CHAPTER V

IN VITRO STUDY OF LACTIC ACID BACTERIA ON GERM

CHILLI SEEDS INFECTED WITH Fusarium SP

S.1 INTRODUCTION

About 90% of the world food crops including chilli'wgpper gre jatek-by seeds

(Maude, 1996). Seeds are the passive carrier%f ¢ impegtant seed E’ne diseases

caused by microorganisms such as fung'\b%a, VIrus ne@des that can be
c with m§7 | ’w.\&gld typically result in
Cra Mysariy “Pen@rm and Aspergillus are

et{&<{991). Anaso et al. (1981)

carried with, on or in seed. Seeds infec

considerable yield losses. Fungi of the

tapc

commonly known to produce toxN

reported that toxic meta 1teR-F. eqRisetipand @zslem rostrota retarded root
growth of wheat. Redu her :e eeds
when seeds were soa&r\ﬁtr £ 'Of
L%c\ltu 8t

neti? f Py

iWlination of soybean was observed

g1 F z@m species (Phomopsis & Lee, 1983).

O

| Ejf) oxysporum udum isolated from infected
e _

1 p@ojamzs caion L. Mills p.) inhibited the seed
4

riety ICP-2376 b*%g/: and the effects were seen on seedling systems;

g

Similarly, the fil

roots of diff

germination

&

there Neduction in length of roots, shoots and seedling growth (Jalander and
&e,

h* 2011). Seed borne fungi isolated from the chilli seeds in Kamataka, India,

bﬂavm, R. stolonifer, F. moniliformae, C. capsici and A. niger (Asalmol et al.,
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2001). Fusarium species are associated with fruit rot of vegetable fruits in Maldvld

plant the pathogenic fungi isolated from chilli seeds were F. mom’!:_"formc\;olani

(Mart.) Sacc., F. equesiti (Gorda) Sacc., F. oxysporum Schl. Emend Sn&

ternaria
alternata (Fr.) (Keissler, 1989). Fungicidal substances can be de by many

microorganisms mainly strains of Enterobacter, Bacillus, Streptomycagghd Pseudomonas

, O%) I\ilost of bactenal

c protems

'-b

3

ﬁm@&:wty against

) icroé‘. activity against
@qsson 2005; Wang et

]ll“l seeds obtained 1n

(L1 & Rinaldi, 1999; Kaleli et al., 2006; Etcheverry et

metabolites belong to polyketide that are highly modu oteins

and behave as antibiotics (Levenfors et al., 2004).

Lactic acid bactenia also produced comgound$

&G')e
2000;

R S

phytofungi in addition to having a ctrum

pathogenic bacteria (Lavermicocca et

a?d
y 20

abrdh
amrréﬁB-CS from durian and Lb.

Malaysia were treated with LAm'of

how de ari:e@ed germination, plumule length,
o‘

al., 2007; Rajase karan et al., 20 ct-gl®

pentousis LAB-G7 from

shoot length, root lenw m]. _.
e

infected chili seed\ t 20@ Additionally, Lb. paracasei subsp.
tolerans (LA

B 1
esp?tl el; ;md s@ed an improvement in tomato seed germination

pRracas&l sib E)i?m acasei (LAB 1I) were isolated from soil
stems (fresh welght @%@bt length, root length); confirming the efficacy ot

path ricity of C. gloesporioides of the

and dalry p

and pl

LA able plant growth promotmg bactena (PGPB) (Narasmha et al., 2012). The

tudy was conducted with the following objectives (1) to evaluate the percentage

Naffination of different varieties chilli seeds treated LAB-CFS isolates; (i1) to determine



the pathogenicity of Fusarium species on percentage germination on different va

infected chilli seeds and application of LAB-CFS applied on altemate d; (*observe

chilli seeds; (111) the determine of seed germination percentage of Fusariiffn

the germination of chilli seeds infected with pathogenic fungi Fusarium s& 1e$ sowed in

soil treated with LAB cells and (v) to detect the germination of chilli SNd treated with

LAB-CFS grown in soil infected with pathogenic fungi Fusarii{ghg ec S.
o MATERIAL AND METHODS

5.2.1 In vitro assay in Petri Dish

The percentage of germination of three §ag | X% ' émined on petri dish

and LAB-CFS was treated at differ% app%cati

infected with Fusarium specie de@
5.2.2 Preparation owlls frl:e S
¢

Q

J
The LAB isolat erelinocylat ‘tofM@ roth (Oxoid) and incubated for 24 h at
Q’ N
37°C in act rake i ?or %@‘STEC). The LAB-CFS was prepared by

Abroth 11500 x g rpag?

centrifu
The su \nt of each LAB isolates was ﬁltrétéd using sterile filtered 0.45 um-pore-size

@e filter (Schleicher and Schuell, Dass el, Germany).

2
an czlf/!; seed (Cili Kulai) was

tion @10\»’.
5

\{. 10 min at 40C(Centrifuge Combi-5 14R, Korea).
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S5.2.3 Preparation of chilli seeds

As

i pepper

Three variety of chilli seeds namely, Cili Kulai, Red spicy-0639) 4

(GAAC-SEED-5001) were purchased from Nilai, Negeri Sembilan, MR ysia. The types

of chilli seeds were used for treatments packets added in Figure

i Eyff N & C). The chilli

seeds were prepared following the method described by Kha 96) \\'ith modification.

rili ew %
W

sodium

The seeds were washed with running tap water and surfa

hypochlorite solution for 1-2 min and then washed wj

Then seeds were air-dried in laminar flow cable
€

surface sterilised chillies seeds were used for

FIGURE 15: Three different verities Hi seeds gu |

a

/{‘ 1 g | *n L ;.-.t- S

. ‘ll L : 5 :"."1;: _.:L; _'-,:f,;u;:-: ?'{ o

\otesk Chilli seeds used in the experiment CHAPTER 5. (A) Cili Kulai, (B) Red spicy-0639) and (C)
(GAAC-SEED-5001)
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5.2.4 Preparation of Fusarium Culture Yv

Fusarium spp. were grown on PDA (Oxoid) and incubated at room tel%re at 28°C

for 5 day using the method described by Hamed et at. (2011) with mOCWn. Sterilized

distilled water (10 to 20 mL) was poured onto the plates, the qurface was gently

rzoll cted. The spore
Wlution and

®
then fungal spores were homogenized in a steﬁlized@for fey min e’ aﬁse.d for
treatments on chilli seeds and soil | ) . ?-

