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ABSTRACT

Out of fifty-two varieties of ridge gourd screenadainst root-knot nematode, only
Priya, Challenger, Jaipur long, BSS-1009, Tauri &adlishree varieties showed resistant
reaction with minimum number (7-10) of galls/plarighest decrease for dry shoot weight
was observed for variety NHRG-1001(2.5g) & for dpot weight in Hybrid Patal, Tarai
(1.1g) respectively. Root knot nematode caused ativeeduction of total chlorophyll,
chlorophyll ‘a’, chlorophyll ‘b’, content in the oculated samples than healthy counterparts.
This may be due to interference in the photosyithpathway and partitioning of the
photosynthates. Overall reduction of total chlordptvas 60.67, 73.78, 1.32, 3.68 and 30.12
per cent in Priya, BSS-1009, Aneeta, Aarti andsHa respectively over their healthy
counterparts. Overall reduction of chlorophyll t®as 40.47, 49.87, 48.71, 19.33 and 42.69
per cent in Priya, BSS-1009, Aneeta, Aarti and Riargspectively and that of chlorophyll 'b’
was 24.50, 33.75, 25.73, 34.64and 30.81 per cefftriya, BSS-1009, Aneeta, Aarti and
Harsha respectively. The total nitrogen content dexgeased in the shoot system of infected
varieties of Priya, BSS-1009, Aneeta, Aarti & Hardly 0.36, 0.46, 0.44, 0.35 & 0.28 percent
respectively over healthy counterpart on dry weigdsis. In the roots nitrogen content was
increased by 0.49, 0.44, 0.47, 0.67 & 0.48 per oerRriya, BSS-1009, Aneeta, Aarti &
Harsha respectively. Reduced percentage of cruakeiprwas observed in all the varieties
studied than the healthy ones. Phosphorus contastdecreased in the shoot system of
infected varieties of Priya, BSS-1009, Aneeta, Hiatsha respectively except Aarti over the
healthy counterparts on dry weight basis. Potassiament was increased by 208.33, 175,
27.27 per cent in the shoots of varieties AneetdaSB009 & Priya respectively while
decreased by 75 per cent in Harsha and 72.09 peircédarti. The accumulation of proline
in nematode infected samples is associated witktthes condition of the host plants induced
by the nematodes. The enhancement of phenolic aamapio the inoculated samples was due
to rapid liberation of conjugated phenol by nematéekding. The enhanced activity of PAL
and TAL enzymes and appearance of aromatic amiidg &ke tyrosine and phenylalanine in
the inoculated samples appeared interesting andfisant. Increased peroxidase activity was
observed in both shoot and root of inoculated ti@seBy HPTLC analysis it was found that
L-proline amino acid content increased in both $@md roots of all inoculated varieties
than their healthy ones. Decrease of aromatic ararids like L-tyrosine was found in
inoculated varieties than their healthy one. Readacof free tryptophan was observed in
inoculated varieties over healthy. The amount dfyiptophan was less in resistant variety as
compared to susceptible variety. Present studyaled that preventable yield losses due to
root-knot nematode in ridge gourd variety Harshaswp to 74.52 per cent under field
conditions with application of Furadon 3G @ 2 kiglaa. The phylogenetic tree constructed
by UPGMA method generated two main clusters lgster — | ( Two sub cluster - varieties
Aneeta, Aarti and BSS — 1009) and cluster — lir{etges Harsha and Priya).
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INTRODUCTION

Ridge gourd,Luffa acutangula (L) Roxb.is an important Cucurbitaceous
vegetable and susceptible host crop facing coreditieryield loss due to pest and
diseases. Ridge gourduffa acutangula (L) Roxb. is more popular vegetable in the
south and east Indidt is known by different names in different regsoas Torali,
Mongitorai, Araturai, Dorkavidarbha, Turi, Hirekayeera, Peerkankai, Peecha kam,
Cherupee rum and Ribbed leefa. Ridge gourd commardyn as Turai or Turiya is
a native of India and also seen grown as ornamefdat in many parts of the world.
Composition of saturated fats as well as as caosiguite low in ridge gourd.Ridge
gourd is quite lower in saturated fats as well alorees. It really is abundant with
dietary fiber, vitamin C, riboflavin, zinc, thiamiiron, as well as magnesium. It has got
excellent health benefits as: excellent blood muripossessing laxative properties, cure
for jaundice, beneficial for diabetes, aiding weigpss, anti-inflammatory and anti-
biotic, fortifying the immune system, skin care;.et

Among the production constraints, plant parasigmatodes are one of the
major limiting factors.Plant-parasitic nematodesraww recognized as potentially serious
constraint to crop productivity.One of the most evispread nematode limiting world
agriculture productivity is the root-knot nematodiégloidogyne species.It has a very
wide host range, more than 3000 species. The hogerof Root-knot nematode is
extensive with more than two thousands of plantispe Four commome oidogyne
species Nleloidogyne incognita, Meloidogyne javanica, Meoidogyne hapla and
Meloidogyne arenaria) comprise up to 95% of all root-knot nematode pdpria. M.
incognita is the most common species accounting for 64 ger af total population and

infecting almost all cultivated plants.

Among the various plant parasitic nematodes, thet-kiwot nematode,
Meloidogyne spp. are the most prevalent economical crop pestsdwaté and they
interfere with anchorage and absorption of cromtplaRoot-knot nematode causes a
quite different morphological and anatomical vawiag in different plants and even in
various parts of a particular plant and differgmeé@es can cause different responses in
the same plant. The morphological variations oftslalue to nematode infection resulted

in severe stunting, chlorosis, wilting and droopofgleaves, delay in flowering, fruit

1



formation and yield, aggregation of nutrient defieies and retardation of growing point
of shoot and root system. The root exudates aontpisugars, amino acids and
electrolytes influence the hatching of eggs. Enzyoteserved in the amphidal pouches,
nerves and body opening of the juveniles guidehenwtaxy and also in their final
spatial regulation with respect to the vasculamelats within roots. A shift from the
sugars to the nitrogenous components of the roaidages seem to be a predisposing
factor for other secondary infection.The importantestudies on the biochemistry of
plant and nematode relationship has been fairly detumented in recent reviews
(Nayak and Mohanty, 2010). It was also reporteti galed tissues contained decreased
carbohydrates, Proteins, cellulose and ligninsrmieased hemicelluloses, organic acids,
free amino acids and minerals. Formation of varigalé sizes, tissue damage etc., are
associated with various degree of susceptibilityesistance can be correlated with varied
chemical phenomena. The survival of the suscepiisé during pathogenesis reflects the
combat capabilities, especially when lysis isatéd by the pathogens. Nematode pests in
general, affect host plants quantitatively and itptalely. Quantitatively by reducing
yield about 20.6% worldwide and qualitatively bydeating the produced crops as a
result of some malformations as well as decreasiagrrganic and mineral components

of produced fruit.

Various workers have reported the role of phenotimpounds in the defence
mechanism of plants and consequently there acctionulan the cell damage by
nematode feeding. The importance of productiorg cdtproduction and liberation of
phenolic compounds from the plant tissue after nedeainfection was emphasized by.
Increase in the concentration of free phenolsioilg nematode infection was reported
by.The increase in phenol compounds helps in theadton of hypersensitive reaction
towards nematode infection. Phenolic compounds ataymportant role for root-knot
nematode through larval motality and by renderiost Ihoots less attractive to nematode .
The increase in phenolic concentration coupled inthease in the activity of polyphenol
oxidase in the diseased tissue. The infestatiorplaft parasitic nematode caused
increased in sugar content and it was also obsénmatihcreased sugar content is helpful
for survival of nematode .They have also suggédsieihcrease in content of sugar in the
infected leaves may be due to the degradatioraatlsor inhibition of starch synthesis
from sugar and this was confirmed in root-knot atde tomato plants. Nematode species

decrease the content of total carbohydrates, potdin total soluble sugars and the



minerals Ca, Fe, Mg, N, P, K and Zn in the infegbéaht; however total phenol and
tannins are increased. The rates of chemical redscare generally higher in roots than
in shoots which depend on nematode species, neendéodsity and host plant. The root-
knot nematodes achieve higher rates of chemicalctiesh on infected plants. Total

proteins, total soluble sugars, Zn, Mg, Fe, andePast affected. Nayak and Mohanty,
(2010) also confirmed the increase of sugar antbjpréevels in diseased tissues for high
metabolic activity.The giant cells contain greammount of DNA, RNA, and

photosynthates especially three to four weeks aftection. The concentration of sugars,
hemicelluloses, organic acids, free amino acidsteprs and lipids is greater during the

late stage of infection.

The current restrictions on the indiscriminate o§ehemical nematicides
have contributed to the increased root knot nematmadblems in horticultural
crops.In context,Plant resistance (R) appearseamtyst effective method of control
but due to restricted no. of cultivated specieshwiematode resistant ‘R’ genes
available and possible occurence of virulent neohedcare able to reproduce on ‘R’
plants. So it is necessary to have an adequatelkdge about the biochemistry and
physiology of the host as well as parasites in orite understand the actual
mechanism of resistance. Imbalance of amino aadsposition and production of
phenolic substances are marked as positive reacfigrest resistance and hence
donor selection depends upon this characters..

Considering the importance of this object detaildthracterization of this
biochemical and physiological processes is es$émtzlvance our understanding of plant
nematode interaction and following investigatioresrevundertaken to gather information

on the mechanism of resistance and biochemistrplayslology of pathogenesis.

The biochemical analysis was carried out in resistenoderately resistant,
susceptible and highly susceptible varieties ohbo¢althy and nematode infested
roots to know the accumulation and variations ochemical constituents with regard
to total phenols, total amino acids, reducing swagat total sugar.In this context, the
use of resistant varieties to manage the abnoxiemsatode is an ideal means and
important component of overall integrated nemato@magement system.Traditional
approaches for the development of nematode retigtaieties are time consuming
and often limited by intraspecific barriers.Molemubiology and genetic engineering



provide potential knowledge for efficient developth@f nematode resistant plant
cultivars which may be enhanced by elucidation echanisms limiting nematode

development.

Following investigations were undertaken to gatheformation on the

mechanism of resistance and biochemistry and pgogsi@f pathogenesis.

i) To characterize the phytomorphometric charactersridge gourd

varieties as influenced by root-knot nematddeincognita

i)  To assess the physiological changes in resistaht suisceptible ridge

gourd varieties due to root-knot nematadejncognita infection

iii) To establish the biochemical changes in resistard ausceptible
varieties of ridge gourd due to root-knot nematotie, incognita

infection.




REVIEW OF LITERATURE

Plant parasitic nematodes during their feedingpbaathange the metabolic
processes of the affected cells, tissues and dsoentire plant. The root-knot
nematodes produce the galls in the root systemchwaie visible to the naked eye.
Hence, on the basis of the gall numbers many werkave tried to classify different
varieties of plants into resistant or susceptilsleso Many workers have estimated the
physiological and biochemical changes brought abgutoot-knot nematodes in the
plant systems to classify the plant variety intgis@ant and susceptible category

depending on chemical composition of plants. Sofhtkam are enumerated below.

2.1 Nematode association

Taylor and Sasser (1978) introduced the egg makei(El) which gave
an approximate measurement of root-knot nematoai®daction based on numbers
of egg masses per plant instead of actual numibeggs and juveniles/plant.

Bistline and Rhodes (1984) conducted a pot cukuyeriment orMlomordica
charantia inoculated with 10,000, Xbf Meloidogyne incognita per pot and found there
was presence of heavy root galls and reduced gitawith in bitter gourd seedlings.

Pankaj and Siyanand (1990) studied the effectitidliinoculum levels viz., 0, 10,
100, 1000 and 10,000 J2 W oidogyne incognita /kg soil on bitter gourdMomordica
charantia) under pot conditions and they reported a sigmficaduction in the plant
growth characters except fresh root weight,100@rjies per plant about 2 months after
inoculation. The final nematode population (soiloét) was found to be increasing with

increase in inoculums level with maximum rate oftiplication of 145 times.

Guptaet al. (1995) studied the effect of initial inoculumsvégds viz.0. 10,100.
1000 and 10000 J2 dMeloidogvne javanica per kg of sterilized soil on bitter gourd,
Momordica charantia and reported a significant reduction of all grovgdrameters

occured at initial population level of 100 J2\éfjavanica.

Ashraf et al. (2003) reported during survey that eleven specieplant
parasitic nematodes were associated on cucurbitaceegetables including bitter
gourd, bottle gourd, round gourd, sponge gourderigourd and cucumber in Aligarh



districts of Uttar Pradesh. Among all the nematpdée highest frequency of

infestation was recorded wit¥iel oidogyne spp.

Premachandrat al. (2007) surveyed on infestations of root knot reafes,
Meoidogvne spp. on seven vegetable crops, including bitter gotficBdocalities in Matara
District in Sri Lanka, considering 10 individualotosystems of each vegetable crop per

locality at the maturity stage for the assessmiamiod galls and root-gall severity.

Bhat et al. (2009) examinedistologically Meloidogvne incognita infected
bitter gourd Momordica charantia) roots and they found fully matured females were

associated with giant cells.

Anwar and Mc Kenry (2010) conducted a survey in rhéjor vegetable
production areas of the Punjab, Pakistan with thepgse of determining the
incidence and distribution dfieloidogyne incognita and its reproduction on vegetable
crop genotypes in nematode infested fields anchéngreen house,and they found
Meloidogyne incognita was the predominantly found species and detent&8.6% of

all the fields surveyed.

Fatima et al.(2015) conducted a greenhouse experiment to agkess
damging effect of root-knot nematodeld oidogyne incognita) on different growth
parameters of Cucumbe€ifcumis sativus) by relating infectious plants with non-
infectious plants at different inoculums levels atwhcluded that the effects of
M.incognita on growth parameters correlate direathth inoculums and they
observed that with the increase in inoculums Iéwvel,growth parameters were
decreased ,however,the nematodes population waeesased.

2.2 Screening and evaluation of ridge gourd germp$an for resistance against
root-knot nematode (M eloidogyne incognita)

Darekaret al. (1988) screened thirty-nine cucumber cultivans rissistance
againstM. incognita race 3 in a greenhouse test taking 20 days oldlisgedvere
inoculated with 1000 J2 and recorded no cultivas ficund to be resistant except
Gy-5937-587 which was moderately resistant witlvat-knot index of 3.0 after 40
days of inoculation.

Khelu et al. (1989) tested cucumber varieties grown in greasés in central

Lebanon for resistance thl. arenaria and M. javanica, using soil infested with



10,000-12,000 nematode eggs and larvae/kg soiltleg found that Cucumber
var. Ralda and pepper var. Clovis proved highlystasit, cucumber var. Capris
were more resistant than the respective, suscepsitaindards BelyiNaliv, Leila

and Biblos .

Walters and Wehners (1996) tested fewt-kmot nematode resistant
germplasm of cucumber and among them, NC-42 anddBIGhowed high level

of resistance to M. arenaria, M. javanica and Mdlaa

Singhet al. (2012) screened germplasm of bottle gourd andrted, IC-
338867, 1C-342078, 1C-342079, 1C-342081 and IC-4®6lines were

moderately resistant to M. javanica.

Sharmaet al. (1995) tested eighteen cucumber varieties foir tteaction
to M. incognita,and found only Hoe-707 and EC-173929 were resistard
moderatelyresistant reaction respectively while other sixtearieties were
susceptible withvarying infestation levels (root gall-index 3.3 %6) to the test

nematode.

Mahapatra(2017) obtained 17 bitter gourd germpléees from local
market and farmers field to test in the greenhoctsedition against root-knot
nematodes,out of 17 bitter gourd germplasms orslioee was found to be
resistant, 4 moderately resistant and rest 12 sidde to highly susceptible to
the test nematode.For proving the authencity oistasce through biochemical
analysis,three moderately resistant varieties,skgatd local-1,Amatalla beej
ghar karala long green,ankur hybrid and three lyigelsceptible check

variety,Nakhara local,Indojapane Hybrid,RajsunakHatal-1 were studied.

Nayak (2006) reported that plant height of brinyarieties Pusa Kranti,
Kantabaigan and Pusa Purple Long due to root-kmmhaiode infection were
decreased by 9.04, 18.48, 23.50 per cent over gnlated counterparts. Further,
he marked decrease of shoot weight (34.08%) ant weaght (31.67%) of the

susceptible brinjal cultivars, Pusa Purple Longitbéher two resistant varieties.



Giribabu et al. in (2008) analysed the pathogenicity of M. incégron two
cultivars of ridge gourd (L. acutangula (L.) Roxaryd sponge gourd (L. cylindrica).
They marked that at 55 days of inoculation thers warogressive decrease in the
growth parameters with the increase in inoculunelerom 100 to 10000 J2s/Kg soil
and, there was no significant difference in growtrameters between inoculum
levels 0 and 10 J2s/Kg soil but marked differen@s Wound between treatments 10
and 100 J2s/kg soil.

Chandraet al. (2010) studied the effect of population density the
pathogenic potential dfl. incognita in green house in pot culture experiments with
four cucurbits: L. ciceraria, C. sativa L., M. chatia and C. pepo L. Second stage
juveniles were inoculated at inoculum levels of 100 and 1000 J2 into the root zone
of 15 days old seedlingsAll the four cucurbits wirend to be highly or moderately
susceptible tdV. incognita but an inverse relationship was found between jadipn

density, population growth and severity of rootigal

Singhet al. (2010) conducted a survey for estimation of ledsg rice root-
knot nematode, M. graminicola Golden and Birchfiatd wheat on number of
galls/seedling, shoot and root length, shoot amd weight for two years (2004-05
and 2005-06). It was reported that during 2004gmot length, root length, shoot
weight and root weight were significantly reducedcampared to healthy uninfected
seedlings while the number of knots/plant varietivieen 0.5-8.3.

Hussainet al. (2011) assessed the damage causdd.lgcognita on okra cv.
Punjab. Selection. The plants were inoculated wiii, 1000, 2000, 4000 and 8000
freshly hatched second stage juveniles and obsengatvere recorded 45 days after
nematode inoculation. It was found that all inocldaels reduced shoot and root
lengths, as well as fresh and dry weights. Incrgpsine nematode inoculum level

increased the number of galls, egg masses and ogenabpulation build up.

Kim Sung Heunet al. (2012) conducted a pot experiment with seven
cucumber cultivars viz. Green long, Sambar cucumbtassan local, Green
short, White long, Portobello and Poinsette to snragainst root-knot nematode
(M. incognita) and Poinsette cultivar recorded least number aifsgand root-

knot index.



Kaur & Pathak (201)lscreened 14 varieties of karela lines against kaot-
nematode and found the Punjab-14 was heavily galedgenotypes, MB-3, 4, 5, 11,
13, 16 were found resistant & other 6 lines — MB3.4,15,30,35 were moderately
resistant to RKNSs.

Pavithra (2013) conducted pot culture experimenthwseven cucumber
cultivarsviz. Green long, Sambar cucumber, Hassan local, Gream, 3Nhite long,
Portobello and Poinsette to screen against root-kamatode N1. incognita) and he
recorded least number of galls and root-knot ingdék Poinsette cultivars while the
variety greenlong was highly susceptible to roadtkmematode having higher number

of galls and root-knot index and none was foundtast toMel oidogyne incognita .

Pandey and Nayak (2016) observed that out of teidit green gram
varieties/cultivars screened against root-knot ried& only thirty-four varieties have
shown resistant reactions with 3-6 numbers of gqés plants, while four
varieties/cultivars showed moderately resistanttrea with 10-11 numbers of galls
per plants. The decrease in shoot length was mmmeopnced with 22.03 cm in 5
DGG-5 varieties, which was different from otheriséant varieties.

NA Tamilselvi et al. (2016) conducted a pot culture experiments umaler
vitro to understand the biochemical transformationsntakiplace during nematode
attack in order to make out resistant rootstocksgfafting with bitter gourd scions.
The results showed that, three genotypes, Kumatikai (Citrulus colocynthis),
African horned cucumbgiCucumis metuliferus) and pumpkin(Cucurbita moschata)
had lowest value for number of galls per gram regigy masses per gram root and
numbers of females per gram of root and showedtaesireaction followed by two
rootstocksviz., Sponge gourdLuffa cylindrica) and mithipakal Momordica charantia
var. muricata) with least values and were moderately resistdns Btudy revealed that
there was brisk increase in total phenol and ODnglseactivities and these were
detected in resistant rootstocks nameéy colocynthis, C. metuliferus and C. moschata
and these begun to amplify at 24 hours after ilation and these were seen to have

reached maximum at 96 hours after inoculation abdexquently declined.

Mahalik (2017) observed that out of eight gladioluarieties/cultivars

screened against root-knot nematode, only two tw@siehave shown moderately



resistant reaction with 16-19 numbers of gallsgdants, while four varieties/cultivars
showed susceptible reaction with 51-67 numbersatls gper plants & two showed
highly susceptible reaction with 107-129 numbergaifs per plant. Due to infection
of root-knot nematode, the maximum average shoaigthe of gladiolus

cultivars/varieties was 102.96 cm in variety Ptacil

Mahapatra (2017) observed that out of seventeeterbgourd varieties
screened,only one cultivar showed resistant reactivh 7.67 number of galls per
plants,while four varieties were recorded as makddy resistant with 21.08 number

galls per plants.

Mallik (2017) observed that out of fifteen cucumbeultivars, screened
against root-knot nematode, only one varietiesdiavn resistant reactions with 7.66
number of galls per plants and two show moderaedistant reaction with 14.66-27
no. of galls per plant. While rest varieties hdwbwen susceptible and highly
susceptible reaction with 30.66-84.66 and 103.334& no. of galls per plant
respectively.Due to root-knot nematode infectitre maximum average shoot length
of cucumber cultivars was recorded as 51.33 cnarrety Malini.

Baa (2018) found that out of seven gerbera vasetogeened only one variety
had shown resistant reaction with 8.66 numbersat$ ger plants while five cultivars
had shown moderately resistant reaction with mimm22.82 to 29.10 no. of galls per
plant and one was susceptible with 67.66 no. d§ gar plant.

2.3 Effects on Chlorophyll content in nematodenfected leaves

Williamson and Gleason (2003) observed that roatkmematodes cause
measurable changes in the morphology and physiadddiie host plants. Different
nematologists namely Vashishgh al. (1994), Poornima and Vadivelu (1998),
Ramakrishnan and Rajendran (1998) and Pareeab. (2006) reported about
reduction in chlorophyll content due to nematodedtion.

The response afigna radiataregarding the biochemical attributes was
significant at various nematode treatments. Thewtiroof the plant responded
negatively towards the lower as well as higher uhom levels oM. incognita.
Decrease in all these parameters including plamividr, leaf area, chlorophyll, seed
protein, nitrogenase activity and leghaemoglobie tlu increased in number of the
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nematode. The root knot nematode infection oftetugces plant growth and vyield
(Sasser and Freckman, 1987; Williamson, 1998) aadredses nutrient uptake
(Patelet al., 1988) and infested plants showed deficiencieN,df1g, Fe, B, Cu and
Zn (Good, 1968) due to RKN damage to the rootssaidequent prevention of water
and nutrient uptake by the roots (Gailladl., 2008). Nematodes may reduce the
effective life of rhizobia nodules as found by Tadrad Raski (1969) with legumes
infested withM. javanica. Meloidogyne incognita causes reduction in the number of
nodules,dry weight of nodules,dry weight of shotital nitrogen uptake and
chlorophyll contents of leaves of mungbe@figna radiata L).The functioning of
nodules was adversely affected by nematode infeatibich could be attributed to
reduction in the bacteroids,leghaemoglobin conteht®dules and reduced supply of

photosynthate to the nodules.

Chahal and Chahal (1987a) studied the effect dferdnt levels of
M.incognita on Vigna radiate cv. G-65 and found that nematode caused reduation
the chlorophyll content of leaves which adversdtgaed the functioning of nodules.
Increase of total chlorophyll ‘a’ and ‘b’ contenaw/observed by Vernet al. (1996)
on mungbean at all inoculation levels of root-knetnatode with growth period up to

30 days whereas decrease of the same was notedaagd8’ day of inoculation .

Jaiswal and Sing (2008) observed that chloroplayld and total chlorophyll
contents were significantly decreased with an @seein nematode inoculum levels
and was minimum at 10,000 and 5000 nematodes/fidlotved by 1000 and 100

nematodes/plant.

Melakeberharet al. (1985) reported that total chlorophyll and chfdrygll- a
content inPhaseolus vulgaris plants infected with different levels ®. incognita,
decreased significantly with increased levels ofestation at 45 days after

inoculation.

Jain and Goswami (2002) reported that the inocradf eitherM. incognita
or Fusarium oxysporum in tomato cv. Pusa Ruby resulted reduction in rcdgbyll
content. The content was observed to be lowest wemematode and fungus were
simultaneously inoculated and also when the neneataas inoculated 10 days prior

to inoculation of the fungus.

11



Nayak (2006) reported chlorophyll ‘a’ content offdoted leaves of Pusa
Kranti variety was reduced from 2.70 mg/g to 2.@dd)g. Similarly, in other varieties
like Kantabaigan and Pusa Purple Long, chlorophjdtontent also reduced. Further,
he reported that chlorophyll ‘b’ and total chlorgpphcontent was reduced in the

infected leaves of brinjal varieties.

Joshiet al. (2012) observed that the number of galls, eggseslplant and
final population of nematode increased with therease in the primary inoculum
level and maximum increase in various nematodefaatas recorded at 5000 J2/500
g of soil. They also observed that there was Igsake of N, P and K in the roots due
to parasitization by nematodes. They confirmed tiheite was considerable decline in
N, P, K uptake in the plant and total chlorophylhtent in the leaves at inoculum of
1000 J4/500 g soil and above.

Pandeyet al. (2016) investigated on the biochemical alterationblack gram
varieties inoculated with root-knot nematodkileloidogyne incognita. Various
parameters like total chlorophyll, totalsugar cotge protein, and proline content
were taken into observation during post infectienqd. At 45 days after inoculation,
the deviation in total chlorophyll, total protejoroline and total sugar content in six
cultivars i.e. PU 09-36(S), MU-44(S), VBG 11-031(R) VBG 11-016(FRRUG-
715(R) and NUL- 205(R) were studied. It was fouhdttthe percentage of total
chlorophyll contents decreased in the inoculatednpses than the healthy
counterparts. They also observed that the amoumdtaf protein, proline and total

sugar contents was increased in the diseasedgissue

Beheraet al. (2016) studied the effects of root-knot nematadedtion on the
chlorophyll “a”, “b” and “total contents of both sceptible and resistant rice bean
varieties under infected and healthy condition &edoa decrease in chlorophyll
content as 84.18, 2.93, 15.27 and 30.79% in thieties BBSR-19-2-1, BRB-26-1,
BRB-25-1 and BRB-7-1 respectively. Moreover, chfgrgll ‘b’ content was also
reduced as 0.92%, 0.23%, 14.62% and 53.75% in dheties BBSR-19-2-1, BRB-
26-1, BRB-25-1 and BRB-7-1 respectively. Due to tematode infection,total
chlorophyll content of rice bean varieties was atbas 10.39, 2.92, 15.16 and
38.75% in the varieties BBSR-19-2-1, BRB-26-1, BR®B1 and BRB-7-1

respectively.

12



Pandeyet al..(2016) while investigating on the the effects ofocbphyll
content on resistant and susceptible greengramvardt due to the root-knot
nematode infection, it was observed that Chlordptaylwas maximum decreased
(96.36%) in resistant variety 7GGG 10-14 followedd8.98% in susceptible check
variety 28 PM 10-12 but increasing trend was obsgrfrom 7.31 to 28.30% in
24ML-233 and 17 IPM 9901-6 varieties respectiveiurther, he reported that
chlorophyll ‘b’ and total chlorophyll content wasduced in the infected leaves of

greengram varieties.

Mahapatraet al. (2017) recorded that chlorophyll ‘a’ contents the
inoculated plants decreased by 0.336,0.342,0.38)®.322 and 0.355 mg/g in
varieties Sundargarh local-1,Amatalla Beej ghar akar long green,Ankur
hybrid,Nakhara local,Indojapane hybrid and Rajshiaék local-1 respectively.
Further,he observed an overall reduction in chloytip’b’ & total in root knot

nematode infected bitter gourd varieties.

Mallik et al. (2017) observed that the chlorophyll ‘a’ conteetluced from
1.961mg/g to 1.770 mg/g and 1.643 mg/g to 1.48@rdgé to nematode infection in
case of Greenstar and Greenlong variety. Siyilathe varieties Malavi, Hiramoti, 12
Patra and Kulak chlorophyll ‘a’ reduced from1.7821t320, 1.679 to 1.430, 1.780 to
1.222 and 1.887 to 1.212 mg/g respectively. Futieenbserved an overall reduction in
chlorophyll 'b’ & total in root knot nematode infiex] cucumber varieties.

Mahalik et al.(2017) recorded that the chlorophyll ‘a’ conteetiuced from
2.46 mg/g to 2.35 mg/g and 2.63 mg/g to 2.46 malg t nematode infection in
case of Princess Margata Rosa and Forta Rosatyasienilarly in the varieties
Magma , Yellow Godess and Plum Tart chlorophyliredduced from 2.74 to 2.56 ,
2.36 to 2.07 and 2.55 to 2.24 mg/g respectivelyittfer,he observed an overall

reduction in chlorophyll ’b’ & total in root knotamatode infected gladiolus varieties.

2.4 Effects on Macronutrients and Micronutriens content in nematode
infected leaves

Plant parasitic nematodes parasitize the plantscignging the nutrient
contents and cause disturbance in water and nuteétions, necessary for optimal

plant growth as reported by Hussey and Williamg@896). The changes in nutrient
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profile in plants inoculated with nematodes cawsguction in chlorophyll contents
that ultimately leads to reduction of photosyntbegfficiency. The decrease in
potassium concentration may affect Qd@ptake or, by altering osmotic potential, lead
to decreased photosynthesis (Ferguson, 1984).Ndmatiofection interrupts
biological processes in plants manifested as mnat deficiencies or excesses,
stunting, wilting, and reduced yields. Singtal.(1977) while investigating the effects
of different levels ofM. incognita in the presence or absenceRbizobium phaseoli

on Phaseolus aureus showed that the quantity of nitrogen was redudealldevel of
nematode inoculation irrespective of presence agzétiium ,indicating plants with

Rhizobium nodules had significantly more N/shoot.

Oteifa (1952) conducted experiments on lima beaantpl infected with
nematodes and observed the plants had lesser anotimtitrogen, phosphorus,

calcium, magnesium and potassium against the dgsitnots after chemical analysis.

Jacobet al. (1996) assessed the shoot and root samples isfargstomato
(Mangla) and susceptible tomato (Pusa ruby) vaseitnoculated witlvel oidogyne
incognita and they observed the percentage boost in theeotmations of calcium and
magnesium, sodium, manganese and iron over chetteimoots of susceptible and
resistant plant found to be 11.76 and 17.24, 8l 38.33, 25.0 and 27.77, 6.14 and
9.15, 20.0 and 1.correspondingly.They also obseshebts of resistant cultivar, the
concentration of calcium elevated slightly (3%) wheas 13.76% decrease was

recorded in susceptible cultivar following the intation ofM. incognita.

Mohantyet al. (1990) studied on chemical changes in horsegtiant gariety
DS 2-1 being infected bW. incognita and found that there was an increase in
percentage of nitrogen, crude protein, phosphongspatassium content in infected
roots than respective control plant. Whereas deer@athe various nutrients except

phosphorus in infected shoots as compared to hyeadiimterpart.

Nayak (2006) reported that nitrogen compositiothef brinjal varieties, Pusa
Kranti, Kantabaigan and Pusa Purple Long. The tateshoots of brinjal plant
content was higher in comparison to healthy ortanately all the varieties of brinjal
contain increased percentage of nitrogen which \naghest i.e., 62.09% in

susceptible variety i.e., Pusa Purple Long. Thesphorous content of brinjal
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varieties Pusa Kranti, Kantabaigan, Pusa Purplegleas lower on dry weight basis
whereas,it was increased more than double afteatuela infection and it was higher
in susceptible varieties.He also reported thatetlvesis an increase in the potassium
content in the dried healthy shoots of brinjal gaes ,Pusa Kranti, Kantabaigan, and

Pusa Purple Long,while reduction in® was noticed in nematode inoculated plants.

Rao et al. (1988) observed that the root knot nematode mdiuttrogen,
phosphorus, iron, reducing sugars and phenols enrite root and shoot. They
reported an increase in Mn, K and Mg in the roat ardecrease of RNA in the shoot
with increase in the protein content in both paftshe samples. They also observed
the infection ofH. oryzcola infection caused a reduction in the concentratiomtrogen,
phosphorus, iron and reducing sugars both in rodtsnoot along with total sugars,
protein, IAA, cytokinin and thiamine were also redd. There was increase in calcium,
sodium, soluble amino acids, ABA and starch in otit and shoot of the plants.

Sharma and Trivedi (1996) noticed increase in gém decrease in
phosphorus and potassium Mhincognita diseased roots of the highly susceptible

okra cv. Pusa Sawani and the less susceptible Rinjapot tests.

Pandeyet al. (2017) reported the nutrient content of resistamd susceptible
green gram varieties against root knot nematoder Fesistant cultivars, 24 ML-233,
7 GGG 10-14,17 IPM 9901 susceptible cultivars 28 Fd412 and 29 PUSA 0672
were selected to assess for change in leaf nittpgesphorus and potassium contents
of both infected and healthy plants.Maximum nitrogentent of 196.61% was noted
in variety 7 GGG 10-14 while minimum as 88.57% gigty 28 PM 12.Similarly
Phosphorous was maximum (46.49 %) noted in vasiel® PUSA 0672 and
minimum 52.26% in varieties 28 PM 10-12. The crpdgtein content was maximum
(-4.10%) in the variety 8 GM 04-02.

2.5 Effacts on Protein content on nematode infeadeplants

Masood and Hussain (1975) reported that the root-kematode infested
tomato cultivar possessed higher concentrationsaroino acids and protein as
compared to susceptible one.

Ganguly and Dasgupta(1981) observed the increasatimp levels in the
diseased tissues of Pusa Ruby,SL-120 & Nematex@® @fter inoculation by
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M.incognita. Ganguly and Dasgupta (1987) found that the pnatentent was lower

in the galled roots but the peroxidase activity Wigher in the non-galled roots.

Gopinathet al. (2002) found that moderately resistant tomatdivans Vivek
and Radha recorded maximum concentration of pretghich confer resistance to
root-knot nematode whereas in susceptible CultivBissa Ruby the protein

concentration is less as compared to the presstetteultivars.

Nayak (2006) reported that crude protein conteninfgcted shoots reached
the highest in Pusa Purple Long (62%) than th&wsfa Kranti and Kantabaigan as

tested against root-knot nematolfeincognita under pot culture condition.

Pandeyet al. (2017) found four resistant cultivars, 24 ML-2383GGG 10-
14,17 IPM 9901 susceptible cultivars 28 PM 10-1@ 28 PUSA 0672 were selected
to assess for change found the crude protein comtas maximum (-4.10%) in the
variety 8 GM 04-02.

2.6 Effects on Sugar content in nematode infectgaants

Farooqiet al. (1980) observed that both reducing and total sugaeased in

Mel oidogyne incognita infected tomato plants.

Tayal and Agarwal (1982) indicated low contents stérch,non-reducing
sugar, total sugar and high level of reducing sugaluble protein and total free
amino acids irMeloidogyne incognita infected brinjal plants.

Agarwal et al., (1985) reported the decrease level of non- rieguand total
sugars with increased level of reducing sugar wt-kmot nematodeMeloidogyne

incognita infected okra plants.

Upadhyay and Banerjee in the year (1986) obsemedcing sugar decreased
from 7.3 to 13.1 per cent in the root and 9.3 t@3fer cent in the stem; non-reducing
sugar from 78.4 to 87.2 per cent in root and 24&#dqgent in the stem and the total
sugar from 13.3 to 19.9 per cent in the root and 16 22.1 per cent in the stem of

chickpea plants infected witid.javanica.
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Mohantyet al. (1995) found a higher concentration of sugar ioculated
sample than healty sample of Pusa Purple Long éqitxde) and Ghatika white
(resistant) againgd#l.incognita.

Mohantyet al. (1997) while investigating on post-infection bibemical
changes in susceptible (Annapurna) and resistardan{kh, OR 624-46) rice
cultivars inoculated with root-knot nematole graminicola they found higher
accumulation of sugar in both the cultivars, as pared to their healthy

counterparts.

Devaranjan and Rajendran (2002) found that the amoaf total
carbohydrates and sugars were more in the susteptibne Matti than other
clones in banana clones under pot culture codifioraunt of total CHO level
decreased where as there is increase in sugarweasbbserved in the nematode

infested roots.

