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Chapter - 1
INTRODUCTION

Vegetables play an important role in agriculturabomy and are an
essential component of the human diet. Vegetaldespy 12 per cent of the total
area under cultivation in India (Butani and Jotwd884). In Kashmir, the area
under vegetables is 30.25 thousand hectare widnanal production of 7.70 lakh
tonnes (Kamiliet al.,2012). Vegetables constitute many groups and artiesg,
cole crops form an important place comprising ofiée range of leafy cole crops
of family BrassicaceaAll cole crops are originated from Europe andticated
all over the world from Arctic to subtropical regi@and also at higher altitude of
tropics (Hill, 1975). In the valley, the commonlsogvn cole crops are Kale, Knol-
khol, Cabbage and Cauliflower and area under Kal@600 ha with an annual

production of 1, 06,780 tonnes (Anonymous, 2012).

Kale, Knol-khol, Cabbage and Cauliflower are widgisown vegetable
crops in Kashmir Valley. These crops are attackg@ mumber of insect pests;
the cabbage butterflyP{eris brassicae)is one of the limiting factor for the
successful cultivation of cole crodB. brassicaglLinn.) (Lepidoptera: Pieridae),
is a pest distributed all over the world (Feltw&l978). In Indian subcontinent, it
is distributed along Himalayan region including Btdn, Nepal and throughout
the plains except southern states of India (Lal Radh, 2004; Younast al.,
2004). The losses causedPybrassicaecan be more than 50 per cent in Kashmir
(Bhat, 2008). Host plant resistance to pests igékalt of co-evolution between
the plants and the insects for millions of yeatan® and insects have been living
together for more than 350 million years. In codation, both have evolved
strategies to counter each other’'s defence sysidrs. evolutionary arms race
between plants and insects has resulted in thdajswent of an elegant defence
system in plants that has the ability to recogtiimenon-self-molecules or signals
from damaged cells due to feeding by the herbivdhes, activates the plant

iImmune response against them. Plants respond tavber through various

I




morphological, biochemical and molecular mechanientounter the effects of
herbivore attack. To counter this type of herbivatack, plants produce
specialized morphological structures or secondaeyabolites and proteins that

have toxic, repellent and anti- nutritional effeststhe insects.

Induced biochemical defences in plants are maseiflegshrough the
production of anti-digestive proteins and toxica®tary metabolites (Kessler and
Baldwin, 2002; Howe and Jander, 2008; Usha andhdpet 2010). Secondary
metabolites have diverse roles in plants and arelved in plant defence against
biotic and abiotic stress responses and in hormoeglilation. Some of the
secondary metabolites are phenolics, flavonoidsyite etc.

Phenolic compounds are widely produced in plantd &ave been
implicated in many important “secondary” ecologiaales, including plant
interaction with insects and microbes (Matsuki, @9%ooper-Driver and
Bhattacharya, 1998; Taiz and Zeiger, 2006). Plaenpls play an important part
in biochemical defence of plants against insecttsp€Sharmaet al., 2009;
Ushaand Jyothsna, 2010; Ballhoeh al., 2011). Qualitative and quantitative
alterations in phenols and elevation in activiné®xidative enzymes in response
to insect attack is a general phenomenon (Ushayottisna, 2010; Barakat al.,
2010; Heet al.,2011).

Flavonoids are the major plant defensive phenotimmounds utilized
against a variety of stresses (Treutter, 2006).evtban 5,000 flavonoids have
been reported in plants, which play a central mlearious facets of plant life
especially in plant-environment interactions (Tteyt 2006). Flavonoids and
isoflavonoids protect the plant against insect pést influencing the behaviour,

growth and development of insects (Simmonds, 2003).

Tannins are astringent (mouth puckering) bitterypbénols. They are
divided into two groups; condensed and hydrolys#nains. Condensed tannins

are the important and highly effective plant se@gdmetabolites involved in




defence against herbivory (Forkeeal.,2004; Sharmat al.,2009).

The nutritional requirements of insects are simitarother animals and
any imbalance in digestion and utilization of plambteins by insects results in

drastic effects on insect physiology.

Jasmonic acid (JA) is the most important phytoharenbnked to plant
defence against herbivores and activates the esipresf both direct and indirect
defences (Shivajet al., 2010). Jasmonic acid, its precursors and derivative
collectively called jasmonates, represent a fanuifyoxylipins that play an
important role in a variety of plant processesudalg defence against insects,
abiotic stresses, growth and development, fertditgd senescence (Kumadi al.,
2006; Wasternack, 2007; Pauweleal.2008; Shivajiet al., 2010; Kanncet al.,
2011).

Salicylic acid (SA), a benzoic acid derivative, ®n important
phytohormone involved in regulation of plant defenlt is important endogenous
plant growth regulator that generates a wide raxigaetabolic and physiological
responses in plants involved in plant defence (Zbaal., 2009; Vicent and
Plasencia, 2011; Kannet al., 2011). The exogenous spray of these two
phytohormones induces the resistance in host fgrdctivating the secondary

metabolites in plants.

Plant resistance against insect pests can be wdiv&i or induced.
Constitutive resistance is always present in plamespective of the external
stimuli, while as the induced resistance is produceresponse to the wounding,
infestation by insects or by elicitor applicatiofo counter attack the attacking
insect, plants produce myriad specialized metadmbind proteins that have toxic,
repellent, or anti-nutritional effects on the akiac(Duffey and Stout, 1996; Ryan,
2000; Wittstock and Gershenzon, 2002; Zhu-Salzreaml., 2008; Usha and
Jyothsna, 2010; Het al., 2011). Induced resistance is very rapid and highly

dynamic and plays an important role in protectingnis from further damage




(Karban and Baldwin, 1997; Kessler and Baldwin,2@8owe and Jander, 2008).
Host plant resistance is the most economic andrezadly method of controlling

insect pests (Sharma and Ortiz, 2002).

Keeping the above mentioned facts in consideratibe, present study
entitled, “To study the defensive response of Kaminst Cabbage butterfly
(Pieris brassicad.inn.)” was undertaken with following objective:

1. To study the induced resistance against cabiaigerfly on Kale.




Chapter - 2
REVIEW OF LITERATURE

2.1 Induced resistance

Induction of trichomes in plants in response tabhary was considered
an important defensive strategy to minimize subeetjdamage by the herbivores
(Agrawal, 1999a; Traw and Dawson, 2002). Trichonaesl their exudates

influenced both larval feeding and oviposition hgects (Handlegt al.,2005).

Numerous agricultural and wild plants demonstmatiiced responses to
insect damage. Induced responses are any changedbars after herbivore
attack. Many studies had documented negative sffecinduced responses on
herbivore preference or performance (Tallamy andipRa 1991; Stout and
Duffey, 1996; Karban and Baldwin, 1997).

Resistance or tolerance of plants to insect herbs/avas mediated via
constitutive or induced defence mechanisms (Mawagtial., 1997; Buell, 1998).
Inducible defences were thought to compromise pliémess less and might be
more durable, than constitutive defence mechanigxgsawal, 1998). Inducible
defences played a major role in conferring insesistance and their effects on
phytophagous insects which included increased itgxicdelay of larval
development, or increased attack by insect pardsit@Baldwin and Preston,
1999).

Induced resistance had been reported from over @dl@@t-herbivore
systems and appeared to be a common feature ehenbivore defences in all
walks of plant life. Induced resistance can haveyl@asting negative impacts on
populations of herbivores and positive effects ¢tempperformance (Agrawal,
1998; Agrawal, 1999a; Agrawal, 1999hb).

Induced plant resistance to herbivavese a general phenomenon found

in many plants and was characterized by reducef@rerece or performance of




herbivores on previously damaged plants comparetiadbon controls (Karban
and Baldwin, 1997). Such plasticity in plant remmte had been shown to be
adaptive in several instances: induced plants &ktively higher fithess than un-
induced controls in the presence of herbivores rahatively lower fithess than
controls in the absence of herbivores (Agarwal 8. 9gyarwal, 1999a; Agarwal,
1999 b; Agarwakt al.,1999a).

Inducible defences played a major role in confegrriisease resistance
against plant pathogens (Maleck and Dietrich, 1988y their effects on
phytophagous insects can include increased toxidélay of larval development
or increased attack by insect parasitoids (Baldwid Preston, 1999).

