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ABSTRACT

Forty three banana hybrids developed by crossing Fusarium and nematode resistant male parents, viz.,
Pisang Lilin, Anaikomban, Pisang Jari Buaya, Ambalakadali, Rose, H-56, H-201 and Yangambi KM5 with
commercial triploid bananas, viz., Karpooravalli, Poovan, Hill banana, Manoranjitham and Rasthali. The resultant
hybrids were screened for their reaction to FOC (Race 1) alone and in combination with Radopholus similis in
pots under glasshouse conditions. When the hybrids were inoculated with FOC alone, H 511, H 516, H 531, H
534, H 537, H 571, H-02-34, H-03-05, H-03-13, H-03-17, H-04-12 and NPH-02-01 were found resistant with a wilt
score 1.0. When FOC was inoculated along with R. similis, the hybrids H 516 and H 531 recorded a root lesion
index of 3.0, a wilt score of 1.0 and rated as resistant to both fungus and nematode. The hybrids H 511, H 534,
H 537, H 571, H-02-34, H-03-05, H-03-13, H-03-17, H-04-12 and NPH-02-01 were found to be resistant to FOC and
tolerant to R. similis. The percent reduction of plant height, plant girth, number of leaves/plant and number of
roots/plant after combined inoculation was the lowest in H 531. Polyphenol oxidase, phenylalanine ammonia
lyase enzyme activities and total phenols contents in root were higher in H 531 than in the other hybrids. This
screening trial indicated that the new banana hybrid H 531 has good combined resistance against FOC and
nematodes.
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INTRODUCTION The current study was framed to develop resistant
hybrids by hybridization of crossing Fusarium and
nematode resistant male parents. The resistance
of newly developed hybrids to R. similis and FOC
was tested along with a study of their biochemical
constituents.

Radopholus similis, is amongst the most
important nematodes associated with banana and
plantain (Seenivasan et al., 13). Banana nematodes
attack root and corm tissues causing damage that
can result in lengthening of the vegetative growth
cycle, production of small bunches, shortened life of pMATERIALS AND METHODS
the production unit and toppling of the plants. Yield )
loss in south India alone due to FOC was estimated The present study was undertaken at Horticultural
to 2-90% (Thangavelu et al., 16). Infestation of R. College and Research Institute, Tamil Nadu Agricultural

similis makes the banana plants highly susceptible University, Coimbatore. Unopened anthers, just prior
to the attack of FOC and it acts as predisposing to dehiscence, were collected from the inflorescence
agent for the entry of FOC and both pathogens cause and pollen smeared over the surface of receptive
destructive disease complex in banana (Poornema et  Stigma of female flowers for production of new
al., 9). In commercial banana production, nematicides hybrids (Rowe and Richardson, 10). Hybridization
and fungicides are often used to maintain the was attempted by crossing Fusarium and nematode
productivity all over the world. But the continuous use  resistant male parents. The new Musa hybrids
of nematicides and fungicides has been increasingly obtained were assessed for ploidy level using stomatal
affecting the environment and causing various health  density and flow cytometry analysis (Damodaran et
hazards to both human and animals. Breeding hybrid  al., 2).
bananas with nematode and Fusarium wilt resistance The suckers of the hybrids were screened against
is an alternate strategy of controlling these pestand FOC alone and in combination with R. similes in
disease simultaneously ensuring environmental pots (30 x 20 x 18 cm) filled with 4% formaldehyde
safety. sterilized pot mixture (red soil: sand: FYM in the ratio
: : . of 2:1:1 v/v). Each hybrid were treated by FOC alone
T o homehoere Grodma s es ©1 Agreutture. Lembucherra. andf in combination with R. similis replicated three
**Department of Pathology, TNAU, Coimbatore, Tamil Nadu times according to completely randomized design