Nayak (2006) reported an increase in the amounotad sugar content in
the inoculated plants of brinjal varieties ,Pusaamir,Kantabaigan and Pusa
Purple Long on fresh weight basis,but,the amourdugfar present was decreased
in all cases than healthy plants,i.e.,49.76,50109 46.98 % in the shoot portion

of these varieties when infected by root-knot neadat

Pandeyet al. (2017) reported the variations in total sugar atadrch
contents in six greengram cultivars i.e 24 ML-233),(7 GGG 10-14 (R), 17
IPM 9901-6 (R) ,8 GM 04-02 (R), 28 PM 10-12(S) é&a®lPUSA 0672 (S) which
was studied 45 days after inoculation of Meloidogyincognita . Total sugar
content was maximum decreased (61.78%) in susdepgdriety 28 PM 10-12
followed by 44.45% in susceptible variety 29 PUS&7R but increasing trend
was observed in the variety 8 GM 04-02 (39%). Toséhrch content was
maximum decreased in resistant variety 24 ML-23#93%6) and least decrease
in the resistant variety 17 IPM 9901-6(9.67 %). Tib&al sugar contents in the
shoots of both healthy and resistant cultivars wkigher compared to the

susceptible cultivars.

17



2.7 Effacts on Phenol content in nematode infectgaants

Ganguly and Dasgupta (1982) suggested that theolpehol oxidase enzyme
in resistant variety was different from that of shesceptible variety and enzymes in
the resistant variety were more stable in wide eanfgtemperature and pH conditions

than that of any susceptible variety.

Thakur and Yadav (1985) reported that higher leeélphenol per gram
fresh root were associated with greater resistdheee was no increase in phenol

content in inoculated susceptible varieties.

Agrawal et al. (1985) revealed that the infected okra plantdvbyncognita

had increased levels of phenolic compounds ovendla¢thy plants.

Zacheo (1988) observed that browning in hyperseesieaction is mainly
caused by the enzyme polyphenol oxidase whichys#slthe oxidation of various o-
dihydroxy phenols to quinines or free radicals, aviiich can react with several
biological molecules to create an unfavourable mmmental condition for growth of
potential pathogens.

Pankajet al. (1992) observed that the phenol content of teestant varieties

was higher than that of the susceptible varietien doefore nematode infection.

Nayak (2015) studied the effects of nematode iafest on phenolic
substances as influenced by root-knot nematoddmtim susceptible and resistance
brinjal and he found that the total phenolic substain the roots of both healthy and

resistance brinjal cultivars was higher comparetthab of susceptible cultivars.

Pandeyet al.(2016) observed the effects of nematode infestatiomphenolic
substances as influenced by root-knot nematoddmtim susceptible and resistance
green gram and he found that the total phenolicstamice of both healthy and

resistance green gram cultivars was higher compartht of susceptible cultivars.

2.8 Effects on Proline content in nematode infeatieplants

The high metabolic activity in roots associatedhwgiant cells and gall
formation as well as egg-production exerts a reguoént for energy which is supplied

by a free proline manufactured in the leaves aadstocated to the site of nematode
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infection. Besides, the ratio of Lproline and hydroproline play key role in
imparting susceptible and resistant reactions dwdya associated with the stress
condition of the host plant. Decrease in arginioatent in both the varieties during
post-infection period possibly due to conversionLadirginine to L-proline through

ornithine cycle.

Okie et al. (1984) reported reduced free amino acids in shaat roots as
measured by levels of ninhydrin reactive compouldsmch root stock due to
Criconemella xenoplax infection. They also found that the proportionsspkcific
amino acids were changed and the molar percenfagelkine, glycine and alanine
increased,but arginine content was decreased is rob both seedlings and

herbaceous cuttings in the presence of nematode.

Trivedi and Sharma (1996) while analyzing quantidy for different
metabolites in both highly susceptible (Pusa Sawami less susceptible (Punjab 7)
cultivars.They observed a reduction in sugar, jmetdotal free amino acids, proline,
phenols, ascorbic acid, enzyme, nitrogen and sodoepting total sugars, non-
reducing sugar, phosphorus and potassium in dideasés of both the okra cultivars

over their healthy counterparts.

Pandeyet al. (2016) reported the variation in total prolinentant in six
greengram cultivars i.e., 24 ML-233 (R), 7 GGG H{R), 17 IPM 9901-6 (R), 8
GM 04-02 (R), 28 PM 10-12(S) and 29 PUSA 0672 (8ictv were studied 45 days
after inoculation of Meloidogyne incognita. Theatoproline content in the shoots of
both healthy and resistant cultivars was higherpamed to the susceptible cultivars.
However, in the inoculated plants the total prolooatent in four resistant variety
varied from 100 mg/g to 150 mg/g as compared todusteptible variety (90 mg/g to
140 mg/g) . An increasing trend was also observethé proline contents in the

shoots of inoculated susceptible and resistanivenst.

2.9 Effects on enzymes (Catalase, Peroxidase, Swpéde Dismutase |,
Phenylalanine Ammonia Lyase, Tyrosine Ammonia LyasSecontent in
nematode infected plants

Fogain (1996) reported enhanced peroxidase actwityphenolic compounds

associated with resistant cultivar of Musa spmdmatodes infection.
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Indu Raniet al. (2008) studied the biochemical basis of root-kmetnatode,
M. incognita resistance in tomato hybrids CLN 2026GL 120, CLN 2026E x SL
120, LE 812 x SL 120 and CLN 1464A x SL 120. Theoaleported that among the
hybrids, CLN 2026 C x SL 120 had the highest Iesfeperoxidase and polyphenol
oxidase enzyme activity with high level of totalgoiols while the susceptible check

(COTH-1) indicated the lowest value for all thedsiemical constituents.

Sundharaiyiat al. (2011) reported that among F1 and hybrids of tomeoss
lines CLN 2123A X HN2 and HN2 X CLN 2123A and thegiarents along with
resistant and susceptible check varieties or hytmidy HN2 X CLN 2123A, nematode
resistant check, Hissar Lalit and the parents, Hdfstered higher root phenol content
alongwith ascorbic acid content. These genotypss &bgistered higher peroxides,
polyphenol oxidase, IAA oxidase and acid phosplesgasivity and lower root knot index

than susceptible genotypes, CO3 and LCR-2.

Umamaheswarét al. (2005)found that higher activity of defense enegrnPAL

and chitinase i.viridae & M.incognita treated plants compared to untreated plants.

Chawla and Pankaj (2007) reported the peroxidagseitpdn the shoots of
different cultivars moderately resistant chickpadeties had higher degree of peroxidase
enzyme activity in Pusa 256 and also minimum dgtiwias observed in susceptible

cultivars, Pusa 362.

Nayak and Pandey (2016) reported Phenylalanine Amarig/ase as mg of t-
cinnamic acid formed per gram of fresh root extrddtese were 24.03, 27.52 and
30.45 mg/g in Pusa Kranti, Kantabaigan and Pusal®uWong respectively. In the
inoculated roots these values increased to 292Z854and 50.25 mg/g respectively,
registering 23.30, 55.70 and 65.00 per cent enima@ceover healthy counterparts.

Nayak and Pandey (2016) reported Tyrosine Ammonesé was calculated
as mg of p-coumaric acid formed per gram of fresbts . In the normal roots the
activities were recorded as 18.2, 22.06 and 26.8@nm Pusa Kranti, Kantabaigan
and Pusa Purple Long respectively but in the nedeatofected roots the amounts
increased by 8.24, 18.80 and 61.10 per cent ragpBcbver healthy counterparts.

Nayak and Pandey (2016) observed the effect otkot nematode infection

on peroxidase activity in brinjal varieties The rneased peroxidase activity was
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observed in nematode inoculated samples of botbeptible and resistant brinjal
varieties but higher enzymatic activity was recdrda resistant varieties and
registered 45.18, 32.09 and 11.30 per cent incr@asehealthy counterparts.

Nayak and Pandey (2016) recorded the effect ofknot nematode infection
on catalase activity in brinjal varieties The casa activity was decreased (15.68 %)
in case of nematode inoculated susceptible cultiPaisa Purple Long whereas its
activity was increased considerably in resistarrieti@s inoculated with root-knot
nematode over healthy counterparts.

2.10 Effects on amino acid content in nematode ie€ted plants

Nayak and Mohanty (2010) observed higher conceatraif various amino
acids and amides in brinjal cv. Pusa Purple Lowogufated withM.incognita.

Mohanty and Biswas (2000) found 10 amino acids li@anine,L-glutamine,
L-glutamic acid, L-leucine, L-isoleucine, L-methior, L-tyrosine, L-threonine,
L-valine and L-tryptophan in susceptible chilly Kdt Ava) and resistant (Pusa Jwala)
varieties which were in higher concentration excéptryptophan,by root-knot

nematode infection.

Tripathy and Mohanty (2008) found 6 free amino acstich as L-serine,L-
alanine, L-phenylalanine,L-tryptophan,L-tyrosineddnrglutamic acid in healthy and
inoculated samples of susceptible and resistanéties.They also found decreased
percentage of phenylalanine and tyrosine of ban@Beand Naine & Dwarf

Cavendish) infected witN.incognita in resistant variety during post infeatjgeriod.

2.11 Assessment of avoidable yield losses due tootrknot nematode,
Meloidogyne spp. infesting ridge gourd

Reddy (1986) reported 28.08, 33.68, 43.48 and 28e8Ccent yield losses in
okra, brinjal, french bean and cow pea, respectidele to root-knot nematod#).

incognita infectionwhen the pots were treated with aldiqd® G) at 2 kg a.i./ha.

Darekar and Mhase (1988) recorded 46.92, 32.733&nd2 per cent loss
in yield of tomato, brinjal and bitter gourd,resgieely due to root-knot
nematode, M. incognita when the pots were treateith aldicarb 10 G or
carbofuran 3 G a 6 kg a.i./ha.
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Jonatharet al. (1990) observed after application of carbofuds @ 4 kg
a.i./ha to fields of Piper betle infested wit. incognita reduced nematode
populations over control. The leaf yieldof untrebfgants showed 38 per cent loss
over treated plants.

Jainet al. (1994) reported that the avoidable yield los§bP per cent in the
yield of tomato due td/. incognita and 43.3, 41.8 and 29.9 per cent in the yields of

tomato, brinjal and okra, respectively in sick ptgested withM. javanica.

Ray et al. (1995) observed the soil application of carbafuBG @ 3 kg
a.i./ha, 3 weeks after planting resulted in reductf avoidable yield losses due to
M.incognita, to the extent of 33.61 per cent imtaric and 26.30 per cent in ginger
with high gall index values in control plots comgarto treated ones in both ginger

and turmeric.

Makhnotraet al. (1997) conducted experiment on ginger plantsitiaiulated
with M. incognita at an initial population level @00 larvae/200 cc of soil in pot
culture experiments and observed that carbofurakg(a.i./ha) treated plots showed

20 per cent yield increase and decreased in nemaiggllations at harvest.

Mote and Mhase (1997) reported 36.45 per cent abtedloss in yield of
bitter gourd due to root knot nematode when the gvas treated with carbofuran 3 G
@ 2 kg a.i./ha.

Yadav and Mathur (1999) reported an average yigdd bf 53.36 and 39.76
per cent from Carbofuran 3G and Phoratel0G @ 2 HKgha treated plots
respectively from green chillie§€épscicum annum cv. Jaipur local) infested with

M.incognita.(>23d/g soil).

Nagesh and Reddy (2000 observedhat application of phenamiphos at 2.5kg
a.i./hato canation and gerbera flower crops, recorded higher vaues for plant height,
spike length and number of flowers compared with untreated plants, and ncreased
flower yield by 26.6 per cent and stem height by 30 per cent compared with untreated
plants in carnatiorflower yield by 31.1 per cent and spike length by 38.8 per cent in
gerbera with yield loss of 26.6% and 31.1% in cbéonaand gerbera

respectively due to nematode infestation.
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Bhargava and Sharma (2001) observed that the ddeidass in chilli (cv.
RCH-1) ranged between 11 and 33 per cent with anage of 23 per cent with the
application of carbofuran 3G at 2 kg a.i./ha,whife the susceptible tomato
cultivar (Pusa Early Dwarf) avoidable yield lossasged from 19 to 29 per cent
with an average of 26 per cent with the applicatodrcarbofuran 3Gat 2 kg a.i.
/ha. In the resistant tomato cultivar (PNR-7) awhlkk yield losses ranged
between 13 and 18 per cent with an average of 25¢m with the application of

carbofuran 3G at 2 kg a.i./ha.

Khanna and kumar (2003) recorded maximum increasgeid, 5825 kg of
fruits from nematicide-treated beds compared to338Xg/ha from the untreated
control beds and yield losses ranging between @242.8 per cent fronrMomordica

charantia infested byM.incognita.

Anwar and Mckenry (2010) reported that M. incogmidaises 40 per cent yield

losses in vegetable crops in Punjab.

Shendgeet al. (2010a) reported that the loss in yield of okrasv27.02 per
cent, when the crop was treated with carbofuran @ @ kg a.i./ha. infested byl.

incognita.

2.12 Molecular characterisation using ISSR markers

Chang et al. (2003) classified twenty pumpkin cultivars into ebr large

categories and identified genetic distance of elustnging from 38% and 100%.

Resmi and Sreelathakumary (2011) estimated Jascandiilarity coefficients
andconstructed dendrogram by using UPGMA reveblegtesence and extent of genetic
similarities among the twenty-five landraces ofgasiid. Pair-wise genetic similarities

among the landraces determined using JaccardBoee@franged from 0.14 to 1.00.

Songet al. (2010) recorded that genetic similarity between waxird and

chieh-qua germplasm was in the range of 60% to 99%.

Latha (2012) studied RAPD analysis in cucumber @mpbrted that OPA-19
primer recorded the highest polymorphism (86.6%)t 6f 130 bands, 115 bands
were polymorphic for a specific primer and can Isecuas differential markers for

varietal differentiation.
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A yaf (2014) studied RAPD profile in squash gourdl enerated high level
of polymorphism. OPA-03 and OPC-19 primers showggh lvalue for number of
main, amplified and unique bands and success ingy& distinct fingerprint for all
genotypes. The highest value for primer efficiernd discriminatory value were
produced by the primers OPD-13 and OPN 06, resfedgti

Sikadar et al. (2010) observed that out of the ten (ISSR) primeight
produced informative data for phylo-genetic analysi Cucurbita species. These
eight primers produced 139 ISSR fragments, an geeoh 17.37 bands per primer.
Amplified product sizes ranged from 599 to 2399 bp.

Huanget al. (2010) observed that size of amplification rangexainf 150 bp to

2700 bp with six ISSR primers in 38 diverse bitjeurd accessions.

Bhawnaet al. (2014) studied 209 amplified bands from 20 ISSRnprs in
which 186 were polymorphic (89.00%) bands. Jacesasdhilarity coefficient matrix
was generated for pair-wise comparisons betweeivithal ISSR profiles and
UPGMA cluster analysis based on this matrix showkgtering into six groups.
Jaccard’s coefficient of similarity values rangeanfi 0.409 to 0.847, with a mean of

0.628 revealing a moderate level of genetic diwgrsibottle gourd.

Yildiz et al. (2014) characterized 24 accessions covering diffegeoups of
Cucumis meloL. collected from Eastern and South-eastern Aretoliegions of
Turkey by using 43 morphological traits and 207 kees obtained from 31 ISSR and
16 SSR primers. The findings indicated wide ranfevariations for investigated
characteristics in Turkish gene pool that providegod source of diversity to use in

melon improvement program for better yield.

Deet al. (2015) studied phylo-genetic patterns and relatesiaenong selected
species of cucurbits using ISSR markers. Total bf bands, of which 57 were
polymorphic, were amplifi ed by five primers. Thieytbgram generated on the basis
of Jaccard’s similarity coefficient revealed a e@agenetic relationship betwe&h
maderaspatanus and C. melo, while C. sativus, a member of the same genus, was
placed as a distant relative from both speciesiebye demonstrating remarkable

diversification among members of the same genus.

€3
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MATERIALS AND METHODS

3.1 Collection of nematodes
3.1.1 Stock culture

The experimental stock cultures of the root-knetmatode,Meloidogyne
incognita (Race-2) for this study was originally obtainednfr a single egg mass
progeny, maintained and multiplied on susceptibiej&l variety, Pusa Purple Long.
The seeds of mung bean plants were sown in 30 d¢s1qamtaining sterilized soil,
autoclaved at 15 Ibs/ sg. inch. pressure for 20utes) The populations of root-knot
nematode were sub-cultured periodically inoculatiiidy infective 3 in sterile water

suspension to the root zone of three week old segdgrown in the pots.

3.2 Experimental procedure

As and when required plants were taken out frobu@d pots, washed the roots
free of soil, dissected out of the egg-masses ftben galls under a stereoscopic
microscope, treated with sodium hypochlorite sotytwashed with sterile water and put
over tissue paper supported by aluminium wire gangeetridishes with watery-fhat
hatched out were collected daily in beakers, sarserilized by treating with 0.5 per cent
streptomycin sulphate solution for 12 hours. Watan the upper portion of the beaker
was drained off without disturbing the nematodetha bottom. These larvae were
utilized to conduct all the experiments. The lantaat could not be inoculated just after

collection were stored in refrigerator at 8 t8Q@or use within the next 3 to 4 days.

Earthen pots of 15 cm dia, were sterilized witinfaldehyde solution (1.0 %)
and filled with autoclaved soil (15 Ibs/20min). Beepots were arranged on green
house benches according to the treatments andcagphs. The water used for

irrigation purpose was passed through a 500 mesfe fiefore use.

For all chemical analysis purposes sterilized oseed glassware and double

distilled water were used throughout the experimen

3.2.1 Collection of ridge gourd germplasm/cultives

Seeds of 52 ridge gourd germplasms/cultivars @atth3 g , were collected
from local market and nearby villages of Dhenkanalhe seeds were surface
sterilized by treating them with 0.1 % HgGbr 5 minutes, washed thoroughly with
sterile water and air dried. These seeds were sowine pots to conduct screening

and evaluation of seeds against test nematddecognita (race-2)
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3.2.2 Sowing of seeds and inoculation of nematxi

The soil to be filled in the pots were pulverisedxed with N, P, K fertilizers
@ 250:100:100 per hectare on soil weight basidfiead into the pots @ 1 kg/pot. The
surface sterilized seeds were sown @ 4 to 5 sEdsot. Each variety was replicated 3
times. Moisture was maintained regularly after ta@ergence of seedlings. At 15 days
after sowing the seedlings were thinned keeping leeadthy seedling per pot at the
centre. A small glass tube (2 cm long, 0.5 cm bwag inserted into the soil near the
root zone of each of the seedlings. Two weeks aféedling emergence axenised
nematodes were counted under a stereoscopic mi@esand released into the holes
near the root zones @ 1000+J20 per seedling in 10 ml sterile water. For chexnic
analysis two sets of plants were maintained, asretlie uninoculated control
(Healthy) and the other infected with the nematéteh set was arranged on separate

platform in the green house in order to avoid cingsction.

3.3  Screening of ridge gourd germplasm/ cultivarsgainst root-knot nematode
Root-knot nematodes are polyphagus in naturey &b number of genotypes
(varieties) procured were used for testing andisgoagainst test nematode for

resistance/ susceptibility.

Pots containing soil were arranged on greenhousmeches in complete
randomized design with three replications. Seede wewn and sprinkled with water.

After 2 weeks of sowing bf root-knot were released into four holes nearrtot
zone of the plant of each pot. Watering was doset drench the soil avoiding over
flooding. Forty five days after sowing the pots evgrashed under water tap. Water was
allowed to pass upon the pot soil with sufficierggsure so that the soil particles were
flooded away. Whole of the root system was obtayethis method. Roots were observed
under a stereoscopic microscope and the numbaegallsfproduced on each plant roots
were counted. The average number of galls of plicagions are presented in Table 1.
Subsequently the root system was fixed in 4 % fmmend stored in small plastic

containers with proper label, for observation @j-etasses.

The root system of each plant was chopped andbthis, one gram was
stained with lacto-phenol acid fuchsine solutioheTegg masses present in it were
counted through a stereoscopic microscope. Ridgedgarieties or germplasm were
categorized as per the 1-5 gall index given beldaylor and Sasser, 1978).
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Gall index (1 to 5 scale)

Scale | No. of galls/eggs/eggmass Reactions
1 0 Highly resistant (HR)
2 1-10 Resistant (R)
3 11-30 Moderately resistant (MR)
4 31-100 Susceptible (S)
5 More than 100 Highly susceptible (HS)

3.3.1 Evaluation of Ridge gourdrarieties against root-knot nematode

Fifty-two ridge gourd varieties were sown in theterilized earthen pots
containing 1 kg of autoclaved soil/pot in the gré@use as described earlier. The plants
were washed 45 days after sowing of seeds andvakises were made on number of
galls/plant, plant height (cm), fresh shoot wei@)t fresh root weight (g) dry root weight
(9), number of eggmass/plant and final nematagleulption on each variety and reactions
of the varieties to the test nematddel oidogyne incognita.

3.4  Biochemical analysis of the plant samples

In order to understand the basis of nematodetaesis five varieties namely
Priya,BSS-1009 (Resistant),Aneeta (Moderately FRasi)s and Aarti,Harsha
(Susceptible) were sown in earthen pots in the nifeese as described earlier
maintaining five replications in Completely Randsed Design. These plants were
washed 45 days after sowing of seeds or 30 dags iaftculation of Jjveniles/c.c.
soil and the following chemical compositions wesgiraated in both resistant and

susceptible plants under controlled and inoculatedlition.
Biochemical analysis of different parameters

Estimation of chlorophyll content of leaves
2. Estimation of change of macronutrients due tot-kmot nematode
infection (Nitrogen & crude protein, Phosphorusta®sium)

3. Estimation of change of micronutrients due tmtiknot nematode

infection (Zinc,Copper, Calcium, Sulphur, Iron,Mangse, Magnesium)

Estimation of Protein content
Estimation of Total sugar & starch content
6. Estimation of phenolic substances
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7.  Estimation of proline substances

8. Estimation of enzymes (Catalase, peroxidaseger®ume Dismutase,

Phenylalanine Ammonia Lyase & Tyrosine ammonia eya®ntent

9. Estimation of free amino acid contents & amemmd separation by
HPTLC Method

10. Assessment of avoidable vyield loss due to -koot nematode,

Meloidogyne incognita infesting ridge gourd
11. Molecular characterisation using ISSR markers

3.4.1 Chlorophyll estimation of leaf (mg/g) on freh weight basis
One hundred fifty mg leaf portion of each treatmeare cut from the composite

leaves and were immersed in 50 ml of 80 % acetoaeonical flask and kept in dark for 24
hours for extraction of chlorophyll from the leafhsples. Thereatfter, the chlorophyll extracts
were filtered through Whatman No.1 filter papdosérbance of the chlorophyll extract was
measured at 645 nm and 663 nm using a coloriméter.amount of chlorophyill-a,
chlorophyll-b and total chlorophyll were calculat@dng/g fresh weight according to

the following equations.

)] Chlorophyll -a (mg/g fresh weight of leaf )

=[12.7 x (D-663p-69 X (D-645)1X————
[12.7 x (D-663P-69 x (D-645)] -

i) Chlorophyll -b (mg/g fresh weight of leaf)
=[22.9 x (D-645%-68 x (D-663)|Xx———
[22.9 x (D-6454-68 X (D-663)] oo~
iii) Total chlorophyll (mg/g fresh wt. of leaf)

= [20.2 x (D-645)8402 X (D-663)]

100(xW
Where
D -645 = optical density at 645 nm
D-663 = optical density at 663 nm
\ = final volume of 80 % acetone chlorophyllrext in ml
w = Fresh weight in g of corresponding amountfreSh

leaves used in the extraction of chlorophyll
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3.4.2 Estimation of nitrogen and crude protein corgnt of plant samples

Crude protein and nitrogen content of shoot waterated by following the
procedure of Mahadevan and Sridhar (1986). Two rachang of powdered plant
parts were taken in 100 ml micro Kjeldahl digestitbasks. About 200 mg of
digestion mixture (KSQs: CuSQ = 5:1) and 4 ml of concentrated$0; were added.
These flasks were kept as such for about one halitheen heated slowly till frothing
occurred. To check the frothing, two crystals oflism thiosulphate were added to
each digestion flask.Thereafter, digestion wasinaetl until the contents of the flask
became completely clear blue syrupy liquid withamty bubbling. The flask was
cooled and content was diluted to 25 ml with tedi water. Then 10 ml of diluted
sample extract was transferred into micro Kjelddiktillation unit. Thereafter, 10 ml
of 40 % NaOH was added and distillation was comithfior 10 minutes. During
distillation period, liberated ammonia was absorbd®g 150 ml conical flask
containing 2 drops of mixed indicator. After contpla of distillation, distillate was
titrated against 0.05 NS Qu.

Calculation
Per cent Nin sample

_ (sampletiter-blank tite)x N, of H,SO, x14x100x 25
Samplewneight(g)*1000

3.4.3 Crude protein

Percentage of protein present in shoots was detedy multiplying the per
cent N with 6.25. This protein is called crude protein.
3.4.4 Estimation of phosphorus and potassium contéras influenced by root-

knot nematode in ridge gourd
Digestion of samples

Powdered plant samples (0.5 g) were taken in 1l0@anical flasks. To each
flask 15 ml of concentrated HNQvas added. The flask were kept as such over night.
Then the flasks containing samples were heated twtaplate til brown fumes
evolved . Five ml of di-acid mixture (HNQ HclOs (70 %) = 3:2) was added to each
flask. Again the flasks were heated till white fism@volved reducing the volume of
content to about 2 ml. Thereafter, conical flasksemaken out from hot plate and
allowed to cool. One ml of 6N HCL was added andK$awere heated gently for one

minute. Then 15 ml of warm distilled water was atltie each flask. The content of
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the conical flask was transferred to a 50 ml voltrrodlask followed by twice rinsing
with distilled water. Then the volume was made ap® ml with distilled water and
the aliquot was filtered through Whatman No.4f&fipaper. The filtered extract was
kept for the estimation of phosphorus and potassium

Estimation of phosphorus present in plant samples

Phosphorus present in plant samples was estirbgtadopting the procedure
of Jackson (1973).

Chemical reagents

1. Molybdate — Vanadate solution
a) Dissolve 6.250 g ammonium molybdate in 125 ml sfilled water.

b) Dissolve 313 mg ammonium Vanadate in 125 ml of IHN)Os
Then mix the reagents (a) and (b) in a 250 ml veluim flask
The resulting solution is called molybdate — vannadalution.
2. 2(N) HNG; : Dilute the 60 ml concentrated HN@ 480 ml with distilled water.

3. The standard phosphorus solution (25 ppm) : Digs@% mg monobasic
potassium phosphate (KPIQy) in distilled water and dilute to 500 ml.

Sample analysis

Standards of 0, 2.5, 5.0, 7.5 and 10.0 ml of 2% phosphorus solution and 2
ml of digested sample extracts were taken in 2¥ahdmetric flasks. Five ml of 2(N)
HNOs solution was added to each flask. Then requireduatnof distilled water was
added to each flask to make the final volume 15 Thereafter, 2.5 ml molybdate
vanadate solution was added. Final volume was mpde 25 ml with distilled water
and flasks were shaken well. Absorbance was mehdiyre colorimeter at 420 nm
after 20 minutes of shaking. The phosphorus cordéptant samples was calculated
in percentage by using the standard curve.
3.4.5 Estimation of potassium content as influencebly root-knot nematode in

ridge gourd

One ml digested sample extract of shoot were tak2s ml volumetric flasks and
the volume was adjusted to 25 ml with distilled evaSimilarly 1, 2, 3, 4 and 5 ppm
standard K solution (i.e. 0.1907 g KCL/lit) weré&era in 100 ml volumetric flasks with

water. The readings for standards and samplestalere in a digital flame photometer. As
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per the standard curve, the ppm of potassium gresertracting solution was calculated.
Then the percentages of potassium present in shogiles were calculated.
3.4.6 Estimation of total sugar content as inflenced by root-knot nematode in
ridge gourd
The total sugar content of shoot were determingd adopting the

following procedure.

Extraction of shoot sugar

One hundred mg of ground seed samples were i@l&nml centrifuge tubes and
10 ml of 80 % ethanol was added to it. The moutth@fcentrifuge tube was covered with
polythene paper and kept in a water both at 8C-8&r 30 minutes. Then it was cooled and
centrifuged for 15 minutes at 2000 rpm. After déugation, the supernatant was decanted
into a 25 ml. Volumetric flask. This extraction pedlure was repeated once again and the
supernatant was collected in the previous 25 mlumMetric flask. The final volume
was made up to 25 ml with distilled water and wlsred through Whatman No.1

filter paper. This was the sugar extract kept tayas estimation.

Estimation of total sugar

Two ml of sugar extract was transferred into anflOvolumetric flask and
volume was made up to 50 ml volumetric flask antun® was made up to 50 ml
with distilled water. Five ml of this extract waasken in a 25 ml volumetric flask.
Simultaneously standards of O ml, 1 ml, 1.5 mil &aml. Of 100 ppm glucose
solution were taken in 25 ml volumetric flasks. Vole of these standards was made
up to 5 ml with addition of distilled water and 2ods of 80 per cent ethanol.
Volumetric flasks containing samples and standam@® kept in an ice-bath. To each
volumetric flask, 10 ml of anthrone reagent (2 giraothrone in one litre of 95 %
H>SQy) was added allowing it to run down the side of ttidumetric flask. The
contents of the flasks were shaken slowly by sugrlthe flask and then shaken
thoroughly. The volumetric flasks were kept in Ingjlwater bath for exactly 7.5 minutes.
Then immediately the flasks were cooled in iceeAtooling, absorbence was measured
at 630 nm and sugar content was calculated byeipeoti standard curve.
3.4.7 Estimation of total starch content as itienced by root-knot nematode in

ridge gourd

1 ml of starch extract was taken in a tflOvolumetric flask and diluted to

100 ml with distilled water.Five ml of the abovetect was transferred in a 50 ml
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test tube. Then all the standards and sample ubststwere kept in ice bath for
cooling ,and 10 ml of anthrone reagent was addeelatth test tube, allowing the
reagent to run down the side of the flask. It wiasedd slowly with a glass rod and
then shaken thoroughly. The flask was kept in bgilivater bath exactly for 7.5
minutes. Then the test tube was immediately coolede-bath. After cooling ,the
O.D. at 630 nm was measured and the starch com@ntalculated by the help of
standard curve, which was multiplied by 0.91 to tipet exact value of the same.
3.4.8 Estimation of total protein content as ifuenced by root-knot nematode in

ridge gourd

Two ml of the sample extract was pipette intotést tubes, and the volume make
up was done upto 2ml in all test tubes with watesrmT 10ml of reagent C was added to
each test tube including blank.It was mixed wetl altowed to stand for 10 min. Then 1
ml of reagent D was added,mixed well and was inegbat room temperature in the dark
for 30 min. Then blue colour was developed.Finalsorbence was measured at 660 nm
and protein content was calculated by the helpepidard curve.
3.4.9 Estimation of total free amino acid conté as influenced by root-knot

nematode in ridge gourd

Five hundred mg of the plant sample was weighednaackrated in a pestle and
mortar with small quantity of acid washed sand.Ta#r600 mg finely ground plant
sample was taken in a centrifuge tube.The resida® washed which was left in the
pestle twice with little amount of 80% ethanol arahsfer to the centrifuge tube.Then the
volume was made up upto the centrifuge mark of L0ha tubes were centrifused for 10
min. & the supernatant was decanted in to a 50 ohlflask and the extraction was
repeated with 5 ml of 80% ethanol twice & supenmatgas transferred to the above 50
ml vol. flask.The volume was reduced ,& the extraets used for the quantitative
estimation of total free amino acids. Finally stamgid and samples were prepared,& after
taking the above reagents in standards and saegpleibes,it was heated in boiling water
bath for 20 mins.Quickly,15 ml diluent was addest pfter removing the test tubes from
water bath and was shaken vigorously & alloweddol @t room temperature for 15
min.Finally, absorbance was measured at 570 nnspgetro-colourimeter.
3.4.10 Estimation of total phenol content as influenced byoot-knot nematode

in ridge gourd
Exactly 0.5 g shoot and root sample was ground wipestle and mortar in

10 ml of 80 per cent ethanol until it became a pulp
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The homogenate was centrifuged at 5000 rpm fomRutes. The process
was repeated with another 5 ml of 80 per cent eth@oth the supernatants were
pooled and evaporated to dryness. The residue isaslekd in 10 ml distilled water.
The aliquot was pipetted into test tubes with Ol®ath. The volume was made up to
3 ml with distilled water. Exactly 0.5 ml of foliciocalteu reagent was added into it.
After 3 minutes 2ml of 20 per cent N&QOs solution was added into each tube. The
contents were mixed thoroughly, placed in boilingtev for 1 minute and then
cooled. Absorbance was measured at 650 nm in airoeier and compared with a

blank. A standard curve was prepared using diftetencentrations of catechol.
Calculation

The concentrations of the phenol in test sampkes ealculated by comparing
with the standard curve and expressed as mg/gialgtzatechol).
3.4.11 Estimation of total proline substance asnfluenced by root-knot
nematode in ridge gourd
Exactly 200mgs each of shoot and roas wacerated with 5 ml of sulfo-

salicylic acid.

The residue was centifused at 4000 r.p.m. for 1Buteis. The supernatant
liquid was decanted to a 50 ml test tube.5 ml @fc@l acetic acid and 5ml of
acid ninhydrin was added to it. The mouth of thetteube was closed by
polythene paper and rubber band. It was boiled Tor. in water bath at
100°C.After boiling of standards and sample, thect®en mixture was
transferred to 60 ml separating funnels. 20ml dfieoe was added and shaken
vigorously. It was then allowed to settle. The achophore containing toluene
was separated out through the bottom hole of tiparsging funnels. Absorbance
was measured at 520 nm. By the help of standardecdata, the amount of
proline present in plant sample was calculated exjgtessed as mg proline/gram
or fresh sample.

3.4.12 Estimation of micro-nutrients as influencedby root-knot nematode in

Ridge gourd plant samples
Mineral Nutrient analysis of extrudate product (ribbon noodle)

Mineral acids like of diacid (HN©- HCIO,) digestion (Jackson, 1973) by SS
method through model GCB Awanta.
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Method

Powdered samples (0.5 g) were takem 100 ml conical flask. To each
flask 10 ml of concentrated HNQwvas added. The flasks were kept undisturbed
overnight. Then the flask containing samples weeatbéd on a hot plate till
brown fumes evolved. Five ml. Of di-acid mixtureNBs;: HCIO, (70%):: 3:2
by volume) was added to each flask. Again the Baslere heated till white
fumes evolved reducing the volume of content toudt®oml. Thereafter, conical
flasks were taken out from hot plate and allowedd®ol. One ml. Then 15 ml
warm distilled water was added to each flask. Taetent of conical flask was
transferred to a 50 ml volumetric flask followed twice rinsing with distilled
water. Then the volume was made up to 50 ml witstilied water and the
aliquot was filtered through Whatman No.42 filtexper. The filtered extract was
kept for estimation of mineral nutrients like paasn, sodium, phosphorus,
Calcium, Magnesium and micronutrients like Fe, Zbu by adopting the
procedure of Jackson (1973).

Micronutrients (Fe, Zn, Cu, Mn) Estimation

Digested sample was introduced to AAS for Fe, Zd @u analysis after
standardizing the AAS with respective standards.

(Fe, Zn, Cu,Mn)mg/100 g = AASRX 50

sample wt(g) x10

3.4.13 Estimation of Phenylalanine Ammonia LyaséP@L) content as influenced
by root-knot nematode in ridge gourd

0.5 ml borate buffer, 0.2 ml enzyme solution a8l hl water was pipetted
out in a test tube. The reaction was initiated Hy @addition of 1 ml L-Phenylalanine
solution. It was then incubated for 30-60 min at@2Z'he reaction was stopped by the
addition of 1 M trichloroacetic acid. Then a cohtnas run in which phenylalanine
was added after trichloroacetic acid.The absorbarasemeasured at 290 nm. Finally
a standard graph was prepared for trans-cinnandc ac
3.4.14 Estimation of Tyrosine Ammonia Lyase (TAL) ontent as influenced by

root-knot nematode in ridge gourd

Leaf samples (200 mg) were homogenized in 2 nd5oMmm borate buffer ,
pH 8.8 containing 2 uB mercaptoethanol and a pinch of polyvinyl polyplidone
(PVP).The homogenate was filtered through the @heksth, centrifused at 12,000
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g for 10 min and the supernatant was used for eazgativity assay according to
Sadisivam and Manickam (1992). One unit of the ereyas defined as increase in
absorbance of one unit per min. The activity of ¢#il@yme was expressed as units
per mg of soluble protein.