\ Y\J
5.2.5 Effect of LAB and fungi Fnsari\%es on ge

scraped to loosen the spores and the spore suspensions

suspension at concentration of 1x10” spores/ml was ob¥ged usipg

tioéthilli sceds
DAB-@ for 1 h using procedure

kedM
i 9
~ ' ere alydried in laminar flow cabinet
N
until to remove the moisl‘ce anOyplaced yith t qiL@erﬂized forceps in petri dishes.
w) agarsepti

A sterilized dried browg '
e - set Q@li seeds were soaked in fungal spore
| ; e,
suspension for 1 Fd 'ncme petri dish as previously described above.
disiNed water was used as control. All treated chilli

The chilli s &ed F #’z
% M

seeds 1n pe €S Were incubate@ room temperature in dark cabinet for two weeks to

The surface sterilized chilli seeds wer

Hamed et at. (2011) with modiﬁm' l

Ackd inside the Petnn dish. Each Petrni

dish contained ten

tion was calculated using the equation shown below. The experiments were done

allo \ germination. Seeds that germinated were counted and the percentage
nE %

licate.
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[GS (%)] = [NGS / TNTS] x 100

Where,

NGS = Total number of germinated seeds

TNTS = Total number of treated seeds

GS (%) = Germination percentage of seeds * :

% Fumkwﬂted chilli
@

T
8

5.2.6 Determination of seed germination percentél

seeds and application of LAB-CFS applied on alter

The sterilized chilh seeds that were infected with z fu

: ;

'bedi&%ction 5.2.5. The expernnment

Iaceﬁe petr1 dishes

d 06(011 seed at day 0, 3,

etht Aom temperature for two

A
n@ed was counted and seed

5.3 Invitro ass‘\&)

53.1 Eff %&B Sﬂb}t -
Q’ 4 X
A\ S
. N - ;
In t; \erimcnt hot chilli pepper seeds of Cili Kulai were used and surface sterilized as
Wed in section 5.2.3 method using Hameed, 2012 with modification. The eyes of the

&c tray were filled with 25 g potting soil labeled as Tanah Baik with no fertilizer in

last}




124

Figure 16 (A & B). A sterilized seed was sowed in each eye. Each eye of the J{ tray

was inoculated with 5 mL of overnight LAB culture poured in the center of %c of the

ned using

plastic tray. The cell concentration of each LAB isolate was dete

Nanophotomerter-P330-IMPLEN at ODg,°s with cell count/mL o%zAB/mL was as

T.Sx 10%), IDLAB7

spra"ed with water,

er ME _two

follows: LAB-MSS1 (39x10°%), LAB-MSS5 (64x10%) IDLA

(41.9x10%) and LAB-FF11 (60.5x10%). The seeded trays

covered with dark colored plastic bags and kept at room P

weeks to allow seed germination. The number of

FIGURE 16: Soil in packet was used to chiiy ; ints gro

X5

3 |»
LA
Notes:- No fertilizer was used for chilli seeds germination in the experiments (A) soil in packed and (B)

soil without packed



125

5.3.2 Effect of LAB cells treatment on germination of fungi infected sceds Y'

The hot chilli pepper seeds of Cili Kulai were surface sterilized as d%; in 5.2.3

ey as described

above. The seeds were inoculated with spore suspension of Fusarium s

in section 5.2.4. The fungi infected seeds were sowed in the eyesWstic trays. Each

| !iik with no fertilizer).

the ceNter ofLgbil filled in

* tl,di@ lored

ter, covgred
Jo we to allow

at 30”‘€
w

\'ﬁ:d a@g percentage
10 5.26£edling shoots and

tray eye was filled with 25 g potting soil (labeled as Ta

Initially, 5 mL overnight LAB culture cells were inocul

the plastic tray eye. The seeded trays were sprayed wit

plastic bags, placed in dark cabinet at room temperatt r

seed germination. The number of seed gery inatz was

germination was calculated using the equ\%wn in S
| .

roots length was measured with gemt sca

triplicate. ?

5.3.3 Effect of LAB CFCon chilli see
@of

G-
then sowed % _
439

rface sterilized as described 1n section

The hot chilli pepp

5.2.3. The seeds for 1 h, air-dried in laminar air flow cabinet

1t} 2$potting soil (labeled as Tanah Baik with no

e seeded trays were sprayed with water, covered

4

Wseed per Tay eye

fertilizer) :
with Mg colored plastic bags anhept at room temperature for two weeks to allow seed

ation. The number of seed germinated was counted and the percentage germination

s Jalculated using the equation shown in section 5.2.5, seedling shoots and roots length
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was measured with general scale in (mm) after two week incubation at room tenve

28°C. The treatments were done in triplicate. C\

5.3.4 Effect LAB-CFS treatment on seed germination sowed in wfected with

Fusarium species V

The hot chilli pepper seeds of Cili Kulai were surface StSigl dwm section
| ®

5.2.3. The seeds were soaked in LAB-CFS of LAB % air drjed in a?i@inet
and sowed in tray eye filled with 25 mg potting soil Wabe " Taflah E’ﬂ? with no
fertilizer). The soil of each tray eye was inocu tme g1 vith 5 %B;f seven day
old fungal spore suspension. Culture cell\%n Sarfd}pp. in the center
of soil filled tray eye. The seeded trgfis were sp \ed\\Tt

., covered with dark
colored plastic bags and placed i%ﬂbirﬁt at

weeks to allow seed germination. THg nu

N
n temiperature at 30°C for two

&

inated was counted and the

th @ation shown in section 5.2.5,

g

' 35U$&
g
O

percentage germination

seedling shoots and ith general scale in (mm). The

treatments were don;

5.4 Data

Mean%& 1
styof variance (ANOVA) and the mean significant was done by the Tukey test at

005). The statistical analyses were performed using Minitab 16 software.
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5.5.1 Germination of chilli seeds treated with CFS-LAB and Fusari'm*ies
Chilli seeds namely, Cili Kulai, Red spicy-0639 and GAAC-SEED-500%#lat was without

1 fz nce'(P<0.05) good
s inf qumn’um
@

5.5 RESULTS

LAB (control) and treated with LAB-CFS showed significantl

germination in the range of 82.6 to 93.3% compared to chili

species in Table 29 after incubation.

