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INTRODUCTION

Chromosome doubling and its manifestation on
cytomorphology have been well documented in a wide range of
plants by plant breeders. The phenomenon of polyploidy has
been recognised as one of the most outstanding methods that
can be adopted for crop improvement in many crops.
Eventhough induction of polyploidy has been debated as a
promising method of crob improvement in cucurbits
(Shiffriss, 1942; Singh and Yadav, 1984) it has been less

exploited in Cucumis sativus.

Cucumis sativus the s8pecies used in the present

study is popularly used as salad cucumber . Autopolyploids,
if they are vigorous and better Yielding can be used as new
varities or can be used for processing with normal deploids
to produce seedless triploids as in the case of watermelon,

apple, pear etc.

Induction of polyploidy necessitateas selection of
a suitable polyploidising agent, its effective
concentration and a sujitable method for its application.

Colchicine, an alkaloid of plant orgin, and the most widely



accepted and commonly used polyploidising agent was selected

for inducing polyploidy in the present investigation.

Taking into account of all these factors, the
present investigation was undertaken to analyse the effect

of colchicine for inducing polyploidy in Cucumis sativus

under in - vivo and in in - vitro conditions. The main

objectives were :-

1. To find out the effect of colchicine for the induction

of polyploidy in seed, seedling and apical bud

treatment in Cucumis sativus under in- vivo conditions.

2. To standardise a suitable medium for embryo culture in

Cucumis sativus.

3. To study the effect of <colchicine wunder in - wvitro

treatments.



REVIEW OF LITERATURE



REVIEW OFfF LITERATURE

Literature available ogn the various aspects
related to the pPresent investigation on the induction of
polyploidy by seed, apical bud and seedling treatment and by
in vitro Ereatmentg in Cucurbits haye been briefly reviewed

here. Similar works on Cucumis Sativus are found to be
HM1s 5. yYUus

meagre,
Polyploidy in Cucurbitaceae

The role of polyploidy in fucurbitaceoug plants

had been studied by Many research workers agng had been

view, Until 1947, role of chromosomal changes in
Cucurbitaceae was lessg debated. Bhaduri ang Bose (1947)
reported that chromosomal alterations were mainty
responsible for the Speciation in different genera of this
family, Ayyangar (1949, and Stebhbing (1950)) were of the
opinian  that chromosomal alterationg were not the only
reason responsible for sSpeciation in the whole family
cucurbitacese., Whitaker (1950) agreed with thig opinion and

Suggested that polyploidy might haye Played an tmportant



role in some genera of cucurbitaceae based on his studies in

Echinocystis macrocarpa.

In cucurbits amphiploidy was found to be
successful. When amphiploids raised from the hybrids of
five cultivated species of Cucurbita, recombinants with
better baking qualities were produced especially from the
tross C. maxima X C.moschata (Pearson et al. 195157 Whitaker
and Bohn, 1950). But according to Bemis (1950) such efforts

were unsuccessful with wild species of Cugurbita.

Polyploid forms were identified in a number of

genera like Irichosanthes, Melothriga, Momordica, Citrullus

and Cucumis (Batra, 1952 i Shimotsuma, 194S ; Roy et al.
19663 Singh, 19745 Agrawal and Roy, 1976; Singh and Roy,
19795 Dane and Tsuchiya, 1979). Roy and Bhosh (1971)  and
Singh (1975) reported that in genera Luffa and Cucumis

polyploidy induction showed positive response on its fruit

characters. In Citrullus vulgaris (Kihara, 19515 Andrus

et al, 1971) reparted that the polyploids were superior to

the diploids.

Many natural polyploids were reported in
cucurbitaceae by many research workers which include

Trichosantheg cucumeroids (Yamaha and Suematsu, 19346),
Echinocystis macrocarpa (Whitaker, 1950 ; Melothria.

Rurpusilla (Kumar and Vishveshwariah, 1951); Coccinia indica




an

(Kumar and Vishveswariah, 1952); and Corallocarpus

welwitschil (Miege, 1962); Cucumis ficifolius, Cucumis

hepladactylus (Shimotsuma, 1965); Momordica diocica (Roy et

al. 1966); Gamphogyne cissiformis (Roy and Trivedi, 196653

Trichosanthes palmata (Verghese, 1972); T. bracteata

(Thakur, 1973); Momordica assamica (Singh, 19792); Cucumis

acuteatus and C.figarei (Dane and Tsuchiya, 1976).

Singh and Yadav (1984) induced polyploidy in

Cucumis melo var. momordica and C. prophetarum and compared

their characters with (. wstulatus, C.membranifolius
C.meeusei and C.heptadactylus and concluded that €. meeusei

and C. heptadoctylus might be allopolyploids whereas

C.pustulatus and C. membranifolius wmight be segmental
allopolyploids. Induced polyploids attained diploid
behaviour and showed possibility of producing polyploids by

selection.

Gene transfer system with recessive "ms" was
reported to be wuseful in the improvement of tetraploid
cultivars in Citrullus lanatus and in the production of

seedless cultivars of triploid water melons (Love et al

1986) . In another report, tetraploids of Cucumis zevheri
were classified in two races as alloploids and segmental

autoploids, the former possessing six trivalents (Anon.

19864&) .
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Effect of colchicine

Colchicine, an alkaloid extracted from Cglchicum
autumnale has been widely used as a polyploidising agent.
Early discovery by Blakeslee and Avery (1937) and Nebel and
Ruttle (1938) that polyploid strains of plants can be
produced through the application of this chemical paved a

New way 1n crop improvement.

Colchicine mainly affects the mitosis. Suppression
of anaphase and lengthening the duration of metaphase
resulted in doubling of chromosomes (Halberstoedler and
Beck, 1943 ; Van't Hof, 19653 Davidson and Macleod; 19864,
Macleod and Davidson, 1968). Mechanism of its action was
sometimes thought fo alter viscasity of cytoplasm through
gel-sol dynamic equilibrium (Malawista, 1965; Chakraborty

and Biswas, 19465; Affonso et al. 19&47).

Krishnan t al. (1970) ascribed pairing failure
induced by colchicine, as observed at late prophase and
metaphase I of meiotic stages as the cause of asynapsis or

desynapsis.

Tubulin {(microtubular protein) the sub unit
protein present in the membranecus system in the cell was
identified as a colchicine binding protein by Welsenberg

et al. (1968). Artvinli (1987) confirmed this finding and



explained this as responsible for the failure of chromsomal
separation into daugther nuclei and thereby causing
chromosomal doubling. Singh (1983) reported that pure
colchicine 1s chemically with the formula CooHog0gN  which
can block the spindle formation and inhibit the movement of
sister chromatids to opposite poles. So the resulting
restitution nucleus contain double the number of

chromosomes.
Seed treatment

Treatment of seeds with colchicine at different
durations has been found to be effective in inducing

chromosome doubling.

Singh and Yadav (1984) soaked seeds of Cucumig

melo var. momordica and C.prophetarum in moist filter paper

for 12 hours and immersed in colchicine solution for
different periods and produced successfully the tetraploid

derivatives. Yadava et al. (198B&) treated the Fq hybrid

seeds of Cucumis dipsaceus X € anguria var. anquria and
C. dipsaceus X C. anguria var. longipus with 0.15 and 0.25

per cent colchicine solution and developed amphidiploids.
Dzevaltovskii (1982) also developed induced polyploids by

seed treatment with colchicine solutions in Melo sativus,

Cucumis sativus and Citrullus vulgaris.




Apical bud treatment

Soaking the apical buds of the plant 1ig yet
another method to induce polyploidy. Usually cotton soaked
with colchicine is kept on the apical buds of young seedling
for desired duration. Singh (1975) developed colchiploids

of Cucumis melo by apical bud treatment. This method was

also found to be an effective method in Cucumis melo var,

momordica and Cucumis prophetarum (Singh and Yadav, 1984) .

Dzevaltovskii (1982) alsa treated dpical buds of Melo

sativus Sag., Cucumis sativus and Citrullus vulgarig for

producing colchiploids.

Seedling treatment

Treating the whole seedling with caolchicine is
also described as an effective method to induce polyploidy.
Treating seedling with different concentrations of
colchicine solution for different duration was reported to
be effective in Luffa (Roy and Ghosh, 1971) and Cucumis
(Singh ,1975). Mackiewicz (1989) also induced chromosomal
alterations by seedling treatment with colchicine in Cucumis

sativus.
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Morphological variations

Many workers have raised induced polyploids with

morpholaogical variations in different genera like Cucumis,

Luffa, Irichasanthes, and Momordica (Shifriss, 1942;
Hartmair, 1943; Batra, 1952; Roy 197035 Singh y 19755 Roy and

Ghosh, 1971).

According to Singh (1979) induction of polyploidy
in cucurbitaceae pPlants resulted in initial stunted growth
but finally resulted in gigantism of the plants.
Amphidiploids of Cucumis sp. exhibited initial retarded
growth and subsequently increased vigour (Singh, 1986).
According to Singh and Yadav (1984) colchiploids of Cucumis
melg. var. momordica and Cucumis grophetarum showed
increased thickness of stem, length of petiole, length and
breadth of 1leaves, length of calyx tube, size of guard
cells, length aof stomatal aperture, pollen size etc. Yadava
et al. (1984) observed significant increase in vegetative
parameters like length and breadth of leaves and calyx
length in amphidiploids of Cucumis sp. over their diploid

counterparts.

Singh (1972) observed delayed flowering
- particularly in the case of female flowers and reduction in

number of flowers in the polypaolids of cucurbitaceae plants,
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Singh and Yadav (1984) reported that polyploid derivatives

of Cucumis sp. pProduced large female flowers. Yadava
et 3l. (1986) recorded significant increase in size of male

and female flowers in the polyploids of Cucumis sp.

Pollen characters

Colchiploids of Cucumis melo var. momordica and

C. prophetarum possessed high pollen fertility (76% and 77%

respectively) as reported by Singh and Yadav (1984). O0On the
contrary, Singh (1975) reported reduced pollen fertility in
Cucurbits due to unstable meiotic cycle. Singh (1979) noted
appreciably high pollen fertility in the autotetraploids and
almost complete sterility in the triploids of cucurbits. in

amphidiploid derivatives of Cucumis anguria increased pollen

fertility was observed by Yadava et al., 1986. Singh (19795)
reported that 1n polyploids of cucurbits, the i1nitial large
size of the ovary did not keep pace with the further
development of the plant and finally resulted in
comparatively smaller fruits or even deformed ones, But
Singh and Yadav (1984) reported that the polyploid cucurbits
produced caomparatively larger fruits and seeds eventhough
there is reduction in the number of fruits per plant and
number of seeds per fruit. Mackiewicz (19892) reported that
by colchicine effect there was reduction in fruit size in

cucumber.



Cytological effects

The action of colchicine on mitosis has been found
to be greatly efficient, Hhighly specific and totaily
selective. Observations by Nebel and Ruttle (1938) and Levan
(1938) showed that colchicine inhibited the spindle
formation of the dividing cells with out affecting the

division of chromasomes.

Singh (1979) reported that in majority of
polyploid forms of cucurbits the total chromatin length was
much less than the actual multiplied chromatin length of
their related diploid counter parts. In polyploids of
cucurbits, chromosomes undergo an overall diminution in
size, though there was exact multiplication of DNA content

(Darlington, 19653 Sharma, 1975). According to Turkov

et al. (1974) the root tips of Cucumis sativus had to bhe
pretreated in saturated solution of x~bromonaphthalene at
+5°C  for three hours and then to be fixed in 1:1 acetic
alcohol mixture for cytological observation. Before
staining with ferric acetocarmine the root tips are to be
treated 1n 3N HC1l at room temperature for 40 minutes.
Additional cold treatment was required one to get
differential constriction in the chromosomes. According to
Dane and Tsuchiya (1978) for roat tip cytological analysis a

pre—treatment of I hours in 0.002M B8-hydroxy quinoline at
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temperature or 21! hours in water at O°'C was required for
proper chromosome condensation and microtubule
depolymerisation in cucurbits. Root tips have to be fixed
for 48 hours at room temperature in 3:1 mixture of PS%

ethanol and glacial acetic acid and stained for two or more

days at room temperature in 0.7 per cent acetocaramine.

Induced polyploids in cucurbits showed
comparatively low frequency of multivalents irrespective of
the size of the chromosome (Singh, 1975), thus indicating
that the presence of more than one pair of homoloﬁps
chromosaomes was not the only requisite for multivalent
association and that probably the pairing was genetically
controlled on account of which only bivalent association was

observed in some pollen mother cells.

Feulgen stained chromosome, did not differ by
their banding pattern from acetocarmine stained chromosome,
but the former aones were less intensively stained (Turkaov
et al. 1974), They also reported that by comparing the
pattern of differential staining of chromosomes all the

seven pairs of chromosomes could be identified in Cucumis

sativus.

Singh and Yadava (1984) observed 24 bivalents in

Cucumis pustulatus and C.membranifolius whereas a few




13

Quadrivalents were recorded in C.meeusei and C.heptadactylus

which pointed out their allo or segmental allopolyploid
nature. At metaphase-1 colchiploids derived from Cucumis

melo wvar. momordica and €. prophetarum showed wunivalents

and multivalents along with normal bivalents. The mean
chiasma frequency was almost identical in natural
polyploids. Ramachandran and Narayanan (1985) found that
the total nuclear DNA content of chromosomes in Cucumis
varied from 1.373 tg 2.483 picpgram in diploids and 2.84646 to
3.88&6 picogram in tetraploids. Yadava et al. (1986)
reported that chromosome association in the amphidiploids

of cucurbits showed a number of multivalent association

besides bivalents and univalents.

In—-vitrao techniques

Experiments done by White (1933, 193%9), Gautheret
(1938), Nobecourt (1939), Reinert (1958), Steward et al.
(1958) and Movel (19&0) were often referred to as land marks
in the histary of 10 vitro techniques in crop 1mprovement.

First major completely defined medium for in vitro culture

was developed by Murashige and Skoog (1962).

The technique of artificial culturing of embryos
had been employed in growing interspecific hybrids,
intergeneric hybrids, monoploids and polyploids (Heingz,

et al. 1977). Embryo culture technique bad also been
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reported as a way to produce viable mutants in several crop

plants (Ghosh, 1982),.

In Cucumis sativus plant regeneration was reported

from axillary bud explants by Handley and Chambliss (1979).
Callus differentiation from cotyledons, hypocotyl explants
and root segments were also found to be successful in

Cucumis sativus (Sekioka and Tanaka, 19813 Trulson and

Shahin, 1986).

Several factors are found to be affecting the

developmental pattern of embycids in-vitro, such as
osmolarity, carbon source, reduced nitrogen, growth

regulators and culture conditions. (Ammirato, 1983).

Protoplast culture in Cucumis sativus was also

found to be successful but plant regeneration was reported
to be at very low freguency (Orczyk and Malepszy, 19855 and

Trulson and Shahin, 1986),

According to Wehner and Lacy (19819 the
differential abilities of cucumber in the culture media
depend on the genotype. Plant regeneration from leaf callus
(Malepszy and Orczyk, 1983); differentiation of meristemoids
and embryos from anther culture (Lazarte and Sassar, 1982),

and hypocotyl callus (Rajasekharan et al., 1963; Ziv and



Gadasi, 1984) were also reported. Ziv and Gadasi (1984) also
reported that eventhough plants were produced successfully,
abnormal somatic embryos and shoots often resulted in the
medium Wehner and Locy (1981) showed a low yield of shoots
(12%4 of explants produced 2 shoots) accompanied by callus

production fram cotyledon explants.

Accarding to Kim et al. (1988) callus growth
occurred on the peripheral zone of expanding cotyledon
tragments placed in MS medium supplemented with various
concentrations of auxin (2,4-D and NAA) and cytokinin (BAP
and kinetin). The growth rates of different cultivars of

cucumber were found to be different.

Gambley and Dodd (1990) used seeds of Cucumis
sativus, after surface sterlisation with sodium hypochlorite
solution, for cotyledon culture in MS medium modified with
different concentrations of cytakinins, &-benzyl aminopurine
(BAP), kinetin and Nb—(2—isopenty1) adenine (2iP), and
auxins a-naphthalene acetic acid (NAAQA) or Indol Acetic Acid
(IAA)Y. When cotyledons are grown on the kinetin medium for
16 days as pre treatment befare dissection, the basal region
yielded a mean of 51 shoots after 7 days. The plantlets
obtained using this technique was successfully grown in pots

in the glass house.
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MATERIALS AND METHODS

The investigation was carried out with a view to
standardise an effective technique for the induction of

polyplaidy in Cucumis sativus under in vivo and in vitrao

conditions. The study was designed as two experiments.
Experiment I (in - vivo stud?es).was carried out with a
objective of studying the effect of colchicine for inducing
palyploidy in seed, seedling and apical bud of Cucumis

sativus. Experiment II (in - vitro studies) was carried out

£

tor standardising the medium for embryo culture of Cucumis
sativus. The study also envisaged the observations on the
effect of colchicine on proembryos, embryo of mature seed

and embryo of dry seeds in in - vitro treatments.

Materials
Varieties

The wvarieties used for the investigation were
"Seethal” and 'Delila’. The seeds of both varieties were
received from Department of Agricultural Botany, College of

Agriculture, Vellayani.
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Materials used for colchicine treatment

In Experiment I seeds, seedling (Just sprouted
seeds) and apical bud (apical buds of the seedlings at two

leaf stage) were subjected to colchicine treatment,

In Experiment I1 embryos from premature seeds,
mature seeds and dry seeds were subjlected to colchicine

treatment and used for inoculation for culture.

Colchicine

Colchicine, an alkaloid derived from the plant

Colchicum autumnale was used as a polyploidising agent for

both the experiments.

In Experiment I the concentrations of colchicine
used were 0.2, 0.3 and 0.4 per cent. It was reduced to
1/10th  strength for in - vitro treatments in Experiment 11

as 0.02, 0.03 and 0.04.

Medium
Experiment I1, the in - vitro study was conducted
using modified Murashige and Skoog (MS) medium the

composition of which is given in Appendix-1I.
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Surface sterilising agent

In Experiment II, the seeds were surface
sterilised with 0.1 per cent mercuric chloride solution for

12 minutes before excising the embryos.

