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INTRODUCTION

Gladiolus one of the most important bulbous ornamental plants belongs
to the famuly Iridaceae and 1s grown for the attracttve spike of varying colour and

length It ranks fourth in the international cut flower trade

Recently 1t has become a popular cut flower in our State but majority
of the spikes come from outside the State especially from Bangalore Considering
the increasing demand for the cut flowers adaptability trials and standardisation of
agro techniques were mutiated 1 the All India Co ordinated Floniculture Improve
ment Project Department of Pomology and Floriculture College of Hortsculture
Vellanikkara

The major problem faced m the culttvation of gladiolus 1s the non avail
abiity of quality planting material at a reasonable price By using conventional
methods the number of daughter corms (cormels) produced by one mother corm 1n
one year 1s very little and 1t takes 3 4 seasons to produce a corm which 1s large
enough for commercial purpose as the spike size of gladiolus 1s 1nfluenced by the
corm size Another problem faced by the industry 1s due to the dormancy of the
corms This actually limits the rapid production of the planting material through

conventional methods

In many ornamental plants tissue culture as an alternative method for
rapid multiphication has been practiced Rapid multiplication through n vitro tech
niques 1s desirable for bye passing dormancy and for bulking up new culttvars or

disease free stocks to provide sufficient matenal for field planting In gladiolus also



advantages of tissue culture propagation compared to the conventional methods
were reported by Ziv et al (1970) Thereafter various workers like Simonson and
Hilderbrandt (1971) Hussey (1977) and Bajaj ez al (1983) have worked 1n the field
of gladiolus tissue culture and protocols were developed Still certain problems like
low rate of multiple shoot production low rate of survival etc are associated with

gladiolus tissue culture

The present studies were undertaken to examine the response of various
explants and to 1dentify the most suitable explant and the media combination for in
vitro cloming of gladiolus Studies were also aimed to increase the size of m vitro

produced corms
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REVIEW OF LITERATURE

Literature on aspects pertamning to the in virre propagation of gladiolus s
briefly reviewed hereunder In certain aspects in which not much work has been

done 1n gladiolus relevant studies 1n other bulbous ornamentals are also included

21 In witro propagule multiplication

According to Murashige (1974) there are three possible routes available

for 1n witro propagule multiplication

1) Enhanced release of axillary buds
1) Production of adventitious buds through organogenesis
) Somatic embryogenesis

For the enhanced release of axillary buds primary mersstems like shoot
tips and axillary buds are mainly used as explants Shoot tip culture ensures genetic
uniformuity while somatic organogenesis through a callus phase may be useful for
recovery of useful variant lines Somatic embryogenesis though limited to a few

plant species 1s the most rapid mode of plant regeneration (Evans ef al  1981)

22 In vitro studies 1n gladiolus

221 Explants

Success of in vitro propagation always depends on the proper selection of
explants The response vanes accordingly to the type stage and physiological age of

the explants



Zv et al (1970) selected explants from inflorescence axis of gladiolus
for in vitro studies That taken from the inflorescence axis before the emergence of
the spike responded better than the explants collected after emergence Simonson
and Hilderbrandt (1971) induced callus from corm and stem tips of gladiolus
Hussey (1977) reported axillary buds as the most 1deal explant for i virro propaga
tion of gladiolus According to Ziv (1979) the axillary buds of gladiolus proliferated
shoots The buds excised from the cormels of gladiolus were also used as explants

by Konoshima (1980)

In a tral conducted by Takatsu (1982) to generate virus free plants of
gladiolus apical buds of gladiolus corms of size 0 3 mm cube were found to be
optimum Callus cultures were established from excised segments of the inflores
cence flower stalks denuded flower and bracts of gladiolus by Bajaj er al (1983)
Dickens er al (1986) stimulated axillary bud growth on corm explants of gladiolus
Later i 1987 Lilien Kipms and Kochba used the lateral and apical buds of gladi
olus corms and cormels as explants Li and Wang (1989) reported the production of
callus from gladiolus corms Kamo er al (1990) also could develop callus from
mflorescence stalks taken from green house grown plants of the cultivars Blue Isle
and Hunting Song According to Arora and Grewal (1990) better shoot prohferation
was obtained only from nodal segments of inflorescence excised from field grown

plants just before heading stage

Zakutsakaya and Murin (1990) could rdentify corm bud halves as best
explant by testing various parts of corm buds Many other scientists (Rumynmn ez
al 1990 Ziv 1990 Steintz er al 1991 De Bruyn and Ferreira 1992) have also

opined that bud from corms of gladiolus produce highest frequency of shoots



Callus could also be regenerated from cormel shoot tips of cultivar

Beauty spot Jo Wagner Vuk s Glory and Wild Rose (Rao er a/  1991)
222 Surface sterilants

The explants collected from the field harbour numerous microorganisms
which when moculated onto the nutrient medum contaminate the entire in vitro
system Hence surface sterilisation 1s resorted prior to mnoculation of explants The
amm of surface sterilisation 1s to remove all the microorgamsms present on the ex
plant with a mimmum of damage to the plant or part to be cultured The efficiency
of the sterilants used are found to vary depending upon the type of chemical concen

tration and tume of exposure etc

Zwv et al (1970) disinfected the inflorescence stalk (hidden within the
leaves) 1 90 per cent ethanol after removig the outer leaves Then the stalk was
exposed m a stenle room and a cut was given below the first floret The pieces were
then dipped 1n CaHClOy4 solution (90 g/1) for 15 minutes Discs of about 3 4 mm
size were made leaving terminal S0 mm below the florets The discs were made on a
sterile filter paper soaked 1n one per cent ascorbic acid to prevent tissue browning
Hussey (1976a) used soft tissue paper soaked in 90 per cent ethanol to wipe off the
contamunants over the surrounding leaf bases of the newly formed corms Sufficient
ethanol was used to wet the surface of the leaf but not to penetrate the spaces

around the surface of axullary buds

Ziv (1979) further modified the surface sterilization technique 1n order to
ensure complete asepsis The buds excised from the corms as described were ster

Iised 1n 5 per cent Ca HCIO,4 for 10 minutes and rinsed three times 1n sterile water



Baja) er al (1983) used freshly prepared chlorine water for surface sterilising the
segments of spike rachis peranth leaf bract axillary buds and small cormels of

gladiolus The duration of treatment varied from 6 to 8 minutes

De Bruyn and Ferreira (1992) followed another method They soaked the
corms 1n water for one day after which they were heat treated and fungicide treated
for 30 msnutes 1 a solution of benomyl (2 g 1 1) and folpet (4 g 1 1) at 45°C The
larger corms were then steriised for 40 munutes 1n a 1 5 per cent sodium hypochlor
ite solution while a 1 2 per cent solution was used for 30 minutes for the smaller

corms
223 Culture media

Composition of media will influence the growth and morphogenesis of
plant tissues A proper medwm should contain not only adequate quantity of major
plant nutnents like salts of mtrogen phosphorous potassium magnesium and
sulphur and micronutrients like salts of ron manganese zinc boron copper
molybdenum cobalt but also carbohydrates usually sucrose less weight organic
compounds like vitammns amunoacids and plant growth regulators Murashige and
Skoog s (1962) medum developed for tobacco has been used for in vitro culture of
plant species (Bonga 1980) The MS medium has the highest salt content and some
workers found 1t beneficial to reduce the strength by half (Skirvin 1980 and Griffis
etal 1981)

According to Zwv et al (1970) modified MS medium was 1deal for
florescence segments for callusing Simonson and Hilderbrandt (1971) also induced

callus 1n modified MS medrum from corm and stem tips



Hussey (1975 and 1976b) reported that MS medium was 1deal for the in
vitro propagation of the members of the family Iridaceae Liliaceae and Amaryllida

ceae 1f supplemented with growth factors

Half strength MS medium 1 which 1ron 1s added as ferrous enthylene
diamine sulphate (25 mg 1 I) was used by Hussey (1977) for in vitro release of axi
llary buds from corm explants Ziv (1979) reported MS medium and half strength
MS medium as 1deal basal medium for gladiolus Bajay er al (1983) also tried dif
ferent media for gladiolus tissue culture he could obtain callus from inflorescence
stalk axillary buds and cormels :n MS medium supplemented with growth regula

tors

MS medium as the 1deal medium for in witrro propagation of gladiolus
was also reported by various workers (Dickens er al 1986 Lilien Kipnis and
Kochba 1987 Dantu and Bhojawam 1987 Kim er @l 1988 Ziv 1990 Kamo er
al 1990 Arora and Grewal 1990 Stemitz ef a/ 1991 and De Bruyn and Ferreira
1992)

224 Growth regulators

According to Krikorian (1982) the success of an in witro system 1s direct
ly influenced by the correct growth regulator used and 1ts optimum concentration
Skoog and Miller (1957) showed 1n tobacco cultures that the type of morphogenesis
could be influenced by concentration of auxin and cytokinin 1n the medium Shoot
induction 15 promoted when cytokimn level 1s hugher than the auxin Root induction
can be achieved by increasing auxin level relatively over cytokinin level Interme

diate concentrations of these will tend to produce unorganised tissue



Murashige (1974) reported cytokimn as ideal growth regulator for the
axillary shoot proliferation by overcommng the apical dommance Hu and Wang
(1983) made a study of the growth regulators used for meristem and shoot tip culture
and found that among the cytokimn containing culture establishment medium sixty
eight per cent formed with BAP 23 per cent with kinetin and 9 per cent with 21P
The effectiveness of the cytokimin varies with the plant species Lo et al (1980)
reported that lugh cytokimn content was deleterious to the mitiation and elongation
of roots of the plants The deleterious effect of residual cytokinin m stage 2 culture
1n suppressing the root formation was reported by Ancora e al (1981) The role of
exogenous auxun 1n culture proliferatton medum 1s to nullify the suppressive effect
of high cytokiin concentrations on axillary shoot elongation thereby restoring
normal shoot growth (Lundergan and Janick 1980) Hasegawa (1980) reported that

the high concentration of auxin may induce callus formation

The use of auxins (NAA IAA and 2 4 D) and cytokimns (Kinetin and
BAP) have been reported 1n gladiolus for iz vitro culture (Ziv er al 1970 Hussey
1976a and b Ziv 1979 Konoshuma 1980 Baja) er a/ 1983 Lilen Kipnis and
Kochba 1987 Dickens et al 1986 Kim ef al 1988 Kamo ez al 1990 Zakuts
kaya and Murin 1990 Stemutz ef a/ 1991 and De Bruyn and Ferreira 1992) The
influence of GA on shoot elongation has been also noticed by Arora and Grewal
(1990) The effect of growth retardants on shoot proliferation and morphogenesis in

liquad cultured gladiolus plants have also been reported (Ziv 1990 and 1991)



225 Medum supplements

Medmum supplements are certamn complex organic additives which n
fluence the establishment and growth of in witro cultures Apart from the inorganic
constituents of the media which give consistent results the organic medum supple
ments often does not give any definite results Ademne Adenine sulphate caseine
hydrolysate yeast extract peptones coconut water tomato juice banana homo
genate activated charcoal etc are some of the complex substances added to the

media

In gladiolus use of activated charcoal for in vitro rooting (Ziv 1979
Lilien Kipnis and Kochba 1987 and Rumynin er al 1990) and coconut water for

anther culture (Bajaj er al  1983) have been reported
226 Culture environment

Murashige (1974 1977) observed that light ntensity quality and dura
tion affect the growth of i virro culture He found that the optimum hight intensity
for shoot formation 1n a large number of herbaceous species to be around 1000 lux
The optimum day light period was considered to be 16 hours for a wide range of
plants Yeoma (1986) reported that the environmental temperature at the ongmal
habitat of a particular species should be taken 1nto consideration while fixing the

culture temperature under in vitro condition

Zwv et al (1970) could develop callus from the inflorescence explants

when cultured 1n dark and the hight mfluenced the regeneration of various organs



INTRODUCTION

Gladiolus one of the most important bulbous ornamental plants belongs
to the famuly Iridaceae and 1s grown for the attracttve spike of varymng colour and

length It ranks fourth in the international cut flower trade

Recently 1t has become a popular cut flower in our State but majority
of the spikes come from outside the State especially from Bangalore Considering
the increasing demand for the cut flowers adaptability trials and standardisation of
agro techniques were mutiated 1 the All India Co ordinated Floriculture Improve
ment Project Department of Pomology and Floriculture College of Horticulture
Vellanikkara

The major problem faced m the culttvation of gladiolus 1s the non avail
abiity of quality planting material at a reasonable price By using conventional
methods the number of daughter corms (cormels) produced by one mother corm 1n
one year i1s very little and 1t takes 3 4 seasons to produce a corm which 1s large
enough for commercial purpose as the spike size of gladiolus 1s influenced by the
corm size Another problem faced by the industry 1s due to the dormancy of the
corms This actually limuts the rapid production of the planting material through

conventional methods

In many ornamental plants tissue culture as an alternative method for
rapid multiphcation has been practiced Rapid multiplication through n vitro tech
niques 1s desirable for bye passing dormancy and for bulking up new culttvars or

disease free stocks to provide sufficient matenal for field planting In gladiolus also



advantages of tissue culture propagation compared to the conventional methods
were reported by Ziv et al (1970) Thereafter various workers like Simonson and
Hilderbrandt (1971) Hussey (1977) and Bajaj ez al (1983) have worked 1n the field
of gladiolus tissue culture and protocols were developed Still certain problems like
low rate of multiple shoot production low rate of survival etc are associated with

gladiolus tissue culture

The present studies were undertaken to examine the response of various
explants and to 1dentify the most suitable explant and the media combination for in
vitro cloming of gladiolus Studies were also aimed to increase the size of m vitro

produced corms
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REVIEW OF LITERATURE

Literature on aspects pertamning to the in virre propagation of gladiolus s
briefly reviewed hereunder In certain aspects in which not much work has been

done 1n gladiolus relevant studies 1n other bulbous ornamentals are also included

21 In witro propagule multiplication

According to Murashige (1974) there are three possible routes available

for 1n witro propagule multiplication

1) Enhanced release of axillary buds
1) Production of adventitious buds through organogenesis
) Somatic embryogenesis

For the enhanced release of axillary buds primary mersstems like shoot
tips and axillary buds are mainly used as explants Shoot tip culture ensures genetic
uniformuity while somatic organogenesis through a callus phase may be useful for
recovery of useful variant lines Somatic embryogenesis though limited to a few

plant species 1s the most rapid mode of plant regeneration (Evans ef al  1981)

22 In vitro studies 1n gladiolus

221 Explants

Success of in vitro propagation always depends on the proper selection of
explants The response vanes accordingly to the type stage and physiological age of

the explants



Zv et al (1970) selected explants from inflorescence axis of gladiolus
for in vitro studies That taken from the inflorescence axis before the emergence of
the spike responded better than the explants collected after emergence Simonson
and Hilderbrandt (1971) induced callus from corm and stem tips of gladiolus
Hussey (1977) reported axillary buds as the most 1deal explant for i virro propaga
tion of gladiolus According to Ziv (1979) the axillary buds of gladiolus proliferated
shoots The buds excised from the cormels of gladiolus were also used as explants

by Konoshima (1980)

In a tral conducted by Takatsu (1982) to generate virus free plants of
gladiolus apical buds of gladiolus corms of size 0 3 mm cube were found to be
optimum Callus cultures were established from excised segments of the inflores
cence flower stalks denuded flower and bracts of gladiolus by Bajaj er al (1983)
Dickens er al (1986) stimulated axillary bud growth on corm explants of gladiolus
Later i 1987 Lilien Kipms and Kochba used the lateral and apical buds of gladi
olus corms and cormels as explants Li and Wang (1989) reported the production of
callus from gladiolus corms Kamo er al (1990) also could develop callus from
mflorescence stalks taken from green house grown plants of the cultivars Blue Isle
and Hunting Song According to Arora and Grewal (1990) better shoot prohferation
was obtained only from nodal segments of inflorescence excised from field grown

plants just before heading stage

Zakutsakaya and Murin (1990) could rdentify corm bud halves as best
explant by testing various parts of corm buds Many other scientists (Rumynmn ez
al 1990 Ziv 1990 Steintz er al 1991 De Bruyn and Ferreira 1992) have also

opined that bud from corms of gladiolus produce highest frequency of shoots



Callus could also be regenerated from cormel shoot tips of cultivar

Beauty spot Jo Wagner Vuk s Glory and Wild Rose (Rao er a/  1991)
222 Surface sterilants

The explants collected from the field harbour numerous microorganisms
which when moculated onto the nutrient medum contaminate the entire in vitro
system Hence surface sterilisation 1s resorted prior to mnoculation of explants The
amm of surface sterilisation 1s to remove all the microorgamsms present on the ex
plant with a mimmum of damage to the plant or part to be cultured The efficiency
of the sterilants used are found to vary depending upon the type of chemical concen

tration and tume of exposure etc

Zwv et al (1970) disinfected the inflorescence stalk (hidden within the
leaves) 1 90 per cent ethanol after removig the outer leaves Then the stalk was
exposed m a stenle room and a cut was given below the first floret The pieces were
then dipped 1n CaHClOy4 solution (90 g/1) for 15 minutes Discs of about 3 4 mm
size were made leaving terminal S0 mm below the florets The discs were made on a
sterile filter paper soaked 1n one per cent ascorbic acid to prevent tissue browning
Hussey (1976a) used soft tissue paper soaked in 90 per cent ethanol to wipe off the
contamunants over the surrounding leaf bases of the newly formed corms Sufficient
ethanol was used to wet the surface of the leaf but not to penetrate the spaces

around the surface of axullary buds

Ziv (1979) further modified the surface sterilization technique 1n order to
ensure complete asepsis The buds excised from the corms as described were ster

Iised 1n 5 per cent Ca HCIO,4 for 10 minutes and rinsed three times 1n sterile water



Baja) er al (1983) used freshly prepared chlorine water for surface sterilising the
segments of spike rachis peranth leaf bract axillary buds and small cormels of

gladiolus The duration of treatment varied from 6 to 8 minutes

De Bruyn and Ferreira (1992) followed another method They soaked the
corms 1n water for one day after which they were heat treated and fungicide treated
for 30 msnutes 1 a solution of benomyl (2 g 1 1) and folpet (4 g 1 1) at 45°C The
larger corms were then steriised for 40 munutes 1n a 1 5 per cent sodium hypochlor
ite solution while a 1 2 per cent solution was used for 30 minutes for the smaller

corms
223 Culture media

Composition of media will influence the growth and morphogenesis of
plant tissues A proper medwm should contain not only adequate quantity of major
plant nutnents like salts of mtrogen phosphorous potassium magnesium and
sulphur and micronutrients like salts of ron manganese zinc boron copper
molybdenum cobalt but also carbohydrates usually sucrose less weight organic
compounds like vitammns amunoacids and plant growth regulators Murashige and
Skoog s (1962) medum developed for tobacco has been used for in vitro culture of
plant species (Bonga 1980) The MS medium has the highest salt content and some
workers found 1t beneficial to reduce the strength by half (Skirvin 1980 and Griffis
etal 1981)

According to Zwv et al (1970) modified MS medium was 1deal for
florescence segments for callusing Simonson and Hilderbrandt (1971) also induced

callus 1n modified MS medrum from corm and stem tips



Hussey (1975 and 1976b) reported that MS medium was 1deal for the in
vitro propagation of the members of the family Iridaceae Liliaceae and Amaryllida

ceae 1f supplemented with growth factors

Half strength MS medium 1 which 1ron 1s added as ferrous enthylene
diamine sulphate (25 mg 1 I) was used by Hussey (1977) for in vitro release of axi
llary buds from corm explants Ziv (1979) reported MS medium and half strength
MS medium as 1deal basal medium for gladiolus Bajay er al (1983) also tried dif
ferent media for gladiolus tissue culture he could obtain callus from inflorescence
stalk axillary buds and cormels :n MS medium supplemented with growth regula

tors

MS medium as the 1deal medium for in witrro propagation of gladiolus
was also reported by various workers (Dickens er al 1986 Lilien Kipnis and
Kochba 1987 Dantu and Bhojawam 1987 Kim er @l 1988 Ziv 1990 Kamo er
al 1990 Arora and Grewal 1990 Stemitz ef a/ 1991 and De Bruyn and Ferreira
1992)

224 Growth regulators

According to Krikorian (1982) the success of an in witro system 1s direct
ly influenced by the correct growth regulator used and 1ts optimum concentration
Skoog and Miller (1957) showed 1n tobacco cultures that the type of morphogenesis
could be influenced by concentration of auxin and cytokinin 1n the medium Shoot
induction 15 promoted when cytokimn level 1s hugher than the auxin Root induction
can be achieved by increasing auxin level relatively over cytokinin level Interme

diate concentrations of these will tend to produce unorganised tissue



Murashige (1974) reported cytokimn as ideal growth regulator for the
axillary shoot proliferation by overcommng the apical dommance Hu and Wang
(1983) made a study of the growth regulators used for meristem and shoot tip culture
and found that among the cytokimn containing culture establishment medium sixty
eight per cent formed with BAP 23 per cent with kinetin and 9 per cent with 21P
The effectiveness of the cytokimn varies with the plant species Lo et al (1980)
reported that lugh cytokimn content was deleterious to the mitiation and elongation
of roots of the plants The deletenious effect of residual cytokinin m stage 2 culture
1n suppressing the root formation was reported by Ancora er al (1981) The role of
exogenous auxun in culture prohiferatton medum 1s to nullify the suppressive effect
of high cytokiin concentrations on axillary shoot elongation thereby restoring
normal shoot growth (Lundergan and Janick 1980) Hasegawa (1980) reported that

the high concentration of auxin may induce callus formation

The use of auxins (NAA IAA and 2 4 D) and cytokimns (Kinetin and
BAP) have been reported 1n gladiolus for iz vitro culture (Ziv er al 1970 Hussey
1976a and b Ziv 1979 Konoshuma 1980 Baja) er a/ 1983 Lilen Kipnis and
Kochba 1987 Dickens ez al 1986 Kim et al 1988 Kamo et al 1990 Zakuts
kaya and Murin 1990 Stemutz et a/ 1991 and De Bruyn and Ferreira 1992) The
influence of GA on shoot elongation has been also noticed by Arora and Grewal
(1990) The effect of growth retardants on shoot proliferation and morphogenesis in

liquad cultured gladiolus plants have also been reported (Ziv 1990 and 1991)



225 Medum supplements

Medmum supplements are certamn complex organic additives which n
fluence the establishment and growth of in witro cultures Apart from the inorganic
constituents of the media which give consistent results the organic medum supple
ments often does not give any definite results Ademne Adenine sulphate caseine
hydrolysate yeast extract peptones coconut water tomato juice banana homo
genate activated charcoal etc are some of the complex substances added to the

media

In gladiolus use of activated charcoal for in vitro rooting (Ziv 1979
Lilien Kipnis and Kochba 1987 and Rumynin er al 1990) and coconut water for

anther culture (Bajaj er al  1983) have been reported
226 Culture environment

Murashige (1974 1977) observed that light ntensity quality and dura
tion affect the growth of i virro culture He found that the optimum hight intensity
for shoot formation 1n a large number of herbaceous species to be around 1000 lux
The optimum day light period was considered to be 16 hours for a wide range of
plants Yeoma (1986) reported that the environmental temperature at the ongmal
habitat of a particular species should be taken 1nto consideration while fixing the

culture temperature under in vitro condition

Zwv et al (1970) could develop callus from the inflorescence explants

when cultured 1n dark and the hight mfluenced the regeneration of various organs



De Bruyn and Ferreira (1992) studied the effect of different BAP levels
and sucrose concentrations as well as different temperatures on tn vitre corm produc
tion of gladiolus The best corm production was observed 1n a medum with 6 to 9

per cent sucrose keptat 15 C
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MATERIALS AND METHODS

The mnvestigations on the response of gladiolus to rapid cloning through
in vitro techmques were carnied out in the Department of Pomology and Floriculture
and the Plant Tissue Culture Laboratory attached to the All India Co ordinated
Research Project on Floriculture College of Horticulture Vellanikkara during 1992
94 The details regarding the methodology adopted and the analytical techmques are

presented 1 this chapter

In the present study the response of various explants of gladiolus to rapid
cloning was attempted through enhanced release of axillary buds somatic organoge

nests and somatic embryogenesis (Murashige 1974)
31 The explants

The details of different types of explants used for the study are given 1
Table 1

311 Collectzon and preparatron of explants

The explants were collected from the gladiolus plants raised m the field
of Department of Pomology and Floriculture Planting of gladiolus was done 1n a

staggered manner to make the explants available throughout the season

Leaf explants were collected at different stages of the plant growth viz

soon after sprouting two leaf stage five leaf stage and also from the boot leaf



Table 1 Explants used for in vitro culture studies of gladiolus

Route

Explant

* Enhanced release of
axillary buds

* Somatic organogenesis
1) Direct
2) Callus mediated

* Somatic embryogenesis

Corm axillary buds
Buds from cormel tips
Inflorescence nodal segments

Inflorescence internodal segments

Inflorescence segments Flower buds
Flower bud bracts Corm mternodal pieces
Corm axillary buds and Cormel tips

Leaf segments Root segments

Leaf segments




Leaves collected were first wiped with tissue paper dipped 1 90 per cent ethyl
alcohol and moved to the sterile room Pieces of size 5 cm were made out of the

leaves

Inforescence explants were collected soon after the emergence of the
inflorescence and also from plants with 5 to 6 fully developed leaves the stage when
the spike 1s completely hidden within the leaves Plants were severed at stem base
outer leaves were removed to expose the stalk hard base portion discarded and then
stalks were cut mnto pieces of 5 cm and kept on sterilised filter paper young flower

buds and flower bud bracts collected from the inflorescence were kept separately

Roots collected from the field grown plants were washed n running tap
water and then washed with teepol water followed by sterile distilled water Using
bloting paper the materials were made free of water and then wiped with cotton

dipped m 70 per cent alcohol and then transterred to sterile room

Corms and cormels were lifted from the soil and washed free of soil and
dirt particles and dnied under shade They were then treated with 0 2 per cent car
bandazim for 30 minutes and again dried under shade Corms are swollen stem bases
which comprise several nodes each of which has a superficial axillary bud Most
cultivars of gladiolus have 3 to 4 nodes per corm delineated by leaf bases which
completely sheath the corm Each Ieaf base encloses the axillary bud and many
younger leaf bases and their buds When the leaves and inflorescence die down after
flowering the overlapping leaf bases covering the newly formed corm dry out and
soon become thin and membraneous The axillary buds were exposed after peeling
of ail the scale leaves and then cut out together with a piece of corm tissue The

axillary buds collected were washed thoroughly and kept in distilled water after



adding 3 to 4 drops of Extran and kept for half an hour Internodal pieces of the

corm were also prepared 1n the same way

Cormels are mimature corms which are adventitious to the mam corm
Cormels were peeled off the scales and kept as such in Extran water after thorough

washing
312 Standardisation of surface sterilisation methods

Surface sterilisation of the explants were done mn order to make the
explants free of contamunations and microorgamisms Details of the chemicals used
for the surface sterilisation of the explants are given 1n Table 2 Observations were
made on the percentage of contamination and survival on twenty cultures each after
every week For this purpose MS medium with optimum levels of growth regulators

was used

The explants after surface sterilisation were rinsed four times with sterile
distilled water and dried by carefully transterring them onto sterile filter paper
placed over a sterile petrt plate The leaf pieces were then reduced to size of 1 0 cm
The end portions from both sides of the inflorescence segments were removed and
made to sizes of 50 0 mm discs Root segments were reduced to sizes of 1 0 cm to
2 0 cm Axllary buds along with the corm tissues taken from the corms and cormel
tips after surface sterilisation were reduced in size by removing the tissue from the

exposed sides before moculation nto the media



Table 2 Difterent chemmicals used for surface sterilisation of gladiolus explants

Sl Stertlant Concentratton  Duration of treatment Explant

No (%) {munutes)

1 Mercuric chlonde 01 123 Infloresence and
leaf explants

2 Mercuric chloride 01 10 15 20 25 Corm cormel
root explants

3 Mercuric chlonde 02 10 15 20 25

4  Ethyl alcohol followed 500 3

Mercuric chloride 01 10 15 20 25
5 Sodwm hypochlorite 400 10 15 20 25




32 Culture media

The culture media used for the study were MS (Murashige and Skoog
1962) modified MS SH (Shenk and Hilderbrandt 1972) and White s (White

1943) The chemical composition of the media 1s given 1n Appendix I

The chemicals used for preparing the culture media were of analytical
grade from British Drug House (BDH) Sisco Research Laboratories (SRL) Merck

or Sigma

Standard procedures (Gamborg and Shyluk 1981) were followed for the
preparation of MS medum Stock solutions of major and minor nutrients were
prepared first by dissolving the required quantity of chemicals 1n double distilled
water and were stored under refrigerated conditions 1n amber coloured bottles The
stock soluttons of nutrients were prepared fresh once in two months and those of

vitamuns aminoacids and growth regulators were prepared once 1n 2 month

Specific quantities of the stock soluttons of chemicals and growth regula
tors were pipetted out mto 1000 ml beaker Sucrose and mositol were added fresh
and dissolved The volume was then made upto about 1000 ml by adding double
glass distilled water The pH of the solution was adjusted between 5 5 and 5 8 Agar

was then added to the medium and stured thoroughly

SH and Whites media were prepared by weighing out required quantities
of major and minor nutrients and were dissolved 1 double distilled water Growth
regulators sucrose and mnositol were added fresh and the volume was made up to

1000 ml



The solutions were then melted by keeping 1n a water bath marntamed at
a temperature of 90 95 C until the media became clear About 15 ml of the
medium was poured hot to oven sterilised culture vessels which were previously
rmsed twice with double distilled water The containers with the medium were then
tightly plugged with non adsorbant cotton wool plugs Borosilicate test tubes of size

150x2 5cmand 10 0 x 2 5 cm were used as the containers

In order to ensure aseptic condition of the medwum the contawners
plugged with cotton plugs were autoclaved for 15 20 minutes at 15 pst pressure and
121°C temperature (Dodds and Roberts 1985) After sterilisation the culture ves

sels were immediately transferred to the culture room
33 Inoculation of explants

All the mnoculation operations were carried out under perfect aseptic

conditions m a Klenzaid s lamunar air flow cabinet

To 1noculate the explants on the culture medium the cotton wool plug of
the culture vessel was removed and the vessel neck was first flammed over a gas
burner kept 1n the chamber The sterile explants were quickly transferred into the
medium using sterile forceps The neck of the culture vessel was once again

flammed and the cotton wool plug was replaced quickly

The culture vessels were then transterred to a culture room where they
were incubated at a temperature of 27 + 2 C Artificial illumimnation was provided
using cool white fluorescent lamps The light intensity was maintained at 2000 lux