species after two week incubation

~ Treatments Y a
sAAC-SEED-500]
Control T 82.6° '
LAB-CEFS treatment
LAB-MSSI1 : 83.3°
LAB-MSSS5 % | 36.7°
IDLAB6 \ . 83.3°
IDLAB7 & . 231"
LAB-FF] \ : 90.0°
Fusarium Infect® cijulli
Fun Q b) 70.0°
FufeifC d ‘ 60.0°
.&- C 70.0°°
ungi-LR 66.6°°

different letter in the same column are significantly different (P<0.05); LAB isolates: LAB-MSSI
b. pEMitaruml, LAB-MSSS = P. pentosaceusl, IDLAB6 = Lb. acidophilus ATCC314, IDLAB7 = Lb.
plcvugim ATCC8014, LAB-FF11 = Lb. Plantaruml; Fungi Fusarium spp: CL = F. oxysporum f. sp.
Ivcopersici, CS = F. solani, FC = F. acuminatum and LR = F. proliferatum
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The fungi infected seeds infected showed reduced percentage of seed %@i‘
significantly different (P<0.05) in the range of 53.3 to 70%. Fungi N i -CS
significantly reduced seed germination of Cili Kulai and Red spicy—063w6.3 % after
two week incubation. All the seeds obtained from different chilli ¢ w seemed to be

slightly affected by fungi-FC which showed 70% germination p ed to seeds infected

specigs d1

with other Fusarium species. Interestingly, the fungi F ot only

suppressed the germination of chilli seeds and was also Yegerved th[t Fus rzrm @g- 1€S
were effected to early germination because germmatlon hilli s,ed wgfe appved late
of LQETsolates as

9

compare to grown chilli seeds in presence of % FS an

mentioned in below Figure 17 (A, B & C) Incubaty

&
FIGURE 17: Seed germination experimeéngaTter @ix d ip ) atic@

e AR L -

Notes:- Seeds placgd ¢ brow‘ fo aermination study. (A) Seeds without LAB and Fungi
(control) shootgnd regt not appeare (B) Se ds ¥ oculated with fungi F. acuminatum-FC also showed slow
growth, andg):Yeeds inoculated with L @ 1 showing good shoot and root earlier than A and B after

six days ofigpcubdtion

SCCL

t Was observed that control seeds from selected Chilli Kulai (seeds without LAB-

CFSTand fungi F. oxysporum {. sp. lycopersici-CL) showed 93% germination. The

germination of seeds infected with F. oxysporum f. sp. lycopersici-CL was significantly
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(P<0.05) reduced to 85% even though it was treated with LAB-CFS (Table 3%3

shown by the reduction in percentage seed germination when LAB-CFS w@ed on

the third, fifth and seventh day after fungal infection. Application of L&S after the

Q I not mmprove

significantly the germination percentage. However, application OMCFS of IDLAB-

z t111 F. oxysporum f.

seeds were infected with F. oxysporum f. sp. lycopersici- CL

7, LAB-MSS1 and LAB-FF11 seems to enhance the germirigh

28°C in dark cabinet as in Figures 18).

TABLE 30: Percentage Germination w

oxysporum 1. sp. lycopersici-CL \T &\
' N

~ LAB-CFS - GegmmatigQ%)
o—NMci infedion (d)
B K

Control % ,03,92' 93.0° 93.0°
LAB-MSSI1+CL ') - RbF 75.0°° 75.0%°
LAB-MSS5+C " 75.0% 60.0"
LDLABG+C\%\ $5.0° 65.0° 65.0°
IDLAB?7 0 70.0*° 30.0°
+ J’b.zo 65.0° 70.0%

LAB-F

FﬁL 05. . 65.0° 65.0°

les.\es with the same letter in the same column are not signilﬁcam different (P>0.05) and Means
' erent letter in the same column are significantly different (P<0.05);LAB-CFS was applied to
ol

N
W
at 0, 3, 5 and 7 day during 2 week germination period; LAB isolates: LAB-MSS1 = Lb.

O
lammgaim1, LAB-MSSS = P. pentosaceusl, IDLABG6 = Lb. acidophilus ATCC314, IDLAB7 = Lb.
angrrum ATCC8014, LAB-FF11 = Lb. plantaruml; Fungi Fusarium sp: CL = F. oxysporum f. sp.

persicl




130

FIGURE 18: Chilli Kulai seeds treated with LAB-CFS showing germinatio:&fti two

week incubation under dark cabinet : %

\

. [ ]

\ 4
' \
i

\'I

\
&
r

.
Y

|
r
f

\
el N _
Notes:- Seeds placed on brown paper Ygff s€ed gerfninatioff study, <g&F Control showing weak shoots and
roots (B) Seeds with LAB-MSH{{, B-MSS§ (D) ,Y£) IDLAB7 and (F) LAB-FF11chilli
seeds inoculated were good gern 0 1@%011 and showing good shoot and root.

.. lsez?mfected with fungi F. solani-CS was

significantly IOQ “) 1thes SR o ge@ation compared to control (93%) or treated
Yolated,

with CFS of% @li seeds with LAB CFS at day 0, 3, Sand 7 d

grmination rate of fn&ﬂungi F. solani -CS infected seeds. It was observed

. solani-CS was more easily inhibited by the CFS of LAB-MSS1 and

@ with percent seed germination of 85% after 7 d, and was higher than Fungi F.

solani -CS infected seeds in Table 31.
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TABLE 31: Germination percentage of infected F. solani-CS chilli seeds and 1

with LAB-CFS

——

~ LAB-CFS Germination (%)

Fungi infection (-d)

0
~ Control - 93.08

LAB-MSS1+CS 85.0°
LAB-MSS5+CS 95.0°
LDLAB6+CS 90.0°
IDLAB7+CS 85.0°
LAB-FF11+CS 95.0°
Fungi-CS 55. 0‘b

(P20.05); LAB-CFS was applied to
#»_AB isolates: LAB-MSS1 = Lb.
POphilus ATCC314, IDLAB7 = Lb.

with the different letter in the same cQlu
the seeds at 0, 3, 5 and 7 day
plantaruml, LAB-MSS5 = P.
plantarum ATCC8014, LAB- FFI

Notes:- Means with the same letter In th‘\Eolumn a
mn a

her L.§CFS was applied at 0, 3, 5 and 7 day

Similar resulti&y tal
¢
during 2 week on% infe

better Perce% nurt n
eventhough seeds were 1nf€°
>srmination of chilli seeds mfected wnh fungl F proliferatum—LR improved

perceny
Q treated with LAB-CFS of LAB-FF11 and LAB-MSSS in Table 33 after two
rSekn

cubation

seed

ﬁ/lt&j@@l F. acuminatum -FC as in Table 32)

@ed 98% with LAB-CFS of LAB-MSSI;

with fungi F. acuminatum-FC. Where as,
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TABLE 32: Germination percentage of infected F. acuminatum-FC chilli seed

treated with LAB-CES | %\
.