Glass wares

Steam sterilised 150 ml, 100 @l and 50 ml
Erlenmeyer conical flasks and 30 ml and 100 ml tubes were

used for culturing the embryos.

Methods

Experiment I was mainly a field study laid out 1n

Randomised Block Design (RBD) for both the varieties,

Experiment I

Design = R B D
No. of treatments = 27
No. of replication = 2
Treatments
In Experiment I treatments of colchicine

concentration, mode of treatment and period of treatment

were fixed as follows.



Colchicine concentration

c, = 0.2 ¥%

C2 = 0.3 %

Cs = 0.4 Y%
Mode of treatment

my = seed treatment

m, = seedling treatment

my = apical bud treatment
Period of treatment

t, = 2 hours

t = 4 hours

ts = & hours

Treatment combinations

cemy t, Cam; t, csm; t,
cim; t, Cam, tg csm; &,
Cim;g ts Cymy ts Csm; t3

cimz t, Czmz t, csma t,
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Cimz t, Czmz ty Cymy £,
cCimz t; Czmz bty Csmz t;
cyms t, cyms t, Csms t;
cimy t, Cams &, Czmgt,
cymg ty Czmy ty Cymy ty

The treatments were same for both varieties viz.

Seethal and Delila.
Pre soaking of seeds

Fully matured undamaged seeds of both varieties
were taken, cleaned and then rinsed with distilled water.
These seeds were then presoaked in distilled water for ten

hours before colchicine treatment.

Seed treatment

Solutions of 0.2, 0.3 and 0.4 per cent were
prepared by dissolving required quantities of colchicine in
5 to 10 drops of ethyl alcohol and then made up  to the
required volume by adding distilled water. The presoaked
seeds were then soaked in these salutions seperately for

durations two, four and six hours.
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After the treatment, seeds were washed thoroughly
in distilled water and then sown in polybags filled with
1z1:1 (soilzsand:cowdung) potting mixture. Three seeds were

sown 1in each polybag.
Seedling treatment

Untreated seeds were spread in petri dishes
containing moistened cotton and kept for germination. When
the radicle came out and attained a length of about one
centimeter, the entire material was covered with cotton and
then soaked with solutions of colchicine at different

Concentrations with two replications for different duratians

as fixed.
Apical bud treatment

Untreated seeds were allowed to grow up  to two
leaf stage in polybags filled with 1:1:1 potting mixture.
The apical buds of these seedlings were then covered with
small cotton and then soaked with colchicine solutions. The
period of treatment and concentrations of colchicine

solutions were as per the treatments fixed.

After treatments these plant materials were
thaoroughly rinsed in distilled water and planmted carefully

in polybags with out causing any damage to growing points.
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Experiment II

This experiment consisted of an jn - vitro

laboratory study in Completely Randomised Design (CRD) for

both varieties.

Design = C R D
No. of treatments = 27
No. of replications = 3

Different treatments fixed were

Colchicine concentration

C, = 0.02 %
Ca = 0.03 %
Cs = 0.04 %
Type of eambryo
e, = pro embryo
ez = embryo of mature seed

ex = embryo of dried seed



Day of treatment

d;

H

d;

ds

L}
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treatment on the same day of inoculation

treatment on the second day of inoculation

treatment on the third day of inoculation

Treatment combinations

C: € dl

C; €5 dg

C,e;ds

c,ezd,

Cy €2 dg

Ciezds

Cy e;d.

C;esda

C;esds

Cz2 €4 dl

Cze,d;

Cr@ey d:

C2 ezdg

Ca €2 dz

Ca2e2 d;

() e;d,

Czesd;

Cz2 €3 d;

cye;d,

Cse,d;

Cse; d;s

Cy € d;

Csezd;

Cs ez d;

CS e; dx

Cseszd;

Cs@egs d:

Ten culture tubes were used for each treatment so

as to get

contaminations.

sufficient number

of

tubes

after

possible
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Pro—embryos

Immature fruits were collected from plants in the
field about one week befare its maturity. From these
fruits, the seeds were seperated out, cleaned and washed
thoroughly in running water. These seeds were again washed
thoroughly 1in distilled water and then surface sterilised
with 0.1 per cent mercuric chloride solution. Embryos from

these seeds were excised out and used as proembryo.

Mature embryo

Seeds were seperated out from fully mature fruits,
cleaned and washed thoroughly. These <seeds were again
washed well in distilled water and surface sterilised by
soaking in 0.1 per cent mercuric chloride solution for 12
minutes and washed thoroughly in sterile water. Embryos

from these seeds were used as mature embryos.

Embryc of dry seed

Seeds seperated out from fully matured fruits were
dried wunder sun for two to three days. The seeds were
surface sterilised by 0.1 per cent wmevrpcuric chloride
sOlution and embryos from these seeds were used as embryas

of dry seed.
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The surface sterilised seeds were kept 1inside
laminar air flow chamber and subjected to UV irradiation for

20 minutes before culture.
Extraction of embryos

The sterilised seeds kept inside the laminar air
flow chamber were split open by sterile scalpel and forceps
and the embryos were seperated out along with a small rim of
endosperm. Same method of extraction was followed for

proembryos, mature embryos and embryos of dried seeds.
Culture medium
Standardisation of culture medium

ME medium was selected as the basal medium for
embryo culture, To standardise the best combination the
basal medium was supplemented with different concentrations

of Indol Acetic Acid (IAA) and Kinetin as follows.
IAA = 0.05, 0.1 and 0.2 mg/L
Kinetin = 0.05, 0.1 and 0.2 mg/L

Medium supplemented with 0.1 mg/L of IAA was
selected as the medium for the present study (see

Appendix - I).
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Inoculation of embryo

The excised embryos were used for inoculation in
tubes/flasks containing 1S to 25 ml of medium in laminar air
flow chamber in a sterile condition. Immediately after
inoculation the cultured tubes/flasks were arranged in racks

under flourescent lamps at 1000 1lux.
Colchicine treatment

Colchicine treatment was carried out at three

levels.
1. On the same day of inoculation

The pro-embryos, mature embryos and embryas of
dried seeds were treated with the polyploidising agent 1in
specified concentrations in conical flasks. The materials
were soaked in colchicine solutions for 30 minutes with
intermittent shaking. The treated materials were taken out,
washed thoroughly in double distilled steam sterilised water

and then inoculated on the medium.
2. Treatment two days after inoculation

The excised embryos were cultured properly in the
standardised medium as presented earlier and allowed for

incubation. After two days of culturing, the explants were
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taken out from the culture media and washed thoroughly 1n
sterile distilled water to remove traces of media. These
explants were treated with respective concentrations of
colchicine solutions for 30 minutes as described above and
then planted in fresh media after thorough washing with

double distilled sterile water.

3. Treatments three days after inoculation

The cultured plant materials were allowed to Qrow
for four days in the media and then taken out, washed
thoroughly with sterile distilled water and treated with
colchicine for 30 minutes as done earlier, After
colchicine treatment explants were washed with double
distilled water, replanted in a fresh medium and allowed to

graw.
Hardening of embryo culture plants

The explants were allowed to grow in the medium up
to four leaf stage. The plants were then taken out, washed
thoroughly with double distilled sterile water, O.1 per cent
Bavistin solution and transfered %o polybags filled with
sterile potting mixture. These plants were kept inside the

lab for 7 to 10 days for hardening.
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Planting in the main field

In Experiment I, seedlings were allowed to grow in
the polybags up to faur leaf stage and then transferred to
the experimental plot laid out according to the design. Two
plants were allowed to grow per pit. Two seedlings with out
any treatment were planted in a pit in each replication as

control.

For Experiment Il the polybagged plants after
proper hardening were transferred to green house and the

regeneration percentage was recorded.

Observations

Detailed observations on the following characters
were takemn to evaluate the effect of different treatments 1in

both experiments.
Experiment I

Observations were taken from both plants retained
in  each pit, Their mean value was calculated and recorded

as the treatment value for tabulation.
Survival percentage at four leaf stage

After colchicine treatment the seedlings were

allowed tp grow in palybags up to four leaf stage.



29

Observations were then taken to record the number of

seedlings that survived with out any damage and percentage

calculated.
Length of vine

The length of vine of plantas was measured from the
base to the growing tip of longest vine in each treatment at

30 and 60 days after planting.
Number of branches per plant

At 30 and &0 days after planting total number of
branches in the two plants in a pit was recorded and number

of branches per plant recorded.

Number of leaves per plant

The number of leaves per plant was recorded at 30

and 60 days after planting.

Number of days taken for first male flower opening

Observations on number of days taken for first

male flower opening were made for each plant in the field.
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Number of days taken for first female flower apening

Observations on number of days taken for the first

female flower opening were recorded for each plant.

Number of male flowers per plant

Number of male flowers apened in each plant was
recorded daily and the total number of male flowers produced

per plant was calculated.
Number of female flowers per plant

Number of female flowers opened in each plant was
recorded daily and the total female flowers produced per

plant was calculated,

Stomatal length

The length of ten randomly selected stomata was
measured using a standard ocular micrometer and the mean was

recorded.
Number of fruits per plant

The total number of fruits in each plant was

recorded.
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Length of fruit

The length of each fruit from each plant was taken

in centimeter and mean value was estimated.

Girth of fruit

The girth 1n centimeter of each fru:it from each

plant was measured and mean value was estimated.

Weight of fruit

BEach fruit from each plant was seperately weighed
and the mean weight of fruit was estimated for each

treatment.
Pollen size

The size of pollen was determined by measuring the
diameter wuwsing standard ocular micrometer. Diameter of

twenty fertile pollen grains per treatment was measured and

recorded as mean value.
Pollen sterility

Anthers from flower buds were collected from
plants in each treatment and tapped in a drop of
acetocarameine stain on a clean slide. The pollen grains

were examined under low power. Pollen sterility was
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estimated by counting the fertile and sterile pollen grains
seperately from twenty microscopic fields per treatment.

The sterility was expressed as percentage.

Cytological ohservations

Root tips of colchicine treated seeds were
collected for cytological studies. Root tips were excised
at 9.15 AM and fixed in carnoy’'s I fluid and then preserved
in 70 per cent ethyl alcoholk The fixed materials were
hydrolysed in 0.1 N HCl for 30 minutes at 60°%c, put in
Feulgen stain for 30 to 40 minutes and then in 2%
acetocaramine for 10 to 12 minutes for proper staining,
squash preparations were made and slides observed under high

power (40x) of the microscope for cytological studies.
Experiment II
Number of days taken for embryogenesis

Embryos were inoculated in three stages of growth
and observations were made on number of days taken to start

embryogenesis.
Regeneration percentage

Observations were taken on total number of embryas
showing regeneration in each treatment and percentage

calculated.



Number of leaves produced

After 45 days of inoculation number of leaves

produced by each plantlet was recorded.
Length of plantlets 45 days after treatment

After 45 days of treatment length of each plantlet

in the culture tubes/flasks were measured and recorded.
Other morphological features

The morphological features shown by the developing
calli like flowering in the culture tubes, abnormal growth

behaviour etc. were recorded.
Survival percentage under green house condition

The embryo cultured plants were transfewed to
green house on attaining four leaf stage. After sub jecting
it to proper hardening abservations were taken on the number
of plants survived in each treatment and expressed as

percentage,
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Experiment I

The results of the In-vivo studies conducted on

Cucumis sativus with an objective of analysing the effect of

colchicine on survival and morphological characters of the

plants are presented below.

Survival percentage

The data on Rercentage of survival of plants 1n
the variety ‘'Seethal’ at two weeks after colchicine

treatment are presented in Table—-1 and Fig.1.

Compared to control, treated plants showed
significantly low survival percentage. Colchicine
concentration, mode of treatment and duration of treatment
exerted significant influence on the survival of plants.
The survival percentage decreased progressively from 82.78
per cent to 55.97 per cent as colchicine concentration
increased from O0,72 (C, ) to 0.4 (Cz) per cent. Amang
different modes of treatment seed treatment {m; ) recorded
significantly high survival percentage (71.75) over seedling

treatment {(mz) and apical bud treatment (my;). Survival of



plants also decreased progressively with increase 1in the
period of colchicine treatment. There was significant
reduction 1n the survival of plants fraom 69.22 to 60.11 as
the period of treatment increased from two to six hours.
Effect of four hours treatment was found to be on par with

the effect aof two hours treatment.

Data on interaction effect of calchicine
concentration and mode of treatment with respect to variety
Seethal are given in Table-2, Interaction effect of
colchicine concentration and mode of treatment was found to
be significant. Highest value (B83.00) and lowest value
(43.58) were recorded for seed treatment of colchicine at
0.2 per cent (c,m ) and apical bud treatment of colchicine

at 0.4 per cent concentration (csms) respectively.

Interaction effects of colchicine concentration
with period of treatment and mode of treatment with period
of treatment on the variety Seethal are presented 1n Table-3

and 4 respectively. The effects were not significant.

Data on survival percentage in the three factor
interaction of treatments in the variety Seethal are given

in Appendix Il.

Among the different interaction of treatments the

highest value (20.50) faor survival percentage was recorded
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with 0.2 per cent colchicine concentration given as seedling
treatment for two hours period (c;m2t,) and lowest value
(32.00) for survival Percentage was recorded in the
treatment of 0.4 per cent colchicine given as apical bud

treatment for six hours (csms ts ).

The data on survival percentage of seedlings two
weeks after colchicine treatment in Delila are presented in

Table-? and Fig.t.

Untreated control plants showed significantly

higher survival percentage (99.30) compared to the treated

plants.

As colchicine concentration increased from 0.2 per
cent (c, ) to 0.4 per cent (cs ) significant reduction 1N
survival percentage, from 85.53 to 52.%96, was noticed.
Among different modes of treatdent, seed treatment (m, )
recorded highest value (74.03) which was on par with
seedling treatment (m,). Effect of apical bud treatment
(ms) was significantly low (4B.92). With increasing period
of treatment from two hours (t,) to $ix hours (t3)
significant reduction from 76.67 to 66,92 per cent was

noticed in the survival of plants in Delila.

Data depicted in Table-10 revealed that

interaction effect of colchicine concentration and mode
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Compared to controil, treated plants showed
significantly reduced length of vine at 30 days of grawth

stage.

Significant variation was observed for the
treatments only at 30 days of growth stage. There was a
progressive reduction in the length of vine at 30 days stage
of growth associated with progressive increase in colchicine
concentration. At 0.2 per cent colchicine concentration the
vine length at 30 days growth was maximum (106.16), which
was significantly higher than the values recorded for 0.3
and 0.4 per cent concentration. Highest value (102.28) for
length of vine was recorded in seed treatment (m; ) which was
significantly higher thanm the values recorded for seedling
and apical bud treatments. Among the periods of treatment,
two hours treatment of colchicine recorded the maximum vine
length (100.54) which was significantly higher than that of
six hours’ caolchicine treatment., At &0 days stage there was
no significant difference among the treatments for vine

length.

Data on interaction effect of colchicine and mode
of treatment on the variety Seethal are given in Table-2.
At 30 days growth stage in Seethal highest value (112.33)
for length of vine was recarded for 0.2 per cent colchicine

concentration given as seed treatment (c,m; ) and the lowest
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value (82.92) was recorded for 0.4 per cent colchicine
concentration given as apical bud treatment (cams ). At &0
days stage there was no significant difference for vine

length among the treatments.

The interaction of colchicine concentration and
period of treatment produced significant effect only at 30
days stage as indicated in the data given in Table-3.
Treatment of 0.2 per cent colchicine for four hours (c, t2)
produced maximum vine length (112.41) at 30 days stage of
growth, Vine length was reduced to minimum (87.37) in the
treatment of colchicine, 0.4 per cent given for six hours

duration (czts).

Data depicted on Table-4 showed the interaction
effect of mode of treatment with period of treatment, on
length of vine in the variety Seethal. At 30 days of growth
stage maximum length aof vine (108.83) was recorded for seed
treatment was given for four hours. Vine length was minimum
(B84.73) when apical bud treatment was given for six hours.
At 60 days stage the treatments did not show any significant

difference for vine length.

Among the treatment combinations as presented 1n
Appendix Il seed treatment of 0.2 per cent colchicine for

four hours(cym, t2) recorded the highest vine length (119.00)
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and apical bud treatment of colchicine at 0.4 per cent level
for four hours (cymyt;) recorded lowest vine length (65.25)
at 30 days stage of growth. At 60 days growth stage the

three factor interaction effects were not significant.

The data on effect of treatments on length of vine

in Delila are depicted in Table-9 and Fig.2.

At 30 days of growth stage treated plants produced
significantly reduced vine length compared to the control
plants. But at 60 days of growth there was not significant

difference between the treated and control plants.

With 1increasing concentration of colchicine from
0.2 to 0.4 per cent, vine length reduced significantly from
74.88 to 54.88 com. Among modes of treatment, seedling
treatment (mz ) recorded lowest value (69.37) which was on
par with apical bud treatment (ms) and highest value (78.33)
was recorded by seed treatment. When period of treatment
was increased from two to six hours progressive decrease 1N
vine length was noticed from 77.846 to 68.30 cm. At &0 days
of growth stage there was no significant difference amoang

the treatments.

Interaction effects of colchicine concentration
with mode of treatment were presented as in Table-10. The

effects were significant at 30 days growth stage but were
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not significant at 60 days growth stage. Seed treatment
with 0.2 per cent colchicine (c,m, ) recorded highest length
of vine (105.33 cm) and lowest value (50.12 €m) was recorded
by seedling treatment at 0.s per cent colchicine

concentration (Cymz ). At &0 days of growth stage the

effects were not significant.

Data presented on Table-11 and 12 revealed that
interaction effect of colchicine concentration with period
of treatment and mode of treatment with period of treatment
was not significant with respect to variety Delila in 30 and

60 days of growth stages.

