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Abstract

Matti is an important medicinally valuable traditionalbanana variety of southern parts of Tamil
Nadu in India. In order to popularize the variety, the propagule availability is a major constraint
and micropropagation is a promising technique for mass production. The sword suckers were
collected from Pechiparai, Kanyakumari district, Tamil Nadu and were thoroughly washed and
sterilized with various antibiotics and chemicals. The sterilization protocol using ampicillin
100mg|'1 and 4% sodium hypochlorite was superior in producing 87.5% contamination free
cultures and the survival rate was 81.3%. The sterilized shoot tip explants inoculated in
MS+BAP 2mg|'1+ NAA 0.1mgl'1 media recorded faster shoot initiation. Multiple shoot formation
was efficient in the proliferation media, MS+BAP 4mg'1+NAA 0.05mg'1. The root initiation was
earlier in half MS media with IBA 0.5mgl'1 and
IAA 0.5mg™ The in vitro regenerated plantlets were subjected to acclimatization in substrate
containing cocopeat, farm yard manure and sand in 1:1:1 ratio and 100% survival was
observed. Primary hardened plants recorded the plant height of 6.9cm and during secondary
hardening, the plantlets reached the height of 10.8cm. The hardened plants were then
transferred to field showing normal growth. This in vitro regeneration protocol for banana cv.

Matti can be used for micropropagation in order to produce plantlets for dissemination.
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Introduction

Banana(Musa sp.) is a nutritious food,
adequate in carbohydrates, vitamins and
minerals like potassium and iron. Also it is an
economically important fruit crop and staple
food of people in the humid tropics. Banana is
cultivated in almost all parts of India and some
primitive cultivars are grown in specific areas.
Matti otherwise called Dhevankadali with
diploid genome AA is one among these
cultivars and is selectively cultivated in the
southern parts of India comprising of the
states, Tamil Nadu, Kerala and Karnataka.
Matti is mostly grown in homestead cultivation

and also it is commercially cultivated.

It is a traditional table banana cultivar of
medicinal value and the fruit is highly fragrant,
sweet with sub acid flavor, firm texture and
powdery nature. The fruit is used as baby food
and has medicinal value for health
improvement. The tribes of Western Ghats use
the corm extract of Matti for curing from
jaundice. Because of the long keeping quality
of the fruitand due to its nutritious and
medicinal value, it fetches high price in the
market.The production rate of the fruit is
moderate and the plant is tolerant to leaf spot
disease and susceptible to Fusarium wilt and

banana bract mosaic virus. Disease free
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plantlets  production is  required for
commercializing the cultivation of Matti banana
for which micropropagation is the effective way
of multiplying large amount of genetically
identical plantlets. The success of in
vitroregeneration technique involves the

maintenance of aseptic conditions for microbial

contamination-free explants.

Microbial contamination is a major hurdle if the
explant source is from field grown plants.
Various sterilization procedures have been
adopted by several researchers (Muhammad
et al., 25); (Molla et al., 24);(Titov et al., 41);
(Bohra et al., 4).Losses due to microbial
contaminationat every subculture is 3-15% in
both  commercial set-up and scientific
laboratories;(Leifert and Waites, 20 ).The
sterilization chemicals used for explant
treatment is toxic to plant tissues and hence
the appropriate concentration of sterilantsand
exposure duration have to be arrived to
increase the survival rate of the explant.
Hence commonly used sterilants in various
concentrations and exposure time are used in
this research for explant sterilization to achieve
maximum survival of the explant for

regeneration.

Banana micropropagation protocol is well

established and commercially adopted for
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producing large number of plants in many
varieties. Many reports are available on
banana micropropagation using shoot tip
explants and even then banana plants exhibit
great variation under in vitro conditions in the
aspects of shoot multiplication, shoot
establishment and root formation due to
various factors like genotype, explant type,
culture media composition, growth hormones
and culture conditions (Vuylsteke, 43).The
endogenous level of auxins and cytokinins
play a role in the organogenesis of in vitro
culture of higher plants (Pierik, 29).The
cultures obtained from the same genotype also
showed variations in the rate of regeneration
byin vitroculture(lsraeli et al., 13) and(Mendes
et al., 23); (Razani et al., 37). This has also
been in proved by various authors in the
banana cv. Matti due to its varying response to
hormones and its concentrations (Rustagi et
al, 39); (Lohidas and Sujin, 22);

(Mukunthakumar and Seeni , 26).