LAB-CFS _ _ - _Gennination (%
lfungi infection (d)

— =

0 3

LAB-MSS1+FC 08.0°  85.0°
LAB-MSS5+FC 85.0" 85.0°
. DLAB6+FC 90.0° 75.0°
IDLAB7+EC 95.0° 30.0°
LAB-FF114+FC 90.0° 85.0°

Fungi-FC 65.0° 6%

Notes:- Means with the same letter in the same column are 1 v fic
with the different letter in the same column are significantly df¥§erent (

the seeds at 0, 3, 5 and 7 day during 2 week germfiagtion erioﬂLA ,
4

plantaruml, LAB-MSSS = P. pentosaceusl, 1DL = acido
plantarum ATCC8014, LAB-FF11 = L. thmmmw (sarivm sSpwg

P>O.&§;d Means
’, -CES\#Was applied to
'solateﬁMSSl = L.
RTCC314%IDLAB7 = Lb.
i ué"«armn

TABLE 33: Germination percentag %‘:Ctﬁal’ﬁ@LR ohilli seeds il
| o
treated with LAB-CFS \ |

——— e —T—

I/é;?

" LAB-CFS n (%)
% ction (d)

% s 7

LAB-MSS1 4 85.0° 65.0™

80.0° 70.0%

70.0° 85.0°

85.0° 65.0"

85.0° 85.0°

65.0° 60.0°

w

Notes:- MémgeWith the same letter in th\ e column are not significant different (P>0.05) and Means
with the erent letter in the same column¥are significantly different (P<0.05);LAB-CFS was applied to
the seed®gl 09, 5 and 7 day during 2 week germination period. LAB-MSSI1 = L. plantarum1, LAB-MSS5
= cusl, IDLAB6 = L. acidophilus ATTCC314, IDLAB7 = L. plantarum ATCC8014, LAB-

=L lantarum1; Fungi Fusarium sp: LR = F. proliferatum
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5.5.2 Percentage sced germination of chilli Kulai infected with Fusarium 3ggtNs

sowed in soil treated with LAB cells | %\

The percentage germination of Chili Kulai seeds that were infected wWarimn Spp.
\ﬁwf gwn in soil seeds

own' in soil without
| SM
respectively compare to control as shown in (T‘ L o wingﬁl:e seeds
significantly (P<0.05) improved the percentag w atio 1€ fué‘n.f;cted seeds
%ls seems € re@to the LAB and

the pathogenic fungi. The percentage gggm S @ sp. lycopersici- CL

was reduced between 56 and 66.0% compare to control (96.0%)

infected with fungi F. acuminatum -FC and Fungi F. solani

cted with

by 95 to 96%. The antifungal activity of

infected chilli seeds were improvedt 1e soil was treated with

LAB-FF11 cells. Similarly, ti

germination of fungi F. ph%

96.9 and 96%, respec&
the percentage genf\atl of ™

g’ls
&

R infe¥ed chilli seeds by 96.6%. A slight

)

% J’ji/gjvas observed for chili seeds infected with

Fungi F. soA

IDLAB\A

contrast, inoculating the potting soil with cells of IDLAB6 and IDLAB7

\%?g: treated with cells LAB-MSSS5, IDLAB6, and

alloWed lower percent germination (80 to 83%) of seeds infected with F. oxysporum f. sp.
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lycopersici- CL, fungi F. solani -CS and fungi F. acuminatum -FC. SimilarKQs of

LAB-MSS1 reduced the percentage germination (83%) of fungi F. pr

\/Y.

FIGURE 19: Percentage seed germination of chilli Kulai infecteTF usarium species

-LR

infected chilli seeds compare to control.

sowed in soil treated with LAB cells

120.00%

100.00% (2 a _ @

~ ab ab ab
D
-
©  80.00% |
=
E 60.00%
O |
- !
0
| 40.00% | r‘

20.00% |

- id le 9 By F

Y &Y & A W
s

v
ANV Y N~

4

0-00% v -

- R . NN NN Y o o B

So8C b BBBBss RRRRRY HXX%%:
+ 3 f, + + F + + + + + + + + + +
. 4 P mﬂééz A DoD — 7 M m—
R ) s Ll 7oR7p 8 mm{<cl-1- Vol7p) .Q:LL.
2% <50 SS55k  S533k 353534
% ZZ88% =mBRY EHZRAS

e - i - 3.3 —

\C—’ (Treatments)

p aceusl, IDLAB6 = Lb. acidophilus ATCC314, IDLAB7 = Lb. plantarum ATCC8014, LAB-FF11 =
L. Plantaruml; Fungi Fusarium spp: CL = F. oxysporum {. sp. lycopersici, CS = F. solani, FC = F.

acuminatum and LR = F. proliferatum
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5.5.3 Percentage seed germination of chilli Kulai soaked in LAB-CFS anc@

soil infected with Fusarium species 3 )

Seeds sown in soil infected with Fusarium spp. significantly &<0.03 reduced the

percentage germination of chili seeds between 56 to 66.6% orw with the control

which showed 97% germination as mentioned in (Figure 2 W er,@t of chilli
Ve

NJ

Ko

ﬁ sowed 1n

seeds with LAB-CFS before sowing in soil.

FIGURE 20: Percentage germination of chilli seeds

soil infected with Fusarium species

120.00% -

100.00% 1

< 80.00%

§ 0

S 60.00%

= 40.00%

1 E 20.00%
@,
0.00% |
CO00EE REEREREE 555555
FEFEFTF + + + + + ¥+ +F +
AARD=  pUuBm—  puB@-
2320 S v . v o
Ss5552 5533 555354
Pemne S9BE¢ SEROR
. - . - el =
(Treatments)

ans with the same letters are not significant different (P>0.05) and Means with the different
significantly different (P<0.05); LAB-MSS1 = L. plantarum1, LAB-MSS5 = P. pentosaceusl,
= Lb. acidophilus ATCC314, IDLAB7 = Lb. plantarum ATCC8014, LAB-FF11 = Lb.
Plantaruml; Fungi Fusarium spp: CL = F. oxysporum f. sp. lycopersici, CS = F. solani, FC = F.
acuminatum and LR = F. proliferatum
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The Fusarium intected soil significantly (P<0.05) improved percentage germina 'oniom
80.0 to 97.0% particularly for seeds treated with LAB-CFS -LLAB FF11 (thrhis

antifungal eftect of LAB-CFS depends on the species of LAB and fungi simM¥r to that

observed when applying LAB cells to soil. It was observed that see% Zd with LAB-

CFS of IDLAB6, LAB-MSSI1, and LAB-MSS5 enhanced seed gation to 83.0%,

S. I§ was observed

ina U??MI%B q:_S

-Cj -I[’LA‘B? and
T

T CL_and allowed

-

90.0%, and 96%, respectively in soil infected with Fungi F. sd§a
that CFS of LAB- MSSS was affective against fungi F. ac
IDLABG6 was affective aﬂamst fung1 F. proliferatum 4

LABFF11 was affective against fungi F. oxyspor u

good seed germination in Fusarium infected Stw
5.5.4 Seedling heights shoots and r )

erown in soil treated with LAB Cells ?