Three factor itnteraction of treatments (Appendix
IV) was also significant in Delila at 30 days of growth
stage. Colchicine at 0.2 per cent given for two hours by
seed treatment (c,m, t,) produced highest (116.00 cm) and
O.4 per cent colchicine concentration by seedling treatment
for four hours produced lowest (40.50 cm) vine length. Here
also at 60 days of growth stage the interaction effects were

insignificant.
Number of branches

The data on number of branches in the variety
Seethal at 30 and &0 days of growth stages are presented in

Table-1.
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Compared to control, colchicine treated plants
praoduced significantly lower number of branches al

</ days growth stage. At 60 days stage there was no

significant difference between the treated and control

plants.

As colchicine concentration increased from 0.2 to
0.4 per cent the number of branches per plant reduced
progressively and significantly from 10.78 to 6.95. Seed
treatment produced the highest number (9.64) of branches as
campared to apical bud treatment which recorded the lowest
value (7.51). Four hours of colchicine treatment (t2)
produced maximum number of branches (9.38) which was on par
with two hours of treatment. Six hours of colchicine
treatment produced minimum number of branches (7.846). The
effect of treatments was found to be insignificant at &0

days of growth stage (see Fig.3).

Interaction effect of colchicine concentration
with mode of treatment on this parameter 1n Seethal showed
significant variation only during 30 days of growth stage as
shown in Table-2. Colchicine at 0.2 per cent given as
seedling treatment (c,m;) praduced highest number (11.40) of
branches and 0.4 per cent colchicine given &s apical bud

treatment (csms) produced lowest (4.40) number of branches
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at 3C days growth stage. At &0 days growth stage the

interaction effect was tnsignificant.

Data depicted on Table-3 revealed that interaction
of colchicine concentration with period of treatment was not
significant with respect to number of branches produced per

plant at both the growth stages.

Interaction of mode‘of treatment with period of
treatment as shown in Table-4 showed significant effect at
30 days of growth stage. Seedling treatmeht for 4 hours
(mat,) produced highest number of branches (10.68B) and was
on  par with seed treatment for two hours (m, t; ). Lowest
value was recorded by apical bud treatment for six hours,

At 60 days stage the interaction effect was not significant.

Data on the effect of various treatments on number
of branches per plant in the variety Delila are presented in

Table-9,

At 30 days of growth stage, compared to control,
the treated plants produced significantly lower number of
branches per plant (see Fig.3.). At &0 days stage the

treatment effects were not significant.

Increase in the concentration of colchicine from

0.2 to 0.4 per cent pProduced significant fall in the number
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of branches from 5.57 to 3.41 at 30 days aof growth stage.
Among the modes of treatment, seed treatment {m, ) recorded
the highest value (5.17) and the apical bud treatment
recaorded the lowest value (4.34) . Increase in the periaod of
treatment from two to Six hours produced significant
decrease in  this parameter from 5.06 to J.99. Na

significant effect was noticed at &0 days of growth stage.

Interaction effect of colchicine concentration
with mode of treatment given 1n Table-10. The effects were
significant only at 30 days of growth stage. Seed
treatment of colchicine at 0.2 per cent recorded highest
(6.56) and seed treatment of colchicine at 0.4 per cent

recorded lowest (2.88) value.

Data on interaction effects of colchicine
concentration with period of treatment are given in
Table-11. Colchicine at 0.2 per cent applied for two hours
recorded the maximum value (&.40) and colchicine 0.4 per
cent applied for a period of six hours recorded the minimum
value (2.57). At 60 days of growth stage the effect was

insignificant.

Interaction of mode of treatment and period of
treatment are presented in Table-12. The interaction effects

were significant. Seedling treatment for two hours (m:t,)



recorded maximum number of branches (5.87) which was on par
with seed treatment for two hours (m;;). Lowest number of
branches was produced by seedling treatment for six hours

{mytsy) and was on par with apical bud treatment for six

hours (my bty ).

Three factor interaction of various treatments on
number af branches in Delila are given in Appendix-IV. The
interaction effect was found to be significant only at 30
days of growth stage. Seed treatment of colchicine 0.2 per
cent for a period of two hours recorded maximum (7.30) and
seedling treatment of colchicine at 0.4 per cent for four
hours recorded the minimum (2.40) values for number of

branches per plant.

Number of leaves per plant

The data on number of leaves per plant in the
variety Geethal at the two growth stages are given 1in

Table-1 (see Fig.4).

In Seethal, the different treatments axerted
significant effect on the production of leaves per plant at
30 days growth stage. Treated plants showed significantly
lower number of leaves compared to control. Colchicine
concentration, mode of treatment and period of treatment

produced significant influence. Mean number of leaves per
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plant reduced considerably from 62.71 taoa 38.52 as colchicine
concentration i1ncreased from 0.2 (c;) to 0.4 per cent (cs).
Seedling treatment (m;) produced maximum number of leaves
per plant (57.54) and it was significantly superior to
apical bud treatment (ms). Period of treatmant also exerted
significant influence by reducing the number aof leaves
produced per plant. Number of leaves from 6£0.14 to 42.57 as
the period of treatment increased from two to six hours.
At 60 days of growth stage various treatments did not exert

any significant influence on this parameter.

Data on Table-2 revealed that interaction of
colchicine concentration and mode of treatment had
significant influence during 30 days growth stage in
Seethal. At 30 days of growth stage seedling treatment with
0.2 percent colchicine (c,mz) recorded highest value (76.37)
whereas apical bud treatment with 0.4 percent colchicine
produced lowest wvalue (31.0B) with respect to this

parameter.

Data on interaction effects of colchicine
concentration with period of treatment in respect of this
parameter 1in Seethal are depicted in Table-3. Here also
only at 30 days of growth stage, the effect produced was
significant. As colchicine concentration and periaod of

treatment were increased the number of leaves produced per
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plant was significantly reduced. Treatment of colchicine
0.2 per cent for two hours (c;t,) recorded the highest
(71.42) and colchicine 0.4 per cent treatment for six hours

(csty) recorded the lowest (28.82) values.

Interaction of mode of treatment with period of

treatment did not exert apy significant influence at both

the growth stages (Table-4).

Among the treatment i1nteractions (Appendix-11)
also significant variation was observed at 30 days of growth
stage (Fig.4). Highest (88.50) and lowest values (27.23)

were recorded at c;m:t, and csmyts respectively.

Data on number of leaves produced per plant in
Delila are presented in Table-9. Compared to control
treated plants produced significantly lower number of leaves
per plant at 30 days growth stage. At 60 days of growth

stage the treatment effect were not significant.

The number of leaves per plant was decreased with
increased levels of colchicine concentration. As colchicine
level increased from 0.2 to 0.4 per cent, the number of
leaves decreased from &7.79 to 42.83. Apical bud treatment
(ms ) recorded the lowest value of 5&6.27 followed by seed
treatment (my ) and seedling treatment (mz). As period of

treatment increased from two to four hours, number of leaves
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per plant significantly decreased from 72.24 to 48.93. But
different treatments did not exert any significant influence

on this parameter at &0 days of growth stage.

Data an interaction effect of colchicine
concentation with mode of treatment in Delila are presented
in Table-10. Colchicine at 0.4 per cent level given as
apical bud recorded the lowest number (39.92) of leaves and
seedling treatment of colchicine 0.2 per cent produced the
highest number (73.05) of leaves. No significant regponse

was noticed at &0 days of growth stage.

Interaction effects of colchicine concentration
with period of treatment are presented in Table-11. The
treatments were significant only at 30 days stage.
Colchicine 0.2 per cent treated for two hours recorded
maximum number of leaves (B85.4&) and colchicine 0.4 per cent

treated for six hours recorded minimum number of leaves

(40.11) .,

Interaction of mode of treatment and period of
treatment was also significant as presented in Table-12. At
the 30 days growth stage the effect was significant. Apical
bud treatment with 0.4 per cent colchicine produced lowest
number of leaves (45.00) and seed treatment of colchicine
0.2 per cent produced highest number of leaves (74.25). At

60 days of growth stage no significant effect was noticed.
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Data presented on Appendix—-IV revealed the
significant effect of three factor interactions at 30 days
stage of growth. In Delila, the apical bud treatment of
colchicine 0.4 per cent for six hours recorded the lowest
value of 16.00 and seed treatment of colchicine 0.2 per cent
concentration for two hours recorded the highest value of

88.25.
Number of days taken far first flower opening

The data on number of days taken for first flower

opening in the variety Seethal are depicted in Table-1.

Compared to control, the first flower opening wag

significantly delayed in the treated plants (see Fig.5).

The data revealed that both male and female flaower
opening was delayed significantly as colchicine
concentration increased from 0.2 to 0.4 per cent. Mode of
treatment did not influence the opening of male flowers but
influenced the opening of female flowers. Female flower
opening was delayed to the maximum (3&.89 days) in the
apical bud treatment and the earliest flaower opening (34,78
days) was recorded in the seed treatment. Period of
treatment also exerted significant influence on the first

flower opening. Maximum number of days (I36.94) was recorded



in  the six hours treatment and minimum number of days

(34.78) was recorded in the two hours treatment.

Data on interaction effect of colchicine
concentration with mode of treatment on this parameter are
given in Table—-2. Here both male and female flower openning
was delayed to a maximum (26.50 and 40.33 respectively) in
the apical bud method treatment of colchicine at 0.4 per
cent. Among treated plants minimum number of days were
taken for male and female flower apening (23.17 and 3I2.33

~

days) in the seed treatment of colchicine at 0.2 per cent.

Interaction effect of colchicine concentration
with period of treatment (Table-3) and mode of treatment
with period of treatment (Table-4) were not significant with
respect to the period taken for first male and female flower

opening in the variety Seethal.

Among the interaction of all the treatments as
shown in Appendix—I1I, apical bud treatment of colchicine 0.4
per cent for six hours took maximum days and seedling
treatment of colchicine for four hours took minimum days for
first male flower opening. For female flower opening 1in
Seethal seedling treatment of colchicine 0.4 per cent for
six hours took maximum days and apical bud treatment of

colchicine 0.2 per cent for two hours took minimum days.
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The data on mean effect af treatments on number of
days taken for male and female flower opening in Delila are

presented in Table-9 (see Fig.5).

Male and female flower opening was delayed
significantly in colchicine treated plants when compared to

untreated plants.

As colchicine concentration increased from 0.2 to
0.4 per cent, the male and female flawer opening was delayed
progressively from 20.81 to 25.67 days for the male flowers
and 235.33 to 31.89 days for the female flowers. Mode of
treatment had no significant influence with respect to this
parameter. With the increase in the period of treatment
from two to six hours, the number of days taken for male
flower opening was also increased from 19.94 tao 26.31 and
the number of days taken for female flower opening was

increased from 26.00 to 28.31 days.

Interaction effect of colchicine concentration
with mode of treatment are depicted inm Table-10. Apical bud
treatment with 0.4 per cent colchicine concentration
produced wmaximum delay 1n male and female flower opening
whereas seed treatment with 0.2 per cent colchicine took

minimum number of days for flower opening.
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Interaction effect of colchicine concentration
with period of treatment (Table-11) was also found to be
significant on both male and female flowers. As colchicine
concentration and period of treatment were increased both
male and female flower opening were significantly delayed.
Data on interaction effect of mode of treatment with period
of treatment are presented in Table-12. Treating apical
buds with 0.4 per cent colchi;ine produced maximum delay in
both male and female flower opening (28.42 and 29.17
respectively). Whereas seed treatment for two hours
recorded earliness for male and female flower cpening (19,33

and 25.83 days respectively).

Three factor interactions of treatments
(Appendix—-1V) were also significant. Seedling treatment of
0.4 per cent colchicine for six hours (csmzts) and apical
bud treatment of 0.2 Per cent colchicine for two hours
(cymg ty) recorded maximum and minimum values respectvely
with respect to male flower opening. For female flower
opening, seedling treatment of 0.4 per cent colchicine for
two hours (csm, t,) and apical bud treatment of 0.4 per cent
colchicine for six hours (csmgs ts) recorded lowest and

highest values respectively.



Number of flowers produced per plant

The data on the total number of male and female

flowers produced per plant in Seethal are depicted in

Table-5.

Compared to coantrol plants, colchicine treated

plants produced lesser number of flowers per plant.

Significant decrease of both male and female
flower number was noticed in Seethal with increasing levels
of colchicine concentration from 0.2 to 0.4 per cent.
Number of both the male and female flower decreased from
5379.78 to 538.00 and 27.17 to 23.56 respectively. Mode of
treatment did not exert any significant effect on this
parameter. Least number of male and female flaowers (S11.44
and 23.06 respectively) were produced by six hour (t;)
colchicine treatment. For male flowers four hour treatment
produced maximum number which was on par with the two hour

treatment.

Data an interaction effect of calchicine
concentration with mode of treatment on number of flowers in
Seethal are given in Table-& Minimum number of male flower
(449.00) were producd when 0.4 per cent colchicine was given
as seedling treatment (cymz;) and maximum number of male

flowers (6£10.67)were produced when colchicine was given as
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by 0.2 per cent level applied as seedling treatment (cymg ).
In  the case of female flowers, 0.2 per cent seed treatment
and seedling treatment (cymy and cy;mz) recorded the
highest (27.46) and 0.3 per cent and 0.4 per cent apical bud

treatments (cams and csms) recorded lowest (23.00) values.

Interaction of colchicine concentration with
period of treatment (Table-7) was not significant for both
male and female flowers per plant in Seethal. Number of
flowers was not significantly influenced by the interaction

of mode of treatment with period of treatment (Table-8).

The data an number of male and female flower

produced per plant in Delila are presented in Table-13.

Compared to control Plants, colchicine treated
plants showed significant decrease in male and female flower

production.

As colchicine concentration increased from 0.2 to
0.4 per cent, number of male flowers decreased from 450.4&47
to 328.75 and number of female flowers decreased from 14&.78
to 14.06. Mode of treatment and period of treatment did not

exert any significant influence on this parameter in Delila.

Data an interaction effact of colchicine

concentration with mode of treatment are presented 1in



Table-14. Colchicine at 0.2 per cent level applied by saed
treatment prodduced significantly higher number of both male
and female flowers (507.50 and 20.00 respectively). Lowest
number of male and female flowers (287.67 and 12.83
respectively) were noticed in 0.4 per cent colchicine as

apical bud treatment (cym3) and seedling treatment (cym, ).

Interaction of colchicine treatment with periaod of
treatment showed significance only on number of male flowers
(Table-15), Maximum male flower production (470.33) were
noticed in 0.2 per cent seed treatment (%) and minimum
(351.77) was naticed in 0.4 per cent apical bud treatment

(csts).

Data presented on Table-16 revealed that
interaction of mode of treatment with period of treatment
did not exert any significant influence on the production of

male and female flowers in Delila.

Three factor interaction of different treatment on
number of male and female flower production in Delila are
given in Appendix-V. Maximum value (577.%) for number of
male flowers per plant was recorded in c,m, t, and minimum
(217.50) in csmzts level. In the case of female flowers per

plant the treatments seed treatment of 0.2 per cent



colchicine for six hours (c;m, ts}) and seedling treatment of
0.4 per cent colchicine for six hours (csm, ty) recorded

maximum (22) and minimum (11) respectively,.

Stomatal length

Data on stomatal length in Seethal are given in

Table-5 and Fig.B.

Colchicine treated plants produced comparatively

large sized stomata than the control plants.

With increase in colchicine concentration from 0.2
to 0.4 per cent stomatal length increased from 0.106 to
0.127 mm. Mode of treatment showed no significant response,
With increase in period of treatment from two to six hours,

stomatal length increased from 0.119 to 0.12&6 mm.

Interactiaon effect of colchicine concentration
with mode of treatment (Table &) was also significant in
Seethal. Highest stomatal length (0.129 mm) was noticed
when 0.4 per cent colchicine concentration was given as
seedling treatment (csmz) and it was on par with the
apical bud treatment of colchicine 0.4 per cent. (csmy ).
Lowest value (0.097 mm) was recorded in the seed treatment

of colchicine 0.2 per cent (c,m;).
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Data an interaction effect of colchicine
concentration and period of treatment are given in Table~7.
With progressive increase in colchicine concentration and
period of treatment from Cit: level to csts level stomatal

length progressively increased from 0.102 to 0.135 mm.

Interaction of mode of treatment and period of
treatment in Seethal (Table-8) was not signifcant with

respect to the stomatal 1ength.

Data on the effect of treatments on stomatal
length in Delila are given in Table-13 and Fig.8.
Colchicine treated plants showed signficantly higher length

of stomata compared to control plants.

As colchicine concentration 1increased from 0.2 to
0.4 per cent, stomatal length increased significantly from
0.103 to 0.130 mm. Mode of treatment showed no signficance
on stomatal length in Delila. With progressive increase in
period of treatment from two to six hours, stomatal length

increased from O0.111., to 0.124 mm.

Interaction of colchicine concentration with mode
af treatment (Table-14) showed signficant effect on stomatal
length in Delila. Lowest value (0.088 mm) was noticed in

seed treatment of 0.2 per cent colchicine (c;m,;) and highest
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value (0133 aom) at apical bud treatment of 0.4 per cent

colchicine (csms ).

With increasing colchicine Concentration with
period of treatment from cit, to c3ty progressive increase
in stomatal length from 0.092 to 0.134 mm was noticed in

Delila (Table-15).

Data on interaction effect of mode of treatment
with period of treatment are presented 1N Table-16,
Seedlnng treatment for two hours (mz £, recorded lowest
(0.104 mm) and apical bud treatment for s1x  hours (my t3)

recorded highest (0.132 mm) stomatal length.

Amang the three interactions of all treatments
(Appendix-V) seed treatment of 0.2 per cent colchicine for
two hours (cym, t;) and apical bud treatment of 0.4 per cent
colchicine for six hours (csmsts) recorded lowest (0.090)

and bighest (0.145) values respectively for stomatal length.

Fruit characters

Total number of fruits produced per plant, length
of fruit, girth of fruit and weight of fruit were studied 1n
present investigation as fruit characters. Data on fruit
characters in Seethal are presented in Table-5. Data oan
interaction effect of colchicine concentration with made of

treatment (Table-6&), colchicine concentration with periad of
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treatmgnt (Table-7) mode of treatment with period of
treatment (Table~-8) and three factor interaction of
treatment (Appendix—-II1) are also given. It was noticed
that all the treatment effects including main and
interaction effect did not exert any significant influence

on various fruit characters in Seethal.

