CHAPTER 11

LITERATURE REVIEW

2.1 Lactic acid bacteria
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The glycolysis (Embden-Meyerhof-Pamas) pathway of LAB is considered w-
fermentative and produce lactic acid as the main end product. Other categ% uces
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lactic acid, carbon dioxide and ethanol (or acetic acid) as the major end

W as hetero

fermentative. Some species are regarded as facultative hetero-ferm®gfers due to their

phosphogluconate/ phosphoketolase pathway (6-PG/PK), which is
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production of certain fermentation products under certain S srch as available

carbon source 1s a pentose. However, homo-fermentative
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phosphogluconate/ phosphoketolase pathway, r* ir{
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Lactic acid bacteria (LAB) are : olaI | @ foods, but limited study has
been reported on the isola%zAB in 41
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phyto-fungi (Kohl et 4§, 201
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plantsEXral in vitro studies have reported that LAB has potential application as

onol against phytopathogenic fungi (Stephane et al., 2005; Ashgar & Mohammad
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S‘&lel et al., 2014). The use of LAB is not limited

T

ogy, but it can also be used as biocontrol agents In

- El-Mabrouk et al., 2012; Rosalia et al., 2008 & Wang et al., 2011).



Certain microbes known as plant growth promoting bacteria (PGPB) such as ¢
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Most of the physical and chemical methods that applied for the d&caﬁon of

1

have multi-functions, both as biocontrol and plant growth regulator (Hamed % ;

agricultural products contaminated with mycotoxins are restricted becR e of problems

concerning safety issues, feasible losses in the nutritional quality of tré€d commodities,

coupled with limited efficacy and cost implication (Kohl et 28 1). gherefore, LAB

wU11) re‘@(wed as one

o
as bidcontr l#(&,g;nﬂ

with their evidence as antifungal agent (Muhialdin & Zaito

of the most prominent non-pathogenic strains that can b

fungi. The thesis reports on the new finding relat in_vitko W of . m isolated

from soil and other fermented foods used as a

2.3 Factors influencing the inhibitor% '
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reported that envi Ntall 1g0lates
ajand ﬁsgi due to different types of compounds which

control differe enicp—\m 4\
are produ wLAB {u , *4 orgé?ic acids, hydrogen peroxide, cyclic dipeptides,
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phenol'{ broteinaceous compdhds which could be responsible for the antifungal

2.3.1 Effect of heat tre
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f heat on inhibitory activity of LAB substances could be decreased or increased
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after heating treatment. It was observed that heating the Cell Free Supernatant (CFS) of



Lb. brevis at 60°C was effective against 4. furmigatus, F. solani, F. aczmn'nmmnv.
Jujikuroi (Samuel et al., 2014). The LAB compounds antifungal activity %\ected

either decreased or lost the antifungal activity after heat treatment (Sam 1., 2014).

In other study, the LAB-CFS of LAB isolates Lactococcus, Lactobaci!l:i Entorococcuis,

Streptococcus, Leuconostoc and Pediococcus species metaboliti Nat-stable either

decreased or increased of heating temperatures (Assefa et al In ':)ther study, Lb.

pentosus G004 and Lb. fermentum Te007 supernatant heat®yat 1o twre (90°C)
@
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activity of the 1solates Lb. fermentum Te007 %
129C) (M

heating effect on compounds of Lb. plgussgm 1.B \thLb

affect the inhibitory activity agai%?rgilﬂw SpR
Guessas, 2013). Y\' |

2.3.2 Effectof pHo Mbibi \13‘

Cell Free Supeggatangot LAB
werl

compounds% peptﬁ Y"
activitymgafst fungi 1s dependia@fl pH treatments. The antifungal substances were
most ?Xat low pH 2 and_ the pH valﬁe beﬁveeﬁ 3.0 and 4 \.avasl found to be stable of

ey however, the antifungal activity quickly decreased between pH 4.5 and 6.0
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supernatant were heated high temparatu

of L%&etabolites
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| c€ ocgjmc acids and also activate other antifungal
"

the pH and the metabolites show the antifungal

musson and Schnurer 2001). In contrast, the antifungal activity of Lb. plantarum
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LB52 and Lb. plantarum LB20 strains remained active at pH 6.0 and 7.0 (I

Guessas, 2013). Therefore, the antifungal activity of LAB-CFS did not sigffplygle to
undissociated organic acids, but also by dissociated with organic acids wl\% presence

in LAB supernatants (Laref and Guessas 2013). In other study, De Muvt al. (2004)

recommended that the neutralisation of the supemnatant of Lb. acidophMg/LMG 9433, Lb.

'mz' subgp. coryniformis
disn 'SWHtiﬁmgal

amylovorus DSM 20532, Lb. brevis LMG 6906 and Lb. cory

LMG 9196 1solates to pH values of 5.0, 5.5 and 6.0 in

activity against fungi.

contaminating microorganisms du

diacetyl, inhibitory enzymes andmfio 1
d_adt reacti,g

substances can be chan

compounds was detemﬁ%y agalr assa¥ of trypsin enzyme treated with LAB

extracts where the anti al

as al&' completely lost by trypsin digestion
|

97{?spergillus versicolor CBS 117286, and

"
0 02®ssana et al., 2011).

Penicillium
N

§ S

btained results revealed that the inhibitory effectiveness of bacteriocins was

against Aspergilli® D@rasitgus

apw zensf

ger wn Gram-positive bacteria than Gram-negative bacternia. Further, the largest

tion zone was obtainedby Lb. acidophilus bacteriocin against Bacillus subtilis while
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the smallest one was against £.coli. The extracted bacteriocin exhibited broad spect

inhibition at concentration 6400AU/mL against Staph aureus, Bacillus Subrf!i.sq:olf.

The antimicrobial activity of crude supernatant fluid was stable after heating*JO"C for

30 min and declined thereafter. Stability of antimicrobial activity was dserved at pH

ranged from 2.0 to 8.0. Its active principle was proteinaceo ature since the

bacteriocin was 1nactivated by proteinase K enzyme (Atta et al., §

The effect of proteolytic enzymes on Lb. p@r
res

evaluated with the chymotrypsin and pepsin enzymT

strché: effects

rosgum, S@hyﬁum Spp.