5.5.4.1 Seedling height c z
It was observed tha& #Wed soils treated with LAB cells

significantly (P<0. \eas d the i %alght The increase in seedling height was

variable depe % thefu gl f tmé\'h\e seeds and the LAB cells inoculated to the

soil. The sec8ling'height of fungi F{%E. inatum-FC infected chilli seeds was increased

from 74036 cm in soil without LAB MSSI cells to 12.33+2.84 c¢m in soil with LAB-

s as in below Figure 21 (A, B & C). Furthermore, other LAB cells and fungi

| Tl | | , . : g
Mgl species on Length of chilli seedlings systems of seeds as described below

(Table 34) after two week incubation in soil.
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FIGURE 21: Length of chilli seedlings inoculated with LAB cells after

incubation

Length of shoot

Root

N
5

f 1l
S \
| | . 3
Notes:- (A) germinated seeds inoculated with cells of wSSI W ood sh@owth

Leaves h & % _ I% 6 .
\ T/ B
| ghgth of shoot
Shoot \ \ : ‘ é;—)
: *I | Length of root
Root F,

d—
o

Notes:- (B) germinated see
elongation growth

dut cells™®ET.AB or fungi (control) showing good root

R
/)

[ eaf let
Shoot

Root

!

elongation growth and no leaf appeared



138

TABLE 34: Seedling heights of seeds infected with Fusarium species and sowe

inoculated with LAB cells

Treatments Seedling Seedling
Height (cm) Shoot (cm)

—_——

CONTROL 11.66+0.76" 8.83=

Cells of LAB treatinents
LAB-MSSI 9.03+0.50%
LAB-MSS5 9.23+1.16"
IDLAB6 9.73+0.68%
IDLAB7 0.90+1.68°
LAB-FF11 10.36+1.8Q%

Seeds infected with CL and sowed 1n
Cells of LAB treated soil
[LAB-MSS1+CL
LAB-MSS5+CL
IDLAB6+CL
IDLAB7+CL
LAB-FF11+CL
Fungi-CL
Seeds infected with CS and soxy
Cells of LAB-treated sgq

0.86+0.23*

LAB-MSS1+( 1.03+0.05
LAB-MSSS+% 1.23+0.11°°
IDLAB6+CS 1.16+0.76
IDLA & 3.60+0.94"

8.66+0.76®  2.10+1.01*°
7.80+0.76*°  1.43+0.05"

B 12.3342.84*°  9.40+0.52°  2.9342.92%
B-MSSS5+FC 10.36£0.41°®  8.90+017*®  1.46+0.25%
IDLABG6+FC 10.63+£0.63"°  8.90+017*®  1.7340.73*°
IDLAB7+FC 0.46+0.55°  7.50+0.50*®  1.96+0.55

LAB-FF11+FC 11.16£1.15*  9.30+1.53*  1.86+0.55%
Fungi-FC 7.56+1.36°  6.00£1.00°  1.56+0.60"
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Continued ) v
Seeds infected with LR and sowed in B \
Cells of LAB treated soil | %

LAB-MSS1+LR 10.16£0.76™  9.00+0.86" A] 6+0.28"

LAB-MSS5+LR 0.33+1.15°°  8.00+1.00™® 0+0.50*°
IDLAB6+LR 9.16+0.76* 8.16¢1.§‘“’~; 1.00+1.86°
IDLAB7+LR 9.16+0.28*  7.66 ‘ 1.5040.50%

LAB-FF11+LR 10.16+1.25%
Fungi-LR 8.90+0.79

7
:i:]i 17 0.76:0.25%
[ 2“‘Qaio.36b

i
ificant diffefent 4P O.JS)-&?Means

with the different letter in the same column are significantly Lb

$erent @<0.05), LAB-YSI .
plantaruml, LAB-MSS5 = P. pentosaceusl, 1IDLABG =T!oph - AT®514, IDYAB7 = Lb.

plantarum ATCCS8014, LAB-FF11 = Lb. Plantaruml; Fungi Wsariuni~sgp: €L = Q@zgpomm I. Sp.

Ivcopersici, CS = F. solani, FC= F. acuminatum and Lt M :ﬁrmﬁ;

Similarly, seedling height infe E w’h [
sowed in soil treated with LAB\& INCTEINg
.§eedling height of fungi F.

’OQ 79 cm (in control) to 10.16+0.76

Ccls of I@B? increased the seedling height of

: yzllm &8 from 9.23+0.20 cm (in control) to

e ——
—

_——— e - ——=

Notes:- Means with the same letter in the same column are n

7 ‘pot‘h‘;’} f. sp. [ VCopersicl- CL

Y
m 745&165 cm (in control) to

10.30+£1.57 cm (with LAB:MSY lls 1eatm

proliferatum -LR infected seed J

cm with LAB-MSSI h

chili sceds 1nfect

11.66£0.57 (w1 B7)cefls tgdadment) as described in (Table 34). and The

results inds &at soi1l tr tmglt @ LAB cells could enhanced the growth of the

scedlindygas observed by increas}l' in seedling heights even though the seeds were

@h the fungi after two week incubation at room temperature at 28°C.



140

5.5.4.2 Seedling shoot Y'
Generally, there was no significant difference (P>0.05) in the shoot si%ezninated

chili seeds infected with fungi F. solani-CS and F. proliferatum -LR SOWAB treated

soils added 1n above (Table 34). However, the shoot length of germMgy#d seeds infected

' iganlli (P<0.05) from
WSimilarly,

with fungi F. oxysporum f. sp. lycopersici- CL increased

5.5.4.3 Seedling root

A
&

It was observed that sowing F usaMinfe’t In L@eated soil increased the root

J.DS@%IH control. However, it was
b g
ct€d pvith fungi F. proliferatum -LR was

)

differe
&

length but was not signgficagtl

(P
nfe

interesting to note that Ktlel lh' _
significantly (P<0.039) [Owggst wign ).36 aQompared to other treatments described

¢
in above (Table %n coptrast,
seeds soweddn SONwinocye dj}l

CS infc&cds from 1.43:1:0.05{3\53'.60:&.94 cm even though it was of no significant

differeé 0.05) after two week incubation.

