Sinclair, 1989; Mari et al, 1996). More recently,
Bacillus strains with high potential to excrete heat-proteins
have been used successfully to reduce rice blast disease (De
Vleesschauwer ef al., 2008; Karthikeyan and Gnanamanickam,
2008). In addition B.subtilis was used as products of
antagonistic strains and is commercially available (Vasudevan
et al., 2002).The aim of this study is to determine the best
antagonistic ability of B.subtilis, Pseudomonas sp. RC,
A.brasilense and R.melilotias biocontrol agents against
B.spicifera, C.lunata, Fusarium spp., N.oryzae, E.rostratum,
Alternaria spp. and T.cucumeris via dual culture technique on
the growth rate of pathogens under laboratory conditions.

MATERIALS AND METHODS

Preparation of Causal Organisms

The laboratory experiments were conducted using B.subtilis,
A.brasilense, R.meliloti and Pseudomonas sp. RC (isolated for
the first time in this study) against B.spicifera, C.lunata
isolates, Fusarium spp., N.oryzae, E.rostratum, Alternaria spp.
and T.cucumeris isolates that were isolated from rice plant
(Hamdia et al., 2016a and b). Pure cultures from fungal
mycelium and spores of above rice pathogens were sub-
cultured on potato dextrose agar (PDA) plates and incubated at
2842 °C for one week to obtain fresh mycelium.

Preparation of Biological Control Agents

Pure culture of B.subtilis, Pseudomonas sp. RC, A.brasilense
and R.meliloti were cultured on Nutrient Broth Agar (NBA)
media, and incubated at 28+2 °C to obtain fresh fungal cell. A
single colony of gram positive bacteria B.subtilis which was
isolated from Alfalfa plant (Medicago sativa L.), transferred
from nutrient agar (NA) plate to the sterilized flasks containing
100 mL nutrient broth (NB) in an aseptic manner (Titiya et al.,
2007). A.brasilense is a genus of gram positive bacteria was
isolated from Wheat plant (Triticum aestivum), a single colony
transferred to the following media: Sgm of Malic acid, 0.5gm
of KH,PO,4 0.2gm of MgS0,4.7H,0, 0.1gm of NaCl, 0.02gm
of CaCl,, 0.002gm of Na,Mo0,2H,0O, 0.0lgm of
MnSO,.H,0, 0.01gm of FeCl;.6H,0, 4.5gm of KOH, 2ml of
bromo themol blue, 17gm of Agar, 0.02gm of yeast extract and
4gm of NH4Cl(Bashan and Bashan, 2011). As for R.meliloti
(gram negative bacteria) which was isolated from Alfalfa plant
(Medicago sativa) also, a single colony cultured inside
sterilized flasks including 100 mL from media containing the
following compounds: 10gm of manitol, 0.5gm of KH,PO,
0.2gm of MgS0O,.7H,0, 0.2gm of NaCl, 0.05gm of
FeCl;.6H,0, 1gm of yeast extract and 20gm of Agar
(Bissonnette et al., 1986). Pseudomonas sp. RC which is

considered gram negative bacteria was isolated from local rice
variety cv. Mashkhab/Najaf and used for the first time in this
study also transferedto theflasks containing 100 mL media
20gm of Glucose,1gm of (NH4),SO,, 0.5gm of MgS0,.7H,0,
0.2gm of yeast extract, 0.1gm of FeCl;,0.1gm of
MgSO,.7H,0and  5gm of Cas(Poys)s (Hoberg et al,
2005).These cultures were grown in a 37°Cincubator shaker
with agitation at 150 rpm for 36 hours (Titiyaet al.,2007).

Antagonistic activity between B.subtilis, Pseudomonas sp.
RC, A.brasilense, R.meliloti and Rice Pathogens

T.cucumeris R1, T.cucumeris R2, T.cucumeris R4,
T.cucumeris R10, T.cucumeris R12, T.cucumeris RI14,
F.solani R3, F.oxysporum RS, F.oxysporum R6, F.solani RS,
F.solani R11, F.solani R13, F.solani R16, F.verticillioides
R17, N.oryzae R9, C.lunata R7, C.lunata R21, B.spicifera
R15, E.rostratum R19, A.alternata R18, A.alternata R20,
A.tenuissima R23 and A.tenuissima R24 were individually
cultured where 5 mm disc of their mycelium were placed in
the middle of a 9 cm petri dish and allowed to grow for about
3 cm from the center. There were holes made aseptically in
these plates using a cork borer (Titiya et al, 2007). Ten (10)
pL of each bacteria suspension was added into each hole, and
10 pL of deionized distilled water was used as control
treatment (Figure 1). These additions were made once fungal
growth achieved its desired growth radius. Three (3) days
post-incubation, antagonistic activity against the pathogens
was estimated on solid medium by scoring as denoted in
(Figure2 to5).Three replicates were used for each pathogen;
inhibition zone percentage was periodically checked and
calculated after 7 days by using the following formula
according to the Mojica Marin et al., (2008).

