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ABSTRACT: The biochemical alterations in resistance banana accessions showed that relatively higher Phenylalanine Ammonia
Lyase (PAL) activity than the susceptible ones indicating the inherent higher content of PAL in resistant accessions. The higher
activity of this enzyme in resistant accessions viz.,, Karthobiumtham, M. balbisiana, Kanai Bansi, Bhimkol, Athiakol, Aittakol,
Kechulepa was negatively correlated with lesion index of roots and corm. Increase in phenol content and enzyme activities were
negatively related with the degree of infestation. In the present study, total phenol estimated in roots of banana genotypes showed
that these compounds were higher in resistant accessions than susceptible ones.
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Thelossesduetoinfection by nematodesin bananas

. and plantains vary depending on the extent of infection
“and the ability of the cultivars to resist or tolerate
& infection. Variationwithrespect tocultivar susceptibility
i has been well documented in numerous studies (Gowen
e etal., 1998; Pinochet et al., 1988; Van den Bergh et al.,
2 2000). Plants show a variety of responses when they
?;; attempt to resist the attack by pathogens. When these
£ responsesaresuccessful and prevent or inhibit nematode
“ growth, theplant isconsidered to have completeor fully
functional resistance. Most of thisresistanceisfoundin
hypersensitivetypeof responsesthat involve changesin
enzymeactivity, phenol metabolismanddeposition of the
newly synthesized material incell wallsand regulation of
freeradical O, (Ganguly & Dasgupta, 1980; Zacheo et
al., 1995).
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Several researchers have emphasized the role of
phenols as an expression of defense mechanism by the
host plants (Bajgj et al., 1983; Bleve-Zacheo et al.,
1990). The phenolic compounds are the best known
factorsinvolved in susceptible-resistance response.

The present investigations on banana (Musa spp.)
were therefore carried out to identify resistant lines
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against Pratylenchus coffeae and to understand the
mechanism of nematode resistance in banana.

MATERIALS AND METHODS

Tendiploidsand49triploi dsbel ongingtothe Eumusa
section, comprising of wild and cultivated banana
accessions collected from different parts of India and
maintained in the germplasm bank of the Crop
Improvement division, NRCB, were studied at the
experimental farm of the National Research Centre for
Banana(NRCB), Tiruchirapalli during 2004-06. Healthy
bananasuckersof uniform size and weight (750 g) were
collected and immersed in water at 55°C for 15 minand
used as starting material. They were then planted in
cement pots containing 20 kg of pot mixture (red soil:
sand: farm yard manure-2:1:1), sterilized with
formaldehyde (4%). The soil was watered to field
capacity. Theindividual potswerelabeled with name of
the genotype, genomic statusand arranged in afactorial
completely randomized design (FCRD) with five
replications. Uninocul ated controlswereincludedinthe
experiment as comparison to study the sensitivity of the
genotypes.
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Preparation and maintenance of nematode cultures
and inoculation of banana plantswith Pratylenchus
coffeae

Healthy bananacormsof cv. Nendranwereselected
and planted at the rate of one per pot, filled with
autoclaved pot mixture consisting of sand, red soil and
FY M mixedinequal proportions. Rootsinfested with P.
coffeae were collected from infested field of banana,
washed in water, cut into small bits and processed in a
warring blender. The nematodes were extracted and the
nematodesuspensi onwasthen pouredintotherhizosphere
of the plants after the emergence of roots. Banana
cultivars maintained in the pots were inoculated with
infectivejuvenilesof root-lesion nematode, P.coffeae @
1,000 nematodes/pot, respectively in the holes made
around therhizosphere of the plantsafter the emergence
of rootsi.e. at 45 DAI. After inoculation the soil was
lightly watered. Biochemical estimationwasdoneat 90th
day after inoculation (DAL).

Total phenol content was estimated by Folin
Ciocateau method (Malik & Singh, 1980). The PAL
assay was conducted as per the method described by
Ross & Soderoff (1992). The assay mixture containing
10ml of enzyme, 500 ml of 50mM TrisHCI (PH 8.8) and
600 ml of 1 mM L -phenylalanine was incubated for 60
min. Thereactionwasarrested by adding2 N HCI. Later
1.5 ml of toluene was added, vortexed for 30 sec,
centrifuged (1000 rpm, 5 min) and toluene phase was
measured at 290 nm against theblank of toluene. Standard
curvewasdrawn using graded amountsof cinnamicacid
in toluene and the enzyme activity was expressed as
nmoles of cinnamic acid /min/g fresh tissue.

