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IN VITRO PROPAGATION OF BANANA (Musa spp.)
BY
FAHIMA KHATUN

ABSTRACT

The experiment was conducted at the Biotechnology Laboratory. Department of
Biotechnology, Sher-e-Bangla Agricultural University, Dhaka, during October 2013
to August 2014 to investigate effects of benzylaminopurine (BAP) concentrations
(1.0, 2.0, 3.0, 4.0 and 5.0 mg/L) and indole-3-butyric acid (IBA) (0.5, 1.0, 1.5, 2.0 and
2.5 mg/L) for in vitro regeneration of Sagar and Sabri Banana varieties using shoot tip
explants. The highest response of explants 88% in Sagar and 84% in Sabri were with
4.0 and 5.0 mg/L. BAP, whereas in 4.0 mg/L BAP+2.0 mg/L IBA had 85% response in
Sagar and 5.0 mg/L BAP+2.5 mg/LL IBA had 90% response in Sabri. In both Sagar
and Sabri. minimum number of days for shoot initiation (7.80 and 9.40 days),
maximum number of shoots per explant (6.80 and 3.40), highest shoot length (8.31
and 6.19 cm), number of leaf (4.24 and 4.49) were observed in 4.0 mg/L and 5.0 mg/L
BAP. In contrast, due to combined effect, the highest shoot number per explant (5.60
and 3.40) was in 4.0 mg/L BAP+1.5 mg/L. IBA and 5.0 mg/L. BAP+2.0 mg/L IBA in
Sagar and Sabri. Again, root formation required minimum 7.60 and 8.00 days in 1.5
mg/L. IBA for Sagar and Sabri, respectively. The highest number of roots (5.20 per
explant) was observed in 0.5 mg/L of IBA for Sagar and that for Sabri was 3.40 per
explants observed in 1.5 mg/L of IBA at 6 WAL In combination both for Sagar and
Sabri, the highest number of roots (5.00 and 5.20 per explant) and root length (6.61
and 6.72 cm) were produced by 3.0 mg/L BAP+1.0 mg/l. IBA. In natural
environment, Sagar variety survived more (94.74%) in scil than Sabri variety
(88.89%). Ultimately combined effect of BAP and IBA seemed better than
individuals based on average performance of growth parameters and the protocol
optimized in the present study could be used in vifre rapid propagation of Banana

plantlets.
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CHAPTER1
INTRODUCTION

The Banana (Musa sp.) belonging to the family Musaceae is one of the world’s most
important subsistence crops. It is originated in Malaysia through a complex
hybridization process (Novak, 1992). It is the world's oldest cultivated crop (Kumar ef
al., 2012). In terms of gross value of production, Bananas are the world’s fourth most
important crop after rice, wheat and maize (CGIAR, 2011). According to the Food
and Agriculture Organization, 98 per cent of world's Banana production was derived
from developing countries, In international trade, Bananas account for ~22 per cent of
world's fresh fruit production and are ranked second most important fruit crop after
citrus (FAQ, 2010). Presently, Banana is grown in around 150 countries across the
world on an area of 4.84 million ha (FAOSTAT. 2011) with an annual production of
92.38 million tons (Guerrero, 2012). They contribute to food security by producing

fruit vear around and provide incomes to rural populations (Roux ef al., 2008).

Banana is being cultivated in tropical and subtropical countries like Indonesia,
Thailand, Bangladesh, Vietnam, the Philippines, India, Malaysia, Taiwan, Srilanka
and South China, as a major staple food for 400 millions of people. Banana is also a
primary food and cash crop for over 30 million people in East Africa (Wanja.
2010).

Asa diet, Banana is an affluent source of carbohydrate with calorific value of 67
calories per 100g fruit and is one of the most well liked and widely traded fruits
across the world (Emaga et al., 2008; Kumar ef al., 2012). It is also rich in vitamins
A. By and C. potassium and some minerals, notably phosphorus and calcium. In
addition, it has importance for tannin, latex and fiber production. Sabri variety of
Banana being free from substances that give rise tri-uric acid is ideal for patients with

gout or arthritis.

In our country. Banana is popular for its year round availability, abundant production
as well as high acceptability to the consumers. Total estimated production of Banana
was 801000 metric tons and cultivated area is 131 acres (BBS, 2012) in the country.

This vield is quite low compared to other Banana growing countries of the world.
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India alone accounting for 27.43% (26.2 million tonnes) followed by Philippines,
producing 9.01 million tones and China, Brazil and Ecuador, with production ranging
from 7.19 to 8.21 million tonnes (Singh ef al., 2011). The great bulk of Bananas

produced in our country are traded and consumed in domestic markets.

There are many cultivars of Banana. such as Amritsagar, Sabri, Champa, Mehersagar,
Dudsagar. Kabri, Agniswar, Genasundari, Kanaibashi, Basrai. Binisuta etc. Sabri is a
commercial variety. Fruits are medium-sized with a thin peel. ivory yellow in colour,
firm in texture, sweet and tasty. Ripe Bananas are one of the most rapidly digested
foods. Amritsagar, the widely accepted commercial variety has been declining due
to its low vield. Amritsagar and Sabri variety of Banana yield was 13.5 kg and 10.2
ke/bunch. respectively at Trishal, Mymensingh. Different cultivars or varieties

produced varying yield in different region of different countries,

Banana and plantain plants are susceptible to a wide range of diseases and pests.
Some pests and diseases arc highly aggressive, very contagious and easily spread.
Once established they are persistent and practically difficult to eradicate (Nelson
et al., 2006). As a result, Banana productivity decreases and the yield become very
poor. Only 5 to 10 suckers can be obtained from a plant per year in conventional
method as. traditional clonal propagation method appears unable to satisfy the
increase in demand for disease free and healthy planting materials of Banana. The
fungal diseases are the main diseases in the Banana and plantain plantations. A
complex of Banana pests such as nematodes and Banana weevil are the major
threats to Banana production, causing a yield loss of up to 85% (Musambiyama ef

al., 2000).

All Banana cultivars in affected areas are susceptible to Banana bacterial wilt (BBW)
and the disease is rapidly spread (Heslop - Harrison and Schwarzacher, 2007). It has
been found that the BBW is a very destructive disease with an incidence of 70 - 80
% in many plantations and the yield losses of 90 % have been reported on some

farms (Agrios, 2005).

As Bananas are parthenocarpic, its traditional propagation is done by small shoots or

suckers (four to five suckers per plant) from the parent plant. Multiplication through
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this method is slow and leads to the transmission of a number of viral diseases
(Bunchy top virus, Banana streak virus) to the consecutive generation. As a result,
fruiting is reduced and Banana production has decreased gradually in Bangladesh. The
major reason is believed to be unavailability of healthy and virus free suckers as
traditional propagation is inadequate to restore the affected farms with healthy
germplasm. The high sterility of most cultivated Bananas has historically prevented
conventional breeding programs, as it has similarly affected plant propagation,
Moreover, the longer time required by Bananas to generate makes it even more

difficull to breed them (Sasson, 1997).

Tissue cultured plants grow vigorously, establish more quickly and take a shorter time
to bunch emergence and harvest. Tissue culure technique produce 39% higher vield
than conventional sword suckers (Farahani er al.. 2008). Under Bangladesh
conditions, tissue culture derived plantlets of Banana performed better than the

conventional sword suckers (Faisal et al., 1998).

With the increasing demand and vast export potential coupled with the farmers desire
to grow in vitro propagated Banana on a large area are becoming increasingly
important in planting material for rapid multiplication of economically important
commercial varieties (Roux ef al., 2001; Ray er al., 2006). A large number of uniform
disease free plants can be produced from a single plant or even a small plant tissue
(explants) showing good genetic potential in this method (Martin er al, 2006) and
plant multiplication can be continued throughout the year irrespective of seasonal

variation (Rahman er al., 2004).

In tissue culture, plant growth regulators (PGR) are critical media components
in determining the developmental pathway of the plant cells. Cytokinin such as
benzylaminopurine (BAP) and kinetin are generally known to reduce the apical
meristem dominance and induce both axillary and adventitious shoots formation from
meristematic explants in Banana (Madhulatha et al., 2004). The effectiveness of BAP
over other cytokinins in inducing multiplication of shoot tip cultures has been
reported in diflerent cultivars of Bananas (Buah et al., 2010; Faraham efr al.. 2008;
Rahman et al.. 2006). BAP has a marked effect in stimulating the growth of axillary

and adventitious buds and foliar development of shoot tip cultures (Abeyaratne ef al.,

3



2002: Buah et al.. 2010). Mezanwhile, combinations of BAP with auxins such as
indole acetic acid (IAA) or indole-3-butyric acid (IBA) were also used for in vitro
multiplication of Bananas (Dhed’a er al.. 1991; Resmi et al, 2007). BAP is also
known to have mutagenic effects at high concentration producing off type plantlets

(Bairu et al., 2008).

Generally, cytokinin helps in shoot proliferation and auxins helps in rooting of
proliferated shoots. However, the requirement of cytokinin and auxins depends on
the variety of Banana and culture conditions (Cronauer and Krikorian, 1984a). Sagar
and Sabri varieties play a vital role in our national economy due to its popularity and
acceptability to marginal and commetcial farmers. To obtain disease free healthy
planting materials, development of a protocol for shoot tip culture of Sagar and Sabri,
with the optimized concentration of the cytokinin (BAP), auxin (LAA) has been set up
as a target in this study. Therefore, the present study was undertaken with the

following objectives:

i. To study the individual effect of BAP and IBA on in vifro regeneration of
Sagar and Sabri varicties of Banana.
ii. To study the combined effect of BAP and IBA on in vitro regeneration of Sagar
and Sabri varieties o’ Banana, and
iii. To develop an efficient protocol for in vitro rapid propagation of Banana

varielies.
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CHAPTERIT
REVIEW OF LITERATURE

Banana and plantain (Musa sp) are the quick growing fruit crops in Bangladesh.
Bananas are generallv propagated by suckers. But now-a-days they are also
propagated through tissue culture. /m vitro culture depends on various factors, like
composition of media, explants and environmental conditions. e.g. temperature, light,
humidity etc. The technique of plant tissue cultures have been developed as a new
powerful tool for crop improvement and emphasized wide attention of modern
scientists. Many plant breeders of different countries have been employing
biotechnological tools for the development of the Bananas, whereas it is very limited
in Bangladesh. Related works already performed by different institutes of the world
have been reviewed and some of the most relevant literatures are cited here under

different headings.

2.1 Concept of Banana Tissue culture

The first report of Banana tissue culture came in early 1970°s from Taiwan when Ma
and Shii (1972) produced in vitro adventitious buds from Banana shoot apex followed
by Berg and Bustamante (1974) in Honduras, who used meristem culture combined
with thermotherapy for the production of virus free Banana plants. Since then people
are working on different aspects of Banana tissue culture as an enabling tool for

maximizing Banana production.

2.1.1 Explant

Any plant parts such as shoot apices obtained from parental pseudostem, sucker.
peeper, lateral bud or terminal inflorescence used in in vifro culture is called explant.
A differential in vitro response of explants was reported by a number of authors, some

of which are reviewed here:

Any part of the Banana plant including pseudostems, suckers, peepers, lateral
buds or even small eyes which contain a shoot meristem can be used as explants in

TC (Jarret et al, 1985; Vuylsteke and De Langhe, 1985).



Goswami and Handique (2013) carried out an experiment on the explants size
response to in vitro propagation of Musa (Aaa Group) “Amritsagar’ Musa (Aab
Group) “Malbhog® and Musa (Aab Group) ‘Chenichampa® Banana. The effect of three
different sizes of explants (5. 10 and 20 mm) on the establishment of Banana in
micropropagation was investigated using sword suckers. Initiation media- MS Basal,
MS+BAP 0.2 mg/L. MS+BAP 0.3 mg/L and MS+BAP 0.5 mg/L were used to
evaluate the explants size response for initiating and establishing Banana cultures in
vitro condition. The larger explants (20 mm) responded well with regard to survival of
explants, days to swelling and greening of explants, emergence of leal and days to

multiple bud initiation under in vitro condition as compared to smaller explants.

Rahman ef al. (2012) observed that micropropagation from shoot tips of one-month-
old suckers of six Banana cultivars and subsequent field evaluation for commercial
exploitation, were studied. In the second part induction of callus from the male
flowers and subsequent somatic embryogenesis were tested. Among the five cultivars
male flowers of Sabri were found to show the highest response to callus induction and

subsequent embryo formation.

Ahirwar ef al. (2012) carried out an experiment on a high frequency plantlets
regeneration for Banana (Musa paradisiaca L.) micropropagation where the shoot tip
was inoculated on MS medium containing different concentrations of BAP (0-10.0
mg/L); kinetin (0-10.0 mg/L); and different combinations of BAP (0-10.0 mg/L) and
NAA (0.3-0.5 mg/L). The highest frequency of shoot regeneration (32.25%), number
of shoots regenerated per explant (3.25) and shoot length (4.69 cm) was observed

from shoot tip explants cultured on MS medium supplemented with 5.0 mg/L BAP.

Darvari et al. (2010) observed that male inflorescences have potential to be used as
explants for rapid micropropagation of Musa spp. The male flowers of four Banana
cultivars, namely ‘Berangan’, ‘Rastali’, ‘Nangka' and ‘Abu’ belonging to three
aenome types in Musa (AAA. AAB, and ABB), were cultured onto Murashige and
Skoog (MS) medium which was supplemented with 1.0 mg/L of TDZ, BAP, Kin, 2-

ip and Zeatin.



Morais-Lino er al. (2008) studied immature male flowers as a explant which
generated highly embryogenic cultures and were used for establishment of cell
suspension culture and multiplication of secondary somatic embryos. In Banana

TC, a sucker was detached from the parent plant and the outside tissue was pared

away to get only the growing point of approximately 10 mm° revealing TC plants
have inherently high level of juvenile vigor which renders them more
photosynthetically active compared to plants derived from suckers (Robinson and De
Villiers, 2007).

Shoot tip culture is the basic technique for Musa propagation (Ma and Shii. 1974;
Swamy ef al., 1983; Cronauer and Krikorian, 1984a; 1984b: Singh ef al., 2004; Pua,
2007). The rate of shoot proliferation is the most important factor of
micropropagation (Pua. 2007: Bairu er al, 2008). Plants regenerated from shoot tip
culture have shown to perform identically well or even better than those from
conventional vegetative propagation under ficld conditions (Vuylstcke and Ortiz,

1996; Pua, 2007).

Scalp of banana which has been reported by many researchers is consisted of several
fleshy bulbous structures producing tiny white tissues and looks like cauliflower
(Dhed’a er al., 1991: Villalobos and Garcia, 2008: Sholi er al.. 2009) possessing
highly proliferating ability as a good source for embryogenesis and providing
embryogenic cell suspensions (Dhed’a e al, 1991: Strosse et al, 2004). The
establishment of embryogenic cell suspensions from scalps suggests a better choice
for plant regeneration as it can be obtained at any growth stage and thus saves the
time (Sadik et al, 2007). In vitro propagation of Bananas using shoot tips has been

reported for many commercial cultivars (Kulkarni er al., 2004, 2006).

Rahaman et al. (2004) had also observed hard ball like structure developed from
meristem explant in MS media supplemented with 5.0 mg/L BAP. They noticed that
single shoot regeneration from meristem explant was thinner than shoot derived from
shoot tip. In case of micropropagation of Banana, different types of explants such

as offshoots, rhizomes or aerial organs (leaf, pseudostem or fruit) may be used.



2.1.2 Shoot induction of Banana

Morfeine (2014) studied on the effect of sucrose and glucose concentrations on micro-
propagation of Musa sp.cv. Grand Naine. The results indicated that the 30g/L and
45¢/L sucrose and 45g/L and 60g/L glucose had significant increase in micro-

propagation of Musa sp.

Rahman ef al. (2013) micropropagated Banana (Musa sp.) cv. Agnishwar by in vitre
shoot tip culture. Shoot tips obtained by removing leaf sheaths from sucker were
cultured aseptically in MS medium supplemented with different concentrations of
cvtokinins viz. 6- BAP, kin, N6 -2iP for multiplication of shoot and auxins viz. IBA.
a- NAA for induction of root. Maximum multiplication (95%) was obtained in MS
medium containing 4.0 mg/L BAP. The highest average number of shoots for each
explant (5.9) was found in MS medium fortified with 4.0 mg/L BAP while maximum

elongation of shoot (4.9 cm) was observed in MS medium having 5.0 mg/L BAP,

Igbal er al. (2013) carried out an experiment on the optimization of in vitro
micropropagation protocol for Banana (Musa sapientum L.) under different hormonal
concentrations and growth media MS medium supplemented with BAP and [AA
(5.0 + 1.0 mg/L, respectively) and 10% CW were found to be most efficient and

productive combination for shoot proliferation.

In a study of in vitro plant regeneration in Banana (Musa sp.) cv. Sabri by using
meristematic stem cuttings explant, MS medium supplemented with BAP singly or in
combination with auxin, IAA and coconut water was used. Highest percentage of
shoot regeneration (90%) and maximum number of shoots (10) per explant were
observed when cultured on MS + 4.0 mg/L BAP + 2.0 mg/L IAA + 13% (v/v)

coconut water (Huq er al., 2012).