Control growth — Fungal growth (cm
% Inhibition = & g9 8 ©m 100

Control growth

Figure 1. Rice pathogens contral(l) TeweumensR1(Z) Teveumens R1(3) Fosolan B3(4) Tevcumeris
RA(5) Foxpgporum F506) Foogsporum RA(T) Clugats RI(8) Fanlanw RE(D) Nagme RICID)
Teveumerss RI0() Foalan R1L(12) Towcwmens R12013) Feofeni R13.014) Tevcumeris R14.015)
B gpicisbra RI5.(16) Fosofan R16C1T) Foverbeifioides RI7.(18) Aalternats R18. (10 rastratum R19.020)
Aalternata R20. (21) Clunats R21.(23) A femussima R 23.(24) A femiissima R24.
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RESULTS

Antagonistic activity between Bacillus subtilis and Rice
Pathogens

Figure 2 shows the results obtained when we used
T.cucumeris R1, T.cucumeris R2, T.cucumeris R4,
T.cucumeris R10, T.cucumeris R12, T.cucumeris R4,
F.solani R3, F.oxysporum RS, F.oxysporum R6, F.solani RS,
F.solani R11, F.solani R13, F.solani R16, F.verticillioides
R17, N.oryzae R9, C.lunata R7, C.lunata R21, B.spicifera
R15, E.rostratum R19, A.alternata R18, A.alternata R20,
A.tenuissima R23 and A.tenuissima R24 together with
B.subtilis. However as we can see from (Figure 2), the
mycelium growth of pathogens as presented above that can
cover the entire 9 cm petri dish in 7 days (Figure 1) were
inhibited and affected completely by B.subtilisas growth
inhibition zones were evident surrounding the F.oxysporum
RS, F.solani R8,T.cucumeris R14, A.tenuissima R23, C.lunata
R21, N.oryzae R9, B.spicifera R15 and A.alternata R18 plug
in the middle of the plate (Figure 2). The inhibition zone was
roughly 66.66, 66.66, 66.66, 66.66, 77.77, 83.33, 83.33 and
83.33% respectively in comparison with control plates
(Tablel), however as we can see from Figure 2,the mycelium
growth of F.oxysporumR6 which provided the lowest
inhibition value as approximately 38.88% as in comparison
with above pathogens.

Table 1. Antagonistic activity between B.subtilis and B.spicifera,
C.lunata, Fusarium spp., N. oryzae, E.rostratum, Alternaria spp.
And T.cucumeris under laboratory conditions

Treatments *Inhibition Zone after 7 days
T.cucumeris R1+ B.subtilis 50
T.cucumeris R2+ B.subtilis 55.55
F.solani R3+ B.subtilis 44.44
T.cucumerisR4+ B.subtilis 55.55
F.oxysporumR5+ B.subtilis 66.66
F.oxysporumR6+ B.subtilis 38.88
C. lunata R7+ B.subtilis 44.44
F.solani R8+ B.subtilis 66.66
N. oryzae R9+ B.subtilis 83.33
T.cucumerisR10+ B.subtilis 55.55
F.solaniR11+ B.subtilis 44.44
T.cucumeris R12+ B.subtilis 44.44

F.solaniR13+ B.subtilis 50

T.cucumeris R14+ B.subtilis 66.66
Bipolaris spiciferaR15+  83.33
B.subtilis

F.solaniR16+ B.subtilis 55.55

F.verticillioides R17+ B.subtilis 50

A.alternataR 18+ B.subtilis 83.33
E.rostratumR19+ B.subtilis 44.44
A.alternataR20+ B.subtilis 61.11
C.lunata R21+ B.subtilis 77.77
A.tenuissimaR23+ B.subtilis 66.66

A.tenuissimaR24+ B.subtilis 61.11
*Inhibition zone after 7 days according to Mojica-Marin et al., (2008).

Antagonistic activity between Pseudomonas sp. RC and
Rice Pathogens

Figure 3 shows the results of T.cucumeris R1,T.cucumeris
R2, T.cucumeris R4, T.cucumeris R10, T.cucumeris R12,
T.cucumeris R14, F.solani R3, F.oxysporum RS, F.oxysporum
R6, F.solani RS, F.solani R11, F.solani R13, F.solani R16,
F.verticillioides R17, N.oryzae R9, C.lunata R7,C.lunata R21,
B.spicifera R15, E.rostratum R19, A.alternata R18,
A.alternata R20, A.tenuissima R23 and A.tenuissima R24

reacted to Pseudomonas sp. RC. The laboratory experiment
exhibited Pseudomonas sp. RC greater efficiency of reducing
radial growth of T.cucumeris R2, F.solani R11, F.solani R16,
A.tenuissima R23, A.tenuissima R24, N.oryzae R,
T.cucumeris R12, A.alternata R18 and A.alternata R20 by
roughly 77.77, 77.77, 77.77, 77.77, 77.77, 83.33, 83.33, 83.33
and 83.33% respectively (Table 2) in comparison with control
treatment which was calculated after 7 days according to
Mojica-Marin et al., (2008) as stated in section materials and
methods. However, the Pseudomonas sp. RC showed the
lowest level of inhibition on the causal agents as compared to
the rest pathogens was with T.cucumeris R4, F.solani R8
which gave roughly 44.44% for each one (Figure 3).

Table 2. Antagonistic activity between Pseudomonas sp. RC and
B.spicifera, C.lunata, Fusarium spp., N. oryzae, E.rostratum,
Alternaria spp. And T.cucumeris under laboratory conditions

Treatments *Inhibition Zone after 7 days
T.cucumeris R1+ Pseudomonas sp. RC 66.66
T.cucumeris R2+ Pseudomonas sp. RC 71.71
F.solani R3+ Pseudomonas sp. RC 61.11
T.cucumerisR4+ Pseudomonas sp. RC 44.44
F.oxysporumR5+ Pseudomonas sp. RC 61.11
F.oxysporumR6+ Pseudomonas sp. RC 55.55
C. lunata R7+ Pseudomonas sp. RC 61.11
F.solani R8+ Pseudomonas sp. RC 44.44
N. oryzae R9+ Pseudomonas sp. RC 83.33
T.cucumerisR10+ Pseudomonas sp. RC 55.55
F.solaniR11+ Pseudomonas sp. RC 71.71
T.cucumeris R12+ Pseudomonas sp. RC 83.33
F.solaniR13+ Pseudomonas sp. RC 61.11
T.cucumeris R14+ Pseudomonas sp. RC 66.66
Bipolaris spiciferaR15+ Pseudomonas sp. RC 66.66
F.solaniR16+ Pseudomonas sp. RC 77.77
F.verticillioides R17+ Pseudomonas sp. RC 55.55
A.alternataR18+ Pseudomonas sp. RC 83.33
E.rostratumR19+ Pseudomonas sp. RC 44.44
A.alternataR20+ Pseudomonas sp. RC 83.33

C.lunata R21+ Pseudomonas sp. RC 50
A.tenuissimaR23+ Pseudomonas sp. RC 77.77
A.tenuissimaR24+ Pseudomonas sp. RC 77.77

*Inhibition zone after 7 days according to Mojica-Marin et al., (2008).

