CHAPTER VI

LACTIC ACID BACTERIA AS BIOCONTROL AGENT AN

]NANTS

PATHOGENIC FUNGI Fusarium solani-CS IN C

6.1 INTRODUCTION

Recently, report of certain strains of LAB 1solatesy

and improve the plants growth. Lb. p!anmrw i

[LAB-G7 from ginger showed strong SMQ n spreadi

and C. capsici on chilli fruits as well ahagcing the\?m %
e M

of chilli fruits (ElI-Mabrouk, 2014%imhaﬁ et al.y ‘2@12@5ewed that the LAB I and

mato plants in the field trials.

LAB II applied to seed and sgy )t 061 e
e

[LABs are reported to p%

concentrations of tw@m
(Anupama et al., w hes®
welght andggiplor hyllfn

reducAopathogenicity of i@ons in different crops after supplementing the soils

\l or bactenal antagonists (Mukhopadhyay, 1987; Smith et'al., 1990; Bashar &

| ?’d@A) in the presence of different

am&l’ of IAA was produced by KLFOI

e&g noted that LAB strains KLF0O1, KLCO02

romoted root length, shoot length, root fresh

oy
r pl in greenhouse. Most of studies have confirmed

with

4; Singh et al., 2002; Akrami et al., 2011; Ahmed, 2011). Similarly, in previous

chapter it was observed that the cells and supematant of LAB showed ability to improve
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the percentage germination and seedling systems of different variety of chil§ S.
Therefore, the 1solates of LAB could be improved the chilli plant systems an@ romgetivit.
The control of plant diseases using antagonistic microorgw can be an

effective means of biocontrol to protect some commercial importan ps (Compant et

al., 2005; Cook & Baker, 1983; Vasseur et al., 1990). The e mb‘:r plant diseases

have been successfully controlled by using bacterial ant: 1Sts ( iWran, 1997;
®
0 .

ol has Peen vrl ﬁ?;s an

10gQ15 Tungi and

@Eost harvest
Dial éSgonists has been

t)'\a'nd vegetables (Fravel,
N

¥ms such as lactic acid

Cook & Baker, 1983). Using microorganisms as bio
alternative to synthetic fungicide for treatment ofggfect:

significant success has been achieved to trol Wotl

diseases (Janisiewicz & Korsten, 2002\ :va’ety of

reported to control several different pfithgoens on" Wt

P se]eﬁed

2005; Man & Guzzardi, 1998)

bacteria isolated from fresh fruits™% % sho

phytopathogenic and SPO% i @T @et al., 2008a). El-Mabrouk et al.

(2014) reported that apmlication (i * ik Q{a
and C. capsici w . §>r@g of anthracnose diseases of both fungi on
Q- N
chilli fruit. (Q | {\
¥
QY S

inhibitory activities against

rum LAB-CS5 from durian and L.

| i:ially(J cted chilli fruits with C. gloesporioides

fungicides used to control p'hy’ltopathb-geni'cq: fungi are often apphed

1sWely and residues are noticed on harvested produce causing hazards to

ronment, humans and animals (Harris et al., 2001); Pandy, 2003; Kumar et al., 2007).
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Similarly, antimicrobial chemicals such as benzimidazoles, aromatic hydroca*ins and
l

ture.

sterol biosynthesis inhibitors are often used in the control of plant diseases E\

However, there is a series of problems against the effective use of theSe ch€micals in

areas where the fungi have developed resistance Brent & Hollomon ! o Most studies

have confirmed reduced phytopathogenicity of infections iw ent crops after

uqvapadhyay, 1987; Smith

et al., 1 ned, 2011).
A, ¢

B pose a rk to 17 e;&'men
ite an}e ter ater\?—; (e.g. due
\m N

to spray drift, run-off) (Kibria et al., 2010; Koma@ et ). Ifﬁccurs it could

lead to adverse impacts to the health o@ an ccos&gtems. For instance,
concerns have been raised over the lgpg teni¥ u W ag%
) hl(ﬂ( *

Ll

supplementing the soils with fungal or bacterial antagonists,

et al., 1990; Bashar & Rai, 1994; Singh et al., 2002;

However, the regular use of fungicides can potentia

particularly if residues persist in the soil or migrate OR

fungicides, which can

@l., 2008; Komarek et al.,

i
soil\prganisms (e. g. earthworms,

S
o § long-term fertility of the soil

2010). This mn turn can have&
microorganisms) and p uiiy pose

tel
(Wightwick et al., ZOOQI re

2 (O cHilli®s 1

1 pathogensgan
a7

r import and exp&handr& et al., 2009). The isolates LAB are which

e,
The der ' lr w&ngis increasing every year and good qualities

9,

fon of diseased appearance or fungal toxins are

11

which i1s fgee

_ de in any environment rich mainly in carbohydrates, such as 1plants, fermented

] & Barinov et al., 2011). Similarly, some plants harbor microbes inside the plant
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tissues and referred as endophytes. Endophytes have been defined as bacteria that X e

to colonize living plant tissue without harming the plant or gaining bene%\ than

securing residency; the i1solates are identified as B. megaterium, Lb. casAubtilis, B.

cereus, and Lb. acidophilus showed ability to produce indole acetic acid ) and called

3). Bactena that

colonize the rhizosphere and plant roots, and enhance plant gifWth an’ mechanism are

referred to as PGPR. Thus, these PGPR can exhibit a variet twsponsible
@

| ‘lzﬁ:wlh

’ and}?ﬂibiotics

as phyto-hormone producers or plant growth regulators (Mohjte, 2

_ &I&m soil (15 1solates),
2

e al@ to inhibit the Fusarium

@hilli seedling systems. It is

résﬂlbf an In vitro or in vivo effect.