Induced resistance can be direct or indirect. Diresistance aimed at the
accumulation of substantial amounts of defenceeprstand/or production of
noxious chemical in damaged plants that reducedirfgeoviposition, growth and
development of herbivores (Heil, 2004). The strradtulefence formed the first
line of defence against insects and constitutedrtbgohological and anatomical
traits that were advantageous to the plants anecttir deterred the insect
herbivores (Hanleyet al., 2007; Agrawalet al., 2009). Indirect resistance was
mediated by the emission of volatile blend thatcdpmally attracted natural
enemies of herbivores (Arimugd al., 2009). Plants were always under the biotic
stress due to herbivores, which caused severe damasagrops worldwide. In
order to defend themselves against these herbivplasts had developed a wide
range of physical and chemical mechanisms (Rasméigarwal, 2004; Sharma
et al.,2009 and Waet al.,2011).

Host plant selection for oviposition was crucial the suitability of the
host plant determined the survival and developnwnthe progeny. Surface
chemicals, plant volatiles and trichomes had a maftuence on the oviposition
behaviour of insects (Hilkezt al.,2002; Chamarthet al.,2011).




Plants respond to herbivory not only through bimstval mechanisms, but
also through the induction of morphological feasrguch as trichome density in
subsequent plant growth (Traw and Dawson, 2002)biMa&ous insects used
diverse feeding strategies to obtain nutrients ftbeir host plants. Rather than
acting as passive victims in these interactiorantgsl responded to herbivory with
the production of toxins and defensive proteinst tteagetted physiological
processes in the insect (Zhetoal.,2009; Kawaztet al.,2012).

2.2 Secondary metabolites

Plants with high variability in defensive chemicaghibited a better
defence compared to those with moderate varialiitglling, 2000; Kessler and
Baldwin, 2002; Sharmat al., 2009; Heet al., 2011). The defensive secondary
metabolites can be either constitutively storednastive forms or induced in
response to the insect or microbe attack and/arteliapplication. Secondary
metabolites and defensive proteins accumulatedlant gissues as a result of
insect damage or pathogen infestation and defeedpthnts against further

damage by insects and/or pathogens (Tates., 2006).

The secondary metabolites did not affect the nbrgr@wth and
development of plants, but reduced the palatabdftyhe plant tissues in which
they are produced (Stenvensetnal., 1993; Kessler and Baldwin, 2002; Boerjan
et al.,2003; Bernards and Bastrup-Spohr, 2008). Secondatgbolites also acted
as signal compounds for attracting the pollinatingeed dispersing animals and
also protected the plants from ultraviolet radiatend oxidants (Boerjaet al.,
2003). Reduced damage, lower larval survival ameetdarval weights might be
due to the greater production of toxic secondartabwites in the insect-resistant
genotypes by insect damage and jasmonic acid applic (Feltonet al., 1994;
Mao et al.,2007; Cheret al.,2009 and Bhongwonet al.,2009).

2.3 Tannins

Bernays (1998) reported that condensed tannine wdgomeric or




polymeric flavonoids, also known as pro-anthocyarsd They had diverse
structures and functions. They acted as feedingridgits against some insects
such as,Lymantria dispar(L.), Euproctis chrysorrhoedL.) and Operophtera

brumata

Induction of tannins in plants in response to ahgafestation had been
well documented. The increase in tannins in inséested byPinus sylvestrid..
and accumulation of tannins Populusspp. infested by several insects had been
reported (Stevens and Lindroth, 2005). Tannins atedi the formation of
semiquinone radicals and quinones and other reaoiygen species by oxidation
in insect gut due to high pH, thereby inhibitingeact growth and development
(Stevens and Lindroth, 2005).

Tannins had a strong deleterious effect on phwygpbs insects and
affected the insect growth and development by bmdo the proteins, reduced
nutrient absorption efficiency and cause midgutoles Tannins are astringent
(mouth puckering) bitter polyphenols and act aslifeg deterrents to many insect
pests. They precipitated proteins non-specificaligcluding the digestive
enzymes of herbivores), by hydrogen bonding or lemtabonding of protein —
NH, groups. In addition, tannins also chelate the metss, thereby reducing
their bioavailability to herbivores. When ingestethnnins reduced the
digestibility of the proteins thereby decreased rigritive value of plants and
plant parts to herbivores (Sharma and Agarwal, 1%3armaet al., 2009;
Barbehenn and Peter, 2011).

2.4 Proteins

Exogenous application of JA or methyl jasmonate JMeintensified
plant resistance to various herbivores (Avdiushkal.,1997; Ometet al.,2001)
and induced the expression of defensive proteinonmato (Stoutet al., 1998;
Cipollini and Redman, 1999; Boughtat al., 2005). Waret al. (2011) found

ground nut plants infested witBpodoptera litura(Fab.) had greater protein




content in ICGV 86699 at 24, 48 and 72 h afterstdgon as compared to control
plants.

Alteration in protein content or sequence influehtiee function of that
protein. Likewise, anti-insect activity of a prolgsis-susceptible toxic protein
can be improved by administration of protease imbib (Pls), which prevent
degradation of the toxic proteins and allows themekert their defensive
function. Due to diverse feeding habits of arthiganultiple signaling pathways
including jasmonic acid (JA), salicylic acid (SAhddor ethylene regulated

arthropod-inducible proteins (Arimugd al.,2009).

Better understanding of protein structure and pastslational
modifications contributing to stability in the herbre gut would assist in
predicting toxicity and mechanism of plant resistarproteins (PRPs). Recent
advances in microarray and proteomic approachesrbéaeealed that a wide
spectrum of PRPs was involved in plant defencersgdierbivores (Cheet al.,
2005 and Cheret al., 2009). On account of biotic stresses, plants alen
alteration in levels of various proteins and alsodpce new entitiefUsha and
Jyothsna, 2010 Many plant proteins ingested by insects werelstabd remain
intact in midgut and also moved across the gut insdl the haemolymph.

2.5 Phenols

Lignin synthesis had been found to be inducetidabivory attack and its
rapid deposition reduced further growth and hen@viecundity (Johnsoat al.,
2009). It limited the herbivores by blocking phylg or increasing the leaf
toughness that reduced the feeding and also dedr¢hs nutritional content of
the leaf (Johnsoet al., 2009). Phenol increased the leaf toughness tllaicesl
the feeding by herbivores and also decreased ttréional content of the leaf
(Johnsonet al., 2009). Lignin, a phenolic hetero polymer actedaasentral

component of physical plant defence against ingd8asakatet al.,2010).

Wu et al. (2008) reported that iNicotina attenuateapplication of MeJA




(Methyl jasmonate) induced greater accumulatiojasinonic acid, which in turn
activated the production of phenols agaiMdenduca sextaPlant phenols
comprised a structurally diverse and ubiquitousugrof plant compounds that
had been suggested to play variety of roles intpdafence (Usha and Jyothsna,
2010).

2.6 Flavonoids

A number of flavonoids such as flavonols, flavongsganthocyanidins,
flavan 3-ols, flavonones, flavans and isoflavosoltad been investigated as
feeding deterrents against many insect pests (Haebd993), which included
genistein, wighteone, 2-hydroxygenistein, luteohepisoflavone. Flavones 5-
hydroxyisoderricin,7-methoxy-8-(3-methylbutadienyl} flavanone and 5-
methoxyisoronchocarpin isolated frohephrosia villosgL.), Tephrosia purpurea
(L.) and T. vogeliiHook respectively, had been found as feeding deterrents
against Spodoptera exemptaand S. Littoralis Bios. (Simmonds, 2003).
Cyanopropenyl glycoside and alliarinoside strongihibited feeding by the
native American butterfly,Pieris napioleraceal., while isovitexin-6"-Df-
glucopyranoside acted as feeding deterrent to dhe ihstars (Renwiclet al.,
2001). Isoflavonoids (judaicin, judaicin@-glucoside, 2-methoxyjudaicin and
maackiain) isolated from the wild relatives of dtpea acted as antifeedant
against the pod boreHelicoverpa armigergHubner) at 100 ppm. Judaicin and
maackiain were also found deterrent3podoptera littoralisand S. frugiperda,
respectively (Simmonds and Stevenson, 2001).