e’ootj%seedling from fungi F. solani-CS infected

N\ | . -
AQTDLAB7 cells increased seedling roots of fungi-
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5.5.5 Seedling heights of seeds soaked in CFS of LAB and sowed in soil i

with Fusarium species

5.5.5.1 Seedling height T

SO z mfcicted with fungi

S€ 11 s%ewht was
@
d the fyngi 1 cr]at&' the

It was observed that the sowing seeds soaked in LAB-CFS

significantly (P<0.05) increased the seedling height. The

variable depending on the CFS-LAB used to treat the s

oil \#EAB -CFS of

LAB-MSS1) as mentioned (Figure 22A\% . Y anéﬁrscmum spp. on

CL treated with LAB-CES -MSSIN 10§

soil treated with LAB- ﬁ%l fron
treatment) to 10.56+1. 5% iJ '
seeds infected with & DR

LAB-CFS-FF] tr% tof9.50
FF11 also 1 llghf he :ee lm.é?clght of seeds infected with Fungi F. solani-CS

from 9.22 s m (without LAB- @"W of LAB-FF11 treatment) to 10.83+0.76 cm (with

LAB-% reatment) as shown In same-above (Tab]e 35) and. Other fung1 F

—MSS

\5

-Ll&ho increased form 8.90+0.79 (without

atment. Growth of seedling from

n{” g cr&?«’lth LAB-CFS-FF1 1treatment). LAB-CF'S-

im-FC on Length of chilli seedlings systems of seeds also was effected after two

incubation in soil height of seedling value of 7.56 cm that less improvement
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compared to LAB treated seedling systems. Based on the results indicates that c{zeds

treatment with LAB-CFS could enhanced the growth of the seedlings as %ed by

%@ected with

increased in seedling heights even though the seeds were grown in

fungi.

FIGURE 22: Length of chilli seedlings inoculated wi

incubation

Length of shoot

Length of root

l

L =

Notes:- (A) germinated seeds in%
root elongation

~ Ly
vith CF} Of LA -ylSS owing good appearance of leaves and
: |

O

[eaf let

Shoot

Primary root

Notes:- (B) germinated seeds infected with F. proliferatum-LR showing not good areal shoot and root
elongation growth and no leaf appeared



TABLE 35: Seedling heights of seeds soaked in LAB-CFS seeds and sowed 1 s

infected with Fusarium species

Treatments Seedling S_eedling
B - - Height (cm)  Shoot (cm)
CONTROL 11.66+0.76"
CFS of LAB Treatments
[LAB-MSSI 11.40+2.70"
LAB-MSSS5 8.46+0.45¢
IDLAB6 9.50+1.80%¢
IDLAB7 7.03+2.91"
LAB-FF11 9.16+0.28

Seeds treated CFS of LAB and
sowed 1n soil infected with Fungi-CL
LAB-MSS1+CL
LAB-MSS5+CL
IDLAB6+CL
IDLAB7+CL
LAB-FF11+CL
Fungi-CL

ji@ab
. a}se 25;

.88

8.46+0.49°
8.00+0.50%
0.33+0.76"
7.80+0.20%

10.06£1.10°*  8.53+1.70%

8.63+1.51*  7.16+1.04%

IDLAB6+FC 8.63+0.63*  7.33+0.76%
IDLAB7+FC 0.46+0.55°  8.00+0.50%
LAB-FF114+FC 11.16+1.15°  9.13+1.26"
Fungi-FC 7.56+1.36° 6.00+1.00°

— e
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N

opdling
ot (cm)

3.83:0. 7N/ 2.83£0.28°

1.50+0.36°
1.00+0.20°
1.10+0.26"
0.86+0.23°

1.83+0.28"
1.00+0.10°
1.20+0.45°
2.50+1.00°
1.50+0.00"
1.43+0.57°

1.53+0.46"°
1.46+0.50°
1.30+0.26°
1.46+0.89°
1.70+0.26"
1.56+0.60"

e —— -
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Continued B |
Seeds treated CFS of LAB and - \z

sowed in soil infected with Fungi-LR

LAB-MSS1+LR 9.50+0.86™  8.23+0.75% 3.26 40°
LAB-MSS5+LR 9.50+0.50°"  8.20+0.40° 1899+0.45°
IDLAB6+LR 8.23+0.25°"  7.16+0.28" 06+0.11°

IDLAB7+LR 7.66+1.44° 6.16+076™ $ 1.50+1.00°

LAB-FF11+LR 9.50+0.86 2.16+0.28°
Fungi-LR 8.90+0.79°% 0.60+0.36"

-

diMere (l)>0.05 and Means
.l SS1 = Lb.

Notes:- Means with the same letter in the same column are not sieni

plantarum ATCC8014, LAB-FF11 = Lb. Plantarum]; Fungi Fus
Ilvcopersici, CS = F. solani, FC = F. acuminatum and LR = F. pro[j

5.5.5.2 Seedling shoot

There was no significant difference @g0.QJ) 1
prior to seed sowing the in fung\%mz’-C
listed above (Table 35). HgweWw#! the shfiwt I

when sown in soil infe;t%ung{ - 1, f. sp. Ilycopersici-CL increased
significantly (P<0.0@ 6.ﬁ®m (\@)ut soaking in LAB-CFS-MSSI) to

9.30+1.37 cm (w Min ing CES I’AB 1). Similarly, the shoot length of seeds
soaked 1n LA% F11 Incrgsefl sighwficantly (P<0.05) from 6.00+1.00 cm (without

soaking 1 FS-FF1 ¥

eeds with and soaking

Z
. pr&%tum -LR infected soil as

of @s soaked in LAB-CFS-MSSI1

6.135‘26 cm (with soaking in LAB-CFS-FF11) when

F

sowed%m infected with F. atuminatum-FC after two week incubation at room

%e 28°C.
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5.5.5.3 Secedling root |
It was observed that sowing seeds treated with LAB-CFS increased %;ing root

length even though the seeds were sowed in soil infected with fungi lwl‘; there was

no significantly difference (P>0.05) from control. It was interestinNote that seedling

-iz and F. oxysporum f.

36 11W::O.23 CIN,
@
able} ?).gl{ﬁtrast

wafh eitl\lgT. solani-

cm 2@36:&0.60 cm,
owé‘ﬂoil were infected

' «}{kimilarly, the seedling
N

6+0.60 cm (so1l without

root length of seeds sowed 1n soil infected with F. prolifera

sp. lycopersici- CL were significantly (P<0.05) lowest

respectively, compared to other treatments as mentione above

seeds soaked in LAB-CFS-IDLAB7 that were sowed in'Wil infeft

CS or F. acuminatum-FC- increased seedlinggoots \

respectively, compared to 1.43+0.57 cm\%y :

'y
O
—

with Fungi F. solani-CS seedling rootghcreased t

roots of seeds grown 1n soil infect@ F. d®umi

LAB-CFS) was noted more pathc& 011[

Yv

5.6  DISCUSSION 4

This study indica ability to prevent fungal pathogenicity and

promote gegini k n

enhanceg tig germination of chil]i\
or @ Fusarium-infected soil. Even though seeds of chilli Bangi were treated and
mwnWn presence fungi Colletrotrichum capsici LAB C5 isolated from durian used as

| control and seed promoter was showed good germination (El-Mabrouk et al.,

ing the seeds with LAB cells or supematant

s whether the seeds are infected with the Fusarium
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2012). Similarly, mn this study the cells free supernatants LAB-CFS improved tlv

germination growth compared with chilli seeds infected with Fusarium %X The
percentage of seed germination was very good in variety chilli seeds INH pepper
(Cili Kular) (93.3%) with LAB-CFS-FF11 which was isolated from?nnemed food.

ntace M less than LAB-

Y-

Other LAB-CFS were noticed that to improve germination perce

CFS-FF11.