Vora and Jasrai (2012) worked on substitution of synthetic PGR by natural and low
cost substitutes. Synthetic cytokinin BA (3.0-5.0 mg/L) was used for in vifre shoot
multiplication. Sweet-lime juice was found useful as the substitute of such costlier

synthetic eytokinin.



Chariva (2012) carried out an experiment on Musa sp. where series of media
containing different concentration of BAP ranging from 1.0 to 6.0 mg/L were studied.
The initiation of shoot was observed after 12 days of inoculation in each media. At
subculture level the hardness of the tissue was observed in each shoot. Sprouting of
shuuf was low in media containing 1.0 mg/L BAP this hormonal concentration. In
media containing 3.0 and 4.0 mg/L. BAP, sprouted shoot was observed in relatively
better developed conditions. The initiation of 2-4 leaves with healthy development
of shoot was observed in media containing 5.0 mg/L. BAP. while with 6.0 mg/L BAP
in media two leaves showing slight healthy shoots was observed. Thus, in general, 5.0

mg/I. BAP containing media was sound better at initiation stages of culture growth.

Rahman ef al. (2012) found that in micropropagation of elite genotypes of banana, the
medium with 5.0 mg/L BAP was the most effective for micropropagation. Among the
different media formulations, the medium fortified with 4.0 mg/L 2, 4-D + 1.0 mg/L
cach of TAA. NAA and biotin was found to be the most effective growth regulator
formulation for callus induction and growth. Somatic embryo derived plants of all
Banana cultivars at maturity exhibited wide range of variation in yield and yiecld

contributing characters.

In an investigation of Bhosale ef al. (2011), the effect of different concentrations of
BAP on shooting in different species of Banana viz. Ardhapuri, Basrai, Shrimanti,
were reported, Sword suckers with medium size were inoculated on MS medium
supplemented with different concentrations of BAP (3.0 mg/L. 5.0 mg/T, 7.0
mg/L, 9.0 mg/L) cultures were incubated at 25+1°C with a 16 hr photoperiod (2000

lux).

Azam et al, (2010) carried out an experiment on the clonal propagation of Banana
(Musa sp.) cultivar BARI-1 (AAA genome, sapientum subgroup). In vifro cormlets
were formed within 2=3 weeks when meristems were carefully isolated from field-
grown plants and after proper sterilization implanted in semisolid MS media fortified
with 2.0 mg/l. BAP. Rate of shoot proliferation increased considerably with the
synergistic effect of BAP and Kinetin. Regeneration of cormlets was geared up and

shoot multiplication occurred when MS was enriched with 2.0 mg/L. BAP and 1.0



mg/L Kinetin. With the increase of subculture (up to 'EJLh maximum), [requency of
shoot proliferation was enhanced. Addition of 0.1 mg/L IBA and 10% coconut
water to the medium increased shoot elongation and stimulated growth of the

shoots, respectively.

Gitonga et al. (2010) studied on the low technology tissue culture materials for
initiation and multiplication of Banana plants. In this study, they evaluated a
micropropagating protocol for local Banana (Musa sp.) (Muunju landrace) in Kenya

as an alternative to reduce the unit cost of tissue culture micropropagation.

Darvari et al. (2010) conducted an experiment on the micropropagation of some
Malaysian Banana and plantain (Musa sp.) cultivars using male flowers. The male
flowers of four Banana cultivars, namely ‘Berangan’, ‘Rastali’, ‘Nangka® and “Abu’
belonging to three genome types in Musa (AAA, AAB, and ABB). were cultured
onto MS medium which was supplemented with 1.0 mg/L of TDZ, BAP, Kin, 2-ip
and Zea., The number of shoots was found to significantly increase in both TDZ and
BAP treatments, as compared to other eytokinins, TDZ at 0.4, 0.6 and 0.8 mg/L. in
particular, appeared to be optimum for shoot induction in ‘Berangan- AAA’,
‘Rastali-AAB’ and ‘Nangka-AAB™ and ‘Abu-ABB’, respectively. However, all the
cultivars showed their highest response to regeneration at 8.0 mg/l. of BAP. The

number of induced ‘CLBs’ cluster is dependent on the size of male buds.

Vishwas ef al. (2010) studied on field performance of in vitro propagated Banana
plants from SLh and 151 subculture. Tn this experiment, the 8" subculture plants
started growth ecarlier & grew faster enabling them to intercept more light for
photosynthesis than 15M subculture plants. The gt subculture plants have more

uniform growth than 15t subculture with very less variation. This may explain the

higher vield in the 8™ subculture plants. MS medium supplemented with 6 BAP (3.0

mg/L) was used for initiation and multiplication of shoot.

Karim er al. (2009) reported on development of an in vitre technique for plant

regeneration using meristem-derived plantlets of Banana cv. BARI-l (Musa sp.) has
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been developed. Highest number of shoot regeneration was noticed on basal media
supplemented with 7.5 mg/L BAP + 0.5 mg/L NAA at 30 days after inoculation
(DAI). The mean number of shoots significantly reduced when the concentrations of

BAP and NAA in the medium was high.

Al-amin et al. (2009) investigated the effect of different concentrations of BAP and
NAA on virus free plant regeneration and shoot multiplication of Banana cv, BARI
Banana-1. The culture meristem first tumed brown in color in 4-3 days which grew
into a green globular hard coat mass after 30-35 days. From this ball like structure,
adventitious plantlets were developed. Low auxin in combination with high eytokinin

induces auxilary shoot proliferation (George, er al. 2008).

Morais-Lino et al. (2008) carried out an experiment on the cell suspension culture and
plant regeneration of a Brazilian plantain. cultivar Terra. Five semisolid culture media
were tested for differentiation, maturation, somatic embryos germination and for plant
regeneration. An average of 558 plants per one milliliter of 5% SCV (settled cell
volume) were regenerated in the MS medium. with 11.4 uM IBA and 2.2 uM BAP.
Regenerated plants showed a normal development, and no visible somaclonal
variation was observed in vifro. It is possible to regenerate plants from cell
suspensions of plantain Banana cultivar Terra using MS medium supplemented with

11.4 uM of IAA and 2.2 pM of BAP.

Strosse er al. (2008) studied the effects of different cytokinins on Banana
proliferation. In particular, cytokinin has been found to reduce the dominance of
apical meristems and induce axillary shoots, as well as formation of adventitious

shoot from meristematic explants (Madhulatha et al. 2004).

Lee (2005) tested thidiazuron (TDZ) in the range of 0.002 to 2.0 mg/L for its
influence on the proliferation of adventitious buds. TDZ at 0.2 mg/L almost
doubled the multiplication rate of Cavendish cultivars in medium containing BA at
4.0 mgL. The multiplication rate of shoots decreased gradually with increasing
numbers of subculture cycles. The addition of paclobutrazol (PP333) (0.5 - 1.0 mg/L)
to TDZ (0.1 - 0.2 mg/L) resulted in a further increase of proliferation of buds

when compared with medium containing only TDZ. while also suppressing shoot
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elongation. The dwarf bud clusters induced in the TDZ + PP333 medium returned to

normal shoots after one to two subcultures in medium containing only BA.

Muhammad er al. (2004) carried out an experiment on the Banana plantlet production
through tissue culture. In vitro multiplication of Banana (Musa sp.) cv. Basrai was
studied. Shoot tips were cultured on MS basal medium supplemented with 5.0 mg/L.
BAP. Observations were recorded at an interval of four weeks for five subeultures.
Evaluations were done at each subculture by counting the number of new shoots
produced. Shoot tips coming from different rhizomes behaved differently under in
vitro conditions, Some being highly productive while others produced less number of
shoots. On the average. 124 plants were produced from each shoot tip after five

subculturing.

Santos and Rodrigues (2004) investigated the somaclonal variation event on
micropropagated Pacovan Banana seedling (Musa sp. AAB Group). Apex stems were
introduced and multiplied in vitro using culture media MS, with addition of 2.5 mg/L
of BAP. In subsequent subcultures, MS with 4.0 mg/L. of BAP was used to induce
side buds. Results showed that plants were regenerated with different numbers of
subculture (3, 4, 5. 6. 7. 8, and 9). Somaclonal variation occurred from the fifth
subculture, and on the 9 subculture a 5.8% variation was observed. The increase of
percentage of somaclonal variation, due to a higher number of subcultures, indicates

the necessity of protocols for micropropagation specific for each variety to be

commercialized,

Habiba er al. (2002) reported that the best medium for single shoot development to
obtain contamination free culture of the table Bananas Musa sapienfum cv. Chini,
Champa and Amritasagar was MS media supplemented with 4.0 mg/L BAP and
1.0 mg/L Kinetin. Whereas the best medium for shoot multiplication was MS
medium fortified with 4.0 mg/L. BAP, 2.0 mg/L. [AA and 13% coconut water.
Average time required for production of single shoot and multiple shoot were 15-

21 day and 40-45 day. respectively.
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2.1.3 Shoot proliferation and differentiation of Banana

Demissie (2013) carried out an experiment on the effects of different combinations of
BAP and NAA on multiple shoot proliferation of plantain (Musa sp.) cv. Matoke from
meristem derived explant. The culture meristem grew into callus after 28 days
then adventitious plantlets were developed. Among the different concentrations,
5.0 mg/L BAP + 1.0 mg/L NAA showed highest shoot proliferation (1.00, 1.67,
1.75 and 3.08 shoots per clump) at 10, 20, 30 and 60 DAL respectively. Good
numbers of shoots were achieved at 5.0 mg/L BAP + 0.5 mg/L NAA at 60 DAI
(3.08). The longest shoot was produced at the concentration of 5.0 mg/L. BAP +
1.0 mg/L. NAA (0.43, 242, 2.63 and 3.42 shoots per plantlet) at 10, 20, 30
and 60 DAI, respectively. The maximum number of leaves at 10, 20, 30 and
60 DAT produced on the medium supplemented of with 5.0 mg/L BAP and 0.50
mg/L NAA are 1.67, 2.67, 3.67 and 4.33 per explants. The lowest number of leaves
was obtained from the control treatment. The longest leaves were produced by the
concentration of 5.0 mg/L BAP + 1.0 mg/T. NAA (1.52, 2.27, 2.70 and 3.13 cm) at 10,
20, 30 and 60 DAI respectively.

Chariya (2012) studied on Musa sp. where series of media containing different
concentration of BAP ranging from 1.0 to 6.0 mg/L. 1.0 mg/L BAP containing media,
slow growth and 3-5 shoots of 2-3 em in length was recorded. The higher numbers
of shoots, 8-10, with 4-6 cm in length were observed with 5.0 mg/L BAP containing
hard ball like structure developed from the meristem. The medium containing 6.0
mg/l. BAP developed 6-8 shoots of 3-5 e¢m in length. Finally, 5.0 mg/L BAP
concentration that gives higher number of shoots was chosen to carry out further

culture process.

Ahirwar ef al. (2012) observed the highest frequency of shoot regeneration of banana
(Musa paradisiaca 1..) (52.25%), number of shoots regenerated per explant (3.25) and
shoot length (4.69 cm) from shoot tip explants cultured on MS medium supplemented
with 5.0 mg/L BAP. Kinetin was found with highest frequency of shoot regeneration
(44.56%), number of shoots regenerated per explant (2.75) and shoot length (3.5 ¢cm)
from shoot tip explants at concentration of 5.0 mg/L. The addition of 5.0 mg/LBAP
was found better than kinetin for shoot development from shoot tip or male

inflorescence tip explants. MS medium containing 7.5 mg/L BAP + 0.3 mg/L NAA
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showed maximum shoot regeneration frequency than at other combination of BAP

and NAA.

Al-amin et al (2009) observed that among the different concentrations, 7.3 mg/L
BAP + 0.5 mg/L NAA showed highest shoot proliferation of 0.75, 2.75 and 6.25
shoots per explant at 10, 20 and 30 DAIL respectively in BARI Banana-1. The
longest shoot (1.03, 2.45 and 3.38 cm) at 10, 20 and 30 DAL, respectively, was
produced by the treatment combination of 7.5 mg/L BAP + 0.5 mg/L NAA. The
maximum numbers of leaves (2.50, 3.25 and 7.00 leaves/explant at 10, 20 and 30
DAI) were produced on the medium supplemented with the same treatment and it
also produced the longest leaves. (.85, 2.70 and 4.23 cm at 10, 20 and 30 DAL

respectively.

Sadik et al. (2007) cultured shoots of Banana cultivars on a multiplication media
modified by adding a combination of BAP and TDZ for scalp generation. In their
study the mean multiple bud proliferation increased as the concentration of TDZ
increased  in combination with BAP, they stated that higher multiple bud
proliferation, which indicates better scalp formation was achieved in the treatments

with TDZ than BAP.

Gubbuk and Pekmezc (2004) carried out an experiment on the in vitro propagation of
some new banana tvpes (Musa sp.). BAP (5, 10, 20 and 30 pM) and TDZ (0.4, 1, 2
and 3 pM) were tested alone and with 1 uM IAA for the propagation stage. Shoot
proliferation and elongation were significantly greater with TDZ than with BAP in all
3 types. Furthermore, each cytokinin with IAA increased shoot proliferation and
elongation more than their use alone. BAP below 20 uM or TDZ below 1 uM did not
increase shoot proliferation, and BAP over 20 uM and TDZ over 2 uM suppressed

shoot elongation.

2.1.4 Establishment of in vifro Banana plants in rooting media

In tissue culture, rooting of Banana plantlets is very important. A separate root
induction phase is essential for rooting of Banana shoots before transferring them
into soil. Various auxins at different concentrations are capable of root induction in

micropropagated banana plantlets.
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Fernandez et al. 2014 carried out an experiment on the potentiality of vermicompost
humic acids in Banana in vifro micropropagation clone: Enano Guantanamero. The
multiplication medium contained thiamine (2.0 mg/L), myo-inositel (100 mg/L), and
sugar (30 g/L). By the use of HA, five treatments were used with total substitution of
auxin and cytokinin (T1: HA (10 mg/L); (T2: HA (20 mg/L); (T3: HA (30 mg/L);
(T4: HA (40 mg/L); (T5: HA (50 mg/L) and the control with 6 BAP (4.0 mg/L) +
IBA (0.65 mg/L). The results showed that in the explants under HA treatments.
elongation and cell multiplication were favored confirmed by explants great height.
root number and length due to dry mass. The use of vermicomposting HA in the in
vitro micropropagation of banana allow the elimination of rooting phase saving

materials and be able to pass explants directly to acclimatization phase.

Igbal et al. (2013) observed that for the proliferated shoots of banana (Musa
sapientum L) transferred to different root induction media, which resultantly showed
that MS media supplemented with TAA (2.0 mg/L), was the most efficient root
inducing media. Rooted plantlets after primary and secondary hardening were
transferred to the green house. Finally, these disease free plants were successfully

established in soil.

Rahman er al (2013) studied on IBA, NAA for induction of root of Banana cv.
Agnishwar. [BA at a concentration of 1.0 mg/L. was found most suitable for rooting of

shoot.

Chariva (2012) conducted an experiment on Musa sp. using rooting medium
containing different hormonal concentration ranging from 2.0 to 4.0 mg/L NAA and
activated charcoal. After 10 days of transfer, 2.0 and 2.5 mg/L. NAA containing
medium had shown poor rooting. The rooting medium containing 3.0 mg/L. NAA
shown healthy growth of rooting with good quality numbers. With increase in
hormonal concentration 3.5 and 4.0 mg/l. NAA shoots were healthy but peor in
numbers of root was observed. Thus, 3.0 mg/l. NAA was considered better for root
induction.

Ahirwar et al. (2012) observed that half strength MS medium containing 1.0t mg/L
NAA was found suitable for root regeneration from shoots of Banana (Musa

paradisiaca L.). Tn a study of in vitro plant regeneration in banana (Musa sp.) cv.
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sabri by using meristematic stem cuttings explant, best response towards root
induction was achieved on half MS medium supplemented with 0.5 mg/L [BA (Hug

eral., 2012).

Azam et al. (2010) observed that the micro shoots of Banana (Musa sp.) cultivar
BARI-1 rooted well within two weeks in 1/2 MS supplemented with 0.5 mg/L. IBA
and in a few cases auto-root induction was observed when the number of subculture
was beyond five. Rooting percentage and their growth were much better in liquid
media in comparison to semi-solid media. Elimination of agar from the root

induction media reduced the cost of production significantly.

Gitonga ef al. (2010) reported that shoots of local Banana were rooted when they
were transferred to MS medium supplemented with 1.0 mg /L NAA or 1.0 mg /L

Anatone,

Karim et al. (2009) observed that regenerated shoots of Banana cv. BARI Banana-I
were rooted on half strength MS medium containing 0.5 mg/L. TAA + 0.5 mg/L. IBA
at 30 DAL

Al-amin et al. (2009) investigated the effect of different concentrations of IBA and
IAA on in vitro root formation of Banana cv. BART Banana-I using half strength MS
medium supplemented with different levels of IBA (0, 0.5, 0.1 and 1.5 mg/L) and
IAA (0, 0.5 and 1.0 mgL) was used. Root numbers varied with different
concentrations of IBA and TAA. The highest numbers of roots were produced by 0.3
mg/L IAA + 0.5 mg/L IBA. The highest length (2.93, 4.63 and 5.88 cm) was recorded

at 10, 20 and 30 DAI in the same treatment which was statistically significant.