16



Reaction of Musa Hybrids to Fusarium Wilt and Nematode Complex

with each replicate consisting of four suckers. For
FOC alone treatment, pot mixture soil was inoculated
with FOC at 10 pl of conidial suspension per pot 15
days after planting. For combination treatment, R.
similis (multiplied by carrot disc culture technique)
and Fusarium fungus (maintained in sand/maize
medium containing 12 x 103 colony forming units/g)
were inoculated in the rhizosphere of the plants at
5,000 nematodes/pot and 10 ul of conidial suspension
respectively on 15 day after planting. Pots were kept
under glasshouse conditions (30 £ 2°C). After three
months, the suckers were drugged out from each of
pots and resistance for nematode was assessed on
the scale of root lesion index per cent based on the
INIBAP guidelines and the wilt score were assessed
based on discoloration of corms index (Speijer and
De Waele, 14).

The content of the enzymes peroxidase (POX),
polyphenol oxidase (PPO) and phenylalanine ammonia
lyase (PAL) and the content of phenols in the roots
were determined for each replicate after three months,
just before root samples were scored for nematode
and FOC damage. The total phenols in the roots
were estimated using Folin-Ciocalteau reagent and
measuring absorption at 660 nm (Spies, 15). For
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 supernatant was
used as crude enzyme extract for assaying peroxidase
and polyphenol oxidase. Enzyme extracted in borate
buffer was used for estimation of phenyl alanine
ammonia lyase. The POX activity was assessed
according to Hammerschmidt et al. (6) and the PPO
activity was assessed using the modified method of
Mayer et al. (7).

RESULTS AND DICUSSION

A total of 7,550 crosses were performed which
resulted in the production of 2,026 seeds, of which
122 germinated. Forty three parthenocarpic hybrids
were selected for further evaluation (Table 1). Poor
fertility and poor viability of seeds is common in
hybridization. This may be due to the presence of
structural hybridity and chromosomal aberrations
(Dodds, 4). Analysis of hybrids for inheritance
revealed that resistant diploid, triploid and tetraploid
hybrids had either Pisang Lilin or Anaikomban as one
of the parents. However, hybrid H-03-13 exhibited
resistance despite the fact that both parents used
were susceptible. Recovery of resistance genes from
a (susceptible x susceptible) combination may be
due to the transgressive segregation of the hybrids
because of the heterozygous nature of the parents
used in crossing (Ortiz and Vuylsteke, 8). When the
hybrids were inoculated with FOC alone, H 511, H
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516, H 531, H 534, H 537, H 571, H-02-34, H-03-05,
H-03-13, H-03-17, H-04-12 and NPH-02-01 were
found resistant with a wilt score 1.0. When FOC was
inoculated along with R. similis, the hybrids H 516
and H 531 recorded a root lesion index of 3.0, a wilt
score of 1.0 and rated as resistant to both fungus and
nematode. The hybrids H 511, H 534, H 537, H 571,
H-02-34, H-03-05, H-03-13, H-03-17, H-04-12 and
NPH-02-01 were found to be resistant to FOC and
tolerant to R. similis. The lesser lesion index in H 516
and H 531 may be due to less nematode population
due to lesser multiplication rate as suggested by Das
etal. (3). Since, the less entry points existed in these
hybrids made simultaneously resistance to FOC.

Peroxidase activity in susceptible hybrids was
nearly two to three times less than that of resistant
hybrids under control (Table 2). Compared to control,
all the plants exhibited higher peroxidase activity
when inoculated with Fusarium. In case of combined
inoculation also, a similar trend was observed.
The maximum increase in peroxidase activity was
recorded in H 531 in both the treatments (49.10%
under Fusarium and 52.70% under Fusarium +
nematodes inoculated) and lowest increase in
peroxidase activity was recorded in H-02-19 in
both the treatments (3.13% under Fusarium and
7.03% under Fusarium + nematodes inoculated).
The resistance hybrids showed at least two to three
times higher polyphenol oxidase activity than the
susceptible hybrids. The hybrid H 531 recorded the
maximum polyphenol oxidase activity in Fusarium
(324.74 abs/min/g) and Fusarium + nematode (386.60
abs/min/g) conditions. However, the minimum was
noticed in H-03-16. Under Fusarium and Fusarium
+ nematodes inoculated treatments increase in
phenylalanine ammonia lyase activity was observed.
The hybrids H 531 registered the maximum of 43.96
per cent for Fusarium inoculated while, the hybrid
H-03-13 registered the maximum of 50.07 per cent
for Fusarium + nematodes treated.