¢ &
asce%’the antifungal activity of LAB cells

pec gfhe objectives of this study were (i) to

S0
{

@AB-FFII 1n soil to promote chilli plants;

S1, LAB-FF11 pathogenic fungi F. solani-CS which were used to inoculate

during development of chilli plants.
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6.2 MATERIALS AND METHODS

6.2.1 Sample of chilli plants A

About 200 of one month old chilli plants were purchased fro¥

Page Nursery Sungai

each group contained more than 20 plants. The so;

with no fertilizer & sandy soil (ratio (3:1) purcha

Selangor, Malaysia and used for the experimt’ N
f \3 A
FIGURE 23: Chilli plants of one Id sygy a Asi@ursery Sungai Buluh,

| | .
| ” 7 Q—
% N\Q"

Selangor, Malaysia and used for tl

1

ermme
t

- :

Motesf Transferring treated plants into plastic bag filled with soil; (A) one month old plants ready for
treatments and (B) transplanted plants after treated soil with cells of LAB and cells of Fusarium solani-CS
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6.2.2 Preparation of LAB cells |
Isolate LAB-MSS1 and LAB-FF11 cells were serially diluted concentratm;

]

ed (1 X

Il PC using the

method described by Hamed et at. (2011) with modification. The w;d cells of LAB

waqr (Oi(OID CMO0009).

oil 1 ‘Wc bag size
@
[ week, §ame uinn& the

10”™) were inoculated into 100 mL MRS broth and incubated for 24

culture (1.5% v/v) was added to 1000 mL of sterilized pepto

Then, 15 mL of the mixture was distributed to the cent

(16x16) cm and this process was repeated alteratio

mixture was poured inside the root region until flower s

was incubated at 28°C

0 mg?vas poured onto the plates,

N
ed to Igosen qs@and the spore suspensions was

the fungal surface was ge
Iy, - |
collected. The spore sus en51 t -n..eu. sntrifion oltaMed serial dilution of 1x10°/ml. was

prepared before e pe'

modification. Th%\gﬁTeﬁsi

for 7 d and addeding sterilized dlS

$ing Q&/method (El-Mabrouke, 2014) with

. S‘M/v) was added to 1000 mL of sterilized

O

o mL of the suspended mixture was distributed

peptone wat “henyt

to the centrs ; | in the plastic ba
chilli g

e (16x16) cm at once time during transplanting of
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6.3 In Vivo study

6.3.1 Growing chilli plants in soil treated with LAB and Fusarium sﬂ ies j

The field experiment was conducted during October to January M Malaysia and

treatments set up as shown in Table 36. The plants S10Qgy and chilli plant

ere nWafter 25 d
@
re startgiruitif )' P@Ihat

architecture systems (length of shoot root and height of

(start branching), 45 d (before start flowering) and 65 d

recorded.

TABLE 36: Chilli plants divided in six ‘ }ikwith LAB and

Fusarium species

Plants Groups

F. solani-CS
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6.3.2 Determination of fresh and dry weight of chilli plants \YV

&

Fresh and dry weight of plant systems were observed after 25 d (start bran&'ng), 45 d

(before start flowering) and 65 d (betore start fruiting). Chili plants eR taken out from

field and total weight of whole plants, shoots and roots were det separately using

weighing scale (Saritorius AX4202). Chili plants shoots and ere dried at 40°C in

S|
&

%\ Middle Region

Apex Region
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6.3.4 Measurement of fruits pericarp thickness of chilli fruits Y'

The total of three fruits from each treatment was randomLy harvested fr%% the fruit

was cut at the shoulder region, middle region and apex region with helpq scalpel blade.

'Mper in mm and

The pericarp thickness of chilli fruit was measured using a Ve

6.3.5 Determination of fresh and dry weight of chjllj

Fresh and dry weight ot chilli fruits was det w:afte
d)1

fruits (total of five samples) were harvest

Bits m@l red. Chilli

&

wei@)f the fresh truits

e 1ndivid

were determined of (Saritorius AG Ge% ’ ﬁiﬁs were then dried at

40°C in drying oven (BINDER) %1
recorded and the percentage mv%@nter fchi ima$fas determined triplicate.

6.4 Confirmation

dried chilli fruits was

(,)

!
| angl\%}B-FFll from different chilli plant parts

n@érent parts of chilli plants survived in soil treated

tophytic LAB fro
reated LAB strains were re-1solated from inoculated Plants systems samples
rface sterilized plant stem, placenta, root stem, seeds and soil as shown in Figure

25 (A, B, C & D) adopting procedure by Wanchai et al. (2007). The surface sterilized
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white

sterilized plants systems samples were transferred on De Man Rogosa and S

(MRSB-Oxoid, CM0359) and incubator at 37°C for 48. After the app

creamy colony were transferred on modified De Man Rogosa and Sharpe agd¥® (MRSA-

OXOID CM0361) with 0.7% CaCO3 and incubated under anaerob'cﬁg Itions at 37°C

for 24 h. Colonies showing clear zones about them were selecte eaked on MRS

atalalse activity with

Mma' S.

agar plates to obtain pure colonies. These colonies were teste

4% H,0,. All isolates were checked for catalase negative an

Similarly, isolation of LAB from soil inoculated d

of (Matthias et al., 2012) as described in chapter IIl on 3

as mentioned in chapter III (Table 5 & Flguh

é
gl

FIGURE 25: Isolation of endOph)\iB and

and soil \ 4

g nt parts of treated plants

Stem



Placenta

Seeds

Notes:- Samples showing different parts of chilli selected for L2%gand fungi isofhtion

root of inner part (B) main stem inner part (C) placenta and s (D) tre&e
90 day \

6.4.2 Confirmation of F. solani-CS fron@nt {ml .

: @
Phytopathogenic F. solani-CS was @d gt fro

soil infected fungi, plants systigmspagmple§ ste

dﬂfe@f)an of plants grown in

Q)

lace@ root stem, seeds and soil

|
y

@995). Chilli samples were washed

&

paa?}followed by surface-sterilized in 1%

%g fungal treatment plant and

$51E)
4

{Q,ally placed on potato dextrose agar (PDA

, Werlase
e force?%\Re-isolation of phyto-pathogen Fusarium sp.
Y
ted during plant g:&azﬂm adopting the method of Latiffah et al. (2010)

from soi\
with %ution. The so1l samples were taken from rhizosphere of chilli plant which soil

1
@ted during the transplantation time. The soil samples were air-dried at room

temperature and serially diluted obtained concentration (1x 105) fractions spreading with

Oxoid, CM
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help of glass rod on PDA. The plates were incubated at 28°C for 5-7 d. After inc Q.
colonies of different shape and colors were sub-cultured on PDA incuba d:;om

temperature at 28°C for 5 to 7 d, and pure culture of each colony type w:

infained on

PDA and stored at 4°C. The identification was done refer to characteris = ompared to

previously isolated fungi Fusarium sp. as described in chapter I11 (FN & Table 6).