Photopertod was fixed as 16 h per day which was regulated by a diurnal timer



34 Season of explant collection on iz vitro survival of explants

The establishment of corm and cormel explants collected from field
grown gladiolus varied with season of their collection An experiment was therefore
conducted to standardise the best season for corm and cormel explant collection and
moculation 1m which culture establishment was more and contamination rate the
muumum Explants were collected and moculated for this purpose from January to
December The medmum used was MS containing optimum amounts of nutrients and
growth regulators Observations on the percentage of cultures survived were record

ed after three weeks of culturing

35 The routes
351 Enhanced release of axillary buds
3511  Explant choice

The explants used for the enhanced release of axillary buds are corm
axillary buds cormel tps and nodal segments of inflorescence axis A trial was
conducted mmtially for screeming of different explants of gladiolus for enhanced
release of axillary buds m MS medium Observations were recorded on the response
from 10 cultures Based on these further studies were conducted on axillary buds

from corms and cormel tips only
3512  Culture establishment (Stage 1)

The culture establishment trials were carned out using axillary buds of
corm and corme] tips m MS medium supplemented with cytokinins viz BAP ke
tin and 21p (1 0 mg } Lwo40 mg | 1) alone and m combination with NAA (0 5



mg 1 land 10 mg 1 1) Observations on the number of days taken for shoot bud

emergence number of shoots and number of days taken for shoot elongation were

recorded after three weeks of culturing

35121 Influence of stages of development of corm and cormels on culture estab
Iishment

The corms and cormels were collected at different stages of development

as given below

Stage 1 Soon after drymng of nflorescence

Stage I1 30 days after drying of inflorescence

Stage 111 60 days after drymng of inflorescence

Stage IV 90 days after drying of inflorescence (Ready for field planting 1n 1n

the next season)

The purpose of this was to know the effect of growth regulators on

breaking the dormancy at difterent stages of corm and cormel development
35122 Effect of media on culture establishment

The best level of growth regulators identified mn the above trial was

compared 1n both White s medium and SH medium
3513 Shoot proliferation (Stage 2)

The elongated buds in the Stage 1 from corms and cormels were separat
ed carefully under aseptic condition and cultured to induce shoot proliferation
Trials were conducted in MS medium supplemented with cytokinins (BAP kinetin

and 21P each at 10 20 3 0and 4 0 mgl 1 alone and m combination with auxmn



(NAA 05and 10 mg 1 l) Nature of response of the elongated buds from corm
axillary buds and cormel tips as influenced by cytokmins and auxin were recorded
on the formation of multiple axillary buds callus growth shoot formation and root

formation
35131 Influence of frequent subculturing on multiple axillary bud formation

Thss trial was conducted for four generation on MS medium supplement

ed with BAP (2 0 and 3 0 mg 1 Dand NAA (00 05and 1 0mgl
35132 Elongation of multiple axillary bud aggregates

Elongation of multiple axillary buds were trred on MS medium both with
full concentration of morganic salts (MS,) and half the concentration of morganic
salts (MSp)) supplemented with BAP and NAA (00 and 10 mg I 1) and responses
were recorded Observations on the number of days taken for shoot elongation

length of shoot etc were recorded
35133 Effect of media on shoot elongation for multiple axillary buds

The different media viz full strength MS medmum (MSa) half strength

MS medium (MSy,) SH and white s were tried and obseverations were recorded

35134 Standardisation of medium supplements

Effect of medium supplements viz coconut water (00 10 20 50
10 0 and 15 0%) and actvated charcoal (00 01 02 03 and 0 4% ) were tned
for the elongation of bud aggregates in MS basal medium Observations on the

number of days taken for shoot elongation number of days taken for root imtiation



number of shoots and roots produced and nature of roots were recorded
3514  Invurorooting (Stage 3)

Studies on n witro rooting were carried out on elongated shoots from
Stage 2 1n basal medium contamung half and tull strength of norganic salts (both
liquid and sem solid) and SH basal medium Trials were also conducted to study the
effect of different auxins (IBA and NAA eachat05 10and2 0O mg1 1 jncombma
tion with different levels of sucrose (1 0 2 0 and 3 0%) In order to study the effect
of light on rooting experiments were conducted with MS medwm supplemented
with IBA at 1 0 and 2 0 mg 1 1 with and without light Observations on days taken

for root imtiation number and length of roots and nature of roots were recorded
35141 Effect of acttvated charcoal on rooting

Trals were also conducted to study the influence of different levels of
activated charcoal on rooting of elongated shoots of gladiolus MS medium was
supplemented with activated charcoal at different levels (01 02 03 and 0 4 per

cent) and observations were recorded
3515 Planting out (Stage 4)

The following observations were recorded on the growth parameters of

gladiolus at the time of planting out
Plant height

Length from the collar region to the tip of the plantlets was measured

and expressed 1n centumeter



Number of leaves per plantlet

The total number of leaves borne by a plantlet were counted and record

ed

Average length of the roots

Length of the roots was measured from the collar region to the tip and

the mean length was expressed 1n centimeters
35151 Planting out and acclimatization

The cotton plug of the culture vessels were removed sterile water added
to the vessels and kept as such for 10 to 15 mnutes Then rooted plantlets were
taken out from culture vessels with the help of forceps The agar adhering to the

roots were completely removed by thorough washing with running tap water

In order to study the effect of media on the growth of plantlets the
followtng media were tried

1 Fine sand

2 Coarse sand

3 Potting mixture

4 Coco peat

Sterilization was done to make the media free of contaminants and then

drenched with Bavistin (0 1%) solution

The plantlets were also treated with Bavistin (0 1%) solution for five

minutes before planting out



35152 Standardisation of hardening treatments

In order to acchmatise the plantlets produced 1 vitro a trial to standard
1se the hardening treatment was also carned out The plantlets were subjected to the

following post transfer treatments

1 Keeping m open
Covening the plantlets with polythene cover with holes for two weeks
Covering the plantlets with microscope cover for two weeks

Keeping the plantlets mm must chamber (1improvised)

wn s~ WN

Spraying 20 0 mg ! triadimefon solution (1 (4 chlorophenoxy) 3 3 diumethyl 1
(IH 1 2 4 tnazol 1 yl) 2 butanone) a week on plantlets kept 1n open

6 Spraymg 20 0 mg | ! tnadimefon solution twice a week on plantlets kept under
mist chamber

The plants were gradually exposed to sunlight Water was sprayed fre

quently to prevent the plantlets from desiccation MS solutton of 1/10 strength was

also given on alternate days

Observations were made on percentage of plantlet survival after four
weeks and percentage of plantlets that have produced corms after six weeks of cul

turmg

352 Somatic organogenesis

3521  Explant choice

The explants used for both direct organogenesis and callus mediated

organogenesis are given 1 Table 2



3522  Direct organogenesis

Internodal pieces of inflorescence inoculated to the modified MS
medium (Appendix I) supplemented with cytokinms (BAP kinetin at concentrations
of 00 05 10 20and 300 mg |l 1) in combination with auxin (NAA at 50
100150and 20 0 mg | 1) and aden3ne sulphate 10 0 mg 1 1" The observations like
number of cultures showing direct organogenesis days taken for organogenesis and

number of shoots and roots produced etc were recorded

3523  Callus mediated organogenesis

35231 Callus intiation

Corm nternodal pieces leaves inflorescence discs flower buds and
flower bracts were noculated into MS media containing different levels of 2 4-D
and245T (0 2 3and4mgl 1) The observations were recorded on the percent

age of cultures imtiating callus and number of days taken for callus iitiation

Modified MS medium supplemented with Adenine sulphate 10 0 mg 1 1
and auxmn (NAA at50 100 150 200 mg 1 l) alone and 1n combination with
cytokinins (BAP kmetmat 0S5 10 20and30mgl 1) were also used for callus
imtiation trals for leaf and inflorescence explants The cultures were incubated
under light as well as dark conditions The observations ltke percentage of cultures
callusing days taken for callusmg growth score nature of callus etc were record

ed

Root explants collected from both in vivo and in vitro gladiolus were
moculated to MS medwmum supplemented with various concentrations of BAP (0 0

10and2 0 mgl l) and NAA(QO 10and20mgl 1) for the production of callus



and 1ncubated at 25°C + 2 with a 16 h photoperiod provided by white flurescent
tubes Observations on number of cultures producing callus and days taken for callus

mitiation were recorded
35232 Callus differentiation studies

The callus derived were then transferred to MS basal halt strength MS
basal MS medium supplemented with various cytokinins (BAP kmetin 21P at
concentrations of 025 050 100 200 and 3 00 mg 1 1) alone and 1n combination
with NAA (025 050 100 mg 11) and also MS medium supplemented with
coconut water (20 100 150 ml I 1) to study 1ts influence on organogenesis Ob
servations like number of days taken for differentiation number of shoots and

number of roots produced were recorded
36 In vitro corm production

The elongated shoots from State 2 were used for this purpose The plan
tlets were moculated to MS medium contaimung different levels of sucrose 2 0 30
and 5 0%) m combination with NAA (00 05and 1 0 mgl 1) orIBA(©O 05and
10mg!l 1) The cultures were left 1n the culture room at 16 h photoperiod Ob
servations hke percentage of cultures producing corms and days taken for corm
production were recorded The measurements of the corms formed were made after

eight weeks of culturing

The best treatment 1dentified 1n the above expertment was supplemented
with trrazol (Triadimefon 1 0 and 5 0 mg 1 1) and the cultures were left 1n the cul
ture room as basal portion exposed to light and also under exclusion of light Ob

servations were recorded as above



The stze of the corms were recorded and then the plantlets with corms of
uniform size were again subjected to corm enlargement treatments Experiments
were carried out with different levels of sucrose (30 40 50 60 70 80 and
9 0%) and the cultures were mcubated i 16 h photoperiod and also by excluding
light on the basal portions of the tubes Observations were recorded separately on
the si1ze of corms after eight weeks and also the number of roots produced and plan

tlet survival Full strength sem solid MS salt media was used for this purpose

The same type of trial was also carried out n full strength MS Iiquid
medium with dufferent levels of sucrose (3 0 and 5 0%) 1n combination with triazols
(Triadimefon at the rate of 10 20 30 40 and 50 mg 1 1) Observations Iike

plantlet survival size of corms etc were recorded after eight weeks
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RESULTS

The results of the studies conducted on the wn vitro propagation of gladio
lus at the Tissue Culture Laboratory of the All India Co ordinated Florculture
Improvement Project attached to the Department of Pomology and Florculture of

the College of Horticulture Vellanikkara are presented 1n this chapter
41 Explant

The explants tried were axillary buds cormel! tips inflorescence seg

ments flower buds flower bud bracts leaf segments and root pieces
411 Standardisation of surface sterilisation of explants

The results of the experiments on surface sterihsation of gladiolus ex

plants using different chemicals are presented 1n Table 3

Among the different sterilants mercuric chloride (0 10 and 0 20%) was

found to be a better stenilant than sodium hypochlorite solution

A survival percentage of 100 00 was recorded when the corm axillary
bud explants were surface sterthised with mercuric chloride (0 10%) for 25 minutes
The same rate of survival was also observed i treatments Iike ethyl alcohol
(50 00%) for 3 mimutes + mercuric chloride (0 10%) for 25 minutes and 1n mercur

1¢ chlonde {0 20%) for 15 minutes



Table 3

Effect of surface stenlant treatment on the survival of gladiolus explants

3 weeks

S mediun with ooti um
of gro' tn regulators

Culture oeriod
eajun

evels

Survival percentage

Treatnents Concent Duration Corm correl Intlorescence Lear Root pieges
:e%ion Minutes) axillary ouds tips segments segre ts ex v tro
)
1 ercuric « loride Q10 1 €0 00 30 o0
2 100 00 80 00
a 100 00 100 00
10 Q o0 0 00
15 20 00 15 00 100 00
20 75 00 100 00
25 100 cO 100 00
2 rercuric chlor de 0 20 10 90 ¢0 100 00
15 100 oo 100 o0
3 Ethyl alcchol S0 00 3
follo =d oy 0 0o 20 00
ercuric chloride 010 5
3
0 ¢co S0 00
10
3
25 o0 60 00
15
3
=5 00 100 oC
20
3
100 Co 100 o0
25
4 Sodjum nypochlo te 40 co 10 0 Co 0 o0
15 20 CO 15 60
20 20 Q0 20 o0
25 25 0 25 00
bse ons ere ta as t e ave ec 0 ¢ ltu e tukes



Treating with ethyl alcohol (50 00%) for 3 minutes followed by mercuric
chloride (0 10%) for 20 minutes had a survival of 85 00 per cent for corm axillary
bud explants The same sterlants at a different duration 1e ethyl alcoho! for 3
munutes and mercuric chloride 0 10 per cent for 15 minutes resulted 1n 25 per cent
contamination free cultures Mercuric chloride (0 20%) for 10 minutes resulted 1n

90 per cent contamiation free cultures m corm axillary bud explants

Mercuric chloride (0 10%) treatment of corm axillary buds for 15 and 20

minutes have shown survival percentage of 20 00 and 75 00 respectively

Treatment with 40 per cent sodium hypochlorite solution for 15 20 and
25 munutes resulted i 20 00 20 00 and 25 00 per cent survival of corm axillary

buds respectively

Maximum survival percentage (100 00%) for cormel tip explants was
observed 1n the treatments like mercuric chloride (0 10%) for 20 and 25 munutes
ethyl alcohol treatment (50 00%) for 3 minutes tollowed by mercuric chloride
(0 10%) for 20 and 25 minutes and also 1n mercuric chloride (0 20%) treatment for

10 and 15 minutes

Survival rate of cormel tip explants were 60 00 per cent and 50 00 per
cent respectively when the explants were treated with ethyl alcohol (50 00%) for 3
minutes + mercuric chlonde (0 10%) for 15 minutes and ethyl alcohol (50 00%)

for 3 munutes + mercuric chloride (0 10%) for 10 minutes

Low rates of survival were observed 1 40 per cent sodium hypochlorite

solution for 15 munutes (15 00%) sodmum hypochlorite for 20 munutes (20 00%)



sodium hypochlonte treatment for 25 minutes (25 00%) mercuric chloride 0 10 per
cent for 15 minutes (15 00%) and also 1n ethyl alcohol 3 minutes treatment followed

by mercuric chioride (0 10%) for 5 minutes (20 00%)

Inflorescence segments flower buds and flower bud bracts when surface
stertlised with mercuric chloride (0 10%) for 2 minutes and also for 3 mnutes had
100 GO per cent survival A survival percentage of 80 00 was observed when the

explant were surface sterilised in mercuric chloride (0 10%) for one minute

Mercuric chlonde (0 10%) treatment n leaf explants for 3 mmutes re
sulted 1n 100 00 per cent contamination free cultures The treatments using the same
stertlant for 2 minutes resulted 1n 80 00 per cent survival and for 1 minute resulted

1n 30 00 per cent survival

In the case of root pieces 100 per cent contamnation free cultures could

be obtamed when treated with 0 10 per cent mercuric chlonde for 15 mmutes
412 Seasonal influence on the i1 witro establishment of explants of gladiolus

Data regarding the influence of season on explant collection and culture
establishment of the explants of gladiolus (corm axillary buds and cormel tips) are

presented m Table 4

It 1s clear from the table that maxamum survival percentage (100 00) of
the corm axillary buds was obtawned during the month of April and minimum rate of
survival during the month of July (50 G0) The trend represented a gradual mncrease
i the rate of survival as the time proceeded from July to April then a steady decline

duning the months of May June and July
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Table 4 Seasonal influence on the tn vitro establishment of explants of gladiolus

Basal medium  MS with optimum levels of growth regulators

Culture period 3 weeks

Month Corm axillary buds Cormel tips
Contamnation - Survival Contarmunation Survival
(%) (%) (%) (%)
January 20 00 80 00 1500 85 00
February 10 00 90 00 500 95 00
March 10 060 90 00 500 95 00
April 000 100 00 000 100 00
May 500 95 00 000 100 00
June 25 00 75 00 30 00 70 00
July 50 60 50 00 60 00 40 00
August 40 00 60 00 45 00 55 00
September 13 00 87 00 000 100 00
October 17 00 83 00 000 100 00
November 10 00 90 00 000 100 00
December 12 00 88 00 500 95 00




In the case of cormel tip explants maximum survival percentage (100 00)
was observed during the periods of Apnl May and September November Lowest
rate of explant survival and highest rate of contammation was recorded during July

(40 00 and 60 00% respectively)

Two peaks of high survival percentage and lowest contamination per

centage observed during the periods of April to May and September to November

From November to March a fluctuating tendancy 1n the survival percent

age was observed

During June to August the survival percentage reduced drastically and
the mummum percentage of the survival was observed during the month of July

(40 00)

42 The routes
421 Enhanced release of axillary buds
4211  Culture establishment (Stage 1)

The culture establishment trials were carried out using corm axillary
buds and cormel tips (Plate 1 and 2 respectively) in MS medium supplemented with
cytokinins (BAP kinetin and 21P) alone and 1n combination with NAA The results

are presented m Tables 5 to 9



42111 Effect of BAP on corm axillary buds

Trials were conducted with BAP at different levels (10 20 3 0and 4 0
mg 1 1) alone and in combination with NAA (0 5 and 1 0 mg 1 1) on culture estab
lishment of corm axillary buds at different stages of development and the results are

given in Table 5

Stage 1 (Corm axillary bud explants taken soon after drymng of the inflorescence)

Number of days for bud emergence

The average number of days taken for bud emergence after breaking the
dormancy of the buds varied from 7 1 to 18 0 1n Stage 1 (soon after drying of in
florescence) The mumimum period was taken by the treatment BAP 4 0 mg 1 1 71
days) and was significantly different from all other treatments Maximum days
(18 0) for bud emergence was taken by the treatment BAP 1 0 mg 1 1 1 NAA 10
mg 1 followed by the treatment BAP 1 O mg 1 1 + NAAOS mg 1 1 (16 7) days

Number of shoots

The number of shoots ranged from 1 0 to 4 2 under various treatments

and the differences were significant

Maximum number of shoots (4 2) was produced by the treatment BAP
30mgl 1 foltowed by the treatment BAP 4 0 mg 1 1 (3 1) which was found to be
statistically on par with the treatments BAP 1 0 mg | 1 gap 4o mg | 1 4+ NaAA
05mgl! BAP20mgl!and BAP40mgl! + NAA1Omgt!



Table 5 Effect of BAP and NAA on culture establishment of carm-axuiary buds
of gladiolus at different stages of corm development.

32sa) mediun s
C ture nerica 4 wee s
Stage I Stag I S age Stage "V
Treats ents - -—
Tine N “ime Tine Tine Tire Numé& ime Tine Numoe T -e
BAP JAA taken am o taken taken N“c?"“ tacen taken o ta en take ta
for shoots £or “or Shoots or for Shoots or for Shoo s °
Ly agr by Eud snoot pua shoot oud s oot oud
3 3 en rg elong anarg e ong e e elong el a e c
ence ation erce at on erce ation ence ac 2
faays) (days) (aays) {cavs) days) (Qays) (da s) a2 )
10 00 10 7 3 16 1 a8 2 R 13 7 6 2 32 10 1 30 0
2 0 00 100 30 1l 3 80 5 52 S1 9 g0 25 sS¢C
30 c 0 9 8 2 15 o 55 5 11 6 5o & 77 26 S <
G co 71 33 lo 1 s 3 3 1 4 5> 3 8 5 25 50
c 0 s 16 7 e 191 9 4 3cC 58 70 5 -] 70 30
o] 05 10 5 20 15 a0 6 2 15 19 59 30 90 6 9 3cC
Jo [} 91 23 16 9 10 3 2 1> 2 2 33 73 52 3
40 c s 11 § 31 16 © 91 2 18 1 51 7.5 51 33
[v] 10 18 0 10 21 0 9 2 2 S 3 70 9 73 21
c 10 10 2 o l6 0 21 0 1 22 5 72 Jo S0 6 3 3c
3¢ L0 10 1 28 16 3 12 0 26 15 6 52 3 75 S1 38 4
L] 10 10 8 28 16 2 9 c 24 19 7 6 2 28 73 52 36 °
. (o 0s) 10 o5 12 15 0s 2" Q7 06 03 07 Q& c 7
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Plate 1 Corm axillary bud explants of gladiolus after inoculation
into MS medium

Plate 2 Cormel tip explant of gladiolus after noculation
mnto MS medium






Minimum number of shoots (1 0) was produced by the treatment BAP
10mgll+ NAA10mg!! Treatments ike BAP20mg 1} + NAA 1 Omg
1 BAP10mg! + NAAOSmgl! BA20mg1! + NAAOSmgl1! BAP3 0
mgll + NAAOSmg1! BAP30mgl! + NAA10mg! ! produced 19 18
20 23 26 shoots respectively and these were found to be homogenous and

intermediate between the maximum and mimimum shoot number
Number of days for shoot elongation

Number of days taken for shoot elongation varied from 15 0 days to 21 0
days and differed sigmuficantly Mimmum days (15 0) fos shoot elongation was taken
by the treatment BAP2 0 mg 1! + 05 mg 1! NAA (Plate 3) The treatment BAP
300mgl! BAP40mgl! + NAAOSmgl! BAP20mgi! + NAA 10 mg
1! BAP40mg1! BAP 1 mgl! whichtook 155 160 160 161 161 days

respectively for elongation

Maximum number of days for elongation was taken by the treatment
BAP 10mg1! + NAA 10 mg11 (21 0) followed by BAP 10 mg 1! + NAA
05mgll(1n

Stage 11 ( 30 days after the drying of inflorescence)

Number of days for bud emergence

The average number of days taken tor bud emergence ranged from 5 3
days to 21 0 days and differed significantly The treatment BAP 4 0 mg 1 1 has
taken the mmmum days for bud emergence (5 3) and was found to be statistically

on par with the treatment BAP 3 0 mg | 1 56



The longest ttme for bud emergence was taken by the treatment BAP 2 0
mgll+ NAA 10mgl! (21 0) followed by BAP20 mg 1! + NAA 05 mg1!
(16 2) and BAP3 0mgl ! + NAA10mg11(120)

Number of shoots

The average number of shoots per culture differed sigmiticantly and

varied from 1 4t0o5 7

Maximum number of shoots (5 7) was observed mn the medium supple
mented with 3 0 mg 1 1 BAP and was on par with the number shoots produced (5 1)

1n the treatment with 2 0 mg 1 1 pap

Shoot number was mimumum (1 4) in the medium supplemented with 2 0
mg1 1 BAPand 1 0mg1 ! NAA Treatments like BAP2 0 mg1 1 + NAA 05 mg
11 and BAP 3 Omgl 1 and NAA 10 mg! lwcreonparwnhtlus

Number of days for shoot elongation

The data indicated that there were significant differences in the number

of days taken for the elongation of buds which ranged from 11 4 days to 22 8 days

The mummum number of days (11 4) was taken 1n the medmm when
supplemented with 4 0 mg 1 1 BAP and the medium supplemented by 3 0 mg 1 1
BAP (11 6 days) were found to be on par with this

Maxmmum days for the elongation of shoots (22 8) was taken by the
treatment having 2 0 mg 1 1BAP + 1 mg 1 1 NAA followed by the treatments like
BAP40mgl! + NAA10mg11 (197 BAP20mg!! + NAAOSmg1!



(192) BAP 40 mg 1 1 + NAAOS mg | 1 (18 1) these three were statistically

homogeneous

Stage III (Corm axillary bud explants taken 60 days after the drying of inflores
cence)

Number of days for bud emergence

The number of days taken for bud emergence from the corm aullary
buds ranged from 5 0 to 7 6 days 1n various treatments and were sigmificantly differ

ent

The treatment BAP 3 0 mg | 1 took the shortest time for bud emergence
(5 0 days) and the treatments BAP 4 0mg 1! + NAA 05 mg1! (51 days) BAP
20mgl! (51days) BAP30mgl! + NAAOS5mg!!(52days) BAP40mg

11 (5 5 days) were on par with this

Maximum days (7 6) for bud emergence was taken by the medium
supplemented with 1 0 mg 1 1 BAP and 10 mg | 1 NAA This was found to be on
par with the media supplemented with BAP 2 0 mg 1 I 1 NAA 1O mg 1 1 (72
days) BAP10mgl! + NAAOS5Smgl! (70days) BAP20mg1! + NAAOS
mg 1 1 (6 9 days)

Number of shoots

The average number of shoots produced 1 various treatments differed

significantly and varied from 1 9to 4 9

The maximum number of shoots was produced by the treatment BAP 2 0

mg 1 1 (4 9) followed by BAP 3 0 mg 1 1 (4 6) and were found to be homogeneous



Treatment BAP 4 0 mg | 1 produced 3 1 shoots and was found to be
homogeneous with the number of shoots produced by BAP 4 0 mg | 1+ NAAOS
mg11(38 BAP30mg1! + NAA10mg1! 34)and BAP30mg1] +
NAAOSmgl! (33)andBAP10mgl! (32)

Minimum number of shoots (1 9) was observed when the medium was
supplemented with 1 0 mg 1 1BAP + 10 mg [ 1 NAA and was found to be sigmifi

cantly different from all other treatments
Number of days for shoot elongation

The average number of days taken for shoot enlongation ranged from 7 3

to 10 1 days and the differences were sigmticant

The treatment BAP 3 0 mg 1 1+ NAAOS mg 1 1 recorded the shortest
pertod (7 3 days) for shoot elongation and was found to be statistically homogeneous
with treatments having BAP 4 0 mg | LiNaA 1O mg | 1 (7 3 days) BAP 3 0 mg
11 + NAA10mg1! (75 days) BAP40mg!1! + NAA OS5 mg1l (76 days)
BAP3 0mg1 ! (7 7 days)

Maximum days for shoot elongation was taken in the medwum when
supplemented with BAP 1 0 mg 1 1 (10 1) The treatment having BAP 1 0 mg 1 14
NAAOS5mgl T ook 9 8 days for shoot elongation while the medium supplement
ed with BAP 1 O mg 1 Ly NaATO mg | ook 9 4 days for shoot elongation and

were statistically on par



Stage IV (Corm axitlary bud explants taken 90 days after the drying of mflores
cence)

Number of days for bud emergence

Data pertaining to average number of days taken for bud emergence after
breaking the dormancy revealed significant differences and varied from 2 5 days to

7 3 days under various treatments

The mummum number of days (2 §) for bud emergence was recorded in
MS medium supplemented with 2 0 mg 1 1 BAP and was found to be homogeneous
with the time taken for bud emergence in treatments like BAP 4 0 mg 1 1 @25
days) BAP30mgl! (26 days)and BAP10mgl! (30 days)

The longest time for bud emergence was observed 1n MS medium sup
plemented with BAP 1 0 mg 11 + NAA 10 mg 1} (7 3 days) and was found to be
statistically on par with BAP 1 0 mg1 ! + NAA 05mg1! (7 0 days) and BAP 2 0
mgl! + NAAO0S5mgl! (69 days)

Number of shoots

The average number of shoots produced by the varous treatments
recorded sigmificant differences and ranged from 2 1 to 5 1 The maximum number
of shoots (5 1) was produced 1n MS medium supplemented with 3 0 mg 1 1 BAP and
was on par with that of treatment having 2 0 mg | 1 gap (5 0) and 44mg 1 1 gap
G0

Minmum number of shoots (2 1) was observed in treatment BAP 1 0
mg | 11 NAATO mg 1 1 and was found to be significantly different from all other

treatments



Number of days for shoot elongation

The average days for shoot elongation differed sigmficantly and ranged
from 3 9 days to 5 1 days The mimmum number of days (3 9) was taken by the
medium supplemented with 3 0 mg 1 1 BAP and was found to be on par with those
produced by the treatments BAP 4 0 mg 1 1 BAP 10 mg 1 1 Bap 20 mg 1 1
BAP10mgll + NAAOSmgl! BA20mg1! + NAA 05 mg 1! and BAP
40 mgI1 + NAAOSmgl1 They have taken 40 40 40 40 42 and 45

days respectively for shoot elongation

The maximum days (5 1) for elongation of shoots was taken by the
medium supplemented with BAP 1 0 mg 1 l 4 NAA 1O mg 1 ! and was on par
with the treatments ike BAP 30 mg 11 + NAA 05 mg 11! (50 days) BAP 20
mgl! + NAA1Omgl! (49 days) BAP4Omgl1! + NAA1Omg1! 48
days) and BAP 3 0 mg | 11 NAAT Omgl 1 (4 7 days)

42112 Effect of kunetin on corm axillary buds

Influence of kinetin at different levels (1 0 mg 1 loao mg | 1) alone
and 1n combination with different levels of NAA (05 mg 1 Lang 10 mg | 1) on
culture establishment of corm axillary buds at different stages of development are

given m Table 6

Stage I (Corm axiullary bud explants taken soon after drying of the inflorescence)

Number of days for bud emergence



Table 6 Effect of kinetin and NAA on culture establishment of corm axillary buds
of gladiolus at different stages of corm development

3asal ned wm S
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The number of days taken for bud emergence varted significantly from
13 1 days to 16 5 days 1n various treatments Minmmum days for bud emergence was
taken by the treatment having 4 0 mg | 1 kinetin (13 1) and was found to be homo
geneous with that of kinetin 2 0 mg 1 1 (133) 30mgl 1 (134)and 10 mg 1 1
(14 4)

Maximum days (16 5) for bud emergence was taken by the medium
supplemented with kinetin 2 0 mg 1 1y NAA 1O mg | 1 Treatments having 4 0
mg 1! kinetm + 10 mg 11 NAA (16 0 days) 30 mg 1! kinetin + 05 mg 11
NAA (159 days) 2 0mg! 1 kinetin + 05 mg 1 I'NAA (15 7 days) were found to
be on par with the treatment with kinetin 30 mg 1} + NAA 10 mg 1! (148

days)
Number of shoots

The average number of shoots varied sigmficantly from 14 to 24 m
various treatments Maximum number of shoots (2 4) was observed in MS medium
when supplemented with 4 0 mg 1 1 kinetin and was found to be homogeneous with
treatments Tike kmetm 4 0 mg I 1 + NAAOSmg1! (24) kimetn20mg1! +
NAA10mgl!(24) kinetn30mg1! + NAAmg1 ! (23) kinetn40mg1!
+NAA10mgl1(23) kimetn30mgi!(21)andkmetin2 0mg11! 2 1)

The number of shoots was mmimum (1 4) when the medium was sup
plemented with kinetin 1 0 mg 1 1 1 NAATO mg | 1 and was found to be homoge
neous with those of the treatments kinetin 2 0 mg 1 1 1 NAAOS mg 1 1 (16)
kmetn 1 0mg 11 (16) kinewn10mg1? + NAAOSmgil)(16)



Number of days for shoot elongation

The days taken for shoot elongation varied sigmificantly and were
mmmum (17 3 days) in the medium supplemented with 3 0 mg 1 ! finettn The
treatments m which MS medium was supplemented with kinetin 4 0 mg 1 1 arn
kmetin 2 0mg 11 (18 1) kmetm 20 mg 11 + NAA OS5 mg1! (18 2) and kinetin