For total phenols, H 531 registered the maximum
per centincrease of 34.25 over control under Fusarium
inoculated, whereas, 36.70 per cent by the hybrid H
572 under Fusarium + nematode inoculated. Enzyme
activity is one of the important tools to confirm the
resistance to root pathogens. When a pathogen infects
the host tissue, a small number of specific genes are
induced to produce mRNAs that permit synthesis
of similar number of specific proteins (Seenivasan,
11). Many of these proteins are enzymes such as
phenylalanine ammonia lyase, polyphenol oxidase,
peroxidase and -1-3 glucanase. These are involved
in the synthesis of low molecular weight substances
such as phytoalexins, phenols and lignin, which are
inhibitory to the invading pathogens (Seenivasan, 11).
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Table 1. Genome characteristics and reaction of banana hybrids to FOC and Radopholus similis.

Hybrid Parentage Genome BW Reaction to FOC Reaction to FOC + R. similis
(9) Wilt score  Status  Lesion index Wilt score Status
H 504 H-03-09 x PL AAABB 4.50 2 S 40 3 S
H 508 ANK x PL AA 2.50 3 S 47 3 S
H 511 H-02-34 x Ykm-5 AABB 9.50 1 R 8 2 S
H 515 Mano x ANK AAA 6.00 2 S 35 3 S
H 516 ANK x PL AA 7.50 1 R 3 1 R
H 529 H-03-16 x ANK AABB 4.00 2 S 31 3 S
H 530 H-03-13 (OP) AABB 8.00 2 S 34 3 S
H 531 Poovan x PL AAB 12.50 1 R 3 1 R
H 532 H-201 x Mano AAB 1.50 2 S 40 2 S
H 534 H-03-13 x Rose AAB 8.50 1 R 10 2 S
H 537 (H-201 x P) x Rose AABB 11.00 1 R 9 2 S
H 540 (H-201 x PK) x Rose  AAABB 7.00 2 S 32 2 S
H 542 H-02-34 x ANK AABB 8.50 2 S 28 2 S
H 547 H-02-23 (OP) AABB 5.00 3 S 30 3 S
H 548 H-02-23 (OP) AABB 5.00 3 S 41 3 S
H 556 H-04-06 x Ykm-5 AABB 6.50 3 S 35 3 S
H 563 H-201 x PL AB 1.50 3 S 30 3 S
H 564 H-201 x PL AB 2.00 3 S 29 3 S
H 571 H-04-05 x Ykm-5 AABB 8.00 1 R 7 2 S
H 572 H-03-35 (OP) AAB 7.00 2 S 9 2 S
H 573 H-03-12 x Rose AAABB 6.50 2 S 39 3 S
H 576 H-201 (OP) AB 1.50 2 S 31 3 S
H 579 Mano x Rose AA 6.00 2 S 33 3 S
H 589 H-03-19 (OP) AABB 15.00 2 S 11 2 S
H-02-19 KAR x RED AABB 13.00 3 S 42 4 S
H-02-23 KAR x RED AABB 14.50 3 S 47 4 S
H-02-26 KAR x RED AABB 17.00 3 S 39 4 S
H-02-34 KAR x RED AABB 12.50 1 R 17 2 S
H-03-05 Peykunnan (OP) AABB 11.50 1 R 18 2 S
H-03-06 H-02-32 x PL AB 9.00 3 S 22 3 S
H-03-13 Peykunnan x EV AABB 15.50 1 R 12 2 S
H-03-16 Peykunnan x PL AABB 9.50 1 R 47 2 S
H-03-17 Peykunnan x PL AABB 12.50 3 S 8 3 S
H-03-19 Peykunnan x EV AABB 17.50 3 S 31 3 S
H-04-05 H-02-32 x PL AABB 5.50 3 S 31 3 S
H-04-06 H-02-32 x PL AABB 18.50 2 S 30 3 S
H-04-10 Peykunnan (OP) AAB 13.50 3 S 51 3 S
H-04-12 Pisang Sabax PL AABB 22.50 1 R 8 2 S
H-04-21 H-02-10 x PL AAB 8.00 3 S 32 2 S
H-04-24 Peykunnan (OP) AABB 15.00 2 S 17 2 S
NPH-02-01 H 201 x ANK AAB 17.50 1 R 7 2 S
H-510 Poovan (OP) AABB 14.50 2 S 17 2 S
H-531 Poovan x PL AAB 13.50 1 R 5 1 S