Flavonoids were the major plant defensive phenotimpounds utilized
against a variety of stresses. More than 5,0000flaids had been reported in
plants, which play a central role in various faggtplant life especially in plant-
environment interactions (Treutter, 2006).

Piubelli et al. (2003) reported that higher level of flavonoidsclsias

daidezin and genistin, had been observed in soypkats infested witiNezara




viridula. Johnson and Dowd, 2004 reported that flavonoidfezoed resistance
againstSpodoptera frugiperdan Arabidopsis thalianaFlavonoids were divided
into various classes that include anthocyaningofias, flavonols, flavanones,
dihydroflavonols, chalcones, aurones, flavan amd-gmthocyanidins (Simmonds,
2003 and Treutter, 2006).

Phytoalexins included isoflavonoids, terpenoidskalkaids, etc., that
influenced the performance and survival of the iveres (Walling, 2000). It had
been reported that maize host plant resistancertoearwormHelicoverpa zeds
mainly due to the presence of the secondary meteboC-glycosyl flavone
maysin[2"-O-a-L-rhamnosyl-62-(6-deoxyxylo-hexos-4-ulosyl) luteolin] and the
phenyl propanoid product chlorogenic acid (Nuesslal., 2007). Compound, 4,
4-dimethyl cyclo-octene had been found to be resipta for shoot fly,

Atherigona soccateesistance isorghum bicolo(Chamarthiet al.,2010).

Both flavonoids and isoflavonoids protected thenplgainst insect pests
by influencing the behaviour and growth and devedept of insects (Simmonds,
2003).

2.7 Jasmonic acid

They induced toxic secondary metabolites and auttitive compounds in
plants, which reduced larval growth and developnagrt deter adult moths from

oviposition (Bruinsmaet al.,2007).

Caterpillars Mlanduca sextandSpodoptera exigyded on mutant tomato
deficient in jasmonic acid production showed higkervivorship and greater
weight gain than those fed on wild-type tomato (€hat al., 2002). Jasmonic
acid was the most important phytohormone linkedptant defence against
herbivores and activated the expression of botlectliand indirect defences
(Shivajiet al.,2010).

Moreover, insect damage had been reported to trige induction of

jasmonic acid and salicylic acid, which in turnragthe expression of induced
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defensive enzymes and secondary metabolites aidtlas emission of plant
volatiles (Farmer and Ryan, 1990a; Steppuhn andvBal 2007; Dickeet al.,
1998; Amentt al.,2004; van Schiet al,.2007; Zhacet al.,2009; Pieterset al.,
2009; Shivajiet al.,2010).

Jasmonic acid (JA), its precursors and derivativasdlectively called
jasmonates, represented a family of oxylipins fhlayed an important role in a
variety of plant processes including defence agansects and pathogens, abiotic
stresses, growth and development, fertility anceseence (Kumaret al., 2006;
Wasternack, 2007; Pauwadeal.,2008; Shivajet al.,2010; Kanneet al.,2011).
Jasmonic acid activated the expression of bothcdia@d indirect defences in
plants (Shivajiet al., 2010). Induction of endogenous jasmonic acid le¢adhe
modulation of resistance related gene expressiahtla® defensive metabolites
involved in plant defence against herbivory (Kordimd Thompson, 2006;
Bruinsma and Dicke, 2008). Jasmonic acid gets ¢uiekcumulated in plant

tissues surrounding the site of damage (Kaetral.,2011).

Furthermore, exogenous application of jasmonic,asadicylic acid and
their precursors and derivatives induced the defengroteins and other non-
protein compounds in plants (Orozco-Cardeetsl., 1993; Thaleret al.1996;
Thaleret al., 2001; Cipollini and Sipe, 2001; Zhaa al., 2009; Pieterset al.,
2009; Shivajiet al., 2010), besides increasing plant fitness, incregsgdsitism
and reduced growth and development of insect pg@&sklwin, 1998; Thaler,
2001; Kessler and Baldwin, 2001; Verhageal.,2010).

Exogenous application of JA in tomato induced tléatle compounds
which attract aphid parasitoids ([2@ al., 1998; Thaler, 2002), thereby mediating
the indirect plant defence. A large numbers of ganeolved in defence against
herbivores are regulated by JA (Cipolleti al., 2004; Shivajiet al.,2010). Role

of exogenous application of JA against insect hertyi had been well established.




Jasmonic acid (JA) and salicylic acid (SA) were timportant
phytohormones involved in plant defence againstédhserbivory (Stotzt al.,
2002; Traw and Bergelson, 2003; Bruinsetal.,2007; Zhacet al.,2009). They
induced toxic plant secondary metabolites and atritive compounds in plants,
which reduced larval growth and development ancerdeidult moths from
oviposition (Bruinsmaet al., 2007). Plants responded to insect oviposition
through direct and indirect defences, which aimedyet rid of the insect eggs
and/or to kill them, thus avoiding the damage bg ldrvae (Hilker and Meiners,
2010).

Jasmonic acid was considered to be one of the igs&irtant elicitors of
plant defences against herbivores, mediating th@ession of both direct and
indirect defences (Shivagt al., 2010) and accumulating rapidly in plant tissues

near the site of herbivore attack (Moregtaal.,2009).

Jasmonic acid affected plant development and ploggrowhich in turn
affected plant yield irrespective of effects onlieory (Fanet al., 1997, Koda,
1997). Jasmonic acid (JA) and salicylic acid (SAgrev the important
phytohormones involved in plant defence againsedhsherbivory (Stotet
al., 2002; Traw and Bergelson, 2003; Bruinsetal.,2007; Zhacet al.,2009).

Jasmonic acid, a ubiquitous regulator of the woungldiced response in
plants, was an essential component of the signgatbway in crop plants and
when applied exogenously, it induced several deferalated responses and
production of volatile compounds (Wasternack, 2007@¢luction of endogenous
jasmonic acid leads to the modulation of resistaet&ted gene expression and
the defensive metabolites involved in plant defeagainst herbivory (Korth and
Thompson, 2006; Bruinsma and Dicke, 2008). Jasmesnatere derived from
linolenic acid through octadecanoid pathway (Wamstek, 2007) and accumulated
upon wounding and herbivory in plant tissues (Pdeeeal.,2008; Shivajiet al.,




2010; Kannoet al., 2011). JA gets quickly accumulated in plant tissue
surrounding the site of damage (Kareial.,2011).

2.8 Salicylic acid

As a single compound it can attract predatory n{ilaske et al.,1993). A
volatile analogue of salicylic acid, methyl salicylacid, was a common
component of the blend emitted by herbivore infégiants (Van Poecket al.,
2001).

Benzoic acid, the direct substrate for salicyliadabiosynthesis, was
derived from phenylpropanoid pathways in plantshw®AL as key regulatory
enzyme (Dixon, 2001). Fluctuation in the quantifyspecified metabolite might
be involved in the pathway flux controlled by thetiaty of its rate control

enzyme and substrate available (Koloseval.,2001).

Recently, accumulating reports indicated that #ilegic acid pathway is
involved in a wide range of plant defence responBes example, plant defence
in response to microbial attack was regulated thinoa complex network of
signalling pathways that involve three signallingoletules: salicylic acid,

jasmonic acid and ethylene (Kunkel and Brooks, 2002

Salicylic acid played a key role in the signal tdnction pathway leading
to systemic acquired resistance (Enyedal., 1992). The SA and JA signalling
pathways were mutually antagonistic (Kunkel anddBsy 2002). Plant defences
against insects were regulated differentially byssrcommunicating signal
transduction pathways in which salicylic acid aagnjonic acid played key roles
(Spoelet al., 2003). A few available reports mentioned the fiorctof SA in
defence responses to insects (Saital.,2002; Martinezet al., 2003). Branctet
al., 2004 found that salicylic acid was an importantmponent of the signalling
that leads to root-knot nematode resistance andafiseciated hypersensitive

response.