Yv

6.5 Data analysis

6.6 RESULTS ‘éj o
6.6.1 Effect of cells of L&D andyfungi ol pla Q'Q@ characteristics
* N fé@

Changes in plant grox@ st
together were obs%z\ t

45 d (before %g) an M S Qbefore fruiting). Significant changes (P<0.05)

Were oby&i I plant growth tre{:e)d,)with the two LAB compared to other treatments

during wing period of 25 d, 45 d and 65 d after transplanting.

ent with LAB alone or LAB and fungi

of growth: after 25 d (started branching),

-
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6.6.1.1 Effect of different treatments on plant canopy and plant height

S

It was observed that the canopy width of chilli plants was significantly (P<OMW35) affected

by days after transplanting. The canopy of chilli plants receivin botgells of LAB or

cells of LAB and fungi treatments namely, group II, III, V ere significantly

cm to 66.16 cm

different after 45 d transplanting with canopy width ranges b 59.

(Figure 26A).

NORE- (A) chilli plant showing broadest canopy from treatment group II (B) chilli plant showing narrow
Mg caMopy receiving from fungi infected (negative control) group VI (C) chilli plant group I (positive
conti®) also has narrow area of canopy
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FIGURE 27: Effect of different treatments on plant canopy and plant heigh@ 45

&

W 25 Days l
B 45 Days
B 65 Days

and 65 d transplanting

Canopy

: : Y,
a ab g ab
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’
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>\
O

3

N N

Canopy Width (cm)

|

S
T

| 1 IlITr . \
S ( J J

S

F

W 25 Days
M 45 Days
160 W 65 Days

Plant height (cm)

3]
%:iata was analysed by one-way ANOV A (unstacked) with respect to separately 25 d, 45 d and 65
In with the different superscript indicate significant differences between samples (P<0.05).

B ol plant systems (A) canopy width (B) total plant height of treatments group plant; Group I: Chilli
eated with water (positive control); Group II: chilli planted in soil treated with cells of LAB-MSS1;
111: roots soaked in cells of LAB-MSSI for 1h followed by planting in soil drenched with fungi F.
¢, CS: Group 1V: chilli planted in soil treated with cells of LAB-FF11 for 1h planted in soil; Group V:

roots soaked in cells of LAB-FF11 for 1h followed by planting in soil drenched with fungi F. solani CS,
and Group VI: chilli planted in soil drenched with F. solani-CS (negative control
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However, the canopy width for chilli plants in group I, II and IV was S1g tly

(P<0.05) increased from 69.50 to 80.66 cm after 65 d of transplanting (Figirg 8B). The

ntrast chilh

canopy width of group Il and IV were 80.83 and 80.66 cm, respectivel)*

plants of group I (positive control) and group VI (negative control) wmserved that to

um& C). Generally,
m after 45 days
transplanting except group 1 (Figure 27A). However, th nt h igwlli plants 1n
er treafme f’ht‘e{?ﬁ?l.i'plant

,33{ _ ared\t;:)ther plant
S

have a lower value of 69.50 cm and 53.00 cm, respectively (Fi

the plant height of chilli plants increased significan

group IV was lower (98.00) after 65 days compared t

group 1lI showed the highest plant height val

6.6.1.2 Effect of different treatmen€ * 9’: :

<>

The shoot length of chilli pl &igllf @affected by treatments. It was
observed that the chill% n

significantly (F""’\'O*-(KS25 dlt M ing (Nidure 29 A). The shoot length showed

value of 46.00 cniylo ' |

( 1£'ol(.3nd group VI (negative control) (Figure 29 B).

N
aﬁted the root length of chilli plants, especially

T

.\foduce longer root length (27.66 cm) after 25 d

g compared to other treatments group of chilli plants (Figure 28).
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FIGURE 28: Chilli plant group III showed length of shoot after 25 d of tranw

O

as no observable increase in shoot

% l5 66cj<ﬁnd 30.66 cm. In contrast, the root length

| }’(P(O) S) after 45 days transplanting for group I, II

- ere;z_'ig 66 cm, 22.00 cm and 20.66 cm, respectively in

@f’s respectively. However length of shoot and root
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FIGURE 29: Effect of different treatments on plant shoot and root after 25, 4W5 d

transplanting

Shoot length

140 -

R

o

&
|

100

N
O

Shoot Length (cm)
S 33

o
-

Root Length (cm)

ﬁreatments

>
All data was analysed by onehy ANOV A (unstacked) with respect to separately 25 d, 45 d and 65

with the different superscript indicate significant differences between samples (P<0.05).
chilli plant systems (A) length of shoot (B) root of treatments group plant; Group I: Chilli plants
with water (positive control); Group II: chilli planted in soil treated with cells of LAB-MSS1; Group
oots soaked in cells of LAB-MSS1 for 1h followed by planting in soil drenched with fungi F. solani-
g Group IV: chilli planted in soil treated with cells of LAB-FF11 for 1h planted in soil; Group V: roots
soaked in cells of LAB-FF11 for 1h followed by planting in soil drenched with fungi F. solani-CS, and

Group VI: chilli planted in soil drenched with F. solani-CS (negative control)
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FIGURE 30: Chilli plant group VI showed length of shoot after 65 d of translw

Length of shoot

\'. 2

6.6.1.3 Effect of different treatments reSh weight lam@oot and root

\ A
$
é
The weight of chilli plant ervgd to dfea@gnjﬁcantly (P<0.05) after
transplanting. The plants inT , 1N, Vv ﬁqred significantly higher in fresh
weight with values ran%l Q' to E) TNe
\/eight

negative (group @IS; th t df¢roup I and VI plants were 28.97 g and
24.45 g, respecti% 22"\ ?wezgr}lo major changes was observed in the fresh
o

shoot wcighq ougs dug 2{@ growth period except for fresh shoot weight of
group II% with t&“J;:Z@ plant. In contrast, pronounced changes in fresh

s
t were observed @ 45 days transplanting. It was observed that major

mpared to positive (group I) and

group V plants had greater fresh shoot value of 137.40 g/plants (Figure 31B).
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FIGURE 31: Effect of different treatments on weight of fresh plant parts aﬁ?ﬁ

and 65 d transplanting %\

| » Plant fresh weight ! b
b 45 Days
| . 400 d ah . M 65 Days |
_2 = 300 bc c | 3
% 100 cd ¢ bc ab d 'i
(q e}
A . |
I 1 1 IV
Treatments
|
= Fresh weight |
Bh 400
O a |
S B 200
K o
2 100
e
) 0
—
(L,