PL = Pisang Lilin; ANK = Anaikomban; Mano = Manoranjitham; EV = Erachi Vazhai; OP = Open pollinated; KAR = Karpooravalli; RED =
Red banana; R = Resistance; S = Suscetible; BW = Bunch weight; FOC = Fusarium oxysporum f. sp. cubense
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Hence, estimation of these biochemical markers,
which provide mechanism for resistance to pathogens,
is highly essential. Among the various enzymes,
peroxidase is considered as one of the important
defense related enzymes due to its role in catalyzing
the condensation of phenolic compounds into lignin.
Estimation of peroxidase activity in the current study
elicits that all the resistant genotypes possessed
higher peroxidase activity than the susceptible ones.
Enhanced peroxidase activity has been associated with
hybrids resistant to both Fusarium wilt (Damodaran
et al., 2) and nematodes (Seenivasan et al., 12).
Polyphenol oxidase (PPO) oxidises the phenols to
highly toxic quinones and hence is considered to play
an important role in disease resistance, particularly
those affecting the tissues (Abbattista and Matta, 1).
Thus, the overall analysis of estimation of these
enzymes in resistant and susceptible hybrids indicated
the role of these enzymes in conferring resistance to
Fusarium wilt and nematodes. A critical analysis of
their activity within hybrids reveals that the FOC +
nematode resistant hybrids, viz., H 516 and H 531
and the FOC alone resistant/tolerant hybrids, viz., H
511, H 534, H 537, H 571, H 572, H 589, H-02-34,
H-03-05, H-03-13, H-03-17, H-04-12, H-04-24 and
NPH-02-01 recorded higher peroxidase and poly
phenol oxidase activity than the susceptible ones.
Out of all the hybrids, H 516, H 531, H 537, H 589,
H-03-05, H-04-12, H-04-24 and NPH-02-01 had higher
peroxidase and polyphenol oxidase activity. Similar
finding were earlier reported in banana by Das et al.
(3). Total phenols play a unique role in response to
pathogen and nematode invasion. The results of the
present study revealed a significant increase in phenol
content in hybrids, viz., H 516, H 531, H 511, H 537,
H 571, H 572, H 589, H-02-34, H-03-05, H-03-13,
H-03-17, H-04-12, H-04-24 and NPH-02-01 vis-a-vis
in others. The accumulation of phenols may be due
to the excess production of hydrogen peroxide by
increased respiration (Seenivasan, 11) or due to the
activation of hexose monophosphate (HMP) shunt
pathway, acetate pathway and release of bound
phenols by hydrolytic enzymes (Seenivasan et al.,
12). The overall evaluation of 43 parthenocarpic Musa
hybrids led to identification of the hybrid H 531 with
high yield potential as well as increased resistant to
both FOC and R. similis.
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