The transcriptional responses of plants to herleiwavere regulated by the
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coordination of salicylic acid and jasmonic acidhyeays and can have both
synergistic and antagonistic interactions (Rejal.,2003). The JA and SA were
regarded as the most important plant defence siggaholecules that induced
different antioxidative enzymes and secondary naditals (Farmer and Ryan,
1990a; Steppuhn and Baldwin, 2007; Westernack, ;Z08goet al.,2009; Shivaji
et al.,2010), thereby, enhanced the host plant resistagamst insect herbivores
and other stresses (Koornneef and Pieterse, 2@08Dam and Oomen, 2008;
Zheng and Dicke, 2008).

Salicylic acid (SA), a benzoic acid derivative, was important
phytohormone involved in regulation of plant defenlt is important endogenous
plant growth regulator that generated a wide rasfgeetabolic and physiological
responses in plants involved in plant defence (Zégal., 2009; Vicente and
Plascencia, 2011; Kannet al., 2011). SA induced greater defence against
piercing and sucking type of insect pests and adgonst the chewing pests (Zhao
et al.,2009; Pengt al.,2004; Thaleet al.,2010; Kanneet al.,2011).




Chapter - 3
MATERIALS AND METHODS

The study was conducted at Division of Entomolo§her-e-Kashmir
University of Agricultural Sciences and Technology Kashmir, Shalimar
Campus, on the Kale plants which were grown unaer imesh net house and the
larvae of insecPieris brassicagwere reared in the laboratory on natural food
Kale.

Two commercial varieties of Kale (Kaawdand Khanyari) were raised in
plastic pots (3830cm). Seeds of the varieties were raised in Gidense of
Division of Agricultural Engineering, SKUAST-Kashmand when seedling,
became 30-40 days old, seedlings of the two vaesetiamely Kawdari and
Khanyari were transplanted in plastic pots X30cm). Fifteen days after
transplanting, Kale plants of the two varieties avgre-sprayed with two
phytohormones i.e., jasmonic acid and salicylida@ 1 mM. Plants presprayed
with two signalling molecules (phytohormones) atriM concentrations were
quickly infested with the second instar larvae Rf brassicae The another
treatment was run by only infesting with the secamdtar larvae on two test
varieties (without spraying of jasmonic acid andicgic acid) and a separate
control (no spray, no insect infestation) was ron both the varieties. The
treatment details were as follows:

3.1 Treatment detail
Design of Experiment: RCBD (Randomized CompletecBIDesign)
Crop = Kale
No. of varieties: 02

MKhanyari
¥Kawdari
No. of chemical treatments: 04 (01+03)

01=control
03=treatments
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Insect reared on natural food (Kale) nBasprayed with phytohormones

Plants infested with larvae ®feris brassicae Crushing of leaf sample

Plate-1: Procedure for extraction of secondary metbolites



C, = Pre infestation application of Jasmonic acid)(3Anfestation by
Pieris brassicadarvae (PBL).

C,= Pre infestation application of Salicylic acid jJAinfestation by
Pieris brassicadarvae (PBL).

C3:
Co =

only infestation byieris brassicadarvae (PBL).
Control (no spray, no insect infestation).

Total No. of treatment combination = 08

|

3.2 Treatment combination detail
Code Symbol Detail

T1 V1Co Khanyari + Control

T ViC Khanyari + pre infestation application of Jasmad
2 1 + infestation byPieris brassicadarvae

T ViC Khanyari + pre infestation application of Salicyécid
3 =2 acid + infestation byieris brassicadarvae

Ta V1C3 Khanyari + only infestation bRieris brassicadarvae

Ts V2Co Kawdari + control

T VoC Kawdari + pre infestation application of Jasmoroag
6 21 + infestation byPieris brassicadarvae

T VoC Kawdari + pre infestation application of Salicyhacid
! 22 acid + infestation b¥ieris brassicadarvae

Tg VoCs Kawdari + only infestation bRieris brassicadarvae

No. of replications  : 04 (12 plants/treatmen

No. of plants required: 96

In addition, five larvae each from all the treatisewere collected and

brought to the laboratory to determine their wei@hg)) on basis to see the effect

of phytohormones oR. brassicadarvae which were introduced in the treatments.
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After 6 days of infestation, leaves were excised eollected from all the
treatments including control. The leaf samples weodlected from all the
treatments and brought to the laboratory. The $aafiples were then stored for

two days in Deep freezer to study the following poments as detailed below:

3.3Phenolic content
3.4Condensed tannins
3.5 Total flavonoids

3.6 Total proteins
3.3 Phenolic content

Procedure : Fresh leaves (0.5 g) were homogenized in 3 ml ofp860 cent
methanol and agitated for 15 min at 70 °C. Thetswluwas centrifuged at 10,
000 rpm (revolution per minute) for 10 min. and thgernatant collected. The
supernatant was used for the estimation of totehplic content. The Phenolic
content was estimated as per Zieslin and Ben-Z§k883) method with some
modifications. To 2 ml of 2% sodium carbonate {8@z), 1 ml of methanol
extract was added. The solution was incubated fairbat room temperature after
which 0.1 ml of 1 N Folin-Ciocalteau reagent wasledl The solution was
incubated again for 10 min and absorbance of the bblour was measured at
760 nm. Phenolic concentration was determined fedamdard curve prepared
with gallic acid and was expressed as pg Gallid aquivalents § FW (ug GAE
g* FW).

34 Condensed tannins

Procedure : Condensed tannins content was estimated by usimglliva
hydrochloride method as described by Robert (19%it)y some modifications.
The 0.5 ml of supernatant was added to 2.5 ml ailaHCI reagent [equal
volumes of 8 per cent HCI (in methanol) and 4 gt wanillin (in methanol) and
the solutions mixed just before use]. The reactioxture was incubated at room

temperature for 20 min and the absorbane&l @ 500 nm against a blank
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Phenol

Total flavonoids

Plate-2: Secondary metabolites (Phenol and TotaldVonoids)



containing the reagent alone. Tannic acid waged as the standard. The
total amount of condensed tannins was expressgd &mnnic acid equivalents'g
FW (ug TAE ¢ FW).

35 Total flavonoids

Procedure : Total flavonoid content was determined by the medifaluminium
chloride method as described by Woisky and Salatird®8). Leaf extract (0.2
ml) was added to 0.8 ml of distilled water in attege. To the above solution,
0.06 ml of 5 per cent NaNQvas added. The solution was allowed to stand for 5
min. To the solution, 0.06 ml of 10 per cent AJ@hd 0.4 ml of 1 M NaOH was
added and mixed well. The absorbance was readCah®l The total amount of

flavonoids was expressed as pg catechol equivalgrfsV (ug C ¢ FW).
3.6 Total protein estimation by Lowry’s method
3.6.1 Materials

e 2 per cent Sodium Carbonate in 0.1 N Sodium Hydi®xReagent A)

e 0.5 per cent Copper Sulphate (CuSbLO) in Potassium Sodium
tartarate (Reagent B)

» Alkaline copper solution Mix 50 ml of A and 1ml & prior to use
(Reagent C)

* Folin Ciocalteau Reagent (reagent D)

* Protein solution (stock standard): Weigh accura&ly mg of bovine
serum albumin and dissolve in distilled water arakenup to 50 ml in a
standard flask.

e« Working standard: Dilute 10 ml of the stock solatito 50 ml with

distilled water in a standard flask.

Procedure : This method was given by Lowry (1951). Leaf sanmgfl@bout 500
mg grinded with mortar and pestle in 5 to 10 mthe sodium phosphate buffer.
The sample was centrifuged and the supernatant fmsegrotein estimation.
Bovine Serum Albumin (BSA) was used as a standdiie solution was
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Condensed tannin

Total protein

Plate-3: Secondary metabolite (condensed tannin) drtotal protein



incubated at room temperature in the dark for 3@. Biue colour was read at 660
nm. The amount of protein was calculated from thedard graph and expressed
as mg/g on FW.

