
Banana production in India is severely threatened by
many species of nematodes, including lesion producing
nematodes such as Radopholus similis Cobb and Praty-
lenchus coffeae (Zimmermann) Goodey (Sarah et al.,
1992; Rajendran et al., 1980) that are considered of eco-
nomic importance. Sundararaju (1996) reported that R.
similis caused severe root rotting, resulting in about 25-
35% reduction in yield. Thus, the foremost aim in ba-
nana and plantain improvement is to enhance the quan-
titative and qualitative traits besides developing hybrids
with increased resistance/tolerance to major nematode
pests (Kumar and Soorianatha Sundaram, 2002). Previ-
ous screenings carried out at Tamil Nadu Agricultural
University, India, resulted in the identification of poten-
tial nematode tolerant diploid bananas such as
Anaikomban (AA), Matti (AA), Namarai (AA) and
Pisang Lilin (AA) (Sathiamoorthy and Balamohan,
1993). These hybrids were thereafter crossed with com-
mercial triploids to develop primary tetraploids/sec-
ondary triploids with good horticultural traits, including
resistance to nematodes (Damodaran, 2003). Root his-
tology of banana showed that resistant cultivars possess
greater numbers of pre-formed phenolic cells in the
root cortex with higher biochemical contents (Fogain,
1996; Collingborn et al., 2000). The presence of a thick
lignified and/or a suberized layer in the endodermis also
restricts nematode penetration in the roots of banana
clone Yangambi Km5 (Valette et al., 1997).

Therefore, a screening of these new banana hybrids
was conducted to assess their responses to P. coffeae and

to confirm the resistance/tolerance by assessing the con-
tent of peroxidase (PO), polyphenol oxidase (PPO),
phenylalanine ammonia lyase (PAL), lignin and isozymes
of polyphenol oxidase in the roots under pot conditions.

MATERIALS AND METHODS

Assessment of nematode response 
The suckers were obtained from nematode-free ba-

nana hybrids and parents and tested in pots (60 × 45 cm)
filled with a pot mixture (red earth, FYM and topsoil in
the ratio of 1:1:2, respectively) sterilized by 4% formalde-
hyde. The plants were fertilized with Hoagland’s No. 2
nutrient solution fortnightly. The population of the lesion
nematode P. coffeae was maintained in 5 kg pots contain-
ing sterilized pot mixture and planted with the suscepti-
ble banana cultivar Robusta. Extraction and counting of
the nematodes from the roots of the affected plants were
done as per methods of Carlier et al. (2002). Five thou-
sand nematode specimens were inoculated in the rhizos-
phere of the hybrids by the soil injection method (Sarah
et al., 1992). All hybrids screened for resistance were al-
lowed to grow for 90 days in a glass-house at 25-27 °C.
Then the length of five selected functional roots was re-
duced to 10 cm and the roots were sliced lengthwise.
Scoring for migratory endoparasitic nematodes was car-
ried out on one half of each of the five roots by assessing
the percentage of root cortex showing necrosis. The max-
imum root necrosis score per root half was 20 per cent,
giving a maximum root necrosis of 100 per cent for the
five root halves added together. Necrosis of the individ-
ual roots was recorded as RN1 to RN5 and the sum was
the total root necrosis of the sample (TOT RN).
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The corm was cleaned thoroughly with water. The num-
ber of root bases (RB) on the selected outward half of
the corm was counted and scored for nematode relat-
ed damage, which appears as blackish-purple lesions
around the root bases and was scored as: 0 = no le-
sions: 1 = one small lesion, 2 = several small lesions, 3
= one large lesion, and 4 = several large lesions.

To estimate the population of the nematodes, the
roots of the inoculated plants were washed free of soil,
dried by wrapping in absorbent tissue and cut into
pieces of 1 cm and weighed. Then, a sub-sample of 15 g
of roots per replicate was put into 100 ml of distilled
water in a kitchen blender and macerated 3 times for 10
sec and sieved through 250-106-40 µm sieves. The ne-
matodes from the 40-µm sieve were collected in a
beaker and made to a standard volume of 200 ml. The
suspension was agitated with a pipette and 6 ml taken in
a counting dish and nematodes counted under a stere-
omicroscope (Carlier et al., 2002).

Assessment of biochemical changes
The content of the enzymes peroxidase (PO),

polyphenol oxidase (PPO) and phenylalanine ammonia
lyase (PAL), and the content of phenols and lignin in
the roots were determined for each replicate after three
months, just before root samples were scored for nema-
tode damage.