Antagonistic activity between Azospirillum brasilense and
Rice Pathogens

Figure 4 refers to the results obtained when we used
T.cucumeris R1, T.cucumeris R2, T.cucumeris R4,
T.cucumeris R10, T.cucumeris R12, T.cucumeris RI14,
F.solani R3, F.oxysporum RS, F.oxysporum R6, F.solani RS,
F.solani R11, F.solani R13, F.solani R16, F.verticillioides
R17, N.oryzae R9, C.lunata R7,C.lunata R21, B.spicifera R15,
E.rostratum R19, A.alternata R18, A.alternata R20,
A.tenuissima R23 and A.tenuissima R24 together with
A.brasilense.

However as we can see from (Figure 4) the mycelium growth
of these pathogens were inhibited and affected by A.brasilense
as growth inhibition zones were evident surrounding the
F.solani R3, B.spicifera R15, A.tenuissima R24 and N.oryzae
R9, and the inhibition zone was gave roughly 61.11, 61.11,
61.11 and 66.66% respectively in comparison with control
(Table 3).

However, as seen in Figure 4, the mycelium growth of
F.oxysporumR6, C.lunata R7 and C.lunata R21were gave less
inhibition score which was roughly 22.22% compared to high
value was shown by N.oryzae R9.
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Figure 2. Antagonigtic interaction between
B rublilis and rice pathogens.
v, Hoaubfilise T ovewmeris R1 (al, al and a3).
) Bouttilist Tevawmeris B2 (hl, b2 and b3).
Boubtilise Faplani B3 (cl, cd and o3
O subtilisr Teoucwmeris B4 (d1, d2 and d3),
B rubtilietF oxpmparum BS5 (el, e2 and e3).
O subtilistF axpeparum B O(fl, f2 and 30
O aubtilierChunats BT (gl, g2 and gd)
BorubfiietF sfa F5 (hl, hi and hI)
O aibtilistNozze B9 (1, 12 and i3
B mubtilier T eveumeris RAD (1, §2 and j3)
BooubtilisrF soiani R11 (kl, kI and k3)
O subtilise T cveumeris B2 (11, 12 and 13
BorubtilietF sofant R13 (ml, m2 and m3).
O subtilist T ovenmieris B4 (ol, n2 and o3,
o BosublilistB giciffra R15 (ol, o2 and o3}
. BooubtiietF solam R16 (pl, pd o oand p3)
O subfilistF verticillicides R17 (gl, o2 and g3,
B mibtilistd altenata R18 (rl, 2 and 3)
B ooublilistE rostratm R19 (g1, 22 and s3).
O subfilistd altemata B20 (t], t2 and t3)
BooubtiierChunata FI1 (ul, ul and ud)
O subtilisr A temaegne F23 (wl, wl and w3,
B subtilistd temasgne R34 (x1, 22 and x3).
- Inhibition zone was calculated after 7 days
according to formmala Muojica-Marin & af, (2008),
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Figure 3. Anftagonisiic  interaction  hetween
FPrendomanassp. BC and rice pathogens, Prevdamanas
sp. RC+ T evcumers s R (al, a2 and a3). Peewdamanas
sp. RO+ T evcumeris B2 (bl bl and b3}, Frewdamonas
sp. RC+F eafams R3 (cl, cland c3). Feevdamonas sp.
RC + T cuciners R4 (dl, d2 and d3). FPeudomonas
sp. RC+F axpgparamBo (el, el and e3). Freudamonas
- sp. RC+F agpsporum R6 (1L, £ and 3). Prevdomonas
sp. RO +Clunas BT (gl, g2 and g3). Frevdamionas .
RC+F saiam B8 (hl, hl and h3) Feewdomanas sp.
RC+MNapme B9 (il, 12 and i3), Peevdamanas sp.
RC+ T evcumeris 10 (31, 12 and 13). FPeevdamonas sp.
T RC+F eplas B kel k2 and k%) Feevdamionas op.
RC+ T ewcumeris R12 (11, 12 and 13). Prevdomicnas sp.
RC+F sajam R13 (ml, m2 and m3). Frevdomionas sp.
. RC+ T ewcumeris B 14 (nl, n? and n3) FPsoudamanas
i sp. RO+ goreiBra R15 (0, ol and o3). Freudamonas

= sp. RC+F salani B 16 (pl, p2 and p 30 Frepdammias sp.
o RC+Fwetialiioides R17 (ql, q2 and g3)
= Preudamonas sp. RO +Aalternats R13 (rl, 12 and £3)
Prendomanas sp. RO +F rogdratum B19 (s1, 52 and 3).
Prendomanas sp. RC+Aalternata F20 (11, 12 and t3).