Main and interaction efects of treatments on fruit
characters in Delila are given Tables 13, 14, 15 ,1&6 and
Appendix—-V. It was noticed that in Delila also main and
interaction effect of treatments did not exert any

significant influence on various fruit characters.

Pallen characters

The data on pollen characters viz., pollen size
and pallen sterility percentage on Seethal are presented in

Table 5 (see Fig.6 and 7).

Contral plants showed significant variation from
treated plants with respect to pollen characters in Seethal.
Siginificantly bigger pollen grains with high sterility were
produced by treated plants compared to uwuntreated control

plants.

With progressive increase in colchicine

concentration from 0.2 to 0.4 per cent pollen size increased
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from 0.058 to 0.06% mm in Seethal. At the same time, pollen
sterility percentage increased from 28.74 to 49.19. Apical
bud treatment gave higher pollen size (0.066 mm) compared to
other two modes aof treatment. Mode of treatment did not
exert any influence on pollen sterility. With increasing
period of treatment, size and sterility alsc exhibited

increase.,

Data on interactioh of <colchicine concentration
and mode of treatment in Seethal are given in Table &. The
interaction exerted significant influence only in pollen
size and not in pollen sterility. Apical bud treatment of
0.4 per cent colchicine (csmsy ) recorded maximum pollen size
(0.072 mm) and seed treatment of 0.2 per cent colchicine

(cym; ? recorded the minimum value (0.054 mm).

Interaction of colchicine concentration with
period of treatment (Table-7) exerted significant influence
in both pollen size and sterility characters. Minimum
values for pollen size and pollen sterility percentage
(0.051 mm and 22.32%) were noticed in colchicine treatment
at 0.2 per cent for a period of two hours (c;t;) and it
increased progressively to 0.073 mm pollen size and 5$9.85
sterility percentage in the treatment combination of 0.4 per

cent calchicine given for six bhours (czts).
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seedling treatment for two hours (mgty) and highest value

(54.47%) was recorded in the apical bud treatment for six

hours (mats).

Among interaction of all treatments (Appendix-V)
0.2 per cent seed treatment for two hours (camst,) and 0.4
per cent apical bud treatment for 8ix hours (camaztas)
recorded 1lowest (0.030 mm) and highest (0.053 mm) values
respectively with respect to pollen size. Lowest pollen
sterility (11.5%) and highest pollen sterility (68.15%) were
noticed at apical bud treatment of 0.2 per cent colchicine
for two hours (c.mszt,) and 0;4 per cent colchicine given as

apical bud for six hours (csmastas).
Cytological observation

Cytological studies were carried out in different
seed treatments. Presocaked seeds were treated with
colchicine concentration of 0.2, 0.3 and 0.4 per cent for
two, four and six hours. Swelling of root tips was observed
in all treatment. Root tips of about 0.5 cm were cut from
the sprouted seeds of different treatments fixed in carnoy’s
I fluid and preserved in 70 per cent alcohol were hydrolysed
using 1IN HCl for 30 minutes at 60° C. Root tips were put in
Feulgen gstain for 30 to 40 minutes and then in 2 per cent
acetocaramine for 10 to 12 minutes. Squash preparations
were made and slides were observed under the microscope.

Much enlarged cells were observed along with the normal



Table 1 Effect of colchicine concentration, mode of treatment and period of
treatment on survival and morphological characters upto flower opening in Seethal

Treatments  Survival Length aof vine No of branches No of leaves Days taken to Days taken to
percen-— (cm) per plant per plant male flower female flower
tage 30 DAP &0 DAP 30 DAP 60 DAP 30 DAP &0 DAP opening opening

Ci B82.78 1046.16 134.22 10.78 18.84 &2.71 262.3% 24.30 34.50
(< 57.44 94.84 134.25 8.61 17.99 51.37 260.82 25.56 34.461
Cs 58.97 B8.72 133.39 6£.95 17.16 3B.52 260.4% 28.28 3g8.44
CD 6.10 3.98 NS 0.75 NS 2.29 NS 1.20 1.1S
oy 71.7% 102.28 135.75 ?.64 17.03 55.57 257.&0 25.06 34.78
o 61.86 R6.74 133.41 ?.81 18.63 57.54  2460.51 25.50 35.89
M3 62.58 ?0.79 136.49 7.51 16.32 3?.08 . 259.1% 24.28 36.89
€h 6.10 J.98 NS 0.75 NS 2.29 NS NS 1.15
t, 69.22 100.34 134.94 ?.09 17.60 6£0.14 259.93 24,33 Ja.78
ts 66.86 [8.41 136.82 ?.38 18.22 49.89 257.33 24.33 35.83
ts 60.11 ?0.77 134.0% 7.86 18,17 42.57 24.44 26.17 3&6.94
€D 6.10 3.98 NS 0.75 NS 2.29 NS 1.20 1.15

Treatment 86.61 95.41 135.93 ?.00 18.19 52.86 261.31 24.79 35.63

mean

Control 99.25 120.00 139.49 15.00 20.11% 86.95 263.90 20.50 29.50

Ch .14 5.97 NS 1.12 NS 3.44 NS 1.80 1.73

€D - At 5% level NS - Not Significant



Table 3 Interaction effect of colchicine concentration and period of treatment on
survival and morphological characters upto flower opening in Seethal

Treatment Survival Length of vine No of branches No of leaves Days taken to Days taken to
interac- percen-— {cm? per plant per plant male flower female flower
tions tage 30 DAP &0 DAP J0 DAP &0 DAP 30 DAP &0 DAP apening opening

ci B&.67 103.70 134.92 11.42 19.60 71.42  259.81 24,16 34,00

c: 2 83.50 112.41 135.05 11.20 19.01 60,67  2862.11 23.83 34.17
cits 78.17 102.35 132.68 9.72 17.92 56.03  265.25 24.60 35.33
caty 58.58 93.25 135.00 8.78 17.1& 61.00  261.58 24.00 34.83
c2t2 58.08 20.33 140.17 ?.02 19.17 50.25  258.00 23.33 34.50
czts 55.467 32.58 139.58 6.02 17.62 42.87  26R.064 27 .00 34.50
cst, &2.41 104.67 134.%1 7.08 18.08 48.00  265.38B 24,00 35.50
cst2 59.00 ?2.48 135.25 7.93  18.47 3B.75 251.68 23.83 3B8.83
csts 46.50 87.37 130,00 5.83 18.98 28.82  265.00 27.50 41,00

98] NS 6.90 NS NS NS 3.96 NS NS NS

gp - At 5% level NS - Not significant



Table 5

Effect of colchicine concentration, mode of treatment and period of treatment on
morphological characters from number of flowers to pollen characters in Seethal

Treatment

No. of

No. of

Stomatal No. of Length of Girth of Weight Pollen Pollen
male flowers female flowers length fruits fruit fruit of fruit size sterility
per plant per plant (mm) per plant (cm) (cm) (g) (mm) (%)
<, 572.78 27.17 0.104 3.94 40.94 27.93 1384.72 0.058 28.74
C2 571.61 23.8%9 0.117 J. 1t 40.49 27.42 1408.61 0.066 42.83
Cs 538.00 23.564 C.127 J.8e8 41.82 28.53 1366.11  0.069 49.19
CD 30.35 1.31 0.004 NS NS NS NS 0.002 3.02
m; 544,83 25.28 0.117 4,22 43.12 28.34 1291.67 0.062 41.08
Mz 575.61 25.28 6.118 3.44 42.27 29.13 1313.33 0.063 38.42
M3 568.94 24.06 0.121 3.28 38.06 29.42 1334.35 0,066 41.24
CD NS NS NS NS NS NS NS 0.002 NS
t 581.33 27.00 0.119 4.17 42,67 29.26 1256.78  0.061 38.01
t2 596.461 24.546 0.119 3.28 41.44 292.31 1251.11 0.044 35.83
t. Sit.24 23.04 0.1264 3.50 37.94 30.31 1315.56 0.0&8B 45.92
Ch 30.35 1.31 0.004 NS NS NS NS 0.002 3.02
Treatment 5&9.96 25.16 0.120 3.77 41.08 2B.69 1315.45 0.062 32.28
me an
Cantrol 652.15 33.00 0.08% 4,00 32.25 30.11 1238.25 0.042 11.95
£€b 45.53 1.96 0.006 NS NS NS NS 0.003 4.53
CD - At 5% level NS - Not significant



Table 6 Interaction effect of colchicine concentration and mode of treatment on various
morphological characters in Seethal (number of flowers to pollen characters)

e

Treatment No. of No. of Stomatal Na. of Length of Girth of Weight Pollen Pollen

male flowers female flowers length fruits fruit fruit of fruit size sterility

per plant per plant {(mm) per plant (cm) (cm) {(g) (mm) (%)
Cym 524.83 27.66 0.097 4.66 46.0b 33.13 1415.00 0.054 3B.32
C) M2 610.67 27.66 0.101 3.66 40.07 29.75 1392.50 0.055 37.18
C, @ 3559.33 26.16 0.116 3.50 36.75 32.11 1445.67 0.063 30.72
Cz My 592.00 24.17 0.124 3.467 844,75 33.12 1414.17 0.068 4).38
CaMm; 566.33 24.50 0.129 J.468 44.75 34.13 1357.50 0.065 43.33
Cas 581.00 23.00 0.128 3.21 35.88 28,33 1454.17 0.062 43.76
Csm, 497.00 24,00 0.124 J.66 38.63 29.07 1361.68 0.064 53.59%
Cs Mz 449,00 23.67 0.12%9 J.83 42.00 33.50 1420.11 0.06% 44.75
C3 My 556.50 23.00 0.122 4.17 44,83 32,00 1376.28 0.072 42.28
B 52.57 2.26 0.007 NS NS NS NS 0.004 NS

b - At 5% level NS - Mot significant



Table 7

Interaction effect of colchicine concentration and period of treatment on various
morphological characters in Seethal (number of flowers to pollen characters)

Treatment

No. of

No. of Stomatal No. of Length of Girth of Weight Pallen Pollen
interact- male flowers female flowers length fruits fruit fruit of fruit size sterility
ions per plant per plant {mm?} per plant (cm) (cm} (g} {mm) (%)

c:ty 579.83 20.50 0.102 5.5 45.4 27.90 12146.67 0.051 22.32
c; b2 604,16 25.83 0.104 2.8 42.2 27.7 1249.17 0.058 29.03
c; ts 530.83 23.16 0.10%9 3.5 34.1 29.1 1288.33 0.063 34.83
cat, 595.16 25.67 0.128 3.3 40.5 26.6 1492.50 0.064 43.37
cz 2 622.00 23.33 0.130 3.7 4.9 28.5 1375.50 0.067 39.03
Czts 522.17 22.467 0.118 2.8 36.8 27.1 1249.50 0.067 446.08
cs t, 56%.00 24.83 0.127 3.7 32.5 28.2 13968.33 0.06B  48.35
cyta 563.67 24,50 0.119 3.8 37.1 3.7 1325.25 0.065 39.38
Cyts 481 .23 21,33 0.135 4,1 42.0 34.8 1311.55 0.073 59.85
M) NS NS 0.007 NS NS NS NS 0.004 5.23
o - At 3% level NS - Not significant



Table 7 Interaction effect of colchicine concentration and period of treatment on various
morphological characters in Seethal (number of flowers to pollen characters)

Treatment No. of No. of Stomatal No. of Length of Girtﬁ of Weight Pollen Pollen

interact- male flowers female flowers length fruits fruit fruit of fruit size sterility

ions per plant per plant (mam) per plant (cm) (cm) (g) {mm) {4)
ot 579.83 30.50 0.102 5.5 46.4 27.0 1214.67 0.051 22.32
c: b2 604,16 25.83 0.104 2.8 42.2 27.7 1249.17 0.058  29.03
cits 530.83 25.186 0.10%9 3.5 34.1 29.1 1288.33 0.063 34.8B3
cat, 595.16 23.67 0.128 3.3 40.5 26.6 1492.50 0.064  43.37
cat2 622.00 23.33 0.130 3.7 4.9 28.5 1375.50 0.067 39.03
czts 522.17 22.467 0.118 2.8 36.8 27.1 1249.50 0.067 46.08
cst, 56%.00 24.83 0.127 3.7 3.5 28.2 1398.33 0.06B  4B.35
csta 563.67 24.50 0.11%9 3.8 37.1 31.7 1325.25 0.065 39.3B
csts 481 .23 21,33 0.135 4.1 4%.0 34.8 1311.55 0.073 5%.85

1)) NS NS 0.007 NS NS NS NS 0.004 5.23

cp - At 3% level NS - Not significant



of

Table 8 Interaction effect mode of treatment and period treatment on various
morphological characters in Seethal (number of flowers to pollen characters)
Treatment No. of No. of Stomatal No. of Length of Girth of Weight Pollen Pollen
interact- male flowers female flowers length fruits fruit fruit of frait size sterility
ionsg per plant per plant (mm? per plant {cm) (cm) (g) (mm) (%)
my £y 550.47 26.23 0.117 4.50 49,30 29.95 1244.17 0.059 39.60
my by 583.83 25.47 0.117 4.17 43,25 30.60 1236.687 0.060 36.85
@y s 542.00 25.83 0.118 4.00 36.83 27 .46 1404.17 0.067 44.80
@2 &, 589.16 27.83 0.119 4,00 32.07 27.00 1215.83 0.058B  36.33
my bz 586.33 24.83 C.116 2.50 40.83 27.83 1246.67 0.067 32.12
ms by 551.33 23.16 0.120 3.83 45,92 32.55 1477.50 0.0864  A6.12
my by 504,16 26.83 0.120 3.17 37.83% 27.83 1398.33 0.065 3I7.40
ms t2 626.66 23.18 0.123 3.87 40.25 2%2.50 1370.11 0.067 38.22
ms £ 361.00 22.16 0.124 2.72 356.08 30.91 1401.12 0.0467 47.50
€D NS NS NS NS NS NS NS NS NS
cDb - At 5% level NS - Nat Significant



Table 9 Effect of colchicine concentration, mode of treatment and period of treatment on
survival and morphological characters upto flower opening in Delila

Treatment Survival Length af vine No of branches No aof leaves Days taken to Days taken to
inberact- percen-— (cm) per plant per plant male flower female flower
ions tage JO DAP &0 DAP 30 DAP &0 DAP 30 DAP &40 DAP opening apening

<y B85.53 94.88 123.27 5.57 14.63 &7.79 219.67 20.81 25.33

C: 71.464 &7.99 124.8B9 4.90 14.27 65.99 218.93 22.06 23.6%

Cs 592.56 54.88 120.15 3.41 14.18 42.83 216,11 25.67 31.89

€D 3;19 &.44 NS 0.58 NS 3.41 NS 0.82 1.28

@, 72;03 78.33 129.33 5.17 14.47 57.89 226.71 22.89 27.72

my 73.78 62.37 126.%4 4,37 14.63 62.56 222.89 23,11 26.53

ms £8.92 70.06 125.87 4,34 14.32 56.27 223.11 23.53 26.67

CD 3.19 4,66 NS 0.58 NS 3.41 NS NS NS

£, 76.867 77.B& 127.31 5.06 12.18 72.284  223.77 12.%4 26.00

t. 73.17 71.81 128.31 4.83 14.84 55.24 218.33 22.28 26.61

ts 66.92 68.30 126.54 J.99 14.60 48.93  222.61 26.31 28.31

€Dh 3.19 4.5646 NS 0.58 NS J.41 NS 0.82 1.28
Treatment 73.22 74,28 127.93 4,86 14.61 &£0.44 222.03 22.63 26.01

mean
Caontrol 93.50 120.00 131.1S 11.00 15.32 81.33 229.12 17.00 28.00
Ch 4.78 £.99 NS 0.8Bé NS 5.11 NS 1.21 1.92

CD - At 5% level NS - Not significant



Table 10

Interaction effect of colchicine
and morphological characters upto

concentration and mode of tre
flower opening in Delila

atment on survival

et g N ane - perplant . mate flewer female frower
;gﬁ:raCt— ii;ien 30 DAP &0 DAP 30 DAP &0 DAP 30 DAP &0 DAP opening opening
cqymy 87.73 105.33 129.00 6.56 15.58 &£8.83 228.67 19.42 22.16
c{my 87.83 20.90 133.58 3.92 15.08 73.05 211.50 21.50 25,866
cym3 B81.00 ?8.42 127.22 6.23 14.83 61.50 218.83 21.50 23.17
comy 71.16 52.73 1324.33 6£.05 15.35 58.92 235.30 22.17 23.50
c:mz 73.50 b6.63 131.50 5.30 13.71 71.67 220.33 22.00 22.25
cim3 70.25 77.33 123.82 3.33 13.75 67.38 231.17 22.00 25.23
c;ml &3.00 65.83 134,66 2.88 13.08 43.92 222.17 25.00 30.50
c3mo &0.00 50.12 125.75 3.90 15.08 42.467 206.83 25.83 31.50
cIm3 55.00 £8.50 134.58 3.45 14,33 32.92 219.33 26.17 31.67
£Dh NS 8.07 NS 0.99 NS 5.0%9 NS 1.42 2.22
LD - At 5% level NS - Not significant