High auxin in combination with low eytokinin induces root formation (Mala ef al.
2005). Gubbuk and Pekmeze (2004) studied that charcoal alone was better for rooting
than auxin treatments or MS medium alone. In conclusion, supplementation of 2.0
uM TDZ. and 1.0 uM IAA or 20.0 uM BAP and 1.0 pM IAA on MS medium,
followed 5.0 g/L charcoal at the rooting stage were the best combinations for the in

vitro propagation of banana types.
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Muhammad er al. (2000, 2004) and Habiba et af. (2002) reported rooting of shoots
cultured on half strength MS Medium having 1.0 and 2.0 mg/L IBA respectively and
they found that 2.0 mg/L IBA was the best for root induction in the regencrated

shoots.

Madhulatha er al. (2004, 2006) used IBA and NAA in combination during
optimization of liquid pulse treatment for production of in vitro rooted plants of cv.

Nendran (Musa sp. AAA).

An in vitro production of tetraploid Banana plantlets (Musa sp. FHIAOJ AAA
group) was developed and the cloning effect on the in vitro development of the
explants, the rate of contamination, multiplication and BAP concentrations were
studied by Oliveira ef al. (2001). They showed that higher multiplication rates were
obtained, averaging 2.65 per sub-culture, on the MS media supplemented with 4.0
mg/L BAP. A pronounced effect of the cloning on multiplication was observed.

Somaclonal variations were not observed among in vifro plantlets.

Molla et al. (2004) reported shoot tip of BARI Banana | were culture on MS medium
supplemented with 5.0 mg/L BAP for shoot proliferation. Well-developed shoots were
used for rooting. Among the six different concentrations of IBA (0.1, 0.2, 0.4, 0.5 and
0.6 mg/L) in halfl strength MS media, a good number of healthy roots were produced
on 0.5 mg/L IBA (6.89) and 0.4 mg/L (6.31).

2.4 Ex vitro survival of plantlets
The survival rates of in vitro grown plantlets depend on the successful establishment

of those under ex vitre conditions -

Rahman ef al. (2013) reported that the rooted shoots of banana cv. Agnishwar were
acclimatized and successfully transferred to plastic pots. After hardening, they were
transferred to the main field and the survival rate was around 90%. This protocol
might be used for the massive in vitro production of the plantlets of banana cv.

Agnishwar,
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Elisama er al. (2013) acclimatized of micropropagated Musa cavendischii cultivar
roatan plants submitted to doses of fertigation and auxin, The experimental unit was
one plant transplanted in each pot, resulting from the combinations of daily
applications of 10 ml of the Steiner’s nutritive solution at 10, 25, 50, 75 and 100%,
respectively (Factor A). without and with 1.0 mg/L of the auxin [BA (Factor B).
After 11 weeks of acclimatization, the results show that, the higher plants with respect
to plant fresh, dry weight and height. and leal’ width corresponded to the treatments
from 75 to 100% of the Steiner’s solution. The IBA application had no significant
effects on the growth of the M cavendischii plants, There was no significant

interaction between [ertigation and IBA applications.

Azam et al. (2010) reported that after proper acclimatization, rooted plantlets of
Banana were transferred to polythene bags containing garden soil and humus (1:1).
Two weeks after transplantation, 98% plants survived and [lushed new leaves. No

morphological variants were observed during the passage of micro-propagation.

Chativa (2012) observed that hardening the plantlets of Musa spp. was prepared with
removing of agar media and then planted in individual cup containing sand: soil:
wormiculite (1:1:1). Rooted plantlets were established for maintenance of humidity
and temperature in a small chamber. A survival rate of 40-45% was achieved during

the hardening.

Scaranari ef al. (2009) carried out an experiment on the shading and periods of
acclimatization of micropropagated Banana plantlets cv. Grande Naine. In this study.
the development of Banana plantlets was evaluated during acclimatization under a full
light condition including covered surfaces with red shade cloth (70%, 50%, and 30%
shade) and black shade cloth (30% shade), both under a transparent plastic film of 100
mm. Temperature, relative air humidity, irrigation, and nutrition conditions were also
controlled. Physical and physiological parameters were recorded at various stages in
the greenhouses. Combined results indicated superior outcomes of plantlets
maintained under black 50% shade cloth for nine weeks, both in the summer and
winter seasons. Similar results, but in a shorter time, were obtained with plantlets

cultivated under red 70% shade cloth, for six weeks in the summer.
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Al-amin ef al. (2009) reported that meristem derived plantlets were transferred to poly
bags containing 1:1 (ground soil : cowdung) mixture after 7 days hardening in room
temperature (28-30°C) and established plantlet of banana cv. BARI Banana-1 was

ready for planting,

Coasta ef al. (2009) studied the physiological and anatomic performance, and ex vitro
survival of micropropagated Banana plants in response to cultivation conditions, in
the stage of in vitro rooting. Shoots of the *Caipira’ cultivar were cultivated in MS
medium, supplemented with 1.0 mg/L NAA and 6.0 g/L agar. in which the following
treatments were applied: two sucrose concentrations (15.0 g/L or 30.0 g/L) and two
cultivation conditions (Natural light — greenhouse and Artificial light — growth
chamber). At the end of 45 days, the contents of chlorophyll a, b and total, the
relative water content in the tissues, anatomic characteristics and the ex vitro survival
were evaluated. Effects of growth environment and sucrose concentration were
observed on micropropagated ‘Caipira’ Banana anatomy, physiology and survival, in
vitro rooting of the shoots under natural light in the medium containing 15 g/L or 30
g/L. sucrose promoted major alteration in the increase of palisade and spongy
parenchyma, as well as reducing leaf water loss and plant death. The results obtained
in the present study confirm the potential of the use of natural light as a substitute for

artificial light for micropropagation of tropical species.

Kalimuthu et al. (2007) had also transferred the elongated shoots of Musa sp. with
roots (about 8-9 c¢m) to hardening and achieved a survival rate of 90-95% during the
process. Transplantation of in vitre derived banana plants to soil is ofien characterized
by lower survival rates. Before transfer of soil rooted plants to their final
environment, they must be acclimatized in a controlled environment room or in the

glasshouse (Rohr et al, 2003).

Banana plantlet (Musa sp.) acclimatization can be divided into two phases. In the first,
in vitro plantlets are transferred to controlled environments (green-house or box
shade, under the conditions of 20 to 28°C, 80 to 90% RH, and 70% shade cloth) for a
three to six-week period. In the second phase, plantlets are shifled to trays, pots or
bags. under 50% shade. in a temperature range from 18°C to 34°C. and a relative

humidity higher than 75%, for a gradual hardening (Souza et al, 1997). When
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plantlets reach 25-30 cm height they are considered acclimated and become available
to the market (Silva er af,. 1999).

Molla ef al. (2004) reported that plantlets transferred to plastic pots after 10, 15, 20,
25 and 30 days in vitro culture survived 95-100% plantlets of BARI banana 1 when
they were transferred after 15-20 days in vitro culture with 7 days hardening at room

temperature.

From the above review, it was evident that different plant growth regulators (PGRs) at
different concentrations individually or in combinations influence in vitro culture of
Banana varieties. However, very few investigations have vet been carried out on these

factors.
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CHAPTER III
MATERIALS AND METHODS

3.1 Time and Location of the experiment

The present study was planned during October, 2013 to August, 2014 at the
Biotechnology Laboratory, Department of Biotechnology. Sher-e-Bangla Agricultural
University, Sher-c-Bangla Nagar, Dhaka-1207, Bangladesh. Materials used and

methods followed to conduct the present study have been presented in this chapter.

3.2 Experimental materials
3.2.1 Plant materials
Two Banana (Musa spp.) varieties. Sagar and Sabri were used as experimental

materials in the present investigation.

3.2.2 Source of materials
The planting materials of Banana (Musa spp.) Sagar and Sabri were collected from

Agargau Nursery, Sher-e-Bangla Nager, Dhaka-1207.

3.2.3 Types of explants
The healthy. disease free shoot tips of 1-2 em length were used as explants for the

study for in vifro regeneration.

3.2.4 Culture media

The degree of success in tissue culture is related to the choice of nutritional
components and growth regulators. MS (Murashige and Skoog. 1962) medium
supplemented with different phytohormones as per treatments were used as culture
medium for shoot induction, shoot multiplication and maintenance, and
regeneration of roots from multiplied shoots. Hormones were added separately to
different media according to the requirements. And for that stock solutions of

hormones were prepared ahead of media preparation and stored at 4°C temperature.
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Table 1. Composition of Duchefa Biochemic MS (Murashige and Skoog, 1962)

medium including vitamins

Components Concentrations Concentrations
(mg/L)

Micro Elements mg/L pM
CoCly.6H,0 0.025 0.11
CuS0,.5H-0 0.025 0.10
Fe Na EDTA 36.70 100.00

H;BO; 6.20 100.27
Kl 0.83 5.00
MnSO4.H,O 16.90 100.00

NaxMo04.2H;0 0.25 1.03
ZnS0,.7H-0 8.60 29.9]

Macro Elements mg/L mM

CaCl, 332.02 2.99
KH,POy 170.00 1.25
ENO; 1900.00 18.79
MgS0, 180.54 1.50
NHNG; 1650.00 20.61
Yitamins mg/L pM
Glycine 2.00 26.64
Myo-Inositol 100.00 554.94
Nicotinic acid 0.50 4.06
Pyridoxine HCI 0.50 2.43
Thiamine HCI 0.10 0.30

Total concentration of Micro and Macro elements including vitamins: 4405.19 mg/L

Manufacturing Company: Duchefa Biochemic
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3.3 Preparation of hormonal stock solutions
The first step in the preparation of the medium was the preparation of hormone
stock solutions. To expedite the preparation of the medium separate stock solutions
for growth regulators were prepared and used.
Separate stock solution of hormones was prepared by dissolving the desired quantity
of ingredients to the appropriate solvent and made the final volume with distilled

water and stored in a refrigerator at 4°C for later use.

The following growth regulators and concentrations were used in this present
investigation.

Auxins

Indole butyric acid (IBA) (0.5, 1.0, 1.5, 2.0 and 2.5 mg/L)

Cytokinins

6-benzyl amino purine (BAP) (1.0, 2.0, 3.0, 4.0, and 5.0 mg/L)

These hormonal supplements were dissolved in proper solvent as shown against each

of them.

Hormones (Solute) Solvent
IBA 70% ethyl alcohol
BAP 0.1 (N) NaOH

To prepare the stock solution of hormones (1 mg/ml), 100 mg of solid hormone was
placed in a small beaker and then dissolved in 10 ml of 70% ethyl alcohel and 0.1 (N)
NaOH solvent. Finally the volume was made upto 100 ml by the addition of sterile
distilled water using a measuring cylinder. The prepared hormone solution was then

labeled and stored at 4=1"C for use upto two month,
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3.4 MS media preparation

After the preparation of the stock solution, the later step was the preparation of culture

media. To prepare one liter of above mentioned media the following steps were

followed:

1.

ii.

iii.

iv.

Vi

vii.

viil.

i,

¥i:

300 ml of sterile distilled water was added into 2 liter beaker.

4405.19 me/L of Duchefa Biochemic MS medium including vitamins was
added to beaker.

Then thirty gram of sucrose was added and gently agitated to dissolve
completely.

Different concentrations of hormonal supplements were added to the solution
either in single or in combinations as required and mixed well.

Since each hormonal stock contained 10 mg of the chemical in 100 ml of
solution to make one litre of medium addition of 10 ml of stock solution of
any of the hormones, resulted in 1 mg/L concentration of that hormonal
supplement.

The volume was made up to 1000 ml with addition of sterile distilled water.
The pH of the medium was adjusted to 5.8 with a digital pH meter with the
help of 0.1N HCl or 0.1N NaOH as necessary.

After adjusting the pH, 8 ¢/L agar was added to solidify the medium.

As additives, 1% of Activated charcoal was directly added to the medium.

The mixture was then heated for 10 minutes in an electric oven for melting of
agar.

Required volume of hot medium was dispensed into culture vessels viz., vial.
After dispensing the medium, the culture vessels were plugged with its cover
and marked with different codes with the help of a glass marker to indicate

specific media.
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3.5 Sterilization
For in vitre techniques, aseptic condition is a prerequisite. So. all instruments,

glassware and culture media were sterilized.

3.5.1 Sterilization of culture medium
The culture vessels containing the medium were autoclaved with 1.06 kg/em? (15 PSI)
of pressure at 121°C for 20 minutes. After autoclaving the culture vessels (vials)

containing the medium were allowed to cool in culture racks.

3.5.2 Sterilization of glassware and instruments
Beakers. test tubes. conical flasks, pipettes, metal instruments viz., forceps. scalpels,
needless, spatulas and aluminum foils were sterilized in an autoclave at a temperature

of 121"C for 20 minutes at 1.06 ke/em® (15 PSI) pressure.

3.5.3 Sterilization of culture room and transfer area

The culture room was initially cleaned by gently washing all over the floors and walls
with detergent or Lysol (germicide) followed by wiping with 70% ethyl alcohol. The
process of sterilization was repeated at regular intervals, Generally, switching on the
laminar airflow cabinet and sterilized the cabinet by wiping the working surface with
70% ethyl alcohol and then UV light was on for 30 minutes so that the working area
of the cabinet is sterilized. After in the cabinet was delayed for at least 5 minutes to

ensure sale environment.

3.6 Precaution to ensure aseptic condition

The cabinet was usually started half an hour before use and wiped with 70% ethyl-
alcohol to reduce the chances of contamination. The instruments like forceps,
scalpels, needles ete, were pre-sterilized by autoclaving and subsequent sterilization
was done by dipping in 70% ethyl-alcohol followed by flaming and cooling. Hands
were also sterilized by wiping with 70% ethyl-alcohol. Aseptic conditions were

followed during each and every operation to avoid the contamination of culture.
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3.7 Explant preparation and culture

3.7.1.1 Preparation of explant

Suckers (about three months of age) of Banana (Sagar and Sabri) grown under field
conditions were used for explant preparation. The suckers were washed thoroughly
under running tap water. The roots and outer tissues of the suckers were removed
with the help of a sharp knife. A number of outer leaves were removed until the
shoot measured about 1 to 2 cm length and 1 cm width at the base.

Plate 1. Banana plantlets of 2-3 months aged collected from nursery.

Sagar Sabri

Plate 2. Banana explants (shoot tips) prepared for placement in MS media.
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3.7.1.2 Surface sterilization of explants

The shoots tips of 3 to 4 cm size were taken in a beaker and surface sterilization of

explants was done as follows:

i.

iii.

iv.

Vi,
Vii.
Viii.

1X.

xi.
xii.
Xiii.

Xiv.

AN

The suckers were cut as small size (3 to 4 cm) and rinsed with running tap
water.
The shoot tips were soaked with 5% Tween-20 solution for 10 min.
Washing with distilled water was done for several times.
One layer of shoot tip was removed and it was put into Bavistin solution
(0.5%) that was supplemented with 100 mg/l. Ascorbic acid and 150 mg/L
Citric acid and kept for 20 min.
Rinsing the shoot tips with sterilized distilled water for at least 3 times.
Rests of activities were done in Laminar air flow cabinet.
The shoot tips having 3-4 cm in length were isolated from initial stock.
The shoot tips were sterilized with 70% ethanol for 1 min.
Then the explants were sterilized with 0.2% HgCl; for 2 min,
The explants were rinsed with sterilized distilled water for at least 3 times.
COuter layer of explants were removed carefully.
Again the explants were sterilized with 0.1% HgCl; for 5 min.
The explants were washed for at least 3 times with distilled water.
Another outer layer of the explants were removed carefully.
The final size of explanis were 1-2 cm which had 6/8 overlapping leaf base
enclosing auxiliary bud.

Finally the explants were transferred to the MS media carefully.

3.7.2 Culture of explant

3.7.2.1 Inoculation of culture

The isolated and surface sterilized shoot tips were collected carefully through

maintaining aseptic condition inside the laminar air flow cabinet. The individual shoot

tips were directly inoculated o each of the culture tube containing 50 mL of MS

medium supplemented with different concentrations of hormones as per treatment.
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3.7.2.2 Incubation

The culture vials transferred to culture racks and allowed to grow in controlled
environment. The temperature of the culture room was maintained within 25+1" C by
an air conditioner and 16 hour photoperiod was maintained along with light intensity

of 3000 lux for proper growth and development of culture.

3.7.2.3 Blackening of the explant

Some explant became black in color within 6-7 days afier inoculation. To control
blackening the blackish tissues on the explants were removed and the explants were
transterred to similar fresh medium. It was repeated each of 10 days interval for

about one month to minimize further blackening of the tissues.

3.7.2.4 Maintenance of proliferating shoots

Initial subculturing was done after 30 days when the explant had produced some
shoots. For subculturing, the entire samples of in vitre shoot were cut into small
pieces so that each piece would contain about one shoot. Leal and blackish or
brownish basal tissues were removed. Each piece was inoculated into a similar fresh

medium. It was practiced at the interval of 20-25 days.