10mgl 1 (18 5) were found to be on par with this treatment

Maximum days (20 3) for shoot elongation was taken by the treatment
having kinetin 3 0 mg 1 1 L NAAOS mg 1 1 and was found to be homogeneous
with treatments having kinetin 2 0 mg 1 1 1 NAATO mg 1 1 (20 0) kinetin 4 0 mg
1! + NAA1Omg1?(198) kinetn 10mg1! + NAA10mgl! (19 6) kinetn
30mgl! + NAA10mg!1! (193) and kinetin 1 0 mg 11 + NAA 05 mg 1!
(192

State II (Corm axillary bud explants taken 30 days after the drying of inflorescence)

Number of days for bud emergence

The average number of days for bud emergence ranged trom 8 3 to 14 1
and differed significantly The mummum days (8 3) for bud emergence was taken by
the medium supplemented with kinetin 3 0 mg | 1 and was statistically homogeneous
with the treatments like kmetin 4 0 mg 11 (8 4 days) kinetn 20 mg 1! + NAA
05mg1!(92days) kinetn3 0mg1! + NAA 10mg1! (93 days) kinetn3 0
mgl1 +NAA05mg11(95days)andkmeun40mgl1 + NAA 10mg11
(9 7 days)



Treatments like kinetn 1 0 mg 11 + NAA 10 mg 1! (14 1 days) and
kimetin 1 0 mg 11 + NAA 05 mg 11 (13 5 days) took maximum days for bud

emergence
Number of shoots

The shoots produced in various treatments differed significantly and
ranged from 22 to 3 7 Maxumum number of shoots (3 7) was produced mn MS
medium supplemented with kinetin 3 0 mg 1 1 and was found to be homogeneous
with the treatments wmnvolving kinetin 4 0 mg 1 1 (35) kinetin 2 0 mg 1 1 33)
kmetm30mg11 ﬂl—NAAIOmgl1 @3N kmetml()mgl1 (3 0) kinetn 30
mgl1 + NAA OS5 mgl 1 @3 O)andkmetmIOmgl1 + NAAOSmgl 1 30

Mumum number of shoots (2 2 ) was recorded 1 medium suppliment
ed with kinetin 2 0 mg 1 1y NaATO mg 1 1 and was found to be homogeneous
with the treatments kinetin 1 0 mg | 11 NAATO mg 1 1

Number of days for shoot elongation

Days taken for the elongation of shoots differed sigmificantly among the

treatments and ranged from 11 9 to 18 0 in various treatments

Munimum days for shoot elongation (11 9) was taken by the medmm
supplemented with kinetin 3 0 mg 1 1 which was on par with the treatments with
kmetm40mg11(120) kmetin 3 0 mg 1 1y NAA 05 mgl 1 (12 0) kinetin 3 0
mgll + NAA10mg1!(126) kimetn20mg1! (130) kinetn 4 0mg 1! +
NAAOS5Smgt!l(130) kineun20mg1! + NAAOS5mg1! (13 1) kimetn20
mgl!l+NAA10mg1!(134)andkimetn 4 0mg 1! + NAAOSmgl ! (13 0)



Maximum days for shoot elongation (18 0 ) was observed 1n the medium
containing kinettn 1 0 mg 1 I+ NaA1O mg 1 1 which was on par with the treat

ment 1 which the medium was supplemented with kinetin 1 0 mg ! 1 (17 3)

Stage III (Corm axillary bud explants taken 60 days after the drying of inflores
cence)

Number of days for bud emergence

The number of days taken for bud emergence ranged from 7 0 to 10 0

showing significant differences among the treatments

The medum supplemented with kinetin 4 0 mg | 1 1 NAAOS mg 1 1
has taken the minimum days (7 0) for bud emergence and was significantly different

from all other treatments

The maximum days for bud emergence (10 0) was observed 1n the
medium supplemented with kinetin 1 0 mg 1 14 NAATO mg 1 1 and was signifi

cantly different from all other treatments

The other treatments like kinetin 1 Omgl1 kinetin 1 Omgl1 + NAA
05mgl! kinetn 20mg 1! + NAA 10mg!! kimetn30mg 1! kinetn3 0
mgl! + NAA10mg1! kinetn30mg1! + NAA 05 mg1! kinetin 2 0 mg
Ilandkmetm4()mg11havetaken90 90 89 88 87 86 85 and 8 5 days

respectively for bud emergence
Number of shoots

The average number of shoots produced was maximum (2 9) in the



medium supplemented with kinetin 2 0 mg | 1 and was found to be on par with the
treatments mvolving kmetin 3 0 mg | I (29) kinetin 4 0 mg 1 1 (2 8) and kinetin
40mgll + NAA1O0mgl! (28)

Mimimum number of shoots (1 4) was observed mn the medium supple
mented with kinetin 4 0 mg 1 1 1 NAAOS mg | 1 and was found to be statistically
on par with the treatment in which the medium was supplemented with kinetin 1 0

mgll + NAA1Omgllqs)
Number of days for shoot elongation

The average number of days taken for shoot elongation ranged from 7 6

t0118

The mimmum number of days (7 6) was taken by the treatment 1n which
medium was supplemented with kinetin 3 0 mg | 1 and was found to be significantly

different from all other treatments

Maximum days (11 8) for shoot elongation was taken by the medium
supplemented with kinetm 3 0 mg 1 11 NAA 1O mg 1 1" Treatments like kinetin
30mgl! + NAAOSmg!! kinetn20mg1! + NAA10mg1! kinetin20
mgl! kinetn 10mgi! Xmetn 10mg 1! + NAAOSmg1! kinetin40
mgl! + NAA10mg!1!andkinetn20mg1! + NAA 05 mg1! took 116
110 110 110 110 105 105 days respectively for shoot elongation and were
found to be homogeneous with the treatment with kinetin 3 0 mg 1 1 1 NAA OS5

mgl1



State IV (Corm axillary bud explants taken 90 days after the drying of inflorescence)

Number of days for bud emergence

The average number of days taken for bud emergence varied significant

ly among the treatments from 55 to 7 1

The treatment having kmetin 3 0 mg 1 1 1 NAAOS mg 1 1 has taken
the munimum days (5 5) for bud emergence and was found to be on par with the
treatments like kinetin 3 0 mg 1 1 (55) kwetm 30 mg 1 1 4 NAA OS5 mg | 1
(58) kmetn 40mgl! + NAA10mg1!(59) kinetn40mg!1! + NAAOS
mg11(60) kinetn40mg1 ! (60)and kinetn 2 0mg 11 (6 1)

The treatment having kinetin 1 0 my, | 1 L NAA OS5 mg | ! has taken
7 1 days for bud emergence which was the maximum and was on par with the treat
ments with kinetm 1 0mg 11 + NAA10mg11(68) kmetn20mgl! + NAA
05mg1!l(64)andkmetin10mgl! (64)

Number of shoots

The shoots produced were maximum (3 0) when the medium was sup
plemented with kinettn 1 0 mg 1 1 4+ NAA 05 mg 1 1 and was on par with the
shoots produced by the treatments like kinetin 4 0 mg 1 1 (2 8) kinetin 4 0 mg 1 1
+NAAOSmgll@27)

Number of shoots were mummum (1 9) under the treatment kinetin 3 0

mg 1 1 and was found to be homogeneous with the rest of the treatments



Number of days for shoot elongation

The number days taken for shoot elongation differed sigmficantly among

the various treatments and ranged from 9 2 to 11 8

The number of days for shoot elongation was 9 2 1n the treatment having
kinetin 3 0 mg 1 1 4+ NAAOS mg 1 1 and was found to be homogeneous with the
days taken for shoot elongation by various treatments involving kmetin 4 0 mg 1 1
(98 kinetn 40mg1! + NAA10mg1! (98 kimetn20mg1! + NAA 10
mg11(100) kimetn 4 0mgi! + NAAOS5Smgl!(100) kinetn20mgl! +
NAAO5mg1!(100) kinetn 10mg1! (100) kinetn30mg1! + NAA 10
mg 11 (10 0) and kinetin 1 0 mg 1! + NAA 05 mg1! (10 2)

Maximum days for shoot elongation (11 2) was observed 1n the treatment

contaming 1 0 mg | 1 ket + 10 mg | I'NAA
42113 Effect of 2tP on corm axillary buds

Data pertaiming to the influence of 21p at different levels alone and n
combmation with NAA at different levels on the culture establishment of the corm
axillary bud explants and cormel tip explants at different stages of development are

given m Table 7
Stage I (Corm axillary bud explants taken soon after drying of inflorescence)

The medium supplemented with 21p 1 0 mg 1 120 mg 1 139 mg 1 1
and 4 0 mg 1 1 recorded 20 to 25 days for bud emergence But they failed to elon
gate and became pale and slender Treatments with 21p 1 0 mg 1 1 1 NAAOS



mgl1 21p2()mg11+NAA05mgl1 21p30mgll+NAA05mglland
21ip 4 0 mg 1! + NAA 05 mg 1! produced swollen buds with pale colour

Elongation of the buds or adventitious bud production was not observed

Swelling of the axillary buds and root formation from the basal parts of
the explant were observed in treatments supplemented with 21p 1 0 mg 1 1 4+ NAA
10mgl! 2p20mgll + NAA10mg1! 2p30mgi1! + NAA'1 O mg1!
and21p40mgl’ + NAA10mgl!

Stage II (Corm axillary bud explants taken 30 days after the drying of inflorescence)

Treatments having 2ip 1 Omg{ ! 20mg!1! 30mglland40mg1!
produced small single slender shoots with whitish colouration and the shoots elon

gated upto 0 5 cm Further elongation of the shoot was not observed

The medium supplemented with 21p 1 0 mg 1 1 + NAA OS5 mg 1 1

however failed to respond

Other treatments of 21p (10 20 30 and 40 mg 1 1) m combination
with NAA (05 and 1 O mg | 1) produced swollen buds after 20 25 days of nocula
tion and they also produced large number of fleshy roots
Stage III  (Corm axillary bud explants taken 60 days after the drying of inflores

cence)

Single slender and pale coloured shoots with restricted growth were
produced after 15 20 days of moculation m the MS medium supplemented with 21p
10mgl! 2ip20mgl! 2p30mglland2ipsOmgi!



Bud emergence was recorded after 15 20 days of mnoculation and the
emerged buds became swollen with the production of large number of fleshy roots

from the basal portion of the explants in all other treatments

Stage IV (Corm axillary bud explants taken 90 days after the drying~af inflores
cence)

Single slender shoots of length 2 cm was produced by the treatments like
2p10mgl! 2p20mg1! 2p30mg1!and2ip40mgl! after 20 25 days

of moculation

Swollen vitrified shoots were produced by all other treatments of 21p
(10 20 30and 40 mg !y combination with NAA (05 and 10 mg 1 1)

Larger number of roots were also recorded
42114 Effect of 21p on cormel tips

Cormel tip explant responded to the 21p 1n the same way as the corm

axillary bud responded (Table 7)
42115 Effect of BAP on cormel tips

Effect of BAP at different levels alone and 1n combination with NAA at
different levels on the culture establishment of cormel tips taken from the cormels

harvested at different stages of development are given 1n Table 8
Stage I (Cormel tip explants collected soon after drying of inflorescence)

The cormels harvested soon after the drying of the inflorescence were properly

surface sterihised and the cormel tps taken from these cormels were mcoulated on to



Table 7 Effect of 21p and kinetin on culture establishment of corm axiflary buds
and cormel tips of gladiolus taken at different stages of development
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30 days after drying of in lorescence

inzloresce ce
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the MS medum supplemented with various levels of BAP (10 20 30and 40
mg | 1) alone and in combination with NAA (0 5and 1 O mg ! l)

Number of days for bud emergence

The number of days taken for bud emergence diftered significantly 1

various treatments ranging from 10 5 to 18 1

The mimimum days (10 5) for bud emergence was taken by the medium
supplemented with BAP 3 0 mg 1 ! and was found to be on par with the medium
supplemented with BAP 4 0 mg 1 1 (10 6)

The maximum days (18 1) for bud emergence was taken by the medium
supplemented with BAP 4 0 mg 1 14 NAATO mg | 1 and was on par with media
supplemented with BAP 1 0 mg 1 1 1 NAATO mg | 1 (17 0) and BAP 2 0 mg 1 1
+NAA10mgl)(169)and BAP40mg1 ! + NAAO S mgl 1 (169)

Number of shoots

The number of shoots produced under various treatments ranged from a

munimum of 1 1 to a maximum of 3 1 and showed sigmficant differences

The mean maximum number of shoots (3 1) were recorded in the
medium supplemented with BAP 4 0 mg 1 I which was statistically homogeneous
with the shoot numbers of 3 0 and 2 3 recorded by the media supplemented with
BAP3 Omgl 1 BaP20 mg | 1 respectively

The number of shoots produced 1n the medium supplemented with BAP

10mgl 1 1NAATO mg 1 1 was only 1 1 which was the minimum and was found



to be statistically on par with the treatments like BAP 4 0 mg 1 +NAA O
mgl! BAP20mg1! + NAAOSmg1! BAP30mgl! + NAAOSmg1!
BAP20mgl! + NAA10mgl! BAPmg!! + NAAOSmgi! BAP 10
mgll+ NAAOSmgI1 BAPlOmgl1 and BAP30mg11+NAA10
mg | L as they produced average shoot numbersof 13 13 14 14 16 17 18

and 1 8 respectively
Number of days for shoot elongation

The number of days for shoot elongation was mmmum (16 0) when the
medum was supplemented with BAP 4 0 mg 1 1 (Plate 4) and was found to be sta
tistically homogeneous with the treatments hike BAP 3 0 mg I 1 (16 0) BA20
mgl1!(170) BAP10mg1! + NAAOSmgl! (171)and BAP3 0 mg 1! +
NAAOS5mgl!l(172)

The treatment having BAP 4 O mg 1 1 NAATO mg | 1 has taken the
maximum number of days for shoot elongation (21 5) and was found to be on par
with treatments BAP 10mg 11 + NAA10mg1? (203) and BAP30mg11! +
NAA 10mg1!(199)

Stage I (Cormel tip explants collected 30 days after the drymng of the inflores
cence)

Number of days for bud emergence

The number of days taken for bud emergence vaned significantly

The mimmum number of days taken by the treatment involving BAP 1 0
mg 1 1l { NAAOS mg 1 1 (9 7) was found to be on par with the treatments BAP
40mg1!(97days) BAP20mgl!(98days) BAP30mgl! (99 days) and
BAP 1 0 mg1 ! (10 0 days)



Plate 3 Elongated buds 1n corm axillary bud explant of gladiolus
(Stage I) 1in MS n}edlum supplemented with BAP 2 0 mg |
and NAAO Smgl

Plate 4 Elongated bud 1n cormel tp explant of gladiolus (§Mge I)
1n MS medium supplemented with BAP 3 0 mg |






The maximum number of days for bud emergence (15 3) was recorded
by the treatment m which the medium was supplemented with BAP 2 0 mg 1 Iy
NAA 10 mg 1! and thus was on par mn the treatments BAP20mg1) + NAA OS5
mgl! BAP40mgl! + NAA10mg1! BAP30mg!! + NAA1Omg1l
BAP40mgl1 + NAAO 5 mgl1 as they had taken 151 151 147 14 1 days

respectively for bud emergence
Number of shoots

The number of shoots produced was maximum (3 9) when the medium
was supplemented with BAP 4 0 mg 1 1 and was found to differ significantly from
all other treatments and was followed by the medium containing BAP 3 0 mg 1 1
(3 1 shoots)

Lowest number of shoots were recorded 1n the treatment having BAP 3 0
mg 1 1 + NAA1Omgl 1 (1 2) and was found to be on par with the treatments like
BAP20mgl!l + NAA10mgi! BAP40mgl! + NAA10mg1! BAP 40
mgl!l +NAAOSmg1! BAP30mg!! + NAAOSmgl! BAP20 mg1!
4+ NAAOSmgl! BAP10mgl1) + NAAOSmg1land BAP10mg 1! +
NAALGngllastheyproducedIB 14 14 14 14 17and1 7shoots respec

tively
Number of days for shoot elongation

The number of days taken for shoot elongation varied from 11 7 to 17 7

and showed sigmificant differences among the treatments



The mmmmum days (11 7) for shoot elongation was taken by the medium
supplemented with BAP 4 0 mg 1 1 and was on par with the treatments like BAP
30mg 1(125) BAP20mg1! (125)and BAP10mg1! + NAAOSmg1!
129

Maximum days (17 7) for bud elongation was recorded in the medium
supplemented with BAP2 O mg 1 1 L NAAOS mg 1 ! followed by treatments BAP
20mgl! + NAA10mg11(173) BAP30Omg1! + NAA1Omg11(169)
BA30mg1! + NAAO5Smgll (166) BAP40mg1! + NAAOS mg1!
(164) BAP40 mg1! + NAA 10 mg 11 (16 4) and these were found to be

homogeneous
Stage III  (Cormel tip explants collected 60 days after the drying of nflorescence)
Number of days for bud emergence

The number of days taken for bud emergence ranged from 9 3 to 14 7

under various treatments and differed significantly

The mummum number of days (9 3) was taken in the medium supple
mented with BAP 3 0 mg 1 1 The bud emergence 1n the medium containing BAP
10mg1! BAP20mg1! and BAP 40 mg 1! was observed after 97 98 99
days respectively and these were found to be homogeneous with that of the

medum supplemented with BAP 3 0 mg 1 1
Number of shoots

The number of shoots ranged from 1 3 to 2 9 in vartous treatments and



showed significant differences among the treatments The maximum number of
shoots (2 9) was observed in the medium supplemented with BAP 4 0 mg 1 1

followed by the treatments like BAP 3 0 mg [ 1 4 NAAOS mg | 1 (25 BAP1O
mgll + NAA10mg1!(24) BAP40mg1! + NAA1Omg1l (23) BAP
30mgl 1 (2 1) and these were found to be on par with the treatment BAP 4 0

mgl1

Mimmum number of shoots (1 3) was recorded in the medium supple
mented with BAP 2 0 mg 1 1 1 NAAOS mg | 1 and was on par with the remaining

treatments
Number of days for shoot elongation

The number of days taken for shoot elongation varied significantly and

ranged from 12 8 to 17 6 days

The medium supplemented with BAP 2 0 mg 1 1 recorded the minimum
number of days for shoot elongation (12 8) and 1t did not differ significantly with
the treatments ke BAP 10 mg 11 (12 9 days) BAP 30 mg 1! (133 days) and
BAP 4 0 mg 11 (13 5 days)

Maximum days for the elongation of shoots (17 6) was recorded n the
medium supplemented with BAP 2 0 mg 1 1+ NAA OS5 mg | 1 The number of
days taken for bud elongation 1n the treatments like BAP 2 0 mg | 11 NAATO mg
11(17 3 days) BAP3 0mg1! + NAA10mg1! (16 9 days) did not vary signif
icantly with that of BAP 2 0 mg 1 1 41 NAAOS mg 1 1



Stage IV (Cormel tip explants collected 90 days after the drymng of the inflores
cence)

Number of days for bud emergence

The average number of days taken for bud emergence ranged from 8 1 to
10 7 The medwum supplemented with BAP 4 0 mg 1 1 recorded the mummum days
for bud emergence (8 1 days) which was followed by the treatments like BAP 2 0
mgl1(81days) BAP10mgl!(83days) BAP30mg!!(84days) BAP40
mgll + NAAOS5Smg11(85days) BAP10mg1! + NAAOSmg1! 86
days) BAP20mgl !+ NAAOSmg1!(86days) BAP40mgl ! + NAA 10
mg!! (87days) BAP30mgll + NAA 10mgl! (90 days) and BAP 2 0
mg 1 1 1 NAATO mg ] 1 (9 0 days) They were found to be homogeneous with the
treatment having BAP 4 0 mg | 1 with respect to the number of days taken for bud

emergence

Maximum days for bud emergence (10 7) was taken by the medmum

supplemented with BAP 1 0 mg | 11 NAATO mg 1 1
Number of shoots

The number of shoots produced by various treatments varied sigmificant

ly and ranged from 1 1to 2 3

The mean number of shoots produced was maximum (2 3) n the
medmum supplemented with BAP 3 0 mg 1 1 and was found to be homogeneous with

the shoots produced by the treatments like BAP 3 0 mg | 1 4 NAA OS5 mg ! 1



(23) BAP40mgl! 22) BAP40mgl! + NAAOSmgll (21) BAP20
mgll@20) BAP40mg1! + NAA10mg1!(19) BAP30mgi1! + NAA
10mg!11(19)andBAP10mgll(l8)

Shoots produced were minimum 1n treatments like BAP 1 0 mg 1y
NAA10mgl1l(11) BAP20mg1! + NAA10mg1!(16) BAP10mg1!
+NAAOS5mgll(16)andBAP20mgl! + NAAOSmg1l (17)

Number of days for shoot elongation

The average number of days taken for shoot elonga
tion was mummum m the medium supplemented with BAP 4 0 mg 1 1 (9 0) and was

found to be sigmificantly different from all other treatments

The maximum days for shoot elongation (15 7) was recorded m the
medium supplemented with BAP 1 0 mg 1 14 NAATO mg 1 1 and was significant
ly different from all other treatments This was closely followed by the treatment
containing BAP 2 0 mg 1 1l 1 NAAOS mg 1 1 (12 1 days) which also varied sigmf

icantly from the rest of the treatments

When the cultures were retained without subculturing the basal portion of
the elongated shoots developed callus and multiple axillary buds after 5 weeks
especially 1n the medium supplemented with BAP and lower levels of NAA (Plate 5)

regardless of the stage of development of the cormels

42116 Effect of kinettn on cormel tips

Data showing the influence of kinetin at different levels alone and in



combinatton with different levels of NAA on the culture establishment of cormel tip

explants at different stages of development are given 1n Table 9

Stage I (Cormel t1p explants collected soon after the drying of nflorescence)

Number of days for bud emergence

The time taken for bud emergence varied significantly (from 17 0 days

to 24 8 days) among the different treatments

The mummum days (17 0) for bud emergence was taken by the treatment
contarming kinetin 2 0 mg ! 1 and kinetm 10 mg | 1 and was found to be on par
with the treatment involving kinetin 3 0 mg 1 1 (17 5 days) and kinetin 4 0 mg 1 1
(18 4 days)

Medum containing kinetin 4 0 mg 1 1 4 NAA 1O mg 1 1 had taken
24 8 days for bud emergence and the treatment was found to be on par with the

treatment having kmnetin 4 0 mg 1 1 1 NAAOS mg 1 1 (23 9 days)
Number of shoots

The number of shoots produced varied from 10 to 13 in different

treatments and did not vary sigmificantly
Number of days for shoot elongation

The treatments differed significantly among themselves with respect to
the number of days taken for shoot elongation and ranged from 22 5 to 27 0 The
treatment contaimng kinetin 4 0 mg 1! had taken the miumum days (22 5) for

elongation and was found to be statistically homogeneous with the number of days



Table 9 Effect of kinetin aod NAA on culture establishment of cormel tips explants
of gladiolus at different stages of cormel development
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taken by the treatments like kinetin 10 mgf1 (22 6) kinetm 3 0 mg | 1 230
kmetn 1 0mg1! + NAAOSmg1! (23 7) and kinetin 20mg1! (23 9)

Maximum days for shoot elongation was recorded 1n medmum supple
mented with kinetin 4 0 mg 1 1 1 NAA 1O mg 1 1 (27 0) The treatments having
kmetn 4 0mgl! + NAAOSmgil (262 days) kmetn20mgl! + NAA 10

mg 1 1 (25 3 days) were found to be on par

Stage I (Cormel tip explants collected 30 days after the drying of inflorescence)

Number of days for bud emergence

The number of days taken for bud emergence ranged from 16 1to 19 4

and varied significantly among the treatments

The medium supplemented with kinetin 4 0 mg 1 1 had taken the mim
mum days for bud emergence (16 1) and this was found to be homogeneous with the
days taken by the treatments contaiming kinetin 1 0 mg | 1 (16 3) kinetin 3 0 mg 1 1
(16 3) and kimetm 2 0 mg 1 1 (16 4)

Maximum days for bud emergence (19 4) was recorded 1n the treatments
having kmetmlOmgl1 + NAAOSmgl1 kinetin 2 0 mgl1 + NAAOS
mgl1 kinetin 1 0 mg 1 1y NAAlOmgllandkmethOmgl 1 {1 NAAI1O

mg 1 1 and were on par with the rest of the treatments
Number of shoots

The number of shoots produced by the various treatments ranged from

11to 15 and all the treatments were found to be on par



Days taken for shoot elongation

The treatments showed sigmificant differences among themselves with
respect to the time taken for shoot elongation and ranged from 19 5 days to 24 1
days The medmum supplemented with kinetin 1 0 mg | ! had taken 19 5 days for
shoot elongation and the treatments like kinetn 3 0 mg 1 1 (19 6 days) kinetin 4 0
mg 1! (19 8 days) kinetn 20 mg 1! (19 9 days) knetin 1 0 mg1} + NAA 05
mgl 1 (20 4 days) were found to be on par Maximum days (24 1) for shoot elonga
tion was taken by the treatment containing kinetin 4 0 mg 1 1 1 NAATO mg | 1

Stage III  (Cormel tip explants collected 60 days after the drying of inflorescence)

Number of days for bud emergence

The number of days taken for bud emergence ranged from 15 6daysto21 8 days
and showed significant vanation among the treatments The medwum contaiming
kietin 4 0 mg 1 1 had taken the mmmum days (15 6) for the bud emergence and
was found to be on par with the treatments contarning kinetin 3 0 mg 1 1 kinetin 10

mg 11 and kinetm 2 0 mg 1 ! which took 158 163 and 16 5 days respectively

The maximum number of days (21 8) for bud emergence was reported 1n
MS medium contaiung kinetin 1 0 mg 1 1 4 NAA 1O mg 1 1 and was significantly

different from the rest of the treatments

Number of shoots

Maximum shoot number was observed in treatment having kinetin 4 0
mg 1 1 (1 5) and was found to be on par with the treatment kinetin 3 0 mg 1 ! which
produced an average shoot number of 14 All other treatments were on par and

differed significantly from these two treatments



Number of days for shoot elongation

The number of days taken for shoot elongation showed significant vara

tion ranging from 19 4 to 23 8§ days

The mummum days for shoot elongation was taken by the medium sup
plemented with kinetin 4 0 mg 1 1 (19 4) ftollowed by kinetin 3 0 mg 1 1 a9 7
kinetm 1 0 mg ] 1 (20 2) and kinetin 2 0 mg 1 1 (20 8) which did not vary sigmfi
cantly

Maximum days for shoot elongation was recorded in the treatment
having kinetin 1 0 mg ] 1 L NAATO mg | 1 (23 8) and was found to be statistical
ly homogeneous with treatments mvolving kinetin 4 0 mg 1 1l 1 NAA 1O mg | 1
(237) kinetn30mg1! + NAAOSmg1! (234) kimeun20 mg 1! + NAA
05mgl) (233) kinetn2 O0mgl! + NAA10mg1! (23 1) kinetn 30 mg1!
+NAA1O0mgl!l (229) andkimetn 4 0mg 1! + NAAOSmg1! (22 4)

Stage IV (Cormel t1p explants collected 90 days after the drying of inflorescence

Number of days for bud emergence

Significant differences were observed among the treatments with respect
to the time taken for bud emergence ranging from 14 3 days to 18 5 days The days
taken was minimum (14 3) 1 the medium supplemented with kinetin 3 0 mg 1 1 and
was found to be on par with that of the medum supplemented with kinetin 4 0

mg 11 (14 8 days)



Maximum days for bud emergence (18 5) was recorded 1n the medium
supplemented with kinetin 1 0 mg 1 1y NAA 1O mg 1 1 Thus was found to be on
par with the treatments contamning kinetin 2 0 mg 1 1 4 NAA OS5 mg 1 ! (184
days) kmnetin 2 0 mg I 1 1 NAA 1O mg 1 1 (17 7 days) and kinetin 3 0 mg 1 14
NAA 10mgl! (17 5 days)

Number of shoots

The number of shoots produced ranged from 1 3 to 1 7 1n various treat

ments All the treatments were found to be homogeneous
Number of days taken for shoot elongation

The treatments differed sigmficantly with respect to the tune taken for
shoot elongation The treatment contamning kinetin 3 0 mg 1 ! had taken 16 7 days
for shoot elongation which was the mmimum and treatments mvolvimg kinetin 4 0
mg!11(17 1) kimetin 2 0 mg 11 (17 5) and kinetin 1 0 mg 11 (18 1) were found to

be on par

Maximum days for shoot elongation was recorded the mediuum supple
mented with kinetin 2 0 mg 1 1 4 NAA OS5 mg 1 L (20 4) and was found to be
homogeneous with treatments like kinetin 2 0 mg 1 1 4 NAA 10 mg 1 1 (202
days) kimetin 1 0mgl + NAA10mg!! (19 9 days) kinetn3 0mg1! + NAA
10mg1! (199 days) kinetn3 0 mg 1! + NAA 10 mg1! (19 4 days) kinetn
40mgll + NAA10mg1! (193 days) kinetn30mgi! + NAAOSmg 1!
(19 2 days) and kinetin 4 Omg 11 + NAA 0 Smg 1! (18 9 days)



When the cultures were retained without subculturing in the medum
supplemented with higher levels of kinetin and lower levels of NAA multiple ax:
llary buds and callus were produced after 5 weeks from the base of the elongated

shoots (Plate 6) regardless of the stage of development of the cormels
42117 Effect of media on culture establishment

Of the different media (White s SH and MS) tried to screen out the best
basal medium for the culture establishment of gladiolus explants the following re

sults were obtained (Table 10 and Plate 7)
Number of days for bud emergence
The number of days taken for bud emergence differed significantly

The mmmum number of (9 3 days) for bud emergence was taken by the
MS medium supplemented with 3 0 mg | 1 BAP and was on par with SH medium
supplemented with 3 O mg 1 1 gap (10 2 days)

Maximum days (15 5) for bud emergence taken in White s medium

supplemented with 3 0 mg | 1pap
Number of shoots

The number of shoots produced differed sigmficantly and varied from

11 (Whtes + BAP3 0mg! 1) t032(MS + BAP30mgl})



Plate 5 Production of multiple axillary buds and callus from cormel
tip explant of gladloluslm culture eStﬂbllShlilent medum
(MS +BAP20mgl* + NAAOSmgl?)

Plate 6 Productton of multiple axillary buds from cormel tip explant
of gladiolus 1 culture es{abllshment medlum1
MS + kinetn30mgl * + NAAOS5Smgl?)