GUC@OI 3). Ndagano
=\

-Mc enzymes (pronase,

pepsine. Proteinase K and « Ch)’l\ sin) skowed Jhat in@fory activity of CFS of

LAB against pathogenic strains T afftted
concentrated supernatant o ®. ntaru:a rea

he emne treatments. However, the
their antifungal activity$ . &)™ SimildNy”, Mauch et al. (2010) and Guo et al.

on inhibitory activity against Penicillium spﬁc N sariu

and Trichoderma spp. rather than Aspergil o€ics (Laref,

| %pemata \30
¢

et al. (2011) reported that the treatment

d‘.»!itogoteinase K essentially reduced

>nt (1;)@'%6 the antifungal activity of Lb. brevis

@' (2015) demonstrated the stability of the

)

and Lb. reuteri

bacteriocin cipd froﬂ: Qidogyhus treated proteinase K enzyme noticed that

oV
inhibito iveness of bactericm@ was higher on Gram-positive bacteria than Gram-

negj@

bac “in against Bacillus subtilis while the smallest one was against E.coli. The

eria. Because of, the largest inhibition zone was obtained by Lb. acidophilus

extracted bacteriocin exhibited broad spectrum of inhibition at concentration 6400AU/mL




agamst Staph aureus, Bacillus subtilis and E.coli. Its active principle was proteina

Q

In nature since the bacteriocin was inactivated by proteinase K enzyme. %

2.4 Important antimicrobial metabolites produced by LAB

The human dietary enrichment could be increased

diversity of flavours, aromas and textures durige thgl

enrichment of food substrates biologically \%ein, es
fatty acids and vitamin (Caplice & Fitz@, 1999\ Too @Lfeed storage bio-

N
d f@ng time and they are

known to produce different antimicm COI g that aéble to control pathogenic,

preservation by microorganisms; suc B ar@reco 311

k.

spollage bactena, undesirab%Z ge yeqpt ang Jp&j@e fungi (Dalie et al. 2009;

4
Messens, 2002; Lindgren wmgoi ®The é{fg‘f description of LAB compounds

are described 1n the fo@ |
¢

) ) ‘O

N

2.4.1 Organifa g f 4\

ria produce variety of antimicrobial organic compounds such as lactic and

Lactic aE X(
accgacitly, cthanol and diacetyl (Gould, 1992; De Vuyst & Vandamme, 1994; Holzapfel

95) and these microorganisms have been used in food and feed preservation for

S
N
$
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organic acids are the main product of LAB fermentation. Depending on th(h of

LAB, useful acids produced by LAB are lactic acid and acetic acid, besNer acids

Wcribed by

Piard & Desmazeaud (1991). The inhibition activity of LAB agaiNhe growth of

centuries. During the fermentation systems of the raw materials from food sogres

(El-Ziney, 1998) and mechanism of organic acid against antimicrobial

pathogenic microorganisms 1s utmost likely due to the produ Zorg nic acids and

2.4.2 Carbon dioxide

Heterofermenters LAB wereclre

&
Ces 3£uﬂ:xistent molecular oxygen in the

of CO» creates anaerobicdgondi
products. It also shé'
vegetable ferment t%

1990). It pro % tect

Rhizopus &@e

(1981), Cagclntrations of CO-> between 20 and 50% showed strong antifungal activity.

ctiviéﬁd this compound important in the

|
‘ lgwtcjc? spoilage fungi (Lindgren & Dobrogosz,
N

a St co%on fruit spoilage organisms such as Botrytis,

T

nicillum. Accordi Q@’ Clark and Takles (1980) and Bliekstad et al.
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2.4.3 Hydrogen peroxide Y'

Most of the LAB were showed inability to produce hydrogen peroxide (H-Chy when

oxygen 1s available (Kandler, 1983) and anti-pathogenic ability of LAB Re examined

against pathogenic microorganisms based on agar diffusion and br mon methods.

Furthermore, growth of fungi, Penicillium expansum was inhibi ) relylby using the

[n1 € al.,\ﬂd'Ponts
neari - b‘ a@ed
tity of

hydrogen peroxide 1s an alternative for fungictgs Jnhibi Jainst &.\pansmn.

of a of hydrogen

According to Condon (1987) and Magnussomg0

peroxide was well studied. The effect of Nudfyeen pem'\eg strafeg Oxidizing agent is
e N
0 P
de\

concentration of 5% H-O- solution on agar diffusion assay (Ver

(2006) reported that the rate of the spore germination of

by H-O,. Recommendation by previous researchers

), the mo

mainly on the bacterial cell and on ofibasic Jidlec &'structures of cellular

proteins.

2 9

imicr@bial fatty acids that improve the sensory

NN
W, 1992). Caproic acid isolated from Lb.

was by far the m@owerﬁﬂ antifungal substance produced by this

sanfrancisg
isolate (CoMNetl1 et al., 1998). This compound could act in synergy with other acids such

as bute, propionic, and valeric acids. In addition, the occurrence of hydroxylated fatty

acids (C3) with a great deal of fungal inhibitory activity has been described by (Sjogren et
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V

al., 2003). These fatty acids, the most vigorous was shown to possess a 12-carbo

chain length. Hydroxylated fatty acid compounds present a very broa

O
\,Y'
Yv

andj the xfnta\js the

1d 1S the un-
\’5'

(&, different

d. <f~l 5.0, lactic acid

1}@%&1\16 against yeasts
c:;»

X

S’*’

S

s parasiticus NRRL 2999 m a

spectrum and are efficient against yeasts and moulds.

2.4.5 Lactic acid

Lactic acid i1s the major metabolite compounds of LA
equilibrium with its undissociated and dlssocmt
dissociation depends on pH. At low pH, a large
dissociated form and it i1s toxic to many fungig

microorganisms vary considerably in thelr\%y to la

was inhibitory toward spore-forming b a howe

and moulds (Woolford, 1975). % ﬁ
In other study, 1t w % 1al to Jow spbr
medium containing 0.5 A970 |

& at p@’or 4.5 (El-Gazzar et al. 1987). In
different study by L} g&and |

z (1 , at different pH ranges, the mimmmum
inhibitory concent

ucc}i ociated lactic acid was varied against

: bact%pemes and Propionibacterium freudenreichii

T

. Furthermore, the st@d isomers of lactic acid also vary in antimicrobial

Clost zdzum da

SSP. slze

actlwté,\:

tic aCld 1S strong inhibitory than the D-1somer (Benthin & Villadsen, 199)5).
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2.4.6 Diacetyl Y.
Diacetyl production was observed in the end product of P pemo.% ;LTO2

fermentation could make a good defensive system. This strain produwrelatively

higher concentration of antimicrobial substances than other strains. duction of a

thte S

lenificantly to

relatively high diacetyl concentration has been observed to

2003; Jay, 1982; Lanciotti et al., 2003). The LAB wergw
Nigerian beef. The LAB was observed to produce di

by the Pediococcus strains which observed the

substances between 15-20 h (Olaoye & Om\% ).
2.4.7 Phenolic compounds % ﬁ

W

% naturally occurring organic

Natural phenolic compoun

compounds which contanw or nl , . They are naturally produced by

plants and microorg \@A

o
o

e is only a study has dealt with the

ngal activity of LAB (Mandal et al.,

involvement of a %c coghpoundl’ %
. \ L
2007). This p comyotin lllch@hams to be identified, was produced by P

acidiiact,‘m and showed vanah%degreus of antifungal activity against a number of

plant p §X1c fungl and food bome moulds.
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2.4.8 Antifungal proteinaceous compounds Y'