3.7.2.5 Regeneration of plants from in vitro proliferated buds
In vitro proliferated micro shoots were separated and cach of the micro shoot was
placed on culture medium, which was supplemented with particular concentration

of hormone for shoot differentiation.

3.7.2.6 Root induction of regenerated shoots

When the shoots grew about 3-3 em in length with 3-6 well developed leaves they
were removed aseptically from the culture tubes and were separated from each
other and again cultured on freshly prepared medium containing different

combinations of hormonal supplements for root induction.

3.8 Hardening of the regenerated plantlets
Regenerated plantlets were transplanted to pots (10%15cm) containing soil and
cowdung in 1:]1 ratio and soil mixture were treated with a solution of 1% IBA.

Occasional spray of water was done to prevent sudden desiccations and maintain high

28



humidity around the plantlets. Initially the plantlets were hardened in controlled
environment. Then after 2 weeks, exposed to lower humidity and higher light

intensity. Finally, after 20 days plantlets were transferred to natural environment.

3.9 Treatments
Three experiments were conducted to assess the effect of different concentrations of

BAP and IBA on shoot proliferation and subsequent rooting of the multiplied shoot.

Experiment 1. Effect of BAP concentrations on multiple shoot proliferation from
shoot tip explants in two Banana varicties

In this experiment, suckers of Sagar and Sabri varieties of Banana were used as

sources of shoot tip to investigate the effect of B AP, at different concentration on

shoot.

Treatments: Five levels of BAP (1.0, 2.0, 3.0, 4.0 and 5.0 mg/L) and a control (0.0

mg/L) were used.

Experiment 2. Effect of TBA concentrations on root formation of the
micropropagated shoots in Sagar and Sabri varieties of

Banana
IBA with five levels (0.5, 1.0. 1.5, 2.0 and 2.5 mg/L) and control (0.0 mg/L) were

used as treatments.

Experiment 3. Combined effect of BAP and IBA on shoot and root

regeneration in Sagar and Sabri varieties of Banana

Treatments: Combined hormone treatments with BAP in three levels as (3.0, 4.0 and
5.0 mg/L) and IBA with five levels as (0.5, 1.0, 1.5, 2.0 and 2.5 mg/L) were used for

Sagar and Sabri varieties of Banana.

3.10 Data collection
Data were collected on the effect of different treatments on shoot and root
proliferation on the following parameters recorded at 2. 4 and 6 weeks after

inoculation (WAT).
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3.10.1 Percent response of explants

Percent response of explants was calculated by using the following formula.

Number of explant induced shoot

Percent response of explants = X 100

Total number of explants inoculated
3.10.2 Days to shoot induction
Days to shoot induction were calculated by counting the days from explant inoculation

to the [rst induction of shoots.

3.10.3 Number of shoots per explant

Number of shoots per explant was calculated by using the following formula,

Number of shoots per explant

Number of shoots per explant =

Number ol observation

3.10.4 Shoot length (¢m)
Shoot length was measured in centimeter (cm) from the base to the top of the

explants by a measuring scale. The mean was calculated.

3.10.5 Number of leaf
Numbers of leaves produced on the plantlet were counted and the mean was

calculated.

3.10.6 Length of leaf (cm)
Leaf length was measured in centimeter (cm) from the base to the top of the leaves

by a measuring scale. The mean was calculated.
3.10.7 Days to root formation

Davys to root formation were calculated by counting the days from explant inoculation

to the first induction of roots.
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3.10.8 Number of roots

The number of roots per plantlet was counted and the mean was calculated.

3.10.9 Length of root (¢cm)
Root length was measured in centimeter from the base to the tip of the roots and the

mean was calculated.

3.10.10 Percent increase over control (%)

The percent increase over control was calculated by using the following formula:

X -X

Percent increase over control = x 100
Xz
Where, X; = the mean of treated explants,

X5 = the mean of untreated explants

3.10.11 Percentage of established plantlets

The percentages of established plantlets were calculated based on the number of
plantlets placed in the plastic pots and the number of plants finally survived.

The percentages of established plantlet were calculated by using the following
formula:

Number of established plantlets

Percentage of established plantlets = x 100

Total number of plantlets

3.11 Statistical analysis of data

The data for the characters under study were statistically analyzed wherever
applicable. Data were analyzed using MSTAT-C statistical package. The experiment
was conducted in culture room and arranged in Completely Randomized Design
(CRD) single factor and two factors with five replications. The Analyses of Variance
for different characters were performed and means were compared by the Duncan’s

Multiple Range Test (DMRT).
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CHAPTER IV
RESULTS AND DISCUSSION

Regeneration of Banana plantlets through shoot tip culture offers the umgque
facilities of propagation with a view of obtaining planting materials free from
diseases such as bunchy top and panama wilt. Thus the following works were
conducted at the Biotechnology laboratory, Department of Biotechnology, Sher-e-
Bangla Agricultural University with the Banana varieties of Sagar and Sabri using
shoot tip as explant for subsequent shoot and root regeneration. The results of the
experiment were presented and discussed in this chapter with Plates (1-22) and
Tables (1-13). Analyses of variance in respect of all the parameters have been

presented in Appendices [-LIV.

4.1 Experiment 1. Effect of BAP concentrations on multiple shoot proliferation
from shoot tip explant in two varieties of banana
Plant regeneration and subsequent shoot and root multiplication from shoot tip of
Sagar and Sabri varieties were done. MS medium supplemented with different
concentrations of BAP was used and healthy shoot tips were collected and cut into
pieces. Each piece having 1-2 cm long and about lem diameter was used as primary
culture (explant) for shoot multiplication and proliferation. The results obtained from
this experiment had been presented in Table 2-5 and discussed under following

headings.

4.1.1 Regeneration of shoots from shoot tip explants

The effect of BAP on shoot proliferation and elongation from shoot tip of Sagar and
Sabri varieties was investigated by adding different concentrations of BAP to a
basal MS medium (semi solid). In vifre culture of shoot tip results green globular
ball like structure within 7-10 days of inoculation in media containing different
concentrations of BAP and combination of BAP and IBA (Plate 3). From these
balls like structure adventitious plantlets were developing (Plate 4). Azam er al.
(2010) found that cultured shoot tips were visible as a swelling and greenish color
after 10-15 days of inoculation in MS media supplemented with different
concentrations of BAP. Al-amin er al (2009) observed meristematic ball hike

structure in regeneration media containing different concentrations of BAP and NAA.
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Sagar Sabri

Plate 3. Green globular ball like structure produced from shoot tips of Sagar
and Sabri varieties in MS media containing 4.0 mg/L and 5.0 mg/L of
BAP, respectively at 8 days after inoculation.

Sagar Sabri

Plate 4. Adventitious shoot initiation from ball like structure of Sagar and
Sabri varieties in MS media supplemented with 4.0 mg/L and 5.0
mg/L of BAP, respectively at 2 weeks after inoculation (WAI).
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4.1.2 Percent response of explants (%)

Variations were observed among different treatments of benzyl amino purine (BAP)
on percent response of explants (%) in Banana varieties cultured in MS media in the
laboratory condition the results of which have been presented in the Figure 1. The
highest percent response of explants (88%) of Sagar was observed in treatment of 4.0
mg/L BAP The second highest (76%) was observed in treatment of 5.0 mg/L BAP
and the lowest percent response of explants (40%) of Sagar was observed in control.

In case of Sabri. the highest percent response of explanis (84%) was observed in 5.0
mg/L. BAP (Table 2). The second highest (72%) was observed in 4.0 mg/L. BAP while
the lowest (44%) was observed in control (0.0 mg/L). Ahirwar ef al. (2012) found the
highest frequency of shoot regeneration (52.25%) at 5.0 mg/L BAP using Banana
(Musa paradisiaca 1.) that is supported by the present study. The findings of the
present study is not fully supported by Darvari ef al. (2010) where they found that
all the cultivars of Malaysian Banana and plantain (Musa spp.) showed their highest
response to regeneration at 8.0 mg/L of BAP.
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Figure 1. Effect of BAP on the percent response of explants in two varieties

of Banana
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4.1.3 Days to shoot induction

With different concentrations of BAP, significant variations were observed on days to
shoot induction in Sagar and Sabri varieties of Banana. In both Sagar and Sabri, the
highest number of 22.0 and 28.0 days, respectively was recorded for shoot induction
in control (0.0 mg/L). The second highest number of days (11.40) was observed at 5.0
and 2.0 mg/L. BAP and the minimum number of 7.80 days were required for shoot
induction at 4.0 mg/L. BAP in Sagar. For Sabri, the lowest number of days (9.40) had
been recorded for shoot induction at 5.0 mg/l. BAP (Table 2). Chariya (2012)
observed the shoot initiation of Musa sp. after 12 days of inoculation in each media
containing 1.0 to 6.0 mg/L. BAP. This variation may be due to the strong growth
potential of shoot tip and presence of sufficient endogenous cytokinin that support

gtowth and development of shoot tip explant.

Table 2. Effect of BAP on days to shoot induction of two Banana varicties

BAP Days to shoot induction
(mg/L) Sagar variety Sabri variety
0.0 22.00+1.58a 28.00+1.58a
1.0 8.20 £0.84¢ 13.20=1.30b
2.0 11.40=1.14b 11.80+1.48bc
3.0 9.00 £1.00¢ 12.00£1.58b
4.0 7.80+£0.84c 13.40x1.14b
5.0 11.40£1.14b 0.40=1.14¢
LSDyoom 1,98 245
CV (%) 9.61 9.46
] SE 0.50 0.62

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by

DMRT
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4.1.4 Number of shoots per explant

Significant variations at 1% level were observed among different treatments of BAP
on number of shoots per explant in Sagar variety of Banana using MS media (Figure 2
and Appendix [). At 2, 4 and 6 wecks after inoculation (WAI) the highest number of
shoots observed in Sagar were 2.60, 4.60 and 6.80 per explant. respectively, in
medium supplemented with 4.0 mg/L BAP. The second highest (2.20, 3.00 and 5.00
shoots per explant) was observed in 3.0 mg/L BAP at 2, 4 and 6 WAL respectively.
The 5.0 mg/L of BAP also showed good performance (1.40, 2.60 and 3.60 shoots per

explant) over the control.

In the case of Sabri (Figure 3 and Appendix II). the highest number of shoots (2.00,
3.00 and 3.40 shoots per explant) was observed in medium supplemented with 5.0
mg/L BAP at 2, 4 and 6 WAL respectively. The better performance was observed in
4.0 mg/L of BAP (3.00 shoots per explant) at 6 WAL The 3.0 mg/L of BAP (1.60,
2.00 and 2.40 shoots per explant) also showed good performance. In both cases, the
lowest number of shoot was observed in control (1.00, 1.00 and 1.00 shoots per
explant). The result of current investigation is supported by Rahman er al (2013)
where they found the highest number of shoots (5.9) for each explant at 4.0 mg/L
BAP using Banana (Musa sp.) cv. Agnishwar. Al-Amin et al. (2009) observed that if
the explant of BARI Banana-1 in the culture media is not contaminated by fungus or
bacteria then the explant develops only a single shoot in the long run, The high
performance of BAP over other cytokinins in the multiplication of shoot tips has also
been reported in different cultivar of banana by Gilmar er al. (2000). The initial
response of cytokinin may be mediated by an increase in the cytosolic calcium
concentration by promoting calcium uptake from the medium. Caleium affects the

cytoskeleton, which can regulate exocytosis (Hager ef al., 1991)
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Figure 2. Effect of BAP on number of shoots per explant of “Sagar™ variety.
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Figure 3. Effect of BAP on the number of shoots per explant of *Sabri” variety.
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Plate 5. Multiple shoots produced from shoot tip of *Sagar” variety of Banana
cultured on MS medium supplemented with 40 mg/L. BAP at 6 WAL

Plate 6. Multiple shoots produced from shoot tip of “Sabri” variety of Banana
cultured on MS medium supplemented with 5.0 mg/L. BAP at 6 WAL



4.1.5 Length of shoot (cm)

Different treatments of BAP showed significant variations on length of shoot (¢cm) in
Sagar variety of Banana at 1% level of significance (Table 3a). The highest length of
shoot (3.69, 5.01 and 8.31 cm) was observed in treatment of 4.0 mg/L BAP at 2, 4 and
6 weeks after inoculation (WAI). respectively which was statistically similar with 3.0
mg/L (3.61 and 4.72 cm) at 2 and 4 WAL respectively. On the other hand, the lowest
length of shoot (1.18, 1.50 and 2.27 ¢cm) was observed in control (0.0 mg/L) at 2. 4
and 6 WAI, respectively which was statistically different from all other treatments.
Considering the per cent increase of shoot by length over control, the highest increase
(212.71, 234.00 and 266.08%, respectively) was observed in 4.0 mg/L at 2, 4 and 6
WAL respectively. On the other hand, minimum increase over control was observed

in 1.0 mg/L (143.22, 150 and 143.17%. respectively) at 2, 4 and 6 WAL, respectively.

In case of Sabri (Table 3b), the highest length of shoot (3.22 and 4.09 cm) was
observed in 4.0 mg/L which was statistically similar with 5.0 mg/L. (3.01 and 3.98
em) at 2 and 4 WAL respectively and 4.0 mg/L (6.19 cm) that was statistically
identical with 5.0 mg/L (6.07 cm) and 3.0 mg/L (5.99 ecm) at 6 WAL respectively. On
the other hand, the lowest length of shoot (1.66, 1.77 and 2.30 cm) was observed in
control (0.0 mg/L) at 2 and 4 WAL respectively which was statistically different with
all other treatments. Considering the per cent increase of shoot by length over control.
the highest increase (93.98, 131.07 and 169.13%. respectively) was observed in 4.0
mg/L. followed by 5.0 mg/L (81.33, 124.86 and 163.91%, respectively) at 2.4 and 6
WAL respectively, On the other hand, minimum increase over control was observed
in 2.0 mg/L (56.63, 87.01 and 132.61%, respectively) at 2, 4 and 6 WAL Rahaman er
al. (2004) obtained the longest shoots in 5.0 mg/L BAP (3.62 cm) followed by 1.5
mg/L. NAA and 4.0 mg/L BAP (3.40 em) using BARI Banana-1. They also found
shortest shoot length (1.05 cm) in control treatment where growth hormones were

absent.
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Table 3a. Effect of BAP on the length of shoot of Sagar variety of Banana

BAP Length of shoot (em)
(mg/L) | 2 WAI % 4 WAI' % | 6 WAL %
Inerease Increase Increase
over over over
control control control
0.0 1.18+0.12e - 1.30=0.17e | - 2.27+0.18e -
1.0 2874£0.09d | 143.22 3.75£0.17d | 130.00 5.52+0.10d 143,17
2.0 3.1940.17ed | 17033 | 4.1740.32cd| 178.00 | 5.95£0.38cd | 162.11
3.0 3.61£0.18ab | 205.93 | 4.72+0.23ab| 214.67 | 7.28 =0.18b | 220.70
4.0 3.69x0.26a | 21271 5.014£024a | 234.00 8.31£0.20a | 266.08
5.0 3.31+028bc | 180.51 | 4.35£030bc| 190.00 | 6.24 £0.46c | 174.89
LSDon 0.34 0.43 (.47
CV (%) 6.51 6.24 4.74
SE 0.09 0.11 0.12

"W AT =Weeks after inoculation. Values in the column are the means of five replicates.
In a column, mean values with the same letters are not statistically different from each
other at 1% probability by DMRT.

Table 3b. Effect of BAP on the length of shoot of Sabri variety of Banana

BAP Length of shoot (cm)
(mg/L) | 2WAI' % 4 WAI' Yo 6 WAL %
Inecrease Increase Increase
over over over
control control control
0.0 1.66+0.12d - 1.77£0.15 d - 2.30£0.45¢ -
1.0 2.62+0.19¢ 57.83 3.41+0.15¢ 0266 |538+023b| 133.91
2.0 2.60 £0.16c 56.63 3.31+0.10¢ 87.01 3.3540.14b | 132.61
3.0 2.84:021bc | 71.08 3.75+0.18b | 111.86 |599=0.29a| 160.43
4.0 3.2240.293 93.98 4.09+021a | 131.07 | 6.19=0.18a| 169.13
5.0 3.0120.24ab | B1.33 3.98+0.18ab | 124.86 | 6.07£0.23a | 163.9]
LSDs 01 0.33 0.29 0.48
CV (%) 7.09 4.88 5.20
SE 0.08 0.07 0.12

"WAI=Weeks after inoculation. Values in the column are the means of five replicates.
In a column. mean values with the same letters are not statistically different from each

other at 1% probability by DMRT.
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Plate 7. Longest shoot produced from shoot tip in “Sagar™ variety of Banana
cultured on MS medium supplemented with 4.0 mg/L BAP at 4 WAL

Plate 8. Longest shoot produced from shoot tip in “Sagar” variety of Banana
cultured on MS medium supplemented with 4.0 mg/L. BAP at 6 WAL
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Plate 9. Longest shoot produced from shoot tip of “Sabri” variety of Banana
explant cultured on MS medium supplemented with 4.0 mg/L. BAP at 4
WAL

Plate 10. Longest shoot produced from shoot tip of “Sabri” variety of Banana
explant cultured on MS medium supplementedevith 4.0 mg/L. BAP at
6 WAL



4.1.6 Leaf number per explant

The significant variations were observed among different concentrations of BAP on
number of leal’ per explant (Table 4a). BAP of 4.0 mg/L showed highest number of
leaf (3.01. 3.29 and 4.24) at 2. 4 and 6 WAL respectively. The lowest number of leal
(0.60, 1.00 and 1.60) was observed in untreated control (0.0 mg/L) at 2. 4 and 6 WAL
respectively. Considering the per cent increase of number of leaf over control. 4.0
mg/L treatment showed the highest increase (401.67. 229.00 and 165.00%,
respectively) at 2. 4 and 6 WAL respectively. The minimum increase over control was
observed in 1.0 mg/L (100,00, 70.00 and 83.13%, respectively) at 2, 4 and 6 WAL

respectively.