Table 10 Effect of different media on the culture establishment of corm axillary buds

Basal medium supplemented with 3 0 mg 1 1 gap
Culture period 3 weeks

Basal media Number of days ~ Number of shoots/  Number of days
taken for culture taken for
sprouting elongation

Whites 155 11 234

SH 102 24 16 8

MS 93 33 159

CD (0 05) i1 06 13

SEm+ 0 090 0170 0 900




Number of days for bud elongation

The number of days taken for elongation varied from 15 9 to 23 4 days

and differed significantly

Mmimum days for elongation (15 9) was recorded n MS medium sup
plemented with 3 0 mg 1 1 BAP and was on par with SH medium supplemented with
30g1 ! BAP (16 8)

Maximum days (23 4) for elongation of the shoots was taken by White s
medium having 3 0 mg 1 1gap

4212 Shoot proliferation (Stach)

The elongated buds derived from corm axillary buds and cormel tips of
gladiolus mn Stage 1 were cultured in MS medium containing various levels of cyto
kinns (BAP kunetin and 21p) alone and in combination with NAA The responses
observed were the production of multiple axillary buds and callus which are pre

sented 1n Table 11 to 13
42121 Effectof BAP

The organogenic responses of elongated shoots as influenced by BAP
(1020 30and40mg! 1) alone and 1 combination with NAA (05 10and2 0

mg 1 1) in MS medium are grven 1n Table 11

A very high rate of axillary bud production was observed when the MS
medium was supplemented with BAP 1 0 mg | 14 NAAOS mg 1 1 and BAP 20
mg 1 14 NAAOS mg 1 1 (Plate 8) High rate of axllary bud production was



Table 11 Organogenic responses of elongated shoots derived from corm axillary
buds and cormel tips of gladiolus as 1nfluenced by BAP and NAA

Basal medium MS
Culture period 3 weeks
Treatment Nature of response
BAP NAA Multiple axillary buds* Callus growth
(mg1?)
10 00 ++
20 00 ++
30 00 +++ ++
40 00 +++ +++
10 05 +4+++
20 05 +4++
30 05 +4+ ++
40 05 +++ ++
10 10 +++ +++
20 10 +4+ + 4+
30 10 ++ ++
40 10 +++
10 20 +++ ++
20 20 ++ +++
30 20 ++ +++
40 20
+ Low rate of production (10 to 20 buds)*
++ Medum rate of production (20 to 30 buds)*
+++ High rate of production (30 to 40 buds)*

++++ Very high rate of production (more than 40 buds)*
No response



Plate 7 Effect of media (White s medium SH medium and MS medium)
on culture estabiishment of corm axillary bud explants of gladiolus

Plate 8 Multiple axillary bud production from elongated buds of
gladiolus 1n MIS medum supplemented with BAP 2 0 mg 1 1y
NAAOS5Smgl






observed 1 several treatments viz BAP30mg11 BAP4Omgl1 BAP 30
mgl!l + NAAOSmgl! BAP40mg1! + NAAOSmg1! BAP10mgt!
+NAA10mgl! BAP20mgl! + NAA10mg1! BAP10mgl! + NAA
20mgl!

Medium rate of axillary bud production could be noticed n treatments
when MS medium was supplemented with BAP 1 0 mg ] 1 gaP20 mg 1 1 Bap
30mgl! + NAA10mgi! BAP20mg!! + NAA20 mgi1! and BAP3 0
mgl!+ NAA20mg!! The treatments BAP40mg1! + NAA10mgl!and
BAP40mgl 14+ NaA20 mg | 1 could not produce multiple axillary buds

Callus production was high 1n treatments involving BAP 4 0 mg 1 1
BAP10mg!! + NAA10mg1! BAP20mg!! + NAA 20 mg11! and BAP
30mg! 1 4 NAA20 mg 1 1 (Plate 9) Medium rate of callus production was ob
servedmtreatmentswnhBAPSOmgll BAP30mgl1 + NAAOS mgl1
BAP40mg!! +NAAOSmg1! BAP30mgl! + NAA 05 mg1!and BAP
10mgl 1 +NAA20mgl1

Callus production was not observed in treatments mvolving BAP 1 0
mgl! BAP20mgl1! BAP10mg1! + NAAOSmgt! BAP20mgl! +
NAAOSmglland BAP40mgl !+ NAA20mg11]

42122 Effect of kinetin

Data showmg the effect of kinetn (1 0mgl! 20mg1!and40
mg | 1) alone and m combination with NAA (0S5 mgl 110 mg 1 Land20

mg | 1) on elongated shoots of gladiolus 1n MS medum are presented 1n Table 12



Table 12 Organogenic responses of elongated shoots derived from corm axillary buds
and cormel tips of gladiolus as influenced by kinetin and NAA

Basal medium MS
Culture period 3 weeks
Treatments Multiple Nature of response
Kinetin NAA axillary Callus Others 1f any
(mg1 l) buds growth
10 00 ++
20 00 ++
30 00 ++
40 00 ++
10 05 ++
20 05 Swelling at the shoot base
30 05 + + Rhizogenesis and shoot
elongation
40 05
10 10 + ++ Rhizogenesis
20 10 Swelling, at the shoot base
and rhizogenesis
30 10
40 10
10 20 + ++ Rhizogenesis
20 20
30 20 + + Rhizogenesis swelling of
shoot base
40 20 +
+ Low rate of production (10 20 buds)*
++ Medum rate of production (20 30 buds)*

No response



Medwm rate of multiple axillary bud production was observed m MS
medium supplemented with kinetm 10 mg 1 1 kinetin 20 mg | 1 yinetn 3 0
mgl1 kinetin 4 0 mg 1 and kinetin 1 Omgl ] + NAa o5 mgl1 (Plate 10) The
rate of production of multiple axillary buds was low in treatments viz kinetin 3 0

mgl! + NAAO5mgl!andkimetn1 0mgl! + NAA2Omg1!

Treatments like kinetin 2 0 mgl1 + NAAOSmgl1 kinetin 4 0
mgl! + NAAOS5mg!! kinetn 20 mgi! + NAA 20 mg1! and kinetin 40
mg | 1y NAA2O0mg! 1 could not mduce axillary buds

Callus production was medwwm 1n treatments like kinetin 1 0 mg ! 1y
NAA1O0mgl 1 a0d kiettn 1 0 mg | 1+ NAA20O mg | 1 The rate of production
of callus was low 1n treatments like kinetgn 3 O myg 1 ! Kinetén 4 0 mg 1 ! kinetin
10mgt!l + NAAOSmg1! kinetm30mgl1! + NAAOSmg1! kinetn 20
mgl! + NAA20mg1! kinetn30mg1! + NAA 20 mg 1! and kinetn 4 0
mgl1 +NAA20mgl1

Callus productton was not observed in treatments mvolving kinetin 1 0
mgl! knetn20mgld kmetn20mgl! + NAAOSmgl! kinetn40
mgll+ NAAOSmgl! kmetn20mgl!+ NAA10mgt! kineun30
mgl!+ NAA10mgl! andkinetn4 Omg1! + NAA1Omgl!

Of the different treatments kinetn 20 mg 1} + NAA 05 mg 11
kinetn 20 mg 11 + NAA 10mg 1! kinetn 30 mg 1! + NAA 10 mg 1!
Janetn 4 0 mg 11 + NAAOS5mg1! and kinetin 40mg11 + NAA 10 mg1!
could produce nerther multiple axillary buds nor callus They showed swelling of the

shoot base and rhizogenesis



Plate 9 Callus induction from the base of elongated buds of
gladiolus 1n MS niedlum supplemented with BAP 3 O mg 1 1
and NAA 2 O mg !

Plate 10 Multiple axillary bud production at medum rate from the base
of elongated budﬁ of gladiolus 1n MS medium supplemented with
kinetin 4 O mg |






Rhizogenesis was also noted when MS medium was supplemented with
kinetn 10 mg 11 + NAA10mg!! kinetn 30 mg1! + NAA 05 mg 1!
kietn 1 0mg 1! + NAA20mg1!and kinetm2 0mg1! + NAA2 Omg1 ]

42123 Effect of 21p

Organogenic response of elongated shoots derived from corm axiflary
buds and cormel tips of gladiolus as mnfluenced by 21p (1 0 mg 1 X mg 1 139
mg 1 Land 40 mg 1 1) either alone or m combmation with NAA (0 5 mg 1 10
mg | land20 mg 1 1) 1 MS medwum 1s given m Table 13

Low rate of multiple axillary bud production was observed at higher
levels of 21p 3 O mg 1 1 and 4 0 mg | 1) and low rate of callus production 1n treat
mentsthh21p40mgl1 21p10mg11+NAA05mgll 21p20mg11+
NAAOS5Smgl! 2;p10mg1! + NAA10mg1! 2p20mgi1l + NAA 10
mgll 2p30mgil + NAA1Omg1! 2ip10mgl! + NAA20mg1 and
21p20mg11+NAA20mg11

Single shoot elongation was noticed at lower levels of 21p (1 0 and 2 0
mg 1 1) At hugher level of 21p (4 0 mg 1 1) shoot elongation combined with swell

g of the base and rhuzogenesis was observed (Plate 11)
Rhuzogenesis was noticed m all the treatments having 21p and NAA
42124 Influence of frequent subculturing

Of the three cytoktnines tried viz BAP kinetin and 21p a very high

rate of multiple axillary bud production was noticed i treatments nvolving BAP



Table 13 Organogenic responses of elongated shoots derived from corm axillary buds
and cormel tips of gladiolus as influenced by 21p and NAA

Basal medium MS
Culture period 3 weeks

Treatments Multiple* Nature of response
21p NAA axillary Callus Others 1f any
(mg1h) buds growth
10 00 Shoot elongation
20 00
30 00
40 00 + + Shoot elongation
Rhizogenesis
10 05 + Rhizogenesis
20 05
30 05
40 05
10 10
20 10
30 10
40 10
10 20
20 20
30 20
40 20

+ Low rate of production (10 20 buds)*

No response



Hence the studies on the mfluence of trequent subculturing on multiple axillary bud
production were carried out m MS mediuin supplemented with BAP (2 0 and 3 0 mg
1 1) alone and in combinatton with NAA (00 05and 1 0 mgl I) and are given mn
Table 14

Very high rate of production of bud aggregates could be noticed mn all
the subcultures when MS medium was supplemented with BAP 2 0 mg ] 1 and NAA
05mgl 1 (Plate 12) and also with BAP 2 0 mg [ 1 n the case of other treatment
combinations the rate of productton of multiple axillary buds mcreased upto fourth

subculture but callus production also could be noticed
42125 Elongation of multiple axillary buds

The bud aggregates obtained from the Stage 2 have been subjected to
elongation treatments in MS full strength (MS,) and half strength medium (MSp)
supplemented with various levels and combinations of BAP and NAA The response

are given 1n Table 15 and in Plates 13 and 14)

The basal media (both MSa and MSb) without growth regulators pro
duced elongated shoots with roots More elongated shoots and normal roots have

been obtamed 1 full strength MS medium (MS; devoid of growth regulators)

Further multzplication of axillary buds have been observed in treatments
contatning BAP 1 0 mg 1 1" in both full strength MS (MS,) and half strength (MS})
media The treatment involving BAP 10 mg 1 1+ NAA 10 mg 11 produced

multiple axillary buds and callus m both the media



Plate 11 Single shoot elongation and swelling of the base of
elongated bucﬁs of gladiolus 1n the MS medum supplemented with
2iIp40mgl

Plate 12 Effect of frequent subculturing on multiple axillary bud
production from elongated buds of corm axillary bud explants
of gladiolus 1n 1}45 medium supplemented with BAP 2 0 mg 1 1 and
NAAOS5mgl






Table 14 Frequency of multiple axillary bud formation during four generations of
subculture on MS medium

Culture period 3 weeks

Treatments Sub culture Remarks
BAP N I I I v
(mg17)

20 00 +++ +++ ++++ ND Rate of production of bud
aggregates increased

30 00 +++ ++++ ++++ ND Rate of production of bud
aggregates mcreased +
callus growth

20 05 ++++ ++++ ND ND Very high rate of
production of bud
aggregates

30 05 +++ +++ ++++ ND Increased bud aggregates
production + Callus growth

20 10 ++++ ++++ ++++ ND

30 10 ++ ++++ ++++ A+

++ Medium rate multiple axillary bud formation
+++ High rate multiple axallary bud formation
-+ + + Very high rate multiple axillary bud formation

ND Not determined



Table 15 Dafferences 1n shoot elongation from multiple axillary bud aggregates with
BAP and NAA
Culture period 3 weeks

Medium Growth regulators Response
BAP 1NAA
(mg17)
MS, 0 0 Shoot elongation normal root formation
more elongated shoots
0 1 Callus growth
1 0 Further multiplication
1 1 Further multiplication of bud aggregates and
callus growth
MS;, 0 0 Shoot elongation root formation
0 1 Callus growth
1 0 Further multiplication
1 1 Further muitiphication of bud aggregates and
callus growth
MS, MS medwm with full concentration of inorganic salts

MSy, MS medwm with ¥ the concentration of morganic salt



Plate 13 Repeated multiplication and callusing of multiple axillary
buds m full strength MS medmum supplemented with BAP 1 0 mg 1 1

(a) Elongation of multiple axillary buds 1n full strength MS basal
medium (b)

Plate 14 Repeated multsphication and callusing of multiple axillary
buds 1n h:}lf strength MS medium supplemented with BAP
10mgl! (a) Elongation of muluple axillary buds 1n half
strength MS medwum (b)






The treatments having NAA 1 0 mg | 1 1n both media have shown rapid

converston of the multiple axillary buds to callus
42126 Effects of media

The bud aggregates taken from the stage 2 were subjected to elongation
studies m different basal media viz full strength MS salt medium (MS;) half
strength MS salt medium (MSy;) SH salt medium and White s salt medum and the

observations are presented 1n Table 16
Days taken for shoot elongation

The number of days taken for shoot elongation varied sigmficantly 1n
different media It ranged from 7 5 days (MS half strength mediaum  MS;,) to 20 2
days (White s medium) Days taken for shoot elongation i full strength MS medium

(MS,) and SH medium were 9 6 and 15 0 respectively
Days taken for root initiation

The number of days taken for root imtiation varied singnificantly ranging
from 17 4 days (SH medwum) to 22 6 days (White s medium) The mmimum days
for root imtiation (17 4) 1n SH medium and was on par with that of full strength MS
medium (18 4 days) and half strength MS medium (19 6 days)

Number of shoots

The number shoots produced 1n different media also varied sigmificantly



Table 16 Differences 1n shoot elongation from muluple axillary bud agregates on

different media

Culture period 3 weeks

Media Time taken for Observations after 4 weeks
Shoot Rooting Shoot  Shoot  Root Nature
elongat (days) number length number of roots
1on (cm)
(days)
MS, 96 184 174 12 40 50 Normal roots
with root hairs
MSy, 75 196 69 12 00 55
SH medmum 15 0 17 4 100 11 90 106 Thick and straight
roots
White s 202 226 60 490 54 Short medium
medium thick roots
CD@OO05) 18 21 24 130 32
SEm+ 1727 2 550 2325 0997 5 765

MS; MS medum with full concentration of norganic salts

MSy, MS medm with % concentration of inorganic salts



ranging from 6 0 (White s medium) to 17 4 (full strength MS medium) The number
of shoots produced m White s medium (6 0) was found to be on par with that of half
strength MS medium (6 9)

Length of shoots

Shoot length also varied significantly in different media It ranged from
4 90 cm (White s medium) to 12 40 cm (MS full strength medrum) The maximum
shoot length recorded n full strength MS medium (12 40 cm) was found to be on
par with that of haif strength MS medium (12 00 cm)

Number of roots

Number of roots produced mn different media also vared significantly
ranging from 5 0 (full strength MS medium) to 10 6 (SH medium) The number of
roots produced n full strength MS medium (5 0) was found to be homogeneous with
that of number of roots produced in White s medium (5 4) and half strength MS
medium (5 5)

Nature of roots

The roots produced in different media differed considerably Normal
roots with root hairs were observed m full strength MS medium and half strength
MS medium In White s mediom the roots produced were short and medium thick

SH medum produced thick unbranched roots tapering in nature
42127 Effect of medium supplements

Influence of medium supplements (coconut water and activated charcoal)



on shoot elongation was studied on MS basal medium with multiple axillary buds

taken from the Stage 2 and the results are presented m Tables 17 and 18 respective

ly
421271 Effect of coconut water

The multiple axillary bud aggregates were subjected to the treatments
with various levels of coconut water (00 25 50 75 100 and 15 0%) in MS

medium and the results are given m Table 17 and Plate 15
Days taken for shoot elongation

Significant variation among the treatments were observed with respect to
the number of days taken for shoot elongation and ranged from 9 6 1n control to
16 8 1t the medum contaimng coconut water 10 O per cent and 15 O per cent which
were found to be on par with coconut water 7 5 per cent (16 1 days) and 2 5 per

cent (15 4 days)
Days taken for root 1uttation

Signtticant varjation was observed between the treatments with different
levels of coconut water and the control Days taken for root mtiation varied from
15 1 days (coconut water 10%) to 18 4 days (control) The MS medwm supple
mented with 10 0 per cent coconut water took the mintmum days (15 10 days) for
root mitiation and was found to be on par with all other treatments contaimng

coconut water



Table 17 Effect of coconut water on elongation of bud aggregates

Basal medium MS
Culture pertod 3 weeks
Coconut  Time taken Time taken Number Length Number Nature
water (%) for shoot  for root of of of of shoots
bud elong 1mtiation shoots  shoots  roots
ation (days) (cm)
(days)
00 96 18 4 17 4 12 40 50 Normal roots
(Control) with root hairs
25 15 4 152 98 11 60 72 Slender roots
without root
hairs
50 14 8 158 124 118 77
75 161 156 136 11 40 85
100 16 8 151 125 1120 84
150 16 8 153 93 11 00 95
CD (0 05) 16 14 22 NS 14
SEm+ 1575 1079 2714 1383 1201




Number of shoots

The different treatments varied significantly with respect to the produc
tion of shoots which ranged from 9 8 1 2 5 per cent coconut water to 17 4 1n con
trol Maximum number of shoots (17 4) was produced by the treatment devoid of
coconut water The number of shoots produced by the medium contatning 50 7 5
10 0 and 15 O per cent coconut water were 124 13 6 12 5 and 9 3 days respec

tively
Length of shoots

Significant vartation could not be observed with respect to the length of
shoots and the value ranged from 11 90 cm 1n the treatment contaimng 15 0 per cent

coconut water to 12 40 cm m control
Number of roots

The treatments differed significantly with respect to the number of roots
produced It varied from 5 0 (control) to 9 5 (coconut water 15%) The number of
shoots produced 1n the medium contamning 15 O per cent and was on par with treat

ments with 10 O per cent (8 4) and 7 5 per cent (8 5) coconut water

Nature of roots

In all the treatments coconut water produced very slender roots without
root hairs Normal roots were produced in the MS medium devoid of coconut water

(control)



421272 Effect of activated charcoal

Multiple axillary buds taken from stage 2 were subjected to various
levels of activated charcoal (00 01 02 03 and 04%) in MS medum aad the

results are given 1n Table 18
Days taken for shoot elongation

The treatments did not differ significantly with respect to the number of
days taken for shoot elongation the minmmum (9 6 days) being m control and

maxmmum (10 7 days) 1n the treatment mnvolving 0 4 per cent activated charcoal
Days taken for root mitiation

The number of days taken for root mmtiation varied from 15 5 (activated
charcoal 0 3%) to 18 4 days (control) and the differences were sigmficant All the
other treatments viz activated charcoal 04 02 0 1 per cent took 15 6 162 and

16 8 days respectively for root mtiation
Number of shoots

Significant vaniation was obtained with respect to the number of shoots
produced Maximum number of shoots (17 4) was produced in the control and the
munmum number (8 2) 1n charcoal 0 2 per cent (Plate 16) All other treatments like
charcoal 0 1 03 and 0 4 per cent produced 8 5 9 3 and 8 7 shoots respectively

which were homogeneous with that of charcoal O 2 per cent



Table 18 Effect of activated charcoal on elongatton of bud aggregates
MS

Basal medium

Culture period 3 weeks
Activated Time taken Time taken Number Length Number Nature of roots
charcoal for shoot  for root of of of
elongat 1mtiation shoots  shoots roots
10n (days)  (days) {cm)
00 96 18 4 17 4 12 40 50 Normal roots
with root hairs
01 100 16 8 85 800 68 Long white
coloured slender
roots without
root hairs
02 10 4 16 2 82 860 72
03 100 155 93 796 69
04 107 156 87 814 69
CD (@005 NS 14 18 150 13
SEm+ 2 458 1155 1774 1289 0966




Plate 15

Plate 16

Effect of coconut water on the elongation of multiple
axillary buds

Effect of actvated charcoal on the elongation of multiple
axillary buds






Length of shoots

Maximum shoot length (12 40 cm) was produced 1n control which was
significantly superior to all other treatments
Number of roots

The number of roots produced varied from 5 0 (control) to 7 2 (activated
charcoal 0 2%) Treatments with charcoal 0 1 03 and 0 4 per cent produced 6 8

6 9 and 6 9 roots respectively and were on par
Nature of roots

All the treatments with activated charcoal produced long white coloured
slender roots without root haus The roots produced in MS medium without activat

ed charcoal (control) were normal with root hawrs
4213 In vuro rooting (Stage 3)

Elongated shoots from Stage 2 were used for n vitro rooting studies and

the results are presented 1n Tables 19 to 23
42131 Effectof media

To study the effect of different basal media on rooting a trial was con
ducted with sohid full strength MS (MS,) half strength MS (MSy) lqud MS,

liquid MSy, and solid SH media The results are given in Table 19



Table 19 Effect of different media on rooting of elongated shoots of gladiolus

Media Time taken Number of  Length of Nature of roots
for root roots per roots
nitiation culture (cm)
(days)

Sohd MS, 95 120 360 Normal with
branching habit and
root hairs

Solild  MSy 106 87 300 Slender with branch
ing habit and root
hairs

Liqud MS, 83 80 330 Roots with secondar
1es and root hairs

Liqud MSy 85 79 360

Soid SH 140 116 290 Thick strong straight
and tapering

CD (0 05) 12 13 062

SEm+ 0877 1035 0220




Number of days taken for root iitiation

The number of days taken for rooting varied from 8 3 to 14 0 The
minimum number of days (8 3) was taken by liquid full strength MS medium fol
lowed by liquid half strength MS medium (8 5) These two did not vary significant
ly Maximum days for root mtiation was taken by solid SH medium (14 0) which

differed significantly from all other treatments

Solid MS medwm (full strength) took 9 5 days for rooting and was
found to be on par with that of solid half strength MS medium (10 6 days)

Number of roots

Number of roots produced in different media differed significantly and
ranged from 7 9 to 12 0 Maximum number of roots (12 0) was observed 1n solid
MS medium and was found to be homogeneous with that of solid SH medium

(11 6)

Liquid half strength MS medium produced the minimum number of roots
(7 9) and the number of roots produced by liquid full strength MS medium (8 0)
solid half strength MS medium (8 7) were found to be on par with this

Length of roots

Significant differences were observed among various treatments with
respect to the length of roots as 1t ranged from 2 9 cm to 3 6 cm The longest root
(3 6 cm) were produced by solid full strength MS medum and was found to be on
par with that of Iiquid half strength MS medium (3 6 cm) Mimmum root length was



observed 1 solid SH medium (2 9 cm) The root lengths produced by solid half
strength medium (3 00 cm) and liquid full strength MS medium (3 30 cm) were
found to be homogeneous with that of solid SH medium (2 90 cm)

Nature of roots

Normal roots with branching habit and with root hairs were produced by

solid full strength MS medium (Plate 17a)

Solid half strength MS medium produced slender roots with root hairs

and branching nature

Liquud MS (Plate 17b) and half strength MS produced roots with sec

ondanies and root hairs

Thick strong straight growing roots with taperng nature without
branching habit was produced by the SH medium (Plate 18)

42132 Effect of auxins and sucrose levels on rooting

To study the effect of auxins and different levels of sucrose trials were
conducted with IBA and NAA (eachat 05 10 20 mg | 1) i combnation with
different levels of sucrose (1 2 and 3%) and the results are presented 1 Tables 20

and 21 respectively

421321 Effect of IBA

Number of days taken for root imtiation

The days taken for rooting of in virro shoot ranged from 8 7 days to 21 8

days 1n dsfferent treatments The medium supplemented with 3 0 per cent sucrose



Plate 17a  In vitro rooung of elongated shoots of gladiolus 1n
MS medium

Plate 17b  In vuro rooting of elongated shoots of gladiolus
1in liquid MS medum






and 0 S mg | 1 IBA took the mmmum days for rooting, (8 7) and was on par with
that of the medium supplemented with 3 O per cent sucrose and 1 0 mg | 1 1BA and
the medium supplemented with 3 0 per cent sucrose and IBA 20 mg | 1 which
took 9 2 and 10 0 days respectively (Table 20)

Maximum days (21 8) for root mitiation was taken by the treatment
having 1 0 per cent sucrose and 1 0 mg 1 1 [BA The treatment having 1 O per cent

sucrose and 2 0 mg 1 1 IBA was found to be on par with this (21 5 days)
Number of roots

The number of roots varied from 1 1 to 15 8 and showed 1n significant
variation among treatments Treatment having sucrose 3 O per cent and IBA 0 5
mg | 1 was found to be supertor with maximum number of roots (15 8) and was on
par with the treatment having sucrose 3 O per cent and IBA 1 0 mg | 1 which had an

average root number of 15 0

Minimum number of roots (1 1) were noticed 1n the medium supple
mented with sucrose 1 O per cent and IBA 1 0 mg 1 1 and was found to be homoge
neous with the treatments like sucrose 1 O per cent + IBA 05 mg 1 1 and sucrose

10percent + IBA20mgl 1 which produced 1 6 and 1 8 roots respectively

Length of roots

The length of roots ranged from 0 28 cm to 4 60 cm and differed sigmfi
cantly in various treatment The maximum length of roots (4 60 cm) was observed
in the treatment having 3 O per cent sucrose and 0 5 mg 1 1 IBA which was on par
with that of the medium supplemented with 3 O per cent sucrose and 1 mg 1 1 1BA
(3 90 cm)
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Table 20 Effcct of sucrose and 1BA at different levels on rooting of elongated shoots

Basal medmm MS
Culture period 3 weeks
Treatments Time taken Number of Length of Nature of roots
for root roots per roots
Sucrose IBAl 1tiation culture (cm)
(%) (mgl?)  (days)
1 05 204 16 0 80 Short and slender
2 05 206 36 1 66 Medwm thick
3 05 87 158 460 Normal with branching
habit
1 10 218 11 034 Slender
2 10 202 44 200 Short and medium
thick
3 10 92 150 390 Short and slender
1 20 215 18 028 Short and slender
2 20 212 27 126 Medum thack
3 20 100 54 160 Thick fleshy and
abnormal
CD (0 05) 11 11 072
SEm+ 0 682 0758 0319




The minmmum root length (0 28 cm) was observed in the treatment
having 1 O per cent sucrose + 2 0 mg 1 1 1BA and was on par with that of the media
having 1 O per cent sucrose + 1 0 mg 1 1 18A (0 34 cm) 1 0 per cent sucrose +
05mg111BA (080 cm)

Nature of roots

The roots produced were normal with branching habit i1n the case of
medum supplemented with IBA 0 5 mg 1 loriBA 10 mg 1 1 1n combnation with
sucrose 3 O per cent and slender m the medwm supplemented with IBA 1 0 mg 1 1

+ sucrose 2 0 per cent

The treatment having IBA 2 mg 1 1 and sucrose 3 0 per cent produced
thick fleshy abnormal roots (Plate 19) while medum thick root were observed 1n
the medium supplemented with IBA 05 mg | I 4 sucrose 20 per cent Short
medwum thick roots were observed 1n the treatments having 1 0 mg 1 1 BA + su

crose 2 0 per cent IBA2mgl 1 4 sucrose 2 0 per cent

Short slender roots were observed 1n the treatments having 1 O per cent

sucrose and also m different concentrations of IBA

421322 Effect of NAA

Number of days takea for root mutiation

The days taken for root mmtiation showed sigmificant differences and

ranged from 8 5 to 20 4 (Table 21)



Plate 18 In wutro rooting of elongated shoots of gladiolus
as influenced by SH medium (a) half strength MS
medium (b)

Plate 19 In wiro rooting of elongated shoots of gladiolus as

influenced by sucrose 3 O per cent and IBA 2 0 mg 1 !