All the steps described under PAL can be used tsaore the TAL except that
the phenylalanine replaced by tyrosine. The p- a@mgnacid is extracted from
reaction mixture with ether and its concentratiorasured at 333nmor alternatively at
650nm using FCR.

3.4.15 Estimation of Superoxide dismutase (SOD) mint as influenced by root-
knot nematode in ridge gourd
Extraction of enzyme

0.2 g of fresh and cleaned leaf sample was hompgénn 10 ml of 0.5 M
phosphate buffer (pH 7.5) containing 1% NEDD (1thgp ethylenediamine
dihydrochloride). The homogenate was then cenedust 4 C for 30 min at 30,000
*g .After centrifugation,the supernatant was stdoedhe enzyme assay and the pellet
was discarded.SOD activity in the supernatant 8aayed by measuring its ability to
inhibit the photochemical reduction of NBT.

Enzyme Assay

1.5 ml buffer (pH 7.5), 0.1 ml of enzyme extrac,®l of sodium carbonate
solution,0.1 ml of NBT solution, 0.2 ml of methioei solution, 0.1 ml of EDTA
solution and 1 ml of double distilled water weréea in test tubes.0.1 ml of
riboflavin solution was added just before illumioat of reaction mixture.Blank ‘A’
with enzyme should be kept in dark whereas blankwBhout enzyme should be
placed with sample tubes 30 cm below a light sowfcevo 15 watt inflorescence
lamps for 10 min.Reaction was stopped by switcloffgthe light and tubes were
covered with black cloth. The non-irradiated reattimixture containing enzyme
extract did not develop light blue colour. Absorbarmf samples alongwith blank ‘B’
was measured at 560 nm against the blank ‘A’.THen difference of per cent
reduction in the colour between blank ‘B’ and thenple was worked out.
3.4.16 Estimation of Catalase content as influencely root-knot nematode in

ridge gourd

The assay mixture contained 0.5 ml of hydrogenidey 1 ml of buffer and

0.4 ml of water. 0.2 ml of the enzyme was addenhittate the reaction. 2 ml of the
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dichromate /acetic acid reagent was added aft€,&)P0 seconds of incubation. To
the control tube the enzyme was added after théiaadf the acid reagemebi
(1984). The tubes were then heated for 10 min. and thlErucdeveloped was read at
610 nm.The activity of catalase was expressed aslasnof HO, decomposed /
min/mg protein.
3.4.17 Estimation of Peroxidase content as influead by root-knot nematode in
ridge gourd
Peroxidase was assayed following method of Hantherglt et al. (1982).
Enzyme activity was determined by following deceeas A420 for 1.5 ml of a
reaction mixture containing 0.45 mL of 0.1 M phoagghbuffer (pH7.0), 0.75 mL of
guaiacol (8 mM), 0.25 mL solution2B, (18 mM) and 5Qul crude enzyme extract.
Enzyme activity was calculated using extinctionfticient of 25 mM* cni™.
3.4.18 Estimation of amino acids by HPTLC influeced by root-knot nematode
in ridge gourd
In order to understand the basis of nematode asmistthe ridge gourd plant
was again grown in earthen pots in the net houdeter A5 days of nematode
inoculation the plants are uprooted and the ro@iewhoroughly washed and the free

amino acid and amide content were estimated asAsll
Preparation of test samples for analysis of aminocids and amides :

Five grams of root sample was taken, ground seharaith 80 percent ethyl
alcohol, added at the rate of 20ml for each sanipla,sterile mortar pestle till the roots
were macerated to pulp. These materials afteriggnalere boiled for 5 to 10 minutes in a
hot water bath. After boiling, the alcoholic roottracts were filtered through a double
layered fine cheese cloth so as to remove therftpgtlant debris. The extracts were
centrifuged at 5000 rpm for 10 minutes. All thepmigled materials were settled at the
bottom and top portion became very clear. The sagpent liquid in the test tubes were
carefully poured into separate watch glasses altetavere discarded. The supernatant
liquid was allowed to evaporate till complete dissmby keeping them at room temperature
and the process was speeded up by means of hddwwer. Then finally a syrupy material
was obtained in the watch glass, which was sligtbwish in colour. This syrupy material
was dissolved in 1ml of 10% isopropyl alcohol arehsferred to separate glass vials
representing for a single lot which were storetthéfreezer compartment of refrigerator for

subsequent use in HPTLC.
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Preparation of standard amino acids

Eighteen amino acids and two amides were used Her preparation of
standard maps. The amino acids were L-cystineyéetiine, L-lysine, L-histidine, L-
alanine, L-arginine, L-glycine, L-alanine, L-pradin L-tryptophan, L-tyrosine, L-
methionine, L-valine L-leucine, L-isoleucine, L-ptyalanine, L-aspartic acid and L-
glutamic acid and the amides were L-glutamine andspargine. The standard
solution of each amino acid and amide were madgigsplving 0.5mg of each in 1ml
of 10% isopropyl alcohol solution. The amino acidamely, L-cystine, L-
phenylalanine, L-tryptophan and L-glutamic acid Idonot be dissolved very easily.

Consequently, a few drops of 100 % hypochloric ade added to dissolve them.

Instrumentation and chromatographic conditions:

HPTLC was performed on 20 x 10 cm aluminium bacgkdes coated with
silica gel 60F 254 (Merck, Germany)u8 of Standard solution and 1@ of sample
solution were applied to the plates as bands 6witia and 10 mm from bottom edge
of the same chromatographic plate by use of a Cd®aizerland) Linomat V sample
applicator equipped with a 1@ Hamilton (USA) Syringe. Ascending development was
performed at room temperature with n-butanol: ecatid:water (160:40:40) as mobile
phase, followed with phenol: water: ammonia (18@P®&olvent by perpendicularly
placing the plate opposite direction of the firstvent in a Camag glass twin-trough
chamber previously saturated with mobile phaseva#dter development, the plates were
air dried and then dipped in ninhydrin solutior2f%) and the plates were dried in hot air
oven. Quantitative analyses of the compounds wame dy scanning the plates at 385 nm
with a Camag TLC scanner with WINCAT software.

3.4.19 Estimation of Molecular characterisation insusceptible and resistant

ridge gourd cultivars against induced population ofroot-knot nematode,
Meloidogyne incognita through ISSR based molecular markers

Total Genomic DNA extraction

Total Genomic DNA extraction was done by using CTéBthod developed
by Rogers and Bendich (1994).Purification of DNAswiay RNAse treatment &
subsequently precipitated. Assessing the qualitgugantity of DNA was done by
using NanoDrop (Ratio OD260/ OD280).ISSR PCR pnogne: (35 cycle).
Electrophoresis of ISSR PCR Product was done.Gelcubentation was

done.Scoring of bands was done. Finally, data arsafgllowing FreeTree software.
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3.5 Assessment of yield loss due to root-knotmatode in ridge gourd

An experiment was laid out in the sick plot, Nenhagy Department, College
of Agriculture, OUAT, naturally infested with ro&iot nematode (Race-2) using pair
plot technique to assess the avoidable yield Idsedge gourd dur to root-knot

nematodeMel oidogyne incognita.(Race-2)

The field was thoroughly cultivated and pulveri&sd samples (200c.c) were
taken with the help of a hoe upto a depth of 15armd mixed thoroughly to prepare
composite sample, one sample of 200 c.c was talepracessed for nematode extraction

by Cobb’s sieving and decanting method (Cobb,1&ilBhow initial nematode population.

The sick plot was divided into two equal blocles,itreated and untreated each
having 10 sub plots each of size 3mx2m serving@l&cation and seeds were sown in pits
in the sub plots.For treated plots,Carbofuran @fams8G) @ 2 kg a.i/lha was applied before
sowing of ridge gourd seeds followed by light @atign. The crop was grown following
agronomic package and practices.100 days aftenggig experiment was terminated and
observations were recorded on plant growth paramete well as on the nematode

population growth in both treated and untreatedobots.

Treated Healthy
R-1 R-10
R-2 R-7
R-3 R-9
R-4 R-8
R-5 R-4
R-6 R-1
R-7 R-5
R-8 R-6
R-9 R-3

R-10 R-2

3.5.1 Recording of observations
Shoot length
Shoot length of each plant was measured from tke b&the plant upto the

top most portion in meter scale.

Root length
Root portion of each plant was cut, labelled andt,if any,were opened
followed by straightening of roots.The root lengtheach plant was measured upto

tip in the meter scale.
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Fresh weight of shoots and roots

Fresh weights of shoot and root of individual plamére recorded in

grams.These were further labeled and kept for déegrof dry weights.
Dry weight of shoot and root

Shoot and root of individual plants were air drestl kept in separate paper
packets.Such packets were then placed in hot aim at 70' C temperature for 48 hrs

after which,the dry weights were recorded in gram.

Number of galls
Total number of galls on roots of each plant wasted with the help of hand

tally counter before drying and recorded as pet kaot index in 1 to 5 scale.
3.5.2 Estimation ofM.incognita population in roots

At the time of harvest,roots of ridge gourd plaintsculated withM.incognita
were lifted carefully.Infected root measuring 1rgni each replication of different
treatments were tied separately with cotton thremads labeled accordingly.Then

nematode in roots are stained by Byrd / acid-fuchsethod.

3.5.3 Nematode population in soil

Soil from each sub plot was mixed thoroughly an@r@Dsample from each
sub plot was collected and screened by Cobb’s reiednd decanting technique
(Cobb,1918) and modified Baermann funnel technigi&chindler,1916) for

estimation of nematode population in different tineents.
3.5.4 Yield

Yield from each plot was recorded at the time @irmination of
experiment.Data obtained were analysed accordirtytest for paired comparison at

5% level of probability.

3.5.5 Statistical analysis

i %,_%
t' at error degree of freedomﬁs—2
d

Where X, =Mean yield of treated plot

X,=Mean yield of un treated plot
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S
Sd:ﬁ

Where S=Standard deviation\/= Yd? — 24

n
n= number of paired plots.

d= differential value between two paired plots.

The avoidable yield loss and percent increaseetdyover control (untreated)
by following formulae. (Pradhan1964).

. . Mean yield of treated plot — Mean yield of untreated plot
Avoidable yield loss (%) 2canyield of E yield of P9’ %100
Mean yield of treated plot

Mean yield of treated plot — Mean yield of untreated plot

. . on) —
Increase in yleld (A)) Mean yield of untreated plot

x 100
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RESULTS

Root knot nematodes are polyphagous in nature,whbich it is very
difficult to find resistant varieties/lines for thme Injuries caused by them are often
insidious. It also increases the susceptibilityptznts to different diseases such as
cotton wilt, tomato wilt, blank shank of tobaccodarhizoctonia rot of Peanuts.
The root-knot nematode is much more specialisedsirselection of host plants
than other species of plant parasitic nematodesthia context, an intimate
knowledge of physiology and biochemistry of plamis well as nematodes are
absolutely essential to understand the complicadedas of host-nematode
interactions. Hence, 52 ridge gourd varieties/lime=e collected from different
sources for testing their resistance against Root-knematode Meloidogyne

incognita (Race-2) under pot culture condition in the gremrge conditions.

4.1  Screening of ridge gourd germplasm/cultivars

The varieties were categorised into highly restgttR), resistant (R), moderately
resistant (MR), susceptible (S) and highly susbep{HS) types on the basis of their egg

mass, root-knot indices following 1-5 scale (Tayod Sasser, 1978).

Scale No. of galls/eggs/eggmass Reactions
1 0 Highly resistant (HR)
2 1-10 Resistant (R)
3 11-30 Moderately resistant (MR)
4 31-100 Susceptible (S)
5 More than 100 Highly susceptible (HS)

Ridge gourd l(uffa acutangula (L)Roxb.) is an important vegetable crop
grown in almost all parts of India and is affecbsdnumerous biotic factors including
plant parasitic nematodes.

Out of the fifty two tested varieties,only 6 shalveesistant,7 showed
moderately resistant,32 susceptible & 5 highly epsble to the test nematods,
incognita under greenhouse condition (Table 1).
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Table 1. Screening of ridge gourd germplasm/cultars against root-knot
nematode Meloidogyneincognita)

Sl. Varieties No.of Reaction Fma] N
No. galls population
_ . 239.33
1 Priya 8.66 Resistant (2.37)
. 244.33
2 Challenger 10 Resistant (2.38)
: 293.66
3 Narayana 26 Moderately Resistant (2.46)
4 Aneeta 24.33 Moderately Resistant 458.33
(2.66)
5 NHRG-1001 27 Moderately Resistant ?(’5252)6
Maharastra 16pata : 762.66
6 jhinga 61.66 Susceptible (2.88)
7 Aarti 112.66 | Highly Susceptible (%41256)
8 Hybrid Patal Tarai 47.33 Susceptible (3 %‘Z)
9 Jaipur long 9 Resistant Z(Z 142)6
10 Ridge gourd 12 pata 30.33 Moderately Resistant (35655)
11 12 Pata Jhinga 27 Moderately Resistant ?;16%6
12 Hybrid Jhinga 52.33 Susceptible Q(S%S)S
13 Harsha 116.33| Highly Susceptible 1(23285'3?6
. 975
14 SS-Ramu 47 Susceptible (2.98)
15 Sumitra 91.33 Susceptible 7(2282)6
16 | BSS-1009 9.66 | Resistant 2(3 13'2)6
. : 961
17 Machar Jhinga 52.66 Suseptible (2.98)
. , 970
18 Debsundari 64.33 Suseptible (2.99)
19 Ramu F1 46.66 Suseptible 7(2182)6
20 | Cluster 38.66 | Suseptibe %19'2)6
21 Seventstar 32.33 Suseptible 7(;282)6
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Sl. Varieties No.of Reaction Fma] .
No. galls population
22 Dhenkanal local 23 Moderately Resistant (;' 26?3)
23 Nayagarh local 31 Moderately Resistant (22 54%)
. 935
24 | Athgarh local 58.66 Suseptible (2.97)
. 941
25 Sankar pur local 61.33 Suseptible (2.97)
26 Mira 49 Suseptible (3 395;)
27 Tauri 8.66 Resistant (3 Aé17)
: : 775
28 | Yeshvi-38 29.33 Moderately Resistant (2.88)
29 | Vaishali 51.66 Suseptible (2232)
. : 420
30 Devika-776 47.33 Suseptible (2.62)
31 Indo —-US-216 26.33 Moderately Resistant (38959)
32 F1 Stella 115 Highly Susceptible 9&%3)3
33 | MHRG 7 4566 | Susceptible 435
' (2.63)
_ . 1615
34 Estilo 60.66 Susceptible (3.20)
_ : 970
35 SS-Chandrani 52.66 Susceptible (2.98)
: 767
36 SE-19 47 Susceptible (2.88)
37 Marwari 47 Susceptible 9(289353
. . 975
38 Krishna -51 61.33 Susceptible (2.98)
. 985
39 DEB-2404 89.66 Susceptible (2.99)
. 967
40 SC-18 60.66 Susceptible (2.98)
- . : 746
41 Rohini 113.33 | Highly Susceptible (2.87)
_ : 961.66
42 Kaveri 57.33 Susceptible (2.98)
43 Lavanya 31.33 Susceptible 1295

(3.11)
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Sl. . No.of . Final
Varieties Reaction —
No. galls population
44 | Avanti 45.66 Susceptible 7(;282)6
: 785
45 BSS-1036 91 Susceptible (2.89)
. : 985
46 Saniya-4 51.33 Susceptible (2.99)
47 Arun 46.33 Susceptible Sg%gf
48 Laila 114.33 | Highly Susceptible 1é7f£3
49 NS-474 59.66 Susceptible 7(2182)6
50 Lumbini 63 Susceptible %%"13)3
51 Pallishree 7.33 Resistant 7(212)3
52 | Ankur Latika 31.33 Susceptible 6(3218%6
SEM() 4.69 - 20.878
CD(0.05) 13.13 | - 58.521
CV% 16.15 | - 45.55

*Figures in parentheses are log transformed galue

4.2 Evaluation of Ridge gourd varieties against root-knot nematode,
Meloidogyne incognita

421 Effect of varietal reaction on nematode inféion

Fifty two ridge gourd varieties/cultivars were sened and evaluated
against root-knot nematoddjeloidogyne incognita .Out of which 6 showed
resistant reaction with 7-10 number of galls peam)7 showed moderately
resistant reaction with 23-31 number of galls pEmp32 susceptible reaction
with 31-91 number of galls per plants &5 highly septible with 112-116

number of galls per plants.
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Table 2. Evaluation of ridge gourd varieties /culivars against root-knot nematode Meloidogne incognita (mean of three replications)

Fresh | Fresh | Shoot Root No.of Root Knot | Dry Drv root Einal
S.I.No. |Varieties shoot | root | length | length ails Reactions index shoot V\yt( ) |population*
wt.(g) | wt.(g) | (cm) (cm) 9 (1-5 scale) | wt.(g) 9) |pop
1 |Priya 2443 0.26] 112.33 24.26 8.66 Resistant 2 80.13 2(;3%%3
\ , 244.33
2 |Challenger 10.86 0.6 95.66 15.23 1¢ Resistant 6 1.6/ 6.03 0.26 (2.38)
] . Moderately 293.66
3 Narayana 21.2 0.3 85.33 18.43 26 Resistant 2.66 4.06 0.13 (2.46)
L 1~Moderately 458.33
4  |Aneeta 10.3] 2.53 83 20.16 24.33 Resistant 2.66 3.16 2.2 (2.66)
5 |NHRG-1001 1266 053 118] 2508 27 Moderately) 4 256 | 033| 32266
Resistant (2.54)
6 |Maharastra 16 pata jhinga 15.43 1.33 159 18|16 .6661 Susceptible 3.66 4.03 0.76 7(625282)6
. .. Highly 1426
7 |Aarti 15.9 2.4 99.66 24.83 112'66Susceptible 4.66 3.86 1.86 (3.15)
8 |Hybrid Patal Tarai 8.5 1.46 77.5 18.66 47.33  Bpsble 4 3.43 1.1 (29%59)
. | , 271.66
9 |Jaipur long 12.66 0.5 84.66 14.5 9 Resistant 2 165. 0.3 (2.43)
. R L oderately 455
10 |Ridge gourd 12 pata 8.46 0.83 72 38.66 30'3¥|'Resistant 3 3 0.63 (2.65)
. y Moderately 471.66
11 |12 Pata Jhinga 11.93 1.13 71.33 28 27 Resistant 2.66 3.26 0.83 (2.67)
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Fresh | Fresh | Shoot Root No of Root Knot | Dry Drv root Einal
S.I.No. |Varieties shoot | root | length | length ails Reactions index shoot V\%( ) |population*
wt.(g) | wt.(g) | (cm) (cm) 9 (1-5 scale) | wt.(g) \9) |pop
12 |Hybrid Jhinga 117 163 43| 1916 5233 Susceptb 4.33 | 313 04 ?g%gf
. Highly 1226.66
- B
13 |Harsha 15.33 1.36 113.33 23.56 116'3§usceptible 4.66 2.4 0.93 (3.08)
14 |SS-Ramu 2296 1.8 16.83 16.2 a7 Susceptible 3.66 5.46 1.43 (2979%)
- ) 4 762.66
15 |Sumitra 11.73 1.63 56 32.33 91.33  Susceptjble 4| 2.56 1.3 (2.88)
X j - 241.66
16 [BSS-1009 12.36 0.23 55.5 25.96 9.66 Resistant 2| 2.76 0.13 (2.38)
17 |Machar Jhinga 10.56 1.9 107.5 24.93 5266  Stibtep 3.66 3.43 1.53 (2969%)
18 |[Debsundari 26.46 1.76 115 17.43 64.33  Susceptibl 4.33 5.23 1.3 (2979%)
| L . 761.66
19 |RamuFl1 1476  2.26 100 11.36 46.66  Susceptible .66 3 | 3.66 1.6 (2.88)
4 R , 971.66
20 |Cluster 14.46 0.63 107.33 14. 38.66  Susceptibe 3.66 4.03 0.4 (2.98)
1 . . : 772.66
21 |Seventstar 142 2.083 100.33  30.66 32|33 Subtepti 4.33 4.6 1.26 (2.88)
. X & Moderately 428
22 |Dhenkanal local 6.53 0.56 62 13.83 23 Resistant 3 2.6 0.23 (2.63)
Moderately 3 255
23 |Nayagarh local 5.53 0.8 53.5 17 31 Resistant 1.96 0.63 (2.40)
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Fresh | Fresh | Shoot Root No of Root Knot | Dry Drv root Einal
S.I.No. |Varieties shoot | root | length | length ails Reactions index shoot V\%( ) |population*
wt.(g) | wt.(g) | (cm) (cm) 9 (1-5 scale) | wt.(g) \9) |pop
24 | Athgarh local 1153 116 12566 18.03 5866 &pie | 4.33 | 426 043 (33;57)
25 | Sankar pur local 1146 14 155.66 16.66 61,33 scntible| 433 | 433  3.83 (3‘;17)
26 |Mira 2203 1.16| 7866 19.33 49|  Susceptible 433 332 | 3.46 (33;57)
27 |Tauri 2366 023 100.66 2366 866  Resistant 2| 9 4 636 (3‘;17)
28 |Yeshvi-38 766 24| 115 1866 29g3Moderately| , oo 323 276 I7°
Resistant (2.88)
29 |Vaishall 10.63 066 5933 1746 51.66 Suscaptbl 4.33 | 543 4.06 (22352)
30 |Devika-776 11.96 06| 59.33 1866 47.33 Susdeptib 2 333| 3.43 (g %%)
31 |Indo -US-216 117 04 61.66 3833 2epdioderately) 0 | 185 266 28
Resistant (2.99)
Highly 978.33
32 |F1Stella 1406 13 11066 2366 115 9% | 466 23| 366 (o0
33 |MHRG 7 11.1| 14| 15466 17| 4566 Susceptble  3.66 4.06 | 3.13 (g%?,,)
34 |Estilo 109| 15| 59 | 1653 60.66 Susceptible  3.66 533 | 2.86 (leg)
35 |SS-Chandrani 1143 22 1766 29.66 52,66 Sibwept 4 34 | 336 (379%)
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Fresh | Fresh | Shoot Root No of Root Knot | Dry Drv root Einal
S.I.No. |Varieties shoot | root | length | length ails Reactions index shoot V\%( ) |population*
wt.(g) | wt.(g) | (cm) (cm) 9 (1-5 scale) | wt.(g) \9) |pop
36 |SE-19 1053 22| 11433 17.3 47  Susceptble  4.33536| 5.46 (27 %g)
. . ) 968.33
37 |Marwari 10.53] 1.23 99 18.66 47 Susceptible 433 3.4 3.26 (2.98)
38 |Krishna -51 10.46 15| 9033 32| 61.33 Susceptible 4.33 52 | 3.9 (gg%)
39 |DEB-2404 1053 12| 102.33 2966 89.66 Susceptibl 4 54 | 346 (29%59)
40 |sSc-18 1056 07| 107 15| 60.86 Susceptible  4.33 83 2. 2.93 (3%)
» , Highly 746
41 |Rohini 13.03 123 10033 23| 1133% T Y | 466 | 243 236| o
42 |Kaveri 10.8| 1.16| 11233 15| 57.33 Susceptble 343| 3.03| 3.9 5262519'2)6
43 |Lavanya 1123 066 101.66 24.66 3183 Susceptibl 3.66 35| 566 (ngf)
_ | 772.66
44 |Avanti 10.76| 1.86| 8033 16| 4566 Susceptible 4] 65 34 | B
45 |BSS-1036 11.43 06 160 296 91  Susceptible 4 363 46 (278859)
46 |Saniya-4 10.76 21| 57.33 1636 51.83 Susceptible 433 | 3.56| 5.4 (3259)
‘ . ] 978.33
47 | Arun 106 143 10366 2066 46.33 Susceptble 663. 3 | 253 | 0
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Fresh | Fresh | Shoot Root No of Root Knot | Dry Drv root Einal
S.I.No. |Varieties shoot | root | length | length ails Reactions index shoot V\%( ) |population*
wt.(g) | wt.(g) | (cm) (cm) 9 (1-5 scale) | wt.(g) \9) |pop
: L ) Highly 1472.33
48 |Laila 14.66| 2.06|] 114.66  22.3] 114'3%usceptible 4.66 2.46 2.46 (3.16)
49 |NS-474 2513 12| 157.66 1833 59.66 Susceptible 3.66 | 546 5.13 7(518'2)6
. : 818.33
50 |Lumbini 14.43| 1.23 60 16.66 63 Susceptible 3.66 2.36 2.83 (2.91)
. ] - 763.33
51 |Pallishree 23.6/ 0.36 112.66 25.3 7.33 Resistant 2.33 5.16 2.86 (2.88)
: . A 651.66
52 |Ankur Latika 1353 1.23 60 29.6¢ 31.33 Suscéptib 4.33 3.4 4.03 (2.81)
SE(m)x 1.15| 0.29 9.66 1.45 4.6¢ - 0.49 0.65 0.53 0.82
CD(0.05) 3.22| 8.23 27.04 4.06 13.13 - 1.39 1,84 491 58.52
CV% 14.86 | 41.12 17.99 11.59 16.15 - 23.84 29,68 .124 45.55

*Figures in parentheses are log transformed values

49




4.3 Biochemical compositions
Many kinds of chemicals are present in the plastesn that influence the

metabolism of the pests, fed upon them. The chésnmay consists of simple nitrogen,
phosphorus, potassium, carbohydrates and fatsnipler proteins, enzymes, phenolic
compounds etc., which may nourish, starve orhdlfeeding organisms upon them. In the
course of feeding some chemicals may be depletednoe others may be synthesized, de
novo, that may be detrimental to the pest. In d@lénow the chemical and genetic basis
of resistance, five varieties were chosen for #tailéd analysis. These varieties were Priya
and BSS-1009 (Resistant check),Aneeta,(Moderatebgisiant) Aarti and Harsha
(Susceptible check) included for detailed studyesehplants were grown with utmost care,
both in inoculated and controlled conditions. Oeeas each uninoculated (healthy) and
inoculated (infected) plants were analysed tatteseffect of root-knot nematode infection
on the chemical composition, of the plants and tlogit-system and their effects on plant

growth & vigour,nematode population,root-knot ingtx

4.3.1 Effect of the nematode infection on chloropHiycontent

Chlorophyll content was reduced from 0.42 mg/g .850ng/g due to nematode
infection in the variety Priya. Similarly,othernaiies BSS-1009,Aneeta,Aarti and Harsha
.Chlorophyll ‘a’ was reduced from 0.40 to 0.20md@igi2 to 0.22 mg/g,0.33 to 0.26 mg/g
and 0.26 to 0.15 mg/g respectively. The test naeataused reduction of chlorophyll 'a’
content of Priya by 40.47 per cent, 49.87 per camtBSS-1009,48.71 per cent in
Aneeta,19.33 per cent in Aarti and 42.69 per aettarsha over their healthy counterparts.

Chlorophyll ‘b’ content reduction from healthyitdected plants recorded were 0.08 to
0.06, 0.16 to 0.10,0.13 to 0.10,0.25 to 0.16 af8 @ 0.11 mg/g in varieties Priya,BSS-1009,
Aneeta, Aarti and Harsha respectively. So thenestatode caused 24.50 per cent reduction of
chlorophyll ‘b’content of Priya, 33.75 per cent B&S-1009,25.73 per cent in Aneeta,34.64per
cent in Aarti and 30.81 per cent reduction in Haiver their healthy counterparts.

Similarly the total chlorophyll content was deses from 0.59 to 0.23 mg/g in
Priya, 0.59 to 0.15 mg/g in BSS-1009,0.38 to 0.3gnmgy Aneeta,0.35 to 0.34 mg/g in
Aarti and 0.31 to 0.21 mg/g in Harsha.The aboveedse trend by nematode infection
caused 60.67 per cent reduction in Priya, 73.7&eet in BSS-1009,1.32 per cent in
Aneeta,3.68 per cent in Aarti and 30.12 per cenHarsha.(Table 3)over their healthy
counterparts.Overall there was consideration remudf chlorophyll ‘a’,chlorophyll ‘b’

and total chlorophyll due to nematode infection.
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Table 3. Variations in chlorophyll contents (a, btotal) in resistant and susceptible varieties asfluenced by root-knot nematode,
M.incognita
Chlorophyll ‘a’ content mg/g leaf | Chlorophyll ‘b’ content mg/g leaf Total chlorophyll content mg/g leaf
% % %
ﬁlc') Variety | Infected |Healthy Mean decreasgInfected| Healthy Mean decrease Infected | Healthy Mean decrease
' () (H) (-) over () (H) (-) over () (H) (-) over
healthy healthy healthy
1 Priya 0.25 0.42| 0.33 -40.4y 0.0p6 0.08 0.7 @47 0.23 0.59 0.41| -60.67
2 BSS-1009 0.20 0.40; 0.30 -49.87 0.10 0.16 0.13-33.75 0.15 0.59 0.37| -73.78
3 |Aneeta 0.22 0.42| 0.3z -48.71 0.10 0.13 0.11 25.73 0.37 0.38 0.37 -2.63
4  |Aarti 0.26 0.33| 0.29 -19.38 0.16 0.25% 0.21 -34,64 0.34 0.35 0.34 -3.68
5 Harsha 0.15 | 0.26 0.21| -42.69| 0.11 0.15 0.13 -30.81 0.21 0.31 0.26 0.13
SE(m) £ 0.02 0.20 0.03 0.02 0.18 0.14
CD(0.05) 0.07 0.65 0.10 0.07 0.59 0.46
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4.3.2 Variations in Nitrogen Contents in the resitant/susceptible ridge gourd
varieties as influenced by root knot nematod®).incognita

Root-knot nematodes are known to reduce the chihgtbgontents of the

plants by disrupting its nutrient uptake and pianing of the photosynthates.

The total Nitrogen content was decreased in theotskBgstem of infected
varieties of ridge gourd ,Priya,BSS-1009,AneetaiAd@Harsha by 0.36, 0.46, 0.44,
0.35 & 0.28 percent respectively over their healttgunterparts on dry weight
basis,whereas nitrogen content in the roots waeased by 0.49, 0.44, 0.47, 0.67 &
0.48 percent in all the above mentioned varietiesoaingly due to nematode
infestation over healthy counterparts.

The total Nitrogen content was decreased in alloslsystem by 20% in
resistant variety and 40.42% in susceptible variaiy the same was increased by
88.46% in the root system of resistant variety@sapared to susceptible one (2.12%)
(Table 4).

The present results of increase of total Nitrogemtent of nematode infected
root samples is in confirmation with the findingstbe earlier workers (Zaki and
Bhatti,1986,Nayak,2006)

The nutrient accumulation in infected roots maybee dto impaired
translocation to the aerial parts or the immobil@a of nutritients from shoot to
root.The percentage increase in nitrogen conteshoots of resistant varieties may
be due to higher absorption capacity or higher irequent for the resistance
mechanisms.

4.3.3 Estimation of Crude Protein Contents in th resistant/susceptible ridge
gourd varieties influenced by root knot nematodevl.incognita

The percentage of shoot crude protemtent was low as 20.35% in variety
Priya,6.20% in BSS-1009,14.59% in Aneeta,5.57% irartiA &40.27% in
Harsha,whereas crude protein content in root wglsesit in Priya (86.66%) followed
by BSS-1009(58.28%),Aneeta(0.68%),Aarti(61.06%) Hadsha (1.01%) (Table 5).

The crude protein of both the infected shoot demdaand infected root
increased in the similar trend like Nitrogen comteri the infected shoot.The
increased crude protein content in roots of neneatofécted plants was reported by
various workers(Ganguly and Dasgupta, 1983; Deaarand Rajendran, 2002;
Vaitheeswaramt al., 2005, Nayak, 2006)
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Table 4. Estimation of Nitrogen Contents in the rsistant/susceptible ridge
gourd varieties influenced by root knot nematodeM. incognita

Nitrogen content % on dry weight basis
Shoot Root
Sl Varieties increase/ increase/
No. Infected | Healthy M decrease Infected |Healthy M decrease
0 H) ean over 0 H) ean| over
healthy healthy
(%) (%)
01 |Priya 0.36| 0.45| 040 -20 0.49 | 0.26] 0.37 88.46
02 |BSS-1009] 0.46 | 0.49| 047 -6.12 0.44| 0.28 0.36 57.14
03 |Aneeta 0.44, 0.51 0.47 -13.72 0.47| 0.46 0.46 2.17
04 |Aarti 035 | 037 0.36 -5.40 0.67| 0.42] 0.54 59.52
05 |Harsha 0.28| 0.47 0.37 -40.42 0.48| 0.47 0.4y 212
SE(m)x 0.28 0.15 0.2 0.0p
CD(0.05) | 0.92 0.51 0.65| 0.07
Table 5. Estimation of Crude Protein Contents in lhe resistant/susceptible
ridge gourd varieties influenced by root knot nemabde,
M.incognita
Crude Protein Content % on dry weight basis
Shoot Root
sl Varieti increase increase/
; t
No,| VareHes Infected | Healthy M deCreaselnfected Healthy M decrease
) (H) ean| over 0 (H) ean| over
healthy healthy
(%) (%)
01 [Priya 2.27 285 256 -2035 3.08 165 2.386.66
02 |[BSS-1009| 2.87 3.06 | 296 -6.20 277 175 2.2668.28
03 |Aneeta 2.75 3.22] 298 -1459 293 291 2.9D.68
04 |Aarti 2.20 2.33| 2.26 -5.57 422 2.62 34561.06
05 [Harsha 1.75 293 234 -40.27 3.00 297 2.98.01
SE(m)x 1.78 0.99 1.25 0.18
CD(0.05) 5.82 3.22 4.07 0.44
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4.3.4 Influence of nematode infection on the Phpkorous content of

resistant/susceptible ridge gourd varieties/cultives.

The Phosphorus content was decreased in the fyst¢ém of infected
varieties of ride gourd ,Priya,BSS-1009,Aneeta, Hadsha by 92%,11.42%,62.74%
and 50.87% respectively except Aarti (113.33%) enedeased in the infected roots
by 0.57,0.26,0.44,0.49,0.75 percent in ridge gowdrieties Priya ,BSS-
1009,Aneeta,Aarti and Harsha respectively overrthegalthy counterparts on dry
weight basis.

Phosphorus content was recorded highest as 853tetted roots of variety
Priya followed by 420% in BSS-1009,57.14% in Ang®@&b in Harsha and 8.88% in
Aarti (Table 6).The results of present investigatrevealed that the infected plants
had decreased percent of phosphorus content irnsshbarop variety irrespective to
their reaction to the test nematode.Similar treras &lso observed by Hunter, 1958;
Chakraborty and Mishra, 2002 in root-knot nematodiected plants. The amino acid,
protein, Sugar and absorbegl ROs and KO and other elements accumulate in the roots
of infected plants and remain unutilised by thenpkystems which ultimately find the
path into the growth and production of nematodes Ty be the possible reasons for
the accumulation of phosphorus in nematode infeutauts (Table 6).
4.3.5 Estimation of Potassium Contents in the sestant/susceptible ridgegourd

varieties influenced by root knot nematodeyl.incognita

Potassium content of root-knot nematode infectedyai gourd varieties
measured an increase,to the tune of 208.33,17%,2petcent in shoots of
varieties Aneeta,BSS-1009, & Priya respectively lelldecrease was 75 percent
in Harsha and 72.09 percent in Aarti.In the rodtsnoculated plants potassium
content was increased by 850,420,67.85,8.88 andpéftent in varieties
Priya,BSS-1009,Aneeta,Aarti,and Harsha respectiValyle 4 revealed that there
was an increase of potassium content in both stibt@pnd resistant infected plants
which was more pronounced in both shoots and robtsesistant varieties as

compared to the susceptible varieties (Table 7).

In the nematode infected plant tissues various camgs relating to ion-
exchange may be decreased which is reflected byethaction of ‘K’ content in

nematode infected plant samples.
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Table 6.