".'__‘% i e} & Frendomonas sp, RC+Clunas B2l (ul, ul and uw3).
<D W_‘ Rammsonanas o P SENOOIGHAS 5p. RC+A temisgae R23 (wl, wl and
g e wi). Feevdamonas sp. RC +4 fenissinm R4 (xl, =1

it o

_and x3). Inhibition zone was scored afler 7 days from

; . started the test according to formula Mojica-Marin o

Figure 3.
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Figure 4. Anfagonistic interaction between
A bragilence atud tice pathogens.
A braglencer T cucumeris Bl (al, a2 and a3).
A bragiense+ T eucumeris B2 (bl, bl and b3}
Abraglense+Fealani B3 (cl, c2 and o3}
A bragienser T cucumeris B4 (dl, d2 and d3),
A braglense+ F axpgparum BS (el, ed and e3).
A braglenser . apgpanun R (f1, £ and £3)
A braglenses Clugats BT (gl, g2 and g3)
Abraglence+F salani B3 (hl, bl and h3)
Abraglense+ Nagm=e B9 (i1, 12 and 13)
L Abraglenees Tevewmearis B0 (1, §2 and 13,
¢ AbraglenserFosalsn RI11 (kl, k2 and k3
A braglenset T evcumeris B 12 (11, 12 and 13)
A braglense+rF ealani F13 (ml, m2 and m3).
A braglense+r T cucumerisF 14 (nl, nd and n3).
A braglense+ B spicifera F15 (ol, 02 and o3}
A braglense+ P salani B16 (pl, p? and p3)
A braglense+ Foverticliiaides B 17 (gl, q2 and
o o3 A brasilanserA altamat R (rl, 12 and
t3).A braglenser B rogratum F19 (51, 2 and
83 A bragienser A alternata B20 (1, 12 and
134 rmsdanses Oluna s B2 (ul, u and u3).
A braglenser Atenuissinm F23 (wl, w2 and
o W), Abraglense +Atenuissine R4 (xl, 22
4 103y and 23). Inhibition zone was calculated after 7
ﬁ@ "1'-" N\ \ days according to formnula Mojica-Marin & ai,
,.,1..-.*.‘“' ettt M’-vw (2008

Figure 4.
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Figure 5 Antagonistic interaction between
K melilati and fice pathogens.
Kmelilati+ Tovevmeris B (al, a2 and a3).
Kmelilati+ Tovevmeris B2 (hl, bl and b3,
Komelilati+F salai B3 (cl, c2 and c3)
RKmelilati+ Towcwmeris B4 (41, d2 and d3),
Fomelilati+F, axpsparum BS (el, e and e3),
FKmeliloti+F. axysparum Bo (f1, 2 and £3)
Koelilati+Cluate BT (gl, g2 and g3).
Komeliiati+F salat RE (hl, hl2 and h3)
Kmeilati+Nanzae B9 (11, i@ and i3}
Foomdilati+ Towcumeris B0 (1, §2 and 30
Romelilati+F solans R11 (kl, k2 and k3)
Fomeliloti+ T cucwmerie 12 (11, 12 and 13).
Komelilati+F galan F13 (ml, ml and m3).
Komelilati+ Tovovmeris B 14 (nl, 02 and n3).
FKomelilati+8 guicifsra RS (ol, 02 and o),
Kmelilati+F salagt R16 (pl, p2 and p3)
FKomelilati+F vertedliaides R17 (gl, q2 and
q3) Kmeliloti+A alfermats F1E (rl, 12 and £3),
Romelilati+F raskratim F19 (sl, &2 and 3}
RKomelilati+A altanas RI0 (i1, 12 and t3)
Rmelifati+Clugats BRI (ul, vl and ud)
Fomelilati+A femisaine F23 (wl, w2 and w3,
K meliloti+A femuissine F24 (zl, 22 and 23).
Inhibition zone was calculated after 7 days
according to formwla Diojica-MMann o af,
(2008).

Figure 5.
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Table 3. Antagonistic activity between A.brasilense and
B.spicifera, C.lunata, Fusarium spp., N.oryzae, E.rostratum,
Alternaria spp. and T.cucumeris under laboratory conditions

Treatments *Inhibition Zone after 7 days
T.cucumeris R1+ A.brasilense 50
T.cucumeris R2+ A.brasilense 55.55
F.solani R3+ A.brasilense 61.11
T.cucumerisR4+ A.brasilense 44.44
F.oxysporumR5+ A.brasilense 3333
F.oxysporumR6+ A.brasilense 22.22
C. lunata R7+ A.brasilense 22.22
F.solaniR8+ A.brasilense 44.44
N. oryzae R9+ A.brasilense 66.66
T.cucumerisR10+ A.brasilense 50
F.solaniR11+ A. brasilense 38.88
T.cucumeris R12+ A.brasilense 55.55
F.solaniR13+ A.brasilense 27.77
T.cucumeris R14+ A.brasilense 38.88
BipolarisspiciferaR15+ A.brasilense 61.11
F.solaniR16+ A.brasilense 55.55
F.verticillioides R17+ A.brasilense 38.88
A.alternataR18+ A.brasilense 50
E.rostratumR19+ A.brasilense 50
A.alternataR20+ A.brasilense 27.77
C.lunata R21+ A.brasilense 22.22
A.tenuissimaR23+ A.brasilense 55.55
A.tenuissimaR24+ A.brasilense 61.11

*Inhibition zone after 7 days according to Mojica-Marinet al., (2008).

Antagonistic activity between Rhizobium meliloti and Rice
Pathogens

Table 4 shows the antagonistic activity between R.meliloti and
T.cucumeris R1, T.cucumeris R2, T.cucumeris R4,
T.cucumeris R10, T.cucumeris R12, T.cucumeris RI14,
F.solani R3, F.oxysporum RS, F.oxysporum R6, F.solani RS,
F.solani R11, F.solani R13, F.solani R16, F.verticillioides
R17, N.oryzae R9, C.lunata R7, C.lunata R21, B.spicifera
R15, E.rostratum R19, A.alternata R18, A.alternata R20,
A.tenuissima R23 and A.tenuissima R24 individually.