Sabri variety of Banana showed (Table 4b) highest number of leaf (2.54. 3.38 and
4.49) at 5.0 mg/L which was statistically similar with 4.0 mg/L (2.17, 2.87 and 4.17)
at 2. 4 and 6 WAL respectively. On the contrary, the untreated control showed the
lowest average number of leaf (0.60, 1.00 and 1.80) at 2, 4 and 6 WAL, respectively.
Considering the per cent increase of average number of leaf over control, the
maximum increase (323.33. 238.00 and 149.44%, respectively) was observed in 5.0
mg/L BAP and the lowest increase (133.33 and 75.00%. respectively) over control
was observed in 1.0 mg/L at 2 and 6 WAL respectively. According to Chariya,
(2012). 2-4 leaves with healthy development of shoot was observed in media
containing 5.0 mg/L. BAP. while with 6.0 mg/L BAP in media two leaves showing

slight healthy shoots was observed in Musa sp.
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Table 4a. Effect of BAP on the leaf number in Sagar variety of Banana

BAP Leaf number per explants
(mg/L) | 2 WAI %o 4WAI | % 6 WAI %
Increase {Increase Increase
over over over
control control | control
0.0 | 0.60=x0.55c - 1.00 =0.0d - | 1.60 £0.55d -
1.0 1.20=0.45bc | 100,00 | 1.70 £0.67c | 70.00 | 2.93 =0.38c | 83.13
2.0 1.60 £0.55b | 166.67 | 2.47£0.29b | 147.00 | 3.36=0.23bc | 110.00
3.0 2.62+0.23a |336.67 | 3.01=0.22ab| 201.00 | 3.55=0.36bc | 121.88
4.0 3.01=0.22a | 401.67 |3.29+0.31a|229.00 |4.24£0.24a | 165.00
5.0 2.42+043a |303.33 | 2.67+0.24ab| 167.00 | 3.59£0.12b | 124.38
LSD‘LU.UIL 0.75 0.62 0.60
CV (%) 2228 14.87 10.66
SE 0.1% | 0.16 0.15

"WAI=Weeks after inoculation, Values in the column are the means of [ive replicates.
In a column, mean values with the same letters are not statistically different from each
other at 1% probability by DMRT.

Table 4b. Effect of BAP on the leaf number in Sabri variety of Banana

_ Leaf number per explants
BAP 2 WAI %Yo 4 WAI' %% 6 WAL | %
{ mg/L) Increase Inerease Increase
over over over
control control control
0.0 0.60 £0.55¢ - 1.00 £0.0d - 1.80=0.45d -
1.0 1.40:0.55bc | 133.33 | 2.10+0.74bc| 110.00 | 3.1520.78c | 75.00
2.0 1.60+0.55ab | 166.67 | 1.90+0,55¢c | 90.00 3.42+0.25bc¢ | 90.00
3.0 2.100.74ab | 250.00 | 3.18+0.46a | 218.00 | 3.99+0.43abc| 121.67
4.0 2.17+0.21ab | 261.67 | 2.87£0.22ab| 187.00 | 4.17+0.43ab | 131.67
5.0 2.54+0.30a |323.33 | 3.38+0.26a | 238.00 | 449+030a | 149.44
LSDoon 0.91 0.78 0.84
CV (%) 29.64 1842 | 13.48
SE 0.23 0.20 ] 0.21

"WAI=Weeks after inoculation. Values in the column are the means of five replicates.
In a column, mean values with the same letters are not statistically different from each
other at 1% probability by DMRT.
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Plate 11. Highest number of leaves produced from shoot tip in “Sagar” variety
of Banana cultured on MS medium supplemented with 4.0 mg/L
BAP at 6 WAL

Plate 12. Highest number of leaves produced from shoot tip of “Sabri” variety
of Banana cultured on MS medium supplemented with 5.0 mg/L BAP
at 6 WAL
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4.1.7 Length of leaf (cm)

The effect of different concentrations of BAP on the length of leaf (cm) of Sagar
variety of Banana showed significant variations (Table 5a) at 1% level. The highest
length of leaf (2.01, 2.77 and 4.25 cm) at 2, 4 and 6 WAL, respectively was observed
in 3.0 mg/L BAP. This treatment effect was statistically similar with 4.0 mg/L (1.88
and 2.58 cm) at 2 and 4 WAL respectively. The lowest length of leaf (0.50, 1.01 and
1.70 e¢m) was observed in untreated control at 2. 4 and 6 WAI, respectively, which
was statistically different from all other treatments. Considering the per cent increase
of leaf by length over control, at 2, 4 and 6 WAL respectively. the highest increase
34.00, 174,26 and 150.00%, respectively) was observed in 3.0 mg/L BAP and the
minimum increase over control was observed in 1.0 mg/L (6.67, 110.89 and 87.65%.
respectively).
The highest length of leaf (2.35, 2.92 and 4.44 cm) in Sabri variety of Banana (Table
5b) was observed in 5.0 mg/L BAP and the lowest length of leaf (0.54, 0.99 and 1.78
em at same interval) was observed in growth regulator free control at 2. 4 and 6 WAL
respectively, had been found statistically different from all other treatments.
Considering the per cent increase of leaf by length over control, the highest increase
(335.19. 194.95 and 149.44%. respectively) was observed in 5.0 mg/L BAP at 2. 4
and 6 WAL respectively. On the other hand, lowest increase over control was
observed in 1.0 mg/L (85.96 %) at 6 WAL Al-amin ef al. (2009) obtained the longest
leaves. 0.85, 2.70 and 4.23 ecm with 7.5 mg/L BAP + 0.5 mg/L NAA at 10, 20 and 30
DAL, respectively using BARI Banana-1. The different results obtained by different

authors might be due to differences of genotypes and explants used.
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Table 5a. Effect of BAP on the length of leaf in Sagar variety of Banana

BAP Length of leaf (em)
(mg/L) 2 WAI* o 4 WAI* %o 6 WATL* 0%
Increase Increase Increase
over OVET over
control control control
(.0 0.50=047h - 1.01 £0.33d - 1.70=0.38d -
1.0 1.6040.09 6.67 2.13 +0.13¢ 110.89 3.19+0.14¢ 87.65
|
2.0 1.66£0.08a 10.67 |[2.310.21hc 128.71 3.2620.19be 91.76 |'
3.0 2.01+£0.14a 34.00 2.77£0.20a 174.26 4.25+0.17a 150.00
4.0 1.88+0.17a 25.33 2.58+0.17ab 155.45 3.660.21b 115.29
5.0 1.75+0.08a 16.67 |2.47+0.23abc 144.55 3.47+0.16bc 104.12
LSDw.ary 0.39 0.39 0.39
CV (%) 14.03 0.98 6.42
SE 0.10 0.10 0.10

"WAI=Weeks after inoculation. Values in the column are the means of five replicates.
In a column, mean values with the same letters are not statistically different from each

other at 1% probability by DMRT.

Table 5h. Effect of BAP on length of leaf in Sabri variety of Banana

BAP Length of leaf (cm)
2 WAI* % 4 WAI* % 6 WAI* %
(mg/L) :
Increase Inecrease Increase
over over over
control control control
0.0 .54 =0.50¢ - 0.99 =0.24¢ - 1.78 £0.0¢ -
1.0 1.82=0.12b | 237.04 213£0.14b | 115.15 3.31=0.27b | 85.96
2.0 1.75+0.11b | 224.07 2.36=0.58ab | 138.38 33340200 | 87.08
3.0 1.934+0.12ab | 257.41 2.51+0.44ab | 153.54 3.98+£0.40a | 123.60
4.0 2.21+£0.18ab | 309.26 2.64+0.26ab | 166.67 4.18+0,51a | 134.83
5.0 2.35+0.22a | 335.19 292 +0.28a | 194.95 4.44+033a | 149.44
L5D.01) 0.44 0.63 0.57
CV (%) 14.05 15.68 925
'SE 0.11 0.16 0.15

"W AI=Weeks after inoculation. Values in the column are the means of five replicates.
In a column, mean values with the same letters are not statistically different from each
other at 1% probability by DMRT.
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4.2 Experiment 2. Effect of IBA concentrations on root formation of the
micropropagated shoots in Sagar and Sabri varieties of

Banana.

The regenerated shoots were collected from in vifre grown plantlets in experiment 1.
Then the shoots were subcultured in MS medium supplemented with different levels
of IBA (0.0, 0.5, 1.0, 1.5, 2.0 and 2.5 mg/L) in order to root formation. Roots
numbers varied with different concentrations of IBA. The results on the effect of
different concentrations of IBA on root formation had been discussed with following

headings.
4.2.1 Days to root formation

Significant variations were observed at different concentrations of IBA on the number
of days to root formation in Sagar and Sabri varieties of Banana (Table 6). In Sagar
and Sabri, the highest number of days (15.20 and 14.20 days) were required for root
formation was found in control followed by 2.5 mg/L [BA (9.80 and 10.80 days) and
the lowest number of days (7.60 and 8.00 days) were required for root formation was
recorded in 1.5 mg/L IBA in Sagar and Sabri varieties of Banana. Ali ef al. (2011)
found that MS medium supplemented with 1.0 mg/L IBA + 0.5 mg/L NAA showed

3.6 roots per planlet after 6.8 days of inoculation into rooting medium.

Table 6. Effect of IBA on days to root formation in two Banana varieties

IBA Days to root formation
(mg/L) Sagar variety Sabri variety
0.0 15.20+1.00a 14.20=1.00a
0.5 8.00 =1.38b 9.00 =1.58bc
1.0 8.00+1.58b 8.60 £1.14c
1.5 7.60=1.14b 8.00 £1.00c
2.0 8.00£1.58b 9.60 +1.14bc
2.5 0.80+0.84b 10.80 £0.084b
LSDon 2.23 1.88
CV (%) 18.24 13.89
 SE 0.56 0.48

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by
DMRT
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4.2.2 Number of roots per plantlet

The significant variations were observed among different treatments of IBA on
growth parameters of Sagar and Sabri variety of Banana such as number of root at 2,
4 and 6 WAI in MS media at 1% level of significance (Figure 4), The highest number
of roots (2.00, 3.20 and 5.20 per plantlet) at 2, 4 and 6 WAI, respectively were
developed by 0.5 mg/L of IBA for Sagar (Plate 13). On the other hand, the lowest
number of roots (0.40 per plantlet) at 6 WAI were produced by the untreated control
in both Sagar and Sabri (Plate 14). In case of Sabri, the highest number of root (2.20,
3.40 and 3.40 per plantlet) was produced by 1.5 mg/L of IBA, which was statistically
similar with 1.0 mg/L IBA (2.20, 2.60 and 2.60 per plantlet) at 2, 4 and 6 WAI
respectively (Figure 4). Vigorous roots of in vitre grown plantlet of Sagar and Sabn
varieties of Banana on MS media supplemented with 0.5 mg/L IBA and 1.5 mg/L
IBA were shown in Plate 13. The results of present study agree with the findings of
Rahman et al. (2013). They observed that IBA at a concentration of 1.0 mg/L. was
found most suitable for rooting of shoot in Banana cv. Agnishwar. Huq ef al. (2012)
found that the best response of Banana (Musa spp.) cv. Sabri towards root induction
was achieved on half MS medium supplemented with 0.5 mg/L IBA. This variation
in number of roots per plantlet might be due to the difference in genotype and culture

environments.
m Mo.of roots dat 2 WAl lor sagar = Mo, of raots at 4 WAI for sagar
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Figure 4. Effect of IBA on number of roots/plantlet for “Sagar™ and “Sabri”

variety of Banana.
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Sagar Sabri

Plate 13. Vigorous roots of “Sagar” and “Sabri” varieties of Banana grown with

0.5 mg/L IBA and 1.5 mg/L IBA.

Sagar Sabri

Plate 14. Roots of “Sagar” and “Sabri” wvarieties of Banana grown with
untreated control (0.0 mg/L).
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4.2.3 Length of root (em)

The significant variations were found among different combinations of IBA on the
length of root (cm) of Sagar variety of Banana at 1% level of significance (Table 7).
The highest length of root (2.23. 3.15 and 4,29 cm) was recorded in 0.5 mg/L IBA at
2, 4 and 6 WAL respectively which was statistically similar with 1.0 mg/L IBA (2.09
and 2.93 cm) at 2 and 4 WAL respectively. In Sabri variety of Banana (Table 7) the
highest length of root (3.65 em) was found in (1.5 mg/L IBA which was statistically
identical with 1.0 mg/L IBA at 6 WAL On the other hand, lowest length of root (0.20
cm) was produced in untreated control in both Sagar and Sabri varieties of Banana.
Rahman et al. (2013) recorded that the root length ranged from 1.61 em to 3.69 ecm
under 0.5, 1.0 and 2.0 mg/L of IBA.

Table 7. Effect of IBA on length of root for Sagar and Sabri varieties of Banana

IBA Length of root (cm)

(mg/L) Sagar variety Sabri variety

r 2WALT | 4 WAL | 6 WAT 2 WAL 4 WAI 6 WAL

0.0 |0.0£0.0d | 0.0£0.0c |0.20+0.0e|0.0=0.0c | 0.0=0.0d 0.20£0.0¢

0.5 P.23+0.15aB.1520.11a | 4.2940.26a | 1.74 =0.10a | 2.40 £0.08a | 3.65=0.26a

5.1
1.0 P2.09+0.17a 2.93+0.20a | 3.96+0.23b| 1.66+0.12ab| 2.38 =0.12a | 3.65+0.23a

1.5 [1.84£0.15b 2.54£0.27b | 3.55+0.32¢ | 1.59+0.12ab| 2.3320.12ab3.42+0.32ab
2.0 [1.58+0.11¢ 2.30=0.22b [3.29£0.17cd | 1.53 £0.10b | 2.18=0.13bc| 3.16+0.17b

2.5 [1.48+0.13¢ 2.20=0.23b| 3.12+0.20d | 1.48 £0.08b | 2.08 =0.08¢ | 3.15+0.20b

LSDwgon| ©0.23 0.35 0.32 0.17 0.17 0.40
CV (%) 8.57 8.99 5.97 7.01 5.06 7.95

SE 0.60 0.09 0.08 i 0.04 0.04 0.10

"WAI = Weeks after inoculation. Values in the column are the means of five replicates.
In a column, mean values with the same letters are not statistically different from each
other at 1% probability by DMRT.
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4.3 Experiment 3. Combined effect of BAP and IBA on shoot and root

regeneration in Sagar and Sabri varieties of Banana

In previous experiment the effect of BAP at different levels reveals better
performance of Sagar and Sabri varieties at higher BAP concentrations. That is why
in this experiment the effect of 3.0, 4.0 and 5.0 mg/L BAP in Sagar and Sabri

varieties of Banana was investigated under {ollowing headings.

4.3.1 Percent response of explants (%)

The different concentrations of BAP and IBA showed significant variations on
percent response of explants (%) in Sagar variety of Banana (Table 8). The highest
percent response of explants (83%) was observed in combination of 4.0 mg/l. BAP
and 2.0 mg/L TBA and the lowest percent response of explants (35%) was observed
in treatment combination of 3.0 mg/L BAP +2.5 mg/L IBA.

Sabri variety of Banana showed (Table 8) the highest percent response of explants
(90%) at 5.0 mg/L BAP + 2.5 mg/L IBA and the lowest response (35%) at 3.0 mg/L
BAP +2.0 mg/L IBA. The results of present study are partially supported by Huq et
al. (2012) where they found the highest percentage of shoot regeneration (90%) when
cultured on MS + 4.0 mg/I. BAP + 2.0 mg/L IAA + 13% (v/v) coconut water using
Banana (Musa spp.) cv. Sabri. According to Cronauer and Krikorian (1984a), the
requirement of cytokinin and auxins depends on the variety of Banana and culture

conditions.
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Table 8. Combined effect of BAP and IBA on percent response of explants in

Sagar and Sabri varieties of Banana

BAP Number of | IBA (mg/L) | Percent response of explants
(mg/L) explant (%)
inoculated Sagar variety | Sabri variety
20 0.5 63 50
20 1.0 70 45
4 20 1.5 55 65
20 2.0 45 35
20 2.5 35 45
20 0.5 63 40
20 1.0 70 45
o 20 I.5 75 [ 55
20 2.0 83 65
20 25 60 50
20 0.5 30 70
50 20 1.0 55 75
i 20 1.5 40 65
20 2.0 50 80
20 2.5 40 90

4.3.2 Number of shoots per explant

The effect of different concentrations of BAP and IBA on number of shoots per
explant of Sagar variety of (Table 9) showed significant variations at 1% level. The
highest number of shoots was produced by the treatment of 4.0 mg/L. BAP+1.5 mg/L
IBA (5.60 shoots per explant) (Plate 15). The treatment of 4.0 mg/L BAP + 0.5 mg/L
IBA showed good number of shoots proliferations (3.80 shoots per explant). On the
ather hand, the lowest number of shoots (1.00 shoot per explant) was produced by the
treatment combination of 3.0 mg/L BAP + 2.5 mg/L IBA.