Estimation of Phosphorus Contents in theesistant/susceptible ridge

gourd varieties influenced by root knot nematodevl.incognita

Phosphorous content % on dry weight basis
Shoot Root
sl Varieti increase/ increase/
No. areties Infected | Healthy M decrease Infected | Healthy M decrease
() H) ean over 0 H) ean| over
healthy healthy
(%) (%)
01 |Priya 0.06 0.75/ 0.40-92.00| 0.57| 0.06f 0.31 850
02 |[BSS-1009, 0.31 0.35| 0.33 -11.42 | 0.26 0.05| 0.15 420
03 |Aneeta 0.19 0.51 0.35-62.74| 044 | 0.28 036 57.1«
04 |Aarti 0.32 0.15| 0.23113.33| 0.49| 0.45 04 8.88
05 |Harsha 0.28 0.57 0.42-50.87 | 0.75| 0.50| 0.62 50
SE(m)+ 0.07 | 0.19 0.15 0.15
CD(0.05) | 0.25| 0.62 049 051

Table 7. Estimation of

potassium contents in theesistant/susceptible ridge
gourd varieties influenced by root knot nematodelM.incognita

Potassium content % on dry weight basis
Shoot Root
sl Varieti increase increase/
No. arieties Infected | Healthy M decreasg Infected | Healthy M decrease
() (H) ean| over 0 (H) ean| over
healthy healthy
(%) (%)
01 [Priya 0.42 0.33| 0.3f27.27 | 0.57 0.06| 0.31 850
02 [BSS-1009 0.33 0.12 0.22175 0.26 0.05| 0.15 420
03 |Aneeta 0.37| 0.12) 0.24208.33| 0.47 0.28 | 0.37 67.85
04 |Aarti 0.12 0.43| 0.27-72.09| 0.49 0.45| 0.47 8.88
05 Harsha 0.19 0.76 0.95 -75 0.75 0.50| 0.62 50
SE(m)+ 0.05 0.07 0.11 0.1%5
CD(0.05) 0.17 0.22 0.37 0.51
4.3.6 Action of nematode infection on total sugazontent

Total sugar content in shoots

The amount of sugar present in the shoot portidhevinoculated plants were

recorded as 2.22, 2.21, 1.82, 1.42, 1.76 mg/lg & tharieties Priya,BSS-

1009,Aneeta,Aarti and Harsha respectively on fresight basis (Table 8). In the
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healthy shoots of these varieties sugar contents @€0, 1.83, 1.58, 1.05 and 1.68
mg/g respectively. The percentage of increasetel sugar content due to rootknot
nematode infection over healthy counterparts waschto be 11.00, 20.76, 15.18,
35.23 and 4.76 per cent respectively.

Total sugar contents in roots

The total sugar content in the healthy roots ddei gourd varieties was 2.85,
2.22, 2.02, 1.59 and 1.05 mg/g in the varietieyaPBSS-1009,Aneeta,Aarti and
Harsha respectively (Table 8 ) on fresh weight 9asi the infected roots of these
varieties sugar contents were 2.98,2.34,2.21,1rf80 1a49 mg/g respectively. The
percentage of increase in total sugar content aamtrol was noted to be
4.56,5.41,9.41,25.15 and 41.90 per cent respegtivel
Table 8 Estimation of Percentage increase/decreasé total sugar content in

the root and shoot of ridge gourd varieties as inflenced by
M.incognita infection

Total sugar content mg/g on fresh weight basis
S| o Shoot (leaf) Root
No. Varieties Infected | Healthy M %:jincrease(+)/ Infected | Healthy M f’/((;increase+)/
0 (H) ean| decrease (-) () (H) ean| decrease (-)
over healthy over healthy
01 |Priya 2.22 200 211 11.00 2.98 2.85| 292 456
02 |BSS-1009 2.21 1.83 | 2.07 20.76 2.34 222 223 541
03 |Aneeta 1.82 1.58 1.7 15.18 2.21 202 212 941
04 |Aarti 1.42 1.05| 1.24 35.23 1.99 159, 1.79 25.15
05 |Harsha 1.76 168 172 4.76 1.49 1.05| 1.2y 41.90
SE(m)x 0.03 0.09 0.28 0.12
CD(0.05) | 0.10 0.29 0.91 0.39

4.3.7 Effect of nematode infection on total stalccontent:
Total starch content in shoots

The amount of starch present in the shoots of tloeulated plants were
recorded as 1.48,2.12,2.24,2.59&3.05mg/g in thaetias Priya, BSS-1009 ,
Aneeta , Aarti and Harsha respectively on freshgive basis (Table 9).
Conversely this amount was increased in all cadesn thealthy plants
i.e.,8.71,9.80,5.53per cent,in varieties BSS-100@&a,Harsha except decrease
as 22.10 percent in variety Priya & 8.80 per cenwariety Aarti in the leaf
portion of these varieties by the root-knot infeati
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Total starch content in roots

The amount of starch contained in the healthy radtsarieties was 1.41,
1.46, 1.64, 1.56, 1.59 mg/g in Priya,BSS-1009,Aadetrti and Harsha respectively
(Table 9 ) on fresh weight basis. In the infecteokts of these varieties starch contents
were 1.27, 1.41, 1.51, 1.45 and 1.55 mg/g respagtiThe percentage of decrease in
starch content by rootknot nematode infection @eertrol was noted to be 9.92, 3.42,
7.92, 7.05 and 2.51 per cent respectively .

Table 9 Percentage change in total starch conteimt healthy (H) and root-knot
infected (I) plant

Starch content mg/g on fresh weight basis
Sl. Shoot (leaf) Root
T et ety g crens ) nected eatty g "G ()
over healthy over healthy
01 |Priya 1.48 1.90f 1.69 -22.10 1.27 141 134 -9.92
02 |BSS-1009 2.12 1.95| 2.0 8.71 141 1.46| 148 -3.42
03 |Aneeta 224 204 214 9.80 151 1.64| 157 -7.92
04 |Aarti 2.59 284, 271 -8.80 1.45 1.56| 150 -7.05
05 |Harsha 3.05 289 297 553 1.55 159, 157 -251
SE(m)x 2.30 0.17 1.31 0.12
CD(0.05) | 7.49 0.57 4.27 0.39

4.3.8 Effect of nematode infection on contents ghenolic substances

Total phenol content in shoots

The proline content of infected shoots of ridgeumgb cultivars were
0.12,0.13,0.08,0.07 and 0.08 pg/g in Priya,BSS-JAtEeta,Aarti and Harsha
respectively. Moreover, the phenol contents of ¢hesrieties increased by
21.15,1.55,10.95,54.90 and 3.89 percent in showis32.97,7.57,27.27,2.94 and
3.33 percent in roots respectively in the abovel sairieties due to the root-knot
infection (Table 10).

The phenol content of infected roots of ridge goudltivars were
0.12,0.07,0.05,0.07 and 0.13 pg/g in Priya,BSS-20@®ta,Aarti and Harsha respectively.
Moreover, phenol contents of these varieties ise@dy 32.97, 7.57, 27.27, 2.94 and 3.33

percent in roots, due to the root-knot infectidrakie 10)
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Table 10 Estimation of %increase /decrease in Pheh content in Healthy
(H) and root-knot infected (1) plant

Total phenol content in roots

Phenol content pug/g on fresh weight basis
Shoot Root
ﬁl-'- Varieties increase/ increase/
0. InfectedHealthy| decrease |InfectedHealthy decrease
() (H) Mean over () (H) Mean over
healthy (%) healthy (%)
01|Priya 0.12 | 0.10| 0.1p 21.15 0.12| 0.09, 0.10 32.97
02BSS-1009] 0.13 | 0.12| 0.13 155 0.07 | 0.06| 0.06 7.57
03 |Aneeta 0.08| 0.07/ 0.07 10.95 0.05| 0.04| 0.06 27.27
04 |Aarti 0.07 | 0.05| 0.06 54.90 0.07| 0.06) 0.06 294
05 [Harsha 0.08| 0.07, 0.07 3.89 0.13| 0.12| 0.12 3.33
SE(m)x 1.02| 0.64 0.91 1.44
CD(0.05) | 3.35| 2.09 2.99 4.69

4.3.9 Effect of nematode infection on the contenbf proline substances
Total proline content in shoots

The proline contents of infected shoots of ridgergocultivars were 5.59,
5.87, 6.77, 7.29 and 7.62 mg/g in Priya, BSS-1089eeta, Aarti and Harsha
respectively. Moreover, the proline contents ofsthearieties increased by 5.87,
13.98, 6.44, 14.08 and 0.39 percent in shoots a8d,®37,4.78,18.09 and 15.72
percent in roots respectively in the above saidetigs by the root-knot infection
(Table 11). The amount of proline content was maréoth shoots and roots of

resistant cultivars than susceptible ridge gouttivars.

Total proline content in roots

The proline content of infected roots of ridge gbuoultivars were 5.67, 5.51,
7.23, 7.57 and 7.36 mg/g in Priya, BSS-1009, Anegtati and Harsha respectively.
Moreover, the phenol contents of these varietieeased by 8.82, 6.37, 4.78, 18.09 and
15.72 percent in roots,by the root-knot infestafibable 11).
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Table 11 Percentage change in proline content ihealthy (H) and root-knot
infected (I) plant
Proline content mg/g on fresh weight basis
Shoot Root
,\SI(l)' Varieties increase/ increase/
: decrease decrease
Inf%():ted He(;'a_'d;[hy Mean over Inft(elcgted He(zI:I;[hy Mean| over
healthy healthy
(%) (%)
01 |Priya 5.59 5.28| 548 5.87 5.67 521 5.44 8.82
02 BSS-1009 5.87 5.15| 551 13.98 5.51 5.18, 5.34 6.37
03 |/Aneeta 6.77 6.36 6.56 6.44 7.23 6.90| 7.06 4.78
04 |Aarti 7.29 6.39| 6.84 14.08 7.57 6.41 6.99 18.09
05 |Harsha 7.62 759 7.61 0.39 7.36 6.36| 6.86 15.72
SE(m)x 0.20 0.24 0.18 0.16
CD(0.05)| 0.65 0.78 0.61 0.52

4.3.10 Variation in Micro-nutrient Contents in the resistant/susceptible ridge
gourd varieties influenced by root knot nematodéyl.incognita

Effect of nematode infection on calcium content

The calcium content was decreased in the shoarayst infected varieties of
ridge gourd Priya,BSS-1009,Aneeta,Aarti and Hanshal7.33,26,38,24 and 32.66
mg/100g and in root system by 14.66,24,34,21.33281686 mg/100g respectively.It
was depicted from Table 12 that the calcium conigas recorded highest in a
decreased trend as 40.55% in infected roots oéwaRriya followed by 29.51% in
Harsha,23.39% in BSS-1009,12.05% in Aneeta and%.B6Aarti over control on
dry weight basis.The results of the present ingatitn revealed that the infected
plants had decreased percentage of calcium comebbth shoots and roots of
susceptible and resistant varieties.More accuratbélgre was a increase trend of
calcium content from susceptible varieties to tasis one.The above data is in
confirmation with the research findings of Mohaetyal. (1999) indicating there was
reduction of micro nutrients viz. Zn,Cu,Fe,Mn,ModalBon cowpea when inoculated

with Rreniformis.
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Table 12. Estimation of Calcium Contents in theesistant/susceptible ridge
gourd varieties influenced by root knot nematodéyl.incognita

Calcium content ppm on dry weight basis

sl o Shoot Root
" | Varieties
No. . -
increase/ increase/
Infected|Healthy Mean decrease [Infected|Healthy Mean decrease
() (H) over () (H) over
healthy(%) healthy(%)
01 |Priya 17.33 27.383 22.33 -36.58 14.66| 24.66 19.66 -40.55

02 \BSS-1009| 26.00 40.66 33.833-36.05 24 | 31.33 27.66 -23.39

03 |Aneeta 38.00 38.66 38.33 -1.70 34 | 38.66 36.33 -12.05

04 |Aarti 24.00| 28.66 26.33 -16.25 21.33) 22.66 21.99 -5.86

05 |Harsha 32.66 42.66 37.66-23.44 28.66, 40.66 34.66 -29.51

SE(m)+ 1.42| 1.9 159 0.7

1A

CD(0.05) 462| 6.19 5.18 2.34

4.3.11 Effect of nematode infection on magnesiucontent

The magnesium content was decreased in the shaofeztted varieties of
ridge gourd Priya,BSS-1009, Aneeta, Aarti and Harsh 14, 16, 21.33, 12 and 24
ppm and in root system by 10.66,12,12.66,9.33 @&a83Lppm respectively.Ilt was
observed that magnesium content was highest inceedsing order as 35.69% in
infected roots of variety BSS-1009 followed by 324 in Aneeta,28.12 % in
Harsha,17.65 % in Aarti and 5.91% in Priya over toanon dry weight
basis.(Table 13)The results of present investigatievealed that the infected
plants had decreased percentage of magnesium ¢anteath shoots and roots of
susceptible and resistant varieties. The above taia confirmation with the
research findings of Mohanst al. (1999) indicating that there was reduction of
micro nutrients viz. Zn, Cu, Fe, Mn, Mo and B onowpea inoculated with

R.reniformis.
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Table 13  Estimation of Magnesium Contents in theesistant/susceptible ridge
gourd varieties influenced by root knot nematodeyl.incognita

Magnesium content ppm on dry weight basis
Shoot Root
NS(IJ.- Varieties InfectedHealthy Mean Qggfgzseé Infected Healthy Mean Qgg(r%:::é
() (H) over () (H) over
healthy(%o) healthy(%o)
01 |Priya 14 17.33 15.66 -19.21 10.66| 11.33 10.99 -5.91
02 |[BSS-1009 16 20.66 18.33 -22.55 12 18.66/ 15.33 -35.69
03 |Aneeta 21.33 25.33 23.33 -15.79 12.66/ 18.66 15.66 -32.15
04 |Aarti 12 14.66| 13.33 -18.14 9.33| 11.33 10.33 -17.65
05 |Harsha 24 30.66 27.33 -21.72 15.33] 21.33 18.33 -28.12
SE(m)x 151 2.02 1.27 1.85
CD(0.05) 4.92 6.58 4.15 6.03

4.3.12 Effect of nematode infection on sulphur cdent

The sulphur content was decreased in the sho@nsysf infected varieties of
ridge gourd Priya,BSS-1009,Aneeta,Aarti and Halsh@.29,0.36,0.02,0.02 and 0.02 %
and in root system by 0.02,0.03,0.03,0.02 and @Q2spectively. It was depicted that
sulphur content was recorded highest as 93.58%mfected roots of variety BSS-
1009, followed by 93.35% in Aarti,92.94% in HarsHa02% in Aneeta and 17.85% in
Priya over control on dry weight basis. (Table T¥®Tresults of present investigation
revealed that the infected plants had decreasexkmiage of sulphur content in both
shoots and roots of susceptible and resistanttiegrie

Table 14. Estimation of Sulphur Contents in the esistant/susceptible ridge
gourd varieties influenced by root knot nematodéyl.incognita

Sulphur content % on dry weight basis
Shoot Root
'\?(I).- Varieties Infected| Healthy gg(r:(re:;gé Infected/Healthy increase/ |
() (H) Mean over () (H) Mean decreaseoove
healthy(%) healthy(%)
01 |Priya 0.29 0.36| 0.32 -18.45 0.02| 0.03] 0.02 -17.85
02 |[BSS-1009 0.36 0.42 0.39 -15.49 0.03| 0.48 0.25 -93.58
03 |Aneeta 0.02 0.33 0.18 -91.66 0.03| 0.32] 0.1F -91.02
04 |Aatrti 0.02 0.03| 0.02 -13.33 0.02| 0.34/ 0.18 -93.35
05 |Harsha 0.02 0.35 0.191-91.78 0.02| 0.34) 0.18 -92.94
SE(m)+ 0.02 0.01 0.72 0.38
CD(0.05) 0.05 0.06 237 012
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4.3.13 Effect of nematode infection on copper ctant

The copper content was decreased in shoot oftedecarieties Priya,BSS-
1009,Aneeta,Aarti and Harsha by 6.56,4.3,5.56,288 3.6 ppm and in root by
5.93,3.06,1.63,6.56 and 2.63 ppm respectively,ldpper content was recorded
highest percentage in a decreasing trend as 6h.46fected roots of variety
Aneeta,followed by 44.66 in BSS-1009,29.49 in Harg8.29 in Aarti and 10.55 in
priya over healthy counterparts on dry weight badite results of present
investigation revealed that the infected plants Hadreased percentage of copper
content in both shoots and roots of susceptiblerasidtant varieties .More accurately
,there was a increase trend of decrease of coppeéerd from susceptible varieties to
resistant one,Table 15. The above data is in coafion with the investigation of
Nasaret al. (1980) who reported increase in concentrationcalcium,magnesium,

copper, in both leaves and roots of ridge gourdst&d with root-knot nematode .

Table 15. Estimation of Copper Contents in the restant/susceptible ridge
gourd varieties influenced by root knot nematodevl.incognita

Copper content ppm on dry weight basis
Shoot Root
Sl. Varieties increase/ increase/
No. InfectedHeaIthyMean decrease InfectedHeaIthyMean decrease
() (H) over () (H) over
healthy(%) healthy(%)
01 |Priya 6.56| 8.23 7.39 -20.29 593| 6.63] 6.28 -10.55
02 |BSS-1009 4.3 6.7 | 55 -35.82 3.06 553 4.29 -44.66
03 |Aneeta 5.56 8 6.78 -30.5 1.63| 4.23| 293 -61.46
04 |Aarti 5.93 75| 6.71 -20.93 6.56 | 8.23| 7.39 -20.29
05 |Harsha 3.6 6 6.6 -40 263 3.713 3.18-29.49
SE(m)+ 0.70| 0.87 0.49 0.38
CD(0.05) | 2.30 | 2.85 1.60 1.26

4.3.14 Effect of nematode infection on iron conig

The iron content was decreased in the shoot systemnfected varieties
Priya,BSS-1009,Aneeta,Aarti and Harsha by 18.30(227.74,14.33 and 18.25 ppm
and in root system by 11.22,22.07,22.11,14.32 ahd*2ppm respectively,but the
iron content was recorded highest percentage deaeasing order as 38.65% in
infected roots of variety Priya followed by 31.15&60Aarti,15.18 % in Aneeta,13.11
% in BSS-1009 and 2.34% in Harsha over healthy woparts on dry weight
basis.The present investigation revealed that tifected plants had decreased

percentage of iron content in both shoots and rabtsusceptible and resistant
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varieties .More accurately,there was a negativetyease trend of iron content from
susceptible varieties to resistant one(Table 1é3éht findings is in confirmation
with the findings of Mohantyt al. (1999) indicating there was reduction of micro
nutrients viz. Zn,Cu,Fe,Mn,Mo and B on cowpea wimertulated byR.reniformis.

Table 16. Estimation of Iron Contents in the resimnt/susceptible ridge
gourd varieties influenced by root knot nematodevl.incognita

Iron content ppm on dry weight basis

Shoot Root
Sl. Varieties increase/ increase/
No. Infected|Healthy Mean decrease |Infected|Healthy Mean decrease
() (H) over () (H) over
healthy(%) healthy(%)
01 |Priya 18.30 15.34 16.82 19.29 11.22| 18.29 14./5 -38.65

02 |[BSS-1009| 22.10 26.10 24.1 -15.32 22.07) 25.40 23.f3 -13.11

03 |Aneeta 17.74 20.80 19|27 -14.71 22.11] 26.07 24.09 -15.18

04 |Aarti 14.33| 1553 14.93 -7.72 | 14.32| 20.8 17.56 -31.15
05 |Harsha 18.25 24.47 21|36 -25.41 | 24.15| 24.73 24.44 -2.34
SE(m)(¥) | 3.05| 151 1.92 1.83
CD(0.05) | 9.95| 4.92 6.25 5.99

4.3.15 Effect of nematode infection on zinc comte

The zinc content was decreased in the shoot systemfected varieties
Priya,BSS-1009,Aneeta,Aarti and Harsha by 20.766.,85.56,22.56 and 20.13 ppm
and in root system by 18.73,9.43,5.36,19.33 an8 pdm respectively,but the zinc
content was recorded highest percentage in a da@egearder as 47.91% in infected
roots of variety Harsha followed by 39.09% in Aree8t.39 % in Priya,16.98% in
BSS-1009 and 3.63% in Aarti over healthy countdagpaon dry weight
basis.Present investigation revealed that the iafecplants had decreased
percentage of zinc content in both shoots and robtsusceptible and resistant
varieties (Table 17) .More accurately,there was@gatively increase trend of zinc
content from susceptible varieties to resistant.Dine present findings is in
confirmation with the findings of Mohantgt al. (1999) indicating there was
reduction of micro nutrients viz. Zn,Cu,Fe,Mn,Mo darB on cowpea when

inoculated withR.reniformis.
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Table 17

Estimation of Zinc Contents in the resisint/susceptible ridgegourd
varieties influenced by root knot nematodeyl.incognita

Zinc content ppm on dry weight basis
Shoot Root
S.l. increase/ increase/,
No. | Varieties | |nfected | Healthy M decrease | o ted Healthy decrease
() (H) ean hover () (H) Mean| over
ealthy healthy
(%) (%)
01 |Priya 20.76 36.83 28.79-43.63 18.73 27.3| 23.01-31.39
02 |BSS-1009 16.66 4453 | 30.59 -62.58 9.43 11.36| 10.39 -16.98
03 |Aneeta 35.56 37.13 36.34-4.22 5.36 8.80 7.08  -39.0¢
04 |Aarti 22.56 26.96| 24.76 -16.32 19.33 20.06| 19.69 -3.63
05 |[Harsha 20.13 20.32 20.21-0.83 4.13 7.93 6.03 -47.91
SE(m)+ 2.37 5.92 2.57 1.35
CD(0.05) 7.72 19.29 8.37 4.40

4.3.16 Effect of nematode infection on manganesentent

The manganese content was decreased in the shbohfeoted varieties
Priya,BSS-1009,Aneeta,Aarti and Harsha by 42.5247,36.4 and 69.9 ppm and in
root system by 111.6,85.6,184.4,149.6, and 38.7 igspectively,but the zinc content

was highest in a decreasing order as 31.38% imois of variety Harsha followed
by 15.66% in BSS-1009,13.62% in Priya,13.38% in&aend 2.73% in Aarti over
healthy counterpart on dry weight basis.The presargstigation revealed that the

infected plants had decreased percentage of magmesintent in both shoots and

roots of susceptible and resistant varieties (TaB)eduring post infection period.

Table 18 Estimation of Manganese Contents in theesistant/susceptible ridge
gourd varieties influenced by root knot nematodeM. incognita

Manganese content ppm on dry weight basis
gl Shoot Root
No.| Varieties | Infected | Healthy increase/ | o cted Healthy increase/
) (H) Mean dr(]acrease OVE ) (H) Mean| decrease ovef
ealthy (%) healthy (%)

01 |Priya 42.5 46.7, 446 -8.99 111.6| 129.2 12014 -13.62
02 |BSS-1009 47 528 | 499 -10.98 85.6| 1015 9355 -15.66
03 |Aneeta 32.7 36.9) 348 -11.38 184.4) 2129 19865 -13.38
04 |Aarti 56.4 724 | 64.4 -22.09 149.6/ 153.8 1517 -2.73
05 |Harsha 69.9 77| 7345 -9.22 38.7 56.4| 4755 -31.38

SE(m)x 2.78 2.70 2.93 1.44

CD(0.05)| 9.06 8.80 9.55 4.69
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4.3.17 Effect of nematode infection on protein cdent
Total Protein in shoots

The total protein contents in the shoots porbbthe inoculated plants were
recorded as 5.21,5.39,7.11,4.50,3.90 mg/g of tharietres Priya,BSS-
1009,Aneeta,Aarti and Harsha respectively on fregight basis. In the healthy
shoots of these varieties total protein contentewe31,7.54,7.32,4.52 and 4.12 mg/g
respectively. The percentage of decrease in totatejm content over healthy
counterpart was recorded as 1.88,28.51,2.86,03843er cent respectively during
post infection period.(Table 19)

Total Protein in roots

Total protein contents in the healthy roots of eaels were 8.77, 4.64, 7.76,
7.76 and 7.11 mg/g of the varieties Priya,BSS-1808¢eta,Aarti and Harsha
respectively on fresh weight basis. In the infectedts of these varieties protein
contents were 9.98, 6.09, 8.05, 9.33 and 8.12 magpectively. The percentage of
increase in total protein contents over healthyntenpart recorded as 13.79, 31.25,

3.73, 20.23 and 14.20 per cent respectively,dysogj infection period. (Table 19)

Table 19 Estimation of percentage changes in totgrotein content in shoots &
shoots of healthy (H) and root-knot infected (1) rdge gourd plants

Protein content mg/g on fresh weight basis

Sl. Shoot (leaf) Root
No.|Varieties

%increase(+)/ %increase(+)/
Mean| decrease (-) () (H) Mean| decrease (-)
over healthy over healthy

01 [Priya 521 531 526 -1.88 9.98 8.77| 9.3F 13.79

Infected | Healthy
0] (H)

Infected | Healthy

02 |BSS-1009 5.39 7.54 | 6.46 -28.51 6.09 464, 536 31.25

03|Aneeta | 7.11| 7.32] 7.21 -2.86 8.05| 7.76| 7.9 3.73
04 |Aarti 450 | 452| 451 -0.44 9.33| 7.76/ 854 20.23
05|Harsha | 3.90| 4.12 401 -5.33 812 | 7.11| 761 14.20
SE(m)t | 027 | 0.33 0.18)  0.3(
CD(0.05)| 0.88 | 1.07 0.58| 0.9
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4.3.18 Effect of nematode infection on free aminacid contents
Total free amino acid in shoots

The free amino acid present in the shoot portibthe infected plants were
recorded as 2.92,3.08,4.36,6.01 and 4.84 pug/g & varieties Priya,BSS-
1009,Aneeta,Aarti and Harsha respectively on fregight basis. In the healthy
shoots of these varieties free amino acid contsate 1.04, 2.99, 4.10, 5.39 and 3.16
Hg/g respectively. The percentage of decrease @aa &mino acid contents over
healthy counterpart were recorded as 180.76, &84, 11.50 and 53.16 per cent
respectively,during post infection period.(Tablg 20

Total free amino acid in roots

The amount of free amino acid present in the pmotion of the inoculated
plants were recorded as 7.13,6.80,7.11,7.94 a8l 830y of the varieties Priya,BSS-
1009,Aneeta,Aarti and Harsha respectively on fiesight basis .In the healthy roots
of these varieties free amino acid contents wed8,6.61,6.03,6.76 and 7.15 ug/g
respectively. The percentage of decrease in fraacaacid content due to root knot
nematode infection over healthy counterpart waeesl as 18.24,2.87,17.91,17.45
and 13.01 per cent respectively, during post imdegberiod(Table 20).

Table 20. Estimation of Total free amino acid Corgnts in the
resistant/susceptible ridge gourd varieties influeced by root knot
nematode,M. incognita

Total free amino acid content in pg/g

Shoot Root
Sl Varieti Increase/ increase/d
; arieties
No. Infected | Healthy decrease | fected | Healthy ecrease
Mean over Mean over

(1) (H) healthy | O (H) healthy

(%) (%)
01 Priya 2.92 1.04, 198 180.76 7.13 6.03 6.58 18/24

02 | BSS-1009 3.08 2.99 | 3.03 3.01 6.8 6.61 6.70 2.87

03 | Aneeta 4.36 4.1 4.28 6.34 7.11 6.03 6,57 17/91

04 Aarti 6.01 539 | 5.7C 11.50 7.94 6.76  7.35 17.45

05 | Harsha 4.84 3.16 4.00 53.16 8.08 7.15 761 13.01

SE(m)+ | 0.236| 0.346 0.540 0.334

CD(0.05)| 0.646 | 0.948 1.480, 0.915
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4.3.19 Activity of phenylalanine ammonia lyasePAL) and tyrosine ammonia
lyase (TAL) during post infection period

The activity of PAL in shoots

The Phenylalanine Ammonia Lyaseas measured as pmoles of t-cinnamic
acid formed per mg protein per minute of fresh $teodract. These were 0.98, 0.83,
0.82, 0.81 and 0.83 pmoles t-cinnamic acid/mg puoten in the healthy varieties
Priya,BSS-1009,Aneeta,Aarti and Harsha respegtivelthe inoculated shoots these
values increased to 2.77, 1.03, 1.04, 1.01 and @®®Bles t-cinnamic acid/mg
protein/min respectively, registering 182.65, 24.96.82, 24.69 and 14.45 per cent

enhancement over healthy counterpart (Table21 ).
The activity of PAL in roots

It was measured as pmoles of t-cinnamic acid fonpegeang protein per minute of
fresh root extract and these were 1.93, 2.05, IL'BP and 0.92 pymoles t-cinnamic
acid/mg protein/min in Priya, BSS-1009, Aneetafamtd Harsha, respectively in healthy
varieties. In the inoculated roots these valueeased to 2.20, 2.56, 2.50, 2.07 and 1.80
pmoles t-cinnamic acid/mg protein/min respectivedgistering 13.98, 24.87, 46.19, 13.73
and 95.65 per cent enhancement over healthy cparteduring post infection periods of
the crop by root-knot nematodé, incognita (Table21).

Table 21. Estimation of phenylalanine ammonia Lyas (PAL) Contents in

the resistant/susceptible ridge gourd varieties itdlenced by root
knot nematode,M. incognita

phenylalanine ammonia Lyase (PAL) content in pmolescinnamic acid/mg
protein/min
Sl Varieti Shoot Root
No. areties increase/ increase/
Infected|Healthy M d | Infected [Healthy M d
() (H) ean|decrease ove ) H) ean |decrease ove
healthy (%) healthy (%)
01 |Priya 2.77 0.98 1.87 182.65 2.2 193 2.06 13.98
02 |BSS1009 1.03 | 0.83| 0.93 24.09 2.56 2.05 2.30 24.87
03 |Aneeta 1.04), 0.82 0.93 26.82 2.5 1.71 2.10 46.19
04 |Aarti 1.01| 0.81] 091 24.69 2.07 1.82 194 13.73
05 |[Harsha 0.95] 0.83 0.89 14.45 1.8 0.92 1.36 95.65
SE(m)+ 0.2 | 0.077 0.204 | 0.267
CD(0.05)| 0.548 | 0.211 0.559 | 0.074
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4.3.20 The activity of TAL in shoots

The activity of TAL was calculated as pmoles ofquimaric acid formed per
mg protein/min of fresh shoots. The activitiesT#L in the healthy shoots were
recorded as 0.93, 0.97, 0.93, 0.81 and 0.81 unmaesmamic acid/mg protein/min in
Priya,BSS-1009,Aneeta,Aarti and Harsha respegtilelt during post infection
period the amounts increased by 5.10,87.62, 70112 and 13.58 per cent
respectively over healthy counterparts in the shoot

The activity of TAL in roots

The activity of TAL was calculated as pmoles ofquimaric acid formed per
mg protein/min  of fresh roots (Table 22) The atte were recorded as
1.71,1.17,0.95,0.82 and 0.91 pmoles t-cinnamid/axg protein/min in Priya,BSS-
1009,Aneeta,Aarti and Harsha respectively butmdupost infection period in the
roots, the amounts increased by 31.57,103.41,6(d23.95 and 78.02 per cent
respectively over healthy counterparts in the r¢déble 22)

Table 22. Estimation of Tyrosine Ammonia Lyase (TA) Contents in the

resistant/susceptible ridge gourd varieties influeced by root knot
nematode,M. incognita

Tyrosine Ammonia Lyase (TAL) content pmoles of p-coumaric acid formed
per mg protein/min
Sl. - Shoot Root
No. Varieties Increase/ increase/
Infected|Healthy Infected | Healthy
(0 (H) Mean|decrease ove 0 (H) Mean |decrease ove
healthy(%) healthy(%)
01 |Priya 1.03 0.93| 098 5.10 2.25 1.71] 1.98 31.57
02BSS-1009 1.82 097 | 1.39 87.62 2.38 1.17) 1.98 103.41
03 |Aneeta 1.61 0.93 1.27 73.11 1.97 0.95| 1.46 107.36
04 |Aarti 1.54 0.81| 1.17 90.12 1.82 0.82| 1.32 121.95
05 [Harsha 0.92 0.81 0.86 13.58 1.62 0.91| 1.26 78.02
SE(m)x 0.334| 0.02¢ 0.19Y 0.288
CD(0.05)| 0.915| 0.071 0.539 0.7$9

4.3.21 Effect of root-knot nematode infection operoxidase activity in shoots &
roots of ridge gourd varieties

The activity of Peroxidase in shoots

The increased peroxidase activity was observecmatode inoculated shoot

samples of both susceptible and resistant varibtehigher enzymatic activity was
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observed the in resistant varieties which weremdembas 35.34,20.58,19.83,8.92 and
50.47 per cent increase over healthy counterpartthm varieties Priya,BSS-
1009,Aneeta,Aarti and Harsha respectively.(Tab)e 23

The activity of Peroxidase in roots

The increased peroxidase activity was observedematode inoculated root
samples of both susceptible and resistant varibtehigher enzymatic activity was
recorded in resistant varieties which registerea58,86.26,77.21,53.01 and 54.91
per cent increase over healthy counterparts Pr§8;B009,Aneeta,Aarti and Harsha
respectively,during post infestation periods.

Table 23. Estimation of Peroxidase Contents in theesistant/susceptible ridge
gourd varieties influenced by root knot nematodéyl.incognita

Peroxidase content in units/mg protein/min
Shoot Root
Sl. -~ increase/ increase/
No. Varieties Infected Healthy M decrease Infected|Healthy decrease
() (H) ean over () (H) Mean over
healthy healthy
(%) (%)
01 |Priya 63.99| 47.28 55.63 35.34 126.81 75.67 | 101.24 67.58
02 ?C?Ci) 76.69 | 63.60| 70.14 20.58 117.16 62.9 | 96.41 86.26
03 |Aneeta 82.36| 68.73 75.54 19.83 103.3| 58.29 80.79 77.21
04 |Aarti 54.46 | 50.00 52.23 8.92 122.64 80.15| 101.39 53.01
05 |Harsha 60.61] 40.28 50.44 50.47 115.47 7454 | 95.01 54.91
SE(m)x | 0.311| 4.938 0.35 0.493
CD(0.05) 0.852 | 13.535 0.959 | 1.351

4.3.22 Effect of root-knot nematode infection ortatalase activity in shoots &
roots of ridge gourd varieties

The activity of Catalase in shoots

The catalase activity was increased considerablthéeninfected resistant
varieties by 25.42,32.74,24.25,33.90 and 53.34 gudrcin case of nematode
inoculated cultivars, Priya,BSS-1009,Aneeta,Aartd &Harsha respectively,over
healthy counterparts.The formation of giant cehsl galls in plants, susceptible
to the endoparasitic nematode was due to increlased of auxin (Giebel 1973)
(Table 24).
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The activity of Catalase in roots

The catalase activity was increased considerablyrasistant varieties
inoculated with root-knot nematode over healthyrtetparts by 7.76,14.39, 46.51,
57.44 and 52.83 percent in case of nematode iatsullcultivar, Priya,BSS-
1009,Aneeta,Aarti and Harsha respectively.The as#alactivity in the inoculated
varieties was increased by 18.87,14.54,8.19,8. 849417 units/mg protein/min and it

was decreased in healthy cultivars.(Table 24).

Table 24. Estimation of Catalase Contents in theesistant/susceptible ridge
gourd varieties influenced by root knot nematodevl.incognita

Catalase content in units/mg protein/min
Shoot Root
S| increase/d increase/
" |Varieties
No. Infected [Healthy €Crease | | nfected Healthy decrease
() (H) Mean over () (H) Mean over
healthy healthy
(%) (%)
01 |Priya 9.62 7.67 8.64 25.42 18.87 17,51 18.197.76
02 ?C?Ci) 9.73 7.33| 8.53 32.74 1454 12.71 13.6214.39
03 |Aneeta 13.01| 104 11.74 24.25 8.19 559 6.896.514
04 |Aarti 7.03 5.25| 6.14 33.90 8.14 5.17 6|65 57.44
05 |Harsha 6.18 4.03 5.10 53.34 9.17 6.00 7.58 352.8
SE(m)x 0.176 | 0.29¢ 0.204 0.221
CD(0.05)] 0.482 | 0.816 0.559| 0.60%

4.3.23 Effects of nematode infection on Superoxadlismutase (SOD) content
Total Superoxide dismutase (SOD) content in shoots

The superoxide dismutase (SOD) contents of infestembts of ridge gourd
cultivars were 2.75,2.45,2.60,3.70 and 4.65 mg/dritya,BSS-1009,Aneeta,Aarti
and Harsha respectively, and these were increageV 150,6.52,20.93,15.62 and
5.68 percent in shoots during post infection pe(ibable 25).