3.7 Per cent damage

Per cent damage of Kale plants was calculated 3 [édys after
treatment), 6 DAT and 9 DAT. Per cent damage wésllzded based on foliage

damage index as given below :

bESﬂggfy (% ?gﬂgge) Damaging
1. 0-3 Occasional holes in leaves
2. 4-10 Few leaves with holes
3. 11-25 Moderate number of leaves
4. 26-50 Most leaves with holes
S. 51-100 All leaves with holes

Per cent damage/intensity was calculated by fohgwiormula:

. .. _Y(No. of obs. in particular damage score}(
Per cent damage intensity " Total No. observations x Maximum grade 100

[Georgeet al., 1986]




Chapter — 4
EXPERIMENTAL FINDINGS

The experimental findings of the studies entitl@® ‘Study the defensive
response of kale against cabbage butt€Rlgris brassicad.inn.)’ are presented

under the following headings:

Experiment 1. To study the induced resistance agast Cabbage butterfly on
Kale

4.1 Phenolic content
4.2  Condensed Tannins
4.3  Total Flavonoids
4.4  Total Proteins

4.1 Phenolic content

The phenolic content was estimated as per Zielswh Benson (1993)
method. In this method only 0.5g leaves were uJéw Kale varieties pre-
sprayed with signaling molecules (jasmonic acid aaficylic acid) and then

infested with P. brassicadarvae showed variation in their phenolic content.

Estimation of phenolic content was observed on lihsis of standard
curve as depicted in the Fig.1 as a strong cotefficof (R=0.998) with a

regression equation Y = 0.017 + 0.004X.

The Kale variety Khanyari showed significant maximphenolic content
(145.05u9/g) as compared to Kale variety Kawda@8(®9 pg/g). The highest
amount of phenolic content in both the varietiess vsaie to phytohormone,

jasmonic acid (Table-1).

The significantly maximum phenol among the treatteevas obtained by
jasmonic acid + insect infestation ;JT(196.07 pg/g) and the total minimum

phenol (68.72 pg/g) was observed in controk).(TAmong interactions, the




interaction jasmonic acid + insect infestation #&t@nyari (208.23 p/ml) showed

maximum amount of phenolic content.
4.2 Condensed tannins

The amount of condensed tannins was significarftceed by the spray
of both the signaling molecules i.e., jasmonic a@dd Salicylic acid
Significantly maximum condensed tannins (301.57ugégorded in both the
varieties i.e., Khanyari and Kawdari which may lue do effect of phytohormone
i.e., jasmonic acid (Table-2). Similarly the sigcdintly minimum condensed

tannin (97.91ug/g) in both the varieties was foumdontrol.

Estimation of condensed tannins was observed orbdises of standard
curve as depicted in Fig. 2 as a strong regresefficient of (R= 0.999) with a

regression equation of Y=0.010 + 0.002X.

The maximum condensed tannins was obdenmveplants treated with
jasmonic acid followed by infestation witR. brassicaelarvae in both Kale
varieties () as compared with the plants treated with sakicgid followed by
insect infestation (3), only insect infestation ) and untreated control plants
(T4). Among the varieties, Khanyari and Kawdari, thiealyari variety showed
significantly higher (212.34 pg/g) condensed tarcontent in plants pre-treated
with jasmonic acid and salicylic acid followed bysect infestation as compared
to Kawdari. Among interactions, the interactionnjasic acid + insect infestation

and Khanyari showed maximum (347.76 pg/g) condetesadns.

The plants sprayed with jasmonic acid showed mesestance than the
plants sprayed with Salicylic acid. Similarly thealE variety, Khanyari showed

more resistance as compared to Kawdari.
4.3 Total flavonoids

In total flavonoid estimation the significantlyghiest amount of total

flavonoids (170.37 nug/g) was due to phytohormoeg jasmonic acid in both the
]

122

—_—




varieties of Kale and the lowest (71.39 ug/g) contd# flavonoid was found in

plants that were untreated i.e., control of both\thrieties of Kale (Table 3).

Estimation of total flavonoids was observed onlihsis of standard curve
as depicted in Fig. 3 as a strong regression oiafti of (R= 0.993) with a
regression equation of Y=0.025 +0.002X. Both thie karieties pre-sprayed with
signalling molecules jasmonic acid and salicyliGdaand then infested with

P.brassicadarvae showed higher total flavonoids.

In Khanyari variety the significantly maximum amnmby175.61 pg/g) of
flavonoid content was found in plants that were-gpeayed with jasmonic acid
and then infested witlP. brassicaelarvae () and the minimum (98.89 ug/qg)
amount of flavonoid was founth plants of no treatment i.e., control 2T
Similarly in Kawdari variety of Kale, the maximunigb.13ug/g) amount of
flavonoid was due to effect of phytohormone jasro@uid + insect infestation {Jf
and the lowest (43.90 pg/g) amount of flavonoid weasd in control (F) in which

the plants were untreated i.e., no spray, no inséxgtation.

In both the varieties of Kale, the highest (1454f9) resistance which is
due maximum amount of flavonoid was found in Khangad the lowest (110.35

Kg/g) amount was found in Kawdari.
4.4 Total proteins

The total proteins was estimated by Lowry's methd®51). The
significantly highest amount (0.69 mg/g) of totedfein was observed in plants pre-
sprayed with jasmonic acid in both the varietieKale and the lowest (0.20 mg/qg)

amount was observed in plants that were untreagectontrol (Table 4).

Estimation of total proteins was observed on tresaf standard curve as
depicted in Fig. 4 as a strong regression coefficiof (R= 0.994) with a
regression equation of Y=0.032 +0.998X.
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Fig. 1. Standard curve of gallic acid was used to elermine phenolic
content in Kale



Table-1: Effect of phytohormones (jasmonic acid andsalicylic acid) on
phenolic content of Kale varieties

Phenolic content (ug/g) in different Kale

varieties
Treatments Mean
Khanyari Kawdari
T 208.23 183.91 196.07
To 191.14 118.60 154.87
Ts 106.22 69.01 87.61
Ta 74.60 62.85 68.72
Mean 145.05 108.59 126.82
C.D (p<0.05)
Treatment : 10.31
Variety : 7.29

Treatment x Variety : 14.59

T,=Jasmonic acid + Insect infestation
T, = Salicylic acid + Insect infestation
T3= Only insect infestation

T,= Control (Neither spray of any signalling molecote insect infestation)
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Fig. 2. Standard curve of tannic acid was used to elermine condensed
tannins in Kale



Table-2: Effect of phytohormones (jasmonic acid andalicylic acid) on
condensed tannins of Kale varieties

Condensed tannins (pg/g) in different Kale

varieties
Treatments Mean
Khanyari Kawdari
T1 347.76 255.38 301.57
T, 241.93 194.08 218.00
T3 156.88 141.57 149.23
Ta 102.80 93.08 97.91
Mean 212.34 171.01 191.68
C.D (p<0.05)
Treatment . 4.59
Variety . 3.24

Treatment x Variety : 6.49

T1=Jasmonic acid + Insect infestation
T, = Salicylic acid + Insect infestation
T3 = Only insect infestation

T,= Control (Neither spray of any signalling molecota insect infestation)




In Khanyari variety of Kale, the significantly meum (0.71 mg/g)
amount was observed due to effect of jasmonic aditsect infestation (i) and
lowest amount (0.23 mg/g) was observed in conffg), (similarly in Kawdari
variety, the highest amount (0.67 mg/g) of protess due to effect of jasmonic
acid + insect infestation (Jand the lowest amount (0.18 g/g) was found irtrobn
(T4) i.e., untreated plants.

Among the varieties, Khanyari showed significantiigher (0.43mg/qg)
protein content as compared to Kawdari (0.37 mg/qg).

4.5 Larval weight

Five larvae each from all the treatments (jasmauwid, salicylic acid and
insect infestation) were collected to determinérttveight on mg basis. There was
an overall effect of phytohormones, which redudeslweight gain of caterpillars.
Only when the plants were damagedmbyorassicadarvae, there was no detectable
effect of damage on subsequent growth of the diéesp The maximum larval
weight (180.79 mg) was observed in larvae that weliected from plants which
were infested by insects onlysjTand minimum larval weight (100.17 mg) was
observed in larvae collected from plants which wameyed by phytohormone i.e.,
jasmonic acid and then infested wRRhbrassicadarvae (%) (Table-5). Among the
varieties, Khanyari (130.62 mg) showed significambwer larval weight (144.80
mg) as compared to variety Kawdari.