In Sabri variety of Banana. the highest number of shoots per explant (Table 9) was
produced by the treatment of 5.0 mg/l. BAP+2.0 mg/L IBA (3.40 shoots per explant)
(Plate 16). But the treatment of 5.0 mg/L BAP + 2.5 mg/L IBA showed good number
of shoots proliferations (3.00 shoots per explant). On the other hand, the lowest
number of shoots (1.60 shoots per explant) was produced by the treatment
concentrations of 4.0 mg/l. BAP + 2.0 mg/L TBA. The treatment 3.0 mg/LL BAP + 2.5
mg/L IBA produced lower which was statistically identical with the treatment of 4.0
mg/L BAP +2.5 mg/L. 1BA. Igbal er al. (2013) found that the highest number of
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shoots was produced with 5.0 mg/lL BAP +1.0 mg/L TAA + 10 % CW (10
shoots/explant) at 40 DAI and 6.0 mg/L BAP + 1.0 mg/lL IAA +10% coconut
water (8 shoots/explant) at 40 DAL The result of current investigation is partially
supported by Hug et al, (2012) where they found maximum number of shoots (10)
per explant when cultured on MS + 4.0 mg/. BAP + 2.0 mg/L [AA + 13% (v/v)
coconut water using Banana (Musa sp.) cv. Sabri. This variation might be due to the

different concentrations of BAP and IBA and their interaction.

Table 9. Combined effect of BAP and IBA on the number of shoot in Sagar and

Sabri varieties of Banana

BAP (mg/L) IBA (mg/L) Number of shoot
Sagar variety Sabri variety
0.50 3.40 £1.82bc 2.00 £0.0b
- 1.00 2.60 £0.55bcde 1.80 £0.45b
1.50 2.20 £0.45cdefp 1.80 =0.45b
2.00 2.00 £0.0defg 2.00=0.0b
2.50 1.00 £0.0g 1.60 £0.55b
0.50 3.80 +£0.84b 3.00 £0.0a
1.00 2.20 +0.45¢cdefz 2.00 =0.0b
¥ 1.50 5.60+0.55a 2.00=0.0b
2.00 2.80 +£0.84bcd 1.60 =0.55b
2.50 1.60 =0.90defg 1.60 =0.55b
0.50 2.00 = 0.0defg 3.00 £0.0a
5o 1.00 2.40 £0.55¢def 2.00 +0.0b
1.50 2.00 £0.0defg 2.00 £0.0b
2.00 1.40 £0.55¢fg 3.40£0.53a
2.50 1.20 +0.45fg 3.00 £(0.0a
LSDyoo1y 1.174 0.55
CV (%) 28.91 14.94
SE 0.312 0.146

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by
DMRT.
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Plate 15. Multiple shoots produced in “Sagar” variety of Banana on MS
supplemented with 4.0 mg/L. BAP + 1.5 mg/L IBA at 4 WAL

Plate 16. Multiple shoots produced in “Sabri” variety of Banana on MS
supplemented with 5.0 mg/L BAP +2.0 mg/L. IBA at 4 WAL
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4.3.3 Length of shoot (¢cm)

The significant variations were observed among different concentrations of BAP and
IBA on growth parameter of Sagar variety of Banana such as the length of shoot (cm)
in MS media (Table 10). The highest length of shoot was recorded in the combination
of 4.0 mg/L BAP+2.5 mg/L. IBA (5.55 cm) which was statistically similar with the
treatment of 5.0 mg/T. BAP +2.0 mg/L IBA (5.28 cm), 5.0 mg/L BAP+2.5 mg/L IBA
(5.20 em), 3.0 mg/L. BAP + 2.5 mg/L. IBA (5.27 ¢m) and 3.0 mg/L. BAP + 0.5 mg/L.
IBA (3.02 ¢cm). On the other hand, the lowest length of shoot (3.53 cm) was produced
by the treatment of 4.0 mg/L BAP + 1.5 mg/L IBA which was statistically similar
with the treatment of 4.0 mg/L BAP + 1.0 mg/L IBA (3.56 cm).

The highest length of shoot (5.15 ¢cm) of Sabri variety of Banana (Table 10) was
found in the treatment combination of 4.0 mgL. BAP+2.5 mg/L. IBA which was
statistically similar with the treatment combination of 4.0 mg/L BAP +2.0 mg/L IBA
(4.46 cm), 5.0 mg/L BAP+ 1.5 mg/L IBA (4.50 cm), 5.0 mg/L. BAP + 0.5 mg/L IBA
(4.39 cm) and 3.0 mg/L BAP +1.5 mg/L. IBA (4.35 e¢m). On the other hand, the lowest
length of shoot (3.37 cm) was recorded in the treatment of 5.0 mg/L. BAP+ 1.0 mg/LL
IBA. Al-amin ef al. (2009) found the longest shoot (1.03, 2.45 and 3.38 ¢m) to the
treatment combination of 7.5 mg/L BAP + 0.5 mg/L NAA at 10, 20 and 30 DAI,
respectively. The findings of current investigation are not supported by Azam ef al.
(2010) where they found the addition of 0.] mg/L [BA and 10% coconut water
with 2.0 mg/L BAP to the medium increased shoot elongation and stimulated
growth of the shoots, respectively using Banana (Musa sp.) cultivar BARI-1 (AAA
genome, sapientum subgroup). George, er al. (2008) observed that low auxin in

combination with high cytokinin induces auxilary shoot proliferation.
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Table 10. Combined effect of BAP and IBA on Iength of shoot in Sagar and
Sabri varieties of Banana
BAP (mg/L) IBA (mg/L) | Length of shoot (cm)

Sagar variety Sabri variety
0.50 5.02 £0.33a 3.74 =0.25bc
338 1.00 3.95 +0.18bed 4.23 20.47bc
1.50 4.25 £0.25bc 4.35+0.51ab
2.00 3.64 £0.19ed 4.18 +£0.25bc
2.50 5.27+0.37a 4.14 £0.4%c¢
0.50 4.40 £0.37b 4.10+0,33bc
1.00 3.56 +0.19d 3.75 £0.27be
4.0 1.50 3.53 £0.07d 3.65 =0.34bc
2.00 4.36 =0.19b 4.46 =1.0ab
250 5.5540.11a 5.13£1.02a
0.50 3.82=0.10bed 4,39 =0.28ab
} 1.00 4.01 =0.12bed 3.37 =0.34¢
>0 1.50 3.72 20.32 bed 4.50 £0.0ab
2.00 5.28 £0.50a 3.92 £0.40bc
250 5.20+0.98a 3.71 =16be

LSDyoon 0.607 0.821

CV (%) 8.26 11.87

SE 0.161 0.218

Values in the column are the means of five replicates. In a column. mean values with
the same letters are not statistically different from each other at 1% probability by

DMRT.

af




4.3.4 Number of leaf

The significant variations were observed among different combinations of BAP and
IBA on the number of leaf (Table 11). The highest number of lzaf was produced by
3.0 mg/l. BAP+0.5 mg/L IBA (3.30) which was statistically similar with the treatment
of 4.0 mg/L BAP +1.5 mg/L IBA. On the other hand, the lowest number of leaf was
produced by the treatment of 3.0 mg/L BAP+ 2.0 mg/L IBA (2.10).

Sabri varieties showed the highest number of leaf at 3.0 mg/L BAP+0.5 mg/lL IBA
(3.67) followed by (3.50) (Table 11). On the other hand. the lowest number of leafl
was recorded 3.0 mg/L. BAP+1.0 mg/L IBA (2.10) which was statistically identical
with the treatment of 4.0 mg/L BAP+ 1.0 mg/L IBA. In the case of Sabri, the findings
of the present study agree with the findings of Demissie, (2013) who found that the
maximum number of leaves of plantain (Musa sp.) cv. Matoke at 10, 20, 30 and
60 DAI produced on the medium supplemented of with 5.0 mg/L BAP and 0.5
mg/L NAA are 1.67, 2.67, 3.67 and 4.33 per explant. Rahman ef al. (2013) achieved
that the average number of leaves produced in different concentrations of BAP, 2iP
and Kin ranged from 0.44 to 2.69. The maximum number of leaves (2.69) was
produced (P<0.05) under 2.0 mg/L 2iP while the lowest number was found under 1.0
mg/L Kin. Though the number of leaves increased with time in all treatments, the

increasing rate was faster in BAP compared to 2iP and Kin.
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Table 11. Combined effect of BAP and IBA on the number of leaf in Sagar and

Sabri varieties of Banana

BAP (mg/L) IBA (mg/L) Number of leaf
Sagar variety Sabri variety
0.50 3.30=0.30a 2.60 =0.65bcd
56 1.00 2.80 £0.27abed 2.60 £0.42bed
' 1.50 240 =041cd 2 .80 =0.67abcd
2.00 2.10£0.22d 2.70 £0.67abed
2.50 2.40 =0.55bcd 2.60 +0.65bed
0.50 2.97 £0.57abc 3,17 £0.33abc
40 1.00 3.13 =0.30ab 2.10+0.22d
1.50 3.23+0.33a 3.50 £0.35ab
2.00 2.20 0.45¢cd 3.20 £0.76abe
2.50 2.23 £0.32cd 2.90 + 0.22abed
0.50 2.40 =0.42bed 3.67 £0.77a
50 1.00 2.40 =0.55bcd 2.10x0.22d
' 1.50 2.20 £0.27cd 3.10 £0.22abc
2.00 2.40 £0.41bed 2.27 +0.40cd
2.50 2.30 =0.45¢cd 2.91 =0.30abcd
LSDys.a1 0.679 0.845
CV (%) 15.76 17.82
SE 0.181 0.252

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by
DMRT.

4.3.5 Length of leaf (cm)

Combined effect of BAP and IBA on the length of leaf (em) has been found
significant at 1% level in (Table 12). The highest length of leaves (3.74 c¢m) was
exhibited by the treatment 3.0 mg/l. BAP+ (.5 mg/L. IBA which was statistically
similar with the treatment of 3.0 mg/L BAP+ 1.0 mg/L IBA (3.29 cm). On the other
hand, shortest leaves (2.21 em) were produced by the treatment of 3.0 mg/L. BAP+ 1.5
mg/L [BA.

In Sabri variety of Banana the longest leal was produced by the concentrations of 5.0
mg/L BAP+ 1.5 mg/L IBA (3.20 cm) (Table 12). The second longest leaf length was
produced by the treatment of 5.0 mg/L. BAP+0.5 mg/L IBA (2.95 cm). On the other
hand. the lowest length of leaf was produced in 4.0 mg/L BAP+ 1.5 mg/L IBA (2.05

cm), The results of present experiment agree partially with the findings of Rahaman et
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al. (2004) where they obiained longest leaf in the treatment 3.0 mg/L. BAP (3.62
cm) followed by 1.5 mg/L. NAA and 4.0 mg/L BAP (3.40 cm) using BARI
Banana-1. But in Sagar variety, the results are not supported by the findings of
Rahaman ef al. (2004).

Table 12. Combined effect of BAP and I1BA on length of leaf in Sagar and Sabri

varieties of Banana

BAP (mg/L) IBA (mg/L) Length of leaf (cm)
Sagar variety Sabri variety
0.50 3.74 £0.12a 2.32 £0.10cde
30 1.00 3.29 £0.25ab 2.25 £0.15¢cde
B 1.50 2.82 =(L11bed 2.34 £0,24cde
2.00 2.47 £0.03cde 2.33 £0.24cde
2.50 2.50 £0,45¢cde 2,72 £0.21abed
0.50 2.88 =0.65bed 2.19 =0.30de
40 1.00 2.99 +0.37be 2.53 £0.08bcde
’ 1.50 2.77 +0.25bed 2.05 £0.54e
2.00 2.68 =0.07cde 2.07+0.07e
2.50 2.57 £0.31cde 2.74 =0.13abc
0.50 2.35 =0.25de 2.95 =0.51ab
1.00 2.47 £0.18cde 2.89 £0.23ab
5.0 1.50 2.21 £0.16e 3.20x041a
2.00 2.97 =0.29bc 2.89 =0.25ab
|' 2.50 3.02 =0.18 be 2.21 £0.17cde
LSDon 0.48 0.52
CV (%) 10.29 10.02
SE 0.12 0.14

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by

DMRT.
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4.3.6 Number of roots per explant

The effects of different concentrations of BAP and IBA on number of root of Sagar
and Sabri varieties of Banana were statistically significant at 1% level of significance
(Table 13). The highest number of root (5.00 and 5.20 per explant) was found in the
treatment of 3.0 mg/L BAP+1.0 mg/LL [BA in Sagar and Sabri varieties of Banana. On
the other hand. the lowest numbers of roots (1.40 and 2.00 per explant) were produced
by the treatment concentrations of 3.0 mg/L BAP+0.5 mg/l. IBA in two Banana
varieties. Vigorous roots with plenty of hairy roots of Sagar and Sabri variety of
Banana were grown on MS media supplemented with 3.0 mg/L BAP+1.0 mg/L IBA
(Plate 17 &18). Gubbuk and Pekmeze (2004) found that supplementation of 2.0 uM
TDZ. and 1.0 pM IAA or 20.0 pM BAP and 1.0 pM IAA on MS medium, followed
5.0 g/L charcoal were the best combinations for the in vifro root regeneration of

banana types.

Table 13. Combined effect of BAP and IBA on number of root in Sagar and
Sabri variety of Banana
BAP IBA Yigor of Number of root
(mg/L) (mg/L) l'Egl‘l.;IEl';lll:d Sagar variety Sabri variety
o0
0.5 HF 3.40 £0.90a 3.40 +£0.90a
1.0 b = 5.00 +0.70a 5.20 £0.84a
3.0 1.5 ++ 2.80 +0.84a 2.80 £0.84a
2.0 + 2.20£0.84a 2.20=l.1a
2.3 ++ 2,40 £0.55a 2.20 £0.45a
0.5 ++ 2.60=0.35a 2.60 =0.55a
1.0 + 2.00 £0.0a 2.20%]1,1a
4.0 1.5 ++ 240 =0.55a 2.40=0.35a
2.0 4 3.20 =0.55a 3.20 £0.45a
2.5 + 240 =0.35a 2.40 =0.55a
0.5 -3 1.40 £0.55a 2.00 £0.0a
1.0 i3 2.20 £0.45a 2.40 £0.55a
5.0 1.5 + 2.00 +0,70a 2.20+0.84a
2.0 ++ 2.80 +0.84a 2.40 £0.55a
2.5 ++ 2.60 +£0.55a 2.40 +0.55a
LSDyo.ony 3.36 2.92
CV (%) 23.92 24.08
SE (.89 0.78

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by
DMRT.
+ = Less vigorous growth, ++ = Good growth and vigor, +++ =Best growth and vigor

b1



Plate 17. Vigorous roots of “Sagar” variety of Banana grown on MS
supplemented with 3.0 mg/L. BAP + 1.0 mg/L. IBA.

Plate 18. Vigorous roots of “Sabri” variety of Banana grown on MS
supplemented with 3.0 mg/L BAP + 1.0 mg/L 1BA.
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4.3.7 Length of root (cm)

The significant variations were observed at different concentrations of BAP and IBA
on length of root (cm) of Sagar varieties (Table 14). The highest length of root (6.61
cm) was produced by the treatment of 3.0 mg/L BAP+1.0 mg/L [BA (Plate 19). On
the other hand, the minimum length of root (2,79 cm) was produced by the
concentrations of 5.0 mg/L BAP + 0.5 mg/L IBA. In Sabri varieties the highest length
of root (6.72 ¢m) was produced by the treatment combination of 3.0 mg/L. BAP+0.5
mg/L IBA (Table 14, Plate 20). On the other hand. the minimum length of root (3.06
cm) was produced by the treatment concentrations of 5.0 mg/L BAP + 0.5 mg/L [BA.
The result of current investigation is not supported by Mala et al. (2005), They
observed that high auxin in combination with low cytokinin induces root formation.
This variation may be due to the interaction of both endogenous and exogenous

hormones (BAP and IBA),

Table 14. Combined effect of BAP and IBA on length of root for Sagar variety

of Banana
BAP IBA Length of root (¢cm)
(mg/L) (mg/L) Sagar variety Sabri variety
0.5 5.65 £0.15ab 5.93 £0,17ab
1.0 6.61 +0.16a 6.72 +£0.50a
3.0 1.5 5.21 +0.15abe 5.62 0.28ab
2.0 5.13 £0.15abe 5.37 =0.32ab
2.5 4.32 £0.15abe 4.54 £0),38ab
(.3 4,50 +0.15abc 5.12£0.47ab
1.0 4.99 +(.13abe 5.37 =0.12ab
4.0 l.5 4,38 £0.13abc 4,82 =0.54ab
2.0 4.16 +0.10abe 5.12£0.11ab
2.5 3.39 £0.09bc 4.21 £0.13ab
0.5 2,79 =0.09¢ 3.06 =0.19b
1.0 4.34 =0.09abc 4.45 £0.32ab
5.0 1.5 4.24 £0.09abc 4,28 £0.08ab
2.0 3.56 =0.09bc 4.84 +0.43ab
2.5 3.58 £0.03be 4.37 +0.15ab
LSDo.01y 237 2.59
CV (%) 8.31 6.48
SE 0.63 0.69

Values in the column are the means of five replicates. In a column, mean values with
the same letters are not statistically different from each other at 1% probability by

DMRT.
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Plate 19. Longest root of “Sagar” variety of Banana grown on MS
supplemented with 3.0 mg/L. BAP + 1.0 mg/L TBA.