Total Superoxide dismutase (SOD) content in roots

The superoxide dismutase (SOD) contents of infecteds of ridge gourd
cultivars were 7.30,6.40,6.35,6.10 and 5.25 mg/dPitya,BSS-1009,Aneeta,Aarti
and Harsha respectively, and these were increageéd79,21.90,11.40,18.44 and
19.31 percent in roots,during post infection peri@icable 25)
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Table 25. Estimation of Superoxide dismutase (SODXontents in the
resistant/susceptible ridge gourd varieties influeced by root knot
nematodeM.incognita

Superoxide dismutase (SOD) content in unit/mg prote/min
Shoot Root
sl Varieti increase/d increase/d
: t
No. arieties Infected | Healthy M €Crease | ntected Healthy M ecrease
() (H) ean over (0 (H) ean| over
healthy healthy
(%) (%)
01 Priya 2.75 2 2.37 375 7.3 6.9 7.1 5.79
02 | BSS-1009 2.45 2.3 2.3 6.52 6.4 525 5.82 2190
03 Aneeta 2.6 2.15 2.37 20.93 6.35 5[7 6.02 11.4
04 Aarti 3.7 3.2 3.45 15.62 6.1 515 5p2 18.44
05 Harsha 4.65 4.4 4.52 5.68 5.25 4,4 482 19(31
SE(m)+ 0.402 0.134 0.452 0.450
CD(0.05) 1.101 0.367 1.238 1.233

4.3.24 Effect of nematode infection on amino acioy HPTLC

Generally,with few exception, there was both insee&n L-glycine content
and L-mehionine content in the roots of inoculatesistant priya variety than the
healthy ones.The increase of sulphur containingnanacid L-methionine in the
inoculated sample of resistant variety appearsdanteresting and significant.L-
methionine is widely involved in trans-methylatioraction in the synthesis of
methylated compounds like thiamine, methylated plslignin etc. and play vital

role imparting resistant reaction.

There was increase in L-serine content in inoadilateoots of highly susceptible
harsha variety than the healthy samples. But ,twvasedecrease in L-arginine content in
shoots of inoculated highly susceptible harsha ltleatthy counterparts.

Decrease in arginine content in the variety dupogt-infection period possibly
due to conversion of L-arginine to L-proline thgbuornithine cycle.Unique00777
therapeutic quality of L-proline as defense medramgainst nematode infection.There
was increase in amino acid L-proline in roots aiciated moderately resistant Aneeta
variety than the healthy ones, while there wasedsa in amino acid i.e.,L-leucine in
roots of inoculated moderately resistant Aneetaetyathan the healthy ones. The
accumulation of L-proline in nematode infected sE®pmnight be associated with the
stress condition of the host plants induced byn#gmaatodes.
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The high metabolic activity in roots associatedhwgiant cells and gall
formation as well as egg-production exerts a reguoént for energy which is supplied
by a free proline manufactured in the leaves amastocated to the site of nematode

infection.

Besides, the ratio of L-proline and hydroxyl preliplay key role in imparting
susceptible and resistant reactions and alwaysiassd with the stress condition of

the host plant.

There was increase in L-isoleucine content in raaftsnoculated highly

susceptible harsha than healthy counterparts.

There was decrease in L-tyrosine contents in rawtshealthy highly
susceptible harsha variety than the inoculated Emnpecrease of aromatic amino
acids like L-tyrosine was known to have significale in imparting resistant

reaction through lignification.

The aromatic deamination of both the amino acids ignificant role for
providing the phenyl propanoid skeleton neces$aryhe biosynthesis of aromatic

compounds.

There was increase in L-tryptophan in healthy rebtsighly susceptible Aarti
variety than the inoculated counterparts, whereasret was decrease in L-
phenylalanine content in roots of inoculated higklysceptible Aarti variety than
healthy ones.

In the present study the reduction of free tryptoplas infection progressed

might be concern with initiation and progress @& ¢talling activity.

The rate of decrease of L-tryptophan in resistaniety was less as compared
to susceptible check, which clearly indicates #tricted release of growth regulator

IAA in resistant variety.

Quantitative decrease of aromatic amino acids likehenylalanine was

known to have significant role in imparting resrgteeaction through lignifications.

The aromatic deamination of both the amino acids/ ignificant role for
providing the phenyl propanoid skeleton necessaryttie biosynthesis of aromatic

compounds.
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Table 26.Presence and absence of different aminoidk@nd amide in shoot as well as root of differentidge gourd varieties

Sample n PTrack| Track| Track| Track| Track| Track | Track | Track| Track| Track| Track| Track|Track Track| Track | Track | Trac| Track| Track| Track
Amino acid 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 15 16 | k17| 18 | 19 20
L- cystine + + + + + + + + + + + + + + + + + + + +
L- glutamic acid + + + + + + + + + + + + + + + + + +
L- threonine + + + + + + + + + + - + + + 4 - -
L- aspartic acid + + + + + - + - + + + + + H + - o+ + +
L- serine + + + + + + + - - - + + + + - + 4 + H +
L- glutamine + + + + + + - + + + - + + + - - + H o+
L- aspargine + + + + + + + - + + + + + H + + 4 +
L- lysine + + + + + + + + + + + + + + + + + + + +
L- histidine + + + + + + + + + - + + - + - - - + - +
L- arginine + + + + + + + + + + + + + + + + H - - +
L- glycine + + + + + + + + + + + + + + + + + + + -
L- alanine + + + + + + + - + + + + + + + + 4 + + +
L- proline + + + + + + + + + + + + + + + + H + + +
L- tryptophan + + + + + - + + + + + + + + + - 4 +H H -
L- tyrosine + - + + - + + + + + + + + + + + + + + +
L- methionine + + + + + + + + + + + + + + + + +H B
L- valine + + + + + + + + + + + + + - + + + + + +
L- leucine + + + + + + + + + + + - + + + + + + +
L- phenylalanine + + + + + - - + + - + + + - + + + + + +
L- isoleucine + + + + + + - + + + + + + + + + + 4+ -
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Table 27.

Changes in area (Infected — Healthy) afifferent amino acid and amide in shoot as well asot of different ridge gourd

varieties
Sample , :
Change in Sgin?:d;] Change in Change in gllin?:d;] Change in Change in Change in Change in Change in
area(AU)(I-H) (I-H)Track area(AU)(I-H) |area(AU)(I-H) (I-H) Track area(AU)(I-H) |area(AU)(I-H) | area(AU)(I-H) |area(AU)(I-H) | area(AU)(I-H)
_ _ Track (6-1) (7-2) Track (8-3) Track (9-4) (10-5) Track (16-11) | Track (17-12) | Track (18-13) | Track (19-14) | Track (20-15)
Amino acid
L- cystine +8065.90 - +159.00 - 2556.00 - - + 865 - - -
L- glutamic acid - - +207.80 + 155.00 - - + 754.6( - - -
L- threonine - +744.80 +1355.60 - +1318.00 +407.9 - - - +1482.30
L- aspartic acid - - - - +100.20 - - - 1376.9( #7160 +126.50
L- serine - - - - - - - +914.70 +124.20 -
L- glutamine - - 205.00 - - 183.60 - 849.30 - - 7-& - 312.00 - 73.50
L- aspargine - + 36.70 - - - +1264.7( - +1797.10 - + 840.90
L- lysine - - 267.30 - 618.90 - - - - 1314.5Q +83. -116.30 -1499.40
L- histidine - -118.90 -1643.50 -896.90 - - - - - -
L- arginine - - -1217.90 -1819.70 -145.60 - -74.20 - - -1372.90
L- glycine + 41.10 - +49.00 + 33.70 +70.20 - 5 +2961.2 +634.20 -
L- alanine +20.00 - 1707.9(¢ - +87.50 +795.00 1087.70 +948.20 -1025.10 +267.00 +3026.10
L- proline +179.00 + 301.90 +186.30 + 456.7( 58.20 + 693.00 +1151.70 + 819.80 +217.6( +2273.80
L- tryptophan - -1038.5 -1811.80 - 537.40 -1384.3 - -2556.00 - -1203.30 -
L- tyrosine +1779.40 - +561.10 + 203.90 - +236.80 +81.20 - +147.70 + 653.20
L- methionine - - - +595.30 - - - +293.40 - -
L- valine - - - +141.80 - - +71.10 - - -
L- leucine + 106.10 - 502.30 +55.20 + 25.10 504. - 98.90 - - +238.10 +677.30
L- phenylalanine - - +2.00 +461.00 - + 50.60 4130 + 738.60 - +1190.90
L- isoleucine +245.70 - +152.70 +7.10 +24.30 +127.60 +11.40 - +237.20 -
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Track 1,10 Track 0,1D:

Fig. 2 Presence and absence of different
amino acids and amides in shoot of
the inoculated ridge gourd variety
Priya(R)

Fig. 1 Presence and absence of different
amino acids and amides in shoot of
the healthy ridge gourd variety
Priya(R)

Track 7,10

Fig. 3 Presence and absence of differer Fig.4 Presence and absence of different

amino acids and amides in shoot of amino acids and amides in shoot
the healthy ridge gourd variety BSS- of the inoculated ridge gourd
1009(R) variety BSS-1009(R)
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Fig. 5 Presence and absence of differer
amino acids and amides in shoot
of the healthy ridge gourd variety
Aneeta (MR)
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Presence and absence of different
amino acids and amides in shoot
of the inoculated ridge gourd

Fig. 6

variety Aneeta (MR)
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Fig. 7 Presence and absence of differer
amino acids and amides in shooti
of the healthy ridge gourd variety
Aarti (HS)
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ach 12,10 Track 17, 10:

Fig. 13 Presence and absence of different Fig.14 Presence and absence of different

amino acids and amides in root of amino acids and amides in root of
the healthy ridge gourd variety the inoculated ridge gourd variety
BSS-1009(R) BSS-1009(R)
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Fig. 15 Presence and absence of different Fig.16 Presence and absence of different

amino acids and amides in root of amino acids and amides in root of
the healthy ridge gourd variety the inoculated ridge gourd variety
Aneeta (MR) Aneeta (MR)
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amino acids and amides in root of amino acids and amides in root of
the healthy ridge gourd variety the inoculated ridge gourd variety
Harsha (HS) Harsha (HS)
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4.3.25 Assessment of avoidable yield loss due tmt-knot nematode,M.incognita
infesting ridge gourd under sick plot condition

The crop losses due to phytonematodes ranged fitoni® per cent of crop value
annually. The information on monetary losses dug@hgtonematodes is essential for
understanding the control measures. The expervwasiconducted under field conditions
to evaluate the preventable yield losses due tbkmat nematode on ridge gourd using
paired plot technique with soil application of atvan 3 G at 2 kg a.i./ha over untreated
control. The indicated preventable yield losgdge gourd cv. Harsha was recorded to be

74.52 per cent in the treated plot with applicabboarbofuran 3 G at 2 kg a.i./ha.

It is clearly evident from the Table 28 that ,theses an increase in shoot length in
different replications of treated plants over eated parts and maximum increase was
observed in R-10 (7.86%) & least per cent was obsgen R-3 (1.04%).While, there was
maximum increase in root length in R-6 (25.87%) laadt increase was in R-7 (7.74%).

It is clearly evident from the Table 29 that ,thewes a increase in fresh root weight
in different replication in treated plants overreated counterparts and maximum increase
was found in R-9 (39.38%) & least per cent was migsk in replication no.3
(18.02%).While, there was a maximum increase ishfighoot weight in replication no.6
(15.56%) and least increase was in R-3 (1.97%).

It is clearly evident from the Table 30 that, theras a increase in dry root
weight in different replication in treated plantgeo untreated plot and maximum
increase was found in R-4 (74.48%) & least per cemats observed in R-3
(45.52%).While, there was maximum increase in dyos weight in R-8 (13.70%)
and least increase was in R-4 (12.14%).

Darekar and Mhase (1988) they estimated the yasklih different crops infected
by root-knot nematode such as brinjal,bitter gamnd tomato as 32.73 per cent,36.72 per
cent and 46.92 per cent respectively.Further gtalso observed yield loss due to root-knot
nematode in bitter gourd was 22.9 to 42.8 perlmgiKkhanna and Kumar,2003).

It is clearly evident from the Table 32 that ,theras a reduction in number of
root galls per egg masses per plant in differguitaaions in treated plants over untreated
plots and maximum decrease was found in R-5 & R&66%) & least per cent was
observed in replication no.4 (3.92%).While, therswnaximum decrease in gall index
per plant in replication no.3 (36%) and least iasee was in replication no.4 &10
(20%).Furthermore, there was maximum reductionejoraduction factor which was
found highest decrease in R-2 (72.72%) and ledt1i0 (26.49%).
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Table 28.

Effect of nematicidal treatment on rootand shoot length of ridge
gourd infested with root-knot nematode M. incognita

Root Length(cm) Shoot Length(cm)
ot %increase . %
Replications Untreated Untreated | increase
Treated over Treated
control control over
control
control
1 45.30 38.51 17.63 310.29 298.21 4.05
2 44.31 36.23 22.30 302.59 297.52 1.70
3 42.21 35.03 20.49 301.65 298.53 1.04
4 41.23 33.89 21.65 305.28 297.55 2.59
5 43.12 34.52 2491 311.80 298.82 4.34
6 45.88 36.45 25.87 302.66 297.65 1.68
7 40.32 37.42 7.74 303.45 287.4% 5.56
8 40.20 32.44 23.92 306.48 285.25 7.44
9 38.20 31.43 21.53 304.42 282.23 7.86
10 35.21 32.48 8.40 309.45 281.14
SE(m)t 0.706 2.682
t value 9.567 4.987
CD(0.05) 8.03 15.903
Table 29. Effect of nematicidal treatment on frels weight of root and shoot
of ridge gourd infested with root-knot nematode M. incognita
Fresh weight of Fresh weight of
root/plant (g) shoot/plant (g)
Replications Untreated %increase Untreated %increase
Treated over Treated over
Control control
control control
1 50.70 42.75 18.59 125.21 98.2 27.5
2 51.24 41.55 23.32 125.36 118.21 6.04
3 50.10 42.45 18.02 123.75 121.35 1.97
4 48.75 36.45 33.74 124.81 120.85 3.27
5 45.23 38.23 18.31 128.72 125.75 2.36
6 42.21 31.31 34.81 141.501 122.45 15.56
7 40.55 30.45 33.16 123.58 119.21 3.66
8 40.23 31.25 28.73 119.83 99.35 20.61
9 45.23 32.45 39.38 112.86 98.25 14.87
10 41.11 32.35 27.07 102.92 94.48 8.93
SE(m)+ 0.612 2.744
t value 15.701 4.025
CD(0.05) | 11.425 13.132
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Table 30. Effect of nematicidal treatment on dryweight of root and shoot of
ridge gourd infested with root-knot nematode, M. ircognita
Dry weight of root/plant (g) Dry weight of shoot/plant (g)
Replications Untreated "ncrease Untreated *NCrease
Treated over Treated over
control control
control control
1 19.51 11.95 63.26 81.75 72.75 12.42
2 20.75 12.93 60.47 82.35 72.45 13.66
3 20.01 13.75 | 4552 83.78 73.85 13.44
4 17.85 10.23 74.48 81.25 7245 | 12.14
5 20.07 12.30 63.17 80.35 71.23 12.80
6 17.02 10.75 58.32 84.25 74.25 13.46
7 18.25 11.00 65.90 85.31 75.35 13.21
8 17.75 10.88 63.14 83.48 73.42 13.70
9 17.25 11.09 55.54 84.45 74.41 13.49
10 16.85 10.85 55.29 82.23 72.41 13.56
SE(m)x 0.23 0.154
t value 30.09 62.771
CD(0.05) 9.78 11.493
Table 31. Effect of nematicidal treatment on yield of ridge gourd infested
with root-knot nematode, M. incognita
Yield in kg/m? at termination
Replications Untreated % increase over
Treated
control control
1 4.10 3.80 7.89
2 4.07 3.91 4.09
3 3.82 2.80 36.42
4 3.90 2.24 74.10
5 3.74 2.60 43.84
6 4.00 3.82 4.71
7 3.81 2.65 43.77
8 3.90 2.42 61.15
9 3.70 2.12 74.52
10 4.00 3.72 7.52
SE(m)+ 0.192
t value 4.661
Average yield loss 22.951
% yield loss 29.787
CD(0.05) 1.064
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Table 32. Effect of nematicidal treatment on numbe of root galls/egg
masses,gall index and Rf(reproduction factor) of rot-knot
nematode, M. incognita infesting ridge gourd

Number of root .
galls/legg masses/plant Ga[:;?:]?rﬁglc?:t at *Rf (reproduction factor)
L at termination
Replications Untreat d%decrease Untreat d%decreaS( treat d%decrease
Treated Cr;reae over ([Treated nireate over Treatedun reate over
ontrol control control
control control control
1 47 54 12.96| 3.8 5 24 0.57 1.19 52.10
2 38 43 11.62| 3.3 5 34 0.39] 143 | 72.72
3 34 40 15 32 5 36 0.36| 1.14 68.42
4 49 51 3.92 4 5 20 0.61| 1.18 48.30
5 35 42 16.66| 3.4 5 32 0.53 1.11 52.25
6 44 52 15.38| 3.7 5 26 0.49 1.10 55.45
7 47 51 7.84 39 5 22 0.64| 1.19 46.21
8 45 54 16.66 | 3.3 5 34 0.43 1.23 65.04
9 37 44 15.90| 3.6 5 28 0.60[ 1.05 42.85
10 48 56 14.28 4 5 20 0.86 1.17 | 26.49
SE(m)+|0.667 0.09 0.06
t value |9.438 14.31 9.87
CD(0.05) 7.484 1.82 0.83

* Rf (reproduction factor)=final population/initial population

4.3.26  Molecular characterisation using ISSR nikers
Four ISSR primers generated total of 46 band##slle@ which 23 bands were
polymorphic. Primer B3 produced maximum 15 bandsjlenvprimer UBC-855

produced minimum 8 bands.

The average bands per primer were 11.50. Maximalymorphism observed for
the primer UBC — 856 (66.66 %) and lowest for UB808 (Table 33 and Figure 21).

Polymorphic % ranges from 13.16% (between BSS 6918hd Aneeta ) to
43.18 % (between Aarti and Harsha).
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The phylogenetic tree constructed by UPGMA metlgmherated two
main clusters i.e. cluster — I ( Two sub clustethwivarieties Aneeta, Aarti and

BSS - 1009) and cluster — Il ( with varieties Harsimd Priya) .

This study showed that ISSR markers produced &pdaNA fragments

i.e., 100bp for identification of ridge gourd vaies.

Table 33 List of ISSR primers used, total number b bands, number of
polymorphic bands, & percentage of polymorphism oldined by
analyzing five ridge gourd varieties

Sl. ISSR Sequence Number | Polymorphic P;:ﬁg?;;’;'c

No. | Primers (5 3) of bands(A) | bands (B) 100}

1. | UBC-808 (AG)8C 14 5 35.71
2. | UBC-855  (AC)8CTT 8 3 37.50
3. | UBC-856| ((AC)8CTA 9 6 66.66
4. B3 (GA)8A 15 9 60.00
Table 34 Polymorphic % of ridge gourd varieties onsidering four ISSR
markers
Priya BSS - 1009 Aneeta Aarti
BSS - 1009 32.56
Aneeta 25.58 13.16
Aarti 37.21 21.62 18.42
Harsha 25.58 26.83 31.82 43.18
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UBC - 808

Fig.21 ISSR marker profile and frequency of allele amplified by four ISSR
markers in five Ridge gourd varieties

Aarti

Aneeta

BSS -1009

Harsha

Priya
01

Fig.22. Dendogram depicting the genetic relationsphi among five ridge gourd
varieties based on four ISSR markers
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DISCUSSION

Root- knot nematod®leloidogyne spp. is one of the most important pest that
affect agricultural production and productivity. dihpolyphagous nature has become
a great hindrance in controlling them. For theficegnt control we have to rely upon
resistant varieties along with careful managemtrategyies. Use of resistant varieties
would be an economical approach as compared togbeof chemicals because the
chemicals nematicides tend to be costly. Thougterys nematicides have been used
earlier to control these nematodes but their agdveféect on human health and

environment has become a limiting factor for thegficient use in India.

No single plant cultivar has all the desired agroiwo traits as well as
resistance to pests. Moreover the excessive ugesgdtant cultivars may lead to
adaptation of resistance factors by the nematodéscause resurgence in them. So,
the different genotypes like resistant, tolerard aosceptible genotypes are equally
important. Both tolerant and susceptible varieties suitable hosts for the nematodes

but in contrary to the tolerant host it is the sydible host which suffers a yield loss.

Complementing resistance with other methods anategfies is the most
important point to ponder upon. The physiology aretabolism of the plant is greatly
affected due to the disruption of root system abstroiction in nutrient uptake. This
is caused due to the destructive, adaptive and|lastap feeding behavior of the
nematode. The above ground symptoms include yeligwstunting and poor growth
of the plant. The characteristic underground symgt@re formation of galls. There
are accounts of the effect of nematode infecticoh lawst —parasite interaction on the
amount of macro and micro nutrients present. Irs@da phenol levels during post
infection site might be due to the involvement dfedent mechanisms of plant to

counteract the metabolic activities of the pathogen

The biochemical resistance of a plant is attributethe various biochemical
allied with it. Pertaining to non-preference andilz@insis, the biochemical factors are
more important than the morphological and physialaigparameters. And among the
non chemical methods available to control the nedet, the best alternative is the
use of resistant varieties because it is the mibstteve and environmentally safe
alternatives. So it had become essential to sthieyeffect of root-knot nematode on
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gerbera. The establishment of biochemical mechadisento nematode infection was
done in present investigation by estimating thaltphenols, proteins at 45 days after
planting of plants which are artificially inoculdtewith root-knot nematode,
Mel oidogyne incognita.

Nematode infection seriously affected the plantaghoparameters, like shoot
length and shoot weight were decreased but rogtheimcreased. In the subsequent
stages level of chlorophyll decreased. Photosyiathpgbcess is affected due to the
morphological and physiological changes occurrmglants as a result of nematode
invasion. Root- knot nematodes cause the formatfagiant cells in the roots which
disrupts the root vascular system, hamper wateskepaind nutrient transportation
from roots to shoots (Abaat al., 2003). The formation of giant cells causes gglbf
roots which is possible reason of reduction in terand weight of the shoots and root

weight in the infected plant.

The present study intended at determining the ahanthe nutrient content of
the different resistant and susceptible varietresuttivars of ridge gourd against root-
knot nematodeMeloidogyne infection. Out of the seven varieties/ cultivacsegned,
five varieties were selected out of which one wesistant, three were moderately

resistant and one was susceptible.

5.1 Screening and evaluation of ridge gourd varieds

For screening purpose fifty two ridge gourd gerraipia were collected from the
locality of Bhubaneswar and nearby villages of Xagal and were tested in green house
condition. Out of the fifty two ridge gourd variesi, only6 showed resistant reaction with
7-10 number of galls per plant,7 showed moderagsigtant reaction with 23-31 number
of galls per plant,32 susceptible reaction witFB2Inumber of galls per plants &5 highly
susceptible with 112-116 number of galls per plgiiiablel).

To substantiate, about the resistance occurringhén plants, biochemical
analysis of one moderately resistant, two resistat two highly susceptible variety
i.e. Priya,BSS-1009,Aneeta,Aarti and Harsha wagdon

5.2 Effects of nematode infection on plant growtparameters
Shoot length and root length (cm)
Due to infection of root-knot nematode, the maximaverage shoot length of

ridgegourd varieties was 160cm in BSS-1036,antl lsogth was 38.66cm in Ridge
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gourd 12 pata. The decrease in shoot length &lesmth were more pronounced i.e.,
in SS-Ramu (16.83cm) and Ramu F1(11.36) respeygtiVdle decrease was possibly
due to improper uptake and transport of elemenisjemts and water resulted from
nematode infection. (Table 3)

After infection of root-knot nematode, the maximawerage shoot length of
ridgegourd varieties was 160cm in BSS-1036,antl lsomth was 38.66cm in Ridge
gourd 12 pata.The decrease in shoot length & exaith were more pronounced i.e.,
in SS-Ramu (16.83cm) and Ramu F1(11.36) respeytivihe decrease in shoot
weight (5.53g) and root weight (0.23) of the ridgegl variety,Nayagarh Local and
Tauri,BSS-1009 respectively.

Pandey (2016) studied due to infection of root-kmematode, the maximum
average shoot length of greengram cultivars/vasetias 40.66 cm in 20 MH-175. The
decrease in shoot length was more pronounced 2th08 5 DGG-5 variety, which was
statistically different from other resistant vameet The decrease is possibly due to
improper uptake and transport of elements, nusriant water resulted from nematode

infection.
Shoot weight and root weight (g)

The decrease in fresh shoot weight (5.53g) arghfreot weight (0.23) of
the ridgegourd variety, Nayagarh Local and TaurgBI®09 respectivelyThese
varieties were significantly different from the rerieties showing susceptible and
moderately resistant reaction to the test nematbde.same trend was observed for
fresh root weight in both the varieties . The dase in dry shoot weight (2.56g) in
variety NHRG-1001 & dry root weight (1.10g) in Hydr Patal Tarai was
observed.Possible reasons for low shoot weight rantl weight in infected plants
may be due to improper supply of nutrients resgltirom nematode infection for

which it is compensated to some extent in resistaneties (Table 3).

Nayak (2006) reported that plant height of briryalieties due to root-
knot nematode infection were decreased by 9.04481&3.50 per cent in varieties
Pusa Kranti, Kantabaigan and Pusa Purple Long,ectisgly over uninoculated
control. Further, he had shown decrease of shoahiv€34.08%) and root weight
(31.67%) of the susceptible brinjal cultivars, P&saple Long which was different
from other two resistant varieties showing resis¢areaction.
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Pandey (2016) observed the decrease in shoot w@glit0 g) and dry root
weight (0.3 g) of the greengram variety, 9 GM Pl#&hd 15 IPM 2K 15-4 was
significantly different from the rest varieties shing resistant and moderately
resistant reaction to the test nematode.

5.3 Chemical analysis of plant samples
5.3.1 Effect of the nematode infection on chloropti contents

Chlorophyll content is the most important constiiu®f the plants as it
manufactures the food, which is necessary for thevlp and development of all the
parts of plant. It is directly correlated with thield of the crops. Root-knot nematode
are known to reduce the chlorophyll content of pients by disrupting its nutrient

uptake and partitioning of the photosynthates.

Chlorophyll ‘a’ is recognized as the main pigmetiet convert light energy
into chemical energy.Chlorophyll ‘b’,as accessorigngent acts indirectly in
photosynthesis by trnasfering the light it absotbschlorophyll ‘a’.Chlorophyll
molecule has Mg at the centre which makes it ionic and hydrophilizl the ring is
hydrophobic in nature,with a Carbonyl group asatk

In the experiment it was observed that the chloybontent reduced from
0.42 mg/g to 0.25 mg/g due to nematode infectiooaise of Priya variety. Similarly
in the varieties BSS-1009, Aneeta, Aarti and Harshl@rophyll ‘a’ reduced from
0.40 to 0.20mg/g, 0.42 to 0.22 mg/g,0.33 to 0.26dgmand 0.26 to 0.15 mg/g
respectively. Hence nematode caused 40.47 perreénttion in chlorophyll 'a’
content of Priya, 49.87 per cent reduction in B889148.71 per cent reduction in

Aneeta,19.33 per cent reduction in Aarti and 42é0cent reduction in Harsha.

In case of chlorophyll ‘b’ content reduction fronealthy to infected plants
recorded were 0.08 to 0.06, 0.16 to 0.10, 0.13.10,0.25 to 0.16 and 0.15 to 0.11
mg/g in case of varieties Priya,BSS-1009, Aneetartifand Harsha respectively.
Hence nematode caused 24.50 per cent reductiohlanophyll ‘b’content of Priya,
33.75 per cent reduction in BSS-1009, 25.73 pert cenAneeta,34.64per cent

reduction in Aarti and 30.81 per cent reductioiarsha.

Similarly the total chlorophyll content was desed from 0.59 to 0.23 mg/g
in Priya, 0.59 to 0.15 mg/g in BSS-1009, 0.38 t87éhg/g in Aneeta,0.35 to 0.34
mg/g in Aarti and 0.31 to 0.21 mg/g in Harsha. Henematode caused 60.67 per
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cent reduction in total chlorophyll content of Rrjyv3.78 per cent reduction in BSS-
1009, 1.32 per cent reduction in Aneeta, 3.68 pet ceduction in Aarti and 30.12
per cent reduction in Harsha.(Table 1 and Fig. 1)

Nevertheless, the decline was insignificant sistant varieties which evidently
specified that the reduction of chlorophyll is lied to inoculated resistant varieties as
compared to the susceptible variety. Similar resuttre also reported by Vaishretlal .,
1985; Tyagi and Alam, 1990. Reduction in chloropbghtent may probably be due to the
alteration of host nutrition and bodily processgaématode infectivity.

5.3.2 Effects of nematode infection on nitrogen coent

The total Nitrogen content was decreased in thetskgstem of infected
varieties of ridge gourd ,Priya,BSS-1009,AneetatiA&Harsha by 0.36, 0.46,
0.44,0.35 & 0.28 percent respectively over controldry weight basis.Whereas in
the roots Nitrogen content was increased by 0.48,0.47,0.67 & 0.48 percent in

all the above mentioned varieties accordingly.

The total Nitrogen content was decreased in alloslsystem of resistant
variety by 20% and 40.42% in susceptible variety inareased by 88.46% in the
root system of resistant variety as compared tcenitble one (2.12%) (Table
1).While the Nitrogen content in the roots increhse all the varieties. The
Nitrogen content (%) was significantly higher bath root and shoot in the
susceptible varieties as compared to that of rsistariety. The increment in the
total Nitrogen content of nematode infected roohgkes is substantiated with the
findings of the earlier workers (Zaki and Bhatt®8b; Mohantyet al., 1990). The
nutrient accumulation in infected roots maybe htited to their improper
translocation to the aerial parts or the mobili@atof nutrition from shoot to root.
The higher absorption capacity or higher requireméor the resistance
mechanisms and lower translocation rate may bedssible reason of increase in

percentage of Ncontent in the shoots of resistant varieties.
5.3.3 Effect on crude protein content

The infected shoots showed a decline in the cruehein content in a
similar manner like the Nitrogen content in theeictied shoot. The decrease in
shoot crude protein content of different varietraay be due to the action of
proteolytic enzymes produced as a result of hasttphnd the invading nematode
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pathogen interaction. The defensive action of thsethplant against nematode
infection may be attributed to the changes browdut in the protein content
during post infection period and this is more ewiden the resistant varieties.
The increased crude protein content in nematodectetl plants was documented
by various workers (Ganguly and Dasgupta, 1983; dd&an and Rajendran,
2002) (Table 5).

5.3.4 Effects of nematode infection on phosphorusetent

The result of present study revealed that the tateplants had decreased
percentage of phosphorus content in shoots but initteased percentage in roots of
susceptible and resistant varieties. Similar figdinvere reported by Hunter, 1958;
Chakraborty and Mishra, 2002 in root-knot nematodiected plants, which showed a
decrease in percentage of phosphorus content otssivith an increase in percentage in
the roots of infected susceptible and resistaneti@s. The accumulation of the amino
acid, protein, Sugar and absorbeg ROs and KO and other elements in the roots of
nematode infected plants which stay under-utilizgthe plant system eventually aid in
the growth and reproduction of nematode. This @atbibuted as the possible reasons

for the buildup of phosphorus in nematode infegiadts (Table 6).
5.3.5 Effects of nematode infection on potassium rent

The present investigation revealed there was sogmif increase of potassium
content of both susceptible and resistant infegk@ahts which increase was more
evident in both shoots and roots of resistant tiaseas compared to the susceptible
varieties (Table 7). The present findings are imficmation with the findings of
Chakraborty and Mishra (2002) who have also repouie gradual decrease in
potassium content due to infection Xfphinema americanum and M. incognita in
sour cherry and chickpea. The turgor pressureefitisues of the plant is retained by
Potassium and the various compounds linked witheixchange may be decreased in
the nematode infected plant tissues which is a efgreduction of ‘K’ content in
nematode infected plant samples.

5.3.6 Effects of nematode infection on total sugaontent

All living organisms require sugar as it is thenmairy source of metabolic energy.
Examination of the present data clearly envisiasmnificant increase in quantity of total
sugars in both shoots & roots of nematode infeptadts (Table 8). Increase in sugar
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content post nematode infection is in validatechwite findings of earlier workers
(Ganguly and Dasgupta, 1983). The movement of uarimetabolites from other
parts of plants towards the infection site mighténaesulted in increased sugar
content in infected samples. On the other hand nufréhese metabolites are
manufactured by cell at the site of infection rasgl in the requirement of more

carbohydrates for respiration and metabolism (W2963).

5.3.7 Effects of nematode infection on starch conie

Starch content in roots of root knot nematodesufaied ridge gourd varieties
showed a decrease in percentage (Table 9). Thehstantent (%) both in root and
shoot were notably higher in the susceptible vi@setas compared to that of
moderately resistant varieties. These findings areconfirmation with the
observation of Devranjan and Rajendran (2002) whwastgoned the decrease in

starch content in nematode infested roots.

5.3.8 Effects of nematode infection on phenolic satances

A noteworthy increase of phenolic compounds wasies in moderately
resistant varieties due to nematode infection aspewed to the susceptible varieties,
the rise of phenolic compound in the moderatelistast varieties was significant. The
increase in phenolic content was evident with thdirfigs of Chakraborty and Mishra,
2002, in chickpea plant infected by incognita. The phenolic compounds are attributed as
the best factors of responses and there is disassteciation between the degree of
plant resistance imparted by the phenolic compoumdfiematode inoculated
samples. There is a rapid liberation of conjugapbenols from the glycosidic
compounds manufactured by the action of hydrolgizymes during feeding
process of the nematodes (Whilski and Giebel, 196®&jrther, the raise in
phenolic compounds during the infection period migh an element to the rapid
breakdown of bound phenols and switching over adnutis to different pathways
which may lead to the formation of various compauni#te lignin which plays

important role in resistant reaction.

5.3.9 Effects of nematode infection on proline coants

Similar to phenol content of infected moderately siséant
germplasms/lines the proline content was found dawehincreased which were
evident to the findings of Lewis and Mc Clure, 1978 ohanty and Pradhan,
1990. With the due course of time it was observidt tproline content of
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infected susceptible cultivars increased except thghest proline content was

found in nematode infected (healthy leaf) of remistcultivars

5.3.10 Effects of nematode infection on micro-nutent contents

The consequences of root knot nematode infecti@seduced plant growth, loss
in yield and decrease in nutrient uptake in thestgd plants showing the deficiencies of
iron, calcium, magnesium, sulphur, manganese ddestoption of root and subsequent

obstacle in water & nutrient uptake by the roots dueir translocation.

Root: Data revealed that there was a decrease in tremdcobnutrients i.e. in
iron by 2.34 -38.65% (Table 10.a), magnesium byl5.95.69% (Table 10.b),
Calcium by 5.86-40.55% (Table 10.c), manganese .[38-231.38% (Table 10.e)
except in sulphur it increased by 17.85-93.58% [@dl®.d) in root knot infected

plants ridge gourd varieties over their healthyrdetparts.

5.3.11 Effects of nematode infection on peroxidased catalase contents

The result presented in this investigation indidaen elevated level of
peroxidase and catalase activities during postiide period. The increase level of
peroxidase activities was reported by (Mohaetyal., 1988,Kalirasaret al., 2006,
Chawla and Pankaj, 2007). This increase in pergeidactivity possible due to
synthesis of new iso enzymes as a response of adenatfection. Peroxidase is often
cited as one of the key enzyme require for lignilw-synthesis and phenol
metabolism. Futher superoxide radicals and sirf@atan be generated from NADH
and HO> through the action of catalase and peroxidase c&spb/, which are linked

with resistant reaction of host plant.

The present study that provides same basic infeomatelating to host-
pathogen interaction and bio-chemical mechanism redistance. The above
knowledge of physiological and bio-chemical evethising the post-infection period
have initiated search for molecules, which cargegighe function of enzymes involve
in hyper sensitive response, production of phygxafs lignin or other secondary

metabolites which are detrimental to nematode fepdnd development.

5.3.12 Effects of nematode infection on PAL and TAlcontents
In this present study higher activity of enzymed.Rd TAL were recorded
in ridge gourd plants infected by root knot nematdtie enhanced activity of both

the enzymes and appearance of aromatic aminoakelsytosine and phenylalanine

93



in inoculated samples appears to be interestingsagrdficant. These aminoacids are
known to have significant role in lignifications.Bot-cinammic acid and P-coumaric
acids the product of TAL and PAL activities respeslly are lignin precursors and

play significant role in defense mechanism.