Table 12

Interaction effect of mode of treatment and period of treatment on survival

morphological characters upto flower opening in Delila

and

Treatment Survival Length of vine No. of branches No. of leaves Days taken to Days taken to
interact- percentage tem) per plant per plant male flower female flower
ions 30 DAP &0 DAP 30 DAP &0 DAP 30 DAP &0 DAP opening opening

myty 79.33 80.60 121.50 4,20 14.47 74.25 2246.83 19.33 25.83

mito 74.00 68.63 134.00 5.48 14.75 55.08 228.33 22.17 28.33

mytx 68.75 62.17 135.50 5.08 14.80 48.33 231.00 27.17 22.00

moty 75.25 71.67 128.92 5.87 14,17 72,25 223.67 12.83 26.00

mato 70.83 68.73 121.50 4.15 15.05 57.66 220.11 23.17 26.83

otz 75.41 67.73 130.42 J.10 14,47 57.6& 227.30 26.33 26.75

mzty 70.16 81.92 131.50 4,37 14.91 70.22 220.83 20.467 24,16

mzto 61.16 77.25 129.42 4.86 14.72 53.58 223.13 21.50 26.87

mIt b41.71 75.00 126.72 3.80 14,33 45.00 220.11 28.42 29.17

Cb NS NS NS 0.%9 NS 5.09 NG 1.42 2.22

o - At 5% level NS Net significant



Table 13

Effect of colchicine concentration,

mode of treatment and period of

z;:;:z:erggrphological characters in Delila (number of flowerstr::tm;2;122
Ng. of No. of Stomatal No. of Length of Girth of Weight of Pollen Pollen
Male female length fruits fruits fruits fruit size
Treatments flowers flowers sterility
per plant per plant (mm) (cm) (cm) (g) (mm) (4

= 450.87 16.78 0.103 5.56 47 .47 29.91 1385.56 0.038 30.21
€2 336.94 15.3% 0.122 5.00 49.56 47.472 1310.28 0.040 30.96
cx 328.75 14.06 0.130 5.17 52.14 29.42 1259.45 0.044 51.44
Cb 21.91 1.44 0.007 NS NS NS NS 0.001 2.54
my 3460. 6% 15.94 0.113 5.83 492 .44 29.11 1235.00 0.039 35.48
mo 371.24 14.8%9 0.119 5.78 S51.44 29.36 1279.00 0.040 36.86
m3 357.72 15.39 0.121 5.11 48.31 30.13 1340.83 0.043 39.97
b NS NS NS NS NS NS NS 0.001 2.54
ty 3g8. 19 16.17 0.111 &6£.06 48.17 285.79 1298.81 0.040 27.96
to 389.78 15.00 0.119 5.61 49.75 28.77 1271.11% 0.041 30.71
t3 392.3%9 15.06 0.124 5.06 30.31 31.03 1285.56 0.041 53.94
chb NS NS 0.007 NS NS NS NS NS 2.54
Treatment

mean 397.61 15.6% 0.120 5.68 49.28 22.32 1281.40 0.040 36.32
Control 602.50 12.355 0,082 5.91 43.44 27.114 1191.25 0.030 3.90
€D J2.86 2.15 0.003 NS NS NE NS 0.002 3.50
o - At 5% level NS - Not significant



Table 14

Interaction effect of colchicine concentration and mode of treatment on
morphological characters in Delila ( number of flowers to pollen characters)

various

o
Treatment No. of male No. of female Stomatal No. of Length of Girth of Weight of Pollen Pollen
interact- flowers flowers length fruits fruits fruits fruit size sterility
ions per plant per plant (mm) {cm) {cm) (g) {mm) (%)
cymy 507.50 20.00 0.0B8 6£.83 47.33 24,50 1230.88 0.033 25.28
cym3 422.00 13.17 0.113 7.83 44,50 26.08 1292.50 0.038 32.22
cimy 422.50 15.17 0.106 7.13 48.50 30.50 1303.33 0.041 33.12
Comy 396.73 15.00 0.122 5.8 454,00 J0.75 1259.17 0.041 36.30
comyp 38B.50 15.33 0.117 5.33 45.33 29.92 1325.15 0.038 26.05
com3 363.00 15.83 0.125 5,17 47.41 33.17 1203.32 0.042 30.03
cxmy 417.83 12.83 0.126 4.83 49.11 28B.50 1175.00 0.043 45,25
cImo 305.24 14.17 0.127 5.22 48.91 30.33 1417.50 0.043 52.32
ik 287.487 15.17 0.133 5.17 50.12 29.42 1185.63 0.047 56.77

£Dh 37.95 2.48 0.012 NS NS NS NS 0.002 4,39

CD - At 5% level NS Not significant
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diploid cells. Mitotic division stages were observed in the
normal diploid cells. Metaphase and anaphase stages were
seen frequently as shown in plate - 6. Large sized cells
could be seen in the case of colchicine treated root tips
(plate - 7). But the chromasomes were not well stained in
them and could not be seen clearly. Highly stained

artifacts were also seen in excess in colchicine induced

cells.
Experiment II
Standardisation of suitable medium for embryo culture

To standardise the best combination of medium for
embryo culture, MS medium was selected as the basal medium
and supplemented with different concentrations of IAA and

Kinetin as follows.

IAA

0.05,0.1 and 0.2 mg/L

Kinetin 0.05,0.1 and 0.2 mg/L

Callus development was noticed in all the six
variations of the medium tried. Shoot differentiation was
found to be high in medium supplemented with I1AA. Among the
three concentrations of IAA tried, maximum callus growth
rate was observed with the medium supplemented with O.1 mg/L

IAA. Early embryo differentiation was also noticed in this



combination. High callus induction rate and fast callus
growth response were noticed with this medium. M5 medium

supplemented with 0.05 and 0.2 mg/L of IAA also gave early
callus induction. But delay in shoot differentiation was

noted in these media compared to 0.1 mg/L of IAA

combination.

Eventhough callus induction was noticed in media
supplemented with kinetin, the rate of callus induction and
callus growth was very slow. Shoot differentiation was also
very poor in these media. Hence MS medium supplemented with
0.1 mg/L of IAA was standardised as suitable medium for

embryo culture of Cucumis sativus.

The results on the effect of colchicine
concentration, type of embryo used for culturing and day of
treatment on callus induction and callus growth rate are

presented below.

Number of days taken for embryogenesis

The data on number of days taken for embryogenesis

in the variety “Seethal’ are given in Table 17.

Colchicine concentration had significant influence
on embryogenesis. In the culture medium embryogenesis was

significantly and progressively delayed along with the
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increase in colchicine concentration. At the highest
colchicine concentration of 0.04% maximum period of 23.895
days was taken for embryogenesis as against the minimum
period of 14.47 days taken for embryogenesis at caolchicine
concentration 0.02%. The time taken for embryogenesis
showed significant difference in the three types of embryos
with pro-embryos recording maximum period for embryogenesis
(27.93 days) and embryos of dry seeds recording the minimum

period for embryogenesis (11.& daysa).

Days of treatment did not exert any significant

influence on the time taken for embryogenesis.

The interaction effect of colchicine concentration
with type of embryos is presented in Table 1B. Significant
difference were recorded for the time taken for
embryogenesis in the different treatment combination.
Maximum period (35.44 days) was taken for embryogenesis by
the pro-embryos treated with 0.04%. Colchicinel(cse; ). The
time taken for embryogenesis was minimum (B8.00 days) when
the embryos of dry seeds were treated with the lowest

colchicine concentration of 0.02% (c,e3).

The interaction effects of colchicine
concentration with day of treatment and the 1nteraction
effect of different types of embryos with day of treatment

were not significant,
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The three factor interaction of treatments
(Appendix VI) was alsao significant. Maximum value was
recorded at 0.4 per cent colchicine applied on pro-embryo
on the same day of inaculation (cse,d; ) and minimum was
obtained when dry seed embryos were treated with 0.02

per cent colchicine on third day of inoculation (c,esds).

An  appraisal of the data presented on Table 21
indicated significant influence of colchicine concentration
and type of embryo in Delila with respect to days taken for

embryogenesis.,

Untreated proembryos, mature embryos and dry seed
embryos showed early embryogenesis compared to colchicine
treated ones. With increasing calchicine concentration
embryogenesis was delayed significantly recording & maximum
of 30.11 days at 0.04 per cent level. Among types of embryos
maximum delay (29.04 days) was noticed with proembryos and
minimum (14,78 days) with dry seed embryos. Days of

treatment did not exert any significant influence.

Data on interaction of colchicine concentration
with type of embryo are given in Table 22. With proembryas
at 0.04 per cent concentration (cse;) maximum delay (40.78
days) was noticed for embryogenesis. Fastest embryogenesis

at 11.00 days was observed for the c;es cambination.
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Interaction of colchicine concentration with days
of inoculation and types of embryo with days of inoculation

was found to be insignificant.

Among interaction values of all treatments
(Appendix VII) minimum (9.60) was recorded with dry seed
embryos treated by 0.03 per cent colchicine on the same day
of inoculation (cze;d, ) and maximum value was recorded with
pro-embryos when treated by 0.04 per cent colchicine on

same day of incoculation (cye.d; ).
Regeneration percentage

The data on regeneration percentage of calli in
culture tubes in respect of variety Seethal are depicted 1in

Table 17.

Treatments exerted significant effect on
regeneration treated embryos were compared to untreated

control embryos.

As colchicine concentration increased from 0.02 to
0.04 per cent regeneration percentage decreased
significantly from 33.42 to 9.90. With proembryos lowest
regeneration (0.83%) was noticed and maximum (43.38%) with
embryos of dry seeds. Day of treatment did not exert any

significant influence on regeneration,.



69

Data on interaction effect of colchicine
concentration with type of embryo are presented in Table 18.
Maximum regeneration obtained was recorded with C, es
combination (53.47%) and minimum value (0.37%) for cse,.
Interaction of colchicine concentration with day of
treatment and type of embryo with day of treatment had na

significance on regeneration percentage in Seethal.

Amang interactions of all treatments in Seethal
(Appendix VI, dry seed embryo when treated with 0.02 per
cent colchicine on the third day aof inoculation (c,eyds)
recorded maximum (68.62) and pro-embryo treated by 0.04 per
cent colchicine on the same day of inoculation (cse,d,)

recorded minimum (0.04) regeneration percentage.

Data presented on Table 21 revealed significant
influence of colchicine concentration and type af embryo on
regeneration percentage in Delila. A significant fall in
regeneration percentage from 17.47 to 8.79 was noticed with
lncrease in level of colchicine concentration from O.02 ta
0.04 per cent. Pro-embryo(e,) and dry seed embryo (e;)
recorded lowest (0.42) and highest (24.48) regeneration
percentage respectively, Day of treatment had no

significance on regeneration percentage in Delila,
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Two factor interaction of treatments did not exert
any significant variation in Delila with respect to

regeneration percentage.

Three factor interaction of treatments was
significant with respect to regeneration percentage in
Delila. Maximum value (35.11) and minimum value (0.13) were
recorded at dry seed embryos treated by 0.02 per cent
colchicine on the same day of inoculation (c,ezd;) and
pro-embryos treated by 0.04 per cent colchicine on the the

same day of inoculation (cse,d,) respectively.
Number of leaves produced 45 days after treatment

Data on number of leaves produced in tubes 45 days

after treatment are presented in Table 17.

Untreated dry seed embryo produced significantly
higher number of leaves than the mean efffect of treated
ones. Whereas untreated pro-embryos showed decreased number

of leaves.

With increasing colchicine concentration a

progressive reduction in number of leaves from 2.51 to 1.&62

was noticed. Dry seed embryo and pro—embryos recorded
max imum (2.35) and wminimum (0.21) number of leaves
respectively. Day of treatment showed no significant effect

on this parameter.
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Interaction effect of «colchicine concentration
Qith type of embryo showed significnat effect (Table 17).
The combination Cy 93 recorded maximum (3.25) and c3e,
minimum (0.37) values, Interaction of colchicine
concentration with day of treatment and type of embryo with

day of treatment was not significant in Seethal.

The interaction of effect of treatments are given
in Appendix VI. Dry seed embryos treated with colchicine
0.02 per cent on the same day of inoculation (cyeady) and
pro-embryos treated with 0.04 per cent colchicine on the
same day of inoculation (csesdy) recorded maximum and

minimum values respectively.

The data on number of leaves produced in the
culture tubes after 45 days in Delila are depicted in

Table 21.

Untreated dry seed embryo produced significantly
more number of leaves than mean effect of treated embryos.
Values observed in case of mature embryos was on par with
mean effects. Control proembryos produced a lower value

than the mean of treatment effect.

Uith increasing colchicine concentration from 0.02
to 0.04 per cent a significant fall in number of leaves

produced in tubes was noticed from 2.33 to 1.49, Pro-embryos
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recorded lowest (1.358) and dry seed embryo the highest

(2.34) values. No significant effect was exerted by day of

colchicine treatment,

Data depicted on Table 22 revealed significant
influence of interaction of colchicine concentration with
type of embryo. Here c,es recorded maximum number of leaves
while the minimum number was recorded by cse,;. Interaction
effect of colchicine concentration with day of treatment and

type of embryo with day of treatment were insignificant.

Among 1interaction of all factors (ARppendix VIID)
significant variations were noticed, with dry seed embryas
treated with 0.02 per cent colchicine on the same day of
inoculation (c,ezd; ), Proembryos treated with 0.04 per
cent colchicine on both second and third day of inoculation
(cse,dz/c3ye,dsy) recording maximum (8.66) and minimum (0,29)

values respectively.
Length of plantlet 45 days after treatment

Data on length of plantlet at 45 days after

treatment in Seethal are given in Table 17.

Untreated proembryos and mature embryos showed
significantly lower plant length than the mean effect of all

the treated embryos. Contral dry seed embryo produced
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significantly higher length compared to mean effect of

treated ones.

Length of plantlet was reduced progressively and
significantly with increase in colchicine concentration from
0.02 to 0.04 per cent. Type of embryo also exerted
significant effect. Pro-embryos recorded lowest (0.S50) and
dry seed embryos showed maximum (2.10) length of plantlet in

Seethal. Day of treatment had no significance.

Data on interaction effect of colchicine
cancentration with type of embryao on length of plantlet in
Seethal are given in Table 18. Maximum and minimum values
were recorded by c,e;y and cy;e, respectively. Interaction of
colchicine concentration with day of treatment and type of

embryo with day of treatment were not significant.

Three factor interaction between treatments
(Appendix VI) showed significant influence on Seethal. The
combination of 0.03 per cent colchicine when treated on pro
embyos on the second day of inoculation recorded minimum
(2.11) and dry seed embryo treatment with 0.03 per cent
colchicine oan the second day of inoculation maximum (8.32)

plantlet length.

Data presented on Table 21 showed significant
effect of treatment on length plantlets at 45 days stage 1in

Delila.



Control pro-embryos and mature embryos produced
significantly lower length of plantlet than mean effect of
the treated ones. Dry seed embryo produceed significantly

higher plantlet length than mean effect of treated anes.

A significant decrease in plantlet length from
?.11 to 4.39 was noticed with increasing colchicine
cancentration from 0.02 to 0.04 per cent. Dry seed embryo
(es ) recorded maximum plantiet length of 8.55 follaowed by
mature embryoc (4.92) and pro-embryo (3.16). No significant

variation was noticed with day of treatment.

All two factor interactions were insignificant

with respect to this parameter in Delila.

Among interaction of all treatments, colchicine
treatment at 0.02 per cent an dry seed embryos at the same
day of inoculation (c,e;d,) and colchicine at 0.04 per cent
on the second day of inoculation of pra-embryos (cye,d;)
recorded maximum (B8.52) and minimum (1.32) values

respectively.
Survival percentage under green house condition

Data oan survival percentage of plants in green

house for the variety Seethal are presented in Table 17.



Untreated pro-—embryos showed lesser survival than
mean effect of treated ones but both treatments were on par
with each other. Untreated mature embryos and dry seed

embryos showed higher survival percentage than the mean

effect of treated ones.

The survival of embryo cultured plants in the
green house was very low in Seethal. With increasing
colchicine concentration from 0.02 to 0.04, a fall 1in
survival from 1.61 to 1.31 per cent was noticed. With
pro-embryos the survival recorded was 0.82 which increased
to 1.69 where dry seed embryaos were wused, Day of

inoculation showed no significant influence.

all af the two factor itnteractian were
nit significant with respect to survival of plants in the

green house in Seethal,

Among three factor interactions (Appendix VI) dry
seed embryos treated with 0.02 per cent colchicine on the
same day of inoculation (c,es;d;) recorded maximum value of
3.32 and the value was significantly lowered to 0.29 at
colchicine treatment of 0.04 pe~ cent on pro-embryos on the

same and second day of inoculation (cse,;d, and c;e,d;).

Data on survival percentage of plants in Delila

are given 1n Table 21.



76

Untreated pro-embryos showed lower survival

percentage than mean effect of treated embryos but was on

par. Untreated mature embryos showed higher survival but
was also an par with mean effect of treated ones. Control
dry seed embryo showed significantly higher survival

precentage than the mean effect of treated ones.

As colchicine level increased from 0.02 ¢t0O 0.04
per cent, decrease in surviva} percentage from 1.58 to 1.24
was recorded. Pro embryo recorded lowest survival
percentage (1.01) and corresponding highest value (1.53) was
shown by mature seed embryo. Day of treatment exerted na

siginificant effect.

All two factor 1nteractions were insignificant

with respect to this parameter in Delila.

Among three factor interactions (Appendix VIID)
colchicine treatment of 0.02 per cent on dry seed embryos on
same day of inoculation (c;esds? recorded maximum and
colchicine treatment of 0.04 per cent on pro-embryos aon the
second day of inoculation (c3;e,dz?) recorded minimum value

in Delila.
Morphalagical variations noticed

Some morphological variations were noticed on

developing plantlets 1n the culture medium. The
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common feature noticed in colchicine treated embryos wasg the

stunted growth. Failure in callus differentiation was also
noticed with higher levels of colchicine treatment. Very
poor callus induction and callug differentiation were

noticed with the pro-embryo in the culture medjium.

Immature flowering was noticed in the culture
tubes when dry seed embryos were treated with 0.03 per cent
colchicine on the second day of inoculation (czeads ;
plate - 14), In one tube (see plate - 15) shoot
development without leaf formation was observed. In some
tubes (see plates 8 to 13) stunted growth was noticed on

colchicine treatments. Only a callus mass with out organ

differentiation was developed in some tubes (plate - 16).

The plantlets after hardening were transferred to
green house. These plantlets showed very poor development
and low survival pPercentage. The plantlets remained without
any further development in green house for 10 to 15 days and

majority of them g€radually died eventhough they were cared

properly.