The total phenols in the roots was estimated using
Folin Ciolcalteau reagent and measuring absorption at
660 nm in a spectrophotometer, and is expressed as
mg/g root (Spies, 1955). The lignin content in roots was
gravimetrically estimated following the method of Ches-
son (1978), using a mixture of 5 ml of concentrated
H2SO4 and 50 ml of HCl for 16 hr at 25 °C in a shaker,
and expressed as a percentage by weight.

Enzyme extraction. One gram of root sample per
replicate was homogenized with 2 ml of 0.1 M sodium
phosphate buffer (pH 7.0) at 4 °C. The homogenate
was centrifuged for 20 min at 8000 g. The supernatant
was used as crude enzyme extract for assaying peroxi-
dase and polyphenol oxidase. Enzyme extracted in bo-
rate buffer was used for estimation of phenyl alanine
ammonia lyase.

The PO activity was assessed according to Hammer-

schmidt et al. (1982). The reaction mixture (3 ml) consist-
ed of 0.25% v/v guaicol in 10 mM potassium phosphate
buffer (pH 6.9) containing 10 mM hydrogen peroxide.

The PPO activity was assessed using the modified
method of Mayer et al. (1965), using 0.1 M phosphate
buffer (pH 6.5) and 0.01 N catechol along with enzyme
extract. 

The PAL assay was conducted according to the
method described by Ross and Sederoff (1992), using
500 µl of borate buffer and 600 µl of 12 mM L-pheny-
lalanine along with 400 µl enzyme extract as reaction
mixture.

Isozyme analysis of the enzyme PO. One gram of root
sample per replicate was homogenized with 2 ml of 0.1
M sodium phosphate buffer (pH 7.0) at 4 °C. The ho-
mogenate was centrifuged for 20 min at 8000 g. The su-
pernatant was used as crude enzyme extract for PO. For
native anionic polyacrylamide gel electrophoresis, resolv-
ing gels of 8% acrylamide concentration and stacking
zones of 4% acrylamide concentration were prepared.
For estimation of PO, the gels were incubated in dark-
ness in a solution containing 100 mg benzidine powder
(dissolved in 0.5 ml of acetone) in 50 ml of acetate buffer
for a period of 30 minutes after electrophoresis. Drops
of 30% H2O2 were added with constant shaking till the
bands appeared (Sindhu et al., 1984).

Statistical design and analysis
Each hybrid was replicated three times according to a

completely randomized design with each replicate con-
sisting of four suckers. For enzyme assay, four samples
from the roots of each hybrid were used for the analyses. 

Data were subjected to analysis of variance using the
SPSS 11.5 statistical package and means compared by
the LSD at P = 0.05.

RESULTS AND DISCUSSION 

Assessment of nematode resistance under 
pot conditions

The proportion of root bases with lesions caused by
P. coffeae varied from 8.7 to 70% among the hybrids
and from 0.01 to 48.1% among the parents (Table II).
Variation was also observed in the corm lesion index
among hybrids (1.5 to 4) and parents (0 to 4). There
was a considerable variation of the nematode popula-
tion among the genotypes. The population level of the
hybrids scored as tolerant ranged from 6,510 to 10,110
nematode specimens per 15 g of roots, and from 10,000
to 12,800 among the hybrids scored as susceptible.
Among the hybrids, the smallest population (6,510) was
recorded in H-02-34 and the largest in H-02-29
(12,800). The tolerant hybrids identified from the par-
ents may provide unique genes for tolerance in combi-
nation with more acceptable agronomic characters.
Based on this concept of tolerance, the hybrids H-02-34
and NPH-02-01 were scored as tolerant. These hybrids
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Table I. Orientative scale to assess the reaction of bananas to root
lesion nematodes according to Pinochet (1988).

L e s i o n  i n d e x 
P l a n t  r e s p o n s e 

R o o t s  (% ) R h i z o m e 

I m m u n e 
R e s i s t a n t 
T o l e r a n t 
S u s c e p t i b l e 
H i g h l y  s u s c e p t i b l e 

0 
<  10 
1 0 - 2 0 
2 0 - 4 0 
>  40 

0 
<  1
1 - 2
2 - 4
> 4 
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had fewer nematode specimens per 15 g of roots than
the susceptible cultivars and also registered the lowest
root and corm lesion indices. 

The hybrid H-02-34, tolerant to P. coffeae (Table II),
also had a good bunch weight of 13.5 kg and produced
a good number of functional roots and root bases with
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Table II. Reaction level of banana hybrids and their parents to Pratylenchus coffeae in pots.