Two separateexperimentswereconductedfor diploid
and triploid accessions, based on afactorial completely
randomized design, withfivereplicatesfor eachgenotype.
The data recorded were subjected to statistical scrutiny
by analysis of variance (ANOVA) using the AgRes
statistical software (1994, Pascal I nternational Software
Solutions). Conclusions were drawn from the results
obtained from the package.
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RESULTS

ThePAL activity differed significantly betweenthe
accessions, treatments and interaction (Table 1 and 2).

The diploid accession M. balbisiana (23.3 unity/
min/g) registered the highest phenylalanine ammonia
lyase activity, while the lowest was observed in
Elakkiebale. Theuninocul ated plants(control) registered
thelowest phenylalanineammonialyaseactivity of 15.0
units/min/g irrespective of the accessions screened. In
nematodeinocul ated plants, phenyla anineammonialyase
registered the highest activity in M. balbisiana (28.90
units/min/g fresh weight) followed by Bhimkol (28.00
units/min/g). The percentage increase of phenylalanine
ammonia lyase activity over control was more in the
genotype M. balbisiana (64.47 per cent).

Among the various triploid accessions screened,
Jahaji (9.9unitsmin/g) registeredthelowest phenylaanine
ammonialyase activity (Table 2) whilethe highest was
observed in Chinali (22.2 unitsmin/g). Among the
treatments, the inoculated plants recorded the highest
PAL activity of 17.9 unitsmin/g. Chinali recorded the
highest PAL activity of 25.8unitsmin/gwhilethelowest
activity was recorded in Jahgji and Longol Local. The
percentage increase of phenylalanine ammonia lyase
activity over control was more in the genotype
Karthobiumtham.

Nematodeinfestation increased the activity of PAL
in all the banana accessions tested and the differences
were significant.

The total phenol content of the banana accessions
was estimated in roots and the results showed that there
wasasignificant variation among the accessions(Table
1land 2).

Among thediploid accessions screened, the highest
total phenol content was noticed in M. balbisiana
(11.5mg/g). Among the treatments, the nematode
inocul ated plantsrecorded the maximum phenol content
of 11.0 mg/g. The total phenol content recorded the
highest value of 14.6 mg/g of roots in M. balbisiana
when infected.
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Table 1. Phenylalanineammonialyaseactivity (mg/g) and total phenol content in diploid bananaaccessionsinoculated with P.

coffeae
Phenylalanine ammonia lyase activity (mg/qg) Total phenol content (mg/g)

T,-Cirl T,-Inoc A Mean Inc. % T,-Cirl T,-Inoc A Mean Inc. %
1. Kana Bans 17.0 276 223 62.23 80 137 109 7112
2. Aktoman 138 208 17.3 50.68 74 117 96 57.92
3. Elakkiebale 117 171 144 46.06 5.6 85 71 52.64
4. Manguthamng 130 174 15.2 34.23 45 6.3 54 39.12
5. Kechulepa 127 206 16.7 62.44 6.4 11.0 8.7 7136
6.  Manohar 139 188 164 35.32 4.7 6.6 5.7 40.36
7. M. balbisiana 17.6 289 233 64.47 84 146 115 73.68
8. Athiakol 16.0 263 212 64.40 76 132 104 73.60
9.  Bhimkol 175 280 228 60.06 79 133 10.6 68.64
10. Aittakola 16.3 255 209 56.35 6.8 112 9.0 64.40
T Mean 15.0 231 54.00 6.7 11.0 64.18

A T AXT A T AXT

CD (P=0.05) 0.556 0.248 0.787 0.264 0.118 0.374

Thehighest total phenol content wasobservedinthe
triploid accession Karthobiumtham (12.8mg/g). The
uninoculated plants (control) registered the lowest total
phenol content of 5.7 mg/g. Total phenol content varied
from 3.6t09.2mg/gof freshrootinaccessionsManjahaji
and Karthobiumtham maintained as control. In the
nematode inocul ated plants, the range was between 5.3
and 16.4 mg/g.
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Thetotal phenol intherootsof thebananaaccessions
studied indicated a positive response due to nematode
infestation and was more as compared to uninoculated
banana roots.