By keeping in view of the above
mentionedfindings, this research is formulated
to study the effect of various hormones and its
levels for regeneration of shoot tips from Matti,
that would serve as an efficient
micropropagation protocol for this traditional
and highly delicious banana.The success of in

vitro  multiplication is based on the
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differentiation of plant tissues, by addition of
required growth hormones in appropriate
quantities (Gaspar et al., 9); (Qamar et al., 33);
(Sipen and Davey, 40);(Ngomuo et al., 27);
(Pradhan and Deo, 31). Henceforth this study
is aimed to find out the best combination of
growth regulators  and optimize its
concentration for better regeneration rate of
the banana cv. Matti in order to mass produce

and popularize the variety to different

geographical locations.

Materials And Methods

Explant collection and pretreatment:
Healthy sword suckers of three months old
were collected from the fields of northern parts
of Kanyakumari district, the region which
comes under semi-arid and dry sub-humid
climate and the soil of deep rich loamy and
salty clay loam type with pH 5.5-7.0. The
suckers were prepared by washing thoroughly
in tap water to remove the soil adhering to it.
The rhizome was trimmed and the outer
whorls of the pseudostem were removed using
a clean stainless steel knife. The shoot tip
explant with rhizome base is obtained with the
size of 5 cm shoot length and 3 cm rhizome
diameter. The explant is washed thoroughly
using tap water and immersed in a fungicide

solution of 0.1% Bavistin for 2hrs. The
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explants were washed three times and
transferred to a beaker containing water with
two drops of Tween 20 and kept for a minute.
Later the explants were washed thoroughly in

running tap water for nearly 20 minutes.

Explant sterilization using antibiotics and
sterilizing chemicals: The sword suckers are
collected from the field and there is high risk of
microbial load in the explant. Hence, in order
to make the explants, microbial free, various
antibiotics were tested for effective
decontamination of the shoot tip explants. For
this, the washed shoot tips were immersed in
sterile distilled water containing 100mgl'1of
various antibiotics namely, rifampicin,ampicillin
and gentamycin, each separately and
incubated overnight for 8hrs. Then the shoot
tips were washed thoroughly with sterile

distilled water and outer layer trimmed.

After the antibiotic treatment of banana
suckers, the trimmed explants were taken to
thelaminar air flow chamber and subjected to
various sterilizing agents like 4% sodium
hypochlorite for 10 minutes, 0.1% mercuric
chloride for 5 minutes and 70% ethanol for one
minute followed by washing with sterile water
for four times. The final trimming was done in
explants and used for culture initiation.The

percentage of contamination free explants and
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survival percentage of the explants were
recorded after 10 days of inoculation of the
shoot tip in initiation media and the appropriate
sterilization process for effective explant

sterilization is recorded.

Shoot tip inoculation for initiation: The
explants were treated with the antioxidant
solution containing ascorbic acid 100mg|'1for
10 minutes to avoid blackening of the tissue
due to phenolic exudation, washed thoroughly
using sterile distilled water for three times
andinoculated in MS media with various
hormonal combinations of 6-
Benzylaminopurine (BAP) and 1-Naphthalene
acetic acid (NAA) either BAP alone or in
combination with NAA, both at various
levels.The concentration of BAP tested for
shoot initiation was 1mg|'1and 2mg|'1 andNAA
concentration was 0.1mgl"'and 0.2mgl”.The
shoot tips were inoculated in the initiation
media and incubated in the culture room at
25+2°C with 16/8h photoperiod, 40% RH and
light intensity of 2000lux.During the initiation
process, the number of days for explant
greening and percentage of responseto shoot
tip initiation were observed after6 weeks of

incubation in the initiation media.

Sub culturing for shoot multiplication:The

culture media for shoot multiplication was
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prepared as MS basal media supplemented
with combinations of BAP and NAA. The
treatments were BAP alone(3and4 mgl™) and
BAP in combination withNAA (0.05mgl'1 and
0.1mg|'1). The contamination free initiated
shoots were decapitated and split into two or
more parts longitudinally and transferred to
multiplication media. After 3 weeks of
inoculation in shoot multiplication media, the
observations like the number of days taken for
multiple shoot formation, number of shoots per
plant and shoot length were recorded. The
sub-culturing was done in fresh shoot
multiplication media after every 3 weeks for 5

times.