Each figure is the average of three replicates.
R = Resistant; T = Tolerant; S = Susceptible; HS = Highly susceptible.
*OP = Open pollinated.

Hybrid Parents Genome
Corm lesion

index
Root lesion

index
Nematodes
in 15g roots

Reaction
level

Bunch weight
(kg)

H-02-06  H 201 × AN AB 4.00 87.50 12000 HS 4.50

H-02-07  H 201 × AN AB 2.00 20.50 9890 T 5.00

H-02-08  H 201 × EV AAB 1.50 15.00 9000 T          10.00

H-02-09  H 201 × PL AB 3.00 26.50 11000 S 6.40

H-02-10  H 201 × H 110 AB 2.00 22.50 10200 S 6.75

H-02-11  H 201 × H 110 AB 2.50 22.50 10000 S 3.60

H-02-15  H 201 OP* AB 3.00 29.00 11500 S 5.37

H-02-17  KV × PL AABB 2.50 36.00 12000 HS 9.25

H-02-18  KV × PL AABB 3.50 46.50 12500 HS 8.65

H-02-19  KV × EV AABB 2.50 21.50 10900 S 8.50

H-02-20  KV × Red AABB 4.00 47.50 11800 HS 8.85

H-02-21  KV × Red AABB 2.50 19.50 9250 T 12.53

H-02-23  KV × Red AABB 3.50 39.00 11950 HS 7.50

H-02-25  KV × Red AABB 2.50 15.50 10000 T 6.57

H-02-26  KV × Red AABB 4.00 31.50 12350 HS 9.25

H-02-27  KV × Red AABB 3.50 29.50 11000 S 10.00

H-02-28  KV × Red AABB 4.00 41.00 11950 HS 7.83

H-02-29  KV × Red AABB 3.00 43.50 12800 HS 9.67

H-02-30  KV × Red AABB 3.50 54.50 12315 HS 12.00

H-02-31  KV × Red AABB 2.50 17.50 10110 T 10.75

H-02-32  KV × Red AABB 2.50 24.50 11120 S 7.65

H-02-34  KV × Red AABB 1.50 6.50 6510 T 13.50

H-02-36  KV × Rob AABB 3.50 27.00 10110 S 9.50

NPH-02-01  H201 × AN AAB 1.50 14.50 8350 T 13.00

NPH-02-02  H201 × AM AB 2.50 26.50 11000 S 5.25

Parents

 H201 AB 0.00 4.50 7000 R 2.10

 Anaikomban (AN) AA 1.00 11.00 10650 T 5.60

 Ambalakadali (AM) AA 1.00 19.00 10800 T 9.25

 Erachi Vazhai (EV) AA 1.00 17.50 11000 T 4.27

 Pisang Lilin (PL) AA 0.50 15.50 10900 T 3.55

 H110 AB 2.00 29.00 11250 S 2.82

 Karpooravalli (KV) ABB 2.00 17.00 10000 T 12.90

 Red Banana (Red) AAA 3.00 38.00 12250 HS 7.97

 Robusta (Rob) AAA 4.00 54.00 12650 HS 21.17

CD (0.05%) 1.010 4.26 45.383 2.14

SEd 0.496 0.29 22.321 1.05

0.00

1.00

1.00

1.00

0.50

2.00

2.00

3.00

4.00

1.010

0.496
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few root lesions. Gowen (1993) reported that some
tetraploids bred in Jamaica may develop larger root sys-
tems and show a lower level of susceptibility. Earlier
screening had also indicated the resistance of hybrid H-
02-34 to Radopholus similis (Krishnamoorthy, 2002), so
it would be a good potential female parent in breeding
for tolerance to nematodes in banana. 

The hybrids H-02-07, H-02-08, H-02-21, H-02-25,
H-02-31 and NPH-02-01 showed tolerance to the ne-
matodes. Hybrid NPH-02-01 showed the highest level
of tolerance with the lowest lesion index (14.5%). This
combination of characters may be due to incorporation
of a resistance gene from the parent H201 and a toler-
ance gene from the cultivar Anaikomban (Table II).

Resistant × tolerant crosses produced both tolerant
and susceptible hybrids, suggesting that resistance/tol-
erance to nematodes is under polygenic control. Segre-
gation for resistance/tolerance and susceptibility was
expected because of the heterozygous nature of the par-
ents. Rowe and Rosales (1996) indicated that one or
more dominant alleles control genetic resistance to bur-
rowing nematode.