M 45 Days
m 65 Days

Fresh weight Root

N

W was analysed by one-\ﬁg:lNOVA (unstacked) with respect to separately 25 d, 45 d and 65
meag with the different superscript indicate significant differences between samples (P<0.05). Fresh
MIli plant systems: (A) fresh weight of plant (B) fresh weight of shoot, (C) fresh weight of root
atments; group plant; Group I: Chilli plants treated with water (positive control); Group II: chilli
n soil treated with cells of LAB-MSS1; Group III: roots soaked in cells of LAB-MSS1 for 1h
d by planting in soil drenched with fungi F. solani CS; Group IV: chilli planted in soil treated with
of LAB-FF11 for 1h planted in soil; Group V: roots soaked in cells of LAB-FF11 for 1h followed by
plénting in soil drenched with fungi F. solani CS, and Group VI: chilli planted in soil drenched with F.
solani-CS (negative control)

foll
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Further significant changes (P<0.05) was recorded for fresh weight plant, sh d root

for plants in group Il and VI after 65 days transplanting compared to Otl%\p of chilli

plant. The greater value of 32.12 g was recorded in plant group VI pirvived in soil

infected F. solani-CS (Figure 31C). E

6.6.1.4 Effect of different treatments on dry weight of §® t: hoo' and root

' nﬁci{@TI’(iO 05)

WJ of group III

INCrefse

The dry weight of chilli plant was observed to slighll

after transplanting. There was significant dif

compared to plants from other group aftefw -

transplanting 6.14 g/plant (Figure 32N dry weighty pla @om other groups was

in the range of 2.84 g to 5.17 g/p% The dlxw'b iﬁ,@ t increased significantly

(P<0.05) for all plants after tr nspla ph e@m]]y plant of group VI that

? rgcOrded §ry we At of plants in group VI was 77.32
it of gther ?nzégup range 60.72g to 41.58 g/plant.

pV tllat\b treate ngth LAB and the fungi produced shoots

received infected with the

g/plant higher than

Similarly, plant

"y w@% values (Figure 32B). However, after 45 d

)

% 1’ h()s from group V plants was 18.80 g/plant, while

l@ants were range 1.80 g to 13.23 g/plant. However,

1n the dry shoot weight for all groups during 65 d of

with signiﬁcan P 05)

W h

r.not

L changes was obse

of transpla ' dryfw

bf sh{o

) period but interestingly for dry shoot -w-eight of groﬁp [1 plants showed with

ier value of 310.93 g/ plant compared to other treatments groups (Figure 32B).
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FIGURE 32: Effect of different treatments on weight of dry plant parts a&? 45 and

K\e

65 d transplanting

—_ Dry plant weight - W25 Days
= 100 " M 45 Days
E o0 } V M 65 Days
S 60 C

% 40 - -

8 20 b C aba

- _

*

-

r

Treatmens

80 Ly Y;ht ,-
| {,%/ ;

.
\" W 25 Days

§ MW 45 Days
Q W 65 Days
" B

Dry weight Shoot (g)

M 25 Days
a M 45 Days
M 65 Days

ry weight Root (g)

o
“_ ‘
.

| 4\ 1l IV V VI

Y' Treatments

.- All data was analysed by ohay ANOV A (unstacked) with respect to separately 25 d, 45 d and 65
an with the different superscript indicate significant differences between samples (P<0.05).Fresh

of chilli plant systems: (A) dry weight of plant (B) dry weight of shoot, (C) dry weight of root of
ents; Group I: Chilli plants treated with water (positive control); Group II: chilli planted in soil

ted with cells of LAB-MSS1; Group III: roots soaked in cells of LAB-MSS1 for 1h followed by
lanting in soil drenched with fungi F. solani CS; Group IV: chilli planted in soil treated with cells of LAB-
" FF11 for 1h planted in soil; Group V: roots soaked in cells of LAB-FF11 for 1h followed by planting in soil
drenched with fungi F. solani-CS, and Group VI: chilli planted in soil drenched with F. solani-CS (negative

control)
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Further no significant changes (P<0.05) were recorded for dry weight of root Toups

after 25 d transplanting (Figure 32C). However, significant change N 5) was
e 1!

recorded for dry weight of root in all group were showed value fmn&s 55 g/plant
root to 1.37 g/plant root after 45 d transplanting. In case of dry rovht of treatment

chilli plant group VI was observed that highest after 65 d transpigghg showed value of

oot weight and dry

6.74 g/plant. It was important that Value of dry plant S

V1 especially

root weight after 65 d transplanting were increased

Figure 32 (A, B & C).

6.6.2 Effect of LAB and fungi on chilli %z ara

Chilli fruits reached marketable matum
. %Jre 0

Fusarium infection in chilli plan

both green and red forme

successful biocontrol %

productivity wer@ fev* I
fungi Fusarii M %

repning o its ' ucti

_E%' gen F. solani-CS. However, fruits

and group VI, thus, the pathogenicity of

nt gro
&

Loffect both were observed between fruiting to

%10

g&y of chilli fruits were noticed to increase in plant

'se groups plants were survived in soil treated LAB
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FIGURE 33: Some F.solani-CS infection in chilli plants showing failure o its to

reach maturity stage and resulting in fruit drops

Plants given the LAB tre en &v&,ﬁmgl produced significantly (P<0.05)

more fruits (bol}& g@:&d than plants from group-I (positive) and

plant group-) ativg) gontr }'n e 30. Approximately 56.33 fruits /plant was

collected up 4 €antly (P<0.05) more fruits than from plants of

and Nat {rod&'éd 33.33 to 39.00 fruits per plant after 90 days

g}f

lan ng in Figure 34A. \H! contrast the plants from group-I (positive control) and

