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ABSTRACT: A pot culture experiment was conducted to understand the biochemical and molecular changes associated with
resistance reaction of banana against root-lesion and root-knot nematodes on five varieties of banana viz., Nendran (AAB), Robusta
(AAA), Pisang Jari Buaya (AA), Karthobiumtham (ABB) and Musa balbisiana (BBB). The highest protein concentration and increased
peroxidase activity was observed in cvs.Nendran and Robusta whereas minimum was observed in cvs.Musa balbisiana, Karthobiumtham
and Pisang Jari Buaya. The activity of polyphenol oxidase was reduced in infected plants of cvsNendran and Robusta. But, the
activity increased in cvs.Pisang Jari Buaya and Musa balbisiana. The phenylalanine ammonia lyase (PAL) activity was significantly
lower in cvs.Nendran and Robusta compared to other three varieties. The phenolic accumulation was increased by 56% in cv.Nendran
after nematode infection whereas there was only 2% increase in Karthobiumtham. The molecular analysis indicated a higher rate

= of mMRNA synthesis soon after nematode infection.
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The root-lesion (Pratylenchus coffeae) and root-
knot nematodes(Mel oidogyneincognita) areconsidered
~ to be an important nematode pests of banana causing
" extensive crop damage (Reddy et al ., 1989; Jonathan &
£ Rajendran, 2000 and Sundararaju & Cannayane, 2003).
% One of the most economical and effective ways to
& control plant parasiticnematodesisexploiting resistant/
£ tolerant cultivarsof banana. Resistanceisanincompatible
° reactionof plantstowardsnematodeinfestation. Narayana
& Reddy (1980) correlated thelevel sof phenolsinroots
with resistance in tomato cultivars against root-knot
nematodeM.incognita. Hence, thepresent investigation
was undertakento study the biochemical and molecular
changesin nematode resi stant and susceptible cultivars
of banana infested with P.coffeae and M.incognita.
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MATERIALSANDMETHODS

Healthy suckersof fivevarietiesviz., Nendran(AAB),
Robusta (AAA), Pisang Jari Buaya (AA),
Karthobiumtham (ABB) and Musa balbisiana (BBB)
were planted in earthen pots containing 5 kg sterile soil
(redsoil,sandandFY M in2:1:1ratio). Threesetsof each
variety with 3 replications were maintained. One set of
plants were kept as healthy ones and the other two sets
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were meant for nematode inoculations. Three months
after planting, root-knot androot-les onnematodes @2J/
g of soil wereinocul ated separately to both the setskept
under green houseconditions. Theroot-lesionnematode,
P. coffeae required for inocul ation was extracted from
the banana roots collected from the NRCB research
farm. The root-knot nematode, M. incognita was
collected from the egg masses of infected plant material
and incubated for hatching. The other set of plantswere
maintained as check. After inoculation, the pots were
arranged inarandomized manner at aplaceof evenlight
inagreenhousewithatemperaturerangeof 27-34°Cand
watered daily with boiled and cooled water.

Three months after nematode inoculations, plants
with entireroot system wereremoved from the potsand
growth characterswererecorded. Root samplescollected
from both healthy and nematodeinocul ated plantswere
washed thoroughly in order to remove adhering debris
and soil particles. Later the sampleswere stored at 4°C
forbiochemical andlysis. Estimationof proteinby Lowry’s
method (Lowry et al. 1976), peroxidase assay by
Hammerschmaid & Smigocki (1982), Phenylalanine
ammonia lyase assay by the method of Ross (1992),
polyphenol oxidase and estimation of phenol by Spies
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method (Spies, 1955), were performed. The datawere
statistically analyzed (Gomez & Gomez, 1994) and
treatment means were compared by Duncan’ smultiple
range test (DMRT).

RESULTSANDDISCUSSION

Theresultsreveal ed significant differenceinprotein
concentration between heal thy and nematodeinocul ated
plants. Thehighest proteinconcentrationwasrecordedin
cvs.Nendran and Robusta, and the lowest in Musa
balbisiana and Pisang Jari Buaya(Table 1). Peroxidase
activityincreased by 64 and 36%(Table-2) incvs.Nendran
and Robusta respectively. Quantitative increases in
peroxidase activities were conspicuous throughout the
period of observation in both the nematodesinocul ated
. plantsof both the varieties. The present study indicated
& thehigher POactivity insusceptiblecv.Nendranwhereas
§ the minimum in cv.Karthobiumtham. This was in
5 agreement with the earlier findings of Veech & Endo
‘§ (1970) who observed a higher activity of PO in the

syncytiafound in soybean rootsinfected with root-knot
nematode. Therewas anarrow decrease of Polyphenol
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Tablel. Concentration of Proteincontentinbananarootsas
influenced by Pratylenchus coffeae and
Meloidogyne incognita

Downloaded From IP - 117.239

Varieties Quantity (mg / g root)
P.coffeae  M.incognita

Nendran - Healthy 0.019a 0.018ab
Nendran - Inoculated 0.020a 0.020a
Robusta - Healthy 0.010a 0.010de
Robusta - Inoculated 0.018a 0.017b
Pisang Jari Buaya - Healthy 0.017a 0.017b
Pisang Jari Buaya - Inoculated 0.015a 0.015bc
Musa balbisiana - Healthy 0.010a 0.010e
Musa balbisiana - Inoculated 0.009a 0.009
Karthobiumtham — Healthy 0.015a 0.013cd
Karthobiumtham - Inoculated 0.013a 0.017b
CD (P=0.05) 0.001 0.031

CV (%) 6.94 12.16

Means followed by a common letter are not significantly
different at 5% by DMRT
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Oxidase in nematode inocul ated plants of cvs.Nendran
andRobustafollowed by dightly reduced enzymeactivity
ininfected cv.K arthobiumthamandtheincreased activity
in nematode inocul ated plants of cvs.Pisang Jari Buaya
and Musa balbisiana.