In vitro rooting: During every sub-culturing of
once in 3 weeks, well grown plantlets were
separated and transferred to rooting media.
After 5" subculture, all the shoots were
cultured in 2MS media with combination of
Indole-3-butyric acid (IBA) and Indole-3-acetic
acid (IAA). For rooting, the in vitro grown
shoots of 4-5cmheight with expanded leaves
were transferred to half strength MS medium
supplemented with auxins, IBA (0.5mgl” and
1mgl'1) either alone or in combination with IAA
(O.5mgl'1and 1mgl'1). After 6 weeks of root
development, the observations like number of
days for root initiation, number of roots per

shoot and root length were recorded.
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Acclimatization and Hardening: The rooted
plantlets were carefully detached from the
medium without damaging the roots and
washed thoroughly in running tap water to
remove small pieces of agar adhering to the
roots. These rooted plantlets of about 5-6cm
height and with 3 - 4 leaves were taken for
primary hardening and roots dipped in the
fungicide solution of 0.1% Bavistin and
transferred to small pots filled with200g of
cocopeat and maintained in a polyhouse with
environmental conditions of 26x1°C
temperature, 85-90%RH and 7000-8000 Ilux
sunlight for 4 weeks. The primary hardened
plants were ftransferred to bigger pots
containing 1kg mixture of cocopeat, farm yard
manure and sand in 1:1:1 ratio for secondary
hardening under 50% shade net house at 40%
RH for4 weeks. Five plants in random were
observed for mean performance in plant
height, number of leaves per plant and root

length after primary and secondary hardening.

Experimental Design and data analysis:
The treatments with three replications each
were arranged in completely Randomized
design (CRD). The experimental data were
analysed using Multiple Analysis of Variance
at 95% of confidence level. The means were

separated according to Duncan Multiple
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Range Test (DMRT) when F-test showed

statistical significance at p<0.05 level.

Results And Discussion

Explant sterilization: The shoot tip explants
of banana after pretreatment were subjected to
sterilization using various antibiotics treatment
and chemical sterilization in LAF. The results
showed that 87.5% contamination free cultures
were obtained by immersing the explants
overnight in ampicillin 100mg|'1followed by
chemical sterilization using 4% sodium
hypochlorite for 10 minutes in LAF and the
survival rate was 81.3%. (Table.1; Fig.1).The
antibiotics, cefotaxime, gentamycin,
tetracycline, chloramphenicol, streptocyclin
were found to be best in eliminating
contaminants in banana explants (Leifert and
Cassells, 21); (Fang and Hsu, 8); (Bohra et al.,
4). The endogenous bacteria in banana were
killed using ampicillin and tetracycline (Habiba
et al., 11). Falkiner (7) reported that the

antibiotics which act on bacterial cell wall

formation are efficient  to produce
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contamination-free cultures. Ampicillin is a
broad spectrum antibiotic and cell wall
synthesis inhibitor
(Reed et al, 38). Among the chemical
sterilants used in LAF, 4% sodium hypochlorite
treatment for 10 minutes was superior to 0.1%
mercuric chloride for 5 minutes and 70%
ethanol for one minute. Goswami (10) showed
that the combination of 1% sodium
hypochlorite for 15 minutes followed by 0.1%
HgCl, for 7 minutes resulted in aseptic culture
establishment in in vitro condition. Ahmed et
al.,(1) documented considerable reduction in
contamination of explant by increasing the
concentration of sodium hypochlorite to 5% for
10 minutes exposure and eliminating
HgClotreatment.In  this study also banana
shoot tip explant exposure to increased
sodium hypochlorite concentration of 4% for
10 minutes resulted in 87.5% contamination
free cultures and the survival rate was 81.3%
which means that the explant was protected
from harsh sterilization treatments of more

than one chemical.
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Table.1 Effect of sterilization on the survival rate of explants
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S. No Antibiotics Chemical sterilization in LAF Contamination free | survival % of the
treatment explants (%) explants
1. 4% sodium hypochlorite for 10 | 62.5 56.2
minutes
Rifampicin
2. 0.1% mercuric chloride for 5 | 57.1 457
100mg!”’
minutes
3. 70% ethanol for 1 minute 42.8 35.7
4. 4% sodium hypochlorite for 10 | 87.5 81.3
minutes
Ampicillin
5. 0.1% mercuric chloride for 5 | 75.0 62.5
100mg!”’
minutes
6. 70% ethanol for 1 minute 50.0 41.7
7. 4% sodium hypochlorite for 10 | 66.7 55.5
minutes
Gentamycin
8. 0.1% mercuric chloride for 5 | 62.5 43.8
100mg!”’
minutes
9. 70% ethanol for 1 minute 40.0 30.0
CD(0.05) 2.81 2.46