P

trzf

up-VI (negative controls) produced few fruits about 2.00 and 9.33 fruits per plant,

cctlvely (Figure 34B). The group I plants did not able to survived further and produce

fruits only three small fruits were received before turning in redness.
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Figure 34: Effect of different treatments on number of fruits per planv 90 d

transplanting C\

60 - °

~“5§ 50

5 — 40
S5 30

s 2 20
| Z &= 49 |
| 0

I 1 1|

Treatment:

, c?lt superscript

I Chilli plants
d ells -MSS1; Group

0 drenc with fungi F. solani
sml Group V: roots
ungi F. solani-CS, and

and infected with fungi

pided) and meaf w'
eatmen

Notes:- All data was analysed by one-way ANOVA (
indicate significant differences between samples (P<0.05)
treated with water (positive control); Group II: chill1 plag
[11: roots soaked in cells of LAB-MSSI1 for 1h followed
CS: Group IV: chilli planted in soil treated with @lls of

soaked in cells of LAB-FF11 for 1h followed i
Group VI: chilli planted in soil drenched wi

FIGURE 35: Chilli fruits on % reﬁ
Fusarium solani-CS \%

Notes:- (A) Chilli fruits on plants receiving LAB-FF11 showed to increase productivity and (B)
infected with fungi Fusarium solani-CS showed decrease the productivity
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The number of seeds per fruit produced per plant was significantly (P<0.0g

the different treatments. It seems that more seeds were produced in fruim lants that

were treated with LAB even in the presence of the fungi (Figure 36) X80 days mature

fruits. This was evidence by the number of seeds in the raw 86.20 to 111.20

seeds/fruit from chilli plants of group II, III, IV and V. T miimum number of seeds

per fruit 111.20 from plants group IV treatment with TF11 LWCI‘ of seeds
@
was observed produced by plants that received no tigagment (grpup 1X (riti‘vggntrol)

and plants infected with the fungi (group VI, negaW¥

nu\n3cr of seeds
T

g
O

per plant after 90 d

recorded was 26.40 and 82.60 seeds per ﬁ'uitre%x 1vel
u} 0 \thT
% ) 6 : ¥

FIGURE 36: Eftect of different tr

transplanting 4 $
 E
2 100
| B; 80
%
e 60
o
l b 40 4
O
20
5
Z

Treatments

data was analysed by one-way ANOVA (unstacked) and mean with the different superscript
ificant differences between samples (P<0.05). Treatments of plants Group I: Chilli plants
water (positive control); Group II: chilli planted in soil treated with cells of LAB-MSS1; Group
soaked in cells of LAB-MSS1 for 1h followed by planting in soil drenched with fungi F. solani
W@roup 1V: chilli planted in soil treated with cells of LAB-FF11 for 1h planted in soil; Group V: roots
sagfcd in cells of LAB-FF11 for 1h followed by planting in soil drenched with fungi F. solani CS, and
Group VI: chilli planted in soil drenched with F. solani-CS (negative control).
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6.6.2.2 Effect LAB and fungi on fruit length and pericarp thickness

Application of LAB to the soil significantly (P<0.05) affected«QH length,

circumference and pericarp thickness (Figure 37). The fruits werevm length with

an average of 13.66 cm/fruit for plants from group III, 11.72cm/ ffom plants of group

iz om plants of group IV
(3.54 and this fruits
®

dropped before turning green to red. However, plang®Ngfected With ’m_@bne also

[1, 12.86 cm/fruit from plants of group V and to 13.02 c

maturity Figure 38 (A, B, C & D) then plants from gro™

produced relatively long fruits (10.50 cm/fruit fr@' were water

@; theses did not

90 @(&transplanting.

soaked , some plants fruits were turned not

acceptable for consumers in Figure 38@

Figure 37: Effect of different tr

Fruit Lenght (cm)

1l IV V Vi

DS
Y.. Treatments

- \ data was analysed by one-way ANOVA (unstacked) and mean with the different superscript
' ignificant differences between samples (P<0.05). Fruit collected Treatments plants Group I: Chilh

g treated with water (positive control); Group II: chilli planted in soil treated with cells of LAB-MSSI1;
111: roots soaked in cells of LAB-MSS1 for 1h followed by planting in soil drenched with fungi F.
hi CS; Group 1V: chilli planted in soil treated with cells of LAB-FF11 for 1h planted in soil; Group V:
ts soaked in cells of LAB-FF11 for 1h followed by planting in soil drenched with fungi F. solani CS,
and Group VI: chilli planted in soil drenched with F. solani-CS (negative control).
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FIGURE 38: Appearance of chilli fruits from plants groups treated with LAB anWi

N

Notes:- Fruits received from treatments of plaN oup II: Chll

MSS1; Group III: roots soaked in cells of LAB-M for fo {e
fungi F. solani CS; Group IV: chilli plantedfi

Group V: roots soaked in cells of LAB-E
solani-CS, and Group VI: chilli planted in SO

ﬁ

01] treated with LAB-
g in soil drenched with
*F11 for 1h planted in soil;

soil drenched with fungi F.
hegative control).

ylanted
l y

N\‘o

_ N
FIGURE 39: The fruits ew!g water gpakeg el:e@lants group VI

N
S

™

Water soaked fruit

Cmy
&
S
N



182

Similarly, the pericarp thickness of chilli fruits was significantly (P<0.05) affe y the

treatments Figures 40. A significantly (P<0.05) thicker pericarp of 2.00 %\ igure 41

was recorded from fruits obtained from plants of group II that was%d with LAB-

MSS1 compared to the fruit pericarp thickness of negative and poqive controls group

?y II plants was also
- le [; the thickness of

oup VI

0‘1 @1 infected

plants (Figure 41A). Interestingly, the fruit pericarp fro

thicker than the pericarp of fruits from plant of group I, I

fruit pericarp ranged between 0.40 mm to 1.41 mm. HoWgyer, e

also produced fairly thick pericarp of 1.40 mm as recqiv

plants (Figure 41B) after transplanting. T

FIGURE 40: Pericarp thickness of ﬁNarmg ﬁ-om Ji eren@nt group

S
N

C-’

g 25~ ‘31
& 5
” 5 o - , N I
QO
S 15 - % ARNY
| E . 4 ’ ‘Q bc
3 N |
g 05,
| ¥ & |l 1 A"
, | (J I11 IV I
k N Treatments

:b), 4‘

All data was analysed by one\y ANOVA (unstacked) and mean with the different superscript indicate
Xd:fferences between samples (P<0.05). Treatments of plants Group I: Chill plants treated with water
ontrol); Group 1I: chilli planted in soil treated with cells of LAB-MSS1; Group III: roots soaked in cells of
MSSl for 1h followed by planting in soil drenched with fungi F. solani CS; Group IV: chilli planted in soil
with cells of LAB-FF11 for 1h planted in soil; Group V: roots soaked in cells of LAB-FF11 for 1h followed by

p mg in soil drenched with fungi F. solani CS, and Group VI: chilli planted in soil drenched with F. solani-CS
gegative control).