Table 4. Antagonistic activity between R.meliloti and B.spicifera,
C.lunata, Fusarium spp., N. oryzae, E.rostratum, Alternaria spp.
and T.cucumeris under laboratory conditions

Treatments *Inhibition Zone after 7 days
T.cucumeris R1+ R.meliloti 55.55
T.cucumeris R2+ R.meliloti 77.77
F.solani R3+ R.meliloti 33.33
T.cucumerisR4+ R.meliloti 50
F.oxysporumR5+ R.meliloti 38.88
F.oxysporumR6+ R.meliloti 27.77
C. lunata R7+ R.meliloti 61.11
F.solani R8+ R.meliloti 50

N. oryzae R9+ R.meliloti 66.66
T.cucumerisR10+ R.meliloti 27.77
F.solaniR11+ R.meliloti 22.22
T.cucumeris R12+ R.meliloti 55.55
F.solaniR13+ R.meliloti 33.33
T.cucumeris R14+ R.meliloti 50
Bipolaris spiciferaR15+ R.meliloti 50
F.solaniR16+ R.meliloti 61.11
F.verticillioides R17+ R.meliloti 61.11
A.alternataR18+ R.meliloti 55.55
E.rostratumR19+ R.meliloti 27.77
A.alternataR20+ R.meliloti 44.44
C.lunata R21+ R.meliloti 33.33
A.tenuissimaR23+ R.meliloti 61.11
A.tenuissimaR24+ R.meliloti 61.11

*Inhibition zone after 7 days according to Mojica-Marin et al., (2008).

However as we can see from (Figure 5) the mycelium growth
of certain pathogens e.g. N.oryzae R9 and T.cucumeris R2
were inhibited and affected by R.meliloti as growth inhibition

zones were evident surrounding the mycelium and spores of
these pathogens, and the inhibition zone was roughly 66.66
and 77.77% respectively in comparison with control (Table4),
inhibition zone was calculated after 7 days according to
formula Mojica-Marin et al., (2008). F.solani R11 exhibited
the lowest percentage of inhibition zone rate 22.22% compared
to the other pathogens used in this study e.g. T.cucumeris R2
(Figure 5).

DISCUSSION

In this study we observed from Figure 2,3,4 and 5 the
interaction between B.subtilis, Pseudomonas sp. RC,
A.brasilense, R.meliloti and twenty-three rice pathogens
(T.cucumeris  RI1,T.cucumeris R2, T.cucumeris R4,
T.cucumeris R10, T.cucumeris R12, T.cucumeris R14,
F.solani R3, F.oxysporum RS, F.oxysporum R6, F.solani RS,
F.solani R11, F.solani R13, F.solani R16, F.verticillioides
R17, N.oryzae R9, C.lunata R7,C.lunata R21, B.spicifera R15,
E.rostratum R19, A.alternata RI18, A.alternata R20,
A.tenuissima R23 and A.tenuissima R24. Based on the
laboratory findings of the antagonistic ability of the four
bacteria as donated in Figure 2, 3, 4 and 5, however revealed
more effective and excellent potential in inhibition activity
which was observed in petri dishes treated with B.subtilis,
Pseudomonas sp. RC to reduced radial growth for each
pathogen as compared with 4. brasilense and R.meliloti.

Figure 2,3,4 and 5 however showed that when the wells were
inoculated with 10 pl of B.subtilis, Pseudomonas sp. RC,
A.brasilense and R.meliloti cultures, inhibition pursued of
B.spicifera, C.lunata, Fusarium spp., N.oryzae, E.rostratum,
Alternaria spp. and T.cucumeris mycelium resulted in an
inhibition zones that roughly 83.33, 83.33, 77.77 and 66.66%
respectively. These results were in accordance to previous
research findings that showed these bacteria can inhibit the
radial growth of F.solani and F.oxysporum by 61%
(Montealegre et al., 2003; Yang et al., 2009). Besides, these
results are in agreement with previous studies that showed
these bacteria when used as biological control agent (BCA)
against Pyricularia grisea and Rhizoctonia solani in dual
culture test showed inhibition of approximately 60 % to the
growth of both pathogens due to the secretion of antifungal
compounds by the BCAs (Papavizas, 1985; Leelasuphakul
et al., 2006). Lippi and Monaco (1994) also reported similar
findings with B.subtilis, where they reported the release of
several antifungal metabolites such as subtilin, bacitracin,
bacillin and bacillomycin with inhibition effect on causal
agents. In addition, investigators have reported that B.subtilis,
P fluorescens, A.brasilense, R.meliloti have high potential to
attack the pathogens, and completely surrounding the
mycelium and spores and prior to gradually destroyed them
through producing extracellular lytic enzymes and antibiotics
that act as a strong biocontrol agents against fungias we can
see in Figure 2,3,4 and 5, also their effects are enhanced when
used with other antagonistics organisms as we can see with
these pathogens (Hossain, 2007; Behdani ez al., 2012; Baoet
al.,2013; Saraf et al., 2014). Furthermore B.subtilis which also
has the potential of producing cell wall degrading enzymes
(CDWESs),also has been shown to be an efficient biocontrol
agent to inhibit pathogens and linking the fungal pathogens by
sugar linkage through releasing of extracellular enzymes e.g.
protease and lipase (Hamdia et al, 2014). Moreover,
P fluorescens, B.subtilis and R.meliloti have good ability to