4.6 Per cent damage

The highest per cent damage (23.61%) was obsenvptamts that were
infested by larvae dP. brassicaeonly (Ts) and the lowest damage (9.73%) was
observed in plants that were sprayed with phytolookemjasmonic acid and then
infested by larvae d?. brassicadT,). The per cent damage decreased when days
after treatment increased in case of both i.entplaprayed with jasmonic acid
and plants sprayed with salicylic acid but the pemt damage in case of plants
that were only infested Wy. brassicadarvae increased when days after treatment
increased. Among varieties the highest per centag@n(l7.31%) was observed in
variety Kawdari and lowest (14.39%) was observedainety Khanyari (Table-6).
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Fig. 3: Standard curve of catechol was used to deteine total flavonoids in
Kale



Table-3: Effect of phytohormones (jasmonic acid andalicylic acid) on
total flavonoids of Kale varieties

Total flavonoids (ug/g) in different Kale

varieties
Treatments Mean
Khanyari Kawdari
T, 175.61 165.13 70.37
T, 170.26 126.43 148.35
Ts 137.47 105.94 121.71
T, 98.89 43.90 71.39
Mean 145.56 110.35 127.95
C.D (p<0.05)
Treatment o 7.02
Variety . 4.96

Treatment x Variety : 9.93

T1=Jasmonic acid + Insect infestation
T, = Salicylic acid + Insect infestation
T3 = Only insect infestation

T4= Control (Neither spray of any signalling molecuot# insect infestation)
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Fig. 4. Standard curve of bovine serum albumin wasised to determine total
proteins in Kale



Table-4: Effect of secondary metabolites (jasmoni@cid and salicylic
acid) on total proteins of Kale varieties

Total proteins (mg/qg) in different Kale varieties

Treatments -----------mmmmmommm Mean
Khanyari Kawdari
T, 0.71 0.67 0.69
T, 0.50 0.40 0.45
Ts 0.29 0.23 0.26
T, 0.23 0.18 0.20
Mean 0.43 0.37 0.40
C.D (p<0.05)
Treatment : 0.01
Variety : 0.01

Treatment x Variety :  0.02

T1=Jasmonic acid + Insect infestation
T, = Salicylic acid + Insect infestation
T3 = Only insect infestation

T4= Control (Neither spray of any signalling molecat& insect infestation)




Table-5: Effect of different treatments (jasmonicacid and salicylic acid)
on larval weight of insects

Larval weight (mg) in different Kale varieties

Treatments --------------mommmmm o Mean
Khanyari Kawdari
T, 97.88 102.46 100.17
T, 123.38 141.00 132.19
Ta 170.62 190.96 180.79
Mean 130.62 144.80 137.69
C.D (p<0.05) SE(m)
Treatment : 1.50 0.50
Variety : 1.22 0.41
Treatment x Variety : 2.12 0.72

T1=Jasmonic acid + Insect infestation
T, = Salicylic acid + Insect infestation

T3 = Only insect infestation
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Table-6: Effect of jasmonic acid and salicylic acidn per cent damage of leaves caused by larvaeRyéris brassicae

on two varieties of Kale

Percent damage at different time intervals

Tieatments aysafter reaiment OAT) Mean  Fectr
3DAT 6DAT 9DAT
V1 Vo Mean V1 Vo Mean V1 \ Mean
T 10.52 15.07 12.79 8.52 10.55 9.53 5.30 8.42 6.86 9.73
L (3.39) (4.00) (3.69)* (3.08) (3.39) (3.23) (2.50) (3.07) (2.78) (3.24) Vi=4.39
T 13.65 17.51 15.58 12.47 14.42 12.94 9.00 11.25 10.12 13.12 (3.79)
2 (3.82) (4.30) (4.01) (3.67) (3.79) (3.73) (3.38) (3.50) (3.44) (3.74)
T 20.21 23.42 21.81 22.37 2450 22.43 25.50 28.70 27.10 23.61
____________ ® . (460) (473) (4.66) (473) (5.05) (4.89) (4.95) (5.45) (5.20) (4.91) V,=17.31
Mean 14.79 18.66 16.72 14.45 16.49 15.13 13.26 16.12 14.60 15.48 (4.14)
(3.94) (4.34) (4.14) (3.82) (4.08) (3.95) (3.61) (4.00) (3.80) (3.96)
C.D (p<0.05)
Treatment : 0.02
DAT 1 0.02
Variety ;. 0.01

T1=Jasmonic acid + Insect infestation
T, = Salicylic acid + Insect infestation
T3= Only insect infestation

* Values in parenthesis are square root transforrakeesy



Experiment 2:  Effect of different concentration of jasmonic acid on
secondary metabolites and total protein

4.7 Phenolic content
4.8 Condensed tannins
4.9 Total flavonoids
4.9 Total proteins

4.7 Phenolic content

Different concentration of jasmonadasignificantly affected the phenolic
content of both Khanyari and Kawdari varieties ddl&k With the increase in
concentration of jasmonic acid in plants the amoointphenolic content also
increased but at concentration 2 mM it starts desing because at this
concentration it causes phyto-toxicity to planteTsignificantly highest (223.30
png/g) phenol content was observed in plants thae veprayed with 1.5 mM
concentration of jasmonic acidATand lowest (186.63 jg/g) content was observed
in plants pre-sprayed with 1 mM concentration afjanic acid (T). Among the
two varieties, Khanyari showed maximum (208.53 jgdbpenolic content as
compared to Kawdari (202.08 pg/g) which showed &ivpbenolic content (Table-
7).

4.8 Condensed tannins

The amount of condensed tannin also varied with thange in
concentration of jasmonic acid (Table-8). The digantly maximum (349.31
Hg/g) amount of condensed tannin was observedaintplthat were pre-sprayed
with 1.5 mM concentration of jasmonic acid,(T and the significantly lowest
(241.72 pg/g) amount was observed in plants prayspr with 1mM

concentration of jasmonic acid T This means that with the increased in
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concentration of phytohormone the amount of congériannins also increases
but at concentration 2 mM it starts decreasing b&eat causes phyto-toxicity.
The variety Khanyari (329.71 pug/g) showed highasbant of condensed tannin

and Kawdari (248.57 pg/g) showed lowest as compar&dhanyari.
4.9 Total flavonoids

When we increased the concentration of jasmonit iacKale varieties
the amount of total flavonoids also increased. Teximum amount (243.00
png/g) of total flavonoid observed in Kale varietiegas due to higher
concentration 1.5 mM of jasmonic acid and minimumoant (161.65 pg/g) of
total flavonoid was due to lower (1 mM) concentratof jasmonic acid. Among
varieties, Khanyari showed highest (218.72 pg/gpwamh of total flavonoid and
Kawdari showed (190.61 pg/g) lowest condensed tafirable-9).

4.10 Total proteins

The total protein content significantly varied hvitthe change in
concentration of jasmonic acid, the signling molecurhe significant highest
(0.829 mg/g) amount of total protein was observeglants pre-sprayed with 1.5
mM concentration of jasmonic acid JjTand lowest (0.726 mg/g) amount was
observed in plants which were pre-sprayed with &ivamount of jasmonic acid
i.e., 1 mM concentration of jasmonic acid ) {Table 10). Among the two varieties
of Kale, Khanyari (0.804 mg/g) showed best reselt, ihighest amount of total
proteins as compared to Kawdari (0.735 mg/g) wislsbwed lowest amount of

total proteins.