“'!'

Not
si o
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FIGURE 41: Pericarp thickness of chilli fruits

Pericarp
Pericarp

\{t ! placgnt® and seeds (B)
l¢. before turnigghto redness

."'&

Notes:- Receiving fruits; (A) plant group II showing thysle

group VI (negative control) showing spoilage blackness pl ‘e

6.6.2.3 Effect of LAB and fungi on weiol ; fresh andi

< IENS

> 0¥ S

The fresh and dry weight of Erk S sig#jd(P<OA affected by treatments given
¢ wigight

to the chilli plants. It was ob?n that ,.h @h chilli fruits from group II, III,

[V and VI was significa 8<0.05) I» %
were.érween 9.51 to 16.80g/fruit compared to

Sy

roup | ‘po f velco&)éﬂ)\ with value of 3.43g/fruit in Figure 42A. It
'

was obsew@ its freat ithé@gi alone produce heavier weight (16.80 g/fruit)
her ﬁ'{l uf the ?ﬂlt was water-soaked and of unacceptable quality.

compar 1S

O

l
' @1 s from Group I. The fresh weight of

N
Howgver, #he dry weight of }mli fruits was not affected (P>0.05) by the different

ts. The dry weight of fruits from all the plants groups from was in the range of

0.¥% g/fruit to 1.64 g/fruit in Figure 42B after maturity.
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FIGURE 42: Effect of different treatments on fresh and dry weight chilli fruit

18
16
14
12
10

Fresh wieght Fruit (g)

O N B O 0o

Dry wieght Fruit (g)

Treatments

mbdialata was analysed by oi&))ay ANOVA (unstacked) and mean with the different superscript

significant differences between samples (P<0.05). (A) fresh weight of fruit and (B) dry weight of
remtments of plants Group I: Chilli plants treated with water (positive control); Group II: chilli
n soil treated with cells of LAB-MSS1; Group III: roots soaked in cells of LAB-MSS1 for 1h
d by planting in soil drenched with fungi F. solani CS; Group IV: chilli planted in soil treated with
y of LAB-FF11 for 1h planted in soil; Group V: roots soaked in cells of LAB-FF11 for 1h followed by
nting in soil drenched with fungi F. solani CS, and Group VI: chilli planted in soil drenched with F.
solani-CS (negative control).
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6.7 Confirmation of LAB and fungi treated plant parts and soil

6.7.1 Confirmation of both LABs isolates

T

| during developing

[solates LAB-MSS1 and LAB-FF11 were soaked and drenched

ta oot tem seeds and soil.

ar wigh WCO3 and were
@

\ Y
oscopi%x;rvation showed
' 46& B) compared with

similar characterization and morphol\ lony in
ﬁﬂated LAB from different

as previously described in Chapter [_Section

plant parts showed endophytl%x

plants by using nutritional
‘ : , ; I
ocu]a

TABLE 37: Confirfgtion of ['

1C |

l nﬁlre 1gh hagytie ability to enter easily into

&
N

Qﬁllh plant parts and soil

6 Isolates _ - B B

%

——————————

LAB-FF11
alas Orag Shapes Catalase Gram’s Shz{pe_;
e s@ % test tests stain test
: C:;" + Rod - t Rod
- N+ Red .- . ...+  Rod
- + Rod - + Rod
. + Rod - + Rod
. + Rod - + Rod
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FIGURE 43: Confirmation of endophytic LAB from inoculated plants \Yv

N

Notes:- (A) = control and . Ncubation §2 h aff374C shoWed no growth, (B) = LAB-MSS1 and (C) =
LAB-FF11 from stem sho wiilie colon Wcdhfrmed as the endophytic nature; B1 and C1 were
showed pure colony LAR-MSS] F14n MRSA With CaCO; after 24h incubation at 37°C

A
¢1d bac&%’d (LAB) isolated from treated plants showing

4

? observation

L

Notes:- Microscopic morphology (A) = LAB-MSS1 and (B) = LAB-FF11were showed rod shape
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6.7.2 Confirmation of fungi F. solani-CS isolate Y.

Phytopathogenic fungi F. solani-CS was confirmed that which w*culated in soil

during plants transplanting time and isolated different plant paﬂWm, placenta, root

stem and seeds). Identification of the fungal re-isolates ed the description

previously described in Chapter 11I, Section 4.9.2. Fun§@ls tedlfrom inoculated soil

plcred iy toWnough the root
®
i0’1 f@ed similar

characterization and morphology of colony * ' ' sly\i;g'fate in Figure

and plants parts were clearly endophytic in nature an

vessels Table 38). The re-isolated F. solani-CS m

COpIC OPpserve

Figure 45 A, Al, B and C after 95 day traw g

\(—,

TABLE 38: Confirmation of F. sdlapgCS 1n integ

Source e

Positive

Positive

Positive

Positive

Positive
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FIGURE 45: Confirmation of Fusarium solani-CS from treated chilli

After 5 d incubation

C

Notes:- AW F. Solani-CS from stem8hgwed mycelia growth confirmed the endophytic nature and Bl
show 0" aml colony of F. solani-CS\of PDA after 5 d incubation at 28°C, B= areal mycelia and C=
m Nth SpOres micro scopic observation
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6.8 DISCUSSION

6.8.1 Effect of different treatments on plant canopy and plant heA

Interaction between plants and bacteria 1s known to have positiths on plant growth.