A novel proteinaceous compound was isolated from Lb. plantarum VTT hﬁthat was

inhibitory against Fusarium avenaceum (Niku-Paavola et al., 1999). Okkis et al. (1999)

reported that purified and characterized a peptide TV35b frﬁwpenmsus with

antifungal ettect against Candida albicans species. The strairlg o;y;fformis sub sp.

ich a CMEiﬁcally,
Ng
~ r‘:d@m of

mass growth of Aspergillus species (Strom et ~ .' ' on, {(ﬁg). The

re hi@ heat stable
19agnusson and

A

gmpQuids that were tested
N

coryniformis produces different kinds of antifungal dipeptide

cyclo (Phe-OH-Pro) and cyclo (Phe-Pro) that were mo fectivd to

antifungal dipeptides cyclo (Phe- OH-Pro) anf

based on an estimated molecular weigh

Schntrer 2001). Some Lacrobacillus sp%mdu
4 |

for antifungal properties (Stiles et a4 g99¥¥P|ockova
2.4.9 Phyto-hormones %:tional ,ubs *

\*‘
2.4.9.1 Phyto-horn@
The varnous a€op ; nowh

[;

of soil nAganisms. These mk@‘{ganisms may promote plant growth directly by

rients or growth factors or indirectly by antagonizing soil-borne phyto-

S
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bacteria were isolated from rhizospheric soil of crops have potential to promote p

These rhizobacternia are responsible to enhance the growth of tllw with two

hormone and 1dentified as plant growth-promoting rhizobacteria.

actions either directly or indirectly (Kloepper et al., 1980). Thew mechanisms

ivolve phosphorus, nitrogen fixation and solubilisation uZ’on. lThe indirect

mechanism 1s to suppress the fungal infection with the hel od iwmrobial
metabolites on plants. It was observed that the prod@ phyt.#o
auxins, gibberellins and cytokinins could lower the eMe condenfrafn (@Jper et

als @YAB [ and
heu@&hty to enhance

al. 1989: Glick and Ibid 1995; Glick et al., 199%

the growth of plant (Narasimha et al.,

(IAA) in the presence of different co%

IAA was produced by LAB 1sola

5{\} indole acetic acid

9/ %

’the highest amount of

T

vailability of extr{gﬂnt nutrients were reported by Prachyaki et al.
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2.4.9.3 Phyto-hormones interaction in plants

Kloepper and Schroth (1981) reported that plant growth promoting rhlzob& ;GPR)

mediated plant growth promotion by the alteration of the most mlcrob1Wnumty in

rhizosphere niche through the production of a variety of substances cteria in soil

rhizosphere namely, Bacillus species, Pseudomonas speci z bagter spp. and

Rhizobium species are reported responsible to generate indo mmonia

broduction (Joseph et al., 2007). Other researchers repd

induced systemic resistance, antifungal activity in ¢

t al.\’ﬁm); P

‘i%lg('Liu et al.,
@N(Verma et al.,

Cu, Zn and Fe

chlororaphis showed inhibitory activity against

2007) Azotobacter chroococcum produ\E’erelllns

2001), and Lb. plantarum strain pro

(Prachyakij et al., 2008). Generall wth directly by either

facilitating resource acquisitio
modulating plant hormone

different pathogens on pM Urowtl] *

essential minerals) or

(Glick, 2012). It ma
the plants as en

this expenm




2.5  Antifungal activity of LAB Y'

Various studies reported the antifungal activity of LAB from Lb. casei (O'*a, 1997),
Lb. pentosus (Okkers et al., 1999), Lb. coryniformis sub sp. coryniformis Q agnusson and

Schnurer 2001), Lb. lactis sub sp. lactis (Roy et al., 1996) and Lb. Wantarum (Niku-

Paavola et al., 1999; Strom et al., 2002; Lavermicocca et al., uzu'(i et al., (1991)

t u dWe to have

y' er’re‘g@\z}m
, acet@iﬁs DRCI

reported inhibitory activity of Leuconostoc mesenteroides spr
anti-mould activity, but the compound was not isolated a

Batish et al. (1989) observed the antifungal activityy

against spectrum range of fungi and sugnew be@gly due to

proteinaceous compounds. Isolates ofw)woduce 1] ero@%mnpounds that

compounds recognised as more efflgiy antifu\ﬁ%x -n\s against harmful
9

1 N
pathogenic fungi. % % Qc?
N RN

'S
2.6 Inhibition of mycoto% ynthes¥s wi

a(?b'acid bacteria
\"
Most of publication % witlY

mins hy
lysed, it 1s plgsgpbl
mould, %ﬁ

)

8@50110, 1994). At the time of fungi cells are

j{

N
€ fﬁ%Tecules that potentially prevent the growth of

been focusing o

A

, 1t leads to a ](@J accumulation of their mycotoxins (Gourama &

Bullarm 95). These anti myco-toxicogenic metabolites can also be produced during

Mh of LAB. Report from (Gourama, 1991) showed using a dialysis assay, the

the

0C ence of a metabolite that inhibits the aflatoxin accumulation in Lactobacillus cell
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free extracts. It is suggested that this inhibition of aflatoxin biosynthesis is not the?su]t

of a hydrogen peroxide production or pH decrease (Karunarane et al., i %\hese
sho

that the

findings are found to be reliable with report by Gouraman (1990) who

inhibition of aflatoxin biosynthesis by Lactobacillus cell free SU% its (CEFS) are

: l
F d rwaﬂa%g(in

| N
biosynthesis by Lactobacillus CFS and even though t bested ghatgfls l'xl;ﬁﬂon 1S

related to a heat-stable of low molecular weigv' 0{\6
Lactobacillus 1s mitiated to delay aflatoxin EW:: esisﬁﬁ)the

Lactobacillus lactis are also found to SM cum®ion (Luchese &

Harigan, 1990). -k

S
&
c@by LAB strains
)
&

éﬁeen proved by many researchers,

probably due to the specific bacterial metabolites.