DISCUSSION

Phenylalanineammonialyaseisthe most important
enzyme in the synthesis of phenolics, phytoalexin and
lignin. Hence it is considered as the most important
enzyme in disease resistance. Lignin and wall bound
phenolicsaresynthes zedinthephenyl propanoid pathway.
PAL isthefirst enzymeinthe phenylpropanoid pathway
and thus, PAL isinvolved in the defense mechanism of
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theplant. Theenzymeestimatedinthecurrentinvestigation
showed that relatively resistant accessions possessed
higher PAL activity than the susceptible onesindicating
theinherent higher content of PAL inresistant accessions.
Thehigher activity of thisenzymeinresistant accessions
viz., Karthobiumtham, M. balbisiana, Kanai Bansi,
Bhimkol, Athiakol, Aittakol, Kechulapawasnegatively
correlated with lesion index of roots and corm.

Devargjan & Seenivasan (2002) observed that
inoculation of M. incognita increased the polyphenol
oxidase (catechol oxidase) activity in banana. I ncreased
activity of peroxidase in tomato and phenylalanine
ammonialyasein brinjal was positively correlated with
nematode resistance (Rajasekar et al., 1997; Sirohi &
Dasgupta, 1993).

Besides phytoalexins, most of the plants synthesis
toxiccompoundslikephenols, prolineandligninaspart of
the normal development and are called phytoanticipins
(Van Etten et al., 1995). Their roles in resistance
mechanism have been reported earlier by many workers
(Reuveni et al., 1992; Fogain & Gowen, 1996; Sarah et
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Table 2. Phenylalanineammonialyase activity (mg/g) and total phenol content in triploid banana accessionsinoculated with

P. coffeae
Phenylalanine ammonia lyase activity (mg/g) Total phenol content (mg/g)

T,-Ctrl T,-Inoc A Mean Inc. % T,-Ctrl T,-Inoc A Mean Inc. %
1. BharatMoni 143 202 17.3 411 65.4 79 6.7 47.04
2. Jahaji 83 114 99 36.79 59 84 7.2 4204
3. Manjahgji 99 139 119 40.25 36 53 45 46.00
4.  Barjahgji 106 144 125 3553 44 6.2 53 40.60
5. Honda 10.0 139 120 39.10 59 87 7.3 47.12
6. Nendrapadathi 129 182 15.6 41.23 48 6.9 5.9 44.68
7. Krishnavazhai 127 17.8 153 40.25 6.2 91 7.7 46.00
8. Vannan 9.7 134 116 3822 6.0 86 7.3 4368
9.  Chindi 186 258 222 3850 59 85 7.2 44.00
10. Kadi 11.8 16.0 139 35.29 54 76 6.5 40.34
11. Raithai 109 14.7 128 34.65 59 82 71 39.60
12. Digjowa 154 204 17.9 3255 39 54 47 37.20
13.  Malbhog 117 171 144 46.10 5.0 76 6.3 52.68
14. Saapkal 146 19.8 172 35.28 72 101 8.7 40.32
15. Honda 96 133 115 38.26 6.6 95 81 43.72
16. Digjowa 112 154 133 37.66 6.8 9.7 83 43.04
17.  Jatika 13.2 195 164 47.95 56 8.7 72 54.80
18.  Cheenichampa 126 17.2 149 36.75 4.7 6.7 5.7 42,00
19. Dasaman 104 14.7 12.6 41.30 6.0 838 74 47.20
20. Thiruvanan- 136 203 17.0 49.40 6.8 10.6 8.7 56.46

thapuram
21. Borchampa 9.6 130 11.3 35.60 43 6.0 5.2 40.68
22. Krishnasagar 125 18.0 153 43.96 54 81 6.8 50.24
23. Dudhsagar 16.0 236 198 47.78 6.1 94 7.8 54.60
24.  Sabri 9.8 133 116 35.56 5.6 79 6.8 4064
25. Dinamalakol 126 175 151 39.19 6.3 91 7.7 44.78
26. Malai Kali 16.0 235 198 46.90 75 115 95 53.60
27. Kait Long 127 191 159 50.75 55 87 71 58.00
28.  Karthobiumtham 147 248 198 68.74 9.2 164 128 7856
29. Deshi Kadai 138 211 175 53.20 5.2 84 6.8 60.80
30. Agnimalbhog 126 193 16.0 52.89 45 72 59 60.44
3L Kait Khullung 117 17.3 145 48.24 7.6 11.8 9.7 55.14
Contd.............
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Phenylalanine ammonia lyase activity (mg/qg)