i1Splateg from rhizospheric

lant-} eiwianopy—width
s g
t klﬁ of chilli
enl

1anced El-

Microorganisms such as Bacillus spp. and Streptomyces

soil promoted plant growth of chilli plants by enhanci

after 135 d transplanting (Moumita et al., 2011). obseryed

7

wer@ to enhance the

<0.(@mcreased canopy and

plants treated with Lb. plantarum LAB-CS5 and
Mabrouk (2014). LAB isolates (KLF01, 02"
plants growth systems or plant growtfagrts genificant

plant height of chilli plant in gre%e, howe}gr, se %
¢

Similar observation was noteds study chi ﬂlar@veated with LAB-MSS1 and

LAB-FF11 also increased thg \h offprants (§i A). However, chilli plant group

Il a greater canopy a% .(FQe 20A) after 65 days transplanting
and the chilli plant@wﬂ Shtl o (e hi h__e plant height value of 77.33 cm compared
to other plant g% er 2 Rling. This results were recorded similar to
Anupama ( bor’[e that WAB isrope of the alternative method to choose to avoid
hazardo%@undf ' Ptiﬁe‘&‘}:biocontml agents such as LAB isolates (KLFOI,

T

KL KPDO03) were us@ enhance the plants growth systems or plant growth

@gmﬁcamly (P<0.05) increased canopy and plant height of chilli plant in

efthouse. Similarly, other microorganisms such as Bacillus species and Streptomyces

p. isolated from rhizospheric soil were identified as plant growth promoting
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rhizobacteria that have ability to enhance the plant-height canopy-width (v plants
after transplanting (Moumita et al., 2011). %\

6.8.2 Effect of different treatments on length of shoot and roo ti

The larger root system is important for healthy and robu th a plant. Through the

root system nutrients and water are absorbed and t orte Wﬂt parts of the

ase in fengtl o' &@ and plant

e the dlire m@ mechanisms

V) pm@!on as well as the
WS, C@’Hills and lowering of

@5 Glick et al., 1999). In

plants. Growth of plant 1s also indicated by the

branching. The factors affecting plant grow

that involve phosphorus, nitrogen ﬁxatl

production of phyto-hormones suchw()s gibber
ethylene concentration (Kloepper %19 L \g

ot @eased significantly (P<0.05)

spe@ group III that was observed to

gﬂaﬂ&ter 25 d transplanting (Figure 28).

this study it was observed t

(Figure 28) the root leng;ll W

produce longer root 7.6
J'

However, after 45 ¥pof trans]i \rg\ 1€ sl

plant group V 1 %&: 29

solani-CS.

@)

ncreased length value of 84.33 cm per

ough e plants survived soil infected with fungi F.

I
;s r@) ed by Hamed et al. (2011). These researchers

EIOW

reaté& ith Lactobacillus sp. (LAB-1), Lb. acidophilus sp.

T

Lactobacillus Sp.4@(B-4), Lactobacillus sp. 5 (LAB-5) that were isolated
shurt and milk, and strain of Lb. plantarum NRRL B-4524 (LAB-3) collected

National Centre for Agricultural Utilization Research (USA) enhanced the tomato

Gplant systems either the plant infected with LAB alone or LAB and F. oxysporum.
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Growth of tomato seedlings was enhanced when the seeds and soils were with

LAB I and LAB II 1n pot trials (Narasimha et al., 2012). LABs are gg6d DX ;ucers of
bio-fertilizers and the presence of LAB in the soil improved soil fe&as reported by
Prachyakij et al. (2008) and Duangpom et al. (2009). It was repomt Lb. plantarum

strain 1solated from fermentation of the wild fruits improved availability of plant

nutrients such as Cu, Zn and Fe (Prachyakij et al., 2008 ; ;1anfed plant growth. It

may be possible that the LAB used in this study (LBglanta ‘uM have similar

' .
function as biofertiliser that could enhance chilli'p . Pl n' s‘@ and 1"00t

elongation 1s influenced by phytohormones su

d (LQ?I gibberellins

Phan @he highest amount of

Kﬁl., 2014), however, the
N
C-)
&
A‘o
S

l' mry weight of plant, shoot and root

and cytokinins. Recently, it was obseww

(IAA) in the presence of different co tra;}' ns of t

IAA was produced by KLFO1 ] 1Isolate \'u.p?m

identification of the LAB was %16 .ﬁ
6.8.3 Effect of diffe%ltmen

d

o

C |
ng Og/plant) after 45 d than increased to 9.63g/plant that received from plant infected
W1

ith the fungi group VI (Figure 29B). This observation was similar to that reported by
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El-Mabrouk (2014) who reported that Lb. plantarum LAB-CS5 from durigssagd Lb.
pentousis LAB-G7 from ginger increased the fresh and dry weight of chit t piagls infected
with fungi C. gloesporioides and C. capsici. *

Similarly, Moumita et al. (2011) observed that Streprmwp. and Bacillus spp.

| p;t, siloot and root. Group

ue the fresh and

also have ability to change the fresh and dry weight of ¢

VI plants were infected with the fungi alone. Event

dry weight of plants, shoots and roots were recordg
70.57 g and 6.74 g/plant after 65 d respectively, soni
were produced indicating wilting of the chyli pl ( (Fi

Wilting is one of the magf sympton \NET‘W upr~nfection in chilli plants.
Species of the genus Fusariu Dsnowl for o Ing ggrfous plant diseases on many

_ &
udi, N

ha (Liew et al., 1998; Dametty et
al., 2008: Nur et al., %z i et

Nurul et al. (2014) %r@d ch®
in plants that\r&. 0%

economically important plants 1

r wilting symptom was reported by

annuuy %usarfszz species found to cause wilting

C%vlzftectum, F. solani, F. proliferatum, F.
¢

A
cchalkl B @ eti and F. verticillioides in Malaysia. These
fugs i hgfe, abilsg Yo infect rotting tissues and caused wilt disease

phytop% k
esp&c 1lli crops. These @Hogenic fungi have ability to enter into the plant through

! 3

pseudocircin y F.