Coallier Ascah & Idziak (1985) reported a signifi®8

oundwm though
T

. AB lates such as

aflatoxin

N

2.7 Mechanisms of the inhibi%npttmd - ;du
, s

Antimicrobial compo@ducei ,

Y

' 3

byNLAB h

+ fldiff@ antimicrobial compounds are not yet

however, mechanisé | W (')
completely undgmgoo ' n tl@seription of existing of bactenal organic

acids on the*w ry %y @ins@wgenic microorganisms. Generally, the effect
- s I > s

1\ on inhibitory ac&'t&@/ agamst microorganism 1s associated to the pH

value. I

1 10ns. The release of hydrogen ions from an acid is dependent on the strength of

the acid. Acids produced from fermenting bacteria are weak organic acids, such as

MWe case of dilute solutions, pH is directly interrelated to the concentration of

e e T o T e T — e W
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propionic acid, acetic acid and lactic acid (Helena, 2010). These types of acidsw

relatively release their hydrogen ions in the pH range of foods. The plasma mt%\ of

most microorganisms restricts penetration by charged molecules. But,*ociated

molecules can simply diffuse (Stratford, 1999).

Ditferent microorganisms have shown different respo:

action of lactic acid and other organic acids with some ot
meanwhile, 1t 1s not linked to the decrease in intem@

inhibition (Freese et al., 1973). The mode of actionv cteriQcl
the formation of holes in the membrane dghag

microorganisms’ cells, causing leakage a@ge of t
(Moll et al., 1996; Todorov, 2009). An%vative p\MI

ub sg

membrane and inhibits glucos

mechanisms of bacteriocins%
microorganism’s mem%vhic
resulted to the leakagw e ytopiag
bacteriocins prod %
to cause nuc]&% -forndi

pore, thus4 e of nuclease cont

8h le
X

@using the death of microorganism (Margaret &

JOllﬂ@ )
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2.8  Pathogenic fungi Y'

The genus Fusarium link comprises inhabitants of the soil and of organic *te and 1t

aim? was firstly
introduced (Link, 1809) and it is notorious for harbouring a vari Nytopathogenic
2 -

1s widely distributed throughout the world (Burgess, 1981). Genus Fus

e with several

fungal species (Zhang et al., 2012). Many soil fungi, this ge

isolates are involved in the F. oxysporum Schlech

formae speciales, characterized by their ability w: a1l

’ @Pol)mlerase Chain

ccular n\h\sg
S
WO # oizsusal organisms possible.

: c&pomm. Using the primers, a

f Pﬂueglates. Edel et al. (1995) used a

race, agreeing to their reaction with a g

Martyn, 1997). The development of

Reaction or PCR made precise anc%

-PC%(R’EP-PCR) in the identification of F.

- - R S e
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food and feeds (Desjardins, 2006). Pathogenic fungi produce several myco

compounds these are caused economic losses and responsible for increased ma d1 ;

which affect to human health. Filamentous fungi, mainly Fusarium speci%ez -gillus

species, and Penicillium species are responsible to produce mycotoyv suitable

environmental conditions which are toxic secondary metabolites (Benne™W¥ Klich, 2003).

\%

t foury s

Most of the species of Fusarium are recognize ifigMtypes of

(FB1) and beauvericin (BEA) (Leslie et al., 2004;

Puia, 2012). It 1s potential health risks on bothaani:

universal concemn over food safety. Theref %ﬂl resear

ce et a \D'LQ ' e@et al., 2011; Tan et

al., 2012; (Dacasto et al., 199)3). M%\ ZEﬂI ha avays@n suggested to cause

infertility among mammals, femi 1% Ja hypertrophy in females

and with swine being the m@le 31‘1}.31} %
N

rd@us toxin (Smith et al., 1994).
' Q

on the toxicology of Fusarium mycotoxiffs

Iated(‘qufﬁullfonnm (MON) is toxic, causing

pfat * c?nd even lead to fatality in tested animals

Some studies av

muscular weakness

)5). Reports from Jonsson et al. (2012) and

(Engelhardt %
Sharma ¢l 20 2) showed that t\hs 1eart 1s the main 1 target tissue of moniliformin

In rats and avian. Among SEries of fumomsms FB] is the most prominent

(MON%
; cqiently found in foods and feeds. Phytopathogenic strains of Fusarium like F.

tum, F. solani, F. equiseti, F. compactum, F. subglutinans, F. sacchari, F.
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oxysporum, F. proliferatum, F. chlamydosporum, F. lateritium, F. i;zcarnatmn-eT

species complexes. F. nelsonii 1solated from different species of asymptomatic%x or
non-cultivated grasses Malaysian samples in Peninsular Malaysia and the%ns have

ability to produce four major types of mycotoxins, i.e. moniliformin (Mqumonisin

B: (I'B.), zearalenone (ZEN), beauvericin (BEA) and one strai presented F.

incarnatum-equiseti species complex was able to produce 1 nil’l (MON). The

results of this study may indicate a potential health risk for inantg thaJeg®on these
o
grasses and consequently for humans who consume thes imals a6 sou e'ofﬁein

(Azliza et al., 2014).

¥

s
N
N

&

AN

2.8.2 Fungal pathogenicity incidence o

N

The disease 1s responsible for losse sence of Fusarium 1n

Ment. The fungi can remain

cowpea seeds does not essentiallyresu in tr I« %

endophytic i1n the seeds a%ﬂc t myc@liu off &bnydo-Spores without causing
4

infection (Menezes, 19%0&1&? |

saprophytes, patllogeq bhers ™ ]

# )

survive 1n latenc @ , S\bef (J become active again when those seeds
N

are germinateg } athofleq) n‘& result in pre or post-emergence damping off

(Agarwal Alair 1997). \C:;*'

| ;;iopathogens were 1solated from plants Capsicum frutescens mainly Fusarium

Mormae Sheldon, Colletotrichum capsici, Curvularia lunata (Wakker) Boedijn, and

97), many fungi considered to be

ity to cause disease. These fungi can

mo




Alternaria tenuis Nes ex Pers. Based on Asalmol et al. (2001), they reported that th

borne fungi 1n the chilli seeds with causative agent of Fusarium entmoffili ae,

Aspergillus flavus, Rhizopus stolonifer, Colletotrichum capsici and AS[)%S niger.

Severity of Fusarium spp. infection 1s mostly observed in the seeds, whew than 211

isolates were obtained from cowpea seeds. Isolates were identjﬁwthe following

;), . oxysporum

-otrich 'ow.?.%), F.
' .
ria, 2@06). e’o&ﬁ}om

many country with the prevalence of pathogenic fungiawer®isolatell ot eed\s;ﬁples of
E S

L 1N ue’sit@'da) Sacc.,

K.) (I@‘s}er, 1989).