, age@nination
LAI%X—FF] 1 was

10N é‘hilli seeds of all

details description added in (Table 29). LA

noticed that more suitable to improve th\ ;c;)
three verities compare to Fusarium Sp%nfecteﬁ\h : ?‘
\%y a

N
of all chilli seeds were noted to inl ercentage P ﬂni%& when chilli seeds were

artificially infected with plant %mii‘ ‘

different plants parts; whe hogenidity ¢ eclt GD solani-CS was observed more
% 4 ’ &

pathogenicity compare&\ther @speciﬁﬂmilar results were also detected by

Latiffah et al. (20]3% & % |991)c'?¥ested that seeds germination of pigeon

pea and gram dﬁo{?e fungi Fusarium species did not only

,Qe'rcentage germination

Sp %; those were 1solated from

R
inati1 1111 s 1t was also noticed that Fusarium species

T

y germination becaﬁ*;“'gennination of chilli seeds appeared late compare

suppressed

effected

grox\hilli seeds in presence of LAB-CFS isolatés in Figure 17 (A,- B & C).
r

to
S

the seed samples of pigeon pea were treated with culture filtrates of F.



oxysporum udum and their effect on percentage of seed germination and seedlin
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has been observed clearly during seeds germination (Jalander & Gachonde (F01

&
K\y

Additionally infected chilli seeds with  Fusarium spp. and CWAB applied

on different alteration of day showed improvement in chilli seeds gerMgflation but applied

'tl;’usr:rium species did
IWLAB-C FS-

LAB-CFS at 3 d and 7 d on incubated chilli seeds infecte

showed the better germination. However, the alteration ay a

" S mg:vere showed
®i011 of LAB-CFS

S Jlherefore

o P \,gT
c@ witl

good germination compare to other LA

%n

SCC

showed to be suitable to enhance the 0& imilarly, when LAB-

N

tsardQua? species. This finding of

&

owed that Lb. plantarum was

CFS were applied 0 d on infect

f selected hot chilli pepper (chilli kulai)

ce}tage 0o
N
wiﬁells and LAB-CFS. The germination percentage

T

were ragQIOkd better either chi!@@ds artificially infected with Fusarium species or

ith Fusarium species and grown in soil treated with LAB cells because, cells

uning?
work 1n two action. Firstly, by reduce the pathogenicity of Fusarium species and

ndly to promote seeds germination and seedling systems. For instance, chilli seeds
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were grown 1n soil treated with cells of both LAB-MSS1 and LAB-FF11 show3g=ae
germination more than 97.0% 1n (Figure 19). The other LAB cells wereelli the

ability to improve the germination percentage either chilli seeds infected%t infected

with fungi F. oxysporum f. sp. lycopersici-CL, F. solani-CS, F acmnW-FC and F.

proliferatum-LR 1n soil. Because, infected chilli seeds with FusarnMgfSpecies or none

| iz reatid with cells of
ted c 'llwnd ATCC

b]’ \T
hog@; and exotic
to@%m infected chilh

0w, g cells of LAB showed
N
s O@B treated seeds. In this

S notieq%during germination time. In

infected with Fusarium species showed good germination

LAB isolated from different sources such soil sample, fe

culture.

poor germination percentage com ntra and

seeds with Fusarium species were gr@ so1l

0
case pathogenicity effect of all {ixw spicet

sar
addition, Hamed et al. (% orted tRat 1 la‘e@ABl, LAB2, LAB3 LAB4 and
¢

&
LABS cells showed &'\@yto i@ theréunaceae plant such as tomato plant
seeds germination % mafe Iwere(ﬂ)%’vived in presence of phytopathogenic

Uolani-l and F. oxysporum-2 , S. rolfsii; R.
N

=

fungi Fusarium

solani-2; 19€sqQy , report from Mubhaildin et al. (2011) observed

that lheéility in cells mass @L’tion could be related to specificity of metabolites

. produE \7 LAB that may-héve caused failure of conidia germination and mycelium

\fer®tion. For instance, cell mass of 4. oryzae, a food spoilage fungi was inhibited by

-CFS of LAB Te010 and G004 1n the liquid system. Additionally, Yousef and Lloyd
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(2008) reported that Lb. paracaseis sp. Tolerans completely inhibited the growv

proliferatum M5689, M5991 and F. graminearum R 4053 compared tq l. In
addition, Phytopathogenic was Inhibited the seed germination of tomat@%riety ICP-
2376 byl0% and the effects were seen on seedling systems; there was Won in length

of roots, shoots and seedling growth (Jalander & Gachonde, 201 lNlarly, Strains of

lactic acid bactena reported to have antifungal activity (EI.

abroke etl al., 2012). The

Wnl ogrowth
®

report from Gould (1992; De Vuyst & Vandam

produce chemicals that are anti—pathoge%:)

.

el et

@3.9'95) bacteria
gen@f%xide, lactic acid,

ﬂé‘ chitinase enzyme).
N
@t erowth regulators (like

&

1acetyl, h

carbon ™1

Similarly, phytohormones amiabﬂ%des |

auxin, gibberellin, and ethyleng)_sidcY -

acetic acid, propionic acid, bacteri

Bacteria synthesize auxingy

benefit (Shih-Yung, %

noticed thatqse

Ainfeoted with fung

ure 21). Chilli seeds tfeatedIwit.h;_LAB-CFS—FFIIl‘ was ﬁgennination hearly

Simila

1nati
T

@f:zrium species or not infected with fungi Fusarium

percentage of chilli seeds even though 1t was

grown

hen 1t was survived in soil infected with F. oxysporum f. sp. lycopersici-CL. 1t

observed that LAB-CFS other LAB also showed the ability to improve the seeds
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cermination but the germination percentage were noticed that vary depend on so

isolates. However, the percentage germination of selected Chilli Kulaj was

observed better in presence of cells of LAB compare to LAB-CFS. Simil showed

by El-Mobrok el al. (2012) was reported that the Lb. plantarum cell and their

supernatants was showed ability to prevent fungal pathogenicity

aMmote the seeds
’ & in presence fungi

{ 1(’ m
ficat. @_uctlon In

o

in filtrates of

germination of chilli seeds even though chilli seeds wer

Colletotrichum capsici and LAB-CFS of LAB CS5 isolated

germination of chilli seeds. Similarly, Anasol et al. ( @oned ha
of Drechslera rostrota and Fusarium equiseti retar ' gr wh

percentage seed germination of soybean seeds w

olltes

Phomopsis phaseoli (Hilty & Lee, 198 B

f tléenera Fusarium,

Aspergillus, Penicillium and Rhizoci pQwh to produce toxic

substances (Singh et al., 1991). % ﬁ
Additionally, 1n ta%g stud alsoz
\en (-dn germination of selected hot chilli