Table-7: Effect of different concentration of jasmamic acid on phenolic
content of Kale varieties

Phenolic content (pg/g) of two varieties of Kale

Concentrations ---------------omomsssomone oo Mean
Khanyari Kawdari
T, 194.01 179.26 186.63
T, 224.01 222.58 223.30
Ts 207.58 204.40 205.99
Mean 208.53 202.08 205.30
C.D (p<0.05)
Treatment : 3.75
Variety : 3.06

Treatment x Variety : 5.30

T:=1.0mM
T,=1.5mM

T3=2.0mM




Table-8: Effect of different concentration of jasmaic acid on condensed
tannins of Kale varieties

Condensed tannins (ug/ml) of two varieties

of Kale
CONCENLIAtIONS -~~~ === rmmmmmmmmmmmmmm e e oo Mean
Khanyari Kawdari
T 282.02 201.42 241.72
T2 400.46 298.16 349.31
T3 306.65 246.12 276.39
Mean 329.71 248.57 289.14
C.D (p<0.05)
Treatment : 6.34
Variety : 5.18
Treatment x Variety 8.97
T:=1.0mM
T,=1.5mM
T3=2.0mM




Table-9: Effect of different concentration of jasmmic acid on total
flavonoids of Kale varieties

Total flavonoids (ug/g) of two varieties of

Kale
Concentrations --------=-=-=-=momomom Mean
Khanyari Kawdari
Ty 176.83 146.47 161.65
T, 248.47 237.54 243.00
T3 230.86 187.90 209.38
Mean 218.72 190.61 204.66
C.D(p<0.05)
Treatment . 6.56
Variety . 5.36
Treatment x Variety : 9.28
T:=1.0mM
T,=1.5mM
T3=2.0mM




Table 10: Effect of different concentration of jasnonic acid on total
proteins of Kale varieties

Total proteins (mg/ml) of two varieties

of Kale
Concentrations ---------------momosoo Mean

Khanyari Kawdari

T 0.755 0.698 0.726
1

T 0.879 0.779 0.829
2

C.D(p<0.05)
Treatment : 0.008
Variety : 0.006
Treatment x Variety : 0.012

T:=1.0mM

T,=1.5mM

T3=2.0mM




Chapter — 5
DISCUSSION

The present investigation was undertaken “To stilkly defensive
response of kale against cabbage butte®igris brassicaelLinn.” The results
obtained during the course of investigation areudised as under in light of

available literature:

In recent years increased emphasis has been rtaideodevelopment of
effective, non-chemical strategies for managingedhspests attacking crops.
Induced resistance to insects is viewed as a dsicaop protection strategy with
relatively benign environmental impacts. It allopkants to be phenotypically
hard in order to face different stresses. Utilmatiof plant's own defence
mechanism is an attractive area of research peatcttt over the world to manage
plant insect pests and diseases. In this studymieedion of the defensive
biochemical response of two varieties of kaldtdorassicadarvae feeding was
done.

51 Phenolic content

A high concentration of foliar phenolics generalprovided plant
resistance against insect herbivores. Treatmeminpestation application of
jasmonic acid + infestation bf. brassicaelarvae induced higher phenolic
content (196.07 pug/g) as compared to other traagi®ecause jasmonic acid is a
central molecule in induced direct defence agamsscts in many plant species.
The importance of jasmonic acid in wound-inducetedee responses had been
demonstrated by the fact that (i) exogenous appicaf JA or methyl jasmonate
(MeJA) induced these defence responses, (ii) thease of endogenous JA after
wounding correlated with the induced defence respsm@nd (iii) inhibition of the
JA production pathway also inhibited the inductiohthe defence responses.
Among all the varieties, Khanyari had maximum (8%5.9/g) amount of phenol.
This might be due to the strong induction of thetadecanoid and
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phenylpropanoid signaling pathways by JA (Scett al., 2010). Increased
production of phenols as a result of phytohormones jasmonic acid and
Salicylic acid treatment might be due to the sigmpbf defensive pathways by
insect damage, JA and SA. Accumulation of phenas & common reaction of
plants to herbivory that affected insect feedingl atevelopment adversely
(Shivaji et al., 2010). Felton and Summers (1993), reported thatoges and
ROS (Reactive Oxygen Species) such as superoxiflehf@roxyl radicals (HQ,
hydrogen peroxide (¥D,) and singlet oxygen (& formed by the oxidation of
phenols activated the defensive enzymes that imbtesistance in plants against
insects. The same result was obtained byaial. (2008) who reported that in
Nicotiana attenuate application of MeJA induced greater accumulatioh
jasmonic acid, which in turn activated the productof phenols againgenduca
sexta.A high concentration of foliar phenolics genergilpvided plant resistance
against insect herbivores. Treatment with PJA + Hitluced higher phenols in
ICGV 86699, NCAc 343 and TMV 2 as compared to thkeer treatments.
Among all the genotypes tested, ICGV 86699 had higiounts of phenols and
there was a progressive increase with time. Inect@soduction of phenols as a
result of PJA + HIN treatment might be due to thgnaling of defensive
pathways by insect damage and JA. Accumulation h@npls was a common
reaction of plants to herbivory that affected inséseding and development
adversely (Kessler and Baldwin, 2002; Ranegtaal.,2006; Sharmat al., 2009;
Usha and Jyothsna 2010).

For different concentration of jasmonic acid, péasprayed with 1.5 mM
concentration of jasmonic acid had highest (223u80g) amount of phenolic
content and among the varieties, Khanyari had maxini208.53 pg/g) phenolic
content. With the increase in concentration of jasim acid, the phenolic content
also increased because with increase in concemtraif phytohormone the
activity of defensive enzymes becomes more fasteabconcentration 2.0 mM it

started causing phyto-toxicity to plant. Jasmorg anduced plants were tested




against control plants and all three parasitoidcigse Apantalese glomeratys
preferred the volatiles from jasmonic acid indugdants. The preference .
glomeratafor the volatiles such as phenols from jasmonid &eated or control
plants was tested with different concentrationasimonic acid (1 pm,10 pm,100
pm and 1 mM).The jasmonic acid treated plants \sepeificantly more attractive
than control plants. Only for the lowest concembrattested, the parasitoids not
showed a preference for either of the plants. Wighincrease in concentration of
jasmonic acid the preference Gf glomerataalso increases which was due to
increase in concentration of volatiles such as plsewhich shows resistance to

plant against herbivory (Dicket al.,1993).
5.2  Condensed tannins

An abrupt increase in condensed tannins contentroed in plants
damaged by insects and/or treated with elicitansjuding jasmonic acid and
salicylic acid. Plants sprayed with phytohormonexd tsignificantly greater
condensed tannin content as compared to contrant$lpre-sprayed with
jasmonic acid and then infested wRhbrassicadarvae had maximum condensed
tannin (301.57 pg/g) as compared to other treasnedinong the varieties,
Khanyari had maximum tannin content than Kawdari2(34 ug/g). Our
observations were in line with the findings of &Bs and Lindroth (2005). He
observed that tannins mediated the formation ofiqa@nmone radicals, quinines
and other reactive oxygen species by oxidationnsedt gut due to high pH,
thereby inhibiting insect growth and developmentcémulation of tannins in
Populusspp. infested by several insects had been rep(tesens and Lindroth,
2005).

The condensed tannin increased with the increaseoncentration of
jasmonic acid. Plants treated with 1.5 mM concéiatnaof jasmonic acid had
maximum (349.31 pg/g) condensed tannin contenbagared to plants treated
with 1 and 2 mM. Among the varieties, Khanyari hmdximum (329.71 pg/g)

condensed tannins. With the increase in conceoitratif phytohormone, the
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activity of tannin production became faster butcahcentration 2.0 mM the
concentration of condensed tannins started deagdscause it started causing
phyto-toxicity. Different concentrations of jasmonacid induced increased in
concentration of tannins. The total tannin con@itn in soybean reached the
highest concentration at 200pum of jasmonic acidcentration (Moreireet al.,
2009).

53 Total flavonoids

Khanyari had significantly higher total flavonoi(ist5.56 pg/g) content in
P. brassicadnfested plants at 6 days after infestation aspamed to uninfested
control plants. Significant differences were obserin total flavonoid content
between control and infested plants of both théetias. Significantly higher total
flavonoid content (170.37 pg/g) were recorded fested plants that were treated
with jasmonic acid the signalling molecule thansddreated with Salicylic acid
and only infested with insects. Our findings werst jlike the mirror images of the
findings taken by Johnson and Dowd (2004) who regothat flavonoid confer
resistance againgpodoptera frugiperdan Arabidopsis thalianaPiubelli et al.
(2003) reported that higher level of flavonoids;tsias daidezin and genistin, had

been observed in soybean plants infested MWéhara viridula.

The total flavonoid content was higher in plantsated with 1.5 mM
concentration (243.00 pg/g) of jasmonic acid arelarieties Khanyari (218.72

Hg/g) had maximum total flavonoid content as coregdo Kawdari.