A

&

ithout surface sterilized

relative frequency: F. semitectum (47.39%), F. equiseti
(16.59%), F. solani (3.79%), F. anthophilum (2.37%),

moniliforme (0.95%), and Fusarium species (Antonia

chilli ‘such as Fusarium moniliformae, F. SO!(IHE% a
argh alternart

F. oxysporum Schl. Emend Sny and Hans, ‘% ’1
%ease(ﬂ | I |

fruitgpwhich
has yielded most severity of fyngi 18 "TINariuma Colletotrichum capsici and

héal@fmits, severity were observed

£,

Fuﬁ;ﬂn species and most possibility of

eds éﬁles of ditferent chilli cultivars were

Chilli seeds were collected

Alternaria Nees ex Fr. How

associated with Altemariwmrgil‘z -‘
C. capsici (Padagan @

1k,

(.cj??psicz', A. niger, A. flavus Linkex Fries,

showed the straiEE . moili
\
Arfernaria al% nd Slyvylliga Zm%z. The germination rate of bean, red gram,
mb ack gram seeds I\ strongly reduced when seeds treated by culture

e toxic fungal strains (Janardhén et al., 2011). On the other hand,

green gra

1sms such as LAB, Lb. fermentum and Lb. rhamnosus assayed showed growth

on of the mycotoxin producing Aspergillus strain (Munoz et al., 2010).
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2.8.3 Fungal pathogenicity incidence on plants Y'

The phytopathogenic species affect a wide range of hosts and cause roAaascular

wilting, yellowing and foliar necrosis (Ramachandran et al., 1982: Nm Hansen,

n coMnize the cortex
xor on, 1994) and

survive 1n living tissue as also exercising antagonism interac betwleen™w genic

forms 1n the soil (Edel et al., 1997). é
’ 4

In the culture of cowpea, one of the chicfl§y

oxvsporum schl. t. sp. tracheiphilum andwans in the
change 1n the colouring of the older lea\%om greeNﬁo?lo
? (y] L

1997). There are pathogenic and non—pathogenic forms. The latter

of roots of plants without causing any symptoms of discase (A

’ Wj@s:ised by F.
1S with a small

LonYone of the sides of

tion progesses bliation occurs as does

lantgndrick, 1931; Kendrick &

N
the leaves or of the plant. When the @ mati

the darkening of the vessels an%
Snyder, 1942). Maize ear r%a

disease 1s caused by mos ngi tl

redu * nlxa Jproduction in Kenya and this

o seeral genera which include Fusarium

spp., Stenocarpella s

1998; MacDonal
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X

Excessive and improper use of these fungicides presents a danger to the h humans,

controlled by chemicals are effectively and extensively used for reduction of

pathogenic fungi. But, the use of chemical fungicides may not always b

animals, and the environment. Therefore, extensive needs for bio-qus that are

cnvironmentally safe and easily biodegradable have been carried out Mgfng the last two

decades (Gnanamanickam, 2002). When plants are contamin K Fugarium species,

Munkvold & Desjardins, 1997).

2.8.4 Types of fungi pathogenicil%'
Wilt disease 1s an economi%l;if

F. oxysporum in worl&wnd thi.s
vascular tissues andw pwilti

formae specigizg abhftatg "as

lnt ( %t al., 2011). Fungi F. oxysporum 1s a

: e{iﬁ(;aividual within this complex is termed as

complex species

N
“f.%’ (Beckman, 1987). The fungi F. equiseti 1s a

cosmopo&mgus spread acros@ons with cool through to hot and arid climates

(Leslic Xru

enic infections. Use of resistant crop varieties 1s a good strategy against wilt,

nerell, 2006). Simple method such as crop rotation is not much effective

tir use is limited due to the location specific pathogen races (Singh et al., 2006).



The fungi F. solani can be distinguished into 50 sub-specific lineages and most oNrups
. have not been further pronounced formally (O’Donnell, 2000). The species is%mt
well-known plant pathogen, causing various types of infections on a wide n*f plants.
There are at least 111 plant species from 87 genera that are generally infev F . solani

(Kolattukudy & Gamble, 1995). Fusarium species are ubiquitous Wy soils and are

considered as field fungi invading more than 50% of maize @ ‘nzefo e harvest and

death when the population of pathogens in highly in % '

N

Jate regi

Cereals are the dietary main in mo& ;pek

become colonised by Fusarium, often r%g In s

yields, and the accumulation of se% me

Fusarium head blight (FHB) of nm'

several Fusarium species %

associated with FHB 1n E e are

';@e, strongly reduced
N

humans and animals.

chan 49

cenarios predict variations in water

otlcti:ancourage changes in the profile of FHB

et al., 2010; Xu et

.esé

availability and incr®®
N » |
h Sp&s has a characteristic of mycotoxin profile,

species on ce% b eanyhyle

thus, the gsk W mycotoxin contam@n of cereals may also be increased (Miragha et

al., 20:%\3 some pathogenic fungi Fusarium species were found to infected specific
ropags 1entioned in the following sections.

C
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2.8.4.1 Fusartum oxysporum f. sp. lycopersici Y'

N

Fungi such as F. oxysporum f. sp. lycopersici was caused vascular wilt in Nn’slman

et al., 2009; Mishra & Das, 2003). Tomato plant, an economically imch:rop which

i1s severely damaged by Fusarium oxysporum f. sp. lycopersici (F is Mainly known as

pyto-pathogenic fungi of Solanacae crops (Suarez et al., 2007 to yeld and plants

are significantly losses by F. oxysporum f. sp. lycopersici be

tomatoes at the growth stages, thus the productivit

0
Eventhough numerous strategies have been implei

fungi was remained a major issue (Ahmed, 201

2.8.4.2 Fusarium solani % &\
'l >
| 4 <3'
ootgor chil pla@ich naturally infected the

(Huss

n ej .I, *

S, phaseoli, Rhizoctonia solani, and

The F. solani was recovered fr

plants and Fusarium wilt%

because of root rot ailm '

Pythium species 1n ]%1 spec
¢
intensive (Otsy :

et gl., 1998;

). Bean production decrease

re SQJ ertility is low and bean production 1s

)

9€_2). Phytopathogenic fungi F. solani { sp.

N
phaseoli, Rh% soldn ’Dyt/z(zﬁspecies are responsible to root rot disease in
the pﬁm&nnt (Ndernitu et al., l@{
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2.8.4.3 Fusarium acuminatum Yv

perate

Fungi F. acuminatum 1s widely spread around the world, although chiefl

regions. It behaves as a soil saprophyte, however, it is also found assoqted with the

& Mg, 2009). Its
Ingntly 'Spain (Marin,

crowns and roots of plants (Leslie & Summerell, 2006; Pitt

presence has recently been reported in Southern Europe, pre

thecene

2.8.4.4 Fusarium proliferatum

j g]
Mohammed et al. (2014) repoﬂ%no’
from date palm trees tissu%1 1 causd da

¢

all

&

d rice it samples that are identified as F.