The hybrids NPH-02-01 (13 kg of bunch weight)
and H-02-08 (10 kg of bunch weight) had the lowest
susceptibility indices, achieving scores of tolerant (Table
II). The tolerance in these hybrids may be attributed to
additive effect of the triploid genomes (AAB), which
had inherited the entire genome of AB from the resis-
tant diploid H 201 and the tolerant ‘A’ genome from
Anaikomban or Erachi Vazhai, respectively.

Role of biochemical markers in imparting tolerance 
to nematodes

Among the various enzymes, peroxidase (PO) is con-
sidered as one of the important defence related enzymes.
The enzyme activity of PO (Table III) varied consider-
ably and ranged from 8.4 to 16.45 ∆A470 min-1 g-1 fw in
tolerant hybrids, with the exception of H-02-31 (3.85
∆A470 min-1 g-1 fw), and from 2.79 to 9.52 ∆A470 min-1 g-1

fw among susceptible hybrids. Within the tolerant hy-
brids, NPH-02-01 and H-02-34 registered higher peroxi-
dase activity than their parents. Enzyme assay studies
showed that time-course pattern of peroxidase accumula-
tion was different in resistant and susceptible pearl millet
seedlings (Shivakumar et al., 2003). The role of peroxi-
dases has been cited in a number of reports on defence
mechanisms against invading pathogens, such as the hy-
persensitive response (Levine et al., 1994). Polyphenol
oxidase (PPO) activity varied from 0.36 to 1.10 ∆A495
min-1 g-1 fw among tolerant hybrids and from 0.11 to 0.62
∆A495 min-1 g-1 fw among susceptible hybrids. This may
be due to the alteration of redox potential of the host
leading to the abrupt rise in the activity of PPO (Vid-
hyasekaran, 1988). Phenylalanine ammonia lyase (PAL)
activity ranged from 0.00636 to 0.1235 nmol min-1 g-1 in
tolerant hybrids and from 0.00122 to 0.00425 nmol min-1

g-1 in highly susceptible hybrids. The hybrids NPH-02-
01, H-02-34 H-02-31, H-02-25 and H-02-21 showed

higher PAL activity than their respective parents. Earlier
reports, from our laboratory, on the involvement of
phenylalanine ammonia lyase in banana/nematode inter-
actions, recorded increased activity in highly tolerant va-
rieties and decreased enzyme activity in highly suscepti-
ble varieties (Krishnamoorthy, 2002).

Besides phytoalexins, most plants synthesize toxic com-
pounds such as phenols and lignin as part of normal de-
velopment, and they are called phytoancticipins (Van Et-
ten et al., 1995). There were significant differences be-
tween the susceptible hybrids and the tolerant hybrids.
Phenol content ranged from 490.6 µg g-1 (H-02-25) to
722.37 µg g-1 (H-02-34) among tolerant hybrids and from
213.91µg g-1 (H-02-20) to 385.27 µg g-1 (H-02-17) among
highly susceptible hybrids. Earlier studies of phenolic ac-
tivity showed higher accumulation in resistant and lower
in susceptible banana varieties (Krishnamoorthy, 2002).
The accumulation of phenol may be due to the excess
production of hydrogen peroxide by increased respiration
(Farkas and Kirlay, 1962). However, in our study signifi-
cant differences in phenol content were observed only be-
tween the highly susceptible hybrids and the most tolerant
ones (H-02-21, H-02-34, H-02-25, NPH-02-01). The in-
creased synthesis of phenols, followed by their oxidation
by the higher PPO activity, would have helped to increase
conversion of them into polymers such as lignin. The
lignin content varied from 0.35 to 1.42% in tolerant hy-
brids but from 0.29 to 0.41% in highly susceptible hy-
brids. Tolerant plants, when subjected to biotic stress,
showed elevated levels of free phenolics and contained
more lignin (Kavino et al., 2007). An increase in the num-
ber of lignified cells in tolerant cultivars compared to sus-
ceptible cultivars of banana had already been reported
(Fogain, 1996), and their role in tolerance mechanisms
has also been reported (Sariah et al., 1999; Reuveni and
Karchi, 1987).