Table 17 Effect of colchicine concentration, type of embryo and day of treataent
on survival and various plant characters in Seethal

No. of days Regeneration No. of leaves produced Length of plantlet Survival of plants
Treatments taken for percentage in tubes 43 days after 45 days after under green house
embryogenesis treatment treateent (cm) condition (%}

cy 14.67 33.42 2.31 8.31 1.614
cz 18.93 23.74 2.10 5.12 1.52
c3 23.85 ?.90 1.62 4.33 1.31
€D 1.62 8.346 0.21 1.12 NS
ey 27.93 0.83 1.64 0.50 0.82
e 17.85 22.85 2.04 0.70 1.53
ex 11.67 43.38 2.55 2.10 : 1.69
€D 1.62 8.346 0.2t 1.12 0.17
dy 19.48 19.62 2.11 b.61 1.57
dop 19.04 21.3%9 2.00 5.88 1.43
dx 18.93 26.06 2.03 &.72 1.44
€D NS NS NS NS NS
Treatment 18.17 24.84 2.14 6.01 1.50

mean
Control
(proembryo) 13.17 1.57 1.43 0.43 1.14
Contral
(mature
embryo) 7.67 61.37 2.58 3.51 1.82
Contral
(embryo of
dry seed)} 5.33 76.467 3.64 6.91 2.14
Cb 4.87 25.07 0.61 0.89 0.52

CD - At 5% level NS - Not significant



Table 18 Interaction effect of colchicine concentration and type of embryo
on survival and various plant characters in Seethal

Treatment No. of days Regeneration No. of leaves produced Length of plantlet Survival of plants
interact- taken for percentage in tubes 45 days after 45 days after under green house
ions embryogenesis treatment treatment (cm) candition (%)
cieq 22.56 1.38 1.82 3.12 1.31

cieo 13.44 35.40 2.47 7.22 1.464

ciex 8.00 53.47 3.25 8.31 1.87

coeq 25.77 0.74 1.73 2.12 1.26

cpep 18.44 23.30 2.07 ' 5.71 1.51

coex 12.56 47.18 2.49 5.93 1.78

cxeq 35.44 0.37 1.36 0.463 1.09

czeo 21,47 ?.85 1.59 1.16 1.43

txex 14.44 19.48 1.91 2.71 1.40

%)) 2,81 14.47 0.36 1.61 NS

o - At 5% level NS - Not significant



Table 19 Effect of colchicine concentration and day of treatment
on survival and various plant characters in Seethal

Treatment No. of days Regeneration No. of leaves produced Length aof plantlet Survival of plants
interact- taken far percentage in tubes 45 days after 45 days after under green house
ions embryogenesis treatment treatment (cm) condition (%)
cydy 14.78 27.31 2.5% 7.33 1.77

cydo 14.22 32.46 2.47 7.12 1.49

cydx 15.00 40.48 2.47 _ 6.91 1.56&

cody 18,22 21.78 2.31 6£.56 1.56

cpdp 17.88 22.18 2.11 6.91 1.49

Ccpdx 18.67 27.27 2.08 6.33 1.50

cxdy 25.44 ?.77 2.10 5.88 1.37

czdo 23.00 ?.52 2.00 6.37 1.30

cxdx 23.11 10.43 1.99 6.32 1.25

cD NS NS NS NS NS

Cb - At S5Y% level NS - Not significant



Table 20 Interaction effect of type of embryo and day of treatment
on survival and various plant characters in Seethal

Treatment No. of days Regeneration No. of leaves produced Length of plantlet Survival of plants
interact- taken for percentage in tubes 45 days after 45 days after under green house
ions embryogenesis treatment treatment (cm) conditian (%)
eydy 28.67 0.55 1.68 _ 5.12 1.18

eydo 27.33 1.07 1.61 S5.61 1.22

eqdzx 27.77 0.86 1.61 5.59 1.65

end, 17.67 14,77 2.09 6.2 1.26

epdpy 17.89 17.33 2.04 &£.23 1.43

endyx 18.00 22,11 2.61 6.19 1.49

exdy 12.11 43.54 2.4%9 &£.55 1.86

exdo 11.89 40.25 2.31 6.39 1.64

exdx 11.00 45,34 2.49 &.49 1.55

Cb NS NS NS NS NS

cb - At S% level NS - Not significant



Table 21 Effect of colchicine concentration, type of eabryo and day of inoculation
on survival and various plant characters in Delila

No. of days Regeneration No. of leaves produced Length of plantlet Survival of plants
Treatments taken for percentage in tubes 45 days after 45 days after under green house
embryogenesis treatment treatment (cm) condition (%)

cy 15.19 17.47 2.33 ?.11 1.58
c3 17.52 13.83 1.89 8.5¢ 1.43
€3 30.11 8.79 1.49 6.39 1.24
3y} 1.51 5.51 0.18 1.32 0.14
e 29.04 0.42 1.58 3.16 1.0t
e 19.00 15.19 1.80 4.92 1.53
ey 14.78 24.48 2.34 B.5S 1.52
CcD 1.5t 5.51 0.18 1.32 0.14
dy 21.94& 14,43 1.92 4.22 1.52
da 20.26 12.57 1.93 4.39 1.44
dx 21.59 13.09 1.8B& 5.32 1.40
Cb NS NS NS NS NS
Treatment

mean 17.74 15.67 3.29 5.11 1.42
Control
(proembryo) 14.00 1.90 2.33 2.13 1.00
Control
(mature
embrya) 7.00 456.33 2.67 3.99 1.52
Control
(embryo of
dry seed) 5.23 61.17 11.33 6.93 1.93
cp 4.54 16.53 2.29 1.10 0.43

CcD - At 5% level NS - Not significant



Table 22 Interaction effect of colchicine concentration and type of embryo
on survival and various plant characters in Delila

Treatment No. of days Regeneration No. of leaves produced Length of plantlet Survival treatment
interact- taken for percentage in tubes 45 days after 45 days after under green house
ions embryogenesis treatment treatment (cm) condition (%)
ciey 19.98 0.58 1.82 5.39 1.35

ciep 14,78 5.22 2.17 6.33 1.71

ciex 11.00 ?.91 2.90 7.31 1.69

coey 26.56 0.51 1.72 : 6.30 1.23

cpep 14.56 7.72 1.78 7.30 1.56

coex 11.44 7.88 2.17 7.32 1.51

cxeq 40.78 8.44 1.18 5.11 1.04

czeo 27 .47 8.12 1.43 5.21 1.31

ciex 21.88 1.10 1.85 5.22 1.36

Cb 2.61 NS 0.35 NS NS

193] - At 5% level NS - Not significant



Table 23 Interaction effect of colchicine concentration and day of treatment
on survival and various plant characters in Delila

Treatment No. of days Regeneration No. aof leaves produced Length of plantlet Survival treatment
interact- taken for percentage 10 tubes 45 days after 45 days after under green house
ians embryogenesis treatment treatment (cm) conditian (%)
cydy 14.78 18.55 2.30 7.38 1.80

cydp 14.00 16.20 2.38 7.42 1.34

cydx 14.78 17.11 2.29 &6.59 1.61

cody 17.22 18.10 1.95 | &6.32 1.52

codp 17.00 18.21 1.90 6.1%9 1.39

cdz 18.33 17.33 1.90 7.00 1.38

c3dy 15.11 16.52 1.50 6.80 1.22

cxdo 17.33 16.38 1.53 5.90 1.28

cxdx 16.11 18.11 1.45 6.01 1.22

Ch NS NS NS NS NS

Ch - At 5% level NS - Not significant



Table 24 Interaction effect of type of embryo and day of treatament
on survival and various plant characters in Delila

Treatment No. of days Regeneratian No. of leaves produced Length of plantlet Survival treatment
interact- taken for percentage in tubes 45 days after 45 days after under green house
1ons embryagenesis treatment treatment (ca) condition (%)
eqydy J0.11 10.35 1.57 B.11 1.13

€do 28.22 0.48 1.56 7.82 1.24

eqdz 28.77 0.42 1.5%9 , 7.35 1.33

eod 27.11 0.89 1.79 7.22 1.39

exdop 28.34 B.11 1.88 7.11 1.42

eodx 25.12 8.28 1.72 7.12 1.41

exdy 26.78 ?.71 2.38 7.23 1.43

exdop 28.11 ?.99 2.36 7.60 1.42

exdx 28.13 ?.32 2.26 7.01 1.19

cb NS NS NS NS NS

€b - At 5% level NS - Not significant
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DISCUSSION

Polyploids are praduced artificially by treatment
with some chemicals of which colchicine is the most
successful and widely used. Colchicine interferes with the
spindle development in the dividing meristematic cells.
Once a polyploid cell is formed, its normal division will
give rise to a polyploid tissue, branch, flowers, fruits,
seeds etc and a polyploid plant is established. But due to
the cytogenetic instability caused by the numerical
alteration 1in chromosomes the nature and usefulness of the
autopolyploids are not predictable. The autopolyploids, 1 f
they are vigorous and better yielding, can be used as new
varieties or for crossing with normal diploids to produce
seed sterile triploids as in the case of water melon, apple

and pear which are commercially important.

Cucumis sativus the species used in the present
study is popularly used as salad cucumber. So
autopolyploids if praoduced can either be used as new
varieties or can be used for the production of sterile
seedless triploids for commerical use. The present

Investigation was done with the objective af inducing



polyploids in Cucumis sativus through in-vivo treatment of

seeds, seedlings and apical buds and also through 1p-yitre

treatments of embryos of seeds. In the in-vivo experiment

0.2, 0.3 and 0.4 per cent of colchicine were applied on
seeds apical bud and seedlings for a period of two hours,
four hours'and six hours. In the in-vitro experiment 0.02,
0.03 and 0.04 per cent of colchicine were applied on
pro-—embryos, embryos from ma?ure seed and embryos from dry
seed in culture medium for a period of two hours, four hours
and six hours. The results obtained from the study are

discussed below.

Experiment I (In-viva)

Survival of plants

Colchicine is a poisonous plant alkaloid which
causes many lethal effects an plants at higher
concentrations. With increasing concentration i1t can cause
low survival of plants and hence a study on the survival of
calchicine treated plants 1s important to find out the
critical level of colchicine for inducing poyploidy with out

much lethal effects.

In the present investigation, of the three levels
of colchicine concentration and period of treatments tried,

the lowest level of both gave the highest survival
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percentage in both the varieties Seethal and Delila. Mode
of treatment also had significant effect recording highest
survival in the seed treatment in both varieties. Lowest
survival was recorded 1n both the varieties when apical bud
treatment was resaorted to. Survival was lowered
significantly at the highest colchicine concentration (0.4%)
when applied by apical bud treatment in both varieties. In
cseed treatment of colchicine,’0.2 per cent cancentration for
a period of two hours recorded maximum survival of plants 1in
both the varieties. It can be concluded that, lower level
of colchicine concentration by seed treatment is desirable

for best survival.

Colchicine treated cells showed disturbances 10
mitotic division stages. Colchicine being & pPO1ISONOUS
substance, often has some sublethal effeéts which affect the
cellular activity. This may be the reasan for the low
survival percentage noticed with high concentrations of

colchicine and also with longer period of treatments.

Many workers earlier have noticed this sublethal
effects of colchicine which caused low survival percentage.
Reports of Singh (1979) in Melothriaj; Singh and Yadav (1984)

and Yadava t al (1986), in Cucumis;] Singh and Ray

(1988) in Petuniaj; are 1in confirmity with these

observations.
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Morphological variations

For the morphological characters viz. length of
vine, number of branches and number of leaves per plant
significant variations were observed in the colchicine

treated plants during the early stages ie. 30 days of growth

stage.

Maximum reduction in vine length, number of
branches per plant and number of leaves per plant were
noticed at the highest colchicine level (0.4%) in both
varieties. Period of treatment also showed similar pattern
of wvariations. Among modes of treatment, apical bud
treatment resulted in maximum reduction of vine length and
number of branches and leaves per plant in both varieties.
The initial stunted growth expressed as reduced vine length
and number af branches and leaves may be attributed to the

sublethal effect of calchicine.

Ramanujam and Joshi (1941) 1n Cicer arie tinum;
Andrus et al. in water melon (1971)5 Singh (1975) in Cucumis

melo; and in Cucumis sp. by Singh and Yadav (1984) and

Yadava et al. (1984) noticed similar observatiaons.
Significant variations observed with respect to these
parameters 10 calchicine treated plants, suggested

occurrence of polyploid derivatives among the treated
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population as the stunted growth nature was reparted as an

indication of polyploidy.

At &0 days of growth stage the treatment effects
were not found significant for vine length, number of
branches and number of leaves per plant, The drug
calchicine supresses anaphase and causes lengthening of
duration of metaphase. Probably colchicine induced cells
may not keep pace with surrounding normal diploid cells
during cell division and multiplication. So the colchicine
affected cells might have been suppressed by activ ely
dividing normal diploid cells as the plant grows. This may
be the reasaon for the insignificant effect of treatments at
60 days of growth stage. Similar results were reported Dby
Shifriss (1942) and Davidson (1979) in Cucumis. Amin (1940)
had also reparted similar initial stunted growth of
colchicine treated plants only during early growth stages.
Janaki Ammal and Bezbaruach (1962} 1in Cathargnthus roseus
also noticed similar observations. Singh (1979) and
Yadava et al. (1984} reparted initial stunted growth pattern

in colchicine treated Cucumlis sp.

A delay in flowering by two to eight days was
noticed among the caolchicine treated plants compared to
control plants in both varieties. The delay was recorded 1n

both male and female first flower opening. With increase in
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colchicine concentration from 0.2 to 0.4 per cent and also
period of treatment from two to six hours, delay 1n the
opening of both male and female flowers increased
praogressively. Seedling treatment and apical bud treatments
showed much delay for first flowering in Seethal compared to
seed treatment. Delayed flowering was reported as a common
feature exhibited by colchiploids in many crop speciels.
Randaolph (1932) in maizej Kumar and Abraham (1942) in

Phaseolus; Tandon and Chinoy (1930) in Amaranthus bilitums

Srivastava (1950) in sesame; Singh and Yadav (1984) and
Singh and Roy (1988) in Cucumis all observed delayed
flowering associated with polyploid farms. The observations
of present investigation suggested that colchicine
treatments were effective in producing colchiploids 1n
Cucumis sativus. The initial stunted growth in colchiploids
as reparted may be the cause of delayed flowering i1in the

colchicine treated plants in the present study.

In respect ot the number of male and female
flowers produced per plant the treated plants showed
significant reduction compared to contral plants in bath
varieties. Flower production was significantly and
progressively reduced along with increase 1in colchicine
concentration 1in both varieties. In the wvariety Delila

reduction in flower production increased along with the



increase in the period of treatment also. Many reports are
there in confirmation with these observations. Singh (1979)
and Singh and Yadav (1984) noticed reduction in number aof
flowers in artificially induced polyploid forms in Cucumis
sp . Roy and Ghosh (1971} 1in Luffa and Roy et al. (1260)
in Momordica also recorded similar observations. The
initial stunted vegetative growth rate of the polyploids can
be attributed to the reduction in number of flowers produced

per plant.

In respect of stomatal length, significant

variations were observed an the colchicine treated plants

compared Yo control in both varieties. With 1increasing
colchicine concentrations and period of treatment there
was progressive increase in stomatal length. Many earlier

findings confirm the above observations Lathika (1968)
reported that polyploidy is accompanied by gigas characters
as expressed by increased size of pollen and stomata.
Reports by Singh (1979) in Cucumis SPj} Singh and Yadav

(1984) and VYadava et al. (1986) in Cucumis sativus reported

increased stomatal size assaciated with polyploid
derivatives in Cucumis Sp. Variations noticed in stomatal
length, a reliable morphological index to identify polyploid
forms, suggest the existence of calchiploids among treated

population.
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With respect to the fruit characters taken for
study viz. number of fruits per plant, length of fruit,
girth of fruit and weight of fruit, the different treatments
did not exert any significant influence in both varities.
Stebbins (1950) in cucurbits, reported that the common
gigantism was not an universal feature especially in
relation to fruit characters. According to earlier reports
polypolid derivatives in Cucurbitaceae produce small fruits

compared to their diploid counterparts (Singh, 1979; Singh

and Yadav, 1984).

Shifriss (1942) reported the occurence of smaller
fruits as against the general expectation of larger fruits
in Cucumis sp. He indicated that initial increase in size
of ovary do not keep pace with further development of plant,
thus resulted in the development of smaller fruits. Singh

(1979) reported that in Cucurubitaceae polyploidy brings

about gigantism in all the vegetative features while
producing smaller fruits than expected. Findings of 8Singh
(1975) in Cucumis melo also agree with the present

obervation.

Considering the different morphological characters
in general colchicine exerted significant influence on all
characters at the early growth stages which indicate the

possible occurence of polyploids among the treated plants.
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Treatment effect prevailed even at flowering stage which
étarted at 23 to 25th day of planting and extended upto 30
to 35th day. But the characters did not agree with the
usual gigantic characters of polyploids at later stages. A
probable reason that may be attributed for this is the
fading out of polyploid cells due to the overgrowth of the
surrounding actively dividing diploid cells as the plants
grow. This may be the reason for the absence of polyploid

characterstics at the later stage of growth.

Pollen size and sterility

Increased pollen size with high percentage of
sterility was often described as an associated feature with
polyploid forms in many of the crop species. Increasse in
pollen s8ize and sterility were noticed with increasing
colchicine concentrations and also with increasing periods
of +treatment, uniformly in both varities. Highest values
for pollen size and pollen sterility were noticed from
apical bud treatment.Similar observations were reported by
Turkov et al (1974) and Yadava et al (1984) in Cucumis 8p.,
Luongdinhoua (1950) in Oryza sp; Amstrong and Robertson

(1960) in Trifolium hybridum and Mercykutty and Kumar (1983)

in pea. Many mitoic abnormalities were reported in the
meiotic division of polyploids which may be the probable

reasons for high pollen sterility.
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Except the fruit characters, all oaother
morphologicl characters, pollen size and sterility generally
showed a positive response with increasing colchicine
concentrations and periods of treatment in both wvarities.
Similarly apical bud treatment was found to be causing more
detrimental effects compared to other modes of treatment.
Survival of plants decreased drastically by increasing
treatment levels. It can safely be cancluded that seed
treatment of colchicine at low concentration (0.2%) for a
minimum period of two hours is desirable for inducing
polyploidy since the higher concentrations of colchicine

produced pronounced deleterious effects.
Cytological studies

Cytological studies were conducted in the root
tips collected fraom germinating colchicine treated seeds.
The roots showed swelling as shown in plates - 1 to 3J.
Mitaotic division stages could be observed in the root tip in
the naormal diploid cells as shown in plate -~ 6. The
chromosomes are very small in size. Even though colchicine
affected cells showed a much enlarged size, the chromosomes
were not clearly seen (see plate - 7). An impartant feature
reported in cucurbits 1s that in majority of polyploids the
chromatin length is much less tham the actual chromatin

length of their related diploid counterparts (Singh, 1979).