Phenylalanine AmmonialLyase (PAL) activity was
estimated using 1mM L-phenylalanine as a substrate.
The results of the study showed significantly lower
activity of PAL innematodeinocul ated plantsof susceptible
cultivars, whileintheresistant varieties, the PAL activity
increasedinboth healthy and nematodeinocul ated plants
of cv.Karthobiumtham. The highest quantity of phenol
was accumulated in cv.Nendran infected plant (218.74
ug/g root), followed by cv.Robusta (161.16 ug/g root).
The lowest amount was observed in Pisang Jari Buaya
(45.00 ug/g root) of healthy plants (Table-3). The
important role of polyphenol oxidase is to oxidize
polyphenolsinthephenoliccomplex. M ost phenol soccur
in plant tissuesinboundformwhich containsbothmono
and polyphenols. Accumulation of mono phenolsisan
important criterion for resistance. The ratio between
PPO & phenol wasobservedtobelower inresistant cvs.
Karthobiumtham and M. balbisianaand much higherin
susceptible cvs. Nendran and Robusta (Table 3). It was
in agreement with Giebel (1974) who explained the
functionof polyphenol sincontributing resi stance.

Theaccumul ation of phenol svaried dependingonthe
nematode infection. There was higher phenolic
accumulation in susceptible varieties after nematode
infection. InNendran, 56% increasein phenolic content
was observed. The lowest phenolic accumulation was
notedin cv.Karthobiumtham. Eventhoughthephenolic
accumulation was very low in resistant plant, but PPO
activity washigh. It might have resulted in oxidation of
polyphenol sand accumul ation of monophenolswhichare
responsible for resistant reaction. More amounts of
polyphenols accumulated in cv.Nendran resulted in
susceptiblereaction. Themolecular analysisrevealed a
higher rate of mMRNA synthesis soon after nematode
infection. Raja& Dasgupta(1986) reportedthat initiation
of symptomexpressioninnematodeinduced plant diseases
was triggered by de novo synthesis of new species of
MRNA, alongwithrapidalteration of plant metabolismat
genetranscriptional level after nematodeinfection.
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Table2. Changesin activity of Peroxidase, Polyphenol oxidose (PPO) and phenylalanineammonialyase (PAL) in bananaroots
as influenced by Pratylenchus coffeae and Meloidogyne incognita

Varieties Enzyme activity (Units/ g of root)
Peroxidase PPO PAL
P. coffeae M. incognita  P. coffeae =~ M. incognita  P. coffeae M. incognita

Nendran — Healthy 70.45f 67.75d 12.43e 10.96d 51.20g 51.50

Nendran - Inoculated 185.21a 189.09a 7.32 6.63e 47.89i 48.50¢

Robusta — Hesalthy 95.42¢ 93.68c 25.28a 24.54a 65.24b 67.16°

Robusta - Inoculated 150.22b 147.190 9.11g 7.98e 60.45d 65.60~

Pisang Jari Buaya - Healthy 2045 18.26e 8.42h 7.71e 60.76cd 65.16°

Pisang Jari Buaya - Inoculated 24.84i 21.65e 12.11f 11.25d 67.35a 70.507

Musa balbisiana — Healthy 108.64d 102.71c 19.27c 19.23b 54.60f 56.60¢

Musa balbisiana - Inoculated 112.36c 104.66¢ 22.98b 23.16a 55.80e 57.60°
. Karthobiumtham — Healthy 36.21g 32.41e 17.20d 16.23c 50.00h 51.00
%Karthobiumtham - Inoculated 29.54h 28.55e 12.12f 11.88d 61.15c 63.30°

£ with nematodes
=0. 0.095 15.84 0.014 2.35 0.55 179
CV (%) 0.067 1153 0585 99 056 176
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> Means followed by a common letter are not significantly different at 5% by DMRT

i Table3. Accumulation of Phenolsandr atioof polyphenol oxidase(PPO) and phenol inbananar ootsasinfluenced by Pratylenchus
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5. coffeae and Meloidogyne incognita

éVarieties Quantity of phenol Ratio (PPO:Phenols)

3 (Units/ g of root)) (Units/ g of root))

(_g P. coffeae M. incognita P.coffeae M. incognita

. Nendran - Healthy 94.816¢ 96.15° 18 1:9
Nendran - Inoculated 212.453a 218.74 131 133
Robusta — Healthy 69.143f 68.17 1:26 1:30
Robusta - Inoculated 156.940b 161.16° 118 120
Pisang Jari Buaya - Healthy 43.210j 4500 15 16
Pisang Jari Buaya - Inoculated 56.6669 58.80¢ 145 145
Musa balbisiana — Healthy 88.310d 87.003° 145 1:32
Musa babisiana — Inoculated 76.256e 74.98¢ 133 13
Karthobiumtham — Healthy 46.726i 4847 1:27 13
Karthobiumtham - Inoculated 50.450h 49.68" 14 141
CD (P=0.05) 2.809 042

CV(%) 1830 027

Means followed by a common letter are not significantly different at 5% by DMRT
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Theresultsof thepresent study indicated thecultivars,
Pisang Jari Buaya, Musabal bisianaand Karthobiumtham
to be resistant to both nematodes whereas cvs.Nendran
and Robusta are known to be susceptible to both the
nematodes.
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