It can be inferred from the present study that tbet knot nematode
Meloidogyne incognita induce majorable biochemical changes in plants.
Understanding the biochemical and molecular baspamt nematode interaction will
help us in identifying new targets to intervenehwiematode parasitism and develop
novel strategies to combat them. The informationegated from this investigation
can be manipulated through advanced biotechnolbggsaarch for planning suitable
management strategies.

5.3.13 Effect of assessment of avoidable yield lodge to root-knot nematode,

M. incognita infesting ridge gourd

The evaluation of avoidable yield losses due td-kmot nematode in ridge
gourd indicated the loss in yield of ridge gourdau@4.52 per cent under field
conditions, when the crop was treated with carlafu® G at 2 kg a.i./ha.lt can be
inferred that oot - Knot nematodes are majobligate parasites which disturb host
metabolism. Understanding the biochemical and nutdedasis of plant nematode
interaction will help us in identifying new targets intervene with nematode
parasitism and develop novel strategies to confiEnt The information generated
from this investigation can be manipulated througtivanced biotechnological

research for planning suitable management strategie

The present study that provides same basic infeomatelating to host-
pathogen interaction and bio-chemical mechanism redistance. The above
knowledge of physiological and bio-chemical evethising the post-infection period
have initiated search for molecules, which cargegighe function of enzymes involve
in hyper sensitive response, production of phygxals lignin or other secondary

metabolites which are detrimental to nematode fepdnd development.

5.3.14 Molecular characterisation using ISSR markes
Four ISSR primers generated total of 46 bandséalledl which 23 bands were
polymorphic. Primer B3 produced maximum 15 bandsjlenvprimer UBC-855

produced minimum 8 bands.
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The average bands per primer were 11.50. Maximuymaophism observed for
the primer UBC — 856 (66.66 %) and lowest for UB808 (Table 1 and Figure 1).

Polymorphic % ranges from 13.16% (between BSS 914 Aneeta ) to
43.18 % (between Aarti and Harsha).

The phylogenetic tree constructed by UPGMA methedegated two main
clusters i.e. cluster — | ( Two sub cluster withrigties Aneeta, Aarti and BSS — 1009)

and cluster — Il ( with varieties Harsha and Priya)

This study showed that ISSR markers produced spebDiNA fragments
varies from 100bp to 1500bp for identification mfge gourd varieties.

5.3.15 Effect of nematode infection on amino aciody HPTLC

Generally,with few exception, there was both insee&n L-glycine content
and L-mehionine content in the roots of inoculatesistant priya variety than the
healthy ones.The increase of sulphur containingnanacid L-methionine in the
inoculated sample of resistant variety appearsaneresting and significant.L-
methionine is widely involved in trans-methylatioraction in the synthesis of
methylated compounds like thiamine, methylated plslngnin etc. and play vital

role imparting resistant reaction.

There was increase in L-serine content in inocdlaghoots of highly
susceptible harsha variety than the healthy saniet ,there was decrease in
L-arginine content in shoots of inoculated highlysseptible harsha than healthy

counterparts.

Decrease in arginine content in the variety durpast-infection period
possibly due to conversion of L-arginine to L-fmel through ornithine cycle.Unique
therapeutic quality of L-proline as defense mecsrarnagainst nematode infection.

There was increase in amino acid L-proline in ragttoculated moderately
resistant Aneeta variety than the healthy oneslewthere was decrease in amino acid
i.e.,L-leucine in roots of inoculated moderatel\sistant Aneeta variety than the
healthy ones.

The accumulation of L-proline in nematode infectsamples might be

associated with the stress condition of the hasttplinduced by the nematodes.

95



The high metabolic activity in roots associatedhwgiant cells and gall
formation as well as egg-production exerts a reguoént for energy which is supplied
by a free proline manufactured in the leaves amastocated to the site of nematode

infection.

Besides, the ratio of L-proline and hydroxyl preliplay key role in imparting
susceptible and resistant reactions and alwaysiassd with the stress condition of

the host plant.

There was increase in L-isoleucine content in raaftsnoculated highly

susceptible harsha than healthy counterparts.

There was decrease in L-tyrosine contents in rawtshealthy highly
susceptible harsha variety than the inoculated Emnpecrease of aromatic amino
acids like L-tyrosine was known to have significale in imparting resistant

reaction through lignification.

The aromatic deamination of both the amino acids lignificant role for
providing the phenyl propanoid skeleton necessaryttie biosynthesis of aromatic

compounds.

There was increase in L-tryptophan in healthy rebtsighly susceptible Aarti
variety than the inoculated counterparts, whereasret was decrease in L-
phenylalanine content in roots of inoculated higklysceptible Aarti variety than
healthy ones.

In the present study the reduction of free tryptoplas infection progressed

might be concern with initiation and progress @& ¢talling activity.

The rate of decrease of L-tryptophan in resistaniety was less as compared
to susceptible check, which clearly indicates #tricted release of growth regulator

IAA in resistant variety.

Quantitative decrease of aromatic amino acids likehenylalanine was

known to have significant role in imparting resrgteeaction through lignifications.

The aromatic deamination of both the amino acids/ ignificant role for
providing the phenyl propanoid skeleton necessaryttie biosynthesis of aromatic

compounds.
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SUMMARY AND CONCLUSION

Out of fiftytwo varieties screened against rootkneematode, only 6
varieties i.e. Priya, Challenger , Jaipur longSB®09, Tauri and Pallishree showed
resistant reaction with minimum number (7-10 ) aligfplant.There was a decrease in
shoot length & root length in inoculated sampleantithe healthy counterparts.The
decrease was possibly due to improper uptake andgort of elements, nutrients and
water resulted from nematode infection. Highestrei@se for dry shoot weight & &
dry root weight was observed for variety NHRG-1(036g) & dry root weight in
Hybrid Patal, Tarai(1.10g) respectively. Possil#asons for low shoot weight and

root weight in infected plants may be due to imgrogupply of nutrients.

Root knot nematode caused overall reduction of tbti@rophyll, chlorophyll
‘a’,chlorophyll ‘b’, content in inoculated samplélsan the healthy counterparts. It
may be due to interference in the photosynthetibveay and partitioning of the
photosynthates. Overall reduction of total chlodptvas 60.67, 73.78 , 1.32 , 3.68
and 30.12 per cent in Priya, BSS-1009, Aneetati Aand Harsha respectively than
the healthy counterparts. Overall reduction of ahpbyll 'a’ was 40.47, 49.87,
48.71,19.33 and 42.69 per cent in Priya, BSS-100%eta, Aarti and Harsha
respectively.Overall reduction of chlorophyll 'b’as 24.50 , 33.75 , 25.73 , 34.64and
30.81 per centin Priya, BSS-1009, Aneeta, Aarti Harsha respectively.

The total Nitrogen content was decreased in thetstystem and increase in
the root system of infected varieties of ridge gbtliman the healthy counterparts. The
Nitrogen content (%) in shoots were significantlgher in the resistant varieties as
compared to susceptible variety and vice-versanthgent accumulation in infected
roots maybe due to impaired translocation to thelparts or the mobilization of
nutrition from shoot to root.The percentage inceegsnitrogen content in shoots of
resistant varieties may be due to higher absormtégracity or higher requirement for
the resistance mechanisms.The total Nitrogen comes decreased in the shoot
system of infected varieties of ridge gourd ,PB&S-1009,Aneeta,Aarti & Harsha
by 0.36,0.46,0.44,0.35 & 0.28 percent respectioegr control on dry weight basis.In
the roots Nitrogen content was increased by 0.49,0.47,0.67 & 0.48 percent in
Priya,BSS-1009,Aneeta,Aarti & Harsha respectivdig. total crude protein content
was decreased in the shoot system and increale nodt system of infected varieties
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of ridge gourd than the healthy counterparts. Thele proteins were reduced in
shoots of infected plants because of the enzyndatigadation of plant protein and
reduced photosynthesis causes accumulation of lsoarbino acids in the infected
plants.Due to infection of root-knot nematode, pleecentage of shoot crude protein
content was low in varieties Priya (20.35%), BE®9(6.20% ) , Aneeta(14.59%) |,
Aarti(5.57%) & Harsha(40.27%) than the healthyrdetparts.Crude protein content
in root was high in varieties Priya (86.66%) thhattof BSS 1009(58.28%), Aneeta
(0.68%), Aarti(61.06%) and Harsha (1.01%) thanhbalthy counterparts.

The total Phosphorus content was decreased irhtha system and increase

in the root system of infected varieties of ridgeigl than the healthy counterparts.

The amino acid, protein, Sugar and absorbed N2 5P2@ K20 and other
elements accumulate in the roots of nematode mdepiants and remain under-
utilised by the plant systems which ultimately fitlte path into the growth and
production of nematode. This may be the possildsars for the accumulation of

phosphorus in nematode infected plants

The Phosphorus content was decreased in the systém of infected
varieties of ride gourd ,Priya,BSS-1009,Aneeta, Hiadsha by 92%,11.42%,62.74%
and 50.87% respectively except Aarti (113.33%) tthenhealthy counterparts on dry
weight basis.Increased in infected root by 0.550.24,0.49,0.75 percent in ridge
gourd varieties Priya ,BSS-1009,Aneeta,Aarti andrsHa respectively than the

healthy counterparts on dry weight basis.

Potassium content was significantly increased irth bsusceptible and
resistant infected plants which increase was mayaqunced in both shoots and roots
of resistant varieties as compared to the susdeptérieties. The change in potassium
concentration seems to be important because effest on physiological processes
such as osmotic potential.Potassium content wagased to 208.33,175,27.27 per
cent in shoots of varieties Aneeta,BSS-1009 & Praspectively while decrease as
75 percent in Harsha and 72.09 percent in Aarte iftoculated plants in roots was
increased by 850, 420, 67.85, 8.88 and 50 percentarieties Priya, BSS-1009,

Aneeta, Aarti & Harsha respectively.

The percentage of Calcium, Magnesium, Sulphur,,l&@inc, Copper and
Manganese were found lower in inoculated shoot raxatl sample than the healthy
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counterpart in most cases.Root-knot.nematode iofeciften reduces plant growth

and vyield. The decreases nutrient uptake in thestefi plants showing the

deficiencies of Calcium, Magnesium ,Sulphur, Irdmc, Copper and Manganese due
to root damage and subsequent prevention of watknatrient uptake by the roots.

Variation in protein content in infected tissue ni@y due to impair protein

metabolism due to infection of root knot nematode.

Starch the complex carbohydrate ultimately getveaed in to sugar.
Reduce percentage of starch in root may be duégtodonversion ratio to sugar in
infected plant.Increased sugar content in infedahples in both shoot and root
might be due to movement of various metabolitesatd@ the infection site from
other parts of plants. This changes in total freéna acid in infected shoot and root
may be due to impair in protein metabolism in itdectissue.

The accumulation of proline in nematode infectedn@as might be

associated with the stress condition of the hasttplinduced by the nematodes.

The enhancement of phenolic compound in inoculssedples might be due
to rapid liberation of conjugated phenol from thgcgcidic compounds by the action

of hydrolytic enzymes release by nematode duriedifeg process.

The enhanced activity of PAL and TAL enzymes angeapance of aromatic
amino acids like tyrosine and phenylalanine in ulated samples appears to be
interesting and significant.

These aminoacids are known to have significant irolenifications.Both t-
cinammic acid and P-coumaric acids the product &l Tand PAL activities

respectively are lignin precursors and play sigaitit role in defense mechanism.

This increase peroxidase activity in both shodtrant may be due to synthesis of
new iso enzymes as a response of nematode infetooxidase is often cited as one of

the key enzyme require for lignin bio-synthesis pheinol metabolism.

Superoxide radicals and singlet O2 can be gewefaien NADH and H202
through the action of catalase and peroxidase ctrgglyg, which are linked with resistant
reaction of host plant.Due to root knot nematodection super oxide (O2-) amount
increases in both shoot and root of infected tiséea result enzymatic activity of

Superoxide dismutase (SOD) increases in infectedqaeutralize the super oxide (02-).
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By HPTLC analysis it was found that L-proline amiacid content increased
in shoot as well as roots of all the inoculatedietees than the healthy ones.The
accumulation of L-proline in nematode infected skE®might be associated with the
stress condition of the host plants induced bynématodes.Decrease of aromatic
amino acids like L-tyrosine was known to have digant role in imparting resistant
reaction through lignification. In the present gtulde reduction of free tryptophan as
infection progressed might be concern with initatiand progress of the galling
activity. The rate of decrease of L-tryptophan msistant variety was less as

compared to susceptible variety.

Result of present study revealed that preventabld josses due to root-knot
nematode in ridge gourd variety Harsha was up4®2Z per cent under field
conditions with application of Furadon 3G at 2&g/ha.

The phylogenetic tree constructed by UPGMA metbederated two main
clusters i.e. cluster — I ( Two sub cluster withrigties Aneeta, Aarti and BSS — 1009)

and cluster — Il ( with varieties Harsha and Priya)

Six varieties i.e. Priya, Challenger , Jaipur lo@$5S-1009, Tauri and
Pallishree showed resistant reaction and can leetljirgrown as resistant varieties
against root knot nematodd,incognita in Odisha condition. These resistant varieties
can a boon to ridge gourd growers for maximizingdpiction without much residual
chemicals through use of nematicides. Chloropmghcro nutrient, potassium, total
proline, Phenol content, activity of enzyme PAIALT SOD, Amino acid L- proline,

L- tyrosine, L- tryptophan content were the impottphysiological and biochemical
changes can be consider for selection against koot nematode along with
morphological character. Morphological along withysiological and biochemical
character will definitely increase the selectiorqision and development of good

resistant varieties against root-knot nematddle ncognita.

100



REFERENCES

A Yaf JTA. 2014. Genetic Fingerprint of Sor@eicurbita pepo (Summer squash)
Genotypes Using Molecular armglochemical Techniquedvagazin of Al-
Kufa University for Biology 6(1): 1-13.

Agarwal M, Goel AK, Satish K and Tayal MS. 1985o08hemical changes in okra
infected with root knot nematodeMeloidogyne incognita, same
hydrolysing and oxidative enzymes and related cbammetabolites,
Indian Journal of Nematology, 15 (2): 255-256.

Anwar SA and Mckenry MV. 2010. Incidence and popatadensity of plant
parasitic nematodes infesting vegetable crops asdcaated yield losses.
Pak. J. Zool., 43 (Press).

Anwar SA. and McKenry MV. 2010. Incidence and refurction of Meloidoge

incognita on vegetable crop genotypé¥kistan Journal of Zoology,
42: 135- 141

Ashraf MS, Khan TA, Hosamuddin, Aziz S and Parvden2003. Community
analysis of plant parasitic nematodes associateith wucurbitaceous
vegetables. In: Aligarh district of Uttar Pradeshurrent Nematology, 14
(1-2): 69-73

Baa S. 2018.Physiological and biochemical variation analysis resistant and
susceptible varieties of gerbera as influenced dgt-knot nematode,
Meloidogyne incognita, M.Sc.(Ag.) thesis submitted to the Orissa
University of Agriculture and Technology, Bhubawes.

Behera R, Nayak DK and Swain R. 2016. Effects ofo@iphyll Contents of Rice
Bean Varieties/Lines as Influenced by Root-Knot Mede, Meloidogyne
incognita,Int. J. Curr. Res. Biosci. Plant Bial., 3(12): 49-52

Bhargava S and Sharma MK. 2001. Assessment of ppekks and varietal screening
of chilli and tomato againg¥l.incognita. J. Mycol. Plant Pathol., 31 (2) :
238-239.



Bhat MY, Muddin H and Bhat NA. 2009. Histologicaltéractions of Paecilomyees
lilacinus and Meloidogyne incognita on bitter gauddurnal of American
Science, 5(1): 8-12

Bhawna G, Abdin M, Arya L, Saha D, Sureja A, Pand2ynd Verma M. 2014.
Population structure and genetic diversity in leotjourd [agenaria
siceraria (Mol.) Standl.] germplasm from India assessed RSnarkers.

Plant Systematics and Evolution.

Bistline FW and Rhoades HI. 1984. The effect of dfddgyne incognita on

Momordica charantia seedlingsNernatropica, 14(1): 90-92

Chahal PPK and Chahal UPS. 1987. Adverse effebtebdidogyne incognita on the
functioning of nodules of mungbeanVigna raiata), Nematologia
Mediterranea, 15(1): 13-19.

Chandra P, Sao R, Gautam SK, Poddar AN. 2010almbtpulation density and its
effect on the pathogenic potential and populatioomgh of the root knot
nematode Meloidogyne incognita in four species wéucbits. Asian J.
Plant Pathol., 4:1-15.

Chang HB Long, B., Park, Y., Jin Ma and Woojin, Z003.Assessment of genetic
relationship amongcucurbitaceae cultivars revealed by RAPD marker.
Journal of Life Science 13(5): 590-595.

Chawla G and Pankaj. 2007. Biochemical basis ofisRe®e in chickpea varieties
against the root-knot nematoddgl oidogyne incognita. Indian journal of
Nematology, 37(1):105

Darekar KS, Mhase NL and Shelke SS. 1988. Relauszeptibility of cucumber
varities/lines to the root knot nematode, Meloidegycognita race-3nt.
Nematol .Network Newsl., 5 (1):16-17.

De Payel, Parab Mala and Singh Sunita. 2015. &rtefjriculture and environmental
biotechnology Intergenus variation analysis in femembers of
Cucurbitaceae based on ISSR markers.Biotechnology and
Biotechnological Equipment, 29(5): 882-886.



Devranjan K and Rajendran G. 2002. Biochemicalratitens in resistant and
susceptible banana clones due to the burrowing teel@dndian Journal
of Nematology, 32(2): 156-161.

Farooqi TNA, Ganguly AK, Dasgupta DR. 1980. Someraltal changes in tomato
plants infected with root-knot nematodéel oidogyne incognita, Indian
Journal of Entomology, 42: 226-232.

Fatima I, Parveen Rata A, Hussain MA and HussaiB0A5.Assesment of damage to
cucumber Cucumis sativa) caused by the root knot nematode
(Meloidogyne incognita), European Journal of Biomedical and
Pharmaceutical Sciences, 2(3):52-60

Ferguson IB. 1984. Calcium in plant senescencefantripening, Plant Cell and
Environment, 7: 477-489.

Fogain R. 1996. Evaluation of Musa spp. for susb#jpy to nematodes and study of
resistance mechanisnmicta Hort. 540 215-224.

Gaillaud MC, Dubreuil G, Quentin M, Perfus-Barbeot¢h and Lecomte P.
2008. Root-knot nematodes manipulate plant cellctions during a

compatible interactionjournal of Plant Physiology, 165 104-113.

Ganguly AK and Dasgupta DR. 1987. Comparison ofgancand some enzymes from
galled and nongalled part of the plant of some reggtem of tomato
cultivars, Pusa ruby infected with root-knot nenadatoMeloidogyne

incognita, Indian Journal of Nematology, 17(2): 343-345.

Ganguly S and Dasgupta DR. 1981. Protein Pattarnsesistant and susceptible
tomato varieties inoculated with the root-knot newda, Meloidogyne
incognita. Indian Journal of Nematology, 11(2): 180-188.

Ganguly S and Dasgupta DR. 1982. Cellular respansgt€hanges in phenols in resistant
and susceptible tomato varieties inoculated with thot-knot nematode,

Méeloidogyne incognita, Indian Journal of Entomology, 44(2): 166-171.



Giri Babu P, Singh RV and Munshi AD. 2008. Pathagin of root knot nematode
(Meloidogyne incognita Race 1) on Ridge gourtluffa acutangula)and Sponge
gourd (uffa cylindrica). Ind. J. Nematal., 38 255-257.

Gopinatha KV, Nagesh M and Nanjegowda D. 2002.cBaémical estimation of
resistance in tomato cultivar to root-knot nemajdde oi dogyne incognita,
Indian Journal of Nematology, 32: 183-233.

Gupta DC, Paruthi IJ and Jain RK. 1995. Effect oitial inoculum levels of
Meloidogyne spp. on some cucurbitaceous cropsgian Journal of
Nematology, 25(2): 194-199

Huang CH, Wang CJ and Chyuan JH. 2010. Analysiseofenetic diversity and variety
identifi cation of bitter gourdMomordica charantia L.) by ISSR marker.
Hualien Digtrict Agricultural Improvement Station, Bulletin 28 21-33.

Hussain MA, Mukhtar T and Kayani MZ. 2011. Efficacgvaluation of
Azadirachta indica, Calotropis procera, Daturamstmium and Tagetes
erecta against root-knot nematodes Meloidogyne ginica. Pakistan
Journal of Botany, 43 (Special Issue): 197-204.

Hussey RS, and Williamson VM. 1996. Physiologicad anolecular aspects of
nematode parasitism. Pp. 87-108 in K. R. BarkerAGPederson, and G.
L. Windham, eds. Plant and nematode interactioradisdn, WI: American
Society of Agronomy.

Indu Rani D, Ragavathatham V and Sanjutha S. 2A08lysis on biochemical basis
of root-knot nematode Meloidogyne incognita) resistance in tomato
(Lycopersicon esculentum Mill.). Res. J. Agri. Bio. . 4 (6) : 866-870.

Jacob JA, Haque MM and Dasgupta DR. 193ysiologicalchanges with reference
to bivalent cations and other minerals on susckpéhd resistant cultivars
of tomato due toMeloidogyne incognita infection, Indian Journal of
Nematology, 26(2):176-182.



Jain A and Goswami BK. 2002. EffectMt oidogyne incognita andFusarium oxysporum
f.sp.lycoperdci, alone and together on NPK of roots and shootshaladophyll
contents of tomatandian journal of Nematology. 32(2): 158-160.

Jain RK, Bhatti DS and Prasad K. 1994. Estimatiblogs in tomato yield due to M.
incognita andVl. javanica. Nematol.Medit. 11: 115-118.

Jaiswal BK and Singh US. 2008. Pathogenicity ofidkedNematoddratylenchus
zeae and Effect on Chlorophyll Content in Maizéndian Journal of
Nematology, 38(2): 252-254.

Jonathan EI, Nagalakshmi S and Padmanabhan D.B&80ation of yield losses in
betelvine due toMeloidogyne incognita. Int. Nematol.Network Newsl., 7
(4) : 26.

Joshi Poonam and Kaul RK. 2012. EffectMéloidogyne incognita on growth
and nutrient uptake ilCapsicum annuum, Annals of Plant Protection
Sciences, 20(2):437-440.

Kaur S and Pathak M. 2011.Sources of resistancéairn Karela Momordica
balsamina L.) to root knot nematodeRlant Disease Research, 26(2).
174

Khanna AS and Kumar S. 2003. Assessment of avdkdafeld losses in
Momordica charantia due to Meloidogyne incognaaa-Il. Indian J.
Hill Farming, 16 (1/2) : 111-112.

Khelu AZh, Zaets VG and Shesteperov AA. 1989. Testgesistance to root-knot
nematodes in tomato, cucumber and pepper varigt@sn under cover in
central Lebanon. Byulleten' Vsesoyuznogolnstitutel' @&intologiiim K |
Skryabina50: 85-89.

Kim Sung Heun, Shin Jieun, Lee Kyung Jun, Xu Shémg and Kim Byung Sup.
2012. Evaluation of disease resistance of cucuwbitivars to powdery
mildew and root-knot nematodees. PI. Dis,, 18(1): 29-34



Latha K. 2012. Genetic diversity in 6 local cucumbarieties (Cucumisatives) in
karnataka market by RAPD-PCR techniqueternational Journal of
Advanced Biological Research 2(1): 39-45.

Mahalik RP. 2017. Screening of germplasms & biodbahmanalysis of resistant &
susceptible cultivars of gladiolus infected by rokhot nematode
(Meloidogyne incognita) M.Sc.(Ag.) thesis submitted to the Orissa
University of Agriculture and Technology, Bhubanasw

Mahapatra M. 2017. Screening of Germplasms & biotbal analysis of resistant &
susceptible cultivars of bittergourd infected byotroknot nematode
(Meloidogyne incognita) M.Sc.(Ag.) thesis submitted to the Orissa
University of Agriculture and Technology, Bhubanasw

Makhnotra AK and Khan L. 1997. Assessment of yikldses in ginger due to
Meloidogyne incognitalndian J. Nematol. 27(2): 259-260.

Mallik SK. 2017. Screening of germplasms & biochemhianalysis of resistant &
susceptible cultivars of cucumber infected by rdatot nematode
(Meloidogyne incognita) M.Sc.(Ag.) thesis submitted to the Orissa

University of Agriculture and Technology, Bhubanesw

Masood A and Husain SI. 1975. Amino acids and pmatbanges and their role in the
resistance and susceptibility of three tomato WiaseGeobios, 2(1): 15-17.

Melakeberhan H, Brooke RC, Webster JM and D'Aulh 1985. The influence
of Meloidogyne incognita on the growth, physiology and nutrient
content ofPhaseolus vulgaris, Physiological Plant Pathology, 26(3):
259- 268.

Mohanty KC and Pradhan AK. 1990. Qualitative detaation of free amino acids
and amides in resistant and susceptible green gaaieties inoculated with
root-knot nematoddylel oidogyne incognita, Comparative Physiology and
Ecology, 15(1): 9 12.

\Y



Mohanty KC, Pradhan GC and Panigrahi D. 1997. Pdsttion biochemical changes
in susceptible and resistant rice cultivars duerdot-knot nematode,

Meloidogyne graminicola, Oryza, 34(1):67-69.

Mohanty KC, Swain SC and Pradhan T. 1995. Biochahwariations in resistant and
susceptible brinjal varieties infected by root kmetmatodeMeloidogyne
incognita, Indian Journal of Nematology, 25(2): 142-146.

Mote UN and Mhase NL 1997. Bulletin: Two DecadésNematology (1977-1991).
Department of Entomology.M.P.K.V., Rahuri. pp. Z1L-2

Nagesh M and Reddy PP. 2000. Crop loss estimaticarmation and gerbera due to
the root-knot nematodeMeloidogyne incognita (Kofoid & White)
Chitwood. Pest Management in Horticulture Ecoswst® (2): 158-159.

Nayak DK and Mohanty KC. 2010. Biochemical changelrinjal induced by root-
knot nematodeMeloidogyne incognita, Indian Journal of Nematology,
40(1): 43-47.

Nayak DK and Pandey RK. 2016.Physiological and Mheogical changes of
susceptible and resistant brinjalcultivars indubgdroot-k not nematode,

Meloidogyne incognita, journal of global bioscienc&(5):4358-4368

Nayak DK. 2006. Biochemical evaluation of variougtabolites as influenced by
root-knot nematodeM. incognita in susceptible and resistant brinjal
cultivars, Ph.D.thesis submitted to the Orissa Brsity of Agriculture and

Technology, Bhubaneswar.

Nayak DK. 2015. Effects of nematode infection onntemts of phenolic
substances as influenced by root-knot nematodiésloidogyne
incognita in susceptible and resistant brinjal cultivaigricultural
Science Digest, 35 (2) : 163-164.

Okie WR and Reilly CC. 1984. Effect of the ringmatode on growth and
Physiology of peach root-stocks under greenhousenditons,
Phytopathology, 74(1): 1304-1307.

Vi



Oteifa AB. 1952. Potassium nutrition of the hostrelation to infection by a
root- knot nematoddylel oidogyne ncognita, Helminthological Society,
19(2): 99-104.

Pandey RK, Nayak DK and Kar RK. 2016. Effects ofla@phyll Contents of
Greengram Varieties /Lines as Influenced by RoatkriNematode,

Meloidogyne incognita, Int. J. Curr. Res. Biosdar® Biol. 3(11): 17-22

Pandey RK, Nayak DK and Kar RK. 2016. Effects oépdl Contents of Greengram
Varieties /Lines as Influenced by Root-knot Nematotel oidogyne
incognita, journal of global bioscience, 5(5): 4135-4139.

Pandey RK, Nayak DK and Kar RK. 2016. Effects aflipje Content of Greengram
Varieties /Lines as Influenced by Root-knot NematotWe oidogyne
incognita, Int. J. Curr. Res. Biosci. Plant BidB(7): 29-32

Pandey RK, Nayak DK and Kar RK. 2017. Effects ofmaéode infection on sugar
and starch contents as influenced by root-knot mheaea Mel oidogyne
incognita in susceptible and resistant greengram varietlesynal of
Global Sciences, 6(4): 4935-4939.

Pandey RK, Nayak DK and Kar RK. 2017.Effects of maatrient contents of
resistant and susceptible green gram cultivarsthigsenced by root-knot
nematode, Meloidogyne incognita, International Journal of Current
Research9 (04): 49166-491.

Pandey RK, Nayak DK, Lepcha R and Kar RK. 20l&cBemical changes in
susceptible and resistant black gram cultivarsdadiby root-knot nematode,

Meloidogyne incognita, Agricultural Science Digest, 36(4): 326-328.

Pankaj and Siyanand . 1990. Effect of initial inoow levels of Meloidogyne
incognita on bitter gourd and round Melomdian Journal of Nematology,
20(1): 64-66.

Pankaj SC, Dhawan and Dasgupta DR.1992. Changegahphenolic contents in
resistant and susceptible barley cultivars inoedatvith cereal cyst

nematode, Heterodera avenlmljan Journal of nematology, 22(2):93-95.

viii



Pavithra RS. 2013. Studies on plant parasitic nedest associated with cucumber
(Cucumis sativus L.) with emphasis on root- knot nematodve(oidogyne

spp).M.& (Agri.) Thesis.,Univ, Agri, Sci., Bengaluru. 128pp.

Poornima K and Vadivelu S. 1998. PathogenisityMelfoidogyne incognita to
turmeric Curcuma longal.). Proceedings of the 3rd International
Symposium of Afro-Asian Society of Nematologistsig&rcane Breeding
Institute, Coimbatore, April 16-19, 1998, p. 29-31.

Premachandra DWTS, Lasanthi AHP, Deepananda KHMAJalyasinghe RC. 2007.
Inestations of root-knot nematodes, Meloidogynecgse associated with,
selected vegetable crops in Matara district inL&rika, Proceedings of the

Selected academic session, 159-163

Ramakrishnan S and Rajendran G. 1998. Effect oividdal and concomitant
initial  inoculum  ofMeloidogyne incognita and Rotylenchulus
reniformis on growth, physiology and nutrient content of papéCarica
papaya L.). Proceedings of the 3rd International Symposiaf Afro-
Asian Society of Nematologists, Sugarcane BreedIngtitute |,
Coimbatore, April 16-19, 1998, p. 17-28.

Rao YS, Jayaprakash A and Mohanty J. 1988. Nutatiaisorders in rice due to
infestation byHeterodera oryzicola and Meloidogyne graminicola, Revue
de Nematologie, 11(4):375-380.

Ray S, Mohanty KC, Mohapatra SN, Patnaik PR and Ra%995. Yield losses in
ginger ¢ingiber officinale Rosc.) and Turmeric Clrcuma longa L.) due
to root-knot nematode,Meloidogyne incognifa.Spices Aromatic Crops.,
4(1): 67-69.

Reddy PP. 1986. Estimation of crop losses in aexrapgetables due to Meloidogyne
incognita. Int. NetmatoNetwork Newsl. 3 (4) : 3-5.

Resmi J and Sreelathakumary I. 2011. RAPD markergdnetic variability studies in
ashgourd Benincasa hispida (Thunb.) Cogn.].Journal of Agricultural
Technology 7(4): 1097-110.



Sasser JN and Freckman D. 1987. A World Perspecativdematology: The Role of
Society. In: Vistas on Nematology, Veech J and Bick DW,Society of
Nematologists, Hyattsville, Maryland, p. 7-14.

Sharma GC, Rastogi KB, Shukla YR and Khan ML. 1$8£action of cucumber varieties
to root-knot nematode (Meloidogyne incognifan. Agric. Res., 16(1): 33-35.

Sharma W and Trivedi PC. 1996. Efficacy of Salcycid and Ascrobic Acid Against
Root-Knot NematodeMedoidogyne incognita on Mungbean \(igna radiata
L.),Indian Journal of Nematology, 26: 152-157.

Shendge AG, Mhase NL, Landge S.A. and Kadu, R.XYO2@Rssessment of yield losses
due to root-knot nematode, M.incognita infestingaoknt. J. Plant Prot. 3(2) :
325-326.

Sikadar B, Bha Acharya M, Mukherjee A, BanerjeeGhosh E, Ghosh B and Roy SC
2010. Genetic diversity in important member€oéurabitaceae using isozyme,
RAPD and ISSR markerBiologia Plantarum 54(1): 135-140.

Singh 1, Ghahal VPS, Sakliua PK and Chohan JS.7.1%ffect of different
levels of Mdoidogyyne in presence or absence Bhlzobium phaseoli on
Phaseolus aureusdian J. Nematol. 2(2): 172-174.

Singh AU, Jain RK and Kumar RK. 2012. Bulletin :Nsode resistance in Agri-
Horticultural crops. Division of Nematology, |.AIRNew Delhi. pp.43.

Singh S and Mathur N. 2010. In vitro studies ofgahistic fung against the root knot
nematode, M. incognita. Bi&ci. and Technoal. 20 (3) : 275-282.

Song SW, Li Z, Liu HC, Sun GW and Chen RY. 2010ARAanalysis of genetic diversity
of wax gourd and chieh-qua germplaghina Vegetables 22 47-53.

Sundharaiya K, Jansirani, P. and Sivakumar, M. 28idchemical response of tomato
genotypes taMeoidogyne incognita. Ann. PI. Prot. Sci.19 (1): 193-198.

Taha AJ and Raski DJ. 1969. Interrelationshipsveen root-nodule bacteria, plant-
parasitic nematodes and their leguminous himgt;nal of Nematology, 1:
201-211.



Tamilselvi NA, Pugalendhi L and Sivakumar M. 201Befence responses of
cucurbitaceous rootstocks and bitter gourd sciogainat root knot
nematode Meloidogyne incognita kofoid and white, VEGETOS. An
Internationl Journal of Plant Research, 29(4): 122-129.

Tayal MS and Agrwal ML. 1982. Biochemical altedais in galls induced biv.
incognita some hydrolysing enzymes and related chemical bubtes,
Indian Journal of Nematology, 12(2): 379-382.

Taylor AL and Sasser JN. 1978. Biology, identificat and control of root-knot
nematodeMeloidogyne incognita, North Carolina State University, and
United States Agency for International DevelopniRalteigh NC, USA,p.3.

Thakur NA and Yadav BS.1985.Phenolics in pigeonpeds confer resistance to
nematodednternational Pigeonpea Newsletter, 4:47-48.

Tripathy MK and Mohanty KC. 2008.Evaluation on pisimg cultivars of banana
against root knot nematode. Journal of Researclss@®rlUniversity of
Technology26(1): 72-77.

Trivedi PC and Sharma W. 1996. Biochemical evatuabf various metabolites as
influenced by root-knot nematode idbelmoshchus esculentus, Indian
Journal of Nematology26(2): 150-157.

Umamaheswari R, Sivakumar M, Subramanian S, andiy@ppan R. 2005.
Biochemical and physiological alternations induced greengram by
T.viridae against root-knot nematode M.incognitdstkacts of National
symposium on Recent Advances and Research preoritie Indian
Nematology 9-10 December,2005,IARI,New Delhi,p.53.

Vashishth K, Fazal M, Imran M, Raza MMA and Siddigé. 1994. Morphological
and biochemical response of blackgram cultivamslebidogyne incognita,

The journal Annals of Plant Protection Sciences, 2: 13-18.

Verma KK, Gupta DC and Sandhooja JK. 1996. Phggiplkhanges in mungigna
radiata) by M.javanica, Indian journal of Nematology,26(2): 250-253.

xi



Walters SA and Wehners TC. 1996. NC-42 and NCH8at knot nematode resistant
cucumber germplasm. Hort. Sci. 31 (7): 1249-1247.

Williamson VM and Gleason CA. 2003.Plant-nemataderactionsCurrent Opinion
in Plant Biology, 6(4):327-33.

Williamson VM. 1998. Root-Knot nematode resistamganes in tomato and their

potential for future useédnnual Review of Phytopathology, 36. 277-293.

Yadav BD and Mathur BN. 1999. Assessment of yieldsés due to root-knot
nematode, Meloidogyne incognita in green chille$ndia. Ann. Pl. Prot.
Sci. 7 (1) : 71-74.

Yildiz M, Akgul N and Sensoy S. 2014. Morphologicand molecular
characterization of turkish landracesGifcumis melo L. Notulae Botanicae
Horti Agrobotanici 42(1):51-58.

Zacheo B 1988. Relationship betweeXiphinema ifacolum and rice in Liberia,
Nematologia Mediterrranea, 15 (1987): 303-314.