Shoot tip initiation:

The shoot tip explants in the first week of
inoculation in the initiation media showed
verylight brown colouration externally and later
became greenish and developed adventitious
plantlets. The treatment,MS+BAP 2mgl'1+
NAA 0.1mgl'1recorded earlier shoot initiation
and explant greening in 7.7 daysand percent
response to initiation was 92.5% compared to

other hormonal combinations (Table.2; Fig.2).

The significant effect of BAP in shoot initiation

has been well documented in previous studies
(Qamar et al., 33). BAP is the most preferred
cytokinin in banana tissue culture (Cronauer
and Krikorian, 5); (Vuylsteke, 43); (Kumar and
Krishna, 19); (Prakasha et al., 32). Meristem
tip culture in Indian red banana, Musa
acuminate produced highest shoot initiation
and adventitious bud formation in the presence
of BAP 2mgl" and NAA 0.2mgl” in the MS

media(Rajoriya et al., 36).
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Table.2 Shoot initiation at various levels of cytokinin and auxin

S. No Treatments No. of days for explant | % response to
greening initiation
1. MS+BAP 1mg” 10.7 70.0
2. MS+BAP 2mg” 8.5 85.7
3. MS+BAP 1mg”'+ NAA 0.1mg”’ 9.3 714
4. MS+BAP 1mg”'+ NAA 0.2mg™ 9.5 75.0
5. MS+BAP 2mg™'+ NAA 0.1mg™ 7.7 925
6. MS+BAP 2mg”'+ NAA 0.2mg™ 8.3 87.5
CD (0.05) 1.53 2.33

Multiple shoot formation:

The shoot tip explant after initiation for 6
weeks, when one leaf emerged, it was sliced
and transferred to shoot multiplication media.
The combined effect of BAP and NAA in
multiple shoot formation resulted in efficient
proliferation in the media, MS+BAP 4mg'1+
NAA 0.05mg'1 wherein the number of days
taken for multiple shoot initiation was
58.3days, number of shoots per plant was 4.5
and the shoot length was 4.8cm (Table 3;
Fig.3). The reduction of apical dominance and
induction of axillary and adventitious buds in

banana shoot tip explants was achieved by the

cytokinin, BAP (Jafari et al., 14).Even though
cytokinin is sufficient to induce multiple shoots,
addition of auxins enhanced the number of
shoots formed (Mukunthakumar and Seeni,
26). BAP in medium concentration performed
well for multiple shoot formation and higher
concentration had declining effect (Lohidas
and Sujin, 22)Shoot proliferation occurs in MS
media with BAP concentration of up to 5mgl
1(Rahman et al., 35);(Radhika and Amutha,
34) and the combination of BAP and NAA
showed enhanced shoot multiplication and
growth (Prabhuling et al. 30); (Deepika et al.,

6); (Hoque et al., 12).
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Table.3 Shoot proliferation at various levels of cytokinin and auxin
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S.No | Treatments Days taken for | No. of shoots | Shoot length
multiple  shoot | per plant (cm)
formation

1. MS+BAP 3mg™ 77.5 3.0 4.1

2. MS+BAP 4mg™ 73.3 3.4 4.5

3. MS+BAP 3mg "+ NAA 0.05mg”’ 68.5 36 4.4

4. MS+BAP 3mg '+ NAA 0.1mg”’ 70.0 3.7 4.2

5. MS+BAP 4mg ™'+ NAA 0.05mg” 58.3 4.5 4.8

6. MS+BAP 4mg™+ NAA 0.1mg" 62.7 4.0 45

CD(0.05) 2.37 0.20 0.18

In vitro rooting

After shoot proliferation in 5 subcultures, all
the shoots were cultured in 2MS media with
combination of IBA and IAA. The root initiation
was earlier in half MS media with IBA O.5mgl'1
and 1AA 0.5mg'1in 10.5 days of transfer of
shoots to this rooting media. And in 6 weeks of
culturing,the number of roots formed was 8.5
per shoot and root length was 5.3cm in the
same hormonal treatment (Table.4; Fig.4).