4726 Asian Journal of Science and Technology Vol. 08, Issue, 05, pp.4718-4728, May, 2017

produce secrete siderophores and hydrogen cyanide which are
very toxic to pathogenic organisms (Deshwal et al., 2003;
Nagarajkumar et al.,, 2004; Gopalakrishnan et al., 2015; El-
Hendawy and Abo-Elyousr, 2016). Researchers have also
documented a large array of secondary products that are
produced by these organisms such as phenazine-1-carboxilic
acid (PCA), 2,4-pyrrolnitrin,2,4-Diacetylphloroglucinol(2,4-
DAPG) and oomycin (Soleimani et al.,2005; Zaghloul et
al.,2007; Moubarak and Abdel-Monaim, 2011). Figure 2 and 3
which show the effect of B.subtilis and Pseudomonas sp. RC
on rice pathogens show very clearly the inhibition zone
83.33% of these bacteria on pathogenic fungi by extensive
degradation of N.oryzae R9, B.spicifera R15, A.alternata
R18, T.cucumeris R12, A.alternata R18 and A.alternata R20.
B.subtilis, P.fluorescens have been reported by several
researchers as the mode of action have a great impact on above
pathogens by releasing several enzymes such as chitinase,
glucanase and protease that have high ability to degrade cell
wall structure of B.spicifera, C.lunata, Fusarium spp.,
N.oryzae, E.rostratum, Alternaria spp. and T.cucumeris which
are consisting of chitin and glucan (Chet, 1981; Handelsman
and Parke, 1989; Berg et al., 2002).

Conclusion

As a consequence of dual culture assays of Pseudomonas sp.
RC, B.subtilis, R.meliloti and A.brasilense were determined
the Pseudomonas sp. RC and B.subtilis were most effective
biocontrol agents (BCAs) were used in this experiment to
inhibit and reduce redial growth of B.spicifera, C.lunata,
Fusarium spp., N.oryzae, E.rostratum, Alternaria spp. and
T.cucumeris. Ultimately, we believe that the efficacy shown by
B.subtilis and Pseudomonas sp. RC will need to be tested later
on above pathogens under greenhouse conditions on rice plant
as a means of controlling the spread and disease severity of
these fungi in economically important crops under greenhouse
and normal field conditions.

Acknowledgement

Researchers would like to thank the Dr. Hadi M. Aboud, Dr.
Naeem S. Dheyab and Mr. Muhammed M. Jaffar for providing
the B.subtilis, R.meliloti and A.brasilense cultures used in this
study.

REFERENCES

Antoun, H. and Pre Vost, D. 2005. Ecology of plant growth
promoting rhizobacteria. In: Siddiqui, Z.A. (Ed.), PGPR:
Biocontrol and Biofertilization. Springer, Dordrecht. Pp.1-
38.

Abeysingne, S. 2007. Biological control of Fusarium solani f.
sp. phaseoli the causal agent of root rot of bean using
Bacillus subtilis CA32 and Trichodermaharzianum RUOL.
Ruhuna Journal of Science, 2:82—88.

Bashan, Y., Trejo, A. and de-Bashan, L.E., 2011.
Development of two culture media for mass cultivation of
Azospirillum spp. and for production of inoculants to
enhance plant growth. Biology and  Fertility of
Soils, 47(8):963-969.

Bao, Z., Sasaki, K., Okubo, T., Ikeda, S., Anda, M., Hanzawa,
E., Kakizaki, K., Sato, T., Mitsui, H. and Minamisawa, K.,
2013. Impact of Azospirillum sp. B510 inoculation on rice-

associated  bacterial communities in a
field. Microbes and Environments, 28(4):487-490.

Behdani, M., Etebarian, H.R., Khodakaramian, G. and
Mohammadifar, M. 2012. Biological control of Bipolaris
spicifera, the causal agent of wheat root rot by
Pseudomonas fluorescens isolates. International Journal of
Agriculture and Crop Sciences, 4(8):483-488.

Berg, G., Roskot, N., Steidle, A., Eberl, L., Zock, A, and
Smalla, K. 2002. Plantdependent genotypic and phenotypic
diversity of antagonistic rhizobacteria isolated from
different  Verticillium host plants. Applied and
Environmental Microbiology, 68: 3328-3338.

Bissonnette, N., Lalande, R. and Bordeleau, L.M., 1986.
Large-scale production of Rhizobium meliloti on whey.
Applied and environmental microbiology, 52(4):838-841.

Chowdappa, P., Mohan Kumar, S.P., Jyothi Lakshmi, M. and
Upreti, K.K. 2012. Growth stimulation and induction of
systemic resistance in tomato against early 193 and late
blight by Bacillus subtilis OTPB1 or Trichoderma
harzianum OTPB3.Biological Control.

Cummings, J.A., Miles, C.A. and du, L.J.T. 2009. Greenhouse
evaluation of seed and drench treatments for organic
management of soilborne pathogens of spinach. Plant
Disease, 93: 1281-1292.

Deshwal, V.K., Pandey, P., Kang, S.C. and Maheshwari, D.K..
2003. Rhizobia as a biological control agent against soil
borne plant pathogenic fungi. Indian Journal of
Experimental Biology, 41(10), pp.1160-1164.

De Vleesschauwer, D., Djavaheri, M., Bakker, P.A. and Hofte,
M. 2008. Pseudomonas fluorescens WCS374r-induced
systemic resistance in rice against Magnaporthe oryzae is
based on pseudobactin-mediated priming for a salicylic
acid-repressible multifaceted defense response. Plant
Physiology, 148(4):1996-2012.

Drogue, B., Sanguin, H., Chamam, A., Mozar, M., Llauro, C.,
Panaud, O., Prigent-Combaret, C., Picault, N. and
Wisniewski-Dy¢, F. 2014. Plant root transcriptome
profiling reveals a strain-dependent response during
Azospirillum-rice cooperation. Frontiers in plant science,
5:1-10.Article, 607.