Xii



APENDIX

APPENDIX Track 1 to 20 representgresence and absence of different amino acids
and amides in the roots and shoots of the resistaand susceptible ridge
gourd varieties

Track 1 Presence and absence of different aminoids and amides in shoot
of the healthy ridge gourd variety Priya(R)
Peak Start Rf End Rf Rf Range Area(AU) Assigned substanc
1 0.0C 0.0 0.00 - 0.04 2673.f |Unknown
2 0.0 0.0¢ 0.04 - 0.0¢ 2693.. |Unknown
3 0.0¢ 0.1C 0.08 - 0.1C 1067.. |L-cystine
4 0.1C 0.1¢ 0.10 - 0.1¢ 9521.¢ |L- glutamic acid, |- threonine
5 0.22 0.2t 0.22 - 0.2t 3502.C |L- aspartic acic
6 0.27 0.3¢ 0.27 - 0.3¢ 8268." |L- serine, |- glutamine
7 0.3€ 0.41 0.36 - 0.41 4996.. |L- aspargine, - lysine
8 0.4z 0.4 0.42 - 0.4¢ 1961.¢ |[L- histidine
9 0.44 0.4¢ 0.44 - 0.4¢ 6275.C |L- arginine
1C 0.5C 0.52 0.50 - 0.5z 1747.. |L-glycine
11 0.5¢ 0.5¢ 0.54 - 0.5¢ 3320.6 |L-alanine
12 0.5¢ 0.6( 0.58 - 0.6( 2743.« |Unknown
13 0.62 0.6 0.62 - 0.64 1966.« |L- proline
14 0.6 0.6¢€ 0.64 - 0.6€ 1735.. |[L- tryptophan
15 0.67 0.6¢ 0.67 - 0.6¢ 1860.f |[Unknown
1€ 0.7C 0.71 0.70 - 0.71 974.2  |L-tyrosine
17 0.72 0.7% 0.72 - 0.7¢ 3500.« |L- methionine
18 0.7¢€ 0.7¢ 0.76 - 0.7¢ 977.¢ L- valine
19 0.7¢ 0.81 0.78 - 0.81 1424.c |L-leucine
2C 0.81 0.8t 0.81- 0.8¢ 1325. |L- phenylalaning
21 0.8¢ 0.8¢ 0.86 - 0.8¢ 321.t L- isoleucine
22 0.8¢ 0.9: 0.88 - 0.9¢ 536.2  |Unknown
Track 2 Presence and absence of different aminoids and amides in shoot
of the inoculated ridge gourd variety Priya(R)
Peak |Start Rf End Rf Rf Range Area (AU) Assignedubstance
1 0.00 0.02 0.00 - 0.02 140.9 Unknown
2 0.02 0.04 0.02 - 0.04 1061.4 Unknown
3 0.04 0.07 0.04 - 0.07 3508.8 Unknown
4 0.07 0.13 0.07 - 0.13 5894.9 L- cystine
5 0.13 0.17 0.13 - 0.17 2253.9 L- glutamic acid
6 0.18 0.21 0.18 - 0.21 2276.1 L- threonine
7 0.24 0.27 0.24 - 0.27 2746.4 L- aspartic dcidserine
8 0.27 0.32 0.27 - 0.32 2841.1 L- glutamine
9 0.32 0.34 0.32 - 0.34 1168.7 Unknown
10 0.34 0.37 0.34 - 0.37 1500.3 L- aspargine
11 0.38 0.42 0.38 - 0.42 1790.4 L- lysine
12 0.42 0.44 0.42 - 0.44 1836.1 L- histidine
13 0.45 0.48 0.45 - 0.48 1215.4 L- arginine
14 0.51 0.54 0.51 - 0.54 1411.0 L- glycine
15 0.54 0.59 0.54 - 0.59 2738.2 L- alanine
16 0.59 0.63 0.59 - 0.63 1288.8 L- proline
17 0.65 0.68 0.65 - 0.68 2092.1 L- tryptophan
18 0.72 0.76 0.72 - 0.76 2222.9 L- methionineydline
19 0.78 0.81 0.78 - 0.81 1173.9 L- leucine
20 0.81 0.85 0.81 - 0.85 887.3 L- phenylalanine
21 0.87 0.90 0.87 - 0.90 357.4 L- isoleucine
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Track 3 Presence and absence of different amino as and amides in shoot
of the healthy ridge gourd variety BSS-1009(R)

Peak Start Rf | End Rf Rf Range Area (AU) | Assignedubstance
1 0.00 0.04 0.00 - 0.04 202.5 Unknown
2 0.05 0.10 0.05 - 0.10 5487.7 L- cystine
3 0.11 0.14 0.11 - 0.14 3048.2 L- glutamic acid
4 0.16 0.17 0.16 - 0.17 1236.1 Unknown
5 0.18 0.20 0.18 - 0.20 1215.4 L- threonine
6 0.22 0.25 0.22 - 0.25 1411.0 L- aspartic acid
7 0.27 0.30 0.27 - 0.30 4254 .4 L- serine , Liaghine
8 0.32 0.35 0.32 - 0.35 4538.5 Unknown
9 0.37 0.39 0.37 - 0.39 2391.6 L- aspargine
10 0.39 0.42 0.39 - 0.42 2972.2 L- lysine
11 0.42 0.45 0.42 - 0.45 3184.4 L- histidine
12 0.47 0.49 0.47 - 0.49 3560.3 L- arginine
13 0.50 0.53 0.50 - 0.53 1866.9 L- glycine
14 0.53 0.56 0.53 - 0.56 1958.7 Unknown
15 0.56 0.59 0.56 - 0.59 3547.1 L- alanine
16 0.62 0.64 0.62 - 0.64 1217.2 L- proline
17 0.65 0.69 0.65 - 0.69 2765.1 L- tryptophan
18 0.69 0.71 0.69 - 0.71 1374.3 L- tyrosine
19 0.74 0.79 0.74 - 0.79 2246.1 L- methionineydline
20 0.81 0.84 0.81 - 0.84 1064.8 L- leucine
21 0.85 0.86 0.85 - 0.86 290.4 L- phenylalanine
22 0.86 0.88 0.86 - 0.88 279.9 L- isoleucine
23 0.89 0.91 0.89 - 0.91 296.8 Unknown

Track 4 Presence and absence of different amino &s and amides in shoot

of the inoculated ridge gourd variety BSS-1009(R)

Peak |Start Rf |End Rf |Rf Range Area (AU) | Assignedubstance
1 0.05 0.11 0.05 - 0.11 5902.5 L- cystine
2 0.11 0.18 0.11 - 0.18 6128.8 L- glutamic acid
3 0.19 0.21 0.19 - 0.21 1253.8 L- threonine
4 0.21 0.23 0.21 - 0.23 1323.8 Unknown
5 0.24 0.28 0.24 - 0.28 1942.0 L- aspartic acid, L- serine
6 0.31 0.34 0.31 - 0.34 1750.1 L- glutamine
7 0.36 0.41 0.36 - 0.41 4538.5 L- aspargine, L- lysine
8 0.43 0.45 0.43 - 0.45 2391.6 L- histidine
9 0.45 0.49 0.45 - 0.49 2972.2 L- arginine
10 0.49 0.51 0.49 - 0.51 1684.4 L- glycine
11 0.53 0.56 0.53 - 0.56 3560.3 Unknown
12 0.58 0.61 0.58 - 0.61 1666.9 L- alanine
13 0.61 0.63 0.61 - 0.63 1558.7 L- proline
14 0.66 0.68 0.66 - 0.68 1530.3 L- tryptophan
15 0.70 0.73 0.70 - 0.73 1160.8 L- tyrosine
16 0.73 0.75 0.73 - 0.75 616.9 L- methionine
17 0.75 0.76 0.75 - 0.76 597.3 L- valine
18 0.78 0.79 0.78 - 0.79 550.5 Unknown
19 0.79 0.82 0.79 - 0.82 900.1 L- leucine
20 0.83 0.86 0.83 - 0.86 501.4 L- phenylalanine
21 0.86 0.89 0.86 - 0.89 534.9 L- isoleucine
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Track 5 Presence and absence of different amino as and amides in shoot
of the healthy ridge gourd variety Aneeta(MR)

Peak |Start Rf |End Rf Rf Range Area (AU) | Assignedubstance
1 0.06 0.13 0.06 - 0.13 7933.5 L- cystine. L- glutamic acid
2 0.14 0.18 0.14 - 0.18 4014.5 | Unknown
3 0.19 0.22 0.19 - 0.22 2130.2 L- threonine
4 0.23 0.25 0.23 - 0.25 2600.6 L- aspartic acid
5 0.26 0.28 0.26 - 0.2§ 2418.8 L- serine
6 0.29 0.31 0.29 - 0.31 2305.3 L- glutamine
7 0.32 0.34 0.32 - 0.34 1681.5 Unknown
8 0.35 0.39 0.35 - 0.39 3954.3 L- aspargine , L- lysine
9 0.41 0.43 0.41 - 0.43 1967.1 | Unknown
10 0.43 0.45 0.43 - 0.4% 2257.5| L- histidine
11 0.45 0.48 0.45 - 0.48 2887.7 L- arginine
12 0.51 0.54 0.51 - 0.54 2054.4 | L- glycine
13 0.54 0.56 0.54 - 0.56 2247.9 Unknown
14 0.56 0.59 0.56 - 0.59 2056.4 L- alanine
15 0.60 0.62 0.60 - 0.62 1924.1 Unknown
16 0.63 0.65 0.63 - 0.65 1110.8 L- proline
17 0.65 0.68 0.65 - 0.68 2384.1 L- tryptophan
18 0.74 0.76 0.74 - 0.76 1051.3 L- methionine
19 0.76 0.79 0.76 - 0.79 1127.4 | L-valine
20 0.80 0.83 0.80 - 0.83 1076.1 L- leucine
21 0.83 0.86 0.83 - 0.86 691.2 L- phenylalanine
22 0.86 0.89 0.86 - 0.89 329.6 L- isoleucine
23 0.96 0.98 0.96 - 0.98 89.6 Unknown

Track 6 Presence and absence of different amino as and amides in shoot of
the inoculated ridge gourd variety Aneeta(MR)

Peak | StartRf | End Rf Rf Range | Area (AU) | Assignedubstance

1 0.06 0.13 0.06 - 0.18 9133.0 L- cystine

2 0.13 0.17 0.13 - 0.1y 3717.5 L- glutamic acid

3 0.19 0.23 0.19 - 0.238 2222.9 L- threonine

4 0.26 0.29 0.26 - 0.29 2092.1 L- serine

5 0.30 0.33 0.30 - 0.38 2079.9 L- glutamine

6 0.35 0.37 0.35 - 0.3} 1236.1 L- aspargine

7 0.38 0.41 0.38 - 0.41 12154 L- lysine

8 0.44 0.47 0.44 - 0.4y 1411.0 L- histidine, tgiaine
9 0.50 0.54 0.50 - 0.54 1478.8 L- glycine

10 0.55 0.58 0.55 - 0.58 2720.0 L- alanine

11 0.60 0.62 0.60 - 0.6p 1545.4 L- proline

12 0.67 0.71 0.67 - 0.7 2753.7 L- tyrosine

13 0.72 0.73 0.72 - 0.78 717.5 Unknown

14 0.73 0.76 0.73 - 0.7p 1169.8 L- methioninevaline
15 0.77 0.81 0.77 - 0.81 1530.5 L- leucine

16 0.81 0.84 0.81 - 0.84 848.3 Unknown

17 0.86 0.89 0.86 - 0.8p 567.2 L- isoleucine

18 0.89 0.90 0.89 - 0.90 171.1 Unknown

19 0.90 0.93 0.90 - 0.98 218.0 Unknown
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Track 7 Presence and absence of different aminoids and amides in shoot
of the healthy ridge gourd variety Aarti(HS)

Peak | Start Rf End Rf Rf Range | Area (AU)Assigned substance
1 0.06 0.08 0.06 - 0.08] 1409.6 | Unknown
2 0.08 0.13 0.08 - 0.13| 4796.6 | L- cystine, L- glutamic acig
3 0.13 0.18 0.13 - 0.18| 3020.9 | L-threonine
4 0.20 0.27 0.20 - 0.27| 4071.1 | L- aspartic acid
5 0.27 0.30 0.27 - 0.30 1488.4 L- serine
6 0.31 0.34 0.31 - 0.34| 2636.1 | L-glutamine
7 0.34 0.36 0.34 - 0.36| 1536.7 | L- aspargine
8 0.36 0.40 | 0.36 - 0.40| 1523.1 | L-lysine
9 0.40 0.44 | 0.40 - 0.44| 1717.2 | L- histidine
10 0.48 0.51 0.48 - 0.51 1511.7 L- arginine, lyeine
11 0.54 0.56 | 0.54 - 0.56] 430.3 |Unknown
12 0.56 0.57 | 0.56 - 0.57| 657.9 |Unknown
13 0.57 0.59 0.57 - 0.59| 1030.3 | L- alanine
14 0.61 0.63 | 0.61 - 0.63| 1590.7 | L- proline
15 0.66 0.68 | 0.66 - 0.68] 1053.6 | L-tryptophan
16 0.68 0.70 | 0.68 - 0.70/ 926.6 | Unknown
17 0.70 0.72 0.70 - 0.72 821.8) L-tyrosine
18 0.72 0.74 | 0.72 - 0.74| 1009.3 | L- methionine
19 0.74 0.77 | 0.74 - 0.77| 925.6 |L-valine
20 0.79 0.81 | 0.79 - 0.81| 671.6 |L-leucine
21 0.81 0.83 | 0.81 - 0.83] 699.3 | Unknown
22 0.93 0.96 0.93 - 0.96 286.5 Unknown
23 0.96 0.99 | 0.96 - 0.99] 1025 |Unknown

Track 8 Presence and absence of different amino a@si and amides in shoot of
the inoculated ridge gourd variety Aarti(HS)

Peak Start Rf End Rf Rf Range Area (AU) | Assignedubstance
1 0.08 0.12 0.08 - 0.12 5646.7| L-cystine
2 0.12 0.15 0.12 - 0.15% 3156.0/ L- glutamic acid
3 0.21 0.23 0.21 - 0.23 2571.0] L-threonine
4 0.32 0.33 0.32 - 0.33 836.4 Unknown
5 0.38 0.41 0.38 - 0.41 2353.3| L-lysine
6 0.41 0.43 0.41 - 0.43 1672.1) Unknown
7 0.43 0.45 0.43 - 0.45 1540.9| L- histidine
8 0.45 0.49 0.45 - 0.49 2342.4| L- arginine
9 0.51 0.53 0.51 - 0.53 1915.9| L- glycine
10 0.59 0.61 0.59 - 0.61 1074.1)  Unknown
11 0.61 0.63 0.61 - 0.63 1403.5 L- proline
12 0.63 0.64 0.63 - 0.64 761.7 Unknown
13 0.64 0.67 0.64 - 0.67 953.3 L- tryptophan
14 0.67 0.70 0.67 - 0.70 1935.4| L-tyrosine
15 0.70 0.74 0.70 - 0.74 2137.9] L- methionine
16 0.76 0.77 0.76 - 0.77 618.2 L- valine
17 0.77 0.80 0.77 - 0.80 1120.00 L- leucine
18 0.81 0.84 0.81 - 0.84 720.2 Unknown
19 0.84 0.85 0.84 - 0.8% 292.4 L- phenylalanine
20 0.85 0.88 0.85 - 0.88 432.6 L- isoleucine
21 0.88 0.90 0.88 - 0.90 323.2 Unknown
22 0.90 0.91 0.90 - 0.91 123.1 Unknown

XVi



Track 9 Presence and absence of different amino as and amides in shoot of

the healthy ridge g

ourd variety Harsha(HS)

id

Peak Start Rf |End Rf Rf Range | Area (AU)Assigned substance
1 0.01 0.03 | 0.01 - 0.03] 213.4 |Unknown
2 0.08 0.13 | 0.08 - 0.13] 3346.5 | L-cystine
3 0.13 0.19 | 0.13 - 0.19] 6283.8 | L- glutamic acid
4 0.19 0.25 | 0.19 - 0.25| 6698.6 | L-threonine, L- aspartic ag
5 0.30 0.32 | 0.30 - 0.32] 1566.5 | L-glutamine
6 0.36 0.38 | 0.36 - 0.38/ 1817.8 | L- aspargine, L- lysine
7 0.44 0.46 | 0.44 - 0.46| 1494.7 | L- histidine,
8 0.46 0.48 | 0.46 - 0.48 1152.5 | L-arginine
9 0.51 0.53 | 0.51 - 0.53] 1718.1 |L-glycine
10 0.54 0.56 | 0.54 - 0.56] 1143.4 | Unknown
11 0.58 0.60 | 0.58 - 0.60 1754.4 | L-alanine
12 0.60 0.62 | 0.60 - 0.62| 2015.4 | L- proline
13 0.66 0.68 | 0.66 - 0.68/ 992.9 |L-tryptophan
14 0.68 0.70 | 0.68 - 0.70 918.1 | Unknown
15 0.70 0.72 | 0.70 - 0.72| 1364.7 | L-tyrosine
16 0.72 0.75 | 0.72 - 0.75] 1212.2 | L- methionine
17 0.75 0.77 | 0.75 - 0.77] 739.1 |L-valine
18 0.79 0.81 | 0.79 - 0.81] 925.2 |L-leucine
19 0.82 0.86 | 0.82 - 0.86| 962.4 |L-phenylalanine
20 0.86 0.88 | 0.86 - 0.88 542.0 |L-isoleucine
21 0.88 0.90 | 0.88 - 0.90] 286.7 | Unknown
22 0.97 0.98 | 0.97 - 0.98/ 59.8 |Unknown
23 0.98 0.99 |0.98 - 0.99] 76.4 |Unknown
Track 10 Presence and absence of different aminoids and amides in shoot
of the inoculated ridge gourd variety Aneeta(HS)
Peak Start Rf |End Rf Rf Range Area (AU) | Assignedubstance
1 0.00 0.04 0.00 - 0.04 202.5 Unknown
2 0.05 0.10 0.05 - 0.1( 6087.7| L- cystine
3 0.11 0.14 0.11 - 0.14 3248.2| L- glutamic acid
4 0.19 0.21 0.19 - 0.2] 3448.2| L- threonine
5 0.24 0.26 0.24 - 0.26 2717.8| L- aspartic acid
6 0.31 0.32 0.31 - 0.32 1456.0/ L- glutamine
7 0.37 0.39 0.37 - 0.34 1930.3| L- aspargine
8 0.39 0.41 0.39 - 0.4] 1983.2| L-lysine
9 0.41 0.42 0.41 - 0.42 1012.1] Unknown
10 0.45 0.49 0.45 - 0.49 2742.1| L- arginine
11 0.51 0.53 0.51 - 0.53 2124.6| L- glycine
12 0.53 0.57 0.53 - 0.57 2851.4| L- alanine
13 0.60 0.61 0.60 - 0.61 1296.0 Unknown
14 0.61 0.63 0.61 - 0.63 1364.7| L- proline
15 0.63 0.66 0.63 - 0.66 1102.6/ Unknown
16 0.66 0.69 0.66 - 0.69 1049.8| L- tryptophan
17 0.69 0.71 0.69 - 0.71 865.9 L- tyrosine
18 0.74 0.77 0.74 - 0.77 968.3 L- methionineyaline
19 0.80 0.83 0.80 - 0.83 1080.6/ L-leucine
20 0.83 0.84 0.83 - 0.84 396.4 Unknown
21 0.87 0.90 0.87 - 0.90 353.9 L- isoleucine
22 0.90 0.92 0.90 - 0.92 105.0 Unknown
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Track

11 Presence and absence of different amin@ids and amides in root
of the healthy ridge gourd variety Priya(R)

D

Peak | StartRf | End Rf Rf Range Area (AU) Assignedubstance

1 0.01 0.04 0.01 - 0.04 760.7 Unknown

2 0.05 0.07 0.05 - 0.07 895.3 Unknown

3 0.10 0.16 0.10 - 0.16 5779.3 L- cystine, L- glutamic acjd
4 0.18 0.20 0.18 - 0.20 1551.3 L- threonine

5 0.25 0.28 0.25 - 0.28 1618.1 L- aspartic acid, L- serin
6 0.31 0.33 0.31 - 0.33 1609.5 L- glutamine

7 0.34 0.36 0.34 - 0.36 1351.1 Unknown

8 0.36 0.37 0.36 - 0.37 908.2 L- aspargine

9 0.38 0.45 0.38 - 0.45 3571.1 L- lysine, L- histidine

10 0.45 0.52 0.45 - 0.52 3363.9 L- arginine, L- glycine
11 0.55 0.57 0.55 - 0.57 961.5 L- alanine

12 0.57 0.60 0.57 - 0.60 1933.4 Unknown

13 0.60 0.62 0.60 - 0.62 1441.8 L- proline

14 0.67 0.70 0.67 - 0.70 1322.3 L- tryptophan

15 0.70 0.73 0.70 - 0.73 1300.7 L- tyrosine

16 0.73 0.78 0.73 - 0.78 1050.6 L- methionine, L- valine
17 0.78 0.80 0.78 - 0.80 776.9 L- leucine

18 0.80 0.84 0.80 - 0.84 849.9 Unknown

19 0.84 0.87 0.84 - 0.87 333.3 L- phenylalanine

20 0.88 0.90 0.88 - 0.90 167.5 L- isoleucine

21 0.90 0.92 0.90 - 0.92 123.9 Unknown

22 0.92 0.94 0.92 - 0.94 101.3 Unknown

Track 12 Presence and absence of different aminaids and amides in root of

the inoculated ridge gourd variety Priya(R)

PeakH Start Rf | End Rf Rf Range ,(A\Ar\a? Assigned substance
1 0.01 0.05 0.01 - 0.05 4912 Unknown

2 0.05 0.08 0.05 - 0.08 567.1 Unknown

3 0.08 0.10 0.08 - 0.10  453.7 L-cystine

4 0.10 0.15 0.10 - 0.1%5 2307\4 L- glutamic acid
5 0.21 0.28 0.21 - 0.28 4582\9 L- threonine,dpaatic acid, L- serine
6 0.32 0.37 0.32 - 0.37 3046/4 L- aspargine

7 0.38 0.42 0.38 - 0.42 3332/3 L-lysine

8 0.42 0.46 0.42 - 0.46 2909/3 L- histidine

9 0.49 0.51 0.49 - 0.51 1692/0 L- arginine

10 0.51 0.54 0.51 - 0.54 1779.3 L-glycine

11 0.56 0.58 0.56 - 0.58 9821 L-alanine

12 0.58 0.62 0.58 - 0.62 8315 L- proline

13 0.62 0.65 0.62 - 0.65 3568.1 L-tryptophan
14 0.67 0.70 0.67 - 0.70 2120.2 Unknown

15 0.70 0.73 0.70 - 0.78 1600.4 L-tyrosine

16 0.73 0.77 0.73 - 0.77 2223.6 L- methionine
17 0.77 0.79 0.77 - 0.79 9007 L-valine

18 0.83 0.85 0.83 - 0.85 7212 Unknown

19 0.85 0.87 0.85 - 0.8 605.2 L- phenylalanine
20 0.87 0.90 0.87 - 0.90 389.3 L-isoleucine

21 0.90 0.92 0.90 - 0.92 458.8 Unknown

22 0.94 0.96 0.94 - 0.96 85.2 Unknown
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Track 13 Presence and absence of different amin@ids and amides in root of
the healthy ridge gourd variety BSS-1009(R)

Peak Start Rf End Rf Rf Range | Area (AU) Assignedubstance
1 0.01 0.04 0.01 - 0.04 175.0 Unknown
2 0.08 0.13 0.08 - 0.13 1493.6 L- cystine
3 0.13 0.17 0.13 - 0.17 2935.0 L- glutamic acid
4 0.22 0.24 0.22 - 0.24 1081.2 L- aspartic acid
5 0.27 0.28 0.27 - 0.28 812.1 L- serine
6 0.28 0.30 0.28 - 0.3( 1183.2 Unknown
7 0.30 0.32 0.30 - 0.32 1330.3 L- glutamine
8 0.35 0.36 0.35 - 0.36 956.0 L- aspargine
9 0.40 0.42 0.40 - 0.42 1517.8 L- lysine
10 0.46 0.48 0.46 - 0.48 1821.9 L- arginine
11 0.48 0.51 0.48 - 0.51 1891.4 Unknown
12 0.51 0.54 0.51 - 0.54 1857.7 L- glycine
13 0.56 0.60 0.56 - 0.60 2245.3 L- alanine
14 0.63 0.67 0.63 - 0.67 1675.0 L- proline
15 0.67 0.72 0.67 - 0.72 2441.7 L- tryptophantykesine
16 0.72 0.74 0.72 - 0.74 586.1 L- methionine
17 0.77 0.81 0.77 - 0.81 460.2 L- valine, L- lieec
18 0.82 0.86 0.82 - 0.86 270.8 L- phenylalanine
19 0.86 0.89 0.86 - 0.89 155.9 L- isoleucine
20 0.89 0.91 0.89 - 0.91 165.1 Unknown
Track 14 Presence and absence of different amineids and amides in root of
the inoculated ridge gourd variety BSS-1009(R)
Peak | Start Rf End Rf Rf Range Area (AU) | Assignedubstance
1 0.08 0.18 0.08 - 0.18] 8746.5 L- cystine, L{a@ic acid
2 0.20 0.23 0.20 - 0.23] 3538.5 L- threonine
3 0.24 0.26 0.24 - 0.26/ 1991.6 L- aspartic acid
4 0.26 0.29 0.26 - 0.29] 1872.2 L- serine
5 0.29 0.31 0.29 - 0.31] 2684.4 L- glutamine
6 0.33 0.36 0.33 - 0.36] 2860.3 L- aspargine
7 0.39 0.40 0.39 - 0.40] 1389.2 L- lysine
8 0.44 0.49 0.44 - 0.49] 32855 L- histidine, tgiaine
9 0.49 0.51 0.49 - 0.51] 823.1 Unknown
10 0.51 0.53 0.51 - 0.53 1648.7 L- glycine
11 0.56 0.58 0.56 - 0.58 12794 L- alanine
12 0.58 0.60 0.58 - 0.60 1003.7 Unknown
13 0.60 0.63 0.60 - 0.63 1714.7 L- proline
14 0.63 0.67 0.63 - 0.67] 2012.6 L- tryptophan
15 0.67 0.69 0.67 - 0.69 1060.7 Unknown
16 0.69 0.71 0.69 - 0.7 731.6 L- tyrosine
17 0.71 0.74 0.71 - 0.74 1386.9 L- methionine
18 0.81 0.84 0.81 - 0.84 765.8 L- leucine
19 0.89 0.91 0.88 - 0.91] 287.6 L- isoleucine
20 0.91 0.93 0.91 - 0.93 3995 Unknown
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Track 15

Presence and absence of different amine@ids and amides in root

of the healthy ridge gourd variety Aneeta(MR)

Peak | Start Rf End Rf Rf Range | Area (AU)| Assignedubstance
1 0.01 0.05 0.01 - 0.0% 491.2 Unknown
2 0.05 0.07 0.05 - 0.07 567.1 Unknown
3 0.08 0.10 0.08 - 0.10 453.7 Unknown
4 0.10 0.16 0.10 - 0.16 3107.4 L- cystine, lginic acid
5 0.19 0.21 0.19 - 0.21 1478.8 L- threonine
6 0.23 0.26 0.23 - 0.26 1471.8 L- aspartic acid
7 0.28 0.32 0.28 - 0.32 2260.8 L- glutamine
8 0.35 0.38 0.35 - 0.38 2135.3 L- aspargine
9 0.38 0.42 0.38 - 0.42 2366.4 L- lysine
10 0.45 0.49 0.45 - 0.49 3243.4 L- arginine
11 0.52 0.55 0.52 - 0.5% 2573.4 L- glycine
12 0.57 0.59 0.57 - 0.59 1392.8 L- alanine
13 0.59 0.62 0.59 - 0.62 2573.7 Unknown
14 0.63 0.65 0.63 - 0.65 1226.6 L- proline
15 0.65 0.69 0.65 - 0.69 1712.1 L- tryptophan
16 0.69 0.73 0.69 - 0.78 1546.6 L- tyrosine
17 0.74 0.76 0.74 - 0.76 756.2 L- methionineyéline
18 0.79 0.81 0.79 - 0.81 1026.4 L- leucine
19 0.84 0.86 0.84 - 0.86 362.2 L- phenylalanine
20 0.86 0.91 0.86 - 0.91 605.3 L- isoleucine
21 0.91 0.93 0.91 - 0.93 135.6 Unknown
22 0.93 0.95 0.93 - 0.95 105.6 Unknown
Track 16 Presence and absence of different amineids and amides in root
of the inoculated ridge gourd variety Aneeta(MR)
Peak Start Rf End Rf Rf Range Area (AU) | Assignedubstance
1 0.08 0.11 0.08 - 0.11 1923.3 L- cystine
2 0.12 0.17 0.12 - 0.17 4659.0 L- glutamic acid
3 0.19 0.21 0.19 - 0.21 1969.2 L- threonine
4 0.21 0.23 0.21 - 0.23 1796.4 Unknown
5 0.27 0.29 0.27 - 0.29 2372.4 L- serine
6 0.35 0.37 0.35 - 0.37 2172.9 L- aspargine
7 0.40 0.42 0.40 - 0.42 2172.9 L- lysine
8 0.48 0.51 0.48 - 0.51 2372.4 L- arginine, lycgie
9 0.54 0.56 0.54 - 0.56 1796.4 Unknown
10 0.57 0.59 0.57 - 0.59 1969.2 L- alanine
11 0.60 0.63 0.60 - 0.63 2134.8 L- proline
12 0.68 0.69 0.68 - 0.69 1107.9 Unknown
13 0.70 0.73 0.70 - 0.73 1537.5 L- tyrosine
14 0.74 0.76 0.74 - 0.76 1066.6 L- methionine
15 0.77 0.78 0.77 - 0.78 625.8 L- valine
16 0.78 0.80 0.78 - 0.80 786.3 Unknown
17 0.81 0.83 0.81 - 0.88 678.0 L- leucine
18 0.85 0.87 0.85 - 0.87 383.9 L- phenylalanine
19 0.87 0.89 0.87 - 0.89 295.1 L- isoleucine
20 0.89 0.91 0.89 - 0.91 295.3 Unknown
21 0.91 0.93 0.91 - 0.93 258.4 Unknown
22 0.96 0.97 0.96 - 0.97 87.8 Unknown
23 0.98 0.99 0.98 - 0.99 72.2 Unknown
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Track 17 Presence and absence of different amirazids and amides in root of
the healthy ridge gourd variety Aarti (HS)

Peak Start Rf End Rf Rf Range ,(Apr\ae)l Assigned substance
1 0.02 0.04 0.02 - 0.04 142.2  Unknown
2 0.08 0.11 0.08 - 0.11 919.83 L-cystine
3 0.11 0.17 0.11 - 0.17 3062/0 L- glutamic acid
4 0.19 0.21 0.19 - 0.21 1012{1 L- threonine
5 0.21 0.25 0.21 - 0.25 19832 L- aspatrtic acid
6 0.25 0.28 0.25 - 0.28 1930{3 L- serine
7 0.32 0.34 0.32 - 0.34 1456/0 Unknown
8 0.40 0.43 0.40 - 0.43 2017/8 L-lysine
9 0.48 0.50 0.48 - 0.50 1617(8 L- arginine
10 0.54 0.55 0.54 - 0.55 1856(0 L- glycine
11 0.58 0.61 0.58 - 0.61 1930{3 L- alanine
12 0.61 0.64 0.61 - 0.64 19832 L- proline
13 0.64 0.65 0.64 - 0.65 10121 L- tryptophan
14 0.69 0.71 0.69 - 0.71 1681|2 L-tyrosine
15 0.75 0.76 0.75 - 0.76 882.2  L- methionine
16 0.77 0.78 0.77 - 0.78 971.8 L-valine
17 0.78 0.80 0.78 - 0.80 956.0 L-leucine
18 0.81 0.84 0.81 - 0.84 122113 Unknown
19 0.84 0.87 0.84 - 0.87 966.6 L- phenylalanine
20 0.88 0.90 0.88 - 0.90 400.7 L-isoleucine

Track 18 Presence and absence of different amin@ids and amides in root
of the inoculated ridge gourd variety Aarti(HS)

Peak | StartRf | End Rf | Rf Range | Area (AU)| Assignedubstance
1 0.01 0.04 0.01 - 0.04 760.7 Unknown
2 0.05 0.07 0.05 - 0.07 895.3 Unknown
3 0.10 0.16 0.10 - 0.16 4779.3 L- cystine, L- glutamic acig
4 0.22 0.26 0.22 - 0.26 2458.1 L- aspartic acid
5 0.26 0.29 0.26 - 0.29 1726.8 L- serine
6 0.31 0.32 0.31 - 0.32 12425 L- glutamine
7 0.34 0.38 0.34 - 0.38 2753.1 L- aspargine
8 0.38 0.41 0.38 - 0.41 1835.6 L- lysine
9 0.43 0.46 0.43 - 0.46 3508.9 L- histidine
10 0.49 0.53 0.49 - 0.53 4818.9 L- glycine
11 0.55 0.56 0.55 - 0.56 1220.2 L- alanine
12 0.62 0.64 0.62 - 0.64 2494.8 L- proline
13 0.66 0.68 0.66 - 0.68 1938.7 L- tryptophan
14 0.68 0.70 0.68 - 0.70 1584.4 Unknown
15 0.70 0.72 0.70 - 0.72 1680.9 L- tyrosine
16 0.72 0.74 0.72 - 0.74 879.5 L- methionine
17 0.74 0.77 0.74 -0.77 1659.8 L- valine
18 0.79 0.80 0.79 - 0.80 793.5 L- leucine
19 0.83 0.86 0.83 - 0.86 1009.4 L- phenylalanine
20 0.90 0.92 0.90 - 0.92 278.9 Unknown
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Track 19 Presence and absence of different amin@ids and amides in root
of the healthy ridge gourd variety Harsha(HS)

Peak | Start Rf End Rf Rf Range Area (AU) | Assignedubstance
1 0.06 0.12 0.06 - 0.12 6968.3 L- cystine
2 0.12 0.17 0.12 - 0.17 3815.7 L- glutamic acid
3 0.22 0.25 0.22 - 0.25 2169.2 L- aspartic acid
4 0.25 0.28 0.25 - 0.28 1996.4 L- serine
5 0.31 0.34 0.31 - 0.34 2372.4 L- glutamine
6 0.40 0.42 0.40 - 0.42 1772.9 L- lysine
7 0.52 0.56 0.52 - 0.56 2282.9 L- glycine
8 0.57 0.60 0.57 - 0.60 1546.4 L- alanine
9 0.60 0.63 0.60 - 0.63 1932.3 L- proline
10 0.66 0.67 0.66 - 0.67 809.3 L- tryptophan
11 0.67 0.69 0.67 - 0.69 992.0 Unknown
12 0.70 0.72 0.70 - 0.72 879.3 L- tyrosine
13 0.75 0.78 0.75 - 0.78 1044.9 L- valine
14 0.79 0.82 0.79 - 0.82 1003.9 L- leucine
15 0.82 0.85 0.82 - 0.85 667.5 L- phenylalanine
16 0.85 0.89 0.85 - 0.89 524.8 L- isoleucine
17 0.97 0.98 0.97 - 0.98 100.6 Unknown

Track 20 Presence and absence of different amin@ids and amides in root
of the inoculated ridge gourd variety Harsha(HS)

Peak Start Rf | End Rf Rf Range Area (AU)| Assigned substance
1 0.02 0.04 0.02 - 0.04| 898.3 Unknown

2 0.06 0.10 0.06 - 0.10| 23944 L- cystine

3 0.10 0.18 0.10 - 0.18] 9090.0 L- glutamic acid

4 0.20 0.23 0.20 - 0.23] 2961.1 L- threonine

5 0.24 0.26 0.24 - 0.26| 1598.3 L- aspartic acid

6 0.26 0.29 0.26 - 0.29| 2023.7 L- serine

7 0.29 0.31 0.29 - 0.31| 2187.3 L- glutamine

8 0.33 0.36 0.33 - 0.36| 2976.2 L- aspargine

9 0.40 0.41 0.40 - 0.41| 867.0 L- lysine

10 0.43 0.46 0.43 - 0.46| 22143 L- histidine

11 0.48 0.50 0.48 - 0.50, 1870.5 L- arginine

12 0.54 0.58 0.54 - 0.58| 4408.9 L- alanine

13 0.61 0.65 0.61 - 0.65| 3500.4 L- proline

14 0.69 0.72 0.69 - 0.72| 2199.8 L- tyrosine

15 0.77 0.78 0.77 - 0.78] 796.6 L- valine

16 0.78 0.81 0.78 - 0.81] 1703.7 L- leucine

17 0.81 0.85 0.81 - 0.85] 1553.1 L- phenylalanine
18 0.89 0.91 0.89 - 091 286.5 Unknown
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Abstract

Biochemical changes in Ridge gourd varieties inoculated with root-knot nematode, Meloidogyne incognita were investigated.
Observations were recorded on biochemical modifications relating to various parameters like chlorophyll ‘a’, chlorophyll ‘&’
total chlorophyll, total sugar and starch and total protein content during post infection periods. The variation in chlorophyll
‘a’, chlorophyll *b’, total chlorophyll, total protein, total sugar and starch content in five cultivars, i.e. Priya, BSS-1009,
Aneeta, Aarti and Harsha were studied 30 days after inoculation. Reduced percentage of chlorophyll ‘a’, chlorophyll ‘5, total
chlorophyll contents were observed in inoculated samples than the healthy counterparts. However, an increase in amount of
total sugar, starch and total protein contents was observed in the diseased tissues.