Isozyme analysis
The induction pattern of PO in banana hybrids inoc-

ulated with Pratylenchus coffeae revealed five isoforms,
PO1, PO2 PO3, PO4 and PO5 (Fig. 1). The isoform
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Fig. 1. Peroxidase activity in roots of banana hybrids and par-
ents inoculated with Pratylenchus coffeae in pots. 1: Red Banana;
2: H-02-25; 3: NPH-0201; 4: H-02-26; 5: H-02-34; 6: H-02-15.
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PO3 was expressed only in tolerant hybrids H-02-34
and NPH-02-01. These results suggest the possible in-
volvement of acidic isoforms of PO in the host re-
sponse, as reported by Miyazawa et al. (1998).

In conclusion, the overall evaluation of the 25 hybrids
led to the identification of the hybrids H-02-34 and NPH-
02-01 as having high yield potential and tolerance to ne-
matodes. NPH-02-01 is a triploid (AAB) hybrid almost
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Table III. Enzyme activities, phenol content and lignin percent in the roots of phase II banana of hybrids and parents
inoculated with P. coffeae in pots.

Each figure is the average of three replicates.

Parents

 H201 R 6.23 0.87 0.01135 605.00 1.32

 Anaikomban T 6.23 0.72 0.01020 636.50 1.30

 Ambalakadali T 6.00 0.86 0.00957 606.50 1.20

 Erachi Vazhai T 8.38 0.57 0.00818 738.00 1.24

 Pisang Lilin T 12.7 0.97 0.01227 745.50 1.59

 H110 S 3.37 0.45 0.00338 313.50 0.85

 Karpooravalli T 4.41 0.30 0.00345 440.00 1.02

 Red Banana HS 3.55 0.22 0.00206 139.50 0.53

 Robusta HS 4.05 0.26 0.00211 229.50 0.61

CD (0.05%) 0.448 0.036 0.0006 4.412 0.122

SEd 0.220 0.018 0.0003 8.975 0.060

 Hybrid Reaction
level

Peroxidase
(∆A470 min-1 g-1 fw)

Polyphenol
oxidase

(∆A495 min-1 g-1 fw)

PAL
(nmol min-1 g-1)

Total Phenols
 (µg g-1 )

Lignin
(%)

H-02-19 S 8.79 0.59 0.00645 583.70 0.90

H-02-36 S 4.02 0.41 0.00645 421.88 0.80

NPH-02-02 S 6.48 0.54 0.00730 510.50 0.84

H-02-09 S 6.44 0.58 0.00547 520.50 0.97

H-02-10 S 7.59 0.62 0.00747 607.65 1.05

H-02-11 S 9.52 0.55 0.00788 619.07 1.13

H-02-15 S 5.25 0.22 0.00312 457.00 0.55

H-02-32 S 4.22 0.46 0.00525 414.36 0.53

H-02-27 S 3.15 0.21 0.00490 347.58 0.35

H-02-06 HS 2.79 0.11 0.00122 211.00 0.29

H-02-30 HS 4.11 0.34 0.00144 267.23 0.31

H-02-17 HS 4.88 0.31 0.00300 385.27 0.60

H-02-18 HS 3.84 0.26 0.00250 292.45 0.33

H-02-20 HS 4.14 0.28 0.00334 213.91 0.33

H-02-26 HS 5.05 0.25 0.00425 363.85 0.39

H-02-23 HS 3.85 0.21 0.00227 275.54 0.33

H-02-28 HS 3.00 0.35 0.00344 312.87 0.37

H-02-29 HS 3.45 0.31 0.00280 365.15 0.41

H-02-07 T 8.40 0.36 0.00757 533.00 0.73

H-02-08 T 9.59 0.75 0.00855 644.91 1.24

H-02-21 T 12.70 0.61 0.00636 555.60 1.42

H-02-34 T 13.05 0.86 0.01160 722.37 0.35

H-02-25 T 11.65 0.85 0.00800 490.65 0.63

NPH-02-01 T 16.45 1.10 0.01235 656.74 1.27

H-02-31 T 3.85 0.64 0.00912 686.00 0.97

0.01135 605.00

0.01020 636.50

0.00957 606.50

0.00818 738.00

0.01227 745.50

0.00338 313.50

0.00345 440.00

0.00206 139.50

0.00211 229.50

0.0006 4.412

0.0003 8.975
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akin to Pome group in terms of bunch traits. This hybrid
needs to be tested in the field in areas where the nema-
todes are endemic to assess its yield potential. The female
and male fertility of this hybrid offers further scope for
improvement. Of the other hybrids, H-02-34 is a
tetraploid AABB with female fertility and H-03-08 is a
triploid that can be backcrossed with tolerant diploids,
such as Anaikomban and Pisang Lilin, to produce sec-
ondary triploids.
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