_ ]

\nd later colonize the cortex of roots without causing any symptoms of disease

AWpel & Gordon, 1994). Fusarium species has the ability to survive and live in plant

issue, as well in soil of infected plants (Edel et al,, 1997). This was supported by the
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finding of Hussain et al. (2013) who isolated F. solani from the roots of na fungi

infected chilli plant showing wilt disease (Hussain et al., 2013). (\

6.8.4 Effect of LAB and fungi on chilli fruit characteristics

ag frefi from any infective

wout using any
®
reen agd redjar W$ used 1n

rrend¢ of chilli plant
v

ountered disease

Fruits are the final products of plants; it should be fr

pathogenic microorganisms. It 1s desirable that yielt ruits

synthetic chemical and/or fertilizers. Chilli fruits bigh

ed byl

1€ O
diseases. The chilli wilt has been found rﬂs

% e Nemly
problem (Skaggs et al., 2000). It w o%ed that duréky of chilh plants was
recorded less in both positive and %

. the number of fruits was
9.33 per plant infected with £ &

many dishes; however, the production of chillj is red

l

(Figare?33B). In this study selected

&

plant growth and productivity of

\Y >

-

&@hetic chemicals and fertilizers. The

LABs were applied to so1

l as}ttel o
chilli fruits thus avoii lz additiI ofJan}
¢ &
number of fruit inofigased siglll AT Pg(gym plants treated with LAB or LAB and

fungi; the nmr@mit ber (:&3 fruits per plant (Figure 34), with high of

I
number seed ¥ 0/{rgit fro p‘ntefgap V. Plants from soil treated with LAB-MSSI

N | |
and ﬁl% ed tl&\vere fruit longer 13.66 mm/fruit and the pericarp
wiQ

4

W p 11}) Prog

m/fruit from plant @}I'I (Fi‘gure 40). Similarly, El-Mabrouk (2014) reported

%lication of Lb. plalfrtdl}'z:fh"l'_-;AB-C.Sl .aﬁd‘ Lb. péntoz':sisk LAB-G7 to the soil
Incyea

sed the productivity of chilli plants, eventhough the chilli plant were infected with

tungi Colletrotrichum species. Moumita et al. (2011) also recorded that application of
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Bacillus spp. and Streptomyces sp. to the soil increased the number of frui lant,

higher weight fruit to fruit length and number of seeds/fruit. c\

It was difficult to observe the symptoms of F. solani-CS pathity in the chill

plants during the growing period because some of fungi inf®¢gll plants were well

iz al. '(2004), Ehteshamul

d that ghiNplg®¥ survived well

developed. This effect was similar to that reported by Q

(2006) and Samrah et al. (2009). These researchers rep

y are. Nsarium wilt,

N

. éxt's infected with

Phytophthora root rot, Verticillium wilt aw

these Phytopathogens would result in \%@
LLAS and ol i

g

m| [Q%asei, B. subtilis, B. cereus and Lb.
'3 &)

Play @gniﬁcant role as biofertiliser as well

6.9 Confirmation on the pre réated plant parts and soil

The 1solates were ider%g B. meLteri

S
acidophilus have Wuggei
phytohormones Q&r In

ohir&/al., 2013). It was reported that LAB could

|
Sultd etsil—l? enter from the soil to the plant tissue via the
NS

. '%/ confirmed the endophytic characteristics of Lb.

pla A C5 and Lb. @!ﬂusis LAB-G7 by isolating the bacteria from treated

nts. Similarly, this study detected the ]-I.)-I'GSE:IILIC:(-;:‘ of LAB-MSS1 and LAB-FF11

N
OE ¥ different parts of chilli plants (stem, placenta, root stem and seeds) and confirmed

gram staining, morphology and catalase test in Table 37).
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It was also confirmed the endophytic characteristics of pathogenic fungi F. so/Xgpresfeas that
was detected present in different parts of fungi infected plants (stem, plge IISOOt and
seeds in Table 38 showed positive infection in chilli plant. The ﬁw@ this study

tw T axusbaccata

and fungus was 1identified as F. solani based on morplwal and molecular

3 etc . (2P05) suggested the
\di T

| &
not%mlizobacteria

@ole microbial
,% rion.@bstances. Bactera in

, Azotobacter spp. and

agrees with Tayung et al. (2011) who 1solated from healthy inner

charactenization. Earlier, Chakravarthi et al. (2008) and

endophytic nature of fungi F. solani.

Kloepper and Schroth (1981) obsewed% *
(PGPR) mediated plant growth promotio% e
community in rhizosphere niche throt &

4
soil rhizosphere such as Bacillus fegies, Pseu\rn[Ws

Rhizobium spp. are reported re%e to®rod

production (Joseph et al., 2007)N0th

induced systemic resis% 1fu

chlororaphis showedygnhibit

N

cetic acid (IAA), ammonia

2007); Azotobagiger

2001), and Eh
(Prachya% ! _
T

proi lant growth direc!@& either facilitating resource acquisition (nitrogen,

N

gh®rus and essential minerals) or modulating plant hormone levels, or indirectly by

cr®asing the inhibitory effects of various pathogens on plant growth and development

the forms of biocontrol agents (Glick 2012). It may be possible the presence of LAB
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MSS and FFI1 1n the soil and in the plants as endophytic modulate pVowth
regulator. However, this was studied in this experiment and therefore, n§ Yoe further

elucidated. Because both LAB and fungi were found that endophyAld be used as

&

systematic biocontrol agent against fungi.

6.10 CONCLUSION

g

The findings of study indicate that LAB-MSS1 and - A f{@’ soil plant

enhanced the growth of chilli plant systems na

three different stages of chilli growth syw

fungi F. solani CS. Treatment of swathe two
showed ability to improve plant gr%ﬂnd cﬁ?ie
0 S

eventhough, chilli plant surv g oil unfecteg With,&=50/ani-CS. In contrast, chilli

RN,

Qw-CS did not improve to the plant

Ayotuctivity after harvesting,

plant which was survived s

systems and productifg

without LAB ce%ﬂ Soh'm- » Bsed assQuritrol lost productivity of chilli fruit after
65 d transplan'@% d th®se _' pl@s
b i n(re

demonstra @t 1e LAB MS1 and LAB FF11. Finally, it was
N

-}dSS%_d LAB-FF11 could be use as fungicides agents and

did not to improve well. The study also

summa

as omoters 1n agﬁcu@v for future study. The fungi F. solani-CS was noticed

mo

N

athogenic on chilli p'lants and fungi could be pathogenic on other plants."