Different concentration of jasmonic acid (25, 3@0 and 200 pg/ml)
increased the concentration of various classe®f@hdive compounds, including
alkaloids, phenolics and flavonoids in tomato plaagainst Meloidogyne

incognita The highest amount was found at 200 pg/ml (Amnigeeal.,2011).
5.4  Total proteins

Plant infested withP. brassicaelarvae had significantly greater protein

content in Khanyari (0.43 mg/g) at 6 days afteestétion as compared to control.
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Among the two signalling molecules i.e., jasmoridaand salicylic acid, plants
pre-sprayed with jasmonic acid and then infesteth wisects had greater protein
(0.69 mg/g) content as compared to salicylic a®idk findings were in agreement
with the findings of Avdiushket al.(1997), Omeret al. (2001), who found that
the exogenous application of JA or methyl jasmor{eJA) intensified plant
resistance to various herbivores and induced tpeesgion of defensive proteins
in tomato (Stouet al, 1998; Cipollini and Redman 1999; Boughtdral.,2005).
War et al. (2011) found Ground nut plants infested whodoptera liturgFab.)
had greater protein content in ICGV 86699 at 24ad@ 72 h after infestation as
compared to control plants. Significant differeneas observed in protein content

between control and infested plants in both théetias at 6 days after treatment.

Among different concentrations of jasmonic acidaged on both the
varieties of kale and then infested with brassicaelarvae, Khanyari had
significantly greater protein content (0.804 mgdgp days after treatment. Plants
sprayed with 1.5 mM concentration of jasmonic dwd greater protein content
as compared to other concentrations (0.829 mg/qg).

In best induction conditions of exogenous applicatof methyl
jasmonate, four time interval (3,6,12 and 24 hoarsg) four concentrations (50,
100, 225 and 450 um) were tested .The total protemmcentration in maize
reached the highest concentration at 225 yum of yhgihmonate concentration
(Zhenget al.,2015).

5.5 Larval weight

Plants pre-sprayed with phytohormones and theesiafl with second
instar larvae oP. brassicaeand the plants that were only infested with largée
P. brassicaehad significant difference in larval weight. Pkrthat were only
infested with P. brassicadarvae had maximum (180.79 mg) larval weight as
compared to plants that were pre-sprayed with gionoones. Among the
varieties, Kawdari had greater (144.80 mg) larvaight in plants that were only




infested withP. brassicaelarvae. CaterpillarsManduca sextaand Spodoptera
exigug fed on mutant tomato deficient in JA productiohowed higher
survivorship and greater weight gain than thoseofedvild-type tomato (Thalest
al., 2002). Significant difference was observed indmweight in plants that were
only infested with larvae and the plants that wdmstly sprayed with
phytohormones and then infested with the larvaePofbrassicae.Among
treatments the lowest larval weight was found imang treated with
phytohormone jasmonic acid and then infested watvde of P. brassicae.
Reduction in larval weight is an important aspetciplant resistance to insect
pests. The increase in tannins, proteins, flavanaiad phenol content of plants
resulted in loss of larval weight ¢?. brassicaeGreater larval mortality was
recorded for insects that fed on ICGV 86699 and NGA3 than for those that
fed on TMV 2. Larval weights were also lower ingots that fed on ICGV 86699
and NCAc 343 than those that fed on TMV 2. Thereevgegnificant differences
in the larval weights of insects reared on plargated with PJA + JA, HIN + JA
and HIN. Reduced damage, decreased larval surandl low larval weights
might be due to higher induction of secondary maitds and other defensive
compounds in the insect-resistant genotypes onuatad insect damage and JA
application (Lawrence and Koundal, 2002; Shaetal.,2005; Bhonwonget al.,
2009; Cheret al.,2009).

5.6 Per cent damage

Plants sprayed with jasmonic acid showed loweratgm(9.73%) due to
P. brassicae This is because jasmonic acid quickly activatesl production of
secondary metabolites than salicylic acid whichtumn provided defensive
response to the plant agaiistbrassicadarvae and therefore caused reduction in
damage. The insect resistant variety i.e., Khanghowed greater reduction in
plant damage (14.39%) than other variety i.e., Kawbecause genetic nature of
Khanyari was that it is more resistant to the &ttaiclarvae ofP. brassicaeAs
the days after treatment increased the percent glamiecreased in case of both
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phytohormones and the lowest percent damage waswaosin phytohormone
jasmonic acid (5.30%) that was observed in varlgtanyari and 9 days after
treatment (DAT). The reason for this decrease imcpat damage was that, when
days after treatment increased the concentratioseobndary metabolites also
increased. Reduced damage, lower larval survivdllawer larval weights might
be due to the greater production of toxic secondaegabolites in the insect-
resistant genotypes by insect damage and jasmoigi@pplication (Feltoret al.,
1994; Maoet al.,2007; Cheret al.,2009 and Bhongwonet al.,2009). Reduced
damage and lower larval growth and development wereslated with increased
activity of POD (peroxidase), PPO (polyphenoloxgjasnd other defensive
enzymes induced following insect attack and/or itelic application. The
PJA+HIN treats plants suffered lower damage dueH#bicoverpa armigera
across genotypes. The insect resistant showedegnestuction in plant damage
than the susceptible check JL24 (Cle¢al.,2009).




Chapter - 6
SUMMARY AND CONCLUSION

The salient features of the present investigagatitled, “To study the
defensive response of Kale against cabbage buyitd?feris brassicaelLinn.”

under Kashmir condition are summarized and condwadeunder:

Two phytohormones were used i.e., jasmonic acal saticylic acid and
second instar larvae &f. brassicewvere also used to study the induced resistance.
The concentration of secondary metabolites i.eenphc content, condensed
tannin, total flavonoids, total protein, larval @bt and per cent damage were
evaluated on the other hand different concentrasigasmonic acid (1.0, 1.5 and
2.0 mM) were used to evaluate the concentratiosegbndary metabolites and

total protein content in kale varieties.

* The highest phenolic content (196.07 pg/g) was roksgein treatment
jasmonic acid + insect infestation and among vi@setKhanyari showed
highest amount (145.05 ug/g) of phenolic content.

* Plants treated with phytohormone jasmonic acid #esh infested with
larvae ofP. brassicasshowed highest amount of condensed tannin (301.57
pHo/g) and variety Khanyari had maximum amount (242ug/g) of
condensed tannin.

» Total flavonoid was found highest in plants sprayath jasmonic acid
(170.37 pg/g) and then infested with brassicaelarvae and among
varieties Khanyari showed maximum amount (145.56gu@f total
flavonoid.

» Total protein content was also found highest (@r@fg) in plants sprayed
with jasmonic acid - the phytohormone and thenst&eé with larvae oP.
brassicaevariety Khanyari showed highest (0.43 mg/g) coneiun of

total protein.

* Lowest larval weight (100.17 mg) was observed ianfd that were
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sprayed with jasmonic acid and highest weight wlaseoved in plants
(180.79 mg) that were not sprayed with any phytotwre but only
infested with larvae dP. brassicae.

* Highest per cent damage (23.61 %) was observethimspthat were only
infested with larvae oP. brassicaeand lowest was (9.73%) observed in
plants that were sprayed with phytohormone jasmamal, among
varieties lowest damage (14.39%) was observeaiiety Khanyari and
also the lowest damage (5.30%) was observed inAJ I variety
Khanyari.

*  Among different concentration of jasmonic acid tiighest concentration
of phenolic content (223.30 pug/ml), condensed t@a849.31ug/ml), total
flavonoids (243.00 pg/ml) and total protein (0.§2§/ml) were found at
concentration 1.5mM.

CONCLUSION

Jasmonic acid and salicylic acid induced the d&gtiwf secondary
metabolites in kale against cabbage butterfly. Higlamount of secondary
metabolites were observed in variety Khanyari. tretlresponse to application of
jasmonic acid was greater than salicylic acid. ®Bldareated with jasmonic acid
showed lowest larval weight as compared to saticgtid, while as only insect
infestation showed highest larval weight. Per carhage caused . brassicae
larvae was highest in 3 DAT in both jasmonic acidl &alicylic acid treated
plants and lowest was observed in 9 DAT. Amongeta$s Khanyari showed
lowest per cent damage. Regarding chemicals, lowestcent damage was
observed by use of jasmonic acid. The maximum amafn secondary
metabolites was observed in 1.5 mM jasmonic admlisTit is concluded from the
present investigation that induced resistance carused as a component of
integrated pest management. It is also concludatitfduced resistance is not
only used for Kale but we can use it for all coteps, pulses such as soybean,
groundnut and many other crops.
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