Total phenol content (mg/g)
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T,-Cirl T,-Inoc A Mean Inc. % T,-Cirl T,-Inoc A Mean Inc. %
32.  Nutepong 137 198 16.8 44.45 5.6 84 70 50.80
33.  Kachkel 130 190 16.0 46.48 6.4 9.8 81 53.12
34, Ankur -l 126 210 16.8 66.50 43 76 6.0 76.00
35. Kait Shjeng 127 17.3 150 3591 6.8 96 82 4104
36.  WildHill 117 16.5 141 40.95 7.6 112 94 46.80
37. Longol Local 85 114 100 33.95 40 56 48 38.80
38. Therahaw 103 136 120 3220 45 6.2 54 36.80
39. Therahaw 115 154 135 34.16 44 6.1 53 39.04
40. Nuzzat 145 211 17.8 4550 6.6 10.0 83 52.00
41.  Veneetu Mannan 138 195 16.7 40.95 49 72 6.1 46.80
42.  Ankur- 143 194 16.9 35.56 49 6.9 59 40.64
43. Garomoina 156 216 186 3840 51 73 6.2 43.88
44. Bersain 108 14.6 127 35.56 49 6.9 59 40.64
45. Gera 146 216 181 47.74 4.8 74 6.1 54.56
46. Pordu 138 204 171 47.96 53 82 6.8 54.82
47. Kothia 129 20.0 165 54.74 6.0 9.8 79 62.56
48. Chakia 146 2.7 177 42,00 72 107 9.0 48.00
49. Beula 150 219 185 46.06 6.5 99 82 52.64

T Mean 126 17.9 42.06 5.7 84 47.37
Pisang Lilin 17.8 278 56.21 75 123 64.24
Nendran 102 139 36.75 6.3 89 42,00

A T AXT A T AXT

CD (P=0.05) 0436 0.087 0.617 0.208 0.041 0.295

al., 1999). It isan established fact that in plant diseases
where necrosis is involved, phenolics play avital role
(Wallace, 1961). Accumulation of phenolic compounds
indiseased host plant tissueisconsideredto beduetothe
act of plant as an attempt to limit the development of
pathogen.

In the present investigation, to find the biochemical
basisfor resistance in banana accessions, estimation of
phenolsand enzymeswascarried out. Increasein phenol
content and enzyme activities were negatively related
with the degree of infestation. In the present study, total
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phenol estimated in roots of banana genotypes showed
that thesecompoundswerehigher inresi stant accessions
than susceptible ones. According to Mateille (1994),
these phenoalic cells have arole in resistance in banana
roots. Increase in concentration of phenols following
infection with nematodes was reported by Ganguly &
Dasgupta (1984) in tomato.

Vidhyasekaran (1988) described the occurrence of
many kinds of phenalicsin plants. Among them, total
phenols play auniquerolein response to pathogen and
nematode infection. The results of the present study
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revealed a significant increase in phenol content in the
resistant and tolerant accessions vis-a-vis susceptible
ones. Similar findings were observed by Fogain &
Gowen (1996) and K rishnamoorthy (2002) for nematode
resistance in banana. The accumulation of phenol may
bedueto the excessproduction of hydrogen peroxideby
increased respiration (Farkas & Kiraly, 1962) or due to
the activation of hexose monophosphate (HMP) shunt
pathway, acetate pathway and rel ease of bound phenols
by hydrolytic enzymes (Goodman et al., 1967).

Mateille (1994) found that higher number of cells
with phenolic contents ontherelatively less susceptible
Gros Michel compared to the susceptible Poyo. Fogain
(1996) and Valette et al. (1997) also reported higher
amount of phenolicsintheresi stant genotype Y angambi
Km 5 of bananawhereasWuytset al. (2005) had given
a contradictory report.

Increase in free phenols following infection with
nematodes was also reported by Ganguly & Dasgupta
(1984) intomato, Wuytset al. (2005) in banana, Baj g et
5 al. (1985) in tomato, Shukla & Chakraborthy (1988) in
= tobacco and Muzzafera et al. (1989) in coffee. Such
§ stimulated production of phenolicsfollowingtheinvasion
o of nematodes, isaphysiological processinhost-pathogen
s interactionandisprobably duetoincreasein activitiesof
enzymes such as polyphenol oxidase and peroxidase.
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