Table 21 Effect of sucrose and NAA at difterent levels on rooting of elongated shoots

of gladiolus
Basal medium MS
Culture period 3 weeks
Treatments Time taken Number of Length of Nature ot roots
for root Toots per roots
Sucorse N 1itiation culture (cm)
(%) (mgl?)  (days)

1 05 196 11 014 Medwum thick
2 05 142 37 2 80 Normal with

branching habit
3 05 89 86 370 Normal with

branching habit
1 10 204 11 014 Short and thick
2 10 163 22 030 Short and thick
3 10 85 92 290 Normal with

branching habit
1 20 191 12 010 Short and thick
2 20 196 15 013 Short and thick
3 20 101 66 130 Medwum thick

CD (0 05) 13 09 049

SEm+ 1049 0515 0143




The mimumum day (8 5) for rooting was taken by the medium supple
mented with sucrose 3 0 per cent and NAA 1 0 mg 1 1 and was on par with that of

sucrose 3 O per cent + NAA 0 5 mg! I 89

Maximum days (20 4) for rooting was taken in the treatment having 1 0
per cent sucrose 1 0 mg | I NAA which was on par with treatments having sucrose
10 per cent + NAA 20 mgl1 sucrose 2 0 per cent + NAA 20 mgl1 and
sucrose 1 O per cent + NAA O S mg | 1 which took 191 196 19 6 days respec
tively

Number of roots

The number of roots produced was the highest (9 2) 1n the medium
having 3 0 per cent sucrose and 1 0 mg | 1 NAA which was on par with the roots
(8 6) produced m the medum supplemented with 3 O per cent sucrose and NAA 0 5

mgl1

The mmimum number of roots was noticed in medium supplemented
with 1 O per cent sucrose and 0 5 mg 1 1 NAA and also 1 medum having 1 0 per
cent sucrose + 1 0 mg 1 1 NAA This was on par with the medmum containing 1 0

per cent sucrose + 2 0 mg | 1 NAA 12)

Length of roots

The length of roots produced differed significantly and was found to be
maximum (3 70 cm) 1 the treatment having sucrose 3 0 per cent and NAA 0 5

mg 1 1 (Table 21)



The mummum root length (0 10 cm) was observed 1n the treatment
having sucrose 1 O per cent and NAA 2 0 mg 1 1 which was on par with the length
of roots observed in the treatments having 2 O per cent sucrose + 2 0 mg 1 1 NAA
(0 13 cm) 1 O per cent sucrose + 1 0 mg 1 1 NAA (0 14 cm) 1 O per cent sucrose
+05mgl ! NAA (0 14) and 2 0 per cent sucrose + 1 0 mg 11 NAA (0 30 cm)

Nature of roots

Normal slender roots with secondaries and tertiaries were produced by
the treatments having 3 0 per cent sucrose and 0 5 mg 1 lorto mg | 1 NAA and
also m the treatment havimg 2 0 per cent sucrose + 0 5 mg 1 1 NAA (Plate 20)

Medium thick roots without root hairs were observed m the treatment

havmg 1 O per cent sucrose and 0 S mg 1 1 NAA

Roots were short thick and lack further elongation m the case of the
treatments havmg 1 0 per cent sucrose or 2 0 per cent sucrose with different levels

of NAA (1 0mg 1! or2 0 mg 1 1) (Table 21 and Plates 20)
42133 Effect of light on rooting

The elongated shoots were kept under two levels of IBA (1 0 and 2 0 mg
1 I) under hight and under exclusion of hight to study the effect light on the rooting

The results obtamned are given 1n Table 22
Number of days taken for root imtiation

Treatments with IBA 1 0 mg 1 1 and 1BA 2 mg 1 1 kept 1n light and the



Table 22 Effect of IBA and light on rooting of elongated shoots of gladiolus

Treatments Time taken Number of Length of Nature of roots
IBA1 for root roots per roots
(mgl*) mntiation culture (cm)
(days)

Darkness 10 92 194 720 Normal long and
branching with root
hairs

Light 10 92 150 390 Short and normal

Darkness 20 91 60 210 Short thick with
root haws

Light 20 100 54 150 Thicker without
root hairs

CD (0 05) NS 15 086

SEm+ 0769 1306 0411




treatments IBA 1 0 mg | land IBA20 mg 1 1 kept under darkness took 92 100

9 2 and 9 2 days respectively for root imtiation These did not differ sigmificantly
Number of roots

The number of roots produced ranged from 5 4 to 19 4 and differed
significantly among the treatments Maximum number of roots was observed

treatment supplemented with 1 0 mg 1 1 IBA and kept 1n exclusion of hight

Mimimum number of roots (5 4) was recorded 1n the medum supple
mented with 2 0 mg 1 1 [BA and kept m hight The number of roots produced the
medium having 2 0 mg 1 1 IBA and kept under exclusion of light produced a root
mumber of 6 0 and was on par with the treatment produced mimmum number of

roots

Root number was mtermediate (15 0) when the medium was supplement

ed with 1 O mg 1 1 1BA and kept under Iight
Length of roots

The length of roots varied significantly ranging from 150 cm to
7 20 cm Longest roots (7 20 cm) were observed in medum supplemented with 1 0
mg 1 1 1BA and kept 1n exclusion of light The smaller roots were observed 1n the

medium supplemented with 2 0 mg 1 11BA and kept under Iipht

The treatment having 2 0 mg 1 1 IBA and kept under the exclusion of
hght produced roots with an average length of 2 10 cm which was on par with the

mummunmn root length (1 50 cm)



In the presence of light the treatment having 1 0 mg ] 1 18A produced

roots of mntermediate length (3 90 cm)
Nature of roots

The roots produced were normal branched and with root hairs mn the
case of medium supplemented with 1 0 mg 1 1 IBA and kept under exclusion of

hght

The treatment with 1 0 mg 1 1 1BA and kept under hight produced short

normal and slender roots

The treatment having 2 0 mg 1 1 18A kept under exclusion of light
produced roots with short and thick nature with root hairs (Plate 21) Under light the

same treatment have shown much thucker roots without root haus (Table 22)
42134 Effect of activated charcoal

The elongated shoots from Stage 2 were separated and kept for rooting 1n
MS medum containing different levels of activated charcoal to study the effect of

charcoal on rooting and the results are presented in Table 23
Number of days taken for root wmitiation

The number of days taken for rooting ranged from 8 8 to 9 0 under

various levels of charcoal and the difference were not significant



Plate 20

Plate 21

In wuro rooting of elongated shoots of gladiolus 1n

MS medium squlemented with sucrose 3 0 per cent and
NAA O 5mgl* (a) and 1n MS medium fupplemented with
sucrose 2 0 per cent and NAA2 Omgl * (b)

Influence of etiolation on in vitro rooting of elongated
shoots of gladiolus 1n MS medum containing NAA 2 0 mg 1

1

-






Table 23 Effect of charcoal on rooting of elongated shoots of gladiolus

Activated charcoal Time taken Number of Length of Nature of roots

(%) for root roots per roots

1nitiation culture (cm)

(days)
01 90 86 396 White slender
and long
02 88 92 412
03 89 100 430
04 89 76 376
CD (0 05) NS 17 NS

SEm+ 0473 1585 0542




Number of roots

The average number of roots ranged from 7 6 to 10 0 and differed sigmf
icantly Maxsmum number of roots (10 0) were observed mn the medium supple

mented with 0 3 per cent activated charcoal

Minimum number of roots (7 6) was produced by the medium contained

0 4 per cent activated charcoal

The treatments having O 1 per cent acttvated charcoal and 0 2 per cent
activated charcoal were on par with the treatment having 0 4 per cent activated

charcoal and number of roots produced were 8 6 9 2 and 7 6 respectively
Length of roots

The length of roots 1n various treatments ranged from 3 76 ¢cm to 4 30
cm and differed sigmficantly The maximum length was observed in treatment
having 0 3 per cent actrvated charcoal and the mmmum root length 1n the medium
supplemented with 0 4 per cent activated charcoal The treatments having 0 1 per
cent and 0 2 per cent activated charcoal produced 3 96 and 4 12 cm long roots
respectively and these were found to be homogeneous with the mimmum root

length
Nature of roots

The roots produced 1n all treatments were 1dentical white slender and

long (Table 23 and Plate 22)



4214  Plantng out and acclimatisation (Stage 4)

The rooted plantlets (Plate 23) were carefully removed from the tubes

and morphological observations recorded The data given in Table 24

The height of the plantlets ranged from 17 5 to 19 5 cm with a mean
height of 18 4 cm

The number of leaves at the time of planting out ranged from 3 0 to 5 0

with a mean value of 3 9

Number of roots ranged from a mmmum of 15 0 to 2 maximum of 19 0
roots and the mean number of roots were 17 3 The length of the roots also ranged

from 7 0 to 8 5 cm with a mean value of 8§ 0 cm

The plantlets were treated with O 1 per cent solution of Bavistin for five
minutes These plantlets were then planted out and subjected to different acclimatisa

tion treatments and the results are presented m Table 25

Observations were recorded on the survival percentage after one week

two weeks four weeks six weeks eight weeks ten weeks and twelve weeks

When the plantlets were kept 1n open condition all the treatments except
the mud pot and coarse sand recorded complete death of the plants withun a week
Twenty per cent survival was recorded in mud pot + coarse sand when gtven a pre
planting treatment with 0 2 per cent Dithane M 45 and Norfloxacin treatment and
post planting treatment with 1/10 MS solution These survived plantlets failed to

grow further and collapsed within two weeks



Table 24 Growth characters of the rooted plantlets of gladiolus at the time of

planting out
Growth characters Range *
Plant height (cm) 175 195
(18 4)
Number of leaves 30 50
39
Number of roots 150 190
(17 3)
Length of roots (cm) 70 850
80

Observations were taken at the time of transplanting
Values 1n the paranthesis are the mean of ten observations
*Range shows the mimimum and maximum values



Plate 22

Plate 23

In witro Tooting of elongated shoots of gladiolus as
nfluenced by activated charcoal

In vutro plantlet. before planting out

A






Table 25 Effect of different hardening techmques on post transplanting survival

of tissue cultured gladiolus plantlets

Surv
Treatmen s Pre planting treat. ents S_:s ) artming A ce frer £
eacne 1 ee 2 eehs eeks 6
A Ooen condition
Conta e ed a
ud ot ine sand NL1 oo
Dithane 450 2° + Drench ng 4ith / ©
Neorr oxacin treatment S so ution o0
ud pot Pot ing Ni) 00
ni tu e Ditha e 45 0 2 +
Norf oxacim treaument 00
ud pot Coco opeat Wil 00
Dithane 45 0 2
Nor ¢ acip t eatne t 00 00
ud po Coarse sand Nil o0
Dithane 450 2 +
orfloxacin treatnent 20 © oGa
ud po Perlite il 00
Di hane 450 2 +
norfloxacin treactment 00
3 Plas c cover
ud pot Fine sand NLLl coa
Dit ane 45 0 2
orflosacin treatment oo
ud pot Potting Ni 0
mix ure Dithane 45 0 2 +
orfloxacin treatne t 10 © 300
ud oo Caco peat Nyl [ 1]
Ditha e 45 0 2
orfloxacin treatment 00
ud pot Coarse sand 1 00
Dithane 450 2 +
orfloxacin treat ent 20 0 W0
Mud po Berly e Nid 00
Di hane 450 2 +
Norfloxacin treat ent [l ]
[+ st ¢ « ber
(i orc sed
ud po Fin sand 11 oo
Dit 2. e 45 0 2¢ +
o 1loxacin reat e t 10 © 00
uc p Po  ing i oo
falx ure D ha.e 502 +
or 1o acin t eatma t 40 0 300

LI



Post v anting

~vival (%

Treatments Pre planting treatments treatne t fter £ er Afte er Afte Af er er
1 eek 2 eeks 4 wWe x5 & eexs 8 wee 10 eeks 12 eeks
ud pot Coco peat 11 Drenching with 1/10 o0
Dithane } 45 0 2 + S solution
} orfloxacin treatment 090
ud pot Coarse sand Nil 00
Dithane 45 0 2% +
orfloxacin treatment 50 © a0 0 20 0
ud pot Perlite N4l 00
Dithane M 45 0 20 +
Norfloxacin treatment 00
} lcroscope cover
Hud pot Fine sand Nil 00
Dithane } 45 0 2% +
Norfloxacin treatment 30 0 00
Mud pot Potting Hil o0
mixture Dithane M 45 0 2 +
Norfloxacin treatment 100 10 0 00
Mud pot Coco peat Hil 0o
Dithane }» 450 2 <+
Norfloxacin treatment 00
Mud pot Coarse sand il 00
Dithane M 45 0 2¥ +
Horfloxacin treatnent 100 00
ud pot Perlite Nil 00
Dithane 45 0 2¥ +
Horfloxacin treatment 00
Mist chamber {Imorovised)
Mud pot Fine sand Dithane M 15 0 2% + Drenching with 1/10 60 0 S0 0 40 O 10 0 100 The leaves
Norfloxacin treatment M5 solution corx o~ COIm wro drie o £
and ducticn duction
Prenching with Tria 3 {s%
dimefon 20 mgl
Mud pot Potting
solution at 3 days
mixture -do interval 60 0 40 O 30 0 100 o0
Mud pot Coco peat ~do ~do 300 00
Hud pot Coarse sand ~do —do B0 O 60 0 60 0 60 O 50 0 Corm pred Corm pro
Suection duction
(10 0 {10 Oov)
Mud pot Perlite —do ~do oc¢
Plastic Fine sand ~do —do 60 O 60 0 500 200 10 ¢ Co— prodn Leaves
pot {10 0 ) dried o
Plastic Potting
wot rnixture —do ~do 50 0 50 © 40 0 500 00
Plastic Coco peat
po ~do =do 10 0 o0
b
Plastic Coarse sand
ot -0 —do 80 O 7C O 7C O 5C C ac ¢ 30 0 200  —
c2 © odn f"\
15
Plastic Perlite
Q =20 —<o Q0



When the pots were covered with polythene cover to maintain high rela
ttve humidity survival percentage of 20 0 was recorded 1n mud pot + coarse sand
treated (with Dithane M 45 2 O per cent + Norfloxacin treatment even after two
weeks Under same condition mud pot + potting mixture treatment showed 10 0 per

cent plantlet survival for one week

When plantlets were kept under microscope cover survival percentages of
300 10 0 and 10 O were reported upto one week 1n the case of treatments mud pot
+ fine sand mud pot + potting mixture and mud + coarse sand (all treated with

Dithan M 45 (2%) + Norfloxacin) respectively

The treatment mud pot + potting mixture had also recorded 10 0 per

cent survival of plantlets upto two weeks

The plantlets transplanted 1n different media (fine sand potting mixture
coco peat coarse sand perlite) in mud pots were kept under mmprovised mist
chamber The percentage of survival was 10 O per cent upto one week 1n the case of
fine sand and 40 O per cent m potting mixture and 50 0 in coarse sand upto one

week

Upto four weeks 10 0 per cent survival was reported 1n potting mixture

and 20 0 1n coarse sand

The treatments with different media 1n mud pot (fine sand potting
mixture cocopeat coarse sand perlite) and m plastic pot (fine sand potting mix
ture cocopeat coarse sand perlite) were kept under improvised mist chamber and
post planting treatment with 20 0 mg | 1 trradimefon at 3 days interval along with

1/10th MS solution (on alternate days) was given



The maximum survival percentage (50 0%) after 8 weeks was recorded
in mud pot + coarse sand followed by plastic pot + coarse sand (30 0%) (Plate
24) Mud pot + fine sand and plastic pot + fine sand had a survival percentage of
10 O at the end of 8 weeks

Mud pot + potting mixture and plastic pot + potting mixture recorded

10 0 and 40 O per cent survival respectively upto 6 weeks

Mud pot + coco peat recorded 30 *% plantlet survival upto one week and

plastic pot + cocopeat recorded 10 00 per cent survival upto one week

Corm production was observed m 3 0 per cent plantlets after six weeks
1 the case of mud pot + find sand and 5 O per cent plantlets after eight weeks (Plate
25)

Plantlet survival upto one week was 80 O per cent 1n the case of mud pot

+ coarse sand and plastic pot + coarse sand

Survival percentage of 60 00 per cent was recorded 1n the treatments like
mud pot + fine sand mud pot + potting mixture and plastic pots + fine sand upto

one week

422 Somatic organogenesis

4221 Explant choice

The results of the trial conducted to find out the response of various

explants of gladiolus to somatic organogenests are given in the Table 26



Plate 24

Plate 25

Performance of micropropagated plantlet

Corm production 1n planted out plantlet after six weeks

[N
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Table 26 Response of various explants of gladiolus on callus mitiation
Basal medium MS

Percentage of culture produced callus*

Treatments - -
Infloresence** Flower** Flower** Inwiro Invivo Corm inter
NAA  BAP explants bud bud roots  roots nodal
(mgl l) explants  bracts pieces and
leaf explants
1 1 160 00
20 10 300 250
50 00 800 00
50 05 900 100 0
5 10 1000 100 0
5 20 300 800
10 00 100 0 00 00
10 05 1000 800 600
10 10 90 0 800 800
10 20 100 0 00 600
150 00 100 0 100
15 05 100 0 800
15 10 1600 600
15 20 1000 700
20 00 800 000 100
20 05 800 100 0 800
20 10 100 1000 800
20 20 400 800 800

* QObservations were taken from ten cultures
+* Basal medium used was modified MS



The mflorescence axis explants collected before the emergence were
found to be responding 1n 100 per cent of the cultures 11 many treatments like
modified MS medium supplemented with NAA 50 + BAP 10 mg | 1 NAA 10
mgl! NAA10mgi! + BAPOSmg1! NAA10 +20mgi! NAA 150
mgll NAA 15+ BAPOS5Smgl! NAA 15+ BAP10mgl! NAA 15 + BAP
20mgl 1

Flower bud explants (100 0% cultures) mutrated callus n treatments
contammgSOmgllNAA+05mgllBAP 50mg11NAA+ 10mg11
BAP 200 mg! ! NAA + 05mg1! BAPand 200 mg 1! NAA + 10 mg1!
BAP

The response of bracts of the flower buds was 80 O per cent m treatments
contaming NAA 100 mg1 + BAP10mgl! NAA150mgl! + BAPOS
mgl! NAA200mgll +BAPO5Smgl! NAA200mgl! + BAP10mg1!
and NAA20 0mg1! + BAP2 0mg11

The wn vitro produced root pieces when moculated on to MS medium
supplemented with BAP 10 mg 1 1 4 NAA 2 mg 1 1 300 per cent of cultures
produced callus In vivo roots when inoculated to the same media induced callus on

25 0 per cent cultures only
4222  Direct organogenesis

Among the different explants tried for direct organogenesis only the
mflorescence axis explants taken before the emergence of the inflorescence was

found to be responding
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42221 Effect of NAA and BAP

Data pertamning to the eftect of NAA and BAP on the direct organogene

s1s on the inflorescence axis explants are presented in Table 27 and Plate 26

Maximum morphogenesis (50 0%) was observed in the medium supple
mented with NAA 150 mg 1 1 4 BAP 30 mg 1 I followed by the treatments
NAA100mgll + BAPOSmg1! NAA100mg1l + BAP30mg1] NAA
150mg1l + BAP 0 5 mg 1 1 and NAA 150mg11 + BAP20mgl! as they
produced morphogenesis 1 30 O per cent of the cultures Morphogenesis could be
observed upto an extent of 20 O per cent cultures 1n media supplemented with NAA
150mgl1l + BAP10mg1)and NAA200mg1! + BAP30mg1! Mm
mum rate of morphogenesis (10 0%) was observed 1n treatments like NAA 10 0
mgl! NAA100mg1! + BAP20mgl! NAA200mgi! + BAPOSmg1!
and NAA20 0mg 1} + BAP2 0 mg 1 1" The rest of the treatments failed to 1nduce

morphogenests

Rhizogenesis was the maximum (80 0% cultures) n the treatments
having NAA (150 mg 1 1 and NAA 200 mg | 1) About 60 0 per cent cultures
produced direct rhizogenesis 1n the medium supplemented with NAA 10 0 mg 1 1
(Plate 27)

Treatments ke NAA 10 0mg 1! + BAP05mg1! NAA200mg1!
+ BAP OS5 mgl 1 and NAA 15 0 mg 11 + BAP20 mg | 1 showed rluzogenesis

1 30 0 per cent 20 O per cent and 10 00 per cent cultures respectively

3



Table 27 Effect of different levels of NAA and BAP on cg{ect organogenesis of the
inflorescence axis segments of gladiolus

Basal medium Moditied MS
Culture period 5 weeks
Treatments Time taken Cultures Cultures
NAA 1BAP to respond showing showing
(mgl™) (days) morphogenesis rhizogenesis

(%) (%)
50 00 00 00 00
50 05 00 00 00
50 10 00 00 00
50 20 00 00 00
50 30 00 00 00
50 40 00 00 00
100 00 16 4 100 600
100 05 126 300 300
100 10 18 4 100 00
100 20 17 8 00 00
100 30 17 8 300 00
150 00 116 00 800
150 05 114 300 00
150 10 102 200 00
150 20 116 300 100
150 30 120 500 00
200 6o 152 00 800
200 05 112 100 200
200 10 270 00 00
200 20 16 6 100 00
200 30 158 200 00

Observations were taken from ten cultures



Plate 26

Plate 27

Production of shoot buds from inflorescence axis segments
of gladiolus (Derct organogenesis) as_influenced by

NAA 150mgl * and BAP3 O mg 1 ' in modified
MS medium

Rhizogenests of infloresence axis segments 1{1 the modified MS
medium supplemented with NAA 15 0 mg I * (a) and complete
morphogenesis of inflorescence axis segmenni n modlﬁed MS
medium supple fnented with NAA 150 mg 1

BAP30Omgl






Time taken to respond ranged from 10 2 days (NAA 200 mg 1 I
18 4 days (NAA 10 0 mg1 1)

422272 Effect of NAA and kinetin

Date pertaining to the results of the trial conducted on the direct organo
genesis 11 the media supplemented with different combinations of NAA and kinetin

are presented n Table 28

The medum supplemented with NAA 10 0 mg 1 1} kinetn 3 0 mg 1 1
NAA 150 mgl I 4 kinetm 05 mg | 1 could mnduce morphogenesis m about 20 0
per cent of the cultures (Plate 28) The medium supplemented with NAA 5 0 mg 1 1
+ BAP30mgl 1 could induce morphogenesis only m 15 O per cent of the cul
tures About 10 O per cent of the cultures showed morphogenesis when the medium

was supplemented only with NAA 10 0 mg 1 1and BAP 0 5 mg | 1

Rhizogenesis was maximum (upto 80 O per cent of the cultures) when the
medium was supplemented with NAA alone at 15 0 mg 1 1 200 mg 1 1 and 60 0
per cent of the cultures could mduce rhizogenesis in medium contaiming 10 0 mg | 1

NAA

When the medium was supplemented with 0 5 mg 1 1 kinetin along with
100 mgl 1 NAA 400 per cent of the cultures showed rhizogenesis The treatment
containing 15 0 mg | 1 NAA + 05 mg 1 ! yinetin could mduce rhizogenesis on
20 O per cent cultures Lower rates of rhizogenesis (10 0%) could be observed
treatments like NAA 20 0 mg 1 1 + kinetin 2 0 mg 1 1 NAA200mgI1 + kinetin
10mg1l!



Table 28 Effect of different levels of NAA and ktnetin on direct organogenesis
of infloresence axis segments of gladiolus
Basal medium  Modified MS
Culture pertod 5 weeks

ey

Treatments Time taken Cultures Cultures
NAA Kinetin to respond showing showing
(mgl-) (days) morphogenesis rhizogenesis
(%) (%)
50 00 00 00 00
50 05 00 00 00
50 10 00 00 00
50 20 00 00 00
50 30 193 150 00
100 30 16 4 100 60 0
100 05 200 00 400
100 10 00 00 00
100 20 00 00 00
100 30 158 200 00
150 00 114 00 800
150 05 16 2 200 200
150 10 00 00 00
150 20 00 00 00
150 30 00 00 00
200 00 152 00 800
200 05 135 00 100
200 10 180 00 100
200 20 00 00 00
200 30 00 00 00

Observations were taken from ten cultures



Time taken for response varied trom 11 4 (NAA 1 50 mg | l) t0 200
days (NAA 100 mg1! + BAPO5mgl 1)

4223 Callus mediated organogenesis
42231 Callusimtiation

The explants like corm internodal pieces leaves and inflorescence axis
segments moculated to the medwum contaiming various levels of 24 D and 24-5 T
failed to induce callus The different explants like inflorescence axis segments leaf
pieces flower buds and bracts moculated to modified MS medum contained different
cytokinins and auxans at various levels The results are presented 1n explant wise as

follows

422311 Inflorescence segments

4223111 Effect of NAA and BAP under 16 h photoperiod

Data relating to the influence of NAA and BAP on callus induction and
growth on nflorescence segments of gladiolus in 16 h photoperiod are presented mn

Table 29 and Plate 29)
Days taken for callus induction

The average time taken for callus production ranged from 10 2 days 27 0
days Muumum days for callus mtiation was taken by the medmum supplemented
with NAA 150 mg 1 1 4 BAP 10 mg 1 1 Maximum days for callus induction
(27 0) was taken by the medium supplemented with NAA 20 0 mg 1 1 1 BAP1O
mg | 1
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Table 29 Influence of NAA and BAP on callus induction and growth on
mnflorescence axis segmeats of gladiolus under 16 h photoperiod

Basal medium Modified MS
Culture pertod 6 weeks
Treatments Time taken  Callustng  Growth  Callus  Nature of
NAA AP for callusing (%) score index callus
(mgl 7 (days) @) @ (€D
50 00 150 800 2 160 Friable
50 05 152 90 2 2 180
50 10 172 1000 2 200 Watery
50 20 170 800 1 160 Crinkled
100 00 16 4 100 0 2 200 Friable
100 05 126 100 0 3 300 Watery &
yellowish
100 10 18 4 900 2 180
100 20 178 100 0 2 200 Greenish
150 00 116 100 0 4 400 Friable
150 05 114 1000 3 300
150 10 102 1000 2 200 Watery
150 20 116 1000 3 300 Watery
greemsh
yellow
200 00 152 800 2 160 Friable
200 05 112 800 1 80
200 10 270 100 1 10
200 20 160 400 1 40

Observations were taken from ten cultures



Plate 28 Drrect organogenesis on inflorescence segmelnts m modified MS
medum supplemented with NAA 15 0 mg 1 * and kinetin 5 0 mg 1 1

Plate 29 Callus production on 1nflorescence segments of gladiolus )
modified MS nledlum supplemented with NAA 10 0 mg 1 * and
BAPOSmgl






Callusing percentage

Maximum cultures (100 0%) callused in the treatments with NAAS 0
mgll+ BAP10mg1l NAA 100 mg1! NAA 100mgtl + BAPOS
mgl! NAA100mg!! +BAP20mg!! NAA150mgl! NAA150mg1!
+ BAPZOmgl1 followed by the treatment having NAA 50 mgl1 + BAP OS5
mg1!(900%) NAA100mgl1! + BAP10mg1! (900%) NAA 50 mg1!
NAA5Omgl! +BAP20mg1!(800%) NAA200mg1! + BAPO 5 mg1!
(80 0%) NAA20 0 mg11 (80 0%)

Mmimum callusing (10 0%) was observed in the medium supplemented

with20 0 mg ! | NAA + BAP 10mg1 !
Callus mdex

Callus mdex was maximum (400) when the medium was supplemented
with NAA 150 mg | 1 (Plate 30) followed by the callus mdex of 300 each in the
treatments NAA15 Omg 1! + BAPOSmgl1! NAA150mg1! + BAPO5 mg
11and NAA150mg!1 ! + BAP20mg1 ]

Callus index of 200 was recorded 1n treatments with NAA 15 0 mg 1!
+BAP10mgl! NAA100mgl1! + BAP20mg1land NAA 150 mg1! +
BAP 10 mg1 !

Mmmum callus mdex (10 0) was noticed in the medium containing

NAA 200 mg 1! and BAP 1 0mg1 !



Effect uf NAA and kincetin under 16 b photoperiod

Influence of NAA and kinetin on callus induction and growth on inflor
esence segments of gladiolus under 16 h photoperiod are given 1n the Table 30 and

Plate 31
Days taken for callus imnduction

The average days taken for callus imnduction ranged from 10 5 days to
21 0 days

The mumum days was taken when the medium was supplemented with
200mg1l 1 NAA and kinetin 2 0 mg 1 1 Maximum days for callus induction was
taken by the treatment supplemented with NAA 15 0 mg 1 1 4 kinetn2 0 mgl 1

Callusing percenting

Callusmg percentage ranged from 100 to 50 0 Maximum callusing
(50 0%) was obtained when the medium was supplemented with NAA 10 0 mg 1 1
followed by the treatments Itke NAA 10 O mg | 14 kinetn 05 mg | 1 (40 0) NAA
100mg 1} + kinetn 10 mg 1! (400) and NAA 150 mg 1! + 05 mg 1}
40 0)

About 10 O percentage of cultures callused when the explants were
moculated mto the media containing NAA 5 0 mg 11 NAA S5O mg 11 + kinetin
05mgl! NAA50mgi! + knetn 1 0mg1! NAA50mgl! + kinetn 2 0
mgl! NAA 150mg1! + kinetin 10 mg 1! NAA 150 mg 1! + kinetin 2 0
mgl! NAA 200mg 1! NAA200mgi! + kinetn 05 mg1! NAA 200
mg 1! + kinetn 10mg] ! and NAA200mg1! + kineun 20 mg 11



Table 30 Influence of NAA and kinetin on callus induction and growth on
mflorescence axis segments of gladiolus under 16 h photoperiod

Basal medium Modified MS
Culture pertod 6 weeks
Treatments Time taken  Callusing  Growth Callus  Nature of
NAA metin for (%) score index callus
(mgl-) callusing P) (6] (04))]
(days)
50 00 17 8 100 1 10 Friable
50 05 18 4 100 1 10
50 10 190 100 1 10
50 20 200 100 1 10
100 00 200 500 2 100 Watery &
whitish
100 05 200 400 2 80
100 10 16 4 400 2 80
100 20 16 6 200 2 40
150 00 162 300 1 30 Friable &
yellowish
150 05 160 400 1 40
150 10 200 100 1 10
150 20 210 100 1 10
200 00 150 100 1 10
200 05 135 100 1 10
200 10 180 100 1 10
200 20 105 100 1 10

Observations were taken from ten cultures



Plate 30 Callus growth on inflorescence segments of gladiolus 1n thti
modified MS medmum supplemented with NAA 15 0 mg 1

Plate 31 Callus production on mflorescence segments of gladiolus 1
modified MS me(}xum supplemented with NAA 10 0 mg 1 * and
kinettn 1 0 mg 1






Callus index

Maximum callus index (100) was recorded m the medium supplemented
with NAA 100 mg 1} followed by NAA 100 mg 1! + kinetn 05 mg 11 (80)
NAA 100 mg 1! + kinetm 10 mg1! NAA 150 mg 11 + kinetn 05 mg 1!
(40) NAA 100 mg1 ! + kinetm 2 0 mg 1 1 (40) and NAA 150 mg 11 (30)

Callus index was mummum (10) m all the other treatments
4223113 Effectof BAP and NAA under dark condition

Data on the influence of BAP and NAA at different levels on the callus
induction and growth on mfloresence segments incubated 1n dark condition are given

1n the Table 31
Days taken for callus induction

The days taken for callus induction ranged from 9 8 to 23 0 Mimmum
days for callus induction was taken by the treatment having 5 0 mg | 1 NAA and
devord of BAP Maximum days for callus induction was taken by the medmum

supplemented with NAA 20 0 mg | 1 and BAP2 0 mg 1l 1
Callusing percentage

The percentage of cultures callused i various treatments ranged from

10 0 to 100 O per cent

Maximum callusing ures (100 0%) was obtamed 1n the modified MS
medium supplemented with NAA 50 mg 1 11 BAP10 mg 1 1 NAA SO mg 1 1



Table 31 Influence of NAA and BAP on callus induction and growth on
wflorescence axis segments of gladiolus under exclusion of hight

Basal medium Modified MS
Culture period 6 weeks
Treatments Time taken  Callusing  Growth  Callus Nature of
NAA  BAP for callusing (%) score ndex callus
(mg11) (days) ®) (O] (€n
50 00 98 100 1 10 Watery
50 05 138 9 0 2 180 Whitish &
watery
50 10 130 1000 1 100
50 20 13Q 1000 1 100 Yellowish
100 00 145 90 0 2 180 Yellowish
& watering
100 05 146 1000 1 100 Greemsh
& friable
100 10 133 900 2 180
100 20 140 100 0 2 200
150 00 120 10600 3 300 Friable
cath with
roots and
root hairs
150 05 120 1000 3 300 Watery &
yellowish
150 10 122 1000 3 300
150 20 118 1000 4 400 Friable
prolific &
greenish
yellow
200 00 126 80 0 3 240 Friable
with roots
200 05 122 500 2 100 Watery &
yellowish
200 10 18 400 2 80 Whitish
& watery
200 20 230 100 1 10 Whitish &
watery

Observations were taken from ten cultures



+NAA20mg 1! NAA100mg 1! + BAPOSmg 1! NAA 100m, 1! +
BAP20mgl! NAA150mgl! NAA150mg1! + BAPOSmg1l NaA
150mgl! + BAP10mg1!and NAA150mg] ! + BAP20mg1!