El-Hendawy, H.H. and Abo-Elyousr, K.A.M. 2016.
Combination of different antagonistic bacteria to control of
potato blackleg disease caused by Pectobacterium
atrosepticum under greenhouse and field conditions. /nt. J.
Phytopathology, 05 (01): 35-43.

Ganeshan, G. and Manoj Kumar, A. 2005.Pseudomonas
fluorescens, a potential bacterial antagonist to control plant
diseases. Journal of Plant Interactions, 1(3):123-134.

Gong, M., Wang, J., Zhang, J., Yang, H., Lu, X., Pei, Y. and
Cheng, J. 2006. Study of the antifungal ability of Bacillus
subtilis strain PY-1 in vitro and identification of its
antifungal substance (iturin A). Acta Biochimicaet
Biophysica Sinica, 38(4): 233-240.

Gopalakrishnan, S., Sathya, A., Vijayabharathi, R., Varshney,
RK., Gowda, C.L. and Krishnamurthy, L. 2015. Plant
growth promoting rhizobia: challenges and opportunities. 3
Biotech., 5(4):355-377.

Hamdia Z. Ali and Kalaivani N. 2013. Evaluating the efficacy
of Trichoderma isolates and Bacillus subtilis as biological
control agents against Rhizoctonia solani. Research
Journal of Applied Sciences, 8: 72-81.

Hamdia, Z. Ali. 2014. Efficiency of Trichoderma isolates and
Bacillus subtilis UKM1 as biocontrol agents against
Magnaporthe grisea, Rhizoctonia solani and Fusarium

paddy



4727 Asian Journal of Science and Technology Vol. 08, Issue, 05, pp.4718-4728, May, 2017

solani in rice. PhD Thesis.Faculty of Science and
Technology.Universiti Kebangsaan Malaysia. Malaysia.

Hamdia, A. and Kalaivani, N. 2014. Evaluating the efficacy of
Trichoderma spp. and Bacillus substilis as biocontrol
agents against Magnaporthe grisea in rice. Australian
Journal of Crop Science, 8(9):1324-1335.

Hamdia, Z. A., Hadi, M. A., Naeem, S. D., Nibal, K. M. and
Fatimah, H. G. 2015.Effects of pH and Ecw on growth and
sporulation of indigenous Tricoderma spp. Int. J.
Phytopathology, 04 (01): 15-20.

Hamdia, Z. A., Abdul Rahman, A. A., Ali, A. A., Hutham, M.
S. 2016a. Prescreening of pathogenicity of rice pathogens
prior to biological control assay under greenhouse
conditions. Asian J. of Science and Technology, 7 (2): 416-
2422.

Hamdia, Z. A., Hadi, M. A., Naeem, S. D., Abdul Rahman, A.
A., Ameera, S. M., Hutham, M. S.,Suraa, H. O., Salam D.
S. 2016b. Detection and identification of mycobiota
associated with rice inthree districts of Iraq. Int. J.
Phytopathol, 05 (01): 11-27.

Hamdia, Z. Ali, Abdul Rahman A. A., Ali A. Abdullah,
Hutham M. Saood, Ameera S. Mohammed, Salam D.
Salman and Thamer F. Abed. 2016¢. Biological control of
Bipolaris spicifera, Curvularialunata, Fusarium spp.,
Nigrospora oryzae, Exserohilum rostratum, Alternaria
alternate and Thanatephorus cucumeris on Iraqi rice under
laboratory and greenhouse conditions. International
Journal of Current Research, 8(05):30252-30261.

Hoberg, E., Marschner, P. and Lieberei, R., 2005.0rganic acid
exudation and pH changes byGordoniasp. and
Pseudomonas fluorescens grown with P adsorbed to
goethite. Microbiological Research, 160(2):177-187.

Hossain, M. 2007. Potential use of Rhizobium spp. to improve

growth  of  non-nitrogen  fixing  plants.Doctoral
dissertationslu. Swedish  University of Agricultural
Sciences.

Idris, E.E.S., Iglesias, D., Talon, M. and Borriss, R. 2007.
Tryptophan dependent production of 492 indole-3-acetic
acids (IAA) affects level of plant growth promotion by
Bacillus 493 amyloliquefaciens FZB42. Molecular Plant-
Microbe Interaction, 20: 619-626.

Karthikeyan, V. and Gnanamanickam, S.S. 2008. Biological
control of Setaria blast (Magnaporthe grisea) with
bacterial strains. Crop Protection, 27: 263-267.

Katz, E. and Demain, A.L. 1977. The peptide antibiotics of
Bacillus: chemistry, biogenesis, and possible functions.
Bacteriology Review, 41:449-74.

Kumar, K.K., Reddy, M.S. Klopper, J.W., Lawrence, K.S.
Groth, D.E. and Miller, M.E. 2009. Sheath blight disease of
rice (Oryza sativa L.): An overview. Bioscience
Biotechnology Research, Asia. 6: 465-480.

Latha, P. Ananda, T., Prakasama, V., Jonathanb, E.I.,
Paramathmac, M. and Samiyappana, R. 2011. Combining
Pseudomonas, Bacillus and Trichoderma strains with
organic amendments and micronutrient to enhance
suppression of collar and root rot disease in physic nut.
Applied Soil Ecology, 49:215—-223.

Leelasuphakul, W., Pranom, S. and Souwalak, P.H. 2006.
Purification, characterization and synergistic activity of 1,
3-glucanaseand antibiotic extract from an antagonistic
Bacillus subtilis NSRS 89-24 against rice blast and sheath
blight. Enzyme and Microbial Technology, 38: 990-997.

Lorito, M., Farkas, V., Rebuffat, S., Andkubieck, C.1996b.
Cell wall synthesis is a major target of mycoparasitic

antagonism by Trichoderma harzianum. Journal of
Bacteriology, 178: 6382-6385.