Except the fruit characters, all other
morphologicl characters, pollen size and sterility generally
showed a positive response with increasing colchicine
concentrations and periods of treatment in both varities.
Similarly apical bud treatment was found to be causing more
detrimental effects compared to other modes of treatment.
Survival of plants decreased drastically by increasing
treatment levels, It can safely be concluded that seed
treatment of colchicine at low concentration (0.2%) for a
minimum period of two haours is desirable for inducing
polyploidy since the higher concentrations of colchicine

produced pronounced deleterious effects.
Cytological studies

Cytological studies were conducted in the root
tips collected from germinating colchicine treated seeds.
The roots showed swelling as shown in plates - 1 to 3.
Mitotic division stages could be observed in the root tip in
the normal diploid cells as shown in plate - &. The
chromosomes are very small in size. Even though colchicine
affected cells showed a much enlarged size, the chromosomes
were not clearly seen (see plate - 7). An important feature
reported in cucurbits is that in majority of polyploids the
chromatin length is much less tham the actual chromatin

length af their related diploid counterparts (Singh, 1979).
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The chromosomes undergo an oveall diminition in size, though
there 1is exact mulitiplication of DNA contents (Darlington

1965 and Sharma 1974, 197S),

Dane and Tsuchiya (197&) reported that while using
root tips of cucurbits as a material for cytological
studies, a pretreatment under deep freezing temperature with
0.002M B-hydroxyguinaline was required far proper
chromosome condensation and microtubule depolymerisation,.
Ramachandran and Narayanan (1985) have confirmed these
findings. The difficulty noticed in cytolagical
observations of colchicine treated root tip cells 1in the
present investigation can be attributed to the minute
chraomosome size, low chromosome condensation, decreased
chromatin length in polyploid form, and poor stain uptake

shown by the chromosomes of this species.
Experiment II (In-vitro)

The experiment was undertaken to standardise a
suitable culture medium for embryo culture of Cucumis
sativus and also to study the effect of different levels of
colchicine, type of embryo and day of treatment on callus
growth and plant development. The results obtained in the

present investigation are discussed below.



Standardisation af culture medium for embryo culture

In the present investigation MS medium was used as
the basal medium. This medium was supplemented with three
levels each of IAA and Kinetin 1ie. at 0.05, 0.1 and
0.2 mg/L. Comparing the callus initiation and callus growth
rate on the media supplemented with IAA and Kinetin, 1AA
supplemented medium was found to be better. With the
addition of either IAA or Kinetin, callus growth was
observed. But callus 1initiation rate was more 1n the
modified MS medium. MS medium supplemented with IAA at
O.1mg/L gave a better embryo take, early tissue
differentiation and early callus graowth. Hence this was
selected as the standardised medium far embryo culture 1n
the present study. Standardisation trial was conducted
using embryo from dry seeds. An early uptake by using
modi1fied MS media was reported Cucumis gativus by
Rajasekharan t al (19263); Sekioka and Tanaka (1981)3 Ziv

and Gadasi (198&6) and Kim et al. (1988) in Cucumis sativus.

Number of days taken for embryogenesis

Delay in embryogenesis was noticed in both
varieties with increasing colchicine concentration. Maximum
delay was noticed when pro-embryos were used for culturing

and minimum delay was recorded when dry seed embryos were
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used for culturing. Day of colchicine treatment showed no

significant effect in both varieties.

These results agree with earlier reports by Martin
and Sandhal (19B4), Ziv and Gadasi (198&6) and Fassuliotis
and Nelson (1988) . They suggested that the success of
in-vitro technigques varies with the plant material used for
culturing. Also many earlier reports suggested the critical
requirement of chemicals 'for plant regeneration in
artificial medium. Handley and Chambliss (1979)
Fassuliotis and Nelsun (1986, 1988); Kim et a}. (1988) and
Gambley and Dodd (1990) reparted the importance of various
chemicals in the medium controlling plant regeneration in

Cucumis sativus.

The lethal effect of colchicine in the medium and
the maturity level of embryo are the deciding factors for
embryogenesis in the present study. Immature embryos
especially pro-emhryos are more liable to damage than mature
embryos during the process of culturing. The inferior
performance of pro-embryos and delay in embrogenesis with
increasing colchicine concentration may be attributed to

these factors and their high sensitivity to colchicine.

Grawth characters

Reduction 1in growth characters viz. number of

leaves produced and length of plantlet 45 days after
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treatment with increasing colchicine cancentration was
noticed in  bath varities, Plantlet length and leaf
production were maximum when dry seed embryo was wused and
minimum with pro-embryos. Day of treatment did not exert

any significant influence.

The growth rate of cultured material in culture
tubes was influenced by different doses of colchicine and
different types of embryos used. The remarkable variations
showed by cultured embryos indicated the sublethal effect of
colchicine and innate ability of dry seed embryos to survive

in the medium.

Morpholagical variations

Some movrphological abnormalities such as flowering
in the culture tubes, stunted growth of plantlets. failure
in callus differentiation and organogenesis etc. were
noticed 1in the colchicine treated calli. Sublethal effect
and biochemical variations caused by the alkaloid colchicine
in the medium may be the probable reason which hinders the
further development and immaturc flowering in the medium.
John Staba (1990) reparted that callus development was
affected with variation in the chemical composition of the

medium.
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Survival of plants

Two parameters viz. regeneration percentage of
calli in the medium and survival percentage of plants under

green house were studied in the colchicine treated embryos

of Cucumis sativus.

Drastic fall 1in the regeneration percentage of
calli was noticed with increqsing colchicine concentrations
in both varities. With lncreasing colchicine
concentrations, reduction in survival of plants under green
house was noticed in Delila. In Seethal, the reduction was
significant. Pro-embryos reduced the minimum regeneration
percentage of calli and survival in the green house, i1n both

varities. Day of treatment exerted an insignificant effect

only.

It is worthwhile to note that the stage of embryo
development determined the level of colchicine sensitivity.
Regeneration percentage of the treated pro-embryos was poor.
But the regeneration percentage was good for the mature and
dry seed embryos. This indicated that the maturity factor
played a major role in the regeneration of callus. Amang
the controls alsc the pro-embryos recorded comparatively low
regeneratiaon percentage. Reduction 1in regeneration in

colchicine treated embryos may be due to biochemical changes
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induced by colchicine during early stages of development of
embryos and also due to the physiological immaturity of the

embryos to develop in the medium.

Significant reduction in survival was naticed in
the embryo culture plants 1in the green house in all
treatments. Even the dry seed embryos which showed maximum
callus growth and regeneration in the culture medium

recorded poor survival in the green house.

Arya (1987) reported production of excess
quantities of phenolics by dry seed embryos upon development
in the medium which is deleterious for further development.
John Staba (1990) reported increasing level of phenolics
content in medium along with callus development which
hinders further growth and development. Poor callus growth
shown by pro-embryos and mature embryas in culture tubes
from the initial stage onwards may be one probable reason
for the very low survival shown by plants 1n the green
haouse . During growth and development of plantlet from dry
seed embryos, production of excess quantities of phenolic
compounds by the plantlets may occur which hinders further
plant development. The transferring of cultured plants to
green house may produce severe transfer shock and may result
in the low survival of plants. Many reasaons had been

attributed for the poor survival of tissue cultured plants



under green house conditions. Leaves with poor or no
development of cuticular wax an leaf surfaces, poor
development of epicuticle and pronounced mesaphyll air
spaces may be one probable reason (Grout and Aston, 19785
Donnelly and Vidaver, 1984). Impaired stomatal mechanism
with non-closing stomata has also been cited as a reason by
Brainerd and Fuchigami (1982) and Capellades et al. (1990 .
Availability of surplus sugar in the medium makes the
in—-vitro plants mixo-or heterotrophic and not fully
phototrophic. So they have only poor photosynthetic ability
(Grout and Aston, 1977 and tee et al. 1985). Lack of
stomata, epicuticle, healthy root system etc. in the embryo
cultured plants may result in poor survival, Here the
change from heterotropic to autotropic condition in soil
condition may not be gentle always. Lack of good root
system, stomatal openings, epicuticle etc. may cause loss of

plantlets in the green haouse.

It can be concluded that dry seed embryos of
Cucumis sativus are ideal far in-vitro treatment with
colchicine. Eventhough higher concentrations of colchicine
produced maximum variations, its lethal hazards suggested
that its lower concentrations are more desirable for

inducing polyploidy under in-vitro conditions.



SUMMARY



SUMMARY

The investigation was carried out as two separate
experiments. Experiment I (in-vivo studies) was undertaken
in the Department of Agricultural Botany, College of
Agriculture, Vellayani and Experiment II (in-vitro studies)
was conducted at the Tissue Culture Laboratory attached to
the Department of Pomology, College of Horticulture,
Vellanikkara. The i1nvestigation was conducted with a view

to study the effect of colchicine on Cucumis sativus under

1in-vivo and 1n-vitro conditions. The study materials
included two varieties of Cucumis sativuys viz., ‘Seethal’
and 'Delila’. The main objectives of the study were to

study the effect of colchicine applied 1in different
concentrations (0.2, 0.3 and 0.4%) for different periods of
treatment (2, 4 and & hours) on seeds, seedlings and apical

buds of Cucumis sativus plants ; to standardise a medium far

embryo culture under 1n-vitrg conditions and to study the
effect aof colchicine applied in different concentrations
(0.02, O0.03 and 0.04 %) for different periods of treatment
(2, 4 and & hours}) on pro-embryos, mature embryos and
embryos of dry seeds. In the first experiment observations

were recarded on the survival of plants, growth characters,
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fruit characters, stomatal length, pollen si1ze and pollen
steri1lity. In the second experiment observations were
recorded on regeneration of callus, embryogenesis, survival
and growth characters i1n greenhouse conditions. Based on the

results eminated following conclusions were made.

Experiment 1

1. Colchicine concentration of 0.4 per cent and period of
treatment of six hours regulted 1n minimum survival of
plants 1in both varieties. Survival was maximum when
0.2 per cent concentration was resorted to and when the

treatment was given for two hours. Seed treatment gave

maximum survival.

2. At 30 days of growth stage vine length, number of
branches and leaves/plant reduced significantly in all
ctolchicine treated plants compared to control. At
higher levels of treatments, the variations increased

signi1ficantly.

I. A progressive delay in number of male and female flower
opening' was noticed with 1NCcreasing colchicine
concentration and perionds of treatment 1in bath
varieties, Mode of freatment did not exert any
significant influence 1n both varieties. All the
colchicine treatments effected significant delay 1in

flowering when compared to control.



4,

all

e
-

A significant reduction in number of male and female
flowers per plant was recorded in the colchicine treated
plants when compared with control. At higher levels of
colchicine concentration and periods of treatment the

reduction was much higher.

A significant 1ncrease 1n stomatal length was recorded
with increasing concentrations of colchicine 1n both
varieties. Mode of treatment did not produce any

significant influence.

Fruit characters viz., number of fruits per plant,
length of fruit, girth of fruit and weight of fruit
were not significantly influenced by various colchicine

treatments in both varieties.

There was a progressive lncrease in pollen size and
pollen sterility percentage in both varieties with
increasing colchicine concentration levels. Apical bud
treatment given to period of six hours produced largest
pollen grains and produced highest steri1lity 1n the
variety Seethal. But 1in the variety Delila the above
treatment produced only maximum sterility. The pollen

size was not significantly changed.

Progressive increase in variation was noticed for

characters along with the increase 1n colchicine
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concentration and period of treatment. Apical bud treatment
found to be most damaging. All treatments showed
significant variations for the different characters studied
compared to caontrol plants. Survival of plants was lowered
significantly in higher levels of colchicine concentrations
and periods of treatment is not desirable. Hence the study
indicated that seed treatment of 0.2 per cent colchicine
given for a period of two hours can be considered as 1deal
to be used for the induction of polyploidy 1n Cucumis

sativus.

Experiment 11

1. Delayed embryogenesis was resulted 1n colchicine
treatments. The delay showed progressive 1ncrease 1N
response to the pragressive increase in colchicine
concentration from 0.02 to 0.04 percent 1n both the
varieties. Considerable delay 1n embryogenesls Wwas
noted when pro-embryos were used for culturing. Day
of treatment did not influence significantly the number

of days taken for embryogenesis.

2, Progressive and significant reduction 1in regeneration
percentage of callus was noticed with increasing
colchicine concentration in both the varieties. Pro-

embryos recorded significantly low regeneration



£L
D

percentage. No significant variation was produced by

day of treatment.

With respect to number of leaves produced per plant 1in
the culture tubes at 45 days after treatment
significantly low values were recorded by colchicine at
0.04 per cent concentration in both Seethal and Delila.
Leaf production was significantly low when pro-embryos
were used. Day of treatment did not exert significant

effect.

Length of plantlet at 45 days after treatment was
studied as an index of growth rate of plantlets in
culture medium. It was decreasing with 1ncreasing
levels of colchicine concentration 1in both the
varieties. Plantlets from dry seed embryos showed
maximum growth rate compared to those from mature and

pra-eambryo.

Survival of plants under green house condition was also
found to be affected significantly, by colchicine
concentration at 0.04 per cent level. Plants from pro-
embryos showed leaét survival wunder green house
condition. Day of treatment had no significant

influence on this parameter.
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Some abnormal growth behaviours were noticed in  the
plantlets in culture tubes like failure in callus
development, lack of 1leaf formation n medium,

premature flowering etc. in the colchicine treated

embryos.
Under in-vaitro study also, eventhough higher
concentrations of calchicine produced maximum

variations on callus growth and plantlet development,
they recorded low survival of plants. Lowest level of
colchicine 0.02 per cent produced significant variation
from the control for all characters studied. Hence
this can be considered as ideal to be used for inducing
polyploidy wunder jn-yitrg with less lethal effects.
With respect to planting material used for inoculatian
dry seed embryos were found to be best suited for

culturing.
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Appendix I

Composition of madified MS medium used far embryo culture

Constituent g/1
1. NHgNOx 165.0
2. KNOx 190.0
3. MgS04.7H50 37.0
4. CaClp.2H50 44,0
3. KHoPO,4 ’ 17.0
6. FeSO04.7HZ0 27 .84
7. NaxEDTA 37.24
8. MnS04.7HL0 16.9
9. InS04.7HS0 B.6

10. HzxBOx 6.2
11. KI .83
12. CoClo.6H20 0.12
13. CuS04.5H20 0.12
14. NazMoQq.2H30 0.125
15. Glycine 0.20
16. Nicotinic acid 0.50
17. Pyridoxine 0.05
18. Thiamine HC1 0.05
19. IAA 0.01
20. Sucrose 30 gm
21, Agar & gm

pH 5.5




Appendix 11

Effect of interaction of treatments on survival and various
morphological characters in Seethal

Treatment Survival Length of vine No of branches No of leaves Days taken to Days taken to
interact- percen- {cm) per plant per plant male flower female flower
ions tage 30 DAP 60 DAP 30 DAP 60 DAP 30 DAP &40 DAP opening opening
cymg ¢, 85.5 114.5 140.2 13.6 12.5 77.8  251.5 24.5 35.5
cimy ta 87.0 119.0 141.3 10.9 18.7 73.0  254.5 26.0 34.5
cimy ts 76.5 103.5 133.7 7.9 17.5 64.5 269.9 25.0 36.0
cymy t, ?0.5 103.5 130.5 B.? 19.8 88.5 261.9 25.5 35.0
Cimzts 83.0 104.4 135.3 12.3 19.4 71.2  261.8 23.5 34.5
cimt; 73.5 ?1.8 131.8 18.0 20.3 69.5  266.2 25.0 35.5
cimst, 83.8 23.1 134.0 11.8 18.8 848.0 264.0 22.5 32.0
cymzt; 80.5 113.8 128.0 10.3 17.5 37.5  266.7 22.0 33.%
Cimyts 84.5 111.8 132.6 8.3 18.5 34.5 260.0 22.0 35.¢0
Cam; t, 56.0 9.0 136.8 8.7 18.¢6 &3.5 239.9 25.0 34.0
camg ta 56.8 93.0 141.2 8.4 19.3 51.0  254.5 25.0 34.0
camy by 65.5 80.0 134.8 10.5 20.7 42.5 264.0 27.0 32.3
Camy t, 50.5 8.3 130.2 11.4 19.9 63.5  276.5 26.0 34.5
Camg t, 56.8 ?1.5 139.5 10.2 18.3 53.3  273.8 27.0 32.¢
Camg t; 47.8 88.0 143.0 4.4 18.5 51.1 273.6 29.0 33.5
Camy t, &2.5 32.3 138.0 6.3 18.65 57.0 247.9 24,0 35.5
Camy ta 60.8 7%.8 139.8 8.5 18.1 44.5  244.9 24.0 3&.C
Camz t; 53.8 90.5 141.0 ?.2 17.8 35.0 267.4 25.0 37.5
csmy t, 82.5 114.5 139.3 ?.1 19.6 56.0 272.6 26.0 32.5
Cam; &2 73.5 106.5 120.0 ?.2 19.5 44,2 237.7 23.5 34.5
Csm; ty 62.5 111.7 123.3 8.6 20.9 28.2  262.0 25.5 32.5
Camz t, &0.0 88.5 132.0 7.5 20.4 52.%5 270.5 24,0 35.5
Camz ts 56.5 92.9 137.0 2.5 19.3 41.0  265.7 23.3 41.%
Csma ty 38.0 111.7 142.0 5.5 19.4 J1.0  266.0 25.0 42.C
Cams t, 44.8 74.4 139.5 4.7 18.5 35.9 283.0 23.5 39.¢
Cymy t, 47.0 74.5 133.0 5.2 19.6 30.5 249.7 24.3 40.3
camz b, 3%.0 62.6 132.0 3.4 19.5 27.2 267.0 31.5 41.¢S
Comg to 97.3 120.0 148.4 15.0 23.5 106.7  263.9 23.5 ©29.8
cDh ?.1 5.9 NS 1.1 NS 3.4 NS 1.2 1.z