Percentage of cultures callused were the lowest (10 0%) n the medium

supplemented with NAA 5 0 mg1 1 and NAA 20 0mg1 ! + NAA2 0 mg1 !
Callus mdex

Callus index ranged from a minimum of 10 to 400

The highest callus index (400) was obtained 1n modified MS medium
supplemented with NAA 150 mg 1 1 4 AP 20 mg | 1 followed by treatments
having 15 0mg 1 | NAA NAA 150mgi! + BAPOSmgi! NAA 150 mg1]

+ BAP10mgl 1 as these treatments have shown a callus sndex rating of 300

Callus mdex was mimmum 1n the modified MS medium supplemented

with NAA 5 0mg 1! (10) and NAA200mg1! + BAP2 0 mg 1! (10)

4223114 Effect of NAA and kinetin under dark condition
Data on the influence of NAA and kinetin on the callus induction and

growth under complete exclusion of light are presented in Table 32

Number of days taken for callus induction

The days taken for callus induction ranged from a mummum of 9 8 to
265 The mmmmum days for callus induction was taken by the modified MS
medm supplemented with NAA 5 0 mg 1 1 Maximum days for callus induction
was taken by the modified MS medium supplemented with NAA 50 mg 1 14
kinetin 0 5 mg 1 1
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Table 32 Influence of NAA and kinetin on callus induction and growth on
mnflorescence axis segments of gladiolus under exclusion of hight

Basal medium Modified MS
Culture period 6 weeks
Treatments Time taken  Callusing Growth  Callus Nature of
NAA kmetin for (%) score ndex callus
(ng 1 1) callusing
(days) ®) (&) (Ch
50 00 98 100 1 10  Watery
50 05 265 200 1 20  Watery & whitish
50 10 240 400 1 40  Fnable & whitish
coloured
50 20 140 400 1 40  Frable & whitish
100 00 140 900 1 90 Yellowish and
wadtery
100 05 146 600 1 60  Whitish & friable
100 10 122 600 2 120 Swollen & whitish
100 20 120 600 2 160  Fnable & whitish
150 00 120 1000 3 300 Friable with root
sand root hairs
150 05 180 100 1 10  Watery & crinkled
150 10 180 100 1 10 Transiucent
150 20 195 100 1 10 Watery & whitish
200 00 126 800 3 240 Friable with roots
200 05 200 400 1 40  Whiush & watery
with thick roots
200 10 200 400 1 40  Swollen
200 20 163 200 1 20

Observations were taken from ten cultures



Callusing percentage

The percentage of cultures producing callus ranged from 10 0 to 100 0
Maximum callus production was observed in the treatment having NAA 150
mg 1 ' The Jowest rate of callus production percentage was observed in the treat
ments having NAA 150 mg 1 1 +k1net1n05mgl1 NAA 150mgl1 + kinetin
10mglland NAAISO0mgl! + NAA2 Omg1!

Callus index

Callus index ranged from 10 to 300 Callus index was maximum m the
treatment having NAA 15 0 mg ] 1 and devord of kinetn  Mimimum callus index
was recorded i the treatments havmg NAA 15 0 mg | 1 NAASO mg 1 1 4 kinetn
05mgl! NAA150mgi! + kmetin 1 0 mg 1! and NAA 15 0 mg1! + kinetin
20mgl 1

4223115 Callus differentiation

The callus dertved from the nfloresence segments were inoculated in MS
medium supplemented with lower levels of cytokimns and combination of cytokinm

and auxins
42231151 Effect of cytokinins

Data pertaming to the effect of lower levels of different cytokinins on

the differentiation of the callus are shown m the Table 33 Plate 32 and 33



Table 33 Eftect of ditferent levels of cytokiuns on the ditferentiation ot
nflorescence derived callus
Basal medium MS
Culture period 4 weeks

Cytokinins Time taken for Number of Number of
(mgl ™) differentiation shoots roots
(days)

Kmnetin 0 25 200 40 68
050 204 34 70
10 19 8 26 72

21p 025 200 32 88
050 182 48 98
100 220 16 98

BAP 025 188 100 88
050 193 88 60
100 192 42 30
200 186 120 18
300 176 136 14

CD (0 05) 20 12

17
SEm+ 187 2 558 093




Plate 32 Regeneration of shoot buds from callus derived from
inflorescence segmeilts of gladiolus m MS mediem supplemented
with BAP 3 O mg 1

Plate 33 Regeneration of shoot buds from the callus derived from
nflorescence seginents of gladiolus 1n MS medum supplemented with
kinetin 0 5 mg 1






Days taken for differentiation

The average number of days taken for the differentiation of the callus

ranged from 17 6 to 22 0 and were significantly different

MS medium supplemented with 3 0 mg 1 1 BAP has taken the mummum
days (17 6 days) for differentiation and this was on par with the treatments having
2p05mgt!l(182) BAP20mgi!(186) BAP0O25 mg1l (188) BAP 10
mg11(192) and BAP 0 5mg11(193)

Maxmmum days for differentiatton of callus was taken by the medium

supplemented with 21p 1 0 mg 1 1 (22 0) and with kinetin 1 0 mg 1 1 20 9
Number of shoots

Signifcant vanation could be observed among the treatments with respect

to the number of shoots produced

The average number of shoot buds ranged from 1 6 to 13 6 Maximum
shoot number was observed when the MS medium was supplemented with BAP 3 0
mg 1 1 (13 6) and 1t was found to be homogeneous with the number of shoots (12 0)

m the medium supplemented with 2 0 mg | 1pAp

The number of shoots produced was munimum (1 6) m the medm
having 1 0 mg | 1 21p and was on par with the media having kinetin 10 mg 1 1
(26) 21p025(3 2) and kinetin 0 5 mg 1 1 34



Number of roots

The roots produced n various treatments ranged from 14 to 9 8 and
were significantly different The maximum number of roots were produced by the
medium supplemented by 2ip 1 0 mg 1 1 and this did not differ significantly from
the treatments having 2ip 0 5 mg 1 1 (98) BAP 025 mgl 1 (8 8) and 21p 025
mgll 8 8)

The roots produced were the lowest m number when the medium was
supplemented with 3 0 mg 1 1 BAP This was on par with the root numbers pro
duced by the medium having 2 0 mg 1 1 gap (18

42231152 Effect of cytokinins and auxin

Trnals were conducted with lower levels of cytokimns (BAP and kinetin)
m combination with lower levels of NAA The results are presented m Table 34 and

Plate 34
Number of days taken tor ditferentiation

The average number of days taken for differentiation of callus ranged

from 17 4 to 20 6 and differed significantly

The mmmimum days for callus differentiatton has been taken by the
medium supplemented with BAP 1 0 mg ] 1 4 NAAOS mg 1 1 (17 4) which dud
not vary signuficantly from the treatments kinetin 0 5 mg 1 1 4 NAA 025 mg 1 1
(18 0 days) kinetm 1 0 mg 1 1 1 NAAOS mgl 1 (19 4 days) The medmum having
BAP 0 50 mg 1 14 NAAO25 mg 1 1 had taken maximum days (20 6) for differen

ciation



Table 34 Effect of cytokinns at lower levels in combination with NAA on the
differentiation of wnflorescence derived callus
Basal medium MS
Culture period 4 weeks

Treatments Time taken for Number of Number of
(mgl 1) differentiation shoots Toots
(days)

BAP 050 + NAA 025 206 146 24
BAP 1 00 + NAA 050 174 134 60
Kinettn 0 50 + NAA 0 25 180 50 66
Kinetin 1 00 + NAA 0 50 194 58 80
CD (0 05) 22 217 16

SEm+ 260 405 140




Number of shoots

Stgmificant variation was observed among the treatments with respect to
the number of shoots and the average number of shoots produced ranged from 5 0 to
14 6 m different treatments Maximum number of shoots was observed 1n treatment
having BAP 0 5 mg 1 1 NAAO25 mg | 1 and found to be homogeneous with the
treatments having BAP 1 0 mg 1 1L NAAOS mg 1 1 (13 4) Mimmum number of
shoots was observed m the medium supplemented with kinetin 0 5 mg | 1 4 NAA
025 mgl 1 (5 0) and also 1n the medium supplemented with kinetin 1 0 mg | 1y
NAAOS5Smgl 1 (5 8) and they did not differ sigmficantly

Number of roots

The treatments showed significant differences with respect to the number
of roots and ranged from 2 4 to 8 0 The number of roots produced was found to be
maximum (8 0) when the medium was supplemented with kinetin 1 0 mg 1 14
NAA 050 mg! 1 and was on par with the nrmber of roots 1n the medum supple
mented with kinetin 0 5 mg 1 1 1 NAAO25 mg 1 1 (6 6)

Minimum number of roots (2 4) was observed in the medium having
BAP 0 50 mg 1 1 1 NAAO 25 mg 1 1 and 1t differed signtficantly from all the other

treatments

422312 Flower buds
4223121 Effect of NAA and BAP

Data pertaimng to the results of the trial conducted with the flower bud

explants are given 1n the Table 35 and Plate 35



Table 35 Influence of different levels of NAA and BAP on callus induction
and growth on flower bud explants of gladiolus

Basal medivm Modified M$
Culture pertod 6 weeks
Treatments Time taken  Percentage Growth  Callus Nature of callus
NAA _ BAP tor of cultures  score index
(mg 1 1) callusing callused
(days) P (&) (€D

50 00 00 0 0
50 05 190 1000 1 100 Seen at the base

of the buds and
friable nature

50 10 190 1000 1 100
50 20 192 800 1 80
100 00 00 0 0
100 05 180 800 1 80
100 10 170 800 1 80
100 20 160 800 1 80
200 00 00 0 0
200 05 170 100 0 1 100
200 10 16 0 1000 1 100
200 20 170 800 1 80

Observations were taken from ten cultures



Plate 34 Regeneration of shoot buds from the callus denved from
infloresence se§ments of gtadiolus 1n Tledlum supplemented with
BAPO5mgl " and NAAO25mgl

Plate 35 Callus mduction on gladiolus flower buds 1 modified MS I
medum supplemented with NAA 5 Omg1 * and BAP 0 5 mg |






Number of days for callus induction

The days ranged from 16 0 to 192 The mmimum number of days
(16 0) for callus induction was taken by the treatment having NAA 10 0 mg 1 1y
BAP20mgl! NAA200mg1! + BAP10mg1! The maximum days (19 2)
for callus induction was taken by the medum contaming NAA 50 mg 1 1 4 pap
20mgl!

Callusmg percentage

Callusmg percentage ranged from 80 0 to 100 O in different cultures
Cent per cent callusing of the cultures were obtawned in the modified MS medium
supplemented with NAA 5 0 mg | 1 + BAPOS mg | 1 NAA50 mg | 1 4 BAP
10mg1! NAA200mg1! + BAPOSmgl!andNAA200mg1! + BAP10
mg | 1 The treatments devoid of cytokimns failed to mnduce callus The rest of the

treatments have shown 80 O per cent callusing
Callus index

Callus 1ndex ranged from 80 0 to 100 0 The maximum callus 1ndex was
observed 1n the treatments having NAA 50 mg 1 1 4 BAPOS mg 1 1 NAAS5O
mgl! + BAP10mg1! NAA200mg1! + BAPO5 mgi! and NAA 200
mgll+BAP10mgl!

The medium supplemented with NAA alone at 5 0 mg | 1 100 mg | 1
200 mg 1 1 farled to mduce callus and hence the callus ndex was zero The rest of

the treatments viz NAA 5 O mg | 1 +BAP20mgll NAA 10 0 mg 1 11 Bap



05mg1! NAA100mg1! + BAP10mgi! NAA100mg1! + BAP 20
mgl1 NAA200mg11+BAP20mg1lhaveshownacallus mdex of 80

The callus produced 1n all the treatments were whitish and friable type

and produced from the stalk side
4223122 Callus differentiation
The callus produced by the flower buds failed to differentiate

422313 Flower bud bracts
4223131 Effect of NAA and BAP

Data showing the influence of NAA and BAP on the callus imtration of

the flower bud bracts are given n the Table 36 and Plate 36
Days taken for callus induction

Days taken for callus induction of the flower bud bracts ranged from
16 0 to 21 0 The mmmum days (16 0) for callus production was taken by the
medium supplemented with NAA 20 0 mg 1 1 and NAA 200 mg 1 1 4 BAPOS

mgl1

Maximum days (21 0) for callus mtiation was observed n treatment

having 10 0 mg 1 | NAA + BAP 1 0mg1 1 NAA
Callusing percentage

The percentage of cultures callused ranged from 10 0 to 80 0 Maximum

percentage (80 0) of callusmg was observed in the cultures 1n the treatments having



Table 36 Influence of NAA and BAP on callus mduction and growth on the bracts
of flower buds of gladiolus

Basal medium Modified MS
Period 6 weeks
Treatments Time taken for  Percentage of Growth Callus
NAA BAP callusing cultures score mdex
mg1lh) (days) ®) ©) €D

100 0o 00 00 0
100 05 200 600 1 60
100 10 210 800 1 80
100 20 200 600 1 60
150 00 180 100 1 10
150 05 190 800 1 80
150 10 195 600 1 60
150 20 200 400 1 40
200 00 16 0 100 1 10
200 05 160 800 1 80
200 10 170 800 1 80
200 20 200 800 1 80

Observations were taken from ten cultures



modified MS medium supplemented with 20 0 mg | 1 NAA + 05 mg | 1 gap
NAA100mg!l! + BAP10mgl! NAA150mg1! + BAPO5mgi! 200
mgl ! NAA + BAPOSmgl! NAA200mgll + BAP10mg!l and NAA
200mgl! + BAP20mg1!

The medium supplemented with 15 0 mg 1 I NAA and 200 mg | 1 NAA
resulted 1n callus induction 10 O per cent cultures The treatment having 10 0 mg | 1

NAA failed to mnduce callus
Callus index

Callus mdex was maximum (80) in treatments contaiming NAA 100
mgl!+BAP10mgl! NAA150mgl! + BAPOSmgl! NAA200 mg1!
+BAP0Smgl! NAA2000mg1 1+ BAP10mg] !and NAA200mg1 ! +
BAPZOmgl1

422314 Corm mnternodal pieces and leaf pieces

The corm internodal pieces failed to induce callus under various treat
ments The leaf pieces taken at different stages of its development also failed to

mnduce callus

422315 Corm axillary buds and cormal tips
The callus obtained m Stage 2 (Plate 37 and 38) of the first route (Table

11) were subjected to differentiation and the data are presented 1n Tables 37 to 39

4223151 Effect of media on callus differentiation
Data on the influence of various media on callus differentiation are given

1n Table 37 and Plate 39



Table 37 Effect of media on the differentiation of callus dertved from corm axillary
buds and cormel tip cultures of gladiolus
Culture period 3 weeks

Treatment Time taken for Number of = Number of
differentiation shoots Toots
produced
(days)
MS, 18 4 31 88
MS,, 200 26 142
SH 220 25 150
White s 00 00 00

Observations were taken as an average of twenty cultures



Plate 36 Callus induction on flower bud bracts of gladiolus 1n

modified MS IPedlum supplemented with NAA 20 O mg 1 * and
BAP 0 5mgl

Plate 37 Callus dertved from corm axillary bud explants of gladiolus






Plate 38 Callus denived from cormel tip explants of gladiolus

Plate 39 Regeneration of shoot buds from corm axillary bud derived
callus of gladiolus i MS basal medium






Number of days taken for differentiation

Treatment showed significant vanation with respect to the days taken for

differentiation

The average number of days taken for callus differentiation ranged from
18 4 to 22 0 The MS full strength medium has shown the earhest differentiation
(18 4 days) The SH medium has taken the maximum days (22 0) followed by half
strength MS medwum (20 0 days)

Number of shoots

The number of shoots produced m various treatments ranged from 2 § to
31 The maximum number of shoots (3 1) was observed m MS full strength
medium and the mummum number 1n SH medium (2 5) The number of shoots

produced by half strength MS was 2 6
Number of roots

Treatments showed significant variation and the average number of roots
varied from 8 8 to 15 0 and the maximum number of roots observed in SH medium
and the mmmum 1 full strength MS MS half strength medmum produced an

average root number of 14 2
The callus failed to differentiate 1n Whate s medium (Table 37)
4223152 Effect of medium supplements

As the MS full strength salt medium was observed to be an 1deal basal



medium for callus differentiation the trials were conducted with coconut water at
different levels 1n this medium The nfluence of coconut water on callus differentia

tion of the corm axillary bud derived callus are given in Table 38 and Plate 40
Number of days taken for differentiation

The average number of days taken for differentiation ranged from 12 2

days to 18 4 days and showed sigmificant variation

The minimum days for callus differentiation was taken by the MS
medwum having 20 0 ml 1 1 coconut water and was found to be on par with the
medium having 50 0 ml 1 I coconut water (14 6) Maximum days was taken by the

control 1e the medium without coconut water (18 4)

Number of shoots

The number of shoots ranged from 2 0 to 6 4 and showed significant
variation among treatments Maximum number of shoots (6 4) observed mn full
strength MS medium supplemented with 20 0 ml 1 1 coconut water was found to be
on par with that of media having 50 0 m! 1 1 coconut water (4 6) The mimmum
number of shoots were observed in the medium having 150 0 mi | I coconut water

and was on par with control (3 1)

Number of roots

With respect to the number of roots all the treatments differed signifi
cantly Average number of roots ranged from 6 2 to 19 0 Maximum number of
roots (19 0) were observed in medizm having 150 0 ml [ 1 coconut water and the
minmum 1n the medium having 20 0 ml 1 1 coconut water and 1t differed signifi

cantly from all other treatments



Table 38 Effect of coconut water on differentiation of the callus derrved from corm
axillary buds and cormel tip cultures of gladiolus
Basal medium MS
Culture period 3 weeks

Coconut water Time taken for Number of Number of
(ml11) differentiation shoots roots
(days)
200 122 64 62
500 146 46 156
150 0 154 20 190
Control 18 4 31 88
CD (0 05) 24 19 22
SEm+ 325 196 2 80




4223153 Effect of cytokinins

Number of days for differenttation

The average number of days taken for differentiation of callus ranged

from 18 4 to 28 8 (Table 39) and differed significantly

The mimmum days (18 4) for differentiation was recorded 1n the
medium devoid of growth regulators and was on par with the treatments having BAP
05mgl land BAP 025 mgl!l as they took 19 4 and 20 9 days respectively to

differentiate

The number of days taken for differentiation was maximum (28 8) when
MS medium was supplemented with 21p 0 50 mg | 1 and was homogeneous with the

MS medium supplemented with 21p 0 25 mg 1 1 (28 6)
Number of shoots

The average number of shoots produced in various treatments ranged

from 3 1 to 14 1 and showed sigmuficant variation among treatments

The maximum number of shoots (14 1) was observed in the medium
supplemented with BAP 0 50 mg 1 1 and 1t differed significantly from the rest of the

treatments

The medium devord of growth regulators produced the mmimum number
of shoots (3 1) and was homogeneous with the treatments having 21p 0 25 mg I 1
(36) 2ip050mg1 L (38)andkimetn 050 mg1! (5 8)



The medium having 0 25 mg | 1 gap (7 0) was on par with the media
having kinetn 0 25 mg 1 1 (5 8) and kinetn 050 mg 1 ! 4 7)

Number of roots

The number of roots ranged from 1 8 to 8 8 in various treatments with
significant vanation among treatments The maximum number of roots were found
in the control (8 8) and ditfered significantly from other treatments The roots
produced were minimum (1 8) in the treatment having ¢ 5 mg 1 1 kinetin and was on
par with the root numbers produced by kinetin ¢ 25 mg 1 1 (24) 2ip 05 mgl 1
(25 and2ip025mgl ! (2 8)

The medwm supplemented with 0 25 mg [ 1 BAP and 0 5 mg | 1 gap
failed to produce roots (Table 39)

422316 Root pieces

Root pieces collected from in vizro cultures as well as from the field
after surface sterilisation were moculated to MS medum contaimng various levels of

growth regulators The results are presented 1n Tables 40 to 42
4223161 Effect of BAP and NAA

Data pertaining to the response of the root piece explants (ex vitro and in

witro) are given m the Table 40
Days taken for callus induction

The days taken for callus induction of the root segments ranged from 28

to 34 The explants taken from the :n vizro produced roots took 28 days to develop



Table 39 Eftect of lower levels of cytokinns on the differentiation of callus
derived from axillary buds and cormel tip cultures of gladiolus
Basal medium MS

Culture period 4 weeks
Treatments Time taken for Number of  Number of
(mgl™) differentiation shoot buds roots
(days)
Control 18 4 31 88
BAP 025 209 70 00
050 194 14 1 00
Kinetin 0 25 232 58 24
050 216 47 18
21p 025 286 36 28
050 28 8 38 25
CD (0 05) 30 217 13
SEm+ 551 437 0984




Plate 40 Eftect of coconut water on regeneration of shoot buds from
corm axillary bud dertved callus

Plate 41 Regeneration of shoot buds from corm axillary pud derived
callus 1n MS medium containing BAP 0 5 mg 1% (a)and n
MS medium containing kinetin 0 25 mg 1 * (b)






Table 40 Effect of BAP and NAA on the callus imtiation and growth
of gladiolus roots
Basal medium MS
Culture period 6 weeks

Treatments Production of callus
BAP NAA
(mgl?*) In witro roots In vivo roots

Callusing Amount of Days Callusing Amount of Days

(%) callus  taken (%) callus  taken
00 00 00 0 0 00 0 0
00 10 00 0 0 00 0 0
00 20 00 0 0 00 0 0
10 00 00 0 0 00 0 0
10 10 400 + 34 00 0 0
10 20 500 ++ 28 100 + 32
20 00 00 0 0 00 0 0
20 10 00 0 0 00 0 0
20 20 00 0 0 00 0 0

Observations were taken as an average of ten cultures

0 No response
+ Only the imtiation of callus
++ Medum callus growth



callus when the MS medium was supplemented with 1 0 mg 1 1 BAP and 2 0 mg 1 1
NAA (Plate 43) In the same combination ex vitro root explants has taken 32 days
In the MS medium supplemented with 1 0 mg 1 1 BAP and 10 mg 1 1 NAA the i

vitro produced root explants had taken 34 days to respond
Percentage of callusing

In the case of i1 vizre root explants the maximum percentage of cultures
callused 1n the treatment baving 1 0 mg 1 1 BAP and 20 mg 1 1 NAA (50 0%)
followed by the MS medium supplemented with BAP 1 0 mg 1 ! and NAA 10
mg | 1 (40 0%) Ex witro root explants initiated callus only 1 10 O per cent cultures
m the MS medium supplemented with 1 0 mg 1 1 BAPand 20 mg | 1 NaA (Table
40)

Callus growth

The callus produced had medium growth in MS medium supplemented
with 1 O mg 1 lBAPand20 mg 1 1 NAA for in witro root explants (Plate 44)

In vivo root explants have only shown the mitiation of callus in the MS
medium having 1 0 mg 1 1 BAP and 20 mg 1 1 NAA Imtiation of callus on the i
vitro root explants was also noticed m the MS medium having 1 0 mg | INaA 1O
mg 1! BAP

4223162 Callus differentiation

The two month old callus dertved from the root tissues were subcultured
on a series of MS medium supplemented with varying levels of NAA and BAP for

organogenesis (Table 41) The callus when cultured on MS medium without growth



Plate 42 Regeneration of shoot buds from the callus derived from the
cormel up explimts in MS medium supplemented with
BAPOS5Smgl

Plate 43 Callus denived from root segments of gladiolus n MS inedxum
supplemented with NAA 2 0 mg 1 * and BAP 1 0 mg 1






Table 41 Morphogenic response of root derived callus in gladiolus

to NAA and BAP
Basal medium MS
Culture period 5 weeks
Treatments Response
NAA BAP
(mg1h)
00 00 Rhizogenests
00 10 No response
00 30 No response
10 00 Low callus growth
10 10 Medwum callus growth
10 30 Shoot organogenesis

Observations were as an average of ten cultures



Plate 44 Growth of root Penved callus 1n MS Irm:dlum containimg
NAA20mg!l - and BAP 1 0mgl

Plate 45 Rhizogenesis from the root dertved callus m MS basal medium






regulators resulted 1n rhizogenesis (Plate 45) BAP or NAA when used al ne did n ¢
1esult in organopencsts even alter 3 4 cycles of subculwe When MS med un w
Imgl 1 BAP and 1 0 mg, | I NAA was used shoot primodia were develdped within
30 days (Plate 46)

I he medium sequence for regeneration ot root dertved catlus an gladi lu
15 given in Table 42 The elongation of these shot prim rdia resulted when tl
growth regulators were completed removed from the medium within 21 days Root
development also took place n the basal medium (Plate 47) Extensive root devel

opment occurred 1n the MS medium supplemented with 2 0 my, | I'1BA
423 Somatic embryogenesis

Data showing results of the trial with boot leat explants are presented

Table 43 and Plate 48

About 10 0 per cent of the cultures produced somatic embryoes 1n the
modified MS medium supplemented with 15 0 mg 1 I NAA and 10 myg, | I Bap
Embryogenesis and callus production was observed after 3 months of dark ulture

The embryoes later turned to callus when the sub culturing was delayed (Plate 49)

4 3 In vitro corm production
431 Influence of sucrose concentraton and auxin levels on in virr  corm pr
duction 1n gladiolus
The elongated shoots frcm the Stage 2 were separated and nd v du il
mnoculated to hquid MS medium contaiming ditferent levels ¢t sucrose 20 30 5

mg | 1) alone and 1n combination with NAA (0 5 and 1 0 mg } ],) and al o with IBA



Table 42 Media sequence for regeneration of root derived callus 1n gladi lu

Media Stages of regeneration
MS + BAP 1 O mg | 1 Callus initration and mdintenance
NAA2O0mgl !
MS + BAP3Omgl ! Bud nitial differentiat on
NAA2O0mgl 1
MS basal media Elongati n fbudsandr tp dut n
MS + IBA20mg! L R ot develpment

Observations were taken from ten cultures



Plate 46 Organogenesis _of root derived callui in MS medium containing
BAP3 O mg !l ! and NAA 1 0 mg 1

Plate 47 Regeneration of shoot buds from root derived callus MS basal
medium






Table 43 Ettect ot NAA and BAP on somatic embryogenesss on the boot lcat
explants of gladiolus
Basal medium Modit «d MS
Culture peniod 4 m nth

Treatments Time taken Cultures Nature t
NAA BAP for response re ponded re pon ¢
(mg1h (%)
100 10 Nt
150 10 3 months 100 Somatic emtry gen
and callus pr du t n
200 10 Nil
100 20 Nil
150 20 Nil
200 30 Nil

Observations were taken trom ten cultures



Plate 48 Somatic embryogenesis on leaf segments of gladiolus in
modified MS r[ledlum containing NAA 15 0 mg 1 * and
BAP 3 0 mgl

Plate 49 Somatic embryo derived from leaf segments of gladiolus kept
for germination






05 mgl Tand 10 mg | l) tor corm production The results are presented 1n Table

44

With respect to the average number ot days taken for corm induction the
treatments varied from 26 0 to 28 8 Maximum number of days (28 8) was taken by
the treatment having 5 O per cent sucrose and also the treatment containing 5 O per

cent sucrose + 0 5 mg 1 I NAA

Minmmum days (26 0) for the corm induction was recorded n the

medium having 3 0 per cent sucrose and 0 5 mg | 1 NAA

The rate of corm production ranged trom 0 O to 70 O per cent 1n ditfer

ent treatments

The treatments containing 2 O per cent sucrose with and without auxtns

(IAA and NAA) failed to produce corms

Corm production was maximum (70 0%) when MS medium was sup
plemented with 5 O per cent sucrose and 0 5 mg | I NAA This was tollowed by the

medium containung 5 0 per cent sucrose without growth regulators (60 0%)

MS medium supplemented with 5 O per cent sucrose + 1 O mg 1 I NAA
5 0 per cent sucrose + 1 0 mg 1 1iBA 50 per cent sucrose + 0 5 mg | 1BA pro

duced corms 1n 50 O per cent of the culture

The corm production was 40 0 per cent in MS medium containing 3 0
per cent sucrose + 05 mg | 1 NAA and with 3 0 per cent sucrose + 10 mg | !
NAA



Table 44 Influence ot sucrose concentration and auxin levels n ¢ o ora
production 1n gladiolus

Basal medium MS
Explant Elongated shoots trom Stage 2
Culture period 4 weeks
Treatments Cultures Time taken Corm s ze
pr ducing tor corm (4 weeks after
Sucrose Auxin levels corms production produ t on)
concent (mg | 1) (%) (days) (mm)
ration IBA NAA
(%)
2 00 g0 00 00 00
2 05 00 00 00 00
2 10 00 00 00 00
2 00 05 Ou 00 00
2 00 10 00 00 00
2 00 00 200 280 213
3 05 00 300 26 4 40
3 10 00 300 271 38
3 00 05 400 260 45
3 ¢o 10 400 26 8 46
5 00 00 600 28 8 44
5 05 00 500 26 8 4 ¢
5 10 00 500 27 4 48
5 00 05 70 0 28 8 64
5 00 10 500 28 1 50

Mean values are taken from ten observations



MS medu e ntamnmg 3 0o cent ua se nd 05 UNTEN |

mg | 11BA produced corms 10 30 0 per cent cultures

MS medium contamning 3 0 per cent sucrose without gr wth regulator

induced corms only 1n 20 O per cent of the cultures

Size of corms ranged from 23 mm to 6 4 mm The corm s1ze wa
maximum (6 4 mm) when the MS medium containing 5 O per cent sucrose was
supplemented with 0 5 mg | I NAA (Plate 50) This was followed by the treatment
having 5 0 per cent sucrose and supplemented with 1 0 mg 1 I NAA (50 mm
Minimum corm size (2 3 mm) was observed in the treatment containing 3 0 per cent

sucrose with growth regulators (2 3 mm)
432 Influence of triazol and etiolation on in vizro corm production 1n gladiolus

The elongated shoots from Stage 2 were subjected to corm indu t
treatments For this the shoots were separated and moculated t MS medium con
taming, 5 0 per cent sucrose + 0 5 mg | I NAA (as 1t was found t be supenn 1 11
the previous treatment) supplemented with O 1 and 5 myg | I triadimeton and kept

etiolated and 1n open condittons The results are presented 1n Table 45

Average number of days taken for corm production ranged from 20 0 t
28 8 The mummum days for corm development was taken by the medum supple

mented with 5 0 mg 1 ! triadimeton and kept under etiolated condiuon

Days taken for corm production was maximum (28 8 days) when the

medium without triadimeton was kept 1n ¢ pen condiion



Table 45 Influence of triadimeton and etiolation on w1 vitro corm pr duct

n gladolus
Basal medium  MS
Explant Llongated shoots fr m Stage ?
Treatments Cultures Time taken fcr Corm s17¢
producing ¢orm prcductn (4 wecks atter
corm (days) pr ducti n
(%) {mn )
MS + 5% sucrgse + 70 0 28 8 54
NAAOSmgl!
+ Etiolati)n 800 257 (¢
+ Triadimeton 80 0 280 88
10myl 1
+ + 80 0 255 )4
etiolation
+ Triadimeton 100 0 216 112
S50mgl
+ + 100 0 200 121
etiolation