Even though growth hormones are not

essential for in vitro root formation (Jarret et
al., 15), addition of auxins induce better root
formation(Vuylsteke, 43);(Kelta et al., 17).The
root development was superior by using IBA
and IAA in combination(Al-Amin et al., 2);
(Deepika et al., 6).(Kelta et al, 17).In the
present study, the plantlets developed
completely in 50 days after transferring to
rooting media and

were ready for

acclimatization even  though,Berg and
Bustamante, 1974 reported the need of 2 to 3

months for in vitro rooting.
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Table.4 Root formation at various levels of auxins.
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S.No | Treatments No. of days for | No. of roots | Root
root initiation per shoot length

(cm)
1. 1%MS+IBA 0.5mgl” 12.7 6.7 4.0
2. 1%MS+IBA 1mgl” 13.3 6.5 35
3. 1MS+IBA 0.5mgl"+ IAA 0.5mg” 10.5 85 5.3
4. 1%MS+IBA 0.5mgl"+ IAA 1mg™ 12.0 75 4.5
5. 15MS+IBA 1mgl ™+ IAA 0.5mg™ 14.0 6.3 4.2
6. 1%5MS+IBA 1mgl'+ IAA 1mg™ 15.8 6.2 3.7

CD(0.05) 0.88 0.89 0.87

Acclimatization and hardening of plantlets

During the hardening phase, mortality is
expected due to changes in the growth
conditions (Pati et al, 28) and to overcome
this problem both primary and secondary
hardening is necessary for acclimatization of
the plantlets to in vivo conditions. In this study
hardening produced plants with 100% survival.
Primary hardened plants recorded the plant
height of 6.9cm, leaf numbers of 3.8 per plant
and root length of 5.8cm. After secondary
hardening, the plantlets reached the plant

height of 10.8cm, leaf numbers of 5.2 per plant

and root length of 7.1cm (Table.5; Fig. 5,6&7).
The hardened plants were then transferred to
field showing normal growth. Acclimatization
was optimum using press mud cake with soil
for producing sturdy plants during hardening
(Vasane and Kothari, 42). Kishor et al.,(18)
used cocopeat and vermiculite in 1:1 ratio for
optimum growth and development. Karule et
al.,(16) reported acclimatization of plantlets in
polyhouse, followed by shadenet house under
50% sunlight and the plants showed luxurious

growth in field.
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Table.5 Growth of primary and secondary hardened plants
S. No | Primary hardening Secondary hardening
Plant height | No. of | Root length | Plant height | No. of | Root length
(cm) leaves/plant | (cm) (cm) leaves/plant | (cm)
6.5 3.5 5.5 11.2 4.8 6.7
1. 7.0 4.3 6.0 10.8 5.0 7.3
2. 6.8 3.0 5.8 10.5 4.5 7.0
3. 7.2 4.1 6.2 11.0 6.0 75
4. 7.0 4.0 5.3 10.5 5.7 6.8
Mean | 6.9 3.8 5.8 10.8 5.2 71

Figures: 1 -7. Micropropagation of banana var.Matti by shoot tip culture.

Fig.3 Multiple shoot formation

Fig.4 In vitro rooting
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Fig.5. Primary hardened

plant
plant

Fig.6. Secondary hardened | Fig.7. TC banana planted in field

Conclusion

Musa acuminata cv. Matti otherwise called
Dhevankadali is an economic species of the
southern ranges of Western Ghats and hence
the present research findings will help to
disseminate this variety for large scale
cultivation. Based on the observations and
results obtained in this study, an efficient
protocol has been developed for shoot tip
explant sterilization and in vitro regeneration of
the banana cv. Matti. This protocolcan be
followed for mass scale productionof plantlets
within a short span through micropropagation.
At the same time,establishment of disease free
and true to type plants with uniform maturity
could be achieved in the field planting. This in
vitro regeneration protocol for banana cv. Matti
will be used for mass multiplication in order to
produce plantlets for cultivation in various

geographical areas.
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