Fusarium spp. 1solated f{] bakalﬁb %
proliferatum. All iso% re 1omg e p@%ﬁenic, but there was variation in the

}baka e disease in Malaysia (Quazi et al., 2013). F.

degree of infecﬁ ogerve -
proliferatum % usaldlgag &
prolffera&“ endophytic fung@s isolated from inner stem bark of Dysoxylum bi-

Patel et al., 201 1). Fungi induced fo-sporﬁiate by inoculating myceihia on the

J
% E\e(i;?ates and this is the first report of F.
N

nectarifc

oY autoclaved green gram seeds (Shweta et al., 2010) and the fungus produced
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only conidia and not ascospores. The isolate was inferred to be F. proliferatum (Li

al., 2006).

2.8.5 General life cycle of fungi Fusarium

Fusarium 1s a cosmopolitan genus of filamentous ascomyc fuzi Sordariomycetes,

gens of

ing rw

@

1lts, blights a drargof
'y

both gatfral cosy@s and

't\econ @metabohtes
K 6‘ 2013) that can

Hypocreales and Nectriaceae that includes many toxin

agricultural importance. Fusarium diseases include rot

many horticultural, area, ornamental, and forest crops ¥

agriculture systems. Fusaria also produce a div rse aNjay

(mycotoxins), such as fumonisins and tric \% (Wo

contaminate agricultural products, making them unst
% ﬁ
et al. ’996,

Mycotoxin such as Tricho

diseases (Bai et al., 2002; DfSjard1

Fusdri

Proctor et al., 1995). Soi

types of mitotic (asgkudh

produced by all Fx%l ies a g o] t&i@O% of Fusarium species has been known
as sexual cy yto P2 ﬁyls f 1@:1}1 species employ a broad range of infection
strategles& an be loosely cla d as hemibio-trophs, because infection initially

resem t of a pathogen that relles on a living host cells (blO trophlc) however
a

the transitions to killing and consuming host cells (necrotrophic). Fusarium

£s may initiated in roots from soil-borne inoculums or in above-ground plant parts
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by water or air and Fusarium species have ability to infect plant leaves and a,rfziﬁ1 R()%

many plants resulting wilting disease. In this study observed wilting in chill; ich

caused by F. solani-CS. The general life cycle of Fusarium species describ® in the

following (Figure 1). In some cases, F. oxysporum formae specfale% of multiple,

independent lineages that developed polyphyletically through rgent evolution

(Baayen et al., 2000 and O’Donnell et al., 1998). All human pa ic F L&arium species

produce micro-conidial phases, and many produce bi

et al., 2011).

FIGURE 1: General life cycle of Fusarium s

Asexual (mitotic)
sporulation

crossed perithecium

Microconidia , 1 f ;' Q¥ th ascl and ascospores
produced from : i__;'_._.-::-:.; b i |
mw.llil 1:-',::,-:-*‘:! - |

conidiophores
Fol, Fs, Fv

Recombinant
D ascospore

f
JDM“m:nnldl. ‘ Haplold my >llum - ,
produced from ' ‘
sporodochium -, Y settir . —

Fg, Fol, Fp, Fs,

Chiamydosporgs
fﬁ/ uced on Pk

within hyph Seifed perithecium

with ascl and ascospores

| ¢
U—J(J a etal., 2013)

"
Notes:- Generalghf : pccie!étﬁe organism breeds as a haploid colony of hyphae,
p&tental loid nuclei containing two cells) and diploid phases
on of hgp¥id, sexually produced spores (ascospores). Ascospores are

excluding for 4§ ' !
preceding meioS§g and the producti
produced ' of eight in a sac (IdS) enclosed within a flask-shaped structure (perithecium).

Homoth Mnrium species is competent of self-fertilization, producing clonal ascospores progeny
(apomixis)agtérothallic Fusarium species are self-sterile (Li-Jun Ma et al., 2013)
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2.8.6 Morphological characteristics of fungi Fusarium species Y'

N

Fusarium species are among the fungal genera that can cause comaminat*poilage

Sq wa on, 1990;
Tournas, 2005a,b; Naureen et al., 2009; Nurul et al., 2014). F. m**:miorf. sp. cubense

on vegetable and infect rotting tissues of different vegetable crops (

(Foc) cannot be morphologically distinguished from other fo : ecf‘:lles that cause

wilting 1n other hosts and other non-pathogenic F. oxysporiMgendo hwophytes
- ®

T

“and opponents (Booth, 1972; Leslie & Summerell, 2000}.% + Cl’l‘rﬁ of

, bitter

mrim@cies found
_ ps@-dwmatum, F.

Fusarium species are specifically on red chilli, to

gourd, moringa, long bean and brinjal. The mow
;

that are F. oxysporum, F. semitectum, F. softRg E I) oliferatiny

sacchari, F. equiseti and F. vertici!lioidﬁ%alaysia

The morphological charag xs
Table 1. The fungi F. mysp%%p cuf'lse
known sexual stage (teled : MBS
chlamydo-spores for Q'

o X
&

Jsab microconidia, macroconidia and

anamorphic fungus without a

produced 1n oranﬁ (rugy allgd Spof 1a. Sexual stage (teleomorph) has not been
found yet 1n i% a ?Mav nd Mat 2 (Fourie et al., 2011). Macroconidia
(27-55 % A um) are abundan Q’C’ate to erect approximately straight of thin walls

with 3 t\pta (generally 3 septa). Apical cell i1s attenuated or hook-shaped of some

wnisolates. Basal cells are foot-shaped. Macroconidia are developed in single

phids in hypha. Microconidia (5-16 % 2.4-3.5 pm), regularly without septa. can be oval,




35

elliptic to kidney shaped and developed in large quantities in false heads in sho@

phialides. Chlamydo-spores (7-11 pm). are plentitully formed in hyphae or {n )1,

single or in chains, typically in pairs, other than that, their development c@*ower in

some 1solates. ?-

Mycelia can be hairy to cottony, spaced or plentiful afgty agiciols from white,

salmon, to pale violet. Black to violet Sclerotia can be produC8in sor ewm: fungi

red color pigments in PDA (Stover, 1962; Pl

oxysporum isolates change quickly from NE) | (with abg
conidia aggregates) to tlat humid mycel%white-p\ewﬂo _ s%peach colour on a
% # S

al.. @9 Some F.
ant@(Ssy or brilhant

PDA culture (Stover, 1962; Ploetz, modified 1edia (K2), pathogenic
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2.9  Control discase on plants

According to the Food and Agriculture Organization (FAO) of the ANations,

approximately more than 25% food crops in the world are vanished yearq !:-)eéause main
Mg significantly

reasons of mycotoxin contamination, with the Fusarium species ¢
to food contamination (Chelkowski, 1998).Therefore, remov z nga' contamination

usually can be done using heat treatment and chemical treat . A elwntiﬁmgal
®

_ @z.fsarium
t@s;lues (Hall

(Chitarra et al., 2003). Crop rotations which co1

species inoculums in soils are not feasible due t

& Phillips, 1992).