Mean values are taken on ten observatiyns



The percentage of cultures which produced corms wds mdximum
(100 0%) when the medium was supplemented with 5 0 mg ] ! triadimeton both

the open and etiolated conditions

About 80 O per cent of the cultures induced corms in treatments like
medium without triadimefon kept under etiolation and medium with 1 0 my, 1 U triad

imeton kept in open and etiolated condition

Minimum number of cultures (70 0%) produced the corms when the

control (medium devoid of triadimefon) kept 1n open condition

Size ot the corms were maximum (12 1| mm) in the medium supplement
ed with 50 mg 1 ! triadimefon and kept under euolated condition (Plate 51)
Minimum corm size (5 4 mm) was recorded in the medium devoid of triad mefon

and kept 1n open condition
433 Corm enlargement studies

The effect ot ditferent levels of sucrose on the enlargement of in vitro
produced corms are given in Table 46 The different levels of sucrose 3% 49
5% 6% 7% 8% and 9%) tried on MS medium for increasing the size ot in vitro
produced corms showed significant variation after eight weeks The size of the
corms ranged from 1 02 cm to 1 82 cm 1n various treatments and showed signifi
cant difterences among treatments The corm size was maximum (1 82 c¢cm) in the

MS medium supplemented with 8 O per cent sucrose (Plate 52) which was on pdr



Plate 50 Eftect of sucrose 5 0 per cent and NAA 0 5 mg | I on
in vitro corm production on elongated shoots of gladiolus
in MS medium

Plate 51 Effect of sucrose 5 0 per cent NAAO Smgl 1 and
Trnadimeton 5 0 mg 1 * on i witro corm production






1O+

Table 46 Ettect ot sucrose at difterent levels on the ccrm enlargement

Basal medium MS
Culture per1 d 8 week
Levels of sucrose Corm size at the Number ot Corm s1ze itter
(%) time « t moculation roots 8 weeks
(cm) produced (c11)
30 02 50 104
40 02 50 102
50 02 68 130
60 02 74 130
70 02 72 1130
80 02 50 182
90 02 28 160
CD (0 05) 13 034
SEm+ 1 010 0 069




with the medium ¢ ntarming, ) O per cent sucrose (1 60 em) C rm siz¢ was mini
mum (1 02 cm) 1n the mcdium  contatning, 4 0 per cent sucrose and this did not
ditter sigmficantly trom the corm sizes 1n media having, 3 0 per cent sucrose (1 04
«m) 5 0 per cent sucrose (1 30) 6 0 per cent sucrose (1 3) and 7 O per cent sucr se

(1 30)

Sigmticant ditferences were also noticed among, the number ot r ots pro
duced 1n various treatments as it ranged trom 2 8 (medium containing 9 0% sucrose}
to 7 4 (medium containing 6 0% sucrose) which was on par with the root numbers
72 6 8 produced by the media having 7 0 per cent sucrose and 5 O per cent su

crose respectively

The plantlets in all the treatments dried 8 weeks atter inxulation (Tat lc

46)

In another trial hght was excluded from the basal portion ot the cultures
containing different levels of sucrose and the data recorded are presented in lable
47 The number ot roots produced vaned trom 6 2 t> 9 0 1n ditfcrent treatt ¢t
showing significant differences among treatments Maximum number () 0) wi
recorded in the medium containing 6 O per cent sucrose and was n par w
numbers of medium having sucrose 7 0 per cent (8 8) 50 per cent (7 6) and 8

per cent (8 8) sucrose

The mimmum number ot roots were observed in the treatment aviy
3 0 per cent sucrose (6 2) followed by 4 O per cent sucrose (6 9) 9 0 per
sucrose (6 8) 8 O per cent sucrose (7 6) and 5 O per cent sucr se (7 6) wh | w1

on par



Table 47 Ettect of sucrose at ditterent levels and exclust n f light at the ba dl
p rt1 nof culture tubes n corm enlargement
Basdal medium MS
Culture penn d 8 week

Levels of sucrose Corms stze 4dt the Number o C rm s z¢ atter

(%) ¢t inculaty n r ot 8 wecks
(cm) praduced {(cmy)

30 02 62 110
40 02 () 152
50 02 7¢ |
60 02 90 1 40
70 02 88 1 >0
80 02 76 1 66
90 02 68 176

CD (0 05) 15 031

SEm+ 14 0 058




The size ot corms also ditfered signiticantly i various treatments
Maximum corm size (1 76 cm) was recorded 1n the medium supplemented with 9 0
per cent sucrose (Plate 53) and was homogeneous with corm sizes in the medium
supplemented with 8 0 per cent sucrose (1 66 cm) 4 O per cent sucrose (1 52 cm)
and 7 O per cent sucrose (1 50 cm) The corm size was mimmum (1 10 ¢m) in the
medium contatning 3 O per cent sucrose and it did not vary significantly from the
size ot corms produced 1n the media containing 5 O per cent sucrose (1 2 cm) and

6 0 per cent sucrose (1 4 cm)
The plantlets in difterent cultures dried after 8 weeks
4331 Effect ot sucrose and trnazols (trradimefon) on corm enlargement

The trials were conducted with hquid MS medium and the results are

presented 1n Table 48

The average size of the corms after 8 weeks of culture ranged tr m 1 30

10 2 37 um with significant variation amony, treatments

The maximum (2 37 cm) size of the corms was observed n the MS
hquid medium supplemented with sucrose 5 O per cent and triadimeton 3 0 my |
(Plate 54) and was on par with the corm sizes of 2 24 cm (Sucrose 5 0% + Tr ad
mefon 4 0 gm | 1) 2 18 cm (Sucrose 5 0% + Triadimefon 5 0 myg | 1) 21 i
(Sucrose 50 % + Triadimefon 2 0 mg 1 1) and 2 0 cm (Sucrose 50 myg | !

Triadimefon 1 0 mg | 1)

The corm size was mimmum (! 30 ¢m) in the medium syfpleme t d

wth 30 por cont sucrose and 3 0 mp |1 ! trimzol and was hon gencous w b e



Plate 52 Etfect of ditterent levels of sucrose on corm enlargement
(B 0% (a) 7% (b) 6% (c) 5% (d))

Plate 53 In vitro corm enlargement ot gladiolus 1n MS medium
supplemented with 9 O per cent sucrose and kept under
exclusion of hight






lable 48 Ettect of difterent levels ot sucrose and triadimef n on ¢ rm enlargement
Basal medium I quid MS

Culture pericd 8 week

Treatments Size of c«crm 4t the C rm s1z7¢ after
S 1 ose 1 tmdumllun umc ot 1noculation 8 weeks
(%) (mg 1) (cm) (¢ n)
30 10 02 1 50
30 20 02 1 60
30 30 02 130
30 490 02 1 60
30 50 02 1 €0
>0 10 02 200
50 20 02 210
50
30 02 237
50 50
02 218
CD (0 05)
SEm+ 0131



Table 48 Eftect ot ditferent levels of sucrose and triadimet sn on ¢ rmenlary 1 ert
Basal medium I 1quid MS
Culture pen d 8 weeks

Treatments Size of ¢orm at the C rm si1ze after
S U ose Tndduncilon ume fimoculation 8 weck
(%) (mg17) (cm) (cm)
30 10 02 150
30 20 02 1 60
30 30 02 130
30 40 02 1 60
30 50 02 1 60
50 10 02 200
50 20 02 210
50 30 02 237
50 40 02 224
50 50 02 218
CD (0 05) 031

SEm+ 006




treatment having 3 O per cent sucrose + 1 0 mg | I NAA (1 50 ¢m) suer s 30
mg | I' 4 Triadimeton 2 0 mg | 1 (1 60 cm) sucrose 3 0 per cent + trniadimeton

40mgl 1 (1 60 cm) sucrose 3 O per cent +Triadimefon 5 0 mg | i (160 cm)

One notable feature was that the plantlets survived without drying even

after 15 weeks

The in vitro produced corms germinated in fine sand (Plate 55) and also

under 1 vuro conditions (Plate 56)



Plate 54 Corm enlargement in MS hiquid medium suppl(imented with
sucrose 5 O per cent and Triadimefon 3 0 mg |

Plate 55 In virro produced corm germinated n fine sand
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DISCUSSION

The present imvestigations on the response of gladiolus to rapid cloning
through n witro techmques were carried out at the Plant Tissue Culture Laboratory
attached to the All India Co ordinated Floriculture Improvement Project (AICFIP)
of Department of Pomology and Floriculture College of Horticulture Vellanikkara

during 1992 94 The results of the study are discussed 1n this chapter

Gladiolus belongs to the famuly Iridaceae of monocotyledon and 1s an

important commerctal flower culttvated for 1ts attractive spike

Propagation of gladiolus 15 normally carried out through corms and
cormels By this conventional method the rate of multiplication 1s extremely slow as
the cormels or daughter corms produced by the mother corm are very less 1n number
and also due to their smaliness 1n size they require 3 4 seasons to develop into an
1deal s1ze to produce a marketable spike as the spike size 1s lughly mfluenced by the

corm S1ze

Other problems faced by the i wivo propagation are the presence of
dormancy which last for 3 4 months and non availability of disease free planting
materials These problems necessitated an alternative method of propagation which
helps m bye passing dormancy bulking up of new cultivars or disease free stocks

and production of sufficient materials 1n a short penod for field planting

As the 1 vitro propagation methods were standardised for many of the

bulbous plants 1nvestigation on these lines also were started 1n gladiolus by vanious



workers (Hussey 1975 1976a and 1977 Ziv 1971 and 1979 Simonson and Hil
derbrandt 1971 Baja) er al 1983) But compared to other crops the reported
works are little The present investigations have thus been carried out to find out the
most 1deal explant medium medium supplements and hardening techmques for

gladiolus

The corms were directly taken from the field and hence the possibilities
of impurities contamunants etc were there In order to make the corm and cormel

explants free of contaminants surface sterilization was done

Of the various surface sterilants tried mercuric chloride (0 1 and 0 2 %)
was found to be 1deal Though m literature use of sodium hypochlorite 1s more
common in the surface steribssation of bulbous plants like garlic (Nagakubo er al
1993) narcissus (Hol and Van der Linde 1992) allmm (Van der Valk er al 1992)
and gladiolus (De Bruyn and Ferrewa 1992) 1n the present mvestigations it was
found to be less efficient than mercuric chloride The duration of the treatments
varred and 1t was found that for higher concentration of mercuric chionde the
duration of treatment required was less The suitability of mercunc chloride as an
1deal surface sterilant has been reported m banana (Bhaskar 1991) ginger (Babu er
al 1992) and 1n hiy (Priyadarshi and Sen 1992) for the surface sterihsation of

rhizomatous and aenal explants

The explants like cormel tips inflorescence axis root pieces leaves etc
were also surface sterthized with mercuric chloride and 100 per cent survival at

lower duration of treatment was recorded (Table 3)



The season of explant collection has also profound influence on the rate
of contamination of the culture and rate of survival 1n the case of corm and cormel
tip explants This 15 maimnly because of the availability of congeneal conditions for
growth and development of microorganisms in certamn months due to heavy rainfall

(Appendix II)

A study was conducted 1n this regard and 1t was found that 1n the case of
corm axilary bud explants mummum percentage of contamination and maximum
percentage of survival was during April The percentage of contamination was

higher during the months from May to August (Table 4)

In the case of cormel tip explants maximum survival rate was obtained

during the months of April to May and again during September to November

One of the problems associated with the propagation of gladiolus 1s the
dormancy of the corms Sachs and Thimman (1964) have tried cytokinins to break
the dormancy of corms The abihity of cytokinins to break the dormancy and to
promote their outgrowth under in vitro condition has been reported 1n vartous dicoty

ledons (Murashige et al 1974 Boxus 1974 and Earle and Langhans 1975)

The mnfluence of cytokimns on breaking the dormancy of axillary buds
under in vitro conditions and proliferation of axillary buds have also been reported in
various bulbous plants like mis freesia hyacinth hlum and narcissus (Hussey
1975 1976a) The cytokinin BAP prevented the dormancy and promoted the

development of resting corms (Hussey 1977)



In the present mnvestigations studies were conducted to find out the
effect of various cytokuuns like BAP kinetin and 21p alone and 1n combination with
NAA on breaking the dormancy of corm axillary bud explants and cormel tips and
on culture establishment The explants were collected at various stages of corm
development 1¢ 1mmediately after the drying of inflorescence one month after the
drying of inflorescence two months after the drymg of inflorescence and three
months after drying of inflorescence The results showed that BAP and its combina
tions with NAA were superior with respect to the early bud break and bud elonga
tion as compared to the kinetin and its combination with NAA (Tables 5 to 9)
Though 21p was considered to be the most efficient cytokinin (Murashige 1974) and
the favourable effect of 21p over kinetin and BAP have been reported (Johnson and
Burchette 1991) on the multiple shoot production of Blandfordia grandifiora (Liia
ceae) different levels of 2ip and their combinations with different levels of NAA
resulted 1n delayed bud break and delayed elongation of the buds in the case of ax1

llary bud explants and cormel tip explants of gladiolus

The days taken for the bud emergence were reduced drastically as the
corms matured after the drymng of mflorescence Higher levels of BAP recorded

lesser days for bud emergence after breaking the dormancy

The inclusion of NAA however could not induce early bud emergence
often resulted 1n swelling of the buds and inhibited shoot growth A similar response

has also been reported by Hussey (1976a)

The number of axillary shoots from the axillary buds also varied 1n dif

ferent cytokinins and also m explants taken at different stages of corm development



BAP at higher concentrations produced maximum number of shoots 1n all
the Stages and 1 combuation with NAA however have shown reduction mn the

number of shoots Similar effect was reported by Hussey (1976a) too

The effect of kinetin and NAA on the growth responses of the axillary
bud and the cormel tips cultured in nutrient media was reported by Baja) er al
(1983) The present mvestigations with kinetin and NAA have also shown that kine
tin could break the dormancy and could enhance the release of axillary buds but as

compared to BAP and 1ts combination with NAA the efficiency was less

The effect of 21p and its combination with NAA was not 1dentifical with
that of BAP and kinetin At lower concentrations of 2ip the axillary buds emerged
only after 20 25 days in Stage I The production of single shoots and subsequent
swelling at the base of the shoots were also observed i Stages II III and IV In
combination with NAA 21p produced fleshy roots and inhibited the elongation of

shoots

The cormel tip explants also followed the trend of corm axillary bud
explants 1n breaking dormancy and 1n producing axillary shoots The production of
multiple axillary buds also could be observed when auxins were added to the
medium along with BAP Higher levels of BAP and kinetin in. combination with
lower levels of NAA resulted 1n lugh frequency of multiple axillary bud production
Bajaj er al (1983) could produce only six plantlets from one cormel through in vitro

techmques

The culture media also influenced the success of n virro propagation

Normally 1t 1s possible to employ the same medium throughout Stages 1 and 2 The



medium 1 Stage 1 should enable the survival in witro The medium m Stage 2
should enable the multiplication of the propagule The medium in Stage 3 should

enable the process of rhizogenesis of the propagules (Murashuge 1974)

Murashige and Skoog s (1962) medium developed for tobacco has been

used for the in vitro culture of different plant species (Bonga 1980)

The medum used for the micropropagation of gladiolus varied with the
explants and routes tried Ziv er al (1970) used modified MS medium for nflores
cence segments for callus production and subsequent organogenesis The present
investigations carried out using MS medium and modified MS medium gave similar
results Simonson and Hilderbrandt (1971) also used the modified MS medium for

callus production from corm and cormel tip explants

For the micropropagation of the members of the family Indaceae Lilia
ceae and Amaryllidaceae Hussey (1975 and 1976b) employed full strength MS
medium Half strength MS medium 1n which 1ron was added as ferrous ethylenedia
mine sulphate (25 0 mg 1 1) was used by Hussey (1977) for in witro release of ax:
llary buds from corm explants of gladiolus Ziv (1979) used full strength MS
medium supplemented with 100 0 mg 1 1 myomosttol 04 mg 1 1 thiammne hydro
chloride 10 mg 1 ! mcotinic acid 10 mg | 1 pyrodoxine 2 0 mg 1 1 inetin and
01 mgl 1 NAA for the propagule multiplication and half strength MS medmum
supplemented with 0 4 mg 1 ! thramune hydrochloride 0 5 mg 1 1 NAA and sucrose
(half the requirement 12 15 0 mg 1 1) for the pretransplanting medium The root
growth and number of roots were more in the half strength MS medium which

lacked the cytokinin



MS full  strength medum for the  micropropagation
of gladiolus was suggested by various workers (Bajay et al 1983 Dickens er al
1986 Lilen kipms and Kochba 1987 Dantyy and Bhojwarn 1987 Kim er al
1988 Kamo eral 1990 Ziv 1990 Arora and Grewal 1990 Steimtz er al 1991

and De Bruyn and Ferreira 1992)

The present investigations were carried out with three media viz MS
Whte s and SH The culture establishment trial wa, conducted 1n these media with
corm axillary bud explants supplemented with BAP 3 0 mg 1 1 MS medium was
found to be supenior with respect to the time taker for sprouting for elongation of
shoots and the number of shoots produced The favourable effects of bud bursting

and multiple shoot production by cytokinins had been reported by Murashige (1974)

Hussey (1976a) reported enhanced release of axillary buds by incorporat
mg BAP 0008 to 32 000 mg 1 1 into the MS medum The maximum rate of
branching observed was 1 to 5 per plantlet at lower concentrations of BAP At
higher concentrations 1e 2 000 mg 1 1 highly distorted plantlets with numerous
branches were produced and crowns later became swollen and callus like This
indicated that the outgrowths were truely axillary as only few branches were pro
duced with distichous arrangement at lower levels of BAP But higher levels of
BAP promoted secondary axillary bud production as the apical dominance was
progresstvely reduced 1n both the main shoot and released laterals as a result of
pile up of growing axillaries leading to crowding and non distichous arrangement
Ztv (1979) obtaned enhanced release of axillary buds in MS medium supplemented
with kinetin 2 0 mg 1 1 and NAA O 1 mg | 1 without callus production



Repeated proliferation of axillary buds was observed by Lilien kipnis and
Kochba (1987) when the apical and lateral buds of gladiolus corms and cormels were
moculated to MS medium supplemented with low levels of NAA and BAP or kine

tin

In the present investigation when the elongated buds from Stage 1 were
mocuiated to MS medium containing different levels of cytokinins (BAP Kinetin
2ip) and their combinations with different levels of NAA production of multiple
axillary buds and callus were observed (Tables 11 12 and 13) The treatments
having lower levels of BAP and thewr combinations with lower levels of auxin
produced only multiple axillary buds and a very high rate of multiple axillary bud
production could be observed with lower levels of BAP 1n combination with lower
levels of NAA without any callus productton As the concentration of BAP and
NAA 1ncreased callus production was also mcreased with gradual reduction 1n the
rate of multiple axillary bud production Thus 15 1n confirmation with the findings of

Hussey (1976)

It was also found that the rate of axillary bud production and callusmg
was lesser with kinetin and NAA Medium rate of multiple axillary bud production
was also observed in all the levels of kinetin Inclusion ot auxin (NAA) at higher
levels with kinetin induced callus Higher levels of kinetin with lower levels of NAA
resulted n the swelling of the shoot base and rhizogenests  Ziv 1979 and Bajay et
al (1983) also observed rhizogenesis when combrnation of higher levels of kinetin

and lower levels of NAA was used in the media



Low rate of multiple axillary buds production and callus production were
observed at higher concentrations of 21p Callus production was also observed when
the auxins were mcorporated with 21p Lower levels of 21p resulted 1n the elongation

of single shoots while 1ts combnation with NAA resulted n rhizogenesis

Frequent subculturing 1 MS medium contaiming BAP 2 0 mg ] ! and
NAAOSmgl 1 and BAP2 0 mg 1 1 1nduced very igh rate of multiple axillary bud

production (Table 14)

Combination of higher levels of BAP and NAA also produced multiple
axallary buds and at the same time callusing was also noticed Contrary to this the
bud aggregates obtamned when transferred to MS medium containing low concentra
tion of BAP produced normal shoots (Hussey 1976a) By subculturing successively

with reduced levels of BAP he obtained normal rooted plantlets

Investigations were carried out for the elongation of the bud aggregates
using MS basal medium with different levels of BAP and NAA Both MS and half
strength MS medium without the growth regulators induced elongation of shoots
and production of normal roots (Table 15) This was found to be i confirmation
with the findings of Kim ez @/ (1988) The medium containing the growth regulators

enhanced further multiplication of the multiple axillary buds and callus production

The treatments having NAA 1n both the media resulted in raptd conver
sion of the multiple axillary buds to callus This 1s 1n confirmation with the findings
of Hussey (1975) who also reported the role of auxin 1n enhancing callus produc

tion (Hussey 1975) The addition of NAA inhibited shoot growth and enhanced



callus formation the extent of callus formation was higher when the level of auxin

was near to that of BAP (Hussey 1977)

In the present study with the different basal media like full strength MS
salt medium half strength MS salt medium SH salt medwum and White s salt
medium the elongation of multiple axillary buds were observed 1n all the media test
ed Elongation of buds were earlier 1n half strength MS medium The elongation of
bud aggregates into normal shoots in MS medium has also been reported by Hussey
(1977) and Ziv (1979) The production of roots were earlier in SH half strength
MS and full strength MS medium More days for mtiation of roots were taken by
White s medium (Table 16)

The highest number of shoots was formed in full strength MS medium
Simular results have been obtained m Pineapple (Prabha 1993) The maximum shoot
length was also observed m MS full strength medium However the number roots

were maximum 1n SH medium

The media further differed in the nature of roots produced Normal roots
with root hairs were obtammed m full strength MS medmm and half strength MS
medium  Ziv (1979) also obtained normal roots 1n the half strength MS medium
The roots produced in SH medium were found be to thick unbranched and taperng

nature

Medum supplements like coconut water and activated charcoal have
been used for the growth and differentiation of excised tissues and organs of several
crops The beneficial effect of coconut water has been attributed to the presence of

cytokimin like substances (Straus and Rodney 1960) Coconut water contains a



number of cell division factors and free amnoacids (Shantz and Steward 1952) In
the present mvestigation when the MS full strength medium was supplemented with
coconut water to study the effect of coconut water on the production of normal
shoots from multiple bud aggregates 1t has been observed that as the concentration
of the coconut water ncreased the days taken for shoot elongation also increased
Though the presence of coconut water in the medium enhanced early rooting and
mcreased the number°£oots all the roots produced were devoid of root hairs

Coconut water also reduced the number of shoots (Table 17)

Addition of activated charcoal to the medium resulted 1n early mduction
of roots and also increased number of roots (Table 17) This 1s 1n confirmation with
the finding of Ziv (1979) as he could mmprove the root production and growth by
adding 0 3 per cent activated charcoal to the pre transplanting medium However
the present mvestigation revealed the reduction 1n shoot length and shoot number 1n

the presence of activated charcoal

Investigations conducted 1n the field of plant tissue culture had shown
that zn vitro rooting could be successfully achieved by reducing the salt concentra
tion m the media particularly 1n hugh salt media like MS and 1ts derivatives (Kartha
et al 1974 Lane 1979 Skuvin and Chu 1979) Half the concentration of MS
medum was found to be inducing rooting m banana without affecting the shoot
growth unlike 1n certain species (Wang 1978 Gupta er a! 1981) Balachandran
(1993) reported cent per cent rooting of banana cultures in both half and full con
centration of MS medium Elongated shoots of gladiolus rooted easily when trans
ferred to half strength MS medium supplemented with 0 5 mg 1 1 NAA and 150
gl 1 sucrose (Ziv 1979)



In the present study where the experiments were conducted on the
elongated shoots of Stage 2 using different media (full strength MS half strength
MS liquid full strength MS hiquid half strength MS and SH) earler root mduction
was observed in liquid full strength MS and Liquid half strength MS medium (Table
19) 1hts 1s 1n lime with the findings ot Arora and Grewal (1990) However the
number of roots were higher 1n full strength MS medium and SH medium Length of

the roots was also found to be more 1n solid full strength MS mediim

Normal roots with branching habit were observed 1n MS full strength and
half strength semi solid media In liquud full strength and hatf strength media roots

with more root hairs were observed Thick roots were observed 1n SH medium

Hussey (1976a and 1977) repor‘ed the inhubition of root growth 1n glad
olus when BAP concentration was increased above 0 12 mg 1 1 The present nvesti
gation also revealed that the rooting of elongated shoots 1s not possible m cytokinn
rich media This comcides with the statement of Yeoma (1986) Accordmg to um
all cytokinins inhibit root induction and BAP which 15 widely used for shoot mult1
plication does so particularly strongly that roots are delayed even after tranferring to

a cytokinm free medium

Ancora ef al (1981) reported the effectiveness of IBA and NAA on root
mduction of in vitro produced plants In the present study conducted with different
levels of sucrose in combination with vanious levels of NAA and IBA lower levels
of auxins (0 5 mg | lorto mg 1 1 of IBA and NAA) induced early rooting (Tables
20 and 21)



Number of roots were found to be more 1n media having lower levels of
IBA 1 combination with hugher levels of sucrose than the treatments having lower

levels of NAA and higher levels of sucrose

Length of roots was also tound to be superior 1n the treatments having

lower levels of IBA and NAA 1n combination with hugher levels of sucrose

Normal roots with branching habit were observed when the medium was
supplemented with lower levels of IBA and higher levels sucrose (IBA 0 5 mg | 14
sucrose 3 0 per cent) or in the combination of 3 0 per cent sucrose with 0 5 mg 1 1

IBAor10mgl!iBA

The role of NAA at lower levels alone or in combmation with kinetin on
the rooting of gladiolus cultures was reported by many workers (Ziv 1979 Bajaj et
al 1983 and Dickens er al 1986) In the present study it has been found that
lower levels of IBA 1s most 1deal for rooting According to the present study lower
levels of sucrose adversely affected rooting as more number of roots early root 1
tiation etc were recorded n treatments having higher levels of sucrose and lower
levels of auxins This contradict the findings of Ziv (1979) asshe has observed pro
fuse rootung of elongated gladiolus shoots with the half concentration of sucrose m

the media

According to Ziv (1979) the rooting of n vitro shoots of gladiolus was
faster when the shoots inoculated to pre transplanting media were kept under high
light ntensities In this study the exclusion of light increased the number of roots
length of roots etc The roots produced were normal at lower concentrations of auxmn

(IBA) under etiolated condition



Rumynin et al (1990) used BAP free medium supplemented with JAA
01mgl 1 and activated charcoal (AC50¢g!l 1) for rooting of in vitro produced
shoots In the present study conducted with different concentrations of activated
charcoal that at O 3 per cent induced more number of roots (Table 23) This s m

confirmation with the findings of Ziv (1979)

The success of tissue culture depends on the establishment of in vitro
produced plants in natural conditton Under n viro condition the plants will be
heterotrophs and they have to gradually get converted into autotrophs The harden
g 1s the process of making in vitro raised plantlets adapted to the outside environ
ment Bramered and Fuchigami (1981) and Fabbn er al (1984) have reported the
umproper development of cuticle on the tissue cultured plants Another problem was
the 1improper connection between the root and shoots of in virro plantlets The plants
have to undergo both morphological and physiological adaptation so as to enable
them the typical terrestrial plant water control mechamism for which a perniod of
humidity acclimatisation was considered necessary (Grout and Aston 1977 Sutter ef

al 1985)

Bhaskar (1991) and Balachandran (1993) have modified the techmques
for hardemng of mn witro banana plants Better results could be obtained when the
roots of the plantlets were dipped i O 1 per cent Bavistin for 5 minutes and the
plantlets covered with mucroscope cover after planting Poor survival of transplanted
plants of gladiolus was mainly because of the poorly developed roots orginating
actually from the basal part of the oniginal explant and not from the newly formed

plantlets and also because of the absence of direct vascular conrection between the



roots and shoots (Ziv ef al  1970) Hardening ot the planticts could be possible by
transferring the plantlets into a pre transplanting medium with half strength MS salt
mixture 15 O per cent sucrose 0 5 mg 1 1 NAA and 0 3 per cent activated charcoal
(Ziv 1979) which increased the survival percentage of plantlet by preventing desic

cation after transplanting The method also helped 1n the production of non dormant

corms

In this present mvestigation transplanting studies have shown that the
maximum survival percentage of plantlets was observed 1n the case of plantlets treat
ed with 0 2 per cent Bavistin soon after the removal from the culture vessels fol
lowed by treatment with 0 2 per cent M8ncozeb and norfloxacin at the time of plant
mg post planting treatment with 1/10th strength MS solution 1n alternate days
drenching with trradimefon 20 0 mg | 1 solution at 3 days 1nterval and then keeping
the plantiets under an 1mprovised mist chamber Under this conditions up to 50 0
per cent survival was observed 1n the case of plantlets planted 1n coarse sand m mud
pots Later corm production were also reported Fifty per cent of the survived
plantlets produced corms of sufficiently larger size when they were planted in the

plastic pots using coarse sand as the medium (Table 25)

Among the various explants tried for somatic organogenesis 1nflores
cence axis segments taken before the actual emergence from the plants were found to
be 1deal with respect to the callus imitration and growth direct organogenesis and
callus differentiation (Table 27 to 32) Ziv et al (1970) used the explants from
mflorescence axis before emergence for callus induction and regeneration Bajay et
al (1983) and Kamo er al (1990) have also reported best callus production from

segments of the flower stalks



Bajaj er al (1983) could 1nduce callus from bracts denuded flower etc
In the present study also cent per cent cultures of flower buds and 80 O per cent
cultures of bracts nduced callus (Tables 32 and 33 respectively) In vitro and n
vivo root pieces also induced callus but the percentage of cultures responded was
very less (Table 37) Leaf explants according to Bajaj ef al (1983) failed to induce
callus Callus induction from innermost leaf explants was recorded by Babu et al
(1992) 1n ginger In the present study conducted 1n gladiolus also the innermost leaf
explants responded (Table 40) It 1s reported that the success in callus induction of
the flower stem axis of tulip depends on the stage of development of floral stems
(Alderson et al  1983) In gladiolus too the stage of development of the mflores
cence was important for callus induction Bajaj et al (1983) and Ziv et al (1970)
have also reported proliferation of callus from the immature stage of the inflores
cence In the present study conducted with the immature and mature inflorescence
axis the mature inflorescence axis segment produced large number of roots from the
basal callus (Plate 57) and 1t failed to induce morphogenetic response while culture

of immature inflorescence segment responded well

Direct organogenests from the inflorescence axis segments was recorded
1n the presence of higher levels of NAA and lower levels of BAP and kinetin Direct
morphogenests 1n about 50 0 per cent cultures was reported when the modified MS

medium was supplemented with 15 0 mg 1 INAAand30 mg | 1 BAP (Table 27)

Direct rhizogenesis was also observed in many treatments the highest
bemng m the modified MS medrum having hugh levels of auxins alone Combinations

of NAA with kinetin also resulted 1n the same response but the rate or per cent



Plate 56

Plate 57

In vitro produced corm germnated under ¢ viero
condition

Response of mature nflorescence segments to somatic
organogenests






cultures which pr duced morph genests were lesser (latle 25) Dire t g g
sts especially morphogenests was not reported in gladiolus so tar In ginger direct
organogenesis trom the immature inflorescence was reported 1n revised MS medium

supplemented with 10 0 mg | 1 BAP and 0 2 mg 1 124D (Babu er al  1992)

The cultures of inflorescence segments produced callus 1n the m diticd
MS medium supplemented with various levels of NAA and cytokinins (BAP and
kinetin) both i 16 h photoperiod and in complete darkness The percentage of
cultures which developed callus were increased as the concentration ot the NAA
increased Combinations of NAA with BAP resulted 1n high callus index ¢ mpared
to the combinations of NAA with kimetin (Tables 29 to 32) The results ¢ f this study
agree with those of Ziv et al (1970) and Bajaj er al (1983) as they could induce
callus trom the inflorescence segments in MS medum supplemented with NAA and

kinetin

Cultures kept 1n the darkness also had the same trend but the resjonse

was early

Dutterentiation of inflorescence derived callus was made p ssible by
transferring this callus to MS medium supplemented with NAA 01 my | I and
kinetin 2 0 mg 1 1 (Baja) er al  1983) The regeneration ot leat derived callus 1n
ginger was observed in MS medium supplemented with 2 4 D and cytokinins BAI
or kinetm The cultures when transferred to the basal MS medium resulted 1n rhiz

genesis

In the present study earlier differentiation of callus int sh ttud wa

found 1n the medium supplemented with ditterent levels of BAP (05t 3 1¢ 1 !