Fusarium species w &ed for 'a ic eff
pepper (Cili Kulal) ds SOll. . ?xys i%‘l f. sp. lycopersici-CL, F. acuminatum-

)

'_mf LQJhomogemzed culture cells were artificially

a! Salated four phytopathogenic fungi

an F

FC, F. solani-

LAB-CES 1n soil infected with fungi F. acuminatum-FC and F. solani-CS. However, the
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soil mfected with /. oxysporum f. sp. lycopersici-CL and F. proliferatum-LR, anwi

sceds were non treated LAB-CFS and cells of LAB germination werefs ssed

moderately. So the fungi F. oxysporum f. sp. lycopersici-CL and F. m'armn-LR

shown to be less effective on chilli seeds germination compared to F. Rcuminamm-FC

and £ solani-CS. The above results conformed the findings (GQE inalW& Shetty, 1988)

fungi 1s known to degrade seed germination and effect the ph Iy T]f similar results

were also observed by (Arun & Mathew, 1991; Gachande Jadh VW addition
. @

oy
.@sm]ha et al.,
d [@cgria such as Lb.
Q(@)\ﬂities to suppress the

S
plan@owth promoting bacteria

AN

\ @ed bacterial wilt and deemed

height, length of shoot and roots) as described ab

2012 reported that the potential activitwl
paracasei subsp. tolerans, Lb. pamcas% Sp. pm.\pi Th

wilt pathogen and these LAB ph\%
(PGPB) 1n tomato seeds agains \nat ’
to be one of the most im% lant diSeas

in t

s l&al agriculture. (Saranraj et al.,

\Homon |

%cebecies are important plant growth
ibilit@i‘)’ enhance crop by direct and indirect

la d’ﬁ@r 1izosphere of paddy grown was produced
! \@ acetic acid (IAA) and siderophores.

E&mjor enhancements were measured when the infected chilli seeds with fungi
3 -C

S and grown 1n soil treated with cells of LAB-MSS1 on seedling plant height

.33 cm. Then the LAB-MSS1 which was isolated from soil more beneficial to



promote seedling growth compare to other LAB isolates. Similarly, treatment of T‘]
- lants

LAB may trigger systematic acquired resistance (SAR) which develops ﬁmii

successfully activate their defense mechanism, in presence of a pat*infeetion,
resulting in an enhanced synthesis of plant defense chemicals which sumlant growth

and make stronger plant cell wall strength (Stephane et al., 2005). Lif#ise, chilli seeds

LARB cells used (as

ik 11.6 cWesults was

®
chilli geedln [fa& Stems
Sim#fa od {n??ove was
n\ wit@ol{femmm-
LR and grown 1n soil treated with cells 0\% 11. The cd C@eeds with LAB-

CFS-MSS1 and grown i1n soil withou%cted fﬁ\w atghn ‘PG was showed better

were neither infected with Fusarium species nor inoculate
control) showed enhancement on seedling plants height a

same as LAB cells and LAB-CFS eftect on enhancemert

were noticed after two weeks of incubation (Fig

noticed on length of seedling shoot which chilw

-

improvements on seedling plant |

grown in so1l infected with Fus rm}eci '

Finally, the chilli seeds w%kgownln pr s;‘lcsbcells and LAB-CFS to improve

the seedling systems v%r the' ed\were iééﬁéd with/without Fusarium species

(Table 35). Many r@m 3 -
% |

Fusarium specigs Mmcidin
\
Leveillula h%:usbfa ' SIH@97). Similarly, root and collar rot produces by

Phytophalor® capsici (Saleem et @i 998; Than et al. 2008). Similarly, Asalmol et al.

I éﬁlli 1s susceptible to several diseases by

0; rc(sld powdery mildew caused by the fungus

(200 Mested that seed borne fungi in the chilli seeds such as Fusarium moniliformae,

, Rhizopus stolonifer, C. capsici and A. niger was more pathogenicity effect on

M seeds and inhibited the germination percentage.
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Likewise, chilli seeds were infected with F. acuminatum-FC and survived 1)

uninoculated with cells of LAB showed poor development on length of sg@&dluMpshoot

and length of root when sowed in soil treated with LAB-MSS1 cells (Tz%. The less

development on length of root of infected chilli seeds with F. proliferaw and grown

in soil untreated with cells of LAB strains. It was clear that F. awamm—FC and F.

proliferatum-LR were showed sever reduction on length eZ’ g loot but did not
rOWI} 1

n
effected the seedling plants system when treated chilli se 'IWG of cells

ob k'eliﬁgl@

\ fl abilit¥ to inhibit
* (seed@eight, shoot

-f mt;@(%n sp. Finally, the

@F S of LAB either the

seedling systems of Chilli Kulai seeds %d wit&%

chilli seeds were grown in presen 10geﬁic I cmum@cies were noticed that to

improve the percentage germigatio

md a IO ystmst was not only improved the
1

g sysfemsjit lvobbserved that also the length of

percentage germination a%Z‘n
g

in absence of cells

shoots and roots strokx?d thicki®ss th cO‘ﬁﬂ to infected chilli seeds were grown
dL B 1S0ldY.

elongation of chilli seedling plant systems (seedling height, shoot length and root
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length) in conditions where seeds were infected with the fungi or seeds sowedy gl

infected soils. Thus this findings further support the LAB-MSSI, LAB-MSGSi W _ABO,

IDLAB7 and LAB-FF11 can be used as biocontrol agents against A J1m SPECIES

which were isolated from different plants systems such as F. o.xy.sporuw. [ycopersici-

CL, F. solani-CS, F. acuminatum-¥C and F. proliferatum-LR and can be used as a

f ;ts ind other plants.

enag@it on seed

el.{%nce the
3

plant growth promoting bacteria (PGPB) mainly Solana

4

germination and seedling systems. Then these LAB is s can e use t'

plant growth and plant systems that 1s mentioned