Plate 20. Longest root of “Sabri” varicty of Banana grown on MS supplemented
with 3.0 mg/L. BAP + 1.0 mg/L IBA.



4.5 Ex vitro acclimatization and establishment of plantlets on soil

After sufficient shoot and root development at 6 weeks of culture, the small plantlets
were taken out from culture vessel carefully without damaging any roots. Excess
media around the root was washed off by running tape water to prevent further
microbial infection. The plantlets were then transplanted in plastic pots filled with
sterilized soil: cowdung (1:1) and soil mixture were treated with a solution of 1% [BA
due to proper rooting in plastic pots. Immediately after transplantation the plantlets
were irrigated with a fine spray of water. Occasional spray of water was done to
prevent sudden desiccations and maintain high humidity around the plantlets and the
plantlets were placed in to the controlled environment for proper hardening (Plate 21).
The highest survival rate 93.00% found in Sagar varieties and the survival rate of

Sabri varieties was 90.00% ( Table 15).

Table 15. Survival rate of in vitro regenerated plants of two Banana varieties

Acelimatization Variety | No. of plants | No. of plants | Survival
transplanted survived rate (%)

Initially plastic pots of] Sagar 20 19 95.00
plantlet in controlled
R Sabri 20 18 90.00
Subsequently  when | Sagar 19 18 94.74
moved to soil in open g T T 38.80
atmosphere

After 20 days of hardening the plantlets were transplanted to soil (Plate 22). As soon
as new leaves flushed, plants were watered with ordinary tap water. Gradually the
plantlets were adapted to the soil. In the open atmosphere, the survival rate of Sagar
varieties was 94.74% which was higher than the survival rate of 88.89% in Sabri
varieties (Table 15). Mortality of the plantlets occurred during transplantation of
plantlets due to shifting between containers, injuries to the root systcm and excessive
evaporation, Rahman et al. (2013) found that the survival rate was around 90% in

Banana (Musa spp.) cv. Agnishwar to the main field.
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Plate 21. Hardening of the regenerated “Sagar” and “Sabri” varieties of

Banana plantlets.

Sagar Sabri

Plate 22. Established “Sagar™ and “Sabri” varietics of Banana in plastic pots

in natural environment.
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CHAPTER YV

SUMMRRY

The experiment was conducted at the Biotechnology Laboratory. Department of
Biotechnology, Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar, Dhaka-
1207, during the period of October 2013 to August 2014 to investigate the effect
of different concentrations of BAP and IBA singly and in combination. on
regeneration, shoot proliferation and root formation in two varieties of Banana
(Sagar and Sabri). Shoot tips were collected from Banana suckers of three months as

explants.

Shoot tips were excised from mother plant and transferred to MS medium
supplemented with hormone and also in control (0.0 mg/L). Regeneration of shoot
tips resulted in globular ball like structure within 7 to 10 days of inoculation in
medium containing different concentrations of BAP and combinations BAP and

IBA. From this globular ball like structure adventitious plantlets were developing.

In experiment 1, the effects of different concentrations ol BAP (0.0, 1.0, 2.0, 3.0 4.0
and 5.0 mg/L) were studied on shoot proliferation of Sagar and Sabri varieties of
Banana. The results of this experiment revealed that the 4.0 mg/L. BAP performed as
the best treatment for Sagar variety of Banana and 5.0 mg/L BAP for Sabri variety of

Banana on multiple shoot proliferation.

In the case of percent response of explants, the highest percent response of explant
(88 and 84%, respectively) was observed with 4.0 mg/T. BAP and 5.0 mg/L. in Sagar
and Sabri varieties of Banana and the lowest (40% and 44%) was observed with
control (0.0 mg/L) in both varieties. In both Sagar and Sabri, the maximum 22.0 and
28.0 days, respectively were recorded for shoot induction in control and the minimum
7.80 days were required at 4.0 mg/L BAP in Sagar. For Sabri, the minimum 9.40 days

were required for the same at 5.0 mg/L. BAP.

The treatment of 4.0 mg/L BAP for Sagar showed highest number of shoots per
explant (2.60, 4.60 and 6.80) and in Sabri 5.0 mg/LL BAP showed same (2.00, 3.00
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and 3.40) at 2, 4 and 6 WAL respectively. [n both the cases, lowest number of shoots
was observed in control (1.00, 1.00 and 1.00 shoots per explant). In Sagar, the highest
length of shoots as 3.69, 5.01 and 8.31 cm and in Sabri 3.22. 4.09 and 6.19 cm were
observed in 4.0 mg/L at 2. 4 and 6 WAL For Sagar. the lowest length of shoot (1.18,
1.50 and 2.27 ¢m) and that of Sabri 1.66. 1.77 and 2.30 cm were observed in control
(0.0 mg/L) at 2, 4 and 6 WAL respectively, which was statistically different from all
other treatments. Considering the per cent increase of shoot length, the highest
increase 212.71. 234.00 and 266.08% in 4.0 mg/L and that of the lowest 143.22, 150
and 143.17% in 1.0 mg/L were observed at 2. 4 and 6 WAI respectively for Sagar,
For Sabri, the highest increase (93.98, 131.07 and 169.13%. respectively) was
observed in 4.0 mg/L whereas the minimum was observed in 2.0 mg/L (56.63. 87.01

and 132.61%) at 2. 4 and 6 WAL

BAP at 4.0 mg/L showed highest number of leaf as 3.01, 3.29 and 4.24 in Sagar
variety and with 3.0 mg/L as 2,54, 3.38 and 4.49 in Sabri variety of Banana at 2, 4 and
6 WAL respectively. The lowest number of leaf (0.60. 1.00 and 1.60) of Sagar and
that of Sabri (0.60. 1.00 and 1.80) was observed in control (0.0 mg/L) at 2, 4 and 6
WAL respectively. Considering the percent increase of number of leal over control,
4.0 mg/l. treatment showed the highest increase (401.67, 229.00 and 165.00%
respectively) and minimum increase over control was observed in 1.0 mg/L (100.00,
70.00 and 83.13%. respectively) at 2, 4 and 6 WAL respectively of Sagar variety of
Banana. Sabri variety of Banana showed the maximum increase (323.33, 238.00 and
149.44%) in 5.0 mg/L BAP and the lowest (133.33 and 75.00%, respectively) in 1.0
mg/L at 2 and 6 WAL The highest length of leaf (2.01, 2.77 and 4.25 cm) of Sagar
variety of Banana was observed in 3.0 mg/L. BAP and that of Sabri variety (2.35, 2.92
and 4.44 cm) was observed in 5.0 mg/L at 2, 4 and 6 WAL respectively. The highest
increase of leaf by length over control (34.00, 174.26 and 150.00 %, respectively) was
observed in 3.0 mg/L. BAP of Sagar variety and for Sabri variety (335.19, 194.95 and
149.44%, respectively) was in 5.0 mg/L BAP at 2, 4 and 6 WAL respectively.

In experiment 2, effects of different concentrations of IBA on root formation of the
micropropagated shoots in Sagar and Sabri varieties of Banana were studied. In
Sagar and Sabri, the highest numbers of days (15.20 and 14.20) were required in

control and the lowest numbers of days (7.60 and 8.00) were needed in 1.5 mg/L IBA
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for root formation. The highest number of roots per explants (2,00, 3.20 and 5.20 per
explant) was produced by 0.5 mg/L of IBA at 2. 4 and 6 WAL respectively and the
lowest number of root was produced by the control in Sagar. In the case of Sabri. the
highest number of roots per explant as 2.20, 3.40 and 3.40 was observed in 1.5 mg/L
of IBA at 2. 4 and 6 WAL respectively and the lowest number of roots was recorded
in control. The highest length of roots (2.23. 3.15 and 4.29 c¢m) of Sagar and that of
Sabri (1.74, 2.40 and 3.65 c¢m) was observed in 0.5 mg/L IBA at 2, 4 and 6 WAL

respectively.

In experiment 3, combined effects of BAP and IBA on shoot and root regeneration
in Sagar and Sabri varieties of Banana were studied. In combination of BAP and
IBA. the highest percent response of explants (85% and 90%) was observed in Sagar
and Sabri varieties with 4.0 mg/L BAP+2.0 mg/L. IBA and 5.0 mg/L BAP+2.5 mg/L
IBA. In both varieties. the lowest response percent (35%) was observed in

concentration of 3.0 mg/L BAP+2.5 mg/L IBA and 3.0 mg/L. BAP +2.0 mg/L [BA.

The highest number of shoots per explant (5.60) in Sagar was produced at 4.0 mg/L
BAP+1.5 mg/L IBA and the lowest number of shoots per explant (1.0) was produced
in 3.0 mg/L BAP+2.5 mg/L IBA. In Sabri variety the highest number of shoots (3.40
shoots per explant) was produced by 5.0 mg/L BAP+2.0 mg/L IBA and the lowest
number of shoot (1.60 shoots per explant) was produced by the treatment
concentrations of 4.0 mg/L BAP+2.0 mg/L. IBA which was statistically similar with
4.0 mg/I. BAP+2.5 mg/L IBA and 3.0 mg/L BAP+2.5 mg/L IBA. The highest length
of shoot (5.55 cm) of Sagar was produced at 4.0 mg/L. BAP+2.5 mg/LL IBA and the
lowest length (3.53 ¢m) of shoot was produced by 4.0 mg/L BAP+1.5 mg/L IBA. The
highest length of shoot (5.15 cm) of Sabri variety of Banana was produced by the
treatment concentrations of 4.0 mg/L. BAP+2.5 mg/L IBA and the lowest length (3.37
cm) of shoot was produced by the treatment of 5.0 mg/L. BAP+1.0 mg/I. 1BA. The
highest number of leaf (3.30) of Sagar was produced by 3.0 mg/l. BAP+0.5 mg/L
IBA and the lowest number of leaf (2.10) was produced by 3.0 mg/L BAP+2.0 mg/L
IBA. Sabri varieties of Banana showed the highest number of leaf (3.67) at 5.0 mg/L
BAP+0.5 mg/L IBA and that of lowest (2.10) was produced at 5.0 mg/L BAP+1.0
mg/L IBA. In Sagar the highest length of leaf (3.74 cm) was observed at 3.0 mg/L
BAP+0.5 mg/L IBA and the lowest length of leaf (2.21 em) was produced by the
treatment of 5.0 mg/L BAP+ 1.5 mg/L IBA. In Sabri variety of Banana the highest
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length of leaf (3.20 cm) was produced by 5.0 mg/L BAP+ 1.5 mg/L IBA and the
lowest length of leaf (2.05 cm) was produced by the treatment of 4.0 mg/L BAP+ 1.5
mg/L [BA,

In combination of IBA and BAP, the highest number of roots (5.00 and 5.20 per
explant) and root length (6.61 and 6.72 ¢cm) were produced by the treatment of 3.0
mg/L. BAP+1.0 mg/L IBA in both Sagar and Sabri varieties of Banana. On the other
hand, the minimum number of roots (1.40 and 2.00 per explant) and root length (2.79

and 3.06 cm) were at 5.0 mg/L BAP + 0.5 mg/L IBA in two Banana varieties.

For acclimatization, plantlets were transplanted from culture media to soil in plastic
pots in controlled environment, where the higher survival rate (95.00%) was found in
Sagar varieties and the lower survival rate (90.00%) was found in Sabri varieties.
After hardening, plantlets were transferred to open atmosphere, where the survival
rate of Sagar varieties was 94.74% which was higher than the survival rate of 88.89%

in Sabn varieties.
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ii.

1.

iv.

CHAPTER VI
CONCLUSION

Following conclusions can be made from the present study:
A micropropagation protocol has been developed in Sagar and Sabri varieties
of Banana.
Overall moderate higher dose (4.0 mg/L BAP) showed better response in vitro
regeneration in Banana.
Combined effect of BAP and IBA seems to be better than individual response
of either BAP or IBA based on average performance of growth parameters.

This protocol has the applicability in vitro rapid propagation of Banana.

71



Chapter VI

Recommendation




ii.

1il.

CHAPTER VII
RECOMMANDATION

Based on above conclusion following recommendation can be made.

Very few types and levels of hormone have been used which needs to be
extended for in vitre regeneration in Sagar and Sabri to identify further better
combination if any.

The research was done with only two Banana varieties, Sagar and Sabri, which
also necessitates to be widened in other demanding varieties for ultimate
improvement of Banana in Bangladesh.

The research being conducted with limited time duration. further extension
and continuation of the research to assess field performance should be carried

out.
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APPENDICES

Appendix I. Effect of BAP on the percent response of explant in two
varieties of Banana
BAP "Percent response of explant (%)
(gl Sagar variety Sabri variety

0.0 40 +4

1.0 48 5

2.0 52 56

3.0 68 64

4.0 88 [ 72

5.0 76 | 84

Twenty five explants were inoculated in each treatment.

Appendix I1. Effect of BAP on number of shoot in Sagar variety of Banana

BAP No. of Y No. of Yo No. of %
(mg/L) | shootat2 | Increase shoot at4 | Increase shoot at 6 | Increase
WAL over WAL OVEr WAI over
control control control
(.0 1.00 200b - 1.00 £0.0d - 1.00 =0.0e =
1.0 1.00 +0.0b 0 1.60+0.55¢d | 60.00 | 2.20:0.45d | 120.00
2.0 1.0020.0b 0 2.00=0.0bed | 100.00 | 2.40+£0.55d 140.00
3.0 2.20=0.45a 120 3.00£0.71b | 200,00 | 5.00£0.71b | 400.00
4.0 2.60=0.55a 160 4.60+0.8%9a | 360.00 | 6.80=1.10a | 3580.00
5.0 1.40=0.35b 40 2.60+£0.535bc | 160.00 | 3.60+£0.55¢ 260,00
LSDjonn 0.65 0.996 1.142
CV (%) 23.51 2281 18.44
i_SE 0.16 0.25 (.29

"WAI = Weeks after inoculation. Values in the column are the means of five
replicates. In a column, mean values with the same letters are not statistically different
from each other at 1% probability by DMRT.
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Appendix IT1. Effect of BAP on number of shoot in Sabri variety of Banana

BAP No. of % No. of % No. of %
(mg/L) | shootat2 | Increase | shootat4 | Increase | shootat6 Increase
WAIT OvVer WAI over WAL over
control control control
0.0 1.00 +0.0b r - 1.00 +0.0¢ - 1.00 =0.0c -
1.0 1.00 £0.0b W] 1.40+£0.55¢ 40.00 2,00 £0.0b | 100.00
2.0 1.00 £0.0b 0 1.20£0.45¢ 20.00 2.00+0.0b 100.00
3.0 1.600.55ab 60 2.00 =0.0b 100,00 | 2.4 £0.55b | 140.00
4.0 1.40-40.55b 40 2.00 =0.0b 100,00 | 3.00+0.0a| 200.00
5.0 2.00 =0.0a 100 3.00 £0.0a | 200.00 | 3.40+0.55a | 240.00
h]:SDﬂum 0.56 .51 .56 :
CV (%) 2372 16.34 13.75
SE 0.14 (L13 0.14

"WAI = Weeks after inoculation. Values in the column are the means of five
replicates. In a column, mean values with the same letters are not statistically different
from each other at 1% probability by DMRT.