CD - At 5Y% level NS - Not significant



Effect of interaction of treatment on various
morphological characters in Seethal

Appendix 11}

Length of Girtr of Weight

Pollen Paller

Treatment No. of male No. of female Stomatal No. of

interact- flowers flowers length fruits fruits fruits of fruit size sterii.ty
ions per plant per plant {mm) per plant (cm) (cm: (g} (mm) %)
c,m i, 545.5 30.5 0.101 6.0 61.0 21.5 497.5 0.050 21.9
cym t; 679.0 27.5 0.090 3.5 38.8 24.0 1080.0 0.051 27.6
Cimg ts 480.0 25.0 0.102 4.5 38.3 23.1 1267.5 0.061 33.9
Cimp t, 58%9.5 31.5 0.111 5.5 35.2 26.5 1295.0 0.052 19.0
cimg b, £08.0 25.5 0.093 2.0 43.5 27.5 1322.0 0.060 28.5
Cimg t; 634.5 26.0 O.111 3.5 41.5 22.5 1260.0 0.050 34,0
c,my t, 604.5 29.5 0.112 5.0 43.0 33.0 1350.7 0.060 26.5
Cimz ¢, 595.5 24.5 0.131 3.0 44.5 38.0 1045.0 0.071 31.1
cimg t, 478.5 24.5 0.112 2.5 22.8 34.0 1337.0 0.061 34.6
camg ty 6£19.0 25.0 0.143 4.0 49.5 -34.0 1465.0 0.071 42.0
Cams ¢, 580.0 22.5 0.133 4.0 51.5 38.0 1418.0 0.072 3B.4
Cam, t; 577.0 25.0 0.128 3.0 33.0 32.0 1297.5 0.071 43.2
Camg t, $80.0 25.5 0.128 3.0 44,3 23.C 1350.0 0.060 45.4
Camat, 615.5 24.5 0.132 2.5 47.5 23.0 1347.5 0.072 37.2
Camz ts 507.8 23.5 0.122 2.5 42.5 25.0 1375.0 0.062 4] .8
Camy t, 586.5 26.5 0.133 3.0 27.8 22.¢ 1662.5 0.062 41,6
camg ¢, 570.3 23.0 0.143 3.0 35.2 24,0 1300.0 0.063 47.%9
Cams by 485.5 22.5 0.119 2.5 J4.8 24,0 1400.0 0.063 54.7
csmy t, 487.5 23.5 0.129 4.0 37.5 25.0 1217.0 0.063 44.4
Csm t, 956.5 27.0 0.129 4.0 39.2 29.0 1150.0 0.062 61.3
Camg b 49,5 21.5 0.133 3.0 39.5 27.0¢ 1647.5 0.072 45.%
Cimg t, 598.0 26.5 0.147 3.0 37.5 31.¢0 1002.5 0.062 31,5
Csmz t; 437.0 24.5 0.133 2.5 31.2 J2.% 1070.5 0.073 57.5
Camy ty 378.5 12.5 0.150 2.5 37.0 43.5 1797.5 0.08 45.1
Csms t, 421.5 24.5 0.130 3.0 57.5 28.5 1175.0 0.08 42.0
Camz tz 498.5 22.0 0.113 3.0 32.5 33.5 1465.5 0.073 2.5
cymy ts 400.5 22.5 0.153 3.0 39.7 34.C 1770.0 0.0784  67.5
CoMmo to 754.5 33.0 0.090 7.0 3%.5 34.0 1197.0 0.04 11.9
CD 33.34 1.31 0.004 NS NS NE NS 0.002 3.0

€D - At 5% level

NS - Not significant
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Appendix V

Effect of interaction of treatments on various morphological characters in Delila

Pollen Pollen

Treatment No. of male No. of female Stomatal No. of Length of Zirth of Weight of
interaction flowers flowers length fruits fruits ‘rutts fruit size sterility
per plant per plant (mm) per plant (cm) {ca) (g) (mm) %
cimg t, 577.5 20.5 0.0%90 8.5 4%3.7 24,0 1150.0 0.030 13.0
Cimg ts 549.0 17.5 0.089 6.5 45.5 22.0 1273.5 0.031 18.3
cimy ts 396.0 22.0 0.091 5.5 52.8 27.0 1305.0 0.041 43.5
cimz t, 416.0 18.0 0.092 7.5 51.5 28.5 1307.5 0.041 26.7
Cimpt; 401.5 14.5 0.121 7.0 36.5 28.95 1310.5 0.041 31.0
Cimzts 448.5 13.0 0.131 7.5 £&0.0 32.5 1260.0 0.042 40,0
cims t, 417.5 13.0 0.0%97 7.5 45.8 28.1 1350.0 0.041 11.5
Cyms t, 415.5 15.5 0.113 5.0 40.0 27.0 1395.0 0.042 32.4
Cimg ty 434.5 17.0 0.123% 4.0 37.0 32.5 1247.5 0.041 41.8
cz; t, 420.5 18.0 0.122 5.5 42.0 32.5 1315.0 0.042 38.0
czm t; 359.5 13.0 0.132 4.5 &2.0 27.5 1247.5 0.042 22.0
czamy ts 411.3 14.0 0.121 6.0 62.5 38.5 1335.0 0.042 42.0
Came t, 389.5 15.0 0.103 4.0 57.5 29.0 1272.5 0.041 25.2
Czmz t; 387.0 17.5 0.123 4.5 57.5 29.5 1352.5 0.042 13.2
Camz ts 389.3 13.5 0.133 6.0 44,0 3t1.0 1360.0 0.033 53.5
cams t, 365.0 18.0 0.122 5.5 48.0 Jo.8 1150.0 0.041 16.5
Czmy t, 355.5 14.5 0.122 5.0 50.3 32.8 1160.0 0.043 20.2
Camg t; 368.5 15.0 0.122 4.5 55.5 30.0 1300.0 0.043 53.5
csm, t, 401.0 14.5 0.133 5.5 63.5 22.0 1050.0 0.042 32.3
csm t, 409.0 14.0 0.119 4.5 56.0 30.5 1150.0 0.043 3t1.9
Cimg ts 443.5 12.0 0.119 4.0 47.5 31.5 1325.0 0.051 7t1.5
Cima t, 290.0 14.5 0.123 4.0 860.5 27.5 1590.0 0.042 38.4
Cimg ty 305.0 14.0 0.133 4.5 49.0 33.0 1425.0 0.042 55.8
Cymy ts 217.5 11.0 0.142 &.0 52.0 24.8 1237.5 0.051 62.7
csmg t, 321.5 16.0 0.143 5.5 43.5 30.0 1195.0 0.052 50.6
Csmz t; 326.5 14.5 0.144 5.0 41.8 27.5 1162.5 0.043 51.6
camg t; 312.5 15.0 0.165 4.0 60.8 32.0 1200.0 0.053 8.1
Come to 602.5 23.5 0.050 2.5 36.9 34.0 1182.5 0.028 3.90
€D 21.5 1.4 0.007 NS NS NS NS 0.001 2.54
€b - At 3% level NS - Not sign:ficant



Appendix VI

Effect of interaction of treatments on survival and various
plant characters in Seethal

No. of leaves Length of
No. of days produced 45 plantlet
Treatment taken for Regeneration days after Survival 45 days
interact- embryogenesis percentage treatment percentage after
1ons treatment
{cm)
c,e,d; 22.36 1.08 2.31 0.99 4.32
Cie,;d; 20.54 1.09 2,31 0.29 J.11
C,e;d; 24,65 1.79 2.31 0.91 2.92
Ciez0d; 13.30 17.90 4.97 2.31 3.19
Cyezd; 13.98 34,17 5.32 1.64 3.22
C;ezd; 12.95 47.72 4.97 1.21 3.29
Ciesd; B.64 62.32 11.30 3.32 4.92
€, esd; 7.98 98.6% B.59 2.00 6.99
Cie3d; 7.28 68.62 8.95 2.31 6.22
Cze,d, 25.63 0.52 2.31 0.29 2.13
C:¢,d; 28.08 1.03 2.00 0.91 2.11
Cze,d; 23.31 0.66 1.64 0.62 2.61
Cz@2d, 17.64 17.25 2.95 1.64 7.39
Crezd; 17.66 21.48 3.65 0.62 8.11
Czezd; 19.99 31.06 3.32 1.64 6.79
Cze3d, 11.31 47.38 5.65 2.65 8.12
Cze3d; 13.64 43.87 4.65 2.31 8.32
Cze;d; 12.61 50.09 5.32 1.59 8.11
Cse;d, 37.78 0.04 0.99 0.00 2.12
cse,d; 32.%96 1.01 0.62 0.29 2.07
Cse;ds 35.31 0.05 0.91 0.29 2.18
cyezd, 21.97 ?.08 1.31 1.31 &.44
Cyexd; 21.%0 ?.39 1.64 0.91 5.49
Czea20; 20.99 11.02 1.64 0.91 5.76
Cyesd, 16.33 20.15 2.65 1.48 6.78
Cse3d, 13.98 17.9%9 3.00 0.21 6.37
Csesd; 12.91 20.10 2.31 0.74 6.92
Control-e, 14,92 1.48 1.64 0.29 2.12
Control-e; 7.66 60.96 7.98 2.31 4,01
Control-e, 5.32 78.65 12.25 3.57 7.13
13} 4,25 4.38 2.14 1.50 1.23

1910 B At 5% level NS - Not significant



Appendix VI1I

Effect of interaction of treatments on survival and various
plant characters in Delila

No. of leaves Length of
No. of days produced 45 plantlet

Treatment taken for Regeneration days after Survival 45 days
interact- embryogenesis percentage treatment percentage after
1ons treatment

{cm)
ciecd; 20.99 0.48 2,00 1.31 3.31
C; e, d; 16.99 0.76 2.65 0.29 3.62
Ci@;d; 21.31 0.50 2.3% 0.91 2.99
€, epd, 13.26 19.96 3.32 2.31 4.21
Ciezd; 13.96 18.96 4,32 1.2% 4,12
€y ezd; 16.99 21.76 3.62 2.31% 4,32
Cyesd; ?.95 35.11 B8.66 3.32 8.52
Ciezd, 10.98 28.81 7.66 0.91 6.61
C;esgd; 11.98 30.60 7.32 1.64 8.39
Cz2e;d, 26,59 0.43 1.94 0.99 2.61
Cye;d; 26.23 0.43 1.64 0.29 2.42
Cze;d; 26.65 0.39 2.31 0.29 2.33
Czepd, 15.23 16.99 2,61 1.31 6.32
Cze2d; 13.63 15.50 2,31 1.64 6.19
Czezds 14,58 12.98 1,64 1.31 5.32
czeszd, 9.60 27.95 3.96 1.64 7.11
Cze3dz 11.00 23,12 3.%6 0.99 7.32
Czesds 13.57 24,30 3.32 1.16 &.92
Cie;d; 42.64 0.13 0.62 0.00 2.11
Cse,;d; 41.33 0.26 0.29 0.00 2.11
cse,; d; 38.20 0.36 0.29 0.19 1.91
csexd, 29.96 8.96 0.99 1.31 3.92
Cyezd;y 25.66 B8.59 1.31 0.29 4.56
Ciezd; 27.29 12.49 0.91 0.62 4,72
Ciesd, 19.99 19.07 2.31 0.29 5.19
Csesds 22.28 14.22 2.65 1.94 5.99
Csesds 23.195 14.08 2.31 0.34 5.82
Control-e, 13.98 1.87 2.61 0.15 1.11
Control-e, 7.62 46.21 b.61 1.31 3.18
Control-e, 5.32 61.16 11.30 1.44 8.32
(%) 4,54 3.39 1.99 1.42 1.62

€D - At 5% level NS -  Not significant
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Plate 1. Variations noticed on. germination of colchicine
treated and control seeds after §ive days of
treatment in variety seethal.

Plate 2, Variations noticed on germination of colchicine
treated and control seeds after five days of
treatment in variety seethal.



Plate il.

VEMT,  CONTROL
Variations noticed on seedling growth after ten
days of colchicine treatment in variety seethal.

Plate 4.



Plate 5,

Plate 6. Diploid cells - metaphase and anaphase stages.,




Blatey Colchicine treated cells.

Plate 8. Variations noticed on plantlet growth in cmlture
medium in variety seethal.
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Plate 14. Flowering noticed in culture medium Plate 13. Variations noticed on
plantlet growth in culture

452=C€d, varielG - Delile medium in variety Delila.
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Plate 16. Callus development without Plate 15. Shoot development without
organogenesis. leaf formation.
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Plate 17. Crowth of plantlets in

greenhouse - comparison of control with colchicine
treated one in seethal.



Plate 18. Growth of plantlets in greenhouse -

comparison of control with colchicine
treated one in variety Delila.
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ABSTRACT
=

“The prégentl investigation entitled "Artifical
induction of polyploidy in Cucumip sativus L. was carried
out as two separate experiments. Experiment I, was(in-vivo
study) waw carrisd out at the College of Agriculture,
Vellayani during the period September 1991 to February 1991,
Experiment II (1n-vitro study) was carried out at the Tissue
culture laboratory attached to Department of Pamolgy,
College of Horticulture, Vellanikkara during the period
January 1991 tao July 1991. The main objective of Experiment
I was to study the effect of colchicine far inducing
polyploidy in seed, seedling and apical bud treatments.
Objectives of Experiment Il were to standardise a suitable
medium for embryo culture and to study the effect of
colchicine on proembryos, mature embryos and dry seed
embryas under in ~vitro conditions. Experiment I was laid
out in RBD with two replications. Experiment 11 was
carried aut in CRD with three replications. The two

varieties of Cycumis Bativus used for the present study were

Seethal and Delila. The abstract of results is given below.



Experiment I

Survival of plants in both Seethal and Delila was
significantly affected by increasing colchicine
concentration 0.2 to 0.4 per cent and with increasing period
of treatment from two to Six hours, Survival was
significantly low in apical bud treatment. Maximum survival
was naoticed in seed treatment of colchicine 0.2 per cent for
a2 period of four hours. At early growth stage significant
reduction was noticed in length of vine, number of branches
per plant and number of leaves per plant along with the
increase in colchicine concentrations, from 0.2 to 0.4 per
cent, and period of treatment, fram two to six hours. Seed
treatment gave maximum value for these parameters in  both
varieties except number of leaves in Delila. These
variations seen during early growth stages were found to be
diminishing at later growth stage (60 days growth stage).,
Delay in both male and female flower opening along with
significant reduction in number of male and female flowers
was noticed in higher colchicine concentrations and in lower
period of treatments. Mode of treatment did not exert any
significant influence on number of days taken <or flower
opening and total number of flowers produced per plant in
both varieties except on number of days taken for female

flower opening in Seethal in which by apical bud treatmenf



maximum delay was noticed. With increasing colchicine
concentration from 0.2 to 0.4 per cent and period of
treatment from two to six hours significant increase in
stomatal length was noticed in both varieties. Maode of
treatment exerted no significant influence on stomatal
length. All the fruit characters ie. number of fruits per
pPlant, length of fruit, girth of fruit and weight aof fruit
studied, were not significantly influenced by the treatmentsg
tried. In bhoth varieties pollen size and sterility increased
considerably with increasing colchicine concentration.
Apical bud treatment gave significantly high values for
pollen size and pollen sterility in Delila. Seed treatment
recorded minimum pollen size and pollen sterility.
Cytological studies were conducted in the root tips of
colchicine treated seeds and metaphase and anaphase stages
were obtained in the normal diploid cells, But the enlarged

colchicine affected cells showed very poor stainability.

Experiment I}

Standardisation of a sulitable medium was carried
out by wusing MS medium as the basal medium. MS medium
supplemented with 0.1 mg/L of IAA was found stuitable for
embryc culture. Three types af embrya viz,, pro-embryo,
mature embryo and dry seed embryo were used for embryo

culturing.



Embryogeneasis was delayed significantly with
increase in calchicine concentration from 0.02 to 0.04 per
cent in both varieties. When Pro~embryos were used for
inoculation significant delay was noticed for embryogenesis
in both varieties, Regeneration of calli was reduced
significantly with increase in colchicine concentratian.
Pro-embryos gave lowest and dry seed embryo gave highest
regeneration Percentage in hoth varieties, Length of
plantlet and number of leaves praduced per plantlet in
culture tubes were reduced significantly in the higher
levels of colchicine concentration, Pro-embryos gave lowest
and dry seed embryos gave highest values with respect to
these parameters. Plantlets from Pro-embryos showed lowest

survival under green house conditions in both varieties.

Seethal. But in Delila with increasing colchicine
concentration from 0.02 to 0.04 per cent, survival of plants
in green house reduced significantly. Day aof treatment had

nNo significant influence in all the parameters studied.

On the basis of Present study it can be concluded
that different concentrations of colchicine, different
periods of treatment ang different modes of colchicine
treatment can induce significant changes in the survival of

plants, cytomorphological characters of the plants and



pollen sterility. With increasing colchicine conentration

and periad of treatment the variations increased
progressively. But considering the lelhal effects as
reflected on  the survival of plants, 0.2 per cent

colchicine application for two hours by seed treatment g
desirable under in-vivo condition. Under in-vitro condition
use of dry seed embryo is best for embryo culture which can
be successfully carried ouf by using MS medium modified
with 0.01 mg/L of laA. Colchicine 0.02 per cent can be used
for the induction of Polyploidy under in -vitro conditions.
gince it is effective in Producing variations with minimum

deleterious effects.
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