Ditterent levels ot kinetin 1n the media could also ditferentiate the allus tutt K
more time In ginger also 1t 15 reported that the differentiaticn ¢t callus a MS
medium supplemented with 1w levels of BAP and the transterring of these sho t
buds to media contaiming difterent concentrations of NAA and BAP devel ped

shoots (Malamug er al  1991)

Difterent levels of 2ip also could ditterentiate the callus but the rate t
rhizogenesis and shoot production was very little The number of shocts were great

er in the medium having BAP compared to that having kineun and 2ip

Differentiation of the inflorescence derived callus was also made p ssaible

by the combinations of NAA and cytokimins (BAP and kinetin)

Flower buds and bracts taken from the immature inflorescence + glads
lus also callused from the stalk portion and gave a callus index ¢t 100 00 and 80 00
respectively 1n some of the combinations «f high levels of NAA with | wer level
ot BAP Production ot callus trom flower stalk and bracts was reported in glad lus
by Bajaj er al (1983) too 1n MS medium supplemented with NAA 10 0 my, | !
kinetin 0 5 mg 1 1

Callus obtained from the corm axillary bud and cormel up explants dif
terentiated 1nto shoots and roots in various treatments Among the vanous basal
media tried MS full strength medium was found to be the most etfecive onc  with
respect to  early differentiation and number of shoot buds produced However
addition of coconut water 1nto the medium at a rate of 20 0 ml t ! resulted 1n morc
number of shoot buds and earher difterentation Further increase tn the con entra

tion of the coconut water did not incredase the number of shoot (Tables 37t 39)



Supplemenung the medium with lower levels of cytokinins (BAP kinetin
and 21p) however 1ncreased the number shoots dunng callus differentiatt n Among
the cytokimins BAP was tound to be most etfecive This contradicts the tindings
Kim et al (1988) suggesting a cytokinm free medium for the successtul regenerd
ton ot gladiolus callus derived from the corm explants cultured in MS medium
supplemented with 10 0 mg 1 1 24Dand 10 mg | ! Kinetin Cytckimmn tree media
for regeneration of inflorescence dertved callus was also proposed by Kamo er al
(1990) as they tound the ditterentiation ot inflorescence derived callus t gladiolu
culuvars Blue Isle and Huntung Song cultured in MS basal medium But the positive
etfect ot BAP and kinetin on callus differentiation 1n combination with auxins have
been reported 1n ginger (Babu ef a/ 1992) with more number of shhot buds in

medium supplemented BAP

So far there are no reports of organogenesis from the root explants t the
gladiolus Present study indicated that in MS medium high auxin (NAA) 1in coml 1na
tion with cytokinm (BAP) can induce callus under 16 h photoperiod (Table 40

Regeneration of root derived callus also made possible (Tables 41 and 42)

Somatic embry genesis was ¢ bserved 1n banana shoot tp callus cultured
in MS basal medium supplemented with 2 4 D on prolonged incubation and 1mme
diate transter to MS liquid medium devoid of growth regulators (Banerjee er al
1985) In gladiolus somatic embryogenesis has not so far been reported In the
present study with leat explants taken from the inner most leaves however devdl
oped callus under prolonged incubation in darkness and 1t later developed globular

bodies These later turned to callus when the subculture was delayed (Table 43)



The gladiolus cultures 1t lett in sucrose medium with ut subculturng, t
the pre transplanung medium were found to develop dormant cormels (Ziv 1979
Dickens er ol (1987) could induce corm production 1n hardening media intr duc 1

an auxin (NAA) at rate of 0 5 mg | 1

Transplanting and establishing of in vitro produced gladiolus plantlets
was not easy and the survival percentage was very less Attempts were carried out t
produce in vitro corms and to transplant the in vuro produced corms directly t
planting media Production of the corms in the culture tubes was reported by Z v
(1979) when she retained the cultures without subculturing Similar results were
also obtamed 1 the present study (Plate 58) The formation of corms on the basal
portion of the i vitro shoots was observed even in the presence of auxin (NAA) n
the hardening medium (Dickens ef @l 1986) Dantu and Bhawani (1)87) pr
duced tn virro corms from axillary buds both 1n hquid and solid media and  bserved
increased rate of corm production as the concentration of sucrose increased fr m
3 0 per cent to 6 0 per cent The role of sucrose as an important carb hydrate 1n th
in viro bulb development have also been reported by Taeb and Alders n (1990) 1t

tulips

Ziv (1991) reported the tormation of cormlets from the multiple bud
gladiolus denived from bud explants of cormels tn the hardemng phase with
addition of growth retardent paclobutrazol The formation of corms trom the el
gated shoots 1n the basal MS medium supplemented with 1 0 mg | 1 IBA was rep 1
ed by Rao er el (1991) In the present study attempt was made ty pr duce lar
sized corms under n vitro conditions It was observed that the presence (f ucr ¢

higher level resulted in corm induction majonty number ot the cultures (Tt 34



Plate 58 Corm formation 1n the culture medium when retained
without subculturing






This was 1n confirmation with the findings of Dantu and Bhojawani (1987) It was
also observed that the size of corms induced were larger 1n media containing auxin
(NAA) Tiis may be due to the antogomising action of auxin over residual cytoki
nins as the presence of cytokiuns 1n the medium 1s deleterious for corm formation
as reported by Lilien kipnis and Kochba (1987) and De Bruyn and Ferriera (1992)

The presence of auxins (NAA or IBA) at lower levels in the medium was also found
to favour root production and corm formation (Dickerns et al 1986 and Rao ez al

1991)

Effect of growth retardants in promoting corm production on the elon
gated shoots of in vitro gladiolus cultures had been reported by Ziv (1990 1991) the
proliferating axillary buds when transferred to hardening phase media 1n presence of
paclobutrazol resulted m formation of corms Steimtz ez al (1991) found that 1mitial
treatment with BAP 1n the medum and successwvely culturing on medium without
growth regulators but with mclusion of paclobutrazol promoted corm development
and fresh weight of the corms In the present study conducted with the nclusion of
triazol (Triadimefon) 5 0 mg | ! into the MS medium supplemented with 5 0 per
cent sucrose and NAA 05 mg | ! resulted m corm production 1n all the cultures
Etiolation of the basal portion of the tubes resulted in early corm induction and
mcrease 1n corm size upto 12 1 mm (Table 45) The maximum size of i vitro corms

1n the available literature 1s 8 10 mm (Ziv  1990)

Favourable effect of sucrose on bulb formation 1n tulip (Alderson and
Thaeb 1990) and for corm formation in gladiolus (Dantu and Bhojawam 1987)

have been reported Chow et al (1992) reported mcreased percentage of bulbils

formaution in narclssus from 49 O per cent to 71 0 per cont by inereasing the sucrose



concentration from 3 O per cent to 6 O per cent or 9 0 per cent Growth of bulbils
was also favoured by increasing sucrose concentration and the presence of low levels
of NAA had no deleterzous effect In the mvestigation conducted to study the effect
of sucrose on corm size improvement 1t has been found that increasing the concen
tration of sucrose has a direct effect on the size of corms (Table 46) The corm size

could be increased from 1 04 mm (3 0% sucrose) to 1 82 cm (8 0% sucrose)

The production of roots increased as the concentration of sucrose in
creased in the medium upto 7 O per cent thereafter a decrease 1n the number of
roots was observed This contradicts the findings of Ziv (1979) as she observed high
rate of root production 1n the medium having half the normal concentration of su
crose The exclusion of light from the basal portion of the culture vessels however
had little effect on the corm elongement although the number of roots increased

(Table 47)

In the present study with different levels of sucrose and triazol (Trrad
mefon) on corm enlargement the corm size could be increased from02cmto 23
cm m hqud MS medwum supplemented with 5 0 per cent sucrose and 3 0 mg 1 1
triazol (Table 48) This 1s in confirmation with the findings of Stemnitz er al (1991)
who reported that the growth retardant paclobutrazol at 10 0 mg 1 ! had a positive
effect on corm formation and development in the presence of high concentration of
sucrose as the presence of paclobutrazol shifted the assimilate allocation towards the
growing corm The presence of the triazo! also resulted 1n the production of adven

titious corms and the plantlets survived for a long time

The foregoing discussions on the results generated from the present

studtes mdicated the possibility of efficient and faster multiplication of elite clones of



gladiolus w1 vizro circumventing the undesirable effect of dormancy Further stud
1es however are necessary especially to refine ex witro techmiques and to evaluate

field performance

Callus mediated organogenesis offers immense scope for developing
variants through induced mutagenesis This would turn to be a hughly beneficial tool

1n breeding of gladrolus in vitro

The results of the present studies also point to the possibility of somatic
embryogenesis in gladiolus Feasibility of enhancing size of corms w vitro 1s also
highly desirable since 1t reduces the time delay wn production of commercially ac

ceptable corms
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SUMMARY

Investigations on the response of gladiolus to rapid cloming through in
vitro techmques were carried out at the Plant Tissue Culture Laboratory attached to
the All India Co ordmated Floriculture Improvement Project (AICFIP) College of
Horticulture Vellamkkara The main objective was to study the response of various
explants of gladiolus and to identify the most suitable explant and media combination
for tn vitro cloning Attempts were also made to increase the size of mn vifro pro

duced corms The results and salient findings are summarised hereunder

The response of various explants of gladiolus was attempted through
enhanced release of axillary buds organogenesis and somatic embryogenesis 1n the
present study The different explants tried were corm axillary buds cormel tips
inflorescence segments leaves buds bracts and root segments The corm axillary
buds and cormel tips were used for the enhanced release of axillary buds and others

were tried for somatic organogenesis (direct or ndirect)

Treatment with 0 1 per cent mercuric chlonde for 20 to 25 munutes or
0 2 per cent mercuric chloride for 15 minutes was 1deal for surface sterilisation of

corm axillary buds and cormel tip explants

For inflorescence segments and leaf segments treatment with 0 1 per
cent mercuric chloride for two munutes and three minutes respectively was found to

be 1deal



The most 1deal season for corm explant collection was Aprl when the
percentage survival was 100 00 and 1n the case of cormel explants the 1deal season

of collection was Apri to May and also from September to November

The culture establishment of corm axillary buds was tried at various
stages of corm development MS medium supplemented with BAP 4 0 mg 1 ! was
found to be 1deal for early bud break after breaking dormancy under tn vitro condi
tion Maximum shoot proliferation was observed when MS medrum was supple
mented with 3 0 mg 1 1 BAP 1n the case of corms taken out soon after the drymng of

mflorescence (Stage I)

MS medium supplemented with BAP 3 0 mg | 1 or BAP 40 mg | 1 was
found to be 1deal for breaking the dormancy under the in vitro condition and resulted
m early (53 and 5 6 days respectively) bud break Maximum number of shoots
(5 7) were produced m the treatment having 3 0 mg 1 1 of BAP 1 the case of

corms harvested after 30 days of drying of inflorescence (Stage II)

In the case of corms harvested after 60 days of drying of mflorescence
(Stage 11I) BAP 3 mg | 1 1nduced early bud break (5 0 days) under iz vitro condi
tton Maximum number of shoots (4 6) was obtataned when 2 mg 1 1 BAP was

used

In the case of the axillary buds taken from the corms harvested 90 days
after the drywmg of inflorescence (Stage IV) MS medium supplemented with 2 0
mg 1 1 BAP took less time (2 5 days) for the emergence of bud after breaking the
dormancy Maximum number of adventitious shoots (5 10) was obtained when MS

medium was supplemented with 3 0 mg 1 1 pap



In the case of cormels harvested soon after the drying of inflorescence
early bud emergence was reported m medium supplemented with 3 0 mg 1 ! BAP
and maximum number of shoots was obtataned in medium supplemented with BAP

40mg11

In corme] ups taken from the cormels harvesied 30 days alter drying ot
inflorescence early bud emergence was obtained when the medium was supplement
ed with 1 0 mg | 1 BAP and 0 5 mgl 1 NAA (9 68 days) A shoot number of 3 86
was observed in the medium having 4 0 mg 1 1 BAP whereas BAP 3 0 mg | 1 was
found to be 1deal for breaking in vitro dormancy of cormels harvested sixty days
after drymng of inflorescence and the number of shoots was the maximum (2 94) m
the medium having 4 0 mg 1 1 BAP In the case of cormels taken 90 days after
drymng of nflorescence BAP 4 0 mg 1 1 was found to be 1deal for early bud emer
gence whereas for maximum adventitious shoot production BAP 3 0 mg 1 1 was

found to be 1deal

When the cormel tip cultures were retalaned without subculturing higher
levels of BAP and kinetin in combination with NAA at lower levels resulted 1n the

production of multiple axillary buds 1n all the stages of cormel growth

Very high rate of multiple axillary bud growth was obtamned in MS
medium supplemented with BAP 1 mg | 1 and NAA O 5 mg | 1 or BAP 20 mg | 1
and NAA 05 mg l 1 when elongated shoots from the cormel tips or corm axillary
bud cultures were subcultured Frequent subculturmg mto the medium contaming
BAP 20 mg 1 1 and NAA 05 mg 1 1 continued production of multiple axillary

buds were noticed



Some of the combinations also produced callus High rate of callus
production was observed in MS medium when supplemented with 1 0 mg 1 1 pap
and05mgl ! NAAor2 0mgl 1 BAPand 05 mgl ] NAA

Elongation of the multple axillary buds with normal shoot growth and
root growth was recorded in full strength MS medium devoid of growth regulators
Liquud full strength MS medmum took the munimum days (8 3) for induction of roots
on elongated shoots Maximum number of roots were observed i solid MS and SH
medwum and normal roots with branching habit were produced 1n MS media (both
full and half strength)

Inclusion of auxins and different levels of sucrose mnto the media could
not mduce early rooting However they could increase the number of roots Maxi
mum number of roots (15 8) was observed 1n treatment having 3 0 per cent sucrose
and 0 5mg! 1 NAA Excluston of hight and addition of 1 0 mg 1 1 1BA also result
ed 1n hugh rate of root production (19 4)

Maximum survival percentage of the plantlets was obtained when the
rooted plantlets were treated with 0 2 per cent Bavistin soon after the removal from
the culture vessels followed by treatment with O 2 per cent mancozeb and norfloxa
cm at the trme of planting and post planting treatment with 1/10th strength MS salt
solution on alternate days and drenching with triazol (Triadimefon) 20 0 mg 1 1 gt
three days interval and later on keeping 1n an improvisied mist chamber Fafty per
cent survival of plantlets were obtained under thus condition when planted 1n mud

pots contaimng coarse sand



Inflorescence segments taken before the actual emergence were found to

be the most 1deal explants for somatic organogenesis

Direct organogenesis from the immature nflorescence axis segments was
obtained 1n modified MS medium supplemented with 15 mg 1 I NAA and30 mg | 1
BAP

Callus production was maximum 1n modified MS medium supplemented
with high levels of NAA and low levels of BAP compared to the medium supple
mented with NAA and kinetin Keeping the cultures under exclusion of light induced

early callus production

Dafferentiation of the callus dertved from the mflorescence segments was
made possible n MS medwum supplemented with lower levels of cytokimns (BAP
kmetin 21p) alone and m combination with NAA Earhest differentiation of callus
was possible m  MS medum supplemented with 3 0 mg 1 1 BAP and also m MS
medium supplemented with BAP mg 1 1 4 NAAOS mg 1 1 (17 4 days 1n both the

cases)

Maxtmum number of shoots was obtamned 1n the medium supplemented
with BAP 0 5 mgl 1 1 NAA 025 mgl 1 (14 6) while maximum number of roots

(9 8) was obtained mn the medum supplemented with 21p 1 0 mg 1 1

The callus obtained during the culture of corm axillary buds in the shoot
proliferation stage (Stage 2) could differentiate m basal full strength MS medium
half strength MS and SH medium devoid of growth regulators The MS full strength
medium was found to be superior with respect to earliness and number of shoots

Addition of 20 ml 1 1 coconut water to the medium further ncreased the earliness



and number of shoot buds Addition of BAP 0 5 mg | 1 to the basal medwm also

could increase the number of shoot buds

Callusing of ex vitro and tn witro roots was observed in MS medium
supplemented with 1 0 mg 1 1 BAP and 20 mg 1 1 NAA The explants collected
from i witro produced roots took 28 days and ex vitro root explants took 32 days to
develop callus The differentiation of these callus could be obtained when 3 0 mg 1 1
BAP and 1 0 mg | 1 NAA was added to the medum and subsequent transfer of the

cultures to medium devoid of growth regulators

Explants collected from the innermost leaves covering the mflorescence
underwent somatic embryogenesis when cultured m modified MS medium supple
mented with 15 0 mg | I NAA and 1 0 mg | 1 BAP and incubated under darkness

Further development of the embryos could not be obtained

In witro corm induction was maximum when the concentration of the
sucrose was increased i the medium Presence of NAA or Triadimefon increased

the size of n vitro produced corms

Maximum corm size (12 1 mm) was obtained 1n MS medum supple
mented with 5 O per cent sucrose 05 mg | 1 NAA and 50 mg 1 1 tr1azol (Triad
mefon) after four weeks m etiolated condiion Mimmum corm size (5 4 mm) was

recorded 1n the medium devord of triadimefon 1 open condition

The effect of sucrose levels on the enlargement of in witro produced
corms was significant The corm size was maximum (1 82 cm) m MS meduum
supplemented with 8 O per cent sucrose and was on par with the medium containing

9 0 per cent sucrose (1 60 cm) under 16 hour photoperiod



When light was excluded from the basal portion of the culture tubes
maximum corm size (1 76 cm) was obtaned 1n the medum supplemented with 9 0
per cent sucrose and was on par with corm size produced in the medium with 8 0

per cent sucrose (1 66 cm)

The maximum enlargement of n vitro produced corms (2 37 cm) was
observed 1n the MS liqmd medium supplemented with sucrose 5 0 per cent and triad
imefon 3 0 mg 1 1 The plantlets survived without drymg even after 15 weecks The

i vitro produced corms sprouted both under ir witro and 11 vivo conditions
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APPENDIX I
Chemical composition of the media

Chemcal Quantity (mg | 1)

MS —Modlfied MS SH White s
Macronutrients
KNOj 1900 000 1900 000 2500 00 80 0000
NH4NOj 1650 000 1650 00
KH»PO, 170 000
XCl 65 0000
NAH,PO4 HyO 300 700 19 0000
NH4H,PO4 300 00
MgSO, 7TH,0 370 000 370 000 400 00 737 0000
CaCly 2Hp0 440 000 440 000 200 00
Ca(NO3), 4H70 288 0000
Na;S804 10H,O 460 0000
Micronutrients
H3BO3 6 200 6 200 500
MnSO,4 4H,0 22 300 22 300 1 5000
MnSO4 H,O 10 060 0 7500
ZnS04 TH,0O 8 600 8 600 100
NaMoO,4 2H,0 0250 0250 010
CuSOy4 5H,0 0025 0025 020 0 0010
CoCl, 6H,0 0025 0025 010
K1 0 830 0 830 100
FeSO4 TH,O 27 800 27 800 15 00 27 8000
NaEDTA 33 600 33 600 20 00 2 6700
Mo0O3 0 0001



Vitamins

Thiamine HCI 0 100 0 100 500 0 1000
Pynidoxine HCI 0 500 0 500 050 0 1000
Nicotinc acid 0500 0 500 500 0 5000
Others

Glycine 2 000 2 000 3 0000
Myo mosttol 100 00 100 00 1000 00

Sucrose 30 00 3000 30 00 20 00
Adenene sulphate 10 00

pH 58 58 55 55
MS (Murashige and Skoog 1962)

SH (Shenk and Hilderbrandt 1972)

Whites (White 1943)



APPENDIX I
Monthly mean raimnfall distrbution during the pertod of January 1993 to December 1994

Month Monthly rainfall
(mm)
January 00
February 66
March 00
April 321
May 1311
June 7003
July 661 6
August 288 7
September 853
October 5190
November 74 6

December 180




APPENDIX I
Abstract of analysis of variance for the effect of differerit treatments during

culture estabhishment
st Characters Treratnent mean squares Error mean squares
No -
Corn Cormel Corn Cormel
axallary  tips ayillary  tips
buds buds
1 2 3 4 5 6
Degrees of freedon 11 48
1) Effect of BAP and HAA
a) Stage I
1) Tize taken for bud emergence 0 38 34 0 565% 1 86%
11) Humber of shoots 356 223 0 181% 0 421%
111) Time taken for shoot elongation 116 70 1572 0 815% 1 712%
b) Stage II
1) Time taken for bud emergence 96 12 30 07 1 374% 0 991#
11) Number of shoots 87 336 0 538% 0 222«
111) Time taken for shoot elongation 64 75 22 49 2 833% 1 142%
c) Stage IIT
1) Time taken for bud emergence 438 26 63 0 322% 0 886%
11) Humber of shoots 346 144 0 201% 0 358%
111) Tipe taken for shoot elomgation 501 14 87 0 399% 0 995%
d) Stage IV
1) Time taken for bud emergence 120 2 514 0 301% 0 541%
11) Number of shoots 445 0 57 0 215% 0 232%
111) T1me taken for shoot elengation 112 14 10 0 26% 0 584%
2) Effect of Kinetin and Nia
a) Stage I
1) Tiee taken for bud emergence 6 23 30 84 1 226% 2 4nx
11) Number of shoots 073 0 06 0 163% 0 069%
111) Time taken for shoot elongation 448 9 54 1 339 1 712%

Contd



Appendax III Continued
1 2
b) Stage II
1) Time taken for bud emergence
11) Number of shoots
111) Tame taken for shoot elongation
c} Stage IiI
1) Time taken for bud emergence

11) Number of shoots
111) Time taken for shoot elongation

d) Stage IV
1) Time taken for bud emergence
11) Number of shoots
111) Time taken for shoot elongation
3) Effect of media
Degrees of freedom

1) Time taken for bud emergence
11) Number of shoots
111} Trme taken for shoot elongation

3 4
17 40 879
080 0 082
2073 16 40
298 14 89
10 0132
6 58 13 02
11 914
0 61 12 00
154 14 10
20
5 71
6 25
84 40

% Significant at 5% level

1 850%
0 806
1 979%

0 157%
0 093*
1 300%

0 365%
0 143«
0 758%

120

0 690
0 170
0 900

177%
0 139%
1 367*

1 268*
0 027%
1 351%

0 682%
0 162+
0 584



APPENDIX IV

Abstract of analysis of varance for the effect of different treatments

sl Character

No

1) Elongation of multiple
axillary buds
Degree of freedom

1) Time taken for shoot
elongation
11} Time taken for root
imtiation
111) Number of shoots

1v) Length of shoots

v) Number of roots

2) In vitro rooting
Degree of freedom

1) Tame taken for root
iitiation
11) Number of roots

111) Length of roots

Treatment mean squares

Bffect Effect Effect

of of

of

media coconut actl

water

3 5

161 97

25 40

82 51

58 72

3519

of of
pedla IBA
and

sucr
ose

4 8

37 10

773

23 85

123

12 12

vated
char
coal

091

697

40 55

18 44

398

of
NAA
and
sucr
ose

8

of of
light act1
vated
char
coal
3 3

Brror mean squares

Effect Effect Effect

of

of

of

nedia coconut acti

16
*
1727
*
2 550
*
3325
*
0 997
*
5 764

of
pedia

20

vater

24
*
1575
*
1079
*

2 714

138
*
1201

of
IBA
and
sucr
ose

36

vated
char
coal

20

2 458
*
1155
*
1779

*
1 289
*
0 966

of
NAA
and
Sucr
ose

36

Effect Effect Effect Effect Effect Effect Effect Bffect Effect Bffect

of of
Light act1
vated

char
coal

16 16

*
2691 1701812104 088 0038 045 0682 1 045 0769 0473

X & * * *
20 01 163 67 556423685 439 10350758 0515 0306 1585

* * * %
054 1137 1071 3804 026 02200319 0143 0 414 0 542

Contd



Appendix IV Continued

Effect Effect

of of
cyto cyto
Kinins Kinins
and
auxin

3) Callus differentiation
a) Inflorescence derived callus

Degree of freedon 10 3
1) Time taken for 725 103
differentiation
11) Nunber of shoots 85 68 125 00
111) Number of roots 46 80 28 40

Bffect Effect
of of
cyto coconut

kinins water

b) Corm axillary bud and corn
tip derived callus

Degree of freedon 6 3

1) Tine taken for 88 08 3270
d1fferentiation

11) Number of shoots 7179 18 08

111) Number of roots

4) Crom enlargenent
Degree of freedom

1) Cotm s1ze

11) Number of roots

55

Effect Effect Effect
of of of
sucr  sucr- Triad)
ose 1n ose 1n xefon

light dark

6 6 9
023 028 0380

1347 550

xS1gnificant at 5% level

Effect Effect

of of
cyto  cyto
kimns kinins
and
auxin
44 16

* *
1744 2 600
* *

2 558 4 050
* *

0927 140
Effect Effect

of of

cyto coconut
kinins water

28 16
* *
5510 3295
* *
4370 1910
* *
3920 2 800
Effect Effect Effect
of of of
sucr sucr Triady
ose 1n ose 1n mefon
light dark
28 28 40

* *
0060 0058 00F

101 1400
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ABSTRACT

Investigations were carried out to study the response of gladiolus to
rapud cloning through in vitro techmques at the Department of Pomology and Floricul
ture and Plant Tissue Culture Laboratory of All India Co ordinated Floriculture
Improvement Project College of Horticulture Vellamkkara during 1992 94 The
main objective was to identify the most suitable explant and media combination for

vitro cloning

The explants used were corm axillary buds cormel tips inflorescence
nodal segments (for enhanced release of axillary buds) inflorescence internodal
segments flower buds flower bud bracts root segments (for somatic organogenesis)
and leaf segments (for somatic embryogenesis) The best season for the collection of
corm axillary buds and cormel tips was from September to May Surface sterthization
of the explants could be effectively done with 0 1 or 0 2 per cent mercuric chloride

and the duration of treatment varied from 1 to 25 minutes

Culture establishment of the corm axillary bud cormel tip explants were
better 1n MS medium supplemented with BAP ranging from 1 0 mg 1 lwao mg | 1
The concentration of BAP required varted according to the stage of development of
corms and cormels Higher levels of BAP was 1deal during early stages of develop
ment of corm and cormels Of the different media (White s SH and MS) tried MS
medium was found to be the best culture establishment (Stage 1) when supplemented

w1t1130mgllBAP



Elongated shoots of Stage 1 were subjected to shoot proliferation (Stage
2) Multiple axallary bud production was very high when the MS medium was supple
mented with BAP 10 mg 1! and NAAO 5 mg1) or BAP20mg 1! and NAA 05
mg 1 1 callus production from the base of the elongated shoots were observed when

the concentration of NAA 1ncreased 1n the medium

Of the different cytokinins (BAP kinetin and 21p) tried BAP was found
to be the best in Stage 2 Frequent subculturmg onto the MS medum containing BAP
20mgl 1 and NAAO'S mg 1 1 increased the production of multiple axillary buds
These when transferred to the MS medium devoid of growth regulators resulted m

elongation of shoots

The elongated shoots produced maximum number of roots in the MS
medmum contammng 1 0 mg 1 1 IBA under the exclusion of light However early root

ing was obtained m MS liquid medium devoid of growth regulators

Plantlet survival was maximum when treated with O 2 per cent Bavistin
immediately after removing from the culture vessels followed by treatment with 0 2
per cent mancozeb and norfloxacin at the time of transplanting and post planting
treatment with 1/10 MS solution and drenching with triadimefon 20 0 mg 1 1 at three

days interval inside improvised must chamber

Direct organogenesss could be obtammed from immature inflorescence
segments in modified MS medmum supplemented with 15 0 mg 1 1 NAA and 3 0
mg 1 ! BAP

Among the various explants tried for callus mediated organogenesis

callus index was the maximum (400) when unmature inflorescence segments were



moculated to the modified MS medium supplemented with NAA 15 0 mg | Lin16h
photoperiod and also in the medium supplemented with 15 0 mg 1 1 NAA +20
mg | 1 BAP and kept under exclusion of light The callus derived from inflorescence
segments differentiated 1nto shoots m the MS medium supplemented with 3 0 mg | 1
BAP and also 1n the medium supplemented with 1 0 mg 1 1 BAP and 05 mg 1 1
NAA Callus also could be obtained from flower buds and flower bud bracts

The callus derived from the corm axillary buds and cormel tip explants
in Stage 2 differentiated 1n the basal MS medmum devoid of growth regulators or
supplemented with 20 0 ml 1 1 coconut water and also m the medum with 0 5 mgl 1

BAP

The root segments (both in vitro and in vivo) produced callus m MS
medium supplemented with 1 0 mg 1 1 BAP and 2 0 mg 1 1 NAA and the differentia

tion was obtamned 1n the medium containing 3 0 mg 1 1BAPan10 mgl I NAA

Leaf segments failed to develop callus However the explants collected
from the leaf covering the inflorescence (boot leaf) when cultured in modified MS
medium supplemented with 15 0 mg 1! NAA and 10 mg 1 1 BAP and incubated

under darkness for three months developed somatic embryoes

In witro corm production was noticed 1n the cultures if planting out was
delayed Earliest and large sized corm mduction was made possible 1n elongated shoots
of gladiolus from Stage 2 in MS medium containing 5 O per cent sucrose 05 mg | 1
NAA and 50 mg 1 1 triadimefon kept under etiolated condition The size of the n
vitro produced corms enlarged from 0 2 cm to 2 3 c¢m 1n the MS liquid medium con

taining 5 O per cent sucrose and 3 0 mg 1 ! trradimefon