Keywords Chlorophyll content - Meloidogyne incognita - Protein content - Ridge gourd cultivars - Starch content - Sugar

content

Introduction

Root-knot nematodes like many other obligate parasites are
capable of disturbing the host metabolism. The changes in
the physiological and biochemical processes of infected host
as a consequence of disturbed metabolism decide whether
the host becomes susceptible or resistant to nematode attack
(Krusberg 1963). In this context an intimate knowledge of
nematode physiology and biochemistry along with its host
is absolutely essential for developing plant resistance against
the nematodes. In the recent past some progress has also
been made in this direction to understand the basic bio-
chemical mechanism of plant- nematode interactions by
several workers (Ganguly and Dasgupta 1983; Howell and
Krusberg 1966; Mohanty et al. 1995; Nayak 2015). Con-
sidering the importance of the subject, the present inves-
tigation was undertaken to find the changes if any, in total
sugar content, chlorophyll contents, total protein and starch
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contents in relation to ridgegourd inoculated with root-knot
nematode, Meloidogyne incognita. Cultivars of ridgegourd
were sown in 15 cm diameter earthen pots filled with steam
sterilized soil. A week after germination, one seedling per
pot was retained and inoculated with axenised suspension
of approximately 1000 J2 of M. incognita per seedling per
pot. A set of plants was left uninoculated to serve as con-
trol. Healthy and inoculated plants were harvested at 45 days
after planting. The harvested roots were washed thoroughly
under running tap water to remove the adhering soil parti-
cles. Then the shoots were surface sterilized in 1% HgCl,
solution followed by repeated washing with distilled water.
The harvested shoots were dried on blotting paper and kept
separately for biochemical analysis. The chlorophyll content
was estimated by Spectro-colourimeter method. Total sugar
and starch and total protein contents were estimated by fol-
lowing Spectrocolourimeter methods.

Materials and methods

In order to understand the basis of nematode resistance, five
varieties namely Priya, BSS-1009, Aneeta, Aarti and Harsha
were grown in earthen pots in the greenhouse. These plants
were washed 30 days after nematode inoculation and the
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following chemical compositions were estimated by differ-
ent methods, i.e.

Chlorophyll content (Spectro-colourimeter Method)
(Lichtenthaler & Welburn 1983)

Total protein content (Lowry Method) (Lowry et al. 1951)
Total sugar content (Spectro-colourimeter Method)
(Yoshida et al. 1972)

Total starch content (Spectro-colouimeter Method)
(Yoshida et al. 1972).

Chlorophyll estimation of leaf

One hundred fifty mg leaf portion of each treatment were cut
from the composite leaves and were immersed in 50 ml of
80% acetone in a conical flask and kept in dark for 24 h for
extraction of chlorophyll from the leaf samples. Thereafter,
the chlorophyll extracts were filtered through Whatman No.
1 filter paper. Absorbance of the chlorophyll extract was
measured at 645 nm and 663 nm using a colorimeter. The
amount of chlorophyll-a, chlorophyll-b and total chlorophyll
were calculated in mg/g fresh weight according to the fol-
lowing equations. (i) Chlorophyll-a (mg/g fresh weight of
leaf ) = 12.7 x (D-663) — 2.69 x (D-645) (ii) Chlorophyll-b
(mg/g fresh weight of leaf) = 22.9 x (D-645) — 4.68 x (D-6
63) (iii) Total chlorophyll (mg/g fresh wt. of leaf) = 20.2 x (
D-645) + 8.02 x (D-663) x where D-645 = optical density at
645 nm D-663 = optical density at 663 nm V = final volume
of 80% acetone chlorophyll extract in ml W = Fresh weight
in g of corresponding amount of fresh leaves used in the
extraction of chlorophyll.

Estimation of total sugar content

The total sugar content of shoot were determined by adopt-
ing the following procedure.

Extraction of shoot sugar

One hundred mg of ground seed samples were taken in
15 ml centrifuge tubes and 10 ml of 80% ethanol was added
to it. The mouth of the centrifuge tube was covered with
polythene paper and kept in a water both at 80-85 °C for
30 min. Then it was cooled and centrifuged for 15 min
at 2000 rpm. After centrifugation, the supernatant was
decanted into a 25 ml volumetric flask. This extraction pro-
cedure was repeated once again and the supernatant was
collected in the previous 25 ml volumetric flask. The final
volume was made up to 25 ml with distilled water and was
filtered through Whatman No. 1 filter paper. This was the
sugar extract kept for sugar estimation.
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Estimation of total sugar

Two ml of sugar extract was transferred into a 50 ml volumet-
ric flask and volume was made up to 50 ml volumetric flask
and volume was made up to 50 ml with distilled water. Five ml
of this extract was taken in a 25 ml volumetric flask. Simulta-
neously standards of 0 ml, 1 ml, 1.5 ml and 2 ml. Of 100 ppm
glucose solution were taken in 25 ml volumetric flasks. Vol-
ume of these standards was made up to 5 ml with addition of
distilled water and 2 drops of 80% ethanol. Volumetric flasks
containing samples and standards were kept in an ice-bath.
To each volumetric flask, 10 ml of anthrone reagent (2 gm of
anthrone in one litre of 95% H2S04) was added allowing it
to run down the side of the volumetric flask. The contents of
the flasks were shaken slowly by swirling the flask and then
shaken thoroughly. The volumetric flasks were kept in boiling
water bath for exactly 7.5 min. Then immediately the flasks
were cooled in ice. After cooling, absorbance was measured
at 630 nm and sugar content was calculated by the help of
standard curve.

Estimation of total starch content

1 ml of starch extract was taken in a 100 ml volumetric flask
and diluted to 100 ml with distilled water. Five ml of the above
extract was transferred in a 50 ml test tube. Then all the stand-
ards and sample test tubes were kept in ice bath for cooling,
and 10 ml of anthrone reagent was added to each test tube,
allowing the reagent to run down the side of the flask. It was
stirred slowly with a glass rod and then shaken thoroughly.
The flask was kept in boiling water bath exactly for 7.5 min.
Then the test tube was immediately cooled in ice-bath. After
cooling, the O.D. at 630 nm was measured and the starch con-
tent was calculated by the help of standard curve, which was
multiplied by 0.91 to get the exact value of the same.

Estimation of total protein content

Two ml of the sample extract was pipette into the test tubes,
and the volume make up was done upto 2 ml in all test tubes
with water. Then 10 ml of reagent C was added to each test
tube including blank. It was mixed well and allowed to stand
for 10 min. Then 1 ml of reagent D was added, mixed well
and was incubated at room temperature in the dark for 30 min.
Then blue colour was developed. Finally, absorbance was
measured at 660 nm and protein content was calculated by the
help of standard curve.
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Results and discussion

Many kinds of elements and enzymes are present in the
plant system that influences the metabolism of the pests fed
upon them. The chemicals may consist of simple nitrogen,
phosphorus, potassium, carbohydrates and fats to complex
proteins, enzymes, phenolic compounds etc., which may
nourish, starve or kill the feeding organisms upon them.
In the course of feeding some chemicals may be depleted
or some others may be de novo synthesized, that may be
detrimental to the pest. In order to know the chemical and
genetic basis of resistance, five varieties were chosen for
a detailed analysis. These plants were grown with utmost
care, both in inoculated and control conditions. One set
of each uninoculated (healthy) and inoculated (infected)
plants were analysed to test the effects of root-knot nema-
tode infection on the growth and vigour of the plants and
their root-system.

Effect of nematode infection on chlorophyll content
Estimation of chlorophyll of leaves

Chlorophyll content is the most important constituent of
the plants as it manufactures the food, which is necessary
for the growth and development of all the parts of plant. It
is directly correlated with the yield of the crops. Root-knot
nematodes are known to reduce the chlorophyll contents of
the plants by disrupting its nutrient uptake and partitioning
of the photosynthates.

In the experiment it was observed that the chlorophyll
content reduced from 0.42 to 0.25 mg/g due to nematode
infection in case of Priya variety. Similarly in the varie-
ties BSS-1009, Aneeta, Aarti and Harsha chlorophyll ‘a’
reduced from 0.40 to 0.20 mg/g, 0.42 to 0.22 mg/g, 0.33 to
0.26 mg/g and 0.26 to 0.15 mg/g respectively. Hence nem-
atode caused 40.47% reduction in chlorophyll ‘a’ content
of Priya, 49.87% reduction in BSS-1009, 48.71% reduction
in Aneeta, 19.33% reduction in Aarti and 42.69% reduc-
tion in Harsha.

In case of chlorophyll ‘b’ content reduction from
healthy to infected plants recorded were 0.08-0.06,
0.16-0.10, 0.13-0.10, 0.25-0.16 and 0.15-0.11 mg/g in
case of varieties Priya, BSS-1009, Aneeta, Aarti and Har-
sha respectively. Hence nematode caused 24.50% reduc-
tion in chlorophyll ‘b’ content of Priya, 33.75% reduction
in BSS-1009, 25.73% in Aneeta, 34.64% reduction in Aarti
and 30.81% reduction in Harsha.

Similarly the total chlorophyll content was decreased
from 0.59 to 0.23 mg/g in Priya, 0.59 to 0.15 mg/g in BSS-
1009, 0.38 t0 0.37 mg/g in Aneeta, 0.35 to 0.34 mg/g in

Aarti and 0.31 to 0.21 mg/g in Harsha. Hence nematode
caused 60.67% reduction in total chlorophyll content of
Priya, 73.78% reduction in BSS-1009, 1.32% reduction in
Aneeta, 3.68% reduction in Aarti and 30.12% reduction in
Harsha (Table 1; Fig. 1a, b, c).

Effect of nematode infection on protein content
Total Protein in shoots

The amount of total protein present in the shoot portion of
the inoculated plants were recorded as 5.21, 5.39,7.11, 4.50,
3.90 mg/g of the varieties Priya, BSS-1009, Aneeta, Aarti
and Harsha respectively on fresh weight basis (Table 2). In
the healthy shoots of these varieties total protein contents
were 5.31,7.54,7.32, 4.52 and 4.12 mg/g respectively. The
percentage of decrease in total protein content due to root-
knot nematode infection over control was noted to be 1.88,
28.51,2.86, 0.44, 5.33% respectively (Fig. 2a).

Total protein in roots

The amount of total protein contained in the healthy roots
of varieties was 8.77, 4.64,7.76,7.76 and 7.11 mg/g of the
varieties Priya, BSS-1009, Aneeta, Aarti and Harsha respec-
tively (Table 2) on fresh weight basis. In the infected roots
of these varieties sugar contents were 9.98, 6.09, 8.05, 9.33
and 8.12 mg/g respectively. The percentage of increase in
total protein content due to rootknot nematode infection over
control was noted to be 13.79, 31.25, 3.73, 20.23 and 14.20%
respectively (Fig. 2b).

Action of nematode infection on total sugar content
Total sugar in shoots

The amount of sugar present in the shoot portion of the
inoculated plants were recorded as 2.22, 2.21, 1.82, 1.42,
1.76 mg/g of the varieties Priya, BSS-1009, Aneeta, Aarti
and Harsha respectively on fresh weight basis (Table 3). In
the healthy shoots of these varieties sugar contents were
2.00, 1.83, 1.58, 1.05 and 1.68 mg/g respectively. The per-
centage of increase in total sugar content due to rootknot
nematode infection over control was noted to be 11.00,
20.76, 15.18, 35.23 and 4.76% respectively (Fig. 3b).

Total sugar in roots

The amount of total sugars contained in the healthy roots
of varieties was 2.85, 2.22, 2.02, 1.59 and 1.05 mg/g of the
varieties Priya, BSS-1009, Aneeta, Aarti and Harsha respec-
tively (Table 3) on fresh weight basis. In the infected roots
of these varieties sugar contents were 2.98, 2.34, 2.21, 1.99
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) and 1.49 mg/g respectively. The percentage of increase in
] g total sugar content due to root-knot nematode infection over
$HELEE R control was noted to be 4.56, 5.41, 9.41, 25.15 and 41.90%
§ ‘g ? "rf e 9Is respectively (Fig. 3a; Table 3).
<5 | s e Effect of nematode infection on total starch content
44 133323
PR Total starch in shoots
A
"é = The amount of starch present in the shoots of the inoculated
- E 3 5 § 3 g? i § plants were recorded as 1.48, 2.12, 2.24, 2.59 and 3.05 mg/g
'E: - in the varieties Priya, BSS-1009, Aneeta, Aarti and Harsha
5|e respectively on fresh weight basis (Table 4). Conversely this
ﬁ § amount was increased in all cases than healthy plants i.e.,
Blg |83283528 8.71,9.80, 5.53%, in varieties BSS-1009, Aneeta, Harsha
= except decrease as 22.10% in variety Priya and 8.80% in
L variety Aarti in the leaf portion of these varieties due to
g g = root-knot infection (Fig. 4b).
ARIHEEEEE
5 § z x| ik T i Total starch in roots
&
-
“é - i B8 T8 8 The amount of starch contained in the healthy roots of vari-
= % RIS S eties was 1.41, 1.46, 1.64, 1.56, 1.59 mg/g in Priya, BSS-
§ ? & 1009, Aneeta, Aarti and Harsha respectively (Table 4) on
g |8 = fresh weight basis. In the infected roots of these varieties
2§ g geonags starch contents were 1.27, 1.41, 1.51, 1.45 and 1.55 mg/g
g by 2 = - K- respectively. The percentage of decrease in starch content
g =]~ due to rootknot nematode infection over control was noted
"; -g %’ to be 9.92, 3.42,7.92,7.05 and 2.51% respectively (Fig. 4).
9|38 |832258s
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2 - Conclusion
s
_% ? g SEo@2 Chlorophyll content is the most important constituent of the
= dc|1ga324g plants as it manufactures the food, which is necessary for
5 ®E[TT00 the growth and development of all the parts of plant. It is
2 - e o directly correlated with the yield of the crops. Root-knot
5|5 |2 a8899y nematodes are known to reduce the chlorophyll content of
3 0 the plants by disrupting its nutrient uptake and partitioning
< E’ z of the photosynthates.
ﬁ» 5 £z o Sugar is the prime source of metabolic energy in all liv-
S |57 Y89 E 888 i i i ioni
883 . B s TE ing organisms. Perusal of data clearly envisaged significant
g ) - S increase quantity of total sugars in the roots of nematode
= |3 S inoculated plants but on the other hand the sugar content
-S: ? s decreases in the shoots of nematode infected plants. Increase
é 75- é ;3 § § § 3 f§ § in.suga{ content fo.llowing nefnatode infection is in confirm-
3 = ala ative with the findings of earlier workers [Ganguly and Das-
g § Hie gupta 1983 (4); Mohanty et al. 2001 (7)]. Increased sugar
g z -3 2F g content in infected samples might be due to movement of
8 k] E’ %’ § g 8 oa various metabolites towards the infection site from other
417 75 O N parts of plants. Alternatively more of these metabolites are
% g produced by cell at the infection site as a result more of
el —-—am e carbohydrates are required for respiration and metabolism.
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Fig.1 Chlorophyll ‘a’ (a) and M chlorophyll a infected M chlorophyll b infected
Chlorophyll ‘b’ (b) contents of
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Table2 Estimation of p ge i /d of total protein content in roots and shoots of healthy (H) and root-knot infected (I) ridge
gourd plants
S.no. Varieties  Protein content mg/g on fresh weight basis
Shoot (leaf) Root
Infected (T) Healthy (H) Mean %increase(+) Infected (T) Healthy (H) Mean %increase(+)
decrease (—) over decrease (—) over
control control
o1 Priya 521 531 5.26 - 1.88 9.98 877 9.37 1379
02 BSS-1009 539 7.54 6.46 —2851 6.09 464 536 3125
03 Aneeta 7.11 1.32 721 - 2.86 8.05 7.6 79 373
04 Aarti 450 452 451 -044 9.33 776 854 2023
05 Harsha 390 412 401 -533 8.12 7.11 7.61 1420
SEm+ 027 033 0.18 0.30
CD (0.05) 088 107 0.58 0.99

The present investigation clearly indicated that Meloido-  this investigation will certainly be helpful to understand the
gyne incognita played key role in altering the normal physi-  complicated areas of the biochemical mechanisms of plant
ology and biochemical processes of the tested host plant.  nematode-interaction in relating to root-knot and other plant
Further, it is opinion that the basic information provided in  parasitic nematodes.
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Fig.2 Total protein content of M infected (I) shoot = Healthy(H) shoot
shoot (a) and root (b) in control
and infected ridge gourd plants
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Table3 P age i /dk of total sugar content in the root and shoot of ridge gourd varieties as influenced by M.incognita infection
S.no Varieties  Total sugar content mg/g on fresh weight basis
Shoot (leaf) Root
Infected (I) Healthy (H) Mean  %increase(+)/ Infected (I) Healthy (H) Mean %increase(+)
decrease (—) over decrease (—) over
control control
01 Priya 222 2.00 2.1 11.00 298 2.85 292 4.56
02 BSS-1009 221 1.83 202 2076 234 222 228 541
03 Aneeta 1.82 1.58 17 15.18 221 202 212 9.41
04 Aarti 1.42 1.05 124 3523 1.99 1.59 1.79 2515
05 Harsha 1.76 1.68 172 476 1.49 1.05 127 419
SE(m)x 0.03 0.09 0.28 0.12
CD (0.05) 0.10 0.29 091 0.39
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Fig.3 Total sugar content of Minfected (I) root ["Healthy (H) root
root (a) and shoot (b) in control
and infected plants
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Table4 Effects of starch content in the roots and shoots of ridge gourd varieties as influenced by M. incognita infection
S.no. Varieties  Starch content mg/g on fresh weight basis
Shoot (leaf) Root
Infected () Healthy (H) Mean %increase(+)V Infected () Healthy (H) Mean %increase(+V
decrease (—) over decrease (—) over
control control
01 Priya 148 1.90 1.69 -2210 127 141 1.34 -992
02 BSS-1009 212 1.95 203 871 141 1.46 143 -342
03 Aneeta 224 204 214 9.80 1.51 1.64 1.57 -192
04 Aarti 2.59 284 271 - 8.80 145 1.56 1.50 -705
05 Harsha 3.05 2.89 297 553 1.55 1.59 1.57 -251
SE(m)+ 230 0.17 1.31 0.12
CD(0.05) 749 0.57 427 0.39
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Fig.4 Total starch content of M Infected (I) root " Healthy(H) root
root (a) and shoot (b) in control
and infected ridge gourd plants
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Abstract

Macronutrient changes in Ridge gourd varieties inoculated with root-knot nematode, Meloidogyne incognita were investi-
gated. Observations were recorded on macronutrient modifications relating to various parameters like nitrogen, crude protein,
phosphorus and potassium content during post infection periods. The variation in nitrogen, crude protein, phosphorus and
potassium content in five cultivars i.e. Priya, BSS-1009, Aneeta, Aarti and Harsha were studied 30 days after inoculation.
Reduced percentage of nitrogen, crude protein and phosphorus contents were observed in inoculated shoot samples than
the healthy counterparts, whereas it increased in root samples. However, an increase in amount of potassium contents was

observed in the diseased tissues.

Keywords Macronutrient contents - Meloidogyne incognita - Ridge gourd cultivars

Introduction

The root-knot nematode, Meloidogyne incognita (Chitwood,
1949) are the most important nematode pests worldwide
due to their great damage resulted in the very wide host
range which include more than 3000 plant species. Nema-
tode pests, in general, affect host plants quantitatively and
qualitatively. Quantitatively by reducing the total produc-
tion causing about 20.6% worldwide yield loss, and qual-
itatively by devaluating the produced crops as a result of
some malformations as well as decreasing the organic and
mineral components of the produced fruits. Plant parasitic
nematode, Meloidogyne incognita alters the metabolic pro-
cesses of the host plant which are manifested in the form
of cellular, physiological and biochemical changes in the
infected host. The root-knot nematodes cause measurable
changes in the morphology and physiology of the tomato
plant (Williamson and Gleason 2003). Root-knot nematodes
like many other obligate parasites are capable of disturbing
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the host metabolism. The changes in the physiological and
biochemical processes of infected host as a consequence of
disturbed metabolism decide whether the host becomes sus-
ceptible or resistant to nematode attack (Krusberg 1963).
In the recent past some progress has also been made in this
direction to understand the basic biochemical mechanism
of plant-nematode interactions by several workers (Ganguly
and Dasgupta 1983; Howell and Krusberg 1966; Mohanty
et al. 1995; Nayak 2015). Considering the importance of
the subject, the present investigation was undertaken to
find the changes if any, in nitrogen content, crude protein,
phosphorus and potassium content in relation to ridge gourd
inoculated with root-knot nematode, M. incognita. Culti-
vars of ridge gourd were sown in 15 cm diameter earthen
pots filled with steam sterilized soil. A week after germi-
nation, one seedling per pot was retained and inoculated
with axenised suspension of approximately 1000 J2 of M.
incognita per seedling per pot. A set of plants was left uni-
noculated to serve as control. Healthy and inoculated plants
were harvested at 45 days after planting. The harvested roots
were washed thoroughly under running tap water to remove
the adhering soil particles. Then the shoots were surface
sterilized in 1% HgCl, solution followed by repeated wash-
ing with distilled water. The harvested shoots were dried
on blotting paper and kept separately for chemical analysis.
The nitrogen content and crude protein was estimated by
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micro Kjeldahl method. Phosphorus content was estimated
by Vanadomolybdo-phosphoric acid yellow colour method
and potassium content were estimated by flame photometer
methods.

Materials and methods

In order to understand the basis of nematode resistance, five
varieties namely Priya, BSS-1009, Aneeta, Aarti and Harsha
were grown in earthen pots in the greenhouse. These plants
were washed 30 days after nematode inoculation and the
following chemical compositions were estimated by differ-
ent methods i.e.

Nitrogen content and crude protein content (Kjeldahl
method).

Phosphorus content (Vanadomolybdo-phosphoric acid
yellow colour method).

Potassium content (flame photometer method).

Results and discussion

Many kinds of elements and enzymes are present in the
plant system that influences the metabolism of the pests fed
upon them. The chemicals may consist of simple nitrogen,
phosphorus, potassium, carbohydrates and fats to complex
proteins, enzymes, phenolic compounds etc., which may
nourish, starve or kill the feeding organisms upon them.
In the course of feeding some chemicals may be depleted
or some others may be de novo synthesized, that may be
detrimental to the pest. In order to know the chemical and
genetic basis of resistance, five varieties were chosen for a
detailed analysis. These plants were grown with utmost care,
both in inoculated and control conditions. One set of each
uninoculated (healthy) and inoculated (infected) plants were

analysed to test the effects of root-knot nematode infection
on the growth and vigour of the plants and their root-system.

Estimation of nitrogen contents in the resistant/
susceptible ridge gourd varieties influenced by root
knot nematode, M. incognita

Chlorophyll content is approximately proportional to leaf
nitrogen content, too (EVANS 1983). Chlorophyll content
is the most important constituent of the plants as it manu-
factures the food, which is necessary for the growth and
development of all the parts of plant. It is directly corre-
lated with the yield of the crops. Root-knot nematodes are
known to reduce the chlorophyll contents of the plants by
disrupting its nutrient uptake and partitioning of the pho-
tosynthates. The nitrogen plays main role in ridge gourd
nutrition because of its importance in protein and nucleic
acid synthesis as well plant species and cultivars.

The total nitrogen content was decreased in the shoot
system of infected varieties of ridge gourd, Priya, BSS-
1009, Aneeta, Aarti and Harsha by 0.36, 0.46, 0.44, 0.35
and 0.28% respectively over control on dry weight basis.
Whereas in the roots nitrogen content was increased by 0.49,
0.44,0.47,0.67 and 0.48% in all the above mentioned varie-
ties accordingly.

The total nitrogen content was decreased in all shoot
system of resistant variety by 20% and 40.42% in suscep-
tible variety but increased by 88.46% in the root system of
resistant variety as compared to susceptible one (2.12%)
(Table 1).

The nitrogen content (%) in shoots were significantly
higher in the resistant varieties as compared to susceptible
variety and vice versa. The present results of increase of
total nitrogen content of nematode infected root samples is
in confirmation with the findings of the earlier workers (Zaki
and Bhatti 1986; Nayak 2006)

The nutrient accumulation in infected roots maybe due to
impaired translocation to the aerial parts or the mobilization

Table 1 Estimation of nitrogen contents in the resistant/susceptible ridge gourd varieties influenced by root knot nematode, M. incognita

SI.no. Varieties Nitrogen content % on dry weight basis
Shoot Root
Infected (I) Healthy (H) Mean Increase/decrease Infected (I) Healthy (H) Mean increase/decrease
over healthy (%) over healthy (%)
01 Priya 0.36 045 0.40 =20 0.49 0.26 0.37 88.46
02 BSS-1009 046 0.49 0.47 -6.12 0.44 0.28 0.36 57.14
03 Aneeta 044 0.51 047 -1372 0.47 0.46 0.46 217
04 Aarti 0.35 0.37 0.36 —5.40 0.67 042 0.54 59.52
05 Harsha 0.28 047 037 —-4042 0.48 047 047 2.12
SE(m)x 028 0.15 02 0.02
CD (005) 092 0.51 0.65 0.07
@ Springer

XXXil



Indian Phytopathology (2019) 72:125-129

127

of nutrition from shoot to root. The percentage increase in
nitrogen content in shoots of resistant varieties may be due
to higher absorption capacity or higher requirement for the
resistance mechanisms. This may be due to lower transloca-
tion rate.

Estimation of crude protein contents
in the resistant/susceptible ridge gourd varieties
influenced by root knot nematode, M. incognita

Due to infection of root-knot nematode, the percentage
of shoot crude protein content was low 20.35% in variety
Priya, 6.20% in BSS-1009, 14.59% in Aneeta, 5.57% in
Aarti and 40.27% in Harsha, whereas crude protein con-
tent in root was high in Priya (86.66%) than that of BSS-
1009 (58.28%), Aneeta (0.68%), Aarti (61.06%) and Harsha
(1.01%) (Table 2).

The crude protein of both the infected shoot decreased
and infected root increased in the similar trend like Nitrogen
content of the infected shoot. The increased crude protein
content in roots of nematode infected plants was reported by
various workers (Ganguly and Dasgupta 1983; Devaranjan

and Rajendran 2002; Vaitheeswaran et al. 2005; Nayak
2006)

Estimation of phosphorus contents in the resistant/
susceptible ridge gourd varieties influenced by root
knot nematode, M. incognita

The phosphorus content was decreased in the shoot system
of infected varieties of ride gourd, Priya, BSS-1009, Aneeta,
and Harsha by 92, 11.42, 62.74 and 50.87% respectively
except Aarti (113.33%) and increased in infected root by
0.57,0.26, 0.44,0.49, 0.75% in ridge gourd varieties Priya,
BSS-1009, Aneeta, Aarti and Harsha respectively over con-
trol on dry weight basis.

Whereas phosphorus content was recorded highest as
850% in infected roots of variety Priya followed by 420% in
BSS-1009, 57.14% in Aneeta, 50% in Harsha and 8.88% in
Aarti (Table 3). The result of present investigation revealed
that the infected plants had decreased percent of phosphorus
content in shoots of highly susceptible and moderately resist-
ant and resistant varieties. Similar trend was also observed
by Hunter (1958), Chakraborti and Mishra (2002) in root-
knot nematode infected plants. The amino acid, protein,

Table 2 Estimation of crude protein contents in the resistant/susceptible ridge gourd varieties influenced by root knot nematode, M. incognita

Sl.no. Varieties Crude protein content % on dry weight basis

Shoot Root
Infected (I)  Healthy (H) Mean Increase/decrease Infected (I) Healthy (H) Mean Increase/decrease
over healthy (%) over healthy (%)
01 Priya 227 2.85 256 -2035 3.08 1.65 236 86.66
02 BSS-1009  2.87 3.06 296 -6.20 pAS ) 175 2.26 58.28
03 Aneeta 2.75 322 298 —1459 293 291 292 0.68
04 Aarti 220 233 226 —-5.57 422 2.62 342 61.06
05 Harsha 1.75 293 234 -40.27 3.00 297 298 1.01
SE (m)+ 1.78 0.99 1.25 0.13
CD (005) 5.82 322 407 044

Table 3 Estimation of phosphorus contents in the resistant/susceptible ridge gourd varieties influenced by root knot nematode, M. incognita

SI.no. Varieties Phosphorous content % on dry weight basis
Shoot Root
Infected (I)  Healthy (H) Mean Increase/decrease Infected (I) Healthy (H) Mean Increase/decrease
over healthy (%) over healthy (%)
01 Priya 0.06 0.75 040  -92.00 0.57 0.06 0.31 850
02 BSS-1009 031 0.35 033 - 1142 0.26 005 0.15 420
03 Aneeta 0.19 051 0.35 -62.74 0.44 0.28 0.36 57.14
04 Aarti 032 0.15 023 113.33 049 0.45 0.47 8.88
05 Harsha 0.28 0.57 0.42 —50.87 0.75 0.50 0.62 50
SE(m) + 0.07 0.19 0.15 0.15
CD(0.05) 025 0.62 0.49 0.51
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Table 4 Estimation of potassium contents in the resistant/susceptible ridge gourd varieties influenced by root knot nematode, M. incognita

SI.no Varieties Potassium content % on dry weight basis

Shoot Root
Infected (I) Healthy (H) Mean Increase/decrease Infected (I) Healthy (H) Mean Increase/decrease
over healthy (%) over healthy (%)
01 Priya 042 0.33 037 221 0.57 0.06 0.31 850
02 BSS-1009 033 0.12 022 175 0.26 0.05 0.15 420
03 Aneeta 0.37 0.12 024 208.33 0.47 0.28 0.37 67.85
04 Aarti 0.12 043 0.27 -7209 0.49 0.45 047 8.88
05 Harsha 0.19 0.76 0.95 -75 0.75 0.50 0.62 50
SEm=+  0.05 007 0.11 0.15
CD(0.05 0.17 0.22 0.37 0.51

Table 5 Effect of root-knot nematode, M. incognita on nutrient contents in soil of five Ridge gourd cultivars as compared to Healthy plant (H)

% Increase (+) or %
decrease (—) over

Varieties  Nitrogen Phosphorous

Potassium % Increase (+) or %

decrease (—) over

% Increase (+) or %
decrease (—) over

Healthy Inoculated Healthy Healthy Inoculated Healthy Healthy Inoculated Healthy
Priya 240 213 1125 114 112 -175 111 98 —-11.71
BSS-1009 156 126 -19.23 57 55 -3.50 103 87 -1553
Aneeta 133 103 —22.55 85 83 -235 98 86 -1224
Aarti 189 159 - 1587 100 96 -4 103 96 —-6.79
Harsha 183 153 -16.39 116 113 -2.58 101 93 -792
Sugar and absorbed N,, P,O5 and K,O and other elements  Table6 Effect‘of roof-knot ) e E—— Final population®
accumulate in the roots of nematode infected plants and ~ nematode, M. incognita on final
remain under-utilised by the plant systems which ultimately p&‘:r"d'a:l:::',v':;ml Aok  mys 239.33(2.37)
find the path into the growth and production of nematode. " ! BSS-1009  241.66(2.38)
This may be the possible reasons for the accumulation of Aneeta 45833 (2.46)
phosphorus in nematode infected plants (Table 3). Aarti 1426 (3.15)

Harsha 1226.66 (3.08)

Estimation of potassium contents in the resistant/
susceptible ridge gourd varieties influenced by root
knot nematode, M. incognita

The root-knot nematode inoculated plants measured an
increase in potassium content to the tune of 208.33, 175,
27.27% in shoots of varieties Aneeta, BSS-1009 and Priya
respectively while decrease as 75% in Harsha and 72.09%
in Aarti. The inoculated plants in roots was increased by
850, 420, 67.85, 8.88 and 50% in varieties Priya, BSS-1009,
Aneeta, Aarti, and Harsha respectively. Table 4 revealed that
there was significant increase of potassium content of both
susceptible and resistant infected plants which increase was
more pronounced in both shoots and roots of resistant varie-
ties as compared to the susceptible varieties.

Chakraborti and Mishra (2002) have also recorded decrease
in potassium content due to infection of Xiphinema america-
num and M. incognita in sour cherry and chickpea respec-
tively. Potassium plays a significant role for maintaining turgor

@ Springer

“Figures in parentheses are log
transformed values

pressure of tissues of plants. In the nematode infected plant
tissues various compounds relating to ion-exchange may be
decreased which is reflected by the reduction of ‘K’ content in
nematode infected plant sample. Soil nutrient status was also
studied (Table 5). In all the cases nitrogen, phosphorous and
potassium content was decrease over healthy. Final nematode
population in soil was also counted and presented in Table 6.
It reflected the severity of root-knot nematode infection in dif-
ferent ridge gourd cultivars.
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Conclusion

The single generation of M. incognita showed the changes
in both concentration and total content of different ele-
ments in the ridge gourd varieties to establish relationship
between nutrients status and physiological processes. Chlo-
rophyll content is approximately proportional to leaf nitro-
gen content, too (Evans 1983). Chlorophyll content is the
most important constituent of the plants as it manufactures
the food, which is necessary for the growth and develop-
ment of all the parts of plant. It is directly correlated with
the yield of the crops. Root-knot nematodes are known to
reduce the chlorophyll content of the plants by disrupting its
nutrient uptake and partitioning of the photosynthates. The
nitrogen plays main role in ridge gourd nutrition because of
its importance in protein and nucleic acid synthesis as well
plant species and cultivars. The nutrient accumulation in
infected roots maybe due to impaired translocation to the
aerial parts or the mobilization of nutrition from shoot to
root. The percentage increase in nitrogen content in shoots of
resistant varieties may be due to higher absorption capacity
or higher requirement for the resistance mechanisms. This
may be due to lower translocation rate.

The crude proteins were reduced in shoots of infected
plants because of the enzymatic degradation of plant protein
and reduced photosynthesis causes accumulation of soluble
amino acids in the infected plants.

The result of present investigation revealed that the
infected plants had decreased percent of phosphorus con-
tent in shoots of highly susceptible and moderately resistant
and resistant varieties. Similar trend was also observed by
Hunter (1958), Chakraborti and Mishra (2002) in root-knot
nematode infected plants. The amino acid, protein, Sugar
and absorbed N,, P,05 and K,0O and other elements accu-
mulate in the roots of nematode infected plants and remain
under-utilised by the plant systems which ultimately find the
path into the growth and production of nematode. This may
be the possible reasons for the accumulation of phosphorus
in nematode infected plants

There was significant increase of potassium content of
both susceptible and resistant infected plants which increase
was more pronounced in both shoots and roots of resistant
varieties as compared to the susceptible varieties Potassium
plays a significant role for maintaining turgor pressure of
tissues of plants. In the nematode infected plant tissues vari-
ous compounds relating to ion-exchange may be decreased
which is reflected by the reduction of ‘K’ content in nema-
tode infected plant samples.

The changes in concentration of these nutrient elements
in the plant, small as they may be appear to have a pro-
found effect on the host physiology. The data indicate that
a change in the concentration of the nutrient elements in

plant is probably one of the first effects of the nematode
on host physiology. These changes in nutrient concentration
after host metabolism contributes directly or indirectly to the
chlorosis of infected plants. These effects on the increase
with level and duration of infection and, along with changes
in other physiological problems such as photosynthesis
appear to be the main cause of a lower yield in nematode
infected plants. The change in potassium concentration
seems to be important because of its effect on physiological
processes such as osmotic potential

The present investigation clearly indicated that M. incog-
nita played key role in altering the nutrient contents of
the tested host plant. Further, it is opinion that the basic
information provided in this investigation will certainly be
helpful to understand the complicated areas of the chemi-
cal mechanisms of plant nematode-interaction in relating to
root-knot and other plant parasitic nematodes.
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