2.10 Cultural performance %

q'eed;l iJhof
N

Vtic anci ophytic 1

chlamydo-spores wi% SINS™
same culture 1s S@z toJy

Pdeshble because it is clear that the

e seeds as dormant mycelium or

a

The seeds that are to be s
i

fungus can remain e

(I\/@e es, 1988). It is recommended that the

ta{orQ;Bn crops that are free from plant pathogens.
N

tinﬁgzood control of weeds and solanaceous around

Id. The field must @ a good drainage and it also must be autonomous

Ining infected plahts. [f the presence of the infection has already confirmed,
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The first practice of the field of sanitation can include the measure of contrd Need

and volunteer pepper. The varieties that can produce fruit with the maturAtoo time

consuming can be selected, to let the fruit escape fungal disease. The W should be

moderated in fruit from insects or other means as the wounds are_the eMgfance points for

Fusarium spp. as well as other pathogens such as bacteria that g Eaus

i behind of soft

hould be

¥

with) thesgel

rot. At the end of season, the remains of the plants contami

eliminated (Agros, 2005).

2.11 Use of resistant cultivar

f@! diseases, but also
N,
ﬂpa@- Agrios, 2005). Some

$ve b §ecorded in many countries

genetic resources resistant to an
,I lﬁa 1987; Hong & Hwang, 1998;

and regions, taken from vafQu tce 1.
% &

Pae et al., 1998; Park e N%?;' 30 ¥ Park, 2Q01). In particular, some lines of F.

oxysporum has dem Iant fﬁé pathogen, and pathogen inoculation

has brought abo | ‘sgn @ chilli fruits (Ali, 2006; Joshi et al., 2012).

"
$E 1S ﬁifested in Capsicum annum, which is the only

However, as @ 1
ivated worldwide (

one spec

&

Woenetic study of anthracnose resistance to C. capsici, expressed in interdetailed

cros®of Thai susceptible C. annum cv. Bangchang and anthracnose resistant C. chinense
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CM 021 (Mongkolpom et al., 2004). The genetic purity of the F1 is confirmed undv

@\)wor

quantitative trait locus (QTL) and large effects on resistance and three oth Ls) with

molecular marker analysis. The Voorrips et al., (2004) have discovered

lesser effect on the F2 population (cross between C. annum and C. c/n'nem the traits

they have put to test, such as disease frequency, the true lesion diargfer and overall

lesion diameter having inoculated with C. gloeosporirdes co 1c thi resistance to

anthracnose disease.

2.12  Use of chemical against pathogens

Fusarium wilt, anthracnose and other fung

chemical method i1n the field, soil and floraees,

ingredients, hymexazol, azoxystrob%
infection caused by Fusarium wilt (Mekhef + . 20065.%16 fungicide traditionally
| Z inister]g I&Ochilli manganese ethylene
4

arl X 008hA However, fungicide tolerance on
* | 1086&“ will be the be-all and end all (Staub,

1991). Even thou l%»esn t contfQl £0r6 jous form of anthracnose on chilli fruit.
Q- NN
Ly v S
b

TIA ilurin fungicides @&stmbin (Quadnis), pyraclostrobin (Cabrio) and

Wlle\@l 14

'<<,

10x01in an

suggested for anthracno

bisdithiocarbamat (MAN%

surfaces quickly, if a gingl®

W (Flint) have been classified to control the anthracnose of chilli, however,

riyer reports on the efficacy of these fungicides against the severe form of the

B¢ are accessible (Alexander and Waldenmaier, 2002; Lewis & Miller, 2003). The
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disease can be monitored under normal weather conditions with a sensible

programme. However, there are numerous reports using chemical and its icp .

the

farmers™ income and health, and the consequences of toxic contaminatio%

)

environmentally, mainly in developing countries in the world (Voorrip et a

2.13  Use of bio-fungicides to control pathogens

Wilt 1s an important disease of brinjal crop causing sig

@
ant redgction myie&;
| con@'l with
Y
lg Ocimum

| 1illidﬂ1racnose, fruit
f u@yited issues. There

at a@dered successful 1n

infection of fungi Fusarium solani f. sp. melongenae;_wilt &

plant extracts viz., Azardiachta indica, Artemessi mmz, Eﬁ
sanctum and Rheum emodi (Babu et al., 200\%16 contr

rot has been clinging onto chemicals and gc has resu

ﬁbnent

* hilli{&h plant products tested in

>

tla@ crude extract from rhizome,

g

is a need to combine the alternative om

field. The biological control of f'ruitm dj

various laboratories and ﬁelc‘riaf Re poin
VO @ms calamus L.), palmorosa

leaves and creeping bragches ™ of
r§®hia in&m) oil Ocimum sanctum leaf extract

(Cymbopogon mat:’nii\ £cm 0

+ |
could impede the ant ngus J o ecjmlg (Jeyalakshmi & sheetharaman, 1998;

long @bio-ﬁmgicides used against the fungus

£ ¥

Col/etrotris‘ms species on chills fmi\@ found that the most successful control was the

Korpraditskul 2t 3 1

sweet fl Ne extract when applied in two intervals when most of plants were still at

m stage and at a much later mature bloom stage (Than et al., 2008b).
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2.14  Biological control with microorganisms Yv
It is unfortunate that biological control for chilli wilt disease do not seen%in much

attention. The potential for biological of Genus Fusarium was first inth by Link

(1809). This genus 1s notorious for harboring a variety of pathogerMyffungal species
: ?f'lftﬁ'i

lioides and F.

re-hag e&p&dgens that
@

iscases. fThe 1 ai' 1;@1 of

111 wDIQf ce@iety of

onsq%g;:m (Juhan
@ established by

"' Rl ICroorganisms may

N

wth factors or indirectly

(Zhang et al., 2012). The fungi F. proliferatum, F. culmoru
graminearum are Fusarium species that are important field

cause large crop damage because of root, stalk and ear r

harm to crops infected by Fusarium species 1s due ?
fungal toxins, which threaten the health of huma#yg and¥nin

C
YS

encourage to plant growth directly %
by antagonizing soil borne phyt mgel
Hardar, 1987; Davison, I%Erema

plantarum is a superior

ough secondary metabolites (Okon and

l

ct

al (i
&
Spfé\m of antifungal compound that 1s

+- Q’(1999) has been confirmed that Lb.

suggested that Lactobacillus

Pla
! c?
] Jf @f | proteinaceous compound that showed

include 3-phenyllact;

plantarum VTT

N
. }t 1S ﬁely confirmed that for biological control by

croorganisms, as a @' encouraging action to control the station of post-

antagonisjy

harvest Mge®es (Janisiewicz & Korstn, 2002).