Appendix IV. Effect of IBA on the number of root in two varieties of Banana

IBA Number of root
(mg/L) Sagar variety Sabri variety
2WAL | 4WAI' | 6 WAL | 2WAT | 4WAL | 6 WAT
0.0 0.0=0.0c | 0.020.0e | 040£0.0¢ | 0.0:0.0c | 0.0=0.0d | 0.40+0.0d
0.5  D2.00-0.84a 5.20 =0.45a [5.20 £0.84a |1.60=0.71ab 2.40£0.45b D.40+0.84b
T 1.0 [1.60=0.84b D.80=0.45ab 1 4020,55ab 2.200.55a 2.60+0.45ab .60=0.535b
15 |1.60x0.45a P.40=0.55bc 3.60:£0.55bc 2.20£0.55a 3.40=0.55a B.40£0.55a
20  [1.20=0.55a 2.00 <0.0c [2.80%+0.84cd [1.60:£0.45ab 2.20=0.0be  P.20:£0.84be
2.5 1.00 £0.0b]1.20=0.45d | 2.00= 0.0d | 1.20=0.0 b [1.4020.45¢ | 1.400.0c
| LSDo.on 0.82 0.69 1.02 0.79 0.85 1.16
CV (%) 37.74 20.03 19.25 30.49 24.15 21.47
SE 0.208 0.173 0.258 0.200 0.216 0.294

WAL = Weeks after inoculation. Values in the column are the means of five replicates.
In a column, mean values with the same letters are not statistically different from each
other at 1% probability by DMRT.
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Appendix V. Analysis of variance on days to

shoot induction in Sagar

variety
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 704.967 140.993 112.795 0.0000
Within 24 30.000 1.250 - -
Total 29 734.967 - - -

Coefficient of Variation =9.61%

Appendix VI. Analysis of variance on number of shoot of Sagar variety at 2

WAL
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 12.267 2453 18.400 0.0000
Within 24 3.200 0.133 - -
Total 29 15.467 - - -

Coefficient of Variation = 23.81%

Appendix VII. Analysis of variance on number of shoot in Sagar variety at 4

WAI
Degrees of [ Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 39.867 7.973 25.179 0.0000
Within 24 7.600 0.317 - -
Taotal 29 47.467 - - -

Coefficient of Vanation =22.81%

Appendix VIIL. Analysis of variance on number of shoot in Sagar variety at 6

WAI
Degrees of Sum of Mean F-value | Probability
freedom Squares Square
Between 5 111.500 22.300 53.520 0.0000
Within 24 10.000 0.417 - -
Total 29 121.500 - - -

Coefficient of Variation = 18.44%
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Appendix IX. Analysis of variance on shoot length in Sagar variety at 2 WAL

Degrees of Sum of Mean F-value | Probability
freedom squares Square
Between 5 | 21571 4314 | 115097 0.0000
Within 24 0.900 0.037 - -
Total 29 22471 - - -

Coefficient of Variation = 6.51%

Appendix X. Analysis of variance on shoot length in Sagar variety at 4 WAl

Degrees of Sum of Mean F-value | Probability
freedom Squares Square
Between 5 39.812 7.962 133.442 0.000
Within 24 1.432 0.060 - -
Total 29 41.244 - | - -

Coeflicient of Variation = 6.24%

Appendix XI. Analysis of variance on shoot length in Sagar variety at 6 WAI

Degrees of Sum of Mean F-value | Probability
freedom Squares Square
Between 5 105.752 21.150 268.048 0.000
Within 24 1.894 0.079 - -
Total 29 107.646 - - - J

Coefficient of Variation = 4.74%

Appendix XII Analysis of variance on number of leaf of Sagar variety at 2

WAI
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 3 21.501 4,300 23.758 (.0000
Within 24 4.344 0.181 - -
Total 29 25.845 - - -

Coefticient of Variation = 22.28%
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Appendix XIII. Analysis of variance on number of leaf in Sagar variety at 4

WALl
| Degrees of Sum of Mean F-value Probability
| Freedom Squares Square
Between | 5 18452 | 3.690 | 30024 | 0.0000
Within 24 2.950 | 0.123 - -
Total 29 21.402 - - -

Coelficient of Variation = 14.87%

Appendix XIV. Analysis of variance on number of leaf in Sagar variety at 6

WAI
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 20.063 4.013 34.190 0.0000
Within 24 2.817 0.117 - -
Total 29 22.880 - - -

Coefficient of Variation = 10.66%

Appendix XV. Analysis of variance on length of leaf in Sagar variety at 2 WAI

Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 7.379 1.476 30.552 0.0000
Within 24 1.159 0.048 - -
Total 29 8.538 - - -

Coefficient of Variation = 14.03%

Appendix XV1. Analysis of variance on length of leaf in Sagar variety at 4 WAl

Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 9.887 1.977 40.593 0.0000
Within 24 1.169 0.049 - -
Total 29 11.056 - - -

Coefficient of Variation = 9.98%
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Appendix XVIL. Analysis of variance on length of leaf of Sagar variety at 6

WAI
Degrees of Sum of Mean F-value | Probability
Freedom squares Square [
Between 5 18.121 3.624 73.595 0.0000
Within ] 24 1.182 0.049 - "
Total 29 19.303 = - -

Coetticient of Variation = 6.82%

Appendix XVIIL. Analysis of variance on days to shoot induction in Sabri

variety
Degrees of Sum of Mean F-value | Probability
Freedom Squares square
Between 5 1122.967 224.593 117.179 0.0000
Within 24 46.00 1.917 - -
Total 29 1168.967 - . -

Coefficient of Variation = 9.46%

Appendix XIX. Analysis of variance on number of shoot in Sabri variety at 2

WAI
Degrees of Sum of Mean F-value | Probability
Freedom Squares square
Between 5 4.267 0.853 8.533 0.0001
Within 24 2.400 0.100 - -
Total 29 6.667 - - -

Coefficient of Variation = 23.72%

Appendix XX. Analysis of variance on number of shoot in Sabri variety at 4

WAI
Degrees of Sum of Mean F-value | Probability
Freedom Squares square
Between 5 13.367 2.673 32.080 0.0000
Within 24 2.000 0.83 - -
Total 29 15,367 - - -

CoelTicient of Variation = 16.34%
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Appendix XXI. Analysis of variance on number of shoot in Sabri variety at 6

WAL
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 17.900 3.580 35.800 0.0000
Within 24 2.400 0.100 - -
Total 29 20.300 ! - - -
Coefficient of Variation = 13.75%
Appendix XXII. Analysis of variance on shoot length in Sabri variety at 2 WAI
Degrees of Sum of Mean F-value | Probability
freedom squares Square
Between 5 7.329 1.466 41.291 0.0000
Within 24 0.852 0.035 - -
Total 29 8.180 - - -

Coefficient of Variation = 7.09%
Appendix XXIIL. Analysis of variance on shoot length in Sabri variety at 4

WAIL
Degrees of Sum of Mean F-value | Probability
freedom squares Square
Between 3 17.994 3.599 132.092 0.000
Within 24 0.654 0.027 - -
Total 29 50.880 - - -

Coefficient of Variation = 4.88%
Appendix XXIV. Analysis of variance on shoot length in Sabri variety at 6

WAI
Degrees of Sum of Mean F-value | Probability
freedom Squares Square
Between 5 54.144 10.829 147.266 0.000
Within 24 1.765 0.074 - -
Total 29 55.908 - - -

Coefficient of Variation = 5.20%
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Appendix XXV. Analysis of variance on number of leaf in Sabri variety at 2

WAI
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 11.978 2.396 9.053 0.0001
Within 24 6.350 0.265 - -
Total 29 18328 - - -

Coefficient of Variation = 29.28%

Appendix XXVL Analysis of variance on number of leaf in Sabri variety at 4

WAI
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 20536 | 4107 20.903 0.0000
Within 24 4716 0.196 - -
Total 29 25252 - - -

Coefficient of Variation = 18.42%

Appendix XXVIIL. Analysis of variance on number of leaf in Sabri variety at 6

WAI
Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
| Between 5 23.495 4.699 21.049 0.0000
Within 24 5.358 0.223
Total 29 28.853

CoelTicient of Variation = 13.48%

Appendix XXVIIL Analysis of variance on length of leaf in Sabri variety at 2

WAI
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 10.368 2.074 33.648 0.0000
Within 24 1.479 0.062 - -
J Total 29 ] 11.847 - . N

Coefficient of Variation = 14.03%
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Appendix XXIX. Analysis of variance on length of leaf in Sabri variety at 4

WAl

Degrees of Sum of Mean | F-value | Probability
Freedom squares Square
Between 5 11.426 2.285 18.208 | 0.0000
Within 24 3.012 0.125 - -
Total 29 14.437 - - -

Coefficient of Variation = 15.68%

Appendix XXX. Analysis of variance on length of leaf in Sabri variety at 6 WAI

Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 23.018 4.604 43.774 0.0000
Within 24 2.524 0.105 [ - -
Total 29 25.542 - - -

CoefTicient of Variation = 9.23%

Appendix XXXI. Analysis of variance on number of root at 2 WAI in Sagar

variety
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 12.167 2.433 11.231 0.0000
Within 24 5.200 0.217 - -
Total 29 17.367 - - -

Coefficient of Variation = 37.74%

Appendix XXXII. Analysis of variance on number of root at 4 WAI in Sagar

variety
Degrees of Sum of Mean F-value | Probability
Freedom SQuATes Square
Between 5 34.267 6.853 45.689 0.0000
Within 24 3.600 0.150 - -
Total 29 37.867 - - -

Coefficient of Variation = 20.03%
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Appendix XXXIIL. Analysis of variance

on number of root at 6 WAI in Sagar

variety
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 86.000 17.200 51.600 0.0000
Within 24 8.000 0.333 - -
Total 29 94.000 - - -

Coeflicient of Variation = 19.25%

Appendix XXXIV. Analysis of variance on root length at 2 WAI in Sagar

variety
Degrees of Sum of Mean F-valug | Probability
Freedom squares Square
Between 3 16.225 3.245 187.158 0.0000
Within 24 0.416 0.017 - ' -
Total 29 16.641 - - -

Coefficient of Variation = 8.57%

Appendix XXXV. Analysis of variance on root length at 4 WAI in Sagar

varicty
Degrees of Sum of Mean F-value | Probability
Freedom squares Square r
Between 5 32.046 6.409 165.590 0.0000
Within 24 0.929 0.039 - -
Total 29 32.975 - - -

Coellicient of Variation = §.99%

Appendix XXXVI. Analysis of variance on root length at 6 WAI in Sagar

variety
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 59.907 11.981 364.417 0.0000
| Within 24 0.789 0.033 - -
Total 29 60.696 - - -

Coelficient of Variation = 5.97%
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Appendix XXXVII, Analysis of variance on number of root at 2 WAI in Sabri

variety
Degrees of Sum of Mean | F-value | Probability
Freedom squares Square
Between 5 16.667 3.333 16.667 (0.0000
Within 24 4.800 0.200 - -
Total 29 21.467 - - -

CoelfTicient of Variation = 30.49%

Appendix XXXVIIIL. Analysis of variance on number of root at 4WAI of Sabri

variety
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 34.400 6.880 | 29.486 0.0000
Within 24 5.600 (.233 - .
Total 29 40.000 - - =

Coefficient of Variation = 24.13%

Appendix XXXIX. Analysis of variance on number of root at 6 WAL in Sabri

variety
Degrees of Sum of Mean F-value | Probability
Freedom squares Square
Between 5 79.467 15.893 36.677 0.0000
Within 24 10.400 0.433 - -
Total 29 89.867 - -

CoefTicient of Variation = 21.47%

Appendix XL. Analysis of variance on root length at 2 WAI in Sabri variety

Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 10.887 2137 248.844 0.0000
Within 24 0.210 0.009 - -
Total 29 11.097 - - -

Coefficient of Vanation = 7.01%
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Appendix XLI. Analysis of variance on root length at 4 WAI in Sabri variety

Degrees of Sum of Mean F-value | Probability
Freedom Squares Square
Between 5 21.939 4,388 477.637 0.0000
Within 24 0.220 0.009 - | -
Total 29 22.160 - - -

Coefficient of Variation = 5.06%

Appendix XLIL. Analysis of variance on roof length at 6 WAL in Sabri variety

Degrees of Sum of Mean F-value Probability |
freedom Squares iﬂqum‘c
Between 5 43.961 8.792 168.798 0.0000
Within 24 1.250 0.052 - -
Total 29 45.211 - - -

Coefficient of Variation = 7.95%

Appendix XLIIL Analysis of variance on number of shoot in Sagar variety

K Value | Source Degrees Sum  of | Mean F Value Probability
of Squares Square
Freedom
2 Factor A 2 25.627 12.813 26.3288 0.0000
4 Factor B 4 38.853 9.713 19.9589 0.0000
6 AB 8 30.507 3.813 7.8356 0.0000
2 Error 60 29.200 | 0487 - -
Total 74 124187 | - | - -

Coefficient of Variation: 28.91%

Appendix XLIV. Analysis of variance on shoot length in Sagar variety

K Source Degrees of | Sum  of | Mean F Value | Probability
Value Freedom Squares | Square
2 Factor A 2 0.319 0.160 1.224 0.3012
4 Factor B 4 22.648 5.662 43.4429 0.0000
6 AB 8 12.445 1.556 11.9361 0.0000
-7 Error 60 7.820 0.130 - -
Total 74 43232 | - - -

Coefficient of Variation: 8.26%
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Appendix XLV, Analysis of variance on number of leal in Sagar variety

K Value | Source Degrees Sum  of | Mean F Value | Probability
of Squares Square
Freedom 1
2 Factor A 2 2.197 1.098 6.7204 0.0023
4 Factor B 4 4.919 1.230 7.5236 0.0001
6 AB § 4.539 0.567 3.4715 0.0024
-7 Error 60 9.807 0.163 - -
Total 74 35.376 - - -

Coefficient of Vamation: 15.76%

Appendix XLVL Analysis of variance on length of leaf in Sagar variety

K Source | Degrees of | Sum  of | Mean F Value Probability
Value Freedom Squares | Square
2 Factor A 2 1.621 0.810 0.8854 0.0002
4 Factor B 4 1.617 0.404 4.9297 0.0017
6 AB 8 7.560 0.945 11.5261 0.0000
-7 Error 6l 4919 0.082 - -
Total 74 25.062 - - -

Coefficient of Vanation: 10.29%

Appendix XLVIL Analysis of variance on number of shoot of Sabri variety

K Value | Source Degrees Sum  of | Mean F Value Probability

of Squares Square
Freedom

2 Factor A 2 9.627 4.813 45.1250 0.0000

4 Factor B 4 5.920 1.480 3.8750 0.0000

6 AB 8 9.440 1.180 11.0625 0.0000

-7 Error 60 6.400 0.107 - -

Total 74 31.387 - | E 3

CoelTicient of Variation: 14.94%

Appendix XLVIIL Analysis of variance on shoot length of Sabri variety

K Source Degrees of | Sum  of | Mean F Value Probability
Value Freedom Squares Square
2 Factor A 2 0.758 0.379 1.5624 0.2119
4 Factor B 4 2.506 0.626 2.6304 0.0430
6 AB 8 10.407 1.301 5.4626 0.0000
-7 Error 60 14.288 0.238 = =
Total 74 27.959 - - -

Coefficient of Variation: 11.87%
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Appendix XLIX. Analysis of variance on number of leaf in Sabri variety

K Value | Source Degrees | Sum  of | Mean F Value | Probability
| of Squares Square
. Freedom
2 | Factor A 2 1.239 0.620 2.4622 0.0938
4 Factor B 4 7.804 1.951 7.7516 0.0000
6 AB 8 6.137 0.767 3.0476 0.0061
-7 Error 60 15.102 0.252 - -
Total 74 30.282 - - -
Coefficient of Variation: 17.82%
Appendix L. Analysis of variance on length of leaf in Sabri variety
K Value | Source Degrees Sum  of | Mean F Value Probability
of Squares Square
Freedom
2 Factor A 2 3.811 1.906 24.2499 0.0000
4 Factor B + 0.176 0.044 0.3587
6 AB 8 5.094 0.637 8.1032 0.0000
-7 Error 60 4,715 0.079 - -
Total 74 13.796 - - -

Coefficient of Variation: 11.16%

Appendix LL Analysis of variance on number of root in Sagar variety

K Source Degrees of | Sum  of | Mean F Value | Probability |
Value Freedom Squares Square
2 Factor A 2 12.480 6.240 16.1379 (,0000
4 Factor B . 4400 | 1.100 2.8448 0.0316
6 AB 8 31.920 3.990 10.3190 0.0000
-7 Error 60 23.200 (.387 - -
Total 74 72.000 - - -
Coefficient of Variation: 23.92%
Appendix LIL Analysis of variance on root length in Sagar variety
K Source Degrees of | Sum  of | Mean F Value | Probability
Value Freedom Squares Square
2 Factor A 1 36.479 18.239 | 133.0773 0.0000
4 Factor B 3 12.805 3.201 23.3576 (0.0000
6 AB 3 15.861 1,983 14.4657 0.0000
-7 Error 32 8.223 0.137 - -
Total 39 73.369 - - -

Coefficient of Variation: 8.31%
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Appendix LITI. Analysis of variance on number of root in Sabri variety

| K Value | Source Degrees of | Sum of | Mean F Value | Probability
Freedom | Squares | Square
2 Factor A 2 10.987 5493 | 13.7333 0.0600
4 Factor B 4 12.480 3.120 | 7.8000 0.0000
6 | AB 8 24.080 3.010 7.5250 0.0000
-7 Error 60 24.000 0.400 -
Total 74 71.547 - | - .
Coefhicient of Variation: 24.08%
Appendix LIV. Analysis of variance on root length in Sabri variety
K Value Source Degrees | Sum of | Mean F Value | Probability
of Squares | Square
Freedom |
2 Factor A 2 25.778 12.889 | 126.6177 | 0.0000
4 Factor B 4 6.698 1678 | 16.4365 | 0.0000
6 AB 3 18.990 2.374 23.3193 0.0000
7 Error 60 6.108 0.102 - =
| Total | 74 57.569 - - -

Coeflicient of Variation: 6.48%
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