Mari, M., Guizzardi, M., Brunelli, M. andFolchi, A. 1996.
Postharvest biological control of grey mold (Botrytis
cinerea) on fresh-market tomatoes with Bacillusamy
loliquefaciens. Crop Protection, 15:699—705.

Mawadza, C., Hatti-Kaul, R., Zvauya, R. and Mattiasson, B.
2000.Purification and characterization of cellulases
produced by two Bacillus strains. Journal Biotechnology,
83:177-87.

Mohammed, A., Hadi, M. A., Hutham, M. S. and Mohammed,
K. S. 2014. Antagonistic activity of some plant growth
rhizobacteria to  Fusarium  graminearum. Int. J.
Phytopathology, 03(01):49-54.

Mostapha, N.K. 2004. Biological control of Rhizoctonia
solani, the causal agent of rice sheath blight by antagonistic
bacteria in greenhouse and field conditions. Plant
Pathology Journal, 3(2):88-96.

Nagarajkumar, M., Bhaskaran, R. and Velazhahan, R., 2004.
Involvement of secondary metabolites and extracellular
lytic enzymes produced by Pseudomonas fluorescens in
inhibition of Rhizoctoniasolani, the rice sheath blight
pathogen. Microbiological Research. 159(1):73-81.

Nielson, M.N., Sorensen, J., Fels, J., Pdersen, H.C. 1998.
Secondary metabolite and endochitinase dependent
antagonism toward plant pathogenic microfungi of
Pseudomonas fluorescens isolates from sugar beet
rhizosphere. Applied and Environmental Microbiology,
64:3563-3569.

Pérez-Montafio, F., Alias-Villegas, C., Bellogin, R.A., Del
Cerro, P., Espuny, M.R., Jiménez-Guerrero, 1., Lopez-
Baena, F.J., Ollero, F.J. and Cubo, T., 2014. Plant growth
promotion in cereal and leguminous agricultural important
plants: from microorganism capacities to crop
production. Microbiological research, 169(5):325-336.

Saraf, M., Pandya, U. and Thakkar, A., 2014.Role of
allelochemicals in plant growth promoting rhizobacteria for
biocontrol of phytopathogens. Microbiological
research, 169(1):18-29.

Schirmbock, M., Lorito, M., Wang, Y.L., Hayes, C.K., Arisan-
Atac, 1., Scala, F., Harman, G.E. and Kubicek, C. 1994.
Parallel formation and synergism of hydrolytic enzymes
and peptaibol antibiotics, molecular mechanisms involved
in the antagonistic action of Trichoderma harzianum
against phytopathogenic fungi. Applied Environmental
Microbiology, 60: 4364-4370.

Sinclair, J. 1989. Bacillus subtilis as a biocontrol agent for
plant diseases. In: Perspectives in plant pathology. New
Delhi: Today and Tomorrow’s Printers Publishers. pp.
367-74.

Tabernero, C., Coll, P.M., Fernandez-Abalos, J.M., Perez, P.
and Santamaria, R.1.1994. Cloning and DNA sequencing of
bga A, a gene encoding an endo-1,3- 223 1,4-glucanase,
from an alkalophilic Bacillus strain (N137). Applied
Environmental Microbiology, 60(4):1213-20.

Titiya, C.H., Eakaphun, B., Nisa, W. and Tipaporn,
S.2007.Screening of Bacillus spp. Suppressing The
Infection of Trichoderma sp.In Mushroom Cultivation.
KMITL Journal of Science and Technology 7:19-27.

Vasudevan, P., Reddy, M.S., Kavitha, S., Velusamy, P., David
Paul Raj, R.S., Purushothaman, P. M., Brindha
Priyadarisini, V., Bharathkumar, S., Kloepper, J.W. and
Gnanamanickam, S.S. 2002. Role of biological



4728

Asian Journal of Science and Technology Vol. 08, Issue, 05, pp.4718-4728, May, 2017

preparations in enhancement of rice seedling growth and
grain yield. Current Science, 83: 9-22.

Walters, D.R., Ratsep, J. and Havis, N.D., 2013. Controlling
crop diseases using induced resistance: challenges for the
future. Journal of Experimental Botany, 64(5):1263-1280.

Wiwattanapatapee, R., Chumthong, A. Pengnoo, A. and
Kanjanamaneesathian, M. 2007. Effervescent Fast-
Disintegrating Bacterial Formulation for Biological
Control of Rice Sheath Blight. Journal Controlled Release,
119:229-235.

Yadi, S., DwiNingsih, S., Triny, S., Zuhay, R. Z., Nurul, H.
and Nisa, R. M. 2013. Bioformulation of Antagonistic
Bacterial Consortium for Controlling Blast, Sheath Blight
and Bacterial Blight Diseases on Rice. Asian Journal of
Plant Pathology, 7: 92-108.

Yang, D., Wang, B., Wang, J., Chen, Y. and Mingguo, Z.2009.
Activity and efficacy Bacillus subtilis strainNJ-18 against
rice sheath blight and sclerotinia stem rot of rape. Journal
Biological Control, 51:61 -65.

Yasuda, M., Isawa, T., Shinozaki, S., Minamisawa, K. and
Nakashita, H., 2009. Effects of colonization of a bacterial
endophyte, Azospirillum sp. B510, on disease resistance in
rice. Bioscience, biotechnology, and biochemistry,
73(12):2595-2599.

Yu-xiang, Z., X., Zhi-juan, J., Liang-yong, M., Xi-ming, L.
and Chang-deng, Y. 2011. Advances in Mapping Loci
Conferring Resistance to Rice Sheath Blight and Mining
Rhizoctonia solani Resistant Resources. Rice Science.

sk skoskosk kook