2.15 CHILLI

A3
O
3

Chilh (Capsicum anmuun L.) 1s belonging to Family Solanaceae and 1t Wyone of the most

z' et il., 2013). The
ro Win Table

2.15.1 History of chilli

important in human food (NHB, 2011; Dias et al., 2013;

varieties of chilli their common name, scientific and horticu

2. India 1s a major chilli producing countries in the worl
widely cultivated in the world. It is globally covern

and also produces in temperate zones (Pickersdy

various names, for example chilli pepper w *

concerned (Than et al., 2008b). The % pepper\dx ferg

\ . .
especially to the kind of small chilli eif cCgrma 035@311 et al., 2008b). Chalh
was first derived in South h'a 4
(Purseglove, 1987). Archae%

discovered in the Tehuad

with the help of Clu@ hillt‘l%!f been sold in markets in all over the

@e tropics and subtropics
Innum L. before 5000 BC was

t ported to the European countries

ical and temperate trade paths and among the

N

fand, 2007) who had simply been drawn to this

world, including

B
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TABLE 2: Botanical classification of commonly cultivated species of peppers

—

_CommonName  Scientific Name Horticultural
Chili pepper Capsicum anmum var. annuum Longdm
Bird pepper Capsicum annuum var. aviculare
Ajl1 pepper Capsicum baccatum var. baccatum
Bell pepper Capsicum annuum var. annuum

Cone pepper Capsicum annuum var. anm@

Cayenne (Red Capsicum annuum var. a
cluster pepper) i \

)
\T é Unknown

A
& <$' Pendulum
A
Il :

Rocoto and Capsicun pu!em

Manzano
Habanero Capsicum chimggse
%escen '

Tabasco and Capsicy
Squash pepper
Aj1 pepper Capsicum

5§5006)

&

e%ffective in the pharmaceutical and cosmetic

capsaicin. Ca jias begn c
industries ealing of & ld;and Woat and chest congestions (Muthukummar et al.,

>N
®nsidered attractive to numerous; aesthetic aroma quality, good taste, soft

pp.) is one of the essential vegetable crops, with

201 pepper (Capsicum\p

0).

Cd

extul® fascinating colours, and also the fact that it has a variety of nutrients, like

minerals, vitamins A, C, and E and antioxidant properties and throughout the world. Chili
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is consumed fresh, dried or in powder (Muthukummar et al., 2010; El-Ghorab

2013). @

At the global level, chili 1s one of the spices that produce h Yvevenues for

producers and therefore contributes to poverty alleviation and improvgfent of women’s

'c,Zood and medicinal
that 1st natlonal

Wy
-

k to stand out as

social status (Karungi et al., 2013). Although it is eco

importance, chili remains in several countries a neglecte

priority 1n terms of agricultural development (FAO, 20@

Chilli fruits of (Capsicum annum L.) i one

crops. With a yearly production of 1.1 mi h

the major chilli manufacturer in the wo

to 27 species and out of this figure %bicﬁ

C. chinense Jacq., C. frutescen: L,

cultivated in various reglo% er the

annum 1s the most pOpul\Tong @ ;19
2009) followed by % pCeNS N (J
&

s fruit, including volatile oils, fatty oils and

: @41 contains around 20
_

od namely, C. annuum L.,

vbescens Keep. These plants

FI'Ol@e
§ &

Wngsland & Botava, 2000; Costa et al.,

&

five types of chilli grown, C.

cals 1

T

noids, carotenoids Qﬁmlns protein, fibre and minerals (Than et al.,

Ther% riougfclie
steam c&

2008% blyera et al., 2013) The compounds and capscinoids found in chilli
C

ictm are capsaicin (C 69%), homocapsaicin (HC 1%) and homodihydrocapsaicin

C 1%), di-hydrodcapsaicin (DHC 22 %), non-hydrocapsaicin (NHDC 7%), the
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namely C and DHC are the chemicals which cause the sensation of rapid bite at t/ig=a
of the plate and the throat, while the others bring the eaters to along, low inteﬁ itf| ¥C on

the tongue and mid plate capsaicinoids that are very important in pre% chronic

diseases such as cancer, asthma, coughs, sore throats, toothaclwaetes and

cardiovascular diseases (El-Ghoraba et al., 2013; Wahyuni et al., 20 Ne consumption

7

of fresh fruits facilitates starchy food digestion (Masada et al.

Chill 1s the most important source of incc\ ;ora)or farm

w ?f 1&%‘iaused by Fusarium
N

2010).

3
Bha‘tachary
NY.

| &

a et al.,

2.15.2 Effect of biological control against wilt di

from many diseases, one of them desci a wilt

clijorog dascular discolouration,

&

razI * ugh 1 re were conducive to the
0

species. The symptoms of Fusarii gkt lud&l lea

and wilting of chilli plants. Higem
symptom development of % o

chilli difficult to be

-

hls«bt disease had been making the

g0,
b g
cond't{éﬁé. Therefore, chilli farmers have

experienced extensiye ec

N

¢ roots soft and water-soaked, plants wilt and

res are spread 1n @‘ion water and with wind-blown particles of soil.

orly drained éoils should be avoided (Savary et al., 2006; Montesinos, 2007;
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If economically justified, soil fumigants and solarization can be used to reduce ngn
populations 1n soil, but increasing use of pesticides has led to several problenii : pch as
environmental degradation health hazards for human, pest resistance anr%ase in the

population of beneficial insects, which has direct impact on the W resistance

(Groenewald, 2005). There 1s a worldwide need to adopt the pralWg€ of sustainable
,,zless

agriculture, using strategies that are environmental-fri ldependent on

resou cve the key
®
a' c_@blling

% ess%ﬁiological

ollet@s;mm species
®)

agricultural chemicals, and less damaging to soil and wa¥

elements of such sustainable agriculture i1s the applk®gn of Wiolo

strategies for plant protection (Joshi et al., 2012). .
control agents against Fusarium species (Hamd

(EI-Mabrouk et at., 2014).



